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ABSTRACT

Sorghum is widely grown as a semi-arid infallible fodder crop for livestock consumption.
The availability of better quality green fodder for prolonged periods is directly associated with the
lactation efficiency in animals which ultimately leads to the self sufficiency in milk production. The
present investigation was conducted at Forage Section, Department of Genetics and Plant Breeding,
CCS Haryana Agricultural University, Hisar during the Kharif season of 2019 for the estimation of
amount of heterosis, heterobeltiosis and correlation between quality parameters of forage sorghum.
The experimental material consisted of 18 F

1
hybridsdeveloped by crossing three lines and six testers

in L×T design. The crosses 9A × G 46 (-52.88%), 9A × HJ 541 (50%),14A × S 437 (-16.85%),9A × S 437
(-16.83%), 9A × S 437 (-16.99%), 9A × GFS 5 (-45.45%), 31A × G 46 (-64.56%, -68.53%)  and SSG 59-3
(-42.57%) exhibited the high significant heterosis for sorghum quality parameters like crude protein,
total soluble solids (TSS),hydrocyanic acid (HCN), crude protein, neutral detergent fiber (NDF), acid
detergent fiber (ADF), cellulose, lignin, tannin and phenol, respectively. The significant correlation
observed between HCN, crude protein, NDF, ADF and cellulose contents indicating the scope of
these crosses for the crop improvement. These findings can be applied to develop high heterotic
hybrids with better forage quality for animal nutrition.
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Sorghum [Sorghum bicolor (L.) Moench] is
the 5th important cereal crop globally after wheat, rice,
maize and barley grown for food, feed, fodder and
bio-energy purposes. It is mainly grown in the arid
and semi-arid tropics for green fodder requirement
during kharif and rainy season (Hall et al. 2004). To
increase the per capita milk availability with increasing
population and limited land resources under changing
environmental conditions indicating the requirement
of better quality animal nutrition. Although India is
leading milk producing country in the world but due
to the limitation of quality fodder and nutrition supply
during entire season, per capita milk production is very
low. Therefore, the critical limitation on profitable
animal production in developing countries is the
insufficient availability of quality forage (Sarwaret al.,
2002).

Crude protein content is positively associated
with the fodder quality but this is not the sole measure
of forage quality and can be deceiving. HCN, lignin

content, and phenolic compounds should be consider
to improve the nutritive value of forage sorghum for
productive ruminants.The amount of anti-nutritional
cyanoglycoside present in sorghum feed has toxic
effects on livestock feeding due to breakdown of
cyanoglycoside into hydrocyanic acid by digestive
enzymes (Al-Beiruty et al. 2020). Energy content
depends on the digestibility of various chemical
fractions of forages. The most common method of
predicting forage energy content is based on amount
of fiber. Plants that contain large amounts of neutral
detergent and acid detergent fibers are generally less
digestible. Fiber is more variable in digestibility than
other soluble fractions of the plant such as sugars and
is currently the most accurate predictor of forage
energy content. Lignin affects the digestibility of forage
in animals and is considered both an unfavourable
component of forages and an anti-nutritive in animals
(Frei, 2013).

Reducing lignin and anti-nutritional factor



while increasing non-structural carbohydrates, crude
protein and palatability, are current priorities in
breeding, in order to improve digestibility by livestock
(ANFs; Krämer-Schmid et al., 2016; Wilkins, 2018).
Digestibility is decreased by tannins binding to either
digestive enzymes or tothe proteins themselves.
Sorghum with tannins decreases feed efficiency by
5%-20% when fed to livestock depending on feeding
system and livestock species.Reduction in dry matter
intake and in the digestion of protein and fiber is an
adverse effect often associated with tannins (Schofield
et al., 2001; Makkar, 2003).

NDF fraction consists of hemi-cellulose,
cellulose, lignin, and silica/minerals. Cellulose (a long
chain of glucose molecules linked end to end) and
hemi-cellulose (a branched polymer of glucose, xylose,
galactose, and other carbohydrates) can be broken
down by enzymatic action of bacteria and other
microbes in the animal’s digestive tract, though their
digestion is markedly slower than the digestion of
sugars, starches, and other freely available non-
structural carbohydrates. In contrast, lignin is not
carbohydrate-based but is a phenolic compound. As
such, lignin is not digestible. Moreover, the very
presence of lignin acts as a physical barrier to the
microbial enzymes that break down cellulose and hemi-
cellulose. Polyphenols are the secondary metabolites
produced and they inhibit protein digestibility as they
bind the proteins and make them unavailable for the
intestinal absorption.

Owing to the available germplasm resources,
it is required to exploit them for the yield and quality
parameters through different breeding programmes
(Akabari and Parmar 2014). Heterosis breeding is one
of the universally accepted schemes for enhancing
the yield and quality parameters in agriculture. So far,
a detailed study is not conducted on the improvement
of forage quality along with the yield associated traits.
Therefore, the present investigation was conducted
to determine the superior heterotic hybrids which can
be further utilized in the breeding programmes for
development of high yielding varieties with better
quality.

MATERIALS  AND  METHODS

Genetic Material : To obtain better quality
and nutrient rich fodder, the experimental material
comprised of forage sorghum hybrids which included
nine parents (three females 9A, 14A, 31A and six males
HJ 541, GFS 5, G 46, SGL 87, S 437, SSG 59-3) and

two standard checks (CSH 24MF and SSG 59-3) was
laid out in Randomized complete block design (RBD)
with 3 replications. The crosses were attempted in
Line × Tester fashion on three females (lines) and six
males (Testers) used to develop hybrids.

Experiment site and location : The study
was conducted in research area of Forage Section,
Department of Genetics and Plant Breeding, CCS
Haryana Agricultural University, Hisar during the
Kharif season of 2019. It is situated in semi-arid, sub-
tropical region at 29.090N latitude and 75.430E longitude
with elevation of 215 m (705 ft) above mean sea level.

Observations recorded: Total soluble solids
(TSS) were measured by Refractometer. The samples
for HCN estimation were collected at 30 Days to
sowing (DAS) from the portion of the tiller
immediately below the uppermost leaf collar, using
the method given by (Gilchrist et al., 1967). Total
nitrogen content was estimated by the micro-Kjeldahl
method and crude protein content was determined by
multiplying the nitrogen content by a factor of 6.25.
Cell content and cell wall constituents like Neutral
Detergent Fiber (NDF) and Acid Detergent Fiber
(ADF) and Cellulose contents were determined by the
procedure given by Singh and Pradhan, 1981. The
total phenol was estimated using the method of Swain
and Hillis (1959).

Statistical Analysis: Correlation was
estimated between different quality characters with
R-studio software, while estimation of economic
heterosis and heterobeltiosis calculated using EXCEL
with following formulas

       F1 – CC
Economic Heterosis (%) = –––––––––––– × 100

CC

           F1 – BP
Heterobeltosis (%) = –––––––––––– × 100

   BP

Where, CC = mean performance of commercial
cultivar, F

1
 = mean performance of a cross.

BP = mean performance of better parent

RESULTS  AND  DISCUSSION

In this study, two types of heterosis i.e.
standard heterosis and heterobeltiosis were estimated
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for forage quality characters. The estimates of
heterosis for different characters are depicted in Table
1. For the estimation of standard heterosis, two
released hybrids (CSH 24MF and SSG 59-3) were
used as checks and heterobeltiosis was estimated over
better parent.

Hydrocyanic acid and Crude protein content
estimation

HCN content in forage sorghum is an anti-
nutritional factor and it can be toxic to animals. So, a
significant amount of heterosis in a negative direction
is desirable to feed livestock. Highest desirable
heterosis for HCN were recorded in cross 9A × G 46
(-52.88%, -39.3%) over better parent and CSH 24MF,
respectively. The extent of heterosis ranged from -
52.88% to 104.4% and crosses that exhibit negative
significant heterosis for HCN content were 9A × G 46
, 9A × GFS 5,  9A × SGL 87, 14A × HJ 541, 14A × G
46, 14A × SSG 59-3. Similar heterosis in negative
direction had been reported by Patel et al. (2011) and
Dehinwal et al. (2017), which indicated the scope of
improvement for low HCN hybrids.

Highest amount of significant economic
heterosis for crude protein was exploited by hybrid
9A × HJ 541 (50%, 36.59%, 31.71%) over SSG 59-3
check, better parent and CSH 24MF check,
respectively. The Extent of heterosis ranged from -
21.14% to 50%. Crude protein content is of utmost
importance as it largely determines the palatability and
nutrition value of forage crops. These results about
crude protein content in present study are in
concurrence with previous findings of Filho et al.
(2004) and Nabi et al. (2006).

Neutral Detergent Fiber, Acid Detergent Fiber and
Cellulose

High levels of fiber content in the fodder
adversely affect the digestion of forage sorghum, so
for better digestibility heterosis in the negative direction
is desirable for NDF and ADF. Significant amounts of
heterosis in negative direction for NDF over check
SSG59-3 were shown by cross 14A × S 437 (-
16.85%), 31A × S 437 (-9.21%) and 14A × SGL 87 (-
4.07%) while over better parent significant heterosis
was shown by cross 14A × S 437 (-12.79%).  For
ADF crosses that show high significant negative
heterosis were 9A × S 437 (-16.83%) followed by 9A
× SGL 87(-15.5%), 14A × G 46 (-14.9%), 31A × S

437 (-14.78%), 14A × S 437 (-13.08%) and 14A ×
SGL 87(-10.82%) over check SSG59-3 and over better
parent, cross 14A × G 46 (-12.16%).

The NDF and ADF heterosis varied from -
16.85% to 23.4% and -16.83% to 27.03%,
respectively. Similar findings have been reported by
Patel et al. (2011); Singh et al. (2014) and Mohammed
et al. (2008). Extent of heterosis for cellulose ranged
from -14.77% to 21.56%. Significant amounts of
heterosis in negative direction for cellulose were shown
by cross 9A × S 437 (-16.99%, -11.89%) over check
SSG 59-3 and better parent respectively.

Lignin, Tannin and Phenol

Highest amount of significant heterosis in
negative direction for lignin was shown by cross 9A
× GFS 5 (-45.45%, -33.33%, -30.36%) over check
CSH 24MF, SSG 59-3 and better parent, respectively.
Cross 9A × S 437 (-36.36%, -22.22%, -21.82%) also
had significant heterosis in negative direction over
check CSH 24MF, SSG 59-3 and better parent,
respectively. Extent of heterosis for lignin ranged from
-33.90% to 23.73%. Significant amounts of heterosis
in negative direction were shown by cross31A × G 46
(-64.56%, -68.53%) over check CSH 24MF and SSG
59-3 respectively. Other significant crosses were 14A
× G 46 (-44.66%, -50.86%) and 14A × GFS 5 (-
37.86%, -44.83%) over check CSH 24MF and SSG
59-3, respectively. Extent of heterosis for tannin ranged
from -72.85% to 15.69%. Highest significant heterosis
in negative direction over SSG 59-3 (-42.57%), CSH
24MF (-30.33%) and better parent (-28.57%)
exhibited by cross 31A × SGL 87. Extent of heterosis
for phenol ranged from -42.57% to 55.74%.

Correlation matrix

The correlation analysis was conducted to find
out the association between different fodder quality
traits which are directly or indirectly helpful in the
improvement of desired trait. Correlation analysis
revealed that the TSS was positively correlated with
NDF (0.38) and tannin (0.21), which might be due to
the increase in structural carbohydrates and decrease
in non- structural carbohydrates (Table 2). The
significantly positive correlation was observed between
ADF and NDF (0.5) while non-significant and
negatively correlatrion was found between ADF and
CP content. Similar finding had been reported by Sohail
et al., (2007) and Prajapati et al., (2017) which reveals
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that accumulated cell wall (NDF/ADF/Hemi-cellulose)
contents are less digestible than cell soluble which  be
due to NDF/ADF/Hemi-cellulose contents simply act
as physical barrier to microbial enzymes reacting their
target polysaccharides. Crude protein content show
significant positive correlation with cell wall contents
NDF (0.3) and ADF(0.33), which is in conformity
with earlier findings by Jancik et al., (2008) and Azo
et al., (2012). Cellulose content was found positively
correlated with lignin (0.25) and tannin (0.37) while
HCN was significantly and negatively correlated with
crude protein (-0.37), ADF (-0.37) and phenol (-0.47).
Similar negative correlation between HCN and crude
protein had been reported by Punia et al., (2021).

negative heterosis for traits NDF, ADF, cellulose, lignin
and phenol content. These hybrids can be evaluated
further to develop quality forage sorghum hybrids.
Due to presence of Significant negative correlation
between HCN and crude protein content hybrids with
high protein content and low HCN content can be
selected. Moreover, based on their combining ability
and heterosis, yield trials can be conducted and these
hybrids could be tested in multi-location trials for
validation and subsequent release.

REFERENCES

Akabari, V. R. and H. P. Parmar, 2014 : Heterosis response
and combining ability for green fodder yield and
its quality traits in forage sorghum. Journal of
Progressive Agriculture. 5 : 9-14.

Al-Beiruty, R. A., S. H. Cheyed and M. H. Hashim, 2020 :
Hazards of toxic hydrocyanic acid (HCN) in
sorghum and ways to control it: A review. Plant
Archives. 20 : 2726-2731.

Aydemir, S. K., and Turhal, K. 2018 :  Correlation Analyses
of Herbage Yield and Quality Components in
Certain Sorghum× Sudangrass (Sorghum
bicolor L. × Sorghum sudanense Staph.) Hybrid
Cultivars. Turkish Journal of Agriculture-Food
Science and Technology. 6 : 495-499.

Azo, W. M., G. P. F. Lane, W. P. Davies and N. D. Cannon,
2012 : Bi-cropping white lupins (Lupinusalbus
L.) with cereals for wholecrop forage in organic
farming: The effect of seed rate and harvest dates
on crop yield and quality. Biological Agriculture
& Horticulture. 28 : 86-100.

CJDA Filho, M., O. MCD, T. FID and IN, B. GQ and Reis,
OYD 2004 : Dry Matter Yield and Contents of
Crude Protein in Genotypes of Forage
Sorghum. AgropecuariaTecnia, 25 : 59-63.

Dehinwal, A. K., A. Kumar, S. K. Pahuja, M.
Shafiqurrahaman and A. Kumar, 2017 : Studies

TABLE  2
Correlation Matrix of forage  quality traits

TSS HCN CP NDF ADF CL Lignin Tannin Phenol

TSS 1
HCN -0.08 1
CP -0.04 -0.37** 1
NDF  -0.38** -0.29 0.30** 1
ADF -0.03 -0.37** 0.33* 0.50** 1
CL -0.24 0.06 0.02 0.22 0.15 1
Lignin -0.29 0.00 0.18 0.46* 0.33** 0.25** 1
Tannin -0.23** 0.18 -0.2* -0.10 -0.18 0.37* -0.13 1
Phenol -0.21 -0.47** 0.47* 0.58** 0.53** 0.24 0.27 0.18 1

TSS = Total soluble sugars, HCN = (Hydrocyanic acid), CP= Crude protein, NDF= Neutral detergent fiber, ADF= Acid detergent
fiber, CL = Cellulose, * and ** Significant at 5 % and 1 % level, respectively.

Fig. 1. Correlation heat map.

CONCLUSION

The present investigation indicated that
crosses 9A × GFS 5, 14A × HJ 541, 31 A × HJ
541exhibited significantly negative heterosis for HCN
content and positive heterosis for crude protein
content. Although crosses 9A × S 437, 14A × S 437,
31A × S 437 were reported desirable significant

EXPLOITING  HETEROSIS  IN  SORGHUM 35



on combining ability for yield and its component
traits in forage sorghum. International Journal
of Pure and Applied Bioscience. 5 : 493-502.

Fonseca, S. and F. L. Patterson, 1968 : Hybrid Vigor in a
Seven Parent Diallel Cross in Common Winter
Wheat (Triticum aestivum L.) Crop Science. 8 :
85-88.

Frei, M. 2013 : Lignin: characterization of a multifaceted
crop component. The Scientific World Journal,
2013.

Gilchrist, D. G., W. E. Lueschen and C. N. Hittle, 1967 :
Revised method for the preparation of standards
in the sodium picrate assay of HCN 1. Crop
Science. 7 : 267-268.

Hall, A., M. Blummel, W. Thorpe, F. R. Bidinger and C. T.
Hash, 2004 : Sorghum and pearl millet as food-
feed-crops in India. Animal Nutrition and Feed
Technology. 4 : 1-15.

Jancik, F., P. Homolka, B. Cermak, and F. Lád, 2008 :
Determination of indigestible neutral detergent
fibre contents of grasses and its prediction from
chemical composition. Czech Journal of Animal
Science-UZPI (Czech Republic). 53 : 128-135.

Kirk, P. L. 1950 : Kjeldahl method for total nitrogen.
Analytical chemistry. 22 : 354-358.

Krämer-Schmid, M., P. Lund, and M. R. Weisbjerg, 2016 :
Importance of NDF digestibility of whole crop
maize silage for dry matter intake and milk
production in dairy cows. Animal Feed Science
and Technology. 219 : 68-76.

Makkar, H. P. 2003 : Quantification of tannins in tree and
shrub foliage: a laboratory manual. Springer
Science & Business Media.

Mather, K., and J. L. Jinks, 1971. Components of means:
additive and dominance effects. In Biometrical
Genetics (pp. 65-82). Springer, Boston, MA.

Mohammed, M. I., N. H. Talib, and K. N. Sudan, 2008 :
Heterosis and combining ability for quality traits
in forage sorghum. Australian Journal of Basic
and Applied Sciences. 2 : 99-104.

Nabi, C. G., M. Riaz and G. Ahmad, 2006 : Comparison of
some advanced lines of Sorghum bicolor L.
Monech for green fodder/dry matter yields and
morpho-economic parameters. Journal of
Agricultural Research (Pakistan). 44 : 191-196.

Patel, K. V. and A. D. Patel, 2011 : Extent of heterosis for
green fodder yield and its components traits in

sorghum [Sorghum bicolor  (L.) Moench].
International Journal of  Plant Sciences
(Muzaffarnagar). 6 : 348-351.

Patel, K. V., and A. D. Patel, 2011 : Extent of heterosis for
green fodder yield and its components traits in
sorghum [Sorghum bicolor  (L.) Moench].
International Journal of  Plant Sciences
(Muzaffarnagar). 6 : 348-351.

Prajapati, B., A. Bhatnagar, and Kewalanand. 2017 : Quality
analysis of winter season forage crops. Forage
Res. 42 : 252-257.

Punia, H., J. Tokas, A. Malik, S. Singh, D. S. Phogat, A.
Bhuker and R. N. Sheokand, 2021 : Discerning
morpho-physiological and quality traits
contributing to salinity tolerance acquisition in
sorghum [Sorghum bicolor (L.) Moench]. South
African Journal of Botany. 140 : 409-418.

Sarwar, M., M. A. Khan and Z. Iqbal, 2002 : Status paper
feed resources for livestock in Pakistan. Int. J.
Agric. Biol. 4 : 186-192.

Schofield, P., D. M. Mbugua, and A. N. Pell, 2001 : Analysis
of condensed tannins: a review. Animal feed
science and technology. 91 : 21-40.

Singh, R. and R. Pradhan, 1981. Forage Evaluation. Allied
Publishers Pvt. Ltd., New Delhi. pp. 18-247.

Singh, S., G. P. Shukla, and D. C. Joshi, 2014 : Evaluation
of dual-purpose sorghum hybrids for nutritional
quality, energetic efficiency and methane
emission. Animal Nutrition and Feed
Technology. 14 : 535-548.

Sohail, H. K., G. K. Abdul., S. Mohammad, and A. Azim.
2007 : Effect of Maturity on Production
Efficiency, Nutritive Value and in situ Nutrients
Digestibility of Three Cereal Fodders.
International Journal of Agricultural Research
2 : 900-909.

Swain, T., and W. E. Hillis, 1959 : The phenolic constituents
of Prunusdomestica. I. The quantitative analysis
of phenolic constituents. Journal of the Science
of Food and Agriculture. 10 : 63-68.

Turner, J. H. 1953 : A study of heterosis in forage sorghum.
Combining ability and inbreeding effects.
Agronomy Journal. 45 : 487-490.

Wilkins, R. J. 2018 : The nutritive value of silages. In H.
Swan, & D. Lewis (Eds.), Nutrition conference
for feed manufacturers: University of
Nottingham (Vol. 8, pp. 167–200).

36 REENU,  ARYA,  MANISHA,  RANI,  DAHIYA  AND  POONIA


