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Abstract

Sorghum crop is an exceptional food and fodder source.
Insightfulness about climate change effects will support
researchers to disseminate growers in relation to decide
and manage crops and to mitigate hazards. The field
experiments were carried out in three replicated RCBD
with net plot size 20 m2. The four genotypes such as Bale
11, PSCo10, Acho Kartuho and Sprout were sown under
four sowing dates viz. 18 April, 03 May, 17 May and 31
May to find out effects of sowing dates. Genotypic results
for sowing dates and their interactions exhibited highly
significant effects at (P<0.05) in terms of maximum
traits. The genotype Bale II recorded maximum nodes
plant, heads plant, head length (cm) and grain weight
plant (g). The results for sowing dates also showed that
maximum heads plant and head length (cm) obtained
under sowing date of 18 April. The maximum nodes plant
found with 03 May. The maximum grains plant and grain
weight plant (g) recorded under the sowing date of 17
May. The genotypes and sowing dates interactive effects
revealed maximum nodes plant obtained under 18 April
sown crop with Bale I genotype. The maximum heads
plant and head length (cm) gained under 18 April and 31
May sowing dates with genotype Acho Kartuho,
respectively. However, maximum grains plant and grain
weight plant (g) obtained under 17 May sown crop with
Bale II. The concluding aspect indicated that Bale II
genotype exhibited better results in accordance with
more traits. This study revealed some innovative
research areas with momentous effects pertaining to
sorghum cultivation establishment for enhancing growth
and grain yield traits of sorghum genotypes to overcome
the global malnutrition issues.

Keywords: sorghum; sowing dates; biomass; grain;
climate

Introduction

Sorghum is extensively sown in wide agro-ecological
conditions globally. It possesses high yielding capacity
within average environmental condition than any other
cereal crops [1], and needed low agro-chemicals [2], [3].
Sorghum genotypes overpowering weeds, nematodes and
go in compact subsoil [4]. Sorghum world production was
59.48 million m. tons [5]. In Sindh province, during year
2018 the area sown for sorghum as seed crop was 10205
ha and production was 9473 m. tons. However, as fodder
crop the area sown was on 20681 ha and production was
300818 m. tons [6]. There are a range of variables
concerned in sorghum crop yield including production
differences and countries’ dissimilarities at growth,
development, and regional climate change effects could
mitigate by agricultural venture for enhancing better crop
genotypes and improved management [7].

Sorghum belongs from tribe Panicoideae under
Andropogoneae [8], [9]. Sorghum genus categorized as
sub-genus bicolor, propinquum and halepense. Moreover,
S. Dbicolor included bicolor, drummondi and
verticilliflorum [10], [11], [12]. The studies revealed that
in natural habitat germ-plasm was originated from Africa
[13]. There is certain sorghum genotypes found different
colors and diverse classes with grain standard [14] with
genetically developed genotypes to produce food. It was
published biomass composition, agronomic assessment
[15], and indicated that sorghum forages can yield
increased biomass for prolonged period of years [16]. As a
result, sorghum biomass is added specifically in second
generation biofuel production [17]. It was also
recommended that agricultural residues could be
transformed into bio-pellets, renewable and green source
of energy [18].

It was suggested that food supply for the
increasing global population, human should find
solutions to low contest in terms of food production [19].
The increasing temperature and carbon dioxide affects
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various plant metabolisms in plant. Indeed, insightful
climate change will give a hand to researchers for
counseling growers in relation to decide crop
management such as crop choices, genotypes, date of
sowing, and irrigation for lowering risks [20].

Pakistan’s economies depend on agriculture
accounts for 19.5% GDP [21]. Increased agriculture
production and enhanced yield is crucial for achieving
food security which establishes agricultural systems not
as much of vulnerable to climate change [22].
Consequently, appropriate variety choice for specific
region is imperative for achieving promising results [23].
In addition, most favorable sorghum sowing date is one
of prime mechanism to achieve better grain yield. As,
crop production is primarily reliant on weather
variations; so it plays vital role in climate changes
globally on crop production [24]. It was affirmed that
selection of crop genotypes, sowing geometry and plant
population are key factors of sorghum production [25].
Thus, well-matched technologies can enhance largely
farmers’ benefits [26]. In the light of above findings, this
study research was carried out to unearthed prospective
of various genotypes of sorghum with aimed to compare
the growth and grain yield traits at field level under
different sowing dates as well as to identify interaction
that make certain ranking of optimal sorghum
production.

Materials and methods

Field experiments were conducted for year 2016 and
2017 at Students’ Experimental Farm, Sindh Agriculture
University (SAU), Tandojam Pakistan. The ranges of
temperature are cold in winter and hot in summer [27].
Disc plough was applied on land then clods were crushed
and leveled in soil. Soaking was also applied in soil
followed by two plough and leveling was applied.
Sorghum seed was drilled for sowing at rate 50 kg ha-1
and kept 60 cm row-spacing. Genotypes viz. Bale IT, PSC-
1010, Acho Kartuho and Sprout were sown under four
sowing dates such as 18 April, 03 May, 17 May and 31
May. The fertilizers applied at rate of 113-41-0 kg NPK
ha-1 in form of urea with two doses, 1st at the time of
sowing and 2nd at time of first irrigation. However,
phosphorus was applied at time of sowing. The four to six

irrigations were given as recommended. Interculturing
and thinning activities performed at distance of 10 cm. To
protect crop herbicide Primextra and hand weeding was
applied for controlling weed poulation. While, crop was
treated with Carbofuran and Lambda cyhalothrin
(recommended) for controlling stem borer [27].

Soil status of experimental field

Soil physico-chemical properties (0-30 cm depth) was
determined, and experimented field soil texture was
found as clay loam, somewhat saline (pH 8.0-8.5) with
organic matter (OM) 0.72-0.73% which was deficient in
nitrogen (0.036%), low in phosphorus (0.7-1.8 ppm), and
medium in potassium (96-191 ppm).

Meteorological data

The meteorological data was obtained through PMD from
minimum to maximum temperature (°C) including
rainfall (mm), and relative humidity (%).

Statistical analysis
Data was analyzed statistically through Statistix ver. 8.1,
software [28].

Ethical approval
Data is not related to human being or animal, therefore
ethical approval is exempted for this research study.

Results

Data was analyzed statistically at (P< 0.05%) probability
level in terms of genotypes, sowing dates with interactive
effects.

Genotypes’ effects

The analysis of variance of genotypes depicted highly
significant effects on nodes plant-1, heads plant-1, head
length (cm) and grain weight plant-1 (g). However,
distance between nodes plant-1 (cm) and grains plant-1
had significant effects. The genotypes effects were found
significant for all traits. The results depicted that
maximum nodes plant-1 (11.92), heads plant-1 (1.97),
head length (22.61 cm) and grain weight plant-1 (19.23 g),
were obtained with Bale II genotype. The maximum
grains plant-1 (1731.7) was gained with Acho Kartuho.
While, maximum distance between nodes plant-1 (14.38
c¢m) found in Spout (Table 1; Figure 1 and 2).

Table 1: Effect on plant traits by different genotypes of sorghum

Plant traits Genotypes S.E. LSD 5%
BaleII = PSC-1010 = Acho Kartuho Sprout

Nodes plant- 11.92 a 11.24 b 11.34 b 10.98b  0.2069 0.4225

Heads plant 1.70b 1.69b 1.97a 1.54 ¢ 0.0474 0.0969

Distance between nodes plant-(cm) 13.87¢ 13.99 bc 14.26 ab 14.38a  0.1879 0.3837

Grain weight plant- (g) 19.23 a 15.03 b 14.57 b 14.46b  1.2057 2.4624
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Figure 1: Genotypes’ effects on head length (cm)

Sowing dates’ effects

For sowing dates the analysis of variance exhibited that
nodes plant-1, heads plant-1, distance between nodes
plant-1 (cm), head length (cm), grains plant-1 and grain
weight plant-1 (g) had highly significant effects. The
results depicted that maximum heads plant-1 (1.94) and
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Figure 2: Genotypes’ effects on grains plant-

head length (25.59 cm) obtained under 18 April sown
crop. The maximum nodes plant-1 (12.15) noticed with 03
May. The maximum grains plant-1 (2390) and grain
weight plant-1 (28.61 g) recorded under sowing date of 17
May. However, maximum distance between nodes plant-
1 (15.23 cm) was measured with 31 May sown crop (Table
2; and Figure 3 and 4).

Table 2: Effect on sorghum plant traits by different sowing dates

Plant traits
18 April
Nodes plant! 11.44 b
Heads plant 1.94 a
Distance between nodes plant- (cm) 12.69d
Head length (cm) 25.59 a
.
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Figure 3: Sowing dates’ effects on head length (cm)

Genotypes and sowing dates interactive effects on
sorghum plant traits

Genotypes and sowing dates’ analysis of variance
depicted that nodes plant?, heads plant?, distance
between nodes plant? (cm), head length (cm), grains
plant? and grain weight plant-(g) had highly significant
effects. The results revealed that maximum nodes plant-
(12.43) recorded under sowing date of 18 April with Bale

Sowing dates S.E. LSD 5%
03 May 17 May 31 May
12.15a 11.48 b 11.48 b 0.2069 0.4225
1.68b 1.86 a 1.42c¢ 0.0474 0.0969
13.91c 14.68 b 15.23 a 0.1879 0.3837
23.32 b 10.21¢ 25.12a 0.3930 0.8026
2300 -I 23902
o0l
z
= 1500 - 1373.7¢
£ 1o - I I I119 :
ISthApnl 03rd May | _
S =62493 17th May
18D $% = 12763 31 May

Figure 4: Sowing dates’ effects on grains plant-

II genotype. The maximum heads plant (2.8) found

with 18 April in Acho Kartuho. The maximum distance
between nodes plantt (16.45 cm) was noticed under
sowing date of 31 May in PSC-1010. The maximum head
length (27.35 cm) was recorded under 31 May in Acho
Kartuho. However, maximum grains plant-1(3233.9) and
grain weight plant(49.36 g) achieved with 17 May in
genotype Bale II; same grains plant(3233.9) was also
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obtained under 17 May sown crop in Sprout (Table 3).

Table 3: Interactive effect on plant traits by genotypes and sowing dates of sorghum

Genotypes Sowing Nodes Heads Distance between nodes Head length = Grains Grain weight

dates plant plant plant! (cm) (cm) plant plant (g)

18 April 12.43 a 1.33 gh 11.111 25.97 abc 978.50 k 7.40 g

03 May 12.13 abc 1.50 fg 14.71cd 26.25 ab 1204.70 h-k | 10.21fg
Bale II

17 May 11.53 b-e 2.33b 13.44 fgh 12.16 h 3233.90 a 49.36 a

31 May 11.57 b-e 1.63 ef 16.23 ab 26.07 ab 1243.90 hij 9.94 fg

18 April 11.30 c-f 2.03 ¢ 12.91h 24.22 de 1559.90 efg 13.47 def
PSC 03 May 12.30 ab 2.00 ¢ 12.90h 24.40 cde 1689.50 def | 15.28 cde

-1010 =

17 May 10.80 efg 1.27h 13.70 fg 9.741j 1734.60 de 20.19 ¢

31 May 10.57 fg 1.47 fg 16.45 a 23.07 ef 1310.70 ghi 11.17 efg

18 April 11.20 def 2.80a 13.75 fg 25.28 bed 2390.60 ¢ 19.88 ¢
Acho 03 May 12.37 ab 1.77 de 14.14 def 21.09 g 1441.30 fgh 9.72 fg
Kartuho 17 May 11.57 b-e 1.97¢ 15.47 be 10.30 1 1906.80d 17.85cd

31 May 10.23 g 1.33 gh 13.69 fg 27.35a 1188.10 h-k 10.80 efg

18 April 10.83 efg 1.60 ef 13.01 gh 26.91a 1356.90 ghi 10.18 fg
Sprout 03 May 11.80 a-d 1.47 fg 13.87 ef 21.55 fg 1159.20 ijk 10.69 efg

17 May 12.00 a-d 1.87 cd 16.12 ab 8.65] 3233.90 a 27.04 b

315t May 9.30h 1.23 h 14.54 de 23.99 de 1045.10 jk 9.94 fg
S.E. 0.4137 0.0949 0.3758 0.7860 124.99 2.4115
LSD 5% 0.8449 0.1937 0.7674 1.6053 255.25 4.9249

Discussion (cm) was recorded under 31 May in Acho Kartuho. The

The genotypic performance resulted maximum nodes
plant, head length (cm), and grain weight plant-i(g)
obtained in genotype Bale II. The maximum plants count
(m2) was noticed in PSC-1010. While, maximum grains
plant*were obtained with Acho Kartuho. The maximum
distance between nodes plant- (cm) was found in Spout.
However, sowing dates effects indicated that nodes plant-
1 heads plant-, distance between nodes plant*(cm), head
length (cm), grains plant, and grain weight plant-*(g) had
highly significant effect. These finding were corroborated
with previous results that the sweet sorghum potential
that is directly affected through sowing dates [29].

The results exhibited maximum heads plant* and
head length (cm) found under 18 April sown crop. The
close agreement revealed by these results and with Late
sown sorghum resulted growth reduction that reduced
photo period, water absorption, and nutrition in sorghum
plants [30]. It was indicated that low yield the prime
apprehension in sorghum grain yield. This dilemma
persuade due to integrated management, genetics and
various environmental drivers [31]. Despite of this, late
sown crop with warm summer month of May performed
enhanced productivity in terms of maximum nodes plant-
1 obtained with 03 May.

The maximum grains plant? and grain weight
plant(g) achieved with 17 May sown crop. While,
maximum distance between nodes plant! (cm) was
noticed with 31 May. The results are confirmed by [32]
and [33] who revealed that sorghum is better option than
other grains in areas with limited precipitation and
unaffordable irrigation.

The interaction between genotypes and sowing
dates had highly significant effects on nodes plant-, heads
plant, distance between nodes plant* (cm), head length
(cm), grains plant?® and grain weight planti(g). The
maximum nodes plant found under sowing date of 18
April in genotype Bale II. The maximum heads plant+
noticed under 18 April in Acho Kartuho. The maximum
distance between nodes plant? (cm) was found with 31
May sown crop in PSC-1010. The maximum head length

sowing dates indicated significant effect on head length
[34]. The maximum grains plant* and grain weight plant-
i(g) achieved under 17 May in Bale II. In addition,
maximum grains plant-'was also found with 17 May sown
crop in Sprout as well.

These findings indicated that sowing dates had
highly significant effects on most of sorghum plant traits.
It was stated that sorghum output allied with atmosphere
and genotype [35]. The planting time relied on area’s
climatic circumstances and sowing variety. The delayed
sowing, caused seed yield reduction was noticed owing to
photoperiod effect, temperature and rainfall [36]. Water
supply projection of certain areas would be reduced
owing to unstable precipitation, extended and reduced
intervals of rainy season during growth period of crop
[37]. Similar perception about genotypes of sorghum
response to various techniques (sowing dates variation)
noticed regarding efficient techniques strategies to
achieve increased yield [38]. Thus, it is affirmed that
sorghum is best option than other cereals [39], and the
demand for increasing grain yield is being not only
increased for feed but also for food [40].

Conclusion

The genotype Bale II well resulted almost with all traits
and achieved maximum nodes plant-, heads plant, head
length (cm) and grain weight plant(g). The sowing dates
results revealed that maximum grains plant and grain
weight plant? (g) found with 17 May sown crop. The
genotypes and sowing dates interactive effects produced
maximum nodes plant? under 18 April in Bale II. The
maximum grains plant-and grain weight plant(g) were
also gained with 17 May in Bale II. Consequently, Bale II
is recommended with 17 May sown crop to obtain
maximum growth and grain yield traits of sorghum.
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