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Abstract  
 

The nutritional attributes of stover from 11 sorghum cultivars (SP 18005A x 220-2,3,6,7; PC-5; GGUB44 x SSG-59-3; 

ICSV-700; CSV-17; NRF-526; FM-1; SPV-1616; PVK-809; UPMC-503; and HC-308), selected on the basis of their 

diverse genetic backgrounds and use, were evaluated to aid in selecting parents superior in protein concentration and 

digestibility for use in sorghum breeding programs. Samples of stovers were collected after grain harvesting and 

analyzed. The CP concentrations in different cultivars differed (3.7‒6.7%; P<0.05) as did NDF, ADF, cellulose and 

lignin concentrations (P<0.05). Total carbohydrate, non-structural carbohydrate and structural carbohydrate 

concentrations differed (P<0.05) amongst cultivars as did carbohydrate fractions (CA, CB1, CB2, CC; P<0.05). Protein 

fractions (PB1, PB2, PB3 and PC) except PA differed (P<0.05). Concentrations of stover protein fractions PA and PB3 were 

lower than PB1, PB2 and PC. Unavailable protein fraction PC was highest (P<0.05) in stover of SPV-1616 (36.8% CP) and 

lowest in ICSV-700 (20.4% CP). Concentrations of gross energy (GE), digestible energy (DE), metabolizable energy 

(ME) and total digestible nutrients (TDN) varied (P<0.05) and ICSV-700 had highest concentrations of DE, ME and 

TDN (2.60 kcal/g DM, 2.13 kcal/g DM and 59.0%, respectively). Energetic efficiency for maintenance (NEM), lactation 

(NEL) and growth (NEG) differed (P<0.05) with ranges of 1.13‒1.42, 0.41‒0.70 and 0.95‒1.33 kcal/g DM, respectively. 

Values for estimated DM intake, estimated digestible DM and relative feed value for stovers also varied (P<0.05) with 

ranges of 1.76‒2.19%, 55.3‒61.4% and 75.4‒104.1%, respectively. In vitro dry matter digestibility was highest (P<0.05) 

for cultivars PVK-809 (55.7%) and ICSV-700 (54.3%). Macro- and micro-mineral concentrations also differed (P<0.05) 

across cultivar stovers. The wide genetic variability for nutritional attributes in stovers of sorghum cultivars indicates 

significant potential for improvement of stover quality through sorghum improvement programs, but care needs to be 

taken that grain and stover yields do not suffer. 
 

Keywords: Energy values, nutritive value, sorghum stover, yields. 
 

Resumen 
 

En Hyderabad, India se evaluaron los atributos nutritivos de residuos de cosecha (rastrojo) de 11 cultivares de sorgo de 

grano (SP 18005A x 220-2,3,6,7; PC-5; GGUB44 x SSG-59-3; ICSV-700; CSV-17; NRF-526; FM-1; SPV -1616; PVK-

809; UPMC-503; y HC-308), seleccionados por su diversidad genética y formas de uso, con el objeto de identificar 

líneas parentales superiores por concentración de proteína y digestibilidad, para uso eventual en programas de 

fitomejoramiento. Las concentraciones de proteína cruda difirieron entre los cultivares (3.7‒6.7%; P<0.05) al igual que 

las concentraciones de NDF, ADF, celulosa y lignina (P<0.05). También difirieron (P<0.05) las concentraciones de 

carbohidratos totales, no estructurales y estructurales, y las fracciones de carbohidratos (CA, CB1, CB2, CC). Con excepción 

de PA, las demás fracciones de proteína (PB1, PB2, PB3 y PC) también difirieron (P<0.05). Las concentraciones de las 
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fracciones proteicas PA y PB3 fueron inferiores a PB1, PB2 y PC. La mayor (P<0.05) fracción de proteína no disponible 

(PC) se encontró en el rastrojo de SPV-1616 (36.8% CP) y la más baja en ICSV-700 (20.4% CP). Las concentraciones 

de energía bruta, energía digestible, energía metabolizable y nutrientes digestibles totales (NDT) variaron entre los 

cultivares (P<0.05); ICSV-700 presentó las concentraciones más altas de energía digestible y metabolizable, y NDT 

(2.60 kcal/g MS, 2.13 kcal/g MS y 59.0%, respectivamente). La eficiencia energética para mantenimiento, lactancia y 

crecimiento difirieron entre los cultivares (P<0.05) con rangos de 1.13‒1.42, 0.41‒0.70 y 0.95‒1.33 kcal/g de MS, 

respectivamente. El consumo estimado de MS, la MS digestible estimada y el valor relativo del alimento para los 

rastrojos también variaron (P<0.05) con rangos de 1.76‒2.19%, 55.3‒61.4% y 75.4‒104.1%, respectivamente. La 

digestibilidad in vitro más alta de la MS (P<0.05) se encontró con los cultivares PVK-809 (55.7%) e ICSV-700 (54.3%). 

Las concentraciones de macro- y micro-minerales también variaron (P<0.05) entre cultivares. La amplia variabilidad 

genética de los atributos nutritivos en los rastrojos de los cultivares de sorgo indica un potencial significativo para 

mejorar la calidad del rastrojo a través de programas de fitomejoramiento, pero se debe considerar el riesgo de 

comprometer los rendimientos de grano y rastrojo. 

 

Palabras clave: Calidad nutritiva, rendimientos, valor energético, variabilidad genética. 

 
 

Introduction 

 

Sorghum [Sorghum bicolor (L.) Moench] is one of the 

important cereal crops in the semi-arid tropics globally for 

providing human food, animal feed and raw materials for 

industrial use. In the present context of global climate 

change the crop is likely to become more important due to 

its adaptability to high temperature, water scarcity and 

saline conditions (Sanchez et al. 2002; Brouk and Bean 

2011). Its tolerance of drought and saline conditions makes 

sorghum a valuable feed resource for growing on saline 

soils in arid and semi-arid regions (Fahmy et al. 2010). 

India contributes 16% of global sorghum production 

and traditionally sorghum is grown both as fodder and 

grain crops in all states of India, with 3 southern states 

(Maharashtra, Karnataka and Andhra Pradesh) account-

ing for nearly 75% of sorghum’s cultivable area and 85% 

of total sorghum production. It is grown as green fodder 

in the rainy season (July to mid-October, Kharif season) 

and later for grain as a food-feed crop. 

Apart from producing grain as food for humans plus 

non-ruminant and ruminant livestock, sorghum residue 

(stover) is an important source of dry roughage for rumi-

nants in the tropics, including India. The nutritive value 

of sorghum stover in terms of protein, energy and di-

gestibility is low and stover is unable to provide a main-

tenance diet for ruminants. In view of the growing impor-

tance of crop residues for livestock feed, improving the 

nutritive value of sorghum stover is an important object-

tive in the tropics (Rattunde et al. 2001). Blümmel and 

Reddy (2006) reported substantial variation in the fodder 

value of sorghum stovers and supported the concept of 

genetic enhancement to improve dual-purpose sorghum 

cultivars. Genetic variability in sorghum for various nutri-

tional traits has been reported (Youngquist et al. 1990; 

Singh et al. 2014). There is a paucity of systematic 

information on nutritive value of improved forage 

sorghums for ranking of forage cultivars (Akabari and 

Parmar 2014) and also for selecting genetic material for 

use in sorghum improvement programs.  

There is a need to quantify the genetic diversity of 

available sorghum cultivars in terms of nutritive value for 

use in breeding sorghum varieties or hybrids with higher 

stover value without compromising grain yield (Rattunde 

1998; Hash et al. 2000). With this objective, a total of 11 

sorghum cultivars were screened for variability in protein, 

carbohydrate and dry matter digestibility to select parents 

for subsequent use in sorghum breeding programs. 

 

Materials and Methods 

 

Production, sampling and processing of sorghum stovers 

 

Eleven sorghum cultivars (SP 18005A x 220-2,3,6,7;  

PC-5; GGUB44 x SSG-59-3; ICSV-700; CSV-17; NRF-

526; FM-1; SPV-1616; PVK-809; UPMC-503; and HC-

308), selected on the basis of diverse genetic 

backgrounds, use and yield (stover and grain; Table 1) 

were grown at the research farm of Indian Institute of 

Millet Research, Hyderabad, India, in a randomized block 

design with 3 replications in plots of 5 x 4 m spaced at 45 

cm between rows and 15 cm between plants within rows. 

A basal dose of 80 kg N and 40 kg P/ha was applied, with 

a further 40 kg N/ha 30 days after sowing. The variation 

in number of days to grain ripening since planting varied 

among cultivars: CSV-17 matured in 100 days and ICSV-

700 matured in 122 days with the remainder intermediate. 

Yields of grain and stover were measured following grain 

harvesting and a composite stover sample was taken from 

each replication of individual cultivars for chemical 
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analysis. The stover samples were dried in a hot-air oven 

at 60‒65 ºC for 96 h to constant weight. Dried samples 

were then ground through a 1-mm sieve using an 

electrically operated Willey mill and subsequently stored 

in plastic containers for laboratory analysis. 

 

Chemical analyses 

 

Dry matter (DM), crude protein (CP), ether extract (EE) 

and ash concentrations of sorghum stover samples were 

estimated as per procedures of AOAC (2000). Fiber 

fractions, namely neutral detergent fiber (NDF), acid 

detergent fiber (ADF), cellulose and lignin, were 

determined following the detergent method of Van Soest et 

al. (1991) using Fiber Tech analyzer (FibraPlus FES 6, 

Pelican, Chennai, India). Heat-labile α-amylase and 

sodium sulphite were not used in NDF solution. Lignin (sa) 

was determined by dissolving cellulose with sulfuric acid 

in the ADF residue (Van Soest et al. 1991). Cellulose was 

estimated as the difference between ADF and lignin (sa) in 

the sequential analysis and hemicellulose was calculated as 

difference between NDF and ADF concentrations. 

 

Carbohydrate and protein fractions 

 

Total carbohydrates (tCHO) of stover samples were 

calculated as 100 - (CP + EE + ash). Carbohydrate 

fractions in the samples were estimated as per Cornell Net 

Carbohydrate and Protein (CNCP) system (Sniffen et al. 

1992), which classifies carbohydrate fractions according 

to degradation rate into 4 fractions, viz. CA - rapidly 

degradable sugars; CB1 - intermediately degradable starch 

and pectin; CB2 - slowly degradable cell wall; and CC - 

unavailable/lignin-bound cell wall. Structural carbo-

hydrates (SC) were calculated as the difference between 

NDF and neutral detergent insoluble protein (NDIP), 

while non-structural carbohydrates (NSC) were estimated 

as the difference between tCHO and SC (Caballero et al. 

2001). Starch in samples was estimated by extracting 

stover samples in 80% ethyl alcohol to solubilize free 

sugars, lipids, pigments and waxes. The residue rich in 

starch was solubilized with perchloric acid and the extract 

was treated with anthrone-sulfuric acid to determine 

glucose colorimetrically using glucose standard (Sastry et 

al. 1991). A factor of 0.9 was used to convert glucose into 

starch (mg %). 

The CP of stover samples was partitioned into 5 

fractions according to the Cornell Net Carbohydrate and 

Protein System (CNCPS; Sniffen et al. 1992) as modified 

by Licitra et al. (1996). Neutral detergent insoluble 

protein (NDIP), acid detergent insoluble protein (ADIP) 

and non-protein nitrogen (NPN) were estimated following 

the standard method (Licitra et al. 1996). For NDIP and 

ADIP, samples extracted with neutral detergent and acid 

detergent solutions, respectively, were analyzed as 

Kjeldahl N x 6.25 using semi-auto analyzer (Kel Plus 

Classic-DX Pelican India). For NPN estimation, samples 

were treated with sodium tungstate (0.30 molar) and 

filtered, and residual nitrogen was determined by the 

Kjeldahl procedure. Non-protein nitrogen of the sample 

was calculated by subtracting residual nitrogen from total 

nitrogen. Soluble protein (SP) was estimated by treating 

the samples in borate-phosphate buffer, pH 6.7–6.8, 

consisting of monosodium phosphate (Na2PO4.H2O) 12.2 

g/L, sodium tetraborate (Na2B4O7.10H2O) 8.91 g/L and 

tertiary butyl alcohol 100 mL/L and freshly prepared 10% 

sodium azide solution (Krishnamoorthy et al. 1983). The 

N estimated in the residue gives the insoluble protein 

fraction. The SP was calculated by subtracting insoluble 

protein from total CP. 

 

Intake, digestibility, energy, feed value 

 

To calculate DM intake (DMI), digestible dry matter 

(DDM), relative feed value (RFV), total digestible nutrients 

(TDN) and net energy (NE) of the stovers for different 

animal functions, i.e. lactation (NEL), weight gain (NEG) and 

maintenance (NEM), equations given by Undersander et al. 

(1993) were used. Digestible energy (DE) and net energy 

(NE) values were calculated using equations of Fonnesbeck 

et al. (1984) and Khalil et al. (1986), respectively. The in 

vitro dry matter digestibility (IVDMD) was estimated using 

the 2-stage technique of Tilley and Terry (1963) by 

incubating 0.5 g of sample in inoculum of sheep maintained 

on a mixed grass hay-concentrate diet. 

 

Minerals 

 

Samples of sorghum stovers were wet-digested with 3:1 

HNO3:perchloric acid mixture, cooled and filtered 

through Whatman 42 filter paper. The aliquot was used 

for estimation of calcium (Ca), copper (Cu), zinc (Zn), 

iron (Fe), cobalt (Co) and manganese (Mn) using an 

atomic absorption spectrophotometer (Varian AA 240) 

against their standards. Phosphorus was estimated colori-

metrically using Bartor’s reagent according to AOAC 

(2000). 

 

Statistical analysis 

 

Data were subjected to analysis of variance of SPSS 17.0 

to test the differences between sorghum cultivars for 

chemical composition, carbohydrate and protein fractions, 

energy values, digestibility and mineral concentrations. 
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Variable means were compared for significance at P<0.05 

level (Snedecor and Cochran 1994). 

 

Results 
 

Grain and stover yields 

 

Stover yields in the various cultivars varied from 7.61 t/ha 

(CSV-17) to 13.7 t/ha (SP 18005A x 220-2,3,6,7), while 

grain yields ranged from 1.59 t/ha (FM-1) to 4.51 t/ha 

(SPV-1616) (Table 1). 

 

Chemical composition 

 

All chemical parameters varied (P<0.05) between 

cultivars. Crude protein was highest in SP 18005A x 220-

2, 3, 6, 7 and PC5 (6.6 and 6.7%, respectively) and lowest 

in UPMC-503 (3.7%; Table 2). The OM and EE 

concentrations in stovers varied (P<0.05), with ranges of 

91.0‒93.5% and 1.05‒1.61%, respectively. NDF ranged 

from 55.0% (ICSV-700) to 68.2% (CSV-17), ADF from 

35.3% (ICSV-700) to 43.1% (CSV-17), cellulose from 

27.9% (ICSV-700) to 33.8% (CSV-17) and lignin from 

4.33% (PVK-809) to 5.79% (CSV-17) (P<0.05). 

Carbohydrate fractions 

 

Concentrations of tCHO, NSC and SC of sorghum stovers 

differed (P<0.05) between cultivars (Table 3). Total 

carbohydrates varied from 88.6% (UPMC-503) to 83.3% 

(SP 18005A x 220-2,3,6,7), while structural carbohy-

drates were highest in CSV-17 (66.4%) and lowest in 

ICSV-700 (53.6% DM). Similarly the carbohydrate 

fractions (CA, CB1, CB2, CC) differed significantly 

(P<0.05) across the sorghum cultivars. The highly 

degradable carbohydrate fraction (CA) was highest 

(P<0.05) in stover of ICSV-700 (30.3%) and lowest in 

CSV-17 (16.7%). On the other hand the slowly degrad-

able carbohydrate fraction (CB2) was lowest in ICSV-700 

(53.8%) and highest in CSV-17 (66.4%). 

 

Protein fractions 

 

The protein fractions PB1, PB2, PB3 and PC differed 

significantly (P<0.05) in stovers of the sorghum cultivars 

(Table 4). Lignin-bound/unavailable protein fraction PC 

was highest (P<0.05) in stover of SPV-1616 (36.8%) and 

lowest in ICSV-700 (20.4% CP). 

 

 

Table 1.  Sorghum cultivars used in the study, their use and yields of stover and grain. 

 

Cultivar Commodity/Major utility Stover yield (t/ha) Grain yield (t/ha) 

SP 18005A x 220-2,3,6,7 Sweet sorghum/ High biomass 13.7a 2.82cd 

PC-5 Fodder 8.96bc 2.23de 

GGUB44 x SSG-59-3 Fodder 10.05abc 2.18d 

ICSV-700 Sweet sorghum/ High biomass 12.51ab 2.7c 

CSV-17 Grain & fodder 7.61c 3.4c 

NRF-526 Sweet sorghum/ High biomass 12.07ab 2.46d 

FM-1 Fodder 9.49abc 1.59e 

SPV-1616 Grain & fodder 11.34abc 4.51a 

PVK-809 Grain & fodder 10.76abc 3.89ab 

UMPC-503 Fodder 8.6c 2.03de 

HC-308 Fodder 9.95abc 1.79e 

Means followed by different letters within columns differ significantly at P<0.05 level. 

 

Table 2.  Chemical composition (% DM) of stover from 11 sorghum cultivars. 

 

Variable SP 18005A 

x 220-2,3,6,7 

PC-5 GGUB44 x 

SSG-59-3 

ICSV-700 CSV-17 NRF-526 FM-1 SPV-1616 PVK-809 UPMC-503 HC-308 sem Sig 

CP 6.6ef 6.71f 5.87de 4.88bc 4.53abc 4.43abc 5.03c 3.87ab 4.46abc 3.68a 4.07ab 0.134 <0.0001 

OM 91.5abc 93.1de 93.0de 93.2de 92.6cde 91.9abcd 93.3de 91.1a 91.0a 93.5e 92.4bcde 0.159 <0.0001 

EE 1.21ab 1.14ab 1.24ab 1.05a 1.28abc 1.61d 1.51d 1.25ab 1.29cd 1.14ab 1.22ab 0.026 <0.0001 

NDF 63.0b 64.0b 62.3b 55.0a 68.2c 62.1b 61.5b 61.7b 62.0b 63.9b 64.1b 0.474 <0.0001 

ADF 38.1ab 38.7b 36.8ab 35.3a 43.1c 38.9b 36.2ab 37.0ab 38.0ab 37.7ab 39.0b 0.335 <0.0001 

Cellulose 30.3b 31.7b 29.9ab 27.9a 33.8c 30.7b 29.4ab 30.2b 30.8b 31.5b 31.1b 0.251 <0.0001 

Hemicellulose 25.5bc 25.6bc 25.5bc 19.7a 25.2bc 23.3b 25.4bc 24.7bc 23.9bc 26.2c 25.1bc 0.286 <0.0001 

Lignin 5.51ef 4.84abc 4.48ab 4.96bcde 5.79f 5.58ef 4.73abc 4.54ab 4.33a 4.64abc 5.04bcd 0.074 <0.0001 

Means followed by different letters within rows differ significantly at P<0.05 level. 

CP - crude protein; OM - organic matter; EE - ether extract; NDF - neutral detergent fiber; ADF - acid detergent fiber. 
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Table 3.  Carbohydrate and its fractions in stovers of 11 sorghum cultivars. 

 

Variable SP 18005A x 

220-2,3,6,7 

PC-5 GGUB44 x 

SSG-59-3 

ICSV-700 CSV-17 NRF-526 FM-1 SPV-1616 PVK-809 UPMC-503 HC-308 sem Sig 

tCHO (% DM) 83.3a 84.9ab 85.1ab 86.8cd 86.3bc 85.3ab 86.6cd 85.8abc 84.6abc 88.6d 87.0cd 0.306 0.007 

NSC (% DM) 22.7a 23.1a 24.4a 33.2b 19.9a 24.8a 27.6ab 26.1ab 25.7ab 26.5ab 24.8a 0.760 0.102 

SC (% DM) 60.7b 61.8bc 60.7b 53.6a 66.4c 60.5b 59.0b 59.7b 58.9b 62.1bc 62.2bc 0.631 0.012 

CA (% tCHO) 20.2ab 20.2ab 22.7ab 30.3c 16.7a 21.6ab 24.5bc 20.9ab 21.9ab 21.7ab 20. 9ab 0.744 0.002 

CB1 (% tCHO) 0.95a 2.26bc 1.60abc 1.50abc 1.41ab 1.38ab 2.20bc 4.30d 3.57d 3.64d 2.55c 0.188 0.028 

CB2 (% tCHO) 62.8b 64.5b 64.0b 53.8a 66.4b 61.1b 59.9b 61.4b 62.2b 61.9b 62.5b 0.680 0.0001 

CC (% tCHO) 16.0d 13.0ab 11.7a 14.4bcd 15.5cd 15.9d 13.3abc 13.3ab 12.3ab 12.7ab 14.2bcd 03.05 0.063 

Means followed by different letters within rows differ significantly at P<0.05 level. 

tCHO - total carbohydrates; NSC – non-structural carbohydrates; SC - structural carbohydrates; CA - rapidly degradable sugars; CB1 - 

intermediately degradable starch and pectins; CB2 - slowly degradable cell wall; CC - unavailable/lignin-bound cell wall. 

 

 

Energy and its efficiency for animal functions 

 

Energy value in terms of GE, DE, ME and TDN in stovers 

differed significantly (P<0.05; Table 5). Cultivar ICSV-

700 had highest concentrations of DE, ME and TDN (2.60 

kcal/g DM, 2.13 kcal/g DM and 59.0%, respectively), 

while CSV-17 had the lowest (2.16 g/kg DM, 1.77 kcal/g 

DM and 48.9%, respectively). The energetic efficiency 

for different animal functions, viz. NEM, NEG and NEL, 

also differed (P<0.05) amongst the sorghum cultivars, 

with ranges of 1.13‒1.42, 0.41‒0.70 and 0.95‒1.33 kcal/g 

DM, respectively. 

 

Intake, digestibility and relative feed value  

 

The calculated values of DMI, DDM and RFV for stovers 

of the 11 sorghum cultivars varied significantly (P<0.05; 

Table 6) with ranges of 1.76‒2.19%, 55.3‒61.4% and 

75.4‒104.1%, respectively. In vitro dry matter digestibil-

ity (IVDMD) of stovers was highest (P<0.05) for cultivars 

PVK-809 (55.7%) and ICSV-700 (54.3%) and lowest for 

CSV-17 (40.3%). 

 

Macro- and micro-minerals 

 

Macro- and micro-mineral concentrations in stovers 

differed (P<0.05) across sorghum cultivars (Table 7). 

Stover from SPV-1616 had lowest Ca and P 

concentrations (216 and 39.9 mg/kg, respectively) with 

highest Ca in NRF-526 (398 mg/kg) and highest P in HC-

308 (71 mg/kg). The concentrations of micro-minerals, 

viz. Cu, Zn, Fe, Mn and Co, ranged between 1.47 and 

9.59, 14.2 and 35.5, 109 and 281, 46.5 and 112.5, and 1.74 

and 5.44 ug/g, respectively. 
 

 

Table 4.  Protein fractions (% CP) of stovers from 11 sorghum cultivars. 

 

Variable SP 18005A x 

220-2,3,6,7 

PC-5 GGUB44 x 

SSG-59-3 

ICSV-700 CSV-17 NRF-526 FM-1 SPV- 

1616 

PVK- 

809 

UPMC-503 HC-308 sem Sig 

PA 8.95 9.28 6.66 7.73 8.55 6.44 8.49 6.94 11.51 10.29 9.15 0.48 0.661 

PB1 26.7ab 26.1ab 21.8a 25.1ab 26.2ab 26.6ab 25.3ab 25.4ab 22.9a 30.0bc 34.1c 0.66 0.010 

PB2 33.1bc 30.2abc 36.6c 28.8abc 28.5abc 33.7c 21.4ab 25.0abc 20.9a 21.5ab 20.8a 1.23 0.040 

PB3 4.99a 12.93abc 11.30abc 17.96c 12.30abc 12.17abc 16.58bc 5.79a 11.03ab 9.67ab 7.82a 0.854 0.016 

PC 26.3ab 21.5a 23.6a 20.4a 24.4a 21.1a 28.3ab 36.8c 33.6bc 28.6ab 28.5ab 0.999 0.002 

Means followed by different letters within rows differ significantly at P<0.05 level. 

PA - non-protein nitrogen; PB1 - buffer-soluble protein; PB2 - neutral detergent-soluble protein; PB3 - acid detergent-soluble protein; PC - 

indigestible protein.
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Table 5.  Energy and energetic efficiency for different animal functions of 11 sorghum stovers. 

 

Variable SP 18005A x 

220-2,3,6,7 

PC-5 GGUB44 x 

SSG-59-3 

ICSV-700 CSV-17 NRF-526 FM-1 SPV-1616 PVK-809 UPMC-503 HC-308 sem Sig 

GE (kcal/g) 4.17bc 4.01a 4.11abc 4.04ab 4.12abc 4.14abc 4.22c 4.16abc 4.04ab 4.13abc 4.13abc 0.014 0.118 

DE (kcal/g) 2.44bc 2.41b 2.52bc 2.60c 2.16a 2.40b 2.55bc 2.50bc 2.44bc 2.46bc 2.39b 0.019 <.0001 

ME (kcal/g) 2.00bc 1.90b 2.07bc 2.13c 1.77a 1.97b 2.10bc 2.06bc 2.01bc 2.02bc 1.96b 0.016 <.0001 

TDN (%) 55.3bc 54.6b 57.1bc 59.0c 48.9a 54.4b 57.9bc 56.8bc 55.4bc 55.9bc 54.2b 0.437 <.0001 

NEL (kcal/g) 1.19bc 1.16b 1.26bc 1.33c 0.95a 1.15b 1.29bc 1.24bc 1.19bc 1.21bc 1.15b 0.016 <.0001 

NEG (kcal/g) 0.59bc 0.57b 0.65bc 0.70c 0.41a 0.57b 0.67bc 0.64bc 0.60bc 0.61bc 0.56b 0.013 <.0001 

NEM (kcal/g) 1.31bc 1.29b 1.37bc 1.42c 1.13a 1.29b 1.39bc 1.36bc 1.32bc 1.33bc 1.28b 0.0126 <.0001 

Means followed by different letters within rows differ significantly at P<0.05 level. 

GE - gross energy; DE - digestible energy; ME - metabolizable energy; TDN - total digestible nutrients; NEL - net energy for lactation; 

NEG  - net energy for growth/gain; NEM - net energy for maintenance. 

 

Table 6.  Predicted dry matter intake, digestibility and feed value of stovers from 11 different sorghum cultivars. 

 

Variable SP 18005A x 

220-2,3,6,7 

PC-5 GGUB44 x 

SSG-59-3 

ICSV-700 CSV-17 NRF-526 FM-1 SPV-1616 PVK-809 UPMC-503 HC-308 sem sig 

IVDMD (%) 51.1cde 47.6bc 52.6def 54.3ef 40.3a 47.7bc 53.7ef 50.9cde 55.7f 48.4bcd 45.7b 0.552 <.0001 

DDM (%) 59.2bc 58.7b 60.2bc 61.4bc 55.3a 58.6b 60.7bc 60.1bc 59.3bc 59.5bc 58.5b 0.261 <.0001 

DMI (%) 1.89b 1.86ab 1.93b 2.19c 1.76a 1.94b 1.95b 1.95b 1.94b 1.88b 1.87ab 0.015 <.0001 

RFV (%) 86.7b 85.1b 90.1b 104.1c 75.4a 88.2b 92.0b 90.9b 89.7b 87.0b 85.0b 1.038 <.0001 

Means followed by different letters within rows differ significantly at P<0.05 level. 

IVDMD - in vitro dry matter digestibility; DDM - estimated digestible dry matter; DMI - estimated dry matter intake; RFV - relative 

feed value. 

 

Table 7.  Macro- and micro-mineral concentrations in stovers of 11 sorghum cultivars. 

 

Variable SP 18005A x 

220-2,3,6,7 

PC-5 GGUB44 x 

SSG-59-3 

ICSV-700 CSV-17 NRF-526 FM-1 SPV-1616 PVK-809 UPMC-503 HC-308 sem Sig 

Ca (mg/kg) 343c 236bc 259ab 241ab 341ab 398cd 228bc 216a 215a 241ab 285abc 10.01 0.001 

P (mg/kg) 45.9abc 42.3ab 62.6abc 56.4abc 47.9abc 47.2abc 60.7abc 39.9ab 42ab 65.6bc 71c 2.60 0.071 

Mg (mg/kg) 58.6 49.8 44.5 46.0 42.9 54.5 52.1 44.9 45.0 42.9 48.6 2.40 0.013 

Cu (ug/g) 4.45b 1.86a 1.55a 1.54a 5.45b 8.51c 8.25c 1.47a 2.94a 3.71a 9.59c 1.76 0.032 

Zn (ug/g) 14.9 17.2 16.4 27.3 32.2 18.2 14.2 24.5 28.6 35.5 23.8 0.623 0.410 

Fe (ug/g) 230ab 277b 281b 195ab 241ab 272b 173ab 149a 164ab 109a 126a 20.17 0.001 

Mn (ug/g) 98.3cd 69.2abc 112.5d 68.3abc 54.6ab 71.3abc 54.7ab 74.3abc 83.4bcd 65.0abc 46.5a 3.94 0.011 

Co (ug/g) 3.86abc 3.06abc 4.30bc 3.50abc 3.04abc 4.85bc 1.74a 3.05abc 2.57ab 4.25bc 5.44c 0.258 0.026 

Means followed by different letters within rows differ significantly at P<0.05 level. 

 

 

Discussion 

 

Grain and stover yields 

 

The stover yields of high biomass lines SP 18005A x 220-

2,3,6,7, ICSV-700 and NRF-526 were higher, but not 

significantly so, than those of fodder and grain types SPV-

1616 and PVK-809. This is expected because the high 

biomass lines were specially bred for higher biomass. On 

the other hand, the grain yields were higher in SPV-1616 

and PVK-809 followed by CSV-17. The former two 

varieties were bred for maximizing grain yield with 

superior stover yield. Umakanth et al. (2012) observed 

that SPV 1616 showed high adaptability for grain and 

fodder yields and biomass, and hence better suited as a 

dual purpose sorghum variety. Sharma (2013) observed 

that CSV 17 was a good grain yielding variety that had 

least stover yield in western Rajasthan, India. 

 

Chemical composition 

 

Cereal stovers and straws are usually low in crude protein 

and rich in fiber concentrations, unable even to meet the 

minimum CP requirements (7%) for maintenance of 

animals and rumen microbes (Minson 1990), so there is 

need to supplement these stovers with protein rich 

leguminous forage or non-protein nitrogen or protein 

sources. In the present study CP concentrations (3.7‒
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6.7%) of sorghum stovers are below the maintenance 

requirement for ruminants. Mativavarira et al. (2013) 

reported that CP concentrations of stovers varied (P<0.05) 

across cultivars and ranged between 5.6 and 6.6%, which 

supports our findings. Varietal differences for sorghum 

stover quality have been reported for protein and cell wall 

concentrations (Badve et al. 1993). Fiber fractions, viz. 

NDF, ADF, cellulose and lignin, are in general agreement 

with the earlier recorded values of Elseed et al. (2007) 

across 5 sorghum varieties. Crude protein, OM and EE 

concentrations of sorghum stovers reported by Misra et 

al. (2009) were on par with our results, while their NDF 

and ADF concentrations were higher than our values. 

Like the present study, variability in NDF, ADF, cellulose 

and lignin concentrations of sorghum stovers in different 

cultivars has been reported earlier (Garg et al. 2012; 

Hamed et al. 2015). 

 

Carbohydrate and protein fractions 

 

Carbohydrates constitute the main energy source of plants 

(50‒80%) and play an important role in animal nutrition 

as a prime source of energy for rumen microorganisms 

(Van Soest 1994). In our study total carbohydrate 

concentrations of sorghum stovers varied between 83.4 

and 88.6% DM, and exceeded the 78.5% DM reported by 

Das et al. (2015). Carbohydrate accumulation in fodder 

crops is influenced by several factors like plant species, 

variety, growth stage and environmental conditions 

during growth (Buxton and Fales 1994). Concentrations 

of SC and NSC differed (P<0.05) across the cultivars as 

suggested by Ferraris and Charles-Edwards (1986) and 

McBee and Miller (1990). Swarna et al. (2015), while 

evaluating the nutritive value of crop residues, found that 

CA, CB1, CB2 and Cc concentrations in sorghum stover 

were 14.7, 1.12, 56.8 and 28.0% of tCHO levels, a pattern 

of carbohydrate fractions identical with our results. Rela-

tively low CC values (11.7‒16.0% tCHO) in our study 

may be due to the lower lignin concentrations in our 

stovers than in theirs. In our results carbohydrate fraction 

CB2 was highest in CSV-17 (66.4%) and lowest in ICSV-

700 (53.8% tCHO). This is probably a function of the 

higher NDF and hemicellulose concentrations in CSV-17 

and lower NDF and hemicellulose concentrations in 

ICSV-700. This was substantiated by the fact that forage 

with high NDF levels had higher concentrations of the CB2 

fraction, which is more slowly degraded in the rumen, 

impacting microbial synthesis and animal performance 

(Ribeiro et al. 2001). Higher hemicellulose concentrations 

result in higher concentrations of carbohydrate CB2 

fraction. Carvalho et al. (2007) reported that NDF concen-

tration influences carbohydrate fraction CB2 and forages 

high in NDF concentration usually have higher values of 

CB2. Values of carbohydrate fraction CC in our study 

(11.7‒16.0 % tCHO) were generally lower than the 15.8‒

25.2% reported by Malafaia et al. (1998) for grasses. 

Protein fractions (PB1, PB2, PB3 and PC) differed 

(P<0.05) across sorghum cultivars, which may be 

attributed to differences in concentrations of CP and 

lignin. About 5‒15% of total forage N is bound to lignin, 

or rather, is unavailable to ruminal microorganisms (Van 

Soest 1994). Protein fraction PC of stovers recorded in our 

study ranged between 20.4 and 36.8% CP, exceeding the 

above levels, probably due to variability in lignin 

concentrations. Forages, fermented grains and byproduct 

feeds contain significant amounts of fraction PB3 

(Krishnamoorthy et al. 1983). 

 

Energy and its efficiency  

 

Energy density of roughages is a primary parameter 

influencing animal productivity. Stovers from the 

evaluated sorghum cultivars had adequate energy, except 

for CSV17 (ME 1.77 kcal/g), to meet the maintenance 

requirement of livestock (ME 2.0 kcal/g DM recom-

mended for ruminants; ICAR 2013). The DE and ME 

concentrations in our study differed (P<0.05) across 

cultivars, being highest for ICSV-700 (2.60 and 2.13 

kcal/g DM) and lowest for CSV-17 (2.16 and 1.77 kcal/g 

DM). The range of values for DE (2.16‒2.6 kcal/g DM) 

and ME (1.77‒2.13 kcal/g DM) are similar to the 2.14‒

2.51 kcal DE/g DM and 1.76‒2.05 kcal ME/g DM 

recorded by Neumann et al. (2002), the 1.70‒2.00 kcal 

ME/g DM reported by Garg et al. (2012) and the 1.6‒1.72 

kcal ME/g DM reported by Mativavarira et al. (2013). The 

variation in TDN concentrations in our study (59.0% for 

ICSV-700 to 48.9% for CSV-17) is a function of 

differences in fiber concentrations, as fiber is often used 

as a negative index of nutritive value in the prediction of 

total digestible nutrients and net energy. Sorghum stover 

TDN concentrations of 46.5‒56.5% reported by Garg et 

al. (2012) cover a similar range to our findings, while 

Beef Magazine (2015) suggests TDN concentrations of 

sorghum stover are about 54% and Neumann et al. (2002) 

reported TDN of silage made from sorghum hybrids 

between 54.4 and 62.2%. Studies on the net energy 

efficiency of sorghum stovers for animal production 

functions is limited and values for NEM, NEG and NEL 

reported in Beef Magazine (2015) for sorghum stover of 

1.06, 0.40 and 1.06 kcal/g DM corroborate our results. 
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Mean values of NEM, NEG and NEL reported by Bean et 

al. (2011) for hay made from the second cut of 32 

sorghum hybrids were 1.13, 0.59 and 1.21 kcal/g DM, i.e. 

within the range of energy values for sorghum stovers 

recorded in our study. 

 

Intake, digestibility and relative feed value 

 

From a livestock production view point, intake and 

digestibility are the main criteria in breeding programs for 

quality improvement in most cereal fodder crops. Dietary 

fiber concentration, its digestibility and rate of degradation 

in the rumen are the most important forage characteristics 

that determine DMI (Roche et al. 2008). The differences in 

predicted DMI levels we recorded (1.76‒2.19%) may be 

attributed to differences in NDF concentrations. The NDF 

concentration of CSV-17 was 68.2%, which exceeds the 

60.0% usually considered as the threshold likely to 

significantly reduce intake in ruminants (Zewdu 2005). 

Mahanta and Pachauri (2005) recorded DMI between 1.84 

and 2.55% for sheep fed silage from 3 sorghum cultivars 

ad lib. Relative feed value of hay from second cut of 32 

sorghum hybrids ranged between 106 and 126 (Bean et al. 

2011), which exceeded the 75.4‒100 we recorded. We 

attribute the lower RFV of stovers in the present study to 

their lower quality relative to the whole plants examined at 

a younger age by Bean et al. (2011), i.e. higher NDF and 

ADF concentrations as these influence the intake and 

digestibility of a fodder. Forage containing 41% ADF and 

53% NDF is considered to have an RFV of 100 and RFV 

values decrease as the concentrations of NDF and ADF 

increase with crop maturity. 

The variability in digestibility values may be attributed 

to differences in cell wall concentrations. Elseed et al. 

(2007) reported effective degradability of dry matter of 

stovers from different cultivars between 44.4 and 67.7%, 

which covers a similar range to our IVDMD and DDM 

values. Bani et al. (2007) recorded an inverse relationship 

between forage fiber fractions and DM digestibility, while 

Barriere et al. (2003) and Seven and Cerci (2006) 

indicated that nitrogen concentration and cell wall poly-

saccharides determine the digestibility of a crop. The 

IVDMD of sorghum stover of 53.3% reported by Misra et 

al (2009) is consistent with our stover IVDMD values. 

The lower concentrations of NDF, cellulose and lignin in 

ICSV-700 and FM-1 could explain their higher IVDMD 

and DDM values (Tovar-Gomez et al. 1997; Zerbini and 

Thomas 2003), while the highest lignin concentration 

(5.79%) in stover of sorghum cultivar CSV-17 may 

explain the lowest IVDMD and DDM values for this 

cultivar. 

Macro- and micro-minerals 

 

Forages neither contain all the required minerals nor are 

they present in adequate quantity to meet animal 

requirements (Vargas and McDowell 1997). Calcium and 

phosphorus constitute the major portion (up to 70%) of 

the body’s total mineral elements, play a vital role in 

almost all tissues in the body and must be available to 

livestock in proper quantities and ratio (McDowell et al. 

1993). The Ca concentrations that we found, 215‒343 

mg/kg, should fulfill the maintenance requirements of 

ruminants (270‒570 mg/kg; NRC 2001), but P and Mg 

concentrations in stovers were low (39.9‒71 and 42.9‒

58.6 mg/kg) and unable to meet the critical levels (220 

and 120‒220 mg/kg) recommended for ruminants. While 

the Ca concentrations in sorghum stover/straws reported 

by Ramesh et al. (2014) and Garg et al. (2003) are more 

or less similar to our values, P concentrations reported by 

these workers are higher than our values. Misra et al. 

(2015) reported P and Mg concentrations in sorghum 

stovers (N = 31) similar to ours. The concentrations of Cu 

(1.47-9.59 ug/g), Zn (14.2-35.5 ug/g) and Fe (109-281 

ug/g) recorded in our study were within sorghum stover 

values reported by Ramesh et al. (2014) and Misra et al. 

(2015). The low concentrations of many minerals in 

straws and stovers are probably due to maturity and 

possible transfer of nutrients to seeds. Mineral 

concentrations in feeds and fodders are influenced by a 

number of factors (soil pH, soil type, plant species, stage 

of growth and harvest, crop yield, intensity of agriculture 

system, climate, fertilizer rate etc. (British Geological 

Survey 1992; McDowell et al. 1993). 

The results from this study revealed significant 

variability in apparent nutritive value of the sorghum 

stovers tested. This indicates that there is considerable 

potential for selecting appropriate genotypes to include in 

breeding programs to improve stover quality. While 

stovers of all genotypes had adequate energy to meet 

ruminant maintenance requirements, protein concen-

trations were low and quite variable. While there is 

potential to improve stover quality by breeding, care 

would need to be taken to ensure grain and stover yields 

did not suffer as a result. Feeding studies with animals 

would throw more light on the predicted feed intakes and 

digestible dry matter values reported in this study. 

 

Acknowledgments 

 
Authors are thankful to Department of Biotechnology for 

providing financial assistance to carry out this research 

work. Thanks to Director, Millet Research Institute, 

Hyderabad and Director, Indian Grassland and Fodder 

http://www.tropicalgrasslands.info/


50   S. Singh, B. Venktesh Bhat, G.P. Shukla, K.K. Singh and D. Gehrana 

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

Research Institute, Jhansi for providing facilities for 

conducting this work. 

 
References  

 
Akabari VR; Parmar HP. 2014. Heterosis response and 

combining ability for green fodder yield and quality traits in 

forage sorghum. Journal of Progressive Agriculture 5:9–14. 

goo.gl/L1UgjM 

AOAC (Association of Official Analytical Chemists). 2000. 

Official Methods of Analysis. AOAC, Arlington, VA, USA. 

Badve VC; Nisal PR; Joshi AL; Rangnekar DV. 1993. 

Variation in quality of sorghum stover. In: Singh K; Schiere 

JB, eds. Feeding of ruminants on fibrous crop residues. 

ICAR, New Delhi and Wageningen Agricultural University, 

Wageningen, The Netherlands. p. 370–377. goo.gl/K9hdEv 

Bani P; Minuti A; Obonyo L; Ligabue M; Ruozzi F. 2007. 

Genetic and environmental influences on in vitro 

digestibility of alfalfa. Italian Journal of Animal Science 

6:251–253. goo.gl/sEbsdc 

Barriere Y; Guillet C; Goffner D; Pichon M. 2003. Genetic 

variation and breeding strategies for improved cell wall 

digestibility in annual forage crops. Animal Research 

52:193–228. DOI: 10.1051/animres:2003018 

Bean B; Becker J; Robinson J; Pietsch D. 2011. 2011 Limited 

irrigated Texas panhandle sorghum hay trial. AgriLife 

Extension Texas A&M System, Amarillo, TX, USA. 

goo.gl/hiQ1rG 

Beef Magazine. 2015. Feed composition table. Beef Magazine, 

March 2015. p. 18–28. goo.gl/TD79Pf 

Blümmel M; Reddy BVS. 2006. Stover fodder quality traits for 

dual-purpose sorghum genetic improvement. Journal of 

SAT Agricultural Research 2:74–77. goo.gl/5d289G 

British Geological Survey. 1992. Report on mineral status of 

animals in some tropical countries and their relationship to 

drainage geographical maps of minerals in those countries. 

Technical Report WC/92/60. Centre for Tropical Veterinary 

Medicine (CTVM), Edinburgh University, Nottingham, UK. 

goo.gl/DjHZ4A 

Brouk MJ; Bean B. 2011. Sorghum in dairy cattle production 

feeding guide. United Sorghum Check off Program, 

Lubbock, TX, USA. goo.gl/XzZrPC 

Buxton D; Fales S. 1994. Plant environment and quality. In: 

Fahney G, ed. Forage quality, evaluation and utilization. 

American Society of Agronomy, Madison, WI, USA. p. 

155–199. DOI: 10.2134/1994.foragequality.c4 

Caballero R; Alzueta C; Ortiz LT; Rodriguez ML; Barro C; 

Rebolé A. 2001. Carbohydrate and protein fractions of fresh 

and dried common vetch at three maturity stages. Agronomy 

Journal 93:1006–1013. DOI: 10.2134/agronj2001.9351006x 

Carvalho GGP; Garcia R; Pires AJV; Pereira OG; Fernandes 

FEP; Obeid JA; Carvalho BMA. 2007. Fracionamento de 

carboidratos de silagem de capim-elefante emurchecido ou 

com farelo de cacau. Revista Brasileira de Zootecnia 

36:1000–1005. DOI: 10.1590/s1516-35982007000500003 

Das LK; Kundu SS; Kumar D; Datt C. 2015. Fractionation of 

carbohydrate and protein content of some forage feeds of 

ruminants for nutritive evaluation. Veterinary World 8:197–

202. DOI: 10.14202/vetworld.2015.197-202 

Elseed AMAF; Eldaim NIN; Amasaib EO. 2007. Chemical 

composition and in situ dry matter degradability of stover 

fractions of five sorghum varieties. Journal of Applied 

Sciences Research 3:1141–1145. khartoumspace.uofk.edu/ 

handle/123456789/17622 

Fahmy AA; Youssef KM; El Shaer HM. 2010. Intake and nutritive 

value of some salt-tolerant fodder grasses for sheep under 

saline conditions of South Sinai, Egypt. Small Ruminant 

Research 91:110–115. DOI: 10.1016/j.smallrumres.2009.11. 

023 

Ferraris R; Charles-Edwards DA. 1986. A comparative analysis 

of the growth of sweet and forage sorghum crop. I. Dry 

matter production, phenology and morphology. Australian 

Journal of Agricultural Research 37:495–512. DOI: 

10.1071/AR9860495 

Fonnesbeck PV; Clark DH; Garret WN; Speth CF. 1984. 

Predicting energy utilization from alfalfa hay from the 

Western region. Proceedings of American Society of 

Animal Science (Western Section) 35:305–308. 

Garg MR; Bhanderi BM; Sherasia PL. 2003. Macro mineral status 

of feeds and fodders in Kutch district of Gujarat. Animal 

Nutrition and Feed Technology 3:179–188. goo.gl/mepSLt 

Garg MR; Kannan A; Shelke SK; Phondba BT; Sherasia PL. 

2012. Nutritional evaluation of some ruminant feedstuffs by 

in vitro gas production technique. Indian Journal of Animal 

Sciences 82:898–902. goo.gl/uDAEqd 

Hamed AHM; Abbas SO; Ali KA; Elimam ME. 2015. Stover 

yield and chemical composition in some sorghum varieties 

in Gadarif state, Sudan. Animal Review 2:68–75. DOI: 

10.18488/journal.ar/2015.2.3/101.3.68.75 

Hash CT; Abdu Rahman MD; Bhasker Raj AG; Zerbini E. 2000. 

Molecular markers for improving nutritional quality of crop 

residues for ruminants. In: Spangenberg G, ed. Molecular 

breeding of forage crops. Springer, Dordrecht, The Netherlands. 

p. 203–217. DOI: 10.1007/978-94-015-9700-5_12 

ICAR (Indian Council of Agricultural Research). 2013. 

Nutrient requirements of animals. Nutrient requirements of 

sheep, goat and rabbit. Directorate of Information and 

Publication on Agriculture, ICAR, New Delhi, India. 

Khalil JK; Sawayaw N; Hyder SZ. 1986. Nutrient composition 

of Atriplex leaves grown in Saudi Arabia. Journal of Range 

Management 39:104–107. DOI: 10.2307/3899277 

Krishnamoorthy U; Sniffen CJ; Stern MK; Van Soest PJ. 1983. 

Evaluation of mathematical model of rumen digesta and in 

vitro simulation of rumen proteolysis to estimate the rumen 

un-degraded nitrogen content of feedstuffs. British Journal 

of Nutrition 50:555–562. DOI: 10.1079/bjn19830127 

Licitra G; Harnandez TM; Van Soest PJ. 1996. Standardizations 

of procedures for nitrogen fractionation of ruminant feeds. 

Animal Feed Science and Technology 57:347–358. DOI: 

10.1016/0377-8401(95)00837-3 

http://www.tropicalgrasslands.info/
https://goo.gl/L1UgjM
https://goo.gl/K9hdEv
https://goo.gl/sEbsdc
https://doi.org/10.1051/animres:2003018
https://goo.gl/hiQ1rG
https://goo.gl/TD79Pf
https://goo.gl/5d289G
https://goo.gl/DjHZ4A
https://goo.gl/XzZrPC
http://dx.doi.org/10.2134/1994.foragequality.c4
https://doi.org/10.2134/agronj2001.9351006x
https://doi.org/10.1590/s1516-35982007000500003
https://doi.org/10.14202/vetworld.2015.197-202
http://khartoumspace.uofk.edu/handle/123456789/17622
http://khartoumspace.uofk.edu/handle/123456789/17622
http://dx.doi.org/10.1016/j.smallrumres.2009.11.023
http://dx.doi.org/10.1016/j.smallrumres.2009.11.023
https://doi.org/10.1071/AR9860495
https://goo.gl/mepSLt
https://goo.gl/uDAEqd
https://doi.org/10.18488/journal.ar/2015.2.3/101.3.68.75
https://doi.org/10.1007/978-94-015-9700-5_12
https://doi.org/10.2307/3899277
https://doi.org/10.1079/bjn19830127
https://doi.org/10.1016/0377-8401(95)00837-3


Nutritional attributes in stover of sorghum cultivars    51 

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

Mahanta SK; Pachauri VC. 2005. Nutritional evaluation of two 

promising varieties of forage sorghum in sheep fed as silage. 

Asian-Australasian Journal of Animal Sciences 18:1715–

1720. DOI: 10.5713/ajas.2005.1715 

Malafaia PAM; Valadares FSC; Vieira RAM. 1998. 

Determinação das frações que constituem os carboidratos 

totais e da cinética ruminal da fibra em detergente neutro de 

alguns alimentos para ruminantes. Revista Brasileira de 

Zootecnia 27:790–796. 

Mativavarira M; Masikati P; Van Rooyen A; Mwenje E; Dimes 

J; Blummel M; Jumbo BM; Sikosana JLN; Mazvimavi K. 

2013. Response of sorghum cultivars to nitrogen levels on 

yield, water productivity, stover nutritive value traits and 

economic benefits to crop-livestock farmers in the semi-arid 

area of Zimbabwe. Agricultural Journal 8:204–211. 

oar.icrisat.org/id/eprint/7434 

McBee GG; Miller FR. 1990. Carbohydrate and lignin 

partitioning in sorghum stems and blades. Agronomy 

Journal 82:687–690. DOI: 10.2134/agronj1990.000219620 

08200040008x 

McDowell LR; Conrad JH; Humbry FG. 1993. Minerals for 

grazing ruminants in tropical regions. Center for Tropical 

Agriculture, University of Florida, FL, USA. 

Minson DJ. 1990. Forage in Ruminant Nutrition. Academic 

Press, New York, USA. DOI: 10.1016/B978-0-12-498310-

6.50025-0 

Misra AK; Chauhan V; Yadav SK; Maruthi Sankar GR. 2009. 

Nutritive value of commonly used feed resources in 

Telangana region of Andhra Pradesh. Indian Journal of 

Animal Nutrition 26:23–28. goo.gl/nEJhSC 

Misra AK; Singh KK; Das MM. 2015. Mineral content of coarse 

cereals roughages as well as their requirement in dairy 

animals. Proceedings of the XXIII International Grassland 

Congress, New Delhi, India, 2015. goo.gl/y9KR66 

Neumann M; Restle J; Alves Filho DC; Brondani IL; Pellegrini 

LG de; Freitas AK de. 2002. Avaliação do valor nutritivo da 

planta e da silagem de diferentes híbridos de sorgo 

(Sorghum bicolor, L. Moench). Revista Brasileira de 

Zootecnia 31:293‒301. DOI: 10.1590/s1516-35982002000 

200002 

NRC (National Research Council). 2001. Nutrient requirements 

of dairy cattle. Seventh Revised Edition, 2001. The National 

Academies Press, Washington, DC, USA 10.17226/9825 

Ramesh S; Nagalakshmi D; Reddy YR; Reddy AR. 2014. 

Mineral status of soils, water, feeds and fodders of dairy 

animals in Mahaboobnagar district of Andhra Pradesh. 

Global Journal of Bio-Science and Biotechnology 3:273‒

277. goo.gl/rrG7Bg 

Rattunde HFW. 1998. Early-maturing dual-purpose sorghums: 

Agronomic trait variations and covariation among landraces. 

Plant Breeding 177:33‒36. DOI: 10.1111/j.1439-0523.1998 

.tb01444.x 

Rattunde HFW; Zerbini E; Chandra S; Flower DJ. 2001. Stover 

quality of dual purpose sorghums: Genetic and 

environmental sources of variation. Field Crops Research 

71:1‒8. DOI: 10.1016/s0378-4290(01)00136-8 

Ribeiro KG; Pereira OG; Valadares Filho SC; Garcia R; Cabral 

LS. 2001. Caracterização das frações que constituem as 

proteínas e os carboidratos e respectivas taxas de digestão, 

do feno de capim-tifton 85 de diferentes idades de rebrota. 

Revista Brasileira de Zootecnia 30:589–595. DOI: 

10.1590/s1516-35982001000200039 

Roche JR; Blache D; Kay JK; Miller DR; Sheahan AJ; Miller 

DW. 2008. Neuroendocrine and physiological regulation of 

intake with particular reference to domesticated ruminant 

animals. Nutrition Research Reviews 21:207–234. DOI: 

10.1017/s0954422408138744 

Sanchez AC; Subudhi PK; Rosenow DT; Jguyen HT. 2002. 

Mapping QTLs associated with drought resistance in 

sorghum (Sorghum bicolor L. Moench). Plant Molecular 

Biology 48:713–726. DOI: 10.1023/A:1014894130270 

Sastry VRB; Kamra DN; Pathak NN, eds. 1991. Laboratory 

Manual of Animal Nutrition. Centre of Advance Studies, 

Indian Veterinary Research Institute, Izatnagar, India. p. 

116–117. 

Seven PT; Cerci IH. 2006. Relationships between nutrient 

composition and feed digestibility determined with enzyme 

and nylon bag (in situ) techniques in feed resources. 

Bulgarian Journal of Veterinary Medicine 9:107–113. 

goo.gl/hAqgJu 

Sharma NK. 2013. Selection of dual purpose and fodder 

varieties of sorghum for western Rajasthan. Bhartiya Krishi 

Anusandhan Patrika 28:182–184. goo.gl/9SkaYc 

Singh S; Shukla GP; Joshi DC. 2014. Evaluation of dual 

purpose sorghum hybrids for nutritional quality, energy 

efficiency and methane emission. Animal Nutrition and 

Feed Technology 14:535–548. DOI: 10.5958/0974-

181x.2014.01356.0 

Snedecor GW; Cochran WG. 1994. Statistical methods. 8th 

Edn. Oxford and IBH Publishing Company, Calcutta, India. 

Sniffen CJ; O’Connor JD; Van Soest PJ; Fox DG; Russell JB. 

1992. A net carbohydrate and protein system for evaluating 

cattle diets II Carbohydrate and protein availability. Journal 

of Animal Science 70:3562–3577. DOI: 10.2527/ 

1992.70113562x 

Swarna V; Dhulipalla SK; Elineni RR; Dhulipalla NN. 2015. 

Evaluation of certain crop residues for carbohydrate and 

protein fractions by Cornell net carbohydrate and protein 

system. Journal of Advances in Veterinary and Animal 

Research 2:213–216. DOI: 10.5455/javar.2015.b74 

Tilley JMA; Terry RA. 1963. A two-stage technique for the in 

vitro digestion of forage crops. Journal of British Grassland 

Society 18:104–111. DOI: 10.1111/j.1365-2494.1963. 

tb00335.x 

Tovar-Gomez MR; Emile JC; Michalet-Doreau B; Barriere Y. 

1997. In situ degradation kinetics of maize hybrid stalks. 

Animal Feed Science and Technology 68:77–88. DOI: 

10.1016/s0377-8401(97)00036-9 

Umakanth AV; Bhat BV; Hariprasanna K; Ramana OV. 2012. 

Stability of yield and related traits in dual-purpose sorghum 

(Sorghum bicolor) across locations. Indian Journal of 

Agricultural Sciences 82:532–534. goo.gl/xrmQ5D 

http://www.tropicalgrasslands.info/
https://doi.org/10.5713/ajas.2005.1715
http://oar.icrisat.org/id/eprint/7434
https://doi.org/10.2134/agronj1990.00021962008200040008x
https://doi.org/10.2134/agronj1990.00021962008200040008x
https://doi.org/10.1016/B978-0-12-498310-6.50025-0
https://doi.org/10.1016/B978-0-12-498310-6.50025-0
https://goo.gl/nEJhSC
https://goo.gl/y9KR66
https://doi.org/10.1590/s1516-35982002000200002
https://doi.org/10.1590/s1516-35982002000200002
https://doi.org/10.17226/9825
https://goo.gl/rrG7Bg
https://doi.org/10.1111/j.1439-0523.1998.tb01444.x
https://doi.org/10.1111/j.1439-0523.1998.tb01444.x
https://doi.org/10.1016/s0378-4290(01)00136-8
https://doi.org/10.1590/s1516-35982001000200039
https://doi.org/10.1017/s0954422408138744
https://doi.org/10.1023/A:1014894130270
https://goo.gl/hAqgJu
https://goo.gl/9SkaYc
https://doi.org/10.5958/0974-181x.2014.01356.0
https://doi.org/10.5958/0974-181x.2014.01356.0
https://doi.org/10.2527/1992.70113562x
https://doi.org/10.2527/1992.70113562x
https://doi.org/10.5455/javar.2015.b74
https://doi.org/10.1111/j.1365-2494.1963.tb00335.x
https://doi.org/10.1111/j.1365-2494.1963.tb00335.x
https://doi.org/10.1016/s0377-8401(97)00036-9
https://goo.gl/xrmQ5D


52   S. Singh, B. Venktesh Bhat, G.P. Shukla, K.K. Singh and D. Gehrana 

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

Undersander D; Mertens DW; Theix N. 1993. Forage analysis 

procedures. National Forage Testing Association, Omaha, 

NE, USA. goo.gl/LXapyC 

Van Soest PJ. 1994. Nutritional ecology of the ruminant. 2nd 

Edn. Cornell University Press, New York, USA. 

trove.nla.gov.au/version/13770830 

Van Soest PJ; Robertson JB; Lewis BA. 1991. Method for 

dietary fibre, neutral detergent fibre and non-starch 

polysaccharides in relation to animal nutrition. Journal of 

Dairy Science 74:3588–3597. DOI: 10.3168/jds.S0022-

0302(91)78551-2 

Vargas E; McDowell LR. 1997. Mineral deficiencies of cattle 

in Central America and the Caribbean, emphasizing Costa 

Rica. Proceedings of the International Conference on 

Livestock in the Tropics, May 1997, University of Florida, 

Gainesville, FL, USA. p. 99–114. 

Youngquist JB; Carter DC; Clegg MD. 1990. Grain and forage 

yield and stover quality of sorghum and millet in low rainfall 

environments. Experimental Agriculture 26:279–286. DOI: 

10.1017/s0014479700018433 

Zerbini E; Thomas D. 2003. Opportunities for improvement of 

nutritive value in sorghum and pearl millet residues in South 

Asia through genetic enhancement. Field Crops Research 

84:3–15. DOI: 10.1016/S0378-4290(03)00137-0 

Zewdu T. 2005. Variation in growth, yield, chemical composi-

tion and in vitro dry matter digestibility of Napier grass 

accessions (Pennisetum purpureum). Tropical Science 

45:67–73. DOI: 10.1002/ts.51 

 

 

 

(Received for publication 05 December 2016; accepted 28 September 2017; published 31 January 2018) 

 

© 2018 

 

 
Tropical Grasslands-Forrajes Tropicales is an open-access journal published by International Center for Tropical 

Agriculture (CIAT). This work is licensed under the Creative Commons Attribution 4.0 International (CC BY 4.0) 

license. To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/ 

http://www.tropicalgrasslands.info/
https://goo.gl/LXapyC
https://trove.nla.gov.au/version/13770830
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://doi.org/10.1017/s0014479700018433
https://dx.doi.org/10.1016/S0378-4290(03)00137-0
https://doi.org/10.1002/ts.51
https://creativecommons.org/licenses/by/4.0/

