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CIAT received International Science and Technology Cooperation
Award for scientific cooperation with CATAS
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ARSI

Ceremony for the Inres~ational Science and

Technology C:Jcrpr:rmich ird of the P.R. China
-

Emba:

Ambassador Li Junhua presented certificate to Juan Lucas Restrepo, Director General of the Alliance Bioversity-CIAT. Photo: CATAS

On May 31st, 2022, the ceremony for the International Science and Technology Cooperation Award of the P.R. China
was held at the Chinese Embassy in Italy. The Chinese Academy of Tropical Agricultural Sciences (CATAS), as a
cooperation unit, attended the award ceremony online. On behalf of the Chinese government, Ambassador Li Junhua
presented the medal and certificate to the International Center for Tropical Agriculture (CIAT).

Li Junhua congratulated CIAT (now the Alliance Bioversity-CIAT) on winning the China International Science and
Technology Cooperation Award, and fully affirmed the productive cooperation and fruitful achievements that CIAT,
as an international organization, has carried out with CATAS for a long time. He looked forward to more cooperation
between the Alliance and Chinese partners such as CATAS. He stressed that China will deepen international scientific
and technological cooperation with the Alliance, share scientific public goods, strengthen global scientific research
cooperation and jointly meet major global challenges.

Juan Lucas Restrepo, Director General of the Alliance of Bioversity International and CIAT thanked the Chinese
government for this award, reviewed the fruitful cooperation between CIAT and CATAS, and said that the Alliance
would continue to vigorously deepen cooperation with China and jointly contribute to the sustainable development of
global agriculture.

On behalf of the Chinese cooperation unit, Liu Guodao introduced the cooperation achievements made by CATAS and
CIAT in the cultivation of new varieties, technology promotion, platform co-construction and personnel training around
the two major crops, tropical forages and cassava since 1982, and the co-publication of the Online Journal Tropical
Forages-Forrajes Tropicales since 2012. He said that CATAS will further deepen cooperation with the Alliance, expand
cooperation fields, carry out jointly research on agricultural biodiversity and sustainable development in tropical areas,
and make new contributions to promote the higher level development of global tropical agriculture.

Dr. Rainer Schultze Kraft, CIAT Emeritus Scientist and winner of the 2016 Friendship Award of the Chinese government,
appreciated the cooperation experience, achievements and the profound friendship with CATAS staff over the past 40
years. He looked forward to the further cooperation between the two sides in the future in research on tropical forages
and the continued support of the Tropical Grasslands-Forrajes Tropicales online journal.

*Edited from catas.cn/EN/contents/1304/216020.html
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Michael Peters, Leader of CIAT Tropical Forages Program; Rainer Schultze-Kraft, then Editor of the TGFT Journal and the late
Professor Bai Changjun, Head of the CATAS Tropical Pasture Research Center during the inception ceremony of the Journal.

Chinese stylo pioneers: Liu Guodao, Chaozu He and the late Bai Changjun with Prof. Rainer Schultze-Kraft in Stylosanthes
guianensis plots, Danzhou, Hainan, December 2015.

While visiting CIAT, CATAS researcher Huan Hengfu receiving a box with several hundred of forage germplasm samples
provided by the CIAT genebank. Palmira, August 2019.
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Research Paper

The influence of seed structures on dormancy in seeds of Urochloa
hybrid cultivar ‘Mulato II’

La influencia de las estructuras de semillas sobre la dormancia en semillas
de Urochloa hibrido cultivar 'Mulato II'

JINHAI L1U"*, HEHUA WANG"?, FUCHENG LUO!, YAN WANG', CUI XU' AND JINJUAN JIANG'

'College of Animal Science and Technology, Yunnan Agricultural University, Kunming, China. ynau.edu.cn
2College of Animal Science, Xichang University, Xichang, China. xcc.edu.cn

Abstract

This study determined the effects of seed structures on seed dormancy and tested methods to break dormancy in
seeds of Urochloa hybrid cultivar ‘Mulato II’. Seeds stored for 10 months in indoor ambient conditions were studied
to determine effects of seed structures on seed germination and their water permeability. Results showed that seed
structures presented a barrier to water permeability. Removal of lemmas, puncturing the seed coat, seed structure
removal and sulfuric acid immersion all reduced seed dormancy. Water and alcohol extracts from different parts of seeds
inhibited seed germination of Brassica pekinensis seeds. There were 3 mechanisms responsible for seed dormancy; first,
the mechanical barrier of seed structures, which excluded water and reduced gas exchange as well as restricting growth
of the embryo; second, an endogenous germination inhibitor mainly found in lemmas; and third, water permeability of
the seed coat (including pericarp and testa). The mechanical removal of lemmas and immersion in concentrated sulfuric
acid reduced seed dormancy, although mechanical removal of the lemma alone was effective, convenient and safer.

Keywords: Seed extracts, seed germination, vitality index, water permeability.
Resumen

Este estudio determind los efectos de las estructuras de semillas en su dormancia y prob6é métodos para romper la dormancia
del cultivar hibrido de Urochloa 'Mulato II'. Se estudiaron semillas almacenadas durante 10 meses en condiciones de
ambiente interior para determinar los efectos de las estructuras de semillas sobre su germinacion y permeabilidad al
agua. Los resultados mostraron que las estructuras de las semillas presentan una barrera a la permeabilidad al agua. La
eliminacion de los lemas, la perforacion de la cubierta, la eliminacion de la estructura de la semilla y la inmersion de acido
sulfurico redujeron la dormancia de la semilla. Extractos de agua y alcohol de diferentes partes de semillas inhibieron
la germinacion de semillas de Brassica pekinensis. Hubo 3 mecanismos responsables por la dormancia de las semillas:
En primer lugar, la barrera mecanica de las estructuras de las semillas, que excluia el agua y reducia el intercambio de
gases, ademas de restringir el crecimiento del embrion; En segundo lugar, un inhibidor endégeno de la germinacion que
se encuentra principalmente en los lemas; Y tercero, la permeabilidad al agua de la cubierta de la semilla (incluyendo
pericarpio y testa). La eliminacion mecanica de los lemas y la inmersion en acido sulfurico redujo la dormancia de las
semillas, aunque la sola eliminacion mecanica del lema fue efectiva, conveniente y segura.

Palabras clave: Extractos de semillas, germinacion de semillas, indice de vitalidad, permeabilidad al agua.

Correspondence: Fucheng Luo, College of Animal Science and
Technology, Yunnan Agricultural University, Kunming, 65220061,

China. Email: 1fc-999@126.com
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Introduction

Grasses of the genus Urochloa include annual or
perennial forages for cut and carry or grazing systems,
as well as for water and soil conservation, in tropical
and subtropical regions of the world (Thomas et al. 1987;
Li and Guo 1990). The cultivated species of Urochloa
originated from African savannas and are now widely
grown in tropical and subtropical areas in Africa, the
Americas, Oceania, and south-east Asia (Kobayashi and
Kato-Noguchi 2015; Simedo et al. 2016; Lozano et al.
2017; Castaneda-Pimienta et al. 2017; Moreira et al. 2018).
The primary cultivated species include U. ruziziensis,
U. brizantha, U. decumbens, U. humidicola, and
U. dictyoneura. The CIAT-bred Urochloa hybrid cultivar
‘Mulato II’ (CIAT36087, U. ruziziensis x U. decumbens
x U. brizantha) became widely used after promotion
by Semillas Papalotla S.A. seed company (Argel et al.
2005; Argel et al. 2007; Phaikaew et al. 2008). Urochloa
seed production is mostly in Thailand. Mulato II was
introduced to provinces in China (Hainan, Fujian and
Yunnan) in 2005 (Li et al. 2009; Zeng et al. 2009; Liu et
al. 2013; Deng et al. 2013).

Mulato II shows good spittle bug resistance with
high yields of good quality forage, strong tillering
ability, a well-developed root system and creeping and
erect growth characteristics. Despite excellent forage
attributes, adoption is hindered by seed dormancy.
Better understanding of dormancy mechanisms and
development of dormancy-breaking technologies should
promote adoption of Mulato II.

Baskin and Baskin (2004) proposed a seed dormancy
classification, which divided seed dormancy into five
types: physiological, morphological, morphological
physiological, physical and compound dormancy. Studies
have been reported on chemical treatment, osmotic
regulation and aging treatment for breaking dormancy
in Urochloa seeds (Whiteman and Mendra 1982;
Camara et al. 2002; Bonome et al. 2006; Batista et al.
2016a). Whiteman and Mendra (1982) reported that the
germination rate of U. decumbens was 72 % after 20
min of treatment with concentrated sulfuric acid (H,SO,)
compared to 40 % of intact stored seed. Costa et al. (2011)
reported that the germination rate of shelled U. brizantha
cultivar ‘Marandu’ seeds was less than 20 %, while the
germination rate of denuded seeds reached 60 %. Bonome
et al. (2006) showed that the germination uniformity of
Marandu seeds immersed in potassium nitrate (KNO,)
solution for 12 h was better than for untreated seeds or
seeds immersed in other solutions. Batista et al. (2016b)

reported that U. brizantha cultivar ‘MG-5" seeds aged at
41 °C for 96 h with 0.2 % KNO, or 0.2 % calcium nitrate
as primers exhibited a seed germination rate of 94 %.

Usberti (2007) reported that dormancy was reduced
in seeds of U. brizantha by soaking in concentrated
sulfuric acid for 15 min and storing at 40 °C while 15
min of concentrated sulfuric acid treatment also reduced
the dormancy of U. decumbens seeds (Duan et al. 2015).
Martins and da Silva (2001) reported that treatment
of Marandu seeds with concentrated sulfuric acid
for 15 min reduced seed dormancy while Garcia and
Cicero (1992) showed that the best method to break the
dormancy of Marandu seeds was to soak in sulfuric acid
for 15 min followed by soaking in 0.2 % KNO, solution.
Batista et al. (2016a) showed that after 5 min of treatment
with concentrated sulfuric acid and 3 h of hydration with
0.5 mg gibberellic acid/L, seeds of U. brizantha showed
higher physiological potential and seedling emergence
rate. Hare et al. (2014) reported that seeds of Mulato 11
treated with concentrated sulfuric acid for 10 min had a
germination of 80 % and Pereira et al. (2017) reported
that when scarified seeds of Mulato II were aged at
42°C and 98 % humidity for 48 hours, their germination
ability was enhanced.

The seed structure of Mulato II consists of a lemma
and a seed coat (including pericarp and testa) (Figure
1). There are few studies focussing on the relationship
between seed structures and seed dormancy. In this
study, we sought to measure the effects of seed treatments
on the dormancy of Mulato II seeds after storage for 10
months. We aimed to study inhibitory effects of ‘Mulato
II” seed structure extracts on Brassica pekinensis seeds,
reveal the influence of the seed structures on seed
germination and highlight the most appropriate method
to break seed dormancy, using treatments including
mechanical scarification and concentrated sulfuric acid.

Materials and Methods
Seed characteristics

Urochloa hybrid cultivar ‘Mulato II” seeds were harvested
in SiMaoGang, Simao, Pu’er, Yunnan, China (22°30'
N, 100°35' E; 1,200-1,250 masl). The seeds were dried,
cleaned and stored indoors under ambient conditions for
10 months (from November 2018 to August 2019).
Random seed samples were prepared for the study
using ariffle seed divider. Shape and colour of seeds were
observed using a magnifying glass. Three replicates of
100 randomly selected seeds were measured for length,
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width and thickness using a Vernier calliper. Thousand-
seed weight was determined by weighing 10 replicates
of 100 randomly selected seeds. The moisture content
of seeds was determined using the International Seed
Testing Association (ISTA) constant-temperature oven
drying method at 130 °C (Fan et al. 2016; Yan 2017).

Seed treatments/scarification

Seeds were mechanically scarified as:

Punctured seeds with lemmas (A): the seed was
held with forceps and the lemmas and seed coat were
punctured with a dissecting needle.

Seeds without lemmas (B): the seed was held with
forceps and the seed coat and lemma were separated with
a dissecting needle and the lemma removed with forceps.

Punctured seeds without lemmas (C): after removing
the lemma, the seed coat was punctured with a dissecting
needle.

Naked seeds (D): the seed structures were removed
by peeling the seed structures (lemma and seed coat)
using tweezers.

Control: intact seeds with full seed structures.

For acid scarification, 3 replicates of 100 intact seeds
were scarified with 98 % sulfuric acid for 5, 10 or 15
min, or left untreated as control. After repeated rinsing
with distilled water, the germination test was conducted.

Determination of seed permeability

The water absorption rate of 100 seeds each of the
control, treatments A, B, C and D was assessed by
placing them in different beakers, adding 3 ml of
distilled water to each and soaking at room temperature
(I5°C-25°C)for 0, 2,4,6,8, 12, 16, 20, 24, 36, and 48
h. After soaking, surface water was removed by blotting
with filter paper and seeds were immediately weighed.
The water absorption rate of the seeds was calculated
according to the method of Luo et al. (2014).

Water absorption rate of seeds (%) = (W,-W,)/W x100
where:

W, is the weight of the seeds before water absorption,
and W, is the weight after water absorption.

Germination

Seeds from each of the control and treatments A, B, C
and D were soaked and disinfected with a 2 % copper
sulphate solution for 10 min, washed repeatedly with
distilled water and air-dried before germination.

The top of paper germination method was used with 3
replicates of 100 seeds in 90 mm petri dishes (Yan 2017).
Seeds were germinated at alternating temperatures of
30/20 °C (16/8 h) with 12/12 h light in an incubator for
14 d with regular watering. Dishes were observed daily
to assess germination, which was defined as when the
radicle protruded to 1 mm. Germination was counted
after 7 and 14 days. After germination, the seedlings
were placed in an oven for 15 min at 105 °C and dried
at 65 °C for 24 h until a constant weight was reached.
The dry weight was noted and the germination percent,
germination potential, germination index, and vitality
index of the seeds were calculated according to the
following formulas (Hu et al. 1992):

Germination potential (GP) = total number germinated
within 7 days/number of seeds tested x 100 %

Germination precent (GR) = total number germinated
within 14 days/number of seeds tested % 100 %

Germination index (GI) =Y Gt/ Dt

Vitality index (VI) = GI x S
where:

Gt is the number germinated in T days

Dt is the corresponding number of germination days

S is the dry weight of a single seedling.

Effect of extracts from different parts of seeds on
germination of Brassica pekinensis

Effect of extracts from different parts of the seeds as
germination inhibitors were assessed uing the methods of
Liu (2015) and Yan (2017). The seed parts were separated
into lemmas, seed coat (including pericarp and testa) and
caryopsis. Each sample of 1 g was crushed in a mortar and
10 ml of distilled water was added to each in beakers which
were sealed with plastic wrap at 4 °C. After leaching for
24 h, the residue was filtered and extracted twice more
by rinsing with distilled water. The 3 leachates for each
seed part were merged and made up to a volume of 50 ml
with distilled water. The concentration of the leachates
was 20 mg/ml. A 15 ml sample was diluted with distilled
water to a concentration of 10 mg leachate/ml for later
use. Another set of 1 g samples of separated lemmas, seed
coat and caryopses were crushed, extracted with 20 ml of
methanol and leached at 4 °C for 24 h as above. The residue
was filtered, extracted twice more with methanol and the
3 leachates for each seed part were merged. The methanol
was vaporized in a furnace in a fume hood to obtain solid
crystals. The crystals were re-dissolved in 50 ml of distilled
water and 15 ml of the solution was taken and diluted with
distilled water to 10 mg leachate/ml for later use.

Tropical Grasslands-Forrajes Tropicales (ISSN: 2346-3775)
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Three replicates of 100 Brassica pekinensis seeds
per treatment were placed on filter paper moistened
with 3 ml of the different leachates and a control using
3 ml of distilled water in 9 cm petri dishes. The dishes
were placed in an incubator at alternating temperatures
of 30/20 °C (16/8 h) with light cycles of 12/12 h for 4
days. Observations were made every day until the end of
the fourth day. If distilled water was added to the petri
dish to prevent drying out, the number of germinated
B. pekinensis seeds was counted after 48 h. The radicle
length of B. pekinensis was measured using Vernier
callipers after 72 h. The inhibition rate was calculated
according to the method of Wang (2017):

Inhibition rate (%) = (germination of control group —
germination of treatment group)/germination of control
group x 100 %.

Data analysis

Excel 2010 and SPSS 21.0 were used for data collation
and statistical analysis. SPSS 21.0 was used for one-way
variance (ANOVA) analysis and Duncan's test was used
to compare the differences among treatments.

Results

Seed characteristics

The seeds of Mulato II were flat, ovoid and light yellow,
showing a ventral uplift and abaxial flat surface (Figure

1). The average seed length, width, height, thousand seed
weight and water content are shown in Table 1. Seed
vitality was 84.38 and initial germination rate was 21 %.

Seed permeability

Water absorption rate increased rapidly for 2 h followed
by a slow rising trend up to 16 h and reached saturation
after 24 h (Figure 2) and was affected by treatment.

Effects of removing seed structures on seed germination

The 4 mechanical seed treatments all significantly
improved seed germination compared to the control
(P<0.05) (Table 2). Removing the seed structures produced
the highest germination rate (82.67 %) and seed vitality
(84.38 %). The germination potential, germination rate,
germination index and vitality index of treatments were
significantly different from the control (P<0.05).

Effects of concentrated sulfuric acid treatment on seed
germination

Seeds soaked in sulfuric acid for 5, 10 and 15 min showed
significantly increased seed germination potential,
germination rate, germination index and vitality index
compared to the control (Table 3). Soaking in concentrated
sulfuric acid for up to 15 min eroded the lemma while
the seed coat was still well-preserved. Five minutes of
soaking was sufficient to increase seed germination rate,

d e f

a= Back of spikelet; b = Ventral spikelet; ¢ = Caryopsis appendage; d = Caryopsis; e = Naked seed (without shells); f= Pattern of spikelet

slitting along dorsal ventral axis.

1 = Lemma; 2 = Glume; 3 = Rachilla; 4 = Palea; 5 = Seed coat (including pericarp and testa); 6 = Endosperm; 7 = Embryo.

Figure 1. The morphology and appendages of Urochloa hybrid cultivar ‘Mulato II” seeds.

Table 1. Seed characteristics of Urochloa hybrid cultivar ‘Mulato I1I°

Length (mm) Breadth (mm) Height (mm) 1000 seed weight (g) Water content (%) Vitality (%) Germination percent (%)

5.29 +0.21 1.96 £ 0.14 1.21 +£0.12 6.35+0.02

8.96 + 0.06 84.38£1.93 21.00 £ 2.67
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germination rate and vitality index. The increases in
germination rate, germination potential rate, germination
index and vitality index of seeds decreased slightly, but
not significantly, with the extension of the soaking time
with concentrated sulfuric acid. Significant differences
were only seen with soaking for 15 min (P<0.05).

Inhibitory effect of extracts from different parts of
seeds on germination of Brassica pekinensis seeds

Water and alcohol extracts from different parts of the

seed all had inhibitory effects on the seed germination
of B. pekinensis (Table 4). The degree of inhibition
decreased with decreasing concentration. The 20
mg leachate/ml water extract from the lemmas had
the strongest inhibitory effect on germination of
B. pekinensis and was significantly different from the
control (P<0.05). The caryopsis alcohol extract (10
mg/ml) showed the weakest inhibitory effect and was
not significantly different compared with the control,
although the root length was significantly different
(P<0.05).

50
4 9— Intact seeds with
5 lemmas
~ 40
= == Punctured seeds
g 35 with lemmas
< 30
g“ Seeds without
2 25 lemmas
=20
g == Punctured seeds
g 15 without lemmas
10 == Naked seeds
5 without shell
0 )

0 2 4 6 8 10

Soaking time (hours)

16

20 24 36 48

Note: Different letters in same soaking time are significantly different (P<0.05).
Figure 2. The change in water absorption by seeds of Urochloa hybrid cultivar ‘Mulato 1.

Table 2. Effect of mechanical treatment on germination of Urochloa hybrid cultivar “‘Mulato II” seeds.

Treatment Germination potential (%) Germination percent (%) Germination index Vitality index
Control 22.67£2.40 ¢ 26.67£1.76 € 6.20+1.20 e 0.044 £0.004 ¢
A 32.67+2.40d 32.67+2.40d 12.44 £0.97 d 0.060 +£0.003 d

B 64.00+1.15 b 64.00+1.15b 30.97+1.23 b 0.176 £0.007 a

C 50.00+2.31 ¢ 50.00+2.31 ¢ 24.03£1.03 ¢ 0.130 £0.005 b

D 82.67+2.40 a 82.67+2.40 a 40.28+ 1.53 a 0.084 £0.003 ¢

Note: Values are given as mean =SE. Values with different letters in the same column are significantly different (P<0.05).

Table 3. Effect of chemical treatment on germination of Urochloa hybrid cultivar ‘Mulato II” seeds.

Germination potential (%) Germination percent (%)

Germination index Vitality index

Treatment
Untreated control 22.67+240c¢
Soaking in concentrated 78.00+£3.16 a
sulfuric acid for 5 min
Soaking in concentrated 74.00 £ 2.46 a
sulfuric acid for 10 min
Soaking in concentrated 71.33£1.67b

sulfuric acid for 15 min

26.67+1.76 ¢ 620+ 1.20¢ 0.044 +0.004 ¢
78.00+3.16 a 37.06+0.83 a 0.110 £ 0.002 a
74.00+2.46a 36.16 £0.89 a 0.104 £ 0.004 a
71.33+1.67b 3412+ 0.62b 0.092 +£0.003 b

Note: Values are given as mean =SE. Values with different letters in the same column are significantly different (P<0.05).
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Table 4. Effect of extracts from different parts of Brachiaria hybrid cultivar ‘Mulato II” on germination of Brassica pekinensis seeds.

Extracts from different parts Concentration (mg/ml)

Germination inhibition (%)

Root length inhibition (%o)

Distilled water (control)

Water extract of lemmas 20
10
Alcohol extract of lemmas 20
10
Water extract of seed coat 20
10
Alcohol extract of seed coat 20
10
Water extract of naked seeds 20
10
Alcohol extract of naked seeds 20
10

Oc 0f

1933 +£6.36a 6898 +£1.73 a
2.00 £ 0 be 5713 +3.57 ab
7.33+£2.40b 49.18 £3.04 be
2.67+1.33 be 4298 £0.92 ¢
2.33+1.33 be 48.76 +4.20 be
2.00 £+ 1.15 be 45.58 +3.51 be

1.33 + 1.33 be 977+ 1.18 ¢

0.67 + 0.67 be 8.69+223¢
2.00+£0bc 45.04 £ 4.61 be
0.67 £ 0.67 be 28.59+295d
1.33 £ 0.67 bc 26.09+0.51d

0.67 £ 0.0.67 be 875+ 1.77¢

Note: Values are given as mean =SE. Values with different letters in the same column are significantly different (P<0.05).

Discussion

This study showed that seed structures caused water
absorption barriers. While the seed coat did not hinder
water absorption, the presence of lemmas promoted
water absorption to the seed overall and helped the seed
bind more water. The finding that seed structures were
involved in seed dormancy is consistent with research
from Whiteman and Mendra (1982), who suggested
that the mechanical barrier of the U. decumbens seed
tegument, which restricts access of oxygen and water, is
a cause of dormancy. Camara et al. (2002) also believed
that the seed shell of U. brizantha cutlivar ‘Marandu’
restricted gas exchange and inhibited seed germination,
resulting in seed dormancy. Duan et al. (2015) showed
that impermeability of the seed coat was the main reason
for seed dormancy in U. decumbens. Therefore, the
permeability of seed structures may be one of the causes
of dormancy, but not the main cause.

The results showed that mechanical treatment
promoted seed germination, with removal of lemmas
giving the highest germination. While puncturing
the seed coat and leaving the lemmas intact promoted
seed germination, it was not as effective as treatments
involving removing lemmas, indicating that lemmas
were the main cause of dormancy in this species.
Soaking seeds in concentrated sulfuric acid promoted
seed germination because acid eroded the lemmas and
increased the permeability of the seed coat. Similar
results have been found in other studies (Whiteman and
Mendra, 1982; Camara et al. 2002; Duan et al. 2015).

Lemmas, seed coat and caryopses all contain substances
that inhibit germination in higher concentrations. Water
extract from lemmas was most effective with extract
from caryopses the least effective, indicating that the
endogenous inhibitor was mainly in the lemmas. This is
consistent with results of Duan et al. (2015). Ajala-Luccas
et al. (2018) showed that dormancy of U. humidicola seed
is due to synergistic effects between age, GA/ABA balance
and residual structure of the panicoid spikelet covering
caryopses. Mechanical removal of lemmas effectively
reduced the dormancy of Urochloa hybrid -cultivar
‘Mulato II’ seeds and resulted in a higher seed vitality
index than use of concentrated sulfuric acid for 5 min. It
is more convenient, simpler and safer to remove lemmas
mechanically than to immerse the seeds in sulfuric acid.
Lemmas can be removed by rubbing seeds on rough
surfaces, with coarse sand or beating.

Conclusions

This study showed that removal of lemmas and soaking
seeds with concentrated sulfuric acid for 5 min was more
effective at breaking seed dormancy than soaking for 10
or 15 minutes. After 5 min, the germination percent,
germination index, and vitality index of Mulato II seeds
decreased with the increase in soaking time.

There were 3 main reasons for the dormancy of
Urochloa hybrid cultivar ‘Mulato II’ seed: mechanical
barrier of the seed coat and lemmas, endogenous inhibitor
(mainly found in lemmas) and water permeability of the
seed coat (including pericarp and testa).
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Forage characterization of Carajas grass (Cenchrus purpureus
C. americanus) fertilized with a range of doses of protected urea
under irrigation during the growing season

Caracterizacion de forrajes de hibridos de Cenchrus purpureus fertilizados
con dosis de urea protegida en diferentes estaciones

FRANCISCO GLEYSON DA SILVEIRA ALVES', MARIA SOCORRO DE SOUZA CARNEIRO!, MARCOS
JACOME ARAUJO?, RAFAEL FELIPPE RATKE?, BARBARA SILVEIRA LEANDRO DE LIMA',
NAYRLON DE SAMPAIO GOMES?, RAFAEL RODRIGUES DA SILVA! AND RICARDO LOIOLA EDVAN?

'Programa de Doutorado Integrado em Zootecnia, Universidade Federal do Ceard, Fortaleza, CE, Brazil. pdiz.ufe.br
2Programa de Pos-Graduacao em Zootecnia, Universidade Federal Do Piaui, Bom Jesus, PI, Brazil. posgraduacao.ufpi.br/ppgz
3Departamento de Agronomia, Universidade Federal de Mato Grosso do Sul, Chapaddo do Sul, MS, Brazil. cpcs.ufms.br

Abstract

The objective of this study was to assess the agronomic and nutritional responses of Carajas grass (Cenchrus purpureus
x C. americanus, syn. Pennisetum purpureum x P. glaucum, cultivar ‘Carajas’) fertilized with protected urea. The
experimental design was completely randomized blocks in split-plot arrangement over time. The treatments consisted
of 5 levels of nitrogen (0, 100, 200, 400 and 800 kg N/ha/year) and measurements were made over 2 seasons (spring
2015 and summer 2016), with 8 replicates. Leaf and stem elongation and senescence rate of tillers increased as N
dosage increased, while tiller density, leaf:stem ratio, live:dead material ratio and phyllochron declined. Forage biomass
increased with N dosage reaching 47 t DM green forage/ha at 800 kg N/ha but DM production per unit of N applied
declined dramatically as level of N applied increased. There was no effect of season. For crude protein (CP) and fiber
concentrations, a positive effect was observed with increasing N application, with maximum CP% of 172 g/kg with 800
kg N/ha in spring. Further studies are warranted to determine if economics indicate that the higher fertilizer levels are
justified and even protected urea should still be applied on a number of occasions, but still less often than conventional
urea, rather than as a single dose at the beginning of spring.

Keywords: Biomass, chemical composition, elephant grass, nitrogen fertilizer, tropical pasture.
Resumen

El objetivo de este estudio fue evaluar las respuestas agrondmicas y nutricionales del pasto Carajas (Cenchrus purpureus

x C. americanus) fertilizado con urea protegida. El disefio experimental fue de bloques completos al azar en un arreglo de
parcelas divididas en el tiempo. Los tratamentos consistieron en cinco dosis de nitrogeno (0, 100, 200, 400 e 800 kg/ha/afo)
y las mediciones se realizaron durante 2 temporadas (primavera de 2015 y verano de 2016), con 8 repeticiones. Las tasas
de senescencia de macollas y de elongacion de hojas y tallos aumentaron junto con las dosis de nitrogeno. La densidad de
macollos, la relacion hoja/tallo, la relacion material vivo/muerto y el filocron se redujo junto con las dosis de nitrogeno. La
biomasa del forraje se increment6 con las dosis de N, obteniendo 47 t/ha de biomasa total del forraje verde y no mostré ningiin
efecto debido a las estaciones para la dosis de 800 kg/ha/afio, pero la produccion de materia seca por unidad de N aplicada
disminuy6 drasticamente a medida que aument? el nivel de N aplicado. No se detecto efecto de la temporada en que se efectud
la cosecha. Para el contenido de proteina cruda y fibra, se observo un efecto positivo al aumentar la dosis de nitrogeno, con
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un PC% maximo de 172 g/kg a una dosis de 800 kg N/ha/afio en la primavera. Se justifican mas estudios para determinar si
la economia indica que los niveles mas altos de fertilizantes estan justificados e incluso si la urea protegida debe aplicarse en
varias ocasiones, pero con menos frecuencia que la urea convencional, en lugar de una dosis tinica al comienzo de la primavera.

Palabras clave: Biomasa, composicion quimica, nitrogeno, pasto elefante, pastura tropical.

Introduction

Carajas grass is a hybrid generated by crossbreeding
of Cenchrus purpureus (Schumach.) Morrone (syn.
Pennisetum purpureum Schumach.) and Cenchrus
americanus (L.) Morrone (syn. Pennisetum glaucum) and
is cultivated through seeds, a distinct advantage when
compared with vegetative propagation of other varieties
of C. purpureus. The cultivar was recently released by
the company MATSUDA® and there is a need to study
its productive potential.

Most grasses respond significantly to application of
nitrogen (N) fertilizer. Urea is one of the main sources of
N used in forage production due to its lower cost per unit
of N and high concentration of N compared with other
N sources (Mota et al. 2015). However, N losses via
volatilization in the form of ammonia can be a problem,
as they decrease the efficiency of use by crops (Tasca et
al. 2011), especially if urea is supplied in large quantities
to the soil at any given time.

In order to increase efficiency of use of N from urea,
especially at high dosages, urease and nitrification
inhibitors and polymer coating are being used (Okumura
and Mariano 2012). Release of N from such protected urea
in the soil for uptake by plants is slow, so this fertilizer
can be applied in a single dose during the grass growth
cycle, reducing application costs and allowing the use
of high application rates. This contrasts with application
of conventional urea, which normally occurs in smaller
doses at intervals during the grass growth cycle to avoid/
reduce N losses (Silva et al. 2011), resulting in higher
labor usage.

We hypothesized that applying protected urea would
result in efficient usage of N with high quality of forage
from Carajas grass for animal feeding and would allow high
application rates at any one time with minimal seasonal
differences in growth, production and chemical composition
of the grass. Therefore, the objective was to evaluate the
morphogenic and structural characteristics, production and
chemical composition throughout the growing season of
Carajas grass fertilized with varying doses of protected urea
in a dry tropical environment. The study is a complement to
an experiment in which fertilization of Carajas grass with
protected urea was compared with that of non-protected
urea (Alves et al. 2018).

Materials and Methods
Location and experimental design

The study was carried out at the Experimental Farm
of the Federal University of Piaui, Cinobelina Elvas
Campus, located in Alvorada do Gurgueia, Piaui, Brazil
(8°22'30" S, 43°50'48" W; 239 masl). The region has a
climate classified as Tropical Dry (Nunes 2011). The
climatic data observed during the experimental period
were recorded at a meteorological station located in that
region (Table 1).

Table 1. Mean values of climatic conditions throughout the
study.

Climatic 2015 2016
variable Oct Nov Dec Jan Feb Mar
Maximum 384 370 38.0 31.1 346 348
temperature

O

Mean 3.5 303 307 263 277 282
temperature

O

Minimum 241 235 229 225 212 225
temperature

“C)

Precipitation ~ 31.1 144.8 18.1 3484 387 1084
(mm)

Relative 38.0 482 439 788 627 664
humidity (%)

The experimental design was completely randomized
blocks with split-plots in time. Treatments consisted of 5
nitrogen doses (0, 100, 200, 400 and 800 kg N/ha/year)
and subplots were 2 evaluation seasons (spring 2015
and summer 2016), with 8 replications (4 blocks and 2
replications in time, 2 harvests, for each season). Spring
(characterized by irregular rains and high temperatures)
extended from the beginning to the middle of the rainy
season of the region (October—December 2015), while
summer (characterized by much heavier rainfall and
lower temperatures) represented the second half of
the rainy season (January—March 2016). The source
of nitrogen used was protected urea (FH Nitro Mais®,
developed by the company Fertilizantes Heringer®),
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applied in a single dose in October 2015. This fertilizer
consists of urea granules coated with boron and copper
containing inhibitors.

Before starting the experiment, a compound soil
sample was collected from the 0-20 cm horizon,
representative of the area, for soil chemical analysis
and characterization. Results obtained in the analysis
were: pH (H,0) - 5.40; P and K - 9.6 and 21.2 mg/dm’,
respectively; Ca, Mg, Al and H + Al - 2.4, 0.6, 0.0 and
3.5 cmol/dm?, respectively; sum of bases - 3.1 cmol/dm?;
effective cation exchange capacity (CEC) - 3.1 cmol/
dm?; CEC at pH 7.0 - 6.5 cmol/dm?®; and base saturation
- 46.8 %. Based on these results, soil correction and
fertilizer application were performed according to Vilela
et al. (2002), applying dolomitic limestone (PRNT 80 %)
to elevate soil saturation levels to 60 % and applying 40
kg P/ha (as single superphosphate, 18 % P,0,) and 60 kg
K/ha (as potassium chloride, 48 % K, O).

The experimental area of Carajas grass was planted
in 2013. Seed was sown in rows at 0.64 g/m, with inter-
row spacing of 80 cm, as recommended by the company
MATSUDA®. In October 2015 a uniformity cut was
performed at 20 cm above ground level. The grass was
irrigated every 3 days with a 10 mm water blade through
a sprinkler system, following the recommendations of
the company which supplied the hybrid. Manual weeding
was conducted to remove undesirable plants.

The experimental area was divided into 15 plots
of 4 m? (4 x 1 m), with 5 rows of grass per plot. Plots
were separated by uncultivated spaces of 1 m with
2 m between blocks. Forage was harvested 4 times
during the evaluation period, twice during each season
(spring and summer) every 40 days at a height of 20 cm
above ground, according to the recommendation of the
company MATSUDA® for Carajas grass.

Measurement of morphogenesis, structural variables
and biomass production

For measuring morphogenesis 2 grass clumps were
identified at random in each plot and colored rings were
applied to 3 tillers/clump. Evaluations commenced 3
days after the uniformity cut and were repeated every 3
days throughout. Appearance, elongation and senescence
of leaf blades and elongation of stems were recorded.
Length of the expanded leaf blade was measured from
its ligule to its apex using a rule.

Length of the emergent leaf blade was measured
from its apex to the ligule of the last exposed leaf
blade, while length of the senescent portion was the

difference between the total length of the leaf blade and
the remaining green portion. Length of stem was the
distance from its ligule to the base of the tiller. From
data obtained the following indexes were calculated:
leaf elongation rate (LER); stem elongation rate (SER),
referring to the mean daily elongation on half of the
sheaths and true stem of the tiller; total leaf senescence
rate (TSR); and phyllochron.

Grass structure was recorded before each harvest. The
following evaluations were carried out at each harvest:
population density of tillers per clump (PDT), obtained
by counting the number of live tillers in a clump from
the central row of each plot; leafistem ratio (L:S); and
live material:dead material ratio (L:D). Weights were
obtained using a digital electronic scale, with capacity
of 1 gto 5 kg, model Sf-400 UNICASA®.

At each harvest forage from a linear meter of the
central row was collected to determine: total forage
biomass (TGB); green leaf biomass (GLB); and green
stem biomass (GSB) by separating harvested material
into live and dead material, before live material was
separated into leaf blade and stem. The L:S ratio was
determined by dividing GLB by GSB, while L:D was
determined by dividing green biomass by dead forage
biomass. Following each harvest, remaining forage on
all plots was cut at 20 cm above ground and removed.

Chemical composition

To determine the chemical composition of Carajas grass,
forage samples were dried in paper bags in a forced-air
circulation oven at 60 £+ 5 °C for 72 hours and then milled
with a Willey Mill using a 1 mm sieve.

Dry matter (DM), organic matter (OM), ether extract
(EE), crude protein (CP) and mineral matter (MM) were
determined according to the methods of AOAC (2005).
Neutral detergent fiber (NDF) and acid detergent fiber
(ADF) were determined according to Van Soest et al.
(1991).

Statistical analysis

Results were submitted to analysis of variance, mean
comparison test and regression analysis. Interactions
were determined when significant (P<0.05) by the F test.
The means were compared by Tukey’s test (P<0.05). In
regression analyses, the choice of models was based on
the significance of the linear coefficient (P<0.05). As a
tool, SISVAR" version 5.0 software was used according
to Ferreira (2011).
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Results
Morphogenic and structural characteristics

For morphogenic characteristics, there was no
significant interaction (P>0.05) between fertilizer level
and season and no effect of season for any variable
evaluated, whereas for nitrogen doses there were
significant responses (P<0.001) for all characteristics
(Table 2).

For LER, anincreasing linear behavior was observed,
with an increase of 0.0042 cm/day for each additional
kg N applied (Table 2). By contrast, phyllochron
declined with increasing doses of N, where for each
additional kg N applied there was a reduction of 0.0024
days. For SER, a positive linear response occurred
with increasing nitrogen doses. The same behavior was
observed for TSR, which showed an increase of 0.0007
cm/day/kg N applied (Table 2).

For structural characteristics there was no
significant interaction between fertilizer level and
season and no significant effect of season was observed
(P>0.05). Fertilizer level had an effect (P<0.05) for all
characteristics evaluated (Table 2).

For PDT, a decreasing linear response was observed
with increasing level of N (Table 2), resulting in a
decrease of 18 tillers per clump for an increase from
0 to 800 kg N/ ha/year. L:S ratio decreased linearly
as N level increased, where for each additional kg N
applied there was a reduction of 0.0015 in L:S ratio. For
L:D ratio, there was a decreasing linear response with
increase in N dosage, with a reduction of 0.0023 in L:D
ratio for each additional kg N applied.
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Biomass production

Significant interaction between N dosage and season for
GLB (P<0.001) was observed. Nitrogen dosage had a
significant positive effect (P<0.001) on TGB and for GSB
there were significant effects of N dosage (P<0.001) and
season (P = 0.014) (Table 3).

For GLB, there was a positive linear effect in both
seasons with increasing yield as N dosage increased,
reaching 26,000 kg DM/ha in spring and 25,800 kg DM/
ha in summer at 800 kg N/ha/year (Table 3). Seasonal
differences occurred for only Control and 200 kg N/ha/year
treatments with higher yields in summer. TGB increased
linearly as N application rate increased, with an increase of
2.29 kg DM/ha for each additional kg N applied (Table 3),
with the highest yield of 47,900 kg DM/ha for the highest
application rate of 800 kg N/ha/year. Although TGB
showed this positive response to N fertilizer application,
most of the response occurred with the first 400 kg N/ha,
producing 83.2 % of the total response.

For GSB, there was an increasing linear response
with increasing N dose rate, with an increase of 1.21 kg
DM/ha for each additional kg N applied.

Chemical composition

There was significant interaction between N dosage and
season (P<0.001) for concentrations of CP, EE, NDF,
ADF and MM. However, DM concentration was affected
(P =0.003) by only N dose rate (Table 4).

Dry matter concentration in forage increased by
0.002 g/kg for each unit of additional N applied (Table
4). Crude protein concentration increased progressively

Table 2. Morphogenic values and structural characteristics of Carajas grass (Cenchrus purpureus x C. americanus) following

different rates of nitrogen fertilizer application

Variable N rate (kg/ha/year) s.e. P-value Equation
0 100 200 400 800

LER! 4.6 6.0 6.8 7.4 8.5 0.20 <0.001 Y=5.4373+0.0042x; 1’=86.6
Phy 6.7 6.7 6.1 5.5 49 0.15 <0.001 Y=6.7506-0.0024x; r=95.3
SER 0.2 0.2 0.3 0.4 0.5 0.03 <0.001 ¥=0.2415+0.0004x; 1>=97.3
TSR 0.7 1.0 1.1 1.2 1.3 0.03 <0.001 ¥=0.9025+0.0007x; r>=75.7
PDT 94.8 87.8 86.9 84.4 76.8 4.53 0.002 ¥=92.1375-0.0191x; r*=58.7
L:S 29 3.0 2.3 24 1.7 0.08 <0.001 ¥=2.9483-0.0015x; 1>=83.3
L:D 9.3 9.5 9.1 8.4 7.7 0.27 0.001 ¥=9.5419-0.0023x; 1>=94.8

LER = leaf elongation rate (cm/tiller/day); Phy = phyllochron (day); SER = stem elongation rate (cm/tiller/day); TSR = total
senescence rate (cm/tiller/day); PDT = population density of tillers per clump; L:S = leafistem ratio; L:D = live material:dead

material ratio.
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Table 3. Growth rates (kg DM/ha) of Carajas grass (Cenchrus purpureus x C. americanus) in spring and summer following

different application rates of nitrogen.

Variable Season Fertilizer (kg N/ha) s.c. P-value Equation
0 100 200 400 800

GLB Spring 17,700b  19,600a 21,400b 23,900a 26,000a 1.90 <0.001  Y=19.213+9.2124x; 1>=94.9

Summer 18,800a 19,500a 22,600a 23,900a 25,800a <0.001 Y=19.065+9.6358x; 1>=84.9
TGB 26,500 36,400 39,300 44,300 47,900 1.19 <0.001 Y=32.028+2.29x; 1’=78.5
GSB! 9,500 12,700 15,600 17,300 20,000 0.102 <0.001 Y=11.444+1.21x; 1>=86.4
GSB? Spring 14,800B 0.070 0.014

Summer 15,100A

GLB = green leaf biomass (kg DM/ha); TGB = total green forage biomass (kg DM/ha); 'GSB = green stem biomass (kg DM/ha);
2GSB = green stem biomass (t DM/ha). Means for GLB with the same lower-case letter within columns and for GSB with the same
upper-case letter within rows did not differ according to Tukey's test (P>0.05).

Table 4. Chemical composition of Carajas grass (Cenchrus purpureus x C. americanus) in spring and summer following application

of different doses of nitrogen.

Season Rate of N (kg/ha) s.c. P-value
0 100 200 400 800
DM! 190 190 191 195 205 2.9 0.003
CP Spring 116bC 122aC 139aC 151aB 172aA 1.5 <0.001
Summer 126aBC 112bC 138aB 145aAB 159bA <0.001
EE Spring 23.7bB 32.1aA 33.2aA 26.2bAB 34.6aA 0.6 <0.001
Summer 34.7aA 27.7bAB 24.3bB 30.3aA 33.2aA 0.003
NDF Spring 604bB 625aB 676aA 672aA 665aAB 2.9 <0.001
Summer 618aAB 626aA 665aA 595bB 583bB <0.001
ADF Spring 364aAB 365aAB 344bB 372aA 388aA 1.8 <0.001
Summer 336bB 340bB 367aA 347bB 354bB <0.001
MM Spring 95.1aB 90.7bC 100.5aA 104.0aA  97.0aAB 2.2 <0.001
Summer 95.2aB 107.5aA 84.9bC 76.2bC 87.6bB 0.123

'Y = 188.3+0.002x; R?=97.3. DM = dry matter (g/kg); MM = mineral matter (g/kg DM); EE = ether extract (g/kg DM); CP = crude protein
(g/kg DM); NDF = neutral detergent fiber (g/kg DM); ADF = acid detergent fiber (g/kg DM). Means within columns and parameters with
the same lower-case letter and within rows with the same upper-case letter did not differ according to Tukey's test (P>0.05).

with increasing N application rate in both seasons.
While significant differences in MM, EE, NDF and ADF
concentrations as a result of N application were recorded,
there were no consistent patterns in the responses.

Discussion

This study has shown that high doses of protected urea
can be applied in a single dose at the beginning of the
growing season and still produce significant responses
in DM production during the summer. Whether or not
these levels of N fertilizer are warranted will depend on
the value of increases in forage production per unit of N
applied as the amount of N applied increases.

Morphogenic and structural characteristics

During both spring and summer all treatments received
irrigation at the same level to minimize moisture stress
as a variable, which may explain the absence of seasonal
differences in morphogenic characteristics independent
of N doses. Despite high temperatures and low relative
humidity in spring (Table 1), pasture growth in spring
equaled that in summer. The absence of differences in
structural characteristics of Carajas grass between the
evaluated seasons (Table 2) was possibly also due to the
influence of regular irrigation applied, which eliminated
effects resulting from moisture deficits commonly
experienced.
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The increase in LER as N fertilizer application
increased is a reflection of the positive response in cell
division and expansion to additional N supply (Skinner
and Nelson 1995).

The positive responses in morphogenic characteristics
obtained even at high N dosages (400 and 800 kg/ha/
year) would be due to the slow release of N provided
by protected urea, which was also reported by Alves et
al. (2018). Lima et al. (2016) found positive effects from
applying N to Urochloa ruziziensis as protected urea up
to the maximum (300 kg N/ha/year) dose evaluated.

The reduction in phyllochron as N fertilizer level
increased can be explained by the fact that N stimulates
plant growth, conferring greater regrowth capacity
and faster recovery of the photosynthetic apparatus
(Martuscello et al. 2006) following harvesting. Increases
in SER would be a response to greater shading caused
by increased growth with increasing N doses, promoting
elongation of stems to access light. Total leaf senescence
rate also increased with increasing N fertilizer levels
in line with the positive effect of N on LER, where
increased shading of the older leaves may result in more
rapid senescence of leaves.

Shading caused by higher growth of plants at
increasing N application rates promoted the reduction
in population density of tillers, because low luminosity
interferes negatively with tillering potential, since
decreasing light at the base of plants can also suppress
the generation of tillers (Martuscello et al. 2015). Despite
lower tiller numbers at higher N application rates, total
green biomass yield increased and L:S ratio declined
indicating that individual tillers were larger at high N
rates with greater stem development, which was reflected
in the higher NDF concentration as N level increased.

Reduction in live:dead ratio at higher N application
rates would be a function of higher senescence rate
observed with the higher doses of nitrogen fertilizer.
This effect was reported previously by Alves et al. (2018)
for Carajas grass under different N dosages.

Biomass production

Like other C, grasses Carajas grass showed good
responses in forage production following application
of N fertilizer (Lopes et al. 2020; Oliveira et al. 2020;
Domingues et al. 2021). These significant responses
to N fertilizer application in DM production in
both spring and summer and the overall absence of
differences between seasons indicate that the primary
limiting factor was available N supply, with factors
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like temperature, soil moisture and light intensity being
adequate for growth. According to Valente et al. (2011)
the optimum temperature amplitude which causes most
enzymatic carboxylation in C, grasses is 30-35 °C.
While mean temperature in spring fell within this range,
mean temperature in summer fell below the range but
minimum temperatures in both seasons were similar. In
addition, relative humidity in summer was much higher
than in spring. Application of irrigation prevented the
expression of any differences between seasons in terms
of available soil moisture levels experienced in the area
under rainfed conditions.

The aim of applying protected urea is to reduce the
rate of N release from the fertilizer so response to added
N is extended for a longer period than expected with
conventional urea and response per additional 100 kg N is
more uniform. When increasing levels of N fertilizer are
applied to crops or pastures there is normally a reduced
response to each additional kg N applied, a phenomenon
known as the Law of Diminishing Returns (Guimaries
et al 2011). Despite the urea in this study being protected
the same principle applied, with responses in green leaf
production in spring to the initial 200 kg N being 1,850 kg
DM/100 kg N compared with 425 kg DM/100 kg N when
the last 400 kg N was applied. In summer the comparable
responses were 1,900 kg DM/100 kg N and 475 kg DM/100
kg N applied. When total green forage production is
considered for the complete study, response to the first 200
kg N was 4,675 kg DM/100 kg N, while response to the final
400 kg N was 1,175 kg DM/100 kg N applied. We cannot
conclude from this study how well the urea was protected
from rapid release of N but the fact that plants were still
responding to urea application 6 months after it was applied
and DM responses in summer per kg N applied were very
similar to those obtained in spring indicates that significant
protection was certainly provided and N was being released
throughout the total growth cycle.

Chemical composition

The increase in DM concentration with increasing N
application rate is a function of high growth provided
by increased N availability. According to Mendonga and
Rocha (1985), N accelerates metabolism and promotes
maturity in the plant, providing a greater accumulation
of photoassimilates and transformation of these into plant
organs, contributing to an increase in DM concentration
in forage.

In both seasons N fertilizer application produced
marked increases in CP% in forage from 11.6 % in
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Controls to 17.2 % at 800 kg N/ha in spring and from
12.6 % to 15.9 % in summer. This was despite large
increases in DM production in treatments receiving N.
These values indicate that considerable quantities of N
were still available in soil at all fertilizer levels despite
the long time elapsed following application of fertilizer.
This forage would provide excellent fodder for animals,
especially given their ability to select a higher quality
diet than is on offer.

However, application of N increased NDF
concentration in spring, probably as a result of increased
stem proportions in the forage produced. While this
would lower digestibility of the forage, highest NDF
concentrations recorded were 67 %. In contrast NDF
concentrations in forage in summer were lower at the high
N fertilizer levels than in Controls. The application of N
in high doses along with favorable climatic conditions
can favor the growth and production of tissues that have
lower levels of structural carbohydrates (Vitor et al.
2009), which occurred in summer.

As might be expected, application of N at high doses
had no significant impact on mineral concentration in
forage in spring, while mineral concentration in forage in
summer was significantly reduced as N level increased.
This is scarcely surprising given the high yields of forage
produced at high N application rates, which would have
resulted in removal of large quantities of minerals from
the soil.

This study has demonstrated that Carajas grass
responds well to application of protected urea. However,
despite the urea being protected, the Law of Diminishing
Returns still operated, with responses per unit of N
applied declining dramatically as amount of fertilizer
applied increased. Economic assessments are needed
to determine if the high application rates are justified.
Similarly, studies seem warranted to assess the overall
responses when multiple applications of lower doses are
applied as opposed to single heavy doses at planting.
The reduced responses in DM production to additional
N applied at high doses might mean that overall financial
returns could be better with lower application rates and
multiple applications of smaller amounts of fertilizer,
and even with increased labor costs involved, could be
more efficient. Economic assessments would provide
data to prove or disprove these hypotheses.
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Abstract

Cratylia argentea is a shrub legume native to tropical regions of South America where it is used for animal feed and
green manure. In the absence of germination guidelines, the key aim of this study was to define the most suitable
temperature for conducting germination and accelerated aging tests. The biochemical attributes of seeds were also
assessed. Seeds with 10 % moisture from 4 different seed lots were germinated using the between paper method in a
germinator at temperatures of 20, 25, 30 and 35 °C and alternating temperatures of 20/30 °C (16/8 h), with daily counting
until germination was stable (seven days without germination). For the accelerated aging test, two temperatures (41 and
45 °C) and six aging periods (0, 24, 48, 72, 96 and 120 h) for seeds with between 10—-40 % moisture content were used.
Carbohydrates (%), ethereal extract (%), crude protein (%) and macro and micronutrient contents of the seeds were
measured. Results showed that C. argentea seeds consist predominantly of starch (22.67 %) and protein (26.45 %)
reserves with a low percentage of lipids. For the germination test, the temperature of 30 °C is recommended, allowing
greater percentage and speed of germination, with seedling evaluation at 10 and 20 days. For the accelerated aging test,
aging for 48 h at 41 °C is recommended to discriminate C. argentea seed lots in terms of quality.

Keywords: Accelerated aging, dry environment plant, germination test, seed analysis, tropical shrub legume,
unconventional forage crop.

Resumen

Cratylia argentea es una leguminosa arbustiva originaria de las regiones tropicales de América del Sur, donde se utiliza
como alimento para animales y abono verde. En ausencia de pautas de germinacion, el objetivo de este estudio fue definir
la temperatura mas adecuada para realizar pruebas de germinacion y envejecimiento acelerado. También se evaluaron
los atributos bioquimicos de las semillas. Semillas con 10 % de humedad de 4 lotes de semillas diferentes fueron
colocadas entre hojas de papel toalla, en un germinador a temperaturas de 20, 25, 30 y 35 °C y alternando temperaturas
de 20/30 °C (16/8 h), con conteo diario hasta que la germinacion se estabilizo (siete dias sin germinar). Para la prueba
de envejecimiento acelerado se utilizaron dos temperaturas (41 y 45 °C) y seis periodos de envejecimiento (0, 24, 48,
72, 96 y 120 h) para semillas con un contenido de humedad entre 1040 %. Se midieron carbohidratos (%), extracto
etéreo (%), proteina cruda (%) y contenido de macro y micronutrientes de las semillas. Los resultados mostraron que
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las semillas de C. argentea contienen predominantemente reservas de almidon (22,67 %) y proteina (26,45 %) con un
bajo porcentaje de lipidos. Para la prueba de germinacion se recomienda la temperatura de 30 °C, que permite mayor
porcentaje y rapidez de germinacion, con evaluacion de plantulas a los 10 y 20 dias. Para la prueba de envejecimiento
acelerado, se recomienda un envejecimiento de 48 h a 41 °C para discriminar los lotes de semillas de C. argentea en

términos de calidad.

Palabras clave: Analisis de semillas, ensayo de germinacion, envejecimiento acelerado, forrajes no convencionales,

leguminosas tropicales, planta de ambiente seco.

Introduction

Cratylia argentea (Desv.) Kuntze is a shrub legume
(Fabaceae) native to tropical regions of South America.
It has multiple uses, especially as animal feed and as
a green manure crop. It has a symbiotic relationship
with nitrogen-fixing bacteria (Mattar et al. 2018) and
is recommended for silvopasture systems (Valles-de
la Mora et al. 2014). The use of C. argentea together
with Urochloa brizantha has shown promise for feeding
calves (F1 Holstein x Zebu) (Valles-de la Mora et al.
2017). The species has potential for control of parasitic
diseases in ruminants (Silva et al. 2017), as well as
having a low tannin concentration (Pereira et al. 2018).
It shows potential for use as feed in swine production
(Sarria and Martens, 2013).

Germination is the first step in the crop production
cycle. Diverse intrinsic and extrinsic factors contribute
to the success of seed germination, including initial
physiological quality, hormonal balance, temperature
and lighting (Lone et al. 2016; Ebone et al. 2019; Wu
et al. 2020). Temperature is a key factor for germination
because it determines the ecological limitations for
geographic distribution and establishment of the
species (Daibes and Cardoso 2018). Therefore, the
definition of optimal temperature(s) for germination
can be useful for expression of the maximum potential
of a species, as has been observed in Fabaceae species
such as Diptychandra aurantiaca (Oliveira et al.
2013), Robinia pseudoacacia (Giuliani et al. 2015) and
Calobota sericea (Miiller et al. 2019).

Seed vigor also effects seed quality and crop
establishment in the field, governing the capacity of
seeds to grow under different environmental conditions
(Marcos-Filho 2015). Seed vigor can be defined as the
sum of the properties of the seed that allows acceptable
germination and the development of uniform seedlings
under adverse conditions (Finch Savage and Bassel
2016). Tests can be used to estimate seed lot vigor,
including the accelerated aging test, which is used
to simulate the deterioration process by subjecting
seeds to high temperatures and relative humidity over

a defined period. It is an effective test for ranking
seed lots for storage capacity and field emergence.
Therefore, developing the correct methodology for
this test in C. argentea is important for estimating the
potential of seed lots, as has been observed in different
species such as Jatropha curcas (Oliveira et al. 2014),
Leucaena leucocephala (Araujo et al. 2017) and
Urochloa brizantha (Oliveira et al. 2020).

Knowledge regarding the morphological aspects
of seeds and seedlings in initial stages of development
is relevant in development of standard methods and
interpretation of results for the physiological analysis
of seeds. Seed morphology is also useful to identify
species under natural conditions (Abud et al. 2010).
Knowledge of the chemical composition of seeds can
assist in understanding the biochemical properties of the
species and cellular processes involved in seed quality.
Vaz Patto et al. (2015) report that the analysis of the
mineral composition is also crucial when considering
the nutritional quality of the seeds. Currently, this has
been evaluated in different species, such as quinoa
(Reguera et al. 2018), beans (Los et al. 2018) and
watermelon (Lawal, 2011). These studies bring a new
contribution to understanding seed germination and
vigor in these species. Fang and Wang (2007) evaluated
changes in biochemical composition and enzyme
activity during dormancy release in Cyclocarya paliurus
seeds. Information on lipid content is important because
oilseeds generally have shorter longevity after harvest
(Wiebach et al. 2019) related to lipid peroxidation during
the deterioration process, being one of the main causes
of loss of vigor in orthodox seeds (Ebone et al. 2019).

Information regarding seed quality, such as
germination, vigor, morphology and chemical
composition of C. argentea seeds is scarce. A better
understanding of germination, storage, control
of seed quality, species ecology, cultivation and
commercialization can help producers develop better
strategies for storage and planting as an alternative forage.
This study aimed to define suitable temperature(s) for
germination of C. argentea seeds and to characterize seed
and seedling development, generating technical visual
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support material. Other objectives were to chemically
characterize seeds and define the best methodology for
carrying out accelerated aging tests to discriminate seed
lots with different physiological quality.

Materials and Methods
Seed sources for the study

Four different lots of manually harvested C. argentea
seeds were used for the experiments. For the biochemical
analyses, biometric characterization of seeds and
classification of seedlings, a seed lot (approximately
0.5 kg of seeds) stored in a refrigerator at 10 °C for 4
months post-harvest was obtained from the seed bank of
Empresa Brasileira de Pesquisa Agropecuaria (Embrapa
Milho e Sorgo), Sete Lagoas, Minas Gerais, Brazil. For
the emergence, germination, and accelerated aging tests,
4 different seed lots (approximately 1.8 kg of seeds each)
were used (Table 1).

Characterization of seeds and development and classifi-
cation of seedlings

The seeds were imbibed for 24 h on paper towel moistened
with 2.5 times the weight of the dry paper with water
and covered with a sheet of paper towel and rolled. After
imbibition, seeds were cut longitudinally to use for the
photographic record. The dimensions of 50 seeds were
measured with a caliper and width (mm), length (mm)
and thickness (mm) were recorded. An image was taken
to illustrate seed structure.

A sample of 45 seeds was sown in sand in a polyethylene
tray and maintained for 15 d at 25 °C. Three seeds were
removed daily for observation. Some seeds were kept intact
for external observation while others were cut longitudinally
for internal observation of seedling development. A
succession of images was taken daily of the individual
seeds to track seedling emergence and development over a
15 d period. The seedlings were grouped into “normal” and
“abnormal” and photographed independently as a reference
set (Brasil 2009).

Table 1. C. argentea seeds used for the analyses.

Seed biochemical analyses

A preliminary germination test using the methodologies
described above conducted 90 days after harvest,
showed that seed lot 3 had a germination of 89 %
and emergence in sand of 91 % and considered to
be of high physiological quality and suitable for
the analysis. Carbohydrates were quantified by the
methodology of Thompson (1990), ethereal extract
and protein by the methodology of Brasil (2009) and
fatty acids by the methodology of the Associations
of Official Analytical Chemists (AOAC 2005). Seed
samples were ground in a Wiley mill, passed through
a 0.5 mm sieve, and subjected to nitric-perchloric acid
digestion (Alvarez et al. 2001). Phosphorus (P) was
determined by colorimetry, potassium (K) by flame
emission photometry, calcium (Ca) and magnesium
(Mg) by atomic absorption spectrometry, nitrogen (N)
by titration after digestion by the Kjeldahl method, and
sulfur (S) by turbidimetry (Alvarez et al. 2001).

Physiological characterization of the seed lots

A seedling emergence test in sand was conducted in a
greenhouse. Four replications of 50 seeds were washed
and sown in sterilized sand in polyethylene boxes. The
sand was moistened to 60 % of water retaining capacity.
Normal seedlings were counted daily until stabilization
of emergence, defined as 7 d without emergence, for
calculation of percentage of seedling emergence. After
stabilization of emergence, the following variables were
obtained:

Emergence speed index (ESI) according to the
equation proposed by Maguire (1962):

£/ El  E2 En
=—t—t..
NI N2 7 Nn

where:

E1l, E2, En=number of emerged seedlings at the first,
second and last count;

N1, N2, Nn = number of days of sowing to the first,
second and last count.

Lot Lot origin

Other information

1 Santa Rita Farm of the Empresa de Pesquisa Agropecuaria de
Minas Gerais (EPAMIG), Prudente de Morais (MG), Brazil.

From the private property of Cactanépolis (MG), Brazil.
3 Embrapa Milho e Sorgo in Sete Lagoas (MG), Brazil
4  Embrapa Milho e Sorgo in Sete Lagoas (MG), Brazil

Seeds stored for 4 months after harvest in a refrigerator
at 10 °C

Ibid

Ibid

Seeds stored for 16 months after harvest in paper bags at
room temperature (mean of 22 °C day and 17 °C night).
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Emergence speed (ES) according to the equation
proposed by Edmond and Drapala (1958):
[(N1E1) + (N2E2) + ... + (NnEn)]

E1+E2+ ...+ En

where:

E1l, E2, En =number of emerged seedlings at the first,
second and last count;

N1, N2, Nn = number of days of sowing to the first,
second and last count.

Shoot dry matter (SDM) and root dry matter (RDM) of
seedlings, length of the main root (RL) and shoot length
(SL) were measured. Shoot height and main root length
were measured for each seedling obtained in the emergence
test using a caliper and the results were expressed in cm/
seedling. After measurement, seedlings obtained from each
replication of the last count of the emergence test were
placed in paper bags and dried in a forced air circulation
oven at a temperature of 65 °C for 72 h. After this period,
the material was weighed on a precision balance, with the
results expressed in mg/seedling.

Germination at different temperatures

Five replications of 40 seeds of each lot were treated with
fungicide Protreat® at a concentration of 200 mL/100
kg of seeds and each replicate placed on two sheets of
paper towel moistened with 2.5 times the weight of the
dry paper with water and covered with a sheet of paper
towel and rolled. The rolls of paper were kept in seed
germinators at constant temperatures of 20, 25, 30 and
35 °C (with a photoperiod of 8 h) and at alternating
temperatures of 20/30 °C (8h at 30 °C light/16h at 20 °C
dark) until stabilization of germination of all treatments
(around 30 days). For the constant temperatures
(20, 25, 30 and 35 °C), the rolls were maintained in
a germination chamber (Mangelsdorf) and for the
alternating temperatures (20/30 °C), the seeds were
placed in plastic bags and kept in a BOD (Biochemical
Oxygen Demand) incubating chamber without supply of
oxygen. The BOD was used for alternating temperatures
because it changes temperatures and light regimes
automatically. The use of plastic bags prevents the loss
of water and makes it possible to compare the results
with constant temperatures conducted in a germination
chamber. Evaluations of the number of normal seedlings
were performed daily up to stabilization of the number
of normal seedlings germinating.

For all treatments, on the date of final count, the final
percentage of normal seedlings was calculated. The ESI
and ES were calculated based on the number of normal
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seedlings obtained daily (as described above for the
emergence test), according to the equations of Maguire
(1962) and Edmond and Drapala (1958), respectively.

Accelerated aging test

Five replications of 40 seeds of each lot were placed on
suspended metal screens inside plastic boxes (gerboxes)
containing 40 mL of distilled water at the bottom. Lids
were placed on the boxes and they were kept in BOD
(Biochemical Oxygen Demand) incubators regulated at
two temperatures (41 and 45 °C) for six periods of aging
(0, 24, 48, 72, 96 and 120 h) (Araujo et al. 2021). After
each period, a germination test was conducted on the
seeds as described above, using a constant temperature
of 25 °C with evaluations at 10 days after sowing. The
number of normal seedlings, abnormal seedlings and
dead seedlings were counted and percentages calculated.
After seed aging, moisture content was determined
according to the method described in Brasil (2009).

Experimental design and statistical analysis

The experiments were conducted in a completely
randomized design. The replicates were randomly
distributed inside the germinators and BODS, and all
the temperatures were conducted simultaneously. The
germination and accelerated aging tests were conducted
in a double factorial function. In the germination test,
one factor corresponded to the seed lots and another
to the temperatures. In the accelerated aging test, one
factor corresponded to the seed lots and another to the
aging periods. Analysis of variance was conducted on
the data. The means were compared by the Tukey test
at 5 % probability with use of the R software (R Core
Team 2020).

Results
Biochemical analyses of the seeds

C. argentea seeds consist of predominantly starch and
proteins as reserves and have a low percentage of lipids
(Table 2).

The nutritional composition was nitrogen (5.59 dag/
kg), phosphorus (0.38 dag/kg), potassium (0.56 dag/kg),
calcium (0.13 dag/kg), magnesium (0.18 dag/kg), sulfur
(0.21 dag/kg), copper (9.90 mg/kg), iron (58.80 mg/kg),
zinc (39.95 mg/kg), manganese (25.30 mg/kg) and boron
(9.07 mg/kg).
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Table 2. Biochemical composition of C. argentea seeds.

Analyses Unit Results
Crude protein % 26.45
Ethereal extract % 0.74
Starch % 22.67
Palmitic acid (C16:0) % 0.07
Stearic acid (C18:0) % 0.02
Elaidic acid (C18:1n9c¢) % 0.11
Linoleic acid (C18:2n6c) % 0.21
Linolenic acid (C18:3n3) % 0.12
Polyunsaturated fats % 0.33
Trans fats % 0.00
Monounsaturated fats % 0.11
Saturated fats % 0.12
Unsaturated fats % 0.44
Fructose mg/kg <50.001
Raffinose mg/kg <50.00
Maltose % <50.00
Free glucose % 0.06
Lactose mg/kg <50.00
Total carbohydrates % 41.46
Fucose mg/kg <50.00
Arabinose mg/kg <50.00
Galactose % 2.72
Glucose % 31.17
Xylose % 1.71
Rhamnose % 5.86
Mannose mg/kg <50.00
Sucrose % 1.00
Free fructose % 0.01
Butyric acid (C4:0) % 0.02

Carbohydrate results expressed as <50.00 are below the limit
of quantification.

Characterization of seeds, seedling development and
classification

The C. argentea seeds sampled had a mean width of
9.5 mm, mean length of 11.35 mm, and mean thickness
of 3.16 mm. Based on the observations, the seeds were
considered exalbuminous, where there is no endosperm
and the cotyledons comprise the key storage organ.
The cotyledons are greenish-white (Figure 1A) and
externally, the seeds have a smooth brown seed coat and
a visible hilum (Figure 1A-b). There is also a caruncle, a
whitened tissue in the region of the hilum (Figure 1A- a

and b). The longitudinal section in the central part of the
seed revealed the hypocotyl-radicle axis located in the
region near the hilum and the cotyledons (Figure 1A-c).

A

a b c

e
I em

Figure 1. A. Seed in lateral (a), frontal (b), and internal (c)
perspectives. B. Development of the C. argentea seedling: Root
emergence at one to two days after sowing (a); development
of the primary root from three to five days after sowing (b-c);
normal seedling with formation of secondary roots, opening
of the cotyledons, epicotyl growth and leaf primordia at
approximately six days after sowing (d); from seven to eight
days after sowing (e): from 10 to 11 days after sowing (f); and
from 12 to 13 days after sowing (g). Source: own elaboration.

Germination began by day 2 after sowing at room
temperature (Figure 1B-a). From 3 to 5 days (Figure 1B-b
and c), the primary root elongated and from day 6 on,
secondary root formation began. Growth of the epicotyl to
around 2 cm length was also seen at this stage (Figure 1B-
d). Plumules or leaf primordia appeared at the tip of the
epicotyl and a normal seedling can already be observed
(Figure 1B-d). Normal seedlings obtained on days 7 and
8 are also shown (Figure 1B-e) with a more developed
epicotyl (around 3 cm). At 10 and 11 days (Figure 1B-
f) and at 12 and 13 days (Figure 1B-g), the plumules
or already developed primary leaves can be seen.
Germination is hypogeal, with the cotyledons remaining
under the soil surface. No dormancy was identified in the
seeds. The normal seedlings (Figure 2) consist of a primary
root, along with the emergence of secondary roots, and
upright or slightly curved hypocotyl, with two primary
leaves at the upper tip. A well-developed primary root was
also observed, an important factor for development of a
vigorous plant in the field.
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Abnormal seedlings

Figure 2. Abnormal C. argentea seedlings: poorly developed
root system (a, ¢, €); damaged root system (b, f); malformation
ofthe root and shoot system (d). Normal C. argentea seedlings:
all essential structures present and good root-shoot ratio (a, b,
¢); curvature in the hypocotyl without affecting formation of
a normal seedling (d); slightly less developed root system, but
without affecting formation of a normal seedling (e, f).

Physiological characterization of the seed lots

The 4 seed lots exhibited significant differences in initial
physiological quality. Lots 1 and 3 exhibited 89 and
94 % of emergence, respectively; being higher than lots
2 (75 %) and 4 (62 %) (Table 3). In general, seedling
emergence began on day 9 after sowing and stabilized
on day 30. Lots 1 and 3 exhibited superior values of ESI,
indicating a mean number of approximately 4 emerged
seedlings per day. For lots 2 and 4, these values were
approximately 3 seedlings. For ES, higher values are
found for lot 4 (16 days), i.e. lower physiological quality
compared to the other lots. Lot 1 exhibited a lower value
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(around 3 days) than the others, confirming the faster
germination of this lot (Table 3).

Higher values for RDM were observed for lots 2 and 3,
which were superior to lot 4, but did not differ significantly
from lot 1. For RL, there was no significant difference
among the lots. SDM and SL showed a higher value for
lot 3, which was significantly superior to lot 4 (Table 3).

Germination at different temperatures

Germination percentage (%GERM), germination speed
index (GSI), and germination speed (GS) at the different
temperatures were similar for lots 1, 2 and 3 (Table 4).

For these seed lots, there was no difference in
%GERM at the temperatures of 20, 25, 30 and 20/30 °C,
but significant reduction at 35 °C. Lot 4 was less vigorous
and germination was superior at the temperatures of 30
and 20-30 °C, followed by the temperatures of 20 and
25 °C, with the lowest value at the temperature of 35 °C
(Table 4 and Figure 3).

The GSI and the GS under the different temperature
conditions generally showed a similar pattern in the four
lots analyzed. The GSI, which is based on the mean
number of seeds germinated per day, was higher at 30
°C, followed by 25 and 20/30 °C, which were higher
than 20 and 35 °C (Table 4). For GS, the lowest value
found was at 30 °C, confirming faster germination at that
temperature.

Accelerated aging

The accelerated aging test showed that 41 °C allowed
a less drastic reduction in germination (Table 5). At 45
°C there was significantly reduced germination, with
germination reduced to 0 % after 48 h in lots 1 and 4.
This was observed as lower percentages of normal
seedlings (NS1 and NS) and higher percentages of dead
seeds (DS). Analyzing the results of the combinations
of temperatures and periods of seed exposure to aging,
at the temperature of 41 °C at the times of 48 h, 72 h

Table 3. Characterization of physiological potential of seeds from four lots of C. argentea using the emergence test in sand.

Lot E (%) ESI ES (days) RDM (mg/seedling) SDM (mg/seedling)  RL (cm/seedling) SL (cm/seedling)
1 89a 3.78a 12.02¢ 2.93ab 9.56ab 11.61a 6.52ab
2 75b 2.73b 14.60b 3.34a 8.07bc 11.33a 6.75ab
3 94a 3.51a 13.80b 3.48a 10.24a 11.25a 7.29a
4 62b 2.08¢c 16.02a 2.27b 11.25a 11.09a 6.23b

E = total emergence (%); ESI = emergence speed index; ES = emergence speed; RDM = root dry matter; SDM = shoot dry matter;
RL = root length; SL = shoot length (cm/seedling). Mean values followed by the same lowercase letters in the columns do not differ

from each other according to the Tukey test at 5% probability.
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Table 4. Germination percentage (Y%GERM), germination speed index (GSI) and germination speed (GS) of four seed lots of
C. argentea incubated at different temperatures (°C).

Variable (°C) Lot 1 Lot2 Lot3 Lot4
%GERM 20 90abA 81bA 93aA 37¢B
25 89aA 83aA 93aA 46bB
30 89aA 87aA 92aA 58bA
35 29aB 29aB 27aB 4bC
20/30 93aA 84aA 88aA 58bA
GSI 20 3.16aC 2.45bC 2.91abC 0.92¢cC
25 4.74aB 3.60bB 4.27abB 1.83¢B
30 7.04aA 5.73bA 6.42aA 3.77cA
35 1.83aD 1.67aD 1.59aD 0.15bD
20/30 4.37aB 3.39bB 3.95abB 2.09¢B
GS 20 14.67cA 17.96bA 16.24bcA 23.25aA
25 9.60bBC 12.61abBC 11.15abB 13.14aB
30 6.51aC 8.55aD 7.45aC 8.20aC
35 8.07bBC 9.49bCD 8.79bBC 14.62aB
20/30 10.84bB 13.30abB 11.57bB 14.76aB

Mean values followed by the same uppercase letters in the columns (among temperatures) and the same lowercase letters in the rows
(among lots) do not differ from each other according to the Tukey test at 5% probability.
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Figure 3. Germination curves of four lots of C. argentea seeds at different temperatures. The curves represent 5 replicates of 40
seeds of each of 4 seed lots.

and 96 h, seed lots 2 and 3 maintained their germination in seed moisture content with the aging times at both
rates at 0 h (control) and 24 h. However, for lots 1 and temperatures (41 and 45 °C). However, the variation
4, there was a significant reduction in germination of the in seed moisture content was generally low (around 3
seeds that had been placed under accelerated aging under percentage points) among different lots at the same
these conditions. There were increases of up to 30 % temperature.
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Table 5. Normal seedlings at first count (NS1), normal seedlings (NS), dead seeds (DS) and moisture content (MC) in 4 seed lots of C. argentea not under the accelerated aging
test (0 h; control) and under the accelerated aging test at two temperatures (41 and 45 °C) and five aging times (24, 48, 72, 96 and 120 h).

Conventional test Accelerated aging tests
Variable Lot 0 h (control) 41 °C 45°C
24 h 48 h 72 h 96 h 120 h 24 h 48 h 72 h 96 h 120 h

NS1(%) 1 27.0a* 35.5abA 26.5aAB 34.0aA 20.0cB 17.0aB 29.0abA  17.5abB 0.0cC 0.0C 0.0aC
2 18.5a 25.5bBC 29.5aB 44.5aA 47.5aA 14.0abC 21.5bA  20.5aA 9.0bB 0.0C 0.0aC
3 16.5ab 37.5aA 29.5aAB 35.5aAB 33.0bAB 24.0aB 32.5aA  19.5aB 21.5aB 3.5C 0.5aC
4  6.5b 25.0bA 18.0aAB 17.5bABC 8.0dBC 5.0bC 0.0cB 10.5bA  4.5bcAB 0.5B 0.0aB

CV(%) 30.01 24.07 43.39

NS(%) 1 70.5a 72.5aA 48.5bB 52.5bB 26.5bC 19.0bcC 61.0bA  25.5bB 0.5¢C 0.0aC 0.0aC
2 72.0a 72.5aA 65.5aA 71.0aA 75.5aA 24.0bB 61.0bA  51.0aA 36.0aB 0.0aC 0.0aC
3 72.0a 71.0abA 63.0aAB 68.0aA 66.5AB 53.5aB 71.5aA  60.5aB 44.0aC 5.0aD 1.0aD
4 39.0b 60.0bA 24.0cB 28.0cB 10.0cC 8.0cC 0.5¢B 16.0bA 13.5bA 0.5aB 1.0aB

CV (%) 10.53 13.63 23.06

DS(%) 1 7.5b 11.0abC 17.5bC 16.0bC 32.0bB 53.0aA 13.0bD  44.0aC 75.5aB 95.5aA  96.5aA
2 9.0b 8.0abB 8.0bcB 12.0bcB 8.5¢cB 34.0bA 7.5bC 21.0bB 27.0cB 96.0aA  98.5aA
3 4.5b 3.5bA 3.5¢cA 5.0cA 8.0cA 9.5cA 6.0bC 8.0cC 24.0cB 59.0bA  72.0bA
4  23.5a 16.0aC 30.0aB 28.5aB 48.5aA 41.0bA 54.0aB  45.0aB 55.5bB 85.0aA  83.0bA

CV(%) 21.55 27.25 12.29

MC (%) 1 9.9 12.9 38.9 35.8 28.6 40.9 14.4 37.1 26.8 22.8 42.6
2 10.4 13.3 33.1 26.9 28.0 41.5 14.3 30.0 32.5 30.1 41.9
3 10.1 9.4 31.5 28.3 24.4 39.7 13.9 34.1 29.7 26.6 43.8
4 10.3 10.3 22.7 31.7 27.2 42.5 17.0 38.6 31.5 30.9 414

*Mean values followed by the same lowercase letters in the columns (among lots) and the same uppercase letters in the rows (among aging times) do not differ from each other
according to the Tukey test at 5% probability.

Tropical Grasslands-Forrajes Tropicales (ISSN: 2346-3775)




Discussion

C. argenteaseeds were foundtohaveprotein-carbohydrate
reserves, following the general pattern of Fabaceae
(Marcos-Filho 2016). The low concentration of lipids
observed in C. argentea seeds is favorable for longevity
because lipids have lower chemical stability compared
to other reserve components due to the lipid peroxidation
process (Parkhey et al. 2012). The high concentration of
proteins is an important factor for development of the
embryonic axis and formation of the seedling (Verma
et al. 2015; Finch-Savage and Bassel 2016). However,
proteins have high affinity with water, which contributes
to reduction in storage potential (Marcos-Filho 2016).
For that reason, storage is recommended under controlled
temperature and relative humidity conditions (Ramos
et al. 2003). The composition of C. argentea seeds is
similar to the composition of pea (Pisum sativum) seeds
with a similar quantity of proteins and a low percentage
of lipids (Marcos-Filho 2016).

Seeds of C. argentea did not show dormancy as
previously observed by Montoya et al. (2009), who
evaluated the effects of cryopreservation in C. argentea
seeds. These authors observed a high initial physiological
quality of seeds and lack of physical or physiological
dormancy which drastically reduced germination during
ambient storage conditions. Although the tegument
hardness may be responsible for dormancy and contribute
to longevity during seed storage, from a practical point
of view these results confirm that planting can be carried
out directly after harvest. In legume species (such as
C. argentea) the permeability of the seed coat can be related
to some pigments, such as proanthocyanidins (Smykal
et al. 2014). According to these authors, the seed coat
provides not just structural and protective functions,but
has a decisive role in the timing of seed germination by
regulating water uptake. Another aspect to be considered
is the seed size. C. argentea seeds are generally larger
than the seeds of other tropical legumes of economic
importance, such as Leucaena leucocephala, Crotalaria
species, Flemingia macrophylla, Tephrosia vogelii,
Stylosanthes species, Calopogonium mucunoides and
tropical kudzu (Pueraria phaseoloides). C. argentea
seeds have considerable nutrient reserves (as observed for
starch and proteins), which are important characteristics
for ensuring greater survival in the field. Seed size can
be related to a higher amount of nutrients, as observed in
bean seeds (Perin et al. 2002). These authors stated that
large seeds increased the plant height, the leaf area index
and the shoot and root biomass. Plants originating from
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large seeds accumulated more N and K in shoots and
roots. Specific work on the relationship of seed size and
nutrients should be conducted with seeds of C. argentea
to clarify this.

The germination test is fundamental for determining
the value of seeds for sowing and vigour of different
seed lots (Marcos-Filho 2016). Although the seed lots
exhibited high germination percentages, the constant
temperatures of 20 and 25 °C and alternating temperatures
of 20/30 °C led to lower GSI compared to the constant
temperature of 30 °C. Therefore, the constant temperature
of 30 °C can be considered better for germination of C.
argentea seeds. These results indicate C. argentea is
a truly tropical species and best suited to sowing in the
summer months if grown in the subtropics. Based on
the germination curve at this temperature, day 10 can be
defined as ideal for the first germination count (attaining
50 % of normal seedlings) and day 20 for final evaluation
of germination (total stabilization of germination) for the
4 seed lots analyzed. The temperature of 35 °C led to low
germination percentages in all the seed lots analyzed.
Temperatures above the ideal during germination can
cause thermoinhibition, with related oxidative stress and
protein degradation (Liu et al. 2015; Mittler 2017). These
apparent deleterious effects were more pronounced in lot 4,
which was related to the initial lower germination capacity
of low vigor seeds. C. argentea is present in the Amazon,
Cerrado, and Caatinga biomes (Queiroz and Coradin
1996) and these results were similar to other tree species
collected from the same region in Brasil (Brancalion et al.
2010). This suggests that germination tests for Brazilian
tree species from the Cerrado and Atlantic Forest should
be conducted at 25 °C and from the Amazon at 30 °C.

Accelerated aging at 41 °C for 48 h, 72 h and 96 h
effectively discriminated between seed lots of different
vigor status with lots 2 and 4 showing lower vigor. At
high temperatures, respiratory rates are increased, causing
higher reactive oxygen species (ROS) production (such
as hydrogen peroxide and superoxide anion), which are
free radicals produced during normal metabolism and are
involved in enzymatic reactions, mitochondrial electron
transport and signal transduction (Mittler 2017). When
above the basal levels, they cause damage, such as protein
denaturation and lipid peroxidation (Mittler 2017; Ebone
et al. 2019). It is important to highlight the difference
in seed moisture content in the accelerated aging test,
especially when comparing 24 and 120 hours of exposure.
Along with high temperatures, high humidities accelerate
seed respiration and contribute to cellular changes relating
to seed deterioration (Shu et al. 2020; Pinheiro et al. 2021).

Tropical Grasslands-Forrajes Tropicales (ISSN: 2346-3775)




This is evident when observing the significant reduction
of normal seedlings and significant increase of dead seeds
mainly in 96 and 120 h aging times.

The observed results were similar to results with
seeds of L. leucocephala, where the accelerated
aging test conducted at 41 °C for 96 h was efficient in
differentiating seed lots (Araujo et al. 2017). Aratjo
et al. (2021) concluded the accelerated aging test with
saturated NaCl solution (76 % RH) conducted at 41 °C
for 48 h is effective for evaluation of chickpea seed vigor.
These test conditions can be used to identify differences
in storage potential and seedling emergence in the field
between seed lots (Marcos-Filho 2016). Although 48, 72
and 96 h at 41 °C were all efficient for the accelerated
aging test, considering the practical implications, the
time of 48 h is recommended for C. argentea seeds
because it provides faster results.

Conclusions

Temperature of 30 °C with the first germination count
at 10 days and final germination count at 20 days is
recommended for conducting germination tests of
C. argentea. The combination of the temperature of 41
°C with the period of exposure of 48 h is recommended
for conducting the accelerated aging test for this
species. C. argentea seeds are exalbuminous, have
hypogeal germination and do not exhibit seed dormancy.
C. argentea seeds predominantly accumulate starch
and protein as reserves and contain a low percentage of
lipids. All this information is important to optimize the
use of the species as a forage.
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Seasonal nutritive value and in vitro fermentation Kinetics of foliage
of some multipurpose shrub species in northeastern Mexico

Valor nutritivo estacional y cinética de fermentacion in vitro del follaje de
algunas especies de arbustos multiproposito en el noreste de México

MIGUEL CHAVEZ ESPINOZA', HUGO BERNAL BARRAGAN?, MARIBEL GUERRERO CERVANTES?,
ISRAEL CANTU SILVA*, MAURICIO COTERA CORREA*, HUMBERTO GONZALEZ RODRIGUEZ* AND
ANDRES EDUARDO ESTRADA CASTILLON*

'Centro Universitario del Sur, Universidad de Guadalajara, Ciudad Guzman, JAL, México. cusurudg.mx
*Facultad de Agronomia, Monterrey, Universidad Auténoma de Nuevo Leon, NLE, México. agronomia.uanl.mx
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fmvz.ujed.mx
‘Facultad de Ciencias Forestales, Universidad Auténoma de Nuevo Ledn, Linares, NLE, México. fcf.uanl.mx

Abstract

This study aimed to determine the seasonal variation in chemical composition, metabolizable energy (ME)
concentration, in vitro gas production patterns, in vitro organic matter digestibility (IVOMD) and in vitro true organic
matter digestibility (IVTOMD) of foliage from 5 native shrub species (Celtis pallida, Croton suaveolens, Forestiera
angustifolia, Guaiacum angustifolium and Parkinsonia aculeata) growing in semi-arid areas of northeastern Mexico
between July 2018 and June 2019 at 2 research sites. Crude protein (CP) concentrations (>13.2 % DM) found in leaf
material should meet or exceed the requirements for maintenance of small ruminants; C. pallida provided the highest
CP% (20.8-29.3 %). While CP% varied with season and site, species had a greater effect than either of those factors
overall. ME concentrations ranged between 1.2 and 2.0 Mcal/’kg DM. Neutral detergent fiber and acid detergent
fiber concentrations ranged from 29.8 to 51.7 % DM and 9.8 to 33.0 % DM, respectively. Data obtained for [VOMD
(34.5-58.8 %) and IVTOMD (64.1-88.7 %) demonstrate the high nutritive potential of leaf of browse species under
study, especially C. pallida, as useful feed supplements for small ruminants in the semi-arid region of northeastern
Mexico. Further studies could examine DM yields of browse from the various species, acceptance by small ruminants
and their sustainability under regular defoliation by grazing animals.

Keywords: Browse, chemical composition, digestibility, gas production, ruminants, season.
Resumen

Este estudio tuvo como objetivo determinar la variacion estacional en la composicion quimica, concentracion de
energia metabolizable (EM), pardmetros de produccion de gas in vitro, digestibilidad in vitro de la materia orgdnica
(DMO) y la digestibilidad verdadera in vitro de la materia organica (DVIVMO) del follaje de 5 especies arbustivas
nativas (Celtis pallida, Croton suaveolens, Forestiera angustifolia, Guaiacum angustifolium y Parkinsonia aculeata)
que crecen en las regiones semidridas del noreste de México, en dos sitios, entre julio del 2018 y julio del 2019.
La concentracién de proteina cruda (PC) (>13.2 % de MS) que se encontraron en el material foliar cumple o supera
los requisitos para el mantenimiento de los pequefios rumiantes. C. pallida presento el contenido de PC % mas alto
(20.8-29.3 %)). Si bien el % de PC vario con la estacion y el sitio, las especies tuvieron un efecto mayor que cualquiera
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de de los otros dos factores. Las concentraciones de EM oscilaron entre 1.2 y 2.0 Mcal/kg MS. Las concentraciones de
fibra detergente neutra (FDN) y fibra detergente acida (FDA) oscilaron entre 29.8 y 51.7 % de MS y entre 9.8 y 33.0 % de
MS, respectivamente. Los datos obtenidos para DMOIV (34.5-58.8 %) y DVMOIV (64.1-88.7 %) demostraron el alto
potencial nutritivo de las hojas de las especies arbustivas en este estudio, especialmente C. pallida, como un suplemento
alimenticio 1til para pequeios rumiantes en las regiones semidridas del noreste de México. Futuros estudios podrian
examinar los rendimientos de MS bajo condiciones de ramoneo de diversas especies, asi como su aceptacion por parte
de los pequenos rumiantes y su sostenibilidad bajo defoliacion frecuente por animales en pastoreo.

Palabras clave: Composicion quimica, digestibilidad, estacion; produccion de gas, ramoneo, rumiantes.

Introduction

Shrub species have an important role as feed resources
for small ruminants in arid and semi-arid agro-pastoral
areas and rangelands (Cerrillo et al. 2006; Habib et al.
2016; Oliveira et al. 2018). The leaves of browse shrubs
can be used as protein and fiber supplements by small
ruminants grazing according to the season and fodder
availability in the rangeland, especially during dry
seasons in extensive areas, such as semi-arid regions of
northeastern México (Foroughbakhch et al. 2013). Pal
et al. (2015) and Pineiro-Vazquez et al. (2017) reported
that leaves of some shrubs and fodder trees may also
lower methane production and contribute to methane
mitigation in small-ruminant production systems in
developing countries. However, leaves of leguminous
trees and shrubs contain a wide range of plant secondary
compounds (PSCs), which can represent a challenge
to their value as feed resources (Ramirez et al. 2000)
by limiting digestibility of metabolizable energy and
protein (Camacho et al. 2010). On the other hand Soliva
et al. (2008) argued that these components did not affect
protein degradation of tropical foliage from shrubs and
trees to an excessive extent.

Since chemical analysis does not reflect the effects of
these PSCs, it is important to choose additional methods
of analysis to assess the nutritional quality of native
shrubs in rangelands. In vitro gas production, measured
using pressure transducers and gas syringes (Getachew
et al. 2005), can be used to quantify the nutritional
quality of foliage of shrubs and fodder trees (Larbi et al.
1998). It is sensitive to the presence of PSCs in foliage
(Sebata et al. 2011), since those compounds, such as
condensed tannins (CT), in browse species could limit
in vitro fermentation (Guerrero et al. 2012a). The Daisy"
incubator is adaptable and efficient in determining
forage digestibility (Holden 1999) and is reliable when
compared with in sacco tests, but with a minimal number
of ruminants needed as rumen liquor donors (Buthelezi
et al. 2019).

Native shrub species grown in the Tamaulipan
thornscrub plant ecosystem, in northeastern Mexico,
have been studied to determine their potential as a
source of minerals, protein and digestible dry matter
for small ruminants (Dominguez-Goémez et al. 2011;
Guerrero-Cervantes et al. 2012b; Chavez-Espinoza et
al. 2020). However, to date there is limited information
about the kinetics of ruminal fermentation, as well
as the metabolizable energy of browse species
throughout the year. Thus, the objectives of this study
were to determine seasonal chemical composition,
metabolizable energy (ME), in vitro fermentation
parameters, in vitro organic matter digestibility (OMD)
and in vitro true organic matter digestibility (IVTOMD)
plus nutritional potential for small ruminants, of foliar
tissue of common native shrub species in northeastern
México, including Celtis pallida Torr. (Cannabaceae),
Croton suaveolens Torr. (Euphorbiaceae), Forestiera
angustifolia Torr. (Oleaceae), Guaiacum angustifolium
Engelm. (Zygophyllaceae) and Parkinsonia aculeata L.
(Leguminosae).

Materials and Methods
Study research sites

The research was carried out at 2 sites in the counties of
Linares and Los Ramones, state of Nuevo Leon, Mexico,
briefly described as follows:

Site 1 - Linares: Located in the Experimental
Campus of the School of Forest Sciences, Universidad
Autonoma de Nuevo Leon, in Linares County (24°47'45"
N, 99°32'31" W; 350 masl). The climate is semi-arid
and subtropical with a warm summer (Gonzalez-
Rodriguez et al. 2004). Average air temperature during
the experimental period varied from 14.1 °C in January
to 30.4 °C in August and 554 mm rainfall was received.

Site 2 - Los Ramones: Located in "El Abuelo Ranch"
in Los Ramones County (25°39'46" N, 99°27'51" W; 200
masl). The climate is semi-arid with a warm summer
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(Gonzalez-Rodriguez et al. 2004). Average monthly air
temperature during the study ranged from 14.3 °C in

January to 31.5 °C in August and rainfall was 667 mm.
Foliage sampling and preparation

At each site, 3 representative experimental plots (50 x 50
m) were randomly demarcated without disturbance, and both
young and mature leaves of Celtis pallida, Croton suaveolens,
Forestiera angustifolia, Guaiacum angustifolium and
Parkinsonia aculeata were randomly and manually
collected, atabrowsing height of 1.5 m from 5 representative
plants (repetitions) of each species in each plot. Leaves
were sampled monthly in summer (June and August 2018
and July 2019), autumn (October—November 2018), winter
(December 2018—February 2019) and spring (March—May
2019). The collected leaf tissue was transferred to the
Chemistry Laboratory of the School of Forest Sciences,
where samples were partially dried at 55 °C for 24 h using
a forced-air oven (Felisa®, Model FE-292AD, Mexico).
Thereafter, leaf tissue was ground in a Thomas Wiley mill
(Thomas Scientific Apparatus, Model 3383, USA) using a
No. 60 mesh (1 x 1 mm) and stored in zip-lock plastic bags.

Chemical analyses

Ground leaf tissue was dried at 100 °C for 24 h in a
forced-air oven. Organic matter (OM%) was determined
by incinerating a dried sample at 550 °C for 3.5 h in
a furnace (Thermo Scientific, Model F48010, USA),
(Method no. 942.05; AOAC 2011); crude protein (CP%)
from N concentration, obtained by a CHNS/O analyzer
(2400 series 11, Perkin Elmer) (Method no. 990.03; AOAC
2011); neutral detergent fiber (NDF%), acid detergent
fiber (ADF%) and lignin (%) according to procedures
described by Van Soest et al. (1991); and ether extract
(EE%) by extracting lipids with petroleum ether, using
an Ankom*™ extractor (AOCS AM 5-04). All analyses
were performed in triplicate.

In vitro gas production determinations

In vitro gas production of collected leaf tissue was
determined at the School of Veterinary Medicine,
Universidad Judrez del Estado de Durango, Durango,
Mexico, using the technique proposed by Menke
and Steingass (1988). Briefly, 500 mg DM samples in
triplicate were placed in 100 mL calibrated glass syringes.
Ruminal fluid was collected from 3 rumen-fistulated
Dorper wethers (45 kg body weight), fed with alfalfa hay

and commercial concentrate (75:25, respectively). To
prepare the inoculum, ruminal liquid was mixed with
a sodium buffer solution and ammonium bicarbonate
(35 g NaHCO, and 4 g NH,HCO, per liter) in a ratio of
1:2 (v/v). Each syringe was inoculated with 40 mL of
this buffer solution and placed in an upright position in
a water bath at 39 °C. Three syringes containing only
40 mL of inoculum served as Controls. Gas production
was registered at 0, 3, 6, 9, 12, 24, 48, 72 and 96 h after
inoculation. Data were adjusted using the non-linear
equation proposed by Orskov and McDonald (1979),
p = a + b (I-e), and effective degradability of DM
(EDDM) was calculated using the equation proposed
by McDonald (1981), EDDM = (atb) c/(ctk) (e-€"tT),
where:

p is the gas produced at time ‘t’;

a is gas production from the immediately soluble
fraction (mL);

b is gas production from the insoluble fraction (mL);

c is gas production rate constant for the insoluble fraction (b);

t is incubation time (h);

k is the rumen outflow rate assumed to be 0.05/h, i.e.
5 %/h; and

LT is the lag time (h).

Since in vitro production of gas is proportional
to degraded DM (Menke et al. 1979), net gas yield
at 24-h incubation of the substrate (mL/200 mg DM)
was used to calculate metabolizable energy (ME) and
in vitro organic matter digestibility (OMD%), using
equations proposed by Menke et al. (1979) and Menke
and Steingass (1988), respectively:

ME (Mcal/kg DM) =[2.20 + 0.136(GP,,,) + 0.057(CP)
+ 0.0029(EE?)]/4.184 and OMD (%) = 14.88 + 0.889 x
GP,, +0.45 x CP + 0.0651 x ash,

24h

where:
GP,,, = gas production after 24 h of incubation (mL
gas/200 mg DM);

CP = crude protein (% DM);
EE = ether extract (% DM); and
ash = ash concentration (%).

In vitro true organic matter digestibility

In vitro true organic matter digestibility (IVTOMD)
was determined using a Daisy" incubator (ANKOM
Technology, Macedon, NY, USA) in the Laboratory
of Animal Nutrition and Feed Quality at the School of
Agronomy, Universidad Autéonoma de Nuevo Leodn,
Mexico. Foliar samples (approximately 250 mg DM), in
triplicate, were placed in multilayer polyester filter bags
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(F57; 5.0 x 5.5 cm, ANKOM Technology Corp., Macedon,
NY, USA) previously washed with acetone and dried in a
forced-air oven at 60 °C for 2 h. Inoculum was prepared by
diluting ruminal fluid from 2 Saint Croix wethers, provided
with a ruminal cannula and fed a concentrate:forage ration
(80:20) (not containing foliar tissue from the studied
browse species), with a buffer solution in a ratio of 1:4.
Inoculum was added to jars containing the filter bags,
which were purged with CO, and placed in an incubator for
48 h at 39 °C. Jars were then removed from the incubation
chamber and the bags were washed with distilled water.
Thereafter, the bags were placed in the Ankom?® fiber
analyzer (ANKOM Technology Corp., Macedon, NY,
USA) and treated with neutral detergent solution for 75
min, according to the manufacturer's specifications and
guidelines. The bags were rinsed with hot water and
acetone, before being dried at 55 °C for 24 h. IVTOMD
was calculated as the difference between OM incubated
and residue after neutral detergent treatment.

Environmental variables

To measure temperature and precipitation at each site,
automated HOBO sensors (HOBO Pro Temp/RH Series,
Forestry Suppliers Inc., Jackson, MS, USA) were used to
record environmental variables such as relative humidity
(%) and air temperature (°C) every hour. Daily rainfall
(mm) was measured using a Davis brand automated rain
gauge, connected to a HOBO Event Onset recorder.

Statistical analyses

The effects of site (2), season (4) and species as well as
their double (site x season, site x species and season X
species) and triple (site X season x species) interactions
on chemical analyses, in vitro gas production parameters
and digestibility data were determined via analysis of
variance using a completely randomized design with
a factorial arrangement (Montgomery 2004). Pearson
correlation analyses were performed between chemical
composition, digestibility and environmental variables
recorded during the experimental period. The SPSS
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(Statistical Package for the Social Sciences) software
package (Version 22.0 for Windows, SPSS Inc., Chicago,
IL, USA) was used for all statistical analyses.

Results

The effects of season, site and species and their respective
double and triple interactions on OM, NDF, ADF, lignin,
CP and EE concentrations are shown in Table 1. OM,
NDF, ADF, lignin, CP and EE concentrations were
significantly affected (P<0.05) by both season and species
(P<0.001). The interaction season x site was significant
(P<0.05) for only lignin and CP concentrations,
while the interaction season X species was significant
(P<0.001) for all chemical components. Interaction site
x species was significant (P<0.001) for OM, NDF, ADF
and EE concentrations. For triple interaction, season X
site x species, significant differences were found for OM
(P<0.001) and NDF (P<0.05) concentrations.

While there was marked variation between species
at all sites in most seasons, overall C. pallida showed
consistently lowest OM concentration, followed by
G. angustifolium, with the remaining species higher.
On the other hand, C. pallida showed the highest CP
concentration of all species in summer and autumn.
Overall CP% was highest in autumn (seasonal mean
26.0 %) and lowest in summer (19.7 %). Overall OMD
was highest in spring (49.3 %) and lowest in summer
(41.4 %), while IVTOMD did not vary markedly
between seasons. (75.3-76.7 %) (Table 2). C. pallida was
consistently highest for both parameters.

The 96-h cumulative in vitro gas production (GP,,)
patterns for the 5 shrub species during summer,
autumn, winter and spring at the 2 research sites are
shown in Figure 1. Overall, GP  values in spring
samples were higher than in other seasons, while
C. pallida consistently registered the highest, and
G. angustifolium the lowest gas production values.
P. aculeata consistently had highest gas production
during the first 12 hours of incubation, while C pallida,
C. suaveolens and F. angustifolia produced much more
gas during the following 36 hours.

Tropical Grasslands-Forrajes Tropicales (ISSN: 2346-3775)




188 M. Chavez-Espinoza et al.

Table 1. Chemical composition (% DM; n = 9) of leaves from 5 shrub species collected at 2 sites in each season during 2018-2019.

Season Species oM! NDF ADF Lignin CP4 EE
S12 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2
Summer  C. pallida 80.2 79.4 46.5 51.3 11.0 12.2 23 2.7 20.9 24.5 2.7 3.0
C. suaveolens 93.0 91.8 41.5 38.9 23.5 223 5.8 5.5 16.3 17.8 3.1 2.3
F. angustifolia 92.2 93.3 29.8 313 15.8 16.1 7.6 8.6 134 16.2 2.2 2.1
G. angustifolium 83.0 86.3 39.6 39.3 26.0 25.4 14.3 15.2 209 21.3 3.6 5.6
P. aculeata 90.4 92.4 453 48.9 274 30.1 9.6 9.5 18.2 18.8 3.0 2.7
Site mean 87.8 88.6 40.5 419 20.8 21.2 7.9 8.3 18.0 19.7 29 3.1
s.e.m. 0.3 0.3 0.8 0.8 0.4 0.4 0.3 0.3 0.6 0.6 0.1 0.1
Season mean 88.2 41.2 21.0 8.1 18.8 3.0
s.e.m. 0.2 0.6 0.3 0.2 0.2 0.1
Autumn C. pallida 79.1 79.0 444 50.8 11.7 10.7 24 2.2 29.3 29.2 2.3 2.8
C. suaveolens 91.7 91.7 48.0 40.9 24.6 26.3 7.3 9.2 25.7 259 1.4 1.4
F. angustifolia 93.3 93.2 375 389 17.7 18.3 8.6 10.1 22.9 235 2.5 2.0
G. angustifolium 81.0 85.2 36.6 41.1 24.7 24.6 14.7 14.1 237 26.7 4.8 6.0
P. aculeata 90.4 92.8 443 49.6 25.5 29.0 9.1 10.7 249 27.6 2.4 1.9
Site mean 87.1 88.4 42.1 443 20.9 21.8 8.4 9.2 253 26.6 2.7 2.8
s.e.m. 0.3 0.3 0.8 0.8 0.4 0.4 0.3 0.3 0.6 0.6 0.1 0.1
Season mean 87.7 43.2 213 8.8 26.0 2.8
s.e.m. 0.2 0.6 0.3 0.2 0.2 0.1
Winter C. pallida 76.7 78.7 32.0 47.0 9.9 10.2 2.2 1.9 24.5 20.8 1.8 1.9
C. suaveolens 91.8 92.3 40.4 39.6 22.8 22.1 8.7 7.4 23.4 21.0 1.6 1.7
F. angustifolia 92.2 91.5 34.7 321 17.9 16.3 9.2 7.9 20.6 18.1 1.8 1.9
G. angustifolium 82.5 82.4 379 34.6 24.1 21.6 13.8 12.7 23.1 22.6 5.0 5.1
P. aculeata 91.3 93.6 47.5 51.5 28.3 33.0 10.2 11.7 21.7 23.8 2.3 2.4
Site mean 86.9 87.7 38.5 40.9 20.6 20.6 8.8 8.3 227 21.3 2.5 2.6
s.e.m. 0.3 0.3 0.8 0.8 0.4 0.4 0.3 0.3 0.6 0.6 0.1 0.1
Season mean 873 39.7 20.6 8.6 22.0 2.5
s.e.m. 0.2 0.6 0.3 0.2 0.2 0.1
Spring C. pallida 78.2 81.1 38.5 46.8 9.8 10.4 2.0 1.6 23.4 22.1 22 2.0
C. suaveolens 91.9 92.0 41.6 43.9 21.9 18.2 5.5 4.5 24.5 23.6 2.7 2.5
F. angustifolia 93.9 93.7 36.2 34.6 20.3 19.3 12.0 11.3 12.8 13.6 2.0 2.1
G. angustifolium 89.1 89.9 40.8 353 26.7 23.0 14.1 12.5 219 21.6 2.7 3.1
P. aculeata 94.0 94.4 46.2 51.7 243 29.1 7.4 8.5 26.3 19.5 2.8 2.3
Site mean 89.4 90.2 40.7 42.5 20.6 20.0 8.2 7.7 21.8 20.0 2.5 2.4
s.e.m. 0.3 0.3 0.8 0.8 0.4 0.4 0.3 0.3 0.6 0.6 0.1 0.1
Season mean 89.8 41.6 20.3 7.9 20.9 24
s.e.m. 0.2 0.6 0.3 0.2 0.2 0.1
Factors Season <.001 <.001 0.047 0.002 <.001 <.001
Pvalie it <001 0.001 0.453 0.763 0.955 0.384
Species <.001 <.001 <.001 <.001 <.001 <.001
Season x Site 0.754 0.922 0.238 0.020 0.006 0.657
Season x Species <.001 <.001 <.001 <.001 <.001 <.001
Site x Species <.001 <.001 <.001 0.057 0.891 <.001
Season x Site x Species <.001 0.009 0.176 0.143 0.120 0.069

'OM = organic matter; NDF = neutral detergent fiber; ADF = acid detergent fiber; CP = crude protein; EE = ether extract.
2S1 = Site 1 (Linares); S2 = Site 2 (Los Ramones).
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Table 2. In vitro gas production at 24 h of incubation (mL/200 mg DM), metabolizable energy (Mcal/kg DM), gas production
parameters (a, b, ¢, at+b and EDDM/500 mg DM), in vitro organic matter digestibility (g/100 g) and in vitro true organic matter
digestibility (g/100 g) of leaves of 5 shrub species (n = 9) collected at 2 sites for each season of the year during 2018-2019.

Season / Species GP,, ME (a) (b) (atb) (©) EDDM IVOMD IVTOMD

24

S12 S2 S1 S2 S1 S2 S1 S2 Sl S2 S1 S2 S1 S2 S1 S2 S1 S2

Summer

C. pallida 26.8 245 1.7 1.7 -20.5 -19.2 1373 1225 1168 1033 0.05 0.04 414 351 494 49.1 852 845
C. suaveolens 233 185 1.5 1.4 -11.8 9.0 1233 1073 1116 983 0.04 003 387 306 434 399 711 734
F. angustifolia 146 134 1.2 1.2 1.5 1.9 125.8 1376 1287 1395 0.02 0.01 301 269 344 345 779 783
G. angustifolium 14.3  12.0 1.3 1.2 -69 -64 587 552 518 488 0.07 006 247 203 381 360 761 751

P. aculeata 23.8 228 1.6 1.5 39 -07 825 764 787 757 007 0.07 42,6 422 448 440 723 699
Season mean 19.4 1.42 -1.5 102.7 95.3 0.05 333 41.4 76.4
s.e.m. 0.6 0.0 0.5 1.4 1.4 0.00 1.0 0.6 0.4
Autumn

C. pallida 142 203 1.4 1.6 -129 -159 1241 1105 111.2 945 0.02 0.04 248 296 421 475 834 842

C. suaveolens 187 16.7 1.5 1.4 -63  -41 1003 900 940 8.9 0.03 003 315 293 436 419 689 66.2
F. angustifolia 142  16.6 1.3 1.4 32 8.4 141.1 1309 1449 1385 001 0.01 278 321 382 407 752 774
G. angustifolium 12.6 134 1.3 1.4 3.0 -1.8 51.0 509 480 492 0.05 0.05 221 231 380 398 79.0 783

P. aculeata 20.5 169 1.5 1.5 34 26 83.1 788 797 822 0.05 0.04 36.6 32.6 450 428 727 683
Season mean 16.4 1.42 -3.3 96.1 92.8 0.03 28.9 42.0 75.3
s.e.m. 0.6 0.0 0.5 1.4 1.4 0.00 1.0 0.6 0.4
Winter

C. pallida 29.4  36.8 1.8 2.0 -14.1 -189 1181 1323 1040 1133 005 0.07 469 558 53.6 583 882 887

C. suaveolens 26.5 314 1.7 1.8 -87 91 1128 1164 1041 1073 0.05 0.05 463 50.6 495 527 71.1 70.2
F. angustifolia 19.6 220 1.4 1.5 30 59 1205 1142 1235 1201 0.03 003 435 433 421 431 754 763
G. angustifolium 15.1  16.7 1.3 1.4 57 5.2 555 537 498 485 0.07 0.09 26.0 293 398 410 784 79.6

P. aculeata 245 262 1.6 1.7 0.1 6.1 785 714 786 715 007 0.09 456 512 470 493 70.1 64.1
Season mean 24.8 1.6 -4.7 97.3 927 0.06 439 477 76.2
s.e.m. 0.6 0.0 0.5 1.4 1.3 0.00 1.0 0.6 0.4
Spring

C. pallida 3.5 36.8 1.9 20 -187 -212 1231 1355 1044 1142 006 0.07 457 557 548 588 852 845

C. suaveolens 327 331 1.9 1.9 -100 -10.8 1155 1180 1056 1072 0.06 0.06 54.8 54.6 555 554 733 76.2
F. angustifolia 189 194 1.3 1.3 132 96 1355 1363 1487 1460 0.01 0.02 412 406 378 387 746 744
G. angustifolium 204  20.2 1.5 1.5 -7 73 605 63.6 588 563 0.10 0.1 387 364 435 432 741 719

P. aculeata 314 299 1.9 1.8 1.3 20 884 826 8.7 846 010 010 595 574 551 506 773 69.2
Season mean 27.4 1.7 -4.4 105.9 101.5 0.07 48.5 49.3 76.7
s.e.m. 0.6 0.0 0.5 1.4 1.3 0.00 1.0 0.6 0.4
Factors P-value

Season <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 0.070
Site 0.233 0.241 0.215 0.073 0.241 0.321 0.666 0.321 0.076
Species <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001
Season x Site 0.009 0.081 0.003 0.032 0.081 0.009 0.013 0.111 0.903
Season x Species <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001
Site x Species 0.059 0.079 0.001 0.603 0.079 0.470 0.340 0.093 <.001
Season X Site X 0.848 0.882 0.373 0.029 0.882 0.776 0.727 0.904 0.049
Species

'GP,, = In vitro gas production at 24 h; ME = metabolizable energy; (a) = immediately fermented fraction; (b) = slowly fermentable
fraction; (c) = constant rate of gas production fraction; (a+b) = potential gas production fraction; EDDM = effective degradability
of DM; IVOMD = in vitro organic matter digestibility; [IVTOMD = in vitro true organic matter digestibility. 2S1 = Site 1 (Linares);
S2 = Site 2 (Los Ramones).
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Figure 1. In vitro gas production at 96 h (n = 9) of leaves of 5 native shrub species collected at 2 sites for each season of the year

during 2018-2019.
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Discussion

This study has provided valuable information on nutritive
value of some common browse species during different
seasons in semiarid northeastern Mexico. Results suggest
that these species could be a useful source of forage for
browsing small ruminants in all seasons of the year.

Although differences were seen in nutrient
concentrations in leaves of C. pallida, C. suaveolens,
F.angustifolia, G. angustifolium and P. aculeata, seasonal
mean CP concentrations in leaf samples ranged from 18.8
to 26.0 %, which far exceeds the requirements of 7-10 %
(NRC 2007) for maintenance and growth of white-
tailed deer, adult range goats and sheep, with C. pallida
providing the highest CP concentration. Ramirez et al.
(2000) and Dominguez-Gomez et al. (2011) reported that
this species contains relatively low levels (<7.5 % DM) of
condensed tannins (CT), indicating that CT concentrations
in these plants should not affect CP digestibility by these
animal species. Observed metabolizable energy (ME)
concentrations (1.5-2.0 Mcal/kg DM) in C. pallida were
somewhat inferior to ME in alfalfa hays (2.1 Mcal/kg DM)
and maize silage (2.2 Mcal/kg DM) as an energy source
according to Kara (2019). However, it would provide
adequate energy to support small ruminants.

Mean NDF concentrations in the various seasons
ranging from 40.9 to 43.2 % DM and ADF concentrations
0f20.3-21.3 % are well below levels at which fiber becomes
a limiting factor for intake. Similar findings have been
documented by Hassen et al. (2007) in Indigofera shrub
species and by Dominguez-Gomez et al. (2013) in native
shrubs of northeastern Mexico. All evaluated species in
this study showed NDF concentration lower than 60 %,
levels which can be adequately managed by ruminants
without affecting DM intake.

Low lignin concentrations in C. pallida (range
1.6-2.7 %) support its value as a useful forage source,
while high lignin concentrations (12.5-15.2 %) in
G. angustifolium suggest that it would be of lower feed
value. Bouazza et al. (2012) reported that high lignin
concentrations (>12 % DM basis) were associated with
low digestibility in foliage of fodder trees and shrubs from
Algerian arid and semi-arid rangelands. While lignin
concentration tended to vary with seasons with lower
values in spring, differences between seasons were not
great and were unlikely to affect intake and nutritive value
of most species in all seasons. Lignin concentrations in
the current study (range 2.2 % for C. pallida to 13.9 %
for G. angustifolium) range from low to high according
to Anele et al. (2009) and Kara (2019). Further studies
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should examine biomass production of available forage to
assess the potential of these feed sources for maintenance
of small ruminants in rangelands of northeastern Mexico.

In vitro gas production following incubation of leaves
in rumen fluid showed C. pallida produced highest
amounts of gas, while G. angustifolium showed lowest
gas production, in agreement with reports (Salem et al.
2014) of low total phenol and saponin concentrations
in C. pallida. Higher levels of tannins and polyphenols
may be responsible for lower gas production and in vitro
digestibility in G. angustifolium.

In vitro gas production of shrub species at 24 h (GP,,)
was positively influenced (r = 0.97; P<0.01) by ME
concentration. GP,, from leaf was inversely proportional
to lignin and EE concentrations. Interestingly GP,, values
in the present study (12.0-36.8 mL/200 mg DM) were
lower than those reported by Kara (2019) for fibrous
feedstuffs (36.7-75.8 mL/200 mg DM) determined using
rumen fluid of Damascus goats. Negative values for gas
production from the immediately fermented fraction (a)
(as low as -21.5 mL/200 mg DM), recorded in this study,
are in accordance with those reported (from -3.0 to -1.7
mL/200 mg DM) in shrubs by Selmi et al. (2010) in north
Tunisia. In contrast, F. angustifolia produced positive
values (1.5-13.2 mL/200 mg DM). Gas production from
the slowly fermentable fraction (b) was similar to or lower
than values reported by Garcia-Montes de Oca et al.
(2011) (89.5-187.3 mL/500 mg DM) from legume browse
species in subtropical areas of Mexico, and higher than
those (31-179 mL/500 mg) found by Larbi et al. (1998)
in a study of fodder trees and shrubs from West Africa.
Fraction (b) was negatively affected by concentrations of
ADF (r =-0.62; P<0.01), lignin (r = -0.53; P<0.01) and EE
(r = -0.49; P<0.01) and positively by ME concentration
(r = 0.23; P<0.01) as reported by Dominguez-Gomez et
al. (2011). Results for fraction (c) (constant rate of gas
production) in the present study varied from 0.01 to
0.11 %/h, and are similar to the averages (0.03—0.11 %)
reported by El Hassan et al. (2000) for foliage of some
African multipurpose trees, but lower than those reported
by Cerrillo et al. (2006) (6.1-6.4 %) for diets consumed by
grazing goats in semi-arid regions of north Mexico, where
plant species with high CP% and high DM digestibility
were present. Potential gas production, fraction (a+b),
varied considerably (48.0-148.7 mL/500 mg DM) and
was higher than reported by Selmi et al. (2010) (26.1-66.6
mL/500 mg DM) for shrubs in north Tunisia, but similar
to values reported by Dominguez-Gomez et al. (2011)
(51-126 mL/500 mg DM), even though polyethylene
glycol (PEG) was fed with forage in both of those studies.
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Jancik et al. (2011) suggest that in vitro gas production
can be useful in ranking forages on the basis of nutritional
value.

IVOMD in this study was positively associated with
ME concentration (r = 0.98; P<0.01) but negatively affected
by lignin concentration (r = -0.50; P<0.01). Results
reported herein were higher than those observed for leaf
of Detarium microcarpum (32.1 %) and Afzelia africana
(49.1 %), browse plants from Nigeria (Okunade et al.
2014), as well as those reported for Quercus rugosa leaves
in western Mexico (Carrillo-Muro et al. 2018) and non-
leguminous forage trees in tropical regions of southern
Mexico (Rojas-Hernandez et al. 2015). High values
recorded for C. pallida, C. suaveolens and P. aculeata
may be associated with their NDF concentrations. Future
studies should consider analyzing NDF disappearance
rate, since Kara (2019) showed positive correlation
between NDF disappearance rate and DM digestibility,
when it is determined with this method. [IVTOMD values
were negatively affected by ADF and lignin concentrations
(r = -0.82; P<0.01; r = -0.50; P<0.01, respectively), in
agreement with previous studies on litter fall reported
by Rodriguez-Santillan et al. (2015). Trujillo et al. (2010)
demonstrated that the Daisy" incubator underestimated
NDF disappearance values, compared with in situ
methods. The absence of seasonal variations or spatial
differences in IVTOMD indicates that differences among
species are associated with their individual chemical
compositions. Differences between the estimated [IVOMD
and [IVTOMD values for individual assessments (range
from 14.8 to 44.5 %) could be attributed to the longer
incubation period of 48 h with the Daisy" incubator, as
IVOMD is calculated from GP,, data, with only 24 h of
incubation time. According to Norman et al. (2010) leaves
of some shrubs need to be incubated for more than 72
h in order to achieve an accurate estimation of in sacco
digestibility. According to chemical composition and
nutrient concentration data, IVOMD values appeared to
be more realistic, as data for [VTOMD appear to possibly
overestimate the feed potential of leaf of browse species
under study. The moderate to high values in both OMD
and IVTOMD demonstrate the high nutritive potential
of leaf of browse species as a source of forage for small
ruminants on smallholder farms in the semi-arid region of
northeastern Mexico.

Conclusions

Browse plants studied appear to have potential for
contributing significantly to diets of small ruminants in

all seasons in Tamaulipan thornscrub in northeastern
Mexico. Leaf material appears to have efficient rumen
fermentation thereby providing adequate metabolizable
energy and high CP for grazing stock. While C. pallida
appears to provide the best quality browse in terms of
CP, all species evaluated provided good quality forage.
Further studies could be devoted to determining biomass
production of the browse species under study and their
sustainability under regular defoliation throughout the
year. Feeding studies would indicate the acceptability to
small ruminants of the various species.
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Benefit of feeding Urochloa hybrid cultivar ‘Cobra’ on milk
production in Tanzania

Beneficio de alimentar con el cultivar hibrido de Urochloa 'Cobra’ en la
produccion de leche en Tanzania

SOLOMON MWENDIA!, AN NOTENBAERT', BEATUS NZOGELA?AND ANGELLO MWILAWA?*

"Tropical Forages Program, Alliance of Bioversity and CIAT, Nairobi, Kenya. alliancebioversityciat.org
*Tropical Forages Program, Alliance of Bioversity and CIAT, Arusha, Tanzania. alliancebioversityciat.org
SMinistry of Livestock and Fisheries, Dodoma, Tanzania. mifugouvuvi.go.tz

Abstract

Animal genetics, management, diseases, feeds and environment affect milk production in cattle. Feed is the most
important and when addressed, cattle show immediate responses. In sub-Saharan Africa, livestock productivity is low
largely due to use of low-quality crop residues and natural pastures, often poor in key nutrients for animal performance.
In an 8-week on-farm feeding trial with farmers’ participation, milk production under farmers’ practice (FP) was
compared with the use of improved Urochloa hybrid cultivar ‘Cobra’ hay (Cobra hay) as an intervention (IN). A
crossover design with each cow undergoing FP and IN phases was used. For the initial 2 weeks, the experiment followed
FP before shifting to 50-50 FP/IN in week 3 and 100 % IN in week 4 and 5, followed by 50-50 FP/IN in week six and
100 % FP in week 7 and 8. Milk production increased by 15 % under IN and was associated with better feed utilization
efficiency of 2 kg DM Cobra hay/L of milk. The use of Cobra hay has potential to increase dairy productivity in
Tanzania and other similar tropical ecologies and contexts in sub-Saharan Africa.

Keywords: Dairy, feeding trial, feed utilization efficiency.
Resumen

La genética animal, el manejo, las enfermedades, la alimentacion y el medio ambiente afectan la produccion de leche
en el ganado. La alimentacién es lo mas importante y cuando se aborda, el ganado muestra respuestas inmediatas. En
el Africa subsahariana, la productividad ganadera es baja en gran parte debido al uso de residuos de cultivos de baja
calidad y pasturas naturalizadas, a menudo pobres en nutrientes clave para el rendimiento animal. En una prueba de
alimentacion de 8§ semanas en finca con la participacion de los productores, la produccion de leche bajo la practica
tradicional (FP) se comparo con el uso de heno del cultivar mejorado Urochloa hibrido ‘Cobra’ como una intervencion
(IN). Se utilizé un disefio cruzado (crossover) con cada vaca pasando por las fases FP e IN. Durante las 2 semanas
iniciales, el experimento utilizo FP antes de cambiar a 50-50 FP/IN en la semana 3 y 100 % IN en las semanas 4 y 5,
seguido de 50-50 FP/IN en la semana seis y 100 % FP en la semana 7 y 8. La produccion de leche aument6 un 15 % bajo
IN y se asoci6 con una mejor eficiencia de utilizacion de 2 kg de MS de heno de pasto Cobra/L de leche. El uso de heno
de pasto ‘Cobra’ tiene potencial para aumentar la productividad lechera en Tanzania y en otras ecologias y contextos
tropicales similares en el Africa subsahariana.

Palabras clave: Eficiencia de utilizacion de forrajes, lecheria, prueba de alimentacion.
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Introduction

Sub-Saharan African livestock productivity is low (Nin et
al. 2007). The increasing demand for animal source foods
driven by human population growth and dietary change
exerts pressure on livestock feed supply. For example, per
capita milk consumption in Tanzania is increasing and
projected to reach 55-100 L/person/yr by 2022 (IFAD
2016). Given that arable land is scarce (Jayne et al. 2014),
forage production competes with food crops and there
is limited or no land for agricultural expansion, more
efficient use of available land becomes key in responding
to the increasing demand for livestock products.

Low availability of quality livestock feeds has
resulted in use of crop residues and limited locally
produced and poorly formulated concentrate feeds for
livestock production. Crop residues provide a limited
supply of required nutrients for animal maintenance,
growth, reproduction and production (FAO 2018). This
leads to low milk and meat production, contributing
to high emissions of methane gas per unit of product,
associated with global warming (Makkar 2016). Long
calving intervals and low lactation yields characterize
livestock on most smallholder mixed farms in Tanzania
and East African countries (Kanuya et al. 2000).
Although animal productivity can be limited by genetics
and management, feeding is the single most important
component that accounts for 70 % of the costs in dairy
production (Makkar 2016; Odero-Waitituh 2017) and, if
well addressed, results in positive impact more quickly.

In a recent assessment of livestock feeds in Tanzania,
the estimated requirement for livestock feed is >172 million
t/yr, of which 70 % are roughage based (FAO and IGAD
2019). Roughages include Rhodes grass (Chloris gayana),
buffel grass (Cenchrus ciliaris), Napier grass (Cenchrus
purpureus), Guatemala grass (Tripsacum andersonii)
and natural pastures. There is also localized evidence of
livestock roughage shortages in Tanzania, including in high
potential areas. Mwendia et al. (2019) reported farmers’
experience in the southern highlands, where forage
availability drops by about 50 % for more than 6 months
in a year, with implications of underfeeding livestock. Low
forage cultivation in Tanzania (Maleko et al. 2018a; 2018b)
further constrains roughage availability. Use of appropriate
forages is paramount for improved livestock productivity.
Use of forage-based roughages is preferred to grain-based
diets (Scaglia et al. 2014), which not only compete with
human food but are more expensive (Makkar 2016).

While there are many forages that could fit in dairy
systems in Tanzania (Cook et al. 2020), Urochloa has

recently received attention for its potential to increase
livestock productivity (Mutimura et al. 2016; Cheruiyot
etal. 2018; Mwendia et al. 2021b). Urochloa breeding and
cultivar selection has produced hybrids with increased
dry matter production and quality, e.g. Urochloa hybrid
cultivar ‘Cayman’ and Urochloa cultivar ‘Basilisk’
(Mwendia et al. 2021a). In Latin America, Urochloa
contributes significantly to beef production under
extensive systems (Jank et al. 2014). The Consultative
Group for International Agricultural Research (CGIAR)
estimates that grasses cover 12 million ha in Latin
America (Fuglie et. 2021). In eastern Africa, Urochloa
is also gaining attention by livestock producers and
livestock scientists due to its potential in smallholder
agricultural systems (Schiek et al. 2018).

Urochloa hybrids have been estimated to have the
potential to increase milk production by 1540 % in
eastern Africa (Schiek et al. 2018). CIAT (2003) reported
that cows fed on Urochloa hybrid ‘Mulato II’ produced
11 % more milk during the dry season and 23 % more
during the rainy season compared with those fed on
Urochloa cultivars ‘Basilisk’ and ‘Xaraes’. Muinga
et al. (2016) found that cows fed on Urochloa cultivars
produced 1540 % more milk compared to those fed
with normal farmers’ practice in Kenya. These findings
support the need to improve use of Urochloa species
for improving livestock productivity. This on-farm
participatory trial was designed to investigate the effects
of Urochloa hybrid cultivar ‘Cobra’ hay (Cobra hay) on
milk production in Njombe district, located in Njombe
region in the Southern highlands of Tanzania. We chose
to demonstrate improved feeding and its impact on
productivity on-farm with farmers’ participation with the
aim to encourage use of this improved cultivated forage.
We postulated that the use of improved Cobra hay would
increase milk production and forage use efficiency.

Materials and Methods
Selection of farmers, trial cows and feed

Six farmers each with 1 crossbred cow in early lactation
(2-3 months after parturition) and in between 2nd to 4th
calving were selected in Njombe districtin February 2019.
Njombe receives bimodal rainfall, mid-February to end
of May in the long rainfall season and mid- November to
mid-January in the short rainfall season (NASA, 2021).
The crossbred cows were from either Friesian, Ayrshire
or Jersey and were fully stall-fed to allow measurement
of dry matter intake. As a preliminary requirement, the
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Internal Review Board (IRB) of Alliance of Bioversity
and CIAT scrutinized the process and consent was given
to do the work.

Cobra hay was selected as a representative of an
improved forage grass hybrid with better forage quality
traits when harvested at the right growth stage. It is leafy,
with high crude protein and good digestibility (Mwendia
et al. 2021b). Cobra is a hybrid of Urochloa ruziziensis x
U. decumbens x U. brizantha and is a released forage
in Latin America and Kenya and is in the process of
registration in other East African countries.

Considering a daily dry matter (DM) intake of 15
kg/cow/day, we estimated that 420 kg DM would be
enough to feed a mature cow of about 400 kg live weight
for 4 weeks. Using Cobra mean dry matter yields [3 t
DM/ha/cut (Cook et al. 2020)], we estimated that 0.14
ha land was required to produce 420 kg DM of Cobra
hay. To have sufficient feed if the season has unfavorable
weather conditions, the land size was increased to 0.2
ha. Selected farmers were assisted to establish 0.2 ha
of Cobra ready for feeding by June 2019. The annual
mean temperature is 18 °C while rainfall ranges from
2,700— 4,000 mm. The grass was established in March
2019 when the long rainfall season had set in to provide
adequate soil moisture. Recommended agronomic
practices were observed in establishing the grass
including land preparation (fine soil tilth), seed-rate (6
kg/ha), soil fertilization (26 kg P/ ha) and maintaining
the fields weed-free (Cook et al. 2020).

Farmers’ practice and intervention feeding in trial
design

Farmers fed a mix of roughages that were available in their
locality. The roughages included fresh feed harvested at
different growth stages, as well as crop residues obtained
after crop harvest. All roughage offered was measured
with a spring balance (KERN CH 50K50 with 10 g
precision) and the weights of offered roughages and their
refusals recorded on a daily basis. The initial plan to weigh
the different proportions offered under farmers’ practice
(FP) was logistically too difficult due to farmer time
constraints. The difference between offered roughages and
refusals constituted the daily feed intake. Under 100 %
intervention feeding (IN) in weeks 4 and 5, lactating
cows were offered Cobra hay daily (Table 1). To gauge the
selected cow daily dry matter requirements, heart girth
was measured, converted to live weight, and subsequently
the daily dry matter requirement was estimated at 3 % of
the body live weight (Lukuyu et al. 2012).
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The feeding trial was done as a crossover design
with a lactating cow as the experimental unit and each
cow acting as its control to mitigate against the genetic
variation in the selected cows. In practice each cow
underwent feeding phases under FP as well as under
IN. The selected cows were monitored for 2 weeks
under FP before transitioning to a week of 50 % FP and
50 % intervention feeding (IN), followed by 2 weeks
on IN at 100 % followed by a return to the 50 % each
FP and IN feeding for 1 week, before finishing off with
another 2 weeks of feeding under FP. This resulted in
each of the cows receiving a phase of IN preceded by
FP and followed by FP. The crossover design made it
possible to randomize for any of the 3 cows having
FP—IN and the other 3 IN—FP arrangement and avoid
bias (Mills et al 2009).

The cows were offered the estimated feed weight
(as-fed) to meet the dry matter requirements on a daily
basis (Table 1) under 100 % IN feeding. Cobra hay was
fed to each cow 5-6 times per day until the cow was
observed not to take any more and the total weight fed
for the day was recorded. Throughout the 100 % IN, 14
—25 kg DM/d was made available (Table 1). During the
50:50 % transition phases, the farmers gave half of what
they were giving under FP and following that, the other
half of the daily feed was given as Cobra hay, about 7
kg. This phase was to allow the cows to acclimatize to
Cobra hay before being fed 100 % Cobra hay in Week 4
and 5. Throughout the experiment, the cows had access
to clean drinking water ad libitum.

Table 1. Experimental cows’ attributes used to estimate daily
dry matter requirements.

Farm CHGL! ELW? EDDMR? IFFWA*
1 172 420 12.6 22.9

2 153 285 8.6 14.2

3 173 427 12.8 253

4 169 399 12.0 24.5

5 168 392 11.8 251

6 176 451 13.5 22.0

!CHGL= Cow heart girth length (cm)

ELW=Estimated live weight (kg)

SEDDMR= Estimated daily dry matter requirement (kg)
“IFFWA= Intervention feeding forage weight (kg) as-fed

Data collection

To address the intensive data collection, farmers who
offered their cows for trials and frontline livestock
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extension officers were first sensitized on the breadth
and expectations of the study including the care required
during data collection. Specifically, we developed and
printed weekly data sheets. Each sheet had cells to
enter daily data on the type and weight of forage offered
(kg), the forage refusals (kg) and morning and evening
milk yields (L). Milk was measured with a graduated
cylinder. Farmers and extension officers were trained
in use of the data sheet until they understood it. Each
farmer took records of feeds and milk production on the
data sheets and extension officers assisted during the
start of the experiment and moved around confirming
no farmer had difficulties.

Forage nutritional analysis

In addition to feed weights and milk yields, a sample
of approximately 400g of each forage type was taken
each week for laboratory quality analysis and processed
at Mpwapwa Tanzania Livestock Research Institute
(TALIRI) in Dodoma. Samples of forages collected
were oven dried to constant weight at 65°C for 48 hand
ground to pass 1 mm sieve and packed in ziplock bags
labeled accordingly by farm and forage species. The
samples were then sent to the International Livestock
Research Institute (ILRI) laboratory in Addis Ababa,
Ethiopia, for analysis. Analysis was done using Near
Infrared Spectroscopy (NIRS) calibrated for tropical
forages. Nutritional parameters included dry matter,
ash, crude protein, neutral detergent fiber, acid detergent
fiber, acid detergent lignin, metabolizable energy and in
vitro organic matter digestibility.

Data analyses

Data analyses were performed using GenStat statistical
software version 18 by pooling data for feed intake, feed
refusal, morning, and evening milk production from the
six cows. Analysis of Variance following an unbalanced
design was applied because the FP phase was 4 weeks
while IN feeding and the 50:50 phase took 2 weeks each.
Least significant difference (Isd) separated the means
and were significantly different at P<0.05.

Results
Feeds and feed quality

Under FP, an array of forages was offered to the
lactating cows (Table 2). This included a mix of crop

residues from maize stovers (Zea mays), beans haulms
(Phaseololus vulgaris) and banana stems (Musa
spp). Common forage crops included buffel grass
(Cenchrus ciliaris), Napier grass (Cenchrus purpureus),
Rhodes grass (Chloris gayana), Guatemala grass
(Tripsacum andersonii), star grass (Cynodon dactylon)
and to a limited extent leucaena (Leucaena leucocephala)
and Desmodium (Desmodium intortum) forage legumes
and sorghum (Sorghum bicolor). All the 6 farms fed
Rhodes grass and natural pastures, 4 fed star grass,
Guatemala grass, maize thinnings/stovers and bean
haulms. Four farms offered Napier grass while 2
farms gave banana leaves. Buffel grass, pearl millet
(Pennisetum glaucum), leucaena leaves and Setaria
(Setaria sphacelata) were observed in one farm each.

Table 2. Forages offered to cows under FP during feeding
trial in Njombe District, Tanzania

Farm Forages offered under FP

Rhodes grass, maize thinnings, Guatemala grass,
1 Desmodium, Napier grass, star grass, banana leaves
and mixed natural pastures.

Rhodes grass, Guatemala grass, Napier grass, star
2 grass, bean haulms, pearl millet leaves and mixed
natural pastures.

Rhodes grass, maize stover, Setaria, bean haulms

3 .
and mixed natural pastures.
Rhodes grass, maize stover, star grass, Desmodium
intortum, Napier grass, bean haulms, leucaena,
4 .
Guatemala grass, sorghum, buffel grass and mixed
natural pastures.
5 Rhodes grass, maize stover and mixed natural

pastures.

Rhodes grass, bean haulms, star grass, banana
6  leaves, Napier grass, Guatemala grass and mixed
natural pastures.

Following forage nutritional analysis, differences
in feed quality across farms were observed in ash,
crude protein (CP), neutral detergent fiber (NDF) acid
detergent fiber (ADF), metabolizable energy (ME) and
in vitro organic matter digestibility (IVOMD) (Table 3).

Milk yields

The six cows significantly increased their milk yields
under IN feeding compared to FP except in Farm 5
(Figure 1). The increase ranged from 1.2-21 %. The
milk yields among cows were in the order Farm 1>Farm
3~Farm 4>Farm 6>Farm 2>Farm 5 (Figure 1).
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Table 3. Nutritional value of feeds offered under FP and IN during 8-week experimental period in Njombe District, Tanzania

Farm Feed type DM (%) Ash (%) CP (%) NDF (%) ADF (%) ADL (%) ME MlJ/kg) IVOMD (%)
1 Cobra hay 93.9 15.6 9.8 64.9 36.5 8.0 7.0 50.7
Rhodes grass 93.9 10.8 8.2 73.7 46.7 8.6 6.7 46.9
Star grass 93.7 7.7 8.2 75.6 49.1 10.7 6.3 43.5
Desmodium 92.9 8.0 10.8 56.9 50.9 16.2 6.8 479
Banana Leaves 94.1 16.3 13.8 49.3 38.6 10.9 6.7 49.8
Mixed natural pastures 93.7 9.6 7.4 73.2 47.2 9.4 6.6 454
Buffel grass 93.9 12.3 8.6 71.6 44.4 8.1 6.6 474
Guatemala grass 94.0 11.7 11.9 67.2 43.6 8.5 7.0 50.1
Maize thinnings 93.6 13.6 12.2 64.7 37.8 8.9 7.0 50.0
2 Cobra hay 92.5 8.3 10.4 41.3 20.8 4.9 8.5 58.2
Rhodes grass 93.7 8.2 6.0 76.8 49.8 9.2 6.5 44.4
Star grass 93.4 8.0 8.1 67.6 41.5 9.0 6.9 47.5
Napier grass 93.9 11.0 7.8 72.1 46.3 8.6 6.6 46.4
Bean haulms 93.1 7.1 5.9 73.1 53.6 12 6.8 46.1
Pearl millet 93.6 9.6 8.0 69.8 44.5 8.0 7.0 48.8
Guatemala grass 94.1 12.1 12.2 674 43.1 7.8 7.2 51.2
Mixed natural pastures 93.6 9.2 6.3 74.2 449 7.8 6.8 47.0
3 Cobra hay 93.5 124 7.8 63.2 35.8 8.1 7.0 49.3
Setaria 93.8 13.5 11.7 63.8 38.6 6.1 7.4 534
Rhodes grass 94.0 9.9 6.6 75.7 47.6 8.4 6.5 45.1
Bean haulms 92.5 7.3 11.1 51.5 38.1 8.8 8.1 56.4
Mixed natural pastures 93.8 9.5 8.4 72.2 46.7 10.5 6.5 45.0
Maize stover 93.8 13.7 15.5 56.7 34.5 8.0 7.6 55.8
4 Cobra hay 93.8 13.9 7.3 68.7 40.3 8.8 6.6 47.1
Buffel grass 93.9 11.0 6.8 75.3 46.1 7.8 6.7 47.1
Rhodes grass 93.5 8.5 10.0 59.4 357 7.5 7.6 527
Star grass 93.2 8.0 9.8 62.6 41.9 9.9 7.1 49.1
Desmodium 93.1 11.2 13.0 51.5 511 16.6 7.1 52.8
Leucaena 92.4 13.2 19.1 29.9 417 20.2 8.1 59.7
Napier grass 93.5 9.3 7.5 65.3 40.6 7.8 7.1 49.0
Bean haulms 92.3 8.2 11.6 29.8 16.7 5.5 8.6 59.2
Sorghum 93.6 8.1 7.1 74.9 46.1 8.1 6.6 45.0
Guatemala grass 94.0 9.6 6.7 76.7 50.6 8.6 6.4 44.7
Mixed natural pastures 93.8 9.5 8.8 72.9 457 8.5 6.8 47.6
Maize thinnings 93.1 9.2 8.9 59 33.9 6.9 7.5 51.9
5 Cobra hay 94.1 12.4 10.5 70.2 41.5 7.1 6.9 48.9
Rhodes grass 93.5 9.7 11.6 58.6 355 7.0 7.3 51.2
Maize stover 93.2 6.2 3.5 81.0 43.1 6.6 6.9 45.8
Mixed natural pastures 94.0 10.8 9.0 75.4 46 8.8 6.5 45.5
6 Cobra hay 93.9 124 6.4 70.1 42.8 8.0 6.8 47.6
Rhodes grass 93.9 8.2 6.8 719 51.1 9.8 6.2 42.8
Star grass 93.8 8.3 6.6 76.5 50.3 10.5 6.3 43.4
Banana leaves 93.5 12.9 9.0 59.4 42.6 10.4 7.0 49.5
Napier grass 93.9 7.2 53 82.1 51.6 10.1 6.1 41.3
Bean haulms 927 6.3 5.2 68.6 54.3 10.2 7.8 52.5
Guatemala grass 93.9 9.3 7.3 74.4 494 8.6 6.5 45.5
Mixed natural pastures 93.6 8.8 8.2 71.9 47.8 9.6 6.7 46.4
Overall IN 93.6 12.5 8.7 63.0 36.2 7.5 7.1 50.3
Means
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Pooling data across the farms under FP, daily feed
intake per cow averaged 38.2 kg as fed (Table 4). When
the cows crossed to 50:50 (FP: IN) intake dropped by 26 %
followed by a further drop of 24 % when the IN was fed,
representing a total drop of 50 % comparing FP and IN.
The feed intake values returned significant differences (P<
0.001) among them with FP registering the highest value.
Subsequently, morning milk production was of the order
FP < FP: IN < IN with values of 5 <54 <57 L /cow/d
respectively. The milk yield under IN was significantly
higher (P = 0.009) than the yields under FP. Evening milk
yields followed the same order as that of the morning (Table
3) except that the values were lower. Feed use efficiency was
greater when Cobra hay was used compared to FP where

20

2 kg DM contributed to a L of milk unlike 4.5 kg DM/L
under FP (Table 3). The quality of FP feeds compared to IN
(Table 3) was lower in terms of ash, neutral detergent fiber,
acid detergent fiber, acid detergent lignin, metabolizable
energy and in vitro organic matter digestibility.

Milk yields over the 8-week experimental period
(Figure 2) started at a weekly average of 8.8 L milk/d
(morning + evening) during the initial 2 weeks under
FP and increased by 6.8 % in week 3 with 50:50 feeding
before peaking at 10.1 L milk/d (15 % increase) when the
cows were fed IN. On reverting to 50:50 feeding at week
6 the production remained at 10.1 L milk/d but when
completely reverted to FP in week 7 and 8, production
dropped by 2.6 % and 15.2 % respectively.
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Figure 1. Mean (= se) of milk production (liters) for six lactating cows under either farmers’ practice (FP), 50:50 of FP and
intervention (FP:IN) and intervention alone (IN) in Njombe district, Tanzania.

Table 4. Effects of FP and IN on feed intake and milk yields from experimental cows in Njombe district, Tanzania.

Parameter Farmer's practice (FP) Intervention alone (IN) FP: IN P value Lsd
Feed intake (kg) 38.2 19.0 28.3 <0.001 4.099°
Morning milk production (L) 5.0 5.7 5.4 0.009 0.525
Evening milk productio (L) 4.1 4.5 4.4 0.038 0.372
Feed utilization efficiency (kg DM/L) 4.5 2.0 32 <0.001 0.481
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Figure 2. Average morning and evening milk production from six experimental cows over 8-week trial period in Njombe distret,
Tanzania. The performance was measured over 3 phases of farmers’ practice (FP), 50:50 of FP and intervention (FP:IN) and
intervention alone (IN). Each data point on the lines is an average of 7-daily measurements per cow and for the six cows.
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Discussion

In livestock production, feed intake is key for
maintenance, growth and reproduction. FP comprised
a mix of crop residues, natural pastures and cultivated
forages across the 6 farms. Crop residues are
characterized by low digestibility, energy and crude
protein content (Methu et al. 2001) as observed by use
of maize stovers in Farm 5 (Table 3) thus limiting cow
performance. Although quality of grasses depends on
stage of growth, young grasses being more nutritious,
natural pastures are of relatively lower quality than
cultivated forages (Gietema 2005). In the 6 farms,
natural grasses had lower digestibility, energy and crude
protein compared to the grown fodder grasses (Table 3).
However, there was variation of nutritional parameters
in feed samples of the same species from different farms,
most likely influenced by farm management e.g. soil
fertility and possible harvest at different stages of growth
among the farms. Cows in the study ingested more feed
under FP than IN. The lower Cobra hay intake compared
to FP (Table 4) during IN phase did not depress milk
production and meant no abrupt changes in feed type.
Often abrupt changes in feed types, like the use of
different roughage sources as observed under FP, lower
the microbial activity in the rumen and consistency in
feeding is of utmost importance in rumen adaptation
(Humer et al. 2018).

The increase in milk yields from feeding Cobra
hay demonstrates its potential in supporting milk
production, despite the genetic differences that may exist
in the cows involved (Figure 1). The benefit most likely
can be attributed to better quality of Cobra hay than
feeds offered under FP (Table 3). Milk yield increased
with feeding Cobra hay despite reduced feed-intake
compared to FP most likely benefiting from the greater
nutritive profile compared to fodder types under FP. To
produce milk under FP required 4.5 kg feed/L and 2.0
kg Cobra hay/L under IN (Table 4). Where lower yield
of quality forage is realized per unit of land, compared
to unimproved forages, it does not therefore necessarily
translate into an increased land requirement for more
forage production. This is a key benefit of using improved
forages for improving livestock productivity. Farmers
take a lot of time cutting and carrying natural pastures
(Paul et al. 2017) and growing improved forages with
lower DM requirements would save on time for other
important activities.

The increase in milk production (Figure 1, 2 and Table
4) by changing to Cobra hay confirms the potential to
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increase productivity even with the current crossbred cows,
whose productivity potential is underutilized due to poor
feeding (Swai et al. 2014; Maleko et al. 2018a). Tanzania’s
low national average lactation of 2,000 L/cow/yr (CSIRO
2021) could be increased to 2,300 L/cow/yr with Cobra
hay intervention. Assuming half of the estimated 239,237
improved dairy animals in Tanzania are in lactation in a
year, this would translate to about 35.8 million L milk/y
(CSIRO 2021) and contribute to the projected growth of
per capita milk consumption (IFAD 2016).

Use of Rhodes grass and Napier grass, both of which
are forage grasses under FP in this study, indicate
farmers’ awareness about growing forages on farm. In
addition to Napier grass’s relatively low crude protein
content 5.37.8 % (Table 3), its cultivation is currently
negatively affected by smut and stunt diseases (Mwendia
et al. 2007; Obura et al. 2009). Rhodes grass is also low
in crude protein. Gietema (2005) reports figures as low
as 2.3 %, although the figures of 6.0—11.6% we obtained
in this study are much higher, implying farmers are using
the grass at much younger growth stages. This implies
farmers are knowledgeable about forage cultivation and
could benefit from use of better forage crops. Livestock
extension assistance, access and affordability of seeds
of better forages are paramount for adoption to increase
and realize the benefits of improved forages.

Conclusions

The study provided emperical evidence on the potential
of Cobra hay to increase milk production in Tanzania,
owing to its desirable attributes, including nutrient
content, high digestibility and high feed utilization
efficiency. Cows required more than double the amount
of feed under FP compared to use of Cobra hay. Involving
farmers in forage feeding trials may contribute to
changing their perception about the need for improved
forages for increased productivity. However, for farmers
to adopt improved forage technologies, access to
affordable seeds/planting materials is key.
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Effects of adding agro-industrial by-products and bacterial
inoculant at ensiling on nutritional quality and bacterial
colonization of Tifton 85 [Cynodon dactylon (L.) Pers.] silages

Efectos de agregar subproductos agroindustriales e inoculante bacterial al

momento de ensilar en la calidad nutritiva y la colonizacion bacterial de
ensilajes de Tifton 85 [Cynodon dactylon (L.) Pers.]
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Abstract

The objective of this study was to evaluate effects of adding agro-industrial by-products (soybean hulls and corn-
processing residue) and bacterial inoculant to Tifton 85 forage at ensiling on nutritional quality and bacterial colonization
of resulting silages. The design was completely randomized in a 3 x 2 factorial scheme, with 6 treatments and 4
replicates. Treatments were: Tifton 85 forage; Tifton 85 + soybean hulls; Tifton 85 + corn-processing residue; Tifton
85 + bacterial inoculant; Tifton 85 + soybean hulls + inoculant; and Tifton 85 + corn-processing residue + inoculant.
Inclusion of by-products increased dry matter and organic matter percentages of silages, while addition of soybean hulls
improved crude protein concentration in silage. Total digestible nutrients in silages containing by-products were higher
than in straight Tifton 85 silage. Addition of by-products increased in vitro dry matter and organic matter digestibilities
of resulting silages. Most treatments showed aerobic stability up to 144 hours after exposure to air, except for Tifton 85
+ corn-processing residue without inoculant, which became unstable by 120 hours of exposure. Addition of by-products
at ensiling of Tifton 85 forage appears beneficial but there seems little benefit in adding bacterial inoculant. More
studies on a larger scale are needed to confirm these preliminary results, while feeding studies would determine any
improvement in animal performance when fed silage containing by-products.

Keywords: Digestibility, fodder conservation, gas production, Lactobacillus, pH, tropical grass.
Resumen

El objetivo de este estudio fue evaluar los efectos de la adicion de subproductos agroindustriales (cascara de soja y residuos
del procesamiento de maiz) e inoculante bacteriano al forraje Tifton 85 al momento de ensilar, sobre la calidad nutricional
y la colonizacion bacteriana de los ensilajes resultantes. El disefio fue completamente al azar en un esquema factorial 3 X
2, con 6 tratamientos y 4 repeticiones. Los tratamientos fueron: forraje Tifton 85; Tifton 85 + cascaras de soja; Tifton 85 +
residuo de procesamiento de maiz; Tifton 85 + inoculante bacteriano; Tifton 85 + cascarilla de soja + inoculante; y Tifton
85 + residuo de procesamiento de maiz + inoculante. La inclusion de subproductos aumento los porcentajes de materia
seca y materia organica de los ensilajes, mientras que la adicion de cascaras de soja mejord la concentracion de proteina
cruda en el ensilaje. Los nutrientes digestibles totales en los ensilajes que contenian subproductos fueron mas altos que
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en el ensilaje de solo Tifton 85. Ademas, la adicion de subproductos aumento la digestibilidad in vitro de la materia seca
y de la materia organica de los ensilajes resultantes. La mayoria de los tratamientos mostraron estabilidad aerobica hasta
144 horas después de la exposicion al aire, excepto Tifton 85 + residuo de procesamiento de maiz sin inoculante, que
se volvid inestable a las 120 horas de exposicion. La adicion de subproductos en el ensilaje del forraje Tifton 85 parece
beneficiosa, pero parece haber poco beneficio en la adicion de inoculante bacteriano. Se necesitan mas estudios a mayor
escala para confirmar estos resultados preliminares, mientras que los estudios de alimentacion determinarian cualquier
mejora en el rendimiento de los animales cuando se alimentan con ensilaje que contiene subproductos.

Palabras clave: Conservacion de forrajes, digestibilidad, Lactobacillus, pasto tropical, pH, produccion de gas.

Introduction

Grasses of the Cynodon genus are widely used to produce
conserved forages, due to rapid growth rate, high dry
matter production and elevated nutritional value (Souza
et al. 2006). Among these grasses Tifton 85 Bermuda
grass [Cynodon dactylon (L.) Pers.] is of interest, as it
has a higher neutral detergent fiber digestibility and
lower lignin concentration than other cultivars of the
genus (Mandebvu et al. 1999).

Forage from Cynodon species is often ensiled, as an
alternative to hay making because of reduced drying time
(Arriola et al. 2015). However, some characteristics of these
species, such as low levels of soluble carbohydrates and
high humidity at the ideal vegetative stage for harvesting,
may limit the ability to produce quality silages (Evangelista
et al. 2000). In this context, addition of absorbent material,
such as ground cereals and agro-industrial by-products,
can reduce moisture content, thus avoiding losses due
to undesirable fermentation, effluent production and
deterioration (Paziani et al. 2006), as well as improving
chemical and nutritional composition of silage.

Additives with high pectin levels, such as soybean
hulls, have high water-absorption capacity, and even
in forage with high moisture content, pectin can make
water unavailable, thus hindering development of
undesirable microorganisms (Rodrigues et al. 2005).
By-products obtained during maize cleaning and
milling are also high-quality ingredients (Strazzi
2015), which can be added to forage at ensiling to help
reduce moisture concentration and increase nutrient
concentration of resulting silage. Bacterial inoculants
are also used to improve fermentative characteristics of
silage by increasing prevalence of lactic acid bacteria in
the epiphytic population, increasing production of lactic
acid and promoting a drop in pH (Adesogan et al. 2004;
Bernardes and Chizzoti 2012).

Our hypothesis is that simultaneous addition of agro-
industrial by-products and bacterial inoculant at ensiling
of forage will improve nutritional characteristics and
bacterial colonization of resultant silage. Thus, the

objective of this study was to evaluate effects of adding
agro-industrial by-products and bacterial inoculant to
Tifton 85 forage at ensiling on nutritional quality and
bacterial colonization of silage produced after 60 days
of storage.

Materials and Methods

The experiment was carried out in Marechal Candido
Rondon (24°31'51" S, 54°01'02" W; 392 masl), in the state
of Parana, Brazil. The animal experimentation protocol
was approved by the local Ethics Committee on Animal
Use (case no. 06411).

Experimental design and treatments

The design was completely randomized with 6 treatments
distributed in a 2 x 3 factorial arrangement. Treatments
evaluated were silages made from: Tifton 85 forage
(TS); Tifton 85 forage + soybean hulls (TSSH); Tifton
85 forage + corn-processing residue (TSCR); Tifton 85
forage + inoculant (TSI); Tifton 85 forage + soybean
hulls + inoculant (TSSHI); and Tifton 85 forage + corn-
processing residue + inoculant (TSCRI). Each treatment
had 4 replicates, totaling 24 experimental silos.

Forage was harvested from 1.6 ha of Tifton 85 grown
on a red clayey eutrophic Latosol with a clay texture
(Santos et al 2018) and chemical characteristics as
shown in Table 1. At 43 days of regrowth forage was
harvested at 5 cm from ground level with a shredder
coupled to a tractor and ensiled according to the various
treatments. Soybean hulls and corn-processing residue
(Table 2) were added to their respective treatments at
100 g/kg fresh forage, aiming to elevate dry matter
(DM) concentration of ensiled material to 300 g DM/
kg. Inoculant used consisted of Lactobacillus plantarum
with manufacturer-guaranteed levels of 4.0 x 10" colony
forming units (CFU) per gram, Pediococcus acidilatici
(1.0 x 10" CFUlg), cellulase and a carrier. It was
applied to chopped forage using a pressure sprayer at a
concentration of 2 g inoculant/t fresh forage.
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Table 1. Chemical analysis of soil in the area used to produce Tifton 85 forage.

(H,0) P OM K Ca®  Mg» AP (H+Al) SB  CEC BS  Clay
PH (mg/dm?) (cmol /dm®) (%)
5.30 36.1 23.2 0.71 5.19 0.00 4.96 779 12.7 61.1 58.1

OM = organic matter; HtAl = potential acidity; SB = sum of bases; CEC = cation exchange capacity; BS = base saturation.

Table 2. Chemical composition (g/kg dry matter) of Tifton 85
forage, soybean hulls and corn-processing residue.

Variable Fresh Soybean Corn-
Tifton 85 hulls processing

forage residue

Dry matter (g/kg 247 882 890

as ensiled)

Organic matter 910 952 895

Crude protein 132 112 109

Neutral detergent 748 648 491

fiber

Acid detergent 382 464 213

fiber

Subsequently, the forage was homogenized and
stored in experimental PVC silos (10 cm in diameter and
50 cm long), equipped with a Bunsen-type valve. A 5 cm
layer of autoclaved, dry sand was placed in the bottom
of the silo covered by a layer of cotton cloth to drain
liquids. Compaction was performed with a wooden stick
to a compaction density of approximately 1.58 kg fresh
forage per silo (0.003925 m?) resulting in a calculated
specific mass of approximately 402 kg fresh forage/m’.
Caps were applied to the experimental silos and sealed
with adhesive tape before silos were stored at room
temperature for 60 days.

Data collection and analytical procedures

Silos were opened after 60 days of storage and a 5 cm
layer of silage from both ends of the silo was discarded
and remaining material was homogenized and sampled
for analysis. For evaluation of aerobic stability, 300 g
samples of silage from each silo were selected and packed
in plastic flasks at room temperature. Temperatures
of silage in plastic flasks plus room temperature were
measured with a digital probe thermometer daily at
14:00 h for 6 days (144 hours) after opening. An increase
of 2 °C above room temperature was considered as loss
of aerobic stability (O’Kiely et al. 2001).

Evaluation of hydrogen potential (pH) was performed
immediately after silo opening, as described by Cherney
and Cherney (2003). For analysis of ammoniacal
nitrogen (NH,-N), 200 g samples were pressed in a

hydraulic press for juice extraction. Extracted liquid was
used to determine NH,-N by the potassium hydroxide
distillation method, proposed by Fenner (1965) and
adapted by Vieira (1980).

For chemical analysis, samples were dried in a
forced-air oven (55 °C for 72 h) and ground through a 1
mm sieve screen in a Wiley mill (Star FT-80/2, Fortinox,
Piracicaba, SP, Brazil). Samples were analyzed according
to AOAC (1990) methodology for DM (method 934.01),
ash (method 938.08) and crude protein (CP; method
981.10), while neutral detergent fiber (NDF) and acid
detergent fiber (ADF) were determined according to
Van Soest et al. (1991) as adapted to the Ankom?*° Fiber
Analyzer (Ankom Technology, Macedon, NY, USA).
Amounts of organic matter (OM) were calculated as the
difference between ash and total DM. Acid detergent
insoluble protein (ADIP) was obtained from protein
analysis of ADF residue. Total digestible nutrient
concentration (TDN) was estimated according to the
equation described by Kunkle and Bates (1998):

TDN = OM x (26.8 + 0.595 x IVOMD)
where:

TDN= total digestible nutrients;

OM = organic matter; and

IVOMD = in vitro organic matter digestibility.

Dry matter recovery (DMR) was estimated according
to the method of weighing silos and dry matter before
and after ensiling, described by Jobim et al. (2007):

FMop x DMop) 100
D —— X

DMR:(
FMcl x DMcl

where:

FMop = forage mass at opening;

DMop = dry matter % at opening;

FMcl = forage mass at closing; and

DMcl = dry matter % at closing.

Forin vitro procedures, ruminal fluid was collected from
3 Jersey steers fitted with ruminal cannulae. Animals were
grazing Tifton grass pasture and received a concentrate
mix of ground corn, soybean meal and minerals.

In vitro gas production was measured using the
technique described by Theodorou et al. (1994) and
adapted by Mauricio et al. (1999) by means of a wireless
computerized system Ankom RF-Gas production
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system (Ankom Technology, Macedon, NY, USA).
Pressure of gases produced in the bottles was measured
every 10 min for 48 h and then converted to volume.
Volume of accumulated gas was corrected for fermented
DM. Kinetic parameters of ruminal fermentation
were estimated following the bicompartmental model
proposed by Schofield et al. (1994).

In vitro dry matter digestibility (IVDMD) was
estimated using the technique of Tilley and Terry (1963)
and adapted by Holden (1999) using a Daisy" Incubator
(Ankom Technology, Macedon, NY, USA). In vitro
organic matter digestibility (IVOMD) was determined
by burning the remaining residue after incubation. To
determine in vitro cell wall digestibility (IVCWD), we
used the technique of Goering and Van Soest (1970).

Bacterial population was determined using culture
techniques according to Silva et al. (1997). Briefly, 225
mL of sterile distilled water was added to 25 g of silage.
The solution was stirred and considered as dilution
10-'. From this solution, we pipetted 1 mL in successive
dilutions of 102 to 10, using test tubes containing 9
mL distilled water. Subsequently, diluted extracts were
placed in Petri dishes, using 0.1 mL of inoculum per
plate seeded on the surface and 1 mL for plates seeded
at depth.

For determination of enterobacteria numbers,
samples were seeded at depth on plates with Violet Red
Bile Agar and incubated at 35 °C for 24 h. For analysis
of Clostridium spp., samples were seeded on the surface
in plates with Reinforced Clostridial Agar and incubated
under anaerobic conditions at 35 °C for 24 h, using
an incubator with a CO, gas system (TE 399 Tecnal,
Tecnal Laboratory Equipment, Piracicaba, SP, Brazil).
For lactic acid bacteria, samples were seeded on Man,
Rogosa and Sharpe Agar and incubated for 48 h at 37 °C.
After incubation times were reached, plates containing
25-250 colonies were selected for counting. Colony
counting was performed using a Quebec Counter (CP
608, Phoenix Luferco, Araraquara, SP, Brazil) and
values were transformed into log base 10.

Statistical analyses

All statistical analyses were performed using the
MIXED procedure of SAS (Statistical Analysis System,
version 9.2; SAS Institute Inc., Cary, NC, USA). The
experimental design was completely randomized in a
2 x 3 factorial scheme (inoculant x by-products). The
mathematical model adopted was:
Yijk:u+Ij+Bk+IBjk+8ijkl’

where:

Y, =temperature value at a given aerobic exposure period;

p = overall mean;

Ij = fixed effect of inoculant;

B, = fixed effect of by-product;

IB, = effect of interaction between inoculant and by-
product; and

€ = random error.

Data were submitted to analysis of variance and
when significant, effects of agro-industrial by-product,
inoculant and their interaction were compared using the
Tukey test. Significance was reported at P<0.05.

Silage temperature during aerobic exposure was
analyzed as repeated measurements over time. The
mathematical model adopted was:

Ylel:H+II+B_|+IBU+81_|k+Tl+BTJI+IBTUl+81_|kl’
where:

Y, = temperature value at a given aerobic exposure
period;

p = overall mean;

I, = fixed effect of inoculant;

B, = fixed effect of by-product;

IB, = effect of interaction between inoculant and by-
product;

Sijk = random effect of silo;

T, = fixed effect of aerobic exposure period;

BT, = interaction effect between by-product and
aerobic exposure period;
IBT, = interaction effect between inoculant, by-

product and aerobic exposure period; and

€ = random error.

Covariance structure was chosen by considering
the lowest Akaike Information Criterion. Structures of
covariance tested included variance compounds (VC),
compound symmetry (CS), first-order autoregressive
(AR (1)) and unstructured (UN).

Results
Chemical composition and in vitro nutritional evaluation

There were significant interactions between by-product
and inoculant for concentrations of organic matter
(OM) and acid detergent insoluble protein (ADIP) only.
Addition of by-products increased DM concentration
in silages (P<0.05), with highest values occurring in
TSCR followed by TSSH and then TS (P<0.05; Table 3).
Organic matter concentration was greater for TSCR and
TSSH than for TS (P<0.05) without inoculant but in the
presence of inoculant OM for TSSH was greater than
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for both TSCR and TS. Crude protein concentration for
TSSH was greater than for TS independent of inoculant
(P<0.05). Concentration of ADIP in the absence of
inoculant was greater for TS and TSSH than for TSCR,
while in the presence of inoculant ADIP was similar for
all silages. However, adding inoculant reduced ADIP
for TS and TSSH but raised ADIP for TSCR (P<0.05).
Neutral detergent fiber and ADF were influenced by
type of by-product used, with lowest values for TSCR
regardless of inoculant (P<0.05). Total digestible
nutrient values for TSSH and TSCR were higher than
for TS (P<0.05) with no effect of inoculant. Dry matter
recovery was not influenced by addition of inoculant or
by-product (P>0.05).

Regarding in vitro gas production (Table 4), production
of gas from the rapidly degradable (Fraction A) and
slowly degradable (D) fractions was higher in TSSH
than in TS (P<0.05) with no effect of inoculant (P>0.05).
However, total gas production (A + D) followed the order
TSSH>TSCR>TS (P<0.05). There were interactions
between by-product and inoculant for degradation rates
of rapidly (B) and slowly degradable (E) fractions and
time for bacterial colonization (C) (P<0.05). For B, by-
product had no significant effect (P>0.05), while inoculant

addition slowed rate of degradation for TS (P<0.05). In
absence of inoculant, E for TS exceeded those for TSSH
and TSCR, while there was no effect of by-product when
inoculant was added. For TS adding inoculant slowed rate
of degradation (P<0.05). In absence of inoculant, lag time
for bacterial colonization (C) for TS was greater than for
TSSH and TSCR (P<0.05), while in presence of inoculant,
by-product had no effect (P>0.05). Interestingly adding
inoculant shortened time for colonization for TS but
lengthened it for TSCR (P<0.05).

In vitro dry matter digestibility and IVOMD were
influenced by use of by-products (P<0.05), being higher for
TSSH and TSCR than for TS, with no effect of inoculant
(P>0.05) (Table 4). In vitro cell wall degradability
(IVCWD) followed the order TSSH>TS>TSCR (P<0.05),
with no effect of inoculant.

Bacterial colonization and aerobic stability

There weresignificantby-product x inoculantinteractions
for hydrogen potential (pH) and concentration of NH,-N,
plus numbers of lactic acid bacteria, enterobacteria and
Clostridium spp. (P<0.05; Table 5). While pH in TSCR
was lower than in other silages regardless of the use or

Table 3. Chemical composition and dry matter recovery (g/kg DM) of Tifton 85 silages following addition of agro-industrial by-

products and bacterial inoculant at ensiling.

Variable Inoculant By-product s.e.m. Inoculant.  By-product Inoc. x
TS TSSH TSCR By-pr.

DM (g/kg Without 237¢! 294b 310a 3.44 0.20 <0.01 0.79

fresh silage) yith 240c 303b 314a

OM Without 898bA 914aA 910aA2 1.08 0.10 <0.01 <0.01
With 901bA 914aA 904bB

CP (g/kg Without 110b 119a 118ab 1.74 0.12 0.01 0.27

CP) With 109b 118a 110ab

ADIP Without 66.1aA 64.5aA 44.6bB 1.91 0.13 <0.01 <0.01
With 56.4aB 58.2aB 53.2aA

NDF Without 675a 689a 601b 5.96 0.18 <0.01 0.36
With 693a 684a 618b

ADF Without 397b 422a 346¢ 343 0.89 <0.01 0.48
With 402b 415a 345¢

TDN Without 577b 646a 649a 8.73 0.76 <0.01 0.45
With 586b 662a 634a

DMR Without 911 956 988 18.6 0.13 0.24 0.06
With 979 986 962

"Means within rows followed by different lower-case letters are different (P<0.05). 2Means within columns and variables followed
by different upper-case letters are different (P<0.05). TS = Tifton 85 silage; TSSH = TS + soybean hulls silage; TSCR = TS + corn
residue silage; DM = dry matter; OM = organic matter; CP = crude protein; ADIP = acid detergent insoluble protein; NDF = neutral
detergent fiber; ADF = acid detergent fiber; TDN = total digestible nutrients; DMR = dry matter recovery.

Tropical Grasslands-Forrajes Tropicales (ISSN: 2346-3775)




Use of agro-industrial by-products and inoculant in Tifton 85 silages 209

Table 4. In vitro gas production (mL/100 mg fermented dry matter), degradation rates and in vitro digestibility (g/kg dry matter)

of Tifton 85 silages as affected by addition of agro-industrial by-product and bacterial inoculant.

Variable Inoculant By-product s.e.m. Inoculant.  By-product Inoc. x
TS TSSH TSCR By-pr.

A(mL) Without 4.68b! 8.56a 6.84ab 0.62 0.73 0.03 0.45
With 5.63b 7.23a 6.46ab

B (DR of A Without 0.16A2 0.11A 0.15A 0.016 0.08 075 0.04

mL/h) With 0.09B 0.13A 0.11A

C (lag Without 5.05aA 2.14bA 0.19bB 0.57 0.54 <0.01 <0.01

time/h) With 2.17aB 2.30aA 2.03aA

D (mL) Without 11.9b 17.8a 14.6ab 0.87 0.83 <0.01 0.85
With 12.0b 16.7a 14.9ab

E(DRof D  Without 0.05aA 0.04bA 0.04bA 0.002 0.02 <0.01 <0.01

mL/h) With 0.04aB 0.04aA 0.04aA

A+D (mL)  Without 16.6¢ 26.3a 21.4b 0.89 0.65 <0.01 0.42
With 17.6¢ 24.0a 21.4b

IVDMD Without 606b 702a 714a 14.8 0.62 <0.01 0.60
With 619b 730a 699a

IVOMD Without 629b 736a 747a 16.1 0.68 <0.01 0.58
With 642b 766a 728a

IVCWD Without 632b 711a 588¢ 8.04 0.45 <0.01 0.36
With 627b 685a 596¢

"Means within rows followed by different lower-case letters are different (P<0.05). 2Means within columns and variables followed
by different upper-case letters are different (P<0.05). TS = Tifton 85 silage; TSSH = TS + soybean hulls silage; TSCR =TS + corn
residue silage; A = gas volume produced from rapidly degradable fraction; B = degradation rate of rapidly degradable fraction
(Fraction A) in mL per hour; DR of A = degradation rate of fraction A; C = lag time for bacterial colonization; D = gas volume
produced from slowly degradable fraction; E = degradation rate of slowly degradable fraction (fraction D) in mL per hour; DR
of D = degradation rate of fraction D; IVDMD: in vitro dry matter digestibility; [IVOMD = in vitro organic matter digestibility;

IVCWD = in vitro cell wall digestibility.

Table 5. Hydrogen potential (pH), ammonia nitrogen concentration (NH,-N, g/kg total N) and bacterial colonization (log CFU/g)

of Tifton 85 silages as affected by addition of agro-industrial by-products and bacterial inoculant.

Variable Inoculant By-product s.e.m. Inoculant.  By-product Inoc. x
TS TSSH TSCR By-pr.
pH Without 5.10aA! 5.54aA? 3.56bB 0.12 0.96 <0.01 <0.01
With 5.11aA 4.85aB 4.23bA
NH,-N Without 62.7aA 79.0aA 22.1bA 7.02 0.52 <0.01 0.02
With 72.2aA 48.9abB 31.5bA
Lactic acid Without 7.00aA 7.19aA 5.84bB 0.18 <0.01 <0.01 <0.01
bacteria With 7.28aA 6.98aA 7.15aA
Enterobacteria Without 4.23aA 4.17aA 0.50bA 0.64 0.29 <0.01 0.02
With 4.74aA 1.33bB 1.12bA
Clostridium Without 7.06aA 7.17aA 5.94bB 0.21 0.04 <0.01 0.04
Spp. With 7.18aA 7.14aA 6.98aA

"Means within rows followed by different lower-case letters are different (P<0.05); 2Means within columns and variables followed
by different upper-case letters are different (P<0.05). TS = Tifton 85 silage; TSSH = TS + soybean hulls silage; TSCR = TS + corn
residue silage; Inoc = inoculant; By-pr = by-product.
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not of inoculant, adding inoculant lowered pH in TSSH
and raised it in TSCR (P<0.05). Concentration of NH -N
followed a similar pattern with TS and TSSH producing
higher levels than TSCR in the absence of inoculant,
while only TS exceeded TSCR with inoculant (P<0.05).
Adding inoculant had an effect only for TSSH, where
inoculant lowered NH,-N concentration (P<0.05).
Populations of lactic acid bacteria, enterobacteria and
Clostridium spp. were lower for TSCR than for TS
and TSSH in absence of inoculant (P<0.05). However,
in treatments with inoculant addition, populations
of enterobacteria were the only ones affected by by-
products with TS>TSSH and TSCR (P<0.05).

Silo temperatures showed an interaction between
inoculant, by-product and aerobic exposure period
(P<0.05). All silages were still aerobically stable at 144
hours after exposure to air (Figure 1), except for TSCR
without inoculant, which broke stability by 120 hours.

Exposure o kir (&)

Teamparature (C)

I T% without inooulant
=1 TSEH without moonl mi
s T5CE without ineos lant
=-=== Ambuént lenperabure

Figure 1. Aerobic stability of Tifton 85 silage (TS), Tifton 85 +
soybean hulls silage (TSSH) and Tifton 85 + corn- processing
residue silage (TSCR) with or without addition of bacterial
inoculant during 144 hours of exposure to air.

== T5 with inoculant
=1 T55H with inoculant
= TSCR with inoculant
¥ Breaking aerobic stabalty

Discussion

This study has produced valuable information on benefits
of adding soybean hulls and corn-processing residue to
Tifton 85 forage prior to ensiling and any additional benefit
of adding bacterial inoculant. Inclusion of corn-processing
residue and soybean hulls promoted an increase in both DM
and OM of the silages. According to Rotz and Muck (1994),
DM concentration of around 300 g/kg may reduce potential
for undesirable fermentation and effluent production, which
would reduce losses during storage. Andrade et al. (2012)
added corn meal and soybean hulls to elephant grass at
ensiling and showed that these additives were good options
for increasing DM percentage, improving fermentation
standard and reducing losses via effluent.

Crude protein concentration was not affected markedly
by addition of agro-industrial by-products. This is scarcely
surprising as CP% of Tifton 85 silage was 11.0 %, while
CP% of soybean hulls was only 11.2 % and of corn-
processing residue was 10.9 %. Despite this, CP% of the
silages ranged from 10.9 to 11.9 %, which is adequate for
feeding to non-lactating animals, although lactating cows
would need protein supplements, if fed solely on these
silages. Neres et al. (2014) obtained a similar result, when
evaluating benefits of additives to Tifton 85 forage ensiled
at 38 days of vegetative growth. These authors found no
differences in CP% between treatments with soybean hulls
added and Control (17.6 and 17.3 %, respectively).

With regard to ADIP concentrations in the silages,
values for all treatments with inoculant plus TSCR without
inoculant were lower than for TS and TSSH without
inoculant. Acid detergent insoluble protein is lignin-
associated protein that occurs due to non-enzymatic
reactions with heating of the ensiled mass (Maillard
reactions) and reduces protein digestibility (Van Soest 1994).
According to Kung Jr et al. (2018), when excessive amounts
of air are retained in forage mass at ensiling, temperatures
increase and can reach above 45—60 °C. When this occurs
for a prolonged period, it may lead to protein being heat-
damaged with increase in ADIP. However, in the present
study all treatments were ensiled at the same pressure with
similar specific mass, so it is difficult to associate elevated
ADIP levels in some treatments with heat damage due to
presence of additional air in those silages.

Neutral detergent fiber and ADF concentrations in
silage were influenced by type of by-products used,
with lowest levels in TSCR treatments. Lower fiber
concentrations in corn-processing residue would have
been a contributing factor, as portions of corn grain are
included in this by-product. As a result of composition of
silages with by-product additives, TDN concentrations in
these silages were higher than in straight Tifton 85 silage.

Dry matter recovery was not influenced by treatment
and values varied between 911 and 988 g/kg. In evaluating
Tifton 85 silages with different additives, Neres et al. (2014)
also found no benefit from additives, with mean values of
813 g/kg, well below those obtained in this study. Santos
et al. (2014) evaluated the use of bacterial inoculant in
guinea grass silages (Megathyrsus maximus syn. Panicum
maximum) and obtained higher DMR in treatments with
homofermentative inoculant and attributed this outcome to
better fermentation profile in these silages resulting from
inhibition of undesirable microorganisms. Higher DMR
values are desirable as they indicate lower losses during
the ensiling process (Quaresma et al. 2010).
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In vitro gas production from feedstuffs can be used to
estimate their nutritional value (Silva et al. 2014), based on
total volume of gases produced by fermentation of nutrients.
In terms of gas production from rapidly degradable
fraction (A), highest values occurred when soybean hulls
were used, with intermediate values following addition of
corn-processing residue, indicating that addition of agro-
industrial by-products at ensiling of tropical grasses can
increase concentration of non-fibrous carbohydrates in
resulting silage.

In slowly degradable fraction (D), TSSH again had
higher gas production regardless of use or not of inoculant,
whichis consistent with greaterin vitro cell wall digestibility
(IVCWD) for these treatments. Higher NDF degradability
allows better microbial fermentation, which in turn can
increase energy availability of the diet (Arroquy et al.
2014). Higher proportion of gas production from fraction
D, relative to fraction A, is due to characteristics of the
forage, in which fibrous fractions predominate, coupled
with low levels of soluble carbohydrates characteristic of
tropical grasses (Adesogan et al. 2004).

In terms of total gas production (A+D), inclusion of
soybean hulls produced the highest values, followed
by corn-processing residue, with lowest values for TS
treatments. These results are consistent with IVDMD
and IVOMD, which also increased following inclusion
of soybean hulls and corn-processing residue. Agro-
industrial by-products improved nutritional value of Tifton
85 silage, indicating their potential for improving animal
performance when silages are fed.

Regarding IVCWD, best results were with TSSH (698
g/kg DM), followed by TS (635 g/kg DM) and TSCR (592
g/kg DM). Soybean hulls have high NDF digestibility
(Zambom et al. 2001) and are an appropriate additive when
making tropical grass silages, since this characteristic of
fodder is correlated with DM intake and milk production
(Oba and Allen 1999).

Addition of corn-processing residue, regardless of use
or not of inoculant, promoted lower silage pH, which may
be related to greater concentration of available substrates
for lactic acid bacteria. It is important to note that only
TSCR silages (with and without inoculant) remained
below pH of 4.7, described by Kung Jr et al. (2018) as the
maximum acceptable limit for grass silages. Andrade
et al. (2012) evaluated elephant grass silages containing
additives at 100 g by-product per kg fresh forage and pH
of silages containing corn residue was lower than for those
containing soybean hulls (3.49 vs. 4.3, respectively).

Concentration of NH,-N normally found in grass
silages varies from 80 to 120 g/kg total N (Kung Jr et al.

2018); however, in our study, all treatments remained below
these values, indicating good silage quality. Formation
of NH,-N occurs due to a group of proteolytic clostridia
(Clostridium spp.), which develop when pH is above 5.0
(Driehuis 2013). This relationship between pH level and
development of proteolytic clostridia can be evidenced in
this study, since lowest NH,-N values occurred for TSCR
with and without inoculant and for TSSH with inoculant,
which also had pH below 5.0. However, it is important to
note that populations of clostridia evaluated in the present
study were high for all treatments. This may have occurred
because some species of non-proteolytic clostridia tolerate
pH values down to 4.2 (Driehuis 2013), which would
explain the high population of these microorganisms in
silages with lesser NH,-N concentration.

Regarding lactic acid bacteria, TSCR without
inoculant had the lowest population. Low pH values for
this treatment are indicative of more-intense fermentation
soon after ensiling, which may have caused reduction in
concentration of substrates and later in the population of
lactic acid bacteria. Use of bacterial inoculant containing
Lactobacillus plantarum and Pediococcus acidilatici
increased the population of lactic acid bacteria in
TSCR, but did not show this effect for TS and TSSH. By
comparison, Neres et al. (2013) evaluated Tifton 85 without
and with addition of soybean hulls, corn grits or inoculant
at ensiling and found no differences in populations of lactic
acid bacteria in resulting silages.

Concomitant with lactic fermentation, enterobacteria
are also present during initial stages of fermentation
and compete with lactic acid bacteria for nutrients,
reducing silage quality. Rapid pH decline in the ensiled
mass to values below 4.5 is desirable to inhibit these
microorganisms (Driehuis 2013). In fact, in the present
study, smallest population of enterobacteria was observed
in treatments with lower pH (TSCR with and without
inoculant and TSSH with inoculant), while treatments that
showed pH above 5.0 (TS with and without inoculant and
TSSH with inoculant) had higher counts of enterobacteria
(>4 log CFU/g).

There was no loss of aerobic stability in silages, except
for TSCR without inoculant, which warmed to 2 °C
above room temperature by 120 hours of exposure to air.
Penetration of air into the silage mass results in growth
of yeasts, which assimilate lactate causing an increase in
temperature and pH (Kung Jr et al. 2018). This increase
in pH allows growth of aerobic bacteria and fungi that
increases temperature further, causing deterioration in
silage quality (Muck 2013). Thus, loss of aerobic stability
in TSCR without inoculant may be related to higher
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availability of substrate for aerobic microorganisms, since
lowest pH values were found in this treatment, indicating
higher production of lactic acid.

Results of the present study showed that inclusion of
soybean hulls and corn-processing residue with Tifton 85
forage at ensiling improved nutritional value of resulting
silage, but only corn-processing residue improved bacterial
colonization. Addition of these by-products to this forage at
ensiling could be considered desirable but there seems little
merit in including bacterial inoculant. Further studies on a
larger scale should be conducted to confirm these initial
laboratory findings and feeding studies with the various
silages would determine if apparent improvement in silage
quality was reflected in improved animal performance.
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Influence of plant population density of Chamaecrista rotundifolia on
its value for hay making in the Eastern Amazon, Brazil

Efecto de la densidad de plantas de Chamaecrista rotundifolia en su
potencial para henificacion en la Amazonia Oriental, Brasil
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Abstract

Chamaecrista rotundifolia is a forage legume little used with Brazilian livestock; however, it has been studied for this
purpose for over 40 years in Australia. The aim of this study was to characterize the influence of plant densities of
approximately 444,400, 111,100 and 27,800 plants/ha (equivalent to spacings of 0.15 x 0.15; 0.30 x 0.30 and 0.60 x 0.60
m) on quantitative and qualitative parameters of C. rotundifolia grown in pure stands as forage under exclusive cropping
for hay. While leaf dry matter yields in the first 93 days after planting ranged from 1.48 to 9.32 t DM/ha, declining
to 0.71-4.92 t DM/ha in the subsequent 83 days, crude protein concentration of the material was only 7-8 %. Since
this species tends to lose leaf during periods of stress, larger paddock studies are needed to determine how well leaf
material is retained under conventional hay-making conditions. Optimal stubble height following harvesting should be
investigated in an endeavor to increase DM yields at second harvest along with improved survival of plants.

Keywords: Animal nutrition; fodder conservation; forage legumes; plant morphology.
Resumen

Chamaecrista rotundifolia es una leguminosa forrajera poco utilizada con el ganado brasilefio; sin embargo, se ha
estudiado para este propdsito durante mas de 40 anos en Australia. El objetivo de este estudio fue caracterizar la
influencia de densidades de plantas de aproximadamente 444,400, 111,100 y 27,800 plantas/ha (equivalente a espaciados
de 0.15 x 0.15; 0.30 x 0.30 y 0.60 x 0.60 m) sobre parametros cuantitativos y cualitativos de C. rotundifolia cultivado en
masas puras como forraje bajo cultivos exclusivos para heno. Mientras que el rendimiento de materia seca de las hojas
en los primeros 93 dias después de la siembra oscild entre 1.48 y 9.32 t MS/ha, posteriormente descendi6 a 0.71-4.92
t MS/ha en los 83 dias posteriores. La concentracion de proteina bruta del material fue solo del 7-8 %. Dado que esta
especie tiende a perder hojas durante los periodos de estrés, se necesitan estudios mas amplios en los potreros para
determinar qué tan bien se retiene el material vegetativo en las condiciones convencionales de produccion de heno. Se
debe investigar la altura 6ptima del rastrojo después de la cosecha en un esfuerzo por aumentar los rendimientos de M'S
en la segunda cosecha junto con una mejor supervivencia de las plantas.

Palabras clave: Conservacion de forraje; leguminosa forrajera; morfologia; nutricion animal.
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Introduction

Legume hay is primarily made from alfalfa, although
there are many alternative legumes, mainly in tropical
environments. Chamaecrista rotundifolia (Pers.) Greene
is a legume native to South America (Argentina, Bolivia,
Brazil, Colombia, Paraguay, Uruguay and Venezuela),
Central America (Costa Rica and Panama) and North
America (Mexico) and is naturalized in countries such as
the USA and in Africa, in addition to being studied and
used as forage for more than 40 years in Australia. It is a
weak perennial or self-regenerating annual (in areas with
heavy frost or a long dry season) with prostrate growth
when young; when older its floral branches tend to die.
The main stem is erect to about 1 m high (rarely to 2.5 m)
and laterals are ascendant with stems of 0.45—1.1 m long
(Cook et al. 2020). According to Strickland et al. (1985),
Cruz (1996) and Abreu et al. (2020) this is an interesting
species with forage potential, which has stimulated
research into cropping techniques and use for animal feed.

Under high-density pure stands (0.25 x 0.25 m) in
tropical areas, C. rotundifolia yields of up to 22.4 t DM/
ha with protein concentration of 8.0 % at 133 days after
planting have been obtained (Abreu et al. 2020). These data
suggest that the species could be utilized for hay production
via mechanical harvesting. Lopes (2001), reporting on
the species’s potential for green manure, recommended
planting of C. rotundifolia under spacings of 0.5 and 1.0 m
for biomass and seed production, respectively.

High nutrient composition of legumes makes them
ideal for hay production, while characteristics such as
ease of dehydration and leaf retention are also highly
desirable. Several factors which are intrinsic to forage
plants, e.g. cuticle thickness, diameter and length of
stem and leaf:stem ratio, can have impacts on the drying
process (Neres et al. 2010).

There are information gaps in  cropping
recommendations for legumes, mainly interms of exclusive
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cropping for hay production. While growing species in
pure stands facilitates hay production, plant density can
affect forage yield and quality as a consequence of plant
competition. Density effects may vary among species;
for example, the biomass of individual plants of Arachis
pintoi cultivar ‘Belmonte’ was reduced dramatically when
planted at high density, but the total yield per unit area
increased (Mamédio et al. 2020).

We hypothesized that a similar situation would
occur with C. rotundifolia and designed this study to
quantify the influence of plant density on quantitative
and qualitative parameters of this legume in pure stands.

Materials and Methods

The study was carried out on the experimental area
at Universidade Federal Rural da Amazoénia (UFRA),
Campus Paragominas, Pard state, Brazil (2°5926" S,
47°24'24" W), between December 2018 and June 2019. The
climate of Koppen’s Aw zone is characterized by a distinct
rainy season and a 6-month dry season (Bastos et al. 1993).
Average temperature during the experimental period was
30.8 °C with total precipitation of 2,082 mm (Figure 1).

The soil is Typic Hapludox (uniform, deep, clayey)
and physical analysis of the soil indicated composition
of 77, 12.6 and 10 % of clay, silt and sand, respectively.
Chemical analyses showed: pH (CaCl)) — 5.1; P resin
(phosphorus) — 19 mg/dm?*; K (potassium) — 3.7 mmolc/
dm?; Ca (calcium) — 14 mmolc/dm?; Mg (magnesium) — 5
mmolc/dm?; H+Al (potential acidity) — 20 mmolc/dm?;
and V (base saturation) — 54 %. While C. rotundifolia
is well adapted to soils with low pH and base saturation,
1.3 t limestone/ha with total relative neutralizing power
of 88 % was applied in September 2018, according to
the base saturation method (V%) to elevate the base
saturation of soil to 70 % (Hohnwald et al. 2005).

Seeds from native Brazilian plants of Chaemacrista
rotundifolia (Pers) Greene var. rotundifolia were
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Figure 1. Monthly precipitation and mean temperature during the experimental period (INMET 2019).
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collected manually and treated with hot water at 80 °C
for 30 sec followed by immersion in water at room
temperature (30 °C) for 12 hours to break seed dormancy
(Gomes et al. 2021). Seedlings of Chamaecrista were
then produced on trays with substrate in a greenhouse
and the experiment was established by transplanting
seedlings on 28 December 2018.

Weeds were controlled manually during the experimental
period. Fertilizers were applied according to Hohnwald et
al. (2005) with 8.9 kg P/ha as simple superphosphate at
transplanting of seedlings and 7.5 kg N/ha as urea and 6.7
kg K/ha as potassium chloride after 7 days.

A randomized complete block design was used.
Treatments comprised 3 planting densities (approx.
444,400, 111,100 and 27,800 plants/ha; treated as high,
intermediate and low densities), equivalent to plant
spacings of 0.15 x 0.15, 0.30 x 0.30 and 0.60 x 0.60 m,
respectively, with 7 replications. Plot size was 1.8 x
1.8 m. In February and March (before the canopy was
closed) leaf necrosis was observed in young plants,
possibly caused by incidence of fungi favored by
high rainfall and low soil drainage, independently of
treatment. We controlled this problem by spraying plants
with a solution of 2.3 kg copper oxide in 300 L water per
hectare, while at the second harvest (in the dry season)
no symptoms of necrosis were observed.

Harvests were carried out based on visual assessment,
aiming at harvesting with a balance between forage
production and quality, as well as allowing natural
reseeding, i.e. plants had more than 50 % of open pods
(Abreu et al. 2020). The first harvest was performed on 31
March 2019, i.e. 93 days after transplanting of seedlings,
while the second occurred after a further 83 days on 22
June 2019 at the beginning of the dry season. At sampling
for each harvest 3 whole plants in the central area (1 m?)
from each plot were selected, although the branches were
spread over a larger area. The 3 plants were harvested
at 5 cm from ground level and harvested material was
separated manually into stem and leaf. Plant components
were weighed and diameter (StD) and length (StL) of
stems were recorded. Average diameter was determined
by taking measurements at 3 points along the main stems
using a digital caliper, while average length was measured
on main stems using a tape.

Plant components were dried in a forced-air
circulation oven at 65 °C for 72 hours and weighed to
determine dry matter yield. Samples from the first
harvest were ground in a Willey mill prior to chemical
analysis. Chemical analyses of plant components were
performed as follows: dry matter (DM) by oven-drying

at 105 °C; crude protein (CP) by microKjeldahl method
according to AOAC (2011); and neutral detergent fiber
and acid detergent fiber using the autoclave method
described in Detmann et al. (2012).

Data were organized using Excel® and were tested
for normality by the Shapiro-Wilk technique before
statistical analysis and any variable that failed to
follow a normal distribution was transformed through
the procedure of BOX-COX from package “fpp” on
software R. All data were analyzed by ANOVA using
the packages “expdoes.pt”, “emmeans” and “agricolae”
from software R as a randomized complete block design
with 3 planting densities and 2 harvest dates as fixed
factors. To test for significance, variables were compared
by Tukey test at P<0.05 by command “pwpm”.

Results

Significant interactions between plant density and harvest
date for DM production of C. rotundifolia leaves were
recorded (Table 1). Leaf yield per plant decreased and leaf
yield/ha increased progressively as plant density increased
(P<0.05; Table 1). In general, leaf yields at the first harvest
were superior to those at the second harvest (Table 1).

Table 1. Effects of plant spacing and harvest on leaf dry
matter production (LDM) of Chamaecrista rotundifolia.

LDM (g/plant) LDM (t/ha)
Plant density! Harvest 1 Harvest2 Harvest1 Harvest2

0.60 x0.60m 53.5Aa  25.6Ba 1.48Ac 0.71Ab
030x030m 52.6Aa 22.2Bab 5.65Ab  2.39Bb
0.15x0.15m 21.0Ab 11.1Bb 9.32Aa 4.92Ba
P value <0.001 0.0085

CV (%) 26.9 35.9

Ndentified as low, intermediate and high density, respectively.
Means within columns followed by same lower-case letters
and within rows and parameters followed by same upper-case
letters do not differ significantly (P>0.05) by Tukey test.

There was no significant interaction between plant
spacing and harvest date for production of C. rotundifolia
stem, but plant density influenced yields (Table 2). Stem
production per plant was greater at the 2 wider plant
spacings than at the narrow spacing, while production
per ha increased as density increased (P<0.05; Table 2).
Stem yields were independent of harvest date (P = 0.08).

There was no significant interaction between plant
density and harvest date for leaf:stem ratio of plants, but
plant density (P = 0.0046) and harvest date (P<0.001)
each had significant effects (Table 3). The highest
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leaf:stem ratios were found at the low and intermediate
plant densities, while leafistem ratio at the first harvest
was greater than at the second harvest (Table 3).

Table 2. Effects of plant density and harvest date on stem dry
matter (SDM) production of Chamaecrista rotundifolia.

SDM (g/plant) SDM (t/ha)

Plant density"

0.60 x 0.60 m 42.0a 1.18¢

0.30 x 0.30 m 39.2a 4.39b

0.15 x0.15m 25.3b 11.29a

P value <0.001 <0.001

CV (%) 6.01 11.37
Harvest

Harvest 1 0.68a 4.19a

Harvest 2 0.66a 3.57a

P value 0.0800 0.0810

CV (%) 6.01 11.37

Tdentified as low, intermediate and high density, respectively.
Means within columns followed by same letters do not differ
significantly (P>0.05) by Tukey's test.

Table 3. Effects of plant density and harvest date on leaf:stem
ratio of Chamaecrista rotundifolia.

Plant density" Leaf:stem ratio
0.60 x 0.60 m 0.90a
0.30 x 0.30 m 0.89a
0.15 x0.15m 0.61b
P value 0.0046
CV (%) 29.8

Harvest
Harvest 1 1.04a
Harvest 2 0.56b
P value <0.001
CV (%) 29.8

Tdentified as low, intermediate and high density, respectively.
Means within columns and parameters followed by same
letters do not differ significantly (P>0.05) by Tukey's test.

There was no interaction between plant density
and harvest date for total DM production per plant
or per hectare (Table 4). However, both density and
harvest date influenced total DM production. Low and
intermediate plant densities presented higher yields per
plant than high plant density (P<0.001); on the other
hand, production per hectare was directly related to plant
density (P<0.001), i.e. highest production occurred at the
highest plant density and lowest production at the lowest
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plant density. Highest yields per plant and per hectare
occurred at the first harvest (Table 4).

There was no significant interaction between plant
density and harvest date for stem length (StL) (P>0.05),
but intermediate plant density showed greater stem length
than high plant density (P = 0.0065; Table 5). However, a
significant interaction between plant density and harvest
date occurred for stem diameter with no effect of plant
density on stem diameter at the first harvest, while stem
diameter at the low plant density exceeded that at the high
density at the second harvest (P = 0.0046).

Chemical analyses of forage from the first harvest
showed that plant density affected all parameters,
except for CP and H concentrations in stem (Table 6).
In general, CP, NDF, ADF and H concentrations in leaf
and NDF and ADF concentrations in stem were lowest
(P<0.05) at the high plant density.

Table 4. Total DM production (leaf plus stem) per plant and
per hectare.

Plant density’ Total production ~ Total production
(g/plant) (t/ha)

0.60 x 0.60 m 80.0a 2.32¢
0.30 x 0.30 m 73.8a 8.68b
0.15x0.15m 40.9b 19.56a
P value <0.001 <0.001
CV (%) 5.9 39.7

Harvest
Harvest 1 76.6a 12.02a
Harvest 2 50.6b 8.36b
P value <0.001 0.0064
CV (%) 5.9 39.7

"Tdentified as low, intermediate and high density, respectively.
Means within columns and parameters followed by same
letters do not differ significantly (P>0.05) by Tukey's test.

Table 5. Effects of plant density and harvest date on length
(StL) and diameter (StD) of stems of C. rotundifolia.

Plant density! StL (cm) StD (mm)
Harvest 1 Harvest 2
0.60 x 0.60 m 73.1ba 2.67Aa 2.31Ba
0.30 x 0.30 m 76.9a 2.87Aa 2.04Bab
0.15 x 0.15m 63.3b 2.91Aa 1.95Bb
P value 0.0065 P value 0.0046
CV (%) 19.0 CV (%) 18.1

Tdentified as low, intermediate and high density, respectively.
Means within columns followed by the same lower-case letter
and within rows for StD followed by the same upper-case
letter do not differ significantly (P>0.05) by Tukey test.
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Table 6. Effects of plant density on crude protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF) and hemicellulose
(H) concentrations in leaf and stem of Chamaecrista rotundifolia.

Plant density’ Leaf Stem

CP NDF ADF H CP NDF ADF H
0.60 x 0.60 m 10.3a 49.4a 28.4ab 21.1a 6.5a 75.7a 58.6b 16.2a
0.30 x 0.30 m 9.6ab 51.9a 30.5a 22.6a 6.2a 77.5a 6l.1a 16.4a
0.15x0.15m 8.6b 42.2b 26.0b 16.2b 5.6a 68.9b 52.6¢ 16.3a
P value 0.0298 <0.001 <0.001 <0.001 0.2439 <0.001 <0.001 0.9571
CV (%) 12.9 10.5 10.5 16.2 12.9 6.1 7.3 6.7

dentified as low, intermediate and high density, respectively.

Means within columns followed by same letters do not differ significantly at P<0.05 by the Tukey test.

Discussion

This study has produced some valuable information
on growth of C. rotundifolia when planted at different
densities in pure stands in Brazil. These data provide
an indication of likely yield and quality of this species
in the particular environment. C. rotundifolia showed
high potential for leaf production at the first harvest,
mainly at the high plant density (Table 1), with markedly
lower production (30 % lower) at the second harvest. The
reduced yields at the second harvest could be a function
of this growth period extending into the beginning of
the dry season, combined with forage being harvested
at near ground level at the first harvest. Total production
(Table 4) of the intermediate treatment (0.3 x 0.3 m)
was similar to that of Abreu et al. (2020) at similar plant
density (0.25 x 0.25 m), although only one harvest was
performed at 133 days after transplanting seedlings.

Virtually no rain was registered after 30 April. Cruz
et al. (1999) evaluated accession CIAT 7792 and found
no difference in DM production during dry and wet
periods, which are characteristic of the Amazon climate.
These authors found annual DM yields of 3.55 and 3.39
t/ha for leaf and stem, respectively, in plants spaced
at 0.50 m. The magnitude of difference between the 2
studies can be justified by the different soil types, since
we cultivated C. rotundifolia on a clay soil with N:P:K
fertilizer application, while Cruz et al. (1999) evaluated
C. rotundifolia in sandy soil without fertilizer, and used
a different accession and harvest height (30 cm above
ground).

Harvesting plants at 5 cm from ground level resulted
in long recovery periods following harvesting. It is
suggested that harvesting this species near ground level
should be avoided to prevent low yields at subsequent
harvests. In addition, higher harvest heights should be

investigated, since Lopes (2001), in similar climatic
conditions, but in sandy soil, obtained up to 6 harvests
per year with intervals between harvests of 56 days and
cutting at 30 cm above the soil surface. Yields reached
17 t DM/ha from a single harvest at 6 months of age or
a total yield of 25 t DM/ha with 3 harvests at 4, 7 and 14
months of age.

Although C. rotundifolia is characterized as a
prostrate subshrub or small shrub, plant density
and harvesting close to ground level can modify the
morphological composition of plants, mainly due to
competition for light and nutrients or reduction in
amount of photosynthetic tissue, respectively. Different
planting densities influenced diameter and length of
stem, which can be related to height and density of
shrubs, and the area occupied by each plant, although
these characteristics were not evaluated.

As a result of the drastic cut, regrowth rates were
slow and intervals between harvests increased, as also
observed in Arachis pintoi by Alonzo et al. (2017).
Besides, in dry weather, leaves were smaller and
presented a different shape (Figure 2). According to Cook
et al. (2020) this species is reasonably drought-tolerant
with plants forming rosettes under heavier grazing, but
leaves often turn red and drop, if plants are left ungrazed
and tall during dry conditions. This phenomenon was
observed in forage produced during the regrowth period
prior to Harvest 2, probably in response to the drop in
soil moisture levels, consequently resulting in lower DM
production. This is corroborated by values for leaf:stem
ratio under the effect of harvest (P = 0.0046) (Table 3)
with a higher ratio at the first harvest. Leaf:stem ratio
(Table 3) is a plant characteristic with a significant
influence on forage drying rates (Neres et al. 2010) and
animal intake of forage, so is an important attribute to
be considered.
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Figure 2. Branch with common, rounded leaves found at first
harvest (A) and branch with modified, also smaller leaves
from the second harvest (B) of Chamaecrista rotundifolia
(leaves in B were not diseased).

Estimated DM production per unit area considering
both leaves and stems (Tables 1, 2 and 4) increased
as plant density increased, i.e. highest at the narrow
plant spacing/high plant density at the first harvest.
This dynamic is a function of the greater number of
plants being able to utilize the available resources, i.e.
water, light and nutrients. However, during the second
growing season, water availability, in particular, may
have become a limiting factor for maximum growth,
particularly of leaves, in addition to the limited amount of
photosynthetic material available (Table 1). It was evident
that high density resulted in a decrease in individual
components (leaves and stems) of the plants (see
individual DM production in Tables 1 and 2) according
to the well-known deleterious effect of intra-specific
competition. Interestingly, Vieira et al. (2016) described
C. rotundifolia plants as extremely sensitive to drought
conditions, which can significantly reduce biomass
production, sometimes even resulting in plant death. On
the other hand, Partridge and Wright (1992) described
the Australian cultivar "Wynn' of this species as having
excellent adaptive capacity and being competitive in
high plant densities, even when intercropped with other
species, such as grasses. However, the cultivar used in
this study is native to Brazil at about 23° S according
to Cruz et al. (1999); in the studies of Lopes (2001) and
Abreu et al. (2020) it demonstrated a desirable adaptation
at latitudes about 1-3° S, similar to 'Wynn' also showing
susceptibility to drought.
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Lopes (2001) recommended planting this species
at spacings of 0.5 and 1.0 m for the formation of pure
stands. Our study showed closer plant spacings can result
in high DM yields, e.g. at plant spacings between 0.15 x
0.15 and 0.3 x 0.3 m (Tables 1 and 2). High DM yields of
forage are particularly desirable when harvesting forage
for silage or hay production or cut-and-carry feeding,
mainly due to reduction in processing costs per tonne.

Lopes (2001) and Camarao et al. (2008) described
this species as being well adapted to sandy soils, and
even infertile soils in the Amazon. Our results indicated
that excellent yields can be reached on predominantly
clay soils as well, corroborating the findings of Abreu
et al. (2020) in the same edaphoclimatic environment.
However, CP concentration varied from 8.6 to 10.3 % for
leaves and 5.6 to 6.5 % for stems, which are low values
for a leguminous plant. These values are lower than those
found by Cruz et al. (1999) of 16.0 and 18.6 % for leaves
and 5.5 and 9.1 % for stems in the dry and rainy seasons,
respectively, in a sandy Yellow Latosol, although these
authors obtained forage yields of only 4.1 t DM/ha in the
wet season and 2.84 t DM/ha in the dry season.

The dynamic of production versus quality in both
studies emphasizes the importance of considering both
quantity and quality of a species when determining harvest
frequency. Overall CP concentration of forage compared
favorably with the 7 % CP, below which animal intake
can be compromised (Berchielli et al. 2006). While higher
plant densities resulted in increasing DM yields, forage
produced under wider spacing showed better nutritional
quality as leafistem ratio was superior to those at narrower
spacings (Table 2). Although plant spacings between 0.15
% 0.15 m and 0.30 x 0.30 m seem to be viable for hay
or forage production in tropical areas to maximize DM
yield, the forage produced would be of lesser quality than
at wider spacing. However, the increased yields would far
outweigh any reduction in quality.

Climatic conditions of the Amazon of high rainfall
and temperature along with poor soil drainage can
provide a favorable environment for fungal growth. Cruz
(1996) observed that 6 accessions of C. rotundifolia (BR
000183, 000205, 000191, 000264, 000272 and 000256)
were susceptible to the fungi Phomopsis subcircinata
and Rhizoctonia solani, although with little resultant
damage. In that study the author worked with a harvest
height of 20 cm, but recommended harvesting above
30 cm at 56-day intervals, as harvests at 20 cm at the
same frequency caused the death of plants. This is
corroborated by Cruz et al. (1999) and Lopes (2001).
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Certainly, C. rotundifolia is an option for improving
livestock production in the Amazon, corroborating the
finding of Camardo et al. (2008), but feeding studies
would be needed to confirm acceptance by animals.
Partridge and Wright (1992) showed improved growth of
steers under grazing in Queensland, Australia, when this
legume was sown into native grass pastures. One would
expect a similar result under conditions in the Amazon.

Pure stands of C. rotundifolia certainly showed
potential for production of forage in the Amazon under
high planting densities. However, attempting to harvest
the legume for hay might not be so successful, since this
species is recognized as shedding leaves under stress, and
poor leaf retention during the hay-making process may
be an issue. Additional studies on optimal management
strategies, including reducing fungal attacks, persistence
under repeated harvests (it is only a weak perennial),
acceptance by stock, digestibility, economic factors,
soil influences and mechanical methods for planting and
harvesting seed and harvesting forage are needed.

Conclusions

Chamaecrista rotundifolia showed potential for forage
production in the soil of the experimental site in pure
stands at high plant densities, producing yields of up to
14 t leaf DM/ha in 6 months. However, further studies
are needed to determine how resilient plants are under
repeated harvests, how well forage retains leaf during the
hay-making process, how severe are fungal attacks during
the rainy season, how irrigation at the beginning of the dry
season may impede the decline in production at this time
and how productive it can be on different soil textures.
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Abstract

Cattle farming in West Nusa Tenggara province, Indonesia (NTB) is essential to support the high demand for beef cattle
in Indonesia. Leucaena was introduced to smallholders as a high-quality feed to increase cattle production in NTB.
A survey was conducted with both leucaena-using and non-leucaena-using smallholder cattle farmers in Sumbawa
and West Sumbawa districts, NTB to understand the role of leucaena in NTB smallholder cattle enterprises (mixed
breeding/fattening) and the effects of leucaena toxicity on cattle performance, especially cow-calf production. We found
that farmers using leucaena feeding systems were able to keep more cattle than farmers using a traditional feeding
system (9.1 vs 6.1 head/household). Many leucaena-using farmers (50.1 %) use leucaena for fattening cattle only. Other
cattle classes (growers, breeding cows and bulls) were fed leucaena strategically, such as during the dry season (59 % of
leucaena-using farmers) and at specific stages of pregnancy and lactation (41 % of leucaena-using farmers). Leucaena-
using farmers in rainfed areas planted more leucaena (4,500 vs 1,984 trees) and fattened more bulls (5.8 vs 3.5 head/
household) than farmers in high-rainfall areas. Transmigrant Balinese farmers planted significantly more leucaena trees
(7,500 vs 2,354 trees) and raised more fattening bulls (7.8 vs 3.7 head/household) than the local Sumbawanese farmers.
Most Balinese farmers had been practising leucaena feeding systems since they migrated to Sumbawa, for as long as
3 decades. Most leucaena-using farmers (74 %) had observed symptoms of illness associated with leucaena toxicity in
their cattle such as hair loss and salivation. Few farmers feeding leucaena to breeding cows (5 %) reported instances
of reproductive failure. Almost all non-leucaena-using farmers (93 %) reported symptoms of illnesses associated with
plant toxicities (among other potential causes), most commonly skin lesions, diarrhoea, cataracts, and listlessness. It was
concluded that the priority use of leucaena in Sumbawa was for fattening cattle rather than breeding cattle. Leucaena
supports smallholder farmers in Sumbawa to have more intensive, productive and income-earning cattle enterprises,
but questions remain over whether it should be used for feeding breeding cows.

Keywords: Breeding enterprises, leucaena users, toxicity.
Resumen

La ganaderia en la provincia de West Nusa Tenggara, Indonesia (NTB) es esencial para respaldar la alta demanda de ganado
vacuno en Indonesia. La leucaena se presento a los pequeiios agricultores como un alimento de alta calidad para aumentar
la produccion de ganado en NTB. Se llevd a cabo una encuesta con pequeiios ganaderos que usaban y no usaban leucaena
en los distritos de Sumbawa y West Sumbawa, NTB para comprender el papel de la leucaena en las empresas ganaderas
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de NTB (cria/engorde mixtos) y el efecto de la toxicidad de la leucaena sobre el rendimiento del ganado, especialmente en
la produccion de vacas y terneros. Descubrimos que los agricultores que usaban sistemas de alimentacion con leucaena
podian mantener mas ganado que los agricultores que usaban un sistema de alimentacion tradicional (9.1 vs. 6.1 cabezas por
unidad familiar). Muchos agricultores usuarios de leucaena (50.1 %) utilizan la leucaena solo para engorde de ganado. Otras
clases de ganado (animales en crecimiento, vacas reproductoras y toros) fueron alimentados con leucaena estratégicamente,
como durante la estacion seca (59 % de los agricultores que usan leucaena) y en etapas especificas de gestacion y lactancia
(41 % de los agricultores que usan leucaena). Los agricultores que utilizan leucaena en areas de secano plantaron mas
leucaena (4,500 vs. 1,984 arboles) y engordaron mas toros (5.8 vs. 3.5 cabezas/hogar) que los agricultores en areas de alta
precipitacion. Los agricultores Balineses transmigrantes plantaron significativamente mas arboles de leucaena (7,500 vs.
2,354 arboles) y criaron mas toros de engorde (7.8 vs. 3.7 cabezas/hogar) que los agricultores locales de Sumbawan. La
mayoria de los agricultores Balineses habian estado practicando por tres décadas sistemas de alimentacion con leucaena
desde que emigraron a Sumbawa. La mayoria de los productores que utilizan leucaena (74 %) habian observado sintomas de
enfermedades asociadas con la toxicidad de la leucaena en su ganado, como pérdida de pelaje y salivacion. Pocos granjeros
que alimentaban con leucaena a vacas reproductoras (5 %) reportaron casos de falla reproductiva. Casi todos los agricultores
que no usaban leucaena (93 %) informaron sintomas de enfermedades asociadas con la toxicidad de las plantas (entre otras
posibles causas), mas cominmente lesiones en la piel, diarrea, cataratas y apatia. Se concluy6 que el uso prioritario de la
leucaena en Sumbawa era para el engorde de ganado mas que para la cria de ganado. Leucaena permite que los pequefios
agricultores de Sunbawa tengan empresas ganaderas mas intensivas, productivas y generadoras de ingresos, pero quedan

dudas sobre si deberia usarse para alimentar a las vacas reproductoras.

Palabras clave: Empresas de cria, usuarios de leucaena, toxicidad.

Introduction

Leucaena (Leucaena leucocephala) is an edible
forage tree legume widely used as feed for cattle and
other ruminants (buffalo, sheep and goats) in tropical
and subtropical areas (Dalzell et al. 2012), especially
Indonesia. It provides high nutritive value fodder for
cattle. It is highly palatable, fast growing, able to be
harvested for up to 40 years (Shelton and Dalzell 2007)
and a potential source of timber and firewood (Shelton
and Brewbaker 1994). The use of this tree legume can
increase the growth rate by up to 0.83 kg live weight/
day for Bali cattle (Panjaitan et al. 2014) and improve
the meat quality (Dahlanuddin et al. 2019) of fattening
bulls. It also has the potential to increase body condition
score (BCS) and milk production when fed to breeding
cows (Dahlanuddin et al. 2016). However, leucaena is
not currently recommended as a feed for breeding cattle
due to its concentration of the toxin mimosine and its
metabolites in all parts of the plant (leaves, pods, seeds
and bark) (Hegarty et al. 1964). These recommendations
for breeders are based on a limited body of reported
evidence from farmers in Australia and other countries,
suggesting that leucaenatoxins could reduce reproductive
performance (Holmes 1980; Holmes et al. 1981; Jones et
al. 1989).

The demand for beef in Indonesia cannot currently be
met by local cattle, therefore, cattle and beef are imported
(Deblitz et al. 2011). The Indonesian Government has

promoted programs to increase the number of breeding
cattle so as to improve domestic self-sufficiency in beef
production. The West Nusa Tenggara (NTB) Province
(comprising Lombok and Sumbawa Islands) in eastern
Indonesiahas beenidentified as an area with high potential
for increasing the production of beef cattle in Indonesia.
However, the majority of beef cattle in NTB are kept by
smallholder farmers with small-scale cattle ownership
(5-10 head/household) and managed under a traditional
cut-and-carry feeding system with poor nutritional feed,
such as crop residues (rice straw and corn stover) or free-
grazing on low-quality native pastures. Consequently,
efficiency of cattle production is low, with low calving
rates (~65 %), high calf mortality (1020 %) and low
growth rates (0.15-0.25 kg live weight/d) (Dahlanuddin
et al. 2019). Therefore, improving the supply and quality
of feed with forage tree legumes, such as leucaena, is
a promising strategy to overcome these productivity
problems. The adoption of leucaena-based feeding
systems for cattle in Sumbawa Island is increasing, with
recent reports of more than 2,500 smallholder farmers
using leucaena for feeding cattle (Dahlanuddin et al.
2019).

Most studies on leucaena-based cattle production
systems in NTB (Panjaitan et al. 2014; Dahlanuddin et
al. 2017; 2018) and globally (Buck et al. 2019; Pachas et
al. 2019) focus on the use of leucaena for fattening cattle
only. This emphasis has arisen because of the profit and
income implications of increased growth rate and sale
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weight of fattening cattle (Cowley et al. 2020). There
are knowledge gaps remaining as to whether leucaena
should also be used as feed for breeding animals and
whether leucaena affects reproductive performance
when fed to breeding bulls and cows. There is little
information regarding the utilisation of this legume for
breeding cattle by leucaena-using farmers in Indonesia
or elsewhere. Providing this information is important to
improve understanding regarding feeding leucaena to
breeding cattle safely.

This study aimed to understand the role of leucaena
in NTB smallholder mixed breeding/fattening cattle
enterprises, the use and effects of leucaena in cow-calf
production systems and incidence, knowledge and farmer
management strategies for alleviating leucaena toxicity
issues, with specific attention to effects on cattle breeding
and reproduction. As a comparison, non-leucaena-using
farmers were surveyed to provide a control reference to
determine whether problems experienced by leucaena-
using farmers are attributable to the use of leucaena.

Materials and Methods
Farmer recruitment

A survey was conducted from December 2019 to
March 2020 in Sumbawa and West Sumbawa districts,
Sumbawa Island, NTB Province, Indonesia (Figure 1),
through face-to-face interviews of leucaena-using and
non-leucaena-using smallholder cattle farmers. The
survey methodology and questionnaire were approved
by the Human Research Ethics Committee, University
of New England (HE19-040).

Farmer participants and survey areas were selected
with a purposive sampling method. The criteria for
inviting leucaena-using farmers from these districts to
participate in the research were that they had been feeding
leucaena to fattening and breeding cattle for more than 1
year. Non-leucaena-using farmers from the same districts
were invited to participate in the research on the proviso
that they had been raising either fattening or breeding
cattle for more than 1 year, had never fed leucaena to
their cattle, and there was no leucaena growing near their
property accessible to their grazing cattle.

Farmer recruitment to the survey was facilitated
by the Consortium for Large Ruminant Research -
University of Mataram (for leucaena-using farmers), and
Dinas Peternakan (Department of Animal Husbandry)
NTB (for non-leucaena-using farmers), using their own
farmer records. Initial contact and recruitment were

made by letter and phone call to all cattle farmers from
these databases in the study districts. Farmers who
responded positively to the invitation to participate
(112 leucaena-using farmers and 54 non-leucaena-using
farmers) were visited at their homes for a face-to-face
interview. Participating farmers were classified by water
management, either irrigated lands (2 or 3 crops per
year in irrigated systems) or rainfed areas (1 crop per
year in rainfed systems) and by ethnicity (either local
Sumbawanese or transmigrant Balinese).

Questionnaire and survey implementation

Questionnaires were developed for leucaena-using
farmers and for non-leucaena-using farmers. The
questionnaires consisted of multiple-choice and Yes/No
questions where a particular response was expected, and
open-ended questions where the farmer could respond
freely. Leucaena-using farmers were asked questions on
the following topics:

1. Farm scale (e.g. property size, number of cattle
owned);

2. Growing leucaena (e.g. area of leucaena planted,
number and cultivar of leucaena trees planted on
their property);

3. Cattle management and leucaena use for their
cattle (when, why and how they feed leucaena to
their herd);

4. Farmer observations of symptoms of leucaena
toxicity, e.g. hair loss, skin lesions (Jones et al.
1978) salivation (Megarrity and Jones 1983), and
reduced reproductive performance of breeding
cow/bull (Holmes 1980; Holmes et al. 1981);

5. Farmer knowledge of leucaena toxicity and its
prevention;

6. Supplementary feeding; and

7. Cattle performance.

Non-leucaena-using farmers were asked questions 1,
4,5, 6 and 7 above, but were not asked questions specific
to growing and feeding leucaena to their cattle.

The interviews were conducted in Indonesian by
Indonesian enumerators and each took approximately 15
minutes to complete. An information sheet was presented
to target farmers and a consent form was signed before
the interview commenced.

Statistical Analyses

All statistical analyses were conducted in R (R _Core
Team 2020). Chi-square tests were used for testing
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Figure 1. Map of Sumbawa Island, NTB Province of Indonesia showing the survey locations. A rainfed; ® irrigated land (Google 2020).

equality of proportions between groups. T-tests were
used for comparison of the means between groups.
Univariate linear regressions were used to analyze
correlations between continuous variables.

Results
Farmers interviewed

One hundred and sixty-six farmers were interviewed in
this survey. Sixty-seven percent (112 of 166) of farmers
practiced leucaena feeding in their cattle production
system, while the remaining farmers were not using
leucaena, instead raising cattle under the traditional
cut-and-carry feeding system, with grasses and crop
residues, or free-grazing native pastures. Leucaena
was fed as a cut-and-carry fodder (Figure 2). Fifty-one
percent (57 of 112) of leucaena-using farmers and 27
% (15 out of 54) of non-leucaena-using farmers were
categorized as wetland farmers, using irrigation for crop
production. The majority of leucaena-using farmers
interviewed (81 %) were local Sumbawanese farmers,
and the remainder (19 %) identified as Balinese ethnicity.
All non-leucaena-using farmers were Sumbawanese.

Leucaena users vs non-leucaena users

There were substantial differences in the systems of
cattle management by the 2 farmer groups. All leucaena-
using farmers managed their cattle intensively with a cut-
and-carry feeding system (Figure 2). With this system,
cattle were kept in a pen or cattle house (kandang) and
hand-fed fresh leucaena (leaves, small branches and
pods) harvested from the farmer’s own land, roadsides

and riversides or bought from other farmers. They also
provided other feedstuffs such as Gliricidia (Gliricidia
sepium), crop residues and by-products (rice straw, corn
stover, peanut haulms and rice bran) to supplement the
diet when leucaena was not fed as 100 % of the diet,
especially for non-fattening cattle classes, and during
the dry season. Conversely, all non-leucaena-using
farmers managed their cattle extensively with a low-
input system.

b. Leucaena being fed to fattening bulls.
Figure 2. Leucaena feeding systems for cattle in Sumbawa.
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Leucaena-using and non-leucaena-using farmers
had a similar (P>0.05) land size (Table 1). On average,
land ownership was 2 ha/household with cattle, rice and
maize as the primary enterprises. Typically, about half of
leucaena-growing farmers’ land (0.9 + 1.0 ha/household)
was planted to leucaena (Table 1). Most of these farmers
initially started planting leucaena between 2010 and 2019.
The number of leucaena trees planted per farm ranged
from 100 to 50,000 trees (Table 1), mostly of cultivar
‘Tarramba’. The majority (81 %) of non-leucaena-using
farmers were unaware that leucaena could be fed to
cattle and had never obtained any information from local
extension services about its benefits in cattle production
systems. The remaining non-leucaena-using farmers
said that the animals did not like to eat leucaena leaves.

At the time of the interview, leucaena-using farmers
had cattle herds 50 % larger than non-leucaena-using
farmers (9.1 = 0.7 vs 6.1 £ 0.5 total cattle/household,
respectively) (Table 1). However, 92 % of leucaena-using
farmers and all non-leucaena-using farmers had similar
numbers of breeding cows (3.8 = 0.2 vs 3.3 + 0.2 cows/
household) (Table 1). Thus, the main difference between
the groups in the cattle production system was the number

of bulls fattened. The majority of leucaena-using farmers
(71 %) fattened bulls, with an average of 4.7 + (.8 fattening
bulls/farmer at the time of interview (Table 1). On average,
each leucaena farmer could fatten 8.9 = 10.0 bulls/year
(range 2—60 head) under the leucaena feeding system. In
contrast, only 12 % of non-leucaena-using farmers kept
bulls for fattening, with an average of 2.9 + 0.3 bulls per
year for non-leucaena-using farmers (Table 1).

Leucaena feeding systems in different land types

Total area of land of leucaena-using farmers in irrigated
areas was not different from that of leucaena-using
farmers in the rainfed area (Table 2), means being 2.2 and
2.0 ha/household, respectively. However, in the irrigated
area, leucaena-using farmers allocated 1.3 + 0.2 ha
(65 %) of their land for leucaena planting, whereas in the
rainfed area only 0.7 & 0.1 ha (35 %) of land was allocated
for leucaena planting (P<0.05). However, farmers in the
rainfed area planted more (P<0.05) leucaena trees (4,500
trees = 1,151/household) than the farmers in the irrigated
area (1,984 + 595 trees/household). Leucaena-using
farmers typically split their land between broadacre crop

Table 1. Farm-scale comparison between leucaena users and non-leucaena users at research sites in Sumbawa Island, NTB,

Indonesia, at the time of the interviews.

Items Leucaena users (n=112) Non-leucaena users (n=54) P-value
Mean =+ s.e. n Mean + s.e. n

Land size (ha) 1.9+0.2 110 2.0+0.2 50 0.34

Total number of cattle currently raised (head) 9.1+0.7 112 6.1£0.5 54 0.0003

Cattle production systems

Fattening bulls (head) 47+0.8 80 29403 7 0.003

Breeding cows (head) 38+£0.2 104 33+0.2 54 0.141

Breeding bulls (head) 1.0£0.0 12 1.8+04 5 0.04

Growers (head) 1.2+0.1 38 1.3+0.1 21 0.217

Table 2. The comparison of farming scale between leucaena-using farmers in irrigated and rainfed areas.

Items Irrigated Rainfed P-value
Mean =+ s.e. n Mean = s.e. n

Land ownership (ha) 2.2+0.2 55 2.0+£0.1 57 0.166

Land planted to leucaena (ha) 1.3+0.2 50 0.7+0.1 51 0.005

Number of leucaena trees planted 1,984 + 595 51 4,500 + 1,151 52 0.040

Total number of cattle raised currently (head) 7.7+£0.7 55 10.5+0.9 57 0.012

Cattle production systems

Fattening bulls (head) 35+09 39 58+0.5 41 0.013

Breeding cows (head) 40+0.2 54 34+03 56 0.120

Breeding bulls (head) 1.0 5 1.0 7

Growers (head) 1.5+0.1 13 1.3+0.1 23 0.245
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planting areas and leucaena areas, but some farmers
integrated broadacre and leucaena crops in an alley
cropping configuration (Figure 3).
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b. Leucaena integration with peanuts.
Figure 3. Leucaena planting systems for cattle in Sumbawa.
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Rainfed farm also had more cattle (P<0.05) than
irrigated farms with the difference lying in the number of
bulls fattened (Table 2). Meanwhile the number of cattle
in other classes (breeding cows and bulls plus growers)
did not differ (P>0.05) between land types.

Leucaena feeding systems in different ethnic groups

The use of leucaena cattle production systems differed
slightly between local Sumbawanese farmers and
transmigrant Balinese farmers, particularly in the
number of fattening bulls and the number of leucaena
trees planted (Table 3). On average, Balinese farmers
held more fattening bulls at the time of the interview (7.8
+ 1.9 bulls/household) than local farmers (3.7 + 0.4 bulls/
household). The maximum number of bulls able to be
fattened in a fattening period (the duration of bulls being
fattened from purchase to sale) by a Balinese farmer was
36 head. The greater cattle fattening focus by Balinese
farmers was supported by increased leucaena plantings
(7,500 trees/household) compared with Sumbawanese
farmers (2,354 trees/household).

On average, Balinese farmers had 7.3 years (range
3—15 years) of experience using leucaena in cattle
production, especially for fattening bulls. In contrast,
most Sumbawanese farmers were new to the leucaena
feeding system, with an average of 3.8 years (range 1-5
years) experience, where they were previously practicing
a traditional cut-and-carry feeding system using poor
nutritional quality feed sources.

Table 3. Comparison of farming scale between leucaena-using local Sumbawanese farmers and transmigrant Balinese farmers in

Sumbawa Island.

Items Local Balinese P-value
Mean =+ s.e. n Mean =+ s.e. n
Farming area
Land ownership (ha) 2.1+0.1 91 2.0+0.2 21 0.46
Land area of leucaena planted (ha) 1.0+0.1 82 09+0.3 19 0.45
Number of leucaena planted (tree) 2,354 82 7,500 19 0.04
Number of cattle currently held (head) 8.6£0.6 91 11.5+2.0 21 0.05
Number of cattle fed leucaena per year (head) 72+13 87 163+ 1.4 19 0.01
Experience with leucaena feeding system (years) 38=+0.1 91 7.3+0.9 21 0.00
% Irrigated land farmer 60 55 0 0 0.00
Cattle production systems

Fattening bulls (head) 37+04 62 7.8+19 18 0.02
Breeding cows 37+0.3 90 3.6+ 04 20 0.44
Breeding bulls 1.0 12 1.0

Growers 1.2+£0.2 35 1.0£0.1 2 0.00
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Seasonal leucaena feeding

There was consistently an average of 50 + 10 % of
leucaena-using farmers feeding leucaena to fattening
bulls in most months, even in the wet season (Figure 4a).
The exception was in the early wet season (December)
when leucaena-using farmers supplemented fattening
cattle diets with crop residues and other tree legumes.
During the dry season, farmers reported that supplies of
leucaena decreased because they had to feed leucaena
to other cattle classes in addition to fattening cattle at
the time when other forages were not available (Figure 4
b—d). During the wet season, leucaena-using farmers fed
breeding cows and grower bulls fed stock crop residues,
native grasses and other forage tree legumes (Gliricidia
sepium and Sesbania grandiflora).

For breeding and growing cattle, fewer leucaena-
using farmers fed leucaena to these animals year-round
(31 £ 34 % and 17 + 19 %, for breeding cows and grower
bulls, respectively (Figure 4). The majority (59 %) of
leucaena-using farmers fed leucaena to breeding cows
and growers during the dry season (between July and
October), when other forages were not available (Figure
5). During this period the percentage of farmers feeding
leucaena to breeding cows increased progressively
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and significantly (P<0.05) from 7 % to a peak of 80 %
in September-October, and the percentage of farmers
feeding leucaena to growers increased from 3 % to 45 %
in September-October (P<0.05).

In comparison, there was no change (P=0.12) in the
percentage of farmers who fed leucaena to fattening
bulls between the wet and the dry seasons. In addition to
filling seasonal feed gaps, some leucaena-using farmers
fed leucaena to breeding cows during the lactation
period, expecting their cows would be able to produce
more milk for their calves.

Incidence of leucaena toxicity

There was a significant difference between leucaena
and non-leucaena-using farmers regarding knowledge
of leucaena toxicity (Table 4). The majority of both
leucaena-using farmers and non-leucaena-using
farmers (75 and 93 %, respectively) reported they had
no knowledge of leucaena toxicity, despite the majority
of leucaena-using farmers having had long experience
with leucaena. These farmers were unfamiliar with the
terms “plant toxicity” and many expressed surprise
when asked questions about this topic, as their herds
had shown good performance when fed leucaena.
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Figure 4. Percentage of leucaena-using farmers reporting leucaena use for each class of cattle in each month; (a) Fattening bulls, (b)
Breeding cows, (¢) Breeding bulls, (d) Grower bulls. Bar () Percent of farmers; line (==) Average rainfall.
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Eighteen percent of leucaena-using farmers and the
remaining 7 % of non-leucaena-using farmers reported
that they knew a little about leucaena toxicity from
vets and extension staff. Very few farmers (7 % of
leucaena-using farmers and no non-leucaena-using
farmers) reported that they had good knowledge of
leucaena toxicity and its prevention.

Table 4. Farmer knowledge of leucaena toxicity and its
prevention.

Knowledge of leucaena LU NLU? Chi-Square
toxicity and its prevention (n=112) (n=54) P-value
Good knowledge 7 0 0.008
Little knowledge 18 7 0.028
{:v‘;aligge“;l:dge/ 75 93 0.165

LU= Leucaena users (%); "NLU= Non-leucaena users (%).

Figure 5. Lack of forage during the dry season in Sumbawa.
Grasses and herbaceous forages are limited during this time,
but trees, including forage tree legumes such as leucaena,
retain green growth.

Despite having no knowledge of toxicity, when
prompted the majority (74 %) of leucaena-using farmers
agreed that they had observed symptoms associated with
leucaena toxicity in their herd. The most common signs
observed were alopecia (43 %) and excess salivation
(37 %) (Table 5). These symptoms occurred more
frequently in newly purchased cattle naive to leucaena,
but disappeared within 2-3 weeks. Some leucaena-
using farmers reported abortions and stillbirths in
breeding cows fed leucaena. There were no reports of
these reproductive problems among non-leucaena-using
farmers (Table 5), indicating that leucaena may have a
negative side effect on breeding cows.

Cattle performance
Leucaena-using farmers reported that their bulls could

be fattened to finishing weight in 5.9 + 0.4 months on
average, which is much faster than bulls fattened under the
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traditional system (8.0 = 3.1 months); however, participant
response rates to this question were low. There was a
positive relationship between the numbers of leucaena
trees planted and the number of fattening cattle raised
(Figure 6). Farmers reported that the inter-calving interval
of breeding cows fed leucaena was 11.8 = 0.3 months,
whereas the inter-calving interval of cows managed under
a traditional feeding system was 12.1 & 0.3 months.

Table 5. Symptoms of plant toxicities observed by leucaena-
using and non-leucaena-using cattle farmers in Sumbawa.

Item LU' #=112) NLU?(#n=54)
Farmers reporting symptoms 74 15
P<0.05

Toxicity symptoms reported (n=115) (n=14)
Hair loss 43 7
Skin lesion 1 14
Salivation 37 0
Unexpected performance 2 0
Cataract 0 36
Reproductive failure 5 0
Unexplained cattle death 4 0
Chronic diarrhoea 5 14

Listless 2 29
"LU= Leucaena users (%); “NLU= Non-leucaena users (%).
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Figure 6. Relationship between numbers of leucaena trees
planted and fattening bull (®) and breeding cow (a) herd size.

Discussion
Leucaena users vs non-leucaena users
In general, leucaena-using and non-leucaena-using

farmers had a comparable farm size with cattle, rice and
maize being the primary enterprises. This finding is in
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agreement with data previously reported by Hilmiati et
al. (2017) and Hilmiati et al. (2017; 2019) regarding land
area and usage of farmers in Sumbawa. The differences in
area planted to leucaena on irrigated and rainfed farms is
partly attributed to integration of limited numbers of trees
in strips within cropping land on irrigated farms while
trees were planted at high density in the absence of crops
on rainfed farms. Leucaena cultivar ‘“Tarramba’ was the
common cultivar planted by the farmers, and shows that
the introduction and development of this cultivar has been
highly successful in eastern Indonesia since it provides a
large quantity of high quality forage for cattle (Nulik et al.
2019) during both wet and dry seasons (Sutaryono et al.
2019). Tarramba leucaena has the advantages of greater
biomass production and increased psyllid tolerance and
drought tolerance (Nulik et al. 2013) and is preferred by
cattle in Indonesia over other varieties (Nulik et al. 2019).

In contrast, non-leucaena-using farmers use their land
only for cropping activities, which are their primary
income source, while planting leucaena was new to
them. Most of them had no knowledge of the benefits
of leucaena for cattle production systems. This suggests
that, despite numerous local and internally-funded
projects focussed on leucaena integration in NTB cattle
production systems over several decades, there is still
work to be done in extending this information to farmers.
Deficits in farmer knowledge are not limited to leucaena
specifically. Dahlanuddin et al. (2019) reported that many
smallholders in Sumbawa had little knowledge of the
nutritional needs of the animals and did not understand
the nutritional differences of the various feed sources
available to them. For example, they were unaware of the
nutritional superiority of leucaena over other feedstuffs,
such as native grass, rice straw and maize stover.

The low-input farming practices of the non-leucaena-
using farmers coincided with cattle being a secondary
income source for these farmers, to be sold whenever
they required extra money. These farming systems
require significantly lower labour input than the cut-and-
carry leucaena farming systems. Given the low levels of
awareness of leucaena among non-leucaena-using farmers,
it is possible that cattle remained a secondary income
source for these farmers because they lacked awareness of
leucaena as a high-quality and quantity, locally available
feed source. Therefore, their cattle productivity remained
low because of reliance on low quality native pastures and
crop residues. It is also possible that these farmers chose
to keep their farming enterprise (and returns) focussed
on crop production, and preferred not to commit the time
required by intensive cut-and-carry leucaena feeding

systems. According to Hilmiati et al. (2019) farmers can
potentially earn profits up to IDR 21 million per year from
leucaena-based fattening systems, compared with around
IDR 3 to 4 million per year from cropping systems.
Research in East Java smallholder cattle production
systems found that use of leucaena in weaned Bali cattle
diets increased farmer by more than 100 % compared
with income on farms without leucaena (IDR 1,914,336
vs IDR 704,076 gaps/head/period) (Priyanti et al. 2010).

With the leucaena feeding system, farmers were able
to keep more cattle than the non-leucaena feeding system,
with fattening bulls forming the majority of the household
herd. The greater number of fattening bulls raised by
leucaena-using farmers aligns with cattle raising being
a primary income source for these farmers. Waldron
et al. (2016) found that increasing the number of bulls
fattened increased household income significantly due to
an increase in the revenue from extra cattle sold, whilst
the marginal cost to labour and feed remained low. For
example, increasing the number of fattening bulls from
4 to 5 head increased feed demand by 20 % and labour
costs by 10 %, while farmer income increased from IDR
61,463 to IDR 77,848/day (Waldron et al. 2016). These
results are supported by other research showing that bull
fattening is the most common enterprise in intensive
cattle production systems in NTB, where cattle are put in
the pen year-round with a cut-and-carry feeding system,
while breeding and backgrounding are more common
enterprises for traditional cattle production systems
(Hilmiati et al. 2019).

This means that the inclusion of leucaena into cattle
feeding systems offers great potential to improve the
cattle productivity and income of smallholder farmers.
Therefore, expanding current leucaena extension and
adoption programs may be of benefit for farmers who
currently do not use leucaena. According to Dahlanuddin
et al. (2019), the most effective aspect in the NTB
leucaena extension strategy was the establishment of
on-farm demonstration sites, which are used for farmer
cross-visits to teach best management practices (such
as leucaena establishment, harvesting and feeding
strategies) to non-leucaena-using farmers.

Kana Hau et al. (2014) identified several barriers
to adopting intensive cattle management systems with
leucaena feeding in eastern Indonesia that need to be
overcome for further extension of the system. These
include:

1. The ready availability of communal grazing

areas for cattle, so that farmers do not need to
allocate resources, labour, pens and feed;

Tropical Grasslands-Forrajes Tropicales (ISSN: 2346-3775)




2. Farmers preferring to let the cattle graze in
communal grazing areas, roadside or hills with a
herder, perceiving that they are safer from thieves
than when tethered or put in a pen;

3. Farmer beliefs that newly planted leucaena will
be ruined by free-grazing animals (cattle, goats
and buffalo); and

4. Limitations of skills and knowledge of farmers
regarding tree establishment and limited access
to leucaena planting material.

Ourresults demonstrate that lack of farmer knowledge

of animal nutrition and awareness of the benefits of
feeding leucaena are also significant barriers to adoption

Leucaena feeding systems in different land types

In general, the total land area of leucaena-using farmers
in the irrigated area was no different from those of
leucaena-using farmers in the rainfed area. Differences
in number of leucaena trees planted is because most
farmers in rainfed areas used the land allocated to plant
only leucaena at a high density, while the irrigated land
farmers use their land to plant leucaena integrated with
crops, e.g. maize, peanuts and beans, in alley cropping
systems. The integration of forage legumes with crops
in the more secure cropping land is one of the best
strategies to inspire farmers to grow and provide high-
quality feed for cattle (Supriyadi et al. 2014). With this
system, farmers can earn greater profits from combined
fattening cattle and crops (maize grain and cassava), up
to IDR 107 million/yr, compared with cropping only
(IDR 43 million/yr) (Supriyadi et al. 2014).

These results suggest that leucaena-using farmers in
the rainfed area are focused on increasing feed resources
for cattle production. Subsequently, they are able to
keep more cattle and to increase their income. These
farmers have only 1 cropping season each year (BPS-
Sumbawa 2020) and are therefore more reliant on other
income sources than farmers in the irrigated area, who
are able to triple-crop. Overall, the intensity of leucaena
plantings, total cattle herd size and number of fattening
cattle suggest that rainfed leucaena-using farmers were
more focused on cattle production and more reliant on
leucaena to support this than the irrigated land leucaena-
using farmers.

Leucaena feeding systems in different ethnic groups

The use of leucaena cattle production systems differed
slightly between local Sumbawanese farmers and

Leucaena for breeding and fattening cattle 231

transmigrant Balinese farmers, particularly in number
of fattening bulls and number of leucaena trees planted.
Hilmiati et al. (2019) reported that a hectare of planted
leucaena was able to feed 8—10 head of fattening bulls
during the wet season and 4-5 head of fattening bulls
during the dry season. With these leucaena resources,
the transmigrant farmers are able to keep at least twice
as many cattle annually as local farmers, showing that
leucaena plays an essential role in increasing the income
of Balinese farmers. Indeed, one Balinese farmer had a
herd size of 60 head. Further, all Balinese farmers being
interviewed in this survey were located in rainfed areas
with 1 cropping season, so they were reliant on cattle
fattening as the main income source to support their
families.

The Balinese transmigrant farmers also had long
experience with leucaena feeding systems, having been
practicing this feeding system since they migrated
to Sumbawa utilizing their previous experience of
feeding leucaena to cattle in Bali (Dahlanuddin et al.
2019). Meanwhile, the local Sumbawanese farmers are
relatively new to the leucaena feeding system, having
previously practiced traditional cut-and-carry and
free-grazing feeding systems with poor nutritional
feed resources. Balinese farmers were one of the main
drivers of the adoption of leucaena feeding systems
by more than 1,000 local farmers in Sumbawa, who
observed and replicated the successes of Balinese
farmers in fattening cattle under the leucaena feeding
system (Dahlanuddin et al. 2019).

Role of leucaena in cattle production systems in NTB

Sumbawa Island is a tropical area where the average
annual rainfall is 1,466 mm, of which 85 % falls during
the wet season from November to May (Figure 4)
(BPS-Sumbawa 2020). The seasonal rainfall affects
the capacity of traditional smallholder farmers to
provide feed for their herds since the production and the
availability of grass and herbaceous forages fluctuates
during the year (Sutaryono et al. 2019). In the dry season,
forages other than leucaena or other tree legumes are
rare (Figure 5). The herd sizes reported in the present
research were recorded during the wet season, and
so possibly may represent an annual peak in cattle
ownership, if the dry season prompts farmers to reduce
herd size by selling off fattening cattle. However, our
results suggest that the leucaena-using farmers were less
affected by the seasonality of rainfall, since leucaena
was always available for cattle during the year. Most
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leucaena was used for fattening cattle only, while other
cattle classes were fed leucaena only during the dry
season. The present survey asked farmers only whether
they fed leucaena or not each month; however, Panjaitan
et al. (2014) recorded the proportion of leucaena fed
in the diet on a seasonal basis, and reported that the
greatest proportion of leucaena (up to 100 %) in the diet
for fattening cattle occurred at the end of the wet season,
while the lowest proportion of leucaena in the diet of
fattening cattle (50 %) occurred in the dry season.

Evidence from this survey that some farmers feed
leucaena to breeding cows at specific stages of the
breeding cycle shows that some smallholder farmers in
Sumbawa have an appreciation of changing nutritional
requirements with breeding cycles, and of how leucaena
use can support these. Dahlanuddin et al. (2016)
reported that feeding leucaena to cows increased body
condition score and milk yield compared with cows fed
King grass only (2.1 £ 0.1 vs. 1.0 £ 0.1 kg milk/day).
Feeding a high-quality forage at key points is essential to
improve reproductive performance, such as improving
conception rates and milk production. Improving cow
BCS around parturition and early lactation is crucial
since it determines their reproductive performance and
overall productivity (Herd and Sprott 1986).

Cattle Performance

Leucaena-using farmers preferred fattening rather
than breeding because fattening is more profitable than
breeding cattle. The provincial agencies of NTB also
encourage farmers to fatten cattle as a way to increase
smallholder incomes in rural areas. Fattening enterprises
under leucaena feeding systems reduced labour and
feed cost (Halliday 2018). The finding from the present
survey that leucaena-feeding accelerated fattening from
8.0 to 5.9 months agrees with Dahlanuddin et al. (2017)
and Hilmiati et al. (2019) who reported that the mean
duration of fattening with leucaena was 5.5 months.
However, Panjaitan et al. (2014) reported that Balinese
farmers in Sumbawa experienced with using leucaena
were able to complete 3 fattening periods each year, by
feeding leucaena at a rate of 80 % of the diet or more.
Together with the greater year-round consistency in feed
supply afforded by leucaena, this means that leucaena-
using farmers can fatten more than twice as many
cattle per year as non-leucaena-using farmers, using the
same infrastructure and labour resources. Reducing the
fattening period duration and thus fattening more bulls
per year by feeding a higher quality diet results in greater

gross margins for smallholders (Cowley et al. 2020). This
current research did not capture data on growth rates,
sale weights or prices of fattening cattle. Nevertheless,
some evidence shows that fattening bulls under leucaena
diets can double the growth rate compared with bulls
fattened under the traditional system. Panjaitan et al.
(2014) reported that the overall average daily gain
(ADQG) recorded for Bali bulls fattened with leucaena in
Jatisari Village in Sumbawa was 0.42 kg/d. Similarly,
Dahlanuddin et al. (2014) with a controlled experiment
reported that the ADG of Bali cattle fed dried leucaena
was greater (0.47 kg/d) than that of Bali bulls fed native
grass only (0.2 kg/d). As a comparison, in Australia, the
ADG of steers grazing leucaena pastures was higher
than those of steers grazing grass pasture only (0.48
vs 0.06 kg/d) (Rolfe et al. 2019). By increasing growth
rates and minimising the proportion of dietary energy
going to maintenance requirements, the gross margin
of smallholder forage tree legume fattening systems is
comparable with high-input concentrate feeding systems
(Cowley et al. 2020).

Leucaena feeding has previously been reported to
have a positive impact in shortening the inter-calving
interval (Mayberry et al. 2015, Wirdahayati et al. 1998).
In the present study, however, farmer reports of typical
inter-calving interval did not differ between leucaena
users and non-leucaena users. Anecdotal farmer reports
of inter-calving interval, such as those collected in
the present survey, are likely to be less reliable than
experimental observations of calving dates.

Although many farmers reported some symptoms
related to leucaena toxicity, performance of both
fattening and breeding enterprises was significantly
improved by leucaena. This suggests that any toxicoses
are short-lived, and that cattle become not only adapted
to leucaena, but are able to be highly productive.

Incidence and farmer knowledge of leucaena toxicity

Although it has many benefits for animals, leucaena
contains mimosine and its derivatives (3-hydroxy-4(1H)-
pyridone and 3-hydroxy-2(1H)-pyridone, commonly
mentioned as 3,4-DHP and 2,3-DHP, Halliday 2018)
which are toxic and harmful for animals if they are not
adapted to their consumption. In this study, the most
common symptoms reported by leucaena-using farmers
were alopecia and excess salivation, although farmers
mostly did not understand that this was caused by
leucaena toxicosis, and so, the vast majority of leucaena-
using farmers reported no knowledge that leucaena was
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toxic at first questioning. Hegarty et al. (1964) reported
that hair loss is one of the most common signs of toxicity
observed in animals fed 100 % leucaena diets. Previous
studies have reported abortions and stillbirths in ewes
and heifers fed a high level of leucaena (Hamilton et al.
1971; Holmes 1980), and a small number of leucaena-
using farmers (5 %) also reported these issues in the
present study. Jones et al. (1989) suggested that this
could be caused by the anti-mitotic action of mimosine
or goitrogenic action of DHP. However, most reports of
an effect in cattle stem from early, unreplicated research
on cattle with unclear leucaena inoculation or adaptation
status (Klieve et al. 2002).

Non-leucaena-using farmers in this study reported
symptoms of health disorders which were rare in
leucaena-using farms such as cataracts, listlessness,
chronic diarrhoea and skin lesions. All non-leucaena-
using farmers relied on free-grazing of their cattle, which
increases the risk of ingestion of toxic plants and weeds.
The different suite of symptoms reported between the 2
groups suggests that if both were the result of toxicities,
these could be caused by different plant toxins. Although
there are many possible causes of these symptoms, other
possible diagnoses consistent with these symptoms
include Malignant Catarrhal Fever disease (MCF),
which commonly occurs in cattle and other ruminants in
Indonesia, including in NTB (Muthalib 1988; Damayanti
2016). There is a high incidence of MCF in NTB cattle (92
cases reported per year) (Wiyono and Damayanti 2018).
Regardless of the precise cause of these symptoms, it is
possible that pathogenic illness may be more common
in non-leucaena farms since those cattle are managed
under a traditional system where the cattle spent most of
their time in communal grazing areas with other cattle,
sheep and goats.

The recommended management strategies to
prevent negative effects of leucaena toxicity on naive
ruminants’ health include the transfer of the mimosine/
DHP-degrading bacteria (including Synergistes jonesii)
(Allison et al. 1992) to ruminants newly introduced
to leucaena, either by passive transfer from adapted
ruminants (Jones 1994) or by direct inoculation of DHP-
degrading media (available as a commercial inoculum
in Australia only) (Klieve et al. 2002) together with a
gradual increase in the amount of leucaena in diets
to promote the natural upregulation of detoxification
pathways. However, none of the leucaena-using farmers
with knowledge of toxicity in Sumbawa used these
recommendations and all were unfamiliar with using
feeding management to reduce the toxicity of leucaena.
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A few farmers (11 %) reported that "saltwater" and
"tamarind water” (the extracted water of the tamarind
fruit) were given to their herd when they observed
any symptoms of toxicity, such as salivation. They
claimed this strategy was successful in overcoming the
symptoms within 2-3 weeks, which is also the time
commonly reported for adaptation of naive animals to
leucaena due to up-regulation of microbial and hepatic
leucaena detoxification pathways (Halliday 2018).
Although farmers in this survey did not use any
method of transferring rumen fluid, there is evidence
emerging that rumen microbe genera able to detoxify
leucaena are naturally endemic in many, if not most,
ruminant populations in Indonesia, and potentially
worldwide (McSweeney et al. 2019). However, extensive
detailed research on leucaena-fed bulls in Sumbawa
reported high concentrations of DHP, suggesting that the
bulls were not degrading all DHP in the rumen (Halliday
et al. 2014). This phenomenon shows that S. jonesii alone
is not able to totally protect the animals. Halliday (2018)
reported more than 97 % of DHP in such animals was
excreted in a conjugated form. The conjugation of many
xenobiotic compounds, including DHP, commonly
involves the hepatic process of glucuronication and
sulfation (Lindsay et al. 1974) with much evidence of
this occurring in leucaena-fed ruminants (Hegarty et al.
1979; Elliott et al. 1985; Halliday 2018). Conjugation of a
compound increases water-solubility enabling it to more
readily be excreted via the urine, and in the case of DHP,
binds to and reduces the acute toxicity of the compound.
Recent work has demonstrated that hepatic conjugation
plays an important role in protecting cattle from DHP

toxicity (Halliday 2018).

Conclusions

Leucaena plays an important role in providing a high-
quality diet for cattle in Sumbawa, eastern Indonesia,
to achieve better performance and to support more
intensive, productive and income-earning cattle
enterprises. However, the majority of leucaena use by
farmers was focused on fattening cattle only, while other
cattle classes were fed leucaena mostly as a strategic feed
resource, during the dry season and at specific pregnancy
stages. High levels of productivity in both fattening and
breeding cattle fed leucaena were reported (e.g. high
growth rate, reduced fattening interval of fattening bulls
and inter-calving interval of breeding cows), even though
several symptoms of leucaena toxicity such as hair loss,
salivation and reproductive failure were reported by
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those farmers. These findings confirm that leucaena has
great potential to be used for fattening cattle. However,
several reports of the incidence of reproductive issues
among the cows of leucaena-using farmers highlight
that knowledge gaps remain regarding the safe feeding
of leucaena to breeding cattle. The confirmation by
this survey of rare, but nevertheless present, reports
of abortion and stillbirth by leucaena-using farmers
compared with the absence of these symptoms on non-
leucaena-using farms suggests larger-scale and empirical
research is needed to determine and define the risks of
feeding leucaena to breeding cattle.
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The impact of COVID-19 on the sustainable intensification of
forage-based beef and dairy value chains in Colombia: a blessing
and a curse
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Abstract

The COVID-19 pandemic has exacerbated the difficulties associated with the need to transition the cattle sector in Latin
America towards achieving sustainability and created a “double crisis” of pandemic and climate change. The increasing
demand for animal sourced foods and the need to address the negative environmental impacts of cattle production,
including greenhouse gas emissions, biodiversity loss and deforestation, and the implications of climate change on
cattle production (prolonged droughts, prolonged rainy seasons, heat stress), have placed strong emphasis on sustainable
intensification of forage-based beef and dairy systems for climate change mitigation and adaptation. This is needed to
meet the commitments made by many Latin American countries to reduce greenhouse gas emissions under the Paris
Agreement. Through a qualitative approach, this perspective paper reviews the present and potential impacts of the
COVID-19 pandemic on progress towards sustainable intensification of the Colombian cattle sector. It also outlines new
opportunities for sustainable intensification in Colombia that may provide useful examples for other Latin American
countries. Short-term impacts such as: (i) increased input prices, (ii) limited access to inputs, credit, and technical
assistance, and (iii) reduced incomes, have limited investment in sustainable intensification along the value chains.
Reduced resources for research and development funding, unavailability of skilled and experienced staff, restrictions
to travel and person-to-person interactions, in tandem, have caused setbacks in the development and application of
sustainable technologies and programs. This has been addressed by increased use of technology for communication
but there are difficulties with the broad availability of such technologies, especially for farmers. A long-term shift of
consumer demand towards more sustainable animal products is occurring and expected to continue, and this should
lead to new opportunities for sustainable intensification.

Keywords: Cattle, climate change, crisis management, pandemic, tropical forages.
Resumen

Lapandemiade COVID-19 ha provocado una nueva crisis, interconectada con la ya existente crisis ambiental, que entorpece
los esfuerzos del sector ganadero latinoamericano en su transicion hacia la sostenibilidad. La creciente demanda de
alimentos de origen animal, los impactos ambientales de la produccion ganadera (emisiones de gases de efecto invernadero,
pérdida de la biodiversidad, deforestacion) y las consecuencias del cambio climdtico en la produccion ganadera (periodos
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prolongados de sequia o lluvias, estrés de calor) son algunos de los desafios que enfrenta la intensificacion sostenible
de los sistemas de carne y leche basados en forrajes, para lograr una reduccion significativa de las emisiones de gases
de efecto invernadero, uno de los compromisos adquiridos por varios paises latinoamericanos en los Acuerdos de Paris.
Lo anterior también dificulta que los productores locales de dichos sistemas ganaderos accedan a las herramientas y
asistencia necesaria para su adaptacion al cambio climatico. Mediante un enfoque cualitativo, este documento tiene
como objetivo evaluar los impactos existentes y potenciales, asi como las oportunidades provocadas por la pandemia
del COVID-19 en la intensificacion sostenible del sector ganadero en Colombia, y se espera que esta informacion sea
util para otros paises de América Latina. Los principales hallazgos muestran que los impactos a corto plazo, como el
aumento de los precios de los insumos, el acceso limitado a los mismos, al crédito, la asistencia técnica y la reduccion
de los ingresos limitan las inversiones en intensificacion sostenible a lo largo de las cadenas de valor. La reduccion
de la financiacion para la investigacion y el desarrollo provocaron retrocesos en la aplicacion de tecnologias y en los
programas de sostenibilidad. En el largo plazo, se espera un cambio en la demanda de los consumidores hacia productos

sostenibles, lo que generaria nuevas oportunidades para la intensificacion sostenible.

Palabras clave: Cambio climatico, forrajes tropicales, ganaderia, manejo de la pandemia.

Introduction

In 2020, COVID-19 was declared by the World Health
Organization (WHO 2020) as a pandemic, affecting
humankind in an unprecedented way. Since then,
measures have been taken, and are continuing, by
national governments to protect public health. These
have included travel bans, temporary closures of public/
private establishments, confinement of individuals and
nationwide lockdowns that have caused significant
economic downturns. Compared to other sectors where
negative impacts often become visible very quickly, it
appears that agriculture and livestock have been little
affected (FAO 2020a; ECLAC 2020a). However, this
perception may not reflect reality in Latin America,
since many of the effects have not been quantified due
to monitoring difficulties, slow updates of databases
and general data scarcity, or the effects have not yet
been communicated (Burkart et al. 2020). Disruptions
in agricultural value chains have been noticeable and
are likely to grow over time (Burkart et al. 2020; FAO
2020b). Although most of the impacts are not yet visible
or fully analyzed, and despite the increased cattle
slaughter and beef exports in some Latin American
countries in 2020 (Urrego 2021; Villamil 2020; Garza
2020), there have also been negative impacts. These
include increasing input prices and reduced consumer
demand which, in the short-term, affects the livelihoods
of low-income cattle producers. Since the beef and dairy
sector is key to food security, nutrition and livelihoods,
it is crucial for the involved stakeholders to identify
and understand present and potential negative impacts,
and where possible implement actions to mitigate their
effects. The COVID-19 crisis will indeed shape the future

of Colombian food systems and improving resilience
is one of the major challenges in the medium- to long-
term. This is also likely to create opportunities along
the beef and dairy value chains through, for example,
formalization of processes and adaptation to changing
consumer demands (Burkart et al. 2020).

Sustainable intensification of the cattle sector has
been part of the political agendas of Latin American
countries for at least a decade prior to the pandemic.
The most important drivers have been increasing
demand for animal sourced foods (OECD/FAO 2019),
negative environmental impacts of some aspects of
cattle production (FAO 2006; FAO 2018) and effects
of enteric methane emissions of ruminants on climate
change (FAO 2016). Sustainable intensification has
become a central element for governments to meet the
commitments made under the Paris Agreement of the
United Nations Framework Convention on Climate
Change for greenhouse gas emission reductions.
Sustainable intensification of forage-based cattle
systems consists of 3 pillars (Rao et al. 2015; Rudel et
al. 2015): (i) genetic intensification (the development and
use of improved forages and improved animal breeds for
increased productivity); (ii) ecological intensification
(the development and application of improved farm
and resource management options for increased
efficiency); and (iii) socio-economic intensification (the
development and improvement of policies, institutions,
and markets to support and increase technology uptake).
The transition towards sustainable intensification comes
with numerous livelihood and environmental benefits,
including income generation and diversification, food
security, climate change mitigation and adaptation,
restoration of degraded lands and biodiversity
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conservation (Rao et al. 2015), which contribute in turn
to the achievement of several Sustainable Development
Goals (UN 2021). In Colombia, significant advances have
been made in the past decade, such as the establishment
of improved forages, protein banks or silvo-pastoral
systems (Ganaderia Colombiana Sostenible 2018),
market improvements (Charry-Camacho et al. 2019;
Ruden et al. 2020) and public policies (Ministerio de
Agricultura y Desarrollo Rural 2019; Ministerio de
Agricultura y Desarrollo Rural 2020a; Presidencia de
la Nacién Argentina 2018; Ministerio de Agricultura
y Ganaderia 2011). Annex 1 provides an overview on
the achievements for Colombia as an example for other
Latin American countries, focusing on public and private
sector initiatives, public policy, finance mechanisms and
market developments. Despite these advances and the yet
limited visible effects of COVID-19 on the cattle sector,
the pandemic is expected to have significant impacts on
ongoing sustainable intensification efforts, i.e., when it
comes to technology adoption, product differentiation,
information sharing and financing (Burkart et al. 2020).
Our objective is to describe and discuss how the
pandemic is affecting sustainable intensification of the
cattle sector in Colombia, putting emphasis on both
potential negative impacts and future opportunities.

Materials and Methods

A qualitative approach that included reviewing the
trends in current literature (scientific and non-scientific),
examination of archives and databases (from national and
international organizations, public sector, and primary
sources such as newspaper coverage), and ensuring
personal communications with key representatives
of the cattle sector (e.g. cattle producers, beef and
dairy companies, distributors, public sector actors,
researchers, input suppliers, credit providers) was applied
to understand the impact of the COVID-19 pandemic
on the livestock sector in Colombia. This allowed us
to gain a general perspective on the implications of the
crisis, reflecting on how the subject is addressed by key
actors, media, and relevant literature, providing us with
a wider context on different perceptions, implications
and responses. Data was obtained in 2020 and 2021,
with personal communications taking place via email
or telephone due to the public health measures related
to the COVID-19 pandemic. We completed the analysis
to cover three topics to assess and discuss the impacts
at the levels of (i) markets and consumers; (ii) public
policies and the value chain framework; and (iii) primary
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producers. In the discussion we provide our perspective
on how it should be possible to mitigate negative impacts
to take advantage of opportunities, and to support the
sector in building resilience as well as in climate change
adaptation and mitigation.

Results

COVID-19 and sustainable intensification at the market
and consumer level

Food consumers have been subjected to an economic
downturn caused by COVID-19 with increasing
unemployment rates, part-time work and salary
reductions. This is evident especially in countries with
little or no social safety net and a large proportion of
employment being in informal jobs (FAO 2020a; ECLAC
2020b; OIT 2020), such as in Colombia (NielsenlQ
2020). According to the National Department for
Statistics (DANE 2021a), the country’s unemployment
rate increased from an average of 10.5 % in 2019 to
15.1 % in April 2021 as a direct result of the crisis. In
May 2020, 79 % of Colombian households were already
experiencing financial difficulties (Kantar 2020) and it is
projected that during 2020, the number of people living
in poverty increased from 35.7 to 42.6 % and in extreme
poverty from 9.6 to 12.8 %, respectively (DANE 2021d).
These factors have reduced purchasing power, led to a
lower demand for beef and some dairy products, and
affected resource availability along the value chains
(CONtextoganadero 2020a).

In the prevailing uncertainty, consumers have lost
confidence and have been spending less income on less-
essential items (Sullivan and Amos 2020). Although food
demand is generally considered as not very elastic and to
have little effect on overall food consumption, reduced
purchasing power can often lead to substitution effects
and changes in the food basket towards more affordable
foods. The National Federation of Cattle Producers in
Colombia (Fedegan) projected a partial substitution of
beef with more economic protein sources, such as legume
grains or poultry, at least in the short- to medium-term
(CONtextoganadero 2020a). Beef consumption and cattle
slaughter was estimated to have declined by ~2.5 % in the
first quarter of 2020 (CONtextoganadero 2020b; DANE-
ESAG 2020a; DANE-ESAG 2020b), and by 30—40 % in
April 2020 (Manrique 2020), respectively. Although cattle
slaughter appears to have recovered slightly in the first
quarter of 2021, with a growth of 2.4 % compared to the
same period in 2020, this increase was mainly related to
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exports (DANE 2021b), suggesting a negative effect of the
pandemic on the national beef industry. The dairy industry
has not been affected to the same extent, likely because
most alternatives (e.g., soy or almond milk) are more
expensive than cow milk. There has been some reduction
for processed dairy products, such cheese and yogurt,
which is largely related to school and restaurant shutdowns
(Morais 2020; Duran 2020; Gonzalez Bell 2020).

Before the COVID-19 pandemic, sustainable food
production was rapidly developing in Colombia in
response to a growing demand by more discerning and
better off consumers (which still make up only a small
minority of the rather price-oriented consumer base).
These same consumers show a high willingness to pay for
sustainable beef products (Charry-Camacho et al. 2019)
that creates opportunities along the value chain (Burkart
et al. 2021; Charry-Camacho et al. 2018). Several beef
and dairy companies, NGOs and research institutions
have developed, or are in the process of developing,
differentiated beef and dairy products through certification
or technical assistance and sustainable beef labels have
already been launched (Annex 1). The pandemic might
lead to 2 opposing effects (Trujillo 2020; Sullivan and
Amos 2020). First, the substitution effect could lead to a
declining demand for sustainable beef and dairy products
in the short-term, since they are generally more expensive,
and this would negatively affect the development of more
sustainable value chains and the implementation of
sustainable production practices at farm level. This effect
has already been noted by private beef and dairy industries
and has caused delays in the development or refinement
of differentiation efforts. Since resources became scarce,
projects have been stopped and employees terminated. A
recent study by Ramirez et al. (2021) confirms that beef
consumer preferences in Colombia have been affected
by the pandemic, with a decline in beef consumption,
especially amongst surveyed consumers from lower-
income households or those facing economic reductions
due to the pandemic. Second, a more optimistic scenario
considers that, once incomes recover in the medium- to
long-term, consumer preferences will shift towards more
sustainable products, improved traceability, food safety
and animal welfare. This second scenario would boost
the development of more sustainable value chains and the
implementation of sustainable production practices, and
both encourage and require investments on the part of
the beef and dairy industries (Sullivan and Amos 2020;
Manrique 2020). However, for most of the Colombian
beef and dairy consumers, price will continue to play the
most important role in consumption decision-making.

COVID-19 and sustainable intensification at the public
policy and value chain level

Financial credits are a fundamental requirement for
investments in sustainable intensification but are difficult
to access for the many already indebted smallholder
cattle producers with low-productivity farms. To mitigate
effects of the pandemic, the Colombian Government
(FINAGRO 2020) provided an emergency credit line
in 2020 that helped cattle producers pay interest on
existing credits to reduce bankruptcies. However, this
credit line was not intended for new investments in
sustainable production alternatives and thus did not
provide incentives to revive pre-pandemic advances. To
foster the adoption of sustainable production systems,
the Government launched another credit line in 2020
for establishing silvo-pastoral systems with emphasis
on improved tree species and the implementation of
living fences. This is the first initiative of this type in
the country (Ministerio de Agricultura y Desarrollo
Rural 2020a) and it is expected to further advance efforts
regarding sustainable intensification.

Another important factor for the transition towards
sustainable cattle systems is access to rural extension and
technical assistance. Despite the ongoing transformation of
the rural extension system in Colombia through the SNIA
(Sistema Nacional de Innovacion Agropecuaria - National
Agricultural Innovation System) law of 2017 (Gobierno de
Colombia 2017), the reach of public rural extension is still
very limited. The pandemic has aggravated this situation,
leading to several consequences: (i) implementation of
departmental extension plans (Planes Departamentales
de Extension Agropecuaria) had to be accelerated at
the expense of effectively prioritizing land areas and
crops for interventions; (ii) disruptions in procedures for
requesting extension caused a mismatch of demand and
supply (Ministerio de Agricultura y Desarrollo Rural
2020c); and (iii) limited on-farm extension combined
with reduced access to productive inputs affected farm
productivity, resulting in reduced farm incomes and
credit repayment capacity. However, there have been
positive developments too. Virtual extension efforts
have increased with social media and local radio stations
(Fedegan 2020; CONtextoganadero 2020c). Also, some
Colombian dairy and beef companies, input suppliers,
private agencies and supermarkets have developed their
own rural extension and technical assistance systems,
and many of these are focused on sustainable production
(Annex 1). Although the impacts of the pandemic on
their efforts are not yet fully evident, they include some
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important setbacks. Nevertheless, on-farm visits, face-to-
face rural education programs (e.g., Alqueria’s Heirs of
Tradition Program), and farm planning and monitoring
(e.g. AngusAzul, GANSO) can only partly be provided
or are being offered virtually, at the expense of producers
with limited internet connectivity.

Research institutions and networks that focus on the
development of sustainable production technologies, such
as improved forages, have been facing budget reductions
(e.g. the Colombian Forages Network) and there have
been shifts of focus towards crisis mitigation rather than
gradual improvements (CGIAR 2020; The Alliance of
Bioversity International and CIAT 2020). This might
lead to lesser progress in developing technologies and
reducing knowledge gaps in the mid- and long-term.
In addition, institutions in charge of implementing
sustainable intensification piloting and scaling projects
are facing reductions in their budgets and staff that will
likely lead to delays in scaling-up processes. These
setbacks can, however, also represent new opportunities
since new elements can be considered in the reshaping
or formulation of projects, such as a stronger focus on a
potentially changing consumer demand.

Colombia has established numerous multi-actor
initiatives for supporting sustainable intensification of
the cattle sector, such as the Colombian Roundtable for
Sustainable Cattle (Mesa de Ganaderia Sostenible) with
its 15 regional roundtables, the Tropical Forest Alliance
(TFA), which established the Zero-Deforestation
Agreements (Acuerdos Cero Deforestacion), and
the Sustainable Colombian Cattle Project (Proyecto
Ganaderia Colombiana Sostenible), which ended in 2019
(Fedegan et al. 2020; Ganaderia Colombiana Sostenible
2018; Mesa de Ganaderia Sostenible Colombia 2019;
Burkart and Urrea-Benitez 2020; Rodriguez 2020;
Triana-Angel and Burkart 2021). The pandemic is
affecting these initiatives to different extents, including
through reduction of budgets, limitations in reaching
target groups, extended virtuality, delays in achieving
agreements or in public policy development, forcing
the involved actors to seek for alternatives. The
implementation of the Zero-Deforestation Agreements,
for example, has slowed down and the committed
companies cannot properly visit their producers to
verify compliance with the established agreements.
To counteract these developments, the Colombian
Roundtable for Sustainable Cattle launched a virtual
seminar series (from May to August 2020) on sustainable
cattle (Conversatorios sobre Ganaderia Sostenible),
focusing on elements like climate change, biodiversity,
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sustainable markets/consumption and rural extension
(Mesa de Ganaderia Sostenible 2020), which reached
over 20,000 attendees (Burkart and Urrea-Benitez 2020).

The increased use of virtuality for capacity building
and rural extension has attracted an unexpected high
number of participants, yet concerns about inclusiveness,
quality (versus quantity) and the applicability of such
virtually spread information remain valid. Around 52 %
of the Colombian population have limited internet access
(Revista Semana 2020) without the required equipment
such as smartphones and computers. The proportion in
rural areas, where the principal target group of cattle
producers live, is likely to be substantially higher. A
positive trend shows that internet use grew by 40 %
during the pandemic (Morales 2020) and there were
large increases in the number of both fixed (+300 %) and
mobile access points (+1.5 million), compared to pre-
pandemic levels of 2019 (Revista Semana 2021). Also,
the Colombian Government plans further increases
to reach 70 % of the population by 2022 (Revista
Semana 2020). Despite these promising trends, internet
access is a major issue that constrains the sustainable
intensification of the sector.

COVID-19 and sustainable intensification at the primary
producer level

According to ECLAC (2020a), the pandemic-caused
downturn of the global economy, particularly in the
United States, China, and Europe, has had negative
impacts in Latin America and the Caribbean, affecting
the trade of raw materials (volumes, unpredictable price
changes). In Colombia, the US Dollar-Colombian Peso
exchange rate increased by 12.6 % during the pandemic
(DolarWeb 2021; Banco de la Republica 2021) (Annex
2). Both the Colombian beef and dairy sectors depend on
imported agricultural inputs, such as forage seeds, feed
concentrates, vaccines, salt, minerals and machinery.
Some of these inputs, particularly forage seeds and
fertilizer, are essential for the sustainable intensification
of traditional cattle systems. Forage seed exports from
Brazil, the principal tropical forage seed producer,
decreased by 27 % between March and April 2020, and
by 11 % compared to April 2019 (Legiscomex 2020).
Data regarding forage seed imports into Colombia are
not yet available but it appears that there has been both
a reduced demand from the Colombian cattle sector and
areduced supply from Brazil. Urea fertilizer prices have
on average increased by 9 % between March and April
2020 (DANE 2020a). In 2020, urea was more expensive
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in 35 % of the municipalities and in 2021 (until May),
in 69.12 %, respectively (DANE 2020b; DANE 2021c).
The combination of reduced input quantities and
increased prices results in additional burdens for cattle
producers to access the required means for sustainable
intensification, leading to disincentives.

Owing to the effects of the pandemic, young cattle
producers, who are potential investors in sustainable
production practices, perceive less incentives for
pursuing a future in the sector and thus might migrate
to cities in larger numbers, aggravating the problems
of generational transfer, already critical prior to the
pandemic (Parra Cortés and Magaha Magafia 2021).
Female cattle producers, who have crucial roles in the
adoption of new technologies (Triana-Angel and Burkart
2019) and often focus on deriving specialty products
such as ‘branded’ cheese or yogurt, are likely to lose
market access and be discouraged if dairy products are
being substituted with non-dairy products, leading to
lower household incomes and reducing the capacities for
investing in sustainable intensification.

Discussion

During the last decade, Colombia has made significant
advances in the transition towards a more sustainable
beef and dairy cattle sector. The COVID-19 pandemic
has caused adverse impacts on both existing and planned
initiatives but also provides some opportunities for the
future. The critical impacts are certainly the reduction
of budgets in many of the involved research and
development institutions, a temporary shift in priorities,
reduced consumer incomes, substitution of beef and
dairy products with other protein sources, disruptions in
rural extension and technical assistance programs, and
reduced ongoing monitoring of on-farm interventions and
commitments. All of these disturb the implementation
of sustainable production practices. Positive effects
of the pandemic on sustainable intensification are an
apparently increased consumer consciousness towards
more environmentally friendly products, animal welfare,
and traceability, which can be harnessed through product
differentiation. While the shift towards virtual capacity
building and rural extension can reach larger numbers
of participants, internet accessibility and connectivity
in rural areas remain challenging and lead to questions
about inclusiveness.

To preserve the achieved progresses and to take
advantage of new opportunities, actors at different levels,
e.g. public policy, market, primary producer, should

increase their support for sustainable intensification
of the cattle sector despite the setbacks caused by the
pandemic. The occasion represents a major opportunity
with various confluent demands of local populations,
such as increasing food security and sovereignty,
ensuring incomes and livelihoods of the most
vulnerable and affected population, promoting rural
justice and redistribution, and addressing the national
and international commitments of environmental
protection, climate change mitigation and adaptation.
Positive examples for this are the new credit line for
the establishment of silvo-pastoral systems by the
Colombian government, and the development of the
GANSO label for sustainable beef. Both initiatives were
launched during the peak of the pandemic in 2020.

Although this study focuses on Colombia, there are
some similarities with other Latin American countries,
such as Costa Rica and Argentina, not only in the
similarity of their cattle systems but also their advances
towards achieving sustainability. Other studies, although
not directly related to sustainable intensification, have
come to similar conclusions regarding the impacts of
the pandemic on the agricultural sector. For example,
Hammond et al. (2022) found that in several African
and Asian countries, the measures employed during the
pandemic have affected food purchase, product sales
(volumes and prices), and access to productive inputs and
markets, with a tendency towards more severe effects in
those countries with stricter measures. Siche (2020), in
a more general analysis, found that the pandemic had
strong impacts on food supply chains, mostly regarding
food demand, ultimately affecting the most vulnerable
actors. Sridhar et al. (2022) conisder the adoption of
sustainable agricultural practices and use of digital tools
as suitable options for building a more resilient food
system that can more easily absorb disruptions.
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Annex 1. Sustainable intensification of the Colombian cattle sector: initiatives and achievements

Initiative/project and duration Level of intervention Interventions and achievements Sources
Sustainable Colombian Cattle Primary producer 4,100 cattle farms from 5 regions participated Fedegan et
Project™® (2010-2019) 18,300 ha under conservation al. (2020);
38,400 ha under sustainable land-use Ganaderia
4,800 ha under intensive silvo-pastoral systems Colombiana
(effect of payments for ecosystem services) Sostenible (2018)
25% increase in milk production
10% increase in forage digestibility and quality
3% increase in milk quality
25% increase in forage biomass
Colombian Forages Primary producer Development, evaluation, and release of forage materials for different Colombian agro- Urrea (2018);

Network??* (2018-present)

Alqueria-SENA rural
education program Heirs of
Tradition*® (2012-present)

Forage seed sector

Research institutions

Primary producer
(i.e., youth)

ecosystems

Development of forage niche products

Release of various new forage materials e.g., Megathyrsus maximus cultivar ‘Sabanera’,
Urochloa brizantha CIAT 26124 cultivar ‘Caporal’, Avena sativa AV25T cultivar ‘Altoandina’
In release process: Cenchrus ciliaris

2-year technology level formal training program for young dairy producers
Capacity building through farmer field schools and farm planning
Agreement with SENA to facilitate technical skills for integrated cattle management

Londofio (2019)

Alqueria (2020);
Triana Angel et
al. (2020); Triana

Agreement with the Alliance of Bioversity International-CIAT (since 2020): trainings on Angel and Ariza
improved pasture management, sustainable dairy production, value chains and the role of Aya (2019)
women in agriculture
188 young graduates: 60 women and 129 men (graduates of the program)
Training of 3,350 farmers (mainly women and young farmers) provided on good management
practices, milk quality and milking routines
Fundacion Alpina** Primary producer 2,374 participants in productive projects aimed at strengthening technical capacities to Fundacion
Dairy value chain improve income and livelihoods and support the reconversion of cattle systems Alpina (2019)
Participation in the national roundtable for rural development
400 women increased their milk sales by 16% due to training and assistance in their economic
and social empowerment
18% increase in the creation of new cooperatives
Zero-Deforestation Public policy Identification of strategies for monitoring deforestation in the cattle sector Rodriguez
Agreements for Beef and Monitoring 35 public and private sector actors already signed their commitment (2020); Burkart
Dairy'® (2018-present) Communication Development of tools for monitoring, reporting and verification (MRV) of zero-deforestation ~ and Urrea
Development of governance mechanisms for the execution of programs for the reduction of Benitez (2020)
deforestation
Continued
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Initiative/project and duration

Level of intervention

Interventions and achievements

Sources

Colombian Roundtable
for Sustainable Cattle'®®
(2014-present)

Sustainability Program
AngusAzul*® (2012-present)

Sustainable Cattle
(GANSO)** (2018-present)

Nationally Appropriate
Mitigation Actions (NAMA)
for the cattle sector'*
(2014-present)

Credit line program for
silvo-pastoral systems™*
(2020-present)

Departmental Agricultural
Extension Plans®®

SNIA law 1876°°
(2017-present)

Primary producer

Dairy and beef value

chains
Public policy

Primary producer

Primary producer
Beef value chain

Primary producer
Financing

Primary producer

Primary producer
Extensionists

Primary producer
Extensionists

>60 members from the public (30%) and private sectors, academia, NGOs, among others (70%)
Contribution to the development of public policy frameworks on sustainable cattle

13 established regional roundtables in the main cattle regions of Colombia

Face-to-face and virtual capacity building events on sustainable cattle production and value
chains

Seminar series on sustainable cattle in 2020 with >20,000 participants from >15 countries
Member of: Global Roundtable for Sustainable Beef

Draft public policy on sustainable cattle under review by the Ministry of Agriculture

Establishment of a protocol for the evaluation of sustainable practices in cattle farms
12% of the total area of cattle farms that sell to AngusAzul are protected forests (>4,000 ha)
Member: Zero-Deforestation Agreements and the Colombian Roundtable for Sustainable Cattle

Technical assistance on sustainable beef farming to primary producers in the Meta and
Casanare Departments

Development of sustainable and scalable business models

Development of the sustainability seal Aval GANSO together with a major supermarket chain
Establishment of 7 pilot and 1 demonstration farms

In the planning phase, but with tentative commitments:

69,000 ha made available for restoration purposes
2.2 million ha under improved pastures

601,000 ha planted with shattered trees

3,800 ha planted with mixed-forage banks

660 ha with integrated living fences

61,000 ha planted with forage hedges

61,000 ha under intensive silvo-pastoral systems

Implemented at a regional level (mainly in 82 municipalities)

Promotion of sustainable practices in the different cattle regions of the country
Credits are directed to the purchase and planting of tree species

First initiative in this regard

Prioritizes crops and regions that receive public rural extension

Establishes the restructuring of the national agricultural innovation system
Purpose of improving the productivity and sustainability of the national agricultural sector
Focus on public rural extension

Personal comm.
technical
secretary (May
10, 2021); MGS-
Col (2019);
Burkart and
Urrea Benitez
(2020)

Personal comm.
AngusAzul (May
12, 2021)

GANSO (2020);
Ruden et al.
(2020)

Ministerio de
Agricultura y
Desarrollo Rural
(MADR 2020b)

MADR (20202)

MADR (2020c)

Ley 1876 de 2017
(2017)

Type of initiative = 'Multi-actor initiative, 2Research agreement, *Public-private partnership, *Private sector initiative, Public sector initiative.
Effects of the COVID-19 pandemic = *budget reductions/constraints, °difficulties in reaching target groups, ‘effects still unknown, ‘initiative ended before the pandemic started,

“initiative has not yet started.
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Annex 2. US$-COP exchange rate 2019-2021, with reference to the start of the COVID-19 pandemic. Source: own elaboration
based on Banco de la Republica (2021).
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Articulo cientifico

Prediccion del valor nutricional de sorgo para forraje mediante
espectroscopia de reflectancia en el infrarrojo cercano (NIRS) y
ecuaciones empiricas

Prediction of the nutritional value of sorghum for forage using near-infrared
reflectance spectroscopy (NIRS) and empirical equations

SONIA PEREIRA-CRESPO!, ADRIAN BOTANA!, MARCOS VEIGA!, CESAR RESCH!, LAURA
GONZALEZ!, ROBERTO LORENZANA2 VALENTIN GARCIA-SOUTO!, MARIA DEL PILAR
MARTINEZ-DIZ' Yy GONZALO FLORES-CALVETE!

'Centro de Investigacions Agrarias de Mabegondo (CIAM), Mabegondo, Abegondo, A Coruiia, Esparia. ciam.gal
’Laboratorio Interprofesional Galego de Andlise do Leite (LIGAL), Mabegondo, Abegondo, A Coruiia, Esparia. ligal.gal

Resumen

En este trabajo se evalua la capacidad de la tecnologia NIRS para estimar la composicion quimica (n=171) y la digestibilidad
de la materia organica (n=71) de la planta entera de sorgo aprovechado para forraje y sus componentes morfologicos, y se
desarrollan ecuaciones empiricas basadas en parametros quimicos para la estimacion de la digestibilidad de la materia
organica (DMO), comparando su capacidad predictiva con la obtenida mediante NIRS. Las calibraciones NIRS obtenidas
para la prediccion de todos los parametros mostraron valores del coeficiente de determinacion en validacion externa (r?)
igual o superior a 0.90, indicando una alta confiabilidad. Asimismo, los valores de la relacion entre la desviacion estandar
y el error de prediccion (RPD) en validacion externa fueron superiores a 3. La tecnologia NIRS mostr6 una superioridad
predictiva de la DMO, comparada con la mejor ecuacion empirica, permitiendo reducir el error de prediccion de validacion
externa, desde £3.9 % a£1.9 %. Se concluye que las ecuaciones NIRS desarrolladas son una herramienta ttil y precisa para
la evaluacion nutricional rapida y precisa de la planta entera de sorgo y sus componentes morfoldgicos.

Palabras clave: Composicion quimica, digestibilidad, espectroscopia del infrarrojo cercano, modelos empiricos,
Sorghum bicolor.

Abstract

In the present work studied the predictive ability of NIRS for the estimation of chemical composition (n = 171) and
organic matter digestibility (n=71) of whole plant forage sorghum and morphological components, developed empirical
equations based on chemical parameters to estimate the organic matter digestibility (OMD) values and compared the
predictive ability of empirical models vs. NIRS equations. The predictive ability of NIRS models for estimating the
OMD and chemical composition showed high reliability, according to the coefficient of determination in external
validation (r>>0.90), whilst the ratio of the standard deviation of the original data to standard error of external validation
(RPD) values were higher than 3.0 for all parameters studied. Applying NIRS models to the prediction of OMD of whole
plants and morphological components of forage sorghum led to the reduction in the standard error of external validation,
in comparison with the best empirical model based on the chemical composition of samples (from £3.9 to £1.9 %). It is
concluded that the NIRS equations developed in the present work are valuable tools for the fast and accurate assessment
of the nutritive value of the whole plant and components of forage sorghum.

Keywords: Chemical composition, digestibility, empirical models, near infrared spectroscopy, Sorghum bicolor.
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Introduccion

El ensilaje de maiz es el principal forraje conservado
consumido en las explotaciones lecheras de Galicia
(Espafia), pues se estima que alrededor del 75 %
de la produccion de leche de la region procede de
explotaciones donde el ensilaje de maiz constituye una
parte importante o mayoritaria de la racion de las vacas
lecheras (Flores et al. 2017). El clima predominante en
la zona de produccion de leche de Galicia es atlantico
htimedo, aunque existen episodios relativamente
frecuentes de sequias estacionales durante el verano,
que pueden comprometer el rendimiento del maiz
forrajero, especialmente en zonas con suelos arenosos
o con escasa profundidad. El sorgo (Sorghum bicolor
(L.) Moench) es un cultivo que se caracteriza por
la tolerancia a condiciones de escasez de agua y
nutrientes (Farré y Faci 20006), por lo que se considera
cada vez mas una alternativa al maiz en esas areas.
La utilizacion de forrajes producidos en la propia
explotacion y la mejora de la eficiencia de su uso en
la alimentacion de las vacas es una de las principales
claves del sector lacteo gallego para mantener su
posicion dentro de las 10 principales regiones lecheras
de la Unién Europea (Lopez-Iglesias 2015). Con
este proposito, se requiere un sistema avanzado de
analisis de la calidad del forraje que proporcione una
evaluacion rapida, economica y precisa.

La estimaciéon del valor energético (energia
metabolizable) se realiza habitualmente a partir
del valor de la digestibilidad de la materia organica
(DMO) (Dijkstra et al. 2005). Los estudios in vivo
proporcionan los valores de referencia de la DMO de
los alimentos para rumiantes, pero no son practicos
como analisis de rutina debido a su complejidad,
duracion y costo (Gosselink et al. 2004). Los métodos
alternativos para evaluar en la practica el valor
energético de los forrajes incluyen el uso de ecuaciones
empiricas basadas en parametros quimicos, técnicas
de digestion in vitro y espectroscopia de reflectancia
del infrarrojo cercano (NIRS) (Gosselink et al. 2004;
Pereira-Crespo et al. 2022a, 2022b).

El objetivo de este estudio fue evaluar la capacidad
de la tecnologia NIRS para estimar la composicion
quimica y DMO de la planta entera y los componentes
morfolégicos de sorgo forrajero cultivado en Galicia, y
desarrollar ecuaciones empiricas basadas en parametros
quimicos para la estimacion de la DMO, comparando su
capacidad predictiva con la obtenida por NIRS.

Materiales y Métodos
Material vegetal

El colectivo de muestras de sorgo en estado fresco
proviene de diferentes trabajos realizados por el Centro de
Investigaciones Agrarias de Mabegondo (CIAM) desde
2012 hasta 2018 en las localidades gallegas de Mabegondo
(A Corufia) y Pobra do Brollon (Lugo), que incluian
diferentes variedades (de grano y forrajeras, asi como bmr)
y distintos estados fenologicos, desde estado vegetativo
hasta grano pastoso. La coleccion esta constituida por 171
muestras (120, 28 y 23 muestras de planta entera, parte
vegetativa e inflorescencia, respectivamente).

Métodos analiticos de referencia

La preparacion de las muestras para las posteriores
determinaciones por via hiimeda se realiz6 mediante
secado en estufa de aire forzado (Unitherm, Russell-
Lindsey Engineering, Birmingham, England) a 80
°C durante 16 h. Las muestras fueron posteriormente
molidas a 1 mm en un molino de martillos (Christy
y Norris Ltd., Chelmsford, England). Los resultados
se expresaron en porcentaje sobre MS corregida por
humedad residual. La determinacion del contenido en
materia organica (MO), proteina bruta (PB) y almidon
(ALM) se realizé segiin Horwitz y Latimer (2010), y
los contenidos en fibra neutro detergente (FND), fibra
acido detergente (FAD) y hemicelulosa (HCEL) se
realizaron siguiendo la metodologia de Goering y
Van Soest (1970). Los contenidos en carbohidratos
solubles en agua (CSA) y no estructurales (CNET) se
determinaron segun Castro (2000).

Determinacion de la digestibilidad

La determinacion de la digestibilidad in vivo se realizo
mediante evaluaciones con un minimo de cinco ovinos
machos castrados de mas de dos afios de edad, de raza
Gallega, alojados en jaulas metabolicas dotadas de
separadores de heces y orina. El nivel de alimentacion
fue ad libitum, ajustandose la oferta para permitir un
10 % de rechazos. El procedimiento de las evaluaciones
in vivo se realiz6 siguiendo la metodologia indicada en
Pereira-Crespo et al. (2022a, 2022b). La digestibilidad in
vitro de la materia organica fue determinada siguiendo
el método descrito por Tilley y Terry (1963) modificado
por Alexander y McGowan (1966), utilizando como

Tropical Grasslands-Forrajes Tropicales (ISSN: 2346-3775)




Modelos de prediccion del valor nutricional de sorgo para forraje 251

animales donantes de indculo ruminal dos vacas secas
canuladas en el rumen alimentadas segun lo indicado
en Pereira-Crespo et al. (2022b). Con la finalidad
de controlar la variabilidad entre series de analisis
sucesivas, los resultados de digestibilidad in vitro se
corrigieron utilizando un conjunto de cuatro muestras
de referencia cuya digestibilidad in vivo era conocida,
colocados por duplicado al inicio, mitad y al final de
cada serie. La correccion se ajusto segun lo indicado por
Pereira-Crespo et al. (2022a, 2022b).

Del total de muestras utilizadas con DMO conocida,
cinco (n=5) provenian de ensayos in vivo y las restantes
(n=66) de ensayos in vitro.

Error estandar de los métodos de referencia

Para evaluar los resultados de las calibraciones NIRS en
relacion al error del método de referencia, se calculd el
error estandar del método de referencia (SEL) para cada
parametro, realizado a partir de la varianza entre replicados
de la misma muestra. Los valores de SEL de los métodos
de referencia del presente trabajo figuran en la Tabla 1.

Tabla 1. Error estdndar del método de referencia para la
determinacion de la composicion quimica y digestibilidad.

Parametro Media  SEL cr
Composicion quimica (%MS)
MO 87.63 0.57 0.65
PB 11.30 0.50 448
FND 44.34 1.74 3.92
FAD 36.22 1.18 3.26
CSA 13.09 0.92 7.08
CNET 17.43 0.88 5.06
ALM 17.37 1.57 9.04
Digestibilidad (%)
DMOTT 64.77 1.94 3.00
DMO in vivo 66.83 2.33 3.49

SEL = error estandar de laboratorio; CV = coeficiente de
variacion; MS = materia seca (%); MO = materia organica;
PB = proteina bruta; FND = fibra neutro detergente; FAD =
fibra acido detergente; CSA = carbohidratos solubles en agua;
CNET = carbohidratos no estructurales; ALM = almidon;
DMOTT = digestibilidad de la MO in vitro método Tilley-
Terry; DMO = digestibilidad de la MO.

Analisis estadistico en la construccion de las ecuaciones
de regresion basadas en parametros quimicos

Parala coleccion de muestras de las que se disponia valores
de DMO (n=71) se desarrollaron ecuaciones de regresion

basadas en parametros quimicos, persiguiendo el objetivo
de establecer una base de comparacion de la capacidad
predictiva de este modelo y el obtenido mediante la
tecnologia NIRS, aplicada a la estimacion del valor
nutricional de planta entera de sorgo y sus componentes
morfologicos (hojas + tallos e inflorescencias).

Se examinaron las relaciones entre los valores de
DMO vy las determinaciones de laboratorio mediante
analisis de correlacion y de regresion linear simple y
multiple, acompafiada de un proceso de regresion paso
a paso, siendo seleccionados los mejores modelos uni
y multivariables en cuanto a porcentaje de varianza
explicada de la variable dependiente. Los procedimientos
utilizados fueron CORR, STEPWISE, GLM y REG del
paquete estadistico SAS v. 9.4 (SAS Institute 2012). En
la construccion de los modelos predictivos se utilizo el
método “leave one out” (Massart et al. 1997), un proceso
secuencial de validacion cruzada, en el cual del conjunto
de calibracion era excluida secuencialmente una de
las muestras, sobre la que se realizo la validacion de la
prediccion a partir del modelo de calibracion generado,
repitiendo el proceso un numero de veces igual al
numero total de muestras. Se computo el error estandar
de validacion cruzada (SECV) a partir de los errores de
estimacion (e= diferencia entre el valor observado y el
predicho por el modelo) de las muestras del conjunto de
validacion como

Lei?

SECV =

siendo n el niimero total de muestras. Los modelos
con un porcentaje de varianza explicada en validacion
cruzada inferior al 20 % fueron excluidos, asi como
aquellos que incluian como predictores variables con un
elevado grado de colinealidad, dado su efecto negativo
en la estabilidad de los coeficientes de los modelos
de regresion, siendo aquel estimado a través de las
herramientas de diagndstico del procedimiento REG
de SAS. Los modelos de prediccion de DMO fueron
objeto de validacion externa. A tal efecto, ordenadas las
muestras de la coleccion por su valor de digestibilidad,
cada quinta muestra se asigné al grupo de validacion
independiente, siendo construido el modelo predictivo
sobre los cuatro quintos restantes. El valor del error de
prediccion (SEP) se calculd como el error estandar de la
diferencia entre los valores observados y predichos, y el
valor del bias como el valor medio de la diferencia entre
los valores observados y predichos, siendo obtenido el
coeficiente de determinacion en validacion externa (%) a
partir de la regresion lineal entre los valores observados
y los predichos.
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Analisis e instrumentacion NIRS

La informacion espectral de las muestras se registro
en un espectrofotometro monocromador de espectro
continuo Foss NIRSystem 6500 (Silver Spring,
Washington, USA), situado en una sala con temperatura
controlada (24 = 1 °C). El instrumento estaba dotado
de un modulo de giro y realiza medidas de reflectancia
(R) en la region espectral comprendida entre 1100 nm y
2500 nm. Las muestras secas y molidas se analizaron
por duplicado como /log(1/R). La adquisicion de la
informacion espectral y el analisis quimiométrico de
los datos se realiz6 mediante el software WinISI II v.1.5
(Infrasoft International 2000, Port Matilda, PA, USA).

Tratamiento quimiométrico de los datos espectrales

Mediante el algoritmo CENTER (Shenk y Westerhaus,
1991) del software WinlSI, se realizo un Analisis
de Componentes Principales, seguido del célculo de
distancias entre espectros en un espacio n-dimensional
a través de la distancia de Mahalanobis, la cual
permitio estudiar la estructura y variabilidad espectral
de la poblacion y detectar muestras anomalas,
siendo identificadas como muestras atipicas (outliers
espectrales) aquellas con valores GH>3 (Shenk y
Westerhaus, 1991). Aquellos espectros andmalos
fueron eliminados, repitiendo el proceso de deteccion
y eliminacion de andmalos espectrales hasta conseguir
que todas las muestras presentaran un valor de GH
inferior al valor maximo recomendado.

Los pretratamientos espectrales evaluados fueron:
SNV (Standard normal variate); DT (Detrend), la
combinacion de ambos (SNV+D) (Barnes et al., 1989)
y W-MSC (Weighted multiplicative scatter correction,
Shenk y Westerhaus 1993), combinados con derivadas
como: 1,4.4,1; 1,5,5,1; 1,6,4,1; 1,8,4,1; 1,10,5,1; 1,10,10,1;
2,44,1;2,5,5,1;2,6,4,1;2,84,1;2,10,5,1; 2,10,10,1; donde el
primer digito expresa el orden de la derivada (I=primera
derivada, 2=segunda derivada), el segundo digito
indica el tamafo del segmento sobre el cual se realiza
la derivacion (intervalo expresado en nandmetros) y el
tercero y cuarto digito indican el tamano de los intervalos,
expresados en nandmetros, utilizados para el célculo de
suavizacion de la derivada (Shenk y Westerhaus 1994).
El colectivo de espectros se dividio de forma aleatoria
(Shenk y Westerhaus 1991) en un grupo de calibracion al
que se destinaron el 75 % de las muestras seleccionadas
aleatoriamente, siendo el resto de las muestras asignando
aun segundo grupo de validacion independiente (externa)

que contenia el 25 % de las muestras totales, estando
representados en ambos grupos los 3 tipos de muestras
(planta entera, parte vegetativa e inflorescencia).

Las ecuaciones de calibracion se realizaron a través
de regresion de minimos cuadrados parciales modificada
(MPLS, Martens y Naes 1987) entre los datos espectrales
y los valores de referencia, aplicandose el procedimiento
de validacion cruzada para determinar el nimero 6ptimo
de términos de la ecuacion. Se incluyeron cuatro grupos
de validacion cruzada para prevenir el sobreajuste,
que fueron secuencialmente utilizados para efectuar
la validacion de las ecuaciones generadas. Ademas,
durante el proceso de desarrollo de cada ecuacion de
calibracion se aplicaron como maximo 2 etapas de
eliminacion de anomalos quimicos (T > 2.5; Mark y
Workman 2003). La seleccion de las mejores ecuaciones
de calibracion NIRS se realiz6 en base al menor valor
del error estandar validacion cruzada (SECV) y al mayor
valor del coeficiente de determinacion en validacion
cruzada (1 — VR; Shenk y Westerhaus 1996).

Resultados
Ecuaciones empiricas para la prediccion de DMO

Valores medios de la coleccion. En la Tabla 2 se puede
observar la media, desviacion tipica, coeficiente de
variacion y rango de valores para la composicion quimica
y DMO del colectivo total de muestras (n = 71) de las que
se disponia el valor de referencia de DMO. Las muestras
de planta entera constituian el 70 % del total, repartiéndose
el resto entre muestras de inflorescencia (panicula) y parte
vegetativa (plantas desprovistas de inflorescencia).

Los contenidos medios (y rango de variacion) en %
MS fueron, MO: 94.2 (88.6 a 97.4), PB: 7.6 (3.5 a 16.2),
FND: 60.3 (37.2 a 79.2), FAD: 31.1 (16.2 a 39.1), HCEL:
29.1 (19.9 a40.2), ALM: 8.9 (0.0 a 45.4), CNET: 23.8 (9.1
a 55.6) y CSA: 12.7 (2.7 a 27.4). El valor medio de DMO
fue 63.2 %, oscilando los valores minimo y maximo entre
53.8 y 77.6 %. Los contenidos en ALM, CSA, CNET
y PB fueron los parametros de mayor variabilidad, con
valores del coeficiente de variacion de 111.1 %, 55.4 %,
37.6 %, y 32.1 %, respectivamente, mientras que la
concentracion de MO fue el menos variable (CV= 1.8 %),
siendo intermedia la de las distintas fracciones de la fibra,
con valores de CV de 13.8 % para FND, 14.0 % para FAD
y 15.3 % para HCEL. La variabilidad de la DMO con un
valor del CV de 10.3 % se situd a un nivel inferior de la
observada para los parametros de composicion quimica,
a excepcion del contenido en materia organica.
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Tabla 2. Composicion quimicay digestibilidad de la coleccion
de muestras de planta entera de sorgo y sus componentes
morfologicos, utilizadas para la obtencion de las ecuaciones
empiricas.

Parametro n Media SD (AY Min Max

MO 71 94.2 1.7 1.8 88.6 974
PB 71 7.6 24 32.1 35 16.2
FND 71 60.3 8.3 138 372 792
FAD 71 31.1 43 14.0 162 391
HCEL 71 29.1 4.5 15.3 199 402
ALM 71 8.9 9.9 111.1 0.0 45.4
CNET 71 23.8 8.9 37.6 9.1 55.6
CSA 71 12.7 7.0 55.4 2.7 274
DMO 71 63.2 6.5 103 538 776

MS = materia seca; MO = materia organica (%MS); PB =
proteina bruta; FND = fibra neutro detergente (%MS); FAD
= fibra acido detergente (%MS); HCEL = hemicelulosa
(%MS); ALM = almidén (%MS); CNET = carbohidratos no
estructurales (%MS); CSA = carbohidratos solubles (%MS);
DMO = digestibilidad de la MO; n = nimero de muestras; SD
= desviacion estandar; CV = coeficiente de variacion; Max =
valor maximo; Min = valor minimo.

Correlaciones entre composicion quimica y digestibilidad.
La matriz de correlaciones entre los pardmetros de
composicion quimica y la digestibilidad de la materia
orgdnica se muestra en la Tabla 3. Fue observada una
correlacion negativa moderada pero significativa (p<0.001)
entre los valores de DMO y las distintas fracciones de fibra,
con valores del coeficiente de correlacion r de -0.47 para
FND, de -0.49 para FAD, y de -0.39 para HCEL. También
se observo una correlacion aproximadamente de la misma
magnitud, pero de signo positivo, entre el valor de DMO y
el de materia organica y la concentracion de carbohidratos
no estructurales, con valores de » de 0.47 para MO, de
0.46 para CNET y de 0.48 para CSA. El coeficiente de
correlacion entre DMO y los contenidos en proteina y
almidon fue muy bajo y no alcanz6 significacion.

Destaca la alta correlacion negativa entre los valores de
carbohidratos estructurales y no estructurales (valores de
de -0.94,-0.89 y -0.88 entre CNET con FND, FAD y HCEL,
respectivamente) reflejando parcialmente el resultado del
proceso de maduracion de la planta, donde la proporcion de
la fraccion fibra en la MS tiende a reducirse con el incremento
la acumulacion de azicares y almiddn en la planta.

Tabla 3. Matriz de correlaciones entre pardmetros de composicion quimica y digestibilidad de la materia orgdnica de la coleccion

de planta entera de sorgo y sus componentes morfologicos.

PB FND FAD HCEL ALM CNET CSA DMO

MO r -0.61 -0.55 -0.51 -0.53 0.28 0.69 0.53 0.47
P sk sk sk sk % sk sk sekok

PB r - 0.22 -0.02 0.43 0.17 -0.37 -0.71 -0.17
p NS NS *okk NS sk k% NS

FND r - - 0.94 0.94 -0.78 -0.94 -0.10 -0.47
p sk sk sekk fekok NS fekk

FAD r - - - 0.77 -0.82 -0.89 0.06 -0.49
p k% *okk *okk NS sokk

HCEL r - - - - -0.65 -0.88 -0.25 -0.39
p sekk sk % sk

ALM r - - - - - 0.72 -0.49 0.09
p sokk sokok NS

CNET r - - - - - - 0.20 0.46
p NS sk

CSA r - - - - - - - 0.48
p sk

MS = materia seca; MO = materia organica (%MS); PB = proteina bruta (%MS); FND = fibra neutro detergente (%MS); FAD =
fibra acido detergente (%MS); HCEL = hemicelulosa (%MS); ALM = almidon; CNET = carbohidratos no estructurales; CSA =
carbohidratos solubles; DMO = digestibilidad de la materia organica (%); r = coeficiente de correlacion de Pearson; p = significacion

(*** p<0.001; ** p<0.01; * p<0.05; NS p>0.05: no significativo).
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Ecuaciones de prediccion de DMO basadas en parametros
quimicos. Las ecuaciones de regresion seleccionadas,
asi como los estadisticos de calibracion y de validacion
cruzada y externa se muestran en la Tabla 4, estando
aquellas ordenadas de mayor a menor por el porcentaje
de la varianza explicada en calibracion. Las ecuaciones
de prediccion de la digestibilidad de la materia orgénica
basadas en analisis quimicos de la poblacion de muestras
de planta entera de sorgo y sus fracciones mostraron
una moderada capacidad predictiva. Los dos mejores
modelos de dos variables, que incluyeron FAD y CSA o
FAD y ALM como predictores, explicaron en validacion
cruzada el 56 % y el 47 % de la varianza con un error
estandar de validacion cruzada de +4.29 % y +4.78 %,
respectivamente. La eliminacion de CSA o ALM de la
ecuacion redujo el porcentaje de varianza explicada hasta
el 34 % y aumento el error hasta £5.01 % para el modelo
univariable con FAD como tnico predictor.

En validacion externa, el ajuste de las ecuaciones
empeoro notablemente, con valores de 7? y de SEP de
0.44 y £5.74 % y de 0.40 y £5.51 % para las ecuaciones
con dos variables y de 0.21 y +6.14 % para la ecuacion
univariable con FAD como unico predictor. Los valores
de los estadisticos RPD _y RER  en validacion externa
oscilaron entre 1.17 y 1.05 para el primero y entre 4.3
y 3.8 para el segundo. Atendiendo a los criterios que
juzgan la calidad de las ecuaciones en base a estos
valores (Williams 2014), los valores de RPD inferiores
a 1.5 indican que el modelo no seria de utilidad para

la prediccion de muestras independientes, el que
seria coincidente con el criterio de Shenk et al. (2001)
que sitian un umbral de 0.60 en el valor minimo del
coeficiente de determinacion en validacion externa para
que el modelo pueda ser usado de forma fiable en la
estimacion de muestras problema.

Ecuaciones NIRS para prediccion de la composicion
quimica y DMO

Las caracteristicas descriptivas de los parametros de
composicion quimicay DMO del colectivo de calibracion
(n=126) y validacion externa (n = 45) para el desarrollo
de modelos de prediccion NIRS se muestran en la Tabla
5. La composicion quimica media (y rango de variacion)
de las muestras de calibracion y validacion expresadas
en %MS, fueron, respectivamente, MO: 94.5 (83.7 a
97.9) y 94.1 (89.1 a 97.9), PB: 8.9 (3.5 a 21.1) y 94 (3.8
a 20.2), FND: 57.5 (28.4 a 79.2) y 58.4 (30.0 a 78.7),
FAD: 294 (12.0 a 39.5) y 29.5 (13.8 a 38.5), CNET: 25.2
(47a653)y24.1 (43 a62.6), CSA: 11.8 (1.5a274)y
10.9 (1.3 a 24.5) y ALM: 11.0 (0.0 a 56.2) y 10.5 (0.0 a
54.4). Los valores medios de digestibilidad de la materia
organica fueron 63.3 % y 62.4 % para la coleccion de
calibracion y validacion, respectivamente, con rangos
de variacion de 55.1 a 77.6 % para el primer grupo y
de 53.8 a 73.5 % para el segundo. Se observa un amplio
intervalo de variabilidad para todos los parametros, tanto
en el colectivo de calibracion como en el de validacion

Tabla 4. Ecuaciones de prediccion de la digestibilidad de la materia organica en base a parametros quimicos de la coleccion total

(planta entera y sus componentes morfologicos) de sorgo.

Ecuacion Calibracion  Validacion cruzada Validacion externa

R? SEC 1-VR SECV r’ SEP SEPc Bias Pend
DMO= 5741 +3.54 CSA -0.099 FADxXCSA 0.59 4.8 0.56 4.29 044 574 553  -1.508 0.79
s.e +1.03 +0.398 +0.0125
P skeksk skeksk sesksk skekk skekk skekk
DMO = 128.53 -192 FAD -0.634 ALM 0.55 442 0.47 474 040 5.51 549 0415 0.75
s.e +7.28 +0.211 +0.093
P sk skekk skekok kekk ke sk
DMO= 86.20 -0.74 FAD 0.38 4.88 0.34 5.01 021 6.14 6.09 0795 0.80
s.e +4.92 +0.156

DMO = digestibilidad de la materia organica (%); CSA = carbohidratos solubles en agua (%MS); FAD = fibra acido detergente
(%MS); ALM = almidoén (%MS); s.e = error estandar; P = significacion (*** P<0.001; ** P<0.01; * P<0.05; NS no significativo
P>0.05); R?= coeficiente de determinacion del modelo de calibracion; SEC = error estandar de calibracion; 1-VR = coeficiente
de determinacion en validacion cruzada; SECV = error estandar de validaciéon cruzada; r> = coeficiente de determinacién en
validacion externa; SEP = error estandar de prediccion; SEPc = error estandar de prediccion corregido por bias; Bias = diferencia
media entre los valores observados y los predichos por la ecuacion; Pend = pendiente de la regresion entre valores observados y

predichos por la ecuacion.
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Tabla 5. Estadisticos de calibracion y validacion cruzada de las ecuaciones NIRS para estimacion de la composicion quimica y de
la digestibilidad de la materia organica de muestras de planta entera de sorgo y sus componentes morfologicos.

Calibracion Validacion cruzada
Parametro  Scatter MT - - -
n  Outliers T Media SD Min Max R? SEC I-VR  SECV ~ RPDvc RERvc
MO SNV+D  2,6,4,1 126 9 5 945 23 837 979 097 031 0.95 0.38 6.2 375
PB SNV+D  24.4,1 126 6 8 8.9 34 35 211 099 0.30 0.99 0.31 10.9 56.0
FND SNV+D  2,6,4,1 126 6 8 57.5 99 284 792 099 1.20 0.99 1.44 6.8 35.2
FAD SNV+D 2441 126 7 3 294 59 120 395 098 0.83 0.98 0.90 6.5 30.7
CNET SNV+D  1,4,4,1 125 5 4 252 128 47 653 099 1.13 0.99 1.21 10.6 50.2
CSA SNV+D  1,10,5,1 125 5 9 11.8 64 1.5 274 099 0.63 0.99 0.83 7.8 314
ALM SNV+D  1,10,5,1 126 5 9 110 142 00 562 099 113 0.99 1.38 10.3 40.8
DMO SNV+D 2.,10,5,1 51 1 6 633 69 551 776 094 1.64 0.92 1.93 3.6 11.7
Parmetro Validacion externa

n Media SD Min Max r’ SEP SEPc Bias Pendiente RPDve RERve

MO 45 94.1 2.1 89.1 97.9 0.97 0.36 0.37 0.04 0.98 5.9 242

PB 45 94 4.0 3.8 20.2 0.99 0.31 0.31 -0.06 0.98 12.7 52.3

FND 45 58.4 9.9 30.0 78.7 0.98 1.35 1.35 -0.19 0.99 7.4 36.1
FAD 45 29.5 5.7 13.8 38.5 0.98 0.85 0.86 -0.07 1.02 6.6 28.9
CNET 45 241 13.3 43 62.6 0.99 1.18 1.00 0.08 1.00 11.3 49.4

CSA 45 10.9 6.4 1.3 24.5 0.99 0.72 0.67 0.25 0.98 8.9 32.5

ALM 45 10.5 14.5 0.0 54.4 0.99 1.36 1.37 -0.27 1.00 10.7 39.9

DMO 20 62.4 5.5 53.8 73.5 0.90 1.73 1.77 0.08 1.00 32 114

MT = tratamiento matematico; SNV+D = standard normal variate+detrend; n = nimero de observaciones; Outliers = nimero
de muestras anomalas eliminadas; T = numero de factores de la regresion; SD = desviacion estandar; Min = valor minimo; Max
= valor maximo; SEC = error estandar de calibracion; R? = coeficiente de determinacion del modelo de calibracion; 1-VR =
coeficiente de determinacion en validacion cruzada; SECV = error estandar de validacion cruzada; RPD = ratio entre la desviacion
estandar y el error de prediccion en validacion cruzada o externa; RER = ratio entre rango de valores y el error de prediccion en
validacion cruzada o externa; r> = coeficiente de determinacion en validacion externa; SEP = error estandar de prediccion; SEPc
= error estandar de prediccion corregido por bias; Bias = diferencia media entre los valores observados y los predichos por la
ecuacion; MS = materia seca; MO = materia organica (%MS); PB = proteina bruta (%MS); FND = fibra neutro detergente (%MS);
FAD = fibra acido detergente (%MS); CNET = carbohidratos no estructurales (%MS); CSA = carbohidratos solubles en agua
(%MS); ALM = almiddn (%MS); DMO = digestibilidad de la materia organica (%).

externa, confirmando la elevada diversidad de muestras
incluidas en este producto, tanto muestras de planta
entera de sorgo como de los diferentes componentes
morfolégicos que la conforman.

Las ecuaciones de prediccion para todos los
parametros se obtuvieron con SNV+D como
pretratamiento espectral para corregir el efecto de la
dispersion de la luz o scatter debido a diferencias en el
tamafio de particula o de compresion de las muestras en
la capsula. Los mejores modelos para la prediccion de
la concentracion de los carbohidratos no estructurales
(CNET, CSA y ALM) se obtuvieron utilizando la primera
derivada del espectro, mientras que para la estimacion de
los restantes parametros (MO, PB, FND, FAD y DMO)
las ecuaciones se vieron optimizadas mediante el uso de
la segunda derivada. El nimero de muestras anomalas

eliminadas del conjunto de calibracion respecto del
numero inicial de muestras oscil6 entre 5.1 y 3.9 % para
las calibraciones NIRS de los parametros quimicos,
siendo del 1.9 % para DMO.

Las calibraciones NIRS obtenidas para la prediccion de
todos los parametros mostraron valores de los coeficientes
de determinacion iguales o superiores a 0.90. tanto en
la etapa de validacion cruzada (1-VR) como en la de
validacion externa (%), indicando una calidad excelente,
segun lo indicado por Shenk et al. (2001). Las ecuaciones
NIRS para la prediccion de PB, CNET, CSA y ALM
presentaron el mayor porcentaje de varianza explicada
(99 %) en la etapa de validacion externa, seguidos de las
ecuaciones para estimar los contenidos en FND y FAD
(98 %) y MO (97 %) asi como el valor de DMO (90 %).
Los valores de SECV y SEP fueron, respectivamente, de
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+0.38 y £0.36 % para MO, de +0.31 y +0.31 % para PB,
de +1.44 y +1.35 % para FND, de £0.90 y +0.85 % para
FAD, de +1.21 y +1.18 % para CNET, de +0.83 y £0.72 %
para CSA, de £1.38 y £1.36 % para ALM, siendo de +1.93
y +1.73 % para DMO.

Los valores de los estadisticos RPDy RER, tanto en el
proceso de validacion cruzada como en el de validacion
externa, superan ampliamente los valores minimos
recomendados (3 para RPD'y 10 para RER) por Williams
y Sobering (1996) y Williams (2014), confirmando
la buena capacidad de prediccion cuantitativa de las
ecuaciones y asegurando la validez de las mismas en la
aplicacion a futuras muestras independientes.

La representacion grafica de los valores de referencia
y de los valores predichos por las ecuaciones NIRS
obtenidos en la etapa de validacion externa se muestra
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en la Figura 1, donde se puede observar el buen ajuste
obtenido por los modelos de prediccion, los cuales
cumplieron con los criterios indicados por Windham et
al. (1989) y Shenk et al. (2001), relativos a los limites
recomendados para que las ecuaciones se consideren
fiables. A este respecto, los valores de la pendiente de
regresion entre los valores observados y predichos, los
del bias y los del SEPc estuvieron dentro de los intervalos
recomendados por los citados autores (pendiente
entre 0.9 y 1.1; bias= +0.60 SEC y SEPc < 1.30 SEC),
mientras que los valores de r*> de las ecuaciones para la
estimacion de los parametros de composicion quimica
y DMO superaron ampliamente el valor limite de 0.60
mostrando el buen comportamiento predictivo de las
ecuaciones NIRS para la prediccion del valor nutricional
de muestras de sorgo.
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Figura 1. Plot de valores de composicion quimica y digestibilidad determinados por los métodos de referencia y de valores
predichos mediante las ecuaciones NIRS para muestras de planta entera de sorgo y sus componentes morfologicos.
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Discusion

Los valores medios de composicion quimica de la planta
de sorgo forrajero indicados en las Tablas INRA (2010)
entre los estados vegetativo y de grano lechoso son (en
%MS) de 91.7 (88.4 a 94.1) para MO, de 11.8 (6.9 a 19.0)
para PB, de 60.6 (55.7 a 60.7) para FND y de 35.3 (31.2
a 35.4) para FAD, siendo el valor medio de DMO (%) de
63.7, oscilando entre 71.0% para el estado vegetativo y
60.0% para el estado de grano lechoso.

En las Tablas FEDNA (Calsamiglia et al. 2016) se
recoge un numero limitado de valores para ensilados de
sorgo, siendo los valores medios y rango de variacion de
la composicion quimica (en %MS) de 9.0 (8.3 a 11.2) para
PB, de 59.4 (57.1 a 61.3) para FND, y de 6.3 (3.5 2 9.7) para
ALM. El valor medio de DMO indicado en las citadas
Tablas es de 59.8%, con una oscilacion entre 58.5 y 62.4%.

El rango de variacion de la composicion quimica
de las muestras de planta de sorgo y sus componentes
morfologicos utilizadas en el presente trabajo es mas
amplio que el indicado en las publicaciones anteriores, con
valores (en %MS) de MO entre 88.6 a 94.7, de PB entre
3.5 a16.2, de FND entre 37.2 a 79.2, de FAD entre 16.2
a39.1 y de ALM entre 0 a 45.4, mientras que el de DMO
vari6 entre 53.8 a 77.6%. La inclusion de muestras en la
coleccion procedentes de diferentes genotipos de plantas
de sorgo (incluidos los tipos bmr), diferentes localidades,
afios y estados de cosecha en la coleccion utilizada, unido
a la presencia de muestras de fracciones de la planta (parte
vegetativa e inflorescencia) junto con el de planta entera
explican la mayor variabilidad observada en la poblacion
de muestras utilizada en el presente trabajo.

Heuzé et al. (2015) indican que a finales del estado
vegetativo la DMO del sorgo en climas templados es de
70-71%, descendiendo hasta el 61% cuando la floracion
esta completa y permaneciendo mas o menos estable
tras este estado. Los valores de DMO de planta entera
de sorgo de este trabajo poseen un rango mayor (estado
vegetativo: 75.3% - estado grano pastoso: 53.8%). En
un trabajo realizado en el CIAM (Pereira-Crespo et
al. 2018), para una variedad de sorgo forrajero y otra
de maiz cultivados en un estudio en gran parcela y
recogidos a los 125 dias tras la siembra, que fueron
evaluados in vivo en estado fresco se reportan valores
muy semejantes de MO entre ambas especies, (97.0 y
97.6 %MS) siendo el sorgo algo mas proteico y sobre
todo mas fibroso que el maiz (PB: 9.8 y 7.4 %MS; FAD:
30.7 y 19.7 %MS, FND: 56.2 y 38.3 %MS) con un
contenido muy inferior de almidoén (10.4 y 34.9 %MS)
y mucho menos digestible (DMO in vivo: 58.3 y 70.1%).

Ecuaciones empiricas

Marten et al. (1975) estudiaron diversos métodos para la
prediccion de la DMO in vivo de ensilajes de maiz y de
sorgo en base a una coleccion de 51 muestras de ambos
forrajes. El mejor predictor de la DMO fue el contenido
en FAD, con valores de R* de 0.80 y 0.61 para los ensilajes
de sorgo y de maiz, respectivamente, no siendo util la
inclusion de PB para mejorar la capacidad predictiva de
las ecuaciones. El método de la ecuacion sumativa de Van
Soest no proporciond estimaciones satisfactorias de la
digestibilidad del sorgo ni del maiz, si bien la concentracion
de lignina-permanganato explico el 74% de la variacion
en DMO del sorgo pero solo el 23% en el caso del maiz.
Esta observacion coincide con lo indicado por Dickerson
(1986), quien reporta un coeficiente de correlacion de -0.88
para la planta de sorgo y de -0.51 para la planta de maiz
entre el grado de lignificacion de la FAD y la digestibilidad,
sefialando que el mayor descenso de digestibilidad de los
sorgos forrajeros comparados con el maiz se atribuye al
hecho de que en el sorgo se incrementa la lignina en la
FAD con el avance de la madurez, mientras que en el maiz
la relacion LAD/FAD no cambia substancialmente con
el tiempo, pasando del 10% en plantas a comienzo de la
floracion al 12% en plantas en estado maduro.

En el presente trabajo, las correlaciones observadas
entre DMO y la composicion quimica de las muestras
son de escasa magnitud, con valores del coeficiente de
correlacion » de 0.47 con MO, de 0.48 con CSA y de -0.47
y -0.49 con FND y FAD, respectivamente. Por lo tanto,
las ecuaciones empiricas obtenidas para la estimacion de
la DMO basadas en los contenidos en FAD y CSA o en
FAD y ALM, son de un poder predictivo mediocre, con
bajos valores del coeficiente de correlacion en validacion
externa 7 entre 0.44 y 0.40 y altos errores de prediccion
SEP de +5.74 y +5.51%, respectivamente.

Una limitacion adicional de las ecuaciones basadas en
FAD para predecir la digestibilidad del sorgo es que pueden
subestimar el valor de las variedades bmr como indican
Brouk y Bean (2011). En el citado trabajo de Pereira-Crespo
et al. (2018) se indican valores medios de DMO de 61.5% y
de 67.6% para variedades bmr y no bmr, respectivamente,
sin diferencias apreciables en los contenidos en fibra, con
valores medios de 32.2 y 33.1%MS para FAD y de 59.6 y
59.7 %MS para FND, respectivamente.

Ecuaciones NIRS para la estimacion de la composicion
quimica y DMO

Los resultados de las calibraciones NIRS obtenidas
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en este trabajo para la prediccion de la composicion
quimica y el valor de DMO de las muestras de sorgo
muestran una excelente calidad de las estimaciones,
con valores de 7> > 0.90 y RPD > 3.0 en el proceso
de validacion externa de las ecuaciones sobre muestras
independientes. Por otro lado, la capacidad predictiva
de la DMO mediante calibraciones NIRS mostr6 una
elevada superioridad en comparacion con las ecuaciones
empiricas. En la estimacion de la digestibilidad de
muestras independientes, la técnica NIRS permitio
duplicar el porcentaje de varianza explicada por la mejor
ecuacion empirica, desde el 44% al 90% y reducir el
error de prediccion casi en un 70%, desde +5.74% a
+1.73% unidades porcentuales de DMO.

En un trabajo con muestras de ensilajes de sorgo de
Kansas (USA), Dubois et al. (1989) reportaron que la
tecnologia NIRS podia ser usada satisfactoriamente para
predecir el contenido de PB, FAD y FND, reportando
valores de 7? y SEP, en validacion externa, de 0.86 y
+0.41% para PB, de 0.86 y £1.75% para FAD y de 0.92
y £1.83% para FND. Sin embargo, los correspondientes
valores de RPD__ en este trabajo fueron de 1.9, 1.9 y 1.2
para las ecuaciones de prediccion de PB, FAD y FND,
respectivamente, lo que sugiere una escasa robustez de
las ecuaciones, mostrando un poder predictivo bajo para
los citados parametros.

Es posible encontrar trabajos en los que la estimacion
del valor de DMO de la planta de sorgo mediante NIRS
no es satisfactoria. Por ejemplo, Hicks et al. (2002)
estudiaron la utilidad de la técnica para estimar el valor
nutricional de lineas puras de sorgo granifero en el
marco de trabajos de mejora genética, reportando que
mientras la prediccion del contenido en PB era realizada
de forma precisa por NIRS, no era satisfactoria la
prediccion del valor de DMO in vitro de las muestras,
con valores de RPD,_en validacion cruzada de 2.3 y 1.0,
respectivamente. Sin embargo, dado el bajo valor medio
reportado para DMO (38.9%), la escasa fiabilidad de la
ecuacion NIRS cabria atribuirla a la baja variabilidad de
la coleccion para este parametro.

Kanski et al. (2013) estudiaron la utilidad de NIRS para
estimar la digestibilidad in vivo de la materia organica de
ensilajes de sorgo a partir de una coleccion de 58 muestras
que incluian ensilajes de planta entera de sorgo y mezclas
con otras materias primas. El valor del coeficiente de
determinacion en calibracion para la estimacion de
DMO fue de 0.83 y los de SEC y SECYV, respectivamente,
fueron de +4.4 y £4.8%, en tanto que el valor RPD__en
validacion cruzada fue de 2.4, concluyendo los autores
que NIRS permite la prediccion directa del valor DMO

de los ensilajes de sorgo, si bien en este trabajo no se
realizo la prueba de validacion externa. En un trabajo mas
reciente realizado en Argentina con una amplia coleccion
de muestras de planta entera de sorgo y de maiz y de las
diferentes fracciones morfologicas que las componen,
Juan et al. (2016) reportaron una excelente capacidad
predictiva de las calibraciones NIRS para la estimacion
de los contenidos en PB y FND y de la digestibilidad de
la materia seca de las muestras con un alto valor de la
varianza explicada en calibracion (96-97%) y con valores
del error estandar de prediccion SECV' 'y de RPD en
validacion cruzada de +£0.54% y 5.6 para PB, de £2.51%y
5.0 para FND y de 1.4 y 5.1 para DMS.

Conclusiones

Las calibraciones NIRS obtenidas en el presente trabajo
para la estimacion de la composicion quimica y el valor
de DMO de planta entera de sorgo y sus componentes
morfologicos mostraron una prediccion cuantitativa
satisfactoria y, por tanto, una alternativa rapida y precisa
para determinar estos parametros en relacion a los métodos
analiticos convencionales. La técnica NIRS mostrd una
capacidad predictiva de la DMO superior a las ecuaciones
empiricas basadas en parametros quimicos.
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Ingestive behavior and dry matter intake of dairy cattle grazing
Kikuyu grass (Cenchrus clandestinus) pastures

Comportamiento ingestivo y consumo de materia seca de vacas lactantes en
pastoreo de pasto kikuyo (Cenchrus clandestinus)

YESID AVELLANEDA-AVELLANEDA, EDGAR MANCIPE-MUNOZ AND JUAN VARGAS-MARTINEZ

Corporacion Colombiana de Investigacion Agropecuaria, Agrosavia, Cundinamarca, Colombia. agrosavia.co
Abstract

The objective of this study was to evaluate the effect of animal characteristics, grazing management, and supplementation
on ingestive behavior and dry matter intake (DMI) of Kikuyu grass in lactating cows. Four trials were conducted with
multiparous Holstein dairy cows in non-limiting forage conditions using 9 cows in each trial, 1 cow per paddock.
Individual DMI was estimated through forage mass difference (pre- and post-grazing mass), ingestive behavior, and
using markers [chromium oxide and undegradable acid detergent fibre (WADF)]. DMI was also estimated using 3
nutritional models (CSIRO, NRC and AFRC). Grazing time and bite mass were positively related to the cow body
weight, while bite rate showed a negative relationship with forage mass. The grazing time on a pasture of 42 d regrowth
was less than the time spent grazing on a pasture of 28 or 56 d regrowth. DMI estimated by forage mass difference
showed a positive relation with forage mass, supplement intake and liveweight. DMI estimated using markers showed
a positive relation with milk production and liveweight and a negative relationship with forage height. Forage mass
difference and ingestive behavior measurements provided good estimates (R?>0.8) of DMI associated with forage mass,
liveweight and supplement intake in cows grazing Kikuyu grass.

Keywords: Bite mass, bite rate, external and internal markers, grassland systems, grazing time.
Resumen

El objetivo de este estudio fue evaluar el efecto de las caracteristicas de los animales, el manejo del pastoreo y la suplementacion
sobre el comportamiento ingestivo y el consumo de materia seca (CMS) del pasto kikuyo en vacas lactantes. Se realizaron
cuatro ensayos con vacas lecheras Holstein multiparas en condiciones en que la provision de forraje no fue una limitante
utilizando 9 vacas en cada ensayo, 1 vaca por potrero. El CMS individual se estimo a través de la diferencia de la disponibilidad
de forraje (antes y después del pastoreo), el comportamiento ingestivo y el uso de marcadores [6xido cromico y fibra detergente
acida no degradable (uADF)]. E1 CMS también se estimo utilizando 3 modelos nutricionales (CSIRO, NRC y AFRC). El
tiempo de pastoreo y tamaiio de bocado se relacionaron positivamente con el peso corporal de la vaca, mientras que el tamafo
de bocado mostré una relacion negativa con la disponibilidad de forraje. El tiempo de pastoreo fue menor en una pradera de 42
dias de rebrote que en las de 28 o 56 dias. El CMS estimado por diferencia en la disponibilidad de forraje mostré una relacion
positiva con la masa de forraje, el consumo de suplementos y el peso vivo. El CMS estimado mediante marcadores mostréd una
relacion positiva con la produccion de leche y el peso vivo y una relacion negativa con la altura del forraje. Las mediciones de
la diferencia en la disponibilidad de forraje y el comportamiento ingestivo proporcionaron buenas estimaciones (R*>0.8) del
CMS asociado con la disponibilidad de forraje, el peso vivo y el consumo de suplementos en vacas que consumen pasto kikuyo.

Palabras clave: Masa de bocado, marcadores externos e internos, sistemas de pastizales, tasa de bocado, tiempo de pastoreo.
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Introduction

The main factor that defines animal performance in
ruminants is dry matter intake (DMI) (Sollenberger and
Vanzant 2011). Physiological and physical constraints,
optimization of oxygen consumption and animal behavior
have been used to explain DMI by ruminants in different
contexts (NASEM 2016). However, physical rumen gut
fill and animal behavior are more related to DMI of
ruminants in grassland conditions (Boval et al. 2015;
Sollenberger et al. 2020a). Also, supplementation has an
associative effect on DMI in ruminants because it may
maintain or increase forage intake and increase total DMI
(additive effect) or reduce forage intake but increase total
DMI (substitutive effect) (Bargo et al. 2003).

Dairy production feeding systems in the Colombian
highlands consist of forages, especially Kikuyu
grass (Cenchrus clandestinus), plus concentrate
supplementation (Carulla and Ortega 2016). Kikuyu
grass is a C4 species that tolerates acid soils, drought
conditions and poor management, resulting in low animal
productivity (Vargas et al. 2018). Literature suggests that
good management of Kikuyu grasslands and appropriate
supplementation may promote high milk production and
farm profitability (Farina et al. 2011). There is interest
in understanding the environmental and management
factors that modify Kikuyu grass productivity and
nutritive value to define management recommendations
for increasing ruminant performance (Fonseca et al.
2016; Escobar et al. 2020; Avellaneda et al. 2020).

In Colombia, DMI of dairy cows in Kikuyu grass
pastures has been evaluated using external and internal
markers (Aguilar et al. 2009; Correa et al. 2009; Mojica
et al. 2009; Parales et al. 2016) or by calculating the
difference between the forage mass on offer and the
forage mass remaining following a grazing event (Gomez-
Vega et al. 2019). Studies have evaluated and modelled
the effect of different animal characteristics such as milk
production or liveweight (NRC 2001; CSIRO 2007),
supplementation level (Alderman and Cottrill 1993),
forage management such as grazing frequency or time
(Abrahamse et al. 2008) or ingestive behavior (Boval and
Sauvant 2019) on the DMI. This approach has not been
thoroughly evaluated in milk production systems of the
Colombian highland tropics or used for development of
models specific to the production system and conditions
of the region. This research aimed to evaluate the relation
between animal characteristics, grazing management and
supplementation amount on DMI and animal behavior.
We hypothesized that using variables that are easy to

measure in the field, such as forage mass, plant height,
supplement supply, cow liveweight and grazing time, can
be used to make more accurate predictions of Kikuyu
grass intake in lactating cows.

Materials and Methods

Animal management and procedures were approved by
the bioethics committee of the Corporacion Colombiana
de Investigacion Agropecuaria (Agrosavia) act number
029. Four experiments were conducted in the dairy unit
at Tibaitata research center, Agrosavia, at 2516 masl
(latitude 4°35'56”" N, longitude 74°04'51” W) and a
mean temperature of 16 °C in Mosquera, Colombia. Two
hectares of pre-established Kikuyu grass were used.
The area was mowed at 10 cm and lime (2 t lime/ha),
urea (100 kg urea/ha) and DAP (50 kg DAP/ha) were
applied following the recommendation of ICA (1992).
The area was divided into 18 separately fenced paddocks
(approximately 1,100 m? each), with 9 paddocks used in
each of the 4 experiments conducted.

Cow management and experimental design

Multiparous Holstein dairy cows were used in each of
the 4 experiments. Kikuyu grass was offered at 3 kg
forage dry matter/100 kg liveweight to ensure forage
mass was not limiting (Correa et al. 2008). Each cow
was assigned to an individual paddock with water
ad libitum. Supplementation was supplied at the milking
parlor twice per day. Each trial was implemented for
15 days. The first 10 days were an adaptation period to
management and supplement intake and the last 5 days
were the measurement period.

Experiment I: Effects of cow liveweight and level of milk
production. Nine cows with different liveweight (low:
441414 kg; medium: 502+21 kg; high: 67638 kg) and
milk production (low: 9.0+0.6 L/d; medium: 11.9+1.7
L/d; high: 17.3+0.9 L/d) were allocated, 1 cow per
paddock, to 9 paddocks after 43 days of Kikuyu grass
regrowth with 3 fence movements throughout the day
(06.00, 10.00 and 15.00 h). In addition to grazing, cows
received 1 kg supplement per 4.25 kg of milk produced.
Measurements were taken per cow per paddock for each
combination of liveweight and milk production.

Experiment 2: Effect of different lengths of regrowth
period. Nine cows with similar milk production
(13.542.7 L/d) but different liveweight (low: 435+6 kg;
medium: 502427 kg; high: 657+75 kg) were allocated, 1
cow per paddock, to each of 9 paddocks. Three different
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regrowth periods (28, 42 or 56 d) of Kikuyu grass were
used and cows received 1 kg supplement per 4 kg of
milk produced. The experimental unit was a cow in
an individual paddock with 3 replicates per treatment.
Regardless of treatment, there were 3 fence movements
throughout the day (06.00, 10.00 and 15.00 h).

Experiment 3: Effect of number of times cows were
moved to a new, ungrazed area in the paddock per day.
Nine cows with similar body weight (500+33 kg) and
milk production (14.2+1.9 L/d) were allocated, 1 cow per
paddock, to each of 9 paddocks. Daily forage availability
was varied by using electric-fence movements at 2 (6.00
and 14.30 h), 4 (6.00, 10.00, 12.00 and 14.30 h) or 6 (6.00,
9.00, 10.00, 11.00, 12.00 and 14.30 h) times throughout
the day with cows also receiving 1 kg supplement per 4
kg milk produced. The experimental unit was a cow in
an individual paddock with 3 replicates per treatment.

Experiment 4. Effect of rate of supplementation and
milk production of cow. Nine cows with different
milk production (low: 11.9+£0.4 L/d; medium: 15.4+1.0
L/d; high: 19.1£1.8L/d) but similar liveweight (578+53
kg) were allocated, 1 cow per paddock, to each of 9
individual paddocks with a regrowth period of Kikuyu
grass of 43 days and 3 fence movements throughout the
day (6.00, 10.00 and 15.00 h). Cows with similar milk
production and lactating days were randomly assigned to
1 of the 3 supplementation rates (1 kg of the supplement
per 2, 3 or 4 kg of milk produced). Measurements were
taken per cow per paddock for each combination of milk
production and supplementation rate.

Forage management, supplement composition and
chemical analysis

Pre-grazing and post-grazing forage mass were measured
in each paddock during the last 5 days of each experimental
period. Pre-grazing forage mass was measured using the
plate-meter (EC-10, Jenquip®), while quantification of
post-grazing forage mass was done using a metric ruler
following the methodology of Avellaneda et al. (2020)
because the resting cows crushed the grass, affecting the
measurement with the forage plate-meter. Pre-grazing
forage samples for each paddock were collected, dried
and conserved for subsequent analysis. Supplements were
manufactured for each experiment to supply the animal
requirements (NRC 2001) and offered individually at the
milking parlor. A sample of each supplement was retained
for subsequent analysis. During the measurement period,
orts of each supplement were weighed to calculate
the supplement intake. Forages and supplements were
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analyzed using the near-infrared spectroscopy (NIRS)
methodology (Ariza-Nieto et al. 2017). The agronomic
and chemical composition of Kikuyu grass, and the
chemical composition of supplements of each experiment
are presented in tables 1 and 2, respectively.

Table 1. Agronomic characteristics and chemical composition
of Kikuyu grass.

Agronomic Trial

characteristics 1 2 3 4
Regrowth period (d) 43 28 42 56 43 43
Plant height (cm) 170 10.2 18.3 250 19.1 16.9
Z:;%ﬁz/g‘zg) mass 0.17 0.1 0.8 021 0.12 0.1

Chemical composition % DM
Dry matter! 246 258 234 196 150 16.6
Crude protein 12.8 16.6 142 13.8 195 18.1
I;g;“al detergent 614 566 594 600 558 56.4
Acid detergent fiber 344 327 33.0 334 324 332
Calcium 0.30 0.27 0.32 0.27 0.20 0.24
Phosphorus 0.34 032 0.36 0.34 040 0.39

NE! (Mcal/kgDM) .20 1.28 1.24 1.22 133 1.30
'(% as fed)

Table 2. Ingredients and chemical composition of supplements.

Item Trial
1 2 3 4
Corn grain meal 261 230 230 230
Bakery residues 15.0 100 120 120
Glycerin 200 250 250 250
Cottonseed, whole 200 230 230 230
glslfl‘jlll:: E‘Vi)r iedgrainswith 159 190 170 170
Chemical composition % DM
Dry matter 91.0 918 926 899
Crude protein 122 132 11.0 12.8
Neutral detergent fiber 207 255 222 219
Acid detergent fiber 12.0 17.2 11.5 15.0
Ether extract 555 562 531 5.26
Calcium 011 011 010 0.1
Phosphorus 051 048 0.50 048
NE, (Mcal/kgDM) 1.87 174 1838 179

Variables evaluated

Individual DMI was estimated wusing different
methodologies.
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a. Forage mass difference: Forage intake was
calculated individually as the difference between pre-
and post-grazing forage mass. Total DMI was defined as
forage intake plus supplement intake.

Equation I: Intake (kg/d)=(Pre-grazing biomass — post-
grazing biomass) + supplement

b. Ingestive behavior: Forage intake was estimated
as the product between grazing time, bite rate, and bite
mass. Total DMI was defined as the addition of forage
and supplement intake.

Equation 2: Intake (kg/d)=(grazing time x bite rate x
bite mass) + supplement

Animal behavior was classified as grazing,
ruminating and resting. The grazing time was defined
following the animal behavior during each experimental
period. Each animal was observed every 10 min for 24
h during the measurement period of each trial. Grazing
time was calculated as the time that animals spent in
grazing activity. Bite rate was calculated as the number
of bites during 5 min, observed every 15 min during the
grazing period. Mouth movements during rumination
(rumination rate) were calculated for 5 min observed
every 15 min during the rumination period. Bite mass
was defined through 2 different approaches. Initially,
a hand-picked sample was determined considering the
width and depth of the bites of each cow, mimicking the
ingestive behavior. Also, bite mass was estimated using
the relation between bite mass and liveweight (equation
3, Boval and Sauvant 2019). The methodologies to
estimate bite mass were applied each day during the
measurement period of each trial.

Equation 3: Log,, Bite mass=0.20 + 0.97 x Log Body
Weight

c. Markers: Internal and external markers were used
to estimate forage intake (Correa et al. 2009). Cows
received 10 g of chromium oxide (Cr,0,), divided into
2 doses daily, to estimate fecal production, assuming
79 % of chromium-marker recovery rate (Lippke 2002;
Correa et al. 2009). Feces were collected twice a day
during the measurement period of each trial. Feces
were dried and mixed by cow per period. Undegradable
acid detergent fibre (uADF) at 144 h of incubation and
chromium concentration were calculated for forage
samples, supplements and feces. The recovery of uADF
was assumed as 0.8 (Sunvold and Cochran 1991).

Equation 4: Intake=((Feces x concentration of uADF
in feces/0.8) - (supplement intake x concentration of
uADF in supplement))/ concentration of uADF in
forage) + supplement

Equation 5: Feces=(Chromium supplied + concentration
of chromium in the supplement x supplement intake) /
(Concentration of chromium in feces/0.79)

d. Model estimation: Intake was estimated using
equations described in NRC (2001), CSIRO (2007) and
AFRC (Alderman and Cottrill 1993) for dairy cows,
respectively.

Equation 6 (NRC): Intake=(fat-corrected milk x 0.372
+ 00968 X bOdy Weight0‘75) X (l_e (-0.192*(Days in milk) +3.67))
Fat-corrected milk is milk adjusted on a 4 % fat basis
((0.4+(0.15*milk fat(%)))*milk production).

Equation 7 (CSIRO): Intake=Potential intake x intake
level

Equation 8 (AFRC): Intake=0.076 + 0.404 x
concentrate intake + 0.013 < Body weight +4.12 x log |
(days in milk) — 0.129%*n + 0.14 x milk production

Milk production was measured for each cow at 1, 3 and
5 days of each measurement period. A milk sub-sample
of each animal per measurement day was analyzed for
protein and fat (MilkoScan™ FT120, AOAC 2016).

Statistical analysis

Data on feeding behavior of different trials were
evaluated with regression analysis. The independent
variables were days in milk, liveweight, metabolic
liveweight, pre-grazing forage mass, milk production,
corrected milk production, milk fat concentration, milk
protein concentration and supplement intake. The REG
procedure was used for linear regression. The stepwise
selection method, assessing contributions of effects as
they were added to or removed from the model, was used
to select the explicative variables (P<0.05, SAS 2017).
Cow behavior of experiments 2 and 3 were analyzed
as a completely randomized design using a GLM
procedure (SAS 2017), where the fixed effect was the
regrowth period or the movements of the electric fence,
respectively, and the error was the variation of each cow
between measurements. Differences were considered
with an alpha value lower than 5 %. The linear and
quadratic responses of fixed effects were determined.
The individual DMI using forage mass difference, cow
behavior and markers were calculated through regression
analysis. The independent variables were pre-grazing
forage mass, forage height, animal activity, bite rate,
rumination rate, bite mass, supplement intake, liveweight,
metabolic liveweight, milk production, corrected milk
production, milk fat and protein concentration. The REG
procedure and the stepwise option were used to select the
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explicative variables (P<0.1, SAS 2017). Similarly, the
DMI of experiments 2 and 3 were analyzed as a completely
randomized design using a GLM procedure (SAS 2017).
DMI using different approaches was evaluated through
the Pearson correlation. The percentage and absolute
mean bias error were defined to evaluate the relationship
between different methodologies.

Results
Behavior and intake characteristics in dairy cows

Dairy cows spent 18, 30 and 39 % of time resting, grazing
and ruminating throughout the day, respectively (Table
3). The average bite and rumination rate were 0.55 bite/
sec and 1.03 bite/sec, respectively (Table 3). Regardless
of the methodology, the average bite mass was 0.71g
DM/bite or 0.72 g DM/bite (Table 3).

Table 3. Description of animal behavior and intake traits of
dairy cows in grassland systems.

Variable Unit Mean Range
Grazing h/d 7.2 51-8.38
Ruminating h/d 9.3 64-11.4
Resting h/d 4.2 0.7-6.8
Bite rate times/s 0.55 0.41-0.70
Rumination rate times/s 1.03 094 -1.12
Bite mass! g DM/bite 0.71 0.55-0.99
Bite mass? g DM/bite 0.72 0.30-1.13

"Hand-picked sample simulating animal bite.
*Logl0 Bite mass = 0.20 + 0.97 x Log,, Body Weight (Boval
and Sauvant 2019).
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Grazing time showed a positive relationship with cow
liveweight (Table 4). While rumination was negatively
related to pre-grazing forage mass and supplement intake,
it positively correlated with corrected milk production.
Inversely, time resting showed a positive relationship
with pre-grazing forage mass and supplement intake
and a negative relationship with the fat-corrected milk
production (Table 4). The bite rate was negatively related
to pre-grazing forage mass, while the rumination rate had
a positive relationship with supplement intake (Table 4).
Only the bite mass, using the hand-picked methodology,
was positively related to the animal's liveweight (Table 4).

Regrowth period of the Kikuyu grass affected the
proportion of time spent in grazing (P<0.05) but not the
duration of resting or rumination (P>0.05). Regrowth
period did not affect the bite rate, rumination rate, or
bite mass (P>0.05). Conversely, more fence movements
increased resting and decreased rumination times
(P<0.05) but did not affect grazing time (P>0.05). Fence
movement did not change the bite rate, rumination rate or
bite mass (P>0.05) (Table 5).

Estimation of DMI using different methodologies

The average DMI in dairy cows was estimated between
13.7 and 14.2 kg/d using the different methodologies
(Table 6). The linear regression of DMI, calculated by
different methodologies according to the variables of
forage, ingestive behavior, and animal performance,
is presented in Table 7. Pre-grazing forage mass,
supplement intake and metabolic body weight variables
proved suitable for estimating DMI, calculated as the
difference between pre- and post-grazing forage mass.

Table 4. Regression analysis of cow behavior or intake traits with forage mass, supplement intake and animal characteristics in

dairy cows (mean from all experiments).

Variable Intercept FM IS CMP BW R2 P
Circadian behavior (h/d)
Grazing 5.27%** 0.0035* 0.12 *
Rumination 9.94*** -0.98* -0.34* 0.16* 0.20 +
Rest 3.51* 1.23* 0.37* -0.18" 0.15 ns
Intake behavior (times/s)
Bite rate 0.617%** -0.06%* 0.11 *
Rumination rate 0.95%** 0.014* 0.17 *
Bite mass (g DM/bite)
Hand-picked 0.32* 0.00074%* 0.15 *

FM = pre-grazing forage mass (t/ha); IS = intake of supplement (kg/d); CMP = fat-corrected milk production; BW = liveweight; ns

= non-significant; + = P<0.1; * = P< 0.05; *** = P< 0.001.
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Table S. Behavior of lactating cows under different grass-regrowth periods and electric fence movement schemes in Kikuyu pastures.

Variable Regrowth period (d) Fence movement
MSE Effect MSE?  Effect!
28 42 56 4 6
Circadian behavior (h/d)
Grazing 7.3 5.9 7.8° 0.34 C 7.1 7.6 6.4 0.61 ns
Rumination 9.3 9.2 9.0 0.74 ns 10.8* 9.4 7.9 0.60 L
Rest 39 54 3.7 0.67 ns 2.6° 3.5° 6.1 0.87 L
Intake behavior (times/s)
Bite rate 0.55 0.50 0.49 0.04 ns 0.5 0.5 0.5 0.02 ns
Rumination rate 1.03 1.03 1.09 0.04 ns 1.1 1.0 1.0 0.03 ns
Bite mass (g DM/bite)
Hand-picked! 0.63 0.94 0.87 0.21 ns 0.7 0.6 0.7 0.09 ns
Estimated? 0.67 0.66 0.74 0.08 ns 0.7 0.7 0.6 0.05 ns

'Hand-picked sample simulating animal bite; *Log,, Bite mass = 0.20 + 0.97 x Log Body Weight (Boval and Sauvant 2019); *MSE
= mean square error; ‘L = lineal effect; ns = not significant. Different letters in the same row mean significant differences (P<0.05).

Table 6. DMI (kg/d) of dairy cows estimated using different methodologies in Kikuyu grassland systems.

Variable Mean Range
Forage mass difference 8.7-19.1
Ingestive behavior! 8.7-19.9
Ingestive behavior? 7.7-21.0
Markers 10.2 - 18.9

'Hand-picked sample simulating animal bite; *Log,, Bite mass=0.20 + 0.97 x Log,, Body Weight (Boval and Sauvant 2019).

Table 7. Regression analysis of DMI (kg/d) estimation using different methodologies in dairy cattle.

Variable Intercept  FM FH GT BR BS IS MP BW MBW R
Forage mass difference ~ -1.18™  3.72%** 0.55%* 0.078*** (.81
Ingestive behavior' -18.51%* 1.54*  16.98* 11.30* 0.02* 0.84
Markers 8.94%* -0.11%* 0.27*  0.01* 0.38

FM = pre-grazing forage mass (t/ha); FH = forage height (cm); GT = grazing time (h/d); BR = bite rate (times/sec); IS = intake of
supplement (kg/d); MP = milk production (kg/d); BW = liveweight (kg); MBW = metabolic live weight (kg); 'Hand-picked sample
simulating animal bite; *** = P<(0.0001; * = P<0.05; ns = not significant.

The estimation of DMI using ingestive behavior had a
positive relationship with grazing time, bite rate, bite
mass, and supplement intake. The estimation of DMI
using markers showed a positive relationship between
milk production and body weight and a negative
relationship with forage height. The coefficients of
determination to estimate DMI through forage mass
difference or ingestive behavior were greater than
internal and external markers (Table 7).

The regrowth period did not affect DMI, regardless
of the methodology used to determine intake (P>0.05).
Greater fence movements increased the DMI only when
calculated as the difference between pre- and post-
grazing. DMI increased 36 % when the electric fence
was moved 6 vs 2 times throughout the day. However, the

number of fence movements did not affect the estimation
of DMI using other methodologies (Table 8).

DMI estimated as the difference between pre- and
post-grazing showed a positive correlation (0.62) with the
NRC model. Estimation of DMI using ingestive behavior
and calculating the bite mass (Boval and Sauvant 2019)
had a positive correlation (0.64 and 0.70) with the AFRC
and NRC models, respectively. The estimation of DMI
using the 2 methodologies of ingestive behavior showed a
positive correlation (0.68) between them. DMI estimated
with the AFRC model had a positive correlation (0.68
and 0.78) with NRC and CSIRO models, respectively.
Estimation of DMI with internal and external markers did
not show a significant relationship with other estimation
methodologies or the CSIRO model (Table 9).
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Table 8. DMI (kg/d) of lactating cows under different grass-regrowth periods and electric fence movements schemes in Kikuyu pastures.

. Regrowth period (d) Fence movement (times/day)
Variable MSE*  Effect? MSE Effect
28 42 56 2 4 6
Forage mass difference 11.9 12.6 14.7 1.31 ns 12.0° 12.3 16.5° 1.0 L
Ingestive Behavior' 134 13.0 15.5 2.64 ns 13.0 13.0 12.0 1.4 ns
Ingestive Behavior? 13.6 10.7 13.8 1.56 ns 12.4 13.3 11.3 0.9 ns
Markers 15.4 12.7 14.8 3.94 ns 12.1 12.7 12.5 1.1 ns

'Bite mass calculated as a hand-picked sample simulating an animal bite; *Bite mass calculated using Log Bite mass = 0.20 + 0.97
x Log,, Body Weight (Boval and Sauvant 2019); "MSE = mean square error; ‘L = lineal effect; ns = not significant. Different letters
in the same row mean significant differences (P<0.05).

Table 9. Pearson correlations between methodologies and models to estimate DMI in dairy cows.

Methodology Behavior! Behavior? Markers NRC CSIRO AFRC
Mass difference 0.50%** 0.51%* 0.18™ 0.62%%* 0.11" 0.41%*

Ingestive Behavior' 0.68*** 0.16 0.46** 0.32* 0.47%%*
Ingestive Behavior? 0.25n 0.70*** 0.49** 0.64%%*
Markers 0.47%* 0.21ns 0.31°

NRC 0.44** 0.68***
CSIRO 0.78%**

'Bite mass calculated as a hand-picked sample simulating an animal bite; *Bite mass calculated using Log,, Bite mass=0.20 + 0.97
x Log,, Body Weight (Boval and Sauvant 2019).

Table 10. Percentage difference between estimates of DMI in dairy cows (absolute means above the diagonal while percentage of
change under the diagonal) using different methodologies.

Methodology Forage mass difference Behavior' Behavior?  Markers NRC CSIRO AFRC
Forage mass difference 2.28 1.85 2.21 2.11 2.30 1.89
Ingestive Behavior' 333 % 1.92 2.79 2.50 2.45 2.56
Ingestive Behavior? 0.63 % 273 % 2.56 2.20 2.28 1.92
Markers -0.07 % 3.26% 0.55 % 2.24 2.31 2.18
NRC -12.14 % -8.39 % -11.44% -12.05 % 1.67 2.86
CSIRO -6.84 % 3.27% -6.18 % -6.76 % 471 % 2.11
AFRC 8.41 % 11.46 % 8.98 % 8.47 % 18.31 % 14.27 %

'Bite mass calculated as a hand-picked sample simulating an animal bite; *Bite mass calculated using Log,, Bite mass=0.20 + 0.97
x Log,, Body Weight (Boval and Sauvant 2019).

The NRC and CSIRO models overestimated (i.e.
negative percentage bias), while the AFRC model
underestimated (i.e. positive percentage bias) DMI
calculated through different forage mass approaches.
Also, the AFRC model showed closer estimations of
DMI (i.e. lower absolute bias) with respect to the other
models. Ultimately, the estimation of DMI through
forage mass difference had the lowest absolute bias
relative to other methodologies (Table 10).

Discussion

Grazing behavior is affected by internal and external
factors that modify the animal response, resulting in

different levels of intake and production. Dairy cows on
ryegrass and clover pastures spent 38 % of their time
grazing (Rombach et al. 2019). The shorter grazing time
on Kikuyu grass in this experiment may be explained by
a greater concentration of neutral detergent fiber relative
to ryegrass (Vargas et al. 2014; Aguilar et al. 2009),
constraining the total daily intake due to a lower passage
rate and physical restriction (Allen 2000; NASEM 2016).
Ruminants can increase DMI in diets with a lower
concentration of structural carbohydrates (Mertens
1987). However, a similar concentration of structural
carbohydrates in Kikuyu grass across regrowth periods
precluded reaching any conclusions on their effect on
DMI in lactating cows in the current study.
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Forage traits may explain animal grazing behavior.
Rombach et al. (2019) reported that bite rate and bite
mass were 1.21 bite/s and 0.47 g DM/bite, respectively,
in dairy cows grazing ryegrass and clover pastures.
Those values suggested lower DMI per bite relative to
the current experiments, requiring more grazing time
to supply nutrient requirements. It is recognized that
cattle can modulate grazing time, bite mass, or bite
rate according to the forage characteristics (Boval and
Sauvant 2019). However, the biological ranges across
which ruminants can modify these responses under
grazing are not well defined (Sollenberger et al. 2020b).
Younger forages have greater nutritive value but less
mass than older ones, requiring more grazing time to
acquire the nutrient requirements due to the small bite
mass. Mature forages show greater forage mass but
lesser forage quality, increasing the grass selection
and requiring more grazing time to supply the energy
requirements (Galyean and Gunter 2016).

The bite mass is associated with the capability of the
animal to access forage and is associated with the animal's
liveweight and forage characteristics (Gordon et al. 1996;
Boval and Sauvant 2019; Sollenberger et al. 2020a). Bite
mass increases in taller forages (Gregorini et al. 2008).
However, long stems reduce bite mass, especially in
pastures with low bulk density (Galyean and Gunter
2016). In the current experiment, there were no bite mass
differences among the regrowth periods. However, there
was a positive correlation between the grazing time, bite
mass, and bite rate with DMI, suggesting that the animal
response to forage characteristics may modify forage
intake (Holecheck et al. 1995; Sollenberger et al. 2020a).

Determining DMI in grazing conditions presents
challenges due to the difficulty of accurately defining
the animal response for forage selection, especially in
diverse pastures or rangeland conditions (Boval and
Sauvant 2019). DMI showed different relationships with
forage traits and animal characteristics according to
the methodology used to estimate intake with greater
cow liveweight, grazing time, bite mass, bite rate,
supplementation intake and forage mass positively
associated with greater DMI.

Forage management may promote or reduce DMI and
modify animal behavior and performance (Holecheck et
al. 1995). Abrahamse et al. (2008) reported that cows
grazing in a small paddock with frequent rotation
showed greater intake than those grazing in bigger
ones with less rotation. In this experiment, increasing
the frequency at which new grass was offered increased
the DMI in dairy cows as calculated using the forage

mass difference methodology. However, there were
no differences in the DMI using other methodologies
when increasing the frequency of fence movements.
The forage mass difference methodology may have an
implicit methodological bias that limits the accuracy of
DMI estimation.

There was a positive but not strong relationship
between measurements of DMI and those calculated
using nutritional models. Correa et al. (2009) suggested
a strong relationship between the DMI estimate with
external and internal markers and the NRC (2001) or
CNCPS (Fox et al.1992) models. However, NRC (2001)
and CSIRO (2007) models tended to overestimate, while
Alderman and Cottrill (1993) tended to underestimate
DMI relative to the measurement methodologies
evaluated. Therefore, it is necessary to recognize the
main factors that influence DMI to determine the most
appropriate methodology to define DMI in grazing
conditions of Kikuyu pastures.

Conclusions

DMI is a cornerstone variable, and it is necessary to
identify methodologies that provide more accurate
estimations under grazing conditions. Cow behavior
was related to forage mass, supplement intake and
animal traits. Frequency of fence movements affected
cow behavior, while grazing Kikuyu pastures at an
intermediate regrowth period of 42 d reduced the
grazing time. Conversely, average DMI was related
to forage traits, cow behavior and milk production.
There was a positive but weak relationship between
methodologies used to measure intake and the different
models used to predict intake. Ultimately, NRC (2001)
and CSIRO (2007) models overestimated DMI, while
Alderman and Cottrill (1993) underestimated DMI
using the measurement methodologies in the study.
Based on these data, we conclude that measurement of
forage mass, nutritional quality and cow liveweight are
relatively easy to measure and can be used to estimate
DMI in field conditions. The measurement of the DMI
through the other methodologies tested was laborious
and required high investment with no consistent results.
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Digital imaging outperforms traditional scoring methods for
spittlebug tolerance in Urochloa humidicola hybrids

Las imagenes digitales superan los métodos de evaluacion tradicionales
para la tolerancia al salivazo en los hibridos de Urochloa humidicola

LUIS HERNANDEZ, PAULA ESPITIA AND JUAN ANDRES CARDOSO

Tropical Forages Program, Alliance of Bioversity International-CIAT, Cali, Colombia. alliancebioversityciat.org
Abstract

American spittlebug species (Hemiptera: Cercopidae) are major pests in Urochloa humidicola (syn. Brachiaria humidicola)
cultivars in the neotropics. The U. humidicola breeding program of the Alliance Bioversity-CIAT aims to increase tolerance
to spittlebugs. To develop tolerant U. humidicola genotypes, adequate screening methods are needed. Currently, visual
scores of plant damage by spittlebugs is the standard method to screen for variation in plant tolerance. However, visual
scoring is prone to human bias, is of medium throughput and relies on the expertise of well-trained personnel. In this study,
estimations of plant damage from SPAD chlorophyll meter measurements and digital images with visual scoring from an
inexpert evaluator and visual scoring from an expert were compared. This information should inform if different methods
could be implemented in the U. humidicola breeding program. Time needed to evaluate damage was recorded for each
method. Lin’s correlation coefficient, Pearson’s correlation coefficient and broad sense heritability values were calculated.
Damage estimated from digital images showed the highest throughput (twice as fast as visual scoring from an expert),
high correlations with visual scoring (r>0.80, P<0.0001) and heritability values for plant damage as good or better (>0.7)
than those obtained by visual scoring from an expert. Results indicate that digital imaging could improve the efficiency of
phenotyping in breeding for increased tolerance to spittlebugs in U. humidicola.

Keywords: Aeneolamia varia, Brachiaria, high-throughput phenotyping, host-plant resistance, sensors, tropical
forage grasses.

Resumen

Las especies de salivazo (Hemiptera: Cercopidae) constituyen una importante plaga en cultivos de Urochloa humidicola
(sinénimo de Brachiaria humidicola) en el neotropico. El Programa de Mejoramiento de U. humidicola de1a Alianza Bioversity-
CIAT tiene como objetivo incrementar la tolerancia al salivazo. Para desarrollar genotipos de U. humidicola tolerantes a estas
especies, se necesitan métodos de deteccion adecuados. Actualmente, las evaluaciones visuales del dafio causado por salivazo
sobre las plantas es el método estandar para detectar variaciones en la tolerancia de las plantas. Sin embargo, la calificacion
visual es propensa al sesgo humano, tiene un rendimiento medio y depende de la experiencia de personal bien capacitado. En
este estudio, se compararon las estimaciones de dafios en las plantas a partir de mediciones del medidor de clorofila SPAD,
analisis de imagenes digitales y puntuacion visual de un evaluador inexperto y otro experto. Esta investigacion debe confirmar
si se pueden implementar métodos alternativos de evaluacion en el programa de mejoramiento de U. humidicola. Se registrd
el tiempo necesario para evaluar el dano con cada método. También se calcularon el coeficiente de correlacion de Lin, el
coeficiente de correlacion de Pearson y los valores de heredabilidad en sentido amplio. El dafio estimado a partir de imagenes
digitales mostro el rendimiento mas alto (dos veces mas rapido que la puntuacion visual de un experto), altas correlaciones con
la puntuacion visual (r > 0.80, p < 0.0001) y valores de heredabilidad para el dafo de la planta tan buenos o mejores (> 0.7)
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que los obtenidos por puntuacion visual de un experto. Los resultados indican que las imagenes digitales podrian mejorar la
eficiencia del fenotipado en trabajos de mejoramiento para una mayor tolerancia a los salivazos en U. humidicola.

Palabras clave: Aenecolamia varia, Brachiaria, fenotipado de alto rendimiento, gramineas forrajeras tropicales, sensores,

resistencia varietal.
Introduction

Urochloa humidicola is an important forage grass in
the tropical savannas of America (Berchembrock et
al. 2020). The productivity of current cultivars of
U. humidicola is challenged by several American
spittlebug species (Hemiptera: Cercopidae) (Cardona
et al. 2004). The damage in Urochloa grasses is caused
when nymphs and adults feed from the xylem sap of
roots in their immature stage (5 instars) and from the
shoot in their adult stage (Valério et al. 2001). Thus,
visual damage depends on the insect stage. In the
first 4 instars the damage is imperceptible, but when
nymphs reach stage 5 an ascendant acropetal chlorosis
is observed and, under a severe attack, the entire
above-ground portion of the plant appears dry and dead
(Valério et al. 2001). When adults suck xylem sap the
damage is observed in young leaves, where whitish-
chlorotic spots appear around suction points due to
parenchyma tissue dilution from the caustic substances
present in saliva (Valério et al. 2001). The spots tend to
coalesce in chlorotic lesions from the tip to the base of
the leaf and, when there is heavy infestation, the leaves
appear entirely yellow or necrotic (Figure 1) (Sotelo
and Cardona 2001; Thompson and Ledén-Gonzilez
2005).

Figure 1. Symptoms of the damage caused by spittlebug
nymphs (4deneolamia varia) on Urochloa species.

Increasing tolerance to spittlebugs in U. humidicola
is a major target for the Urochloa breeding program of
the Alliance Bioversity-CIAT and adequate screening
methods are needed to increase the accuracy of the
selection process for tolerance. Currently, visual scoring
of plant damage is the standard phenotyping method
to evaluate plant tolerance to the spittlebug complex
in Urochloa grasses. Visual scores rely on estimates of
percentages of dead leaftissue (Parsactal. 2011). Overall,
visual scoring is a low cost and medium throughput
phenotyping method that has proven successful in the
Urochloa breeding program of the Alliance Bioversity-
CIAT (Cardona et al. 1999; Miles et al. 2006).

Visual scoring is prone to subjectivity of the evaluator
and may not be accurate enough for use for selection in plant
breeding programs (Walter et al. 2012). Factors that can
affect scoring of plants include expertise of the evaluator
(different scores from different evaluators) and fatigue
over working hours. To overcome these, sensor-based
measurements are gaining momentum in the Urochloa
breeding program (Cardoso and Rao 2019). Hand-held
devices such as the SPAD series meters are used to non-
destructively record greenness of leaves. These devices
measure the difference between the leaf transmittance in
650 nm (red) and 950 nm (infrared) regions using 2 light-
emitting diodes and a photodiode receptor, delivering a
relative SPAD meter value proportional to the amount
of chlorophyll of the sample (Ling et al. 2011; Yuan et
al. 2016). Measurements using SPAD meters have been
shown to be positively and linearly correlated with
percentages of dead tissue in Urochloa grasses (Cardoso
et al. 2013). Another method used to record percentages
of dead leaf tissue in Urochloa grasses is digital imaging
(Jiménez et al. 2020).

Sensor-based measurements are currently used in
the Urochloa breeding program, but not to measure
tolerance to spittlebugs (Cardoso et al. 2019; Jiménez
et al. 2017; Jiménez et al. 2020; Mazabel et al. 2020).
Therefore, the main objective of the present work was
to compare alternative phenotyping methods (SPAD
measurements and digital images) and a visual scoring
from an inexperienced evaluator with evaluation of visual
scoring of damage from an expert. This information
should inform which screening methodology is the most
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appropriate in terms of ease, accuracy and throughput,
and identify refinements needed. Improved screening
methods should allow more accurate and intense
selection, and hence, greater genetic gain for tolerance
to spittlebugs in U. humidicola hybrids.

Materials and Methods

Thirty-one U. humidicola genotypes were used in the
present study, which was conducted at CIAT (Palmira,
Colombia, 3°31' N, 76°19" W; 965 masl.). Genotypes
with unknown tolerance included 24 hybrids originating
from the U. humidicola breeding Program of the Alliance
Bioversity-CIAT and 6 checks with known tolerance
to spittlebugs. Checks included 3 tolerant genotypes
(cultivars ‘Llanero’ and ‘Tully’ and 1 germplasm
accession, CIAT/16888) and 3 susceptible ones (2
germplasm accessions, CIAT/26146 and CIAT/26375,
and a hybrid, Bh13/2768). The germplasm accessions
CIAT/16888 and CIAT/26146 are the foundation parents
of the U. humidicola breeding program. All genotypes
were planted as root splits from vegetative material. For
each genotype, 10 root splits with 1 single tiller were
harvested from plants maintained under greenhouse
conditions at 28 °C and 80 % RH and then immersed for
5 minutes in a 1 % sodium hypochlorite solution. Root
splits were rinsed in water and planted in cylindrical
polyvinyl chloride (PVC) pots (5.3 cm wide X 6.5 cm
deep) that contained 40 g of sterilized soil (3:1 weight soil:
weight sand). Plants were watered daily and fertilized
with 30 mL of nutrient solution prepared with a 15 %
N-15 % P-15 % K soluble fertilizer at 3 g/L two weeks
after planting. One month after planting, when sufficient
superficial roots were available to serve as feeding sites
for the nymphs, 5 plants/genotype were infested with 6
mature eggs of Aeneolamia varia as previously described
by Cardona et al. (1999). The other 5 plants/genotype
were not infested and used as controls. The eggs were
previously obtained from the Alliance Bioversity-CIAT
spittlebug mass rearing colony, selected for viability
by visual inspection and incubated under controlled
conditions (28 °C, 85 % RH) (Parsa et al. 2011). Plants
were organized in a randomized complete block with 2
treatments (infested with A. varia and un-infested) and
5 replicates.

Plant damage evaluation

Three phenotyping methods were used to assess plant
damage at weekly intervals for 5 weeks: 1) visual
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scoring from an expert and an inexpert evaluator; 2)
SPAD measurements; and, 3) digital images. Plant
damage, observed as chlorotic leaf area, was estimated
and expressed in percentage as described below. Time
spent for plant damage evaluation using the different
methods was recorded.

Visual scoring

Visual scoring for plant damage was made as an
assessment of the proportion of green to senescing leaf
tissue (yellow to brown) of the whole plant. Visual
scoring used a 11-point scale as follows:

0 = all leaves are green;

1 =10 % of senescent leaves;

2 =20 % of senescent leaves;

3 =30 % of senescent leaves;

4 =40 % of senescent leaves;

5 =50 % of senescent leaves;

6 = 60 % of senescent leaves;

7 =70 % of senescent leaves;

8 = 80 % of senescent leaves;

9 =90 % of senescent leaves;

10 =100 % of senescent leaves.

To test whether the visual scoring was affected
by a given person during an evaluation, an expert
and an inexpert evaluator carried out visual scorings
independently.

SPAD measurements

SPAD meters (SPAD-502, Konica Minolta, Japan) were
used to estimate greenness of different leaves. SPAD
units were recorded on 3 fully expanded leaves for each
plant and the mean taken. Plant damage was estimated
from the difference in SPAD measurements between
consecutive weeks as follows:
Damage = [(SPADn- SPADn+1)/SPADn]*100.

where:

SPADn is a SPAD recording at any given week;

SPADn+1 is the SPAD recording the week after.

Digital imaging

For image acquisition, individual plants were placed
within a closed chamber (dimensions: 2x1.5x1 m) and
illuminated from above with a 120 cm long, 32 W, T8
LED tube producing 2,500 lumens. Images were taken
with a digital color camera (Nikon Coolpix P6000,
Nikon, Japan) with the following set up: F-stop: /2.7,
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Exposure time: 1/60, and ISO speed ISO-89 and from a
Nadir, i.e. vertical, view of the plant. Images were saved
in a 4,224 x 3,168 pixel JPEG format. To account for
difference in illumination and color tones in images,
images were pre-processed with GIMP software (GIMP
2.10) to apply a pre-saved color tone matching curve
to all JPEG files. Images were then processed and
analyzed using ImageJ (ImageJ 1.51). Image processing
consisted of splitting the images into their color channels
(red, green and blue), and then normalizing the blue
channel (blue channel / red channel + green channel +
blue channel). The normalized blue channel was used
for image segmentation using the default threshold
method of ImageJ. Image segmentation consisted of
the separation of shoot (white pixels) from background
(black pixels). Once the image was segmented, a mask
was laid onto the original unsegmented image using
the AND logic operation. The masked image was then
used to calculate the difference between green and red
channels (G-R), which enhances contrast between
green tissue and senescing tissues. Once the G-R was
calculated, K-means clustering was used to create 3

Unprocessed Calibration of Image
JPEG images colors segmentation
0 days of treatment

Pre-processing
GIMP software

Post-processing Imaged software

clusters of colors in the image: background, green tissue
and senescing tissue (Figure 2). The number of pixels for
each cluster was then quantified and plant damage was
calculated as:
Damage = [SP/(SP+GP)]*100

where:

SP is number of pixels clustered as senescing tissue;

GP is number of pixels clustered as green tissue.

Statistical analysis

Mean values and standard deviations were calculated
for estimations of plant damage for different dates and
evaluation methods. Two-way analyses of variance
were calculated. Analyses were performed only for
infested plants and conducted in R (R_Development
CoreTeam 2015). Calculations of agreement, Lin’s
concordance index (Lin 1989) and Pearson correlation
coefficient, were performed between estimates of
plant damage from alternative methods. Broad sense
heritability (H?) was calculated for each of the different
evaluation methods (Piepho and Mdhring 2007).

Green-Red" K-means clustering

BGeEn LSS0
21018 pixels

mSenescing
Rrs s

E29 pivels

o Green e
18706 poosls

B Senesting
hsse
F2454 pousis

Figure 2. Summary of the image processing pipeline. *Green-Red is the result of subtracting green channel minus red channel.
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Results
Comparison of throughput and estimated damage

The digital images method was significantly faster than
the other methods (Table 1). There were no significant
differences between the expert and inexpert evaluation
in time needed for visual scoring.

Table 1. Mean values of 5 evaluations showing the time
required to perform evaluations.

Evaluation method Number of plants scored/h!

Visual scoring (expert) 58+ 13c¢
Visual scoring (inexpert) 71 £ 25bc
SPAD measurements 80 £ 15b
Digital images 113 £ 15a

'Values denote means + standard deviations. Different letters
next to standard deviation values denote significant differences
at P=0.05.

The visual scoring methodology generally had higher
values of damage for all the assessments, followed by
digital images and SPAD measurements (Figure 3).
Differences in estimates of damage between visual scores
(from expert and inexpert evaluators) and the other

100
B Visual Scoring From an Expert
m Visual Scoring From an Inexpert
80 = SPAD Measurements
Digital Images

Damage Percentage (%)

(=]

(=]
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2 methods (SPAD measurements and digital images)
were found from the first week of evaluation (Table 2).
Throughout the experiment, estimates of damage were
greater in visual scores compared to those obtained from
SPAD meters (about 1.5-fold greater) and digital images
(about 1.3-fold greater).

Concordances, correlations and heritability

Values of Lin’s concordance coefficient (CCC) and
Pearson correlations (r) increase with the time for all
the methods compared with the visual scoring from the
expert, obtaining values over 0.7 for CCC and over 0.8
for r (Table 3). Highest concordances and correlations
were observed between visual scoring from the expert
and inexpert evaluators (Table 3).

Table 4 shows the weekly broad sense heritability (H?)
values according to evaluation method. All the H? values
increased through time for the 4 evaluation methods.
Greater values of H? (values closer to 1) were obtained using
the digital images method, indicating that a large portion of
the variation is due to genetic factors and a smaller portion
due to environment and genotype-environment interaction.
Conversely, lowest H? values were obtained for the visual
scoring from an inexpert evaluator.

C
d . )
C
d a
. b
60
a
C
c b
40
a
b b b
a
: T
7 14 21 28 35

Days After Infestation

Figure 3. Comparison of damage percentage over time. *Column bars represent means and error bars indicate the standard deviation.
Letters over bars indicate the differences by evaluation method at 7, 14, 21, 28 or 35 days after infestation. Columns with different

letter are significantly different (P<0.05).
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Table 2. Analysis of variance (2-way-ANOVA) made at different days after infestation (DAI) with Aeneolamia varia. Genotypes
evaluated correspond to 27 U. humidicola hybrids. Method corresponds to evaluation techniques used (Visual scoring (expert),
Visual scoring (inexpert), SPAD measurements and Digital images).

DAT* Source Df Sum of Squares Mean of Square F value P value
7 Genotype 29 13869 478.2 4.849 7.06E-14 HoHk
Method 3 2471 823.7 8.352 0.000021 HoHE
Genotype x Method 87 9659 111 1.126 0.225
Residuals 416 41026 98.6
14 Genotype 29 33021 1139 5.712 <2e-16 HoHE
Method 3 24089 8030 40.276 <2e-16 ok
Genotype x Method 87 15286 176 0.881 0.761
Residuals 416 82935 199
21 Genotype 29 48623 1677 8.695 <2e-16 ok
Method 3 103661 34554 179.185 <2e-16 oAk
Genotype x Method 87 12537 144 0.747 0.951
Residuals 416 80220 193
28 Genotype 29 64296 2217 11.771 <2e-16 wAK
Method 3 124900 41633 221.037 <2e-16 HoAk
Genotype x Method 87 9217 106 0.562 0.999
Residuals 416 78355 188
35 Genotype 29 121290 4182 12.627 <2e-16 HAK
Method 3 76836 25612 77.323 <2e-16 R
Genotype x Method 87 20665 238 0.717 0.97
Residuals 416 137794 331

***Significant at the 0.001 probability level; *DAI = days after infestation

Table 3. Lin’s concordance coefficient and Pearson correlation analysis between damage percentages obtained from the evaluation

methods.
DAT* Index**  Visual scoring from an expert vs. Visual scoring from an expert vs. Visual scoring from an expert vs.
Visual scoring from an inexpert SPAD measurements digital images
7 CCC 0.89 0.16 0.29
CI 0.86-0.91 0.09 - 0.24 0.22-0.36
r 0.9%%* 0.25%%* 0.44%%%*
14 CCC 0.89 0.24 0.42
CI 0.86-0.91 0.17-0.32 0.36 - 0.49
r 0.91%** 0.36%%* 0.59%**
21 CcCccC 0.89 0.34 0.58
CI 0.87-0.91 0.28-04 0.52-0.64
r (0.92%%* 0.6%%* 0.76%%*
28 ccc 0.93 0.56 0.75
CI 0.91 - 0.94 0.5-0.61 0.71-0.79
r (0.94%%* 0.82%%** 0.88%**
35 ccc 0.94 0.70 0.86
CI 0.93-0.95 0.64-0.75 0.83-0.89
r 0.95%** 0.83%** 0.9%**

*DAI = days after infestation; **CCC = Lin’s concordance correlation coefficient; CI = confidence interval (95 %); r = Pearson
correlation coefficient; *** = correlation significance (P<0.001).
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Table 4. Broad sense heritability according to treatment, evaluation method and days after infestation for damage percentage.

Method 7 DAI* 14 DAI 21 DAI 28 DAI 35 DAI

H? P-value H? P-value H? P-value H? P-value H? P-value
Digital images 0.6 0.007 0.7 0.001 0.8 0.001 0.8 0.001 0.8 0.001
SPAD Measurements 0.4 0.13 0.5 0.04 0.7 0.001 0.7 0.001 0.8 0.001
Visual Scoring from expert 0.6 0.0024 0.6 0.0077 0.7 0.001 0.8 0.001 0.8 0.001
Visual Scoring from inexpert 0.5 0.0083 0.5 0.0077 0.5 0.0079 0.5 0.0212 0.5 0.0088

*DAI = days after infestation.
Discussion

The present study indicated that capture of digital
images was the fastest method to record plant damage,
as previously shown for other traits (Jiménez et al.
2020; Biichi et al. 2018). Reduction of time is among
the improvements sought by most phenotyping methods
(Shakoor et al. 2017; Araus et al. 2018) to allow more
plants to be evaluated for plant damage, reduce the time
needed or allow more intensive phenotyping (recording
of additional traits that might be of interest).

Results showed that there were no significant
differences between estimates of damage from visual
scoring from an expert and an inexpert evaluator,
suggesting the inexpert evaluator followed carefully
the instructions given by the expert evaluator. However,
this might not always be the case for new evaluators.
Successful training of a new evaluator is dependent
on the inherent characteristics of the individual and
previous knowledge of the plants, which likely affects
the accuracy of any evaluation. Clear instruction and
training increase the accuracy of visual estimates of plant
damage minimizing errors (Bock et al. 2020). Despite
estimates of damage from the expert and inexpert
evaluators being similar, measures of data variability
(i.e., standard deviation) from the inexpert evaluator
were greater than those from the expert evaluator. Similar
results were found by El Jarroudi et al. (2015) when
comparing estimates of septoria leaf blotch severity
(and measures of data variability) in winter wheat from
different evaluators.

Development of damage could be detected earlier
under the visual scoring method. Since the magnitude

and time of detection of damage were greater using
visual scoring (for both expert and inexpert evaluators),
it is likely that visual scores over-estimated damage as
previously identified by Bock et al. (2010).

Results indicate the inexpert evaluator got better with
time in the visual scoring of plant damage, as shown in
other studies (Bock et al. 2016; Bock et al. 2020). Despite
the improvement gained by the inexpert evaluator, they
were unable to distinguish percentages of damage below
20 %, whereas the expert evaluator could distinguish at
10 % (data not shown). Similar results were found when
experienced and inexperienced evaluators assessed severity
of Phomopsis leaf blight of strawberry (Nita et al. 2003).
Also, the level of agreement between estimates of damage
from visual scoring and digital images is considered low
(McBride 2005). This is not surprising as estimates of
damage from visual scoring were discrete values being
compared to continuous values of plant damage estimated
from digital images (McBride 2005) and with a likely
overestimation of damage from visual scoring.

All the methodologies except for visual scoring
from an inexpert evaluator showed a high accuracy with
heritability values over 0.7. Similar results for heritability
were obtained by other authors when comparing image-
based phenotyping methods to visual evaluations
(Makanza et al. 2018; Singh et al. 2019). A phenotyping
procedure, such as digital imaging, that detects high
heritability of any given trait allows a broader selection
process, hence, the genetic advance through the breeding
cycles is faster (Holland et al. 2002). Different methods
require different equipment and skills and have different
costs and advantages/disadvantages that also have to be
taken into account together with accuracy (Table 5).
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Table 5. Comparison among plant damage estimation methodologies.

Digital images

SPAD measurements

Visual scoring

Equipment * Digital camera.
* Software for image correction and
processing.
* Photobox with constant light.
Labor and * Semi-skilled labor for image capture.
skill level « Skilled labor to process and analyze
the images.
Advantages * Higher accuracy through time for

plant damage quantification. Fastest
methodology -allows to collect higher
numbers of data in less time.

Disadvantages e« Requires qualified personal to
automatize the process.

 Unskilled labor.

* Only needs one equipment and
does not need trained personal.

* Time consuming.
* Low correlation to the standard
visual scoring assessment.

* SPAD meter.

* Highly skilled evaluators.

* Earlier detection of symptoms.

* Over estimation of plant damage.
* Costly because of continued
rigorous training of new

* Depends on the evaluator expertise. evaluators.

Conclusions

The present work showed that estimation of plant damage
from digital images yielded similar results to those
obtained by the standard method of visual scoring by an
expert evaluator. One of the major drawbacks of visual
scoring is the dependence on an expert evaluator. Training
of new evaluators for visual scoring of plant damage might
be a straightforward mechanism to ensure continuity over
time. However, inter-rater variation represents a major
drawback for this method. Overall, SPAD measurements
were more time consuming and showed a low correlation
with the standard evaluation of visual scoring from an
expert, which makes this method less suitable to assess
large numbers of hybrids in the U. humidicola breeding
program. Higher values of broad sense heritability and
faster recording of plant damage from digital images
suggests that this phenotyping method could be used to
improve the efficiency of breeding for increased tolerance
to spittlebugs in U. humidicola.
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Nitrogen and phosphorus fertilizer application to Elephant
grass (Cenchrus purpureus syn. Pennisetum purpureum) cultivar
‘Cameroon’ in an arenosol in Rio Grande do Norte, Brazil

Fertilizacion con nitrogeno y fosforo en pasto elefante cv. Cameroon en un
arenosol en Rio Grande do Norte, Brasil
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Abstract

Elephant grass (Cenchrus purpureus syn. Pennisetum purpureum) stands out for its high dry matter production per unit
area and good nutritional value and is cultivated throughout Brazil. This study aimed to evaluate the performance of
Elephant grass cultivar ‘Cameroon’ fertilized with nitrogen (N) and phosphorus (P) at different rates. The experimental
design was in randomized blocks with 10 treatments and 4 replicates. The treatments consisted of 5 doses of N (0, 200,
400, 600 and 800 kg N/ha) all with 66 kg P/ha and 5 doses of P (0, 22, 44, 66 and 88 kg P/ha) all with 600 kg N/ha. The
variables evaluated during 3 harvests were: shoot dry matter (DM) yield, N and P concentrations in shoots, and uptakes
of N and P in forage. Results showed that, in the arenosol of the experimental area, high doses of N and P could produce
high yields of the grass (4041 t DM/ha) over 260 days. The grass extracted large amounts of N (on average, 800 kg
N/ha over 260 days) and P concentrations were significantly affected by P fertilization only in the last harvest, where
it increased from 0.27 to 0.78 g P/kg DM. However, application of only 200 kg N/ha will produce more than 60 % of
the DM yield response achieved with 800 kg N/ha. Similarly, there seems little merit in applying more than 22 kg P/ha
with the N. Longer-term studies are needed to test these hypotheses along with economic assessments to determine the
financial soundness of such decisions.

Keywords: Export, extraction, nutrient, yield.
Resumen

El pasto elefante destaca por su alta produccion de materia seca por unidad de area y por su buen valor nutricional, se cultiva
en todo Brasil. Este trabajo tuvo como objetivo evaluar la productividad del pasto elefante cultivar 'Cameroon' fertilizado
con diferentes dosis de nitrogeno (N) y fosforo (P). El disefio experimental fue en bloques al azar con diez tratamientos y
cuatro repeticiones. Los tratamientos consistieron en cinco dosis de nitrogeno (0, 200, 400, 600 y 800 kg/ha de N) todo con
66 kg/ha de Py cinco dosis de fosforo (0, 22, 44, 66 y 88 kg/ha de P) todo con 600 kg/ha de N. Las variables evaluadas
fueron: rendimiento de materia seca (MS) de los brotes, concentraciones de N y P en los brotes y absorcion de N y P en el
forraje. Los resultados mostraron que, en el arenosol del area experimental, se puede producir altos rendimientos de pasto
(40-41 t MS/ha) en 260 dias, cuando se aplica altas dosis de N y P. El pasto extrajo grandes cantidades de N (en promedio,
800 kg N/ha durante 260 dias) y las concentraciones de P se vieron significativamente afectadas por la fertilizacion con
fosforo solo en la tltima cosecha, donde aument6 de 0.27 a 0.78 g P/kg MS. Sin embargo, la aplicacion de solo 200 kg
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N/ha producira mas del 60 % de la respuesta de rendimiento de MS lograda con 800 kg N/ha. De manera similar, no se
justifica aplicar mas de 22 kg P/ha con el N. Se necesitan estudios a mas largo plazo para probar estas hipotesis junto con
evaluaciones econdmicas para determinar la solidez financiera de tales decisiones.

Palabras clave: Exportacion, extraccion, nutrientes, produccion.

Introduction

Elephant grass (Cenchrus purpureus Schum.) Morrone
(syn. Pennisetum purpureum Schum.) stands out for its
high dry matter (DM) production per unit area and good
nutritional value, being cultivated throughout Brazil
and tolerating unfavorable climatic conditions, such
as drought and cold temperatures (Queiroz Filho et al.
2000). Historically, this plant has been used as a forage
reserve, and is an important complement to bulky feed
for animals on rural properties. In addition to this use,
in recent years research has shown that Elephant grass
has the potential to be used as an alternative biomass
for energy production, mainly due to its high dry matter
yields (Mello et al. 2002; Quesada et al. 2003).

Elephant grass has high nutritional requirements, due
to its high production potential. Thus, any nutritional
deficiency during its development will limit production
(Avalhaes et al. 2009). Arenosols are sandy soils with low
levels of organic matter and low water retention (Costa
et al. 2013). In Brazil, arenosols are common in coastal
regions and in regions with high precipitation rates,
where leaching of basic cations can cause low fertility
(Speratti et al. 2018). However, there is little information
on the effects of fertilizer application on production of
Elephant grass on arenosols.

Nitrogen (N) is directly linked to processes involved
in plant growth and development (Porto et al. 2012),
being an essential constituent of proteins and important
in the photosynthetic process, due to its participation
in the chlorophyll molecule (Martuscello et al. 2016).
Optimal fertilizer requirements must be carefully defined
as cost of N fertilizers is high (Primavesi et al. 2004).

After N, phosphorus (P) is the nutrient that most limits
forage production when limited in supply (Oliveira et
al. 2007; Foloni et al. 2008). Although the total amount
of P in soil is relatively high, it is generally not found
in its plant-available form (Santos et al. 2010). P has
important functions at the initial stage of development
of forage plants, when there is intense meristematic
activity due to root system development and tillering. In
addition, P is essential for cell division, due to its role in
the structure of nucleic acids (Cantarutti et al. 2002). It
is also crucial for plant metabolism in energy transfer in
cells, respiration and photosynthesis, being a structural

component of genes and chromosomes, as well as many
coenzymes, phosphoproteins and phospholipids.

Considering the importance of both nutrients in
maintaining the productive potential of Elephant grass, as
well as the lack of tables of recommendations calibrated
for the arenosols in the region, it is important to conduct
studies evaluating the responses of agricultural crops
as a function of varying doses of essential nutrients.
Thus, this study aimed to evaluate the performance of
Elephant grass cultivar ‘Cameroon’ fertilized with N
and P at a range of doses in an endeavor to develop
an understanding of optimal levels of these nutrients
to apply. A serious concern for soil management is the
amount of N and P which is taken up by the pasture
grass. The amount of N and P that is absorbed by the
pasture is crucial for the extrapolation of the fertilizer
dose. The correct amount of N and P promotes optimal
plant growth and it makes fertilization economically
viable. In addition, the correct dose of N can avoid
contamination of water courses by leaching of excess
of N. We also evaluated N and P concentration and
uptake to understand Elephant grass growth in response
to N and P doses.

Materials and Methods

The field experiment was installed in an area of the
Agricultural School of Jundiai, belonging to the Federal
University of Rio Grande do Norte, in Macaiba-RN,
Brazil (5°53'S, 35°21' W; 15 masl).

The local climate is a transition between the types As
and BSw of Kdppen’s classification system, with high
temperatures throughout the year (annual average 27 °C,
maximum 32 °C and minimum 21 °C). Average annual
rainfall is 1,071 mm, with rainy season from March to
July (IDEMA 2013).

The soils of the experimental area are classified as
arenosols (quartzipsamments), with sandy texture and
gently sloping topography (Beltrao et al. 1975). Before
the experiment, 20 individual soil samples were collected
from the 0—20 cm horizon of the experimental area and
homogenized to obtain a composite sample, which
was sent to the laboratory for chemical and physical
characterization (Table 1), following the methodology
proposed by EMBRAPA (1997).
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Table 1. Chemical and physical characteristics in the 0-20 cm horizon of the soil of the experimental area before the experiment

pH'  OM N, 3 K* Na~  Ca®  Mg»  AP* (H+¥Al) Sand  Silt  Clay
(H,0) (g/kg) (mg/dm?) (cmol /dm?®) (g/kg)
5.9 2.64 0.70 1 32.8 53 0.4 1.2 0.05 0.83 940 40 20

OM = organic matter.

The experimental design was randomized blocks with
11 treatments and 4 replicates. The treatments consisted
of 5 levels of nitrogen (N) (0, 200, 400, 600 and 800
kg N/ha) in the presence of 66 kg P/ha and 5 levels of
phosphorus (P) (0, 22, 44, 66 and 88 kg P/ha) in the
presence of 600 kg N/ha. All treatments were fertilized
with 125 kg K/ha, 30 kg S/ha, 1.0 kg B/ha, 3.0 kg Zn/ha
and 0.5 kg Cu/ha (Table 2). The commercial fertilizers
used in applying the nutrients were urea, ammonium
sulfate, triple superphosphate, potassium chloride and
FTE BR-12 as source of the micronutrients.

Table 2. Doses (kg/ha) of nutrients applied in the various
treatments to evaluate effects on DM yield of Elephant grass
and concentrations and uptake of N and P.

Treatment N P K S B Zn Cu
1 0* 66 125 30 1 3 0.5
2 200 66 125 30 1 3 0.5
3 400 66 125 30 1 3 0.5
4 600 66 125 30 1 3 0.5
5 800 66 125 30 1 3 0.5
6 600 0* 125 30 1 3 0.5
7 600 22 125 30 1 3 0.5
8 600 44 125 30 1 3 0.5
9 600 66 125 30 1 3 0.5
10 600 88 125 30 1 3 0.5
*Control

Each experimental plot was 2.8 m wide by 3.0 m long
and contained 4 rows of Elephant grass, with inter-row
spacing of 0.7 m. The usable area of the plot measured 4.2
m?, consisting of the 2 central rows.

Initially, soil tillage was performed as light harrowing
using a tractor, the area was demarcated by delimiting the
total space of the experiment, blocks and plots, and then
furrows were opened manually with a hoe. All doses of P,
S, B, Zn and Cu were applied at the bottom of the furrow
before planting, together with 10 % of the N dose and
10 % of the K dose.

The remaining 90 % of N and K fertilizers was split into
equal amounts and applied on 6 occasions: 30 and 60 days
after planting, 15 and 45 days after the first harvest and 15
and 45 days after the second harvest. Urea, ammonium

sulfate and potassium chloride used in these top-dressings
were applied in furrows 0.15 m from the grass rows.

The Elephant grass (Cenchrus purpureus) cultivar
‘Cameroon’ was planted by placing whole stems of the
grass at the bottom of the furrows according to the end-
to-end system, and then cutting them into approximately
70-cm-long pieces. During the study, whenever necessary,
the grass was irrigated using a conventional sprinkler.

Following planting, the Elephant grass was studied for
260 days between December 2016 and August 2017. The
first harvest was performed at 110 days after planting at an
average height of 288 c¢m, the second harvest at 75 days
later at an average height of 245 cm and the third harvest
at 75 days later at an average height of 227 cm, i.e. at
intervals of 110, 75 and 75 days.

At each harvest, plants from the middle 2 rows (usable
area) of each plot were cut at soil level to determine the
amount of dry matter produced in each plot. After weighing
of'the fresh forage, all harvested plants from each plot were
chopped with a forage chopper machine (M-600 Chopper
with a 3 hp engine) and then homogenized. Samples of
this chopped material were then collected and dried in
a forced-air circulation oven at 65 °C. After reaching a
constant weight, the samples were weighed and ground in a
Wiley-type mill and mineralized by sulfuric acid digestion,
following the methodology of Tedesco et al. (1995). N was
quantified by the Kjeldahl method and P was quantified by
colorimetric method. N and P uptakes were calculated by
multiplying DM yield by the N and P concentrations.

After data collection and tabulation, results were
subjected to analyses of variance and regression, using the
software program SISVAR v. 5.6 (Ferreira 2011). For each
characteristic evaluated, the mean square of residuals of
the analysis of variance was used as an experimental error
to test the significance of the coefficients of the regression
models to be fitted. We also compared the means by the
LSD test at the 5 % probability level.

Results

Analyses of variance and regression revealed a significant
positive effect of increasing N fertilizer level on forage dry
matter (DM) yield at all harvests and, consequently, on the
accumulated DM yield over the 3 harvests (Table 3).
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Table 3. Effects of N fertilizer level on dry matter yield of
Elephant grass at 1st, 2nd and 3rd harvests (intervals of 110,
75 and 75 days) and overall, and estimates of the parameters of
the fitted regression models (square root, linear and quadratic).

N dose Dry matter yield (t DM/ha) Total
(kg/ha) I*harvest 2"harvest 3™harvest

0 (Control) 11.2 7.23 6.64 25.1
200 16.8 8.33 9.64 34.8
400 18.0 8.68 9.80 36.5
600 19.1 10.25 12.17 39.8
800 18.1 12.48 10.60 41.3
Average 16.7 9.5 9.8 35.5
LSD 4.7 2.3 2.2 7.2
b, 11.18 6.91 6.68 25.18
b: X -0.0108 0.0062 -0.0041 -0.0051
b,: X** 0.5629 - 0.2518 0.7097
b X? - - - -
R? 0.98 0.93 0.99 0.99

Application of all fertilizer levels increased DM yield
relative to Control at first and third harvests and overall
(total production) (Table 3). However, at the second
harvest, only N doses higher than 600 kg N/ha produced
more DM than the Control (Table 3).

The square root model was the most suitable for
representing the effects of N fertilizer level on DM yields
at the first and third harvests plus total production of
Elephant grass, while the simple linear model was the
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most suitable for representing DM vyield at the second
harvest (Table 3). Highest DM yield over the 260 days of
occurred at a dose of 800 kg N/ha (41.3 t DM/ha). Mean
DM yield at the first harvest exceeded those at the second
and third harvests.

DM yield increase with the first 200 kg N/ha was
greater than increases with subsequent increments of 200
kg/ha (Table 3).

There was a positive effect of N fertilizer level on
N concentration in harvested forage at the first and
third harvests (P<0.01), but differences failed to reach
significance at the second harvest, despite absolute
values being similar for all harvests (Table 4). At the first
harvest, N applications of 600 and 800 kg N/ha increased
N concentration in forage relative to Control, while at
the third harvest applications of 400 kg N/ha and above
increased N concentration in forage (P<0.01).

N uptake by Elephant grass increased significantly
(P<0.01) with applications of 200 kg N/ha and above at
first and third harvests and overall (Table 4). However, at
the second harvest, only N doses of 600 and 800 kg N/ha
had greater N uptake than Control (Table 4).

N uptake by Elephant grass at the first harvest (208480
kg N/ha) exceeded those at the second and third harvests
(150-260 and 124290 kg N/ha, respectively) (Table 4).

DM yields of Elephant grass at the first and second
harvests were not affected by P application (P>0.05; Table
5). However, at the third harvest and overall, application
of 44 kg P/ha and above significantly increased DM yields
(P<0.01; Table 5).

Table 4. Effects of N fertilizer level on N concentration in forage and N uptake by Elephant grass at 1st, 2nd and 3rd harvests (intervals
of 110, 75 and 75 days, respectively) and overall, and estimates of the parameters of regression models (square root, linear and quadratic).

N dose (kg/ha) N concentration (g/kg) N uptake (kg/ha) Total
I*tharvest 2" harvest 3" harvest I*tharvest 2" harvest 3" harvest
0 (Control) 18.7 20.8 18.7 208.2 149.8 123.6 482
200 19.3 19.3 21.6 320.6 160.7 207.9 689
400 21.0 17.7 23.6 380.6 156.8 231.0 768
600 26.7 24.5 26.7 509.1 251.1 277.8 1,038
800 254 21.9 25.4 451.0 268.2 301.6 1,021
Average 22.2 20.9 23.2 373.9 197.3 228.4 800
LSD 44 5.7 3.1 89.1 69.8 52.1 141.3
ANOVA skok ns sk sk sk skok sk
b, 18.53 19.36 18.4 200.2 147.7 124.3 477.2
b: X -0.1244 - - - - 4.7208 -
b,: X** 0.0146 0.0037 0.0199 0.7264 0.0056 0.055 1.0838
b,: X? - - 0.00001 0.00049 0.0002 - 0.00046
R? 0.83 0.20 0.95 0.93 0.88 0.99 0.95
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Table 5. Effects of P fertilizer level on dry matter yield of
Elephant grass at 1st, 2nd and 3rd harvests (intervals of 110,
75 and 75 days, respectively) and overall, and estimates of
the parameters of regression models (square root, linear and
quadratic).

P dose Dry matter yield (t DM/ha) Total
(kg/ha) I**harvest 2"harvest 3™harvest

0 14.76 8.19 6.98 29.93
(Control)

200 19.02 10.24 9.28 38.54
400 17.92 10.63 11.02 39.57
600 16.61 11.56 11.28 39.45
800 19.30 11.22 12.08 42.58
Average 17.79 10.37 10.13 38.29
LSD 3.49 2.52 245 5.97
ANOVA ns ns ok Hk
b, 14.98 8.29 7.05 30.10
b: X -0.0623 0.0892 0.1144 -0.0849
b,: X3 09173 - - 2.0232
b.: X? - -0.0006 -0.0007 -
R? 0.59 0.96 0.99 0.96

P concentrations in Elephant grass forage at the first
and second harvests were not significantly affected by
P fertilizer level applied (P>0.05; Table 6), while at the
third harvest P concentration increased linearly with
increasing level of P fertilizer application (P<0.01).

Uptake of P by Elephant grass followed the same

trend as data for P concentration in forage, with no
significant effect of P fertilizer application (P>0.05) at
the first and second harvests and a positive linear effect
at both the third harvest and overall (P<0.01) (Table 6).

Discussion

While this study has shown that Elephant grass
cultivar ‘Cameroon’ showed good growth responses to
application of N fertilizer, the greatest response per unit
of N applied occurred with the first 200 kg N/ha. Sixty
percent of the total N response in DM yield occurred
with the application of only 200 kg N/ha. In fact, the
increase in DM yield with the first 200 kg N/ha was 50 %
greater than the total response to the next 600 kg N/ha,
a fine example of the law of diminishing returns. While
average DM yield decreased by 42 % from the first to
the second harvest and remained at a similar level for
the third harvest, the longer growth period prior to the
first harvest would have played a major part in the higher
yields at that stage, along with the higher application of N
to all treatments during that growth period (40 vs. 30 %
of total N applied). Release of nutrients in soil following
cultivation prior to planting may have also contributed.
Higher DM yields at the first harvest after planting,
compared with those at later harvests, have also been
reported by other authors (Morais et al. 2009; Santos
et al. 2014). In those studies, growth period between
planting and the first harvest was longer than growth

Table 6. Effects of P fertilizer level on P concentration in forage and P uptake by Elephant grass forage at 1st, 2nd and 3rd harvests
(intervals of 110, 75 and 75 days, respectively) and overall, and estimates of the parameters of regression models (square root, linear

and quadratic).

P dose (kg/ha) P concentration (g/kg) P uptake (kg/ha) Total
I**harvest 2" harvest 39harvest I**harvest 2" harvest 3*harvest

0 (Control) 0.83 0.20 0.27 12.35 1.67 1.33 15.35
200 0.83 0.51 0.34 15.96 4.88 3.23 24.07
400 0.89 0.49 0.44 16.12 5.19 4.86 26.17
600 0.82 0.56 0.55 13.04 5.54 7.36 25.94
800 0.88 0.54 0.78 17.09 6.92 7.77 31.78
Average 0.85 0.46 0.48 14.91 4.84 491 24.66
LSD 0.48 0.37 0.15 9.00 3.77 1.15 8.36
ANOVA ns ns ok ns ns ok wk
b, 0.832 0.20 0.23 12.55 1.75 1.51 17.72
b:X - 0.0835 - 0.7973 0.6523 - -
b,: X% 0.0004 -0.0051 0.0056 -0.0507 -0.0150 0.0770 0.1589
b.: X? - - - - - - -
R? 0.19 0.97 0.95 0.41 0.96 0.97 0.85
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periods prior to subsequent harvests. The average
accumulated DM yields for the 3 harvests obtained in
our study, despite being high, were still lower than the
yields of 61.9-85.3 t DM/ha observed in the studies
of Santos et al. (2014) and Morais et al. (2009). Those
authors cultivated Elephant grass in soils with higher
fertility than that of the arenosol used in the present
study (Table 1). In addition, total growth periods in those
studies (660 days) were much longer than the 260 days
in the present study.

Despite limited differences in N concentration in
harvested forage with increasing N application rates, N
uptake by the forage generally increased with increase
in N application. It is worth pointing out that both N
concentration and N uptake are highly subject to the
effects of dilution and DM yields of forage, because of
the increase in DM accumulation in shoots following
application of N fertilizer. Thus, the limited variation in
N concentration in forage merely masked the increased
uptake of N by plants as level of N fertilizer increased.
However, N concentration in forage at harvest ranged
from 1.87 to 2.67 % for individual treatments at
individual harvests. The N content exceed the level the
N content normally found in grasses (1.5 to 2.0 %), but
the N contents are adequate for Elephant grass (Avalhaes
et al. 2009; Morais et al. 2011). Although converting
leaf nitrogen content to leaf protein by multiplying by
6.25 may overestimate the true protein content of raw
materials, it is widely accepted as an industry standard
(Walsh et al. 2018). The higher levels of N, equivalent
to 16.7 % protein, are adequate even for high-producing
dairy cows (Busanello et al. 2017; Alessio et al. 2020).

A serious concern for soil management is the amount
of N which is taken up by the pasture grass. Total uptake
of N by the various treatments during the 260 days ranged
from 480 to 1,040 kg N/ha. Under a cut-and-carry system
of feeding, removal of these amounts of N from the soil-
pasture system could lead to a depletion of soil N levels
over time unless the manure from animals is returned to
the pasture or N fertilizer is applied. Flores et al. (2012),
testing the effects of N fertilizer and harvest age on DM
production of Elephant grass in the Brazilian Cerrado,
observed that applying 150 kg N/ha produced an uptake
of 471 kg N/ha at 180 days after planting. Fagundes et al.
(2007) evaluated the influence of N fertilizer application
on DM production of Elephant grass cultivar ‘Guagu’ and
observed an increase in N extraction by the grass as level
of N applied increased. In the Control treatment in our
study, 482 kg N/ha was taken up by Elephant grass, which
would have come from the mineralization of soil organic

Nitrogen and phosphorus doses in elephant grass 285

matter and breakdown of plant residues incorporated
into the soil before planting plus biological nitrogen
fixation. Morais et al. (2011), using '*N natural abundance
technique, reported contributions of biological N fixation
above 50 % of the N requirement in Elephant grass. The
association of Elephant grass plants with some N -fixing
bacteria, such as Gluconacetobacter diazotrophicus,
Herbaspirillum seropedicae and H. frisingense, has been
reported in the literature (Kirchhof et al. 2001; Reis et al.
2001; Camelo et al. 2021; Santos et al. 2021). In another
study, Morais et al. (2009) observed N accumulation of
217 kg N/ha in Elephant grass cultivar ‘Cameroon’, when
harvest was delayed until 12 months after planting.

Martuscello et al. (2009), studying critical levels
of P in soil and in the shoots of Elephant grass during
establishment, obtained lower DM yields than those
found in this study. The highest yields were 9.3 and 12.7
t DM/ha, combined yields from first and second harvests
at 50 and 110 days after planting, following applications
of 52 and 131 kg P/ha, respectively. P concentration
in forage at the second and third harvests in our study
increased with increase in P doses applied to the soil.
Martuscello et al. (2009) also observed an increase in P
concentration in Elephant grass as a function of increase
in P doses applied. At both first and second harvests,
these authors recorded average P concentrations in plant
material of 1.0 g/lkg DM for the control and 1.4 g/kg
DM when 131 kg P/ha was applied, higher than those
obtained in the present study for similar conditions of
low initial P availability (0.6 mg/dm?). On the other
hand, Moreira et al. (2006) found P concentrations in
plants at the first harvest of 0.7 g/kg DM for control and
1.7 g/lkg DM, when 131 kg P/ha was applied. In general,
P concentrations in herbage >0.3 % are adequate for
ruminants (Suttle 2010). In Elephant grass, application
of 22 kg P/ha fulfilled this objective in our study.

Conclusions

In the arenosol of the experimental site, while high doses
of nitrogen and phosphorus produced the highest yields
of elephant grass cultivar ‘Cameroon’, i.e. 37.4-40.0 t
DM/ha over 3 harvests (260 days) with doses of 600 kg
N/ha, satisfactory DM yields were obtained at 200 kg
N/ha. Further longer-term studies (over at least 2 years)
are needed to confirm this finding along with economic
assessments to determine the financial soundness of these
strategies. It appears that there is little merit in applying
more than 22 kg P/ha to the grass pastures, but longer-
term studies would determine if this hypothesis is correct.
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Regional Communication

Forage production and quality of Urochloa decumbens cultivar
‘Basilisk’ in Okinawa, Japan

Produccion y calidad del forraje de Urochloa decumbens cultivar ‘Basilisk’
en Okinawa, Japon

TAKASHI HANAGASAKI

Okinawa Livestock Research Center, Nakijin, Okinawa, Japan. pref.okinawa.jp/site/norin/chikuken

Abstract

Two studies were conducted to assess forage growth and nutritive value of Urochloa decumbens (syn.
Brachiaria decumbens) cultivar ‘Basilisk’ in comparison with other grass species grown in Okinawa during 2002-2005
and 2006-2008. Harvests were performed every 40 days from April to October and every 55 days from November to
March. In Experiment 1, from 2002 to 2005 total dry matter (DM) yield of ‘Basilisk’ (119.5 t/ha) was significantly
higher than that of Digitaria eriantha cultivar ‘Transvala’ (87.4 t/ha; P = 0.01), one of the most popular recommended
grass varieties in Okinawa Prefecture. Mean DM digestibility of ‘Basilisk’ was 56.7 %, significantly higher than that of
other recommended grass varieties (54.5-51.4 %). In addition, total digestible DM yield (64.8 t/ha) and crude protein
(CP) yield (13.7 t/ha) of ‘Basilisk’ were significantly higher than those of other varieties including ‘Transvala’ (P<0.01).
In Experiment 2, total DM yield of ‘Basilisk’ during 2006-2008 was 93.0 t/ha and significantly higher only than that of
Urochloa mutica (syn. Brachiaria mutica) (78.6 t/ha; P<0.01), whereas mean DM digestibility (54.8 %) was significantly
higher only than that of Chloris gayana cultivar ‘Katambora’ (52.8 %; P<0.05). Total digestible DM yield (48.8 t/ha)
of ‘Basilisk’ was significantly higher only than that of U. mutica (40.3 t/ha; P<0.01) while its total CP yield (10.4 t/ha)
was similar to those of other Urochloa cultivars (P>0.05). As a result, in 2016 ‘Basilisk’ was approved to be added to
the list of grasses recommended for sowing in Okinawa Prefecture for improving beef production in the area. A suitable
supply of seed to allow this cultivar to be sown widely is essential if its potential for improving beef production in the
region is to be realized.

Keywords: Brachiaria decumbens, crude protein, dry matter digestibility, seasonal production, tropical forage.
Resumen

Se realizaron dos estudios para evaluar el crecimiento y el valor nutritivo del cultivar ‘Basilisk’ de Urochloa decumbens
(syn. Brachiaria decumbens) en comparacion con otras especies de gramineas cultivadas en Okinawa durante
2002-2005 y 2006—-2008. Las cosechas se realizaban cada 40 dias desde abril a octubre y cada 55 dias desde noviembre
a marzo. En el Experimento 1, de 2002 a 2005 el rendimiento total de materia seca (MS) de ‘Basilisk’ (119.5 t/ha)
fue significativamente mayor que el del cultivar ‘Transvala’ de Digitaria eriantha (87.4 t/ha; P = 0.01), una de las
variedades de pasto mas popularmente recomendadas en la prefectura de Okinawa. La digestibilidad media de la MS
de ‘Basilisk’ fue del 56.7 %, significativamente mas alta que la de otras variedades de gramineas recomendadas (54.5-
51.4 %). Ademas, el rendimiento total de MS digestible (64.8 t/ha) y el rendimiento de proteina cruda (PC) (13.7
t/ ha) de ‘Basilisk’ fueron significativamente mas altos que los de otras variedades, incluida ‘Transvala’ (P<0.01). En el
Experimento 2, el rendimiento total de MS de ‘Basilisk’ durante 2006-2008 fue de 93.0 t/ha y solo significativamente
mayor que el de Urochloa mutica (sin. Brachiaria mutica) (78.6 t/ha; P<0.01), mientras que la digestibilidad media
de la MS (54.8 %) fue solo significativamente mayor que la del cultivar de ‘Katambora’ de Chloris gayana (52.8 %;
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P<0.05). El rendimiento total de MS digestible (48.8 t/ ha) de ‘Basilisk’ fue solo significativamente mayor que el de
U. mutica (40.3 t/ha; P<0.01) mientras que su rendimiento total de PC (10.4 t/ha) fue similar al de otros cultivares de
Urochloa (P>0.05). Como resultado, en 2016 se aprobo que ‘Basilisk’ se agregara a la lista de pastos recomendados
para la siembra en la prefectura de Okinawa para mejorar la produccion de carne en el area. Un suministro adecuado de
semillas que permita sembrar ampliamente este cultivar es esencial si se quiere aprovechar su potencial para mejorar la

produccion de carne en la region.

Palabras clave: Brachiaria decumbens, digestibilidad, forraje tropical, produccion estacional, proteina cruda.

Introduction

In Okinawa, the southernmost part of Japan, the beef
industry accounted for 24.5 % of gross agricultural
production in 2019 and sales of calves during the past 10
years ranked fourth throughout Japan. According to the
official figures of the Okinawa prefectural government,
more than 3 million foreign tourists visited Okinawa in
2018, the highest number recorded in any year at that
stage, and 10 million of domestic and international
tourists were recorded in 2019. There is an urgent need
to boost the production of Okinawa’s famous unique
beef brands such as ‘IshigakiGyu’, ‘YamashiroGyu’
and ‘MiyakoGyu’ to cope with this increase. To ensure
breeding cows are healthy with high reproductive rates
and high growth rates are achieved in growing animals,
feeding of high-quality grass plays an important role.

The Prefecture of Okinawa consists of many small
islands where cattle are raised on pasture, and droughts
are experienced on some islands. Okinawa experiences
a subtropical climate so tropical perennial grasses can
be grown successfully. Growing highly productive
grasses would remove the need for farmers to depend
on imported forage. Introduction of new species suitable
for grazing by cattle would be a significant advance and
drought tolerance would be an added benefit. Urochloa
decumbens (Stapf) R.D. Webster (syn. Brachiaria
decumbens Stapf) cultivar ‘Basilisk’, originally from
Uganda, is known for its drought tolerance (Oram
1990; Miles et al. 1996). Actually, ‘Basilisk’ is sown
in Queensland, Australia and since the 1970s has been
grown in Brazil, well-adapted to infertile acid soils in the
Brazilian savanna, while showing high productivity and
persistence (Kissmann 1977).

Itwas considered that ‘Basilisk’could be possibly more
productive than grasses currently grown in Okinawa so
we investigated yield of dry matter, digestible dry matter
and crude protein of Basilisk in comparison with those
of recommended grass varieties of Okinawa Prefecture
and other species of the genus Urochloa.

Materials and Methods
Research location and period

The research was conducted during 2 periods (2002—
2005 and 2006-2008) at Okinawa Livestock Research
Center (Nakijin, Okinawa, Japan) (26°68' N, 127°94' E;
90 masl). Soils of the experimental area were Kunigami
Merge, a red acidic Acrisol (Miyagi and Kondo 1990)
and are composed of 32.8 % clay (<0.002 mm particle
size), 63.7 % silt (0.002—0.2 mm) and 4.6 % sand (>0.2
mm) (Oshiro 2007). Chemical characteristics are: pH
4.7, total carbon, 1.33 %; total nitrogen, 0.12 %; organic
matter, 2.2 %, cation exchange capacity, 13.5 meq/100
g soil; Ca, 74.4 meq/100 g soil; Mg, 40.6 meq/100 g
soil; and K, 14.0 meq/100 g soil. Specific gravity is
relatively high. Main clay mineral is kaolinite. Climatic
conditions during the 2 experimental periods (2002—
2005 and 2006-2008) are illustrated in Figures 1 and 2,
indicating a cold and dry winter season from November
to March.

In Experiment 1, between June 2002 to April 2005
performance of ‘Basilisk” was compared with that
of the other Urochloa species and cultivars as well as
cultivars from other genera, while in Experiment 2 from
December 2006 to December 2008 comparisons were
made with other species within the genus Urochloa as
well as Chloris gayana cultivar ‘Katambora’.

Experiment 1

The design was a complete randomized block with 7
grasses and 3 replications. Seeds of selected grasses
were sown at 27.8 kg/ha on 11 October 2001, except
for Digitaria eriantha cultivar ‘Transvala’ and
Cynodon nlemfuensis (Table 1), which were planted
vegetatively using stolons at 4 stolons/m? on 29 October
2001. Seed of Ch. gayana cultivar ‘Katambora’ was sown
on 22 April 2002 to increase the number of cultivars
involved. Plot size was 2 x 3 m = 6 m”. Basal fertilizer
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Figure 1. Average, maximum and minimum temperatures, monthly rainfall from June 2002 to April 2005 and mean monthly rainfall.
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Figure 2. Average, maximum and minimum temperatures, monthly rainfall from December 2006 to December 2008 and mean

monthly rainfall

of N:P:K at 50:13:25 kg/ha was applied at planting
and further N:P:K at 70:17:45 kg/ha was applied as
maintenance fertilizer after each harvest. Measurement
of species performance commenced in June 2002, when
original plantings had become established following a
few preliminary harvests. The previous harvest was in

April 2002, while ‘Katambora’ was harvested for the
first time in June 2002. Harvesting occurred at locally
used intervals, i.e. approximately every 40 days from
April to October (summer season) and approximately
every 55 days from November to March (winter season)
in each year, ceasing in April 2005.

Tropical Grasslands-Forrajes Tropicales (ISSN: 2346-3775)




Table 1. List of grass varieties investigated in Experiments 1
and 2.

Experiment 1

U. decumbens 'Basilisk’
U. humidicola

Ch. gayana 'Callide’

Experiment 2

U. decumbens 'Basilisk'
U. brizantha 'Marandu'
U. humidicola

U. brizantha 'MGS5'

U. ruziziensis

Ch. gayana 'Katambora'
Cynodon nlemfuensis
D. eriantha "Transvala' U. mutica

Megathyrsus maximus Ch. gayana "Katambora'

'Gatton '

Experiment 2

The design was again a complete randomized block with
7 grasses and 3 replications. On 18 October 2005 seeds of
grasses were sown at 41.7 kg/ha, while Urochloa mutica
was planted with 4 stolons/m? (Table 1). Basal fertilizer
of N:P:K at 80:14:40 kg/ha was applied at planting and
the same quantities were applied as maintenance fertilizer
after each harvest. Again plants were allowed to establish
before observations commenced on 18 December 2006.
The previous harvest was on 7 November 2006. Harvests
occurred approximately every 55 days from November
to March and every 40 days from April to October as
described above until December 2008.

Dry matter yield

In both studies, forage on each plot was harvested (6 m?)
at approximately 10 cm from ground level and forage
samples (500 g) for each plot were collected and dried
at 70 °C for 48 h to determine DM yield. The dried
samples were ground with a mill and the powder was
sieved through a 1 mm mesh for analyzing for nitrogen
concentration for crude protein concentration and in
vitro DM digestibility.
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In vitro dry matter digestibility and crude protein
analysis

Grass samples were analyzed for in vitro DM digestibility
according to the pepsin-cellulase assay (Goto and Minson
1977). Crude protein (CP) concentration was determined
by the microKjeldahl method using an Auto Analyzer.

Statistical analysis

One-way analysis of variance (ANOVA) was used for the
statistical analysis of DM yield, in vitro DM digestibility,
digestible DM yield, CP concentration and CP yield in
each experiment using the RStudio Version 1.4.1717.
Tukey’s test was used to identify the differences between
Basilisk and other grass varieties.

Results
Experiment 1

Dry matter. In Experiment 1 from 2002 to 2005, there
was no significant difference in DM yield between
‘Basilisk” and other varieties in 2002 (Table 2).
However, in 2003 DM yield of ‘Basilisk’ (46.7 t/ha)
was significantly greater than that of U. humidicola
(33.1 t/ha; P = 0.02), C. nlemfuensis (33.8 t/ha; P =
0.03) and ‘Transvala’ (30.2 t/ha; P=10.004). As a result,
total DM yield of ‘Basilisk’ (119.5 t/ha) from 2002 to
2005 was significantly greater than that of ‘Transvala’
(87.4 t/ha; P=0.01).

Digestibility. Mean DM digestibility of ‘Basilisk’
(56.7 %) from 2002 to 2005 was significantly greater
than that of U. humidicola (54.3 %; P = 0.02), ‘Callide’
(54.5 %; P=0.03), ‘Katambora’ (51.4 %; P<0.001) and
C. nlemfuensis (52.9 %; P<0.001) (Table 3).

For digestible DM yield, there was no significant

Table 2. Dry matter yield (t/ha) of forage of a range of tropical grasses in Okinawa (Experiment 1).

Grass variety 2002 S4h! 2003 S7h 2004 S8h 2005 S2h Total

Urochloa decumbens 'Basilisk' 21.6+£1.1 46.7+14 45.7+0.7 55+0.2 119.5+0.5
Urochloa humidicola 17.1+ 1.6 33.1 +£3.5% 434+ 14 51+0.5 98.7+6.9
Chloris gayana 'Callide' 20.2+0.7 36.9+0.7 385+1.8 53+04 100.9+3.3
Chloris gayana "Katambora' 18.5+£0.5 354+3.1 37.0+3.6 44+0.8 953+7.6
Cynodon nlemfuensis 19.6 £0.8 33.8+0.9* 38.6+2.2 32+03 95.1+£2.7
Digitaria eriantha 'Transvala' 16.7+0.5 30.2 & 1.7%* 36.5+1.5 41+0.2 87.4+3.0%
Megathyrsus maximus 'Gatton' 21.4+0.9 422+09 43.7+0.6 49+£04 112.1£1.0

Within columns, * and ** indicate significant differences (P<0.05) and (P<0.01) compared with ‘Basilisk’; 'Sum of » harvest.

Source: Mochizuki et al. 2005.
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Table 3. Mean dry matter digestibility (%) of forage of a range of tropical grasses in Okinawa (Experiment 1).

Grass variety 2002 M4h! 2003 M7h 2004 M8h 2005 M2h Overall mean
U. decumbens 'Basilisk’ 544+02 56.5+0.5 543+0.2 72.8+1.0 56.7+0.1
U. humidicola 532+0.1 53.8+0.7* 51.3+£0.2% 71.6+£0.2 543 +£0.3%
Ch. gayana 'Callide’ 52.8+£0.2 54.0+£0.3 50.9 £ 0.2%%* 74.7+£0.1 54.5+£0.2%
Ch. gayana 'Katambora' 48.3 £0.3%** 50.7 £ 0.1%%* 48.1 £ 0.5%** 744+£0.4 51.4 £ 0.3%%*
C. nlemfuensis 50.7 £0.7* 53.0 £ 0.5%* 48.8 £ (.8%** 74.6 £0.4 52.9 £ 0.7%%*
D. eriantha '"Transvala' 51.3+£04 56.5£0.5 53.5+£0.3 76.5+0.6* 56.1 £0.1
M. maximus 'Gatton' 51.0 £ 1.0% 54.8+0.2 53.7+£0.5 76.2 £ 0.6* 55.5+£0.5

Within columns, * and *** indicate significant differences (P<0.05), (P<0.01) and (P<0.001) compared with ‘Basilisk’; 'Mean of n

harvest. Source: Hanagasaki et al. 2006.

difference between ‘Basilisk’ and other varieties in
2002 and 2005, while in 2003 that of ‘Basilisk’ (25.5 t/
ha) was significantly greater than those of U humidicola
(17.4 t/ha; P = 0.006), ‘Katambora’ (17.7 t/ha; P =
0.008), C. nlemfuensis (17.0 t/ha; P = 0.004) and
‘Transvala’ (16.1 t/ha; P =0.001) (Table 4), and in 2004
that of ‘Basilisk’ (23.8 t/ha) was significantly greater
than those of ‘Katambora’ (17.1 t/ha; P = 0.01) and
C. nlemfuensis (18.1 t/ha; P = 0.03). Over the complete
study, total digestible DM yield of ‘Basilisk’ (64.8 t/
ha) was significantly higher than that of U. humidicola
(51.2 t/ha; P =0.04), ‘Katambora’ (46.8 t/ha; P =0.006),
C. nlemfuensis (47.2t/ha; P = 0.007) and ‘Transvala’
(46.3 t/ha; P =0.005).

Crude protein. Mean CP concentration (13.1 %) of
‘Basilisk’ was significantly higher than that of ‘Callide’
and ‘Katambora’ (P<0.05) (Table 5).

Regarding CP yield, that of ‘Basilisk’ (5.1 t/ha) was
significantly higher than that of U. humidicola (3.6 t/ha;
P = 0.03) and ‘Transvala’ (3.3 t/ha; P = 0.01) in 2003,
while in 2005 that of ‘Basilisk’ (1.0 t/ha) was significantly
higher than that of ‘Katambora’ (0.6 t/ha; P = 0.04) and
C. nlemfuensis (0.5 t/ha; P = 0.02) (Table 6). Total CP
yield of ‘Basilisk’ (13.7 t/ha) was significantly higher than

that of ‘Katambora’ (10.1 t/ha; P = 0.02) and ‘Transvala’
(9.5 t/ha; P =0.008).

Experiment 2

Dry matter. In Experiment 2 from 2005 to 2008, DM
yield of ‘Basilisk’ (2.6 t/ha) was significantly lower
than that of U. brizantha ‘MGS5’ (3.9 t/ha; P = 0.007) in
2006 but was significantly higher than that of U. mutica
(46.3 vs. 37.9 t/ha; P = 0.01) in 2007 and overall
(93.0 vs.78.6 t/ha; P = 0.008) (Table 7).
Digestibility. Mean DM digestibility of ‘Basilisk’
(54.8 %) from 2006 to 2008 was significantly higher
than that of ‘Katambora’ (52.8 %; P = 0.02) (Table 8).

Digestible DM yield of Basilisk in 2007 and 2008
(23.6 and 23.5 t/ha) was significantly greater than those
of U. mutica (19.4 t/ha; P=0.03 and 19.6 t/ha; P=0.01)
(Table 9). Total digestible DM yield of ‘Basilisk’
(48.8 t/ha) was also significantly greater than that of U.
mutica (40.3 t/ha; P=0.004).

Crude protein. Mean CP concentration (12.7 %)
and total CP yield (10.4 t/ha) of ‘Basilisk” were not
significantly different from those of other Urochloa
cultivars (Tables 10 and 11).

Table 4. Digestible dry matter yield (t/ha) of forage of a range of tropical grasses in Okinawa (Experiment 1).

Grass variety 2002 S4h! 2003 S7h 2004 S8h 2005 S2h Total

U. decumbens 'Basilisk’ 11.4+0.6 255+04 23.8+0.1 4240.1 64.8+0.3
U. humidicola 89+0.8 17.4 £ 1.9%* 21.2+0.5 3.8+0.3 51.2+3.5%
Ch. gayana 'Callide’ 10.3+£0.5 19.8+£0.3 189+1.0 42+0.3 532+1.9
Ch. gayana 'Katambora' 8.6+0.1 17.7 + 1.6%* 17.1 + 1.8%* 3.5+0.6 46.8 + 4.0%*
C. nlemfuensis 9.6 +0.5 17.0 £ 0.6%* 18.1 £0.7* 25+0.3 472 £ 1.2%%*
D. eriantha 'Transvala' 83+0.2 16.1 £ 0.8%* 18.7£0.7 32+02 46.3 £ 1.5%*
M. maximus 'Gatton' 10.6 £ 0.6 21.7+£0.5 222+04 3.8+0.3 583+09

Within columns, * and ** indicate significant differences (P<0.05) and (P<0.01) compared with ‘Basilisk’.

'Sum of » harvest.
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Table 5. Mean crude protein concentration (%) of forage of a range of tropical grasses in Okinawa (Experiment 1).

Grass variety 2002 M4h' 2003 M7h 2004 M8h 2005 M2h Overall mean
U. decumbens 'Basilisk’ 13.0£0.2 12.8+0.1 12.2+0.1 17.9+0.7 13.1£0.1
U. humidicola 13.3+£04 12.8+04 11.2+0.2 16.6 £0.6 12.7+£0.3
Ch. gayana 'Callide’ 11.9+0.3 11.5+0.2 10.7+0.0 13.9+£0.2%* 11.5+0.1*
Ch. gayana 'Katambora' 11.6+0.3 11.6+0.3 10.6 £ 0.5* 13.5 £ 0.5%** 11.4+0.3*
C. nlemfuensis 14.0+04 13.6+0.4 12.0+0.3 17.1+0.1 13.5£0.3
D. eriantha '"Transvala' 13.4+0.3 12.6+£0.3 109+0.2 152+0.2% 124+0.1
M. maximus 'Gatton' 13.6+0.4 13.7+0.1 11.4+£0.2 16.5+0.5 13.1+0.1

Within columns, *, ** and *** indicate significant differences (P<0.05), (P<0.01) and (P<0.001) compared with ‘Basilisk’.
'"Mean of n harvest.

Table 6. Crude protein yield (t/ha) of forage of a range of tropical grasses in Okinawa (Experiment 1).

Grass variety 2002 S4h! 2003 S7h 2004 S8h 2005 S2h Total

U. decumbens 'Basilisk’ 26+0.2 5.1£0.1 49+0.1 1.0£0.0 13.7+0.2
U. humidicola 22+0.1 3.6 £0.4* 43+0.1 0.8£0.1 109+0.7
Ch. gayana 'Callide’ 22+0.2 3.8+0.1 3.8+0.2 0.7+0.1 105+0.4
Ch. gayana 'Katambora' 2.0+0.1 3.8£04 3.7£0.5 0.6+£0.1* 10.1 = 1.1%*
C. nlemfuensis 2.5+0.2 41+02 43+0.1 0.5+0.0* 11.5+04
D. eriantha 'Transvala' 2.0+0.1 33+0.2% 3.6+0.1 0.6+:0.0 9.5+ 0.4%**
M. maximus 'Gatton' 2.6+0.2 5.0+0.1 45+0.1 0.8+0.1 12.94+0.2

Within columns, * and ** indicate significant differences (P<0.05) and (P<0.01) compared with ‘Basilisk’; 'Sum of n harvest.

Table 7. Dry matter yield (t/ha) of forage of Urochloa cultivars and Chloris gayana cultivar ‘Katambora’ in Okinawa (Experiment 2).

Grass variety 2006 1 harvest 2007 S8h! 2008 S8h Total
U. decumbens 'Basilisk’ 2.6+0.1 463+24 441+14 93.0+3.7
U. brizantha 'Marandu' 3.1+£0.2 42.1+0.9 40.3+0.2 855+ 1.3
U. humidicola 2.9+0.0 447+04 43.0+0.3 90.5+0.4
U. brizantha '"MGS5' 3.9£0.2%* 46.8 +0.6 46.6+1.3 972+09
U. ruziziensis 2.1+£0.2 444+14 474+0.9 94.0+22
U. mutica 2.0+0.2 37.9 £ 0.6* 38.7+£0.6 78.6 £ 0.9%*
Ch. gayana 'Katambora' 2.8+0.1 44.1+0.6 483=+1.2 953+ 1.7

Within columns, * and ** indicate significant differences (P<0.05) and (P<0.01) compared with ‘Basilisk’; 'Sum of n harvest.
Source: Kudaka et al. 2020.

Table 8. Mean dry matter digestibility (%) of forage of Urochloa cultivars and Chloris gayana cultivar ‘Katambora’ in Okinawa
(Experiment 2).

Grass variety 2006 1 harvest 2007 M8h! 2008 M8h Overall mean
U. decumbens 'Basilisk’ 62.7+1.0 54.4+0.6 542 +0.1 548+0.4
U. brizantha "Marandu' 61.2+0.9 553+0.2 53.5+0.8 548+0.4
U. humidicola 61.2+0.5 53.7+0.3 542+1.0 544 +0.5
U. brizantha 'MGS5' 54.9 £ (.5%%* 53.5+£0.1 52.4+0.1 53.1+0.1
U. ruziziensis 63.2+0.2 56.6 £0.2% 55.2+0.3 56.4+0.1
U. mutica 63.7+0.4 542+0.2 51.5+0.3 53.5+£0.2
Ch. gayana '"Katambora' 60.9+0.8 53.3+0.3 51.3+0.1 52.8+0.1*

Within columns, * and ** indicate significant differences (P<0.05) and (P<0.01) compared with ‘Basilisk’; 'Mean of n harvest.
Source: Kudaka et al. 2020.
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Table 9. Digestible dry matter yield (t'ha) of forage of Urochloa cultivars and Chloris gayana cultivar ‘Katambora’ in Okinawa (Experiment

2).
Grass variety 2006 1 harvest 2007 S8h! 2008 S8h Total
U. decumbens 'Basilisk’ 1.6 £0.1 23.6+x14 23.5+0.8 48.8+2.2
U. brizantha 'Marandu' 1.9+0.1 222+0.5 21.2+0.2 453+04
U. humidicola 1.7+ 0.0 222+0.2 229+04 46.8+0.2
U. brizantha '"MGS5' 2.1+0.1 23.9+0.4 242 +0.7 50.3+04
U. ruziziensis 14+0.1 23.8+0.8 253+x04 505+ 1.1
U. mutica 1.3£0.1 19.4 £ 0.4%* 19.6 £0.3* 40.3 £ 0.6%*
Ch. gayana "Katambora' 1.7+ 0.0 21.5+£0.2 24.0+£0.6 473+0.7

Within columns, * and ** indicate significant differences (P<0.05) and (P<0.01) compared with ‘Basilisk’; 'Sum of n harvest.

Source: Kudaka et al. 2020.

Table 10. Mean crude protein concentration (%) of forage of Urochloa cultivars and Chloris gayana cultivar ‘Katambora’ in Okinawa

(Experiment 2).
Grass variety 2006 1 harvest 2007 M8h! 2008 M8h Overall mean
U. decumbens 'Basilisk’ 182+0.5 12.5+0.3 122+0.2 12.7+0.1
U. brizantha 'Marandu' 18.0£0.7 13.9+0.4 13.0+0.3 13.7+0.4
U. humidicola 17.1+£0.2 12.4+£0.3 11.7+ 0.1 124+0.2
U. brizantha 'MGS5' 16.1+£0.3 13.2+0.2 123+0.2 12.9+0.2
U. ruziziensis 18.9+04 13.5+0.3 123+0.3 13.2+0.1
U. mutica 20.6+0.4 13.9+0.1 11.1+£0.2 12.9+0.2
Ch. gayana 'Katambora' 17.0+0.3 123+0.2 11.3£0.2 12.1+£0.2

"Mean of n harvest. Source: Kudaka et al. 2020

Table 11. Crude protein yield (t/ha) of forage of Brachiaria cultivars and Chloris

gayana cultivar ‘Katambora’ in Okinawa

(Experiment 2).
Grass variety 2006 1 harvest 2007 S8h! 2008 S8h Total
U. decumbens 'Basilisk’ 0.5+£0.0 5.1+£03 48+0.2 10.4+£0.5
U. brizantha '"Marandu' 0.6+0.0 52+0.1 4.84+0.0 10.6 £ 0.1
U. humidicola 0.5+0.0 49+0.1 44+0.0 9.8+0.1
U. brizantha 'MGS' 0.6+0.0 54+0.2 49+0.2 109+0.2
U. ruziziensis 0.4+0.0 5103 45+0.1 10.0+ 1.4
U. mutica 04+0.0 4.6+0.0 39+0.1 8.9+0.1
Ch. gayana "Katambora' 0.5+0.0 4.7+0.1 49+0.2 10.1+0.2

ISum of n harvest.

Discussion

This study has provided valuable information on the
relative performance of a range of tropical grasses
including U. decumbens cultivar ‘Basilisk’ over a
number of years in Okinawa. ‘Basilisk’ performed as
well as all other cultivars evaluated in most years and
outperformed some cultivars in some years. While
rainfall in 2003 was well below the long-term mean for
the area (Figure 1), ‘Basilisk’ maintained a high level of
production and had higher DM yield than U. humidicola,
C. nlemfuensis and D. eriantha cultivar ‘Transvala’,

supporting claims that this cultivar has a good level of
tolerance of drier conditions. However, even in this ‘dry’
year, rainfall received was 1,530 mm, which should be
adequate to support good DM yields given that >100 mm
was registered in 7 of the 12 months.

As well as having good DM production, ‘Basilisk’
showed CP concentration as high as all other cultivars
tested with mean values of 13.1 and 12.7 % in the
2 experiments. The level of U. decumbens (14 %)
was within the range expected for immature leaves in
Costa Rica (Lascano and Euclides 1996). ‘Basilisk’
would provide an excellent diet for grazing ruminants,
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especially given their ability to select a better quality diet
than the mean of total feed on offer. DM digestibility of
56.7 and 54.8 % in the 2 experiments would ensure that
there was an adequate supply of available energy.

In Okinawa, area of grass pasture covers more
than 95 % of the total with 4 major grass varieties
recommended, i.e. Ch. gayana, D. eriantha, M. maximus
and C. nlemfuensis in the past 15 years. D. eriantha
cultivar ‘Transvala’ has become the major grass sown
in Okinawa and represented 27.9 % of total area sown
to grass in Okinawa in 2020 because of its perceived
excellent characteristics and its suitability for local
conditions (Hanagasaki 2022). However, ‘Basilisk’ was
obviously superior to ‘Transvala’ in Experiment 1, in
terms of yields of DM, digestible DM and CP, suggesting
that it could be an acceptable substitute. In addition,
‘Basilisk’ performed significantly better than U. mutica,
which is also a recommended grass variety for sowing in
Okinawa Prefecture. In fact, ‘Basilisk’ is a high yielding
species, particularly if nitrogen fertilizer is provided.
Up to 30 t DM/ha/yr can be obtained on fertile soils in
Vanuatu, and the same biomass production is possible
under coconut plantations in the Solomon Islands (Cook
et al. 2020). The average yield is, however, generally
lower at about 10 t DM/ha/yr. ‘Basilisk’ yielded 4 t
DM/ha/yr without fertilizer in Colombia (FAO 2016).
In studies in northeast Brazil (Rodrigues et al. 2014),
total forage production of ‘Basilisk’ (8.94t DM/ha) over
2 years was significantly higher than Koronivia grass
(Brachiaria humidicola) and Gamba grass (Andropogon
gayanus). In addition, milk yield of cows grazing
‘Basilisk’ (8 kg/cow/d) was greater than on Brachiaria
dictyoneura (now: Urochloa humidicola) (6 kg/cow/d)
in Colombia (Lascano and Euclides 1996).

U. decumbens has an allelopathic effect, inhibiting
germination of seeds of other plants (Barbosa et al.
2008). In our study it prevented invasion by other grasses
throughout the 10 years since ‘Basilisk’ was planted (see
bottom photo in Figure 3).

Consequently, if ‘Basilisk’ is introduced and sown
widely in Okinawa, it should result in production of
high-quality forage, which could reduce annual cost
of keeping breeding cows (Kouki and Ebina 2009).
Based on results of the current study it seems that U.
decumbens cultivar ‘Basilisk’ could be added to the list
of suitable species for sowing on these islands. In fact,
in 2016 ‘Basilisk’ was approved to be added to the list of
grasses recommended for sowing in Okinawa Prefecture
for improving beef production in the area and significant
demand for seed has emerged.
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Before it can be sown widely a reliable source of seed
will be needed. However, ‘Basilisk’ seed production in
Okinawa has been insufficient to meet demand (Kouki
et al. 2009), despite the fact ‘Basilisk’ seed production is
a success at 17-22 °S and elevations of 600-1,000 masl
in Australia and Brazil (Hare et al. 2005). Unless seed

production can be increased successfully in Okinawa,
efforts will be needed to source supplies of seed from
countries where seed is already grown successfully if its
potential is to be realized in the area.

Figure 3. Appearance of Urochloa decumbens cultivar
‘Basilisk’ pasture in Okinawa.
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Short Communication

Effects of feeding dried olive (Olea europaea) leaves with wheat straw-
concentrate rations on feed conversion efficiency in Awassi rams

Efectos de la alimentacion de hojas secas de olivo (Olea europaea) con
raciones de concentrado de paja de trigo sobre la eficiencia de conversion
alimenticia en carneros Awassi

MAZEN ALOMAR, M. RATEB AL-MASRI AND MOUTAZ ZARKAWI

Division of Animal Production, Department of Agriculture, Atomic Energy Commission, Damascus, Syria. acc.orgsy
Abstract

Three groups of Awassi rams were fed for 6 weeks either a conventional wheat straw-concentrate ration (Control) or 2
experimental rations, where 30 (G1) and 60 % (G2) of the wheat straw was replaced with dried olive leaves following oil
extraction. All rations were isocaloric and isonitrogenous. Feed intake (FI), bodyweight gain (BWG) and feed conversion
efficiency (FCE) were measured. BWG and FI during the 6-week period were not significantly (P>0.05) different for
the different rations, averaging 4.75 and 116 kg/animal, respectively. In addition, there were no significant (P>0.05)
differences in FCE values between the Control and experimental groups fed wheat straw + olive leaves, averaging 24.6
kg feed/kg gain. These results suggest that dried olive leaves can replace wheat straw in wheat straw-concentrate rations
at levels up to 60 % without affecting performance. Further studies are needed to determine optimal combinations of
straw, olive leaves and concentrate to achieve different goals as well as intakes and performance when offered rations ad
lib. Economic assessments would determine if including olive leaves would reduce the costs of feeding.

Keywords: Bodyweight gain, feeding, growth performance, tree forage.
Resumen

Tres grupos de carneros Awassi fueron alimentados durante 6 semanas con una racion convencional de concentrado-paja
de trigo (control) o 2 raciones experimentales, donde el 30 (G1) y el 60 % (G2) de la paja de trigo se reemplazo con hojas
secas de olivo después de la extraccion del aceite. Todas las raciones fueron isocaloricas e isonitrogenadas. Se midieron
el consumo de alimento (CA), la ganancia de peso (GDP) y la eficiencia de conversion alimenticia (ECA). GDP y CA
durante el periodo de 6 semanas no fueron significativamente diferentes (P>0.05) para las distintas raciones, con un
promedio de 4.75 y 116 kg/animal, respectivamente. Ademas, no hubo diferencias significativas (P>0.05) en los valores
de ECA entre los grupos control y experimentales alimentados con paja de trigo + hojas de olivo, con un promedio de
24.6 kg de alimento/kg de ganancia. Estos resultados sugieren que las hojas secas de olivo pueden reemplazar la paja
de trigo en las raciones de concentrado-paja de trigo en niveles de hasta el 60 % sin afectar el rendimiento. Se necesitan
mas estudios para determinar las combinaciones optimas de paja, hojas de olivo y concentrado para lograr diferentes
objetivos, asi como consumos y rendimiento cuando se ofrecen raciones ad libitum. Las evaluaciones economicas
determinarian si la inclusion de hojas de olivo reduciria los costos de alimentacion.

Palabras clave: Alimentacion, forraje de arboles, ganancia de peso corporal, rendimiento del crecimiento.
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Introduction

Recycling of olive (Olea europaea L.) by-products
and their utilization in animal nutrition could improve
the economics and efficiency of animal production in
Mediterranean regions, as well as having environmental
benefits (Molina-Alcaide and Nefzaoui 1996). Large
quantities of olive leaves are available as by-products of
the olive-growing industry in winter in these regions and
have potential for alleviating some of the feed shortages
and nutritional deficiencies experienced.

Olive leaves represent around 10 % of the total
weight of olives retrieved at harvesting (Delgado-
Pertiiiez et al. 1998). Air-drying for 7 days in the shade
at room temperature had no detrimental effects on the
nutritive value of olive leaves and could represent a
simple and low-cost procedure for their preservation
(Martin-Garcia and Molina-Alcaide 2008). However,
phenolic components (particularly tannins) in some tree
leaves may bind to protein, thus rendering the protein
undegradable by rumen microbes.

We considered that performance of rams fed wheat
straw-concentrate rations would not be affected by
replacing some of the wheat straw with dried olive
leaves. Therefore, the objective of the present work
was to study effects on feed intake (FI), bodyweight
gain (BWQ) and feed conversion efficiency (FCE) of
partial substitution of dried olive leaves for wheat straw
in wheat straw-concentrate rations for Awassi rams plus
determine concentrations of total phenols, total tannins
and condensed tannins in the leaves.

Materials and Methods
Materials tested, experimental animals and managment

Olive (Olea europaea) leaves, as a by-product of olive
oil extraction, were collected from 4 factories and dried
in the shade for 7 days. The dried leaves were thoroughly
mixed to be used later as feed supplement for Awassi
rams.

Twelve adult Syrian Awassi rams aged between 2 and
3 years were randomly allocated to 3 similar groups in
terms of age and initial body weight: Control group (n
=4;71.3£9.6 kg); G1 group (n=4; 71.8 £ 4.7 kg); and
G2 group (n =4; 68.3 £ 6.1 kg). The Control group was
fed a conventional wheat straw-concentrate ration (51 %
wheat straw and 49 % concentrate), containing 90.1 g/kg
crude protein (CP) and 8.37 MJ/kg metabolizable energy

(ME). For Groups G1 and G2, portion (30 and 60 %,
respectively) of the wheat straw was replaced by dried
olive leaves. Level of concentrate in the experimental
rations was adjusted, while the level of concentrate was
reduced and barley added to make all rations (Control
and experimental) isocaloric and isonitrogenous as
recommended by Kirchgessner (1982) and Friesecke
(1984). Animals were offered the same amounts of CP
(166 g) and ME (15.3 MJ) daily. The balanced rations
for the 3 groups are shown in Table 1. The concentrate
mixture contained (fresh weight basis) 400 g barley/kg,
400 g wheat bran/kg, 180 g cotton cake/kg, 16 g salt’kg
and 4 g premix of minerals and vitamins/kg. Nutritional
components of the feed ingredients are shown in Table 2.

The present study lasted for 8 weeks (July—August)
under natural photoperiod and temperature conditions.
Rams were fed on the same rations for 2 weeks to allow
them to adapt to the rations before the beginning of the
6-week experimental period. They were individually
housed in metal pens with all feeds presented in separate
troughs. Rams were weighed at the beginning of the
experiment and weekly during the study in the morning
before feeding. The different components of each ration
were thoroughly mixed prior to feeding. Animals were
fed twice daily, at 08:30 and 14:30 h, and all feeds
offered were consumed. Water was available ad libitum.
FI (kg/animal), BWG (kg/animal) and FCE (kg feed/kg
gain) were determined during the 6-week period.

Estimation of nutrient components

Standard methods as described in AOAC (1990) were
used for determination of dry matter (DM), ash, ether
extract (EE) and crude protein (CP) concentrations.
Nitrogen (N) concentration was measured by the Kjeldahl
method, and CP concentration was calculated as N% x
6.25. Crude fiber (CF) was determined by the method
of Naumann and Bassler (1976) and in vitro digestible
organic matter (IVDOM) and metabolizable energy
(ME) according to the methods of Menke et al. (1979)
using a gas-production technique. Details of methods of
incubation and estimation of gas production, [IVDOM
and ME have been described previously (Al-Masri
2010). Total phenols were quantified by Folin Ciocalteu
reagent and total tannins were calculated as the difference
between phenolics before and after tannin removal from
the extract using insoluble polyvinyl pyrolidone (Makkar
et al. 1993). Condensed tannins were determined by the
butanol-HCI method (Porter et al. 1986).
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Table 1. Daily intake of nutrients and feed ingredients by Awassi rams in Control and experimental groups (G1 and G2).

Feed ingredient Intake (g/d) Crude Protein (g/d) Metabolizable Energy (MJ/d)
Control Gl G2 Control Gl G2 Control Gl G2
Wheat straw 1,000 700 400 26.0 18.2 10.4 6.18 4.33 2.47
Olive leaves - 300 600 - 20.2 40.4 - 1.79 3.58
Concentrate mix 1,000 730 400 139.6 101.9 55.8 9.20 6.71 3.68
Barley - 220 500 - 25.8 58.7 - 2.47 5.61
Total 2,000 1,950 1,900 165.6 166.1 165.3 15.38 15.30 15.34

G1, G2 =30 and 60 % of the straw replaced by olive leaves, respectively.

Table 2. Nutritional components (g/kg DM) and metabolizable
energy (ME; MJ/kg DM) of the feed ingredients.

CP A CF EE IVDOM ME
Wheat straw 277 115 319 11.8 505 6.6
Dried olive leaves 729 99.1 163 50 490 6.5
Concentrate 155 539 66 36.2 734 10.2
Barley 126 250 54 24 816 12.0
CP = crude protein
A =ash

CF = crude fiber
EE = ether extract
IVDOM = in vitro digestible organic matter.

Statistical analyses

Data were subjected to analysis of variance (ANOVA)
using a Statview-IV program (Abacus Concepts,
Berkeley, CA, USA) to test the effects of ration type on
FI, BWG and FCE. Means were separated using Fisher’s
least significant difference test at the 95 % confidence
level.

Results

BWG and FI during the 6-week feeding period were not
affected by ration type (P=0.893 and 0.689, respectively)
(Table 2) and averaged 4.75 and 116 kg/animal,
respectively. As a result, FCE was not significantly (P
= 0.827) affected by ration type fed, averaging 24.6
kg feed/kg gain (Table 3). Average amounts of total
phenols, total tannins and condensed tannins in the olive
leaves used in this experiment were 77.3, 17.0 and 5.4 g/
kg DM, respectively.

Table 3. Effects on BWG, FI and FCE of partial substitution of
dried olive leaves (DOL) for wheat straw in straw-concentrate
rations for Awassi rams over 6 weeks.

BWG FI FCE
Control 4.35a 119a 27.4a
G1 (30 % DOL) 5.00a 116a 23.2a
G2 (60 % DOL) 4.89a 113a 23.1a
s.e.m. 0.20 1.73 1.42
P-value 0.893 0.689 0.827

Means in the same column followed by different letters are
different at P<0.05. BWG= (kg/animal); FI= (kg/animal); FCE=
(kg feed/kg gain).

Discussion

The absence of significant differences between the 2
experimental groups and Controls in terms of BWG, FI
and FCE indicates that there was no adverse effect of
including olive leaves in straw-concentrate rations for
Awassi rams during a period of 6 weeks. One would
expect similar performance since FI was controlled and
rations were adjusted to be isocaloric and isonitrogenous,
provided no anti-nutritional components were present.
Since leaves of some shrubs can contain significant
amounts of tannins, which can affect utilization of protein
in the rumen, it might have been expected that utilization
of N from the olive leaves might be lower than that of N
in the concentrate. Getachew et al. (2002) reported that
plant samples containing total phenols and tannins at
concentrations (g tannic acid equivalent’kg DM) up to 40
and 20 g/kg, respectively, are not expected to precipitate
protein and, therefore, are unlikely to adversely affect
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ruminant production. However, total condensed tannin
concentrations exceeding 50 g/kg DM can inhibit ruminal
microbial activity, depress dry matter digestibility (Kumar
and Vaithiyanathan 1990) and reduce voluntary FI
(Waghorn et al.1990). The anti-nutritional components
(total phenols, total tannins and condensed tannins)
measured in the olive leaves used in this experiment were
low (77.3, 17.0 and 5.4 g/kg DM, respectively), which
should not depress protein utilization. The levels in our
sample of leaves were not abnormal as Delgado-Pertiiiez
et al. (2000) failed to detect hydrolyzable or condensed
tannins in olive leaves, and others (Yanez-Ruiz et al.
2004; Martin-Garcia and Molina-Alcaide 2008) found
low amounts of total condensed tannins in olive leaves
(range 9.6—-11.1 g/lkg DM).

Conclusions

The data suggest that replacing 30 or 60 % of wheat
straw in a 50:50 straw-concentrate mixture with dried
olive leaves and adjusting the overall rations to be
isocaloric and isonitrogenous had no significant effect on
performance of rams. Therefore, olive leaves could play
an important role as a source of feed in extensive animal
production systems in arid and semi-arid zones, making
effective use of a by-product of olive production. More
studies are needed to determine the optimal combinations
of straw, olive leaves and concentrates to achieve
different goals as well as others to measure voluntary FI
and performance under ad libitum feeding. Economic
analyses would determine to what extent including olive
leaves in rations would alter costs of feeding rams.
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