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Abstract

Improving the yield and quality of sorghum (Sorghum bicolor) forage for livestock feeding is a major breeding objective,
because of sorghum’s inherently high biomass accumulation, high productivity per unit water utilized and its ability to
produce a ratoon crop after harvesting of the plant crop. Newly bred sorghum lines, including 36 lines falling in 5
different categories, i.e. 12 experimental dual-purpose lines, 6 germplasm accessions from the ICRISAT collection, 11
commercial varieties and hybrids, 6 forage varieties and 1 bmr mutant line, were evaluated in terms of fodder vyield,
quality and ratooning ability. The main crop produced more dry biomass (P<0.05) at 80 days after planting (mean 22.87
t DM/ha; range 17.32-33.82 t DM/ha) than the ratoon crop (mean 8.47 t DM/ha; range 3.2-17.42 t DM/ha) after a further
80 days of growth. Mean nitrogen concentration in forage did not differ greatly between main and ratoon crops (2.56
vs. 2.40%, respectively) but there was wide variation between lines (2.06-2.89%). The line N 610 recorded highest N
percentage of 2.89%, followed by SSG 59 3 (2.86%) and SX 17 (2.81%). Highest acid detergent fiber % was recorded
by ICSV 12008 (42.1%), closely followed by CO 31 and IS 34638 (40.0%). The least acid detergent lignin % was
observed in MLSH-296 Gold (3.59%), ICSV 700 (3.75%) and ICSSH 28 (3.83%). Metabolizable energy concentration
was highest in N 610, Phule Yashodha and SX 17 (mean 8.34 MJ/kg DM), while in vitro organic matter digestibility
ranged from 52.5 to 62.6%. The main crop contained much higher mean concentrations of the cyanogenic glycoside,
dhurrin, than the ratoon (639 vs. 233 ppm, respectively) with ranges of 38 to 2,298 ppm and 7 to 767 ppm, respectively.
There was no significant correlation between dhurrin concentration and dry biomass yield so breeding and selection for
low dhurrin concentrations should not jeopardize yields. Hence, breeding for sorghum can target simultaneously both
quality and biomass improvement.

Keywords: Cyanogenic glycoside, digestibility, dry biomass production, fodder quality, tillering ability.

Resumen

Mejorar el rendimiento y la calidad del forraje para la alimentacion del ganado es un objetivo importante de
fitomejoramiento en sorgo (Sorghum bicolor), debido al alto potencial de la especie para acumular biomasa, su alta
productividad por unidad de agua utilizada y su capacidad de rebrotar después de la primera cosecha. En un experimento
de campo en Patancheru, India, fueron evaluadas por rendimiento de forraje, calidad nutritiva y capacidad de rebrote 36
lineas nuevas de sorgo de 5 categorias diferentes: 12 lineas experimentales de doble propdsito (grano, forraje); 6
accesiones de germoplasma de la coleccion del ICRISAT; 11 variedades e hibridos comerciales; 6 variedades forrajeras;
y 1 linea de mutante bmr. En la primera cosecha, realizada 80 dias después de la siembra, la produccion promedio de
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MS fue de 22.87 t/ha, con un rango de 17.32-33.82 t/ha), mientras que en la segunda, realizada 80 dias después de la
primera, disminuyd (P <0.05) alcanzando un promedio de 8.47 t/ha (rango 3.2-17.42 t/ha). La concentracion promedio
de nitrégeno en el forraje no vario entre cortes (2.56 vs. 2.40%, respectivamente), pero si se observd una alta variacion
entre las lineas (2.06-2.89%). La linea N 610 presentd la mayor concentracion de N (2.89%), seguida por las lineas SSG
59 3(2.86%) y SX 17 (2.81%). La concentracion mas alta de fibra detergente acida se registr6 para ICSV 12008 (42.1%),
seguida por CO 31 e IS 34638 (40.0%). Los porcentajes méas bajos de lignina detergente acida se observaron en las lineas
MLSH-296 Gold (3.59%), ICSV 700 (3.75%) e ICSSH 28 (3.83%). La mayor concentracion de energia metabolizable
(promedio de 8.34 MJ/kg MS) se present6 en las lineas N 610, Phule Yashodha y SX 17, mientras que la digestibilidad
in vitro de la materia organica varié de 52.5 a 62.6%. En el forraje de la primera cosecha se encontraron concentraciones
mucho maés altas de dhurrina, un glucésido cianogénico, que en la soca (639 vs. 233 ppm, respectivamente), con rangos
de 38 a 2,298 ppm y de 7 a 767 ppm, respectivamente. No se encontrd correlacion significativa entre la concentracion
de dhurrina y el rendimiento de materia seca, por lo que programas de fitomejoramiento y seleccion buscando
concentraciones bajas de dhurrina no estarian comprometiendo el rendimiento. Por tanto, proyectos de fitomejoramiento
de sorgo podrian enfocar simultdneamente tanto la calidad de la biomasa como su cantidad.

Palabras clave: Calidad forrajera, capacidad de rebrote, digestibilidad in vitro de la materia orgéanica, glucésido

cianogénico, produccion de materia seca.

Introduction

Sorghum (Sorghum bicolor) is a dual-purpose crop used
for both human food and animal feed in many Asian and
African countries (Sarfraz et al. 2012; Bean et al. 2013),
with key characteristics being wide adaptability across
environments and tolerance to biotic and abiotic stresses
(Krishnamurthy et al. 2007; Dahlberg et al. 2011; Gill et
al. 2014). The crop residue is used mainly for feeding
livestock by small farmers in the Asian and African
continents (Hassan et al. 2015). Owing to very high crude
fiber and very low crude protein concentrations, sorghum
stover left after harvesting grain does not provide quality
fodder for milking cattle (Manjunatha et al. 2014).

The contribution of sorghum as a fodder crop has
increased the value of production in recent years, so
selection criteria in breeding programs could include
biomass production and quality as well as grain yield
(Hassan et al. 2015). This thinking has been applied in
breeding programs with emphasis given to forage quality
improvement and selection of nutritious varieties for
fodder purposes (Bean and McCollum 2006), as sorghum
is the most preferred alternative silage crop after corn
(Zeamays) (Kurle etal. 1991). However, feed quality data
on the newly bred lines are not available, which makes
commercialization challenging (Akabari and Parmar
2014). The important feed trait to be considered is
potential of the plant to accumulate high dry matter yields
of good quality forage. Sorghum displays wide variability
for concentrations of protein, fiber, carbohydrates, crude
fat and nitrogen free extract as well as in vitro dry matter
degradability (Singh and Shukla 2010; Afzal et al. 2012).
Assessment for the anti-nutritional factor, hydrocyanic

acid (HCN), also known as dhurrin (further used in text),
is also of vital importance. The permissible/safe threshold
for HCN in sorghum fodder is 500 ppm (dry matter basis)
or >200 ppm (fresh weight basis) (Smitha Patel et al.
2013). HCN is rapidly absorbed into the blood stream of
grazing ruminants and can cause cellular asphyxiation
and eventually death (Hoveland and Monson 1980).
Hence, it is necessary to develop varieties or hybrids with
high fodder yields, acceptable quality and low HCN
concentrations. Sorghum has good ratooning ability from
stubble of the plant crop, which is a desirable trait, as it
reduces overall inputs in terms of seed for planting and
labor for field preparation (Willey 1990).

Hence, the current study focused on the evaluation of
forage dry biomass vyield, feed quality and HCN
concentration in both the main and ratoon crops of a range
of sorghum lines, to aid farmers in choosing the most
appropriate lines for feeding to their livestock in
particular circumstances and to provide background data
for planning future breeding programs.

Material and Methods
Field experiment

A total of 36 improved sorghum lines (Table 1) were
evaluated for feed quality and agronomic performance, at
ICRISAT, Patancheru, India. The field studies were
performed during the rainy season (commencing mid-
July) on a medium-fertility vertisol. The experimental
design adopted was an alpha lattice design with 2
replications and 6 entries in 6 blocks, with 4 rows of each
entry in 0.2 ha. The field was fertilized with di-
ammonium phosphate at 80 kg/ha and 40 kg KCl/ha at
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the time of sowing and top dressed with 145 kg urea 21
days after planting. Immediately after the initial harvest,
nitrogen was applied at the rate of 45 kg N/ha (top
dressing) and 1 irrigation was provided to increase
nitrogen absorption. Seed treatment against soil-borne
pests and diseases was performed with thiram at 3 g/kg
seed. Seedlings were thinned to 1 plant per hill 3 weeks
after sowing, maintaining about 20 cm distance between
seedlings and 60 cm between rows; gross plot area was
9.6 m? (4 rows x 0.6 m x 4 m) and net plot area was 4.8
m2 (2 rows x 0.6 m x 4 m), where the observations were
recorded. For each sorghum line the population
maintained was about 80-85 plants. The crop was
irrigated during sowing and at critical growth stages. The
first sampling from the main crop was performed at 15
cm from ground level from the middle 2 rows excluding
borders at 80 days after sowing, and the second sampling
80 days later. After the initial harvest, the remaining rows
were cut at 15 cm above ground, the forage removed and
plants allowed to tiller from the stubble. All agronomic
and feed quality parameters were assessed on harvested
forage. Agronomic traits recorded during the experiment
were: plant height (measured after flowering, from
ground level to the tip of the plant); tillering ability
(measured by the number of tillers produced by the
mainstem in a clump); ratoon scoring (measured by the
percentage of plants that produced productive tillers after
harvesting; 1: 81-100% stubble tillering, 2: 61-80%
stubble tillering, 3: 41-60% stubble tillering, 4: 21-40%
stubble tillering and 5: <21% stubble tillering) and dry
biomass yield (determined by harvesting all plants in the
middle 2 rows and drying in forced-air ovens at 60 °C for
4-5 days).

Feed quality parameters

Quality analysis of forage was performed with 15 plants
per line selected at random from each replication, hand-
cut into pieces of 4-5 cm length, dried at 60 °C for 4-5
days, later ground in hammer mills to pass through a
1-mm mesh and analyzed at the livestock nutritional
laboratory of ILRI in Patancheru. Concentrations of N,
acid detergent fiber (ADF), neutral detergent fiber
(NDF), acid detergent lignin (ADL) and metabolizable
energy (ME) were determined by Near Infrared
Spectroscopy (NIRS), calibrated for this experiment
against conventional wet laboratory analyses. The NIRS
instrument used was a FOSS Forage Analyzer 5000 with
software package Win ISl Il. Biological fodder quality
traits of the forage samples were analyzed for apparent
in vitro digestibility using in vitro gas production
procedures (Menke and Steingass 1988).

Dhurrin estimation

The youngest leaf (1 leaf from 3 plants per plot)
at the booting stage was cut from plants and 100 mg
of fresh leaf sample was placed in Eppendorf tubes
(2 mL) containing 750 pL of 50% methanol and inserted
in a hot water bath at 75 °C for 15 min. The tubes were
then cooled to room temperature and 750 puL of 50%
methanol was added, to make up the volume to 1.5 mL.
Later the tissue was lyzed and centrifuged @ 11,000 rpm
for 5 min. One mL of the supernatant was transferred to
fresh tubes and stored at 4 °C prior to analysis in Acquity
UPLC (Waters, Model D13 CHA 708 G). The mobile
phase was 10% acetonitrile and column C-18, with
detector-PDA. The dhurrin was detected by monitoring
the absorbance at 232 nm (De Nicola et al. 2011).

Statistical analyses

Analysis of variance was performed in linear model for
Lattice Design: Yijl = p+ 7+ vi+ g + Wi, where:
Ti = Treatment effect i= 1, 2,..., t; vi = Replicate effect
j =1, 2; 1 = Block within replicate effect1=1, 2,..., s;
and w;j = Random error. Statistical package, GENSTAT
17 edition for Windows (VSN International, Hemel
Hempstead, UK, 2015), was used to analyze the data
generated.

Results
Agronomic results

Average plant height (Table 1) was greater in the ratoon
crop (2.59 m; range 1.75-3.62 m) than in the main crop
(2.28 m; range 1.9-2.7 m). The line 1S 31553 (2.70 m)
recorded the greatest plant height in the main crop, while
IS 13553 (3.62 m) was the tallest in the ratoon. Mean
ratoon score in the ratoon crop (shoot regeneration from
the stubble of the first harvest) was 3 with a range of 1-4
between lines (P<0.05). Tillering ability (number of
additional shoots from main shoot) was higher in the
main crop than in the ratoon (5 vs. 3) with ranges of
1-19 and 1-14, respectively. The ratoonability of
plants was negatively associated (P<0.05) with the
number of tillers in the ratoon, reflecting to some
extent the scoring system employed. Mean dry biomass
yield for the main crop at 80 days after planting was 22.87
t/ha with a range for different lines of 17.32-33.82 t/ha
(P<0.05) (Table 1), while mean dry biomass vyield
for the ratoon crop at 80 days after the first harvest was
8.47 t/ha with a range of 3.2-17.42 t/ha (P<0.05).
Individual lines which performed well for the main crop
were ICSSH 28 (33.82 t/ha), IS 31553 (27.54 t/ha),
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Table 1. Mean values for agronomic parameters plant height (PH, m), dry biomass yield (DB, t/ha) and dhurrin concentration (DH,
ppm) of 36 sorghum lines in main and ratoon crops.

Line Main crop Ratoon crop
PH DB DH PH DB DH
Dual purpose experimental lines
CSV 24 SS 1.9 23.42 420 2.7 9.73 161
GD 65013 2.08 19.65 612 2 5.96 281
ICSSH 28 2.45 33.82 454 2.53 12.09 94
ICSV 12006 2.1 24.55 1,185 3 9.38 289
ICSV 12008 2.3 26.65 101 2.3 9.16 680
ICSV 12012 2.28 23.24 1,177 2.75 11.29 547
ICSV 12015 2.53 19.45 1,038 3.03 6.31 210
ICSV 25275 2.43 22.39 1,055 2.03 5.24 200
ICSV 25333 2.4 24.27 406 3.13 13.22 219
ICSV 700 2.1 23.8 360 2.2 5.69 153
ICSV 93046 2.3 24.91 320 2.45 9.76 125
SSV 84 2.4 17.32 494 2.35 10.84 674
Collection from Genetic Resource Division, ICRISAT (germplasm lines chosen for high biomass)
IS 13553 1.9 21.34 471 3.63 10.84 401
IS 14212 2.15 27.52 834 2.45 6.24 66
IS 23143 2.55 17.61 38 3.05 8.67 570
IS 31553 2.7 27.55 216 2.43 17.42 167
IS 33871 2.3 25.67 185 2.7 8.71 392
IS 34638 2.28 19.66 406 3.03 11.24 186
Commercial varieties and hybrids
MLSH-296 Gold 1.95 21.53 1,545 1.75 5.29 178
Phule Anuradha 2.35 20.24 657 2.25 7.42 257
Phule Chitra 2.43 20.55 725 2.15 9.78 160
Phule Moule 2.3 22.92 965 2.2 8.27 53
Phule Yashodha 2.23 22.2 89 24 7.18 25
RSSV 9 2.35 22.31 297 2.93 14.13 37
Seredo 2.03 21.25 2,298 2.43 7.82 767
Star 2.18 28.13 1,363 2.95 6.64 145
SX 17 2.5 26.12 352 2.98 7.38 130
BJV 44 2.63 20.75 507 2.6 6.36 208
CSH 16 2.28 23.37 145 2.8 6.31 7
bmr mutant line
N 610 2.05 22.56 440 2.23 11.35 277
Forage varieties
CO 30 2.2 20.33 682 2.08 3.2 156
CoO 31 2.3 28.4 639 3.23 3.87 51
CO-FS-27 2.3 18 243 2.8 4 166
CO 19 2.55 18.7 513 2.85 4.18 114
COS 28 2.3 24.58 654 2.1 16.53 171
SSG 593 2.23 18.6 199 2.9 3.38 68
Mean 2.28 22.87 639 2.59 8.47 233
Maximum 2.7 33.82 2,298 3.63 17.42 767
Minimum 1.9 17.32 38 1.75 3.2 7
Standard deviation 0.26 5.98 38.4 0.17 0.74 24.7
Least significant difference (P<0.05) 0.53 12.14 78.2 0.35 1.49 50.2
Coefficient of variation (%) 115 26.1 6 6.6 8.7 10.6

Star (28.13 t/ha) and CO 31 (28.40 t/ha), while highest
yields for the ratoon crop were recorded with IS 34638
(17.42 t/ha), RSSV 9 (14.13 t/ha) and COS 28 (16.53

t/ha). In terms of total yield (main + ratoon crop) the
highest yields came from ICSSH 28 (45.91 t DM/ha), IS

31553 (44.97 t DM/ha) and COS 28 (41.11 t DM/ha).
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Table 2. Means, ranges and statistical differences for nitrogen, fiber (NDF, ADF) and lignin (ADL) concentrations, metabolizable
energy (ME), in vitro organic matter digestibility (IVOMD), dhurrin concentration, plant height, ratooning ability, tiller numbers
and dry biomass yield in 36 sorghum lines in main and ratoon crops.

Parameter Mean Range LSD P<0.05

Main Ratoon Main Ratoon Main Ratoon Main Ratoon
Nitrogen (%) 2.56 2.40 2.23-2.89 2.06-2.72 0.54 0.40 0.4371 0.985
NDF (%) 58.0 55.6 56.1-59.8  52.6-60.7 2.48 3.31 0.1289 0.092
ADF (%) 37.9 34.1 352-42.1  31.5-37.9 2.76 3.46 0.0178 0.1885
ADL (%) 4,18 4.25 3.59-470 3.95-4.59 0.51 0.44 0.0263 0.772
ME (MJ/kg) 7.99 8.60 7.59-837  8.29-8.96 0.72 0.39 0.8363 0.0863
IVOMD (%) 55.7 59.7 52.5-589 57.1-62.6 5.32 3.04 0.7455 0.1753
Dhurrin (ppm) 639 233 37-2,298 7-767 78.1 50.2 <0.0001 <0.0001
Plant height (m) 2.28 2.59 1.90-2.70  1.75-3.62 0.53 0.35 0.3603  <0.0001
Ratoon score? NA? 3 NA 1-5 NA 0.8483 NA <0.0001
Number of tillers 5 3 1-19 1-14 1.80 1.40 <0.0001 <0.0001
Dry biomass yield (t/ha)  22.87 8.47 17.32-33.82 3.20-17.42 12.14 1.49 0.8165  <0.0001

Scale: 1: 81-100% stubble tillering, 2: 61-80% stubble tillering, 3: 41-60% stubble tillering, 4: 21-40% stubble tillering and 5:

<21% stubble tillering.
ZNA = not applicable.

Forage quality traits

Nitrogen concentration ranged from 2.23 to 2.89% (mean
2.56%) in the main crop and from 2.06 to 2.72% (mean
2.40%) in the ratoon (Table 2). Similarly, NDF
concentration varied from 56.1 to 59.8% (mean 58.0%)
in the main crop and from 52.6 to 60.7% (mean 55.6%)
in the ratoon. The ADF concentrations also varied
between sorghum lines in the main crop (35.2-42.1%j;
mean 37.9%) and in the ratoon (31.5-37.9%; mean
34.1%) (Figure 1). Acid detergent lignin concentrations
varied from 3.59 to 4.70% (mean 4.18%) in the main crop
and from 3.95 to 4.59% (mean 4.25%) in the ratoon.

Metabolizable energy concentrations were similar in the
main and ratoon crops (mean values 7.99 and 8.60 MJ/kg
DM) with significant differences between lines. Mean in
vitro organic matter digestibility for the main crop was
lower than for the ratoon (55.7 vs. 59.7%) with significant
(P<0.05) differences between lines. The dhurrin
concentration in the main crop was higher than in the
ratoon crop (639 vs. 233 ppm, respectively) (Figure 2).
There was extreme variation in dhurrin concentration in
different sorghum lines with the commercial hybrid
Seredo (2,298 ppm) recording the highest concentration
in the main crop and 1S 23143 recording the lowest (38

ppm).
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e====NDF - Main crop === ADF - Main crop ====NDF - Ratoon crop === ADF - Ratoon crop

Figure 1. Ranges of neutral detergent fiber (NDF %) and acid detergent fiber (ADF %) concentrations of 36 sorghum lines in
main and ratoon crops.
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Figure 2. Variability of dhurrin concentrations of 36 sorghum lines in main and ratoon crops.
Similarly in the ratoon crop, concentration in (58.9%), SX 17 (58.4%) and Phule Yashodha
Seredo was highest (767 ppm), while CSH 16 (58.3%).

exhibited the lowest dhurrin concentration (7 ppm).
Across the different lines of sorghum evaluated in the
experiment, highest N concentrations were recorded in
bmr line N 610 (2.90%), the forage line SSG 59 3
(2.86%) and SX 17 (2.81%). Highest ADF concentrations
were recorded by ICSV 12008 (42.1%), CO 31 and
IS 34638 (40.0 %). The lowest ADL concentrations
were observed in MLSH-296 Gold (3.59%), ICSV
700 (3.75%) and ICSSH 28 (3.83%). ME concentration
was highest in N 610 (8.38 MJ/kg DM), Phule
Yashodha (8.36 MJ/kg DM) and SX 17 (8.29
MJ/kg DM). Similarly, IVOMD was highest in N 610

Correlations

The only significant correlations (P<0.05) between
parameters for main and ratoon crops were: positive
correlation (r = 0.384) between dhurrin concentrations in
main and ratoon crops; positive correlation (r = 0.806)
between tiller numbers in main and ratoon crops; negative
correlation (r = -0.407) between ratoon score in ratoon
crop and number of tillers in main crop; and negative
correlation between number of tillers in ratoon crop and
ratoon score in the ratoon crop (r = -0.501) (Table 3).

Table 3. Correlations between main and ratoon crops for plant height, dry biomass yield, dhurrin concentration, ratooning score

and number of tillers.

PHMC! DBMC DHMC NTMC PHRC DBRC DHRC RSRC NTRC
PHMC 0
DBMC 0.011 0
DHMC -0.324 0.067 0
NTMC -0.045 0.173 -0.003 0
PHRC 0.101 0.034 -0.253 -0.101 0
DBRC 0.163 0.296 -0.146 0.095 0.055 0
DHRC -0.089 -0.235 0.384*2 -0.127 -0.012 0.175 0
RSRC 0.116 -0.127 -0.107 -0.407* 0.106 -0.012 0.084 0
NTRC -0.015 0.099 -0.056 0.806** 0.087 0.093 -0.093 -0.501** 0

Plant height main crop: PHMC; dry biomass yield main crop: DBMC; dhurrin main crop: DHMC; no. of tillers main crop: NTMC;
plant height ratoon crop: PHRC; dry biomass yield ratoon crop: DBRC; dhurrin ratoon crop: DHRC; ratoon score ratoon crop:

RSRC; no. of tillers ratoon crop: NTRC.

2Significant correlations at the P<0.05 (*) and P<0.01 (**) levels.
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Discussion
Agronomic results

This study has shown that the sorghum lines that we
tested have great potential for production of good quality
forage and show sufficient variation to allow selection
within breeding programs for further improvement.
Quality differences were not as great as dry biomass yield
differences, but there were large differences in dhurrin
concentration, indicating that there are much greater risks
in feeding some lines than in feeding others. While there
were marked differences between lines in both main crop
and ratoon crop dry biomass yields, total yield (main +
ratoon) is probably the most relevant. Lines like ICSSH
28, IS 31553 and COS 28 seemed the most promising in
terms of total production and had dhurrin and NDF
concentrations which were generally below average. The
much higher dry biomass yields in the main crop than in
the ratoon may be related to the change in seasonal
conditions for growth of the 2 crops and possibly
depletion of nutrient levels in the soil. Escalada and
Plucknett (1975b), Srinivasa et al. (2011) and Afzal et al.
(2012) suggested that higher levels of inputs (nitrogen
application) are needed to prevent production differences
between main and ratoon crops of sorghum. It was of
interest that the ratoon crop was taller than the main crop;
thus the higher yields in the main crop were a function of
a greater number of tillers and possibly thicker tillers.
Despite the lower yields produced, ratooning of sorghum
crops for forage production has the advantages of rapid
tiller initiation and early maturity but requires more
fertilizer application than a corn crop (Ketterings et al.
2004). However, these traits are supplementary to the
main objective, i.e. high DM yield of forage for livestock
(Undersander et al. 1990; Whish and Bell 2008; Saberi
2014).

Forage quality traits

A shortcoming of this study was that leaf and stem were
not separated to assess the yields and quality parameters
of these plant parts independently. In our environment
farmers chop the fodder and feed it to livestock as a
mixture of leaf and stem, which annuls the leaf:stem
separation effect. High quality silage can be produced
from sorghum by making 2 harvests per season, as
opposed to making a single cut at physiological maturity
(McCormick et al. 1995). Although the number of tillers
produced declines in each succeeding ratoon crop,
acceptable yields can be obtained by increasing the plant
population (Escalada and Plucknett 1975a). All lines
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evaluated in the current study recorded N concentrations
(both in main and ratoon crops) above that required for
effective rumen microbial activity (1-1.2%), a value
below which feed intake can be affected (Van Soest 1994;
Rai et al. 2012). A total of 26 lines in the main crop and
20 lines in the ratoon recorded N concentrations above
2.4%. The average N, NDF and ADF concentrations were
higher in the main crop than in the ratoon crop, possibly
mainly due to the relative advantage of fertilizer applied
and more favorable weather environment during the
growth period of the main crop. Contrastingly, ADL
concentration was higher in the ratoon crop than in the
main crop. Sweet sorghum lines have recorded high ADF
and low ADL, so breeding studies to improve these lines
by enhancing the fodder quality traits will expand
utilization of dual-purpose lines (Bliimmel and Reddy
2006). These differences in quality parameters were not
significant across main and ratoon crops, as reported
earlier by Srinivasa et al. (2011), even with the various
fertilizer levels applied during crop growth. Harvesting
the crop immediately post flowering rather than at
physiological maturity will produce better quality forage,
due to low lignin levels (McCormick et al. 1995).
Moreover, the current evaluation was performed in vitro
only, and animal feeding trials which measure intake,
feed preferences/acceptance, digestibility and absorption
are needed to take these preliminary results closer to the
adoption stage (Miron et al. 2007).

Interestingly, mean dhurrin concentrations in the main
crop far exceeded those in the ratoon crop (mean 639 vs.
233 ppm). However, the extreme variation between lines
in dhurrin concentrations, especially in the main crop
(37-2,298 ppm), indicates the great potential for selecting
lines which are safe for feeding fresh to livestock as either
the plant crop or as a ratoon crop. None of the lines
recorded levels of dhurrin regarded as lethal (>1,000 ppm
DM basis; Smitha Patel et al. 2013) in the ratoon crop.
Dhurrin is the main anti-nutritional factor in sorghum,
but is known to act as a nitrogen reserve once the crop has
overcome the influence of abiotic stress (Park and Coats
2002). It limits the flexibility of using sorghum as a
fodder due to its toxic effect when sorghum containing
high concentrations is fed to livestock. However, since
the dhurrin concentration in sorghum decreases with
increase in maturity and the enzyme is deactivated by the
process of ensiling as well (Wheeler and Mulcahy 1989),
this issue can be managed when fodder is conserved for
feeding later. The positive relationship between dhurrin
concentrations in main and ratoon crops indicates that a
particular line will have a consistent relative concen-
tration whether fed as a plant or ratoon crop. The absence
of significant correlation between dhurrin concentration
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and biomass yield (Table 3) indicates that attempts to
lower dhurrin concentrations by breeding should not
necessarily affect dry biomass yields of sorghum crops.

Conclusion

While dry biomass yield differences between lines were
observed in both main and ratoon crops, there was little
quality difference between lines except for the anti-
nutritional compound dhurrin. The lines ICSSH 28, 1S
31553 and COS 28 were consistently high yielding and
could be tested more widely to verify these findings. Use
of these lines to develop higher yielding varieties in a
forage program would seem appropriate. The wide
variation in dhurrin concentration in the various lines and
absence of a strong relationship between dhurrin
concentration and dry biomass vyield indicates a
significant potential to breed superior lines with lower
dhurrin concentrations without jeopardizing yield.

Acknowledgments

Funding from the CGIAR Research Program on Dryland
Cereals and Department of Biotechnology sponsored by
Indo-US Advanced Biofuels Consortium is gratefully
acknowledged.

References

Afzal M; Ahmad A; Ahmad AH. 2012. Effect of nitrogen on
growth and yield of sorghum forage (Sorghum bicolor (L.)
Moench cv.) under three cutting systems. Cercetari
Agronomice in Moldova 45(4):57-64. DOI: 10.2478/
v10298-012-0065-y

Akabari VR; Parmar HP. 2014. Heterosis response and
combining ability for green fodder yield and its quality traits
in forage sorghum. Journal of Progressive Agriculture 5:9—
14. (Available at: https://goo.gl/rFODzC).

Bean B; McCollum T. 2006. Summary of six years of forage
sorghum variety trials. Pub. SCS-2006-04. Texas
Cooperative Extension and Texas Agricultural Experiment
Station, College Station, TX, USA. (Available at: https://
goo.gl/EuEQaU).

Bean BW; Baumhardt RL; McCollum FT I1I; McCuistion KC.
2013. Comparison of sorghum classes for grain and forage
yield and forage nutritive value. Field Crops Research
142:20-26. DOI: 10.1016/j.fcr.2012.11.014

Bliimmel M; Reddy BVS. 2006. Stover fodder quality traits for
dual-purpose sorghum genetic improvement. International
Sorghum and Millets Newsletter 47:87-89. (Available at:
http://oar.icrisat.org/1117/).

Dahlberg J; Berenji J; Sikora V; Latkovic D. 2011. Assessing
sorghum [Sorghum bicolor (L) Moench] germplasm for new

traits: Food, fuels & unique uses. Maydica 56(2):85-92.
(Available at: https://goo.gl/oX2rLw).

De Nicola GR; Leoni O; Malaguti L; Bernardi R; Lazzeri L.
2011. A simple analytical method for dhurrin content
evaluation in cyanogenic plants for their utilization in fodder
and biofumigation. Journal of Agricultural and Food
Chemistry 59:8065-8069. DOI: 10.1021/jf200754f

Escalada RG; Plucknett DL. 1975a. Ratoon cropping of
sorghum: I1. Effect of daylength and temperature on tillering
and plant development. Agronomy Journal 67:479-484.
DOI: 10.2134/agronj1975.00021962006700040007x

Escalada RG; Plucknett DL. 1975b. Ratoon cropping of
sorghum: 1. Origin, time of appearance, and fate of tillers.
Agronomy Journal 67:473-478. DOI: 10.2134/agronj1975.
00021962006700040006x

Gill JR; Burks PS; Staggenborg SA; Odvody GN; Heiniger
RW; Macoon B; Moore KJ; Barrett M; Rooney WL. 2014,
Yield results and stability analysis from the sorghum
regional biomass feedstock trial. Bioenergy Research
7:1026-1034. DOI: 10.1007/512155-014-9445-5

Hassan SA; Mohammed MI; Yagoub SO. 2015. Breeding for
dual purpose attributes in sorghum: Effect of harvest option
and genotype on fodder and grain yields. Journal of Plant
Breeding and Crop Science 7:101-106. DOI: 10.5897/
JPBCS2015. 0498

Hoveland CS; Monson WG. 1980. Genetic and environmental
effects on forage quality. In: Hoveland CS, ed. Crop quality,
storage, and utilization. American Society of Agronomy and
Crop Science Society of America, Madison, WI, USA. p.
139-168. DOI: 10.2135/1980.cropquality.c6

Ketterings QM; Godwin G; Cherney JH; Beer S; Kilcer TF.
2004. Nitrogen management for brown midrib sorghum
sudangrass: Results of two years of studies at the Mt.
Pleasant Research Farm. What’s Cropping Up? 14(2):5-6.
(Available at: https://goo.gl/Brne9Zz).

Krishnamurthy L; Serraj R; Hash CT; Dakheel AJ; Reddy BV.
2007. Screening sorghum genotypes for salinity tolerant
biomass production. Euphytica 156:15-24. DOI: 10.1007/
510681-006-9343-9

Kurle JE; Sheaffer CC; Crookston RK; Peterson RH; Chester-
Jones H; Lueschen WE. 1991. Popcorn, sweet corn, and
sorghum as alternative silage crops. Journal of Production
Agriculture 4:432-436. DOI: 10.2134/jpa1991.0432

Manjunatha SB; Angadi VV; Palled YB; Hosamani SV. 2014.
Nutritional quality of multicult fodder sorghum (CoFS-29)
as influenced by different row spacings and nitrogen levels
under irrigated condition. Research in Environment and Life
Sciences 7:179-182. (Available at: https://goo.gl/603YKS).

McCormick ME; Morris ME; Ackerson BA; Blouin DC. 1995.
Ratoon cropping forage sorghum for silage: Yield,
fermentation, and nutrition. Agronomy Journal 87:952-957.
DOI: 10.2134/agronj1995.00021962008700050030x

Menke KH; Steingass H. 1988. Estimation of the energy feed
value obtained from chemical analysis and in vitro gas
production using rumen fluid. Animal Research and
Development 28:7-55.

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



http://www.tropicalgrasslands.info/
http://dx.doi.org/10.2478/v10298-012-0065-y
http://dx.doi.org/10.2478/v10298-012-0065-y
https://goo.gl/rF0DzC
https://goo.gl/EuE0aU
https://goo.gl/EuE0aU
http://dx.doi.org/10.1016/j.fcr.2012.11.014
http://oar.icrisat.org/1117/
https://goo.gl/oX2rLw
http://dx.doi.org/10.1021/jf200754f
http://dx.doi.org/10.2134/agronj1975.00021962006700040007x
http://dx.doi.org/10.2134/agronj1975.00021962006700040006x
http://dx.doi.org/10.2134/agronj1975.00021962006700040006x
http://dx.doi.org/10.1007/s12155-014-9445-5
http://dx.doi.org/10.5897/JPBCS2015.0498
http://dx.doi.org/10.5897/JPBCS2015.0498
http://dx.doi.org/10.2135/1980.cropquality.c6
https://goo.gl/Brne9Z
http://dx.doi.org/10.1007/s10681-006-9343-9
http://dx.doi.org/10.1007/s10681-006-9343-9
http://dx.doi.org/10.2134/jpa1991.0432
https://goo.gl/6O3YkS
http://dx.doi.org/10.2134/agronj1995.00021962008700050030x

Miron J; Zuckerman E; Adin G; Solomon R; Shoshani E;
Nikbachat M; Yosef E; Zenou A; Weinberg ZG; Chen Y;
Halachmi I; Ben-Ghedalia D. 2007. Comparison of two
forage sorghum varieties with corn and the effect of feeding
their silages on eating behavior and lactation performance
of dairy cows. Animal Feed Science and Technology
139:23-39. DOI: 10.1016/j.anifeedsci.2007.01.011

Park DS; Coats JR. 2002. Cyanogenic glycosides: Alternative
insecticides? The Korean Journal of Pesticide Science 6:51—
57. (Available at: https://go0.gl/VXGHVG).

Rai KN; Blimmel M; Singh AK; Rao AS. 2012. Variability and
relationships among forage yield and quality traits in pearl
millet. European Journal of Plant Science and
Biotechnology 6:118-124. (Available at: http://oar.icrisat.
0rg/6576).

Saberi AR. 2014. Yield and water use efficiency (WUE)
responses of forage sorghum ratoon crop under varying
salinity and irrigation frequency. African Journal of Plant
Science 8(12):554-559. DOI: 10.5897/AJPS2014.121

Sarfraz M; Ahmed N; Farooq U; Ali A; Hussain K. 2012.
Evaluation of sorghum varieties/lines for hydrocyanic acid
and crude protein contents. Journal of Agricultural Research
50:39-47. (Available at: http://eprints.icrisat.ac.in/4553).

Singh S; Shukla GP. 2010. Genetic diversity in the nutritive
value of dual purpose sorghum hybrids. Animal Nutrition
and Feed Technology 10:93-100.

Smitha Patel PA; Alagundagi SC; Salakinkop SR. 2013.
The anti-nutritional factors in forages — A review.

Sorghum forage from main and ratoon crops 49

Current Biotica 6:516-526. (Available at: https://goo.gl/
I XNRM).

Srinivasa Rao P; Jayalakshmi M; Kuma CG; Kamal A; Reddy
BVS. 2011. Response of fertilizer treatments on agronomic
and biochemical traits in main and ratoon crops of sweet
sorghum (Sorghum bicolor (L.) Moench) cultivar ICSV
93046. In: The IAPSIT International Sugar Conference,
New Delhi, India. p. 1-11. (Available at: http://goo.gl/
dASelj).

Undersander DJ; Durgan BR; Kaminski AR; Doll JD; Worf
GL; Schulte EE. 1990. Kochia. Alternative Field Crops
Manual. University of Wisconsin Cooperative Extension
Service, Department of Agronomy, Madison, WI, USA.
(Available at: https://goo.gl/HTGKnu).

Van Soest PJ. 1994. Nutritional ecology of the ruminant. 2nd
Edn. Cornell University Press, New York, USA.

Wheeler JL; Mulcahy C. 1989. Consequences for animal
production of cyanogenesis in sorghum forage and hay — A
review. Tropical Grasslands 23:193-202. (Available at:
https://goo.gl/BKRtDf).

Whish J; Bell LW. 2008. Trade-offs for ratooning sorghum
after harvest to provide forage for grazing. In: Unkovich M,
ed. Proceedings of the 14th Australian Agronomy
Conference, 21-25 September 2008, Adelaide, South
Australia. (Available at: https://goo.gl/lpVDPQ).

Willey RW. 1990. Resource use in intercropping systems.
Agricultural Water Management 17:215-231. DOI:
10.1016/0378-3774 (90)90069-B

(Received for publication 31 August 2016; accepted 11 January 2017)

© 2017

Tropical Grasslands-Forrajes Tropicales is an open-access journal published by Centro Internacional de Agricultura Tropical (CIAT). This
work is licensed under the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported license. To view a copy of this license,

visit http://creativecommons.org/licenses/by-nc-sa/3.0/

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



http://www.tropicalgrasslands.info/
http://dx.doi.org/10.1016/j.anifeedsci.2007.01.011
https://goo.gl/VxGHVG
http://oar.icrisat.org/6576/
http://oar.icrisat.org/6576/
http://dx.doi.org/10.5897/AJPS2014.121
http://eprints.icrisat.ac.in/4553
https://goo.gl/IjXNRM
https://goo.gl/IjXNRM
http://goo.gl/dASeIj
http://goo.gl/dASeIj
https://goo.gl/HTGKnu
https://goo.gl/BkRtDf
https://goo.gl/IpVDPq
http://dx.doi.org/10.1016/0378-3774%2890%2990069-B
http://creativecommons.org/licenses/by-nc-sa/3.0/
http://creativecommons.org/licenses/by-nc-sa/3.0/

