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Introduction

ROUGHT and salinity are the most limiting factors for crop production in arid and semi-

arid areas. Moreover, pearl millet cultivation may be an excellent selection in arid and
saline lands. Therefore, two field experiments were conducted at the Desert Research Center,
Agriculture Experimental Station at Ras Sudr, South Sinai Governorate, Egypt during 2018
and 2019 seasons, to study the effect of seed priming (as seed soaking) using five salicylic acids
levels (tap water as a control, 50, 100, 150 and 200 mg/L SA) and fertilizing soil application
by five boron rates (without boron, 1.0, 2.0, 3.0 and 4.0 kg boron/fed, as boric acid) on pearl
millet yields. The results showed that plant height (cm), panicle length (cm), panicles number/
m?, grain weight/panicle (g), seed index (g) and grain protein content percentage as well as
biological, grain and protein yields (kg/fed) were significantly increased by salicylic acid (SA)
levels in both seasons. Soaking the grains of pearl millet in 200 mg/L SA treatment was the best
practice in both seasons as compared to the other treatments. Regarding the effect of boron (B)
treatments, all the abovementioned characters were significantly affected by B treatments in
the two studied seasons. Adding 3 kg B/fed gave the highest values of all the studied attributes
in both seasons. It is clear that from the obtained results pearl millet grain primed in 200 mg/L
SA along with B at a rate of 3 kg/fed could be recommended for enhancing pearl millet yields
under saline soil conditions.
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costly and is limited by the availability of clean

water. Thus, the use of salinity-tolerant plants is

Soil salinity is a principle abiotic stress for crop
production in numerous districts of the world,
particularly in the parched and semi-dry areas
(Yadav et al., 2012). Around 33% of the irrigated
soils within the world are now influenced by
fluctuating levels of saltiness/sodicity (Khan &
Abdullah, 2003). South Sinai in Egypt is a dry
land with high evapotranspiration and saline
groundwater. This groundwater is the dominant
source of water for irrigating the soils right
now (Reiad et al., 2014). Management of saline
soils by flushing out of salts using clean water is

one available option. Pearl millet (Pennisetum
glaucum (L.) R. Br.) having high inbuilt tolerance
to saline soils might serve a useful function and
may be grown in saline lands for grain and forage
production (Yadav et al., 2012).

There is a persistent need for enhancing the
productivity of cereal crops in Egypt these days to
supply a growing population. This enhancement
must take place despite the harsh conditions of the
region including scarcity of water, drought, and
severity of climate change as well as the intrinsic
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soil properties augments in the cultivated saline
and infertile areas. In Egypt, pearl millet is grown
fundamentally as a feed crop in summer, whilst
different nations of Africa and Asia; it is the staple
grain crop in rustic locales for nourishment (Reiad
etal.,2014). Pearl millet is a strong, harsh climate-
adapted grain crop, ideal as a model to test abiotic
and biotic stresses. It has a high crop development
rate, enormous leaf area index, and high radiation
use effectiveness that supports its high potential
yield (Shivhare & Lata, 2017; Ullah et al., 2017;
Kadivala et al., 2019). It can thus support the fight
against poverty and lack of nourishment due to
its resilience to climate calamities (Jukanti et
al., 2016; Rijsberman, 2014; Ndiku et al., 2014).
Furthermore, it has incredible potential as a
sustainable staple food and forage crop, especially
in parched and semi-parched areas of the world
threatened by environmental changes (Kadivala et
al., 2019; Taylor, 2019).

Salicylic acid (SA) stimulates the plant’s
resistance responses to alleviate oxidative harm
induced by salt stress. In saline conditions,
(100-150 mM NacCl) just half of Arabidopsis
seeds germinate, however, in the presence of
SA (0.05-0.5mM) seed germination increases
to 80% (Vicente & Plasencia, 2011). Exogenous
applications of salicylic acid strongly inhibited
Na*, K*, Ca?, and Cl- and organic solute
accumulations but stimulated N and relative water
content (RWC), (Shirasu et al., 1997). Comparable
outcomes were reported under abiotic stresses by
other studies (Rajjou et al., 2006; Alonso-Ramirez
et al., 2009).

Micronutrient deficiencies are becoming
increasingly common in agriculture due to
increased removal due to high yielding; high
uptake crops (Kadivala et al., 2019). Application
ofboron (B) alleviates the toxicity of aluminum by
regulating the activities of antioxidant enzymes,
proline, secondary metabolite contents, stabilizing
integrity of the proteins, and reducing reactive
oxygen species and Al concentrations (Riaz et al.,
2018). Boron’s inadequacy in plants diminishes
the biomass and disturbs the carbohydrate and
phenol metabolism (Dugger, 1983). In many plant
species, including cereals, an inadequate supply
of B decreases the monetary yield (Misra & Patil,
1987), chiefly due to the marked reduction and
retardation in flowering and fruit development
under B inadequacy.
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Inadequate  information is  available
concerning the synergistic effect of SA and B on
pearl millet yield and its components, particularly
under salinity stress. Thus, the objectives of the
present study were to evaluate the performance
of pearl millet under salt stress conditions and
examine the potency of salicylic acid and boron in
improving the productivity of pearl millet plants
under marginal environments in to achieve and
secure sustainable development goals, mainly the
fight against poverty and food insecurity.

Materials and Methods

Site description

A two-year field experiment was carried out
at the Agricultural Experimental station of Ras-
Sudr, Desert Research Center (DRC), South Sinai
Governorate located at (30° 34\ N and 31° 34\ E),
Egypt, during the two summer growing seasons
of 2018 and 2019. The mechanical and physical
(Table 1), and chemical (Table 2), analysis of the
experimental soil are given below. The mechanical
analysis was carried out according to methods of
Jackson (1958). Chemical analysis was carried
out according to methods of Jackson (1958) and
Chapman & Pratt (1961). The soil is a calcareous
sandy loam. Chemical analysis of the irrigation
water appears in Table 3. The previous crop was
barley in both seasons.

Experimental treatments and design

The study included two tested factors, i.e. seed
priming (seed soaking) in five salicylic acids (SA)
levels (tap water as a control, 50, 100, 150 and
200mg/L SA) and soil application of five boron
(B) rates (without boron, 1.0, 2.0, 3.0 and 4.0kg
B/fed, as boric acid). Seeds were soaked for 8
hours and then air-dried before sowing. Note:
feddan (fed) = 4200m>.

A split-plot design with three replicates was
used. SA treatments were arranged in the main
plots, while B rates were distributed within
the sub-plots. The trial unit area was 10.5m?
containing five ridges (3.5m length and 60cm
apart).

On May 12" and 16" in 2018 and 2019
seasons, respectively, a grain of pearl millet CV.
Shandaweel-1 was planted in hills, 20cm apart
at a rate of 12.0kg/fed. At 21 days after sowing;
plants were thinned to one plant per hill. Nitrogen
fertilizer was added at the rate of 70kg N/fed in
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the form of ammonium sulfate (20% N) at three
equal doses: after thinning, and before the second
and the third irrigation. Phosphorus fertilizers
(calcium superphosphate, 15.5% P,O,) at a rate
of 30kg P,O/fed and organic manure at a rate
of 20m*/fed. were added during soil preparation.
Potassium fertilizer was applied in the form of
potassium sulfate (48% K,O) at a rate of 75kg
K,O/fed at 50 days after sowing. Groundwater was
the source of irrigation and applied through the
gated pipe irrigation system. All other endorsed
agricultural practices were adopted throughout
the two experimental seasons.

Sampling and assessments

Yield traits

Atharvest (150 days after sowing), ten guarded
plants were taken randomly from each plot to
measure plant height, panicle length, panicles
number/m?, grain weight/panicle, 1000—grain

weight (seed index). Moreover, whole plants of
the plot were collected to measure biological and
grain yields/fed.

Grain nitrogen content

Total nitrogen was determined in grains using
the modified micro Kjeldahl technique as defined
in AOAC (2005). The crude protein content %
was calculated by multiplying the total nitrogen %
by 6.25. Then protein yield kg/fed was calculated,
Protein yield (kg/fed)= Grain yield (kg/fed) X
grain protein content percentage.

Statistical methods

All the obtained data of each season were
statistically analyzed using the appropriate
analysis of variance by Gomez & Gomez (1984).
Means were compared by using (LSD) check at
0.05 level of significance.

TABLE 1. Mechanical and physical analysis of the experiment soil.

Depth Coarse sand Fine sand Silt Total sand Clay Class texture
(cm) (0.5-1.0mm)  (0.1-0.25mm)  (0.002 - 0.05mm) (0.1-1mm) (<0.002mm)

0-30 21.25 58.18 10.49 79.43 10.08 Sandy loam
30-60 22.70 62.50 7.43 85.20 7.39 Sandy loam

TABLE 2. Chemical analysis of the experiment soil.

Saturation soluble extract (mg/100g)

Available nutrients

(mg kg')
Depth EC CaCo,
(cm) @asm") (%) Cations Anions
N P K B
Ca~ Mg* Na* CO,; HCOS CIr SO/
0-30 7.75 8.71 60.14 2480 550 5745 00 6.10 61.6 228 26.1 5155149 0.23
30-60 7.89 7.34 54.10 17.0 395 49.65 0.0 3.60 49.55 199 18.553.45 3535 0.15
TABLE 3. Chemical analysis of the irrigation water.
Soluble anions (meq/L) Soluble cations (meq/L)

EC H
(dS m™) P

CO3- HCO, SO~ Cr Ca™ Mgt Na* K*
9.8 7.7 0.00 2.48 30.83 46.18 17.38  13.71 42.81 0.37
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Results and Discussion

The data outcomes in Tables 4, 5, and 6 can
be presented and interpreted under the three
main headings as follows:

Effect of salicylic acid (SA)

Pearl millet yield and its attributes and grain
protein content were markedly affected by SA
treatments in both the 2018 and 2019 seasons
(Table 4). The findings indicate that plant height,
panicle length, panicles number/m?, grain weight/

panicle, seed index, and grain protein content
percentage, as well as biological, grain, and
protein yields/fed, were progressively increased
with increasing SA levels in both seasons. Pearl
millet grains soaked in 200mg/L SA treatment
gave the greatest values. Respectively the values
for these characters were increased by 21.7, 41.2,
36.9, 58.2, 103.5, 36.4, 93.1, 92.5, and 161.9%,
in the 1% season as well as 21.4, 34.5, 36.7, 54.3,
100, 35.9, 88.6, 87.7 and 155%, in the 2™ season,
respectively, as compared to no SA application
(tap water only).

TABLE 4. Effect of salicylic acid and boron levels on pearl millet yields, its components and grain protein content

percentage (2018 and 2019 seasons).

A A Grain 1000 Grain Yield
Plant Panicle Panicles . . .
Treatments height length number/ welg.ht/ gr.a m protein (kg/fed)
(cm) (cm) m’ panicle  welght  content Biological Grain  Protein
() () (%)

2018 season

Salicylic acid
SA, 144.5 243 57.2 6.7 5.7 8.8 893.2 289.1 25.5
SA, 148.9 26.4 65.8 8.3 7.5 10.0 1217.5 405.6 40.7
SA, 155.8 29.2 68.7 10.0 9.3 11.0 1542.3 488.8 54.0
SA, 169.9 33.1 76.6 10.2 10.7 11.9 1650.6 512.5 61.0
SA, 175.9 343 78.3 10.6 11.6 12.0 1724.3 556.4 66.8
LSD (0.05) 1.20 0.48 0.62 0.04 0.05 0.11 4.78 4.49 0.68

Boron

B, 144.9 25.5 60.9 8.1 7.8 10.3 1239.2 386.1 41.0
B, 151.8 27.6 66.0 9.1 8.9 10.6 1337.8 425.2 46.1
B, 160.3 29.7 70.5 9.4 9.2 10.8 1418.0 456.1 50.3
B, 170.7 32.8 75.7 9.7 9.5 11.1 1552.3 501.2 56.6
B 167.1 31.5 73.4 9.6 9.4 10.9 1480.7 483.7 53.9
LSD (0.05) 1.89 0.51 1.02 0.08 0.06 0.12 9.73 6.72 0.90

2019 season

Salicylic acid
SA, 146.6 26.4 58.8 7.0 5.9 8.9 928.3 301.9 26.9
SA, 151.3 27.8 67.7 8.6 7.8 10.1 1251.1 417.8 42.4
SA, 158.4 29.7 70.7 10.2 9.5 11.2 1572.4 500.1 55.9
SA, 173.1 33.7 79.3 10.5 10.9 12.0 1688.1 524.9 63.3
SA, 178.0 35.5 80.4 10.8 11.8 12.1 1751.0 566.6 68.6
LSD (0.05) 1.18 0.25 0.80 0.06 0.06 0.11 6.04 4.95 0.69

Boron

B, 148.2 26.7 63.3 8.3 8.3 10.4 1288.4 403.8 432
B, 154.2 28.6 68.0 9.4 9.1 10.7 1369.8 436.0 47.8
B, 162.3 30.8 72.2 9.7 9.3 10.9 1441.9 463.9 51.7
B, 173.7 34.4 78.2 10.1 9.8 11.3 1589.2 514.6 59.1
B 169.0 32.6 75.2 9.8 9.5 11.0 1501.6 492.8 55.4
LSD (0.05) 1.77 0.42 0.97 0.08 0.06 0.13 8.06 6.42 0.95

- SA, SA, SA; SA, and SA; mean 0.0, 50, 100, 150 and 200mg/L salicylic acid, respectively.
- Bl,Bz,Bs, B, and Bymean 0.0, 1.0, 2.0, 3.0 and 4.0kg boron/fed, respectively.

- LSD is Least Significant Difference.
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TABLE 5. Effect of salicylic acid treatments and boron levels interaction on pearl millet yields, its components and
grain protein content percentage (2018 season).

Treatments Plant . Panicles Gl:ain . Graifl Yield
highe | Fokle i OB 000 proen (g
(cm) g m? p ght(g . . . .
SA B (2) (%) Biological Grain Protein
B, 127.0 21.0 46.0 5.6 4.4 8.2 707.0 210.7 17.3
B, 135.00 22.0 53.0 6.8 5.7 8.6 823.3 261.0 225
SA, B, 146.3 24.0 59.3 7.0 59 8.8 907.6 2953 26.0
B, 158.3 27.7 65.7 7.2 6.3 9.2 1051.7 350.7 322
B, 155.7 26.6 62.0 7.1 6.2 9.0 976.3 327.6  29.6
B, 135.6 21.3 56.0 7.1 6.1 9.5 1033.6 3300 314
B, 143.0 243 62.0 83 7.3 9.8 1151.6 376.7 369
SA, B, 151.0 27.0 67.0 8.5 7.7 10.1 1238.0 4123  41.6
B, 159.3 30.0 73.0 8.8 8.2 10.4 1369.3 466.0  48.5
B, 155.3 29.3 71.0 8.7 8.1 10.2 1295.0 443.0 452
B, 142.7 25.0 61.7 8.7 8.0 10.5 1360.6 422.6 444
B, 149.0 28.0 66.0 9.9 9.4 10.8 1471.3 463.6  50.1
SA, B, 156.3 29.3 70.0 10.2 9.5 11.0 1554.7 491.7 541
B, 167.0 323 73.7 10.7 9.9 11.5 1703.0 543.6 625
B 164.0 313 72.0 10.5 9.8 11.3 1621.6 5223 59.0
B, 156.3 29.3 69.0 9.3 9.8 11.4 1503.3 466.0  53.1
B, 163.0 313 74.0 9.9 10.6 11.7 1588.0 4903 574
SA, B, 171.0 34.0 78.0 10.4 10.9 11.9 1662.3 516.6 618
B, 180.3 36.3 82.0 10.7 11.1 12.3 1777.0 549.7  67.6
B 179.0 343 80.0 10.6 11.0 12.1 1722.3 539.6  65.1
B, 163.0 31.0 72.0 9.8 10.9 11.8 1591.3 501.0 589
B, 169.0 323 75.0 10.3 11.6 11.9 1654.6 5343  63.8
SA, B, 177.00 343 78.0 10.7 11.7 12.0 1727.3 564.6  68.0
B, 188.7 37.7 84.0 11.1 11.9 12.2 1860.3 596.0  72.4
B, 181.6 36.0 823 10.9 11.8 12.1 1788.0 586.0  70.9
LSD (0.05) NS 1.14 228 0.18 0.13 NS 21.77 15.02 NS

- SA, SA, SA, SA,and SA; mean 0.0, 50, 100, 150 and 200 mg/L salicylic acid, respectively.
- BIVBZB}' B, and Bymean 0.0, 1.0, 2.0, 3.0 and 4.0 kg boron/fed, respectively.

- LSD is Least Significant Difference.

- NS means non-significance at P> 0.05.
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TABLE 6. Effect of salicylic acid treatments and boron levels interaction on pearl millet yields, its components and
grain protein content percentage (2019 season).

Treatments Plant . Panicles Gl:ain . Graifl Vield
height Panicle number/ welg.ht/ 100.0 grain protein (kg/fed)
length (cm) ) panicle weight (g) content
SA B (cm) m () (%) Biological Grain Protein
B, 128.3 23.0 48.0 5.8 4.9 8.3 766.3 232.0 19.3
B, 137.0 243 54.0 7.1 5.8 8.7 852.0 272.0 23.8
SA, B, 148.3 26.3 60.3 7.3 6.0 9.0 930.3 302.3 26.9
B, 161.3 30.0 68.3 7.7 6.6 9.3 1096.7 365.7 34.0
B 158.0 28.3 63.3 7.3 6.4 9.1 996.0 337.3 30.7
B, 138.6 233 59.00 7.4 6.6 9.6 1074.3 347.0 333
B, 144.7 25.0 64.0 8.7 7.6 10.0 11823 386.6 38.4
SA, B, 153.0 28.3 68.0 8.8 7.8 10.2 1263.3 419.3 42.8
B, 162.0 323 75.7 9.2 8.5 10.5 1411.7 481.7 50.9
B 158.3 30.0 72.0 8.9 8.2 10.2 1324.0 4543 46.7
B, 146.6 25.0 63.0 8.8 8.5 10.5 1400.0 438.0 46.3
B, 152.0 28.3 68.0 10.1 9.5 10.9 1501.3 4733 51.6
SA, B, 158.0 30.0 72.0 10.4 9.6 11.2 1573.3 499.0 55.9
B, 170.0 333 76.3 11.0 10.2 11.7 1738.3 556.3 65.5
B 165.3 32.0 74.0 10.6 9.9 11.3 1649.0 533.7 60.5
B, 161.3 30.0 72.0 9.4 10.2 11.4 1562.3 486.0 55.7
B, 166.3 32.0 76.0 10.2 10.8 11.8 1630.3 505.6 60.0
SA, B, 173.3 343 80.7 10.7 11.0 12.1 1694.3 524.7 63.5
B, 183.7 37.0 85.0 11.1 11.4 12.6 1816.0 561.7 70.6
B 180.6 353 83.0 10.9 11.2 12.1 1737.6 546.3 66.5
B, 166.0 323 74.3 10.0 11.4 11.8 1639.0 516.3 61.1
B, 171.0 333 78.0 10.7 11.7 12.0 1683.0 542.6 65.1
SA, B, 179.0 353 80.0 11.0 11.8 12.1 1748.3 574.0 69.5
B, 191.3 393 86.0 11.4 12.1 12.3 1883.3 607.7 74.8
B 182.6 373 83.7 11.1 11.9 12.2 1801.3 592.3 72.4
LSD (0.05) 3.96 0.95 2.18 0.18 0.14 NS 18.02 14.37 NS

- SA| SA, SA, SA, and SA; mean 0.0, 50, 100, 150 and 200mg/L salicylic acid, respectively.
- B, B, B, B,and B;mean 0.0, 1.0, 2.0, 3.0 and 4.0 kg boron/fed, respectively.

- LSD is the Least Significant Difference.
- NS means non-significance at P > 0.05.

Because of salinity stress, there can be a
production of reactive oxygen species (ROS),
including superoxide (O*), hydrogen peroxide
(H,0,), singlet oxygen, and hydroxyl radical
(Foyer & Noctor, 2003). ROS can significantly
disrupt everyday metabolism through oxidative
harm to lipids (Alscher et al., 2002), nucleic acids,
and proteins (Herbette et al., 2002). The low
yields of untreated plants in Table 4 suggested
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inhibitory effects of salinity on pearl millet yields
and its components and protein content. These
results are in harmony with Heidari & Jamshidi
(2011), who observed that the increase in the salt
concentration from control to 12dS m™ reduced
grain yield of millet plants by 38.7%. Similar
outcomes were obtained by Reiad et al. (2014).
They demonstrated that the growth characters
and forage yield of pearl millet diminished with
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increasing saline water levels from 4500 to
8000ppm. Similar trends are supported by Gunes
et al. (2007); Elwana & El-Hamahmyb (2009),
Karlidag et al. (2009), Yakubu et al. (2010),
Hussain et al. (2010). Our salinity level of the
water 9.8dS m' (Table 3) suggests a reduction
of about 289.1 and 301.9kg/fed for grain yield in
both seasons. This is consistent with the increase
in yields observed of 556.4 and 566.6kg/fed in
2018 and 2019 season when high levels of SA
were applied to overcome the stress.

Among the techniques used to mitigate the
adverse effects of salt stress, seed priming or
plant growth regulators are used to enhance the
rate and the uniformity of germination in saline
soils (Ashraf et al., 2008). The enhancements in
pearl millet plant yield and its components and
protein content in both 2018 and 2019 seasons
as presented in Table 4 and Fig 1. Increasing
concentrations of SA might be stimulative on
pearl millet plants enabling greater salt tolerance,
particularly throughout the seedling stage and
to some extent to the vegetative growth stage
which is reflected in the reproductive stage. These
consequences are in harmony with those obtained
by Sivakumar et al. (2002) and Anju et al. (2019).

1800

1600 -

1400 o

- -=- Grain yield 2018
—e— Grain yield 2019
— 4 - Bio.yield 2018
—»— Bio.yield 2019

; 1200 -

Kg/Fed

1000

800

600

400 //'

200

T T T T T
SA1 SA2 SA3 SA4 SA5
Treatment

Fig. 1. Effect of salicylic acid on grain and biological
yields of pearl miletin 2018 and 2019 seasons.

Salicylic acid priming treatments (from 50
to 200mg/L) possibly enhanced nutrient uptake,
physiological activity and transition of reserved
food constituent for root and shoot length, in
particular at some point of germination (Anjuetal.,
2019), seedling growth and development stages
along with increasing the activity of antioxidant
enzymes, Co, assimilation and photosynthetic rate
(Reza & Rigi, 2014). Additionally, soaking pearl
millet grains in SA reduces the overproduction of
reactive oxygen species and the harmful effect due
to the accumulation of Na* and ClI- ions in roots
under salinity stress (Hussain et al., 2010). Many

researchers have presented similar conclusions
such as Khan et al. (2003); Hussain et al. (2010),
Boukraa et al. (2013), Reza & Rigi (2014), Anju
et al. (2019). It can be inferred from the results
of both 2018 and 2019 growing seasons that seed
priming with 200mg/L SA was most effective
in mitigating the adverse effects of salinity,
enhancing pearl millet plant’s productivity in
saline soils.

Effect of boron (B)

Regarding the impact of boron treatments on
yields, yield components, and protein %, the results
in Table 4 showed that all the studied characters
were significantly increased by B application in
both the 2018 and 2019 seasons. Adding 3.0kg
B per feddan attained the highest values of all
the studied attributes in both seasons (Table 4).
This treatment enhanced plant heights by 17.8
and 17.2%, panicle length by 28.6 and 28.8%,
panicles number/m? by 24.3 and 23.5%, grain
weight/panicle by 19.8 and 21.7%, 1000 grain
weight by 21.8 and 18.1% and protein content
percentage by 7.8 and 8.7%, as well as biological
yield by 25.3 and 23.4%, grain by 29.8 and 27.4%
and protein yields by 38.1 and 36.8 % in 2018 and
2019 seasons, respectively compared to no boron
addition. The valuable impact of boron treatments
at rates of 1.0 to 3.0kg B/fed. on pearl millet yield,
yield components, and grain protein content may
be due to accumulation of B in different pearl
millet plant organs such as shoot, root, stigma,
and ovary which results in higher pollination and
seed set. Moreover, the crucial impact of B on
cell and root elongation, cell division, cell-wall
synthesis and stability of plant hormone ranges
(Marschner, 1995), also its important role in the
elongation of the pollen tube and viability of
pollen-grains (Salisbury & Ross, 1992), in turn,
encouraged the growth parameters and increased
the yields of pearl millet plants under saline
stress. These results are supported by the findings
of Salisbury & Ross (1992), Salimi et al. (2013),
Aftab et al. (2015). However, increasing B rates
up to 4.0kg B/fed. resulted in a decrease in all
the previously mentioned examined traits in both
seasons as shown in Table 4 and Fig 2. This may
be due to excessive boron concentrations causing
an increase in boron concentration in leaves,
stems, and grains to a toxicity level that resulted
in a decrease in the biomass of pearl millet plants,
thereby lowering the yield and its components.
The same trend was noticed by Giines et al.
(2011), who found that boron application, i.e. 0, 1,
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3,9 and 12kg B ha'! influenced the yield of corn in
the two years of study, and there were significant
contrasts between the applications of B. The most
significant returns were gotten from 9kg B ha’!
rate. These results confirm the work reported by
Christensen et al. (2006), Mustafa et al. (20006),
Westover & Kamas (2009), Uppal et al. (2015).
It was concluded that the maximum production of
pearl millet grains relies upon the satisfactory B
supply under saline stress.

1800
1600

1400

1200
- -® - Grain yield 2018

3 —e— Grain yield 2019
LL 1000 -4 Bio.yield 2018
4 —v— Bio.yield 2019

800
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400 4 .W

200 T T T T T

Treatment

Fig. 2. Effect of boron fertilization on grain and
biological yields of pearl milet in 2018 and
2019 seasons.

The lowest values of all studied traits were
obtained from plots that received no boron
applications in both seasons (Table 4). This
result may be due to the negative effects of
salinity. Saltiness stress diminishes the uptake
and accumulation of important nutrients. Also,
salts inhibit germination, seedling growth,
development stages, and accelerate senescence
of pearl millet plants by osmotic stress
(Zeinolabedin, 2012), nutritional inadequacy,
and specific ion toxicity (Khatoon et al., 2010).
These outcomes are upheld by observations of
Yakubu et al. (2010) and Zeinolabedin (2012).

Effect of interaction

The data in Tables 5 and 6 demonstrated
the large impact of the interaction among SA
treatments and boron levels on pearl millet
plant yields and its traits in the 2018 and 2019
growing seasons, except plant height in the first
season, grain protein content % and protein yield
in both seasons. The effective combination of
pearl millet seed priming in 200mg/L SA with
adding B at a rate 3.0kg/fed recorded the highest
values for plant height in the second season only,
panicle length, panicles number/m?, the heaviest
grain weight/panicle and seed index (1000 grain
weight) as well as grain and biological yields in
the two seasons. While the interaction between
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pearl millet plant grains primed without SA with
no B application gave the minimal values for all
studied characters in both 2018 and 2019 seasons
as illustrated in Tables 5 and 6.

The combination of 200mg/L SA as a seed
priming treatment with boron at a rate of 3.0kg/fed
had a synergistic effect and showed a substantial
impact on all the studied characters as introduced
in Tables 5 and 6. These results may be due to the
positive effect of SA along with B to ameliorate
the saltiness and promote the nutrients uptake and
mobilization from germination to reproductive
stages under saltiness stress, in turn, reflected
improving the productivity of pearl millet.

Conclusion

It could be concluded that under saline conditions,
seed priming in 200mg/L SA with the addition of
3.0kg B/fed in the field could be suggested for
increasing pearl millet productivity. The judicious
application of SA and B fertilizer together being
environmentally friendly can be recommended for
farmers to use in their fields to mitigate the saline
stress. Ultimately, the present results warrant
further studies and researches on the foliar spray
application of SA and B to explore and track their
pathways in pearl millet plants.

Pearl millet is an appropriate choice to combat
water scarcity, population increase, and climate
change in conjunction with increasing salinity,
drought, infertile soils, and land degradation
in Egypt. The crop can make contributions to
the fight against poverty and food insecurity
to accomplish sustainable development goals,
especially in marginal environments.
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