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ABSTRACT

This study was conducted during two successive seasons (2000 / 2001 and
2001 / 2002) at the Experimental Farm of Faculty of Agriculture, Suez Canal
University, Ismailia to investigate the effect of Rhizobium inoculation, four levels of
nitrogen fertilization (0, 20, 40 and 60 Kg .N/ feddan) as ammonium sulphate and two
plant density treatments (2 and 3 lines per ridge) on vegetative growth parameters,
number of nodules, chiorophyll's a, b and total, N, P and K contents in the leaves and
yield of pea (Pisum sativum L.). Vegetative growth parameters increased with
inoculation alone or in combination with nitrogen application.

Nitrogen application significantly increased vegetative growth parameters.
Increasing plant density decreased vegetative growth parameters except plant height,
which increased with high density. Number of nodules on the roots was higher in
inoculated plants than uninoculated ones. Nitrogen application and wide spacing
enhanced nodule number per root. The yield parameters (pods number and weight
per plant, yield per plant, yield per fed. and weight of 100 seeds) showed a significant
increase with inoculation or nitrogen application over their control. However, with
higher density all yield parameters decreased except those of the total yield.

Photosynthetic pigments significantly increased with Rhizobium inoculation,
nitrogen application compared with the control. Lower density also increased those
pigments. Leaves contents of N, P, and K increased as a result of both inoculation
and nitrogen application. Higher plant density decreased leaves mineral content.

INTRODUCTION

Pea (Pisum sativum L.) is one of the mostimportant and popular
winter vegetable crops In Egypt either for local consumption or export.

It is well known that peas like other leguminous crops have the ability
to fix atmospheric- N in the soil via Rhizobium bacteria. Since this bacteria is
completely absent in new sandy soils, growers tend to overuse nitrogen
fertilizers to obtain a maximum yield. Improving production of pea crops in
sandy soils could be achieved through the enhancement of nitrogen fixation
by using biofertiizers such as Rhizobium, in addition to nitrogenous
fertilization, which is an essential factor for better yield and plant growth.
Rolfe and Gresshoff (1988) stated that depending on piant sp. and
environmental factors, N, fixation starts at the earliest between 10 and 12
days after infection.

Several investigators studied the response of leguminous crops to
Rhizobium inoculation and nitrogen fertilization [EI-Oksh ef al. (1991) on
beans; Abdel-Ghaffar and Mohamed (1992) on pea; El-Awag (1998) on broad
bean; Farghaly (1998) on cow pea; Hanna and Eisa (1998) on soybean;
Merghany (1998) on snap bean; Hanafy et al. (1999) on pea and Abd-Alla et
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al. (2000 a & b) on pea]. It is worth noting that the more plant density the

Mere wempstiien on light, nuiritien and winsr fasters afiggting plant growah.

Many investigators mentioned that higher plant densit; reduced plant growth
and dry matter conteit. However plant density may increase the total yield/
fed. owing to the plant population [ El-Afifi and Darweesh (1992) on bean, El-
Ghamriny & Arisha (1992) on pea ; El-Habbasha et a/.(1996) on pea ; Amer
(1998) on pea; Abdalla et al. (2000 a & b) on pea; El-Mansi et a/.(2000) on
pea and Amer et al. (2001) on pea.

Therefore the present work was designed to study the response of peas to
inoculation with Rhizobium, nitrogen fertilization and plant density in new
reclaimed sandy soil.

MATERIALS AND METHODS

Two field experiments were carried out at the Experimental Farm of
Faculty of Agriculture, Suez Canal University, Ismailia Governorate.

The physical and chemical properties of the experimental soil were
as follows; sand 95.8 and 95.7, silt 2.9 and 3.0, clay 1.3 and 1.3, pH 8.01 and
8.11, organic matter 0.70 and 0.85, total N (g / kg) 0.06 and 0.08, P (mg/kg)
5.8 and 6.11, K(m Eq /L) 0.43 and 0.49 and calcium carbonate (%) 0.55 and
0.68 for the first and second seasons, respectively.

Each experiment included 16 treatments resulting from the
combinations of two Rhizobium inocutations of seeds (inoculated and
uninoculated), four nitrogen levels; 0, 20, 40 ~nd 60 kg N/fed. and two levels
of plant population i.e. two or three lines per ridge. The experimental
treatments were arranged in split split plot in randomized block design with
three replicates. The main plot were devoted for Rhizobium inoculation,
nitrogen levels were allocated at random in the sub plot, whereas planting
density treatments were Presented randomly in the sub sub plot. Every sub
sub plot area was 10.5 m*® and included 6 ridges. Each was 3.5 m length and
50 cm width.

Pea seeds Master B cv. were inoculated with root nodules bacteria
(Rhizobium leguminosanum) at a dose of 5gm / kg seeds (Arabic gum was
.5ed as an adhesive agent) then the inoculated and uninoculated seeds were
sown on 28th of October at both seasons. All plots received farmyard manure
at a rate of 30 m% Fed. and equal amounts of Calcium superphosphate and
potassium at the rates of 150 and 100 kg / fed.. respectively. Nitrogen was
applied as ammonium sulphate (20.5 %). One third of the amounts of
chemical fertilizers was added with FMY at soil preparation. The other two
thirds were added with all other agricultural practices as recommended for
growing pea in sandy soils.

Data recorded:
Vegetative growth:

Six plants from each treatment were taken, 50 days after planting.
The following data were recorded:
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- Stem length (cm) , both leaves and branches number /plant, Nodules
nun]zber / plant root, shoot fresh and dry weights (g) and leaves area/ plant
(cm*). v L .

- Chlorophyll's a, b and total chlorophyll were determined according to
A.O.AC. (1975).

- Leaf mineral contents: 50 days after sowing, samples of leaves were oven
dried at 70 C°till constant weight to determine the following chemical
contents:

- Total nitrogen in leaves as described by A.O.A.C (1975).

- Phosphorous, determined colorimetrically by the standard method of
Jackson (1967).

- Potassium, determined using flame photometer as described by Jackson
(1967).

- Yield and yield components: the following data were recorded

- Number of pods/ plant.

- Average pod weight.

- Weight of 100 seeds.

- Fresh pod yield / plant in g.

- Total yield (ton / Feddan).

Statistical analysis:

The obtained data were subjected to statistical analysis according to
Snedecor and Cochran (1989). Treatment means were compared using
L.S.D. test as described by Gomez and Gomez (1984).

RESULTS AND DISCUSSION

1-Vegetative growth
Data in Table (1) indicate that vegetative agrowth was affected by
each of Rhizobium inoculation, nitrogen fertilization and plant density.

1-a- Effect of Rhizobium inoculation:

Data in Table (1) show the effect of Rhizobium inoculation on
vegetative growth parameters. Plant height, number of both leaves and
branches, leaves area / plant, shoot fresh and dry weight and number of
nodules significantly increased with Rhizobium inoculation as compared with
the control in both season of study. Roy and Basu (1992) reported that
nodules contain higher levels of 1AA and other growth hormones. These
growth hormones might be the cause of the increment in plant, nodule growth
and dry matter in different parts. These results are in agreement with those of
El-Oksh et al. (1991) on bean; Abdel-Ghafar and Mohamed (1992) on pea;
El-Ghamriny and Arisha (1992) on pea El-Awag (1998) on broad bean:
Farghaly (1998) on cow pea; Merghany (1999) on snap bean and El-Mansi et
al. (2000) on pea.
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Table ( 1 ): Effect of Rhizobium inoculation (A), nitrogen fertilization (B)and plant density (C) on plant height,nunmm ber
of leaves, number of branches, leaves area, shoot fresh weight, shoot dry weight and numer of nodule==s

of pea plants under sandy soil during( 2000/ 2001 - 2001/ 2002) seasons.
tnoculation A Plant height No. of leaves |[No. of branches| Leaves area |Shoot fresh weight{Shoot dry weight| No. of nodsm___ifes |
Inoculated 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2= nd
season | season {season | season | season | season | season | season | season | season | season | season | season | se ==c—=150N
Inoculated 3411 | 3196 | 1392 | 1342 | 2.05 1.95 [219.79 | 208.56 | 16.03 13.96 2.00 1.74 | 3469 | 31 780 |
Uninoculated 31.11 27.04 | 12.76 | 12.06 1.55 143 | 184,66 | 17256 | 13.95 12.97 1.67 1.53 8.50 7 330 ]
Nitrogen levels| B
0 25.15 | 23.04 | 11.43 | 10.81 1.29 1.20 | 15545 | 14568 | 10.70 9.86 1.43 1.29 1460 | 1==.070
i 20 29.87 | 27.72 | 1263 | 11.77 1.56 1.41 188.08 | 175.20 | 13.63 11.79 1.76 1.51 19.80 | Ve 440
40 36.10 | 29.71 1422 { 13.59 2.07 192 122448210831 16.77 14.84 2.01 1.77 27.03 | 2=—mR 450
60 39.33 | 37.54 | 15,07 14.80 2.28 2.24 | 240.89 | 230.53 18.87 17.38 2.15 1.98 24.96 | 2=—/—"=.260
Density C )
2 lines 30.89 | 2865 ] 13.70 § 13.13 1.91 1.86 | 211.13 | 198.57 15.85 14.19 1.89 1.68 2273 | 2==_3.660
3 lines 34.33 | 3146 | 1294 | 12.34 1.69 1.52 | 193.20 | 182.57 14.14 12.75 1.79 1.60 2047 {1 &Em8.450
L.S.D. 5%
Inoculation A 0.67 0.71 0.65 0.53 0.08 0.06 5.60 4.98 0.16 0.15 0.06 0.05 0.33 (), 31
Nitrogen levels| B 1.08 1.15 0.89 0.79 0.14 0.1 10.24 8.87 0.22 0.20 0.06 0.06 0.38 0.38
Density C 0.62 0.58 0.08 0.07 0.18 0.16 12.62 11.12 0.28 0.25 0.08 0.04 0.59 0.56
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1-b-Effect of nitrogen fertilization:

Table (1) indicates that the vegetative growth parameters significantly
increased as a result of nitrogen apgplication. The increments were
corresponding to the leve! of nitrogen application. Result has similar trend in
the two seasons. Russell (1973) indicated that as the level of nitrogen supply
increases, the extra protein produced allows the plant leaves to grow larger
and hence to have a large surface. Nitrogen application significantly
increased the number of nodules compared with the control. The highest
nitrogen level, however, decreased the number of nodules. This might be
attributed to the deleterious effect of high rates of nitrogen application on
nodule formation. These results are in harmony with the findings of Khalil
(1990) on pea; El-Ghamriny and Arisha (1992) on pea; Hanafy et al. (1999)
on pea and Merghany (1999) on snap bean.

1-c- Effect of plant density:

Data in Table (1) reveal that plant density negatively affected the
vegetative parameters except plant height. Results of the two seasons
ensure that sowing pea seeds on three lines/ ridge enhanced the height of
plants over the treatment of sowing two lines / ridge. This may be due to the
high competition between plant for light. The negative effect of high density
on other growth parameters might be due to the competition between plants
for light, space available for plant growth, mineral nutrition and other
environmental factors. These results coincided with those of El-Afifi and
Darweesh (1990) on French bean; Shekhar and Sharma (1991) on pea; El-
Habbasha et al. (1996) on pea; Abd-Alla et al. (2000, a) on pea and Amer et
al. (2001) on pea.

1-d-Effect of interaction:

Data in Tables (2 & 3) show the interaction effects of Rhizobium
inoculation, nitrogen application and plant density on vegetative growth
parameters in the first and second seasons, respectively. Statistical analysis
showed that the interaction effects of the three factors were not significant on
plant height, number of leaves and number of branches. The interaction
effects on leaves area were not significant except that of inoculation x density
which was significant. On the other hand, all interactions appeared highly
significant on each of shoot fresh and dry weight. The interaction effects on
the number of nodules were highly significant except that of inoculation *
density which was not significant.

2- Yield and its components:
2-a- Effect of Rhizobium inoculation:

Data in Table (4) show that number of pods/ plant, pods weight, yield
! plant, yield/ feddan and weight of 100 seeds significantly increased by
Rhizobium inoculation higher than the check. This was evident in the two
seasons of study. Increasing the yield and its components is a result of
enhancing vegetative growth by inoculation. These results are in agreement
with those of Abdel-Ghaffar and Mohamed (1992) on pea; El-Awag (1998) on
broad bean; Hanna and Eisa (1998) on soybean; Hanafy et al. (1999) on pea;
Merghany (1999) on snap bean and El-Mansi et a/. (2000) on pea.
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Table (2): Effect of Rhizobium inoculation (A), nitrogn fertilization (B) and plant density (C) interactions on plant

height, number of leaves, number of branches, {eaves area,shoot fresh weight, shoot dry weight and
number of nodules.(2000 / 2001)

c o
L x~
= )
"—5 g Plant height anue':‘?:; of No. of branches Leaves area Sh;:i(;::s" Shoot dry weight N::::ﬁ;:f
g |z
2 3 lines| mean 2 3 lines| mean 2 3 mean |2 lines|3 lines| mean 2 3 lines| mean 2 3 mean|2 lines|3 lines| mean
lines lines lines | lines lines lines | lines
S 0)26.01]128.55|27.27 12551 11.51]12.03] 158 | 1.44 | 151 | st | wunnt | st 112.34111.12111.73] 164 | 152 | 1.58 |25.22]23.02]24.12
inoculated [20}29.12133.69 | 31.41|13.59[13.01[13.26] 1.72 | 1.88 | 1.81 | #### | nuny | #4484 1164414431544} 214 | 183 1 199 [33.15({30.73]31.94
| 140]135.31(39.82]37.57]1502]14.51[14.75]| 263 | 207 | 2.36 | wtin | st | mrt | 18.8111757118.19) 218 | 215 217 [45.19[41.80 ]| 43.54
.. 180138.70|41.71]40.21 [ 1576 [ 1551 [15.63] 281 | 222 | 261 | #u#ts | #wne | #4#% 1021 |1831]18.76 ] 2.26 | 223 | 2.25 | 40.20 | 38.11 | 39.16
%__Qmegﬂ 322813594 34.11 | 14.21(13.64 11392 219 | 190 | 2.05 | #uu | #uun | #unit 116.7111536]16.03| 206 | 193 | 201 | 3594 33.44|34.69
01218624.18]23.02{11.21]1044]1083] 106 | 1.08 | 1.09 | #ith#n | #en | s 11022 912 | 967 | 1321124 1 128 | 610 ] 407 | 5.08
uninoculated 120} 25.76 | 30.91 [ 28.33 1 12.51 | 11.51[12.01| 1.38 | 1.24 | 1.31 | ##t#n | whan | #upn 11262711099 1181] 161 {143 (152812718 ] 7.65
40)33.11}36.12134.62|14.01|13.34[(13.67| 1.88 | 166 | 1.77 | #uaett | sttt | #mnt 117.02] 136715350 191 | 1.76 | 1.85 [ 11.73] 9.30 [10.51
60) 37.22139.68 | 38.45| 15.02 | 14.01 }14.51} 215 | 195 1 2.07 | #us | wuun | #un) 1201111786 1898 198 | 211 | 204 112.08] 9.45 |10 76
mean 2049132723111 |13.19(12.33§12.76 | 162 | 148 | 1.56 | #aast | watsint | st 114.991129111395] 1.71 | 164 { 167 | 951 | 750 | 8.50
total mean 30.89134.33(3261113.71112.94 |13.32]| 191 | 169 | 1.81 | wwnnt | wtsn | i [ 1580[1414]1499] 189 | 1.79 ] 1.84 |22.73[20.47]21.60
F test
A . e Ns Ns Ns Ns Ns NS NS NS £3% Anh ren -ty onw ey
| A*C NS | NS NS | NS NS NS - . . e NS | NS
B*C NS | NS NS | NS NS NS NS | NS o s
A°B*'C NS | NS NS | NS NS NS NS | NS o i o "

uessel ‘v ‘W pue ‘H ‘W uesmes ‘bies
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Table (3): Effect of Rhizobium inoculation (A), nitrogn fertilization (B) and plant density (C) interaction on plant
height, number of leaves, number of branches, leaves area, shoot fresh weight, shoot dry weight and

number of nodules (2001-2002).

Inoculation |:\.r‘;lgs Plant height Number of leaves No. of branches Leaves area Shoot fresh weig—ht—v
|inzes Iinses mean Iinzes li:es mean Iinzes Iinses mean Iirfes Iinses mean Iinzes Ii:es mean
Inoculated (] 23.56126.92 126.24111.66(11.00 | 11.33| 150 | 1.22 | 1.36 {162.25|153.17| 157.71 | 10.89 | 10.22 15.56
20 30.17 1 31.76130.97 { 12.27 | 12.00 | 12.14 | 1.66 | 1.60 | 1.63 (197.62{191.68| 194.65 |{ 13.77 | 11.82 12.80
40 32.13| 34.66 | 33.40] 15.65 | 13.66 | 14.66 | 2.70 | 1.99 | 2.35 (249.18|216.28| 232.73 | 15.92| 15.70 15.81
60 37.24 1 39.1838.21116.11]15.00 15.56 | 2.91 | 2.02 | 2.47 |258.80|239.46| 249.13 | 17.00] 16.34 16.67
Mean 30.78133.13|31.96{13.92|12.92 { 13.42| 2.19 | 1.71 | 1.95 |216.96(200.15| 208.56 | 14.40 | 13.52 13.96
Unioculated 0 19.46 { 22.19|20.83 1 10.36 | 10.22{10.29 | 1.07 | 0.99 | 1.03 |138.19{129.11| 133.65 | 9.71 | 8.60 9.16
20 22.80126.1124.46111.66 | 11.11]11.39] 1.23 | 1.12 | 1.18 [161.71]149.77 155.74 {1 11.43]10.11 10.77
40 28.11132.91|26.01]12.86|12.18|12.52| 1.62 | 1.34 | 1.48 |196.22{181.62| 188.92 | 15.68 | 12.06 13.87
60 35.72| 38.00 [ 36.86 | 14.50 [ 13.55 | 14.03 | 2.20 | 1.82 { 2.01 |224.43(199.43| 211.93 | 19.07 | 17.12 18.10
Mean 26.52129.80127.04 | 12.34 { 11.76 | 12.06 | 1.53 | 1.32 | 1.43 |180.14|164.98| 172.56 | 13.97 | 11.97 12.97
Total mean 28.65|31.46129.50 | 13.13{12.34 | 12.74 | 1.86 | 1.52 | 1.69 [198.55|182.57| 190.56 | 14.19|12.75|13.47
F test
A'B NS NS NS NS NS NS NS | NS b e
A'C NS NS NS NS NS NS - - b e
B*C NS NS NS NS NS NS NS NS i -
A*B*C NS NS NS NS NS NS NS NS - "

vr
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Table ( 4 ): Effect of Rhizobium inoculation, nitrogen fertilization and plant density on number of pods as==
plant, pod weight, yield / plant (gm), yield / feddan (ton) and weight of 100 seeds of pea plantss==—
under sandy soil during (2000/ 2001 - 2001/ 2002) seasons.

uessep Y ‘W pue ‘H ‘W uesmes ‘Gies

Inoculation A No. of pods!/ plant Pod weight (gm) Yield/ ptant (gm) Yield/ feddan (ton) [Weight of 100 seeds
Inoculated 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd
season | season | season | season |season| season | season | season |season | season
Inoculated 5.44 4.89 5.05 5.19 30.35 25.47 4.19 3.50 26.12 24.480
Uninoculated 447 4.08 4.01 4.32 19.93 16.84 2.72 2.29 22.39 20.510
Nitrogen level B
0 384 3.54 3.32 3.59 15.20 11.86 1.91 1.69 19.16 17.680
20 ) 4.67 4.20 4.09 444 20.89 17.30 2.88 2.62 22.13 20.730
40 5.53 4.92 5.15 5.27 29.38 25.64 4.02 3.82 25.87 23.970
60 5.81 5.28 5.57 5.75 35.11 29.83 4.81 449 29.82 27.610
Density Cc
2 lines 5.16 4.68 4.28 5.12 27.46 19.17 3.07 264 2547 3.520
3 lines 4.73 4.28 3.72 4.39 22.82 14.84 3.83 3.15 23.04 21.470
L.S.0 5%
Inoculation A 0.34 0.30 0.02 0.02 0.15 0.13 0.02 0.02 0.20 0.21
Nitrogen level B8 0.36 0.33 0.03 0.03 0.1 0.1 0.03 0.03 0.23 0.22
Density Cc 0.53 0.49 0.03 0.03 0.12 0.1 0.05 0.04 0.43 0.52
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2-b-Effect of nitrogen fertilization:

Data in Table (4) revealed that yield and its components significantly
increased with nitrogen application over the control. The increments were
corresponding to the increase of nitrogen levels. This was noticed in the two
seasons of study. These increments are due to the fact that nitrogen
application encourages vegetative growth. These results are in harmony with
those of Khalil (1990) on pea; El-Ghamriny and Arisha (1992) on pea; El-
Awag (1998) on broad bean; Hanna and Eisa (1998) on soybean and Abdalla
et al. (2000) on pea.

2-c- Effect of plant density:

Table (4) represents the effect of plant density on yield and its
components. All yield parameters of plants grown in 2 lines /ridge gave
higher values than those grown in 3 lines / ridge except the total yield /
feddan. Increasing plant population in feddan increased total pod yield during
the two experimental seasons. These results are in agreement with those of
El-Afifi and Darweesh (1990) bean; El- Habbasha et al. (1996) on pea;
Abdalla et al. (2000, a) on pea and. Amer et al. (2001) on pea.

2-d- Effect of interaction:

Tables (5 & 6) indicate the effect of the interaction of Rhizobium

inoculation, nitrogen application and plant density. Data show that the highest
number of pods per plant occurred in inoculated plants that received 60 units
of nitrogen and were grown in 2 lines per ridge.
Similar trends could be observed within the other yield components. The
highest yield per feddan appeared in plants that were inoculated with
Rhizobium and received 60 units of nitrogen but were grown in 3 lines per
ridge. The least values were obtained in control plants followed by those
receiving the lower and the medium nitrogen levels.

3-Chemical components:
3-a- Effect of Rhizobium inoculation:

Data in Table (7) show that chlorophyll a, b and total chlorophylls
significantly increased in plants treated with Rhizobium inoculation compared
to the control. Nitrogen content also increased significantly in the inoculated
plants compared with the control. The increase in nitrogen content is a result
of nitrogen fixation by the Rhizobium bacteria from the atmospheric nitrogen
in the roots media since more than 90% of the fixed nitrogen is rapidly
translocated from the bacteria to the different plant organs (Marschner,
1995). Phosphorus and potassium contents also showed a significant
increase with Rhizobium inoculation. The above mentioned results were
evident in the two seasons of the study. These results are in harmony with
those of Merghany (1999) on snap bean and El-Mansi et al. (2000) on pea.

6865



9989

Table (5): Effect of Rhizobium inoculation (A), nitrogen fertilization (B) and plant density (C) interaction on umber
of pods/ plant, pod weight, yield/plant (gm), yield/feddan (ton)and weigt of 100 seeds of peaplants under
sandy soil {2000/ 2001).

Inoculation |:\}:?s N“"‘b;{a‘::tm"s’ Pod weight (gm) | Yield/plant(gm) | Yield/ feddan (ton) weight of 100 seeds
: .
— linzes Ii:es mean Iinzes Iir?esT mean linzes Iir?es mean Iinzes Iir?es mean Iinzes Iir?es mean
noculated | 0 | 4.36 | 3.86 | 4.11 | 4.45 | 363 | 4.04 |19.40[19.01| 1920 | 247 | 235 | 226 |22.44]1921] 2082
20 | 512 | 492 | 502 | 507 | 468 | 487 | 2596|23.02| 2449 | 201 | 387 | 339 |2452|2306| 2379
40 | 633|587 615|612 520|570 [38.74]31.05| 3492 [ 435|522 478 |2881|2673| 27.77 |
| | 0 |688 612650672562 v [4623)3030] 4281 | 518 | 662 | 59 |33.34] 308 | 3200 __j
Mean 567 | 517 | 544 | 559 | 480 | 5.19 {32.50|28.12| 3035 | 365 | 472 | 4.19 [27.28|24.96] 26.12
Uninocutated| 0 | 372 | 340 | 3.56 | 3.23 | 3.05 | 3.14 |12.01[10.37| 1119 | 1.35 | 1.74 | 155 |18.51|1662| 17.56 N
20 | 448|414 {431 432368400 1935[1523] 1720 | 217 | 286 | 237 |21.74]1921] 2047
40 | 512|469 490|517 452 484 |2647]2120] 2383 | 206 | 356 | 326 |2567]2228| 2397
B 60 | 533 | 492 | 512 | 5.92 | 473 | 5.32 |31.55|23.27] 27.41 | 353 | 3.01| 372 |2876|2634| 2755
Mean 466 | 430 | 447 | 466 | 399 | 4.32 | 2234 |17.52| 19.93 | 215 | 204 | 272 |2367|21.11| 2238 |
Total mean 516 | 473 | 495 [ 512 | 4.30 | 4.75 |27.46 22,82 25.14 | 307 | 383 | 345 |25.47(2304| 2426
F test j
B Ns | NS NV
B AC NS | NS ver s e e s e NS Nsti
. Ns | ns U R UV R
ABC s | s

uesseH ‘v "W pue ‘H ' uesmes ‘Bies
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Table (6): Effect of Rhizobium inoculation (A), nitrogen fertilization (B) and plant density (c) interaction on

number of pods/ plant, pod weight, yield/ plant (gm), yield/feddan (ton) and weigt of 100 seeds of pea
plants under sandy soil ( 2001 / 2002).

inoculation | N-K8 "“'“":"az: pods/ Pod weight(gm) Yield / plant (gm) Vield / feddan (ton) | Veight of 100
Iinzes Iir?es mean lin2es Il|13es mean linzes Ii:es mean Iin2es li:es mean 2 lines
inoculated 0 |400| 356 378 | 424|311 368 |1696 | 11.07 | 1402 | 190 | 186 | 1.88 20.55
20 | 452|447 | 450 | 510 | 414 | 462 | 2305|1850 | 2078 | 258 | 3.41 | 2.85 23.72
40 | 556|522 | 539 | 598 | 536 | 567 | 3325 | 27.98 | 3062 | 372 | 470 | 4214 27.11
60 | 602 | 571 | 587 | 636 | 6.07 | 622 | 38.29 | 34.66 | 36.47 | 420 | 582 | 5.06 30.91
Mean 503 | 474 | 480 | 542 | 467 | 505 | 27.89 | 23.06 | 2547 | 3.12 | 3.87 | 3.50 25.57
Uninoculated | 0 347 | 311 | 320 | 300 | 289 | 295 | 1041 | 899 | 970 | 1.17 | 151 | 1.34 16.88
20 | 397 | 381 | 380 | 376 | 3.33 | 355 | 14.93 | 1265 | 13.81 | 167 | 213 | 1.90 19.76
40 | 479 | 411 | 445 | 497 | 426 | 462 | 2381 | 1751 | 2066 | 2.67 | 2.04 | 2.81 22.94
60 | 511 | 426 | 469 | 530 | 4.42 | 491 | 2754 | 1883 | 23.19 | 308 | 3.46 | 3.12 26.27
Mean 433 | 382 | 408 | 428 | 372 | 401 | 1917 | 1451 | 1684 | 215 | 244 | 229 21.46
Total mean 468 | 428 | 449 | 485 | 420 | 453 | 2353 | 1879 | 2116 | 264 | 3.45 | 2.0 23.52
F test
B R s | ns
AC Ns | NS NS
—s Ns | ns :
ABC Ns | Ns
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Table ( 7): Effect of Rhizobium inoculation, nitrogen fertilization and plant density on chlorophyli a, chlorophyll
b, total chlorophylls, nitrogen,phosphorus and potassium cotents in the leaves of pea plants under
sandy soil during ( 2000/ 2001 and 2001/ 2002) seasons.

Chlorophylt a Chiorophyll b |Total chlorophylls Nitrogen Phosphorus Potassium-
Inoculation A se;::e'on sezans(:m se1aiton seza';:n se1a:ton seza'::)n se:aiton sezar;in se1a:.ton sezans(:)n se1azton 2nd season
Inoculated 4.01 3.60 3.19 277 7.20 6.37 3.37 297 0.346 0.327 1.756 1.62
Uninoculated 349 3.20 2.84 2.56 6.34 5.76 3.10 272 0.336 0.318 1.65 1.57
N. kg. Levels 8
0 3.35 2,95 2.80 2.36 6.14 5.38 2.93 2.56 0.321 0.304 1.54 1.44
20 372 | 339 | 295 | 254 | 667 | 602 | 3.07 | 266 | 0335 | 0318 | 169 | 154
40 » 3.93 3.58 3.09 2.70 7.01 6.28 3.33 2.97 0.350 0.333 1.75 1.65
60 4.05 3.70 322 2.90 7.27 6.59 3.61 3.7 0.359 0.348 1.82 1.76
Density C )
2 lines 3.96 3.59 3.07 2.78 7.06 6.37 3.51 294 0.299 0.325 1.76 1.63
3 lines 3.54 3.21 295 2.56 6.49 5.77 2.98 2.74 0.333 0.323 1.65 1.57
LS.D.5%
inoculation A 0.24 0.22 0.01 0.01 0.01 0.01 0.07 0.06 0.02 0.01 0.06 0.05
Nitrogen level B 047 0.46 0.01 0.01 0.02 0.03 0.15 0.13 0.02 0.01 0.07 0.06
Density Cc 0.09 0.09 0.01 0.01 0.03 0.02 0.05 0.04 0.01 0.01 0.02 0.02
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3-b- Effect of nitrogen application:

Data in Table (7) show that chiorophyll a, b and total chlorophyli
significantly increased in plants that received different levels of nitrogen
compared with the control. Marschner (1995) indicated that the content of
lipids in green leaves is closely related to the N supply. Galactolipids act as
structural components of chlorophylis. Correspondingly, an enhancement of
protein synthesis and chloroplast formation leads to an increase in
chloroplast constituents such as chlorophyllis.

Nitrogen, phosphorus and potassium contents also appeared to
increase significantly in the treated plants compared with the control. The
increments were adherent to the increase in the applied nitrogen level. This
was evident in the two seasons of the study. These resuits are in harmony
with those of Khalil (1990) on pea; EI-Ghamriny and Arisha (1992) on pea
and Merghany (1999) on snap bean.

3-c- Effect of plant density:

Data in Table (7) illustrate that chiorophyli a, b and total chlorophytl
significantly decreased with the higher plant density. Nitrogen, phosphorus
and potassium contents showed similar trends to that of chlorophyll. This was
evident in the two seasons of the study. The decrease in chlorophyll and N, P
and K contents could be due to the higher competition for light and nutrients
between plants. These results are in agreement with those of El-Afifi and
Darweesh (1990) on bean and Abdalla et al (2000, b) on pea.

3-d- Effect of the interaction:

Data in Tables (8 and 9) show that chlorophyll was significantly
higher in all treatment interactions compared with the control. This was clear
in the two seasons. The higher chlorophyll contents were obtained in plants
treated with Rhizobium inoculation and receiving the medium and the highest
levels of nitrogen application. Nitrogen contents were significantly affected by
all the interactions except the interaction of inoculation x nitrogen application
x plant density, which was not significant. The interaction effect showed no
significant differences for phosphorus or potassium contents. This was
evident in the two seasons.
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Table (8): Effect of Rhizobium inoculation (A), nitrogen fertilization (B) and plant density (C) interaction on
chlorophy! a, chlorophyl b, total chlorophylls, nitrogen, phosphorus and potassium cotents in the

leaves of pea plants under sandy soil ( 2000/ 2001).

N.kg

Inoculation levels Chlorophyll a Chlor;) phylt Total chlorophylls Nitrogen | Phosphorus
Iinzes li:es mean linzes Iir?es mean linzes Iir?es mean Iinzes Iir?es mean Iinzes Iinses W mesan
Inoculated 0 3.65 | 344 | 355 | 294 | 302 | 298 | 659 | 646 | 653 | 3.22 | 2.89 | 3.06 | 0.332 | 0.317 0.325/_]
20 420 | 366 | 393 | 320 | 3.11 | 316 | 740 | 677 | 7.09 | 3.41 | 297 | 3.19 | 0.349 | 0.330 | 0.Z40
40 448 | 391 | 420 | 338 | 315 | 3.27 | 786 | 7.06 | 746 | 3.85 | 3.11 | 3.48 | 0.362 | 0.345 | 0.554
o 60 460 | 411 | 3.36 | 340 | 328 | 3.34 | 800 | 739 | 770 | 411 | 3.38 | 3.75 | 0.380 | 0.350 | 0.365
Mean 423 | 378 | 401 | 323 | 314 | 319 | 746 | 692 | 7.20 | 3.69 | 3.09 | 3.37 | 0.356 | 0.336 | 0.346
I Unioculated 0 3331 296 | 315 | 265 | 256 | 261 | 598 | 552 | 575 | 291 | 266 | 2.79 /0.320 0.311 | 0.316
20 380 | 322 | 351 | 282|266 | 274 | 662 | 588 | 625 | 3.00 | 2.82 | 296 | 0.338 | 0.320 | 0.32¢9
40 386 | 345 | 366 | 296 | 284 | 290 | 682 | 629 | 656 | 3.44 | 291 | 3.18 | 0.351 | 0.340 | 0.346
60 394 | 352 | 373 | 322|296 | 3.09 | 7.16 | 651 | 6.84 | 3.85 | 3.08 { 3.47 | 0.360 | 0.345 | 0.353
Mean 368 | 329 | 349 | 291 | 276 | 284 | 665 | 6.05 | 6.35 | 3.32 | 2.87 | 3.10 | 0.342 [ 0.329 | 0.336
Total mean 396 | 354 | 375 | 307 | 295 | 3.01 | 7.06 | 649 | 6.76 | 3.51 | 298 | 3.24 | 0.299 | 0.333 | 0.341
F test B
A.B 1 e " T3] e (T3] » - Ns Ns /’—
A*C ’ e ™ oas e e N e NS NS
I
B*C . - vee . [N e vee . NS NS
ABC | e Ns | ns ns | N
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Table (8): Effect of Rhizobium inoculation (A), nitrogen fertilization (B) and plant density (C) interaction on
chlorophyl a, chlorophyl b, total chlorophylls, nitrogen, phosphorus and potassium cotents in the

leaves of pea plants under sandy soil ( 2000/ 2001).

Inoculation l:\;';lgs Chilorophylt a Chlor: phyll Total chlorophyils Nitrogen Phésphorus
2 | 3 2 | 3 2 3 2 | 3 2 3 v
lines | lines | ™" | tines | lines | ™" | lines | lines | ™" | tines | lines | ™®®" | tines | lines | ™"
inocutated | 0 | 365 344 | 355 [ 294 [ 302 | 298 | 650 [ 6.46 | 653 [ 322 | 289 | 306 | 0332 | 0317 | 0.325
20 | 420|366 | 393 | 320 [ 341 | 316 | 740 | 677 | 7.00 | 341 | 207 | 319 | 0349 | 0.330 | 0.340
40 | 448 | 301 | 420 | 338 | 315 | 327 | 7.86 | 7.06 | 7.46 | 3.85 | 3.41 | 348 | 0362 | 0.345 | 0.354
60 | 460 | 411 | 336 | 3.40 | 328 | 3.34 | 800 | 7.30 | 7.70 | 411 | 338 | 375 | 0.380 | 0.350 | 0.365
Mean 423 | 378 | 401 | 323 | 314 | 319 | 746 | 692 | 7.20 | 369 | 3.09 | 3.37 | 0.356 | 0.336 | 0.346
Unioculated | 0 | 333 | 296 | 3.15 | 265 | 256 | 261 | 598 | 552 | 575 | 201 | 266 | 279 | 0.320 | 0.311 | 0.316
20 | 380 | 322 | 351 | 2.82 | 266 | 274 | 662 | 588 | 625 | 3.00 | 282 | 2.96 | 0.338 | 0.320 | 0.329
a0 | 386 | 345 | 366 | 296 | 2.84 | 290 | 6.82 | 629 | 656 | 3.44 | 291 | 3.48 | 0.351 | 0.340 | 0.346
60 | 394 | 352 | 373 | 322 | 206 | 3.00 | 716 | 651 | 6.84 | 3.85 | 3.08 | 347 | 0.360 | 0.345 | 0.353
Mean 368 | 329 | 349 | 291 [ 276 | 284 | 665 | 605 | 635 | 332 | 287 | 3.10 | 0342 | 0.329 | 0.335 |
Total mean 396 | 354 | 375 | 3.07 | 295 | 301 | 7.06 | 649 | 6.76 | 351 | 2.98 | 3.24 | 0.209 | 0.333 | 0.341
F test
B A . Ns | s
oG R R e = YR o Ns | ns
BC P - pYv B POV Ns | ns
ABC s | NS ns | ns
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