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Abstract

Water stress is one of the most devastating environmental stresses worldwide. Improving Maize to withstand drought stress is one
of the most significant obstacles with the increasing global need for food, fiber, and fuel. Field experiments were carried out in
National Research Centre, Nubaria, Egypt; during the two successive growing seasons of 2018 and 2019 to study the interaction
effects of potassium humate and biofertilizers (nitrobeine) on growth, yield characters, and chemical composition of Maize plant
under water stress. The results obtained can be summarized as follows: The highest values of all growth and yield characteristics
of Maize were recorded in the first and second seasons when treating potassium humate (3 g L) with biofertilizers as compared
to all treatments under sufficient irrigation system. Also, it increased the nutrient content (N, P, and K) of grain of Maize as
compared with control. Whereas, the water stress treatment reduced the macronutrient of maize grain as compared to the addition
of sufficient irrigation treatment. Likewise, data showed that the application of potassium humate foliar spraying with
biofertilizers under water stress enhanced the carbohydrate and protein content in the Maize plant. Results concluded that the
application of potassium humate foliar spraying and biofertilizer is important to improve maize production and nutrient content

under water stress conditions.
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Introduction

Maize is considered one of the three most important types of
cereal crops after wheat and rice is grown in various places in
a wide range of climates. A major move in global cereal
demand is underway by 2020, demand for maize in improving
countries is prospective to surpass request for both wheat and
rice (Pingali and Pandey 2001). Maize is anticipated for its
manifold purposes as animal feed, industrial manufacturing,
and medicinal and human food. It is the staple food of the
majority of people and is expended in many other republics,
for pattern, corn flakes, corn syrup, and oil. For animal feed, it
is highly desirable due to its high yield and forage value of
grains, leaves, and stem, and is gaining importance in many
countries (Suhana Puri et al., 2019).

Water stress is the most abiotic environmental stress that has a
detrimental effect on the productivity of large areas of
agricultural land around the world. Increasing population and
changing climate conditions are likely to increase water
scarcity, which will lead to further decline in crop productivity

in the world. The crop, for example, maize crop is uncovered
to a certain level of drought either during a particular period or
during the whole growing season, without significant
concession in yields (Sepaskhah and Ghahraman, 2004).
Improving Maize for drought-stress tolerance is one of the
most imperative obstacles as the global need for food, fiber,
and fuel increases (Roth et al., 2013). Several studies had been
carried out to explore the effect of irrigation interval on maize
growth, yield attributes, and its components. Mohsen et al.,
(2012) detected that 100- kernel weight, grain weight/ear and
grain yield decreased due to extreme drought. Maize (Zea
mayes L.) only consumes 22.5% of total nitrogen, phosphorus,
and potassium fertilizers used in Egypt (Heffer, 2013),
representing the largest fertilizer-consuming crop. It has been
shown that adding substances to the soil such as humus
increases enzyme activity and membrane permeability, in
addition to increasing rates of hormonal activity, which
increases the ability of plants to retain water and absorb
nutrients, which is positively reflected in crop productivity
(Jones et al., 2007; Sharif et al., 2002) the use of humic
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materials led to significant increases in stem and root weight
of the maize plant.

Potassium plays an important role in reducing abiotic stress on
plants such as coldness, drought, and high light intensity
(Waraich et al., 2011). Potassium humate derived from brown
charcoal lignite is naturally aromatic and contains many
carboxylic and phenolic groups, provides favorable conditions
for chemical reactions, biological activity, increases buffering
of pH, improves the physical structure of the soil, and
accelerates the transfer of nutrients to plants. Also, potassium
humate can be peeled to obtain further improvement in the
physical properties of the soil and biological activities and
accelerate the transfer of nutrients to plant (Amjad et al.,
2014). Bio-fertilizers have been identified as an alternative to
increasing soil fertility and crop production in sustainable
agriculture.

Beneficial microbes are considered one of the most important
biological fertilizers that play an important role in increasing
crop yields due to their importance in food safety (ltelima et
al., 2018; Arshad et al., 2008) reported that Pseudomonas spp.
inoculation enhanced the growth, yield, and ripening of pea
(Pisum sativum L.) under drought stress conditions. Hence the
study was performed to investigate the combined effect of
potassium humate a foliar sparing with biofertilizers on
growth, yield, and nutrient uptake in maize grown under
drought conditions.

Material and Methods
Experimental Procedures

The field experiment was carried out at the Research and
Production Station of the National Research Centre, Nubaria
region (30 30.054' N - 30 19.421' E), Behiera Governorate,
Egypt during the summer season of 2018 and 2019. Seeds of
Maize (Zea maize L.; cv. Giza 306) were sown on 20" August
in both seasons. The experimental design was a split-plot with
four replications. The Water treatments as sufficient and
stressed irrigation applied depends on the water requirement
of maize occupied the main plots and potassium humate
treatments (0, 1, 2, 3, and 4 %) were allocated at random in
sub-plots with or without biofertilizers (nitrobeine). Bio-
fertilizer as nitrobeine by mixing Maize seeds in nitrobeine for
15 minutes before transplanting, which is a commercial
product that contains active microorganisms that were
responsible for fixation of nitrogen by atmosphere. The plot
area was 10.5 m? (3.5 m x 3.0 m).Calcium super-phosphate
(15.50% P,0s) was added pre-sowing at 358 kgha™ to the soil;
similarly, nitrogen in the form of ammonium nitrate (33.0%N)
at the rate of 42 kg N ha as starter dose was added before
first irrigation, Potassium sulfate (48% K-0) was added at the
rate of 119 k gha'* to the soil in two equal doses at 21 and 35
days after sowing. Some physical and chemical properties of a
representative soil sample used in the experimental soil were
determined before cultivation according to (Rebecca, 2004)
and presented in (Table 1).

Maize plants were irrigated during the whole growth season
using sprinkler irrigation system. In both seasons, a foliar
spray of potassium humate and nitrobeine was applied twice to
Maize plants at 45 and 60 days from sowing. The interaction
of different concentrations of both compounds was also
assessed in addition to untreated plants (control).

Table 1. Some physical and chemical properties of the
experimental soil

pH EC | oM | cacos g:;zde S'Zse”‘:'smblg'lgg Texture
. -1 0, 0, Class
@:25) | dsm % 0% o " 2
796 | 118 | 076 | 298 | 7584 | 513 | 17.96 | Sandy
loam

Cations (meq / L) Anions (meq /L)

Na* K* Ca™ Mg* COs~ HCOs CL- SO4~

3.82 1.77 3.78 1.88 0.38 3.62 1.91 5.34

Available macronutrients Available micronutrients
(mg/100 g soil) (mg /kg)
N P K Fe Zn Mn Cu
14.63 3.84 16.92 14.32 0.23 5.94 0.017
Analysis

Leaf pigment content

Leaf greenness present in barley plants was determined with
the Minolta-SPAD® Chlorophyll Meter (Minolta Camera
Co., Osaka, Japan). The SPAD-502 chlorophyll meter
measures the chlorophyll absorbance in the red and near-
infrared regions and calculates a numeric SPAD value which
is proportional to the amount of chlorophyll in the leaf
Minolta (1989).

Measurement of yield parameters

The growth parameters of Maize such as plant height, 100-
seeds weight (g), Grain yield (ton/fed) were recorded
according to FAO (1980).

Measurement of nutrient content

Macronutrients (N, P, and K) and micronutrients (Fe, Mn,
Zn, and Cu) in Maize were determined according to Black et
al (1982). Protein percentage was calculated by multiplying
nitrogen content by 6.25.

Statically analysis

All data were statistically analyzed and the means were
compared using the least significant difference test (LSD at
5% level) according to Gomez and Gomez (1984).

Results and discussion
Pigment content

Data in Fig.1 showed that the impact of potassium humate
and biofertilizers  (nitrobeine) on pigment content
(chlorophyll) of maize under water stress. It was observed
that all treatments increased chlorophyll compared with
control. The results indicated that the addition of
biofertilizers with potassium humate improved the
chlorophyll of maize as compared to the addition of

163


http://www.sciencearchives.org/

Science Archives (2021) Vol. 2 (3), 162-170

potassium humate without biofertilizers. The results showed
that the foliar addition of 3 g/L of potassium humate with or
without biofertilizers increased the chlorophyll of maize as
compared to the application of 1 g/L of potassium humate.
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Fig. 1 Effect of potassium humate and biofertilizers on
chlorophyll (SPAD) red of Maize under water stress

Whereas, the application of 4 g/L of potassium humate with
biofertilizers gave the highest chlorophyll of maize as
compared to all treatments. Development of plant roots
occurs, which in turn increases the absorption rate of
nutrients, due to the combined positive effect of potassium
humate and bio-fertilizers. The use of bio-fertilizers enhances
nutrient absorption, transfer, and synthesis resulting in
increased plant growth characteristics and a profitable
economic return (Singh et al., 2006).

Yield parameters

Data in Table 2 showed that the effect of potassium humate
and bio fertilizers (nitrobeine) on plant height, ear weight,
and 100-grain weight of maize under water stress.
Application of 4g/L of potassium humate with biofertilizers
gave the highest plant height, ear weight, and 100 grain
weight in maize as compared to all treatments. These
microorganisms also produce plant growth-promoting
vitamins and substances to improve plant growth.
Application of 4 g/l potassium humate increased plant height
and 100-grain weight by (15.1, 10.5%) and (25.8, 32.5%)
whereas application of biofertilizer increased it by (15.2,
7.87%) and (7.51, 7.80%) compared to a control treatment
under sufficient and deficit irrigation, respectively.

Regardless of water application treatment, the addition of 4
g/l potassium humate increased plant height and 100-grain
weight by 6.77 and 26.0% Compared to a control treatment.
It was observed that the application biofertilizers gave the
highest percentage of plant height (11.5%) and 100-grain
weight (7.67%) as compared to no application of biofertilizer
treatments. This result could be due to enhancement of the
water retention of soil by biofertilizer and potassium humate
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was a hydrophilic colloid with strong water absorption
capacity. The weight of water absorbed from the saturated
atmosphere can be more than doubled, which is much larger
than that of an ordinary mineral colloid.

Potassium humate prevents crop transpiration, increases the
soil water content, and slows down the rate of soil water
consumption (Abou-Elseoud and Abdel-Megeed 2012).

Grain yield, biological yield

Data in Table 3 showed that the effect of the application of
potassium humate foliar spraying biofertilizers on grain
yield, biological yield, and harvest index. It was noticed that
the application of potassium humate and biofertilizers
increased the grain yield, biological yield, and harvest index
as compared to 0 g/l potassium humate with or without
biofertilizers. The foliar application of 3 and 4 g/l of
potassium humate increased grain yield by (15.6, 13.3%) and
(18.7, 22.3%) whereas application of biofertilizer increased
grain yield by (8.78, 10.2%) compared with the control
treatment under both two the irrigation levels, respectively.

Regardless of water application treatment, the addition of 3
and 4 g/l potassium humate increased grain yield by 14.7 and
16.9% compared to a control treatment. It was observed that
the application biofertilizers gave the highest percentage of
grain yield by (9.41%) compared with no application of
biofertilizer treatments. Improving the nutrient utilization
efficiency in the presence of bio-fertilizers and potassium
humate may lead to an increase in the grain yield of maize.
Several research studies have shown that potassium humate
slowly releases nutrients and may reduce leaching losses,
especially N (Nevens and Reheul, 2003 and Naveed et al.,
2008).

Macronutrient of maize grain

The effect of potassium humate foliar spraying and
biofertilizers (nitrobeine) on macronutrient of Maize grain
under water stress were show in Table 4. Foliar application of
3 g/L potassium humate with biofertilizers gave the highest
N, P, and K of grain yield of maize.

The deficit irrigation reduced the macronutrient content of
grain yield of maize as compared to the addition of sufficient
irrigation. Data showed that the addition of 3 and 4 g/l
potassium humate increased nitrogen and potassium of maize
grains by (13.3, 15.5%), (12.0, 13.5%) and (11.2, 20.0%),
(21.1, 29.4%) whereas application of biofertilizer increased it
by (13.3, 11.7%) and (29.8, 15.7%) compared to a control
treatment under sufficient and deficit irrigation, respectively.
Muhammadn et al. (2013) showed that nutrients (N, P and K)
contents were significantly increased by the application of
humic acid and PSB inoculation.
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Table 2. Effect of potassium humate and biofertilizers on vegetative growth of maize under water stress

K Bio-fertilizers Plant height (cm) | Ear weight (g) | 100 Seed wt.
Humate Irrigation levels

Sufficient Deficit Sufficient Deficit Sufficient Deficit

0.0g/L without 145.0 132.5 188.8 170.4 15.3 13.7

with 152.8 147.3 193.4 190.2 15.7 14.6

1.0g/L without 149.1 146.2 269.0 203.5 18.2 17.6

with 155.6 154.6 306.6 303.7 19.5 18.3

2.0g/L without 153.6 152.9 289.3 236.5 18.5 18.4

with 189.1 156.4 133.8 130.3 20.5 19.1

3.0 g/L without 164.7 182.8 190.0 173.2 22.2 21.4
with 201.3 195.1 196.2 190.4 24.4 23.6

4.0g/L without 160.5 168.6 290.8 240.9 20.4 18.7

with 191.8 191.2 278.9 215.8 21.6 21.2

LSD Potassium (K) 0.514 0.765 0.77 4.26 0.416 0.388
0.05 Bio-fertilizers (Bio) 1.524 1.247 1.25 2.24 0.142 0.117
(K*Bio) 1.882 1.858 1.86 5.74 0.516 0.466

Table 3. Effect of potassium humate and biofertilizers on grain yield of maize under water stress

K Bio-fertilizers Grain yield (ton/fed) | Biological yield (ton/fed) | Harvest index
Humate Irrigation levels
Sufficient Deficit Sufficient Deficit Sufficient Deficit
0.0g/L without 2.31 1.69 5.82 4.56 39.7 37.0
with 2.87 2.22 7.11 5.12 40.3 43.4
1.0g/L without 2.74 2.23 6.66 5.95 41.0 37.5
with 3.15 2.31 7.43 6.65 42.3 34.6
2.0g/L without 2.84 2.33 7.28 6.38 38.9 36.5
with 3.03 2.45 7.65 7.14 39.6 34.3
3.0g/L without 3.33 2.51 9.11 7.72 36.5 325
with 3.31 2.67 9.82 8.74 33.7 30.6
4.0g/L without 3.58 2.68 8.49 7.01 42.1 38.2
with 3.74 2.96 9.44 8.18 39.7 36.1
LSD Potassium (K) 0.036 0.070 0.251 0.151
0.05 Bio-fertilizers (Bio) 0.038 0.048 0.129 0.087
(K*Bio) 0.069 0.109 0.351 0.219

Regardless of water application treatment, the addition of 4
g/l potassium humate increased macronutrient content of
maize grains by 12.6, 10.2, and 15.8% comparison with
control treatment. It was observed that the application
biofertilizers gave the highest increased percentage of
nitrogen and potassium of maize grains (12.5%) and (22.9%)
compared with no application of biofertilizer treatments. This
may be attributed to the ability of biofertilizers to conveyance
major nutrients similar to N and P besides concealing plant
growth-promoting substances for example 1AA, gibberellins,
and abscisic acid. An organic acid obtained from potassium
humate has led to an increment in soil acidity, therefore
change unsolvable forms of phosphorus into solvable ones
(Wani et al., 2007 and Abou-Elseoud and Abdel-Meggeed,
2012).
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Macronutrient of Maize straw

Table 5 indicated that the potassium humate a foliar
application and biofertilizers increased the macronutrient
content of maize straw. Application of 4 g/L of potassium
humate with biofertilizers under sufficient irrigation gave the
highest straw yield of maize as compared to other treatments.
This might be due to more availability of nutrients from
potassium humate and beneficial effects accrued due to
biofertilizer application which provide nitrogen and
phosphorous to plant growth. Data showed that the addition
of 4 g/l potassium humate increased nitrogen and potassium
of maize grains by (89.1, 114.3%) and (74.2, 115.0%)
whereas application of biofertilizer increased it by (17.2,
20.1%) and (25.6, 17.7%) compared with control treatment
under sufficient and deficit irrigation, respectively. Patel and
Singh (1998) observed that water stress reduced the uptake of
nutrients in plants, and most of N and P were accumulated in
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grains, while most of K was in stem and leaves. Regardless
of water application treatment, the addition of 4 g/l potassium
humate increased nitrogen and potassium of maize grains by
65.4 and 64.0% compared with the control treatment.

It was observed that the application biofertilizers gave the
highest increased percentage of nitrogen and potassium of
maize grains 18.6 and 21.9% comparison with no application
of biofertilizer treatments. Beneficial microorganisms secrete
some growth-promoting compounds such as indole acetic
acid and gibberellic acid, in addition to the production of
amino acids and vitamins that increase the absorption,
transport, and composition of nutrients, which is positively
reflected on plant growth and crop yield, which increases
economic return (Singh et al., 2006 and Suke et al., 2001).

Micronutrient of maize grain

The impact of potassium humate foliar spraying and
biofertilizers on Fe, Mn, and Zn of Maize grain under water
stress were shown in Table 6. Data indicated that the
application of biofertilizers increased the Fe, Mn, and Zn of
grain yield of maize compared to without biofertilizers. It
was noticed that the addition of 3 g/L potassium humate with
biofertilizers gave the highest Fe, Mn, and Zn of grain yield
of maize. The deficit irrigation reduced the Fe, Mn, and Zn of
grain yield of maize as compared to the addition of sufficient
irrigation.

Data also presented that the addition of 3 and 4 g/l potassium
humate increased iron and zinc of maize grains by (5.93,
11.5%), (2.80, 4.09%) and (2.98, 3.94%), (4.55, 4.89%)
whereas application of biofertilizer increased it by (16.6,
22.5%) and (27.7, 26.3%) compared with control treatment
under sufficient and deficit irrigation, respectively.

Regardless of water application treatment, the addition of 4
o/l potassium humate increased iron and zinc of maize grains
by 4.55 and 3.70% compared with the control treatment. It
was observed that the application biofertilizers gave the
highest increased percentage of iron, manganese, and zinc of
maize grains by19.1%, 3.21, and (27.1%) compared with no
application of biofertilizer treatments. Similar results have
been reported by Said-Al Ahl et al. (2009,b) on Origanum
vulgare and Zaghloul et al. (2009) on Thuja orientalis who
indicated that spraying the plants with potassium humate
increment growth compared with control plants due to the
direct effect of humic acid on solubilization and transport of
nutrients. These results are consistent with those obtained by
Norman et al. (2004) on marigolds and peppers and the
number of fruits of strawberries, Bohme and Thi Lua (1997)
described that humic acid had beneficial effects on nutrient
uptake by plants, and was particularly important for the
transport and availability of micronutrients due to the better-
developed root systems.
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Micronutrient of Maize straw

Table 7 indicated that the potassium humate a foliar
application and biofertilizers increased the Fe, Mn, and Zn of
straw of maize. The addition of 4 g/l of potassium humate
with biofertilizers foliar application with sufficient irrigation
increased the Fe and Zn of straw of maize by11.3 and 3.45%
as compared to 0 g/L of potassium humate. Whereas under
deficit irrigation treatment were 1.94 and 4.04% It was
observed that the addition of biofertilizers with sufficient
irrigation increased Fe and Zn of straw of maize by 36.6 and
19.7% as compared to without biofertilizers. Whereas the
amount of increase in Fe and Zn of straw under deficit
irrigation was 12.9, and 27.8%.

Regardless of water application treatment, the application
biofertilizers gave the highest increased percentage of iron
and zinc of maize grains by 26.3% and 22.9% compared with
no application of biofertilizer treatments. This might be due
to more availability of nutrients from potassium humate and
beneficial effects accrued due to biofertilizers which provide
nitrogen and phosphorous to plant growth. The application of
moisture improved the growth of various groups of beneficial
microorganisms, increased the permeability of plant
membranes, increased rates of root growth, rapid cell
division and all plant organs for several herbaceous herbs and
horticultural crops as well as the growth of some trees Russo
and Berlyn (1990), Sanders et al. (1990) and Pioncelot
(1993).

Carbohydrate and protein of Maize

Data in Fig. 2 and 3 indicated the effect of potassium humate
and biofertilizers on the carbohydrate and protein of Maize
under water stress. It was observed that potassium humate a
foliar application with biofertilizers increased the
carbohydrate and protein content in Maize as compared to the
addition of potassium humate without biofertilizers. The
increasing potassium humate application up to 3g/L gradually
increased carbohydrate and protein in Maize. Whereas the
application of water stress treatment reduced the
carbohydrate and protein content in Maize. Results showed
that the application of 3 g/L of potassium humate with
biofertilizers under sufficient irrigation treatment gave the
highest carbohydrate and protein content in the maize plant.
This could be attributed to the combined application of
biofertilizers and potassium humate which enhance the
carbohydrate and protein content these results are in
agreement with the work of (Shaharoonar et al., 2006).
Potassium humate contains carboxyl, phenolic hydroxyl, and
other functional groups, has a strong complexion and surface
adsorption capacity, can reduce the loss of ammonium
nitrogen, enhance the synthesis of sugar, starch, protein, fate,
and various vitamins (Amruthesh et al., 2003).

Simple correlation in Table 8 was estimated among the
yield parameters and nutrient as affected by K humate and
bio fertilizer application under sufficient irrigation and data
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K Bio-fertilizers Nitrogen (%) | Phosphorus (%) | Potassium (%)
Humate Irrigation levels

Sufficient Deficit Sufficient Deficit Sufficient Deficit

0.0g/L without 1.33 1.26 0.104 0.075 0.53 0.52

with 1.38 1.33 0.116 0.083 0.72 0.57

1.0g/L without 1.42 1.36 0.138 0.114 0.60 0.59

with 1.50 1.47 0.156 0.138 0.74 0.71

2.0g/L without 1.57 1.43 0.204 0.151 0.65 0.61
with 1.56 1.51 0.227 0.185 0.85 0.80

3.0g/L without 1.72 1.62 0.306 0.305 1.04 0.94

with 2.21 1.99 0.335 0.303 1.35 1.05

4.0g/L without 1.62 1.62 0.255 0.246 0.77 0.78

with 2.03 1.84 0.264 0.228 1.00 0.85

LSD Potassium (K) 0.032 0.044 0.012 0.008 0.051 0.036
0.05 Bio-fertilizers (Bio) 0.017 0.019 0.004 0.005 0.031 0.016
(K*Bio) 0.046 0.057 0.015 0.012 0.076 0.048

Table 5. Effect of potassium humate and biofertilizers on macronutrient of Maize straw under water stress

K Bio-fertilizers Nitrogen (%) | Phosphorus (%) | Potassium (%)
Humate Irrigation levels

Sufficient Deficit Sufficient Deficit Sufficient Deficit

0.0g/L Without 0.22 0.15 0.022 0.011 0.53 0.46
With 0.24 0.20 0.025 0.014 0.75 0.54

1.0g/L Without 0.26 0.21 0.051 0.049 0.85 0.78
With 0.31 0.27 0.047 0.048 1.00 0.77

2.0g/L Without 0.41 0.35 0.069 0.069 1.00 0.97

With 0.46 0.40 0.100 0.072 1.23 1.18

3.0g/L Without 0.50 0.46 0.195 0.156 1.27 1.16

With 0.61 0.53 0.220 0.192 1.63 1.36

4.0g/L Without 0.47 0.52 0.126 0.109 1.19 1.03

With 0.56 0.63 0.155 0.128 1.47 1.33

LSD Potassium (K) 0.018 0.017 0.010 0.010 0.055 0.085
0.05 Bio-fertilizers (Bio) 0.009 0.013 0.005 0.004 0.050 0.031
(K*Bio) 0.024 0.028 0.014 0.012 0.096 0.107

Table 6. Effect of potassium humate and biofertilizers on micronutrient of Maize grain under water stress

K Bio-fertilizers Iron (ppm) | Manganese (ppm) | Zinc (ppm)

Humate Irrigation levels

Sufficient Deficit Sufficient Deficit Sufficient Deficit

0.0g/L without 55.54 41.39 11.52 9.79 24.35 20.36

with 63.00 51.91 17.57 11.42 31.43 26.63

1.0g/L without 58.46 42.27 12.32 10.10 25.03 21.37

with 64.23 52.28 18.28 11.67 31.86 27.24

2.0g/L without 61.34 43.63 12.50 10.37 25.58 21.89

with 70.85 53.49 18.68 12.01 32.40 27.40

3.0g/L without 61.88 44.49 13.06 10.54 26.23 22.51

with 75.25 53.71 19.26 12.29 33.64 28.10

4.0g/L without 62.36 45.24 13.38 10.80 26.82 22.89

with 76.17 54.44 19.32 12.38 34.18 28.29

LSD Potassium (K) 0.219 0.599 0.541 0.428 0.272 0.331

0.05 Bio-fertilizers (Bio) 0.129 0.298 0.127 0.211 0.206 0.159

(K*Bio) 0.321 0.828 0.617 0.590 0.441 0.453
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Table 7. Effect of potassium humate and biofertilizers on micronutrient of Maize straw under water stress

K Bio-fertilizers Iron (ppm) | Manganese (ppm) | Zinc (ppm)

Humate Irrigation levels

Sufficient Deficit Sufficient Deficit Sufficient Deficit

0.0g/L without 86.53 66.31 16.39 13.41 35.32 24.57

with 102.85 75.05 24.64 16.18 42.47 31.13

1.0g/L without 87.33 66.74 16.96 14.01 35.66 24.79

with 116.07 76.26 25.20 16.49 43.45 31.42

2.0g/L without 88.21 67.37 17.43 14.37 36.49 25.36

with 123.87 76.73 25.55 16.86 43.98 32.59

3.0g/L without 88.88 67.80 18.15 14.85 37.53 25.53

with 127.52 77.33 26.11 17.16 44.40 33.07

4.0g/L without 90.16 71.18 18.44 15.21 38.48 26.24

with 132.23 77.83 26.34 17.31 45.28 33.40

LSD Potassium (K) 0.407 3.401 0.245 0.603 0.322 0.265

0.05 Bio-fertilizers (Bio) 0.177 0.838 0.174 0.193 0.233 0.232

(K*Bio) 0.540 3.915 0.387 0.735 0.512 0.458
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Fig (3) Protein content of maize grain as affected by interaction between
of biofertilizers with potassium humate

Table (8). Correlation between of grain yield and nutrient content under sufficient irrigation.

P.h(cm) | 100G.wt. | GY | N% | P% | K% Fe Mn
100 Grain wt. 0.854
G Y (ton/fed) 0.532 0.782
N % 0.852 0.915 0.814
P % 0.918 0.921 0.736 | 0.976
K% 0.846 0.895 0.636 | 0.907 | 0.949
Fe (ppm) 0.095 0.383 0.795 | 0.449 | 0.344 | 0.261
Mn (ppm) 0.221 0.517 0.898 | 0.576 | 0.476 | 0.388 | 0.978
Zn (ppm) 0.285 0.536 0.899 | 0.600 | 0.504 | 0.400 | 0.974 | 0.990

Table (9). Correlation between of grain yield and nutrient content under deficit irrigation

P. h (cm) 100 G .wt. GY N% | P% K% | Fe Mn
100 Grain wt, 0.897
G Y (ton/fed) 0.628 0.561
N % 0.906 0.912 0.642
P % 0.940 0.973 0.591 | 0.949
K % 0.843 0.897 0.598 | 0.934 | 0.946
Fe (ppm) 0.520 0.431 0.886 | 0.499 | 0.501 | 0.587
Mn(ppm) 0.355 0.295 0.850 | 0.322 | 0.341 | 0.440 | 0.955
Zn (ppm) 0.476 0.408 0.916 | 0.464 | 0.461 | 0.546 | 0.980 | 0.985
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revealed that 100 grain yield positively correlated with
nitrogen (0.915), phosphorus (0.921); potassium (0.895)
while it was not significant correlation with micronutrient.
Whereas, grain yield positively collated with macronutrient
(nitrogen (0.814), phosphorus (0.736); potassium (0.636) and
micronutrient iron (0.795), Manganese (0.898); Zinc (0.899).

Simple correlation in Table 9 was estimated among the yield
parameters and nutrients as affected by K humate and
biofertilizer application under deficit irrigation and data
revealed that 100-grain yield positively correlated with
nitrogen (0.912), phosphorus (0.973); potassium (0.897) but
it was not significantly correlated with micronutrient.
Whereas, grain yield significantly collated  with
macronutrient  (nitrogen (0.642), phosphorus (0.591);
potassium (0.598) and highly correlated with micronutrient
(iron (0.886), Manganese (0.850); Zinc (0.916).

Conclusion

Foliar application of potassium humate combined with
biofertilizer gradually increased the grain yield, biological
yield, and nutrient content under water stress conditions. This
due to potassium humate contains carboxyl, phenolic
hydroxyl, and other functional groups, has a strong
complexion and surface adsorption capacity, can reduce the
loss of ammonium nitrogen, enhance the synthesis of sugar,
starch, and protein.

Biofertilizers are also able to produce growth-promoting
substances like indole acetic acid and gibberellic acid
enhanced nutrient uptake, translocation and synthesis of
photosynthetic assimilates which resulted increased plant
growth characters and in obtaining economically profitable
yield.
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