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Pearl Millet Cultivars
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Abstract | Less fodder yield with poor quality cannot fulfill the livestock fodder and nutrition requirements
in semi-arid regions, particularly during lean period. To improve initial stand establishment and the fodder
yield and quality in pearl millet cultivars through seed priming, a two years field study was conducted at
research area of department of agronomy, University of Agriculture Faisalabad, Pakistan. Three seed priming
treatments viz. hydro priming (48h), ascorbate (40 mg L) and calcium chloride (100 mg L) including
one control (no-priming) were tested with four pearl millet cultivars (YBS-98, 18-BY, Ghana White and
Sargodha Bajra 2011) during the experimentation. Treatments were arranged in randomized complete block
design and replicated thrice. The results revealed that seed germination, plant growth, fodder yield and quality
were improved by all seed priming agents over the control, but CaCl, priming outclassed all other priming
agents for all the attributes. For example, seed priming of CaCl, increased plant height significantly during
both years of study over the other priming agents. Similarly, maximum fodder yield during both growing
seasons (67 t ha™') was observed under CaCl, seed priming. Likewise, fodder crude proteins, crude fiber
contents, ash contents and ether extractable fat were increased prominently by CaCl, over the other priming
agents. Among the cultivars, Sargodha Bajra 2011 performed better than other cultivars it showed better
adaptability for more pearl millet fodder yield and quality. Therefore, seed priming with CaCl, can be used to

increase pearl millet fodder yield and quality to overcome the fodder scarcity under semi-arid regions.
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Introduction Livestock plays pivotal role in the country’s economy;
it contributes 60.56% and 11.69% to agriculture

n dry land areas of Pakistan, a vital sector of sector and national GDP, respectively (GoP, 2020).
livelihood is livestock. On regular basis, people have ~ Fodder scarcity is a major stumbling block in livestock

5 to 6 heads of sheep and around 2 to 3 cattle per family. ~ development in Pakistan. The researchers reported in
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Pakistan, fodder production is virtually 50% below
than the original need of animals (Khan ¢z /., 2007).
Fodder shortage has increased because of depletion
in cultivated region of fodder yields by around 2%
during every past decade (Yadav ez a/., 2012). In order
to cater for the escalating demand of livestock related
products, emphasis needs to be enhanced on raising
production of fodder which is the cheaper source of
feed for animals (Sarwar ez a/., 2002).

Pearl millet is traditionally low water requiring crop
and grown in rainfed areas of Pakistan; however, the
crop can successfully be grown in irrigated areas of
the country as well (Yusuf ez o/, 2012). Fodder of
pearl millet contains around 50% digestible
nutrients which comprises of 8% protein, 45%
extract free of nitrogen and 2.5% fat (Jukanti ez
al., 2016). Varieties vary notably both in quality
and yield attributes like crude fiber, ash and crude
protein (Bukhari ez 4/, 2011) and resistance to
numerous diseases (Wilson ¢7 a/., 2008). Dry matter
production was higher in tall growing varieties
mainly because of large leaf area duration compared
with those of short statured varieties (Gong ez 4/,
2020). Single type of cultivation cannot be produced
in the entire country while having different types of
environmental conditions (Delrot e7 a/., 2020). Dry
matter yield as well as quality of fodder are influenced
by climatic factors therefore, genotypes need to be
evaluated in various environments (Silva-Pérez ef
al., 2020). Nutrient composition of a feedstuff is
mainly determined by genotype, but difterent soil,
environmental and crop factors also influence the
chemical composition of a feedstuft.

Interaction between genotype and the environment
has always been problematic in crop growth while
recommending or approving diversity for some
agricultural areas in developing countries (De Ollas
et al., 2019). Breeders have always worked on the
collection and creation of genetic differences among
crops for improvement of variations which are
appropriate to diversified agro-climate regions (Khan
et al., 2020). Seed priming is an attractive option as
it is a cost effective, simple, low risk and short gun
approach to overcome any stress conditions (Farooq
et al., 2006). Seed priming boosts germination as well
as seedling growth under normal and salt stress areas
(Basra ez al.,2005). Treating seeds before sowing with
inorganic or organic substances with high or low
temperatures improve plant growth and yield under

abiotic stresses (Cantliffe, 2003). Seed priming with
CaCl, improves crop yield under field and green house
conditions (Ghana and Schillinger, 2003). Similarly,
seed priming with hormones, inorganic solute, or
antioxidant composites improves water utilization
efficiency under drought conditions (Coulibaly ez
al., 2019), enhances salt stress tolerance (Basra o7
al., 2005; Demir ez al., 2006) and increases activity
of catalase (CAT) and superoxide dismutase (SOD)
which are responsible for protection of plants from
oxidative stress (Salvi ez /., 2020).

There is dire need to collect, categorize and evaluate
the variable response manifested by the peal millet
genotypes under both the promising and non-
promising environmental conditions. Moreover, there
is a knowledge gap related to the use of multiple pearl
millet genotypes under varying levels of inorganic
priming agents. It is therefore, hypothesized
that priming (with some suitable agent) of best
adopted pearl millet cultivar can help to improve its
productivity in semi-arid environments. The purpose
of this study was to appraise the effect of inorganic
seed priming agents on the growth, yield and quality
of selected (screened in a preliminary pot trial) pearl
millet cultivars.

Materials and Methods

Studly site, experimental design and treatments

Field experiments were performed to evaluate the
influence of seed priming technique on growth and
todderyield of pearl millet cultivars at the Farm Area of
Department of Agronomy, University of Agriculture
Faisalabad Pakistan (latitude 31°-26'N, longitude
73°-06'E, and altitude 184.4 m). The experimental
design was randomized complete block design under
factorial arrangement having three repeats. The soil
had loamy texture with EC = 2.05-1.93 dS m™, pH =
8.0-7.6, organic matter = 0.60-0.58%, total nitrogen
0.047-0.045%, total available phosphorous 8.10-7.90
mg kg™, and total available potassium 181-177 mg
kg! during both years of study (ICARDA, 2013).

Experimental treatments were comprised of two
factors; priming agents viz. no priming/control,
hydropriming, ascorbate (40 mg L') and CaCl, (100
mg L) and four pearl millet cultivars (Sargodha
Bajra 2011, YBS-98, 18-BY and Ghana White).

'The hydration of seeds in a column of aerated water to
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a level of moisture which is close to the one required
for radical protrusion is termed as hydro priming or
aerated hydration (Pawar and Laware, 2018). Sodium
hypochlorite (5%) was used to sterilize the seeds
against fungal infections. Thereafter the seeds were
washed twice with distilled water. Seed was soaked
for 12 h in aerated 5% (w/v) solution of all the salts.
Seed was soaked in water for hydropriming; keeping
seed and solution ratio of 1:5 (w/v). The seed was
washed with distilled water for 3 times after removing
from the respective solution and dried back to its
original weight by enforced air at 27°C = 2. These
seeds were then packed in polythene bags and kept
at 5°C until used (Ashraf and Foolad, 2005). Before
start of experiments, wheat crop was harvested from
the selected field during both study years. Cultivation
of field was done before starting the experiments;
leveled and watered the field for planting of crop.
The plantation of crops was made on July 13, 2017
and July 17, 2018 as per treatments in plots having
the gross size of 7.0 m x 2.4 m and replicated thrice.
Treated seed, at the rate of 12 kg ha'!, was sown using
hand drill. Seed was placed to a depth of about 50
mm, with spacing of rows of 0.45 m.’The plant spacing
was maintained by thinning when the seedlings have
attained the height of about 0.15 m. Nitrogen (N),
phosphorus (P) and potassium (K) were applied
at the rate of 80 kg ha”, 60 kg ha™ and 30 kg ha™,
respectively in all plots. One third N and full P and K
doses were given at the time of sowing. The remaining
dose N was side dressed in two equal splits with first
and second irrigation. In addition to the rainfall,
crop received four irrigations throughout its growing
period. Weather data, during both study years, were
collected from the meteorological observatory of the
Department of Agronomy, University of Agriculture
Faisalabad and it was presented in Figure 1.

Germination attributes

According to AOSA (1990) seeds germination counts
were made on daily basis until achieving a constant
count. Time for starting the germination (TSG) was
noted when the length of radical and first hypocotyls
germinated seeds length was a little above 2 mm.
Calculation of mean emergence time was done by
using Ellis and Robert (1981) formula:

EDn

Mean emergence time = n

Coolbear ¢7 al. (1984) formula was used to compute

completion of 50% emergence:

N/ =y
n; —ny

](G‘ —t)

Time taken to 50% emergence = [

Where; N= Emerged seedlings number n, n=
Accumulative of the emerged seedlings numbers at
each adjacent count at time t, and t while, n.< N/2
<n.

Figure 1: Weather data for the two growing seasons.
O O

Growth and yild attributes

Crop was harvested on September 29, 2017 and
October 1,2018.The stand density or plant population
was counted from each replication from specific area
at the time of harvest. Ten randomly selected plants
were tagged and used for measuring of all the growth,
biomass and yield attributes from each replicate.
Height of the plants was measured from the level of
soil to the flag leaf tip and at the end average height
was measured using meter rod. By using vernier
callipers the girth of tagged plants was calculated from
the middle, base and upper portions of the stem and
then average was measured. Leaves of tagged plants
from all plots were counted and average was taken
after every 15 days. Leaves of three selected/tagged
plants from each plot were detached and the area of
leaves was determined using leaf area meter (model
L.1-3000) with 15 days gap. Three tagged plants in
each plot were harvested from ground level and their
tresh weight was recorded before detaching leaves for
recording leaf area. Thereafter, average fresh weight
per plant was calculated. After recording fresh weight
and leaf area, subsamples (each of 500 g) were taken
from the harvested above ground biomass of three
plants (in each plot). These subsamples were kept in
oven at 70°C for recording dried weight. This per plot
fodder yield was converted to t/ha. After recording
the weight of each dried plant, dry matter proportion
was noted.
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Quality attributes

Determination of crude protein content was carried
out by following method No.46-10 of AACC (2000).
Two-gram sample of dried biomass along with 30
ml concentrated H SO and five gram of digestion
mixture was allowed to react in digestion flask till
the transparent mixture was obtained. Diluted this
digested mixture with distilled water up to 200
ml. Distillation of 10 ml of this mixture was done
with forty percent sodium hydroxide in distillation
equipment. As a result, NH, gas was produced that
was trapped in four percent boric acid solution having
indicator. At the end titrated the distillated mixture
with 0.1N H SO till end point of golden yellow.

N (%)= (Titer of 0.1 N H28O4used x 0.0014 x 200/ sample weight x sample Vol) = 100

Nitrogen percentage was multiplied with factor 6.25
to obtain protein percentage.

The determination of fiber was performed by
following the protocols of AACC (2000) method
No. 32-10. After thirty minutes of sample boiling,
added 200 ml of 1.25% sulfuric acid in a 500 ml
beaker. After boiling, the residues were washed with
hot water for the purpose of getting acid free sample.
After this step these residues were transferred to
another beaker having capacity of 500 ml and boiled
tor almost 30 minutes with the addition of 200 ml
of 1.25% NaOH. After boiling, the residues were
washed with hot water for the purpose of getting
alkali free sample. After charring the sample to get
flame free sample and then put into muffle furnace
at temperature of 500°C until a grey colored material
obtained. To calculate the amount of fiber in sample
following formula was used:

Crude Fiber (%) = (Loss in weight of ignition - blank/weight of sample) x 100

Each sample was run for ash determination by
adopting the protocol outline as discussed in AACC
(2000) technique number 08-01. Dried samples in
already weighed crucibles were burnt on Bunson
burner prior to putting in muffle furnace, where a
temperature of 550°C was adjusted until grayish
white residue appeared.

Ash (%) = (weight of residue/sample weight) x 100

For the determination of fat soxhlet equipment was

used. For sample preparation AACC (2000) method

No. 30-25 was used. In this regard 2 g sample was
taken and placed in thimbles. Petroleum ether
was used as a solvent in the extraction of fat and
temperature was adjusted according to protocols. The
extraction process was carried out for 4 to 6 hours
followed by the transfer of these residues into china
dish. This pre weighed china dish was put into hot
air oven for the removal of solvent for at least one
to two hours and then for cooling purpose placed
into desiccator and again weighed. To calculate the
amount of fat in sample following formula was used:

Crude Fat (%) = (weight of extracted residues/sample weight) x 100

Statistical analysis

A two-way analysis of variance was used to assess
the effect of seed priming x varieties (P < 0.05) using
the Fisher’s analysis of variance technique (Steel ez
al., 1997) under field conditions. Tukey’s Honestly
Significant Difference (Tukey’s HSD) test was
employed to compare the means at 5% probabilitylevel
using STATISTIX 8.1 software (Gomez and Gomez,
1984). Both the factors were studied independently in
two years but years were not taken as factor.

Results and Discussion

Findings showed that time to start emergence, time
to 50% emergence and mean emergence time were
significantly decreased due to priming, however,
final emergence count showed non-significant
results (Table 1). Priming with CaCl, significantly
decreased the time to start emergence (63.81 and
63.82%), time to 50% emergence (41.68 and 41.13%)
and mean emergence time (53.43 and 53.34%) for
2017 and 2018, respectively followed by ascorbate
priming and then by hydro priming while control
treatment (no priming) showed the maximum values
for these parameters. However, final emergence
count remained similar i.e., it was not affected by any
priming agent. Among the cultivars, minimum time
to start emergence was noticed in Sargodha Bajra
2011 as compared to rest of pearl millet cultivars.

In comparison with the control different osmopriming
techniques showed positive effect in enhancing
the number of leaves of pear]l millet cultivars. All
the priming agents including the hydropriming
significantly increased the leaf number per plant after
various days’ intervals. Priming with CaCl, showed
a significant increase in leaf number per plant when
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recorded at 15 days after sowing (DAS) (29.20 and
27.71%),30 DAS (27.90 and 27.54%), 45 DAS (24.40
and 22.73%),60 DAS (19.52 and 19.28%) and 75 DAS
(14.73 and 14.76%) for 2017 and 2018, respectively
followed by ascorbate priming and then by hydro
priming while control (no priming) showed minimum
values. Cultivars also showed significant differences for

number of leaves recorded at various intervals except
at 45 DAS. Maximum number of leaves were noticed
in Sargodha Bajra 2011, followed by in YBS-98, while
minimum number of leaves were noticed in Ghana
White. The decreasing pattern in terms of number of
leaves for pearl millet cultivars was Sargodha Bajra

2011> YBS-98> 18-BY > Ghana White (Table 2).

Table 1: Effect of priming agent on the emergence related attributes of various pear! millet cultivars.

Experimental treatments Time to start
emergence (days)
2017 2018
Pearl millet cultivars (V)
V., =YBS-98 4.04 B 4.09 B
V,=18-BY 437 A 435 A
V, = Sargodha Bajra 2011 3.72C 3.67C
V, = Ghana White 458 A 4.62 A
HSD (V) (p < 0.05) 0.23 0.21
Priming Agents (P)
P, = Control (No-Priming) 572 A 5.80 A
P, = Hydro-priming 4.04B 4.01B
P, = Ascorbate (40 mg L") 3.42C 3.47C
P, = CaCL (100 mg L") 207D 211D
HSD (P) (p < 0.05) 0.23 0.21
Significance Level (V) * *
Significance Level (P) * *
Significance Level (V x P) NS NS

Time to 50% Mean emergence  Final emergence
emergence (Days) time (Days) count (%)

2017 2018 2017 2018 2017 2018
4.30 4.29 4.25 4.24 85.05 86.49
4.19 4.17 4.75 4.78 84.58 85.53
4.30 4.32 4.08 4.11 86.15 87.25
412 4.15 4.83 4.89 85.03 85.00
511 A 513A 670 A 6.73A 83.3 84.02
498 B 499B 521B 526 B 84.93 85.68
434C  438C 453C 459C 8405 8503
298D 302D 312D 3.14D 85.18 86.59
0.11 0.11 1.48

NS NS NS NS NS NS

* * * * NS NS
NS NS NS NS NS NS

Means following different alphabets are statistically different from each other at probability (p) < 0.05 according to honestly significant
difference (HSD) test; n = 3; NS = non-significant; * = significant at p < 0.05.

Table 2: £ Jffect of priming agent on leaf number per plant of various pear! millet cultivars.

Experimental treatments 15 DAS 30 DAS 45 DAS 60 DAS 75 DAS
2017 2018 2017 2018 2017 2018 2017 2018 2017 2018
Pearl millet cultivars (V)
V, = YBS-98 251B 257B 5.01B 5.34AB 6.76 6.79 809A 813B 9.01B 9.11A
V,=18-BY 237C 241B 484B 491AB 6.42 6.50 776 B 781 C 826C 8.33B
V, = Sargodha Bajra 2011 267A 277A 534A 542A 7.09 7.15 859A 8.64A 951A 956A
V, = Ghana White 204D 213C 451D 4.68B 6.09 6.11 701C 703D 792D 794B
HSD (V) (p < 0.05) 0.14 0.16 0.15 0.31 - - 0.54 0.48 0.31 0.45
Priming agents (P)
P, = Control (No-Priming) 226C 231C 534D 541C 709D 726D 881D 887D 937D 9.42C
P, = Hydro-priming 256B 259B 6.02C 6.11B 798C 805C 933C 943C 9.89C 997B
P, = Ascorbate (40 mg L")  2.78A 279A 645B 659A 857B 8.64B 998B 10.06B 10.13B 10.21B
P, = CaCl, (100 mg L") 292A 295A 6.83A 690A 882A 891A 10.53A 1058A 10.75A 10.81 A
HSD (P) (p < 0.05) 0.14 0.16 0.15 0.31 024 025 0.54 0.48 0.31 0.45
Significance Level (V) * * * * NS NS * * * *
Significance Level (P) * * * * * * * * * *
Significance Level (V x P) NS NS NS NS NS NS NS NS NS NS

Means following different alphabets are statistically different from each other at probability (p) < 0.05 according to honestly significant
difference (HSD) test; n: 3; NS: non-significant; *: significant at p < 0.05
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Analysis of variance showed that various priming
agents and pearl millet cultivars showed significant
differences in leaf area per plant recorded at various
intervals, however interactive effect of V x P on this
parameter was significant at initial growth stages (15
and 30 DAS) only, thereafter the differences became
non-significant. Priming with CaCl, significantly
increased the leaf area per plant at 15 DAS (29.24
and 29.86%), 30 DAS (24.77 and 26.02%), 45 DAS
(21.36 and 21.66%), 60 DAS (19.61 and 19.81%)
and 75 DAS (12.53 and 13.33%) for 2017 and 2018,
respectively. It was followed by ascorbic acid priming
and then by hydro priming while no priming) resulted
in minimum leaf area per plant. The maximum leaf
area was noticed in Sargodha Bajra 2011, followed by
in YBS-98, while minimum leaf area was noticed in
Ghana White (Table 3). As regards interactive effect
of V x P, maximum leaf area per plant (recorded at 15
DAS and 30 DAS) was observed in Sargodha Bajra
2011 when its seeds were primed with CaCl, (Figure
2) during both study years. More leaf area per plant
was observed during second year of study than first
year.
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Figure 2: Interactive effect of priming agent and pear! millet
cultivars on the leaf area per plant (cm?) at various days intervals;
The values reported are means of 3 replicates. Error bars represent
standard error of mean (SE). P, = Control (No-Priming); P, =
Hydro-priming (48 h); P, = Ascorbate (40 mg L™ ); P,= CaCl, (100
mg L),

Various priming agents and pearl millet cultivars
significantly (p < 0.01) affected the fresh weight per
plant recoded at 15 days interval during both years of
study (Table 4). Maximum increase in fresh weight
per plant was noticed by priming with CaCl, followed
by ascorbate priming and then by hydro priming
while control (no priming) showed minimum values.
Among the pearl millet cultivars, highest fresh weight
per plant was recorded in Sargodha Bajra 2011

tollowed by YBS-98, while minimum fresh weight
per plant was in Ghana White for study period.
Interactive effect of the factors under study remained
non-significant most of the times except for 2017 at
15 DAS. In this case Sargodha Bajra 2011 produced
the maximum fresh weight per plant when its seeds
were sown after priming with CaCL (Figure 3).

2018

w12 [esoa] ra[ea [es [oa] ea ] re e [re ea o[ s [ s

Y598 188Y sargodha Bajra

Experimental Treatments

Ghana White

Experimental Treatments
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2017

Fodder yield (tha)
oB5B885883828

DllPZ‘PZ‘PA DllPZ‘Pz‘PB

YBS-98 18-BY SargodhaBajra | Ghana White

Experimental Treatments

Figure 3: Interactive effect of priming agent and pear! millet
cultivars on the growth and yield attributes; The values reported are
means of 3 replicates. Error bars represent standard error of mean
(SE). P, = Control (No-Priming); P, = Hydro-priming (48 h); P, =
Ascorbate (40 mg L'); P, = CaCl, (100 mg L™).

The highly significant differences in dry weight
per plant were observed by various osmopriming
techniques upto 60 DAS (Table 5). Priming with
CaCl, increased the dry weight per plant by 23.28-
25.02% at 15 DAS, 25.19-26.88% at 30 DAS, 24.97-
25.22% at 45 DAS and by 18.55-19.29% at 60 DAS
for 2017 and 2018, respectively followed by ascorbate
priming and then by hydro priming while control (no
priming) showed minimum values for study period.
Interactive effect also remained non-significant in

this regard.

All the growth and yield attributes were influenced
significantly by priming agents (P) and pearl millet
cultivars (V') during the study period except for stand
density (Table 6). However, interactive effect of V
x P showed statistically similar response except for
plant height and fodder yield during 2017. Priming
with CaCl, significantly increased the plant height
(14.42 and 14.49%), stem girth (30.86 and 18.68%),
fodder yield (13.66 and 13.67%) and dry matter yield
(42.96 and 38.71%) for 2017 and 2018, respectively
followed by ascorbate priming and then by hydro
priming while control (no priming) remained at
the bottom. Maximum values for all the growth
and yield attributes were noticed in Sargodha Bajra

2011, followed by in YBS-98, while Ghana White
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showed least values for all these attributes (Table 6). total ash contents (Table 7). Maximum values for
Significant interactive values depict that maximum these parameters were recorded in Sargodha Bajra
plant height and fodder yield (Figure 3) (during 2011 followed by YBS-98,18-BY and Ghana White.
2017) was observed in Sargodha Bajra 2011when its However, the differences in varieties for these quality
seeds were primed with CaCl, before sowing. traits could not reach to significant level during

2018. Percentage of ether extractable fat remained
During 2017, all the four varieties differed significantly ~ statistically similar in all varieties during both years
from each other for crude protein, crude fibre and  of study.

Table 3: Effect of priming agent on the leaf area per plant (cm?) of various pearl millet cultivars.
Experimental Treatments 15 DAS 30 DAS 45 DAS 60 DAS 75 DAS
2017 2018 2017 2018 2017 2018 2017 2018 2017 2018

Pear] millet cultivars (V')

V, = YBS-98 89.14A 90.83B 121.22B 124.61 B 167.71 B 169.25 B 207.65 B 209.69 B 202.30AB 203.03 A
V,=18-BY 81.40B 85.09C 113.15C 119.94 C 163.32 C 164.86 C 200.87 C 203.17 C 199.02BC 202.00 B
V, = Sargodha Bajra 2011~ 93.34A  96.04A 125.60 A 129.89 A 173.07A 174.61 A 213.91 A 216.20 A 204.89 A 206.87 A
V, = Ghana white 78.27B  81.97D 112.53 C 113.82D 158.85D 160.38D 196.36D 197.90D 196.11C 199.09 B
HSD (V) (p < 0.05) 5.00 3.05 3.49 3.94 3.46 2.34 4.05 4.10 4.28 3.90
Priming agents (P)

P, = Control (No-Priming) ~ 78.07D  79.77D 106.38 D 107.42D 148.64D 151.18D 191.54D 193.56D 183.95C 185.93 D
P, = Hydro-priming 85.34C 87.23C 110.33 C 116.61 C 158.06 C 159.60 C 204.65 C 205.41 C 194.36 B 201.34C

P, = Ascorbate (40 mg L) 91.32B  96.01B 123.07B 127.86 B 175.85B 176.40 B 224.65 B 227.69 B 201.03 A 205.01 B
P, = CaCl, (100 mg L") 100.90A 103.59A 132.73 A 135.37 A 180.39 A 183.93 A 229.11 A 231.90 A 206.99 A 210.72 A

HSD (P) (p < 0.05) 5.00 3.05 3.49 3.94 3.46 2.34 4.05 4.10 4.28 3.90
Significance level (V) * < @ * * * * * % #
Significance level (P) * o @ * * * * * * &
Significance level (V x P) * * * * NS NS NS NS NS NS

Means following different alphabets are statistically different from each other at probability (p) < 0.05 according to honestly significant
difference (HSD) test; n: 3; NS: non-significant; *: significant at p < 0.05.

Table 4: Effect of priming agent on the fresh weight per plant (g) at 15 days interval of various pearl millet cultivars.
Experimental treatments 15 DAS 30 DAS 45 DAS 60 DAS 75 DAS
2017 2018 2017 2018 2017 2018 2017 2018 2017 2018

Pearl millet cultivars (V)

V, =YBS-98 93.32 91.90 B 103.30 AB 105.33 B 125.08 B 129.34 B 154.87 B 155.81 B 158.21 B 160.34 B
V,=18-BY 79.71 82.62 C 98.98 BC 101.01 C 126.93 B 128.52 B 148.71 C 151.66 C 152.35 C 153.49 C
V, = Sargodha Bajra 2011 88.29 97.20 A 106.20 A 109.23 A 132.57 A 136.91 A 167.74 A 169.67 A 164.14 A 166.19 A
V, = Ghana white 76.83 79.74D 9493 C 9595D 118.54 C 120.13 C 140.21D 142.15D 148.25 C 149.36 D
HSD (V) (p < 0.05) - 2.48 4.39 3.59 4.56 3.57 3.91 4.12 4.30 3.66
Priming agents (P)

P, = Control (No-Priming) 71.23 71.78D 83.42D 84.81D 112.35D 114.60D 139.89D 140.20D 147.35D 149.47 D
P, = Hydro-priming 81.38 8428 C 91.23C 9489 C 123.16 C 125.75 C 149.12 C 151.06 C 152.15 C 155.30 C

P, = Ascorbate (40 mg L") 84.58 87.49B 99.11B  102.00 B 129.98 B 131.32 B 156.24 B 157.19 B 158.47 B 160.54 B
P, = CaCl, (100 mg L") 87.41 91.32 A 106.19 A 107.22 A 137.63 A 142.21 A 162.90 A 167.84 A 164.97 A 165.08 A

HSD (P) (p < 0.05) - 248 439 359 456 357 391 412 430  3.66
Significance level (V) NS * * * * * * o 5 "
Significance level (P) NS * @ * * * % " o "
Significance level (V. xP) NS * NS NS NS NS NS NS NS NS

Means following different alphabets are statistically different from each other at probability (p) < 0.05 according to honestly significant
difference (HSD) test; n: 3; NS: non-si gnificant; *: significant at p < 0.05
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Table 5: Effect of priming agent on the dry weight per plant (g) of various pearl millet cultivars.

Experimental treatments 15 DAS 30 DAS 45 DAS 60 DAS 75 DAS
2017 2018 2017 2018 2017 2018 2017 2018 2017 2018
Pearl millet cultivars (V)
V, = YBS-98 16.37 17.49 20.47 21.66 2520 28.10 30.26 32.18 34.85 36.92
V,=18-BY 15.99 17.11 20.09 21.28 2463 26.51  29.19 31.11 33.95 36.03
V, = Sargodha Bajra 2011 16.88 18.00 20.93 22.12 2594 27.82  30.89 32.81 35.73 37.82
V, = Ghana white 15.51 16.63 19.55 20.74 24.03 2592 29.51 31.43 33.30 35.38
Priming agents (P)
P, = Control (No-Priming) 14.99B 16.11B 17.71B 18.90B 22.79B 23.99B 27.12B 2856 B 33.92 34.91
P, = Hydro-priming 1510 B 17.54B 1896 B 20.15 AB 24.05B 24.17B 29.41 AB 31.33 AB 35.01 35.67
P, = Ascorbate (40 mg L")  17.03 AB 18.15AB 21.89 A 23.08 A 27.77A 29.66 A 31.17A 33.09 A 37.47 38.85
P, = CaCl, (100 mg L") 18.74 A 1986 A 2247A 2366 A 2838 A 30.04 A 32.15A 3407A 38.85 39.75
HSD (P) (p < 0.05) 2.90 2.72 2.84 3.74 3.21 3.61 3.90 3.92 - -
Significance level (V) NS NS NS NS NS NS NS NS NS NS
Significance level (P) * * * * * * * * NS NS
Significance level (V x P) NS NS NS NS NS NS NS NS NS NS

Means following different alphabets are statistically different from each other at probability (p) < 0.05 according to honestly significant
difference (HSD) test; n: 3; NS: non-significant; *: significant at p < 0.05

Table 6: Effect of priming agent on the growth and yield related attributes of various pearl millet cultivars.

Experimental treatments Stand density Plant height Stem girth Fodder yield Dry matter yield
(m?) (cm) (cm) (tha?) (tha?)

2017 2018 2017 2018 2017 2018 2017 2018 2017 2018
Pearl millet cultivars (V)
V., =YBS-98 26.05 27.81 196.75B 19539B 0.86 A 0.90 61.00B 64.11B 13.77B 14.78
V,=18-BY 25.58 27.09 194.00C 19248C 0.82B 0091 59.15B 62.61B 13.23C 14.24
V.= Sargodha Bajra 2011 27.67 28.07 199.25A 197.85A 0.89 A 0.94 65.15A 6851 A 1428A 1531
V, = Ghana White 25.11 26.83 191.25D 189.83D 0.78C 0.85 58.13B 60.30C 12.67D 13.69
HSD (V) (p < 0.05) - - 1.33 1.29 0.03 - 2.45 2.30 0.08 -
Priming agents (P)
P, = Control (No-Priming)  28.00 28.33 183.75D 18235D 0.89D 0.91D 53.65C 54.06D 994D 10.36D
Pz = Hydro-priming 29.00 29.30 190.00C 188.64C 0.93C 097C 5530C 56.62C 12.74C 13.44C
P, = Ascorbate (40 mg L) 30.00 30.33 19725B 195.81B 097B 1.03B 5845B 59.12B 13.78B 13.97B
P, = CaCl, (100 mg L) 31.33 31.00 210.25A 208.77A 1.06A 108A 6098A 6145A 1421 A 1437A
HSD (P) (p < 0.05) - - 1.33 1.29 0.03 0.02 2.45 2.30 0.08 0.12
Significance level (V) NS NS * * * NS * * * NS
Significance level (P) NS NS * * * * * * * *
Significance level (V x P) NS NS * NS NS NS * NS NS NS

Means following different alphabets are statistically different from each other at probability (p) < 0.05 according to honestly significant
difference (HSD) test; n; 3; NS: non-significant; *: significant at p < 0.05

While all priming agents diftered significantly among
each other in affecting quality attributes of pearl
millet fodder except ether extractable fats. So, crude
protein contents (CPC), crude fiber contents (CFC)
and total ash contents (TAC) were highest in crop
that was sown with seeds primed with CaCl, followed
by ascorbate primed seeds and then by hydro primed

seeds. Control recorded minimum values.

Seed priming enhanced plant growth, yield and
quality attributes especially seed priming with calcium
chloride (CaCl,) increased all attributes significantly
over the other priming agents. Seed priming with
CaCl, prominently improved the seed emergence
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Table 7: Effect of priming agent on the quality related attributes of various pearl millet cultivars.

Experimental treatments Crude protein
contents (%)

2017 2018 2017
Pearl millet cultivars (V)
V, =YBS-98 7.31B 7.41 38.43 B
V,=18-BY 7.02C 7.20 37.81C
V, = Sargodha Bajra 2011 7.59 A 7.78 38.86 A
V, = Ghana White 6.79 D 6.97 37.30D
HSD (V) (p < 0.05) 0.10 - 0.29
Priming agents (P)
P, = Control (No-Priming) 6.01 D 6.13 D 3425D
P, = Hydro-priming 6.52C 6.63 C 37.89 C
P, = Ascorbate (40 mg L")  6.89 B 7.01B 39.38 B
P, = CaCl, (100 mg L") 728 A 7.36 A 4111 A
HSD (P) (p < 0.05) 0.10 0.20 0.29
Significance level (V) * NS *
Significance level (P) * * *
Significance level (V x P) NS NS NS

Crude fiber contents (%) Total ash contents (%) Ether extractable

fat (%)
2018 2017 2018 2017 2018
38.59 8.69 B 8.72 1.99 197
38.01 8.42C 8.51 2.00 2.01
38.94 895 A 9.06 2.01 2.02
37.41 8.69 B 8.20 1.97 1.99
- 0.22 - - -
3430D 6.71 D 6.85D 1.92 1.89
3797 C 7.88C 7.94 C 1.93 1.90
3945 B 9.21 B 9.28 B 1.91 1.89
41.26 A 10.29 A 10.38 A 1.90 1.91
0.35 0.22 0.37 = =
NS * NS NS NS
* * * NS NS
NS NS NS NS NS

Means following different alphabets are statistically different from each other at probability (p) < 0.05 according fo honestly significant
difference (HSD) test; n: 3; NS: non-significant; *: significant at p < 0.05

over control and other priming agents. Interestingly,
the increase in seed emergence would be due to the
stimulation of seed coating enzymes, which increase
the breakdown of reserve food. These results lead to a
theory that seed priming with CaCl, may increase the
solute potential of seed and that potential increases
the water absorption capacity and the vigor of pearl
millet seeds. The results of Rehman ¢7 2/. (2014) and
Rai-Kalal and Jajoo (2021) and Farooq ez a/. (2020)
are in accordance with our findings who reported
that seed priming is a viable technique that has great
potential to improve germination and early seedling
establishment. This priming technique can be used in
those areas where there is a shortage of water and for
those seeds which have germination problem.

Plant height and leaf area are the important attributes
of plant growth while plant fresh/dry weight and
stem diameter are the significant outcomes of net
assimilation rate. Averaged across during both years
of study, the plant height; leaf area, plant fresh/dry
weights and stem diameter (averaged across of 15,
30, 45, 60 and 75 days after sowing) were increased
prominently under all priming agents over the control
but CaCl, priming outclassed all other agents for
the improvement of all attributes. This might have
happened due to high photosynthetic rate and high
photosynthetic efficiency caused by CaCl, priming.

The activation of plant defensive system by CaCl,
priming would also be a possible reason for more
accumulation of dry matter in pearl millet under field
conditions. The findings of our results are in consistent
with those of Panda and Mondal (2020) and Goa and
Yan (2020). The significance of our findings could be
applied in other fodder crops for better fodder yield
to overcome the deficiency of fodder under normal
and stressful conditions.

Leaf area, plant height, plant fresh, dry weight and
stem diameter due to seed priming with CaCl,
significantly increased the fodder fresh and dry
matter yield. The results of our study suggest that seed
priming with CaCl, activates the genes of growth and
plant defensive system, which promote the water and
nutrients uptake and the fodder yield in pearl millet.
Ramamurthy ez a/. (2005) and Asif e al. (2021)
documented that seed priming in pearl millet and
sorghum increased vegetative growth and seed yield,
as it was found in this study. Before sowing of fodder
crops under water deficit and fodder scarce areas,
seed priming with CaCl, has potential to overcome
the deficiency of fodder scarcity particularly in lean
periods. Better fodder quality is essential for better
nutrition and palatability of pearl millet. Fodder
crude protein, crude fiber, ash contents and fiber
ether extractable fat contents were increased under all
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seed priming agents but the best quality was observed
under seed priming with CaCl,. The improved fiber
quality due to CaCl, priming in our results would
be due to expression of various genes for more root
proliferation for better uptake of nutrients from soil.
The malnutrition and low digestibility problems
in animals may be overcome by priming seeds of
fiber crops with CaCl,. The higher grain quality in
sunflower and maize due to seed priming has already
been reported by other researchers as well (Hussain ez

al., 2006; Houshmandfar and Asli, 2011).

'The pearl millet cultivars behaved differently. Among
the cultivars,Sargodha Bajra 2011 showed significantly
higher germination, seedling establishment, leaf area,
plant fresh weight, plant height, stem diameter, fresh
fodder yield and dry weight over the other cultivars.
Similarly, fodder crude protein, crude fiber, ash
contents and fiber ether extractable fat contents were
tound higher in Sargodha Bajra 2011. The increase
in all parameters in Sargodha Bajra 2011 was due to
its early stand establishment, mobilization of reserved
food, good balance between ROS and antioxidants,
and the high rate of physiological activities. The results
of Ayub ez al. (2010), Goa and Yan (2020) and Singh
et al. (2020) on the performance of various cultivars
are in accordance with our findings. Our results
suggest that pearl millet cultivar Sargodha Bajra 2011
could be grown in various areas for obtaining more
todder yield. The better fodder quality of this cultivar
may overcome the low nutrition and low digestibility
problems in animals.

Conclusions and Recommendations

In general, for improving the emergence, growth,
yield and quality attributes of pearl millet, cultivars’
selection and priming are beneficial, as our study
herein. Our findings revealed that priming agent
especially CaCl, significantly improved emergence,
growth, yield and quality parameters. Therefore,
sowing of the millet cultivar Sargodha Bajra 2011
primed with CaCL (100 mg L") is recommended for
getting higher yield of better-quality fodder under
the semiarid environment in Pakistan and similar
semiarid regions.
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