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OPTIMUM WATER REQUIREMENTS OF SOYBEAN IN
THE CLAY SOIL UNDER RHIZOBIAL INOCULATION
AND UREA FERTILIZATION

Moursi, E.A.; M.A. Aziz; A.A. Mehessen and M.M. Kassab
Soil, Water and Environment Research Institute Agric. Res. Center

ABSTRACT

Two field trials were conducted at Sakha Agricultural
Research Station, Kafr El-Sheikh Governorate during the two
successive growing seasons 2007 and 2008 to study the impact
of irrigation water quantity, Rhizobial inoculation and urea
fertilization on some water relationships, yield and its
components of soybean plants. The experimental design used in
this study is split-split plot with four replicates where the main
treatments were randomly assigned by irrigation depths which
were A. irrigation by 2.0 cm depth above soil surface, B-
irrigation by 4.0 cm depth above soil surface and C- irrigation
by 6.0 cm depth above soil surface.
Sub-main treatments which were randomly assigned by
application and non-application of rhizobial inoculation and sub-
sub treatments were assigned by application two doses of urea
fertilization.

The main results in this study can be summarized as follows:

Data obtained showed that the mean values of soybean
seed yield were affected by the studied treatments (irrigation
quantity, rhizobial inoculation and mineral fertilization. The
highest mean values for soybean seed yield in the two growing
seasons were recorded under irrigation by 4.0 cm depth above
soil surface comparing with the other two irrigation depths 2.0
and 6.0 cm. The mean values for seed yield in the two growing
season were 1099.41, 1226.19 and 1120.17 kg/fed. at 2.0, 4.0
and 6.0 cm irrigation depths, respectively. That means the
quantity of irrigation water as a 4.0 cm head above soil surface
leads to saving a large amount of irrigation water, improving
soil properties and decreasing pressure on the drainage network
in the clay soil. Data also showed that rhizobial inoculation
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increased mean values of seed yield comparing with non-
inoculation treatments.

Also, data illustrated that the mean values of soybean
seed yield in the two growing seasons were affected by adding
nitrogen fertilizer especially under the high level of application
(20 N unit/fed.). ,

The mean values of applied irrigation water in the two
growing seasons were 1287.55, 2524.65 and 3776.85 m?/fed.
obtained from watering till depth 2.0, 4.0 and 6.0 cm as
irrigation depth above soil surface, respectively. Data also
showed that the mean values of water utilization efficiency in
the two growing seasons were increased under the lowest
irrigation depth (2.0 cm) above soil surface comparing with the
other two irrigation depths (2.0 and 6.0 cm). The mean values in
the two growing seasons were 0.86, 0.48 and 0.30 kg/m’ resulted
from 2.0, 4.0 and 6.0 cm irrigation depth, respectively.

The concentration of NPK in seeds increased under 4.0
cm irrigation depth comparing with 2.0 and 6.0 cm above soil
surface. Also, data showed that application of rhizobial
inoculation and increasing nitrogen dose increased concentration
of NPK. Data also illustrated that the mean values of yield
components (number of tillers, weight of 1000 seed weight,
plant height, number of pods/plant and weight of pods/plant)
increased under 4.0 cm irrigation depth, application of rhizobial
inoculation and increasing nitrogen dose to 43.4 kg urea/fed.

INTRODUCTION

In Egypt, the present capita share of water is about 1000
m3/year, which is equivalent to the international standard of
"water poverty limit". In addition there is a continuous and rapid
degradation of the surface and groundwater quality, where the
groundwater is important source of fresh water within the Nile
system and in the desert. Unfortunately, while water supply is
diminishing rapidly, water demand is continuously increasing
due to population growth, increased economic activities and the
escalating standards of living. Improving the irrigation system
constitutes the key element in achieving the national goal of
increasing irrigation efficiency, and fulfilling the equality of
water distribution among the farmers in order to achieve the
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maximum crop yield. (EI-Mowelhi et al., 1999 and Abo
Soliman et al., 2005).

Agriculture is the main sector in water demand at the
national level. Water allocated the irrigation is about 85% from
the total national water. So, effective management at the
irrigation sector is the principal way towards the rationalization
policy .of the country. In this aspect, effective on-farm irrigation
management becomes
a must. One of the main procedure to achieve this target is
through how much water should be applied.

Soybean (Glycine max L.) is considered as one of the
most important protein and edible oil crops, introduced all over
the world. The work of Karte ef al. (1983), Eck et al. (1987)
and Speck et al. (1989) and many of other investigators have
shown that soybean is amenable to limited irrigation. Stegman
et al. (1990) indicated that although short term water stress in
soybean during early flowering, may result in flower and pod
drop in the lower canopy; increased pod set in the upper nodes
compensates for this, where there is a resumption of normal
irrigation There is a great problem in oil production, where as
lacking of edible oil with about 90% from the national
consumption, so, we should give a wide attention for edible
crops such as soybean by giving more due care for increasing its
production quantitatively and qualitatively both by increasing its
cultivated area which decreased obviously in the latest years and
selection good varieties.

Under Egyptian conditions beside limitation of water
resources there is a big problem faces Egyptian Agriculture that
is increasing prices of mineral fertilizers in addition to their bad
effects on soil and water properties by making pollution for
them and will be hard to reuse drainage water again. This
problem can be solved by using biofertilizers instead of mineral
ones. Douka ef al., 1986) reported that inoculation of soybean
can save more than 84 kg N/fed. Many of the published reports
showed that the relationship between soybean cultivars and
rhizobium strain is one of the most important factors influencing
biological N,-fixation (Ghobrial, 1995).
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The main goals for this present work are to:

1.  Make rationalization for irrigation water by controlling the
irrigation depth without any drastic effect on yield and
quality as well as crop water efficiencies.

2. Investigate the effect of mineral fertilizers on yield and
quality and also make a great concentration for the effect
of biofertilizers application on rationalization of mineral
fertilizers and on yield and its quality.

3. Study .the interaction effects for the three studied
parameters (irrigation depth, mineral and biofertilizers
application).

MATERIALS AND METHODS

Two field experiments were carried out at the
experimental farm of Sakha Agricultural Research Station
during the two summer seasons 2007 and 2008 to study the
effect of irrigation water depth (amount of water applied),
mineral and biofertilizers application on soybean yield, its
components and some water relations. The station is situated at
31° N latitude, 30° 75 E longitude. It has elevation of about 6
metres above mean sea level (MSL). It represents the conditions
and circumstances of the Northern part of the Nile Delta.

Soil samples for different depths at the experimental site
were collected each (15 cm. soil depth) up to 60 cm and
analyzed for some chemical and physical characteristics.

A. Chemlcal characteristics:

Total soluble salts (soil EC), soil reaction (pH) and both
soluble cations and anions were determined according to the
methods described by Jackson (1962).

B. Soil physical characteristics:

1. Soil texture: _
The particle size distribution was determined according

to the international method Klute (1962), to the soil texture. The

obtained results indicate that the soil is clayey in texture and the

soil profile is uniform without distinct change in texture.
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2. Soil bulk density (apparent density):

Soil bulk density or which so-called apparent density
was determined by using cylindrical sharp edge samples
Vomocil (1957). Each cylinder was pressed gently into the soil
to the desired depth to obtain -.a known volume of the
undisturbed soil samples were oven dried at 105°C and the bulk
density was calculated as g/cm®. all values are presented in
Table (1).

3. Field capacity (F.C.):
Field capacity was determined in the site.

4. Permanent wilting point (P.W.P):
Wilting point was calculated by divide field capacity by
1.84 for clay soil textured according to Garcia (1978).

PWP. = EC.
1.84

5. Available water (A.W):
The following formula is used to compute available
water by James (1988). '
AW = Dr;3 (FC-P.W.P)/100

Where:

AW = Available water cm.

Dr; = Depth of a soil layer that restricts water movement.
F.C. = Field capacity in percent by volume.

P.W.P = permanent wilting point in percent by volume.

Experimental layout:

Soybean as a summer crop was planted at the same date
in the two growing season and it was on 13™ June 2007 and
2008. Harvesting took place on 15™ October during the two
growing seasons. All cultured practices were the same as
recommended for the area except the studied parameters
(irrigation depths), rhizobial inoculation application and
nitrogen application. The plot area was 24 m? (4 x 6).

Statistical analysis:
. The experimental design for this present work is to split
split plot with four replicates. The main plots were assigned to
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three irrigation treatments, sub plots were randomly assignec{ to
biofertilizers treatments (rhizobial inoculation) and sub-sub
plots were also randomly assigned to two mineral fertilizers
(nitrogen application from urea).

Main treatments (irrigation depths):

a.  Irrigation by 2.0 cm depth above soil surface.
b.  Irrigation by 4.0 cm depth above soil surface.
c.  Irrigation by 6.0 cm depth above soil surface.

The above mentioned irrigation depths were carried out
under fixed irrigation period 15 days between irrigations during
the whole growing seasons as recommended.

Sub-main treatments (application of rhizobial inoculation):
Seeds of soybean (Glycine max L.) variety Giza 21 was
kindly supplied from field crops. Res. Institute. Agric. Res.
Center. Department of Legumes, Sakha Agric. Res. Station.
Strain of B-Rhizobium japonicum namely 110 and 1577
Okadin inoculant were obtained from soil microbiology Dept. at
Sakha Agric. Res. Station. The strain was grown separately in a
liquid media 79. The resulting culture was used either
individually or as a mixture by adding to a peat carrier under
non-siteriec condition beat base inoculate was used as seed
inoculants at a rate of 399 g/fed. biofertilizers treatments.

Sub-sub treatments (nitrogen application):

Also, the experiment was divided into two parts, the first
part was taken half the amount of recommended dose (10 N
unit/fed.) and the other one was taken the full dose as
recommended for soybean fertilization (20 N unit/fed.

Data collection:
1. Applied irrigation water:
The irrigation flow rate per plot was calculated
according to Israelsen and Hansen equation (1962).
q=0.0226 D* h*
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Where: :

q = Irrigation flow rate cm’

h = Average effective head (the effective head of water
above the center of irrigation.

D Inside diameter of the pipe cm.

- The water in the canal was controlled to maintain a

constant head by means of fixed gate = 6.0 cm.
The amount of water applied for each plot was calculated
by using the follow equation:
a=qxT

Where:
a = Water volume/plot.
q = Irrigation flow rate which calculated from the above
formula.
T = Total recorded time for each/plot.

2. Water utilization efficiency (W.Ut.E):

The water utilization efficiency as measure to clarify
variation in yield, due to irrigation water, was calculated
according to Michael (1978) as follows:

W.ULE=
a
Where: '
W.UL.E = Water utilization efficiency (kg/m°)

Y = Total yield produced kg/fed. and
Wa = Total water applied m’/fed.

Yield and its components:
Seed yield kg/fed.
Weight of 1000 seed (g).
Plant height (cm.).
Number of pods/plant.
Number of tillers/plant.

N

To make determination for NPK uptake, the dried plant
samples were grind and then wet digested according to the
method described by Chapman and Pratt (1961). Total
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nitrogen percent in the digested was determined by using the
modified kjeldahl method (Cottenie et al, 1982). Total
phosphorus was determined using the colorimetric method
(Jackson, 1958). Potassium was determined by using flame
photometer (Jackson, 1958).

Statistical analysis:
Data collected were subjected to the statistical analysis
according to Snedecor and Cochran (1967).

Table (1): A- Physical and chemical characteristics and soil
water constants for the studied soil at different

depths.
Soil Particle size
depth dlstnt.)utxon Texture FC |PWP| AW Bd3
(cm.) Sand | Silt | Clay % % % |g/em
) % % %

0-20 | 19.5 | 23.45]57.05 | Clayey | 43.00| 22.00 | 21.00| 1.14 |
20-40 | 18.22 | 22.74 | 59.04 | Clayey | 40.00 | 21.00 | 19.00 | 1.24 |
40-60 | 17.3722.31 | 60.32 | Clayey | 39.00 | 21.0 | 18.00 | 1.32 |

Where:
F.C. = Soil field capacity
P.W.P =Permanent wilting point
B.D. = Soil bulk density

A.W. . = Available water =F.C.-P.W.P.

B. Chemical characteristics:

Soil depth | EC Soluble cations meg/L. | Soluble anions meg/L

(cm.) |[dS/m pH Ca™ |Mg™"| Na" | K" [CO;”[HCO; | CI' |SO4”

0-20 1.92 |7.884.04222{1262|0.18] 0.0 | 55 8.82/|4.76
| 20-40 1.89 18.01)4.08]2.20(12.68)0.18] 0.0 | 54 18.88|4.86

[ _40-60 1.93 /8.1214.16/2.28 | 129 |10.16] 0.0 | 55 )9.02]|4.96

RESULTS AND DISCUSSION
1. Plant height cm:

Data in Table (2) showed that the mean values for
soybean plant height were affected by irrigation water depth in
the two growing seasons. The highest mean values were
recorded under the medium irrigation water depth 4.0 cm, where
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the mean values are 43.26, 42.25 and 49.66, 49.71 and 46.37
and 45.67 cm in the first and second growing seasons at 2.0, 40
and 6.0 cm irrigation water depth, respectively.

Table (2): Effect of irrigation regime, application of rhizobial
inoculation and nitrogen fertilization on soybean
plant height and number of tillers during the two
growing seasons.

* Plant height Number of

Mineral {cm tillers/plant |
2nr

Irrigation . .
depth, cm Bio-fertilizers fertilizer 1™ 2~ 1"

season | season | season | season
10 kg N/fed. | 42.63 | 42.50 5.52 5.62
20kg N/fed. | 4890 | 47.50 6.30 6.61
- Mean 45.77 | 45.00 5.91 6.12

Uninoculation 10 kg N/fed. | 3890 | 3850 5.10 5.00
20kg N/fed. | 42.60 | 40.50 5.30 5.50

2.0 Inoculation

Mean 30.75 | 3950 | 5.20 | 5.5

Total mean 24326 | 4225 | 5.56 | 568

110 kg N/fed. | 5136 | 51.50 | 633 | 6.13

4.0 Inoculation | o0 1o \yfed. | 60.70 | 61.50 | 8.16 | 8.14
Mean 5603 | 5650 | 725 | .14

Uninoculation 10kg N/fed. | 42.86 | 41.27 5.90 5.60
20 kg N/fed. | 43.70 | 44.56 6.20 6.40

Mean 43.28 | 4292 6.05 6.00

Total mean 49.66 | 49.71 6.65 6.57

6.0 Inoculation 10 kg N/fed. | 48.56 | 46.47 5.92 5.87
) 20 kg N/fed. | 52.40 | 5230 7.23 7.37
Mean 5048 | 49.39 6.58 6.62

Uninoculation 10 kg N/fed. | 4220 | 41.53 5.00 4.99
20kg N/Afed. | 4230 | 4236 6.40 6.80

Mean 42.25 41.95 5.70 5.90
Total mean 46.37 45.67 6.14 6.26
L.S.D. 5% 0.77 1.08 0.56 0.82
] 1% 0.76 | 1.12 0.54 0.75

Also, data in the same Table illustrated that the mean
values of soybean plant height were affected by applying
microbial inoculants where the highest mean values were
recorded under treated plants comparing with untreated ones.
The mean values under treated plant are 45.77, 45.00 and 56.03,
56.50 and 50.48 and 49.39 cm in the first and second growing
seasons at 2.0, 4.0 and 6.0 cm irrigation depth above the soil
surface, respectively. On the other hand, under all irrigation
depths, the mean values were les than the above mentioned ones
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under untreated plants. The results are in a great harmony with
those obtained by Karam et al. (2005).

As shown in the same Table the mean values of plant
height were increased by increasing nitrogen dose up to 100%
from recommended dose where the height mean values were
recorded in the two growing seasons. The highest mean values
for soybean plant height are 60.70 and 61.50 cm in the first and
second growing seasons under the highest dose of nitrogen,
respectively.

Some yield components (number of tillers/plant, number
of pods/plant, weight of 1000 seed and weight of pods/plant.

Data presented in Tables (2 and 3) showed that the above
mentioned studied parameters were affected by the studied
treatments (irrigation depths, microbial inoculants and nitrogen
fertilization). Regarding to irrigation depth the highest mean
values for the studied parameters were recorded under 4.0 cm
irrigation depth above the soil surface comparing with the other
two depths 2.0 and 6.0 cm. Increasing the mean values for the
studied parameters under irrigation depth of 4.0 cm may be due
to increasing availability of nutrients under this depth in
comparison with the other two depths and consequently
increasing uptake rate this leads to forming strong plants with
good vegetative cover, this reflected on the studied parameters
positively. The opposite trend will be happened under 2.0 and
6.0 cm irrigation depths.

Concerning with the effect of microbial inoculants and
nitrogen fertilization application, the highest mean values for the
studied parameters were recorded under application of microbial
inoculants comparing with untreated plants. Also, data in the
same Tables illustrated that the mean values for the studied
parameters were increased under increasing nitrogen dose where
the highest mean values were recorded.
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Table (3): Effect of irrigation depth, application of rhizobial
inoculation and nitrogen fertilization on soybean number of
pods/plant, weight of 1000 seed and weight of pods/plant
during the two growing seasons.

Irrigation | Bio- fertilizers | Mineral Number of | Weight of 100 Weight of
depth fertilizer pods/plant seed pods/plant
(Cm) Ist 2nd lst an 1 st 2nd
season | season | season | season | season | season

20 Inoculation 10 kg N/fed.| 22.33 | 20.50 | 168.00 | 167.50 | 22.13 | 24.26
20 kg N/fed. | 25.00 | 25.50 |176.02|178.40 | 26.01 | 26.51

Mean 23.67 | 23.00 | 172.011172.95)| 24.07 | 25.39
Uninoculation 10 kg N/fed.| 18.55 | 18.50 |151.04 | 155.30 | 20.46 | 21.03

20 kg N/fed.| 20.50 | 20.60 | 171.40 | 170.60 | 24.03 | 24.48

Mean 19.53 | 19.55 | 161.22|162.95] 22.25 | 22.76

Total mean 21.60 | 21.28 |166.62 | 167.95| 23.16 | 24.08

4.0 Inoculation 10 kg N/fed.| 22.50 | 23.50 | 180.00 | 164.40 | 24.70 | 24.27
20 kg N/fed.| 28.50 | 29.50 | 186.23 | 181.30 | 30.91 | 29.51

Mean 25.50 | 26.50 [183.12 (172.85| 27.81 | 26.89
Uninoculation 10 kg N/fed.| 18.50 | 19.50 | 147.27]150.31 | 21.23 | 22.01

20 kg N/fed.| 25.50 | 26.50 | 171.47 | 172.30 ) 24.80 | 25.30

Mean 22.00 | 23.00 | 159.37 | 161.31 | 23.02 | 23.66

Total mean 23.75 | 24.75 |1171.24 1 167.08 | 25.42 | 25.28

6.0 Inoculation 10 kg N/fed.| 21.50 | 20.50 | 178.37 | 176.61 | 26.80 | 25.40
i 20 kg N/fed.| 27.50 | 28.50 | 185.57 | 184.67 | 28.14 | 28.20
Mean 24.50 | 24.50 | 181.97|180.64 | 24.47 | 26.80
Uninoculation 10 kg N/fed.| 18.56 | 18.50 | 145.20 | 143.76 | 22.19 | 21.96

20 kg N/fed.| 21.43 | 20.50 | 167.30 | 165.67 | 25.40 | 25.30

Mean 19.995| 19.50 [156.25 [ 154.72 | 23.80 | 23.63

r Total mean 2225 | 22.00 [169.11 | 167.68 | 25.64 | 25.22
LSD. 5% 1.089 | 0.961 0.141 | 0.159

1% 1.53 | 138 | 4285|3887 020 | 023

Seed yield (kg/fed.):

Data presented in Table (4) showed that the mean values of
soybean seed yield were greatly affected by both irrigation
regimes, microbial inoculants and nitrogen fertilization in both
seasons. The highest mean values were recorded at 4.0 cm
irrigation depth above the soil surface comparing with the other
two depths 2.0 cm 6.0 cm. The mean values are 1098.80, 1099.96
kg/fed., 1238.52 and 1213.85 kg/fed. and 1125.14 and 1115.20
kg/fed. at 2.0, 4.0 and 6.0 cm of irrigation depth above the soil
surface, respectively. Increasing soybean seed yield under 4.0 cm
irrigation depth height be due to improving the rate of aeration
which will increase analysis of soil organic matter and hence
increasing availability of nutrients, therefore, forming strong plants
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with good vegetative growth. These results are in a great harmony
with those obtained by Balasubramanian and Chari (1983). Also,
data in the same Table illustrated that the mean values for soybean
seed yield increased under application of microbial inoculants and
with increasing nitrogen dose.

Water applied (m*/fed.):

Soybean as a summer crop, irrigation water applied is the
only component for water applied because of no rainfall in Egypt
during its growing season. Data presented in Table (5) showed that
increasing irrigation depth up to 6.0 cm above soil surface
increased amount of water applied in the two growing seasons and
the values are 1284.3, 2518.6, 3752.9 and 1290.8, 2530.7, 3800.8
m>/fed. in the first and second growing seasons at 2.0, 4.0 and 6.0
cm irrigation depth above the soil surface, respectively . These
results are in a great harmony with those obtained by Abd EI-
Rahman (1985), El-Mowelhi et al. 91999), Zhen Li et al. (2004)
and Jiamin et al (2005).

Table (4): Effect of irrigation regime, application of rhizobial
inoculation and nitrogen fertilization on soybean seed
ield (kg/fed) during the two growing seasons.

Irrigation Biofertilizer Mineral Seed yield (kg/fed.)
depth (cm.) fertilizer 1% season 2% season
2.0 Inoculation 10 kg N/fed. 1163.20 1164.33
20 kg N/fed. 1301.50 1300.17
Mean 1232.40 1232.25
Uninoculation 10 kg N/fed. 901.20 904.33
20 kg N/fed. 1029.40 1031.00
Mean 965.30 967.67
Total mean 1098.80 1099.96
4.0 l Inoculation 10 kg N/fed. 1297.33 1295.37
| 20 kg N/fed. 1504.30 1435.50
Mean 1400.82 1365.44
Uninoculation 10 kg N/fed. 1021.04 993.03
20 kg N/fed. 1131.40 1131.50
L Mean 1076.22 1062.27
L Total mean 1238.52 1213.85
6.0 Inoculation 10 kg N/fed. 1112.57 1103.50
20 kg N/fed. 1267.30 1278.27
Mean 1189.94 1190.89
Uninoculation 10 kg N/fed. 1001.23 966.53
20 kg N/fed. 1119.47 1112.50
Mean 1060.35 1039.52
Total mean 1125.14 1115.20
L.S.D. 5% 0.38 0.36
1% 0.53 0.52
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Table (5): Irrigation water applied (m*/fed.) for soybean during
the whole growing seasons in the two growing

s€asons.
o Irrigation water applied m’/fed.
Irrigation depth (cm) ¥ season DI
2.0 1284.3 1290.8
4.0 2518.6 2530.7
6.0 3752.9 3800.8

Water utilization efficiency (W.Ut.E):

As regards to, water utilization efficiency it is worthy to
mention that values of (W.Ut.E) were affected by irrigation
treatments ( irrigation depths) as shown in Table (6), where by
increasing irrigation depth increased the mean values of
(W.Ut.E). The mean values are 0.86, 0.48, 0.30 and 0.852, 0.48
and 0.293 kg/m’ in the first and second seasons at 2.0, 4.0 and
6.0 cm irrigation depth above the soil surface.

Table (6): Values of water utilization efficiency for soybean
crop (kg/m°) under different irrigation depths.

Water utilization efficiency (W.Ut.E)
Irrigation depth (cm) | (kg/m3 )
1% season 2" season
2.0 0.86 0.852
4.0 048 048
6.0 0.30 | 0.293

Effect of irrigation depth, rhizobial inoculation and nitrogen
fertilization on NPK concentration in seeds of soybean
grown in the studied soil:

Data presented in Table (7) showed that concentration of
NPK was affected by all treatments where the highest mean
values for NPK were recorded under irrigation depth of 4.0 cm
above soil surface comparing with the other two irrigation
depths 2.0 and 6.0 cm Also, data in the same table illustrated
that application of rhizobial inculcation increased content of
NPK in the two growing seasons comparing with non-treated
plants. Also, data in the same tables declared that increasing
nitrogen application increased uptake of NPK where the highest
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mean values were recorded under the high dose comparing with
the low one. Generally, the mean values of the three nutrients in
the two growing seasons can be descended in order as follows:

N>K>P.
Table (7): Effect of irrigation depth, rhizobial inoculation
and nitrogen fertilization on NPK concentration
in seeds of soybean plants during the two
growing seasons.
Irrigation Bio- Mineral | Nitrogen (N %) | Phosphorus | Potassium (K%)
depth (cm) | fertilizers fertilizer (P%)
lst 2nd lst 2nd ln Tm{
s€ason | season | season | s€ason | season | s€ason
2.0 Inoculation | 10 ke N/fed. [ 5.847[ 588 1 0427 | 045 | 136 | 137
‘ 20kgN/fed. | 633 | 631 | 044 | 048 | 138 | 137
Mean 6.09 | 609 | 0.43 | 047 | 137 | 137
Uninoculation] 10 k& N/fed. | '5.60 7558 1038 [ 039 [ 122 [ 124
20kgN/fed. | 6.00 | 6.02 | 040 | 041 | 128 | 129
Mean 580 | 581 | 039 | 040 | 125 | 126
Total mean 590 | 590 [ 041 | 044 | 131 | 132
| 10kgN/fed. | 634 | 632 | 049 | 048 | 139 | 1.38
40 | Inoculation | 2y Nifed. | 665 | 668 | 0.51 | 047 | 140 | 139
Mean 644 | 6.50 | 0.50 | 0.475 | 1.39 | 1.39
Uninoculation] 10 k& N/fed. | 592717588 1040 [ 038 [ 131 | 130
20kgN/fed. | 694 | 642 | 039 | 040 | 133 | 1.32
Mean 6.18 | 615 | 039 | 039 | 132 | 131 |
Total mean 634 | 632 | 045 | 043 | 136 | 1.35 |
6.0 Inoculation | 10 ke N/fed.| 530 1 528 1035 | 033 | 126 | 127
: 20kgN/fed. | 566 | 562 | 038 | 039 | 1.28 | 1.29
Mean 543 | 545 | 036 | 036 | 1.27 | 1.28
. . [10kgN/fed. | 520 | 522 | 030 | 033 | 125 | 126
Uninoculation| » o Nyfed. | 5.46 | 548 | 034 | 036 | 127 | 128
Mean 553 | 535 | 032 | 035 | 1.26 | 1.27
Total mean 338 | 540 | 034 | 035 [ 127 | 128 |
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