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Abstract

Sorghum (Sorghum bicolor L.) is mainly produced as an infallible crop in semi-arid and arid areas. Though the impact of salinity
on crop production is extensively documented, very limited studies are available demonstrating the interaction between fodder
quality and irradiance use efficiency in sorghum. To study such interactions, the present study aimed to evaluate the resource
use efficiency in different sorghum lines for fodder evaluation under a varied salinity regime (60 to 120 mM NacCl), on the 2017-
18, 2018-19 and 2019-20 kharif seasons. Sorghum grown on June 15, 2018employed higher thermal and heat units than July 2,
2019. Sorghum genotypes' differential quality and yield responses to various temperatures were due to differences in high sain-
ity tolerance during various growth stages. The crop sown on June 15" required the most growing degree days units to reach
various phenological stages and physiological maturity. SSG 59-3 maintained higher crude protein, in vitro dry matter digestibil-
ity (IVDMD), crude protein yield, and digestible dry matter at 120 mM NaCl. SSG 593 exhibited maximum green fodder yield
(GFY) and dry matter yield (DMY), while PC-5 had the minimum. SSG 59-3 genotype accumulated high radiation use efficiency
(281.23 kgha™ MJ"), heat susceptibility index (0.42%), and yield stability ratio (87.2%) in both control and stressed environ-
ments, while PC-5 showed moderate tolerance to temperature stress and thus recorded a lower heat susceptibility index. Since
there is no discernible correlation between the agronomic and fodder quality factors, it is possible to breed for desired qualities
using independent associations. The results showed that the SSG 59-3 genotype adopted optimum allocation of resources for
biomass production, maximized yield potential, and could be utilized in breeding programs as a potential fodder crop in salire
regimes.
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INTRODUCTION seed germination, subsequent growth and develop-

ment, and final yield potential (Punia et al., 2021b;
In the current scenario, climate change has become the ~ Punia et al., 2020a). Salinity has emerged as a major
main restriction in agriculture that harms crop output global agricultural concern, posing a significant threat
globally (Punia et al., 2021a; Tokaset al., 2021a). Cli- to long-term crop production (Punia et al., 2021c; Punia
matic and ecological changes play a significant role in et al., 2021d). Salinity is a major obstacle to agricultural
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development in dry and semi-arid tropical regions due
to the inconsistent distribution of rainfall, temperature,
and underground ions (Afshar et al., 2014). According
to the United Nations Educational, Scientific, and Cul-
tural Organization (UNESCO) and the Food and Agri-
culture Organization (FAO), approximately 20% of the
world's cultivated land and 33% of irrigated agricultural
land are affected by salinity(Zeeshan et al., 2020; Fran-
zoni et al., 2020).

Due to a lack of feed and competition for resources with
other crops, livestock in semi-arid and tropical areas
are impoverished and destitute. Although marginal
farmers may have few possibilities to cultivate, there is
a strong interest in producing dual-purpose cultivars to
increase grain  output and biomass quality
(Somegowdaet al., 2021). Sorghum (Sorghum bicolor)
is one of the important fodder crops that grow well in
low-rainfall, high-temperature, and low-fertility condi-
tions (Punia et al., 2021e; Punia et al., 2021f). It is
widely cultivated as a dual-purpose cereal crop in arid
and semi-arid regions of the world (Tokas et al., 2017).
Because there are not enough concentrated animal
feeds in India, forage crops make up most of the coun-
try's fodder supplies. Ruminants get most of their nutri-
ents from herbs and green forages, which help them
maintain moderate growth levels.

Resources are scarce, and improving resource use
efficiency for cereal crop systems is indeed an essential
aspect. The temperature is the most important factor in
determining crop yield (Mohapatra et al., 2021). The
appropriate temperature is required for growth and de-
velopment at different developmental stages. Given
sorghum's inherent resilience to various climatic condi-
tions, assessing the radiation use efficiency (RUE) of
different genotypes across varying salinity levels be-
comes imperative (Punia et al., 2020b). This evaluation
aims to pinpoint the sorghum genotype that exhibits the
highest energy efficiency while facilitating optimal dry
matter accumulation. Such identification is crucial for
maximizing productivity, especially in Haryana's regions
prone to salinity (Rao et al., 2016; Azeem et al., 2023).
Further efficiencies of genotypes were assessed in
terms of fodder yield, crude protein yield, and digestible
dry matter (Punia et al., 2021g; Punia et al., 2020c).
Quality is critical in developing and breeding new varie-
ties (Tokaset al., 2021b). Plant breeders' primary criteri-
on for selecting sorghum lines is the utilization of agro-
nomically important aspects with improved grain and
fodder content. Plant breeders must closely study and
assess Sorghum to help growers find certain varieties
with a valuable agronomic trait. Studies on the relation-
ship between fodder quantity and quality may help
breed for traits without forfeiture. Very little information
is available on how salt affects the nutritional value of
forage plants. Furthermore, as diverse lines provide
resilience in the crop development program, a robust

genetic foundation for effective radiation usage can
sustain sorghum production. Hence, the present study
aimed to evaluate the efficiency of resource use and its
effect on the fodder quality of sorghum under saline
conditions.

MATERIALS AND METHODS

Plant material and growth conditions

The seeds of four sorghum (Sorghum bicolor L.) geno-
types, SSG 59-3 (sweet sorghum), G-46, CSV 44F,
and PC-5 were obtained from the Forage Section, De-
partment of Genetics & Plant Breeding, Chaudhary
Charan Singh Haryana Agricultural University (CCS
HAU), Hisar, Haryana, India. A screen house experi-
ment was conducted at the Department of Biochemis-
try, CCS HAU, Hisar (29° 10’ N of 75° 46’E, 216 m
above sea level) during the kharif seasons of 2017-18,
2018-19 and 2019-20. The four sorghum genotypes
were exposed to different salt concentrations (60- 120
mM of NaCl) using distilled water as a control.Four con-
centrations were selected after sorghum germplasm
was screened. The concentrations were chosen follow-
ing accepted practices in the industry and earlier re-
search that showed how salt stress affected the physi-
ology and growth of sorghum. Because the concentra-
tions chosen constitute a spectrum of stress intensities
that can capture both moderate and severe stress con-
ditions without adding too many variables to the experi-
mental design (Dehnavi et al., 2024).The physico-
chemical properties of the collected soil samples are
shown in Table 1. The genotypes were sown manually
on 15" May 2017-18, 15" June 2018-19 and 2" July
2019-20 (rainy season). Sampling was done at the veg-
etative stage and physiological maturity. The first sam-
pling was taken 35 days after sowing, and the second
was taken 95 days after sowing (post-rainy season),
when 95% of panicles had turned yellow. The fresh
weights of the samples were air-dried in an oven at 65 °
C for 72 h. The dried fodder samples were then
grounded in a Willey mill using a 2 mm sieve. The
standard agronomic packaging and practices were
used for sorghum in all treatments(Hossain et al.,
2022). Conventional breeding works by identifying
plants with desirable qualities and then using them to
create the next generation. These methods are ancient
and the foundation of all agriculture.

Quality traits

Hydrocyanic acid was estimated using the method of
Gilchrist et al.(1967). The stem was cut, and the inner-
most collars were collected for HCN estimation./nvitro
dry matter digestibility (IVDMD) was determined as
described (Bornes et al., 1971). 250 mg of dried sam-
ple was extracted with McDougall’s buffer solution, and
rumen liguor (which serves as inoculum) obtained from
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Table 1. Properties of the soil used in the pots during the net house experiment

Soil Texture EC (%) pH

oC (%)

N (mg/kg) P (mg/kg) K (mg/kg)

Sandy-loam 0.09 7.50 0.18

86.33 3.67 165.0

a ruminally fistulated steer was incubated at 40 °C for
48 h. The contents were filtered through Whatman No.
4 filter paper and weighed. The residues were dried on
the filter paper in an oven at 100 °C and expressed on
a percent dry weight basis (Bornes et al., 1971). Total
nitrogen content was estimated by the micro-Kjeldahl
method (AOAC, 2000) and crude protein content was
calculated using N concentration x 6.25.

Crude protein (%)=(X=Y) x 0.00014 x D x 100 x 6.25/
WxA Eq. 1

Where,

X = Volume of blank reading

Y = Volume of 0.01 N HCI used to neutralize NHs in
boric acid

D = Dilution factor (Volume made in a volumetric flask)

W = Weight of sample taken

A = Aliquot for the sample taken for digestion

Crude protein yield was calculated by multiplying dry
matter yield to crude protein content, and all values
were given in % on a dry matter basis. The digestible
dry matter was calculated by multiplying IVDMD with
dry matter yield (g/ha).

Tannin was estimated as described (Burnes,1971). To
the 200 mg of ground sample, 25 ml of methanol was
added to the test tube, stopped with wax-coated cork,
and incubated at 30 °C for 20 h. 5 ml of vanillin (4% w/
v) in methanol - HCI (8% v/v) in methanol were added
to the reconstituted sorghum extract, followed by an
incubation of 20 minutes at 2°C. The optical density of
the solution was read at 525 nm.

Agronomic traits

The seed yield per plant (g) was measured for each
plant in each treatment. The numbers of leaves per
plant were expressed as the mean of counted leaves
from each replication. The numbers of tillers per plant
were expressed as the mean of the counted tiller num-
bers from each replication. The green fodder harvested
from each pot and each treatment was weighed in situ
as kg/pot and then converted into kg/hato get the green
fodder yield (GFY). The freshly harvested fodder sam-
ples were then air-dried and transferred to an oven at
65 °C, and dry fodder yield (DMY) was calculated.

Radiation use efficiency (RUE)

The data for solar radiation PAR was collected from the
Department of Agricultural Meteorology, CCS HAU,
Hisar, and RUE. Radiation use efficiency is defined as
the amount of green fodder and dry matter accumula-
tion per unit of intercepted photosynthetically active
radiation (PAR) (Chavez et al., 2022). RUE of sorghum
from the date of sowing to first sampling, followed by
first sampling to second sampling, was computed by
the expression given below and expressed in (kg/ha™

MJ7):
RUE = Yield of sorghum (kg/ha)) Accumulated iPAR
My Eq. 2

The average minimum and maximum temperatures
received by the sorghum genotypes from sowing to
harvesting under different dates are depicted in Table 2.

Heat susceptibility index (S)

Heat Susceptibility index (S) was calculated for seed
yield as per Fischer and Maurer (1978) formula:
S=(1-YNR)(1-XIX,) .Eq.3
Where, Y = mean grain yield of genotypes under saline
conditions; Y, = mean grain yield of a genotype in con-
trol plants; X = mean Y of all the genotypes; X, = mean
Y, of all genotypes

Growing-Degree-Day

The Growing-Degree-Day (GDD) or heat unit was esti-
mated for different growth phases using the following
equation:

GDD = S [(Trax +Twin/2]-To
Where,

Tmax = maximum temperature of the day in °C; Tpin =
minimum temperature of the day in °C; T, = base tem-
perature in °C (10 °C)

Yield stability ratio (YS)

The yield stability ratio (YS) was calculated by taking
the ratio of seed yield under stressed and normal con-
ditions.

Statistical analysis
The data was expressed as Mean + S.D. Two-way
ANOVA was conducted to check the significance of the

Table 2. Mean minimum and maximum temperature (°C) during various growth stages of sorghum

Sowing dates

Developmental stages

2017-18 2018-19 2019-20
. 15" May 15" June 2" July
Sowing day (25.9-43.4°C) (31.5-40.2°C) (26.2-38.6°C)
. 20" June 20" July 7" August
Vegetative stage (21.7-38.1°C) (24.9-35.1°C) (27.0-34.6°C)
20" August 20" September 7" October

Physiological maturity

(27.0-34.4°C)

(23.5-36.2°C)

(21.0-38.1°C)
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main treatments and their interaction on growth indices
of sorghum, followed by a post-hoc Tuckey’s test for
mean comparison at a 5% level of significance using
SPSS v25.0 (SPSS for Windows, Chicago, USA).

RESULTS AND DISCUSSION

Quality trait analysis

The results presented in Fig. 1a show the impact of
salinity on crude protein (%) in sorghum genotypes.
The crude protein decreased significantly at different
salinity levels in different sorghum genotypes. SSG 59-
3 had minimal salinity effects (11%) on crude protein,
while PC-5 had the maximum reduction (34.3%) in
crude protein at 100 mM NaCl. A further increase in
NaCl significantly impacted the accumulation of crude
protein in both genotypes. The reduction of crude pro-
tein to high salinity might be due to the plants' poor
absorption of nitrogen content, which leads to a de-
crease in cellular protein synthesis, resulting in stunted
and reduced plant growth (Punia et al., 2021c). When
compared to 35 DAS, the total mean value of crude
protein content was greater at physiological maturity.
The increased crude protein with plant growth stages
may be due to continuous nitrogen absorption to syn-
thesize proteins with plant age. Similar results were
also reported in tomatoes, where crude protein accu-
mulation decreased under salt stress (Amini et al.,
2007; Attia et al., 2021).

IVDMD is a key indication of feed quality (Tokaset al.,
2021a; Malik et al., 2022; Punia et al., 2021). Forage
crops are superior in fodder quality with a higher
IVDMD content. Fig. 1b displayed the IVDMD content,
which decreased significantly (at p< 0.05) in sorghum
genotypes with an increase in salinity levels. SSG 59-3
preserved maximal IVDMD content during the vegeta-
tive stage (35 DAS) with only an 18.3% drop, but PC-5
exhibited a 52.5% reduction at 100 mM NaCl. At physi-
ological maturity (95 DAS), similar findings were ob-
served. Several other researchers concurred with the
present research findings (Punia et al., 2021f; Barnes
etal., 1971).

The results in Fig. 2a show that sorghum genotypes
have substantial variations in crude protein yield (CPY).
During the vegetative stage, SSG 59-h had the highest
CPY with a value of 87.27 kg/ha, whereas PC-5 had
the lowest with a value of 33.17 kg/ha at 100mM NacCl.
Only the variations in the genetic makeup of all these
genotypes may explain the disparity in behavior and
biomass accumulation. Similar results were observed
for digestible dry matter (DDM) (Fig. 2b). When ex-
posed to 100 mM NaCl, SSG 59-3 attained maximum
DDM (594.32 kg/ha) at 35 DAS, in contrast, the DDM
accumulation was minimum in PC-5 (197.87 kg/ha).
Similarly, at 95 DAS, maximum DDM was observed in

SSG 59-3 (3242.41kg/ha) where a minimum was ob-
served in PC-5 (1169.98 kg/ha).

The maximum DDM accumulation at physiological ma-
turity resulted in a higher mean value as compared to
the vegetative stage (35 DAS). These findings are also
consistent with the results of many other researchers
(Punia et al., 2021b).Hydrocyanic acid (HCN) is a major
aspect of sorghum quality traits. HCN concentration
increased sharply as the concentration of salt increased
(Fig. 3a). At 35 DAS, the PC-5 exhibited a higher in-
crease in HCN with 45.2% and 63.1%, while the SSG
59-3 accumulated very less HCN with only 11.6 %and
21.1% at 100 and 120mM NacCl, respectively. HCN con-
centration was at its maximum in sorghum during the
vegetative phase, as the crop developed to physiologi-
cal maturity, it diminished sharply. The increased ab-
sorption of nitrogen content under stress conditions by
the plants that produce HCN might explain the elevated
HCN concentration (Azizinyaet al., 2005; Abusuwar and
Elzilal, 2010).

Tannin is an important quality attribute for forage quali-
ty. Tannin content varied statistically in different sor-
ghum genotypes at the vegetative stage (35 DAS) and
physiological maturity (95 DAS) (Fig. 3b). At 120 mM
NaCl, the tannin content increased significantly; PC-5
had a higher percent increase in tannin (68%), while
SSG 59-3 had a lower (14%) increase. While attaining
physiological maturity, the tannin content increased
significantly. Similar results were obtained at 95 DAS.
Besides being an anti-nutritional factor, it also promotes
the production of milk, lambing percentage, and wool
growth, lowers the chance of rumen bloat, and decreas-
es the production of methane (CH,) (Gong et al., 2020;
Awikaet al., 2009).

Agronomical traits

The genotypes of sorghum were considerably affected
by salt stress in terms of yield characteristics, i.e., num-
ber of tillers per plant (Fig. 4a), seed yield (Fig. 4b), and
number of leaves per plant (Fig. 5). One of the im-
portant factors that determines yield is the number of
tillers per plant. At physiological maturity, there were
more tillers per plant due to an increase in biomass and
dry matter. At 100 mM NaCl, the harvested seeds in PC
-5 exhibited a relatively larger reduction in seed produc-
tion (42%), whereas SSG 59-3 showed a lower percent-
age reduction (13%). At all salinity levels, SSG 59-3
greatly excelled over other genotypes in maintaining
maximum seed output and the number of leaves per
plant. The data at both sample stages led to the conclu-
sion that SSG 59-3 has more leaves per plant than PC-
5. Due to the negative impact on the physiological pro-
cess and dry matter buildup, which eventually de-
creased the seed yield, the reduction in yield character-
istics was evident at high salt concentrations (120 mM).
Reduction in seed yield and its attributes under stress
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Fig. 1.Crude protein (a) and (b) IVDMD content in sorghum genotypes at vegetative stage (35 DAS) and physiological maturity (95
DAS) under salt stress.
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Fig. 2. (a) crude protein yield (CPY) and (b) digestible dry matter (DDM) of sorghum genotypes at vegetative stage (35
DAS) and physiological maturity (95 DAS) under salt stress
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Fig. 3. (a) HCN content in sorghum genotypes at the vegetative phase and (b) tannin content at the vegetative stage (35
DAS) and physiological maturity (95 DAS) under salt stress

conditions may depend upon several external and inter- and DMY (Fig. 6b) declined substantially among the
nal factors like pollen germination, abortion, pollen ste- studied sorghum genotypes. Salt-tolerant genotype
rility, and incompatible fertilization (Yang et al., 2020). SSG 59-3 had maximum GFY and DMY, and salt-
Under increasing salt concentrations, the GFY (Fig. 6a) sensitive genotypes had minimum values during 2018-
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19. The enhanced accumulation of protoplasmic com-
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resistant genotypes may be responsible for the en-
hanced accumulation of fresh biomass and dry matter
and the luxury of vegetative development. According to
Rana et al. (2013) multi-cut sorghum genotypes had
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greater levels of DDM, GFY,DMY, and the number of
tillers which could be favorable in saline-prone regions.

Radiation use efficiency

The highest radiation use efficiency (RUE) of GFY was
computed in the genotype SSG 59-3 (210.36+£0.419 kg/
ha™ MJ™") concerning control (281.23+1.12 kg/ha™ MJ™),
which was on par with G-46 while lower RUE was ob-
served in (145.23+0.961 kg/ha” MJ™") at 120mM NacCl
as illustrated in Table 3.

Maximum RUE of total dry matter was analyzed in SSG
59-3 (45.23+0.592 kg/ha™ MJ™) to control (59.36+0.174
kg’/ha™ MJT)  while minimum was observed in
(19.66+0.192 kg/ha’ MJ™') at 120mM NaCl. The
amount of sunlight absorbed by the canopy determines
how much dry matter accumulates in the plant (Punia
et al., 2020a; Attia et al., 2021; Satpal et al., 2018). The
amount of radiation absorbed plays a vital role in germi-
nation, subsequently affecting growth, development,
and finally yield (Tokaset al., 2021b). Data given in Ta-

15 DAS Salinitylevels
- B Cortrol
b 10,000 06 dsin
= 800000 WG dsim
= W10 dSim
E% /000,00 W25
BE 4o0000-
E 2000 ||]| |
0.00-
05 DAS
o 1000000
¥ 800000
Hﬂ'ﬂ
§§ 600000
B 4 00000-
E 2/000,00=
000
S9658.3 G46  CSVMF  PCS

Fig. 6. (a) green fodder yield (GFY) and (b) dry matter yield (DMY) of sorghum genotypes at the vegetative stage (35

DAS) and physiological maturity (95 DAS) under salt stress
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Table 3. Radiation use efficiency (RUE) under different salinity levels of sorghum genotypes (Data pooled over 3 years)

CSV 44F PC-5

G-46

RUE of DMY (kg/ha™ MJ™)

SSG 59-3

G-46 CSV 44F PC-5

RUE of GFY (kg/ha™ MJ™)

SSG 59-3

Treatments

38.69+0.386
33.49+0.769
27.46+0.296
21.26+0.185
19.66+0.192

5.9

45.26+0.821
40.29+0.893
34.26+0.285
28.69+0.994
24.69+0.752

6.0

52.12+0.823
46.26+1.09

59.36+0.174
54.26+0.107
50.46+0.286
48.69+0.274
45.23+0.592

5.6

212.36+0.287
191.33+0.983
175.6940.738
165.26+0.743
145.2340.961

30.5

241.15£0.231
218.36+0.426
195.68+0.287
174.11+0.298
152.334+0.354

31.6

269.37+0.291

281.23+1.12

Control
60 mM
80 mM

245.36+0.741

265.26+0.985
241.31+£1.32

40.28+0.294
34.26+0.752
30.26+0.243

6.2

220.44+0.236

232.36+0.624 206.56+0.918

100 mM
120 mM

CD

198.56+0.267

33.2

210.36+0.419

32.6

RUE of DDM (kg/ha™ MJ™")

SSG 59-3

RUE of CPY (kg/ha” MJ™)

SSG 59-3

PC-5

CSV 44F

G-46

CSV 44F PC-5

G-46

22.16+0.538
17.56+0.632
15.69+0.598
11.26+0.841
9.57+0.325

25

26.45+0.822
24.2610.751
22.03+0.429
18.56+0.451

30.33+0.280
28.56+0.175
24.2610.274
22.160.610

33.3610.270
30.16+0.164
28.56+0.193
25.16x0.728
21.030.274

23

4.3+0.171
4.0£0.194
3.4£0.148
3.0£0.171
2.910.271

0.5

4.910.381
4.410.528
4.1£0.589
3.6+£0.273
3.1£0.294

0.4

*GFY-Green fodder yield, CPY—-Crude protein yield, DMY—Dry matter yield, DDM-Digestible dry matter.

5.910.817

6.2+0.328
5.8+0.284
5.7£0.195
5.4£0.738
5.1+£0.285

0.6

Control
60 mM
80 mM

5.55+0.284
5.340.591
5.04£0.629
4.7£0.174

0.8

100 mM
120 mM

CD

15.69+0.817

2.6

18.65+0.728

2.1

ble 2 further revealed that the highest RUE of total CPY
and total DDM was higher in the SSG 59-3 genotype,
i.e., 5.120.285 kg/ha™ MJ ™" and 21.030.274 kg/ha™ MJ°
' respectively, as compared with their respective con-
trols, i.e., 6.2+0.328 kg/ha™ MJ™ and 33.36+0.270 kg/
ha MJ™, respectively. The performance of SSG 59-3
and G-46 was better in terms of RUE. Being a climate-
resilient crop, sorghum efficiently harnesses maximum
productivity under wide variations in atmospheric tem-
perature. Similar results were observed by workers in
lettuce where plant density had no discernible impact
on RUE; therefore, the rise in biomass production with
density must be mostly attributed to higher PAR inter-
ception (Punia et al., 2021b; Tei et al., 2002; Marsalis
et al., 2010).

Effect of temperature on agro-meteorological
indices

The accumulation of growing degree days was larger in
2018-19 at physiological maturity but lower in 2018-19
at the vegetative stage, indicating that 2018—-19's mean
minimum and maximum temperatures were higher than
those of 2017—-18 and 2019-20. The length of several
phenological phases for sorghum genotypes during
three subsequent years of monitoring (Table 4) showed
that the cumulative GDD for reaching vegetative and
other growth stages decreased with delayed planting.
When compared to the sorghum planted on June 15th,
the crop planted on July 2nd received more GDD to
reach the vegetative stage. At physiological maturity,
the accumulated GDD was 2254, 2356, and 2266 for
15"May, 15" June, and 2™ July sown crops, respec-
tively during 3 years of experiment. These results were
supported by the previous reultsChaver et al.(2022),
who claimed that rice had greater accumulated GDD.
SSG 59-3 genotype had the largest GDD accumulation
throughout all phenophases, followed by G-46 and
CSV 44F while lower was in PC-5. In comparison to the
second year, the first and third years' variations were
more pronounced. Similar results were also reported in
pea (Bourgeois et al., 2000), potato, onion (Tesfay et
al., 2006; Tesfay et al., 2011), and tomato (Pathak and
Stoddard, 2018) .

Heat susceptibility index (S) ranged from 0.42% (SSG
59-3) to 1.03 % (PC-5) and yield stability ratio (YS)
ranged from 46.7% (PC-5) to 87.2% (SSG 59-3) among
different sorghum genotypes (Table 5). In later phases
(anthesis), the SSG 59-3 genotype demonstrated en-
durance to temperature stress; as a result, it recorded a
low heat susceptibility index and a higher yield stability
ratio. The genotype PC-5, on the other hand, had a
relatively greater heat susceptibility index (1.03%) and
a poor yield stability ratio (46.7%), indicating their sen-
sitivity to late planting and consequent vulnerability to
temperature rise during later growth stages. Therefore,
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Table 4.Growing degree days (GDD) at different stages of sorghum affected by sowing dates and genotypes

Vegetative stage

Physiological maturity

Treatment
2017-18 2018-19 2019-20 2017-18 2018-19 2019-20

Date of sowing

15" May 1975 1984 1942 2254 2356 2266
15" June 1959 1942 1923 2237 2312 2231
2" July 1946 1836 1816 2190 2216 2257
CD 9.6 8.6 10.4 15.6 18.6 17.4
Genotypes

SSG 59-3 1079 1165 1089 2246 2367 2246
G-46 984 1047 1011 2212 2289 2189
CSV 44F 849 964 864 2174 2016 2049
PC-5 827 842 746 1056 964 1946
CD 7.6 8.6 9.4 14.6 17.6 15.2

Table 5. Heat susceptibility index and yield stability index of sorghum genotypes growing during Kharif season (Data

pooled over 3 years)

Sorghum genotypes

Heat susceptibility index (%)

Yield stability index (%)

SSG 59-3 0.42
G-46 0.52
CSV 44F 0.89
PC-5 1.03
cD 0.65

87.2
78.4
59.5

46.7
121

an ideal sowing period for sorghum genotypes was
found to be mid-June (15"June), which decreased the
likelihood of high-temperature stress at later develop-
mental stages.

Conclusion

The study comprehensively investigated the intricate
dynamics between sorghum (Sorghum bicolor L.) gen-
otypes, saline environments, and fodder quality, shed-
ding light on crucial aspects for sustainable agricultural
practices in semi-arid regions. SSG 59-3 emerged as a
promising genotype, exhibiting robust tolerance to sa-
linity while maintaining superior fodder quality attributes
across various growth stages. The genotype's excep-
tional performance in terms of crude protein content, in-
vitro dry matter digestibility, and yield stability under-
scores its potential as a resilient fodder crop in saline-
prone regions. By quantifying RUE across different sa-
linity levels, we elucidated the genotype-specific energy
utilization patterns, providing valuable insights for opti-
mizing resource allocation and enhancing biomass pro-
duction in saline environments. Hence, SSG 59-3 has
the greatest potential for application in hot, semi-arid
climates and provides higher grain yields, dry matter,
and grain heat use efficiency. By leveraging genetic
diversity and agronomic interventions, there is a need
to understand further and explore harnessing the adap-

tive potential of sorghum to address food security chal-
lenges and promote livelihood resilience in environ-
ments.
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