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ABSTRCAT

This experiment was carried out during the two successive winter
seasons of 2009 and 2010 at Ei-Qanaiat Regian (Private Farm),
Sharkia Governorate, Egypt, to study the effect of mineral NPK at
different rates and foliar spray with fulvic acid at 0.1% on growth,
productivity and anatomical traits of pea plants grown in clay loam
soil. Fertilization of pea plants with 100% or 75% NPK of the
recommended rate with or without foliar spray with fulvic acid at
0.1% or 50% NPK with fulvic acid at 0.1% increased stem length,
number of both leaves and branches/plant, chlorophyll a, b and tetal
(at+b), average number of pods/plant, average pod weight, yield/
plant, shelling percentage, N, P, K and total carbohydfates
percentage in seeds compared to control and other treatments. As for
the effect of foliar application with fulvic acid on anatomical
structure of vegetative growth of pea cv. Master, it could be stated
that such treatment increased stem diameter due mainly to the
prominent increase in the thickness of cortex, vascular cylinder and
number of vascular bundle. Likewise, spraying fulvic acid increased
thickness of both midvein and lamina of leaflet blades of pea cv.
Master. The increase in [amina thickness was accompaned with
increment in thickness of palisade and spongy tissues. Also, the main
vascular bundle of the midvein was increased in size as a result of
spraying fulvic acid.
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INTRODUCTION

Pea (Pisum sativum 1.) belongs
to the family Fabaceae. 1t 1s grown
primarily for edible pods, In
addition to its nutritional value, it
is rich source of protein, good
source of vitamin A, B and C and
also contains a high proportion of
minerals (Baloch, 1994). In Egypt,
it is grown in winter season where
its average reached about 30,000
ha. with an - annual production
about 295,000 tons for 2009 year
(FAO, 2009).

The balance between N, P and
K and increasing their levels had
an important role for enhancing
plant height, number of branches/
plant, chlorophyll concentration,
number of pods/plant, average pod
length, number of seeds/pod, yield/
plant and total yield of pea
compared with the control
(Ramachandra et al., 1998; Shokr,
2000; Kakar et al., 2002 and
Achakzal and Banguizai, 2006).

Fulvic acid (FA) are a mixture
of weak aliphatic and aromatic
organic acids which are soluble in
water at all pH conditions (acidic,
neutral and alkaling). The required
concentration of humic acid (HA)
and/or FA within the foliar spray
should be relatively low, generally
less than 50 mg of concentrated
dry humic substancc per liter of
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water. Foliar fertilizers containing
HA and FA in combination with
N, P, K and various trace minerals
have bean demonstrated to be from
100 to 500% more efficient
compared to applications of similar

fertilizers to the soil. Foliar
fertilizers are also motre
economical because smaller

quantities of fertilizer are required
to obtain significant piant response.
Plant nutrients within foliar
fertilizers are rapidly absorbed by
plant leaves. Within 8 hours after
application of humic substances
are applies, changes in many
different metabolic process are
detected (Pettit, 2009).

Application of HA or FA in
combination with trace elements
and other plant nutrient, as foliar
sprays, improved the growth of
plant foliage, roots and fruits
(Pettit, 2009).

When HA or FA are applied to
plant leaves, the chlorophyll
content of those leaves increased.
Consequently, as the chlorophyll
concentration increased there was
an increase in the uptake of
oxygen. Chlorophyll development
within plant leaves was more
pronounced when FA was present
in the foliar fertilizer (Pettit, 2009).
Moreover, uptake of major plant
nutrients was mediated by humic
substances, one stimulative effect
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of humic substances on plant
growth is enhancing the uptake of
major plant nutrients (N, P and K).
When adequate humic substances
were present within the soil, the
requirement for N-P-K fertilizer
application was reduced (Pettit,
2009).

Therefore, the objective of this
work was to reduce the quantity of
N, P and K fertilizers by using
foliar spray of pea plants with
fulvic acid in combination with N,
P and K fertilizers.

MATERIALS AND
METHODS

This work was carried out during
the two successive winter seasons
of 2009 and 2010 at El-Qanaiat
Region (Private Farm), Sharkia
Governorate, Egypt, to study the
effect of mineral N, P and K at
different rates and foliar spray with
fulvic acid (FA) on growth of pea
plants, chemical composition and
yield as well as anatomy of stem
and leaves of pea cv. Master
grown in clay loam soil.

The physical and chemical
analysis of the experimental soil
are presented in Table 1.

This experiment included 10
treatments as shown in Schedule 1.

These treatments were arranged
in a randomized complete block
design with three replicates.
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The seeds of t’E)ea cv. Master
were sown on 20~ November in
both growing seasons, after
inoculation with root nodules
bacteria (Rhizobium leguminosarum)
and spaced at 10 cm apart on both
sides of row (2 seeds/hill), then
thinned to one plant/ hill.

Plot area was 11.2 m’ It
contains four rows with 4 m length
each and 70 cm distance. One row
was left between each two
experimental units as a gourd row
to avoid the overlapping of
spraying solution of fulvic acid.
One row was used for samples to
measure vegetative growth and the
other three rows were used for
yield determination. The source of
pea cv. Master was Hort. Res,
Inst.,, Agric. Res. Center, Egypt.
The source of root nodule bacteria
was the General Organization for
Agriculture Equalaization Found
(G.O.AEF), Ministry of
Agriculture, Egypt.

Pea plants were sprayed with
solution of fulvic acid at 0.1% two
times each at 30 and 50 days after
sowing. Each plot received 21 of
fulvic  acid solution using
spreading agent in all treatments.
The untreated plants (check) were
sprayed with tap water with
spreading agent.
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Table 1. Physical and chemical properties of the experimental soil

(season 2009)
Properties
Mechanical Chemical (mg/100 g soil)
Sand % 27.70 pH 730  Ca”  0.07
Silt 34.92 ECmmohsiom 171 M& 004
1t . mmons/cm 1. Na+ 0.35
Clay% 37.38 N% 0.03 COy -
. HCO; 0.17
Soil texture Clayloam P% .04 cr 0.16
F.C%" 30.13 K% 0.026 SOy  0.13

* field capacity

Schedule 1. The combinations between mineral N, P and K and

fulvic acid
Treatments - Amount; (kg/fed.) - Fl(lllz‘\2c (;:;id
100% NPK +FA 40.0 30.0 50.0 0.1
100% NPK 40.0 30.0 50.0 0.0
75% NPK +FA 30.0 225 37.5 0.1
75% NPK 30.0 225 375 0.0
50% NPK +FA 20.0 15.0 25.0 0.1
50% NPK 20.0 15.0 25.0 0.0
25% NPK +FA 10.0 7.5 12.5 0.1
25% NPK 10.0 7.5 12.5 0.0
0% NPK +FA 0.0 0.0 0.0 0.1

0% NPK 0.0 0.0 0.0 0.0
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The chemical analysis of fulvic
acid according to Lgagro Co. are
as folows. ‘

Property Content
Appearance Dark brown powder
PH Netural
Fulvic 80-85%
N 3-5%
P 05-1%
K 6 — 8%
Amino acids 2-3%
Solubility >09%
The source of nitrogen,

phosphours and potassium were
ammonium sulphate (20.5%N),
calcium superphosphate (15.5%
P,0s) and potassium sulphate
(48% K,0), respectively. These
fertilizers were divided into five
equal portions and added weekly
as soil application beginning ten
days after complete emergence.
The other normal agricultural
treatments of growing pea plants
were practiced the data recorded
were as following.

Plant Growth

A random sample of five plants
was randomly taken from each plot
at 60 days after sowing and the
following data were recorded:

Morphological characters

Stem length (cm) and number
of both leaves and branches/ plant.
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Dry weight

The different plant parts ; i.e,
branches and leaves were oven
dried at 70°C till constant weight,
then dry weight of branches and
leaves and total dry weight (leaves
+branches)/plant (g) were recorded
by A.O.A.C. (1970).

Photosynthetic Pigments

Disk samples from the fourth
upper leaf were taken at 60 days
after sowing to  determine
chlorophyll a and b as well as
carotenoids according to the
method described by Wettestein
(1957).

Anatomical Studies

The anatomical studies were
carried out only in the second
season to follow the changes
occuring in pea plants as affected
by full dose of fertilizer (100%
NPK), half dose of fertilizer (50%
NPK) and 50% NPK + fulvic acid.
Samples were taken from the
fourth internode and the fourth
compound leaf after 60 days from
sowing.

In the laboratory, samples were
cleaned with tap water, cutted into
sujtable parts, killed and fixed in
F.A.A. solution ( 10 ml.formalin ,
5 ml. acetic acid and 85 ml. ethyl
alcohol 75%), dehydrated in
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ascending different concentrations
of ethyl alcohol, clearing in
different concentrations of ethyl
alcohol + xylene, infiltrated and
embedded in pure paraffin wax
(M.P.58-60°C) (Johansen, 1940).
Sectioning at thickness of 14p.
was performed by using a rotary
microtome. Paraffin ribbons were
mounted on slides and sections
stained with safranin and fast
green (Sass, 1961). Sections were
mounted in canda balsam, then
examined microscopically and
microphotographed.

Yield and its Components

Green pods of each plot were
harvested at proper maturity stage
(90 days after sowing), counted
and weighed in each harvest and
the following data were recorded:

1. Average number of green pods/
plant,

2. Average green pod weight (g),

3.Yield of green pods / plant (g),
and

4. Total yield of green pods/
feddan (Ton).

Pod Quality

Twenty green mature pods were
randomly taken from each plot at
3™ harvest and the following data
were recorded:
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1.Pod length 2. Pod width
3. No. of seeds/pods

Shelling Percentage

It was calculated as follows:

Seeds fresh weight

Shelling pexcentage = x 100

Green pods weight
Seed Chemical Constituents

Nitrogen, phosphorus and

potassium percentage

They were determined in the
seeds on the basis of dry weight
according to  Bremmer and
Mulvaney (1982), Olsen and
Sommers (1982) and Jackson
{1970), respectively.

Total carbohydrates

It was determined according to
the method described by Bernfeld
{1955) and Miller (1959).

Statistical analysis

All the data were subjected to
statistical analysis of variance
according to  Snedecor and
Cochran (1980). Means separation
were done by Duncan (1958).

RESULTS AND
DISCUSSION

Plant Growth

Presented data in Table 2 show
that fertilization of pea plants with
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Table 2. Effect of mineral NPK and foliar spray with fulvic acid (FA
at 0.1%) on plant growth parameters of pea plants during
winter seasons of 2009 and 2010 at 60 days after sowing

Stem fength Leaves branches Dry weight
{cm) No./plant No. /ptant @
Treatments
1 2™ * 2 ™ 2™ LI
season  season SeRsOn  Season SCASON  SEASON  Sesson season
100% NPK'+TFA 3950a 3900a 1266a 1233a 400a 366a 453a 370a
100% NPK 38.66abc 38.60a 1200ab 1200ab 333ab 333ab 406a 326a
75% NPK +FA  35.83abc 3750a 11.66ab 11.00abe 400a 3662 436a 346a
75% NPK 35.00abc 3580 ad 1133ab 1133abc 3.60ab 3.00abc 3.53a 300a
50% NPK +FA  37.00ab 37.50a 1233a 1200ab 333ab 333ab 386a 3.13a
50% NPXK 30.33abe 3233b 10.66bed 1033 ede 2.33be 233bc 3202 2600a
25% NPK +FA 3233 abe 32.60b 1033 cde 10660 bed 256 abe 233be 2.73a 240a
25% NPK 200bcd 2730¢ 1000de 966de Z45sbe 233be 250a 230a
% NPK4FA  2400c¢d 2443¢  9.66¢ 933de 286be 200d 226a 223a
% NPK. 2733d  2416¢ 1000de 900e¢ i13c 106 183a 190a

* 105% of N, P+O; and X,0 were 40,30 and 50 kz . fed. respectively.
Vaiues having the same letters in the same columr are not significantly different at

P <0.05

NPK at different rates singl: or in
combinations with foliar spray
with fulvic acid (FA) at 0.1%
reflecied a significant effect on
stein: length and number of both
ieaves and branches / plant after 60
days from sowing in both seasons.

Concerming ster length,
iertilization with  100% NPK +
svaying with FA at 0.1% in both
weasons, 1009 NPK  individual,
‘3% NPK + spraying with FA at
0.1% and 50% NPK + spraying with
FA at 0.1% in the 2™ season gave

the tatlest plants with no significant
differences with 75% NPK, in both
seasons and 100% NPK and 75%
NPK + spraying with FA at 0.1% in
the 1% season only.

As for number of leaves, the
obtained results in Table 2 indicate
that 100% NPK + spraying with
FA at 0.1% in both seasons and
50% NPK + spraying with FA at
0.1% in the 1% scason recorded the
maximum values of number
leaves/plant with no  significant
differences with 100% NPK, 75%
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NPK + spraying with FA at 0.1%
and 75% NPK individual in both
seasons and 50% NPK + spraying
with FA at 0.1% in the 2™ season.

Concerning number of branches/
plant, data in Table 2 show that
NPK at 100% or 75% i
combination with FA at 0.1%
increased number of branches/
plant in both seasons with no
significant differences with NPK at
100% individual and NPK at 50%
+ foliar spray with FA at 0.1%.

With respect to dry weight of
shoots, data in Table 2 indicate
that mineral N, P and K at different
rates with or without foliar spray
with FA at 0.1% did not reflect any
significant effect on shoot dry
weight of pea plants.

From forgoing results, it could
be concluded that, fertilization of
pea plants with 100% (40, 30 and 50
kg /fed of NP and K, respectively) or
5% NPK (30,22.5 and 37.5 kg Hed
of N,P and K, respectively) single
or in combination with foliar spray
with FA at 0.1% or 50% NPK of
(20,155 and 25 kg/fed of N,P and
K, respectively) + foliar spray with
FA at 0.1% increased stem length
and number of both leaves and
branches/ plant.

The stimulative effect of NPK
 on growth parameters may be due

P P T
E{:;;Sada-.a} B
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to that N is an essential element for
building up protoplasm, amino
acids and proteins which induce
cell division and initiate meristematic
activity. Phosphours is a part of
molecular structure of the plant
nucleic acids (DNA and RNA), the
energy transfer compounds and
phosphoproteins. Moreover, potassium
is very important in overall
metabolism of plant enzymes
activity, it was found to serve a
vital role in photosynthesis by
direct increasing in growth and
leaf area and hence CO;
assimilation. Potassium also has a
beneficial  effect on  water
consumption (Mengel and Kirkby,
1978 and Gardenr et al., 1985).
These results agree with those
reported by Ramachandra er /.
(1998); Shokr (2000); Kakar et al.
(2002); Achakzal and Baragulzai
(2006) and Pettit (2009).

Photosynthetic Pigments

The obtained data in Tabie 3
show that mineral NPK at differeat
rates with or without spraying with
FA at 0.1% showed a significam
effect on chlorophyll a, b and total
chlorophyll a+b, except carotenoids
in leaf tissues of pea plants.

In general, fertilization of pea
plants with N, P and K at 100 or
75% with or without FA at 0.1%
and NPK at 50% with FA at 0.1%
increased concentration of chlorophyli
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Table 3. Effect of mineral NPK and foliar spray with fulvic acid (FA
at 0.1%) on photosynthetic pigments of pea plants during
winter season 2010 at 60 days after sowing

Photosynthetic pigments (mg/ g fresh weight)

Treatments
Chla Chl b Chl (a+b) Carotenoids
100% NPK +FA 1.29 ab 1.09abc  2.38a 0.61a
100% NPK 1.29 ab 1.13 ab 242a 0.56a
75% NPK +FA 1.29 ab I.15a 245a 0.60 a
75% NPK 1.24 abc 1.03bcd 2272 042a
50% NPK +FA 1.30a 1.08 abc 2.38a 0.49a
50% NPK 1.22 bed 0.97 cd 2.20 ab 042a
25% NPK +FA 1.09d 094 d 1.70 b 041a
25% NPK 1.08 cd 0.92 ¢ 1.73 b 040 a
0% NPK +FA 1.i3 ¢d 0.92 d 1.72b 048 a
0% NPK 1.13 cd 091d 1.71 b 041a

*; 100 % of N,P,Os and K,O were 40,30 and 50 kg /fed. respectively.
Values having the same letters in the same column are not significantly different at

P <005

a, b and total chlorophyll (ath),
except N, P and K at 75% with
respect to chlorophyll b compared
to the control and other treatments.

The enhancing effect of NPK
on photosynthetic pigments might
be due to that N is a constituent of
chlorophyl! molecule. Moreover,
nitrogen is the main constituent of
all the amino acids and hence of
proteins and lipids as glactolipids,
acting as structural components of
the cholorplast. Correspondingly,

and enhancement of protein
synthesiz and cholorplasts formation
leads to an increase in chlorophyll
as well as carotene (Marschner,
1995). Also, when FA was applied
to plant leaves, the chlorophyll
content of these leaves increased
(Pettit, 2009).

Anatomical Studies
Anatomy of the main stem

Microscopical measurements of
certain histological characters of
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the fourth internode  which
resembled the median internode of
the main stem of pea cv. Master of
control plants (100% NPX) and
those of the half dose of fertilizer
(50% NPK) and sprayed with
fulvic acid on plants grown under
the haif dose of fertilizers (50%
NPK + fulvic acid) are given in
Table 4. Likewise, microphotographs
depict these treatments are shown
in Figure 1.

It is noted that the half dose of
fertilizer reduced the area of the
main stem of pea cv. Master by
38.7% less than the control. The
decrease 1n stem area could be
attributed mainly to the decrease in
all included tissues except that of
epidermis. The thickness of cortex,
vascular cylinder and number of
vascular bundle were 15.1, 13.2
and 21.6% less than the control. Tt
is clear that the decrease which
was observed in the thickness of
vascular  cylinder could be
attributed, mainly, to the decrease
in thickness of fibrous tissue,
phloem tissue, xylem tissue,
number of vessels per vascular
bundle and vessel diameter by
21.3, 6.2, 17.3, 204 and 17.9%
less than those of the control
respectively.

As the action of foliar spraying
with fulvic acid on pea plants
grown under the half dose of
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fertilizer induced by slight increase
in all included tissues except that
of epidermis. Foliar application
with fulvic acid increased the area
of stem by 17.5% more than the
control. The increase in stem area,
duec to foliar application with
fulvic acid, could be attributed to
slight increase in thickness of
cortex, vascular cylinder and
number ‘ of vascular bundle were
4.6, 15 and 2.4% more than those
of the control, respectively. It is
clear that the increase in the
thickness of wvascular cylinder
could be attributed mainly to the
increase in thickness of phloem
tissue, xylem tissue, number of
vessels per vascular bundle and
vessel diameter by 68, 5.7, 3.6 and

7.1% more than those of the
control, respectively.
Anatomy of the leaf
Microscopical  counts  and

measurements of certain characters
in transverse sections through the
blade of leaflet of the fourth
compound leaf developed on the
main stem of control plants (100%
NPK) of pea cv. Master and those
of the half dose fertilizer (50%
NPK) and (50% NPK + fulvic
acid) are given in Table 5.
Likewise, microphotographs
illustrating these treatments in
transverse sections are shown in
Figure 2,
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Table 4. Counts and measurements in microns of certain histological
features in transverse sections through the middle part of
the fourth internode of the main stem of pea cv. Master, at
the age of 60 days, as affected by (100% NPK, 50% NPK

and 50% NPK -+ fulvic acid)

(Mcans of three sections from three specimens)

Treatments

100% 50% NPK+ +% 1o o o
Characters NPK®  fulvic acid control gﬁ, ﬁ fo I:’:]'tool
{contro)  (0.1%%)

Stem area ' 175386.9 2062104 +17.5107429.3 -38.7
Thickness of epidermis 9.9 929 - 9.9 -
Thickness of cortex 85.9 89.9 +4.6 729 -151
Thickness of vascular cylender 219.7 252.7 +150 1864 -13.2
Thickness of fibrous tissue 49.9 399 -21.3 399 -21.3
Thickness of phloemn tissue 53.3 89.6 +680 500 -6.2
Thickness of xylem tissue 116.5 123.2 +5.7 96.5 -17.3
Number of vascular bundle 16.6 170 +24 130 -21.6
Number of vessels 8.3 8.6 +3.6 6.6 -204
Vessel diameter 27.9 299 +7.1 229 -17.9

*: 100 % of N,P,0; and K,O were 40,30 and 50 kg /fed. respectively.

Table 5. Counts and measurements in microns of certain histological
features in transverse sections through the blade of the
leaflet of the fourth leaf developed on the main stem of pea
cv. Master, at the age of 60 days, as affected by (100% NPK,
50% NPK and 50% NPK + fulvic acid)

(Means of three sections from three specimens)

JTreatments
100% S0% NPK+ +%of o °
Characters NPK'  fubvicacid control b nem
{contrel) (0.1%)
Thickness of midvein 445.5 4495 +0.89 349.7 -21.5
Thickness of Jamina 278.0 2844 +2.30 2016 -274
Thickness of palisade tissue 1158 1098 +520 759 -34.5
Thickness of spongy tissue 122.8 139.8 +13.80 959 -22.0
Dimensions of the main vascular
bundle of midvein:
Length 122.8 1328 +8.10 1098 -10.6
Width 119.8 1228 +250 665 -44.4
Number of vessels/midvein bundie 5.0 6.0 420,00 5.0 -
Vessels diameter 229 249 +8.70 159 -30.5
Thickness of upper epidermis 21.5 249 +1580 199 -7.44
Thickness of lower epidermis 17.9 9.9 -44.60 9.9 -44.6

*; 100 % of N,P,(Js and K,O were 40,30 and 50 kg /fed. respectively.
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Epidermis

Fibrous tissue

Fig. 1. Transverse sections through the fourth internode of the main
stem of pea cv. Master at the age of 60 days, as affected by 100%
NPK, 50% NPK + fulvic acid at 0.1% and 50% NPK (100 x)

A- Plant treated with 100% NPK (40, 30 and 50 kg/fed., respectively)

B- Plant treated with 50% NPK + fulvic acid

C- Plant treated with 50% NPK (20, 15 and 25 kg/fed., respectively)
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Upper epidermis
Palisade tissue

Spongy tissue

— Lower epidermis

(A) Midvein bundle

i —— Midrib region

Bix
Frex
HigZ.

2. Transverse sections through the leaflet biade of the fourth
compound leaf developed on the main stem of pea cv. Master
at the age of 60 days, as affected by 100% NPK, 50% NPK +
fulvic acid at 0.1% and 50% NPK (100x)

A- Plant treated with 100% NPK (40, 30 and 50 kg/fed., respectively)

B- Plant treated with 50% NPK + fulvic acid

C- Plant treated with 50% NPK (20, 15 and 25 kg/fed., respectively)
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It 15 realized that the half dose
of fertilizer reduced the thickness
of both midvein and lamina of
leaflet blades of pea cv. Master by
215 and 27.4% less than the
control, respectively. The thinner
leaflets induced by 50% NPK
could be attributed to the decrease
in thickness of epidermis as well as
the thickness of mesophyll tissues.
The decrements below the control
were 7.44, 44.6, 34.5 and 22% for
thickness of upper epidermis,
lower epidermis, palisade tissue
and spongy tissue, respectively.
Such treatment decreased the
dimensions of midvein bundle
below the control by 10.6% in
length and by 44.4% in width.
Also, the mean diameter of vessel
for leaves was decreased by 30.5%
less than the control,

As for the action of foliar
spraying with fulvic acid on pea
plants grown under the haif dosc of
fertilizer induced by increasing in
all tissues except that of lower
epidermis which showed decrease
of 44.6% less than the control.
Slight increase in the thickness of
midvein and lamina of leaflet blades
by 0.89 and 2.3% more than the
control, respectively. It is clear that
the increasc in lamina thickness
was accompanied with 15.8, 5.2
and 13.8% increments in thickness

Boghdady and Nawar

of upper epidermis, palisade and
spongy tissues compared with the
control. The main vascular bundie
of the midvein increased in size,
the increment was mainly due to
the increase in length by 8.1% and
in width by 2.5% more than the
control. Also, average number of
vessels per midvein bundle was
increased by 20% over the control.
The mean diameter of vessel was
increased by 8.7% more than the
control.

As for as the author is aware,
previous information about the
effect of foliar application with
fulvic acid on anatomical structure
of stem and leaves of pea plants or
other species grown under mineral
fertilizer (NPK) are not available
in the literature.

Yield and its Components

As for average number of green
pods/ plant, average pod weight
and yield/ plant, presented data in
Table 6 show that fertilization of
pea plants with different rates of
NPK with or without FA at 0.1%
increased average number of green
pods/plant, average pod weight
and yield/ plant in both seasons. In
general, fertilization with mineral
NPK at 100% (40, 30 and 50 kg/
fed. of N, P and K, respectively) or
75% (30, 22.5 and 37.5 kg/fed. of
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Table 6. Effect of NPK and foliar spray with fulvic acid (FA at (0.1%)
on yield and its components of pea plants during winter

seasons of 2009 and 2610

Average number  Average pod Yield / plant Total yield / fed
Treatments oflguds/pia;:l ‘1‘:‘%— 1"@_ —_— —p _(Ton) =
SEASON  SeasOon  Seasol SeASOn  SEAsOn  SeAson Season  season
100% NPK+FA 15.70a 1580a 349b 3.17c¢ 54.80ab 50.10a 6263a 5.726 a
100% NPK 1480ab 14.60a 333bc 3.19c¢ 4936ab 4655ab 5641ab 5310 ab
T5% NPK+FA 149Ga 1490a 384a 348a 5715a 51.83a 6532a 5924a
75% NPK 1430 ab 14.00ab3.17¢ 307c 4528b 4433ab 5175 b 5066 b
50% NPK +FA 14.60ab 1440ab3.65b 333b 5333ab 48.01ab 6095 a 5487 ab
50% NPK 13.08b 1260b 353b 335b 4623b 4233b 5285 b 4838 b
25% NPK+FA 10.70c¢  1050¢ 21ide 2.36d 2260c¢ 2473¢ 2583 ¢ 2820 ¢
25% NPK 390d 407d 183e 217e 7.16d 885d 08184 10114
0% NPK+FA 260de 290de243d 231d 633d 6704 0.743d 0.768 d
0% NPK 1.80 e 190e¢ 2.79d 244d 5.03d 463d 0723 d 0697 d

*: 100% of N, P,0s and K,O were 40, 30 and 50 kg /fed. respectively.
Values having the same letters in the same column are not significantly different at

P <0.05

N, P and K, respectively} with or
without FA at 0.1% and NPK at
50% (20, 15 and 25 kg/fed. of N, P
and K, respectively) with FA at
0.1% recorded the maximum
values of average number of pods/
plant, average pod weight and
yield/ plant followed by NPK at
50% in both seasons.

The use of NPK +FA at 1%
resulted in a corresponding
increase in the total yield per plant
as well as per faddan and all yield
components. This might be related
to the favourable effects of NPK and
FA at 0.1% on the vegetative growth
(Table 2) and photosynthetic

pigments (Table 3). That possibly
increased the efficiency of
photosynthsis and resulted in more
pod yield of pea. These resulis
agree with those reported by
Ramachandra ef al. (1998), Shokr
(2000), Kakar ef al. (2002) and
Achakzal and Baragulzai (2006).

Pod Quality

Presented data in Table 7 show
that mineral fertilization with NPK
at different rates with or without
FA at 0.1% increased number of
seeds/ pod, pod length and pod
width compared to the control or
spraying with FA at 0.1. In general,
NPK. at 100 or 75% with or without
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Table 7. Effect of mineral NPK and foliar spray with falvic acid (FA
at 0.1%) on green pods quality of pea plants during winter

seasons of 2009 and 2010
No. of seeds/pod _ Pod length (cm) _ Pod width (cm)
Treatments 1% a 1" 06 1 =
season  season Season  Season  Season Season

100% NPK +FA 7.23a  690a 8.25a 823a 1.22a 1.12a
100% NPK 6.63 ab 660a 7.28ab 7.70 ab 1.03bec 1.03a
75% NPK+FA 6.80ab 6.86a 7.64ab 8.08a 1.11ab 1042
75% NPK 643ab 6.13a 731ab 713b 1.02bc 098ab
50°% NPK +FA 663ab 643a 7.41ab 736b 098bc 1.03a
50% NPK 6.16 b 580a 7250 7.25b L00Obe 1028
25% NPK +FA 3.83¢ 443b 537c¢ 591¢ 683 e 0.87 be
25% NPK 3.50 de 346bc 533¢ 533 cd 0.89de 0.86bc
0% NPK +FA 3.16de 300c 493cd 5.16d 0.83e 0.81¢
0% NPK 270e 2.60c 4.35d 4.28 ¢ 080 ¢ 0.80 ¢

*, 100 % of N, P,0s and K,0 were 40,30 and 50 kg /fed. respectively.
Values having the same letters in the same column are not significantly different at

P <0.05

FA at 0.1% and NPK at 50% with
FA at 0.1% recorded the maximum
values of number of seeds/ pod,
pod length and pod width in both
seasons. :

Shelling Percentage

The obtained results in Table 8
show that fertilization of pea plants
with NPK at 100 or 75% with or
without FA at 0.1% and NPK at
50% with FA at 0.1% increased
seeds fresh weight/10 pods, fresh
weight/10 pods, husk fresh weight/
10 pods and shelling percentage in
both seasons.

Seed Chemical Constituents
N, P and K percentage

The obtained results in Table 9
show that fertilization of pea plants
with N, P and K at different rates
and foliar spray with FA at 0.1%
reflected a significant effect on N,
P and K contents in seeds.

Fertilization of with 100% NPK
or 75% NPK with FA at 0.1%
recorded the maximum values of N
percentage in  seeds with no
significant differcnces with 100%
NPK without spraying with FA at
0.1% and 50% NPK with FA at
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Table 8. Effect of mineral NPK and foliar spray with fulvic acid (FA
at 0.1%) on fresh weight/10 pods (g) seed fresh weight / 10
pods (g), husk fresh weight/10 pods and shelling percentage
during winter seasons of 2009 and 2010

Fresh weight/ Seed fresh weight Husk fresh Shelling
10 Pods (g) /10 Pods (. weight/19 pods percentage
Treatments = i o > = > = o
Season  season SCASOn season S€ason SCASON SCAson  season

100% NPK'+FA 36,00 a 3400a 20,002 23.00a 15.00ab 11.00ab 5833 b 67.65a
100% NPK 3400a 33.00b 2300a 23.00a 11.00 abc 10.00 abc 67.65a 69.6%2a
75% NPK +FA 41.00a 33.00b 25.00a 23002 1600a 11.00ab 60.98b 69.69a

75% NPK 3300a 31.00b 23.00a 21.002 10.00b 10.00abc69.70a 67.742a
50% NPK +FA 36.00a 38.00a 25.00a 2500a 11.00abc 13.00a 69442 65,792
50% NPK 36.00a 34.00a 23.06a 23.00a 13.00 abc 11.00 ab 63.839b 67.65a
25% NPK +FA 21.33 b 22.00c 14.00b 16.00b 733¢d  6.00bc 65.64b 72.73a
25% NPK 1700 c 20.00c 7.00c 10.00c 10.00b 10.00abc4l.18¢ 50.00b
0% NPK+FA  13.60c 13.00d 5.67c¢ 5.67cd 733cd 7.33bc 43.62¢ 43.62¢
0% NPK 1033d 9.67d 4.66¢  4.6d 567d 500c 45.11¢ 48.29 be

*: 100 % of N,P,Os and K,O were 40,30 and 50 kg /fed. respectively.
Values having the same letters in the same column are not significantly different at
P<0.05

Table 9. Effect of mineral NPK and foliar spray with fulvic acid (FA
at 0.1%) on Seed chemical constitunts of pea during winter
seasons of 2009 and 2010

Nitrogen % Potassium %  Phosphorus%  Carbohydrate%

Treatments i gnd 1* 2 1 amd 1™ and
SCASOn  SeaAson SE€AS0N  SeAson SERs0d  Seaspn season SEASOn

100% NPK'+FA  1.99a 209a 191a 190a 0.I8a 01932 5431z 52.64a

100% NPK 1.82ab 201ab 1.68b 191a 0.14c 0.18ab 5237a 5044a
75% NPK +FA 194a 2.09a 1.71b 191a 016b 0.18ab 53.52a 50442
75% NPK 1.80ab 1.98bc 14%c¢ 17%ab 0.14¢ 0.17ab 47.16b 49.25ab
50% NFK +FA 1.89ab 204ab 149c¢ 1902 0.16b 0.18ab 4923 ab 49.76 ab
50% NPK L72bc 197bc 149¢ 1.55bc 0.14¢ 0.15b 4655b 45.99bc
15% NPK +FA 1.51d 180¢ 143c¢ 1.59bc 0.13c¢ 016b 4034¢ 44.02¢
25% NPK 157¢cd 187bec 132¢ 145¢d 0.14c¢ 0.16b 40.10c 3%12¢
0% NPK +FA 1.21e 1.38d 1.11d L24de 0.11d 011c 31.96d 32.24¢
0% NPK 1.021  100e 1.10d i.6le 0.10d 0.10c  3096d 30.12e

* 100 % of N, P,O; and K,0O were 40,30 and 50 kg /fed. respectively.
Values having the same letters in the same column are not significantly different at
P <0.05
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0.1% in both seasons and NPK at
75% without FA at 0.1% in the 1
season.

As for P and K percentage in
seeds, the data in Table 7 illustrate
that mineral NPK at 100% with FA
at 0.1% gave the highest values of
P and K content in seeds in both
applied seasons without significant
differences could be detected with
100% NPK, 75% with or without
FA at 0.1% and 50% NPK with FA
at 0.1% in the 2™ season only.

Total carbohydrates

Fertilization of pea plants with
mineral NPK at different rates with
or without foliar spray with FA
showed a significant effect on total
carbohydrates in  seeds as
compared to the control (Table 9).

Mineral NPK at 100% with or
without FA at 0.1% and NPK at
75% with FA at 0.1% were the
best treatments for enhancing total
carbohydrates in seeds with no
significant differences with NPK at
75 % in the 2™ season and NPK at
50% in both seasons.
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