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ABSTRACT

Two field experiments were conducted in clay salt affected soil in Sahl El-Hussinia, El-Sharkia Governorate, Egypt, during two
winter seasons2016/2017and2017/2018 to evaluate the effect of mineral fertilizers with different rates(10- 20- 40 kg/fed. N); (15- 25- 30
kg/fed. P,Os,) and (20 -30 — 40 kg/fed. K,O,) alone or with bio-fertilizers or potassium humate on some soil properties (available N, P,
K, Fe, Mn, Zn and E.C), yield and quality of pea plants. The results revealed that the studied the soil salinity EC (dSm™) decreased in
soil treated with potassium humate and bio-fertilizers with mineral fertilizers compared with control. The available soil macronutrients
i.e. N, P, K, and micronutrients i.e. Fe, Mn and Zn (mg/kg soil) after harvesting in soils treated with biofertilizers and potassium humate
with or without mineral fertilizers were increased with increasing mineral fertilizers (NPK) rates. Concerning, the relative increases of all
estimated parameters pea plants in both seasons shows gradually increases as follows: potassium humate > bio-fertilizers > mineral
fertilizers > control for plant height (cm) , number of branches/ plant, pods/ plants and weight 100 seeds. While, the bio-fertilizers >
potassium humate > mineral fertilizers > control for No. of seeds /pods in both seasons. Also, using potassium humate, biofertilizers
and mineral fertilizers led to significant increases for dry weight/ plant, fresh pod /plant (g) and yield of pods ton/fed. As well as,
potassium humate and biofertilizers in combination with NPK chemical fertilizers increased P and K concentration in seeds. Mineral
fertilizers (NPK) combined with or without potassium humate and bio-fertilizers increased on Fe, Mn and Zn concentrations in pea seeds
in both seasons .The micronutrients were increased with increasing rate of chemical fertilizers as compared without bio-fertilizers or
potassium humate. The interaction between all treatments and mineral fertilizers rates led to significant increase in carbohydrate and
proline contents of seeds, while the total sugar content in pea plants was unsignificant. Further, combined application of potassium
humate and inorganic fertilizers improved the soil properties. This characterizes the synergistic effect of potassium humate and
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combined with mineral fertilizers thereby signifying that integrated use of inorganic, organic and biofertilizers helps in
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INTRODUCTION

Egypt is considered to be a heavy user of chemical
fertilizers especially nitrogen followed by phosphorous
then potassium. The consumed amount of NPK in 2002
was 488 kg/ha. The production of chemical nitrogenous
fertilizers in 2002 in thousand tons was 1645 Ammonia,
1865 Urea and 1070 Ammonium nitrate, since the
production of phosphate fertilizers also in thousand tons
was 1670 Rock phosphate, 20 phosphoric acid,940 single
Super phosphate 15% P,0Os; and 50 concentrated Super
phosphate (37%P205),while the imported Potassium
Sulfate (48% K,0) was 80000 tons. The consumed, N:
P,0s5: K,O ratio was 63:12:1 in 1981 and declined to
36:5:1 in 2002 due to the high consumed SOP in the last 20
years, Abd El-Hadi (2004).

The reclamation of salt affected soil requires an
improvement of physical, chemical biological properties.
Soil humic substances (HS) such as potassium humate
(HA) and fulvic acid (FA), are mainly derived from the
(bio) chemical degradation of plant and animal residues
and from microbial synthetic activity and they constitute a
significant fraction of the soil organic matter (65-70%)
(Gulser et al., 2010).

Nitrogen, phosphorus and potassium are key
nutrients that play a major role in crop production on
intensively cultivated soils. The soil fertility is directly
influenced by the type of fertilizer inputs, Harleen et al
(2017).

Biofertilizers are play an important role in
increasing availability of nitrogen and phosphorus by
improving biological fixation of atmospheric nitrogen as
well as enhancing phosphorus availability to crop (Bhat ez
al, 2013). Sarg and Hassan (2003) indicated that
Rhizobium inoculation caused a significantly increased

plant height, number of leaves and branches as well as
number of nodules compared with uninoculated. Rather et
al.(2010) found that application of Rhizobium Azotobacter
and phosphate solubilizing bacteria (PSB)) increased pea
growth , yield , number of pods/ plant, number of
seeds/pod, pod length and1000 grain compared untreated.

Potassium humate (HA) is important component
produced by the chemical and biological decomposition of
organic material through the help of micronutrients.
Potassium humate is a vital component of soil organic
matter which improves the growth of many plant species. It
enhances soil fertility and improves physical and chemical
characteristics of soil, like permeability, aeration,
aggregation, water holding capacity, ion transport and
availability through pH buffering (Afifi et al., 2010).
Sarwar et al.,(2012) found that using potassium humate at
50 mg kg' alone with 100% recommended dose of P
fertilizer significantly enhanced grain weight 72% and
number of pods/plant 22% of pea plants compared with
100% recommended dose of P fertilizer alone.

Pea (Pisum sativum L.) is one of the most important
leguminous vegetable crops grown during winter season in
Egypt. It occupies a great figure in the local consumption
and export. The total area grown with garden peas in Egypt
was 47951 fed, which produced 180631 ton with an
average yield 3.77 ton/fed, while dry peas was 162 fed and
average productivity 0.77 ton/fed according to agricultural
statistics, Ministry of Agriculture, 2012). Pea used in
human diet and it is rich in protein, carbohydrates and
vitamin and it has high levels of amino acids lysine and
tryptophan (Bhat et al., 2013).

This study aims to evaluate the effect of using
mineral fertilizers combined with or without different bio-
fertilizers and potassium humate on soil fertility and yield
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components, N, P, K, Fe, Mn and Zn contents in soil and
on pea yield and seeds quality under saline soil.

MATERIALS AND METHODS

Two field experiments were carried out in clay salt
affected soil of private from at Sahl El-Hussinia in El-

Sharkia Governorate, Egypt, during two successive
seasons of winter, 2016/ 2017 and 2017/ 2018.
A-Physical and chemical properties of the soil used

The physical and chemical properties of the soil
were determined before planting according to Cottenie et
al (1982) , Page et al (1982) and Klute (1986). The
obtained data were recorded in Table (1).

Table 1. Soil physical and chemical properties of the experimental sites

Particle size distribution (%) CaCoO;
Coarse sand Fine sand Silt Clay Texture OM (%) (%)
3.88 16.82 30.75 48.55 Clay 0.59 14.88

) EC o Cations (meq/1) Anions (megq/1)
pH (1:2.5) dsm PP TEF T Mgt Na K HCo,  Cf SOy
8.05 9.30 14.7 12.68 20.95 58.58 0.79 9.55 43.17 40.28
Macronutrients (mg/kg) Micronutrients (mg/kg)
N P K Fe Mn Zn
38.50 4.02 188 3.41 2.88 0.61

B- Bio-fertilizers

Bio-fertilizers were Rhizobium radiobacter sp
strain (Salt Tolerant PGPR), Bacillus megatherium for
dissolving phosphate and Bacellus circulans for potassium
availability. The bio- fertilizers were obtained from
Department of Microbiology, Soils, Water and
Environment Research Institute, Agriculture Research
center, Giza, Egypt.

Pea (Pisum sativum L.) cv Entsar 1 Varity seeds
were supplemented from Veget. Res. Dept., Hort. Res.
Inst., Agric. Res. Center, Egypt.

C-Field experimental:

The soils of all the studies experimental pilot units
are subjected to some pretreatments processes as follows:-

a) Leveling the soil surface by using lazar
technique. b) Deep sub-soiling plough. c) Establishment
of filed drains at a distance of 10 m between each of tow
drains and a deep of 90 cm at drain beginning, their
drainage water flow towards the main collectors of 2 m in
depth, and d) Establishment of an irrigation canal in the
middle part of the experimental pilot unit.

Seeds of pea was inoculated with Rhizobium
radiobacter applied at a rate of 100 g for 25 kg seeds
wetted with 400 ml of adhesive liquid (Arabic gum) .
Seeds were thoroughly mixed with the inoculum in the
shaden then sown immediately and covered with soil in
order to minimize Rhizobium radiobacter exposure to the
sun and the air. Bacillus megatherium was used as
phosphate dissolving bacteria was foliar application on soil
at rate 25 L bio-fertilizer /400 L water/fed before planting.
The super phosphate (15.5 % P,0;) was applied at rates of
15, 25 and 30 kg (15.5 % P,0s) /fed during tillage soil.

Bacillus circulans for potassium availability was applied
after 21 and 45 days from planting at rate 25 L Bacillus
circulans / 400 L water.

Potassium humate was application on soil at rate 20
kg /fed in same day of planting .Chemical composition of
the used potassium humate is shown in Table (2). The
potassium humate analysis was done according to the
standard methods described by Brunner and Wasmer
(1978)

Table 2. Chemical properties of used potassium
humate.
Macronutrients
(%)
N P K Fe
234 043 3.88 425

Micronutrients
(mg kg™

Mn Zn
277 210

EC OM.
@Sm™) (%)

7.64 244 76

pH

Seeds sowing were carried out at 15 October 2016
and 2017. Three of coated seeds were sown in hole with 25
cm and 5 cm depth. After 31 days from planting, the plant
was thinned to one plant of each hole. Urea (46 % N) was
applied as N fertilizer at rates of 10,20 and 40 kg N fed! on
three equal doses after 21, 42 and 62 days from sowing.
Potassium sulphate (48 % K,0O) was applied at rates 20, 30
and 40 kg K,O fed" on two equal doses after 21 and 42
days from planting. The all experimental plots were
irrigated water by El-Salam canal, which characterized by
the mean chemical composition recorded in Table (3).
These analyses were carried out during growth seasons of
pea. The properties of the used irrigation water were
determined according to Cottenie ez al (1982).

Table 3. Analysis of irrigation water from in El-Salam Canal.

pH (1:2:5) EC Cations (meq/l) Anions (meq/l)

o (dS/m) Ca™" Mg" Na® K HCO; Cr SO,
7.85 1.75 3.40 5.89 7.36 0.85 2.88 6.22 8.40
Macronutrients (mg/L) Micronutrients (mg/L)
NO;s-N NH4-N P K Fe Mn Zn
22.10 9.30 4.00 7.31 3.45 2.89 0.089

The experiment was carried out in a split plot
design with three replicates in both seasons each. The used
three sources (mineral, bio-fertilizer and potassium

humate) were a ranged randomly as main plot, where the
rates of mineral fertilizers were distributed randomly as sub
plot. The experimental included the following treatments:
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I. The main plot (mineral fertilizers)

1- Without mineral NPK fertilizers

2- Mineral NPK fertilizers at 10- 15 - 20 kg /fed

3- Mineral NPK fertilizers at20 — 25 — 30 kg /fed
4- Mineral NPK fertilizers at40 — 30 — 40 kg /fed
I1. The sub plot (bio-fertilizers or potassium humate)
1- Control

2- Bio-fertilizers at 100 g for 25 kg seeds

3- Potassium humate at 20 kg/fed

At harvesting stage (120 days from sowing), the
plants of each experimental unit were harvested, fresh yield
of pods and seeds were weighted (kg), plant height (cm),
number of branches /plant, number of pods/plant and
number of seeds/pod. Samples of seeds were air-dried and
oven dried at 70C for 48 hrs and 0.5g was digested using
H,S0,, HCIO4 mixture according to the method described
by Chapman and Pratt (1961). Seeds contents of N, P, K,
Fe, Mn and Zn were determined using the methods
described by Cottenie et al (1982) and Page et al(1982).
Protein percentage of seeds was calculated by multiplying
the nitrogen percentage by the factor 6.25 Hymowitz et al
(1972).

The obtained data were statistically analysis using
the COSTAT program and L.S.D. test at the probability
levels of 5% was calculated according to Gomez and
Gomez (1984).

RESULTS AND DISCUSSION

Soil salinity (EC dSm™).
The data in Table (4) reveal that application of
potassium humate or biofertilizers combined with different

rate of mineral fertilizers decreased soil salinity. The
applied of potassium humate and bio-fertilizers combined
with mineral fertilizers were significantly by decreased soil
salinity. The application of potassium humate combined
with mineral fertilizers gave the highest decrease in the
salinity soil compared with the other treatments. Theses
results may be due to the activation of bacteria in soil
caused by potassium humate and bio- fertilizers addition
and the influence of bio-fertilizer or potassium humate on
total porosity, and improving soil aggregation and possible
moving salt soil under irrigation water. Theses results are
in agreement with Sushila et al (2017),they suggested that
the application of biofertilizers on saline soil decrease soil
salinity because the bio-fertilizers activate microorganisms
in soil and dehydrogenase enzyme production in soil led to
decrease the soil salinity compared with control. Mohamed
(2012) reported that by application of potassium humate,
soil salinity was significantly decreased..Shaban and Attia
(2009) showed that the values of EC were decreased with
the increase mineral fertilizer in combination with bio-
fertilizer as compared with chemical fertilizers alone. The
potassium humate application led to decrease soil Na and
EC likely due to high supplies of Ca, Mg and K. In fact,
the reduction of soil salinity means reducing in the
monovalent Na+ and this is particularly evident when the
replace of the monovalent K' to the humate (salt) of the
humic complex occurred(Ouni et al .,2014). Ali et al
(2013)mentioned that potassium humate application to soil
led to decrease of soil salinity (EC) ,which may be
improve the physical chemical and biological properties of
soil,

Table 4. Mean values of EC and macro-micronutrients available in soil after the two seasons as affected by the
interaction between soil amendments and N,P and K levels.

Treatment Minerals rates (kg/fed) EC . Macronutrients (mgkg'l) Micronutrients (mgkg’l)
N P,0, K,O (dSm™) N P K Fe Mn Zn
0 0 0 7.34 40.35 4.55 192.00 3.58 2.93 0.650
Control 10 15 20 6.37 41.85 4.89 197.00 3.75 297  0.690
20 25 30 5.85 41.96 495 201.00 3.96 3.04  0.710
40 30 40 5.23 42.16 5.06 205.00 4.03 3.09  0.730
0 0 0 7.10 41.32 4.88 197.00 3.68 297  0.690
Bio-fertilizers 10 15 20 5.35 43.85 5.03 205.00 3.89 3.04  0.740
20 25 30 4.85 47.63 5.12 210.00 3.98 3.11 0.790
40 30 40 3.90 51.05 5.16 218.00 4.18 319  0.820
0 0 0 8.01 41.89 493 199.00 3.74 3.01 0.720
Potassium 10 15 20 5.10 44.25 5.09 206.00 3.96 3.08 0.790
humate 20 25 30 4.19 49.37 5.18 212.39 4.02 3.15 0.810
40 30 40 3.35 52.38 5.23 223.00 4.20 324  0.850
LSD at 0.05 rates 0.28 0.61 0.068 1.16 0.076 0.068 0.024
LSD at 0.05 treatments 0.32 0.70 0.13 1.15 0.062 0.078  0.045
LSD at 0.05 interaction 0.49 1.06 0.118 2.02 0.132 0.118 0.043

Macronutrients available in soil.

Data presented in Table (4) show that after pea
harvesting the available soil contents macronutrients i.e. N,
P and K (mg/kg soil) in soils treated with biofertilizers and
potassium humate with or without mineral fertilizers were
increased with increasing mineral fertilizers (NPK) rates.
The highest mean values of 46.97, 5.10 and 210 (mg/kg)
for N, P and K contents were found in soil treated with
potassium humate compared with other treatments. This

21

may be due to organic acids produced during the
degradation of such organic materials (as well as humates)
as a result of the microorganisms activities must have
contributed to a decrease in soil pH which produce more
chelating ions, leading to an increase in available forms of
elements in the rhizosphere zone. In addation, the bio
fertilization effect could be due to active organic acids
produced by microflora during microbial activity, thus
enhancing solubilization of nutrients. These results are in
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agreement with El-Galad ef al, (2013) ,they mentioned
that application of potassium humate or compost in saline
soil gave the highest soil available N, P and K values after
harvesting. Hassan (2016) reported that the increase of
available N, P and K, contents in soil was affected by
potassium humate application. Zaghloul et al (2015) found
that the lowest values of total nitrogen, phosphorus and
potassium were observed in soil treated with chemical
fertilizers alone

Micronutrients available contents in soil.

Data in Table (4) reveal that the contents of
available Fe, Mn and Zn (mg/kg soil) in soil treated with
bio-fertilizers and potassium humate combined with
mineral fertilizers were increased with increasing mineral
fertilizers. The application of potassium humate and bio-
fertilizers led to increases in Fe, Mn and Zn contents of soil
after  harvesting.  Available micronutrients  were
significantly increased with increasing rate of mineral
fertilizers compared with control. The maximum mean
values of Fe, Mn and Zn contents were found in soil
treated with potassium humate combined with different
rates mineral fertilizers compared with other treatments.
These results are in agreement with Shaban and Attia
(2009), they revealed that the content of available Fe, Mn,
Zn and Cu (mg/kg) were increased as affected by bio-
fertilizers including Azospirillum brasilense NO 40,
Bacillus  megatherium and  Bacillus  circulans in
combination with chemical fertilizers. Also, Wu et al
(2006) found that, the activity of Azotobacter
chroococcum,  Bacillus  megatherium and  Bacillus
mucilaginosus, led to an increase of water dissolved
organic carbon concentration and a decreased in pH value,
which enhanced metal mobility and bio-availability. Also,
Hussein and Hassan (2011) reported that potassium
humate  importance due to their ability to chelate
micronutrients, thus increasing their bio-availability. Galad
et al., (2013) indicated that application of potassium
humate to saline soil gave the highest soil available Fe, Mn
and Zn values after harvesting.

Effect of different mineral fertilizers rates combined
with or without bio-fertilizers on pea parameters.

Data in Table (5) showed the increase of plant
height, number of branches /plant, pods/plant, seeds/pod
and weight of 100 seeds as affected with mineral fertilizers
different rates combined with bio-fertilizers. The highest
values of plant height, number of branches /plant,.
pods/plant, seeds/pod and weight of 100 seeds were
noticed in plants treated with N,P, K mineral fertilizers at a
rate 20- 25- 30 combined with bio-fertilizers compared
with other treatments. The effect of different rates of
mineral fertilizers on all growth parameters were
significantly increased in both seasons , while the all
treatments application have unsignificant effect on plant
height (cm), number of pods/plant and weight of 100 seeds
in both seasons, while the number of branches was
significantly increased in both seasons. On the other hand,
the interaction between all treatments at different rates on
all plant parameters was significantly increased in both
seasons. The relative increases of mean values were 34.13
% for plant height , 48.16 % for number of branches/ plant,
73.12 % for number of pods/ plants, 29.98 % for number
of Seeds /pod and 150.78 % for weight 100 seeds as plants
treated with different rates of mineral fertilizers without
bio-fertilizers compared with mean values of control in
both seasons. Also, the relative increases of mean season's
values 50.78 % for plant height , 65.44 % for No.
branches/ plant, 102.15 % for number of pods/ plants,
81.54 % for number of seeds /pod and 168.41 % for weight
100 seeds as affected by different mineral fertilizers rates
combined with bio-fertilizers than mean values of control.
As well as, the relative increases of mean values were 69.
78 % for plant height (cm), 80.88 % for No. branches/
plant, 129.03 % for No. pods/ plants, 66.00 % No. of Seeds
/pod and 197.60 % for weight 100 seeds (g) as affected by
potassium humate combined with different rates of mineral
fertilizers compared with the mean values of mineral
fertilizers in both seasons.

Table 5. Pea growth as affected by mineral fertilizers with or without bio-fertilizers or potassium humate at 120
days after sowing through 2016/2017and2017/2018 experiment seasons.

Minerals rates Plant height No. of branches No. of No. of Weight of 100 seeds
Treatment (kg/fed) (cm) /plant pods/plant seeds/pod (2
N PO, K,O S1 S2 Mean S1 S2 Mean S1 S2 Mean S1 S2 Mean S1 S2  Mean
0 0 0 3524 37.17 36.21 225 255 240 3.85 395 390 289 310 3.00 620 6.99 6.60
Control 10 15 20 49.63 51.34 5049 3.65 389 3.77 736 794 765 596 634 6.15 16.89 17.12 17.01
20 25 30 51.22 53.10 52.16 395 422 4.09 7.88 823 806 685 730 7.08 1720 17.36 17.28
40 30 40 5426 5520 54.73 4.15 433 424 820 866 843 7.85 832 8.09 1895 19.14 19.05
Mean 47.59 49.20 4840 3.50 3.75 3.62 682 720 7.01 5.89 627 6.08 14.81 15.15 14.98
0 0 0 3821 41.85 40.03 256 2.89 273 478 488 4.83 463 489 476 699 713 7.06
Bio- 10 15 20 5234 55.63 5399 386 423 4.05 814 836 825 934 955 945 1831 18.66 18.49
fertilizers 20 25 30 61.00 63.52 62.26 4.88 5.10 4.99 1036 10.52 10.44 10.12 10.59 10.36 19.34 19.85 19.60
40 30 40 5945 61.85 60.65 437 455 446 923 978 9.51 9.88 10.10 9.99 18.95 19.05 19.00
Mean 5275 5571 5423 392 419 4.06 8.13 839 826 849 878 8.64 1590 16.17 16.04
0 0 0 39.52 42.68 41.10 294 3.12 3.03 5.12 529 521 5.69 589 864 732 788 7.60
Humic acid 10 15 20 63.58 6543 6451 3.89 422 4.06 952 9.73 9.63 10.23 10.58 5.79 1941 19.58 19.50
20 25 30 6528 67.85 66.57 5.03 5.18 5.11 10.89 11.30 11.10 10.85 11.22 10.41 20.75 21.14 20.95
40 30 40 66.89 69.33 68.11 5.55 5.63 5.59 1095 1146 11.21 11.15 11.63 11.04 22.79 22.89 22.84
Mean 58.82 61.32 60.07 435 454 445 912 945 928 948 983 9.66 17.57 17.87 11.39
LSD. 0.05 % Rate 1.58 189 -- 0.05 007 - 0.40 0.61 - 032 060 - 190 095 --—-
LSD. 0.05 % treatments Ns ns - 0.03 009 --—- mns Ns - ns 025 - ns ns -
Rate X treatments sfeskesk ek —_— ek skeksk . sfeskesk sfeskesk S sfeskesk sfeskesk ——_— sfeskesk sk _____

* S1 first season  ** S2 second season

22
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It is worthy to mention that the relative increases of
all estimated parameters of pea plants in both seasons
showed gradually increases as follows: potassium humate
> bio-fertilizers > mineral fertilizers > control for plant
height (cm) , No. branches/ plant, No. pods/ plants and
weight 100 seeds (g) , while, the bio-fertilizers > potassium
humate > mineral fertilizers > control for No. of seeds
/pods in both seasons.

Generally, the pea growth parameters were affected
by potassium humate and bio-fertilizers under saline soil
because the bio-fertilizers were the best source of plant
promoter hormones which enhance plant growth. These
results are in agreement with Sarg and Hassan (2003)
reported pea growth ie. plant height, both number of
leaves and branches /plant were significantly increased
with  Rhizobium inoculation compared with the
uninoculated .Moreover, Rather et al. (2010) studied the
effect of biofertilizers (Rhizobium, Azotobacter and
phosphate solubilizing bacteria (PSB)) application on
growth, yield and economics of pea. The Co- inoculation
of all the three bio-fertilizers i.e. Rhizobium, Azotobacter
and PSB produced significant higher growth characters as
compared to control. Sarwar et al.,(2012) reported that
using soil application of potassium humate at 50 mg kg’
along with 100% recommended dose of P fertilizer
significantly enhanced grain weight 72% and No of
pods/plant 22% as compared to 100% recommended dose
of P fertilizer alone. El-Bassiony et al. (2010) indicated
that foliar application by potassium humate (1, 2 or 3 g/l)
significantly increase all the vegetative growth parameters,
i.e. plant height, number of leaves and branches as well as
fresh and dry weight of whole snap bean plants.

Effect of bio-fertilizers and potassium humate
combined with or without different rates of mineral
fertilizers on yield components of pea plants.

Data in Table (6) showed that the plant fresh and
dry weight, fresh pod/plant, green seeds yield (ton/fed) and
pods yield (ton/fed) were increased as affected with bio-
fertilizer and potassium humate combined with different
rates of mineral NPK fertilizers. Increasing rate of mineral
fertilizers (NPK) application increase significant was

noticed. Also, potassium humate, bio-fertilizers or mineral
fertilizers used led to significant increases for dry weight
plant, fresh pod /plant and yield of pods (ton/fed) in second
season, while the fresh plant was significant increase in the
first season. Seed yield (ton/fed) was unsignificant as
affected with all treatments in both seasons. The interaction
between bio-fertilizers , potassium humate and different
rates of mineral fertilizers application gave significant
increases for fresh and dry weight, fresh pod/plant (g),
green seeds yield (ton/fed) and pods yield (ton/fed) in both
seasons. The highest mean values of all growth parameter
of pea treated with 40 — 30- 40 kg NPK/fed combined with
potassium humate were found in both seasons. The
increase of mean values of all plant growth parameters was
found in plants treated with 20 — 25- 30 kg NPK mineral
fertilizers combined with bio-fertilizers in both seasons.
The obtained increase in yield and its components may be
due to increase of vegetative growth characters and
increase in turn the amount of metabolites synthesized. The
relative increases of mean values were 6.40, 45.02 and
57.00 % for fresh weight of plant; 7.13, 38.37 and 47.72 %
for dry weight of plant , 45.33,47.43 and 72.62 % for fresh
pods/plant, 5.33, 443.48 and 478.26 % for green seeds
yield (ton/fed) and 5.87 , 319.44 and 402.78 % for pods
yield ton/fed as affected with different rates of mineral
fertilizers (NPK) alone or combined with bio-fertilizers
and potassium humate respectively compared mean values
without all treatments. This result may be due to the
potassium humate is a natural polymeric composition can
be used in order to increase soil fertility and pea yield
productivity under saline soil conditions. These results are
in agreement with those obtained by Shadisadat et al
(2016),they indicated that the potassium humate can
improve the plant growth , increase yield components and
accumulated photosynthetic matters in (phaseolus vulgaris
L). Ghodia (2012) reported that the increase in total green
pod yield, number of pod and weight of pods as well as
green pod yield/plant on cowpea were increased as
affected by bio-fertilizers. It was clearly that pea plants
treated only with chemical fertilizers gave lower values of
yield and its components than plants treated with
biofertilizers and potassium humate.

Table 6. Pea yield and its component as affected by mineral fertilizers with or without bio-fertilizers or potassium
humate at 120 days after sowing through 2016/2017and2017/2018 experiment seasons

Minerals rates Fresh weight Dry weight
Treatment (kg/fed) /plant (g) /plant (g)

Fresh pod Green seeds Weight of pods
/plant (g) yield/fed (ton) yield (ton/fed)

N P,0, K,0 S1 S2 Mean S1 S2 Mean S1 S2 Mean S1 S2 Mean S1 S2 Mean

0 0 0 2235 23.17 22.76 3.47 4.55 401 1423 14.88 14.56 0.200 0.210 0.205 0.351 0.360 0.356
10 15 20 28.65 33.41 31.03 3.99 4.85 442 2046 22.11 21.29 0.893 0.910 0.902 1.047 1.036 1.042

Control 20 25 30 3345 35.18 3432 522 546 534 2374 24.86 24.30 1.052 1.086 1.069 1.187 1.196 1.192
40 30 40 33.85 36.52 35.19 5.89 6.04 5.965 23.89 25.00 24.45 1.102 1.114 1.108 1.459 1.500 1.480
Mean 29.58 32.07 30.82 4.64 523 4.93 20.58 21.71 21.15 0.810 0.830 0.820 1.010 1.020 1.017
0 0 0 2345 25.69 24.57 412 423 418 1634 17.30 16.82 0.230 0.240 0.235 0.367 0.370 0.369
Bio- 10 15 20 33.35 36.14 3475 542 595 5.69 22.53 2410 23.32 0.950 1.027 0.989 1.388 1.452 1.420

fertilizers 20 25 30 3524 3846 36.85 587 6.05 596 2435 2637 2536 1.356 1.459 1.408 1.560 1.682 1.621
40 30 40 33.59 34.62 34.11 5.62 5.71 5.67 24.10 24.96 24.53 1.296 1.388 1.342 1.475 1.502 1.489

Mean 31.41 33.73 32.57 526 549 537 21.83 23.18 22.506 0.958 1.029 0.993 1.198 1.252 1.225

0 0 0 2438 26.77 25.58 429 435 432 17.56 1899 18.28 0.241 0.255 0.248 0.382 0.410 0.369
10 15 20 35.14 37.79 3647 5.62 5.89 576 24.77 2627 2552 1.075 1.190 1.133 1.763 1.842 1.420

Humicacid ) »5 50 3752 3895 3824 6.12 624 6.18 2589 27.33 2661 1378 1420 1399 2170 2.196 1.621

40 30 40 3847 41.00 39.74 647 679 6.63 2634 31.00 28.67 1440 1.455 1.448 2.370 2.394 1.489
Mean 33.87 36.13 35.03 5.63 5.82 5.72 23.64 2590 24.77 1.034 1.080 1.060 1.671 1.711 1.691
LSD. 0.05 % Rate 114 143 — 065 032 -- 304 206 -— 005 006 -— 063 007 —
LSD. 0.05 % treatments 0.82 ns - ns 024 - ns 1.09 - ns ns - ns 0.06 -
Rate X treatments sk dkokok L soksk kokok _ soksk ok o SRk ko o soksk kR _____

*S1 first season  ** S2 second season
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Generally, potassium humate can ameliorate the
deleterious effects of salt by increasing root growth,
altering mineral uptake and decreasing membrane damage
thus pea plant can grow under saline soil conditions. Bio-
fertilizers can reduce soil salinity by reduction application
of mineral fertilizers, improving soil fertility by fix N,
atmosphere, and solubilizing soil phosphate rhizosphere
region and produce plant growth in the saline soil
conditions.

Macronutrients concentrations in pea seeds.

Data in Table (7) show micronutrients
concentration in pea seeds as affected with bio-fertilizers
and potassium humate combined with mineral fertilizers at
different rates were positive effect. The heights values of
N, P and K concentration in seeds were increased with the
rate of mineral NPK  fertilizers at 40- 30- 40 kg /fed alone
or combined with potassium humate, combined with
mineral fertilizers at different rates were positive effect.
The heights values N, P and K concentration in seeds were
increasing with rate mineral NPK fertilizers at 40- 30- 40
kg /fed alone or combined with potassium humate, while
the increases of N, P and K concentration in seeds plants as
treated with bio-fertilizers combined with mineral
fertilizers rate at 20 — 25- 30 NPK kg/fed. Potassium
humate and bio-fertilizers in combination with NPK

chemical fertilizers significantly increase P and K
concentration in seeds in both seasons, while the N
concentration significantly increased in the second season.
The different rate of mineral fertilizers gave significantly
increased of P and K concentrations in pea seeds with
increasing rates in both seasons, while N concentration
significantly increased in the second season. These results
are in agreement with Tenshia and Singaram (2005), they
indicated that the potassium humate application at a rate of
20 kg/ha improved the availability and uptake of
macronutrients in plants. Moreover, El-Ghamry et al.
(2009) reported that the application of potassium humate
has significant increases of N, P and K content in seed and
straw of faba bean plants. Ahmad ef al (2013) revealed the
increase in the nutrients N, P and K uptake in shoot of pea
seeds as affected with potassium humate application under
calcareous soil conditions. The positive effect of potassium
humate on the uptake of nutrient might be due to its effect
on the constancy of membrane permeability and correlated
by the surface activity of potassium humate containing
both hydrophilic and hydrophobic sites. El-Beheidi et al
(2005) found that the applied of bio-fertilizers alone or
combined with mineral N and P fertilizers significantly
increased for N, P and K concentration in pea seeds
compared with control.

Table 7. Macronutrients concentration in seeds pea plants as affected by mineral fertilizers with or without bio-
fertilizers or potassium humate at 120 days after sowing through 2016/2017and2017/2018 experiment

seasons
Minerals rates (kg/fed) N (%) P (%) K (%)
Treatment N P,0, KO SI* S2** Mean SI __S2 Mean SI____S2 _ Mean
0 0 0 289 294 292 012 0.18 0.15 0.89 0.94 0.92
Mineral 10 15 20 307 312 3.10 015 022 0.19 0.90 0.98 0.94
fertilizers 20 25 30 312 319 316 0.18 025 0.22 1.02 1.08 1.05
40 30 40 315 3.25 3.20 022 031 0.27 1.04 1.12 1.08
Mean 306 3.13 3.09 017 024 020 0.96 1.03 1.00
0 0 0 297 3.08 3.03 0.17 028 0.23 0.97 1.05 1.01
Bio-fertilizers 10 15 20 314 332 323 023 041 0.32 1.03 1.13 1.08
20 25 30 341 359 350 036 046 041 1.12 1.18 1.15
40 30 40 338 344 341 033 042 038 1.10 1.14 1.12
Mean 323 336 329 027 039 033 1.06 1.13 1.09
0 0 0 304 314 309 020 024 022 0.98 1.15 1.07
Potassium 10 15 20 348 3.6l 3.55 033 0.38 0.36 1.12 1.23 1.18
humate 20 25 30 352 375 3.64 041 046 044 1.17 1.25 1.21
40 30 40 358 380 3.69 042 048 0.45 1.20 1.32 1.26
Mean 341 3.58 3.49 034 039 037 1.12 1.24 1.18
LSD. 0.05 % Rate ns 0.01 - 0.04 0.01 -— 0.022 0.078
LSD. 0.05 % treatments ns ns -—-- ns ns -—- 0.013 0.043 --
Rate X treatments ns oAk -—- *ok Hokk --- HoAk * ---

*S1 first season  ** S2 second season

Micronutrients concentration in pea seeds.

Data presented in Table (8) show the effect of
mineral fertilizers (NPK) combined with or without
potassium humate and bio-fertilizers on Fe, Mn and Zn
concentrations (mg/kg) in pea seeds in the two seasons
.Results showed that Fe, Mn and Zn concentrations were
increased with increasing rate of chemical fertilizers as
compared without bio-fertilizers and potassium humate.
Mineral fertilizers significantly increased Fe, Mn and Zn
concentrations

24

in pea seeds in both seasons, while the significant increases
of Mn and Zn concentrations in seeds treated with all
treatments were obtained in the second season ,.On the
other hand, Fe concentration in pea seeds was
unsignificant in both seasons. The interaction between all
treatments and different mineral rates caused significant
increases in Fe, Mn and Zn concentrations in pea. The
highest mean values of Fe, Mn and Zn concentrations were
obtained in pea seeds .A plants treated with potassium
humate in both seasons. Also, the increase of Fe, Mn and
Zn concentrations in pea seeds of plants treated with bio-



J.Agric.Chem.and Biotechn., Mansoura Univ.Vol. 10(1), January, 2019

fertilizer combined with mineral fertilizers 20- 25 — 30
NPK is higher than bio-fertilizers alone. The relative
increases of mean values were 7.47 % for Fe; 15.65 % for
Mn and 2.00 % for Zn concentrations in seeds of pea plants
treated with mineral fertilizers at different rates compared
without mineral fertilizers in both seasons. On the other
hand, the relative increases of mean values 11.60 % for Fe
; 60.49 % for Mn and 39.28 % for Zn concentrations in
seeds of pea plants treated with bio-fertilizers combined
with mineral fertilizers rates were higher than without
mineral fertilizers. As well as, the relative increases of
mean values 17.89 % for Fe ; 81.60 for Mn and 28.66 %
for Zn concentrations in pea seeds of plants treated with
potassium humate combined with different rates of mineral
fertilizers. These results may be attributed to potassium
humate enhanced cell permeability, which in turn made
more rapid entry of minerals into root cells and so resulted
in higher concentrations of plant nutrients. In addition, the
application of potassium humate increased nutritional
capacity, increased reserve of slow release nutrients,

enhanced solubility of Fe, Mn and Zn. These results are in
agreement with Asik et al (2009), they reported that
application of potassium humate at 2 g/kg increased Fe,
Mn and Zn uptake in plants under saline soil. In addation,
Hanafy et al (2010) showed that the application of
potassium humate at rate of 20g/L increased Fe, Zn and
Mn uptake in snap bean plants. bio-fertilization + 40 kg N
ha' treatment was the most effective for increasing the
uptake of Fe, Mn, Zn and Cu as compared to the other
treatments. These increases may be attributed to the role of
microorganisms in improving micronutrients availability,
which was likely attributed to several reasons: 1) releasing
of these nutrients through microbial decomposition of
organic materials in soil; 2) lowering the pH of soil making
the nutrients more available; and 3) lowering the redox
statues of iron and manganese leading to reduction of
higher Fe’*& Mn*" to Fe*" and Mn*" and/or transformation
of insoluble chelated forms of micronutrients into more
soluble ions(Helmy et al ,2013).

Table 8. Micronutrients concentration in pea seeds as affected by mineral fertilizers with or without bio-fertilizers
or potassium humate at 120 days after sowing through 2016/2017and2017/2018 experiment seasons

Treatment Minerals rates (kg/fed) Fe (mg/kg) Mn (mg/kg) Zn (mg/kg)
N P,0, K,O 1* S2**  Mean S2 Mean S2 Mean
0 0 0 36.04 36.52 3628 21.58 2185 21.72 795 8.02 7.99
Mineral 10 15 20 37.84 3786 37.85 23.14 2386 2350 8.05 8.12 8.09
fertilizers 20 25 30 3895 39.14 39.05 2465 2562 2514 @ 8.09 8.18 8.14
40 30 40 38.94 4120 40.07 2647 2696 2672 8.16 8.25 8.21
Mean 3794 38.68 3831 2396 2457 2427 8.06 8.14 8.10
0 0 0 36.85 37.13 3699 22.14 2295 2255 8.05 8.09 8.07
Bio-fertilizers 10 15 20 3895 3890 3893 3563 3693 3628 946 1094 1020
20 25 30 4215 4335 4275 3637 37.00 36.69 1285 1347 13.16
40 30 40 40.05 3952 39.79 3531 3588 35.60 10.14 10.55 10.35
Mean 39.50 39.73 39.61 3236 33.19 3278 10.13 10.76 1044
0 0 0 3785 3792 37.89 2225 22.84 2255 8.17 8.20 8.19
Potassium 10 15 20 4232 4277 4255 3566 3734 3650 11.88 1296 12.42
humate 20 25 30 4435 4510 4473 4041 43.14 4178 1463 1625 1544
40 30 40 45.62 4786 46.74 4352 4584 44.68 18.63 18.92 18.78
Mean 4254 4341 4297 3546 3729 3638 1333 14.08 13.71
LSD. 0.05 % Rate 2.62 0.99 - 0.96 1.80 2.59 1.36 -—
LSD. 0.05 % treatments ns ns -—-- ns 1.32 - ns 0.76 -—--
% skekk skeksk skkk skksk skkk

Rate X treatments

*S1 first season  ** S2 second season

Effect potassium humate and biofertilizers alone or
combined with mineral fertilizers on pea seeds quality.
Data presented in Table (9) showed the effect of
potassium humate and bio-fertilizers on protein (%),
carbohydrate (%) , chlorophyll (mg/g f.w) and total sugar
(%) were non-significant in both seasons , while the
proline (%) was significant in first season. The different
rates of mineral fertilizers application led to significant
increases in carbohydrate and proline contents in pea plants
in both seasons. Protein and chlorophyll contents in pea
plants were significantly increased with increasing rate of
minerals in the second season, while the total sugar content
was significantly increased with increasing rate in first
season. The interaction between all treatments and mineral
fertilizers rates led to significant increases in carbohydrate
and proline contents in pea plants in both seasons, while
the total sugar content was unsignificant in both seasons.
The heights mean values of protein, carbohydrate, total
chlorophyll and total sugar content were obtained in pea
plants treated with potassium humate combined with the

25

highest rate of mineral fertilizers. The low proline The low
proline contents were found in pea plants treated with
potassium humate combined with mineral fertilizers
followed by bio-fertilizers this result may be to the
decreases in soil salinity. Proline content in shoot plants
had significantly increased as affected by bio-fertilizers and
potassium humate under saline soil. These results are in
agreement by Zaghloul ez a/ (2015), who indicated that the
highest values of total protein in pea seeds were observed
in plants inoculated with biofertilizers. Meganid et al
(2015) reported that the potassium humate application has
positive effects on chlorophyll content under salinity stress.
Bakry et al (2015) found that the potassium humate at rate
of 20mg/1 caused significant increases in total chlorophyll
compared with control. This positive effect of potassium
humate on photosynthetic pigments could be attributed to
an increase in CO, assimilation and photosynthetic rate.
Salama (2011) reported that the application of bio-
fertilizers improved carbohydrates content in spinach
plants and significantly increased under saline soil.
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Table 9. Pea seeds quality pea plants as affected by mineral fertilizers with or without bio-fertilizers or potassium
humate at 120 days after sowing through 2016/2017and2017/2018 experiment seasons.

Minerals rates Protein Carbohydrate  Total chlorophyll Total sugar Proline
Treatment (kg/fed) (%) (%) (mg/g f.w.) (%) (%)
N PO, K;O S1 S22 Mean S1 S22 Mean S1 S2 Mean S1  S2 Mean S1 S2 Mean
0 0 0 18.06 1838 18.22 43.52 44.85 44.19 34.62 3495 3479 1295 13.85 1340 62.34 57.62 59.98
Control 10 15 20 19.19 19.50 19.35 46.95 4841 47.68 35.10 35.66 35.38 14.10 14.55 14.33 57.23 51.69 54.46
20 25 30 19.50 19.94 19.72 48.34 49.66 49.00 37.38 38.00 37.69 14.97 1526 15.12 50.34 46.82 48.58
40 30 40 19.69 20.31 20.00 50.37 51.94 51.16 37.95 38.89 3842 15.14 15.86 15.50 49.37 40.98 45.18
Mean 19.11 19.53 19.32 47.30 48.72 48.01 36.26 36.88 36.57 14.29 14.88 14.59 54.82 49.28 52.05
0 0 0 18.56 19.25 1891 4434 4582 45.08 35.06 36.04 3555 13.08 13.95 13.52 60.48 55.74 58.11
Bio- 10 15 20 19.63 20.75 20.19 47.40 49.75 48.58 36.87 37.14 37.01 14.75 1499 14.87 54.32 46.79 50.56
fertilizers 20 25 30 21.31 2244 21.88 49.85 51.10 50.48 37.16 37.85 37.51 1523 1588 15.56 46.32 39.25 42.79
40 30 40 21.13 21.50 21.32 49.67 50.98 50.33 37.94 3825 38.10 16.30 1691 16.61 37.65 3341 35.53
Mean 20.16 20.98 20.57 47.82 4941 48.61 36.76 37.32 37.04 14.84 1543 15.14 49.69 43.80 46.75
0 0 0 19.00 19.63 19.32 45.00 46.22 45.61 3544 36.42 3593 13.55 14.00 13.78 58.34 5391 56.13
Humic acid 10 15 20 21.75 22.56 22.16 49.74 50.66 50.20 38.32 38.95 38.64 15.04 15.19 15.12 43.25 42.83 43.04
20 25 30 22.00 23.44 2273 53.11 5439 53.75 39.42 4037 3990 15.86 1599 1593 38.10 35.89 37.00
40 30 40 22.38 23.75 23.07 55.87 57.82 56.85 41.22 40.89 41.06 16.13 16.75 1644 31.52 2743 2948
Mean 21.28 2234 21.81 50.93 52.27 51.60 38.60 39.16 38.88 15.15 1548 15.31 42.80 40.02 4141
LSD. 0.05 % Rate ns 144 - 442 139 -— ns 190 - 086 ns - 257 6.67 -
LSD. 0.05 % treatments ns ns - ns ns -—- ns Ns -—- ns ns - 086 ns -—--
Rate X treatments ns * - * e * Ns - ns ns - REE Rk -—--

** S2 second season

CONCLUSION

According to these results, since soil salinity causes
high yield losses on pea, cultivation of this crop under
saline soil conditions. Potassium humate or Biofertilizers
application can reduce soil salinity by reducing application
of fertilizers, improving soil fertility by fixing atmospheric
N,, solubilizing insoluble soil phosphate and potassium
availability. Potassium humate and bio-fertilizers have the
potential to increase of vegetable crops, improve growth,
yield and its components and reduce soil salinization.
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