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Forage intake, feeding behavior and bio-climatological indices of
pasture grass, under the influence of trees, in a silvopastoral system
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Abstract

The aim of this study was to compare a silvopastoral system with a control (pasture only) in the Brazilian Cerrado. The
silvopastoral system consisted of a tropical grass (Brachiaria brizantha cv. Marandu) pasture and trees (Zeyheria
tuberculosa), while the control was a Marandu pasture without trees. Sheep intake, feeding behavior and microclimatic
conditions were the variables evaluated. Temperatures within the silvopastoral system were lower than in the control
(maximum temperature of 28 and 33.5 °C, temperature and humidity index of 74.0 and 79.2 for the silvopastoral sys-
tem and control, respectively). There was increased dry matter intake (88.2 vs. 79.9 g DM/kg®" LW/d, P<0.05), organ-
ic matter intake (89.6 vs. 81.1 g OM/kg®™ LW/d, P<0.05) and grazing time (572 vs. 288 min/d, P<0.05), and reduced
total water intake (430 vs. 474 mL/kg®"™ LW/d, P<0.05) and walking time (30 vs. 89 min/d, P<0.05) in grazing sheep
in the silvopastoral system relative to the control. The results suggest that a silvopastoral system would provide a more
favorable environment than a straight pasture for sheep performance in a tropical grazing situation.

Resumen

En el estudio se compararon un sistema silvopastoril con un sistema control de solo pastura en condiciones del
Cerrado brasilefio. El sistema silvopastoril consistié en una pastura de Brachiaria brizantha cv. Marandu con arboles
de Zeyheria tuberculosa, mientras que el tratamiento control consistié en una pastura de cv. Marandu sin arboles. Co-
mo variables se midieron el consumo por ovejas, su comportamiento de pastoreo y las condiciones microclimaticas
durante el tiempo de evaluaciones. Las temperaturas para el sistema silvopastoril fueron méas bajas que en el control
(temperatura méaxima de 28 y 33.5 °C, e indice de temperatura-humedad de 74.0 y 79.2 para el sistema silvopastoril y
el control, respectivamente). Las ovejas en pastoreo mostraron mayor consumo de materia seca (88.2 vs. 79.9 ¢
MS/kg®™ peso vivo/dia, P<0.05) y de materia organica (89.6 vs. 81.1 g MO/kg®" peso vivo/dia, P<0.05), mayor tiem-
po pastoreando (572 vs. 288 minutos/dia, P<0.05), menor consumo total de agua (430 vs. 474 mL/kg®" peso vivo/dia,
P<0.05) y menor tiempo caminando (30 vs. 89 minutos/dia, P<0.05) en el sistema silvopastoril en comparacion con el
sistema control. Los resultados indican que para la produccion ovina bajo condiciones tropicales un sistema silvopasto-
ril puede proporcionar un entorno mas favorable que un sistema de pastura sola.

Correspondence: Rogério M. Mauricio, Departamento de Engenharia
de Biossistemas (DEPEB), Universidade Federal de S8o Jodo Del-
Rei, Campus Dom Bosco, P¢ Dom Helvécio, 74 — Dom Bosco, CEP
36301-160, Séo Jodo Del-Rei, MG, Brazil.
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Introduction

Silvopastoral systems (SPS), a combination of trees,
forages and animals, are increasingly being adopted
throughout the tropics as a sustainable alternative to
straight pasture for animal production, consequently
reducing the impacts of deforestation (Bocquier and
Gonzalez-Garcia 2010; Mauricio 2012) and increasing
biodiversity (Dumont et al. 2013). In these systems, the
dynamics of ecophysiological processes are different
from those in traditional monoculture forage systems
(Wilson et al. 1990). According to Mauricio (2012), SPS
require more complex management owing to the larger
number of interactions between the different plant forms.

Trees in SPS take up nutrients from deeper layers in
the soil and make them available to forage through the
decomposition of leaves, twigs, flowers and fruits, which
fall to the ground, thus improving soil fertility and, con-
sequently, the quality and yield of the pasture (Reis et al.
2009). This can directly influence animal performance,
since both quality and availability of nutrients are corre-
lated with forage intake. Another positive aspect should
be the reduction of environmental stress on animals due
to the interaction between tree shade and animal behav-
ior. The reduction of sunlight and ambient temperature
provided by the tree shade should have an important
microclimatic benefit for animals, resulting in increased
forage intake and production (Paciullo et al. 2011) and
reduction in the expenditure of metabolic energy to
maintain homeostatic equilibrium (Forbes 1995).

The objective of this study was to compare the intake
and feeding behavior of sheep and microclimatic condi-
tions in a tropical grass [Brachiaria brizantha (now
Urochloa brizantha (Hochst. ex A. Rich.) R.D. Webster)
cv. Marandu] pasture, with and without the native tree
species, bolsa-de-pastor [Zeyheria tuberculosa (Vell.)
Bureau] during the rainy season in the Brazilian Cerrado
ecosystem.

Materials and Methods
Location and treatments

The experiment was conducted in a silvopastoral system
area on a private farm, in Lagoa Santa municipality,
Minas Gerais, Brazil (19°35'36" S, 43°51'656" W; 747
masl). There were 2 system treatments: silvopastoral
system (SPS; = grass plus trees) and monoculture
(Mono; = grass only). According to the Brazilian soil
classification, for both systems the soil is a red-yellow
oxisol (‘latossolo vermelho-amarelo’; Typic Acrustox —

USDA classification) with 651 g/kg clay, 211 g/kg silt
and 138 g/kg sand. The P level, in the 0-20 cm layer of
both systems, was 1 mg/dm?, while the pH level was 5.1
in the SPS and 4.9 in Mono (Reis et al. 2009). The sil-
vopastoral system area on that farm (Figure 1) had been
under development since 1984 by: managing the natural
regeneration of the tree, Zeyheria tuberculosa (ZT);
replacement of the grass Hyparrhenia rufa by Marandu;
application, guided by soil analyses, of only modest rates
of limestone and rock phosphate (1 and 0.5 tonne/ha,
respectively); and no use of (soil organic matter deterio-
rating) fire as traditional pasture management tool.

Figure 1. iIopastoraI syste with rochloa rizntha CV.
Marandu and the tree, Zeyheria tuberculosa (bolsa-de-pastor).

The tree species was selected for inclusion in the SPS
owing to the quality of its wood, its fast growth, straight
trunks, intermediate canopy density and resistance to
cattle grazing. It is a very useful species for restoring
degraded areas through natural regeneration, as its seeds
are easily spread by wind. During the natural regenera-
tion process prior to the commencement of the trial
(June 2001), undesirable species were removed and at
least 4 m were kept between ZT trees. At commence-
ment, the trees were 15-23 m tall with a crown stem
diameter of 40-60 cm. The density adopted was 160
trees/ha.

For the control treatment (Mono), an adjacent area,
from which all trees were removed, was planted with
Marandu using the same methodology. The total area,
including the SPS and the pasture, consisted of approxi-
mately 2 ha.

www.tropicalgrasslands.info
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The experiment consisted of: (1) assessment of forage
grass production during 12 months and, in the rainy
season when there was adequately high forage produc-
tion, (2) a sheep intake and feeding behavior trial (“in
vivo trial”) during 12 days, coupled with (3) the assess-
ment of relevant microclimatic variables.

Forage production

Within each treatment, 3 individual plots, with an area of
4 x 4 m (16 m? each, were randomly allocated and
fenced with barbed wire to avoid interference from the
sheep that were grazing in the surrounding area. At the
beginning of the rainy season (November 25 in Year I),
the Marandu stands on all plots were cut at 30 cm from
ground level to make them uniform and a 30-d rest peri-
od was allowed for the stands to reach 60-80 cm in
height as suggested for correct morphophysiological
management (Costa et al. 2004). A single forage sample
in each plot was harvested at 30 cm using the square
method (1 m?), thus simulating the correct management
of Marandu (Johnson 1978). After cutting, forage sam-
ples were weighed, separated into green leaf and stem,
dried in a forced-air oven at 55 °C, ground in a mill us-
ing a 1-mm mesh screen, and kept in plastic containers
for further analyses. This procedure was performed dur-
ing 7 growth periods over 12 months as described in
Table 1.

Microclimatic variables

To obtain information about thermal comfort provided
by the trees, the following microclimatic parameters
were measured during the intake and feeding behavior
trial (12 days): global radiation (GR), maximum and
minimum air temperatures were measured daily with an
alcohol thermometer taken at least 3.5 m from the tree
stems and at 1.2 m above ground level, along with daily
average rainfall. Temperature measurements from a
dry/wet bulb thermometer and a black globe thermo-
meter (Vernon’s globe thermometer) were performed
6 times a day (07.00, 09.00, 11.00, 13.00, 15.00 and

Table 1. Experimental harvest periods for forage.
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19.00 h) during the entire period of the in vivo trial in

order to establish:

A) The temperature and humidity index (THI) according
to Kelly and Bond (1971):

THI=DBT -0.55 (1 - RH) x (DBT - 58)

where:

THI = temperature and humidity index;
DBT = dry bulb temperature (°C); and
RH = relative humidity (%).

B) The black globe temperature and humidity index
(BGTHI) according to Buffington et al. (1981):

BGTHI = TBG + (0.36 x TDP) + 41.5

where:

TBG = temperature of black globe (°C); and

TDP = temperature of dew point (°C)

TDP = (RH/100)%'%® x [112 + (0.9 x DBT)] + (0.1 x
DBT) - 112

Intake

For the intake trial, 18 mongrel hair sheep (aged 24
years) were randomly assigned to 2 groups of 9 animals
(4 males and 5 non-pregnant females) with mean
weights of 27.6 + 5.3 and 28.3 £ 4.9 kg and mean body
scores of 2.00 and 2.03 (scale: 0 = extremely thinto 5 =
extremely obese) for the SPS and Mono at commence-
ment, respectively. On 25 November, the animals were
de-wormed and after 15 days were allocated to the pas-
ture treatments for an adaptation period of 45 days. A
continuous stocking system was used at 9 animals/ha,
with average initial pasture height of 50 cm during the
late period of adaptation. A supply of green leaf dry
matter of approximately 3—4 % of mean live weight was
maintained. At the beginning of the in vivo trial, the
stocking rate in both pastures was adjusted according to
green leaf yield which could support the equivalent of up
to 1.5 animal units (1 AU = 450 kg) per ha.

Harvest Season Data Days
P1 Rainy 24 Nov to 25 Dec - Year | 31
P2 Rainy 26 Dec to 25 Jan - Year Il 31
P3 Rainy 26 Jan to 25 Feb - Year Il 31
P4 Rainy 26 Feb to 28 Mar - Year Il 31
P5 Transition rainy-dry 29 Mar to 28 Apr - Year Il 31
P6 Dry 29 Apr to 28 Jul - Year Il 92
P7 Transition dry-rainy 29 Jul to 23 Nov - Year Il 118

www.tropicalgrasslands.info
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For both treatments (SPS and Mono), the animals had
access to potable water and a trough with a commercial
mineral salt mixture, specific for sheep. Disappearances
of water and salt on each treatment were recorded every
second day. Estimates of evapotranspiration were made
through "class A" tanks in both treatments, to adjust
water intakes. Total water intake was calculated as free
water intake (water disappearance less evapotranspira-
tion) plus water intake from feed (moisture content of
forage consumed).

Forage samples were collected daily by means of the
simulated grazing technique described by Johnson
(1978). After cutting, forage samples were weighed, pre-
dried in a forced-air oven at 55 °C, ground in a Willey
mill equipped with a 1-mm mesh screen, and kept in
plastic containers for later laboratory analyses. Dry mat-
ter (DM), ash, nitrogen, ether extract, lignin and acid
detergent fiber (ADF) were analyzed according to
AOAC (2009). Neutral detergent fiber (NDF) was as-
sayed using the procedure described by Van Soest et al.
(1991) without the use of a-amylase. NDF and ADF
were expressed inclusive of residual ash. Acid detergent
insoluble crude protein was assayed according to Licitra
et al. (1996).

During the intake trial the animals weighed 35.2 + 5.2
and 33.4 + 6.3 kg and had mean body scores of 2.90 and
2.71 for the SPS and Mono, respectively. Intake was
estimated 8 days after the adaptation period, using the
external indicator LIPE®, for estimating digestibility and
fecal production in ruminants (Ferreira et al. 2009),
supplied as capsules introduced directly into the oesoph-
agus of the animal for 5 consecutive days in a daily dose
(0.25 g/animal/d) at 08.00 h. On the second day of ad-
ministration of the external indicator LIPE®, simulated
grazing (SG) according to Johnson (1978) was done at
08.00 and 17.00 h for each animal group (treatment) and
the pooled forage used in the estimation of in vitro dry
matter digestibility (IVDMD) and in vitro organic matter
digestibility (IVOMD). On the third day, feces collecting

Adaptation period
A

(FC) began, directly from the animal's rectum, at the
same time for 5 consecutive days. These samples were
frozen at -20 °C and, at the end of all collections, a
pooled sample was prepared for each animal for subse-
quent laboratory analyses. The schemes for delivery of
the indicator, simulated grazing and collection of feces
are described in Figure 2.

In the laboratory, samples were thawed at room tem-
perature, dried at 55 °C for 72 h in a forced-air oven,
ground to 1 mm (Willey type mill) and analyzed for
DM, OM and ash following AOAC (2009) and for
Klason lignin (Theander and Westerlund 1986). For the
determination of LIPE® concentration, each sample was
mixed with potassium bromide, pressed, pelleted and
read by infrared spectroscopy (Boeriu et al. 2004).

Fecal production (FP) was calculated using the for-
mulae described by Prigge et al. (1981):

Indicator ingested (g/animal/d)
Indicator in feces (g/kg DM)

FP (kg DM/animal/d) =

Indicator ingested (g/animal/d)
Indicator in feces (g/kg OM)

FP (kg OM/day) =

DM and OM intakes were obtained by the following
equations:

DMI = [FP on a DM basis]/(1 - IVDMD/1000) + MSI;
OMI = [FP on an OM basis]/(1 - IVOMD/1000).

where:

DMI = total dry matter intake (kg DM/animal/d);

OMI = total organic matter intake (kg OM/animal/d);

IVDMD = in vitro dry matter digestibility (g DM/kg
DM);

IVOMD = in vitro organic matter digestibility (g OM/kg
OM); and

MSI = mineral salt intake (kg/animal/d).

Collecting period
A

4 AW
Day 1l Day?2
LS LS LS
SG SG
LS - LIPE®supply FC

SG - simulated grazing
FC - feces collecting

~
Day 3 Day4 Day5 Day6 Day 7

LS LS
SG SG SG
FC FC FC FC

Figure 2. Procedure for delivery of the indicator, simulated grazing and collection of feces.
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Feeding behavior

The feeding behavior trial began 5 days before the intake
trial and 47 days after the beginning of the adaptation
period, and continued for 3 consecutive days, using the
same animals and grazing systems as for the intake trial.
The behavior of each animal was observed and recorded
every 10 minutes during 2 periods of 24 h with a day of
rest between periods of observations, within the follow-
ing ethological categories: grazing; ruminating (either
standing or lying); resting; walking; drinking; and other.
During these observations, the same microclimatic pa-
rameters used for the intake trial were also measured.
Since management consisted of releasing the animals in
the pasture at 06.00 h and sheltering them for the night at
19.00 h, night-time observations were made with the
animals inside each paddock.

Statistical analyses
The statistical design used for all parameters related to

the intake and behavior trials was completely random-
ized with 9 replicates (animals), and comparisons made

Silvopastoral systems for animal production 133

by means of the F test at 5% probability. Regression
analysis was done involving the microclimatic parame-
ters DBT, RH, THI and BGTHI, whereas the equations
were compared, across treatments, by the test for equali-
ty parameters and parallelism in non-linear regression
models (Cohen 1983).

Results
Forage production

Total dry matter (TDM) production of Marandu during
the rainy season (P1-P4) was similar (P>0.05) for both
systems (Table 2). However, during the transition from
rainy to dry (P5) and from dry to rainy (P7) and also
during the dry season (P6), the SPS produced more for-
age (34%) than Mono (P<0.05). TDM production was
affected (P<0.05) by harvest period (P1-P7) for
both SPS and Mono treatments, with highest yields dur-
ing the initial period at the start of the rainy season and
lowest during the dry season (P<0.05). Green leaf pro-
duction in both systems followed that of TDM during
the harvest periods.

Table 2. Total forage DM production and green leaf DM production for silvopastoral (SPS) and monoculture (Mono) systems

during the harvest periods.

System Total forage DM production (t/ha)
Period Total
p1** p2** p3** P4 P5 P6 P7
SPS 1.76aD 1.29aC 1.40aC 1.27aC 0.81bB 0.48bA 0.84bB 7.84 P*system
Mono 1.85aD 1.27aC 1.45aC 1.25aC 0.41aA 0.34aA 0.68aB 7.28 0.351824
Mean 1.81 1.28 1.43 1.26 0.61 0.41 0.76 1.08 P*Pperiod x System
P*periods 0.00014256 0.000854
System Green leaf DM production (t/ha)
Period Total
p1** p2** p3** P4 P5 P6 P7
SPS 1.35aD 0.98aC 1.05aC 0.92aC 0.43bB 0.31bA 0.48bB 5.53 P*system
Mono 1.443E 0.99aD 1.12aD 0.94aD 0.16aB 0.09aA 0.27aC 5.00 0.27434
Mean 1.47 1.03 1.14 0.98 0.29 0.21 0.38 0.79 P*Pperiod x System
P*periods 0.0001232 0.001232

P1-P4 = rainy season; P5 = transition period (rainy-dry); P6 = dry period; and P7 = transition period (dry-rainy).
* Type 1 error probability.

** Intake trial periods.
Means within a column with different lower-case letters differ significantly at P<0.05 based on the Skott-Knott test.

Values within a row with different upper-case letters differ significantly at P<0.05 based on the Skott-Knott test.
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Microclimatic variables

The daily average maximum temperature in Mono ex-
ceeded that in SPS (33.5 vs. 28.0 °C; Table 3), while
mean minimum temperatures did not differ (21.0 vs.
20.5 °C). In the SPS, mean dry bulb temperature (DBT)
under the tree canopy was lower than in the monoculture
at all daily recordings except 19.00 h. The reverse was
the case for relative humidity (Table 3), so that THI was
greater in the monoculture only during the early part of

the day, while BGTHI was greater in the monoculture
for most of the day. Global radiation (Table 3) was high-
er in Mono than in SPS.

Regarding dry bulb temperature (DBT) (Table 4, Fig-
ure 3), data show that for monoculture, the day period
with temperatures above the upper limit of the thermal
comfort zone (TCZ) for sheep, which is 20-28 °C (Baéta
and Souza 1997), was 4 h 55 min. The temperatures in
SPS also exceeded TCZ, but were lower than those rec-
orded for the monoculture.

Table 3. Microclimatic variables in silvopastoral (SPS) and monoculture (Mono) systems.

System and parameter! Day Time of day (h) Mean
07.00 09.00 11.00 13.00 17.00 19.00

SPS
Max. temp. (°C) 28.0 - - - - - - -
Min. temp. (°C) 21.0 - - - - - - -
Dry bulb temp. (°C) 19.0 22.8 24.8 27.6 26.2 24.0 24.1
Rel. humidity (%) 100.0 84.5 75.5 60.6 56.1 80.6 76.2
THI 73.9 85.3 90.3 98.3 96.0 88.5 88.7
BGTHI 68.0 73.4 74.8 79.6 75.6 72.7 74.0
GR (W/m?/d) - - - - - - 398.7

Mono
Max. temp. (°C) 335 - - - - - - -
Min. temp. (°C) 20.5 - - - - - - -
Dry bulb temp. (°C) 20.7 24.3 26.5 29.8 28.5 24.2 25.7
Rel. humidity (%) 94.8 78.0 65.1 50.9 52.8 85.8 71.3
THI 79.3 89.1 93.3 99.3 96.1 86.6 90.6
BGTHI 718 78.8 81.6 89.1 81.3 72.6 79.2
GR (W/m?/d) - - - - - - 712.6

THI = temperature and humidity index; BGTHI = black globe temperature and humidity index; GR = global radiation.

Table 4. Equations generated by regression analysis, relating microclimatic variable data in silvopastoral (SPS) and monoculture

(Mono) systems.

System Microclimatic variable* Equation? R?

SPS DBT y=8.3+5.045x - 0.174x> aA 0.94
Mono DBT y =-8.7 +5.495x - 0.198x> hB 0.92
SPS RH y =219.7 - 21.95x + 0.755x? bB 0.88
Mono RH y =246.4 - 28.26x + 1.0252 aA 0.89
SPS THI y=6.7+1257x - 0.433x*> aA 0.98
Mono THI y=17.5+11.72x - 0.422x> bB 0.97
SPS BGTHI y =34.4 +6.316x - 0.230x> aA 0.91
Mono BGTHI y=5.6+1259x - 0.477x*> bB 0.92

IDBT = dry bulb temperature (°C); RH = relative humidity (%); THI = temperature and humidity index; BGTHI = black globe tem-
perature and humidity index; y = microclimatic variable; x = time of measurement (07.00, 09.00, 11.00, 13.00, 17.00 and 19.00 h).
2Equations relating to the same microclimatic variable followed by different upper-case letters are not parallel by the curve parallel-
ism test (Cohen 1983) at 5% probability; equations relating to the same microclimatic variable followed by different lower-case
letters differ by the curve identity test (Cohen 1983) at 5% probability.
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Figure 3. Dry bulb temperature (DBT) in silvopastoral (SPS) and monoculture (Mono; in bold) systems during the day.

Relative humidity throughout the day, with the excep-
tion of 07.00 and 09.00 h for the SPS and 7.00 h for
Mono (Table 4; Figure 4), was within the range of ther-
mal comfort for the animals, which should be between
50 and 80% (Baéta and Souza 1997). Table 4 shows that
there were significant differences (P<0.05) for RH be-
tween treatments and those were more pronounced in the
period between 10.00 and 16.00 h (Figure 4).

Results indicate that in both systems, THI was
almost always within the "scale of extremely severe

® y=219.7-21.95x+0.755 x?
R?=0.884

Relative humidity (%)

heat stress" (LPHSI 1990). This occurs because the
trial was done in December, when this index reaches
its highest values of the year. However, even under
these conditions, SPS showed lower values (P<0.05)
than those for the monoculture (Table 4; Figure 5).

For BGTHI, significant differences were observed
(P<0.05) between the systems (Table 4), with a
lower value in SPS than in Mono, which indicates
milder microclimatic conditions in shaded pastures
(Figure 6).

WY =246.4 - 28.26 x + 1.025 x?
R?=0.885

Polynomial (SPS)
Polynomial (Mono)

100 11 12 13

TCZ = thermal comfort zone.

14 15 16

17

18 19

Time (h)

Figure 4. Relative humidity (RH) in silvopastoral (SPS) and monoculture (Mono; in bold) systems during the day.
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Figure 5. Temperature humidity index (THI) for silvopastoral (SPS) and monoculture (Mono; in bold) systems during the day.
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Figure 6. Black globe temperature humidity index (BGTHI) for the silvopastoral (SPS) and monoculture (Mono; in bold) systems
during the day.

Intake in the SPS system were higher (P<0.05) than those

in the monoculture (Table 6). Free water intake was
Nutritive value of Marandu grass samples was simi- lower and intake of water in the feed was higher
lar in both systems, except for DM content and (P<0.05) in the SPS (Table 6) than in Mono. Total water
for nitrogen fractions linked to the fibrous portion intake was 10.2 % higher (P<0.05) in the Mono than in

of the forage (Table 5). Both DMI and OMI by sheep the SPS.
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Table 5. Chemical composition of samples from simulated grazing in silvopastoral (SPS) and monoculture (Mono) systems.

Parameter? System

SPS Mono
DM (g DM/kg fresh) 202.3 252.7
Organic matter (g/kg DM) 911.9 916.2
Ash (g/kg DM) 88.1 83.8
Crude protein (g/kg DM) 121.8 118.1
NDF (g/kg DM) 664.7 648.7
ADF (g/kg DM) 318.3 310.6
Lignin (g/kg DM) 25.6 23.0
Silica (g/kg DM) 25 4.8
INND (g/kg TN) 180.5 98.7
INAD (g/kg TN) 19.8 34.7
IVDMD (g DM/kg DM) 59.3 60.8
IVOMD (g OM/kg OM) 58.5 59.0

DM = dry matter; INND = insoluble nitrogen in neutral detergent; INAD = insoluble nitrogen in acid detergent; TN = total nitro-
gen; IVDMD = in vitro dry matter digestibility; IVOMD = in vitro organic matter digestibility.

Table 6. Intake of dry matter, organic matter and water of sheep grazing in silvopastoral (SPS) and monoculture (Mono)
systems.

Parameter SPS Mono m.s.e. P
DM intake

(g DM/kg LW/d) 38.9 35.2 0.62 <0.001

(g DM/kg®™ LW/d) 88.2 79.9 1.14 <0.001
OM intake

(g OM/kg LWI/d) 37.3 34.6 0.68 <0.001

(g OM/kg®™ LWI/d) 86.4 78.6 1.15 <0.001
Water intake (mL/kg®"™ LW/d)

Free water intake! 82 238

Feed water intake? 348 236 4 <0.001

Total water intake 430 474 6 <0.021

m.s.e. = mean standard error.
lwater used from drinking spouts.
2moisture in forage consumed.

Feeding behavior more time walking (P<0.001), drinking (P=0.016) and

resting (P=0.008) in Mono, than in SPS (Table 7). Time
Time periods spent grazing were longer (P<0.001) in the spent ruminating and in other activities did not differ
SPS than in Mono. On the other hand, animals spent (P>0.05) between systems.

Table 7. Feeding behavior parameters (min/d) for silvopastoral (SPS) and monoculture (Mono) systems.

Activity SPS Mono m.s.e. P

Grazing 572 288 43 <0.001
Ruminating 300 280 43 0.179
Resting 188 373 22 0.008
Walking 30 89 10 <0.001
Drinking 20 53 7 0.016
Other 330 357 8 0.217
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Discussion

This study provides sound evidence that SPS provide
advantages over a grass monoculture in this region in
terms of pasture growth during dry periods and comfort
of animals, resulting in improved feed intake and, prob-
ably, production. The study had some limitations, the
main one being that we used animals as replicates inside
single plots (i.e. areas). ldeally treatments should have
been replicated in the experimental design with repeti-
tion over time. However, due to prohibitive costs, lack of
funding, deficiency in labor and project size, the design
of this experiment was not ideal. Nevertheless, infer-
ences are valid and information provided met the objec-
tives of this study.

Forage production

It was interesting that SPS produced 8% more forage
grass during the year than the control despite the compe-
tition from trees and lower global radiation values. This
advantage occurred during the transition periods and dry
season (50% increase) with no difference during the wet
season. In a tree-pasture system there is competition
between the trees and the pasture for moisture and nutri-
ents. In addition, shading can have negative impacts on
DM production of pasture (Jackson and Ash 1998),
which can be reflected in reduced animal production
rates (Parsons et al. 1983). However, forage production
is also dependent on other environmental parameters
such as rainfall and temperature as well as soil moisture
and soil fertility (Paciullo et al. 2011), which may coun-
teract the negative effects of shade on DM production. It
would seem that pastures in the silvopastoral system
received a benefit from shading during the drier part of
the year, possibly because of retention of soil moisture
under the trees or better availability of nutrients as a
result of recycling by the trees or a combination of these
factors. In SPS, only 68% of the total pasture production
occurred during the rainy season (P1-P4), while the
control produced 75% of its growth during this period.

Microclimatic variables

The daily average maximum temperature (MaxTemp) in
Mono (33.5 °C) was outside the thermal comfort zone
(TCZ) for adult sheep in the tropics, which should be
between 20 and 28 °C (Baéta and Souza 1997), while
MaxTemp in SPS, which was 5.5 °C lower than in the
control, remained within the TCZ (Table 3). Daily aver-
age minimum temperatures (MinTemp) remained within
the TCZ for both systems. This suggests that sheep graz-

ing on Marandu in monoculture would have suffered
heat stress during the hottest hours of the day, as report-
ed by Baumgard and Rhoads (2012). Shading imposed
by the tree component would have attenuated the inci-
dent radiation and reduced air temperature, reducing the
severity of microclimatic stresses experienced in the
straight grassland ecosystem. According to Sousa et al.
(2010), air dry bulb temperature (DBT) under the canopy
of trees can be 2.3-9.5 °C lower than in grass monocul-
ture, depending on time of day.

On the other hand, RH values in SPS were always
higher than those observed in monoculture and were
above those reported by Sousa et al. (2010). It is well
documented that biotic components such as trees and
canopy architecture affect relative humidity (Daly 1984;
Qin et al. 2014). However, despite these differences, the
values for RH were within the range of thermal comfort
for sheep according to LPHSI (1990). High RH affects
heat dissipation with long exposure and causes ethologi-
cal changes in ruminants (Ungar 1996). However, when
analyzed separately it is not considered a suitable pa-
rameter for assessing thermal comfort in sheep (Baéta
and Souza 1997). Sheep can become acclimatized to
high levels of humidity, which provides significant
changes in thermal sensations, i.e. the perceptions of the
physiological effects caused by temperature variations,
making sheep suffer less from the effects of heat stress
under these conditions (Andrade et al. 2007). Thus,
higher humidity conditions in the SPS (Table 3) may
have been offset by the adaptation of experimental ani-
mals.

According to LPHSI (1990), THI values for sheep
above 86 should produce severe heat stress; that is, in
both systems evaluated, only at 07.00 h would the ani-
mals not have suffered from some effects of tropical
heat. Neiva et al. (2004), working in the northeast region
of Brazil (05°43'02" S, 38°32'35" W), observed that,
even under complete shading (stabled animals), the val-
ue of THI (81.1) was similar to that obtained at full sun-
shine (82.3) and thermal stress was observed in sheep
under both sets of conditions. These values may be asso-
ciated with tropical climatic conditions, which have no
defined parameters, and therefore do not correlate with
the parameters generated by the Livestock and Poultry
Heat Stress Indices (LPHSI 1990). These findings sug-
gest that, while SPS evaluated in this study increased the
comfort of sheep over the control treatment, it might still
have failed to eliminate environmental heat stress in
grazing sheep (average THI 89.7). BGTHI values (Table
3) evaluated in the SPS were always lower than those
measured in monoculture and were always below
the critical value (BGTHI = 78), above which heat
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stress could cause various metabolic problems in cattle
(Andrade et al. 2007). However, no critical value for
sheep was found in the literature.

Intake

Differences in chemical composition, IVDMD and
IVOMD of the forage grass in both systems (Table 5)
were small and would not justify the superiority of
9.47% in DMI (g DM/kg®"™ LW/d) and 9.43% in OMI
(g OM/kg®™ LWI/d) in the SPS relative to Mono (Table
6). Thus, the differences in intake probably occurred
because of better microclimatic conditions in the SPS
(Tables 3 and 4), since the better thermal comfort pro-
vided lesser restriction on metabolic and dietary thermo-
genesis (Forbes 1995). According to Baumer (1991),
animals protected from the heat increase DMI and pro-
duce more meat and milk. Minson (1990) reported an
average value for voluntary intake by sheep fed tropical
grass (separated leaf and stem of 6 and 12 week re-
growth) of the genera Digitaria and Chloris of 46 g DM/
kg®™ LW/d. This value is much lower than that found in
this study (80 g DM/kg®"™ LW/d). The nutrient require-
ments of small ruminants (National Research Council
2007) specify intake values from 70 to 85 g DM/kg®™
LW/d for Brachiaria decumbens and B. brizantha.
While intake values (% LW) of DM and OM in SPS
were higher than in Mono, intakes in both systems were
similar to those estimated by National Research Council
(2007) for adult sheep with average weight of 30 kg and
weight gain of 0.2 kg/d, i.e. 36.7 g DM/kg LW/d. Shad-
ing obviously benefited forage intake by animals in
the SPS relative to those in full sunlight on monoculture
(Table 6). Samarakoon et al. (1990) evaluated the
effect of growing 2 subtropical grasses, Stenotaphrum
secundatum and Pennisetum clandestinum, under artifi-
cial shade (50%) on DMI by sheep and found that shad-
ing reduced DMI. This was probably due to increasing
levels of ADF in shaded grass with resultant decline in
IVDMD and not due to any physiological effect of shade
on sheep. In our study, pasture from SPS contained
higher levels of fiber than in the control, and lower di-
gestibility, but differences were small.

Total water intake by sheep on the control treatment
was 11% higher than on the silvopastoral system,
reflecting the greater heat stress suffered by those sheep.
According to Baumer (1991), animals protected from the
heat may reduce water intake by up to 20%. Interesting-
ly, the higher moisture content in forage on SPS coupled
with the higher feed intake on this treatment resulted in
most of the water requirements of the shaded sheep
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being satisfied from the feed consumed (81%). This
behavior is in accordance with the findings of Andrade
et al. (2007), who suggest that grazing sheep under envi-
ronmental conditions within the thermal comfort zone
obtain 75-85 % of their water needs from green forage.
Not only was moisture requirement of sheep on the
monoculture higher than in SPS but a greater percentage
was derived from free water supplies. This is an obvious
advantage for the silvopastoral system of having to pro-
vide less free water to stock.

Feeding behavior

The greater amount of time spent by animals in the
monoculture in walking, drinking and resting is indica-
tive of behaviors that seek to mitigate thermal stress, by
maintaining thermal homeostasis and reducing metabolic
stress (Ashutosh et al. 2002). Forbes (1995) claims that
sheep have the ethological habit of trading grazing time
for walking in search of shade during the hottest hours of
the day. However, this occurs not only for physiological
reasons, such as heat stress, but also the ancestral in-
stinct of protection and escape from predators (Ryder
1984).

Conclusions

This study has shown the benefits of a silvopastoral sys-
tem for sheep production through reduction in heat
stress, resulting in higher feed intake. It appears that
silvopastoral systems could be more productive than
straight grass systems for mongrel hair sheep under these
environmental conditions and the increases in growth
rates etc. should be documented. However, the extent to
which these results can be extrapolated to cattle needs to
be verified before benefits for bovines can be claimed.
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Forage growth, yield and quality responses of Napier hybrid grass
cultivars to three cutting intervals in the Himalayan foothills
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Abstract

A 3 x 3 factorial study was conducted in the southern foothills of Bhutan to compare 3 cultivars of Napier hybrid grass
(Pennisetum purpureum x P. glaucum: Pakchong-1, CO-3 and Giant Napier), at 3 cutting intervals (40, 60 and 80
days), in terms of forage growth, dry matter (DM) yield and crude protein (CP) concentration. The effects of cultivar x
cutting interval were significant only on tiller number per plant and leaf:stem ratio (LSR). CO-3 consistently produced
the highest tiller number per plant, leaves per plant and LSR, while Pakchong-1 produced the lowest. Pakchong-1
plants were taller, had bigger tillers and basal circumference and higher stem DM production than CO-3 and Giant.
Leaf CP for all cultivars was about 17%, while stem CP concentration was lower for Pakchong-1 than for the other
cultivars (3.6 vs. 5.3%, P<0.05). While 40-day cutting intervals produced high quality forage, yields suffered marked-
ly and the best compromise between yield and quality of forage seemed to occur with 60-day cutting intervals. Pak-
chong-1 seems to have no marked advantages over CO-3 and Giant for livestock feed, and feeding studies would veri-
fy this. Its higher stem DM yields may be advantageous for biogas production and this aspect should be investigated.

Resumen

En el piedemonte de la cordillera del Himalaya al sur de Butan en un factorial de 3 x 3 se compararon 3 cultivares
(cvs.) hibridos del pasto Napier (Pennisetum purpureum x P. glaucum): Pakchong-1, Giant Napier y CO-3, en interva-
los de corte cada 40, 60 y 80 dias. Las mediciones incluyeron crecimiento del forraje, produccién de materia seca (MS)
y concentracion de proteina cruda (PC). Los efectos de cultivar x intervalo de corte fueron significativos sélo para el
namero de brotes por planta y la relacion hoja:tallo. EI cv. CO-3 produjo de manera sostenida el mayor nimero tanto
de brotes como de hojas por planta y la mayor relacién hoja:tallo, mientras el cv. Pakchong-1 present6 respectivamente
los valores mas bajos. En comparacion con los cvs. CO-3 y Giant, las plantas de Pakchong-1 fueron mas altas, con bro-
tes mas vigorosos y circunferencia basal mayor, y produjeron mas MS de tallo. La concentracion de PC en las hojas
fue aproximadamente de 17% para todos los cultivares, mientras que la concentracion de PC en los tallos fue menor
para Pakchong-1 que para los otros cultivares (3.6 vs. 5.3%, P<0.05). Cuando el intervalo de corte fue de 40 dias, el
forraje fue de mayor calidad, pero los rendimientos se redujeron marcadamente. Los resultados indican que con inter-
valos de corte de 60 dias se obtiene el mejor compromiso entre el rendimiento y la calidad del forraje. Para la alimen-
tacion del ganado, el cv. Pakchong-1 no parece tener ventajas marcadas sobre los cvs. CO-3 y Giant; estudios de pro-
duccién animal deberian verificar esto. Sin embargo, sus rendimientos particularmente altos de MS de tallo pueden ser
favorables para la produccion de biogas y este aspecto debe ser investigado.
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Introduction

The pasture species Napier or elephant grass (Pennise-
tum purpureum) is widely distributed in tropical and
subtropical regions of the world, and is highly produc-
tive in areas with good soil fertility and high rainfall,
growing well up to 2,000 masl (Kumar 2013). Napier
grass is often preferred by smallholders and, e.g. in east
Africa, constitutes up to 80% of forage grown (Staal et
al. 1987). This has been attributed to its wide range of
adaptation, vigorous growth, high biomass productivity
and deep root system to survive under drought condi-
tions (Lowe et al. 2003; Anderson et al. 2008; Tessema
2008).

However, optimal management practices for Napier
grass are not clear (Mutegi et al. 2008). Appropriate cut-
ting management is essential for high production and
quality of this species (Jorgensen et al. 2010; Tessema et
al. 2010). Since the species is well suited for cut-and-
carry systems (Bayer 1990), many studies have dealt
with cutting management to optimize forage yield and
quality of Napier grass (Bayble et al. 2007; Tessema et
al. 2010; Rengsirikul et al. 2011). While Manyawu et al.
(2003) reported a significant effect of growth stage on
yield and quality and suggested a cutting interval of 6—7
weeks for optimum vyield and quality of Napier grass,
Tessema et al. (2010) obtained the highest crude protein
(CP) concentration at about 13 weeks cutting interval.
Ansah et al. (2010) recorded the highest CP concentra-
tion but lowest DM yield, when harvested at less than 9
weeks cutting interval.

These findings highlight the importance of optimum
cutting interval and its varying effects on yield and qual-
ity. High cutting frequency reduces growth and devel-
opment, whereas long intervals between harvests lead to
accumulation of fiber and reduction in quality (Tessema
et al. 2010). This is because Napier grass has high struc-
tural cell wall carbohydrates that increase rapidly with
maturity causing decline in CP concentration and digest-
ibility (Van Soest 1994). Studies also demonstrate that
the effects of cutting interval on yield and quality vary
with cultivars (Cuomo et al. 1996; Khairani et al. 2013),
management practices and environmental conditions
(Chaparro et al. 1996). Genotypic variation in growth
characteristics of Napier grass has also been reported
(Mwendia et al. 2006; Nyambati et al. 2010) and growth
and morphological characteristics are correlated with
DM yield and nutritional quality (Tudsri et al. 2002).

In the southern foothills of the Bhutan Himalaya, Na-
pier grass is a promising and high-yielding fodder spe-
cies, widely cultivated in smallholder systems and on
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commercial livestock farms. However, the number of
cultivars in the field is limited and existing cultivars in-
clude Mott (dwarf type) and the hybrids CO-3 and Giant
Napier. Recently, the hybrid cultivar Pakchong-1 was
introduced from Thailand. Under good management,
Pakchong-1 is known for fast growth with high forage
yield, high CP concentration (16—18%) and wide range
of adaption, and can be ratooned for up to 8 years
(Kiyothong 2014). These features seem to compel the
Department of Livestock to promote and encourage large
scale multiplication of Pakchong-1 in the southern foot-
hills. However, forage crops are highly area, location
and season-specific (Tessema et al. 2010; Pandey and
Roy 2011) and there is a need to verify if Pakchong-1
can outcompete the existing cultivars in terms of forage
yield, quality and growth characteristics, under the wet
subtropical conditions of the southern foothills. There-
fore, the main objective of this study was to compare
hybrid Napier grass cv. Pakchong-1 with cvv. CO-3 and
Giant at 3 cutting intervals, in terms of forage growth
characteristics, DM vyield and quality. The cutting inter-
vals were chosen in an attempt to identify the interval
which might optimize forage yield and quality of these
cultivars.

Materials and Methods
Study site

The field experiment was conducted from August 2013
to November 2014 at the National Jersey Breeding Cen-
ter of Samtse district (27°02" N, 89°05’ E; 260 masl) in
southern Bhutan. The center has a total area of 124 ha
and about 50% of the land is planted with improved sub-
tropical pasture species (Ministry of Agriculture 2000).
Topography is rugged. The mean maximum temperature
of 35 °C is recorded in July and the mean minimum of
15 °C in January. Average annual rainfall is 900 mm and
shows a unimodal distribution pattern, with the main
precipitation from June to September, giving hot, wet
summers and cold, dry winters. The growing season oc-
curs between April and November. Rainfall recorded
during the study period is presented in Figure 1.

Soil nutrient analysis

Soil is sandy loam with poor moisture holding capacity
(Ministry of Agriculture 2000) and pastures are fertilized
with effluents from the dairy sheds. Soils were sampled
to a depth of 15 cm by collecting 10 samples of 300 g
from the field prior to commencement of the experiment.
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Figure 1. Monthly rainfall at study site in 2014.

The soil samples were dried at ambient temperature and
analyzed at the National Soil Services Center at Semto-
kha, Bhutan. The methods used were micro-Kjeldahl
digestion (Guebel et al. 1991) for total nitrogen (N),
Bray and Kurtz method (Bray and Kurtz 1945) for avail-
able phosphorus (P) and the semi-micro leaching method
(Blakemore et al. 1981) for exchangeable potassium
(K*). The laboratory results showed the following chem-
ical composition: available P 133 mg/kg; available K
37.8 mg/kg; carbon 3.42%; nitrogen 0.22%; and C:N
ratio 16.0.

Description of cultivars

Hybrid Napier grass cvv. Pakchong-1, CO-3 and Giant
were used in this study. All 3 cultivars are derived from
interspecific crosses between common elephant grass
(Pennisetum purpureum) and pearl millet (Pennisetum
glaucum).

Hybrid Napier cv. Pakchong-1 was developed by the
Department of Livestock Development in Thailand. It is
reported to grow over 3 m tall in less than 2 months,
gives high yields and can be harvested after 45 days with
a CP concentration of 16—18% (Kiyothong 2014).

Hybrid Napier cv. CO-3 was developed by the Tam-
il Nadu Agricultural University at Coimbatore, India and
released for commercial cultivation in 1997 (Premaratne
and Premalal 2006). It is characterized by profuse tiller-
ing, high yield potential, high CP concentration, quick
regrowth capacity, high leaf:stem ratio, high palatability
and freedom from pests and diseases (Premaratne and
Premalal 2006).

Giant Napier was developed by the Indian Agri-
cultural Research Institute (Patil and Joshi 1962). It is a
robust plant with a vigorous root system, sometimes sto-

loniferous and with a creeping rhizome. It gives high
yield especially under adequate fertilization and irriga-
tion, but has high fiber content at maturity and poor seed
production and is susceptible to frosts (Patil and Joshi
1962).

Experimental design and treatments

The study was established in August 2013. A 3 x 3
factorial experiment (3 cultivars — Napier grass cwv.
Pakchong-1, CO-3 and Giant Napier grass x 3 cutting
intervals — 40, 60 and 80 days) was laid out in 3 blocks
(3 replications). Plot size for each cultivar was 25 m?
(5 x 5 m). Twenty-five stem cuttings per cultivar per
plot with 2 healthy nodes per cutting were planted on 8
August 2013 with a 1 x 1 m spacing. Plants along the
borders of plots were excluded from measurement and
were cut and forage disposed of at the time of field
measurements. Only 10 plants per cultivar were sampled
at each cutting interval. After each cut, cow dung slurry
(prepared by mixing 0.2 kg fresh cow dung in 1 L water)
was applied uniformly at the rate of 1 L/m2. No chemical
fertilizers were applied. Weeds were slashed at the time
of cutting.

Measurement of morphological characteristics

Napier plants were allowed to establish well in 2013 and
field measurements were carried out in 2014. Plants of
all treatments were uniformly cut to a standard height of
5 c¢cm on 20 March 2014. Harvest dates for the cutting
treatments are presented in Table 1.

At the time of harvest, each plant constituted a bunch
of tillers. Plant height, basal circumference at 10 cm
above ground level and number of tillers per plant were
recorded. The tallest tiller on each plant was used to
measure height, tiller diameter and number of leaves per
tiller. Diameter of the lowest node was measured with
digital Vernier calipers. Total number of leaves was es-
timated from the tiller number per plant and leaf number
per tiller.

Table 1. Harvest dates for cutting treatments in 2014,

Cutting Harvest dates in 2014 Number
interval of cuts
40 days 30 Apr, 10 Jun, 20 Jul, 30 Aug, 10 Oct, 6

20 Nov
60 days 20 May, 20 Jul, 20 Sep, 20 Nov 4
80 days 10 Jun, 30 Aug, 20 Nov 3
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Forage dry matter (DM) production, leaf:stem ratio
(LSR) and crude protein (CP) concentration

Individual plants were clipped at 5 cm from ground level
and fresh stems and leaves of each of the 10 harvested
plants were separated and weighed. After individual
plant measurements, stems and leaves were bulked sepa-
rately and subsamples (about 300 g for stems and leaves)
taken for DM analysis. The subsamples were oven-dried
at 60 °C for 48 h and leaf and stem DM % determined.
On the basis of these DM % and fresh stem and leaf
yields we estimated the stem and leaf DM yield of each
plant. Leaf dry weight was divided by stem dry weight
to estimate the leaf:stem ratio (LSR). Following DM
estimation, the dried samples were processed and ana-
lyzed for total nitrogen (N) by the Kjeldahl method and
CP was estimated as % N x 4.43. The conversion factor
6.25 was not used because we felt it would overestimate
the plant protein concentration, and instead we used
4.43, a conversion factor reported to provide reasonably
good estimates of the plant protein concentration (Yeoh
and Wee 1994).

Data analysis

Data for the various harvests for each plot were aver-
aged. The dataset was checked for outliers, followed by
Shapiro Wilk’s and Levene’s tests for normality of data
and homogeneity of variance, respectively. Pearson’s
correlation was run to find relationships between growth
parameters. The Generalized Linear Model with a 2-
factor ANOVA was used to compare the mean differ-
ences between cultivars subjected to the 3 cutting inter-
vals. Measured variables with cutting dates were treated
as response variables and cultivar as the explanatory
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variable. Tukey’s LSD test was used to test the differ-
ences between means. Differences between means were
considered significant if P values were less than 0.05.
We analyzed the dataset in SPSS version 21 (Landau
and Everitt 2004).

Results

Growth characteristics

The effects of cultivar and cutting interval on plant
height, basal circumference, tiller number and diameter
and leaf number are presented in Table 2. The only sig-
nificant interaction between cultivar and cutting interval
was for number of tillers per plant, so main effects only
are presented. For cultivars, plant height followed the
order Pakchong-1>Giant>CO-3, while basal circumfer-
ence and tiller diameter for Pakchong-1 and Giant were
similar and greater than for CO-3 (P<0.05). Cutting in-
terval had significant effects on plant height and basal
circumference, with height increasing progressively as
cutting interval increased (P<0.05), while basal circum-
ference at 60 and 80 day cutting exceeded that at 40 day
cutting (P<0.05). Cultivar had a significant effect on
number of leavesftiller (Pakchong-1>CO-3, P<0.05) and
leaves/plant (CO-3>Giant and Pakchong-1, P<0.05).
Cutting interval had a significant (P<0.05) effect on
leaves/plant (40 and 60>80 days).

There was a significant cultivar x cutting interval ef-
fect on the number of tillers per plant. While the number
of tillers declined significantly for all cultivars with in-
creasing cutting intervals, at all cutting intervals CO-3
gave the highest number of tillers and Pakchong-1 gave
the least.

Table 2. Effects of cultivar and cutting interval on plant height, basal circumference, tiller number and diameter, and leaf numbers
of 3 Napier hybrid cultivars. Means + standard error followed by the same letter within columns are not different (P>0.05).

Treatment Plant height Basal Tillers per plant  Tiller diameter Leaves Leaves
(cm) circumference (cm) (no.) (mm) per tiller (no.)  per plant (no.)
Cultivar
CO-3 175+5.6c 110.0+33b 720+32a 40+170b 50+£0.8b 360+4.0a
Giant 206 5.6 b 1410+ 33a 51.0£3.3b 13.8+2.62a 6.0+0.6ab 306 +3.6b
Pakchong-1 244+54 a 142.0+32a 40.0+3.1¢c 13.1+252a 7.0+05a 280+35hb
Cutting interval
40 days 151+45¢ 119.0£2.7b 63.0+26a 13.5+245a 6.0+0.4a 378+24a
60 days 218 +5.4b 1370+ 32a 57.0+3.1b 109+2.27a 70+05a 399+35a
80 days 256 +6.4a 137.0+38a 43.0+3.7c 11.8+3.21a 6.0+0.6a 258 +3.6b
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Table 3. Effects of cultivar and cutting interval on leaf and stem DM production and leaf:stem ratio (LSR) of 3 Napier hybrid
cultivars. Means * standard error followed by the same letter within columns are not different (P>0.05).

Treatment Leaf DM (kg/plant) Stem DM (kg/plant) Total DM (kg/plant) LSR
Cultivar
CO-3 0.33+00a 0.23+0.0b 0.56+£0.0b 143+0.2a
Giant 0.34+00a 0.27+£0.0ab 061+00a 1.26+0.2hb
Pakchong-1 031+00a 0.33£00a 0.64+00a 094+0.2b
Cutting interval
40 days 02+00b 0.04+0.0c 0.24+00c 500+0.1a
60 days 04+00a 0.35+0.00b 0.75+0.0b 1.14+£0.2b
80 days 04+00a 0.43+0.0a 0.83+0.0a 0.93+0.2b

Forage DM production and LSR

The effects of cultivar and cutting interval on leaf and
stem DM production and LSR are presented in Table 3.
The only parameter for which there was a significant
cultivar x cutting interval effect was LSR. LSR at 40
days cutting interval was greater for Giant and Pak-
chong-1 but declined sharply as the cutting intervals in-
creased with the greatest effect for Pakchong-1 (P<0.05).
The mean LSR values for Giant Napier were 4.50, 1.25
and 1.00 for 40, 60 and 80 days cutting intervals, respec-
tively. Pakchong-1 gave mean LSR values of 4.80, 0.82
and 0.67 for 40, 60 and 80 days, respectively, while cor-
responding values for CO-3 were 3.75, 1.52 and 1.20.
Amongst the main effects, cultivar had a significant
effect on stem DM production (Pakchong-1>CO-3,
P<0.05) whereas cutting interval had a significant
(P<0.05) effect on leaf DM/plant (60 and 80>40 days)

Correlation between growth parameters

As complementary information, correlations between
growth parameters are presented in Table 5. While basal
circumference was positively correlated with plant
height, tiller number, leaf number and stem DM, plant
height was positively correlated with leaf number and
stem DM but negatively correlated with tiller number
per plant. On the other hand, tiller number was
negatively correlated with tiller diameter and stem DM
but positively correlated with leaf number. Leaf DM was
strongly and positively correlated with leaf:stem ratio.

Table 4. Effects of cultivar and cutting interval on CP
concentration (% N x 4.43) of leaf and stem of 3 Napier
hybrid cultivars. Means * standard error followed by the same
letter within columns are not different (P>0.05).

and stem DM/plant (80>60>40 days). Treatment Leaf Stem Whole plant
(calculated)

Protein concentration Cultivar

. . CO-3 16.5+£030a 5.1+0.35a 10.8+0.32a
Cultivar _had a significant  effect on stem _CP Giant 168+030a 56+035a 11.2+032a
concentration with  CO-3 and Giant exceeding Pakchong-1 ~ 17.2+030a 3.6+035b 104+0.32a
Pakchong-1 (P<0.05) (Table 4). CP concentration of Cutting i

. . S . . utting interval

leaves declined dramatically with increase in cutting 40 d 282 + 0.32 98.2 + 0.32
interval from 28.2% at 40 days to 8.8% at 80 days s cxaecd ] crescd
(P<0.05). Similarly CP concentration in whole plants 60 days 138£026b 52:032a 95x0.29b

' ' + + +
declined from 40 to 80 days (P<0.05). 80 days 88+0.26c 43+026a 6.6+024c
Table 5. Correlations between growth and production parameters of Napier grass.
Growth parameter Basal Plant Tillers Tiller Leaves Leaf Stem

circumference height per plant diameter per plant DM DM

Plant height (cm) 0.38**
Tillers per plant (no.) 0.16* -0.54**
Tiller diameter (mm) 0.15 0.15 -0.32**
Leaves per plant (no.) 0.34** 0.83*** 0.75%** 0.14
DM leaf (kg/plant) -0.03 -0.08 0.08 0.01 0.08
DM stem (kg/plant) 0.44** 0.79*** -0.33%** 0.01 0.07 -0.02
LSR -0.05 -0.11 0.09 -0.06 -0.09 0.99***  -0.05
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Discussion

Growth characteristics of the 3 Napier grass cultivars
responded to the varying defoliation regimes,
demonstrating that defoliation impacts the morpho-
logical development and forage quality of Napier grass
(Manyawu et al. 2003; Tessema 2005; Halim et al.
2013). The significantly taller plants, bigger tillers,
bigger basal circumference and higher stem DM in
Pakchong-1 highlight the vigorous growth of this
cultivar and its adaptation to the wet subtropical
conditions in the southern foothills of Bhutan.
The bigger basal circumference and higher stem DM
yield also suggest lower planting densities should be
employed for this cultivar. Giant Napier appeared
similar to Pakchong-1 in most morphological traits
except for plant height.

The significant decline in tiller number with
increasing cutting intervals for all 3 cultivars conforms
with the reports of other studies that tillering is enhanced
under frequent cutting (Clavero 1997; Onyeonagu and
Asiegbu 2012). Zhang and Romo (1995) and Jones and
Mott (1980) highlighted the need to focus on tillering
and understanding tiller dynamics, when assessing the
effects of different management strategies on population
dynamics. Increased tillering is probably an adaptive
feature to tolerate frequent defoliation by re-establishing
lost photosynthetic area and maintaining basal area.
Jones (1985) attributed increased tiller production to
removal of apical dominance by defoliation and
activation of basal buds, while low tiller production
under long cutting intervals has been linked to higher
mortality of tillers under reduced cutting frequency
(Clavero 1997). Regardless of cutting regime CO-3
consistently produced the highest number of ftillers,
which demonstrates the profuse tillering capacity of this
cultivar (Premaratne and Premalal 2006). High tiller
production not only indicates stable productivity
(Mukhtar 2006) but also is linked to better persistence
after periods of unfavorable environmental conditions
(Assuero and Tognetti 2010). Lafarge and Loiseau
(2002) consider tiller production is a key factor in the
resistance of grasslands to deterioration by ageing.
Pakchong-1 consistently produced fewer but larger
tillers.

While CO-3 had fewest leaves per tiller, its greater
tillering ability resulted in more leaves per plant, which
is a desirable attribute when producing forage for
livestock. Despite this advantage, total leaf DM in all
cultivars was similar. The leaf fraction determines
pasture quality (Davison et al. 1981) and performance of
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animals is related to the amount of leaf in the diet
(Tudsri et al. 2002).

The decrease in LSR with increase in cutting interval
agrees with the reports of Smart et al. (2004) and
Tessema et al. (2010) that LSR decreases with decrease
in defoliation frequency. Decrease in LSR with longer
cutting intervals is a function of the longer periods of
physiological growth with reduced defoliation frequency
stimulating stem growth at the expense of leaf
production (Butt et al. 1993). Except when cut
frequently, CO-3 produced the highest LSR, which is an
important beneficial trait of this cultivar. CO-3 was the
shortest among the cultivars tested and dwarf cultivars
have been reported to produce a higher LSR over a wide
range of maturities (Sukkagate et al. 1997), which is
reflected in higher overall nutritive quality compared
with taller varieties (Halim et al. 2013). Dwarf varieties
also have higher tiller number, leaf area index and
percentage of leaf than the normal and tall varieties of
Napier grass. This result is of significance from the
forage standpoint since LSR is an important factor
affecting diet selection, quality and intake of forage
(Smart et al. 2004). Since leaf DM yields of all cultivars
were similar, it was the higher stem DM yields in
Pakchong-1 and Giant that resulted in the lower LSR in
these cultivars.

Leaf material for all 3 cultivars was of high quality
with CP concentrations about 17%. While stems of all
cultivars had lower CP concentrations than leaf, the
mean values for total forage were still above the 1% N
suggested by Milford and Minson (1966) as the figure
below which feed intake is restricted.

In conformity with the report of Tessema et al.
(2010), we found that a short cutting interval of 40 days
seriously reduced DM yields of all cultivars. While
protein concentration was very high, this would scarcely
compensate for the greatly reduced forage production.
On the contrary, except for Pakchong-1, a long interval
of 80 days resulted in taller plants susceptible to lodging
during strong winds. A general decline in CP
concentration  with  increasing  cutting interval
corresponds with the results of other studies showing
decline in CP with advancing phenological stages
(Manyawu et al. 2003; Khaled et al. 2005; Peiretti et al.
2015). We consider that an intermediate cutting interval
of 60 days appears optimal for the subtropical conditions
of Bhutan. This is supported by our results revealing
high leaf DM production, and acceptable CP
concentration and LSR at 60 days cutting interval.
Ansah et al. (2010) obtained the highest CP
concentration when Napier grass was harvested at less
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than 9 weeks cutting interval but DM yields were low,
while Van Man and Wiktorsson (2003) achieved the best
balance between DM yield and forage quality of Napier
grass at 8 weeks cutting interval.

It seems that Pakchong-1 is not superior to Giant
Napier and CO-3, which is at variance with the higher
CP concentration of 16—-18% for Pakchong-1 reported
from Thailand (Kiyothong 2014). There are two possible
explanations for the contrast in results between southern
Bhutan and Thailand. Firstly, the study site had only
moderate levels of soil N, which may have affected CP
concentration, since CP in forages is positively
correlated with soil N (Mohammad et al. 1988; Singh et
al. 2000). Secondly, climatic conditions differ greatly
between the 2 countries. Thailand experiences a hot,
humid tropical climate for most of the year, while the
climate of the southern foothills of Bhutan is hot and
humid in summer but cold and dry in winter. While
Pakchong-1 might be ideally suited to a tropical climate,
e.g. in Thailand, it may not perform to its full potential
in the southern foothills of Bhutan.

Conclusion

While all 3 Napier hybrid grass cultivars performed well
in the southern foothills of Bhutan, they varied in terms
of growth characteristics, forage yield and quality.
Cultivar CO-3 was superior to Pakchong-1 and Giant
Napier in terms of leafiness and tiller production but
Pakchong-1 had faster growth rate, bigger tillers and
higher overall DM production. While Kiyothong (2014)
suggested cutting as often as every 45 days to produce
material of 16-18% CP, DM yields would suffer
markedly under such a regime. From the forage
standpoint under the environmental conditions of the
southern foothills of Bhutan, Pakchong-1 Napier appears
to have no real advantages over CO-3 and Giant Napier.
However, there might be situations where attributes of
Pakchong-1 could be beneficial for dairy farmers.

Pakchong-1’s fast regrowth and high DM yield might
be advantageous in conserving soil and providing early
fodder. In the southern foothills, biogas production is
practiced to meet energy needs of rural households.
Under this scenario, the high DM vyield and high stem
production of Pakchong-1 could be important attributes
for methane gas production. This aspect should be
investigated.
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Abstract

Nine tropical legumes were grown outside the canopy and in the understory of an 8-year-old Eucalyptus grandis stand
in order to assess their seasonal production and forage quality for 4 evaluation periods. Incident photosynthetically active
radiation in the understory was 18% of that outside the canopy. In the understory, production of Lablab
purpureus, Centrosema schiedeanum, Clitoria ternatea, Pueraria phaseoloides, Alysicarpus vaginalis, Aeschynomene
villosa, Estilosantes Campo Grande (Stylosanthes capitata + S. macrocephala), Calopogonium mucunoides and
Arachis pintoi was <1 kg/ha/d for most samples. Even considering this low production, the large area available for animal
production in forest plantations might justify the interest in legumes because of their high nutritive value.
Lablab purpureus produced the greatest amount of dry matter in the understory in the establishment phase (12.1 kg/ha/d),
but did not persist. It could be a suitable candidate for a cover legume species mixture to provide early growth.
Centrosema schiedeanum developed rapidly and showed a high capacity for ground cover (>70%) and persistence, and
had high nitrogen concentration, thus demonstrating good potential for protecting soils and promoting nutrient cycling
in forest plantations. Another species with potential is A. pintoi, which established slowly but towards the end of the
experiment showed moderate to high understory ground cover.

Resumen

Con el fin de determinar la produccion estacional y la calidad de forraje durante 4 periodos de evaluacién, en condiciones
de sequia estacional del Cerrado brasilefio se cultivaron 9 leguminosas tropicales bajo y fuera del dosel de una plantacién
de Eucalyptus grandis de 8 afios de edad. Bajo el dosel, la radiacion fotosintéticamente activa incidente estaba
reducida al 18% de la radiacion fuera del dosel. La produccion de materia seca (MS) de Lablab purpureus, Centrosema
schiedeanum, Clitoria ternatea, Pueraria phaseoloides, Alysicarpus vaginalis, Aeschynomene villosa, Estilosantes
Campo Grande (Stylosanthes capitata + S. macrocephala), Calopogonium mucunoides y Arachis pintoi fue <1 kg/ha
por dia para la mayoria de las muestras bajo el dosel. Incluso teniendo en cuenta esta baja produccion, la gran superficie
de plantaciones forestales disponible para la produccion animal podria justificar el interés en leguminosas forrajeras
debido a su alto valor nutritivo. En la fase de establecimiento, L. purpureus produjo la mayor cantidad de MS bajo el
dosel (12.1 kg/ha por dia), pero no fue persistente. Esta especie podria ser un candidato para una mezcla de especies de
leguminosas de cobertura, para proporcionar una cobertura y produccién tempranas. Centrosema schiedeanum presentd
un desarrollo rpido y mostré una alta cobertura del suelo (>70%) y de persistencia con alta concentracién de nitrégeno,
indicando un buen potencial para proteger el suelo y promover el reciclaje de nutrientes en plantaciones forestales.
Arachis pintoi es otra especie con alto potencial de cultivo bajo dosel; aunque su establecimiento fue lento, al final del
experimento mostré moderada a alta cobertura del suelo.
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Introduction

Plantation forests are estimated to cover 264 million ha
worldwide, an area that increased at a rate of 5 million
ha/yr between 2000 and 2010 (FAO 2010). Raising ani-
mals in the understory of forest plantations can help con-
trol weeds, reduce the risk of forest fires, and increase
land use efficiency and economic returns. It is also a po-
tential strategy for producing animal protein in a more
sustainable way. Grasses frequently dominate the under-
story of tropical forest plantations, but support only low
stocking rates (Baggio and Schreiner 1988; Schreiner
1988). Leguminous plants can also occur in the under-
story (Tajuddin 1986; Sophanodora and Tudsri 1991),
where they supply forage of high nutritional value and im-
prove nitrogen cycling.

Dense shading has been associated with low dry
matter (DM) production in tropical legumes (Andrade et
al. 2004; Gobbi et al. 2009). Legumes show a variety
of responses to shading. For example, species such as
Lablab purpureus (Bazill 1987), Arachis pintoi (Ferreira
et al. 2008), Clitoria ternatea and Calopogonium
mucunoides (Congdon and Addison 2003), Centrosema
pubescens (now: C. molle) (Stur 1991) and Pueraria
phaseoloides (Wong et al. 1985; Congdon and Addison
2003) are considered shade-tolerant, in contrast to
Aeschynomene villosa (Congdon and Addison 2003) and
Stylosanthes spp. (Bazill 1987) that are shade-intolerant.
Alysicarpus vaginalis has been reported to grow well in
moderate shade (Wong et al. 1985).

In general, plant performance is affected by climate
(precipitation, temperature, day-length), soils (pH, fertil-
ity, texture, drainage) and management regime (grazing,
cutting, fertilization) as well as by the degree of shading
(Star 1991). Therefore, species recommended for shaded
conditions in the wet tropics may differ from those in the
dry tropics (Congdon and Addison 2003).

In the tropics, plant stresses caused by shading in forest
understory may be worsened by seasonal drought
(\Valladares and Niinemets 2008). The interaction of these
two factors may be significant, as shown in an experiment
with A. pintoi cv. Belmonte (Andrade et al. 2004). There,
in the rainy season the species produced 59.2 kg DM/ha/d
in full sun but only 22.4 kg/ha/d under 70% artificial
shade. In the dry season, it produced just 3.2 kg/ha/d
under 70% shade (14% of that in rainy season), whereas
in full sun its production was 23.0 kg/ha/d. Tolerance of
one type of stress may be reduced by another simultane-
ous source of stress (Valladares and Niinemets 2008). In
this case, plant strategies for capturing light more effi-
ciently (i.e. investment in above-ground biomass) and
controlling water balance (i.e. investment in root biomass,

or senescence) are in conflict. Trees affect soil fertility,
microclimate, resource (water, nutrients and light) availa-
bility and utilization, and pest and disease incidence (Rao
et al. 1998), all factors that may interfere with plant
growth.

Although the growth and production potential of legu-
minous forage plants in shade has been examined in vari-
ous studies (e.g. Congdon and Addison 2003; Andrade et
al. 2004), some of these studies were conducted in pots,
with irrigation and artificial shading (Ferreira et al. 2008;
Azevedo et al. 2009), and others in irrigated plots (Stir
1991). The objective of our study was to assess the
growth, persistence and quality of tropical legumes in the
understory of an adult stand of eucalyptus subjected to
seasonal drought, with the aim of identifying their poten-
tial for forage production under such conditions.

Material and Methods

The experiment was carried out at the Forest Experi-
mental Station of the University of Sdo Paulo in Anhembi,
Sdo Paulo state, Brazil (22°40' S, 48°10' W; 455 masl).
Climate at the site is Cwa (Kdppen), with hot rainy sum-
mers and cold dry winters. The dry season extends from
April to September. Mean annual rainfall is 1,100 mm,
annual water deficit is 25 mm, and mean annual tempera-
ture is 20.9 °C. Mean temperatures range from 17.1 °C in
the coldest month to 23.7 °C in the hottest month. The soil
is a nutrient-poor Typic Hapludox (LVAd — dystrophic
Red-Yellow Latosol), composed of 18% clay, 9% silt and
73% sand. Nine herbaceous legume species were selected
for the study, based on known shade tolerance and on seed
availability, and were distributed in 4 blocks outside the
canopy and 4 blocks in the understory of an 8-year-old
eucalyptus stand, for a total of 72 plots. The stand of Eu-
calyptus grandis was planted at a spacing of 3 x 2 m and
was later thinned to 40% for a final density of 1,000
trees/ha in its 7th year of growth. An area nearby, felled,
was used for outside-canopy evaluations, replicating the
understory design.

The species were Aeschynomene villosa (Australian
commercial seed mix “Villomix™), Alysicarpus vaginalis
‘common’, Arachis pintoi cv. Mandovi, Calopogonium
mucunoides ‘common’, Centrosema schiedeanum (now:
C. pubescens) cv. Belalto, Clitoria ternatea ‘common’,
Lablab purpureus cv. Rongai, Estilosantes Campo
Grande (Stylosanthes capitata + S. macrocephala) and
Pueraria phaseoloides ‘common’. Aeschynomene villosa
and Estilosantes Campo Grande are considered to be
fairly shade-intolerant and were included for comparison
with species expected to be better adapted to understory
conditions. Seeds were inoculated with Rhizobium strains
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of known effectiveness and sown in December 2008 at a
density intended to produce 40 seedlings/m?. Each plot
was 2.5 x 5 m and consisted of 5-m rows at 0.5-m dis-
tance. In the understory evaluation, the plots were located
between tree lines. The area designed for outside-canopy
evaluation was distanced at least 10 m from the trees.
Root competition might have occurred to some extent
(Sudmeyer et al. 2004).

Soil samples collected at 0—20 cm depth were analyzed
according to Raij et al. (2001) and showed the following
results: P (extracted by ion-exchange resin), 9 mg/dm?;
organic matter, 20 g/dm?; pH (CacCl,), 3.7; exchangeable
cations in mmol./dm?: K, 1.2; Ca, 2; Mg, 1; H+Al, 64; Al,
62; sum of bases, 4; cation exchange capacity, 68; base
saturation 6%; AI®* saturation, 94%; and sulfur and mi-
croelements, in mg/dm?: S-SO.%, 10; B, 0.49; Cu, 1.0; Fe,
88; Mn, 8.8; and Zn, 0.5. In October 2008 the soil was
amended with agricultural lime (3 t/ha) and the following
per-plot doses, applied to the planted rows: 80 g KCI, 400
g simple superphosphate (SSP) and 40 g FTE (Fritted
Trace Elements) BR15. Based on a subsequent soil anal-
ysis in August 2009, 2.4 g boric acid, 40.2 g KCI, 119.6 g
SSP and 3,200 g dolomitic limestone (90% effective cal-
cium carbonate) were added to each plot.

Data were collected in the following assessment peri-
ods: establishment (December 2008—March 2009, 89
days); 2009 dry season (March—October 2009, 226 days);
2009/10 rainy season (November 2009—May 2010, 182
days); and 2010 dry season (June—October 2010, 150
days). Forage production was assessed on the basis of two

C—Excess

m— Deficit
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1-m? samples per plot for the establishment phase and
dry-season periods, and 0.25-m? samples in the rainy
season. Cutting height was 10 cm above soil surface
for A. villosa, A. vaginalis, C. ternatea, L. purpureus and
Estilosantes Campo Grande, and 5 cm for A. pintoi,
C. mucunoides, C. schiedeanum and P. phaseoloides.
Sampling was done at the end of each of the aforemen-
tioned periods and subsequently remaining forage was cut
and removed. After oven-drying at 60 °C until constant
weight, samples were analyzed for crude protein (CP)
concentration (AOAC 1990) and in vitro dry matter di-
gestibility (IVDMD) (Tilley and Terry 1963). To express
forage production, the forage dry matter (DM) accumula-
tion rate (kg/ha/d) was calculated by dividing DM produc-
tion by the number of days of the respective regrowth pe-
riod. Ground cover was assessed by 3 independent ob-
servers via a subjective scale (0% - no cover; 100% -
ground totally covered) at the end of the establishment
and the dry-season periods.

Photosynthetically active radiation (PAR) was meas-
ured monthly at 8 random points in the outside-canopy
plots and at 8 points in the understory plots between 11:00
and 12:00 h with a ceptometer (AccuPAR LP-80, Deca-
gon) read at each point in 4 cardinal directions. Weather
data (mean temperature and rainfall) from the Anhembi
Forest Experimental Station were used to calculate the
10-day sequential climatological water balance
(Thornthwaite and Mather 1955) during the experimental
period, considering a soil water holding capacity of 100
mm (Figure 1).

...... Storage

Excess (mm)

Deficit

Storage (mm)

Dec

2008 2009

l Establishment ‘ 2009 dry season 1

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Jan Feb Mar Apr May Jun Jul Aug Sep Oct

2010

2009/2010 rainy season 2010 dry season

Figure 1. Water balance diagram for the period December 2008—QOctober 2010 at Anhembi, S&o Paulo, Brazil.
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Data analysis for the variables ground cover, DM
accumulation rate, CP and IVDMD was performed inde-
pendently for outside canopy and understory. A complete
randomized block design was used with 4 replications, in
a split-plot design with the species as plots and the evalu-
ation period as subplot, based on Sampaio (1998), consid-
ering the effects of block (b), species (e) and period (p)
according to the model:

Yij = p + bi + & + (b*e)j + pi + (p*e)ij + errorix
where: i=1,...,4; j=1,...,9 ; and k=1,... 4.

The interaction (b*e) compounds the error to test the ef-
fects of block and species.

Ground cover, DM accumulation rate, CP and IVDMD
data were subjected to analysis of variance using the
GLM procedure (SAS 9.1, SAS Institute, Cary, NC,
USA). For multiple comparisons of means and inter-
actions, LSMEANS was adopted, with significance of
5%.

M.L.F. Nicodemo, F.H.D. de Souza, J.R.M. Pezzopane, J.C.T. Mendes, W. Barioni Jr., P. Tholon and P.M. Santos

Results

PAR incidence in understory plots was, on average, 18%
of radiation in full sun (231 vs. 1,279 umol/m?/s). DM ac-
cumulation rate was low in the understory (Table 1) and
in 20 of 36 observations, forage accumulation rates of <1
kg/ha/d were recorded. Only L. purpureus in the estab-
lishment period and Estilosantes Campo Grande in the
rainy season yielded >5 kg/ha/d. Relative DM production
(= production in understory relative to production outside
canopy; calculations not presented) of DM was low and
did not reach 40%.

Ground cover was <50% in 17 of the 27 observations
made in understory (Table 2), including all assessments
of A. vaginalis, A. villosa and Estilosantes Campo
Grande. Centrosema schiedeanum cover exceeded 70%
in all outside-canopy and in-understory observations. Alt-
hough A. pintoi was slow to establish, it remained at 53%
cover in understory at the end of the 2010 dry season, ex-
ceeding all except C. schiedeanum (P<0.05).

Table 1. Dry matter accumulation rate (kg/ha/d) in understory and outside canopy at the end of 4 assessment periods: establishment
(89 days), 2009 dry season (226 days), 2009/10 rainy season (182 days) and 2010 dry season (150 days).

Species Understory Outside canopy
Establishment 2009 2009/10 2010 Establishment 2009 2009/10 2010
Dry Rainy Dry Dry Rainy Dry
Lablab purpureus 12.1a! 2.2ab 0.9def 0.0b 35.5a 5.3d 11.2cd 0.0b
Centrosema schiedeanum 3.2b 3.3a 1.3cde 1.2a 9.1d 11.9bc 11.7cd 8.9a
Clitoria ternatea 2.1c 0.3de 2.3c 0.0b 11.2d 2.8d 21.4b 0.4b
Pueraria phaseoloides 0.0d 1.7bc 3.1b 0.2ab 2.6ef 12.6b 17.1bc 6.7a
Alysicarpus vaginalis 0.0d 0.0e 0.0f 0.0b 19.0c 0.0d 15.1bc 0.0b
Aeschynomene villosa 0.7d 0.3de 0.3ef 0.0b 6.8de 5.3d 19.5b 0.0b
Estilosantes Campo Grande 0.0d 1.6bc 5.3a 0.2ab 0.0f 21.5a 46.0a 5.3ab
Calopogonium mucunoides 2.5bc 0.7cde 1.5¢d 0.0b 25.0b 3.4d 8.1d 0.2b
Arachis pintoi 0.9d 1.1cd 2.2C 0.4ab 0.3ef 5.8cd 9.3d 3.3ab

!Means within sites and columns followed by the same letter are not significantly different (P>0.05).

Table 2. Ground cover (%) in understory and outside canopy at the end of 3 assessment periods: establishment (89 days), 2009 dry

season (226 days) and 2010 dry season (150 days).

Species Understory Outside canopy
Establishment 2009 2010 Establishment 2009 2010
Dry Dry Dry Dry
Lablab purpureus 97.5a! 75.8b 0.0c 100.0a 72.5b 0.7c
Centrosema schiedeanum 73.3b 97.8a 85.7a 72.5b 100.0a 99.9a
Clitoria ternatea 59.6¢ 15.6d 1.9c 73.8b 72.9b 14.8c
Pueraria phaseoloides 29.3ef 73.2b 6.5¢ 33.3d 100.0a 95.2a
Alysicarpus vaginalis 17.5fg 0.3e 0.0c 75.0b 18.0c 8.5¢
Aeschynomene villosa 42.1d 18.2d 0.0c 54.4c 71.5b 4.6¢
Estilosantes Campo Grande 0.99 36.7c 7.4c 7.9e 88.2ab 76.0b
Calopogonium mucunoides 59.2¢ 31.1c 0.0c 94.2a 75.8b 11.2¢c
Arachis pintoi 33.3de 91.1a 53.3b 15.4de 79.6b 98.9a

IMeans within sites and columns followed by the same letter are not significantly different (P>0.05).

www.tropicalgrasslands.info



http://www.tropicalgrasslands.info/

CP concentrations varied from 12.8 to 30.5% in leg-
umes grown in the understory and from 8.2 to 27.5% in
those grown outside the canopy (Table 3). The difference,
in favor of in-understory plants, ranged between 5 and
20% between sites.

IVDMD varied from 42.3 to 69.4% in legumes grown
in the understory and from 26.3 to 70.1% in those grown
outside canopy (Table 4). There were no consistent dif-
ferences between the 2 sites. Alysicarpus vaginalis, which
exhibited the lowest digestibility, did not persist in the un-
derstory. Lablab purpureus (47.2-62.5%) and A. pintoi
(58.2-70.1%) had the highest digestibility values
(P<0.05) overall.

Discussion

Eucalyptus grandis intercepted 82% of incident radiation,
even without a fully closed canopy. This degree of shad-
ing is similar to that found in adult rubber plantations in
Southeast Asia (Chong et al. 1997).
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Forage production and cover

In the establishment phase, L. purpureus produced
12.1 kg/ha/d and achieved 97.5% cover, producing the
best results in understory. Relative DM production
of this species (34%) was similar to that reported for
the most productive tropical legumes (25.7-38.5%
for the seasonally dry tropics) under 84% artificial shade
(Congdon and Addison 2003). The species’ quick
establishment may be related to the large size of its
seeds (Kolawolea and Kangab 1997). While it helps con-
trol weeds and protect the soil, L. purpureus did
not regenerate to maintain its impressive early perfor-
mance. As 2009 was an exceptionally wet year
(Figure 1), with 666 mm of rainfall between April and
October, the low production observed in L. purpureus was
not due to drought stress but was probably related to the
low cutting height adopted, and mainly to the species’ life
cycle as a short-lived herb (Aganga and Tshwenyane
2003).

Table 3. Crude protein (% dry matter) concentration in understory and outside canopy at the end of 4 assessment periods: estab-
lishment (89 days), 2009 dry season (226 days), 2009/10 rainy season (182 days) and 2010 dry season (150 days).

Species Understory Outside canopy
Establishment 2009 2009/10 2010 Establishment 2009 2009/10 2010
Dry Rainy Dry Dry Rainy Dry
Lablab purpureus 20.8¢t 20.1bc 22.0ab - 15.4c 19.3d 14.4c -
Centrosema schiedeanum 26.4ab 22.9ab 24.7a 28.4a 22.0a 26.1a 23.2a  25.6ab
Clitoria ternatea 27.8a 24.4a 16.2¢c - 24.4a 25.2ab 14.1c 27.5a
Pueraria phaseoloides - 21.3ab 18.8bc 22.5b 18.3bc 18.9d 20.3ab  21.8c
Alysicarpus vaginalis - - - - 17.3bc - 8.2d -
Aeschynomene villosa 30.5a 22.1ab 15.8cd - 22.9a 15.5e 13.6¢ -
Estilosantes Campo Grande - 17.8¢c 12.8d 18.2b - 14.8f 11.7¢c 17.6d
Calopogonium mucunoides 22.7c 21.4ab 20.9b - 18.4b 22.4bc 19.5b 17.4d
Arachis pintoi 23.2bc 20.9bc 16.5¢c 27.2a - 20.1cd 14.6c  25.6ab

Means within sites and columns followed by the same letter are not significantly different (P>0.05).

Table 4. In vitro dry matter digestibility (% dry matter) in understory and outside canopy at the end of 4 assessment periods:
establishment (89 days), 2009 dry season (226 days), 2009/2010 rainy season (182 days) and 2010 dry season (150 days).

Species Understory Outside canopy
Establishment 2009  2009/2010 2010 Establishment 2009  2009/2010 2010
Dry Rainy Dry Dry Rainy Dry
Lablab purpureus 62.0b* 60.8ab 59.7a - 62.5a 55.0ab 47.2bc -
Centrosema schiedeanum 54.2¢ 48.4c 48.3b 56.0b 56.1a 38.9¢c 45.3bc  48.3cd
Clitoria ternatea 62.1ab 59.5ab 48.4b - 60.9a 54.4ab 39.8c 58.1b
Pueraria phaseoloides - 50.1c 52.6b 56.5b 53.9a 50.9b 53.1ab  55.7bc
Alysicarpus vaginalis - - - - 59.5a - 26.3d -
Aeschynomene villosa 69.4a 60.7ab 47.5bc - 59.5a 36.4c 42.5¢c -
Estilosantes Campo Grande - 58.1b 51.3b 56.0b - 48.1b 41.7¢  53.9bc
Calopogonium mucunoides 50.5¢ 44.4c 42.3c - 49.0b 37.7¢c 40.0c 38.8d
Arachis pintoi 65.1ab 64.1a 59.6a 69.0a - 61.5a 58.2a 70.1a

IMeans within sites and columns followed by the same letter are not significantly different (P>0.05).
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The second highest production observed throughout
the evaluation in understory was 5.3 kg/ha/d by Estilo-
santes Campo Grande. This rate of herbage accumulation,
however, could support just 0.29 animal units (AU)/ha/yr,
assuming that 1 AU = 450 kg live weight (LW), DM con-
sumption = 2% of LW, and grazing efficiency = 50%.
A low carrying capacity in understory has also been re-
ported for mature rubber plantations in Southeast Asia
planted with Calopogonium caeruleum and Pueraria
phaseoloides (Chong et al. 1997). The highest carrying
capacity in that study was 2 sheep/ha, with a LW gain of
100 g/hd/d; forage availability ranged from 200 to 800
kg/ha, which compares well with the yields observed in
our study. Even considering the low productivity of the
legumes, it might be expected that the large potential for
animal production under the vast areas of forest planta-
tions would increase the interest in high quality forages.
However, under Brazilian conditions, plantation owners
are mainly interested in tree production and prefer a max-
imum number of trees to achieve high timber yields rather
than improve light conditions for understory forage pro-
duction.

Tropical C4 plants need more light for photosynthesis
than C3 plants, owing to the greater energetic cost
of their CO,-concentrating apparatus (Sage and McKown
2006). Some C4 plant species, however, can adapt to
shaded environments given their phenotypic plasticity.
Studies conducted in Brazil have shown that some tropi-
cal grasses (mostly C4) maintained vigorous growth rates
and moderate production even in heavy shade: in the Cer-
rado biome between January and May (under 442 mm of
total rainfall), Panicum maximum (now: Megathyrsus
maximus) cv. Tanzénia, produced between 7 and 25
kg/ha/d in the understory of a 5.4-year-old Eucalyptus
urophylla stand, which intercepted 68% of incident light
(Andrade et al. 2001). In the wet tropics Urochloa brizan-
tha cv. Marandu produced 37 kg/ha/d in the rainy season
under a mature rubber plantation (Costa et al. 1999) and
U. decumbens cv. Basilisk grown in 70% artificial shade
produced between 24 and 64 kg/ha/d over 3 harvests,
while the legume Arachis pintoi cv. Amarillo produced 16
and 21 kg/ha/d over 2 harvests (Gobbi et al. 2009). These
results reflect the greater yield potential of grasses for
grazing under heavy shade, compared with leguminous
forages. The latter, however, could play a significant role
for livestock production in forest plantations owing to
their superior nutritive value.

The ground cover produced by C. schiedeanum in this
study (Table 2) corroborates the potential of Centrosema
spp. as cover crops in plantations of perennial tree species

(Chee and Wong 1990). This species developed rapidly
and showed a high capacity for ground cover as well as
persistence under cutting. It maintained >70% ground
cover throughout in both understory and outside the can-
opy. At the end of the 2010 dry season, ground cover was
86% in understory and 100% outside the canopy, higher
than that of any of the other legumes tested (P<0.05). Stiir
(1991) ranked Centrosema pubescens, a closely related
species (now: C. molle), among the 13 most productive of
84 legumes studied in irrigated plots under 80% artificial
shade. Although Centrosema species are climbing vines
that could smother small trees (Congdon and Addison
2003), such behavior was not observed in our study.

DM production of A. pintoi was low, varying from 0.4
to 2.2 kg/ha/d in understory. Andrade et al. (2004) re-
ported that shade-tolerant species such as A. pintoi can
maintain similar DM production in sunlight and under
low to moderate shade (up to 30—50%), while Stiir (1991)
found that production was not maintained in heavy shade
(i.e. 80%). Andrade and Valentim (1999) reported that
A. pintoi BRA-031143 persisted when 70% of incident
light was intercepted, but DM production decreased
markedly as increasing levels of shading were imposed.
In the Amazonian state of Acre, Brazil, with mean annual
rainfall of 1,900 mm and a marked dry season, A. pintoi
cv. Belmonte produced 22.4 kg/ha/d in the rainy season
and 3.2 kg/ha/d in the dry season under 70% shade (An-
drade et al. 2004), which highlights the association of
shading and dry season stress. Part of the difference in
performance between that study and ours may be attribut-
able to the high temperatures in Acre and the use of arti-
ficial shade, which minimizes competition with trees for
water and nutrients and reduces evapotranspiration (An-
drade et al. 2004). Despite its low yields and slow estab-
lishment A. pintoi proved capable of providing moderate
to high levels of ground cover, remaining at 53% at the
end of the experiment (Table 2). This supports the find-
ings of Congdon and Addison (2003) that this species pre-
sents high potential as a soil cover crop. In comparison,
the other species tested (except C. schiedeanum) achieved
<10% ground cover at the end of the study.

Although Estilosantes Campo Grande produced up to
46 kg/ha/d outside canopy, it developed slowly, having
covered <10% of ground surface (Table 2) at the end of
the establishment phase. Mostly, it showed low DM pro-
duction and ground cover (Tables 1 and 2) in the under-
story. These results are in contrast with those of Azevedo
et al. (2009) who grew Estilosantes Campo Grande in ir-
rigated pots under 75% artificial shade; he made a single
harvest and found DM vyield was greater under deep shade
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than in full sun. Differences in moisture availability in the
two situations might explain the difference.

All 4 species of Stylosanthes tested by Bazill (1987)
showed poor adaptation to shade provided by a Pinus
caribaea forest in Costa Rica. However, adaptation to
shade varies with species and accessions (Stiir 1991), and
Estilosantes Campo Grande produced 5.3 kg/ha/d at the
end of the 2009/10 rainy season, more than any other spe-
cies (P<0.05).

Nutritive value

The nutritive value of forages is often expressed in terms
of their crude protein (CP) concentration and digestibility;
both are closely associated with DM consumption. Low
CP concentration (<7%) decreases rumen fermentation
and microbial synthesis of protein, slowing rate of pas-
sage of digesta and limiting DM intake (Minson 1990).
Low digestibility limits the intake potential and energy
availability of forage crops for animal production (Jung
and Allen 1995). Legumes show higher CP concentration
and more stable year-round values than grasses (Barcellos
et al. 2008).

Crude protein. In our study, all species but one
(C. mucunoides) presented particularly high CP values at
the end of the 2010 dry season (Table 3), due to reasons
we cannot ascertain. CP concentrations of the legumes we
studied are close to those reported in the literature (Min-
son and Wilson 1980; Araujo Filho et al. 1994; Costa et
al. 2009; Heinritz et al. 2012) with the exception of A.
vaginalis, which showed a very low value after 180 days
of rainy season growth (Table 3). This is probably a re-
flection of the early maturity of A. vaginalis, which
seeded abundantly during the wet season, and disappeared
in the subsequent dry season (Table 1). The decrease in
the CP concentration of this species may reflect the devel-
opment of fibrous structures as the plants matured and re-
production proceeded.

In the present study, CP values at the understory site
were 5—20% higher than outside the canopy. This con-
firms reports in the literature (Lin et al. 2001; Congdon
and Addison 2003) that protein concentrations are higher
in shade-grown legumes, which can be attributed to in-
creased rates of mineralization, litter degradation, and ni-
trogen cycling in the wetter, cooler conditions of a forest
understory. In this context, fast decomposing legume lit-
ter may play an important role, particularly
in plantations of Eucalyptus trees whose litter is known to
decompose slowly for several reasons, among them
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a high C:N ratio (Balieiro et al. 2004). Microbial decom-
position demands N; hence this activity may benefit from
higher foliar N content of associated legumes (Forrester
et al. 2006). As an example, Balieiro et al. (2004) studied
litter decomposition in a mixed stand of the leguminous
tree Pseudosamanea guachapele and Eucalyptus grandis.
They reported an 11% increase in soil N deposition by the
leguminous tree, associated with a shorter litter residence
time (23%) than in eucalyptus, and increased N minerali-
zation.

Digestibility. 1VDMD values in understory were
51.2-59.8 % (Table 4), similar to those reported in the
literature for L. purpureus (Aganga and Tshwenyane
2003), C. ternatea (Minson and Wilson 1980) and
P. phaseoloides (Abaunza et al. 1991). No information on
IVDMD values was found for A. villosa and Estilosantes
Campo Grande. For C. pubescens (closely related to C.
schiedeanum), Abaunza et al. (1991) reported
an IVDMD of 52.2%, while Minson and Wilson (1980)
reported 60-70% for A. pintoi. In our experiment,
similar values were found for these species 89 days
after planting, while values for A. vaginalis and
C. mucunoides were lower. The low digestibility of
C. mucunoides has been attributed to its dense epidermal
hairs (Minson and Wilson 1980). Alysicarpus vaginalis
was poorly adapted to the conditions of the experimental
site and its quick maturation may have contributed to low
IVDMD.

General considerations and research needs

The low DM production obtained by the legumes in this
experiment should not be considered the only criterion in
assessing their potential usefulness in forest plantations.
Even at low animal stocking rates the better-adapted spe-
cies may provide additional income when applied over
large areas. Other potential benefits of legumes include
faster decomposition of litter (see discussion above), re-
duction of forest fire risk, erosion and weed control, and
nitrogen fixation for improved growth of the tree compo-
nent in a silvopastoral system.

Among the research topics that could be suggested as
a result of this study, 2 are highlighted:

(1) Studies of genetic variation within a species may
permit the identification of genotypes that are adapted to
heavy shade, even in species that this study found to be
poorly adapted to such conditions.

(2) Similar to the common practice in SE Asian rubber
and oil palm plantations (Jalani et al. 1998) of sowing
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mixtures of cover legume species primarily for weed con-
trol (e.g. Pueraria phaseoloides + Centrosema pubescens
(now: C. molle) + Calopogonium mucunoides + Calopo-
gonium caeruleum), the potential of species mixtures for
understory livestock production should be researched.
The benefit of such mixtures is due to increased diversity
with potential substitutory and/or complementary effects.
In the case of the legumes tested in this study, a mixture
of L. purpureus and C. schiedeanum may provide a useful
understory pasture. The inclusion of shade-tolerant tropi-
cal grasses could bring further benefits.

Conclusions

Three of the species tested show potential for use as
understory forage legumes in forestry plantations: Lablab
purpureus establishes quickly and has high initial DM
production both outside canopy and in understory; how-
ever, being an annual, it does not persist and must be re-
planted. Centrosema schiedeanum shows rapid develop-
ment, a high capacity for ground cover, and good persis-
tence, and can also protect soils in tree plantations. While
Arachis pintoi was slow to establish, it is capable of
providing moderate to high ground cover in the under-
story subject to seasonal drought. These legumes can all
increase the nutritive value of plantation understory veg-
etation for grazing, even though their DM production was
comparatively low.
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Abstract

We investigated the frequency of occurrence of plant species in grassy landscapes in northeastern Uttar Pradesh, India.
Using random quadrats, field assessment was undertaken at 11 sites to sample an area of 333.75 ha, at an overall sam-
pling density of 0.01%. A total of 287 plant species belonging to 183 genera and 53 families was recorded. Of these,
254 species were commonly distributed and 33 species exhibited localized occurrences; according to the rarity classes
of Rabinowitz, the latter were classified as rare. One hundred and sixty-five species had large population sizes and 122
species exhibited small population sizes. The most common species, which exhibited high frequency and abundance,
were predominantly from Poaceae, Cyperaceae, Papilionaceae, Asteraceae, Scrophulariaceae and Euphorbiaceae.
Some species, which are known to have narrow geographical distributions, were locally abundant. Rare species
showed restricted as well as localized distributions and were typically sampled at low population densities. The rare
occurrences of once frequent and widespread species probably reflect acute fragmentation and shrinkage of specialized
habitats as a result of intense cultural activities. Several species are to be considered as threatened. Studies on the sta-
tus of rare plant species and the processes threatening their survival are urgently required.

Resumen

En ecosistemas de pastizales nativos en el noreste de Uttar Pradesh, India, se midio la frecuencia de aparicion de espe-
cies vegetales. Las muestras fueron tomadas utilizando el método de cuadrados al azar en 11 sitios de estudio con
31 sitios de muestreo. El area total muestreada fue de 333.75 ha, con una densidad total de muestreo del 0.01%. En
total se registraron 287 especies pertenecientes a 183 géneros y 53 familias. De éstas, 254 especies tenian una distribu-
cién comdn mientras 33 especies aparecian con baja frecuencia y en forma localizada; segun las clases de rareza de
Rabinowitz; estas Gltimas fueron clasificadas como raras. En poblaciones grandes ocurrieron 165 especies y en pobla-
ciones pequefias 122 especies. Las especies mas comunes, con alta frecuencia y abundancia, fueron predominantemen-
te de las familias Poaceae, Cyperaceae, Papilionaceae, Asteraceae, Scrophulariaceae y Euphorbiaceae. Algunas espe-
cies con una distribucién geogréfica reducida eran localmente abundantes. Especies clasificadas como raras presenta-
ron tanto distribuciones restringidas como localizadas y en general ocurrian a bajas densidades poblacionales. Las ocu-
rrencias raras de especies que antes eran frecuentes y de distribucion amplia, probablemente reflejan una aguda frag-
mentacion y reduccion de los habitats especializados, como consecuencia de intensas actividades agricolas. Varias es-
pecies deben considerarse amenazadas y se sugieren estudios sobre l0s procesos que amenazan su supervivencia.

Introduction disturbance, described by Pickett and Whyte (1985) as a

discrete event along the passage of time that modifies
The structure of plant communities has been conven-  |andscape, ecosystem, community and population struc-
tionally analyzed worldwide (Mueller-Dombois and EI-  tyre, on the structure and composition of various grass-
lenberg 1974; Singh and Yadava 1974). The impact of  |3ng communities has been observed by various workers

(Friedel 1997; Wilsey and Polley 2003), with over-

S exploitation of species and degradation of natural habi-
Correspondence: R.P. Shukla, Plant Ecology Laboratory, Department

of Botany, D.D.U. Gorakhpur University, Gorakhpur — 273-009, tats_reported_to be the major threats to plar_1t SPecIes.
India. While excessive removal of plants from the wild, loss of

E-mail: drrpshukla@rediffmail.com habitat by deforestation and heavy grazing pressure in
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pastures generally threaten the survival of species (Nayar
and Sastry 1988), habitat specificity, narrow range of
distribution, land use change, introduction of non-native
species, habitat fragmentation and degradation of popu-
lations, population bottlenecks and genetic drift can also
play a part (Weekley and Race 2001; Oostermeijer et al.
2003; Kala 2005).

Many authors have identified and classified the
common and rare species of trees and shrubs (Hubbell
and Foster 1986; Rabinowitz et al. 1986; Pitman et al.
1999) and emphasized the importance of this process for
the conservation of biodiversity in the ecosystem. Infor-
mation about the frequency of herbaceous plant species,
however, is scarce. Daniels et al. (1995) suggested that
endemism, elevation, vegetation, habitat and microhabi-
tat specialization influence the relative abundance of
plant species, while Pitman et al. (1999) suggest that
herbaceous species have smaller geographical ranges
than trees. Recently, Magurran and Henderson (2003)
and Ulrich and Ollik (2004) proposed the use of compo-
site models to study species abundance to improve eco-
logical understanding of community structuring between
common and rare species and predicted high rates of
local extinction of rare species.

While a number of workers have studied various
phyto-sociological characteristics of grassland communi-
ties in different parts of India (Bharucha and Ferreria
1941; Gupta and Sharma 1973) as well as community
composition and productivity patterns (Dabadghao and
Shankarnarayan 1973; Singh and Yadava 1974; Nautiyal
et al. 1997), the so-called Terai grasslands of the plains
of northeastern Uttar Pradesh (U.P.) have received little
attention, especially in terms of diversity patterns and
the loss and gain of species in recent times. They are a
very important source of fodder for livestock and repre-
sent about 1,280 km? of the total regional area (Semwal
2005).

The present study was conducted to examine the
composition, diversity and frequency patterns of plant
species in the regional grassy landscape across the tract
between the Sarju River and the foothills of the Himala-
yas. This region is known to be floristically rich with
considerable habitat diversity (Ansari et al. 2006). The
empirical relationship between microclimatic conditions
of various sites and diversity patterns of respective plant
communities was analyzed. The patterns of rarity with-
in the regional flora have been described by using the
database of rare species in India as well as the world
(Rabinowitz 1981; Rabinowitz et al. 1986; IUCN 2001)
in order to emphasize the need to conserve grassland
vegetation and their species.

Materials and Methods
Study area

The Terai region is a belt of marshy grasslands, savan-
nas, and forests located south of the outer Himalaya
foothills, the Siwalik Hills, and north of the Indo-
Gangetic Plain. These plains of northeastern Uttar Pra-
desh (U.P.) cover 14 districts and occupy 45,760 km?.
While the climax vegetation is forest and some patches
of forest still remain, most of the area has been subjected
to recurrent disturbance in the form of clearing, grazing,
trampling and burning, resulting in agricultural fields
and grassy landscapes, with many rivers, rivulets,
nallahs, lakes and ponds. Abandoned arable land reverts
to grassland as a result of secondary succession and
tends to be stable under the influence of biotic disturb-
ances such as fire, grazing and cutting practices. The
regional plain slopes gently from northwest to southeast,
and the landscape presents a mosaic of plant communi-
ties with varying amounts of grasses and forbs of con-
trasting life-forms. Composition of the grasslands, de-
veloped and maintained by various cultural practices,
varies primarily according to the type of soil and availa-
ble moisture within the upper layer.

Climate

The climate of the region is typically tropical monsoonal
with 3 distinct seasons, viz. summer (March to mid-
June), monsoon (mid-June to mid-October) and winter
(mid-October to February). Average annual rainfall is
about 1,814 mm for the entire study region, with 87%
occurring during the wet summer and monsoon seasons.
The number of rainy days per annum is 51 + 3.2 and
mean relative humidity is about 87% in the morning and
74% in the evening. The eastern Terai plains receive
more rainfall over a longer period and possess much
richer plant biodiversity than western and southern dis-
tricts of the state. Mean maximum temperatures during
wet summer, winter and dry summer seasons are 35.2,
27.0 and 39.3 °C and mean minimum temperatures are
26.2, 12.1 and 24.2 °C, respectively (based on climatic
data for 2000—2005).

Soil

The soil of the region is part of the trans-Sarju Plain and
comprises Gangetic alluvium brought down by rivers
like Ghaghara, Rapti, Rohin and Gandak from the Hima-
layas in the north. The texture is sandy loam and pH is
about neutral. In the northern area there are a few elevat-
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ed mounds, locally called dhus, which range in size from
a few hundred m? to 4-5 km? and have brown sandy soil.

Vegetation

The growing season extends from mid-June to mid-
September, when most species flower and set seed. The
general grassland vegetation of northeastern Uttar Pra-
desh is interspersed with patches of forest, old fields,
open pasture, uplands (mounds or dhus), lowlands, or-
chards, playgrounds and human settlements.

Methods

We started this study in June 2011 with a general survey
of the vegetation and habitat conditions over a vast
stretch of grassy landscape of Terai of northeastern Uttar
Pradesh, encompassing more than 11 districts and cover-
ing about 128,076 ha of a total 36,015 km? geographical
area (Figure 1). Finally, 31 locations, showing marked
differences in habitat conditions, were selected and sam-
pled during August 2011 to March 2014 (Annexes la
and Ib). Differences in habitat conditions appeared main-
ly in the degree of light exposure, soil moisture and soil
texture as related to topography and disturbance in the
form of fire, grazing, cutting and trampling. Twenty 50 x
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50 cm quadrats were randomly laid out at each location,
giving a total of 620 quadrats across 333 ha of the re-
gion.

The population densities of species occupying each
quadrat were recorded, and total vegetal area of individ-
uals of each species was measured through the chart-
guadrat method. Based on these values, various phyto-
sociological and diversity indices were derived through
conventional methods (Mueller-Dombois and Ellenberg
1974; Magurran 2004). The simple indices were: fre-
guency, density, vegetative cover, their relative values
and Importance Value Index (IV1). Several other indices
like Simpson’s Dominance Index (Cd =Y pi), Shan-
non’s Diversity Index (H = -Y pi In pi), Pielou’s Even-
ness Index (E = H/In S), Abundance:Frequency Ratio
(Withford 1948) and Family Importance Value (FIV =
relative density + relative diversity + relative vegetative
cover) were also derived (Mori et al. 1983) (pi represents
the proportional abundance of the ith species in the
community; S is the species richness; relative diversity
of a family is the number of species within the family
expressed as a percentage of the total number of species
within all families represented in the community). The
dominance-diversity curve (species-individual curves or
rank-abundance model) was plotted as a log normal dis-
tribution model (Magurran 1988).
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Figure 1: Map showing the study sites and sampling locations (1-31) in the Terai grasslands, northeastern Uttar Pradesh, India.
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Identification of common and rare species

Rabinowitz’s classification scheme (Rabinowitz 1981;
Rabinowitz et al. 1986) was used to categorize each of
the threatened taxa into 1 of 7 types. They were defined
on the basis of the size of their geographic range (wide
vs. narrow), habitat specificity (broad vs. restricted) and
population size (large, dominant vs. small, scattered).
From the combination of these traits, 8 categories were
formed to decide commonness vs. rarity of a given spe-
cies (Tables 1 and 2). For all species one or more of the
following 10 items was allocated as a threat to their sur-
vival: 1. urbanization and land development; 2. agricul-
tural activities; 3. logging and associated harvest activi-
ties; 4. mining and associated habitat destruction; 5. live-
stock grazing, especially unsustainable and inappropriate
grazing; 6. trampling for recreation, resulting in deleteri-
ous changes in community composition; 7. over-
harvesting for horticultural use; 8. excessive collection
for various purposes like medicine; 9. natural disasters
such as catastrophic floods and other less-common or
miscellaneous threats like fodder, thatch collection etc.;
and 10. invasion by alien species (Srivastava et al.
2014).

Results

The grassy landscape of northeastern Uttar Pradesh is
represented by contiguous, small to fairly large patches
of grassland vegetation ranging from 1 ha to around 80
ha in size.

Composition of taxa

The grassland ground-layer vegetation was comprised of
grasses and sedges, collectively referred to as grami-
noids, and forbs or non-grass herbs. A total of 287 spe-

cies was recorded, belonging to 183 genera and 53 fami-
lies; among them, 27 species and 5 families have not yet
been identified. Dicotyledons made up 94.5% of fami-
lies, 74.1% of genera and 69.7% of species, while the
remainder were monocotyledons.

Habit groups

The life-span data of different grassland species showed
that about 90% of species were annuals and the remain-
der were perennials. The percentage of plant species in
different habit groups was: herbs 87%, climbers 10%
and shrubs 3%. Most species (>61%) were erect annuals,
29% were prostrate annuals and the remainder were per-
ennials. Among climbers, 39% were annual twiners,
32% tendril-bearing and 29% perennial twiners. There
was fairly high species diversity (H = 3.74) and quite
low dominance (Cd = 0.058). The mean number of spe-
cies per genus was 1.62, with 5.42 per family. The total
density was 811.5 individuals/m? and evenness was
0.661.

Species richness

Among the 6 dominant families, Poaceae was the most
common (17.2% of species), followed by Cyperaceae
(11.2%), Papilionaceae (10.5%), Asteraceae (9.8%),
Scrophulariaceae (4.9%) and Euphorbiaceae (3.5%). The
remaining 44% of species represented 46 families, with
20 families represented by only 1 species, 3 by 2 species,
2 by 3 species, 8 by 4 species, 2 by 5 species, 1 by 6
species, 2 by 7 species, 2 by 9 species and 6 families by
more than 10 species. In terms of genera, Poaceae,
Asteraceae and Papilionaceae were dominant and were
represented by 38, 19 and 16 genera, respectively.

Table 1. Rarity of plant species based on geographic range, habitat specificity and local population size (after Rabinowitz 1981).

Geographic range Wide Narrow

Habitat specificity Broad Restricted Broad Restricted
Abundance somewhere, large population Common Predictable Unlikely Endemics
Abundance everywhere, small population Sparse Non-existent

Table 2. Trait combinations for commonness/rarity of regional rare taxa.

Wide geographic range, broad habitat specificity, large population size
Wide geographic range, broad habitat specificity, small population size

Wide geographic range, restricted habitat specificity, large population size
Wide geographic range, restricted habitat specificity, small population size
Narrow geographic range, broad habitat specificity, large population size
Narrow geographic range, broad habitat specificity, small population size
Narrow geographic range, restricted habitat specificity, large population size

CO~NOOT D WN P

Narrow geographic range, restricted habitat specificity, small population size
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The distribution of common and rare plant species
among major families (Figure 2) shows that the foremost
families in the regional grasslands shared the maximum
number of rare plant species. For instance, Papilionaceae
had 5 species, followed by Poaceae and Asteraceae (4
species each) and Lamiaceae with 3 species. Scrophular-
iaceae, Caesalpiniaceae and Boraginaceae families were
represented by 2 species each and 12 families by a single
species only. The family Apiaceae is economically and
medicinally very important but contains the least number
of species in the region. Four families, Lobeliaceae,
Martyniaceae, Sphenocleaceae and Zygophyllaceae, had
only 1 genus each with a single species, viz. Lobelia
alsinoides, Martynia annua, Sphenoclea zeylanica and
Tribulus terrestris, respectively. The local extinction of
these very rare species would mean that the family
would no longer be represented in this region.

Abundance distribution

Abundance is a quantitative indication of patchiness of
species. Several common herbaceous species showed
hyper-dispersion across grassland vegetation as evident
from their density and abundance values. Lindernia
diffusa had maximum average density and abundance.
Species like Desmodium triflorum, Evolvulus nummu-
laris, Imperata cylindrica, Lindernia ciliata and Rungia
repens showed abundance values of >20 (Table 3).

The abundance:frequency (A:F) ratio provides a use-
ful measure to show the degree of clumping or patchi-
ness of species in restricted or localized areas. Table 4
shows the pattern of distribution of grassland species on
the basis of A:F ratio, which was highest for erect annual
herbs, followed by prostrate annual herbs, with the low-
est value for prostrate perennial herbs. The erect annual
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Figure 2. Distribution of plant species among different families of regional grassland vegetation in Uttar Pradesh. The sequence
of families is in decreasing order of their species richness. 1. Poaceae, 2. Cyperaceae, 3. Papilionaceae, 4. Asteraceae, 5. Scrophu-
lariaceae, 6. Euphorbiaceae, 7. Malvaceae, 8. Amaranthaceae, 9. Acanthaceae, 10. Convolvulaceae, 11. Unknown, 12. Cucurbita-
ceae, 13. Lamiaceae, 14. Onagraceae, 15. Polygonaceae, 16. Rubiaceae, 17. Tiliaceae, 18. Verbenaceae, 19. Asclepiadaceae, 20.
Caesalpiniaceae, 21. Menispermaceae, 22. Boraginaceae, 23. Cuscutaceae, 24. Lythraceae, 25. Molluginaceae, 26. Aizoaceae, 27.
Apocynaceae, 28. Basellaceae, 29. Bignoniaceae, 30. Cannabinaceae, 31. Capparidaceae, 32. Chenopodiaceae, 33. Comme-
linaceae, 34. Fumariaceae, 35. Moraceae, 36. Nyctanginaceae, 37. Oxalidaceae, 38. Papaveraceae, 39. Polygalaceae, 40. Portula-
caceae, 41. Primulaceae, 42. Ranunculaceae, 43. Solanaceae, 44. Sterculiaceae, 45. Urticaceae, 46.Vitaceae, 47. Amaryllidaceae,
48. Apiaceae, 49. Lobeliaceae, 50. Martyniaceae, 51. Sphenocleaceae, 52. Violaceae, 53. Zygophyllaceae.
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Table 3. Species showing maximum aggregation and hyper-
dispersion (as evident from their density and abundance val-
ues) across the grassy landscape of northeastern Uttar Pradesh.
(Based on 620 quadrats each of 0.25 m? size, laid across 11
districts.)

Species Density Abundance
Desmodium triflorum 58.2 20.5
Evolvulus nummularis 50.4 22.2
Imperata cylindrica 19.6 28.9
Lindernia ciliata 56.5 31.7
Lindernia diffusa 143.8 60.7
Rungia repens 62.6 28.8

Table 4. The range of abundance:frequency (A:F) ratio for
species in different posture or growth habit groups across the
grassy landscape of northeastern Uttar Pradesh.

Posture/Habit Range of A:F ratio

Herbs

Erect annuals 18.6-0.05

Prostrate annuals 17.2-0.20

Erect perennials 2.33-0.22

Prostrate perennials 0.90-0.14
Climbers

Tendril annuals 3.37-0.59

Twining annuals 6.2-0.53

Twining perennials 6.2-0.27
Shrubs

Erect annuals 2.23-0.16

Erect perennials 1.94-0.18

herbaceous species with A:F>10 were Hemarthria com-
pressa, Fimbristylis dichotoma, Cynoglossum lanceola-
tum and Zephyranthus citrina. The lowest A:F ratio was
shown by Euphorbia hirta.

Dominance-diversity curve

The dominance-diversity curves for the regional grassy
landscape as an abstract community showed a log-
normal distribution of individuals among constituent
species (Figure 3). Lindernia diffusa, Rungia repens,
Desmodium triflorum and Lindernia ciliata, had the
highest number of individuals and formed the top end of
the curve. On the other hand, the species which formed
the tail end of the curve were Amaranthus spinosus,
Crotalaria retusa, Crotalaria pallida, Ludwigia adscen-
dens and Solanum virginianum. The latter species obvi-
ously showed rare occurrences.

Population status

Common species have a large range, wide habitat speci-
ficity and large populations. However, a few species
have a large range and occur in a wide array of habitats,
but in chronically small populations, and are considered
quite rare (Rabinowitz et al. 1986). In our observations,
a number of plant species, which had a large range and
wide habitat specificity, apparently showed small popu-
lations due to sampling limitations. As these species

30 60 90 120
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Species sequence
Figure 3. Rank-abundance model (dominance-diversity curve) of the grassy landscape of northeastern Uttar Pradesh.

www.tropicalgrasslands.info



http://www.tropicalgrasslands.info/

Commonness and rarity pattern of Terai grassland species, India 167

Table 5. Number and status of rare and common plant species with different trait combinations across the grassy landscape vege-

tation of northeastern Uttar Pradesh.

Trait combinations No. Species Status

Wide geographic range, broad habitat 150 Cynodon dactylon, Desmodium triflorum, Evolvulus nummularis, Imperata ~ Common
specificity, large population size cylindrica, Lindernia ciliata, Lindernia diffusa, Rungia repens and 143 more

species

Wide geographic range, broad habitat 104 Glinus oppositifolius, Dentella repens, Crotalaria prostrata, Blumea lacera, Common
specificity, small population size Ammania baccifera, Cissampelos pariera and 98 more species

Wide geographic range, restricted 2 Centella asiatica, Evolvulus alsinoides Rare
habitat specificity, large population
size

Wide geographic range, restricted 2 Euphorbia thymifolia, Hybanthus linearifolius Rare
habitat specificity, small population
size

Narrow geographic range, broad hab- 2 Leucas cephalotus, Leucas aspera Rare

itat specificity, small population size
Narrow geographic range, restricted
habitat specificity, small population

15 Baccopa monnieri, Chamaecrista absus, Cyperus niveus, Eragrostis capensis, Rare
Eragrostis cilianensis, Heliotropium ovalifolium, Lobelia alsinoides,

size Martynia annua, Cullen corylifolium, Sphenoclea zeylanica, Cajanus
scarabaeoides, Teramnus labialis, Tribulus terrestris, Vernonia sp.,

Zephyranthes citrina

Narrow geographic range, broad hab- 1 Hygrophila auriculata Rare
itat specificity, large population size
Narrow geographic range, restricted 11 Alternanthera pungens, Alysicarpus bupleurifolius, Senna pumila, Rare

habitat specificity, large population

Chrysanthellum indicum, Crotalaria calycina, Crotalaria pallida,

size Cynoglossum lanceolatum, Hemarthria compressa, Heteropogon contortus,
Perotis indica, Spermacoce pusilla

often showed vigorous growth in small patches, distrib-
uted across the whole of the range, they could not be
considered rare, though their observed traits suggested
s0. Such an intriguing situation may be common-place in
judging the population size of a species as determined by
the limitations of method and extent of sampling. Thus,
6 of 8 combinations represent rare and 2 represent com-
mon species as evident through this study. Of the total
287 species, 150 showed large range, wide habitat speci-
ficity and large populations and 104 species showed
large range, wide habitat specificity and small popula-
tions (Annex I1). Both groups were considered common.
The remaining 33 species within 6 different combina-
tions were considered rare (Table 5). Populations of spe-
cies with habit groups facing a combination of threats
have declined within the region (Tables 6 and 7). Thirty-
three species showed a maximum of 10 individuals per
guadrat and were encountered in <1% of total quadrats
observed.

Chrysanthellum indicum, Evolvulus alsinoides and
Spermacoce pusilla, however, were recorded at only 1 of
the 11 sites but there were numerous individuals at this
site. Almost all species were exposed to the threats of
urbanization and land development, habitat destruction,

intense agricultural practices, unmanaged livestock graz-
ing, trampling and other miscellaneous threats. The
populations of some of the highly medicinal plants,
such as Hygrophila auriculata, Bacopa monnieri, Cen-
tella asiatica, Chrysanthellum indicum, Hybanthus line-
arifolius, Euphorbia thymifolia, Evolvulus alsinoides,
Leucas aspera, L. cephalotus, Vernonia sp. and Tribulus

Table 6. Types of threat reducing populations of various plant
species to rarity and local extinction across grassy landscapes
of northeastern Uttar Pradesh.

No. Threat type

o

Urbanization and land development

Agricultural activities

Logging and associated harvest activities

Mining and associated habitat destruction

Livestock grazing, especially unsustainable and inappro-

priate grazing

Trampling by stock and humans

Over-harvesting for horticultural use

8 Excessive collection for various purposes like medicine
and fodder

9 Natural disasters such as catastrophic floods and other
miscellaneous threats

10 Invasion by alien plants
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Table 7. Species by habit group facing combinations of threats (numbered as above) which have declined to the level of rarity

within the regional grassy landscape in northeastern Uttar Pradesh.

Species Habit Combination of threats
Alternanthera pungens Annual herb  1+4+6+8

Sphenoclea zeylanica Annual herb  1+4+5+6

Alysicarpus bupleurifolius Annual herb  1+4+5+6+8

Hygrophila auriculata

Centella asiatica

Tribulus terrestris

Eragrostis capensis, Eragrostis cilianensis, Hemarthria compressa,
Zephyranthes citrina

Heliotropium ovalifolium, Lobelia alsinoides

Bacopa monnieri

Leucas aspera, Leucas cephalotus

Chamaecrista absus

Euphorbia thymifolia

Vernonia sp.

Cajanus scarabaeoides, Crotalaria calycina, Crotalaria pallida,
Cullen corylifolium, Cynoglossum lanceolatum, Cyperus niveus,

Perennial herb 1+2+4+8

Perennial herb 1+2+4+7+8+10
Annual herb  1+2+4+6+7+8+9
Annual herb  1+2+4+5+6+8+9
Annual herb  1+2+4+5+6+8
Perennial herb 1+2+4+5+7+8+10
Annual herb  1+2+6+8+9
Annual herb  1+2+5+6+9
Annual herb  1+2+4+8+9
Annual herb  1+2+3+4+5+8+9
Annual herb  1+2+4+5+8+9+10

Martynia annua, Perotis indica, Senna pumila, Spermacoce pusilla

Heteropogon contortus
Teramnus labialis

Chrysanthellum indicum, Evolvulus alsinoides, Hybanthus linearifolius

Perennial herb 1+2+4+5+8+9+10
Annual herb  1+2+4+5+8+9+10
Annual herb  1+2+3+4+6+7+8+9

terrestris have suffered seriously owing to voracious
harvesting from the wild by untrained people. Some rare
species of annual upland legumes, such as Alysicarpus
bupleurifolius, Alysicarpus longifolius, Senna pumila,
Crotalaria calycina, Crotalaria pallida and Cullen
corylifolium, require a relatively longer time to produce
seeds to complete their annual life cycle as compared
with several non-legumes. The period of peak seed fall
is often closely followed by high rainfall and moderate
water-logging for about a week, and long submergence
of fresh seeds may destroy the embryos, rendering them
non-viable. On the other hand, the very rare and poor

occurrences of some lowland therophytes, such as
Cyperus niveus, Lindernia pyxidaria, Lobelia alsinoides
and Sphenoclea zeylanica, may be attributed to severe
overgrazing just before full blooming and the seed-
setting stage. The second most important threat was in-
vasive alien species. Centella asiatica, Baccopa mon-
nieri and Hygrophila auriculata showed very poor popu-
lations under these conditions despite efficient modes of
non-seed regeneration (Table 8), as invaders have a
competitive advantage and readily suppress and replace
the native species under stressful environments. Table 9
shows the specific habitats for rare plant species.

Table 8. Mode of regeneration and sprouting efficiency of different rare and most common (with asterisk) plant species of grassy

landscapes of northeastern Uttar Pradesh.

Mode of regeneration Species

Seed only

Alysicarpus bupleurifolius, Chrysanthellum indicum, Crotalaria calycina, Crotalaria pallida,

Cullen corylifolium, Cynoglossum lanceolatum, Cyperus niveus, Eragrostis capensis,
Eragrostis cilianensis, Euphorbia thymifolia, Hemarthria compressa, Hybanthus

linearifolius, Leucas aspera,

Leucas cephalotus, Lindernia ciliata*, Lindernia diffusa*,

Lobelia alsinoides, Martynia annua, Perotis indica, Rungia repens*, Senna pumila,
Spermacoce pusilla, Sphenoclea zeylanica, Teramnus labialis, Tribulus terrestris

Seed + Sprout
auriculata

Seed + Ramet

Seed + Rhizome + Storage roots

Seed + Sprout + Ramet Desmodium triflorum*

Alternanthera pungens, Cajanus scarabaeoides, Heliotropium ovalifolium, Hygrophila

Bacopa monnieri, Centella asiatica, Cynodon dactylon*, Evolvulus nummularis*
Heteropogon contortus, Imperata cylindrica*, Zephyranthes citrina
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Table 9. Habitat specificity of rare plant species across the regional grassland vegetation of northeastern Uttar Pradesh. Light: O =
Open, PS = Partial shade; Soil moisture: HM = High moisture, LM = Low moisture, AM = Average moisture; and Soil texture: S =
Sandy, G = Gravel, C = Clay, CL = Clay-loam, SL = Sandy loam.

No.

Species

Family

Habitat specificity factors

Light Soil moisture Soil texture
1 Alternanthera pungens Amaranthaceae 0 LM G
2 Alysicarpus bupleurifolius Papilionaceae 0 AM CICL
3 Baccopa monnieri Scrophulariaceae 0 HM C
4 Cajanus scarabaeoides Papilionaceae @] AM CL
5 Centella asiatica Apiaceae 0 HM C
6 Chamaecrista absus Caesalpiniaceae PS AM CL
7 Chrysanthellum indicum Asteraceae ) AM S/SL
8 Crotalaria calycina Papilionaceae 0 LM SL
9 Crotalaria pallida Papilionaceae @] LM SL
10 Cullen corylifolium Papilionaceae PS AM SL
11 Cynoglossum lanceolatum Boraginaceae @] LM SL
12 Cyperus niveus Cyperaceae 0] AM SL
13 Eragrostis capensis Poaceae 0] AM SL
14 Eragrostis cilianensis Poaceae ) AM C/CL
15 Euphorbia thymifolia Euphorbiaceae 0] LM SL/G
16 Evolvulus alsinoides Convolvulaceae @] AM SL/S
17 Heliotropium ovalifolium Boraginaceae 0] HM C
18 Hemarthria compressa Poaceae 0] HM C
19 Heteropogon contortus Poaceae 0] LM SL
20 Hybanthus linearifolius Violaceae O/PS AM SL/CL
21 Hygrophila auriculata Lamiaceae ) HM C
22 Leucas aspera Lamiaceae 0] LM SL
23 Leucas cephalotus Lamiaceae @] AM SL
24 Lobelia alsinoides Lobeliaceae PS HM CL
25 Martynia annua Martyniaceae 0] LM CL
26 Perotis indica Poaceae @] LM/AM SL
27 Senna pumila Caesalpiniaceae PS AM CL
28 Spermacoce pusilla Rubiaceae @] AM SL
29 Sphenoclea zeylanica Sphenocleaceae 0] HM C
30 Teramnus labialis Papilionaceae PS AM G
31 Tribulus terrestris Zygophyllaceae @] LM S
32 Vernonia sp. Asteraceae 0] LM SL
33 Zephyranthes citrina Amaryllidaceae O/PS AM G&C
Discussion narrow habitat range. The very little similarity and dras-

Community structure and diversity pattern

This study shows that the Terai landscape contains very
diverse assemblages and associations relative to semi-
arid grasslands in other parts of India (Pandeya 1964;
Dabadghao and Shankaranarayan 1973), but owing to
continued alteration of the habitats through anthropogen-
ic disturbance, the resulting landscape is gradually losing
a number of plant species, which can flourish only in a

tic differences among grassland patches, in terms of spe-
cies richness and abundance, are probably due to the se-
verity of a range of factors, including clipping, grazing,
trampling, habitat fragmentation, water-logging, mining
and transportation of soil. Singh and Joshi (1979) con-
sidered that high numbers of associations in hygro-
philous grasslands could be due to different intensities of
anthropogenic disturbance plus local variations in topog-
raphy and soil depth. Locations found on elevated
mounds or ‘dhus’ supported a diverse assemblage of
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grasses and palatable herbs despite regular livestock
grazing.

The grasslands in the study area showed much higher
species richness than other vegetation types of the re-
gion, i.e. almost 3 times higher than that in adjacent for-
ests (Pandey and Shukla 2003). Similar observations
have been made in the protected grassland of Dudhwa
National Park in Terai of Uttar Pradesh (Mathur et al.
2003). The reason for higher species diversity could be
the variation in micro-habitat features and occurrence of
a number of associations of grass species in the Terai
grasslands (Shukla 2009).

Our analysis showed that annual herbs contributed
most towards different phyto-sociological indices. While
most herbaceous plant species can readily establish
themselves, quickly produce herbage cover and improve
soil fertility (Graham 1941), those which regenerate
from seeds are less likely to persist in communities fac-
ing recurrent grazing and trampling, although forbs re-
spond positively to disturbance (Belsky 1986). Prostrate
perennial species, like Cynodon dactylon, Desmodium
triflorum, Evolvulus nummularis and Rungia repens,
showed marked dominance (density and IV1) across the
region. They readily occupied the horizontal space creat-
ed by disturbance through grazing and clipping, and of-
ten showed high seed production as well as ramet prolif-
eration, even at sites facing regular disturbance. Multiple
types of reproductive strategy can result in the domi-
nance of species over an area (Harper and White 1974;
Patrica et al. 2002). Moderate grazing also promotes rap-
id colonization of newly available space by these spe-
cies, mainly through vegetative means.

The higher the abundance:frequency (A:F) ratio, the
greater will be the tendency of species to clump, and
vice-versa. Low values of both the abundance and fre-
guency indicate rare occurrence of species, while very
high values indicate dominance of species. A:F ratios of
the most common prostrate perennial herbs like Des-
modium triflorum and Evolvulus nummularis, were not
high because both the abundance and frequency values
of these species were quite high. The pattern of species
abundance has been related to both growth pattern and
habitat factors (VVarghese and Menon 1999). Diversity is
often considered to be a synthetic measure of a combina-
tion of structure, complexity and stability of a communi-
ty (Hubbell and Foster 1983). Species distribution in a
community is often non-random with dominant species
being widely distributed, while subordinate species are
generally locally distributed (Kolasa 1989). A moderate
level of disturbance is, therefore, compatible with the
maintenance of high biodiversity in the landscape. On
the other hand, more severe disturbance through regular

clipping causes greater dominance and low diversity,
and the species of prostrate habit dominate the local
communities (Gentry 1991).

The commonness between any two adjacent patches
is proportional to the extent of their contact or boundary
length (Cole and Hobbs 1994). Most of the adjacent
patches of grassy landscape showed a number of com-
mon species, under genera like Lindernia, Phyllanthus,
Oldenlandia and Heliotropium. The distribution of
grassland species was largely random but several were
also found locally aggregated on different spatial scales.
A number of erect, prostrate and climber species showed
aggregation in the form of compact to loose patches.
Aggregation occurred due to either localized seed fall or
vigorous vegetative proliferation through ramets. Pacala
(1997) also reported that local or intra-specific aggrega-
tion is generated by limited seed dispersal, clonal growth
and patchy environments.

The resource sharing and niche occupancy of species
is frequently expressed by dominance-diversity curves
(Whittaker 1975). Conditions like moderate grazing and
reduced clipping and trampling allowed relatively great-
er numbers of species to share community resources,
thus reducing the degree of dominance at the community
level. A less steep and more flattened curve has also
been reported by Raizada et al. (1998). However, some
species depicted as rare by the curve, through quadrat
sampling, were actually not so rare. They occurred in
small patches but only on specified habitats with respect
to soil moisture.

Disturbance may have positive effects on some spe-
cies as reported earlier (Sundriyal et al. 1987) and that
caused by herbivores may reduce the effect of competi-
tion (Grace and Jutila 1999). In comparison with other
species in exposed communities, erect herbaceous spe-
cies were dominant in terms of RD, RVC and VI, espe-
cially in situations with low moisture and moderate dis-
turbance. Lindernia diffusa occurred frequently and its
dominance across the region may be due to frequent
clipping and grazing. The periodic clipping inhibited the
establishment of most of the upper strata species and
promoted dominance of only a few prostrate species like
Rungia repens and Desmodium triflorum.

Commonness of plant species

Forbs produce numerous fruits and seeds per plant. The
seeds are usually small and often possess very hard seed
coats, which can easily escape damage from trampling
and digestion within the guts of birds, cattle and other
animals. Evolvulus nummularis and Desmodium triflo-
rum also regenerated efficiently through ramets and
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sprouts in addition to seeds. A few species like Mukia
maderaspatana, Ranunculus scleratus, Ruellia tuberosa
and Soliva anthemifolia were found in small loose
patches with a good number of prostrate neighbors. Oth-
er species like Boerhavia diffusa and Clerodendrum
indicum could directly build up a large phytomass from
their root-stock and rhizome systems. Their dense vege-
tative cover suppresses the subordinate species and thus
promotes the homogeneity of the community (Armesto
and Pickett 1985).

Trampling had significant effects on the occurrence
of some species. Croton bonplandianum, Parthenium
hysterophorus and Acalypha indica were more common
in areas facing frequent trampling, while species like
Tridax procumbens, Cyanthillium cinereum, Alysicarpus
monilifer and Murdannia nudiflora occurred when clip-
ping and trampling were only occasional. With increased
frequency of trampling and clipping, the occurrence of
Achyranthes aspera, Amaranthus viridis, Ruellia tuber-
osa and Gomphrena globosa markedly increased. The
combination of heavy trampling, grazing and clipping
provided extreme conditions of biotic disturbance.
Grasses, notably Setaria glauca, Eragrostis amabilis and
Cyperus rotundus, and a few leguminous forbs, e.g.
Desmodium triflorum and Alysicarpus monilifer, coped
with such composite disturbance. About 10% of the
common species showed ramet proliferation, while oth-
ers displayed mass seed germination at suitable sites.
Some prostrate species aggregated to form compact
mats, which allowed few associates and low species
richness of local communities. Erect species, on the oth-
er hand, allowed significant numbers of species among
their aggregations. A number of new entrants produced
propagules irrespective of their vitality level to the
community. The dense vegetal cover of Hyptis suaveo-
lens and Parthenium hysterophorus suppressed the
growth of other species as evident at locality 8 (Marima-
ta campus). Since these species were unpalatable and
faced no clipping and little trampling owing to
their height, they showed significant local dominance
(Tripathi and Shukla 2007).

Rarity of plant species

A number of species, which showed low tolerance of
disturbance and were totally absent from such sites (Ta-
ble 6), occurred only in few localities and preferred
sandy to loamy soils. Species such as Centella asiatica
and Hygrophila auriculata, earlier frequent in or near
water-logged areas, have also become quite rare during
recent decades. On the other hand, a sizable number of
species, which occupy quite specialized habitats, showed

small population sizes within narrow distributional rang-
es (Table 6). Chiefly because of their medicinal im-
portance, they have been over-exploited and are on the
verge of local extinction. The population density of
Chamaecrista absus, Cyperus niveus, Leucas cephalo-
tus, Leucas aspera, Lobelia alsinoides, Martynia annua
and Cullen corylifolium has declined markedly during
the last few years. This indicates their specialized habitat
requirements (Tripathi 1999). The land-use changes plus
mining and transportation of soil for filling and construc-
tion purposes appear to be important threats. Voracious
and unmanaged harvesting presents a major threat to the
persistence of several valuable plant species of the re-
gion (Shukla 2009). Hubbell and Foster (1986) found
that most rare species are specialists in terms of habitat
or appropriate niches for regeneration. The fast expan-
sion of townships and associated disturbances during the
current era have caused major reduction in availability of
specialized niches in the region.

The spread of viable seeds from parent plants can be
restricted due to the absence of dispersal vectors, espe-
cially grazers. Several authors have highlighted the im-
portance of migrating sheep and cattle for plant dispersal
(Fischer et al. 1996; Poschlod et al. 1998). Although the
fruits of Tribulus terrestris are dispersed far and wide
through a hooking device, which attaches to the skin of
cattle, the population of this species has shrunk rapidly
during the last decade. A contributing factor could be the
unavailability of suitable micro-sites for germination and
growth of seeds. Crotalaria calycina and Hybanthus
linearifolius are examples of species now classified as
rare, as their population size has declined significantly
during the last decade, despite production of sufficient
viable seeds/fruits. These species prefer shaded and
damp habitats around orchards, and availability of
such habitats has declined markedly, mainly through
increased urbanization and agricultural expansion.
Metzger (2000) suggests that shade-tolerant species are
more sensitive to habitat fragmentation than shade-
intolerant species.

Species like Hygrophila auriculata, Bacopa
monnieri, Centella asiatica and Heliotropium ovalifo-
lium grow mostly on clayey soil subjected to some de-
gree of water-logging. Currently, they have become in-
frequent across water-logged or lowland sites, despite
their two-pronged regeneration strategy, i.e. through
seeds as well as sprouts and ramets. With improvement
of technologies and population explosion, humans have
a major role in escalating extinction rates (Hopping et al.
2004). Species populations which are small in size and
with restricted habitat requirements are more prone to
extinction (Menges 1998; Butaye et al. 2005).
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It was quite striking that some very rare species in the
regional grassland were the only representatives of a par-
ticular genus, which, in turn, represented a single family.
For example, Lobeliaceae, Martyniaceae, Sphenocle-
aceae and Zygophyllaceae were represented by Lobelia
alsinoides, Martynia annua, Sphenoclea zeylanica and
Tribulus terrestris, respectively. The loss of these single
species would mean the loss or non-representation of a
whole family. These species may be passing through
their lag time, as often there is a lag time between when
the species habitat is lost and when the species actually
becomes extinct (Hopping et al. 2004). A great amount
of evolutionary history and biological distinctiveness is
lost when the last species of an entire genus or family
becomes extinct (Kareiva and Marvier 2003). Levin and
Levin (2004) strongly suggest concentrating efforts on
saving such families and higher levels of taxonomic
groups.

The survival and growth of several plant species into
large populations indicated that habitat quality was not
always worse for all species, especially invaders, which
form one of the major threats to the survival and growth
of several native species (Sekar 2012). The invaders col-
onize and successfully out-compete the native species,
especially in open habitats with reduced competition,
often created by grazing and man-made disturbance (Wu
et al. 2004; Huang et al. 2009). The introduction and
spread of invasive aliens may be facilitated by floods,
changes in land-use pattern and environmental condi-
tions caused by livestock grazing, timber harvest, agri-
culture and ornamental purposes (Srivastava et al. 2015).
These alien species have the potential to damage or elim-
inate already feeble populations of rare taxa (Menges
1991).

Conservation strategy of grasses

Availability of viable seed is important for conservation
of biodiversity and may determine the composition,
structure and dynamics of present and future vegetation
in different ecosystems. Grazing pressure in the Terai
region is very intense and much of the seed-bearing parts
of plants are removed. Further, developmental activities
often create severe soil disturbance, and compaction and
erosion have adverse impacts on the survival of grass-
land species (Godefroid and Koeda 2004a; 2004b). Dis-
turbance complicates the relationship and may increase
species richness by lowering dominance and presenting
opportunities for some species to spread rapidly
(Whitmore 1996; Gusson et al. 2009). The management
of biodiversity at landscape levels involves the twin ob-

jectives of preservation and sustainable use of natural
habitats.

Conclusion

The present data on abundance distribution and diversity
pattern of plant species suggest that the acute fragmenta-
tion of the natural habitat of northeastern Terai has
resulted in limited distribution of once very common and
widely spread species. Fast shrinkage of grassland habi-
tats due to urbanization, agricultural expansion, grazing,
trampling, fire and the mining and transportation of soil
for the brick industry and site filling have pushed many
less-common but valuable plant species towards rarity
and several of them face local extinction. It appears that
many valuable species will be lost from these grasslands,
if the current practices in the community are allowed to
continue unchecked. The present observations empha-
size the urgent need for studies on the status of existing
rare plant species and identification of the most detri-
mental cultural practices threatening their survival be-
fore some important species are lost from these plant
communities.
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Annex la

Names and sampling areas of locations at the 11 study sites (districts). The habitat characteristics (see Annex Ib) at locations are
expressed in terms of light regime (O - open, PS - partial shade); soil moisture (HM - high moisture, AM - average moisture, LM -
low moisture); soil texture (SS - sandy soil, LS - loam soil, CL - clay soil, SLS - sandy-loam soil, CLS - clay-loam soil and GS -
gravel soil); and disturbance regime (HD - high disturbance, MD - medium disturbance, LD - low disturbance).

Study site Location Habitat characteristics Area (ha) of sampling sites
Bahraich Acholaya (Stadium) O,LM,SLS,LD 10.12
Acholaya | O,AM,SLS,MD 10.12
Acholaya Il PS,HM,SLS,HD 11.33
Acholaya IlI O,LM,SLS,HD 14.17
Acholaya Dhus O,AM,SLS,MD 4.05
Basahiya O,LM,SS,MD 9.71
Tikora (Parag Dairy) O,HM,HD,CS 36.42
Tikora (Mari Mata) PS,AM,CLS,MD 2.02
Balrampur Neel Palace PS,AM,GS,LD 1.21
Ranjeetpur O,HM,CS,HD 8.09
Hanuman Mandir O,HM,CS,LD 2.83
Rani Talab O,LM,CLS,MD 1.21
Gonda Sarayya Mafi O,LM,LS,HD 80.94
Shravasti Mahaet O,LM,GS,LD 12.14
Basti Ramauli PS,AM,CLS,MD 3.24
Sant Kabir Nagar Maghar O,HM,CS,HD 11.33
Siddharth Nagar Piperahawa 0,AM,CS,MD 38.45
Maharajganj Chhapwa | O,AM,CLS,MD 2.43
Chhapwa Il PS,LM,SLS,LD 2.05
Gorakhpur University Campus 0O,AM,CLS,MD 6.07
Airforce | PS,AM,CLS,HD 7.29
Airforce Il O,LM,CLS,MD 7.29
Airforce 111 PS,HM,CLS,HD 8.09
Jagatbella O,HM,CS,MD 12.14
Kushi Nagar Sirshya | O,LM,SLS,LD 4.86
Sirshya Il O,LM,SLS,MD 2.43
Sirshya 11l PS,AM,SLS,HD 2.02
Deoria Deoghat | PS,LM,SLS,MD 6.07
Deoghat Il PS,AM,SLS,HD 2.02
Uska PS,HM,CLS,MD 5.67
Singahi PS,HM,CLS,HD 5.20
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Annex Ib
Habitat identification

The habitats of plant species were determined on the basis of
characteristics that increase the heterogeneity of terrestrial
vegetation: change in local topography; light regime; soil
moisture; soil texture; and degree and type of anthropogenic
disturbances.

Light regime: The degree of exposure was measured by an
illuminometer (Kyoritsu-5200) at 10 random and nearly equi-
distant points on the floor of the vegetation during sunny days
of November at mid-day. The light regime of open communi-
ties ranged from 70,000 to 75,000 lux and that of partially
shaded communities was below 10,000 lux.

Soil moisture regime: The moisture content within the top 10
cm of soil was measured gravimetrically. More than 40% of

soil moisture was treated as high moisture (HM), 20—40% as
average moisture (AM) and <20% as low moisture (LM).

Soil texture: Soil texture refers to particle size composition
and according to the proportions of sand, silt and clay, soils
are classified, in general, as sandy, clayey, loamy, sandy-loam,
silty-loam, clayey-loam and silty-clay soils. The physical
characterization of soil at the study sites is based on analysis
by the Agricultural Research Center, Bahraich (U.P.), India
(Table A below). The silty-loam and silty-clay soils were
termed as gravelly soil as they contained significant propor-
tions of gravels and pebbles.

Disturbance: The anthropogenic disturbance factors (see also
Table B below) operating at each sampling location were rec-
orded. The intensity of each factor was scaled in the classes: 1
(absent or very little); 2 (occasional); and 3 (recurrent) (see
Table C below).

Table A. Soil physical characteristics at the study locations within 11 districts across grassy landscapes of northeastern Uttar Pra-

desh.
Study site Sample  Location Composition (%) Texture
(district) no. Sand Silt Clay
Fine Coarse
Bahraich 1 Acholaya (Stadium) 40.2 31.2 16.8 11.8 Sandy-loam
2 Acholaya | 42.0 30.6 16.2 11.2 Sandy-loam
3 Acholaya Il 40.4 30.2 17.0 124 Sandy-loam
4 Acholaya 11 40.4 32.0 16.8 10.8 Sandy-loam
5 Acholaya Dhus 41.2 30.4 17.2 11.2 Sandy-loam
6 Basahiya 44.7 35.8 8.3 11.2 Sandy
7 Tikora (Parag Dairy) 4.0 2.8 9.8 83.4 Clay
8 Tikora (Mari Mata) 18.2 3.6 43.8 34.4 Clay-loam
Balrampur 9 Neel Palace 14.2 26.2* 45.6 28.2 Gravel
10 Ranjeetpur 2.8 2.0 9.0 86.2 Clay
11 Hanuman Mandir 3.2 2.3 8.9 85.6 Clay
12 Rani Talab 14.8 2.0 46.4 36.8 Clay-loam
Gonda 13 Sarayya Mafi 4.6 3.2 64.8 27.4 Loam
Shravasti 14 Mahaet 14.4 26* 45.6 28.2 Gravel
Basti 15 Ramauli 24.2 7.0 32.4 36.4 Clay-loam
Sant Kabir Nagar 16 Maghar 2.6 2.2 7.8 87.4 Clay
Siddharth Nagar 17 Piperahawa 3.8 2.5 9.9 83.8 Clay
Maharajganj 18 Chhapwa | 23.2 8.0 33.6 35.2 Clay-loam
19 Chhapwa 11 41.4 29.2 18.0 114 Sandy-loam
Gorakhpur 20 University Campus 19.6 2.0 44.8 33.6 Clay-loam
21 Airforce | 19.2 2.4 44.4 34.0 Clay-loam
22 Airforce Il 18.6 2.2 42.8 36.4 Clay-loam
23 Airforce I11 13.8 3.0 46.8 36.4 Clay-loam
24 Jagatbella 3.2 31 9.2 84.5 Clay
Kushinagar 25 Sirshya | 41.8 31.2 16.2 10.8 Sandy-loam
26 Sirshya Il 42.2 31.6 15.2 11.0 Sandy-loam
27 Sirshya Il 424 31.2 16.0 10.4 Sandy-loam
Deoria 28 Deoghat | 42.8 32.0 15.4 9.8 Sandy-loam
29 Deoghat 11 42.4 32.7 15.6 9.3 Sandy-loam
30 Uska 23.2 8.0 304 38.4 Clay-loam
31 Singahi 23.2 8.0 33.6 35.2 Clay-loam

*The coarse sand fraction also included gravels and pebbles.

www.tropicalgrasslands.info



http://www.tropicalgrasslands.info/

178 Sumit Srivastava, Ashish Dvivedi and R.P. Shukla

Table B. Different types of disturbance classes at the study sites and their weightage score across grassy landscapes of north-
eastern Uttar Pradesh.

Disturbance factor Very little  Occasional Recurrent
Agricultural practices 1 2 3
Fire 1 2 3
Forage removal 1 2 3
Fuel wood collection 1 2 3
Grazing 1 2 3
Habitat destruction 1 2 3
Horticulture 1 2 3
Invasion 1 2 3
Litter collection 1 2 3
Mining of soil 1 2 3
Root collection 1 2 3
Trampling 1 2 3
Flood 1 2 3

Table C. Disturbance levels based on weightage scores of various disturbances.

Disturbance level Weightage score

Low lor2or3
Medium land2orland3
High land 2 and 3
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Annex |1

Commonness and rarity of species of grassland vegetation across northeastern Uttar Pradesh. [Nomenclature according to The Plant List database
(http://www.theplantlist.org)]. Habit: H = herb; C = climber; S = shrub; Posture: EA = erect annual; PA = prostrate annual; PerTw = perennial twiner; PPer = prostrate perenni-

al; ATw = annual twiner; EPer = erect perennial; ATn = annual tendril.

Plant species Family Habit  Posture Total no. Density  Population Habitat Geographical
individuals (/m?) size specialization range
Acalypha ciliata Forssk. Euphorbiaceae H EA 10 0.07 Large Broad Wide
Acalypha indica L. Euphorbiaceae H EA 6 0.04 Large Broad Wide
Achyranthes aspera L. Amaranthaceae H EA 63 0.41 Large Broad Wide
Aerva lanata (L.) Juss. Amaranthaceae H EA 34 0.30 Small Broad Wide
Aeschynomene aspera L. Papilionaceae H EA 7 0.05 Large Broad Wide
Aeschynomene indica L. Papilionaceae H EA 3 0.02 Large Broad Wide
Ageratum conyzoides (L.) L. Asteraceae H EA 32 0.21 Large Broad Wide
Ageratum houstonianum Mill. Asteraceae H EA 357 2.30 Large Broad Wide
Alternanthera paronychioides A.St.-Hil. Amaranthaceae H PA 148 0.95 Large Broad Wide
Alternanthera pungens Kunth Amaranthaceae H PA 9 0.06 Large Narrow Narrow
Alternanthera sessilis (L.) R.Br. ex DC. Amaranthaceae H PA 187 121 Large Broad Wide
Alysicarpus bupleurifolius (L.) DC. Papilionaceae H EA 33 0.21 Large Narrow Narrow
Alysicarpus longifolius (Spreng.) Wight & Arn. Papilionaceae H EA 14 0.09 Small Broad Wide
Alysicarpus monilifer (L.) DC. Papilionaceae H PA 324 2.09 Large Broad Wide
Alysicarpus ovalifolius (Schum.) Leonard Papilionaceae H EA 26 0.17 Small Broad Wide
Alysicarpus vaginalis (L.) DC. Papilionaceae H PA 667 4.30 Large Broad Wide
Amaranthus spinosus L. Amaranthaceae H EA 1 0.01 Large Broad Wide
Amaranthus viridis L. Amaranthaceae H EA 57 0.37 Large Broad Wide
Ammannia auriculata Willd. Lythraceae H EA 48 0.41 Small Broad Wide
Ammannia baccifera L. Lythraceae H EA 72 0.46 Small Broad Wide
Anagallis arvensis L. Primulaceae H EA 71 0.46 Large Broad Wide
Apluda mutica L. Poaceae H EA 46 0.30 Small Broad Wide
Argemone mexicana L. Papaveraceae H EA 7 0.05 Large Broad Wide
Bacopa monnieri (L.) Wettst. Scrophulariaceae H EA 8 0.05 Small Narrow Narrow
Basella alba L. Basellaceae C PerTw 3 0.02 Small Broad Wide
Blumea axillaris (Lam.) DC. Asteraceae H EA 8 0.05 Large Broad Wide
Blumea eriantha DC. Asteraceae H EA 35 0.23 Large Broad Wide
Blumea lacera (Burm.f.) DC. Asteraceae H EA 8 0.05 Small Broad Wide
Blumea laciniata (Wall. ex Roxb.) DC. Asteraceae H EA 26 0.17 Small Broad Wide
Boerhavia diffusa L. Nyctaginaceae H PPer 120 0.77 Large Broad Wide
Bolboschoenus glaucus (Lam.) S.G.Sm. Cyperaceae H EA 23 0.15 Small Broad Wide
Cajanus scarabaeoides (L.) Thouars Papilionaceae C ATw 27 0.17 Small Narrow Narrow
Calotropis procera (Aiton) Druand. Asclepiadaceae S EPer 36 0.23 Large Broad Wide
Cannabis sativa L. Cannabinaceae H EA 1 0.01 Large Broad Wide
Continued
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Plant species Family Habit  Posture Total no. Density  Population Habitat Geographical
individuals (/m?) size specialization range
Carex fedia Nees Cyperaceae H EA 186 1.20 Large Broad Wide
Cayratia trifolia (L.) Domin Vitaceae C ATn 16 0.10 Large Broad Wide
Ceesulia axillaris Roxb. Asteraceae H EA 143 0.92 Large Broad Wide
Cenchrus biflorus Roxb. Poaceae H EA 11 0.07 Large Broad Wide
Centella asiatica (L.) Urb. Apiaceae H PA 17 0.11 large Narrow Wide
Chamaecrista absus (L.) H.S.Irwin & Barneby Caesalpiniaceae H EA 7 0.05 Small Narrow Narrow
Chenopodium album L. Chenopodiaceae H EA 24 0.15 Large Broad Wide
Chloris barbata Sw. Poaceae H EA 467 3.01 Small Broad Wide
Chrysanthellum indicum DC. Asteraceae H PA 595 3.84 Large Narrow Narrow
Chrysopogon aciculatus (Retz.) Trin. Poaceae H EA 790 5.10 Large Broad Wide
Cissampelos pareira L. Menispermaceae C PerTw 8 0.05 Small Broad Wide
Cleome viscosa L. Capparidaceae H EA 7 0.05 Large Broad Wide
Clerodendrum indicum (L.) Kuntze Verbenaceae S EPer 55 0.35 Small Broad Wide
Coccinia grandis (L.) Voigt Cucurbitaceae C ATn 9 0.06 Large Broad Wide
Commelina benghalensis L. Commelinaceae H PA 27 0.17 Large Broad Wide
Commelina diffusa Burm.f. Commelinaceae H PA 45 0.29 Small Broad Wide
Corchorus aestuans L. Tiliaceae H PA 83 0.54 Large Broad Wide
Corchorus fascicularis Lam. Tiliaceae H EA 57 0.37 Large Broad Wide
Crotalaria calycina Schrank Papilionaceae H EA 15 0.10 Large Narrow Narrow
Crotalaria medicaginea Lam. Papilionaceae H EA 123 0.79 Large Broad Wide
Crotalaria pallida Aiton Papilionaceae H PA 1 0.01 Small Broad Wide
Crotalaria prostrata Willd. Papilionaceae H EA 512 3.30 Large Narrow Narrow
Crotalaria retusa L. Papilionaceae H PA 1 0.01 Small Broad Wide
Crotalaria sp. Papilionaceae H PA 79 0.51 Small Broad Wide
Croton bonplandianus Baill. Euphorbiaceae H EA 69 0.45 Large Broad Wide
Cucumis melo L. Cucurbitaceae C ATn 9 0.06 Large Broad Wide
Cullen corylifolium (L.) Medik. Papilionaceae H EA 191 1.23 Small Narrow Narrow
Cuscuta chinensis Lam. Cuscutaceae C ATw 1 0.01 Large Broad Wide
Cuscuta sp. Cuscutaceae C ATw 50 0.32 Large Broad Wide
Cyanotis axillaris (L.) D.Don ex Sweet Commelinaceae H EA 137 0.88 Small Broad Wide
Cyanthillium cinereum (L.) H.Rob. Asteraceae H EA 1,077 6.95 Large Broad Wide
Cynodon dactylon (L.) Pers. Poaceae H PPer 3,644 23.51 Large Broad Wide
Cynoglossum lanceolatum Forssk. Boraginaceae H EA 123 0.79 Large Narrow Narrow
Cyperus alopecuroides Rottb. Cyperaceae H EA 262 1.69 Large Broad Wide
Cyperus alulatus J.Kern Cyperaceae H EA 47 0.30 Small Broad Wide
Cyperus capitatus Vand. Cyperaceae H EA 568 3.66 Large Broad Wide
Cyperus castaneus Willd. Cyperaceae H EA 130 0.84 Small Broad Wide
Cyperus compressus L. Cyperaceae H EA 31 0.20 Large Broad Wide
Cyperus difformis L. Cyperaceae H EA 51 0.33 Small Broad Wide
Continued
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Plant species Family Habit  Posture Total no. Density  Population Habitat Geographical
individuals (/m?) size specialization range
Cyperus dubius Rottb. Cyperaceae H EA 150 0.97 Large Broad Wide
Cyperus exaltatus Retz. Cyperaceae H EA 13 0.08 Small Broad Wide
Cyperus michelianus (L.) Delile Cyperaceae H PA 13 0.08 Large Broad Wide
Cyperus niveus Retz. Cyperaceae H EA 2 0.01 Small Narrow Narrow
Cyperus rotundus L. Cyperaceae H EA 44 0.28 Large Broad Wide
Cyperus sp. 1 Cyperaceae H EA 68 0.44 Large Broad Wide
Cyperus sp. 2 Cyperaceae H EA 269 1.74 Small Broad Wide
Cyperus sp. 3 Cyperaceae H EA 74 0.48 Large Broad Wide
Cyperus sp. 4 Cyperaceae H EA 28 0.18 Small Broad Wide
Cyperus trachysanthos Hook. & Arn. Cyperaceae H EA 353 2.28 Large Broad Wide
Dactyloctenium aegyptium (L.) Willd. Poaceae H EA 622 4.01 Large Broad Wide
Dentella repens (L.) R.Forst. & G.Forst. Rubiaceae H PA 251 1.62 Small Broad Wide
Desmodium gangeticum (L.) DC. Papilionaceae H EPer 52 0.34 Large Broad Wide
Desmodium triflorum (L.) DC. Papilionaceae H PPer 9,015 58.16 Large Broad Wide
Desmostachya bipinnata (L.) Stapf Poaceae H EPer 140 0.90 Large Broad Wide
Dichanthium annulatum (Forssk.) Stapf Poaceae H EA 1,028 6.63 Large Broad Wide
Digera muricata (L.) Mart. Amaranthaceae H EA 3 0.02 Small Broad Wide
Digitaria ciliaris (Retz.) Koeler Poaceae H EA 218 1.41 Small Broad Wide
Echinochloa colona (L.) Link Poaceae H EA 65 0.42 Large Broad Wide
Eclipta prostrata (L.) L. Asteraceae H EA 49 0.32 Large Broad Wide
Elephantopus scaber L. Asteraceae H PA 132 0.85 Large Broad Wide
Emilia sonchifolia (L.) DC. ex DC. Asteraceae H EA 273 1.76 Small Broad Wide
Eragrostis amabilis (L.) Wight & Arn. Poaceae H EA 2,330 15.03 Large Broad Wide
Eragrostis capensis (Thunb.) Trin. Poaceae H EA 45 0.29 Small Narrow Narrow
Eragrostis cilianensis (All.) Janch. Poaceae H EA 29 0.19 Small Narrow Narrow
Eragrostis minor Host Poaceae H EA 420 2.71 Large Broad Wide
Eragrostis pilosa (L.) P.Beauv. Poaceae H EA 92 0.59 Small Broad Wide
Eragrostis unioloides (Retz.) Nees ex Steud. Poaceae H EA 969 6.25 Large Broad Wide
Erigeron bonariensis L. Asteraceae H EA 12 0.08 Large Broad Wide
Euphorbia hirta L. Euphorbiaceae H EA 54 0.35 Large Broad Wide
Euphorbia hypericifolia L. Euphorbiaceae H EA 54 0.35 Large Broad Wide
Euphorbia thymifolia L. Euphorbiaceae H PA 29 0.19 Small Narrow Wide
Evolvulus alsinoides (L.) L. Convolvulaceae H PPer 763 4.92 large Narrow Wide
Evolvulus nummularius (L.) L. Convolvulaceae H PPer 7,805 50.36 Large Broad Wide
Ficus heterophylla L.f. Moraceae S EPer 5 0.03 Large Broad Wide
Fimbristylis aestivalis Vahl Cyperaceae H EA 144 0.93 Large Broad Wide
Fimbristylis bisumbellata (Forssk.) Bubani Cyperaceae H EA 2,406 15.52 Large Broad Wide
Fimbristylis cymosa R.Br. Cyperaceae H EA 228 1.47 Small Broad Wide
Fimbristylis dichotoma (L.) Vahl Cyperaceae H EA 3 0.02 Small Broad Wide
Continued

www.tropicalgrasslands.info



http://www.tropicalgrasslands.info/

182 Sumit Srivastava, Ashish Dvivedi and R.P. Shukla

Plant species Family Habit  Posture Total no. Density  Population Habitat Geographical
individuals (/m?) size specialization range
Fimbristylis falcata (Vahl) Kunth Cyperaceae H EA 406 2.62 Small Broad Wide
Fimbristylis ovata (Burm.f.) J.Kern Cyperaceae H EA 1,187 7.66 Large Broad Wide
Fimbristylis quinquangularis (Vahl) Kunth Cyperaceae H EA 608 3.92 Large Broad Wide
Fimbristylis schoenoides (Retz.) Vahl Cyperaceae H EA 367 2.37 Large Broad Wide
Fimbristylis sp. Cyperaceae H EA 60 0.39 Small Broad Wide
Fumaria indica (Hausskn.) Pugsley Fumariaceae H EA 1 0.01 Large Broad Wide
Glinus lotoides L. Molluginaceae H PA 16 0.10 Small Broad Wide
Glinus oppositifolius (L.) Aug.DC. Molluginaceae H PA 37 0.24 Small Broad Wide
Gnaphalium polycaulon Pers. Asteraceae H EA 142 0.95 Small Broad Wide
Gomphrena celosioides Mart. Amaranthaceae H EA 40 0.26 Large Broad Wide
Grangea maderaspatana (L.) Poir. Asteraceae H PA 72 0.46 Large Broad Wide
Heliotropium indicum L. Boraginaceae H EA 13 0.08 Small Broad Wide
Heliotropium ovalifolium Forssk. Boraginaceae H EA 12 0.08 Small Narrow Narrow
Heliotropium strigosum Willd. Boraginaceae H PPer 2,917 18.82 Small Broad Wide
Hemarthria compressa (L.f.) R.Br. Poaceae H EA 47 0.30 Large Narrow Narrow
Hemidesmus indicus (L.) R.Br. ex Schult. Asclepiadaceae C PerTw 51 0.33 Small Broad Wide
Hemigraphis hirta (Vahl) T.Anderson Acanthaceae H PA 229 1.48 Large Broad Wide
Heteropogon contortus (L.) P.Beauv. ex Roem. & Schult. Poaceae H EPer 25 0.16 Large Narrow Narrow
Hybanthus linearifolius (Vahl) Urb. Violaceae H EA 122 0.79 Small Narrow Wide
Hygrophila auriculata (Schumach.) Heine Lamiaceae H EA 13 0.08 Large Broad Narrow
Hygrophila difformis Blume Acanthaceae H EA 12 0.08 Small Broad Wide
Hyptis suaveolens (L.) Poit. Lamiaceae H EA 186 1.20 Large Broad Wide
Ichnocarpus frutescens (L.) W.T.Aiton Apocynaceae C PerTw 62 0.40 Large Broad Wide
Imperata cylindrica (L.) Raeusch. Poaceae H EA 3,035 19.58 Large Broad Wide
Indigofera linifolia (L.f.) Retz. Papilionaceae H PPer 376 243 Large Broad Wide
Indigofera linnaei Ali Papilionaceae H PPer 47 0.30 Small Broad Wide
Ipomoea aquatica Forssk. Convolvulaceae C ATw 2 0.01 Large Broad Wide
Ipomoea pes-tigridis L. Convolvulaceae C ATw 5 0.03 Small Broad Wide
Ipomoea sp. Convolvulaceae C ATw 4 0.03 Small Broad Wide
Jatropha curcas L. Euphorbiaceae S Eper 11 0.07 Small Broad Wide
Kylinga brevifolia Rottb. Cyperaceae H EA 1,012 6.53 Large Broad Wide
Lantana camara L. Verbenaceae S EPer 5 0.03 Large Broad Wide
Laphangium luteoalbum (L.) Tzvelev Asteraceae H EA 752 4.85 Small Broad Wide
Lathyrus aphaca L. Papilionaceae C ATn 37 0.24 Small Broad Wide
Lathyrus odoratus L. Papilionaceae C ATn 44 0.28 Small Broad Wide
Lathyrus sativus L. Papilionaceae C ATn 13 0.08 Small Broad Wide
Launaea aspleniifolia (Willd.) Hook.f. Asteraceae H EA 396 2.55 Small Broad Wide
Launaea nudicaulis (L.) Hook.f. Asteraceae H EA 4 0.03 Small Broad Wide
Launaea procumbens (Roxb.) Ramayya & Rajagopal Asteraceae H EA 6 0.04 Small Broad Wide
Continued
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Plant species Family Habit  Posture Total no. Density  Population Habitat Geographical
individuals (/m?) size specialization range
Leucas aspera (Willd.) Link Lamiaceae H EA 19 0.12 Small Broad Narrow
Leucas cephalotes (Roth) Spreng. Lamiaceae H EA 51 0.33 Small Broad Narrow
Limnophylla sp. 1 Scrophulariaceae H EA 4 0.03 Small Broad Wide
Limnophylla sp. 2 Scrophulariaceae H EA 11 0.07 Small Broad Wide
Limnophylla sp. 3 Scrophulariaceae H EA 40 0.26 Small Broad Wide
Lindernia antipoda (L.) Alston Scrophulariaceae H EA 182 1.17 Small Broad Wide
Lindernia brachiata (Link & Otto) Biswas Scrophulariaceae H EA 22 0.14 Large Broad Wide
Lindernia ciliata (Colsm.) Pennell Scrophulariaceae H EA 8,761 56.52 Large Broad Wide
Lindernia crustacea (L.) F.Muell. Scrophulariaceae H EA 228 1.47 Small Broad Wide
Lindernia diffusa (L.) Wettst. Scrophulariaceae H EA 22,288 143.79 Large Broad Wide
Lindernia procumbens (Krock.) Philcox Scrophulariaceae H PA 108 0.70 Large Broad Wide
Lindernia pyxidaria All. Scrophulariaceae H EA 158 1.02 Large Narrow Narrow
Lippia alba (Mill.) N.E.Br. ex Britton & P.Wilson Verbenaceae S EA 9 0.06 Small Broad Wide
Lobelia alsinoides Lam. Lobeliaceae H EA 141 0.91 Small Narrow Narrow
Ludwigia adscendens (L.) H.Hara Onagraceae H PA 1 0.01 Small Broad Wide
Ludwigia octovalvis (Jacq.) P.Raven Onagraceae H EA 10 0.06 Small Broad Wide
Ludwigia perennis L. Onagraceae H EA 176 1.14 Small Broad Wide
Ludwigia prostrata Roxb. Onagraceae H EA 9 0.06 Small Broad Wide
Malvastrum coromandelianum (L.) Garcke Malvaceae H EA 34 0.30 Small Broad Wide
Martynia annua L. Martyniaceae H EA 10 0.06 Small Narrow Narrow
Mazus pumilus (Burm.f.) Steenis Scrophulariaceae H EA 129 0.83 Large Broad Wide
Mecardonia procumbens (Mill.) Small Scrophulariaceae H EA 168 1.08 Small Broad Wide
Medicago polymorpha L. Papilionaceae H EA 453 2.92 Small Broad Wide
Melochia corchorifolia L. Sterculiaceae H EA 118 0.76 Large Broad Wide
Merremia sp. Convolvulaceae H PA 17 0.11 Small Broad Wide
Momordica dioica Roxb. ex Willd. Cucurbitaceae C ATn 3 0.02 Small Broad Wide
Mukia maderaspatana (L.) Roem. Cucurbitaceae C ATn 4 0.03 Small Broad Wide
Murdannia nudiflora (L.) Brenan Commelinaceae H PA 1,516 9.78 Large Broad Wide
Ocimum americanum L. Lamiaceae H EA 55 0.35 Large Broad Wide
Oldenlandia biflora L. Rubiaceae H PA 63 0.41 Large Broad Wide
Oldenlandia corymbosa L. Rubiaceae H PA 1,315 8.48 Large Broad Wide
Oldenlandia tenelliflora (Blume) Kuntze Rubiaceae H EA 827 5.35 Small Broad Wide
Operculina turpethum (L.) Silva Manso Convolvulaceae C PerTw 8 0.05 Large Broad Wide
Oplismenus burmanni (Retz.) P.Beauv. Poaceae H PA 529 3.41 Large Broad Wide
Oxalis corniculata L. Oxalidaceae H PA 92 0.59 Large Broad Wide
Oxystelma secamone H.Karst. Asclepiadaceae C ATw 2 0.01 Small Broad Wide
Panicum sumatrense Roth Poaceae H EA 20 0.13 Small Broad Wide
Panicum antidotale Retz. Poaceae H EA 74 0.48 Large Broad Wide
Panicum sp. 1 Poaceae H PA 125 0.81 Large Broad Wide
Continued
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Panicum maximum Jacq. Poaceae H EA 296 1.91 Large Broad Wide
Panicum virgatum L. Poaceae H EA 343 2.21 Small Broad Wide
Parthenium hysterophorus L. Asteraceae H EA 350 2.26 Large Broad Wide
Paspalidium flavidum (Retz.) A.Camus Poaceae H PA 1,311 8.46 Large Broad Wide
Paspalum distichum L. Poaceae H EPer 672 4.34 Small Broad Wide
Paspalum scrobiculatum L. Poaceae H EA 1,679 10.83 Large Broad Wide
Pennisetum glaucum (L.) R.Br. Poaceae H EA 1,123 7.25 Large Broad Wide
Peristrophe bicalyculata (Retz.) Nees Acanthaceae H EA 41 0.26 Large Broad Wide
Perotis indica (L.) Kuntze Poaceae H PA 174 1.12 Large Narrow Narrow
Persicaria glabra (Willd.) M.Gomez Polygonaceae H EA 8 0.05 Large Broad Wide
Persicaria lapathifolia (L.) Delarbre Polygonaceae H EA 10 0.06 Large Broad Wide
Phyla nodiflora (L.) Greene Verbenaceae H EA 85 0.55 Large Broad Wide
Phyllanthus niruri L. Euphorbiaceae H EA 69 0.45 Large Broad Wide
Phyllanthus urinaria L. Euphorbiaceae H EA 2,690 17.36 Small Broad Wide
Phyllanthus virgatus G.Forst. Euphorbiaceae H EPer 1,173 7.57 Large Broad Wide
Physalis minima L. Solanaceae H EA 7 0.05 Small Broad Wide
Physalis peruviana L. Solanaceae H EA 3 0.02 Small Broad Wide
Polygala chinensis L. Polygalaceae H EA 94 0.61 Small Broad Wide
Polygonum plebeium R.Br. Polygonaceae H PA 286 1.85 Large Broad Wide
Portulaca oleracea L. Portulacaceae H PA 64 0.41 Large Broad Wide
Pouzolzia zeylanica (L.) Benn. Urticaceae H EA 19 0.12 Large Broad Wide
Pycreus pumilus (L.) Nees Cyperaceae H EA 30 0.19 Small Broad Wide
Ranunculus sceleratus L. Ranunculaceae H EA 4 0.03 Large Broad Wide
Rhynchospora colorata (L.) H.Pfeiff. Cyperaceae H EA 55 0.35 Small Broad Wide
Ruellia tuberosa L. Acanthaceae H EA 4 0.03 Large Broad Wide
Rumex hastatus D.Don. Polygonaceae H EA 199 1.28 Large Broad Wide
Rungia repens (L.) Nees Acanthaceae H PA 9,701 62.59 Large Broad Wide
Saccharum sp. Poaceae H EA 425 2.74 Large Broad Wide
Saccharum spontaneum L. Poaceae H EPer 76 0.49 Large Broad Wide
Sacciolepis indica (L.) Chase Poaceae H EA 144 0.93 Large Broad Wide
Sacciolepis myosuroides (R.Br.) A.Camus Poaceae H EA 79 0.51 Large Broad Wide
Salvia plebeia R.Br. Lamiaceae H EA 11 0.07 Small Broad Wide
Salvia reptans Jacq. Lamiaceae H EA 6 0.04 Small Broad Wide
Schoenoplectiella lateriflora (J.F.Gmel.) Lye Cyperaceae H PA 13 0.08 Small Broad Wide
Schoenoplectiella mucronata (L.) J.Jung & H.K.Choi Cyperaceae H EA 13 0.08 Small Broad Wide
Scoparia dulcis L. Scrophulariaceae H EA 172 1.11 Large Broad Wide
Senna obtusifolia (L.) H.S. Irwin &Barneby Caesalpiniaceae H EA 606 3.91 Large Broad Wide
Senna occidentalis (L.) Link Caesalpiniaceae H EA 91 0.59 Large Broad Wide
Senna pumila (Lam.) K.Larsen Caesalpiniaceae H PA 13 0.08 Large Narrow Narrow
Continued
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Plant species Family Habit  Posture Total no. Density  Population Habitat Geographical
individuals (/m?) size specialization range
Senna tora (L.) Roxb. Caesalpiniaceae H EA 4 0.03 Large Broad Wide
Sida acuta Burm.f. Malvaceae H EA 191 1.23 Large Broad Wide
Sida cordata (Burm.f.) Borss.Waalk. Malvaceae H EA 185 1.19 Large Broad Wide
Sida cordifolia L. Malvaceae H EA 182 1.17 Large Broad Wide
Sida ovata Forssk. Malvaceae H EA 7 0.05 Large Broad Wide
Sida rhombifolia L. Malvaceae H EA 195 1.26 Large Broad Wide
Sida spinosa L. Malvaceae H EA 18 0.12 Small Broad Wide
Solanum americanum Mill. Solanaceae H EA 23 0.15 Large Broad Wide
Solanum virginianum L. Solanaceae H EA 1 0.01 Large Broad Wide
Soliva anthemifolia (Juss.) Sweet Asteraceae H PA 4 0.03 Small Broad Wide
Sonchus asper (L.) Hill Asteraceae H EA 11 0.07 Large Broad Wide
Sonchus oleraceus (L.) L. Asteraceae H EA 3 0.02 Small Broad Wide
Spermacoce pusilla Wall. Rubiaceae H EA 4,076 26.30 Large Narrow Narrow
Sphenoclea zeylanica Gaertn. Sphenocleaceae H EA 10 0.06 Small Narrow Narrow
Spilanthes acmella (L.) L. Asteraceae H PA 31 0.20 Large Broad Wide
Tecoma capensis (Thunb.) Lindl. Bignoniaceae C PerTw 3 0.02 Small Broad Wide
Tephrosia purpurea (L.) Pers. Papilionaceae H EPer 6 0.04 Large Broad Wide
Teramnus labialis (L.f.) Spreng. Papilionaceae C PerTw 8 0.05 Small Narrow Narrow
Tiliacora racemosa Colebr. Menispermaceae C PerTw 1 0.01 Large Broad Wide
Tinospora sinensis (Lour.) Merr. Menispermaceae C PerTw 9 0.06 Large Broad Wide
Trianthema portulacastrum L. Aizoaceae H PA 8 0.05 Small Broad Wide
Tribulus terrestris L. Zygophyllaceae H PA 5 0.03 Small Narrow Narrow
Tridax procumbens (L.) L. Asteraceae H EA 603 3.89 Large Broad Wide
Triumfetta pentranda A.Rich. Malvaceae H EA 31 0.20 Large Broad Wide
Triumfetta rhomboidea Jacq. Malvaceae S EA 18 0.12 Large Broad Wide
Urena lobata L. Malvaceae S EA 5 0.03 Large Broad Wide
Urena repanda Roxb. ex Sm. Malvaceae H EA 35 0.23 Large Broad Wide
Vernonia sp. Asteraceae H EA 9 0.06 Small Narrow Narrow
Xanthium strumarium L. Asteraceae S EA 79 0.51 Large Broad Wide
Zephyranthes citrina Baker Amaryllidaceae H EA 8 0.05 Small Narrow Narrow
Zornia gibbosa Span. Papilionaceae H PA 3,255 21.00 Small Broad Wide
Samples in process of species identification:
Unknown 3 Poaceae H EA 679 4.38 Small Broad Wide
Unknown 4 Poaceae H EA 1,270 8.19 Large Broad Wide
Unknown 5 Poaceae H EA 620 4 Large Broad Wide
Unknown 6 Poaceae H EA 36 0.23 Small Broad Wide
Unknown 7 Poaceae H EA 170 1.07 Small Broad Wide
Unknown 8 Poaceae H EA 57 0.37 Large Broad Wide
Unknown 9 Poaceae H EA 311 2.01 Small Broad Wide
Continued
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Plant species Family Habit  Posture Total no. Density  Population Habitat Geographical

individuals (/m?) size specialization range
Unknown 10 Poaceae H EA 18 0.12 Small Broad Wide
Unknown 11 Poaceae H EA 340 2.19 Small Broad Wide
Unknown 12 Poaceae H EA 67 0.43 Large Broad Wide
Unknown 13 Poaceae H EA 11 0.07 Large Broad Wide
Unknown 14 Poaceae H EA 95 0.61 Small Broad Wide
Unknown 15 Poaceae H EA 19 0.12 Small Broad Wide
Unknown 16 Poaceae H EA 72 0.46 Large Broad Wide
Unknown 17 Poaceae H EA 36 0.23 Large Broad Wide
Unknown 18 Poaceae H EA 151 0.97 Large Broad Wide
Unknown 19 Unknown H EA 3 0.02 Small Broad Wide
Unknown 20 Papilionaceae H PA 25 0.16 Small Broad Wide
Unknown 21 Unknown C ATw 4 0.03 Small Broad Wide
Unknown 22 Papilionaceae C ATw 2 0.01 Small Broad Wide
Unknown 23 Papilionaceae C ATw 8 0.05 Large Broad Wide
Unknown 24 Asteraceae H EA 4 0.03 Large Broad Wide
Unknown 25 Papilionaceae C ATw 2 0.01 Large Broad Wide
Unknown 27 Acanthaceae H EA 17 0.11 Small Broad Wide
Unknown 28 Unknown H EA 5 0.03 Large Broad Wide
Unknown 29 Unknown H PA 4 0.03 Small Broad Wide
Unknown 30 Unknown H EA 2 0.01 Small Broad Wide

(Received for publication 31 January 2015; accepted 10 August 2015)
© 2015

GOl

Tropical Grasslands—Forrajes Tropicales is an open-access journal published by Centro Internacional de Agricultura Tropical (CIAT). This work is licensed under a Creative Commons Attribu-
tion-NonCommercial-ShareAlike 3.0 Unported License. To view a copy of this license, visit http://creativecommons.org/licenses/by-nc-sa/3.0/

www.tropicalgrasslands.info



http://www.tropicalgrasslands.info/
http://creativecommons.org/licenses/by-nc-sa/3.0/
http://creativecommons.org/licenses/by-nc-sa/3.0/

Tropical Grasslands — Forrajes Tropicales (2015) Volume 3, 187—-193 187
DOI: 10.17138/TGFT(3)187-193

Nutritive value and in situ rumen degradability of Marandu
palisade grass at different locations within the pasture in a silvo-
pastoral system with different babassu palm densities
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Abstract

The objective of this study was to evaluate the nutritive value and in situ rumen degradability of grass collected from
different locations within the pasture in a silvopastoral system with different densities of trees. The silvopastoral system
consisted of Urochloa (syn. Brachiaria) brizantha cv. Marandu and the babassu palm, Orbignya sp. (now: Attaleia
speciosa). We used a completely randomized design with a 3 x 3 factorial arrangement for nutritional value (3 differently
shaded locations and 3 palm tree densities) and a 3 x 3 x 3 factorial arrangement for dry matter (DM) disappearance (3
locations, 3 palm densities and 3 incubation times). There was no effect of location within the pasture nor of palm tree
density on the concentrations of NDF, ADF, lignin, cellulose and hemicellulose. However, location influenced the con-
centrations of crude protein (CP) and DM, with highest CP in material grown in full sunlight. At all densities, DM
disappearance at 96 h for pasture grown in full sunlight exceeded that for pasture grown in full shade. These factors need
to be compounded with the possible depressant effect of trees on DM production of pasture when considering the benefits
of silvopastoral systems.

Resumen

En el estudio se evalud el valor nutritivo y la degradabilidad ruminal (digestibilidad) in situ de Urochloa brizantha (sin.
Brachiaria brizantha) cv. Marandu en un sistema silvopastoril con diferentes densidades de arboles de la palma babasu
(Orbignya sp., ahora: Attaleia speciosa). El disefio experimental para el valor nutritivo de la graminea fue completamente
al azar con arreglo factorial 3 x 3 [3 ubicaciones (sitios de muestreo) dentro del sistema: pleno sol, parcialmente som-
breado y sombra total; y 3 densidades de palma]; y un arreglo factorial 3 x 3 x 3 para degradabilidad de la materia seca
(3 ubicaciones, 3 densidades y 3 tiempos de incubacion: 6, 24 y 96 horas). No se encontraron efectos del sitio de muestreo
dentro del sistema ni de la densidad de las palmas en los porcentajes de NDF (fibra detergente neutro), ADF (fibra
detergente &cido), lignina, celulosa y hemicelulosa. No obstante el sitio de muestreo dentro del sistema influyé en las
concentraciones de proteina cruda (PC) y materia seca (MS), siendo mas alta la PC en la graminea que crecié a pleno
sol. En todas las densidades, la degradabilidad de la MS a 96 horas para la graminea a plena luz fue mas alta que a la
sombra total. Al considerarse los beneficios de los sistemas silvopastoriles, estos aspectos de valor nutritivo deben ser
tenidos en cuenta, junto con un posible efecto negativo de los arboles en la produccién de MS del pasto.
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Introduction

In Brazil, pasture consisting mostly of tropical grasses, is
the main inexpensive feed source for ruminants that are
able to convert fibrous biomass, which is of no nutritional
value to humans, into valuable animal protein. Whereas
livestock production takes place mainly in pasture-only
systems, there is increasing interest in systems that
include a crop and/or tree component (Paciullo et al.
2007).

Maranhdo State, particularly, has a huge diversity of
vegetation, ranging from Cerrado (center, south and east
of the state) to Amazonian vegetation in the west. Despite
this variability of vegetation, the native palm tree, babassu
(Orbignya sp., now Attaleia speciosa), occurs in 80% of
the state and has immense economic and social im-
portance through the byproducts it yields (Matos et al.
2010).

Silvopastoral systems are common, where there is the
intentional combination of trees, pasture and cattle, all
managed in an integrated manner (Embrapa 2011). In this
system, it is essential to understand the interactions of an-
imals, forage plants and trees, aiming to plan intercrop-
ping to minimize the negative effects and enhance the
gains related to the specific interactions of the various fac-
tors in the system (Andrade et al. 2001, 2004; Aradjo et
al. 2013). With respect to grazing in silvopastoral sys-
tems, Castro et al. (1999) emphasized the need for more
information on the main tropical grasses such as Brachi-
aria, as chemical composition and digestibility are af-
fected by low light.

In this context, knowledge of the nutritive value and
digestibility of the forage at different locations within the
pasture in silvopastoral systems with babassu palm can
provide the basis for developing management strategies
to increase animal production. Thus, the present study
aimed to evaluate the nutritive value and in situ digesti-
bility of Marandu grass at different locations within the
pasture in a silvopastoral system. Given the economic and
social importance of the native babassu palm in the region
(Matos et al. 2010), we took advantage of availability of
experimental paddocks with different tree densities to fur-
thermore consider any additional effects, such as from
competition for nutrients, soil moisture etc., on pasture
quality.

Materials and Methods
Study site

The study was conducted at the Agua Viva Farm, in the
municipality of Matinha, Maranh&o State (02°59'35" S,

45°06'25" W). The pasture species was Brachiaria bri-
zantha (now: Urochloa brizantha) cv. Marandu and the
tree species was the babassu palm, Orbignya sp. (now:
Attaleia speciosa). This grass-tree system was already es-
tablished on the property and was under grazing. The
grass was collected from exclusion cages.

In the rainy period of 2012 (March-July), the pasture
was mowed before application of dolomitic limestone
(1 t/ha) and fertilization with nitrogen as urea (60 kg
N/ha) and phosphorus as superphosphate (12 kg P/ha).

Experimental setup

Treatments consisted of 3 densities of babassu palm per
hectare (low, medium and high; LDP, MDP and HDP)
corresponding with 39, 72 and 92 trees per hectare, re-
spectively, and 3 locations within the pasture: no interfer-
ence from palm tree shade (full sunlight, WIS), interme-
diate positioning between unshaded and shaded locations
(partial sun, MID) and under the palm trees in full shade
(full shade, IWS), in a 3 x 3 factorial arrangement with 3
replications in a randomized design. For dry matter disap-
pearance (DDM), we used a completely randomized de-
sign with a 3 x 3 x 3 factorial arrangement (3 densities of
palm trees, 3 sampling sites and 3 incubation times).

The shaded (IWS) area was the area around the palm
tree, i.e. the exclusion cage (0.5 x 0.5 m) was placed next
to the base of the palm tree; in the MID area, at some point
in the day the palm tree shadow was projected onto the
exclusion cage; and at full sun (WIS), at no time was the
palm tree shadow projected onto the exclusion cage.

Measurements

At the beginning of the experiment, pastures had an
average height of 60 cm. Samples were collected from
28-day-old regrowth by cutting the grass to 5 cm above
ground level, within exclusion cages placed at 28-day
intervals in the paddocks according to the particular
treatment, when the cages were relocated to a new
spot. Samples were collected during the dry period of
2012 (November 2012—-January 2013). Samples of each
treatment were mixed and chemical analyses conducted.
Data presented result from the average of the
experimental period.

Samples were pooled in their respective treatments
for chemical analysis. In the laboratory, samples were
weighed and oven-dried at 55 °C to constant weight.
Afterwards, samples were ground in a Wiley mill

www.tropicalgrasslands.info



http://www.tropicalgrasslands.info/

for determination of concentration of dry matter (DM),
neutral detergent fiber (NDF), acid detergent fiber
(ADF), lignin, crude protein (CP), cellulose
and hemicellulose, according to Silva and Queiroz
(2002).

For in situ degradability, and following the sugges-
tions of Tomich and Sampaio (2004), one male sheep,
castrated and cannulated in the rumen, with an average
body weight of 60 kg, was fed the forage and mineral salt,
with water ad libitum. Incubation times used were: 6, 24
and 96 hours, according to the methodology of Sampaio
et al. (1995). For each incubation time, 18 nylon bags
(each with 5 g of ground sample material) were inserted
in the rumen, representing the 3 tree densities x 3 loca-
tions x 2 replications. Bags for the various incubation
times were inserted progressively at the appropriate times
and all were removed at the same time. Bags were 14 X
19 cm, with 50 um porosity. After the incubation periods,
bags were removed and immediately washed, oven-dried
at 50 °C for 48 h, weighed and the residue analyzed for
DM, CP, NDF and ADF (Silva and Queiroz 2002).

In order to determine the loss of material at time
zero, bags containing samples were washed in cold
water. After washing, the bags were subjected to the same
procedures as incubated bags. In situ rumen
degradability (“digestibility””) was measured as percent-
age of dry matter disappearance (DDM), calculated over
each time interval by the proportion of forage that disap-
peared from the bags after incubation in the rumen.

To evaluate the parameters of DDM, we used the
Brody model according to the equation of Orskov and
McDonald (1979), modified by Sampaio (1988):

%Deg DM = A - Bexp (-c*Time)
where:

A = potential degradability of the forage, without time

for colonization, i.e. if the Deg% at time zero was 0%;

B = percentage of degraded material deposited in the

rumen without time for colonization; and

¢ = degradation rate constant of the material remaining

in the rumen at any incubation time.

Effective DM degradability (DE) was calculated as-
suming 3 ruminal passage rates (2, 5 and 8%/h) through
the equation described by Orskov and McDonald (1979):

DE = a' + (b™c/c+k)
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where:

a' = % disappearance at time zero (mean);
b'=A-a;
¢ = degradation rate constant; and k = passage rate.

Statistical analysis

Data were first subjected to normality (Cramér-von Mises
test) and homogeneity of variances (Levene test). Data
met the assumptions and were subjected to analysis of
variance. Statistical analyses were run considering a sig-
nificance level of 5%, using the GLM procedure of SAS
9.0 (2002).

Results

The chemical composition of forage samples is shown
in Table 1. Location within the pasture and palm density
had no significant (P>0.05) effects on NDF, ADF, lignin,
cellulose and hemicellulose concentrations in the forage.
Regarding CP, the only significant effect was that of
location (P<0.05): regardless of palm tree density, pasture
grown in full sunlight (WIS) showed the highest CP
concentration and that in full shade (IWS) the
lowest.

Significant interactions were detected between density
of palm trees and location within the pasture (P<0.05) for
DM percentage in forage. In general, pasture grown in full
shade had higher DM concentration than that grown in ei-
ther partial sun or full sunlight (P<0.05). For pasture
grown in partial sun, the DM concentration was higher at
the highest palm density (P<0.05).

At all densities of palm trees in the pasture and loca-
tions within the pasture, DDM increased progressively
with time (P<0.05) (Table 2). This result is associated
with the time necessary for the attachment of ruminal mi-
croorganisms to fiber particles in the rumen and for diges-
tion to commence.

At each time of incubation and for each location in the
pasture, DDM increased as the density of trees increased.
However, the differences were inconsistent across treat-
ments, being significant (P<0.05) only for WIS at 6 h in-
cubation, IWS at 24 h and MID at 96 h (Table 2). In situ
rumen degradability (Table 3) of all variables had a coef-
ficient of determination (R?) above 93%, which indicates
that the non-linear model used by Sampaio et al. (1995)
has satisfactorily fitted the data for DDM.
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Table 1. Chemical composition (% DM) of Marandu palisade grass grown at different locations (WIS — full sunlight; MID —
intermediate location between shade and sun; and IWS — full shade) within the pasture in silvopastoral systems with different den-
sities of babassu palm (LDP — low; MDP — medium; and HDP — high).

Nutritive value Location Density of babassu palms cv P-value P-value P-value
LDP MDP HDP (%)  Location Density  Location x
Density
Neutral detergent fiber (NDF) 2.97 0.62 0.23 0.29
WIS 75.5 71.1 75.0
MID 74.4 72.6 73.1
IWS 72.4 73.3 72.9
Acid detergent fiber (ADF) 4.69 0.59 0.44 0.92
WIS 61.3 59.2 59.9
MID 60.8 57.8 58.9
IWS 58.9 58.9 58.7
Lignin 17.70 0.91 0.25 0.55
WIS 7.83 6.60 8.21
MID 7.84 6.63 8.18
IWS 7.94 7.91 7.30
Cellulose 5.23 0.82 0.40 0.99
WIS 534 51.8 51.7
MID 53.0 51.5 514
IWS 52.3 50.9 50.7
Hemicellulose 11.58 0.86 0.57 0.24
WIS 14.3 12.0 15.0
MID 13.6 14.8 14.2
IWS 13.5 14.4 14.8
Crude protein 11.08 <0.0001 0.14 0.99
WIS 5.54Aal 5.98Aa 5.83Aa
MID 4.67Aab 5.25Aab 4.96Aab
IWS 3.94Ab  452Ab  4.08Ab
Dry matter (% fresh weight) 16.28 <0.0001 0.04 0.02
WIS 348Ab  30.8Ab  37.9Ab
MID 38.7Bb 31.2Bb 52.4Aa
IWS 58.4Aa 56.9Aa 56.9Aa

'Means within rows followed by the same upper-case letter, and within columns followed by the same lower-case letter are not
significantly different by Duncan's test at 5% probability.

Table 2. Mean values for dry matter disappearance (%) of Marandu palisade grass grown at different locations (WIS — full sunlight;
MID - intermediate location between shade and sun; and IWS — full shade) within the pasture in silvopastoral systems with different
densities of babassu palm (LDP — low; MDP — medium; and HDP — high). CV (%) = 7.78.

Location Density of Incubation time
babassu palms 6h 24 h 96 h

WIS LDP 29.2Cp* 47.7Ba 68.8Aa
MID 32.4Ca 48.3Ba 64.8A8
IWS 29.2Ca 43.3Bp 65.0A0
WIS MDP 35.2Caf 50.7Ba 71.4A0
MID 32.4Ca 49.4Ba 68.3A0p
IWS 31.0Ca 47.5Baf 67.4A0
WIS HDP 36.9Ca 51.9Ba 72.6A0
MID 36.2Ca 51.7Ba 72.6A0
IWS 32.8Ca 51.3Ba 69.1A0

IMeans within rows followed by the same upper-case letter (comparing times of incubation) and within columns followed by the
same Greek letter (comparing densities within location and time of incubation) are not significantly different by Duncan's test at 5%
probability.
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Table 3. Parameters of in situ rumen degradability of dry matter of Marandu palisade grass grown at different locations (WIS — full
sunlight; MID — intermediate location between shade and sun; and IWS — full shade) within the pasture in silvopastoral systems with
different densities of babassu palm (LDP — low; MDP — medium; and HDP — high).

Location Density of babassu Potential Rumen Degradation R? Effective dry matter
palms degradability degradable rate constant degradability (DE) for
(A) fraction (B) (c) passage rates (%/h) of:
2% 5% 8%
WIS LDP 71.4 78.5 3.8 98.8 52.5 40.2 34.2
MID 66.7 73.0 4.7 98.3 51.3 40.1 34.2
IWS 70.3 72.7 2.7 98.6 504 40.0 35.4
WIS MDP 71.8 56.4 25 97.8 46.4 33.7 28.2
MID 75.2 62.0 24 98.4 57.1 50.0 47.2
IWS 74.3 63.2 1.9 98.4 47.2 33.6 27.8
WIS HDP 74.6 60.2 2.9 98.3 49.0 34.9 285
MID 72.8 60.9 3.2 98.2 51.5 39.0 33.2
IWS 71.4 64.6 3.6 98.2 50.8 37.9 31.7

Discussion This was evidenced by the highest DM content of pasture

Location (sampling site) within the silvopastoral systems
containing different densities of palm trees showed little
influence on the nutritive value of Marandu palisade
grass, except for crude protein concentration. In spite of
the young age of the samples (28 d), all pasture produced
had unexpectedly low CP concentration (3.9-6.0%)
which was possibly influenced by the dry season. Pasture
grown in full sunlight was of higher quality than that
grown in full shade (5.8 vs. 4.2% CP, P<0.05). These
values are lower than the level of 7% recommended for
appropriate rumen fermentation. Azar (2011) evaluated
the nutritional value of Marandu palisade grass in a
silvopastoral system and observed a higher CP
concentration in pasture in full sunlight grown in associa-
tion with trees than in grass grown in a monoculture, in
both rainy and dry periods. The pastures in that study were
irrigated during the dry season. This suggests that recy-
cling of nutrients by the trees might have made more nu-
trients available to the pasture. However, Paciullo et al.
(2007), working with B. decumbens, in conditions of full
sun and shade, found no interaction between light condi-
tion and the chemical composition of the plant.
Comepetition for moisture and nutrients between the
pasture and palm trees would have played a part in
production, especially during the dry season. During this
time pasture around the babassu palms had the appearance
of standing hay, indicating stress being experienced by
the grass. The results point to the great competitive
strength of babassu palm, because it occupies the same
underground niche, exploring the same resources as the
grass, and thus enters into direct competition with pasture.

in fully shaded positions.

We could find no general consensus in the literature on
the effect of shading in relation to the nutritional value of
tropical forages. However, some Brazilian reports dealing
with Marandu grass agree that there is no major shade ef-
fect: Reis et al. (2013) evaluated the influence of nitrogen
fertilization and artificial shading on chemical variables
of Marandu grass and also found no effect of shading on
the NDF concentration. Similar results were achieved by
Lacerda et al. (2009) and Reis et al. (2011) in pastures of
gamba grass (Andropogon gayanus) and Marandu with
natural shading, respectively.

According to Van Soest (1965), concentrations of
NDF above 55% may negatively influence voluntary in-
take and thus impair animal performance. Pasture from all
locations in our study had NDF levels above 70%, indi-
cating that voluntary intake would be affected and supple-
ments would need to be fed in conjunction with the forage
to achieve good animal performance.

Reis et al. (2013) found that shading and nitrogen fer-
tilization caused a reduction in ADF concentration. In
contrast, Sousa et al. (2010) registered the opposite result,
with values for ADF being higher in shaded areas due to
stem elongation and greater height of the canopy.

There is no consensus on the effect of shading on the
lignin content in forages. Plants grown in shade tend to
have higher lignin content compared with those experi-
encing no restriction of light, but shaded plants have
lower physiological age, which can result in lower levels
of lignin (Reis et al. 2013).

It is noteworthy that there was no significant effect of
babassu palm density on any of the nutritive value factors
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analyzed, except for DM %. Apparently there were no
major competitive effects.

Moreira et al. (2009) examined the in situ dry matter
degradability of Marandu grass harvested from 2 silvo-
pastoral systems containing the trees, Zeyheria tubercu-
losa and Myracrodruon urundeuva, in Cerrado and found
no difference in DDM between forage grown in the shade
of these trees and that grown in grass monoculture. The
values we found for DDM at 96 hours digestion were sim-
ilar to the 75.5 and 74.4% reported by Castro et al. (2009)
for B. brizantha cv. Marandu harvested at 28 and 56 days
of age, respectively. Similarly, Rodrigues et al. (2004)
studied 3 accessions of B. brizantha aged 21 and 42 days
and found average values for DM degradation of 77.4 and
76.3%, respectively.

Furthermore, for all situations the effective degradabil-
ity values tended to decrease with the increase in passage
rate. This would be due to the effects on action of ruminal
microorganisms, which is affected by the time spent in the
rumen, since the slower the passage rate of this fibrous
material through the rumen the greater the action of mi-
croorganisms, thereby influencing the effective digestibil-
ity.

The effective degradability (DE) values of DM for the
passage rate of 2%/h were lower than those reported by
Rodrigues et al. (2004), who worked with 3 accessions of
B. brizantha harvested at 21 days of age and found a DE
around 56.7%, similar to the values reported by Moreira
et al. (2009) with Marandu palisade grass grown in
silvopastoral systems.

For the 5%/h passage rate, DE values of DM registered
in our experiment were higher than those obtained by
Moreira et al. (2009) for Marandu (34.9-37%) and lower
than those reported by Castro et al. (2009) when working
with B. brizantha harvested at 28 and 56 days of age (46.8
and 43.8%, respectively).

Conclusions

This study has shown that palm density in a silvopastoral
system had little influence on nutritive value of the asso-
ciated Marandu palisade grass, but shade-affected loca-
tions within the system had effects on protein concentra-
tion in the pasture. Since material grown in full sunlight
had higher CP concentrations than that grown in full
shade, forage quality could be expected to decline as trees
matured and spread more shade over the pasture. This ef-
fect would need to be compounded with the reduced DM
production of pasture in a silvopastoral system relative to
monoculture, when assessing the benefits of these sys-
tems.
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Abstract

The aim of the present study was to estimate the genetic diversity within the samples of Mesosetum chaseae from the
Embrapa Pantanal Germplasm Bank (BAG) and assess how they are genetically structured to guide proposals to:
1) identify native forages for further testing to measure their suitability for sowing in conjunction with or as an alterna-
tive to exotic forages, mainly Urochloa humidicola; and 2) improve the species M. chaseae with samples that are
maintained in the BAG. Isozyme a- and (-esterases were analyzed in 10 accessions collected from different locations
in the Nhecolandia sub-region of the Pantanal, and maintained in the BAG. Accessions Al1, which showed the highest
effective number of alleles, and A32 with the highest average values of expected and observed heterozygosity, were
identified as warranting further study as possible options for sowing as pasture forages, as well as for use in recovering
poor and degraded areas in the Pantanal region. A high level of population differentiation was detected among the 10
accessions, indicating that they form genetically structured populations and that all accessions are important samples of
M. chaseae, which should be maintained in the BAG. Crosses between sample plants with the highest genetic distances
are recommended to implement improvement plans with a prospect of broadening the genetic base of the species.

Resumen

El objetivo del estudio fue estimar la diversidad genética entre las muestras de Mesosetum chaseae del Banco de
Germoplasma (BAG) de Embrapa Pantanal y evaluar como estan estructuradas genéticamente con el objeto de guiar
propuestas para: 1) identificar un forraje nativo para estudios de su potencial como especie complementaria o alternati-
va a forrajes exéticos, sobre todo Urochloa humidicola; y 2) mejorar la especie M. chaseae con base en muestras dis-
ponibles en el BAG Pantanal. En un total de 10 muestras recolectadas en diferentes localidades de la subregion
Nhecolandia del Pantanal, se analizaron las isoenzimas o- y B-esterasas. Se identificaron las accesiones Al1l, que mos-
tré el numero efectivo mas alto de alelos; y A32, que presentd los mas altos valores promedio de heterocigosidad espe-
rada y observada, como promisorias para trabajos de investigacion adicionales con el objeto de desarrollar nuevas op-
ciones tanto para pasturas como para recuperar areas degradadas en la region del Pantanal. Se identifico un alto nivel
de diferenciacion poblacional entre las accesiones, lo que indica que las 10 accesiones estudiadas forman poblaciones
genéticamente estructuradas y que todas son muestras importantes de M. chaseae, que por tanto deben ser conservadas
en el Banco de Germoplasma de Embrapa Pantanal. Se recomiendan cruzamientos entre las muestras con las distancias
genéticas més altas para implementar planes de mejoramiento con miras a ampliar la base genética de la especie.
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Introduction

The Pantanal region, located in Mato Grosso do Sul
State (MS), Central Brazilian Plateau, is the largest wet-
land in the world and one of the most diverse nature
reserves on the planet; it is considered as a World Bio-
sphere Reserve and Natural Heritage by UNESCO. This
region is characterized by large pasture fields, with 95%
of its area occupied by extensive cattle farms (Godoi
Filho 1986). While many exotic species have been intro-
duced to increase productivity, little effort has been
made to understand and estimate the potential use of
native species such as the grass Mesosetum chaseae
Luces (Poaceae family). The most widely sown exotic
forage has been the African grass Urochloa humidicola
(syn. Brachiaria humidicola) due to its tolerance of poor
soils, flooding and trampling, resulting in increases in
carrying capacity of the land and farm profitability.
However, monocultures in plant communities often re-
sult because of the exclusive use of this species, com-
bined with its ability to spread in different landscapes of
the Pantanal (Santos et al. 2011). Although scientific
research has shown that the effect of U. humidicola on
plant diversity is influenced by season and topography in
areas experiencing seasonal flooding (Bao et al. 2015),
the situation can be different in flood-free areas with soil
fertility problems, mainly savannas (Pivello et al. 1999),
because few plant species are adapted to such conditions,
mainly native grasses (Santos et al. 2011).

Mesosetum chaseae is an important native forage
plant in the Pantanal region, and is found mainly in
flood-free and temporarily flooded grasslands, showing
habitat plasticity and vegetative propagation in these
environments (Santos et al. 2002; Alvarez et al. 2004). It
is known as "grama-do-cerrado" (grass of the savanna)
and is one of the most prominent forage species owing to
its productivity (Santos 2001), acceptability by animals
(Santos et al. 2002) and drought resistance (Santos et al.
2005). The "grama-do-cerrado” displays good tillering
and grows well on poor soils. As it is prevalent under
extreme climatic conditions (e.g. severe drought), this
species has been considered to have potential for re-
claiming degraded areas in the Pantanal. Annual above-
ground dry matter production of 2,000-3,800 kg/ha has
been recorded under good conditions (Santos et al.
2011), and Pinheiro et al. (2005) showed that M. chaseae
retained forage quality during ripening and could be
used for hay-making.

Studies on quality of seeds, cytogenetics and repro-
duction (Silva et al. 2011; 2012; 2013) represent the few

investments that have been recently made for the
characterization of M. chaseae. In the literature we
found no records of molecular level studies. Investiga-
tions of genetic divergence at the molecular level of this
species, however, are important to guide proposals to:
1) identify native forages for further testing to measure
their suitability for sowing with or as an alternative to
exotic forages, mainly Urochloa humidicola; and
2) implement plans for improvement of M. chaseae with
samples maintained in the Germplasm Bank (Banco
Activo de Germoplasma, BAG) of Embrapa Pantanal
(Empresa Brasileira de Pesquisa Agropecuaria in
Corumbd, MS, Brazil). The current study aimed to make
a start to document the genetic diversity of the species,
and check how the accessions of M. chaseae from the
BAG of Embrapa Pantanal are genetically structured to
guide further testing in the field and future breeding
programs. If suitable accessions can be identified it
could provide a platform for promoting the conservation
of biodiversity in pastures and the sustainability of
native forage resources. Genetic polymorphism in loci
for a- and B-esterase isozymes was analyzed to estimate
genetic diversity and structure of the M. chaseae acces-
sions.

Material and Methods

Samples of M. chaseae were collected from different
locations in Nhecolandia, a sub-region of the Brazilian
Pantanal, and are maintained in the germplasm collec-
tion at Embrapa Pantanal (Figure 1). Table 1 indicates
the original collection sites according to the Universal
Transverse Mercator (UTM) system.

Seeds from each M. chaseae accession were collected
and distributed for germination in 500-mL pots contain-
ing sterile soil. The resulting plants were kept at room
temperature, watered daily and used for the study.
Leaves were collected from 10-30 plants of each acces-
sion; the plants were individually evaluated through
electrophoresis. Leaf pieces (200 mg) from each plant
were homogenized with a glass rod in an Eppendorf
micro-centrifuge tube with the use of 60 pL extraction
solution prepared with 1.0 M phosphate buffer pH 7.0,
containing 5% PVP-40, 1.0 mM EDTA, 0.5% -
mercaptoethanol and 10% glycerol solution and main-
tained in a cold chamber. After homogenization, the
samples were centrifuged at 25,000 rpm (48,200 x g) for
30 min, at 4 °C, in a Juan 23 MRi (Thermo Scientific,
USA) centrifuge, and the supernatant was used for each
sample.

www.tropicalgrasslands.info



http://www.tropicalgrasslands.info/

196 A.C.S. Meirelles et al.

Figure 1. Tillers of Mesosetum chaseae (A) and accessions (B) maintained in the germplasm collection of Embrapa Pantanal,
Nhumirim Farm, Nhecolandia sub-region of the Pantanal (Corumba, MS, Brazil).

Table 1. Accessions of Mesosetum chaseae maintained in the germplasm collection of Embrapa Pantanal, location of the collec-

tion, habitat and geographic coordinates.

Accession Location of the collection Habitat Geographic coordinates
Al Nhumirim Farm wintering area 2 Non-flooded open grassland 19°00'04"S 56°37'09"W
A4 Campo Dora Farm wintering area 10 Seasonally flooded open grassland 18°58'55"S 56°40'55"W
A5 Chatelodo Farm wintering area 10 High open grassland 19°04'37"S 56°40'23"W
A8 Valdir’s Field wintering area 10 Non-flooded savanna 18°56'12"S 56°36'56"W
A9 Valdir’s Field wintering area 10 Edge of woodland 18°56'09"S 56°36'57"W
All Nhumirim Farm Reservation Non-flooded open grassland 18°58'57"S 56°40'55"W
Al7 Nhumirim Farm Reservation Savanna grassland 19°04'26"S 56°40'19"W
A24 Nhumirim Farm Reservation Non-flooded open grassland 18°58'03"S 56°37'36"W
A3l Nhumirim Farm Reservation Savanna grassland 18°5824"S 56°33'21"W
A32 Nhumirim Farm Reservation Non-flooded open grassland 19°00'12"S 56°36'24"W

Polyacrylamide gels (12%) were used to analyze the
esterase isozymes (EST; EC 3.1.1) according to the
method of Frigo et al. (2009). The polyacrylamide gel
was prepared with 0.375 M Tris-HCI, pH 8.8 as buffer.
A 6.2-mL volume of acrylamide/bis-acrylamide solution
(30 g acrylamide and 0.8 g bis-acrylamide dissolved in
100 mL of double-distilled water), 4.0 mL 1.5 M Tris-
HCI, pH 8.0, 6.2 mL double-distilled water, 320 pL
ammonium persulfate 2% and 16 uL TEMED [Tetra-
methylethylenediamine] were used to separate the gel.
The stacking gel was prepared with 3.0 mL acryla-
mide/bis-acrylamide (5 g acrylamide and 0.25 g bis-
acrylamide dissolved in 50 mL double-distilled water),
3.0 mL 0.24 M Tris-HCI, pH 6.8, 30 mL double-distilled
water, 250 pL ammonium persulfate (2%) and 3 pL
TEMED.

The electrophoresis (PAGE, polyacrylamide gel elec-
trophoresis) was performed for 5 h at 4 °C, and a con-
stant voltage of 200 V. The running buffer was 0.125 M
Tris/0.0959 M glycine, pH 8.3.

The esterases were identified through procedures pre-
viously described by Sala et al. (2011). The gels were
soaked for 30 min in 50 mL 0.1 M sodium phosphate,
pH 6.2, at room temperature. Esterase activity was visu-

alized by placing the gels for 1 h in a staining solution
prepared with 50 mL of sodium phosphate solution, 30
mg of B-naphthyl acetate, 40 mg of a-naphthyl acetate,
60 mg of Fast Blue RR salt and 5 mL of N-propanol.
The polyacrylamide gels were dried as described by Sala
et al. (2011), and kept at room temperature for 60 min in
a mixture of 7.5% acetic acid and 10% glycerol embed-
ded in 5% gelatin. They were then placed between 2
sheets of wet cellophane paper stretched on an embroi-
dering hoop and left to dry for 24-48 h.

The genetic variability in the M. chaseae samples was
analyzed with POPGENE 1.32 Computer Software
(Yeh et al. 1999) for the analysis of allele frequencies,
mean observed heterozygosity (Ho) and expected hetero-
zygosity (He) and mean number of alleles per locus (Na),
effective number of alleles per polymorphic locus (Ne),
percentage of polymorphic loci (%P), 4 test for devia-
tion from Hardy-Weinberg equilibrium. The F statistic
of Sewall Wright (Wright 1965), the deficit of heterozy-
gotes (Fis and Fir), and the genetic diversity between
the 10 samples (Fst) were also estimated using
POPGENE 1.32. To explore the hierarchical partitioning
of genetic variation within and among the samples, we
performed an Analysis of Molecular Variance
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(AMOVA, GenAlEx 6.2; Peakall and Smouse 2006).
The genetic identity (Nei 1973) and distances among
the M. chaseae samples were calculated by UPGMA
grouping. Polymorphisms from a/B-esterase loci were
also analyzed using STRUCTURE software 2.0
(Pritchard and Wen 2003), which evaluates the level
of genetic admixture between the 160 M. chaseae plants.
The genotypes were clustered, with the number of
clusters (K) ranging from 2 to 10, and were tested using
the admixture model with a burn-in period of 5,000
repeats followed by 50,000 Markov Chain Monte Carlo
(MCMC) repeats, considering the presence and absence
of alleles across the sample. The true number of popula-
tions (K) is often identified using the maximal value
of A (K) returned by the software. The most probable
number (K) of sub-populations was identified as de-
scribed by Evanno et al. (2005). The display of the
graphical output of the results STRUCTURE was taken
as input data using the STRUCTURE HARVESTER,
a website and software that are used to visualize
STRUCTURE outputs and to implement the Evanno
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method (Earl and von Holdt 2012) to display a graphical
representation.

Results

Native PAGE analysis for esterase isozymes in leaves of
M. chaseae recorded with o-naphthyl acetate and -
naphthylacetate displayed a/p-esterases produced from 4
clearly defined loci and isozymes with undefined poly-
morphism on the fifth locus (Figure 2). The o/p-esterases
were numbered in sequence, starting from the anode,
according to their decreasing negative charge. The num-
ber of loci and alleles were not identified in the case of
esterase isozymes with lesser anodic migration. Three
alleles were detected at the Est-1 locus, 5 alleles at the
Est-2 and Est-3 loci, and 4 alleles at the Est-4 locus from
the leaves of the M. chaseae samples; allele variations
were not clarified for the Est-5 locus. Allele frequencies
were analyzed for Est-1, Est-2, Est-3 and Est-4 loci;
the estimated proportion of polymorphic loci in the
M. chaseae accession is 100%.
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Figure 2. Polymorphism of a- and B-esterases detected in A4 (samples 1-10) and A8 (samples 11-20) accessions of Mesosetum
chaseae produced from 4 esterase loci. Gel A with A4 samples: 1) Est-12, Est-2%3, Est-3'2, Est-4%%; 2) Est-11, Est-2%5, Est-3%4,
Est-4%4; 3) Est-1'2, Est-2%°, Est-3*4, Est-4%*; 4) Est-112, Est-2%5, Est-3%4, Est-4%4; 5) Est-1%?, Est-2%%, Est-3%4, Est-42%; 6) Est-1'72,
Est-2%3, Est-3*4, Est-413; 7) Est-1V2, Est-2%2, Est-3', Est-4%3; 8) Est-122, Est-2%3, Est-3'2, Est-4%4; 9) Est-1'3, Est-2%%, Est-34*,
Est-4%3; 10) Est-1'%, Est-2%3, Est-3%2, Est-4%3. A8 samples: 11) Est-122, Est-233, Est-3'?, Est-4%%; 12) Est-1'1, Est-24%, Est-3%5,
Est-4%3; 13) Est-12, Est-233, Est-3Y1, Est-4%4; 14) Est-1'1, Est-2%4, Est-3%4, Est-4%3; 15) Est-1'1, Est-2%2, Est-3Y1, Est-4%3; 16)
Est-12, Est-2%3, Est-311, Est-4%3; 17) Est-1'2, Est-2%3, Est-323, Est-4%3; 18) Est-1'3, Est-213, Est-3%4, Est-4%3; 19) Est-1'2, Est-
235 Est-3%4, Est-4%4; 20) Est-13, Est-2%2, Est-3'1, Est-423, In B: the possible alleles in each Est-1 (3), Est-2 (5), Est-3 (5) and Est-
4 (4) locus for a- and B-esterases detected in the 10 accessions of M. chaseae.
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A comparison between the diversity parameters in the
10 accessions (Table 2) showed that the number of effec-
tive alleles is higher in A11 (N = 2.7383) than in the
other M. chaseae accessions. The observed and expected
mean heterozygosities were highest in accession A32
(Ho = 0.75; He = 0.5972). Departure from Hardy-
Weinberg equilibrium was observed in 28 of 40 tests
(70%) in 10 accessions, resulting from an excess of het-
erozygous samples at the Est-1, Est-3 and Est-4 loci
(Table 3); the fixation index (Fis) was negative at the
Est-1, Est-3 and Est-4 loci. An excess of heterozygous
plants (Ho>He) occurred in accessions All, Al7, A3l
and A32 (Table 2). The deficit of heterozygous plants
due to inbreeding within sub-populations was only 4.3%
(Fis = 0.0432) (Table 3).

A relatively high level of population differenti-
ation was detected among the M. chaseae accessions
(Fsr = 0.1693), which suggests that the 10 accessions
form genetically structured populations (Table 3). The
gene flow estimate calculated from Fs; (Nm) was also
high (Nm = 1.2270) for the alleles from Est-1, Est-2,
Est-3 and Est-4 loci. The UPGMA dendrogram obtained
from the cluster analysis of Nei’s (1978) unbiased genet-
ic distance (Figure 3) reveals the formation of 2 main
groups: 1 larger group was formed by 2 sub-groups

comprising: i) accessions Al, A4, A5, A8 and A9, and
ii) accessions All and Al7; and the second group
comprising accessions A31 and A32. Accession A24
formed an isolated group. Nei’s identity (I) values
ranged from 0.4839 (between accessions A9 and All) to
0.9837 (between accessions A4 and A5) (Table 4).
AMOVA showed higher genetic variation within (73%;
Sum of Squares = 334,556; Variance Components =
2.23) than among (27%; Sum of Squares = 138,475;
Variance Components = 0.834) the M. chaseae acces-
sions.

The correlation between the genetic distance matrix
and the cophenetic matrix calculated by the Mantel test
(Rohlf 1989) was low (r> = 0.004 for 1,000 permuta-
tions), indicating that the level of genetic differentiation
between frequencies of alleles in the Est-1, Est-2, Est-3
and Est-4 loci of the plants from the 10 M. chaseae ac-
cessions was not related to the geographical distance
separating the plants.

The clustering of the 160 plants from 10 accessions
according to a model-based Bayesian algorithm is shown
in Figure 4. Each bar in the graph represents a plant and
its inferred proportion of allele admixture. The colors
represent 3 different clusters corresponding to differen-
tial allele proportions in each plant.

Table 2. Number of alleles (N,) and number of effective alleles (N¢) per polymorphic locus, mean observed heterozygosity (Ho)
and expected heterozygosity (He), and % of polymorphic o/B-esterase loci in the plants of 10 accessions of Mesosetum chaseae

maintained in the germplasm collection of Embrapa Pantanal.

Accession N Na Ne Ho He P%
Al 10 3.00 2.3837 0.5000 0.5188 100
A4 10 3.25 2.1450 0.4500 0.5150 100
A5 10 3.75 2.1900 0.4667 0.5004 100
A8 10 2.00 2.0983 0.4000 0.5075 100
A9 26 3.25 2.1605 0.3077 0.3937 75

All 20 3.50 2.7383 0.5750 0.5394 100
Al7 20 3.25 2.1799 0.5500 0.5151 100
A24 14 3.00 2.4541 0.3750 0.5364 100
A31 20 3.50 2.1843 0.5125 0.5000 100
A32 20 3.25 2.5453 0.7500 0.5972 100

Table 3. Number of alleles (Na), number of effective alleles (N.), mean observed heterozygosity (Ho) and expected heterozygosity
(He) at Est-1, Est-2, Est-3 and Est-4 loci, fixation coefficients F (Fis, Fir, Fsr; Wright 1965) and gene flow (Nm), in plants of 10

accessions of Mesosetum chaseae.

Locus N Na Ne Ho He Fis Fr Fer Nm*

Est-1 160 3.00 2.3311 0.3937 0.5753 -0.0409 0.2549 0.2842 0.6297
Est-2 159 5.00 4.2614 0.3648 0.7653 0.4744 0.5429 0.1314 1.6675
Est-3 159 5.00 2.9681 0.7484 0.6631 -0.2155 -0.0798 0.1117 1.9885
Est-4 160 4.00 1.8492 0.4750 0.4592 -0.2164 -0.0048 0.1740 1.1872
Mean 160 4.25 2.8525 0.4955 0.6147 0.0432 0.2052 0.1693 1.2270

*Nm = Gene flow [Fst = 1/(4ANm+1)]
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Figure 3. Similarity among the 10 accessions of Mesosetum chaseae from the Nhecolandia sub-region maintained in the
germplasm collection of Embrapa Pantanal, based on UPGMA cluster analysis (Nei 1978) of the allele polymorphism at Est-1,
Est-2, Est-3 and Est-4 loci.

Table 4. Dendrogram-based Nei's (1978) genetic distance: Nei's genetic identity (above diagonal) and genetic distance (below

diagonal).

Al A4 A5 A8 A9 All Al7 A24 A3l A32
Al 0.9391 0.9561 0.6756 0.8837 0.6069 0.8927 0.8602 0.9155 0.8393
A4 0.0628 0.9837 0.7030 0.9333 0.6234 0.9053 0.8489 0.9085 0.7195
A5 0.0449  0.0165 0.7931 0.8590 0.7105 0.8929 0.8143 0.9212 0.7885
A8 03922  0.3524 0.2318 0.5313 0.7450 0.7126 0.6096 0.6905 0.5621
A9  0.1236  0.0690 0.1520 0.6324 0.4839 0.8135 0.9207 0.8456 0.6898
A1l 0.4993  0.4726 0.3418 0.2944 0.7260 0.8063 0.5026 0.8118 0.6542
Al17 0.1135  0.0995 0.1133 0.3388 0.2064 0.2153 0.7174 0.9774 0.6611
A24 0.1506  0.1638 0.2055 0.4950 0.0827 0.6879 0.3321 0.7394 0.7660
A31 0.0883  0.0960 0.0820 0.3704 0.1677 0.2085 0.0229 0.3019 0.7442

A32 0.1752  0.3293 0.2376 0.5760 0.3714 0.4243 0.4139 0.2665 0.2954
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Figure 4. Bar plot-like population structure, based on polymorphism at the Est-1, Est-2, Est-3 and Est-4 loci for 10 accessions
(AL, A4, A5, A8, All, Al7, A24, A3l and A32) of Mesosetum chaseae from the Nhecolandia sub-region maintained in the
germplasm collection of Embrapa Pantanal within the K clusters. Each plant is represented by a single vertical bar broken in K
colored segments (K = 3), with lengths proportional to each of the K inferred clusters. Each color represents the proportion of
fragments for each individual, represented by a vertical bar.
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Table 5. Proportion of the plants from 10 accessions of Mesosetum chaseae from the Nhecolandia sub-region maintained in the
germplasm collection of Embrapa Pantanal in each group (K = 3), and number of plants per accession.

Accession Group Number of plants
Red Green Blue
Al 0.147 0.509 0.344 10
Ad 0.261 0.255 0.484 10
A5 0.276 0.347 0.377 10
A8 0.835 0.120 0.046 10
A9 0.104 0.350 0.546 26
All 0.720 0.110 0.170 20
Al7 0.393 0.092 0.515 20
A24 0.296 0.492 0.275 14
A3l 0.143 0.246 0.611 20
A32 0.081 0.788 0.132 20

The optimal K value determined by Bayesian analysis
indicated that the plants were grouped into 3 clusters
(AK2 = 0.00; AK3 = 33.7349; AK4 = 0.72333; AKS5 =
1.7489; AK6 = 1.1321; AK7 = 1.5338; AK8 = 10.4170;
AK9 = 0.1642; AK10 = 0.00). The bar plot obtained for
the K value (K = 3; AK = 33.7349), and the results were
consistent with the evidence of plants with a mixture of
ancestral genome of either 2 or 3 groups, and plants with
genome predominantly of 1 of the groups. At least 78%
of the plants from accession A32 were in the green clus-
ter and at least 72% of the plants of accessions A8 and
A1l were in the red cluster. Plants from accessions Al,
A9 and A31 contain predominantly a mixture of genome
of the ancestral groups blue and green, those in Al7 a
mixture of ancestral groups blue and red and those in
A4, A5 and A24 a mixture of genome of the groups
blue, green and red (Table 5).

Bayesian analysis indicated that the most probable
number of sub-populations is 3 in the M. chaseae acces-
sions from the Nhecolandia sub-region kept in the
germplasm collection at Embrapa Pantanal. In accession
A32 there are predominantly plants ascending from one
sub-population (green cluster), in accessions A8 and
Al1l there are predominantly plants ascending from an-
other sub-population (red cluster), while in accessions
A4, A5 and A24 there are plants ascending from the 3
sub-populations.

Discussion

The expected heterozygosity in Est-1, Est-2, Est-3 and
Est-4 loci of M. chaseae ranged between 0.3937 and
0.6013 (plants from accessions A9 and A32). The mean
He value (0.6153) of the plants from 10 accessions dis-
tributed across the Nhecolandia sub-region was high.
Accession All, showing the highest effective number of

alleles (Ne = 2.7383), and A32 the highest value of mean
expected and observed heterozygosity (He = 0.5972; H,
= 0.7500) present the highest genetic diversity. Acces-
sions A1l and A32 may be, therefore, recommended for
crossings to enlarge the genetic basis of M. chaseae in
future breeding programs. In addition, these accessions
should be planted in a range of environments to deter-
mine their suitability for increasing pasture areas planted
to native species, as well as for recovering poor and de-
graded areas in the Pantanal region. Allendorf and
Luikart (2007) suggested that the level of heterozygosity
is an important indicator of the amount of adaptive ge-
netic variation in a plant population. High heterozygosity
implies a high chance for divergent selection. Popula-
tions with high heterozygosity may have been derived
through different selective pressures throughout their
geographical distribution and may persist under climatic
or seasonal changes that may eliminate other popula-
tions. Studies of phenotypic characteristics in some sam-
ples of M. chaseae showed that accession All stands out
for the large number of green leaves and a larger number
of emerging leaves (Santos et al. 2007). High heterozy-
gosity and production of green leaves are important fea-
tures supporting the potential use of A1l for expansion
of pastures and restoration of degraded areas, provided
that it also has other desirable attributes such as high
nutritional value, and adaptation to drought, misman-
agement, disease and insect pests, which are yet to be
evaluated.

High genetic diversity (H:>0.50) was also detected in
accessions Al, A4, A5, A8, Al7, A24 and A31, indicat-
ing that these samples may have potential for use in
breeding programs and warrant further study. High het-
erozygosity would indicate that the plant is likely to
have a substantial amount of genetic variation to with-
stand different selective pressures. An excess of hetero-
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zygous plants (Ho>H.) was observed in accessions All,
Al17, A31 and A32. The deficit of heterozygotes (Ho<He)
was higher in A24 than in Al, A4, A5 A8 and A9.
Higher density and productivity, excellent coverage with
a higher number of tillers/m?, and fewer dry leaves have
been described as phenotypic characteristics for acces-
sions A5, A9 and A24 (Santos et al. 2007).

Analyses of the genetic divergence among all 10 ac-
cessions showed a global value (Fst) of 0.1693. Accord-
ing to Wright (1978), values of Fstranging from 0.15 to
0.25 indicate high genetic differentiation between popu-
lations. On the other hand, the estimated mean level of
genetic divergence among populations for Poaceae is
higher than 0.20 (Hamrick and Godt 1996). Thus, in the
case of M. chaseae, an outcrossing grass (Silva et al.
2013), the genetic differentiation among accessions may
be considered as moderate

The genetic structure observed in the accessions of
M. chaseae is also evident in the bar plot clustering of
the 160 plants from the 10 accessions showing 3 sub-
populations. The 3 probable sub-populations indicated
by Bayesian analysis seem not associated with the origi-
nal habitat of each accession. Plants of the green group
(accession A32) originated from areas of non-flooded
grassland and open grassland areas, while plants of the
blue group originated from savanna (accessions A17 and
A31) and the edge of the cordillera (accession A9). The
genetically structured populations showing genetic di-
versity are all important samples of M. chaseae, which
should be maintained in the Germplasm Bank of Em-
brapa Pantanal.

Despite the genetic structure observed in the acces-
sions of M. chaseae, the analysis of polymorphic o/p-
esterase loci has indicated a significant gene flow (Nm =
1.2265) between the plants of the 10 accessions, suggest-
ing the occurrence of outcrossing between the samples
(Govindaraju 1989). The Bayesian analysis showed
a mixture of plants of 3 (green, blue and red) clusters
in the 10 accessions. The reproductive system in
M. chaseae may be the main vector for the suggestive
exchange of alleles. In M. chaseae, reproduction (tested
in protected flowers) indicated allogamy (Silva et al.
2013). In addition, the high gene flow may be explained
by a mixture of samples among accessions due to the
dispersion of seeds that may occur in certain areas ex-
posed to occasional flooding periods.

The genetically structured accessions of M. chaseae
showing high genetic diversity are according to their
wide distribution in the Pantanal region, their habitat
plasticity and vegetative development in these environ-
ments as shown by Santos et al. (2002) and Alvarez et

al. (2004). Mesosetum chaseae specimens had a remark-
ably high number of alleles per locus and greater genetic
diversity than those reported within populations of other
grasses (Godt and Hamrick 1998). The combinations of
characteristics such as: tropical region, regional range,
perennial life form, sexual mode of reproduction, out-
crossing breeding system, and seed dispersal mecha-
nism, may explain the great genetic diversity in samples
of M. chaseae. The low number of loci analyzed and the
high genetic diversity generally ascribed to the esterase
isozymes may also explain the high genetic diversity
observed in our study compared with other grasses (Godt
and Hamrick 1998).

In Eragrostis curvula, a valuable native forage grass
in Africa, the esterase pattern proved useful as an
additional criterion for identifying the individual taxa
making up the so-called Eragrostis curvula complex
(E. curvula, E. conferta, E. robusta, E. chloromelas and
E. lehmanniana) and for evaluating their reciprocal rela-
tionships (Poverene and Curvetto 1989). Isozymes
(including esterases) were used for genetic characteriza-
tion of different samples of elephant grass (Pennisetum
purpureum), a species of forage widely distributed in
Brazil after its introduction to the country (Daher et al.
1997), although the values for heterozygosity were not
presented. When the isozymes a- and p-esterase were
used to analyze the forages Brachiaria brizantha (now:
Urochloa brizantha), B. plantaginea, B. humidicola and
B decumbens (now: U. plantaginea, U. humidicola and
U. decumbens, respectively), a clear distinction between
the 4 species was possible (Martins et al. 1999). Using
the esterase system also made it possible to identify
quickly and accurately the patterns of 7 cultivars of ele-
phant grass (Pennisetum purpureum) and their hybrids
with Pearl millet (P. americanum) from the germplasm
bank of elephant grass (Freitas et al. 2000).

Higher genetic variability within than between sam-
ples also has been described for other forage species of
the Poaceae family such as Bromus auleticus, using iso-
zymes (esterases and peroxidases) and random amplified
polymorphism of DNA (YYanaka et al. 2005). Since the
year 2000, besides isozymes, DNA markers have also
been used as tools to investigate the genetic diversity in
forages. Stylosanthes macrocephala, a tropical forage
legume native to Brazil, showed high polymorphism of
random amplified DNA segments (RAPD), but the lev-
els of heterozygosity and genetic divergence among
accessions (Fsr) were not reported (Barros et al. 2005).
Recently, the characterization of microsatellite markers
in the grass, Paspalum atratum, has been considered a
potential and promising tool for genetic diversity studies
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of Paspalum species (Cidade et al. 2010). Association of
Single-Nucleotide Polymorphism markers with candi-
date genes in mapping of forage quality traits in perenni-
al ryegrass was reported in Gill et al. (2012).

Estimates of heterozygosity are important indicators
of the adaptive potential of populations for increasing
grazing areas, and also for investigations for improve-
ment of the species. Plants showing characteristics of
interest (e.g. resistance to drought, greater leaf weight,
early development) and high levels of heterozygosity are
promising sources of inbred lines for breeding programs.
As the levels of heterozygosity of the 10 accessions of
M. chaseae have been estimated in our study, identifica-
tion of features of interest for each sample would be
necessary before mounting a breeding program for the
species. The values of genetic identity (Nei 1973) and
distances between the accessions estimated in our study
(Table 4) are important information to assist in formulat-
ing a breeding program for the species. Crosses between
accessions with the highest genetic distances (A9 and
All: 0.7260; A8 and A9: 0.6324; and A8 and A32:
0.5760) would broaden the genetic base of the species.
Only 10 combinations among the accessions (Al and
A4, Al and A5, Al and A31, A4 and A5, A4 and A9,
A4 and Al7, A4 and A31, A5 and A31, A9 and A24
and A17 and A31) showed a very high level of genetic
identity (I>0.90). Lower levels of genetic identity have
been reported for other forage species: 0.0 to 0.857 and
0.2916 to 0.7142 in samples of Pennisetum purpureum
(Daher et al. 1997; Freitas et al. 2000), and 0.0 to 0.50 in
16 samples of Bromus auleticus (Yanaka et al. 2005).

Analysis of the genetic polymorphism in loci for a-
and P-esterase isozymes of M. chaseae accessions kept
in the Germplasm Bank of Embrapa Pantanal was im-
portant for selecting accessions for further testing to
determine their potential for use in recovering degraded
areas, and for sowing as grazing pasture areas in the
Pantanal region. The study has shown that, although the
accessions presented a very high level of genetic identity
(I>0.90), the samples form genetically structured popula-
tions (0.15<Fst<0.25). Field testing of accessions in a
range of environments is warranted to determine if they
possess other desirable attributes, e.g. persistence,
drought-tolerance, high nutritive value, and disease- and
pest-resistance, before they could be recommended for
widespread sowing. Since there were no identical sam-
ples, all should be maintained in the Germplasm Bank of
Embrapa Pantanal. Crossing plants from accessions with
the highest genetic distances is recommended for the
improvement of this species, with the prospect of broad-

ening the genetic base and opening possibilities for the
emergence of new characteristics of interest.
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