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EFFECT OF RHIZOBIUM INOCULATION, NITROGEN
FERTILIZATION AND PLANT DENSITY ON GROWTH, YIELD
AND MINERAL CONTENT OF PEAS UNDER SANDY SOIL

CONDITIONS
Sarg, Sawsan M. H. and M. A. Hassan
Faculty of Agriculture, Suez Canal University, Ismailia (A.R.E.)

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, chlorophyll'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. Mitrogen application and wide spacing
enhanced nodule number per roet. The yield parameters (pods number and weight
per plant, yield per piant, 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 alsc 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 (Fisum salivum 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 2 maximum yield. Improving preduction of pea crops in
sandy soils could be achieved through the enhancement of nitrogen fixation
by using biofertilizers 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 plant 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 incculation and nitrcgen fertilization [El-Oksh et al, (1991) on
beans, Abdel-Ghaffar and Mohamed (1952) on pea; El-Awag (1958) on broad
bean; Farghaly (1998) on cow pea; Hanna and Eisa (1998) on soybean;
Merghany (1998) on snap bean; Hanafy et a/. (1999) on pea and Abd-Alla et
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al. (2000 a & b) on peal. It is worth noting that the more plant density the
more competition on light, nutrition and other factors affecting plant growth.
Many investigators mentioned that higher plant densit reduced plant growth
ang dry matter content. Hcwever plant density may increase the total yield/
fed. owing to the plant population [ EI-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 ef &/.(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, siit 2.9 and 3.0, clay 1.3 and 1.3, pH 8.01 and
B.11, organic matter 0.70 and 0.85, total N (g / kg) 0.06 and 0.08, P {mg/kg)
58 and6.11, 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 inoculations of seeds (inoculated and
uninoculated), four nitrogen levels; 0, 20, 40 and 60 kg N/ffed. and two tevels
of plant population i.e. two or three lines per ridge. The experimental
treatments were arranged in split split ptot in randomized block design with
three replicates. The main piot were devoted for Rhizobium inoculation,
nitrogen levels were allocated at random in the sub plot, whereas planting
density treatments were ?resented 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 ingculated with root nodules bacteria
(Rhizobium leguminosarium} at a dose of 5gm / kg seeds (Arabic gum was
used as an adhesive agent) then the inoculated and unincculated seeds were
sown on 28th of October at both seasons. All plots received farmyard manure
at a rate of 30 m¥ Fed. and equat amounts of Caicium 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 ptants 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
nurr;ber ! ptant root, shoot fresh and dry weights (g) and leaves area/ plant
{cm®).

- Chlorgphyll's a, b and total chlorophyll were determined according to
AQAC. (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 (1875).

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

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

- Yield and vield components: the following data were recorded

- Number of pods/ plant.

- Average pod weight.

- Weight of 100 seeds.

- Fresh pod vield / plantin 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.5.D. test as described by Gomez and Gomez (1584).

RESULTS AND DISCUSSION

1-Vegetative growth
Data in Table (1) indicate that vegetative growth 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 IAA and cther 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 {1393} on snap bean and El-Mansi et
al. (2000) on pea.
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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 application The increments were
correspanding to the level 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 noduies compared with the control. The highest
nitrogen level, nowever, decreased the number of nodules. This might be
attributed to the deleterious effect of high rates of nitrogen application on
nodule formation. These resulls are in harmony with the findings of Khalil
(1990) on pea; El-Gharnriny and Arisha (1992) on pea; Hanafy e! al. (1959)
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 paramelers 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 o the
high competition between piant 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 Ei-Afifi and
Darweesh (1990) on French bean; Shekhar and Sharma (1991) on pea; EI-
Habbasha et al {1998) on pea; Abd-Alla et al. {2000. a) on pea and Amer &t
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, allinteractions 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 thal 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 resuits 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 a/. (1999) on pea;
Merghany (1999) on snap bean and El-Mansi e! al. {2000) on pea.
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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 resuits are in harmony with
those of Khalil (1990) on pea; El-Ghamriny and Ansha (1992) on pea: Ei-
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
Ei-Afifi and Darweesh (1990) bean; Ei- 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 inocuiated 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 vyield 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 chiorophyll a, b and total chiorophylis
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 resuit
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 aiso 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.
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3-b- Effect of nitrogen application:

Data in Table (7) show that chlorophyll a, b and total chlorophyll
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 chiorophylls. Correspondingly, an enhancement of
protein synthesis and chloroplast formation leads to an increase in
chloroplast constituents such as chlorophylis.

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 results are in harmony
with those of Khalil (1990) cn pea; El-Ghamriny and Arisha (1992) on pea
and Merghany (1999) on snap bean.

3-c- Effect of plant density:

Data in Table (7) illustrate that chlorophyll a, b and total chiorophyl!
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 chlorophyli 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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