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Response of some pea cultivars to supplementary irrigation under rainfall conditions
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Abstract
The productivity of pea was determined under calcareous soil and rainfall conditions at EI-Hammam region
in North Western Coastal Zone (NWCZ) of Egypt. Treatments of supplementary irrigation and bacterial
inoculation were applied to improve yield for two cultivars (Lincolin and Mastar B) of pea plants.
To achieve the goal of study, the experiment was conducted through two growing seasons i.e. 2005/2006
and 2006/2007. The treatments were the combination between 4 treatments as supplementary irrigation i.e.
rainfall, rainfall + 60 mm/fed, rainfall + 90 mm/fed and rainfall +120 mm/fed and 2 inoculation treatments
(Rhizobium and Phosphorus dissolving bacteria P.D.B.) or without inoculation, which were applied on two
cultivars of pea. Growth characters and yield and its components as well as chemical compositions of pea were
determined.

The results were summarized as follows:-

1- Rainfall + 120 mm supplementary irrigation treatment led to obtain the maximum significant values for
all characteristics under study: plant height, number of leaves and branches per plant, fresh and dry weight per
plant, except dry matter percentage which gave the highest value with rainfall treatment. Also, yield and its
components (number of pods per plant, pod length, fresh weight of pod, 100 seeds weight, pods yield /plant and
per fed.), were increased significantly with increasing the rate of supplementary irrigation. The content of

nitrogen, phosphorus, potassium, protein and carbohydrates in pea seeds, showed the same previous trend.
2- Master B cultivar exceeded Lincolin cultivar for all the characteristics under study,
3- Bacterial inoculation, surpassed significantly than uninoculation treatment for all characteristics under

study, except the prescription rate of dry matter.

4- Triple interaction treatment indicated that rainfall + 120 mm supplementary irrigation with bacterial
inoculation on Master B cultivar led to obtaining the maximum values for all characteristics under study in both

growing seasons except dry matter percentage.
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Introduction

Pea (Pisum sativm L.) is one of the widely spread,
early maturing legume crop grown during the winter
season in Egypt. Pea seeds are ri¢h in protein and
vitamins. Also, pea is short durable crop .its
cultivation is highly profitable and preferable to the
farmers. It can be grown in most types of soil. This
legume crop is capable of fixing and utilizing
atmospheric nitrogen through symbiotic relationship
with Rhizobium and improve soil characters.
Economizes crop production reducing the
requirement of added synthetic nitrogenous fertilizers
with legumes cultivation (Solaiman and Rabbani,
2002). Pea was capable of extracting soil water to a
depth of about 60 cm at most sites (McKenzie ez al.
2004).

Most lands of Egypt are suffering from the
shortage of irrigation water. The important and most
agriculture activity in Egypt depend upon the water
supplying from River Nile (37.5 mellon m® /year)
beside 12 mellon m® /year from the other different
supplies. Supplemental irrigation increase the
production of crops above 50% when compared to
rainfall oaly.

The amounts of rainfall in Egypt were 90 up to
140 mm. It was characterized with irregularity in
both distribution and amount. Big project at El-
Hammam (NWCZ) area under implementation to
cultivate 62,500 hectare by applying two or three
supplemental irrigations (according to the available
water from River Nile) beside the natural
precipitation. Owies and Ryan (1998) illustrated that
the optimum response for rainfall conditions with 50
mm/ha, and addition of only limited irrigation (1/3
full irrigation} significantly increased yield, but near
maximum yields were obtained by 2/3 of full
irrigation. In another study, also, Oweis and
Hachum (2004) mentioned that the supplemental
irrigation is an option with great potential for
increasing water productivity in rainfall areas. In
another study, Schweeers et al. (2004) reported that
under Agricultural Stability Zone 2 of Syria (annual
precipitation: 300-350 mm) full supplemental
irrigation gave more productive and profitable than
deficit irrigation (40% deficit). Supplemental
irrigation increased pea yield when compared to the
rainfall system (Sherif ef al.,2010)

Biological nitrogen fixation is the most important
biochemical reaction for plant life. Phosphorus and
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Rhizobium inoculation increaséd N2-fixation by
legumes. Legumes in rotation with cereals contribute
to the total N in soil and improved cereals yield.
Subsequently, the nitrogen deficiency is one of the
major factors for yield limiting cereals and legume
(Shah et al., 2003). Biological nitrogen fixation
occurs mainly through symbiotic association of
legumes with certain N2-fixing microorganisms that
convert elemental nitrogen into ammonia (Shiferaw
et al, 2004).

Low P availability is especially problematic for
leguminous crops, since legumes nodules responsible
for N2-fixation have a high P requirement (Vance,
2001). Phosphorus is one of the most important
elements that significantly affect plant growth and
metabolism, thus its deficiency limits legumes
production in most agriculture soils (Shu-Jie et al,
2007). In the same line, phosphorus alone with
Rhizobium inoculation increased growth, yield and
nitrogenase activity as well as improved soil fertility
for sustainable agriculture (Gentili et al, 2006).
Inoculation with suitable rhizobia along with
phosphorus improves symbiotic nitrogen fixation and
yield in common bean (Zaman-Aliah et al, 2007).

Many researchers showed that there were
differences among cuitivars in growth characters,
yield and chemical composition of vegetative crops.
Pascale and Barbieri 2000, Jagdish et al, 2002
and Hafiz and Damarany (2006) reported that, the
differences among cultivars may be due to the
genetic differences between cultivars and their ability
for utilizing the environmental sources especially
light, CO2, water and nutrients, in addition, to
tolerance of stresses. Also, Ali et al. (2008) studied
the differences among 3 varieties of pea with respect
to yield and seeds of yield. They reported that BARI
Motorshuti-1 cultivar gave significantly the highest
values of yield when compared with other cultivars.

The objective of this study was to investigate the
effect of supplemental irrigation rates and
inoculation pea seeds with Rhizobium + Phosphorus
dissolving bacteria (PDB) on growth, production and
chemical contents of two pea cultivars under El-
Hammam (NWCZ) conditions of Egypt.

Materials and Methods

Two field experiments were conducted during
two growing seasons (2005 - 2006 and 2006 — 2007)
under calcareous soil and rainfall conditions at El-
Hammam region in NWCZ of Egypt. The
experiments concluded 16 treatments which were the
combinations between 4 supplemental irrigation
treatments i.e. rainfall (106.12 mm), rainfall + 60
mm/fed, rainfall + 90 mm/fed and rainfall +120
mm/fed .Every quantity of supplemental irrigation
was divided and added at tillering, booting and yield
stages of, 2 pea cultivars i.e. Lincolin and Mastar B.
Also, 2 inoculation treatments were used (without
inoculation and inoculation with Rhizobium

leguminosarum ~which contained two strains of
Rhizobium, namely AF165 and AF 214 and
Phosphate dissolving bacteria (PDB) consist of two
strains of Bacillus Magaterium namely Lux. 18 and
Ism 7. The bacteria were isolated from soil and
produced in the laboratory of Microbiology
Department, Desert Research Center, Egypt.
Chemical and mechanical analysis of the
experimental soil are shown in Table A according to
Jackson (1967) and Black and Editor (1965)
respectively. Sowing irrigation was carried out in
experiment area for one week before sowing.
Analysis of irrigation water is given in Table B
according to Richards (1954). The meteorological
data of El-Hammam area was show in Table C
During soil preparation just month before sowing
it had been added 10 m* compost /feddan plus 100 kg
super phosphate (15.5% P,0s). The experimental plot
area was 3.5 m length x3 m width (1/400 /fadden),
with 0.5 m apart between rows, 30 cm distance
between hills. Sowing date was on 1% and 15" of
December in both growing seasons respectively.
Planting irrigation from underground, were 45 mm
for all the experimental units (because precipitation
rainfall suitable for planting was late). Start of the
harvest was 60 days after planting and continued five
times for 30 days. Developed surface irrigation
system was implemented by using gated pipes
system. Water counter was used to calculate the
amount of water drawing from underground water.
The experiments were arranged in split split plot
design with three replicates .Irrigation treatments
were occupied the main plots, while the subplots
were assigned to inoculation treatments, while sub-
subplots were occupied by the two pea cultivars. The
statistical analysis was carried out according to
procedure of Snedecor and Cochran (1980).

Table A. Chemical and mechanical analysis and soil
texture and of the experimental site at El-
Hammam (NWCZ).

. Depth (cm)
Characters 0-30 30-60
pH 7.89 7.91
TSS 24 1.43
Cations Na* 15.2 6.2
megl K* 0.08 0.03
Ca* 3.15 5.51
Mg* - 2.56
CO;y . -
Anions HCO, 045 0.32
meg/l CI 194 8.5
SO, 4.15 5.48
Soil texture
Saturation % 40.0 40.0
Sand % 54.9 56.3
Silt % 18.15 19.9
Clay % 27.0 24.8
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Table B. Chemical analysis of the underground irrigation water at El -Hammam (NWCZ),

Water Ec

Elevation  Depth to TDS K+ Na' Mg? Ca” CI SO, HCO;,
water(m) level (mmo m pH (ppm)
(m)  hs/cm) PP pp Meq. /L
24 9.55 11.5 2.48 1587 8.65 18 299 63 107 590 125 285

Table C. Meteorological parameters at El -Hammam experimental (NWCZ),

. Relative Dew .
Ciic;zggg Month humidity Point Tem(;gg;lture R(zz;f;ll
(%) (&9)
Dec. 74.33 10.40 15.33 25.20
Jan. 70.67 8.70 13.36 49.00
2005- 2006 Feb. 72.00 8.86 14.10 8.61
Mar. 64.67 9.10 16.20 8.40
Apr. 66.33 12.46 19.33 4.20
106.12*
Dec. 70.495 9.83 15.795 19.35
Jan. 67.00 8.50 14.83 6.37
2006 -2007 Feb. 64.33 8.76 14.66 32.90
Mar. 68.00 10.26 17.60 15.40
Apr. 63.495 12.545 19.615 0.0
93.27*

* sum of rainfall amounts during 2005/2006 and 2006/2007 growing seasons.

Data recorded:

A. Vegetative growth characters: five plants were
taken from each plot at the beginning of the
flowering stage as a representative sample for
recording the following data.

Plant height (cm), number of leaves and
branches /plant, fresh and dry weightplant (g),
beside dry matter %.

B. Yield and its components

Yield and its components were determined after
60 days from planting as: average of pod length (cm)
and weight (g), number of pods/plant, fresh pods
yield/plant (g) and /feddan (kg) of five harvesting
times, as well as fresh weight of 100 seeds (g). Pod
characters: were recorded as average of 10 pods
which were taken from each harvest time from each
experimental unit.

C- Chemical composition

C-1- Minerais content: N, P and K (g/100 g dry
seed weight) were estimated using wet ashing
method according to Johnson and Ulrich (1959).
The total nitrogen was determined according to the
method of Huphries (1965) by a modified micro-
Kjildahle apparatus. Phosphorus was determined
calorimetrically according to the method of Frie et
al. (1964). While, Potassium was measured by Flame
photometer as described by Brown and Lilliland
(1964).

C- 2- Total carbohydrates were estimated by the
method described in A.Q.A.C. (1990). The following
equation was used to calculate
Total protein: Crude protein percentage = Nitrogen
value X 6.25 (Stewart, 1989).

Results and discussions

1 - Growth characters:

Data recorded in Tables 1 and 2 show the effect
of supplementary irrigation, two pea cultivars,
bacterial inoculation and their interaction on growth
parameters expressed as, plant height, number of
leaves and branches per plant, fresh and dry weight
per plant and dry matter %.

1-1 - Effect of supplementary irrigation: -

The results in Tables 1 and 2 referred that there
were significant differences in the vegetative growth
characteristics of pea plants as a result of transactions

" supplementary irrigation, on plant height, number of

leaves and branches per plant, fresh and dry weight
per plant, for two growth seasons. The highest values
were obtained with using treatment rainfall +120 mm
supplementary irrigation. While the highest values of
dry matter percentage was recorded with the
treatment of rainfall only. In this respect, the
decrease in the percentage of dry matter gradually
related with the increase in the amount of irrigation
water. The results obtained agree with those reported
by Schweers et al. (2004) and Mahajan and Tuteja
(2005) who concluded that the reduction in
vegetative growth occurred under water deficit
conditions this may be due to reduce nutrients uptake
by roots and transport to shoots because of restricted
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transpiration rates and impaired active transport and
membrane. In Kenya, Masinde et al. (2006) stated
that maintaining soil moisture at 60 % water holding
capacity would be sufficient to prevent a decline in
stem elongation and transpiration and sustain
relatively high dry matter production of two Solanum
species.

1-2- Effect of cultivars: -

There was a significant effect of cultivars on the
growth characters under study as shown in Tables 1
and 2. Master B cultivar showed superiority when
compared to Lincolin cultivar for growth
characteristics under study, in both growing seasons.
The results are in agreements with those obtained by
Hafiz and Damarany (2006) who found that there
was variation among five cowpea cultivars because
of differences among genotypes. in Northern Upper
Egypt at Assiut governorate. Also, Ali et al. (2008)
found that there were differences of shoot weight
among 3 varieties of pea. In another study, Zaki et al
. (2009) studied the effect of irrigation with saline
water on three sweet fennel cultivars. They found
differences among cultivars in vegetative growth
which could be due to differences response to saline
stress. El-Hifny (2010) studied the effect of two
cowpea cultivars. Cream 7 cultivar was significantly
superior in plant growth characters when compared
to Kafr- ElShekh cultivar. On the other hand, Kafr-
ElIShekh cultivar was significantly surpassed in fresh
and dry weight of plant.

1- 3 - Effect of bacterial inoculation: -

Results recorded in Tables 1 and 2 clearly show
that there were positive significant differences
between inoculation and without inoculation due to
the addition of bacteria during the plant growth,
which enhanced the growth of plants except the dry
matter%, which showed the highest values by using
the control treatment (without bacterial inoculation).
The results are in agreements with the results of
Khanam et al. (1999) and Bhuiyan et al. (2001)
who worked on lentil, mung bean and garden pea,
respectively. The results may be due to that
rhizobium inoculation increased N, fixation by
legumes which is most important in biochemical
reaction for life and growth (Shah et al.,, 2003 and
Shiferaw et al., 2004).

1-4 - Effect of Interactions:

The results described in Tables | and 2 show
the presence of general morale of the bilateral
interaction  supplemental irrigationx  cultivars,
supplemental irrigation x bacterial inoculation,
cultivars x bacterial inoculation and triple
interaction supplemental irrigationx cultivarsx
bacterial inoculation. The highest values of growth
characters was obtained in both growth seasons by
using triple interaction rainfall irrigation + 120 mm
suppiemental irrigation, use Master B cultivar
inoculated bacteria. The highest percentage of dry
matter was obtained by using the triple treatment
interaction rainfall of the variety Lincolin and non-

inoculated bacteria. Similar results were found by
many workers, like Khanam et al (1999) and
Bhuiyan et al. (2001) who worked on lentil and
chickpea

All parameters of vegetative growth were
significantly affected by adding the supplemental
irrigation with different rates as compared with
rainfall treatment. except dry matter%. Also from the
previous data it can be concluded that in case of a
shortage in supplemental irrigation. 90 mm
supplemental irrigation /faddan, only can be applied,
whereas in case of water abundance [20 mm
supplemental irrigation /faddan is the best.

2 - Yield and its components:
2- 1 - Effect of supplementary irrigation:

The effect of supplementary irrigation on yield of
pea and its components shown in Tables 3 and 4
revealed that rainfall +120 mm supplementary
irrigation resulted in the highest values of the number
of pods per plant, fresh weight of 100 seeds, pod
length, fresh weight /pod, pods yield /plant and per
fed, in both growing seasons when compared with
other supplementary irrigation treatments. It my be
worth to mention that yield of pea plants was
doubled 5, 9 and 11 times of rainfall only by adding
60, 90 and 120 mm supplementary irrigation,
respectively. The results agree with those obtained
by Anwer et al.( 2003) and Guoju et al. (2009) who
indicate that supplementary irrigation with 60 mm of
water applied over the entire growth stage of the crop
can play an important role in improving the pea yield
and its component which reached 8.3% —12.8% over
the control treatment. This may be due to increase
nutrients uptake and transport to shoot and
consequently improve growth and yield.

2- 2 - Effect of cultivars:

Resuilts recorded in Tables 3 and 4 shows that
there were significant differences between cultivars
on yield and its components under study. The higher
values of yield and its components cleared that
Master B cultivar surpassed than the other cultivar
Lincolin in both growing seasons.

The results are in agreement with the results of
Ali et al. (2008) who studied the effect of 3 varieties
of pea on yield (t/ha) and seed yield (t/ha). They
reported that BARI Motorshuti-1 cultivar gave
significantly the highest values of yield when
compared with the other cultivars. Also, Hafize and
Damarany (2006) on cowpea and Zaki et al. (2009)
on sweet fennel and EL-Hifny (2010) on cowpea
showed that the differencés among cultivars may be
due to the differences among genotypes and
tolerance of stresses.

2- 3 - effect of bacterial inoculation:

The data listed in Tables 3 and 4 clear significant
differences for the pea yield and its components as a
result of bacterial inoculation, which gave higher
values than uninoclation treatment in the two
growing seasons.
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Table 1. Effect of supplementary irrigation, bacterial inoculations and cultivars and their interaction on pea vegetative growth, throughout 2005 — 2006 and 2006 — 2007
growing seasons

Characteristics Plant height(cm) No. of leaves/plant No. of branches/plant
Seasons 1 2n 1 28 1% 28
Treatments W. Inn. Mean W. Inn. Mean W. In _ Mean W. In Mean W. In Mean W. In. Mean
= M 15.31 1835 16.83 16.08 19.27 17.67 17.31 2245 19.88 18.18 23.57 2087 1.00 1.00 1.00 1.05 1.050 1.050
f'g ?‘? L 13.64 1648 15.06 1432 1730 1581 1542 1846 1694 16.19 1938 1779 1.00 1.00 1.00 1.05 1.05 1.05
e Mean 1448 1742 1595 1520 18.29 16.74 1637 2046 1841 17.18 2148 1933 1.00 1.00 1.00 105 1.05 1.05

M 26.58 28.64 27.61 2791 30.07 2899 1542 2597 2070 24.06 2727 2566 2.00 2.00 2.00 2.10 2.10 2.10
_ 2253 2594 2424 2366 2724 2545 18776 2699 2288 1970 28.34 24.02 2.00 2.00 200 2.10 2.10 2.10

Mean 2456 2729 2592 25.78 28.65 2722 17.09 2648 21.79 21.88 27.80 24.84 200 2.00 200 210 210 2.10
M 36.12 46.25 41.19 3793 4856 4324 31.15 37.24 3420 3271 39.10 3590 3.00 400 350 3.15 420 3.68
34.12 3945 36.79 3583 4142 3862 2637 33.14 29.76 27.69 3480 31.24 3.00 3.00 300 3.15 3.15 3.5
Mean 35.12 42.85 3899 36.88 44.99 4093 2876 35.19 3198 30.20 3695 33.57 3.00 350 325 3.15 368 341
M 42.61 5255 4758 4474 55.18 4996 41.69 4597 43.83 4377 48.27 46.02 4.00 500 450 420 5.25 4.73

Rainfall
+

60 mm
e

Rainfall
+

90 mm
l

= E

“E + E L 41.18 48.11 44.65 4324 5052 46.88 29.78 39.16 3447 31.27 41.12 36.19 4.00 4.00 4.00 420 420 4.20

& = Mean 41.90° 50.33 46.11 4399 5285 4842 3574 4257 39.15 37.52 44.69 41.11 4.00 450 425 420 4.73 4.46
M 30.16 36.45 33.30 31.66 3827 3497 2639 3291 29.65 29.68 3455 3212 250 3.00 275 263 3.15 2.89

Mean L 27.87 32.50 30.18 29.26 34.12 31.69 2258 29.44 26.01 23.71 3091 2731 250 250 250 263 263 263

Mean 29.01 34.47 30.46 36.19 2449 31.17 26.69 32.73 2.50 275 2.63 2.89

LSD Rainfall 2.15 0.15 1.41 0.12 0.43 0.01
LSD cultivars 1.22 0.11 1.32 0.10 0.06 0.01
LSD Inoculation . 1.82 0.16 1.44 0.11 0.03 0.02
LSD Rainfall x cultivars 0.97 0.12 1.42 0.13 0.01 0.01
LSD Rainfall x Inoculation 0.24 0.13 0.14 0.11 0.02 0.01
LSD cultivars x Inoculation ‘ 1.23 0.11 1.45 0.09 0.08 0.01
LSD Rainfall x cultivars x Inoculation 1.64 0.66 0.86 0.45 0.09 0.07

LSD at 0.05 - W.= without inoculation , In.= Inoculation - M.= Master B , L.= Lincolin - 1* = First season , 2" = Second season
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Table 2. Effect of supplementary irrigation, bacterial inoculations and cultivars and their interaction on pea vegetative growth, throughout 2005 ~ 2006 and 2006 — 2007 N
rowing seasons =
Characteristics Fresh weight/plant (g) Dry weight/plant (g) Dry matter (%)

Seasons 1 o 1 2ud I ond

Treatments W. In. Mean W. In. Mean W. In. Mean W. In. Mean W. In. Mean Ww. In. Mean

=2 . M 12.14 13.57 1286 12.75 1425 1350 2.14 223 219 236 246 241 1764 1645 17.05 18.52 17.27 17.90

E 'g L 10.56 1147 11.02 11.09 1204 1157 1.77 1.8 1.82 195 205 200 1675 1624 16.50 17.59 17.05 17.32

~ Mean 11.35 1252 11.94 1192 13.15 1253 196 205 200 216 226 221 1720 1635 16.77 18.05 17.16 17.61

= g M 2036 2543 2290 2138 2670 24.04 177 4.12 295 381 455 4.18 1697 1622 16.60 17.82 17.03 17.42

_E + g L 1541 1975 17.58 16.18 20.74 1846 254 322 288 280 355 318 1649 1632 164l 17.31 17.14 17.23

M Y Mean 17.89 2259 2024 18.78 23.72 21.25 2.15 367 291 331 405 368 1673 1627 1650 17.57 17.08 17.33

= g M 31.21 3843 3482 3277 4035 36.56 4.88 553 520 537 609 573 1562 1438 15.00 1640 15.10 15.75

E o+ g L 20.64 2943 2504 21.67 3090 2629 3.23 445 384 356 490 423 1564 1511 15.38 16.42 15.87 16.14

g 3 Mean 25.93 3393 2993 27.22 3563 3142 405 499 452 447 550 498 1563 1475 15.19 16.41 1548 15.95

= E M 3543 4259 39.01 3720 4472 4096 509 596 553 562 657 6.10 1438 1400 14.19 15.10 1470  14.90

E + g L 21.18 3341 2730 2224 3508 28.66 3.20 500 410 353 551 452 1512 1497 1505 15.88 15.72  15.80

z & Mean 28.31 3800 33.15 29.72 3990 34.81 4.15 548 482 457 604 531 1475 1449 1462 15.49 15.21 15.35

M 2479 30.01 2740 2602 31.51 28.76 347 446 397 429 492 460 16.15 1526 15.71 16.96 16.03 16.49

Mean L 1695 2352 2023 1779 2469 2124 269 363 316 296 401 348 1600 1566 1583 1680 1644 16.62
Mean 20.87 26.76 2191 28.10 3.08 4.05 3.63 4.46 16.08 15.46 16.88 16.23 n
1.SD Rainfail 2.17 0.15 0.58 0.02 0.25 0.01 %

LSD cultivars 1.46 0.16 0.44 0.02 021 0.01 8

LSD Inoculation 1.52 0.12 0.49 0.01 0.13 0.01 E

LSD Rainfall x cultivars 0.97 0.11 1.42 0.01 0.36 0.02 Z

LSD Rainfall x Inoculation 0.24 0.10 0.14 0.02 0.40 0.01 8

LSD cultivars x Inoculation 1.23 0.11 1.45 0.09 0.45 0.01 ;

LSD Rainfall x cultivars x Inoculation  1.11 0.49 0.67 0.07 0.46 0.05 =

LSD at 0.05 - W.= without inoculation , In.= Inoculation - M.= Master B , L.= Lincolin - 1* = First season , 2" = Second season >

&
£
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Table 3. Effect of supplementary irrigation , bacterial inoculations and cultivars and their interactions on pea yield and its component, throughout 2005 — 2006 and 2006 —

2007 growing seasons.

Characteristics Number of pods /plant 100 seed fresh weight (g) Pod length (cm)
seasons s 2 1 2™ 1 omd
treatments W. In. Mean W. In. Mean W. In.  Mean W. In. Mean W. In. Mean W. In. Mean

5 . M 521 613 567 547 644 595 1535 20.82 18.09 16.12 21.86 1899 2.15 3.28 272 226 344 285

E € L 340 498 419 357 523 440 1776 19.78 18.77 1865 20.77 1971 206 2.86 246 2.16 3.00 2.58

~ Mean 431 556 493 452 583 518 1656 2030 1843 1738 21.32 1935 211 307 259 221 322 272

= g M 16.12 1723 16.68 1693 18.09 1751 17.76 26.21 2199 2484 2752 26.18 354 4,12 383 372 433 402

“S + g L 1524 16.14 1569 16.00 1695 1647 21.22 23.14 22.18 2228 2430 2329 374 465 420 393 4.838 4.40

& °  Mean 1568 16.69 16.18 1646 1752 1699 1949 2468 2208 2356 2591 2474 3.64 439 401 382 460 4.21

= g M 1641 1798 1720 17.23 18.88 18.05 2633 29.79 28.06 2765 31.28 2946 525 631 578 551 6.63 6.07

E + g L 1635 17.14 1675 17.17 1800 17.58 25.11 28.63 26.87 2637 30.06 2821 469 584 527 492 6.13 553

& 9 Mean 1638 17.56 1697 17.20 1844 17.82 2572 2921 2747 2701 3067 2884 497 608 552 522 638 580

= E M 17.51 19.46 1849 1839 2043 1941 31.32 3643 3388 3280 3825 3557 6.14 719 667 645 755 7.00

E + g L 16.89 1811 1750 1773 1902 1838 28.16 31.11 29.64 2957 32,67 31.12 594 632 6.13 624 664 644

& = Mean 1720 1879, 1799 18.06 19.72 18.89 29.74 33.77 31.76 3123 3546 3334 604 676 640 634 7.09 6.72

M 13.81 1520 1451 1450 1596 1523 2269 2831 2550 2537 29.73 2755 427 523 475 448 549 498

Mean L 1297 14.09 1353 13.62 1480 1421 23.06 2567 2436 2422 2695 2558 4.11 492 451 431 516 474

Mean 13.39 14.65 14.06 1538 22.88 2699 2479 2834 4.19 507 440 5.32

LSD Rainfall 0.35 0.15 1.41 0.06 0.26 0.03
LSD cultivars 1.22 0.03 1.12 0.07 0.21 .02
LSD Inoculation 0.94 0.07 1.63 0.07 0.45 0.02
LSD Rainfall x cultivars 0.26 0.02 0.92 0.01 0.86 0.02
LSD Rainfall x Inoculation 0.21 0.01 0.56 0.01 0.12 0.02
LSD cultivars x Inoculation 0.23 0.03 0.98 0.02 043 0.03
LSD Rainfall x cultivars x Inoculation 1.05 0.30 1.21 0.28 0.35 0.08

LSD at 0.05 - W.= without inoculation , In.= Inoculation - M.= Master B , L.= Lincolin - 1*" = First season , 2° = Second season
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Table 4. Effect of supplementaiy irrigation, bacterial inoculations and cultivars and their interactions on pea yield and its component, throughout 2005 — 2006 and 2006 —
2007 growing seasons.

Characteristics Pod fresh weight /plant (g) Pod yield /plant (g) Pod yield /fed (kg)
seasons 1¥ 2 12 nd 12 oud
treatments W. In. Mean W. In. Mean W. Inn. Mean W. In. Mean W. In. Mean W. In. Mean
E o M 237 298 268 249 3,13 281 21.52 23.64 2258 22.60 24.82 2371 122.02 192.25 157.14  128.12 201.86 164.99
£ e L 2.16 2.86 251 227 3.00 264 21.21 2286 22.04 2227 24.00 23.14 89.12 13226 110.69 93.58 138.87 116.22
& ° Mean 227 292 259 238 307 272 21.37 2325 2231 2243 2441 2342 10557 16226 133.91 110.85 17037  140.61
E g M 305 442 374 3.20 464 3.92 21.21 4076 3099 31.75 42.80 37.28 505.36 113226 818.81 530.63 1188.87 859.75
E + E L 2.84 3.67 3.26 298 3.85 342 2568 3572 30.70 26.96 3751 3224 394.16 65726 525.71 413.87 690.12 552.00
& 2 Mean 295 4.05 3.50 3.09 425 3.67 2345 38.24 30.84 29.36 40.15 3476 449.76 89476 67226 47225 93950 705.87
E g M 478 553 516 502 581 541 4231 56.18 49.25 4443 5899 51.71 1268.61 1598.85 143373 1332.04 1678.79 150542
E+ E L 395 435 415 4.15 457 436 2845 4345 3595 29.87 45.62 37.75 87026 1098.65 984.46 913.77 115358 1033.68
& & Mean 4.37 494 465 458 519 489 3538 49.82 42.60 37.15 5231 4473 106944 134875 1209.09 112291 1416.19 1269.55
E E M 525 6.18 572 551 649 6.00 60.88 78.22 69.55 6392 82.13 73.03 151393 1733.72 1623.83 1589.63 182041 1705.02
E + 5 L 435 4.76 4.56 4.57 500 4.78 4536 5291 49.14 47.63 55.56 51.59 116732 1496.25 1331.79 122569 1571.06 1398.37
g 9= Mean 4.80 547 5.14 5.04 574 539 53.12 65.57 59.34 55.78 68.84 62.31 1340.63 161499 147781 1407.66 169573 1551.70
Mean - 386 478 432 406 5.02 454 3648 49.70 43.09 40.67 52.19 4643 85248 1164.27 100838 89510 122248 1058.79
L 333 391 362 349 411 3.80 30.18 38.74 3446 31.68 40.67 36.18 630.22 846.11 738.16 661.73 88841 775.07
Mean 3.59 4.34 3.77 4.56 33.33 44.22 36.18 46.43 741.35 1005.19 778.41 105545
LSD Rainfall 0.46 0.15 5.49 0.23 112.35 7.29
LSD cultivars 0.96 0.01 : 6.32 0.20 121.36 7.39
LSD Inoculation 0.24 0.01 5.64 0.30 156.48 6.58
LSD Rainfall x cultivars 0.66 0.02 27.16 0.15 127.15 4.02
LSD Rainfall x Inoculation 0.29 0.2 0.36 0.11 106.54 5.12
LSD cultivars x Inoculation 0.46 0.01 26.38 0.10 168.64 5.06
LSD Rainfall x cultivars x Inoculat 0.67 0.06 1.23 0.81 58.64 29.57

LSD at 0.05 - W.= without inoculation , In.= Inoculation - M.= Master B , L.= Lincolin - 1¥ = First season , 2% = Second season

e1poyn) v ‘H ¥ PUB W'Q'I ‘Wojes




"TI0Z () 0S TOA “104OIYSOIN “I>S U3V Jo s[euuy

Table 5. Effect of supplementary irrigation , bacterial inoculations and cultivars and their interaction on chemical contents of pea seeds, throughout 2005 — 2006 and 2006 —

2007 growing seasons.
Characteristics Nitrogen (g/100g) Phosphorus (mg /100g) Potassium (mg /100g)
seasons 1# ond 1% oud 12 oud
treatments W. In. Mean W. In. Mean W. In. Mean W. In. Mean W. In. Mean W. In. Mean
= M 152 1.75 1.64 1.70 1.96 1.83 27891 296.41 287.66 312.38 331.98 322.18 718.25 776.36 747.31 804.44 869.52 836.98
_"5 'g L 130 144 137 146 1.61 1.53 257.14 277.28 267.21 288.00 310.55 299.28 708.12 726.42 717.27 793.09 813.59 803.34
~ Mean1.41 1.60 1.50 1.58 1.79 1.68 268.03 286.85 277.44 300.19 321.27 310.73 713.19 751.39 732.29 798.77 841.56 820.16

M 1.58 2.12 1.85 1.77 237 2.07 257.14 375.11 316.13 364.35 420.12 392.24 782.11 817.00 799.56 875.96 915.04 895.50
L 1.69 2.17 1.93 1.89 243 2.16 311.21 33241 321.81 348.56 37230 360.43 74224 796.21 769.23 831.31 891.76 861.53
Mean1.64 2.15 1.89 1.83 240 2.12 284.18 353.76 318.97 356.45 396.21 376.33 762.18 806.61 784.39 853.64 90340 878.52
M 2.13 275 2.44 239 308 2.73 387.31 414.61 400.96 433.79 464.36 449.08 853.12 881.15 867.14 955.49 986.89 971.19

Rainfall
+
60 mm

E + g L 2.14 2.65 240 240 297 2.68 339.23 384.19 361.71 379.94 430.29 405.12 811.22 875.13 843.18 908.57 980.15 944.36
A Mean2.14 2.70 2.42 2.39 3.02 2.71 363.27 399.40 381.34 406.86 447.33 427.10 832.17 878.14 855.16 932.03 983.52 957.77
= = M 2.82 328 3.05 3.16 3.67 3.42 41245 496.13 454.29 461.94 555.67 508.80 890.31 956.14 923.23 997.15 1070.88 1034.01
E + E L 297 3.11 3.04 3.33 348 3.40 396.22 427.18 411.70 443.77 478.44 461.10 836.14 911.31 873.73 936.48 1020.67 978.57
é = Mean2.90 3.20 3.05 3.24 3.58 3.41 404.34 461.66 433.00 452.86 517.05 484.95 863.23 933.73 898.48 966.81 1045.77 1006.29
M 201 2.48 2.24 225 277 251 333.95 395.57 364.76 393.11 443.03 418.07 810.95 857.66 834.31 908.26 960.58 934.42
Mean L 203 234 2.18 227 2.62 245 ' 325.95 355.27 340.61 365.06 397.90 381.48 774.43 827.27 800.85 867.36 926.54 896.95
Mean2.02 2.41 2.26 2.70 329.95 37542 379.09 420.46 792.69 842.47 887.81 943.56 .
LSD Rainfall 0.24 0.15 19.31 22.64 12.36 15.67
LSD cultivars 0.08 0.08 12.35 18.64 16.35 18.24
LSD Inoculation 0.09 0.11 19.05 22.34 48.65 53.24
LSD Rainfall x cultivars 0.15 0.19 9.85 11.37 28.68 31.29
LSD Rainfall x Inoculation 0.05 0.08 39.64 42.15 507.34 525.19
LSD cultivars x Inoculation 0.08 0.11 15.22 18.23 25.31 25.31
LSD Rainfall x cultivars x Inoculation  0.32 0.35 21.21 26.13 29.46 29.46

LSD at 0.05 - W.= without inocuiation , In.= Inoculation - M.= Master B , L.= Lincolin - 1*' = First season , 2" = Second season
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Table 6. Effect of supplementary irrigation , bacterial inoculations and cultivars and their interaction on chemical contents of pea seeds, throughout 2005 - 2006 and 2006

2007 growing seasons.

Characteristics Protein (%) Carbohydrate (%)
seasons 12 P 12 2nd

treatments W. In. Mean W. In. Mean W. In. Mean W. In. Mean

E o M 9.26 10.83 10.05 10.37 12.13 11.25 40.26 41.18 40.72 45.09 46.12 45.61

.5 :r_; L 7.97 9.11 8.54 8.93 10.20 9.56 36.18 40.21 38.20 40.52 45.04 4278

~ Mean 8.62 9.97 9.29 9.65 11.17 10.41 38.22 40.70 39.46 42.81 45.58 44.19

= g M 9.82 13.11 11.47 11.00 14.68 12.84 36.18 52.26 44.22 53.88 58.53 56.21

E + E L 10.32 13.43 11.88 11.56 15.04 13.30 4225 4531 43.78 47.32 50.75 49.03

& 3 Mean 10.07 13.27 - 11.67 11.28 14.86 13.07 39.22 48.79 44.00 50.60 54.64 52.62

= s M 13.43 13.25 13.34 15.04 14.84 14.94 51.29 57.32 54.31 57.44 64.20 60.82

E + g L 16.26 13.32 14.79 18.21 14.92 16.56 48.34 52.19 50.27 54.14 58.45 56.30

g Mean 14.85 13.29 14.07 16.63 14.88 15.75 49.82 54.76 52.29 55.79 61.33 58.56

= B M 14.97 16.31. 15.64 16.77 18.27 17.52 56.33 61.11 58.72 63.09 68.44 65.77

E + E L 18.75 15.78 17.27 21.00 17.67 19.34 51.62 59.41 55.52 57.81 66.54 62.18

g < Mean 16.86 16.05 16.45 18.88 17.97 18.43 53.98 60.26 57.12 60.45 67.49 63.97

Mean M 11.87 13.38 12.62 13.29 14.98 14.14 46.02 5297 49.49 54.88 59.32 57.10

L 13.33 12.91 13.12 14.92 14.46 14.69 44.60 49.28 46.94 49.95 55.19 52.57

Mean 12.60 13.14 14.11 14.72 45.31 51.12 52.41 57.26

LSD Rainfall 0.84 0.15 0.46 0.46
LSD cultivars 0.15 0.15 1.67 1.67
LSD Inoculation 0.21 0.21 2.15 2.15
LSD Rainfall x cultivars 0.74 0.74 1.26 1.26
LSD Rainfall x Inoculation 0.81 0.81 1.16 1.16
LSD cultivars x Inoculation 0.68 0.68 0.14 0.14
L.SD Rainfall x cultivars x Inoculation 0.44 0.44 1.95 1.95

LSD at 0.05 - W.= without inoculation , In.= Inoculation - M.= Master B , L.= Lincolin - 1* = First season , 2°° = Second season

(44

BIPOYD 'V "H "¥ PUt IW'O'IN ‘Wafeg



Response of some pea cultivars to supplementary irrigation under rainfall conditions......... ...

[
[
[7]]

These results are in agreement with those
findings by Feng et al. (1997) and Solaiman, and
Rabbani (2005) who reported that Rhizobium
inoculant significantly increased pods number of pea
when compared with uninoculated control. Also, in
another study, it was observed that pea var. BARI
Motorshuti -1 gave maximum pod yield of 30.78
g/plant (111% increase over uninoculated control)
and mature seed yield was 5.10 g/plant (86%
increase over uninoculated control) when plants were
inoculated with Rhizobium strains (Solaiman and
Khondaker, 2002). Also, inoculation with suitable
rhizobia with Phosphorus improved symbiotic
nitrogen fixation and yield in common bean
(Zaman-Allah ef al., 2007).

2- 4 - Effect of the interaction: -

The results recorded in Tables 3 , 4 show that the
triple interaction treatment rainfall + 120 mm
supplemental irrigation for Master B cultivar with
inoculated bacteria gave the highest values of yield
and its components than the other interaction
treatments.

3- Chemical composition:

3- 1 - Effect of supplemental Irrigation: -

The results presented in Tables 5, 6 showed
significant effects of complementary irrigation
treatments on the chemical constituents under study.
Where the outperforming treatment of irrigation
(rainfall +120 mm supplemental irrigation) gave the
highest values of the content of nitrogen, phosphorus,
potassium, protein and carbohydrates of pea seeds.
The results agree with those obtained by Oweis and
Hachum. (2004) and Sherif et al (2010). These
results may be due to that supplemental irrigation
could increase nutrients uptake by roots and transport
to shoots (Mahajan and Tuteja, 2005)

3- 2 - Effect of cultivars: -

The results indicate that there were significant
positive effects for Master B cultivar on chemical
content of pea seeds (nitrogen, phosphorus,
potassium, protein and carbohydrates), when
compare to Lincolin cultivar in both growing seasons
as shown in Tables 5 , 6. In this respect, such
differences may be due to differential in nutrients
uptake as regarded by Bianchini and Eyherabid
(1999). Also, Zaki et al. (2009) studied the effect of
irrigation with saline water on three sweet fennel
cultivars. They found differences among cultivars in
chemical content; it could be due to differences in
cultivars response to saline stress. EL-Hifny (2010)
studied the effect of two cowpea cultivars, and found
that the highest values of chemical content of cowpea
seeds were recorded by Kafr El-Shekh cultivar,
except Cl content which was increased in Cream 7
cultivar. The differences between cultivars: in

chemical content could be due to the differences of
genotypes cultivars.

3- 3 - Effect of bacterial inoculation:

Results presented in Tables 5 , 6 show that
bacterial inoculation gave significant positive effect
on all chemical components under study, when
compared with un-inoculation treatment. The
increase in protein content due to biological
fertilizers was reported by Elsheikh (2001).

Solaiman and Rabbani (2005) who found that
the performance of Rhizobium inoculated alone was
superior to un-incculated in protein content in green
and mature seeds of pea. This could be due to
inoculation with bacteria significantly changed the
ion balance in plant tissue, regardless of plant part or
bacteria type for the element uptake, the metabolic
pathway responsible for the increase of ion uptake
(Tahr and Dahdoh, 1997)

3- 4 - Effect of Interaction.

Data presented in Tables 5 and 6 clearly showed
that there was a significant effect of the interaction
treatments on chemical composition of pea. The
highest values of nitrogen, phosphorus, potassium,
protein and carbohydrates content were obtained
with the interaction treatment rainfall +120 mm
supplementary irrigation with Master B cultivar
inoculated with bacteria. These results are in the
same trend with those of Osman et al. (2010) and
Rugheim and Abdelgani (2011) on faba bean.

Conclusion

Under NWCZ conditions semi arid region (120 -
150 inm rainfall) we can improve growth, production
and chemical compositions of pea plants by using
supplementary irrigation with rate of 120 mm beside
rainfall and use Master B cultivar inoculated with
Rhizobium Leguminosarum.
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