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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 yield, 

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 alimentación 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 

líneas nuevas de sorgo de 5 categorías diferentes: 12 líneas experimentales de doble propósito (grano, forraje); 6 

accesiones de germoplasma de la colección del ICRISAT; 11 variedades e híbridos comerciales; 6 variedades forrajeras; 

y 1 línea de mutante bmr. En la primera cosecha, realizada 80 días después de la siembra, la producción 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 días después de la 

primera, disminuyó (P <0.05) alcanzando un promedio de 8.47 t/ha (rango 3.2‒17.42 t/ha). La concentración promedio 

de nitrógeno en el forraje no varió entre cortes (2.56 vs. 2.40%, respectivamente), pero sí se observó una alta variación 

entre las líneas (2.06‒2.89%). La línea N 610 presentó la mayor concentración de N (2.89%), seguida por las líneas SSG 

59 3 (2.86%) y SX 17 (2.81%). La concentración más alta de fibra detergente ácida se registró para ICSV 12008 (42.1%), 

seguida por CO 31 e IS 34638 (40.0%). Los porcentajes más bajos de lignina detergente ácida se observaron en las líneas 

MLSH-296 Gold (3.59%), ICSV 700 (3.75%) e ICSSH 28 (3.83%). La mayor concentración de energía metabolizable 

(promedio de 8.34 MJ/kg MS) se presentó en las líneas N 610, Phule Yashodha y SX 17, mientras que la digestibilidad 

in vitro de la materia orgánica varió de 52.5 a 62.6%. En el forraje de la primera cosecha se encontraron concentraciones 

mucho más altas de dhurrina, un glucósido 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 encontró correlación significativa entre la concentración 

de dhurrina y el rendimiento de materia seca, por lo que programas de fitomejoramiento y selección buscando 

concentraciones bajas de dhurrina no estarían comprometiendo el rendimiento. Por tanto, proyectos de fitomejoramiento 

de sorgo podrían enfocar simultáneamente tanto la calidad de la biomasa como su cantidad. 
 

Palabras clave: Calidad forrajera, capacidad de rebrote, digestibilidad in vitro de la materia orgánica, glucósido 

cianogénico, producción 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 

(Zea mays) (Kurle et al. 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 yield, 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 m2 (4 rows × 0.6 m × 4 m) and net plot area was 4.8 

m2 (2 rows × 0.6 m × 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 ISI II. 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 μL 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 μL 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 =   i + i  l(j)  ijl, where:  

i = Treatment effect i= 1, 2,…, t; i = Replicate effect  

j = 1, 2; l(j) = Block within replicate effect l = 1, 2,…, s; 

and ijl = 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 IS 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 yield  

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 2.4 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 

CO 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 59 3 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 (%) 11.5 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  35.2‒42.1 31.5‒37.9  2.76 3.46  0.0178 0.1885 

ADL (%) 4.18 4.25  3.59‒4.70 3.95‒4.59  0.51 0.44  0.0263 0.772 

ME (MJ/kg) 7.99 8.60  7.59‒8.37 8.29‒8.96  0.72 0.39  0.8363 0.0863 

IVOMD (%) 55.7 59.7  52.5‒58.9 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 score1 NA2 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 

1Scale: 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. 
2NA = 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%; 

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 IS 23143 recording the lowest (38 

ppm).  
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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  

Seredo was highest (767 ppm), while CSH 16  

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 

(58.9%), SX 17 (58.4%) and Phule Yashodha  

(58.3%). 

 

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. 

  PHMC1 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 
1Plant 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 

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 (Blümmel 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, IS 

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 yield indicates a 

significant potential to breed superior lines with lower 

dhurrin concentrations without jeopardizing yield.  
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