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WO FIELD experiments were established in middle Nile Delta alluvial soils. The study was

conducted on the two successive summer seasons of 2016 and 2017 in the experimental
farm of Tag El-Ezz Agricultural Research Station, Agricultural Research Center (ARC), Dakahlia
Governorate, Egypt. The experiment was laid out in a split plot design with three replications,
assigning nine treatments to study the effect of three forms of organic fertilization (without,
farmyard manure and compost rice straw) as main plot, and 3 forms of foliar application
(control, mix of micro nutrients (Fe, Zn and Mn) and humic acid (HA)) as sub plot on growth,
yield and chemical constituents of cowpea (Vigna unguiculata L.). The obtained results showed
that, addition of organic amendments in forms of compost rice straw significantly increased
plant growth parameters (plant height, fresh weight, dry weight and number of leaves), chemical
composition of leaves (chlorophyll a, b and total chlorophyll content, N, P, K, Fe, Zn and Mn as
well as quality parameters (C. protein, T. carbohydrates, C. fiber, ash and total sugar of cowpea
seeds except with moisture conetnt) and yield as well as its components (No. of pods/plant, No.
of seed/pod, 100 seed weight and seed yield, also availability of soil (N, P and K). On the other
hand; mix of micro elements gave significant positive effect and higher average values for all
parameters previously. The interaction effect between organic fertilization and foliar application
show a primitive effect on all parameters and the highest mean values of parameters was recorded

with using CRS as organic fertilization and mix of micro nutrients as foliar application.
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Introduction

Cowpea (Vigna unguiculata L.) commonly known
as “Lobia” is a pulse, fodder and green manure
crop, in Egypt it is aremarkable plant nutrition. The
cowpea seeds are a huge nutritional values, which
contains the vitamins and proteins for human and
increased the national economy. The little leaves
and pods are eaten as vegetables, and also it is feed
for animals. Belong to family leguminous, which
fixed the nitrogen from the air and increment
it in soil, this role is very important for this
plants especially when the soil suffer from a
lack of nitrogen (Dugie et al., 2009). In 2011, the
cultivated area of cowpea in Egypt was about 8381
fed, yielding about 1.088 Mg (FAO, 20006).

Manures represent a serious pollution problem
resulting from the huge accumulation of such
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material. These animal wastes are known to be
heavily contaminated with pathogenic bacteria and
parasites causing a direct health risk (Hanajima et
al. 2006) .Egypt are a highly successful producer
of rice with average yield of more than 6.5 t ha-!
in 2011/2012. Harvesting index of Egyptian rice
varieties left up to 60% straw (FAO Rice Market
Monitor 2013). Therefore, the most common
practices for recycling rice straw and most of
organic manure are composting (Ghosh, 2004).
Since composting are of the most promising
low-cost technologies to convert agro-industrial
contaminant solid wastes into value-added bio
fertilizer (Misra et al., 2003). Farmyard manure
(FYM) and compost of rice straw (CRS) are the
most important and widely used bulky organic
manures. Farmyard manures have been used as
a soil conditioner since ancient times and there
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benefit have not been fully harnessed because
of large quantities required in order to satisfy
the nutritional needs to crops (Pennington et al.,
2015). Rice straw is poor in nitrogen and rich in
carbon, which decreases the composting process.
With increasing the basal nitrogen content of rice
straw by adding different organic raw materials
contains farmyard manure and chicken manure,
can be decreased the high C/N ratio (Hellal,
2007). Organic fertilizers generally maintain soil
chemical, physical, biological properties beside
preserving the moisture holding capacity of soil
and resulting in increasing crop productivity along
with maintaining the quality of crops. Although
the organic manures includes plant nutrients
in small quantities and presence of growth
promoting principles like hormones and enzymes,
besides plant nutrients make them essential for
improvement of soil fertility and productivity.

With increasing agricultural production
has increased using of humic acid and the most
economical humic acid is almost applied to the
soil directly and/or as a foliar application to the
plants. Potassium humate is a good source of
humic acid. Its stimulation to plant growth is a
provenance of nutrients supply to the plant. Nardi
et al. (1999) noticed that the biological activity of
the humic acid was attributed to their chemical
structure and their functional groups, which
could interact with harmonic-binding proteins
in the membrane system, evoking a hormone-
like response. Deficiencies of micronutrients
are more frequent in many soil types; especially
with increase soil pH over 7.5 the availability and
uptake of micronutrients by plants decrease (Eisa
and Ali, 2014). Micronutrients have considerable
significant effects, as limiting factors, on the
productivity of legumes. Microelements as iron
play a serious role in synthesis of chlorophyll
and chloroplast formation. Fe, Mo and B as
nitrogenase play a vital role of enzymes activity,
peroxidase and catalase (Marschner, 1998).

The study was established to evaluate effect of
foliar application of mixture of Fe, Zn and Mn as
well as humic acid in form of potassium hamate on
cowpea plants under organic fertilization in forms
of farmyard manure and compost of rice straw.

Material And Methods

A filed study was established to evaluate
effect of foliar application of microelements
as well as humic acid on cowpea plants under
organic fertilization conditions on growth, yield
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and chemical constituents under surface irrigated
alluvial soil conditions.

Experimental Site

Tow field experiments were established in
middle Nile delta alluvial soils. The study was
conducted on the two successive summer seasons
0f 2016 and 2017 in the experimental farm of Tag
El-Ezz Agricultural research station, Agricultural
research center (ARC), Dakahlia governorate,
Egypt. Random disturbed soil samples from
surface of the soil (0-30 cm) were collected before
planting during the tow growing seasons. Soil
physical, chemical, and nutritional properties of
the experimental site were determined according
to Page et al. (1982) and Klute (1986) these data
were presented in Table 1.

Experiment Description

The experimental design was split plot design
with three replications to study the effect of foliar
application of microelements (Fe, Zn and Mn) as
well as humic acid (HA) (as potassium humate,
HK; 10 % K O and 85% HA) on cowpea plants
growth, yield and chemical constituents under
soil application of two types of organic fertilizers
as farmyard manure (FYM) and compost of rice
straw (CRS). The experiment was arranged,
assigning nine treatments consisting of three forms
of organic amendments (without, FYM and CRS)
as main plot, and 3 forms of foliar application
(control, mixture of (Fe, Zn and Mn) and HK)
as sub plots. Thus, the total numbers of the
experimental plot were 27 plots. The experimental
units included 6 ridges, 60 cm in width, 5 m in
length, the middle three ridges were possessed for
yield determinations, whereas the other three rows
were used to measure plant growth characters.
Seeds of cowpea were sown in hills at 15 cm
apart on one side of the ridges (2 seeds/hill) on the
mid of April during two seasons 2016 and 2017,
respectively. The fertilizers of NPK were applied
at rate of 45 kg N fed! as ammonium sulfate
(20.5% N), 22.5 kg P,O fed" as super phosphate
(15.5% P,0,) and 24 kg K,O fed' as potassium
sulfate (48%K,0). Phosphorus fertilizer was
added to the soil during land preparation, while N
and K fertilizers were applied in two equal doses;
after one month and at flowering stage. Organic
fertilizers were incorporated to the soil surface
during land preparation at the rate of 10 m? fed-
! for each FYM and CRS. Chemical analyses of
the organic amendments used were presented in
Table 2.
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TABLE 1. Physical, chemical, and nutritional properties of the experimental field during years 2016 and 2017
before planting

Growing season

Soil Characteristics

2016 2017
L. Physical properties
Particle size distribution
Coarse sand 3.45 3.84
Fine sand 28.93 27.31
Silt 38.81 39.45
Clay 28.81 29.40
Soil Texture Class Sand clay loam Sand clay loam
II. Chemical properties
pH, 1:2.5 soil suspension 8.08 7.93
EC, soil past, dS m! 5.92 5.81
Soluble cations, meq/100g soil
Ca* 1.75 1.67
Mg* 1.17 1.08
Na* 2.88 271
K* 0.40 0.35
Soluble anions, meq/100g soil
COo> - -
HCO, 1.92 1.79
Cl 2.60 2.59
SO 1.68 1.56
CaCoO,, % 3.98 4.03
S.P% 60.1 58.9
OM, % 1.23 1.32
II1. Nutritional properties
KCl extractable N, mg kg! 50.9 61.2
NaHCO, Extractable P, mg kg'! 4.49 4.13
Ammonium Acetate Extractable K, mg kg™ 143.2 145.4

TABLE 2. Average chemical analysis of the organic fertilizers used during two growing seasons

Organic fertilizer properties FYM CRS
pH 1:5 6.71 6.18
EC 1:10 (dSm™) 4.12 3.68
Organic matter (%) 32.72 35.13
Organic carbon (%) 19.10 20.51
Total nitrogen (%) 1.27 1.51
C/N ratio 15.04 13.58
Total Phosphorus (%) 0.47 0.53
Total Potassium (%) 0.69 0.93

FYM= farmyard manure, CRS= compost of rice straw.
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Microelements foliar application were consists
of mix of 300, 150 and 100 ppm for iron, zinc and
manganese, as EDTA chelated form respectively,
whereas HK was applied at rate of 2g I'' and
sprayed three times starting from beginning of
flowering stage, with 15 days intervals. During the
two growing seasons plant growth parameters were
measured, whereas at harvesting time yield and its
components, chemical constituents and quality of
cowpea seeds were determined as follows:

a. Vegetative parameters

A random sample of 4 plants from each plot
was taken at 60 days after planting. All vegetative
growth parameters i.e., plant length (cm), number
of leaves plant!, fresh weight of leaves plant’
(g) and dry weights of leaves plant-1 (g) were
determined. Chlorophyll content in fresh leaves
was estimated according to method described by
Gavrilenko and Zigalova (2003).

b. Yield and its components

Atharvesting time (90 days after planting), No.
of pods plant’, No. of seed pod', 100 seed weight
(g) and seed yield kg fed' were determined.

c. Chemical constituents and seed quality

Samples of leaves and seeds were oven dried
at 70 °C then fine grinded and wet digested using
wet-digestion using concentrated sulfuric acid and
hydrogen peroxide (H,0O,)according to FAOmethod
(FAO, 1980). Macro-elements (N, P and K) and
microelements (Fe, Zn and Mn) were determined
in leaves and seeds (Westerman, 1990) as well as,
macronutrients content as % and microelements
as ug g'. Total carbohydrates, % (Shumaila and
Safdar, 2009), fiber, ash, moisture and total sugar
were described according to (AOAC, 2000).
Protein content (%) was calculated by multiplying
N percentage x 6.25 (FAO, 2003). According to
the technique of analysis variance (ANOVA) and
the least significant difference (L.S.D) method
data were statistically analyzed and compared the
deference between the means of treatment values
to the methods described by Gomez and Gomez,
(1984). All statistical analyses were performed
using analysis of variance technique by means of
CoSTATE Computer Software.

Results And Discution

Vegetative growth parameters

Average data presented in Table 3 revealed
the effect of organic fertilization (without, FYM
and CRY), foliar application (control, mix of (Fe,
Zn, Mn) and HK) and their interaction on average
values of vegetative growth parameters as (plant
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height (PH), fresh weight (FW), dry weight
(DW) and number of leaves (NPL)) during the
two successive growing seasons of 2016- 2017.
Concerning the effect of organic fertilization
on cowpea plants, data presented a significant
effect and the highest values were recorded at the
application of CRS which were (75.88, 260.70,
36.44 and 25.67) respectively compared to the
control. The notability in the vegetative growth
by addition of organic fertilizer might be referring
to its convenient effect on the physical properties
of the soil or due to the slow release of nutrients
Ozores Hampton et al. (2011). Moreover, organic
manure guaranty higher levels of comparatively
obtainable nutritional elements, especially N,
which is basically, desired for plant growth
Amanullah et al. (2007). Many studies have
attempted to estimate the prominence of organic
manures in vegetables product. Senjobi et
al. (2010) found that the employ of organic
manures increased all the growth characters of
the green vegetable. Different studies have found
advantageous effects of organic fertilization on
soil characters expressed as magnitude intensity,
water-holding capability and other soil physical
properties (Fawole et al., 2010). The acquired
results are in pretty endorsement with El -Gizawy
et al. (2013), Mahmoud et al. (2013), Bandani et
al. (2014) and Shafeek et al. (2017).

In the same table, plant height, fresh weight,
dry weight and number of leaves increased
significantly by using foliar application (mix of
(Fe, Zn, Mn)and HK) comparing with untreated
plants (control). The highest mean values of plant
growth parameters indicated with mix of elements
(Fe, Zn, Mn) which were 78.11, 265.99, 37.07
and 26.56 respectively. Usually, micronutrient-
deficiency problems are found in soils. Thus,
it is greater to be sprayed cations on the leaves,
as foliar application supplies nutrients for plants
faster compared with fertilizer application to
soil. In addition, it might related to the effect of
microelements in plant physiology; iron which
plays an important role in sundry vital processes
in plant such as photosynthesis consequently
affecting plant growth; =zinc is important
for “C fixed in the primary photosynthetic
process (Lincoln and Zeiger, 2002). Zn raised
photosynthetic efficiency, which was reflected
as simulative effect on vegetative growth plant
and also zinc is a component of a variety of
enzymes such as proteinase, dehydrogenase,
phosphohydrases and peptidase (metabolism of
carbohydrates, phosphate and protein) and zinc
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is known to stimulate plant resistance to dry and
hot weather (El-Tohamy and El-Greadly, 2007),
also zinc directly involved in biosynthesis of
IAA hormone which stimulate cell division and
cell elongation; Manganese is involved in the
evolution of Oxygen in photosynthesis (Hill
reaction). It is a component of a lot of enzyme
systems. It has also function in chloroplast as a part
of electron transport system and electron-transfer
(oxidation-reduction) reactions (Srivastava and
Gupta, 1996). Similar results in many crops were
reported by Salih (2013) and Balai et al. (2017).

On the other hand, the effect of interaction
between organic fertilizers and foliar application
on plant growth parameters, data in Fig. 1
indicated that using of the treatments under
investigation significantly increased parameters
of growth, the highest mean values were optioned
with using CRS and microelements.
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Chemical composition in leaves

Chlorophyll content

Data in Table 4 showed main effects of
organic fertilization (without, FYM and CRS),
foliar application of (control, mix of (Fe+Zn+Mn)
and HK) and their interaction on average values
of chlorophyll a, b and total during growing
seasons of 2016 and 2017. Statistical analyses of
data in Table 4 revealed that addition of organic
amendments significantly increased chlorophyll
a, b and total chlorophyll content of leaves. The
maximum chlorophyll content was observed in
plants treated with CRS. They were 0.777, 0.546
and 0.662 mg/g FW respectively comparing with
untreated plants. CRS contains essential nutrient
elements associated with high photosynthetic
activities. Similar results were established by El
—Gizawy et al. (2013), Mahmoud et al. (2013) and
Shafeek et al. (2017).
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Fig. 1. Average values of plant growth parameters as affected with interaction of organic fertilization and foliar
application during twogrowing seasons of 2016 and 2017
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TABLE 3. Average values of plant growth parameters as affected with individual adding of organic fertilization
and foliar application during two growing seasons of 2016 and 2017

Treatments PH(cm) FW (gplant™) DW (gplant™) NPL
Organic fertilization

Without 69.42 244.44 34.47 22.11

FYM 73.42 256.74 35.79 25.44

CRS 75.88 260.70 36.44 25.67

LSD ., 1.24 4.14 0.46 0.85

Foliar application

0 66.52 238.67 33.57 22.11

Micro(Fe+Zn+Mn) 78.11 265.99 37.07 26.56

Humic acid (humate K) 74.09 257.23 36.07 24.56

LSD 0.62 3.32 0.81 0.70

at 5%

PH= plant height, FW= fresh weight, DW= dry weight, NPL= No. of leaves plant™.

TABLE 4. Average values of chlorophyll a, b and total in leaves (mg/g FW) as affected with organic fertilization
and foliar application as well as their interaction during two growing seasons of 2016 and 2017

Treatments Chl. amgg' FW Chl. I;ngg" Total ;ﬁ&l}.mgg"
Organic fertilization
Without 0.744 0.519 0.631
FYM 0.764 0.537 0.650
CRS 0.777 0.546 0.662
LSD ., 0.005 0.001 0.003
Foliar application
0 0.730 0.507 0.619
Micro (Fet+Zn+Mn) 0.787 0.555 0.671
Humic acid (humate K) 0.768 0.539 0.654
LSD ., 0.004 0.004 0.003
Interaction
- 0 0.718 0.498 0.608
é Micro(Fe+Zn+Mn) 0.762 0.534 0.648
# Humic acid (humate K) 0.751 0.524 0.638
0 0.730 0.508 0.619
é Micro(Fe+Zn+Mn) 0.794 0.561 0.677
Humic acid (humate K) 0.769 0.541 0.655
0 0.742 0.516 0.629
% Micro(Fe+Zn+Mn) 0.806 0.569 0.688
Humic acid (humate K) 0.784 0.553 0.669
LSD 0.007 0.007 0.005

at 5%
Chl. a= Chlorophyll a, Chl. b= Chlorophyll b, T Chl. total chlorophyll
Egypt. J. Soil. Sci. 59, No. 1 (2019)
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On the other hand; foliar application (control,
mix of (Fe, Zn, Mn) and HK) gave significant
positive effect for average values of chlorophyll
content during both seasons. The highest value
noticed with mix of micro element (0.787, 0.555
and 0.671 respectively comparing with the control
treatment). This may be due to the participation
of Fe in the formation of chlorophyll and Zn
enzymatic role in starch formation and in protein
synthesis; thus, a leading support to the claim made
by El-Tohamy & El-Greadly (2007), Kobraee et al.
(2011) and Salih (2013).

The combined effects of organic fertilization
and foliar application were significantly affected
on chlorophyll content of leaves. It can be observed
that the most suitable treatment, which achieved
the highest mean values of traits, was connected
with the plants treated with CRS + micro elements,
while the lowest one was associated with the treat-
ment of untreated plants.

Macro and micro elements content

Data in Table 5 indicate the effect of organic
fertilization (control, FYM and CRS) and foliar
application (control, mix of (Fe, Zn, and Mn)and
HK) as well as their interactions on the average
values of N, P, K %, Fe, Zn and Mn (ug g"') content
during both seasons of the experiment. Regarding
to the effect of organic fertilization (without, FYM
and CRS), data illustrated in Table 5 reveled that
addition of organic fertilization in both forms
increased average nutrition values of N, P, K %, Fe,
Zn and Mn (pg g') during both seasons compared
with the untreated plants. The highest average
values of all elements recorded with using compost
rice straw. Data indicated that N, P, K%, Fe, Zn
and Mn (ug g') in leaves content was increased
by CRS application due to increase in vegetative
growth parameters with CRS. Similar results were
obtained by El-Sharawy et al., (2003) who found
that the concentration of N, P, K, Fe, Mn, Zn and
Cu either in leaves or in grains of faba bean was
significantly increased due to the application of
rice straw composts. This increase in nutrients
availability resulted in higher dry matter and grain
yields of faba bean than untreated plants. Also, the
same data indicated by El —Gizawy et al. (2013),
Mahmoud et al. (2013) and Shafeek et al. (2017).

Data in Table 5 clearly show that foliar
application with (control, and mix of Fe+Zn+Mn
and HK) significantly affected in nutrients by
leaves of cowpea plants. The highest average mean
values of N, P, K %, Fe, Zn and Mn (ug g') in
cowpea plants were recorded by spraying plant
with mix of (Fe, Zn and Mn). This result may be
due to sharing of foliar micronutrients such as iron,
zinc and manganese, which iron in the formation
of chlorophyll (Kolota and Osinska, 1999). Zn

has essential element and plays a role in plant
enzymes, which contain in a functional structural
or many enzymes or regulatory co-factor and for
photosynthesis, protein synthesis, the synthesis of
auxin, sexual fertilization and cell division. Also,
zinc plays a special role in synthesizing proteins,
DNA and RNA. It has been discovered that iron
is activator of a lot of enzymes and it assume vital
part in plant growth and production, including
chlorophyll synthesis, chloroplast development
and protein synthesis Pingoliya et al. (2014) and
El-Azab (2016).

The result in the same table, illustrated that
the interaction effect between treatments under
investigation, significantly affect the average
values of N, P, K, Fe Zn and Mn concentration by
adding different forms of micronutrients regardless
of applied organic fertilization. The highest values
of N, P, K, Fe, Zn and Mn contents were generally
attained in plant treated with foliar application
of the mix micronutrient treatment (Fe+Zn+Mn)
grown under compost rice straw as organic manure.

Quality parameters

Data presented in Table 6 show the effect of
treating cowpea plants with organic fertilization,
foliar application of the mix (Fe+Zn+Mn) and
their interactions on moisture, C. protein, T.
carbohydrates, C. fiber, ash and total sugar of
cowpea seeds. It is clear from the presented
data that treating cowpea plants with organic
fertilization (control, FYM and CRS) as soil
addition significantly affected moisture, C. protein,
T. carbohydrates, C. fiber, ash and total sugar of
cowpea seeds. Parameters increased with adding
organic fertilizations, which recorded the highest
values with using CRS, followed by FYM except
with moisture%, which decreased with using
organic fertilization in both forms. The increase in
protein as recorded previously due to the increase
in nitrogen contents of leaves, which are speedily
converted to protein and during grain development
leaf N is transferred to grain for protein production.
Also, improvement of these parameters may be
due to the slow and continuous supply of both
micro and macro nutrients, which might have
helped in the assimilation of carbohydrates. These
results are consistent with the finding of Nagavani
and Subbian (2014). The acquired results are in
pretty endorsement with El —Gizawy et al. (2013),
Mahmoud et al. (2013) and Shafeek et al. (2017).

Results in Table 6 illustrated that the effect of
foliar spray with (mix of different microelements,
i.e. Mn, Zn and Fe and potassium humate in
comparison with untreated plants) on moisture,
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C. protein, T. carbohydrates, C. fiber, ash and
total sugar of cowpea seeds. It is clear from the
data that spraying cowpea plants with all tested
nutrient enhanced significantly all studied traits.
Parameters were increased with foliar application
of mixed micronutrient treatment (Mn+Zn+Fe).
The increase in protein content due to zinc addition
might be attributed to its involvement in nitrogen
metabolism of plants. Chavan et al. (2012) stated
that great values of maximum protein content in
cowpea grains reported as a result of application
40 kg ha'! zinc over 0 and 20 kg zinc. Crops with
applied zinc were more powerful than others
and had a huge growth because zinc had a vital
part in stabilizing DNA and RNA structure, and
involves in biosynthesis of growth promoting
hormones such as gibberellins and IAA (Mousavi,
2011). Kumar et al. (2002) reported an increase

nodulation, protein content, nutrients uptake and
protein yield with application of zinc at 9.0 kg
ha' over control in cowpea. Safak et al. (2009)
stated that zinc is an activator of many enzymes
involved in photosynthesis, cell division and
elongation. Thus crud fiber, crude protein and zinc
concentration were significantly affected by zinc
fertilization. Yadav et al. (2002) and Pingoliya et
al. (2014) reported that with the application of 30 kg
P,O,ha" and 4 kg Fe ha', the protein content in seeds
increased significantly comparing with their lower
levels in mung bean. Manganese plays an important
role of many enzyme systems. It affects the evolution
of O, in photosynthesis (Hill reaction). It has also,
function in chloroplast as a part of electron-transfer
(oxidation-reduction) reactions and electron transport
system (Srivastava and Gupta, 1996)

TABLE 5. Average values of leaves macro and microelements content as affected with organic fertilization, foliar
application as well as their interaction during two growing seasons of 2016 and 2017

Treatments N% P% K% Fe pg g! Zn pg g! Mn pg g
Organic fertilization

Without 3.61 0.218 2.17 22.86 17.46 12.76

FYM 3.74 0.239 2.37 24.49 18.80 13.91
CRS 3.88 0.249 2.47 26.11 19.87 15.10

LSD ., 0.06 0.003 0.03 0.04 0.08 0.01

Foliar application

0 3.49 0.204 2.02 20.27 15.08 10.68
Micro(Fe+Zn+Mn) 3.91 0.259 2.58 29.66 22.74 17.81

Humic acid (humate K) 3.83 0.243 241 23.52 18.32 13.28

LSD ., 0.03 0.005 0.03 0.04 0.03 0.03

Interaction

- 0 3.41 0.193 1.92 19.39 14.05 9.94
é Micro(Fe+Zn+Mn) 3.75 0.235 2.35 26.81 21.14 15.96
g Humic acid (humate K) 3.67 0.226 224 22.37 17.20 12.39
0 3.49 0.204 2.03 20.25 15.10 10.63

é Micro(Fe+Zn+Mn) 391 0.265 2.65 29.67 22.96 17.82
Humic acid (humate K) 3.83 0.247 2.44 23.54 18.35 13.28

0 3.58 0.215 2.12 21.18 16.09 11.47
% Micro(Fe+Zn+Mn) 4.07 0.277 2.74 32.51 24.12 19.66
Humic acid (humate K) 3.98 0.256 2.56 24.65 19.41 14.17

LSD 0.06 0.008 0.06 0.07 0.04 0.06

at 5%
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TABLE 6. Average values of seeds quality parameters as affected with organic fertilization, foliar application as
well as their interaction during two growing seasons of 2016 and 2017

Treatments Moisture Protein% CarbI;)l;a(;rates C.fiber — Ash T. sugar%
%o % % %
Organic fertilization
Without 11.78 21.63 60.43 6.13 4.95 7.28
FYM 10.97 22.40 61.28 6.46 5.18 7.54
CRS 10.08 23.06 62.07 6.91 5.50 7.80
LSD ., 0.07 0.05 0.05 0.06 0.09 0.06
Foliar application
0 12.48 21.04 59.78 5.85 4.76 7.08
Micro(Fe+Zn+Mn) 9.92 23.23 62.24 6.94 5.54 7.85
Humic acid (humate K) 10.43 22.81 61.76 6.70 5.32 7.69
LSD ., 0.04 0.04 0.03 0.03 0.04 0.04
Interaction
= 0 13.09 20.66 59.32 5.65 4.63 6.92
% Micro(Fe+Zn+Mn) 10.88 22.37 61.24 6.47 5.19 7.53
= Humic acid (humate K) 11.37 21.85 60.73 6.26 5.02 7.38
0 12.51 21.04 59.81 5.84 4.80 7.08
E Micro(Fe+Zn+Mn) 9.97 23.27 62.30 6.87 5.46 7.84
Humic acid (humate K) 10.43 22.88 61.72 6.66 5.27 7.69
0 11.84 21.43 60.22 6.05 4.86 7.23
% Micro(Fe+Zn+Mn) 8.92 24.05 63.17 7.48 5.98 8.17
Humic acid (humate K) 9.48 23.71 62.82 7.19 5.67 7.99
LSD 0.06 0.07 0.05 0.05 0.07 0.06

at 5%

Statistical analysis of the data in Table 6 revealed
the average values of quality parameters as affected
by the combination between the various treatments
under investigation. It could be observed that; a
positive effect was happened on the mean values of
all quality parameters mentioned due to using the
combination between the studied parameters. In
this respect, the highest values; (24.05, 63.17, 7.48,
5.98 and 7.18 % for C. protein, T. carbohydrates,
C. fiber, ash and total sugar of cowpea seeds,
respectively) were obtained for the treatment of
CRS addition + mix of microelements, while the
highest values of moisture was recorded for the
untreated plants.

Yield and its components
No. of pods plant™, No. of seed pod', 100 seed
weight (g) and seed yield (Kg fed') of cowpea

plants were recorded in Table (7) as affected by
addition of organic fertilization (FYM and CRS),
foliar spray from (mix of micro elements and
potassium humate) comparing with the untreated
plants as well as its interaction. The yield and its
componentparameters were increased significantly
in response to using organic fertilization. The
increase in seed yield indicated with using CRS
and recorded the highest mean values comparing
with the untreated plants during both seasons. The
relative increase in the seed yield with respect
to control may be due to the beneficial effects of
increasing organic matter in soil due to successive
application of soil amendments. Organic matter
decomposition leading to production of both
organic of compounds and biochemical activities
which together acted to stimulate plant growth
and crop yields. As well as organic matter and
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available elements originated from compost. In
addition, with the application of compost, the
yield was increased. Increases were attributed the
improving action of compost on the soil physical
properties as well as nutrients status in the soil,
which enhance plant growth (El-Sanat, 2003).
These results are similar to the findings of El —
Gizawy et al. (2013), Mahmoud et al. (2013),
Bandani et al. (2014) and Shafeek et al. (2017).

Regarding the effect of foliar application with
(mix of micro elements and potassium humate)
comparing with control on No. of pods plant’,
No. of seed pod!, 100 seed weight (g) and seed
yield (Kg fed') of cowpea plants, at the same
Table 7, the mean values of the parameters for
cowpea plant were significantly increased with
the foliar application by some microelements, i.e.
Fe, Zn and Mn treatment. No. of pods plant’, No.
of seed pod', 100 seed weight (g) and seed yield
(Kg fed") of cowpea plants and the increment in
yield parameters brought by the mix treatment of
micronutrient (Fe+Zn+Mn) comparing with the
untreated plants. Mali et al., (2003) referred that,
the increase in seed yield because of manganese,
zinc and iron addition could possibly be due to the
enhanced synthesis of protein and carbohydrates
and their transport to the site of seed formation.
These results are agreed with those of Nasri et al.
(2011) and Balai et al., (2017). Also, Mevada et
al., (2005) carried out a field experiment on urd
bean to investigate the effect of the application of
micronutrient (Zn, B, Mo and Fe) and said that
under the application of chelated Fe obtained
maximum grain yield over control.

The comparison among the means of the various
combined treatments of organic fertilization, foliar

application as shown in Fig. 2 reflected a significant
effect on No. of pods plant', No. of seed pod™!, 100
seed weight (g) and seed yield (Kg fed!) of cowpea
plants. The highest values were recorded with CRS
+ foliar application of microelements (Fe, Zn and
Mn) during both seasons.

Availability of macro elements in soil after harvest
Concentration of available N, P, K pg g
found in the experimental soil after cropping with
cowpea as affected with interaction of organic
fertilizers as soil addition and foliar application of
(mix of micro elements and potassium humate) are
presented in Table 8. Owing to the nature and the
pattern of mineralization, combined use of organic
fertilizations improved the physico-chemical
properties of the soil rather than application of
only inorganic fertilizers. The buildup of available
nitrogen, phosphorus and potassium in soil was
significantly influenced by application of organic
fertilizers. The results of present investigation
revealed that increasing available nitrogen,
phosphorus and potassium, and the highest mean
values of them recorded with CRS followed by
FYM. The contents of elements increased with
adding of the studied organic fertilization, which
already contained moderately amount of these
elements. But the average values of nutrients in
the soil tended to be over than that obtained. In
this respect Kara et al., (2004) indicated that the
application of organic fertilizations in the soil
could be enriched soil if it is found feasible and
applicable. Therefore, minerals will prefer to form
chelates with organic compounds. By this way,
extractable macro-nutrients concentrations will
be minimized by using organic material. Similar
results were recorded by Hellal et al. (2009).

TABLE 7. Average values of yield and its parameters as affected with individual organic fertilization, foliar
application during two growing seasons of 2016 and 2017

Treatments No No 100 seed seed yield
ofpodsplant’ ofseedspod” weight g kgfed™!
Organic fertilization

Without 20.00 6.89 16.90 935.78
FYM 21.67 8.00 19.13 996.22
CRS 2222 8.67 20.08 1026.11

LSD ., 0.80 1.59 0.77 10.45

Foliar application

0 18.33 6.11 15.46 897.44
Micro(Fe+Zn+Mn) 23.44 9.33 21.32 1035.33
Humic acid (humate K) 22.11 8.11 19.33 1025.33
LSD 0.79 0.75 0.73 12.18

at 5%
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TABLE 8. Average values of available N, P and K (ug g-1) as affected with interaction adding of organic fertilization
and foliar application during two growing seasons of 2016 and 2017

Treatments Available N- pg g'  Available P- ng g'  Available K- pg g
- 0 56.8 5.75 82.4
g Micro(Fet+Zn+Mn) 59.2 6.23 90.6
= Humic acid (humate K) 63.5 7.08 97.4
0 70.3 9.13 1253
é Micro(Fe+Zn+Mn) 77.4 12.31 145.3
Humic acid (humate K) 88.9 14.21 152.9
0 73.7 10.62 136.4
g Micro(Fe+Zn+Mn) 96.6 18.50 187.7
Humic acid (humate K) 92.1 16.41 168.5
LSD ., 0.92 0.21 0.78

Conclusion Dugie, 1. Y., Omoisui, L. O., Eketeneme, F. and

The obtained results showed that foliar spraying
of cowpea plants with microelements (Fe, Zn and Mn)
is very beneficial to the crop growth and yield. Hence,
it could be suggested that cowpea plants grown under
the experiment and similar growing conditions and
foliar sprayed with (Fe+Zn+Mn) under compost rice
straw as form of organic fertilization to produce high
quantity and good quality of pods and dry seed yields
suitable for marketing.
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