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	ABSTRACT	
A	�ield	experiment	was	conducted	during	summer	season	of	2023	to	evaluate	the	performance	of	fodder	sorghum	varieties	under	
different	fertility	levels	at	Research	Farm,	Department	of	Agronomy,	Chaudhary	Charan	Singh	Haryana	Agricultural	University,	
Hisar,	which	is	located	at	29°	10'	N	latitude	and	75°	46'	E	longitude	with	an	elevation	of	215.2	m	above	mean	sea	level	in	semi-arid	
conditions	of	Haryana	state	of	India.	Sixteen	treatment	combinations	consisted	of	four	varieties	viz.	CSV	53F,	HJ	541,	HJ	513	and	HC	

-1308	and	four	fertility	levels	viz.	control,	75%,	100%	(75	kg	N	+	30	kg	P O 	+	30	kg	K O	ha )	and	125%	RDF	and	were	laid	out	in	factorial	2 5 2

RBD	with	 three	 replications.	 Results	 revealed	 that	 sorghum	 variety	 CSV	 53F	 performed	 best	 in	 terms	 of	 growth	 and	 quality	
-1,parameters	and	as	well	as	in	terms	of	yield	with	green	fodder	and	dry	fodder	yield	of	524.43	and	134.57	q	ha 	respectively,	which	was	

statistically	at	par	with	variety	HJ	541.	Also,	the	highest	crude	protein	and	digestible	crude	protein	content	(8.17%	and	4.66%,	
respectively)	at	harvest	and	the	lowest	HCN	content	(92.78,	88.96	and	37.10	µg/g	at	30,	45	and	60	DAS,	respectively)	were	observed	

-1 -1 -1in	CSV	53F.	The	maximum	HUE	for	green	fodder	yield	was	recorded	from	HJ	541	(29.02	kg	ha 	°C 	day )	and	was	statistically	at	par	
with	CSV	53F.	The	most	economical	variety	was	found	to	be	CSV	53F,	as	it	recorded	the	maximum	bene�it-cost	ratio	(2.05)	being	
statistically	at	par	with	HJ	541.	Among	fertility	levels,	fodder	sorghum	responded	upto	100%	RDF,	being	at	par	with	125%	RDF.	

-1Application	of	125%	RDF	gave	higher	green	and	dry	fodder	yield	(564.05	and	146.94	q	ha ,	respectively)	which	were	2.9	and	2.3	%	
higher	over	100%	RDF,	respectively.	With	the	increase	in	fertility	levels	from	control	to	125%	RDF,	though	HCN	(at	30,	45	and	60	DAS)	
have	also	increased,	but	it	was	found	below	the	critical	limit	(200	µg/g)	at	all	the	stages.	The	maximum	HUE	for	green	and	dry	fodder	

-1 -1 -1yield	was	recorded	with	125%	RDF	(32.36	and	8.43	kg	ha 	°C 	day )	over	rest	of	the	fertility	levels.

Keywords:	Fertility	levels,	green	and	dry	fodder	yield,	HCN	content,	heat	use	ef�iciency	(HUE),	varieties,	RDF,	crude	protein.

INTRODUCTION
Agriculture forms the backbone of the Indian economy and 
within this sector, livestock plays a crucial role. India is home to 
approximately 536 million livestock heads, accounting for 
nearly 15% of the world's domesticated animal population, 
making it one of the largest livestock-holding countries globally 
[1]. With the livestock population steadily increasing, the 
demand for quality feed and fodder is also rising. However, 
fodder crops are cultivated on only about 8.6 million hectares, 
which constitutes merely 4.89% of the total cultivated area, 
often on marginal and sub-optimal lands. The annual fodder 
production in the country stands at about 866.6 million tonnes 
(400.6 million tonnes green fodder and 466 million tonnes dry 
fodder). Currently, India faces a shortage of green fodder, dry 
fodder and feed concentrates by 11.23%, 23.40% and 28.90%, 
respectively [2]. Therefore, enhancing fodder production is 
essential for sustaining livestock productivity.
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A major challenge occurs during the lean period (May–June), 
when fodder availability declines drastically. Summer-sown 
forage sorghum has emerged as a viable option to address this 
seasonal scarcity by providing fresh green fodder during the 
lean period.
Sorghum [Sorghum	 bicolor (L.) Moench] is one of the most 
important cereal crops globally, ranking �ifth after wheat, rice, 
maize and barley. It is a versatile crop valued for its use as food, 
feed, fodder and biofuel. Owing to its remarkable drought 
tolerance, sorghum is often referred to as the “camel crop”. In 
North India, it is a preferred fodder crop during the summer and 
kharif seasons due to its adaptability to diverse agro-climatic 
conditions and relatively low water requirement. Forage 
sorghum genotypes exhibit rapid growth, producing highly 
palatable and nutritious green fodder suitable for use as silage, 
hay or fresh fodder [3].
In India, sorghum is cultivated on approximately 7.38 million 
hectares, with an annual production of about 8.71 million 
tonnes [4]. Sorghum fodder contains more than 50% digestible 
nutrients, including 8–10% crude protein, 2.5% fat, 45% 
nitrogen-free extract (NFE), 70% carbohydrates and essential 
minerals such as calcium and phosphorus. Single-cut forage 
sorghum varieties generally yield about 400–500 q/ha of green 
fodder and 100–150 q/ha of dry fodder. 
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Additionally, sorghum exhibits moderate tolerance to salinity, 
making it suitable for cultivation in stress-prone areas [5].
Despite having one of the largest livestock populations in the 
world, India's milk production remains lower than that of many 
leading countries. This is primarily due to the low productivity 
of milch animals, which is largely attributed to the inadequate 
and poor-quality feed and fodder supplied to them. Therefore, 
there is an urgent need to enhance the production of good-
quality fodder to support better animal health and improve 
overall livestock productivity.
One of the major constraints to fodder production in the country 
is the limited availability of improved forage crop varieties that 
offer higher fodder yield and superior nutritional quality. In 
addition, the lack of improved genotypes, appropriate fertiliser 
application and irrigation management leads to signi�icant yield 
losses. For instance, the absence of improved genotypes, 
recommended fertiliser doses and proper irrigation has been 
shown to result in 39%, 30% and 22% reductions in fodder 
sorghum productivity, respectively, when compared to the 
adoption of full recommended production practices [6]. Thus, 
the identi�ication and promotion of location-speci�ic forage 
sorghum genotypes with high fodder yield and better nutritive 
value are essential for achieving sustainable livestock 
productivity. Fertilisation also plays a crucial role in plant 
growth, development and disease resistance. Moreover, 
summer-sown sorghum can be particularly advantageous 
under irrigated conditions, as the hot and dry climate reduces 
the incidence of pests and diseases, thereby improving both 
yield and fodder quality.
Since different sorghum genotypes respond variably to fertility 
levels, it is important to optimise nutrient application to 
maximise yield and quality while minimising environmental 
impacts. Therefore, selecting suitable varieties along with 
appropriate fertility management practices ensures better 
adaptation to local growing conditions and improves nutrient 
availability to the crop [7].
Keeping this in view, the present �ield investigation was 
undertaken to evaluate the growth, productivity and quality of 
single-cut forage sorghum varieties under different fertility 
levels.

MATERIALS	AND	METHODS
The �ield experiment was conducted during the summer season 
of 2023 at the Research Farm of the Department of Agronomy, 
CCS Haryana Agricultural University, Hisar (29°10′ N, 75°46′ E, 
with an average elevation of 215.2 m above mean sea level). The 
region is characterized by a semi-arid, sub-tropical climate with 
hot, dry summers and cold winters. The average annual rainfall 
is approximately 450 mm. Weekly meteorological data recorded 
during the crop growth period are presented in �igure 1.
The experimental soil was sandy loam in texture with a pH of 7.8 
and available nutrient status of 132 kg N/ha, 12 kg P/ha and 280 
kg K/ha. The experiment comprised of 16 treatment 
combinations involving four single-cut forage sorghum 
genotypes (CSV 53F, HJ 541, HJ 513 and HC 308) and four 
fertiliser levels (control, 75%, 100% and 125% of the 
recommended dose of fertiliser). The treatments were 
evaluated in a factorial randomized block design (RBD) with 
three replications. The recommended dose of fertiliser (RDF) 
for sorghum is 75 kg N + 30 kg P₂O₅ + 30 kg K₂O/ha. 

Full doses of phosphorus and potassium along with 50 kg N/ha 
were applied at sowing, while the remaining 25 kg N/ha was 
top-dressed at 30 days after sowing (DAS). 
Sowing was done manually on 10 April 2023 (Standard Week 
15) at a row spacing of 25 cm. All other standard agronomic 
practices were followed uniformly across treatments as per the 
CCS HAU, Hisar package of practices for kharif crops [8]. The 
crop was harvested at 50% �lowering.
For estimation of hydrocyanic acid (HCN) content, plant 
samples were collected at 30, 45 and 60 DAS from the portion 
immediately below the uppermost leaf collar. HCN content 
(µg/g fresh weight) was determined using the method 
described by Hogg and Ahlgren [9] and calculated using a 
standard curve prepared from known concentrations of KCN, 
w i t h  a b s o r b a n c e  r e c o r d e d  a t  5 1 5  n m  u s i n g  a 
spectrophotometer.
Crude protein content (CPC) was estimated from dried and 
ground plant samples (2 mm sieve size) collected at 50% 
�lowering. Nitrogen content was determined using the micro-
Kjeldahl method [10] and CPC was calculated by multiplying 
nitrogen (%) by 6.25. Digestible crude protein (DCP) percentage 
was computed using the formula: DCP (%) = (CPC – 3.09) × 
0.916 [11]. In-vitro dry matter digestibility (IVDMD) was 
determined using the method proposed by Barnes [12].

Evaluation	of	Agro	Meteorological	Indices
(A)	Growing	degree	days	(GDD),	°C	day	
The cumulative growing degree days were determined by 
summing the daily mean temperature above the base 
temperature (T  =10°C). This was calculated by using the b

following formula: 

Where, 
T  = Daily maximum temperature (°C) max

T  = Daily minimum temperature (°C) min

(B)	Helio	thermal	units	(HTU),	°C	day	hour	
The cumulative HTU was calculated by multiplying GDD with 
actual or bright sunshine hours (BSS). 

(C)	Photo	thermal	units	(PTU),	°C	day	hour	
Photothermal units was calculated as the cumulative value of 
growing degree days multiplied by the day length or maximum 
possible sunshine hours (N). 

-1 -1(D)	Heat	use	ef�iciency	(HUE),	kg/ha	°C 	day
It was calculated by dividing the yield with GDD, for both green 
and dry fodder yield.

Data was analyzed by using OPSTAT software available at CCS 
Haryana Agricultural University website [13]. The results are 
presented at �ive per cent level of signi�icance (P=0.05) for 
making comparison between the treatments.
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RESULTS	AND	DISCUSSION
Varieties
Data presented in Table 1 indicate that among the varieties, CSV 
53F produced the highest number of leaves per plant (12.80) at 
harvest, though it remained statistically at par with HJ 541. The 
maximum plant height at harvest was also recorded in CSV 53F 
(2.61 m), which was signi�icantly superior to the remaining 
varieties except HJ 541. CSV 53F recorded the highest leaf stem 
ratio (L:S) of 0.36, which was statistically at par with HJ 541. The 
days taken to attain 50% �lowering were signi�icantly higher in 
CSV 53F (92.08 days), whereas HJ 513 reached 50% �lowering 
earliest (88.58 days). The maximum bene�it cost ratio (B:C) of 
2.05 was also observed in CSV 53F, though it did not differ 
signi�icantly from HJ 541.
From �igures 2 and 3, it is evident that CSV 53F produced the 
maximum green fodder yield (524.43 q ha⁻¹) and dry fodder 
yield (134.57 q ha⁻¹) and these yields were statistically at par 
with HJ 541. Both these varieties were markedly superior to the 
remaining varieties. 

Fig.1.	 Mean	 weekly	 meteorological	 parameters	 during	 the	 experimental	 period	
(summer,	2023)

The observed differences in growth and yield attributes among 
the sorghum varieties may be attributed to their inherent 
genetic potential [14, 15].
Data presented in Table 2 show the quality parameters of forage 
sorghum. The HCN content recorded at 30, 45 and 60 DAS 
(�igure 4) revealed that HC 308 exhibited the highest HCN 
content at all the stages (105.70, 99.97 and 49.69 µg g⁻¹ fresh 
weight, respectively). In contrast, CSV 53F consistently 
recorded the lowest HCN content (92.78, 88.96 and 37.10 µg g⁻¹ 
at the three respective stages), which was signi�icantly lower 
than that of the other varieties. However, the HCN range 
(37.10–105.70 µg g⁻¹) remained well below the critical toxicity 
threshold of 200 µg g⁻¹ across all varieties and sampling stages. 
A consistent decline in HCN content was also observed with 
advancement in crop age. Variety CSV 53F recorded the highest 
crude protein (CP) content (8.17%), which was statistically at 
par with HJ 541. The highest digestible crude protein (DCP) 
content (4.66%) was also recorded in CSV 53F and was 
statistically similar to HJ 541. Likewise, the highest in-vitro dry 
matter digestibility (IVDMD) (50.84%) was observed in CSV 
53F, which remained statistically comparable with HJ 541.
Data presented in Table 3 depict the in�luence of accumulated 
heat units on crop phenology and yield. Variety CSV 53F 
recorded the maximum growing degree days (GDD), 
heliothermal units (HTU) and photothermal units (PTU) (1846 
°C day, 13437 °C day hour and 24230 °C day hour, respectively), 
though these values were statistically at par with HC 308. The 
highest heat use ef�iciency (HUE) for green fodder yield was 
observed in HJ 541 (29.02 kg ha⁻¹ °C⁻¹ day⁻¹), being statistically 
at par with CSV 53F, whereas CSV 53F recorded the highest HUE 
for dry fodder yield (7.39 kg ha⁻¹ °C⁻¹ day⁻¹), remaining 
statistically comparable with HJ 541. Plants require a de�inite 
amount of accumulated heat units to complete different 
phenophases and any deviation may affect phenological 
progression as well as yield realization.

Table	1:	Performance	of	forage	sorghum	varieties	at	different	fertility	levels

100%	RDF	is	75:30:30	::	N:P O :K O	kg/ha2 5 2



	©	2025	AATCC	Review.	All Rights Reserved. 850.

Kanika	et	al.,	/	AATCC	Review	(2025)

Fig.2.	Effect	of	fertility	levels	on	green	fodder	yield	as	in�luenced	by	different	forage	
sorghum	varieties

Fig.3.	 Effect	 of	 fertility	 levels	 on	 dry	 fodder	 yield	 as	 in�luenced	 by	 different	 forage	
sorghum	varieties

Fig.4.	Effect	of	varieties	and	fertility	levels	on	HCN	content	at	different	growth	stages

Table	2:	Quality	parameters	of	forage	sorghum	varieties	at	different	fertility	levels
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Fig.5.	 Effect	 of	 varieties	 and	 fertility	 levels	 on	 crude	
protein	(CP)	content

Table	3:	Agro-meteorological	indices	of	forage	sorghum	varieties	at	different	fertility	levels

Fig.6.	Effect	of	varieties	and	fertility	levels	on	digestible	
crude	protein	(DCP)	content

Fig.7.	Effect	of	varieties	and	fertility	levels	on	in-vitro	dry	
matter	digestibility	(IVDMD)

Fertility	levels
Perusal of the data presented in Table 1 indicates that fertility 
levels exerted a signi�icant in�luence on growth, yield and 
quality attributes of fodder sorghum. The maximum plant 
height (2.66 m) and L:S (0.38) were recorded with 125% RDF, 
which remained statistically at par with 100% RDF. A 
signi�icantly higher number of leaves per plant (14.00) was also 
observed under 125% RDF as compared to lower fertility 
treatments. The maximum number of days to 50% �lowering 
was recorded in the control plot (97.08 days), while the 
minimum (87.17 days) was recorded with 125% RDF. This could 
be attributed to favourable soil conditions and better nutrient 
availability, which resulted in early attainment of the 
reproductive phase as compared to nutrient-stressed 
conditions [17]. The highest B:C (2.14) was also recorded with 
125% RDF, while the lowest was noted in the control plot; 
however, 125% and 100% RDF were found statistically 
comparable in terms of B:C.
The highest green and dry fodder yields (564.05 and 146.94 q 
ha⁻¹, respectively) were recorded with 125% RDF, which 
remained statistically at par with 100% RDF (�igures 2 and 3). 
The increase in green fodder yield with 125% RDF over control, 
75% and 100% RDF was 49.11, 13.50 and 2.80%, respectively, 
while the corresponding increases in dry fodder yield were 
64.87, 15.31 and 2.30%. Similar �indings have also been 
reported by [18] and [19]. Although plant height, number of 
leaves per plant and L:S increased progressively with increasing 
fertility levels up to 100% RDF, further increase to 125% RDF 
did not cause a statistically signi�icant improvement, suggesting 
near-optimum growth at 100% RDF.
From �igure 4, it is evident that HCN content increased with 
higher fertiliser levels from control to 125% RDF at 30, 45 and 
60 DAS, ranging from 93.81 to 108.48, 91.67 to 102.78 and 43.37 
to 46.70 µg g⁻¹, respectively. However, HCN concentration 
remained below the critical toxicity limit (200 µg g⁻¹) at all 
growth stages. 

The increase in HCN may be attributed to greater nitrogen 
uptake under higher fertility levels. HCN content in sorghum is 
known to be heritable and in�luenced by genotype, 
environmental conditions, irrigation, stage of maturity, soil type 
and fertiliser regime [20]. Higher levels of nitrogen application 
have been linked to increased HCN content in forage sorghum, 
which aligns with the �indings of [21].
As per Table 2, the highest CP content (8.97%) and DCP content 
(5.38%) were observed with 125% RDF, although these values 
were statistically at par with 100% RDF. The increase in CP 
content with higher nitrogen fertilisation may be due to the 
improved L:S, as protein content in sorghum is positively 
associated with leaf proportion. This trend has also been 
supported by earlier �indings [22]. The IVDMD values increased 
from 46.81% in the control to 52.18% at 100% RDF; however, no 
signi�icant improvement was observed beyond this level. Oberoi 
and Kaur [23] also reported similar enhancement in IVDMD 
with increased nitrogen application in fodder oats. Increased 
nitrogen availability enhances plant protein synthesis and 
reduces �ibrous carbohydrate fractions (pectin, cellulose and 
hemicellulose), which improves digestibility.
The data in Table 3 further show that the maximum GDD (1946 
°C day), HTU (13,768 °C day hour) and PTU (25,567 °C day hour) 
were recorded in the control plot, as plants under nutrient 
stress required a longer period to reach 50% �lowering. The 
highest heat use ef�iciency (HUE) for green and dry fodder yields 
(32.36 and 8.43 kg ha⁻¹ °C⁻¹ day⁻¹, respectively) was obtained 
with 125% RDF, although the HUE for dry fodder yield with 
125% RDF was statistically at par with 100% RDF.

CONCLUSION	
Based on the �indings of the present study, it can be concluded 
that the application of 100% RDF (75 kg N + 30 kg P₂O₅ + 30 kg 
K₂O ha⁻¹) along with the varieties CSV 53F and HJ 541 
performed better in terms of fodder production, quality and 
economic returns under summer season conditions of the 
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