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ABSTRACT

Two field experiments were conducted at Sakha Agric. Res. Station during
the two successive seasons 2000 and 2001 to measure the symbiotic performance of
Bradyrhizobium japonicum (St 1577, RJG and SBG) when used to inoculate soybean
seeds in combination with mineral Nz-fertilization (60 kg N/fed.) and two foliar sprays,
each of which contains different quantity and quality of macro and micronutrients.

Results were recorded after 45 and 80 days of planting time. The
uninoculated treatments exhibited the lowest number of nodules on soybean roots,
because the soil under investigation could be consider free of native rhizobia. It is,
therefore of vital importance to continue inoculation of soybean seeds with effective,
competitive and persistent strains of soybean rhizobia inoculation of soybean
enhanced in general nodule formation, growth of nodular tissue which reflects it is
effect on seed yield and their total N2 content. The improvement of nodulation and
biological Nz-fixation was further strengthed by foliar spray especially with comp. 2. In
the absence of rhizobial inoculation foliar application achieved less improvement in -
seed yield and their total N, P and K.

INTRODUCTION

The fertilizers production in Egypt falls short and this gap is going to
continue. The high cost of N-fertilizers, the widening gap between supply
and demand, the law purchasing power of small and marginal farmers beside
the deleterious effect of using only chemical fertilizers on environments led to
a great attention to the biological N,-fixation concerning its importance in the
crop production of legumes.

Soybean, Glycine max ( L.) Merr. was introduced in Egypt in the
1960’s. F armers grow it as a non-legume and rely on heavy Nj-fertilizer to
obtain high yield. Egyptian soils are void of native Bradyrhizobium japonicum
(Cassman et al.,, 1983 and Chobrial et al., 2002), in contrast to the tradition
food |egume crops as their native rhizobia are ubiquitous in Egyptian soils.
For these reasons, the need for a better understanding and application of
factors that increase biological N.-fixation of soybean, seems worthy to save
food and nitrogen fertilizers.

It is quite obvious that the growth of both plant and bacteria are
greatly affected by environmental factors and any factor that adversely affects
plant growth will also profoundly affect nodule formation on the root of
soybean plants. To allow nitrogen fixation to occur in the root nodule, there
must be extensive metabolic balance between bactericides and the different
plant cells (Michiel and Hooker, 1988).
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The potential response of grain legumes to the application of the
major fertilizers is affected by (a) the fével of supply fh an available form of
nutritional elements required at trace levels both by the plant and by nodule
system; (b) soil levels of N, P, K; (c).by the presence orabsence of strains of
rhizobia capable of forming effect;ve nodules on the legume concerned; (d)
by competition between the plant " and nodule for nutrierit ‘elemients present
limited supply; (e) by variation in the quantity and quality of trace elements in
the seed used in the experiment and (f) by the method by which trace
elements or bacterial inoculation are applied (Hallsworth, 1972).

Therefore, inoculation of soybean with effective strains or its own, is
not guarantee of the d evelopment of e ffective n odulation. High fevel of Ny-
fertilization or the lack of trace elements as Mo, Cu, Co, Fe and Mn in
sufficient  quantities, prevent the nodule system for fixing a significant
quantities-of N,, even in the present of effective strains of rhizobia.

The Egyptian alluvial soils is thought to be deficient in plant
microelements due to iow percentage of soil organic matter, addition of NPK
fertilization without considering microelements need, intensive cropping,
reducing added amount of mud to the soil after constricting the High Dam and
the alkaline conditions of soil which decreased the availability of some trace
elements such as Mn, Fe, B and Zn.

In the light of the presumptive evidences, the present investigation
was conducted to assess the optimal combinations between rhizobial
inoculation a nd two c ommercial foliar sprays, each, of which have different
concentrations of N, P, K and trace elements, aiming to achieve maximum
nodulation and yield of soybean. The effect of either inoculation, fertilization
and their interaction on the characteristics of the growing plants and the seed
quantity and quality under the prevailing field conditions were also, studied.

MATERIALS AND METHODS

Two field trials on soybean, Glycin max ( L.) Merr. Clark variety were
conducted during the two successive seasons of 2000-2001 at Sakha
Agricultural Research Station. The soil was clayey in texture, with organic
matter 1.63%, total nitrogen content of 0.097%. The pH of soil-water

suspension (1: 2.5) was 8.10.
Forms of N, P, Fe, Mn and Zn nutrients of soil under investigation

were found as follows:

Available-N (Amm sulfate extract N) 65 ppm
Available-P (Olsen extractable-P) 11.51 ppm
Available-Fe (DTPA-Fe) 1350 ppm
Available-Mn (DTPA-Mn) 11.61 ppm
Available-Zn (DTPA-Zn) 9.17 ppm.

All the soil characteristics were determined according to the standard
methods mentioned by Black (1965), Chapman and Pratt (1961) and Jackson

(1958).
A complete randomized blocks (CRB) design with 4 replicates as

used. The treatments were as follows:
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Contro! (without inoculation and without fertilizers).
60 kg N/fed.

20 kg N/fed. + foliar compound Ne. 1.

20 kg N/fed. + foliar compound No. 2.

20 kg N/fed. + rhizobium inoculation.

20 kg N/fed. + foliar rhizobium + compound No. 1.
20 kg N/fed. + foliar rhizobium + compound No. 2.

NOoOOhRWLN

Soybean inoculation:

Mixture of three strains of Bradyrhizobium japonicum 1577 (W.
Germany), Sbb (USA) and RJG (local strain) were obtained form Biological
Nitrogen Fixation Unit Agric. Res. Centre, Sakha Cultures wee maintained on
yeast extract mannitol (YEM) Vineent 1870) agar slant Each rhizobial-strain
was grown in YEM broth on rotary Shaker at 25°C. Prior to inoculation plate
dilution count of viable all were made (initial number of cells used for
inoculation was about 3 x 10° cell/ml). Six-days old culture from the three
strains was added to the fine nitrogen peat at rate of 1. 1 (v/iw) before
planting.
’ Seeds of soybean were sown in rows 60 cm apart and hills spaced
20 cm in the last week of May in the two seasons of experimentation. The
form of N-fertilizer was urea 46% N and P-fertilizer as single super phosphate
15% P,0s were added at sowing. Two commercial foliar compounds (1) and
(2) were sprayed twice, the first 30 days after planting and the second 15
days later.

Foliar compound No. 1:
N % P % K % Mg % Fe % Zn % Mn% Cu%
7 3 4 0.01 0.1 0.005 0.01 0.001

Foliar compound No. 2:
N% P% K% S% Mg%Mn% Fe% Cu% Zn % Mo % Bo % Co %

22 21 17 0.167 0.0790.03950.037 0.076 0.0068 0.0050.00330.002

Data of nodules number and weight and dry matter of piants at 45
and 80 days, from planting, N in plants at 45 and 80 days from planting N, P
and K of seeds and seed yield were recorded. The statistical analysis (for all
data) was carried out according to Snedecor and Cochran (1971). The mean
values for the studied treatments were compared using L.S.D. 0.01 test.

RESULTS AND DISCUSSION

1. Effect of inoculation, N,-fertilization and foliar application on
nodulation status of plants:

The effect of inoculation of soybean plants with Bradyrhizobium
faponicum in association with No-fertilizer and two foliar compounds {comp-1
and 2) on number and dry weight of nodules was determined at the two
investigation periods 45 and 80 days after planting time (Table 1).
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Table(1): Effect of nitrogen fertilization, foliar application and
Bradyrizobium japonicum on No. of nodules and dry weight
of nodules (gm/plant) of soybean plahts at 45 and 80 days in
2000 and 2001 season.

No. of nodules/plant Dry weight of nodules |
Treatments 2000 2001 2000 2001

45 | 80 | 45 | 80 | 45 | 80 | 45 | 80
days | days | days | days | days | days | days | days
Control 2.331]3.332 | 2.6713.672 | 0.008 | 0.012 | 0.010 | 0.020
60 kg N/fed. 1,330 | 1.670 | 1.672 | 2.332 | 0.003 | 0.006 | 0.006 | 0.018
20 kg N/fed. + comp. (1) | 3.672 | 4.000 | 4.333 [ 5.000 | 0.013 | 0.015 | 0.014 | 0.025
20 kg Nifed. + comp. (2) | 2.670 | 3.671 | 3.334 | 4.673|0.010 | 0.013 | 0.013 | 0.023
20 kg N/fed. + rhizobia  |46.672/67.673|50.332|67.674| 0.183 | 0.350 | 0.195 | 0.384
20 kg Nifed. + th. + comp. (1) |53.000|73.000(58.000(75.000| 0.198 | 0.459 | 0.201 | 0.451
20 kg Nifed. + . + comp. (2) |56 331(79.000{61.000(83.000 0.204 | 0.486 | 0.206 | 0.480

L.S.D at 0.01 1.6772.334]1.765 [ 3.723 [ 0.010 [0.102 [ 0.011]0.008 |

The data show that inoculation increased significantly the number of
nodules especially for soybean plants that sprayed with macro and
micronutrients of the two foliar applied. The uninoculated exhibited a very
lowest number of nodules, being on the average 2.7 and 3.5 nods/plant after
45 and 80 days after planting. Such results might indicate that the soil under
investigation could be consider free from native soybean rhizobia. These
results are in accordance with obtained by many Egyptian investigators
(Hamdi et al.,, 1974, El-Haddad et al., 1984 and Ghobrial et al., 1995 and
2002). 1t is therefore, of vital importance to continue inoculation of soybean
seeds successively with effective, competitive and persistent strains of
soybean rhizobia. The comparable inoculated treatments recorded higher
number, being after 80 days of planting 74.0 nod./plant. The improvement of
nodulation was further strengthed by the application of both foliar sprays, but
the superiority was evident with comp-2 than that of comp-1.

These might be due to the high content of macro and micronutrients
elements in comp-2 compared with those present in comp-1 as evident from
their structure (Sec. of materials and methods) or the balance of its
components which may be more suitable for the growth of plant and bacteria.
in addition the comp-2 is supplemented with S (0.167%), Fe (0.37%), Mo
(0.005%), Bo (0.0033%) and Co (0.002%). A more specific role has been
demonstrated for there elements in biological No-fixation (Hamdi, 1982). The
nitrogen fixing enzyme nitrogenase is composed of molybedenum and iron,
without adequate quantities of these elements nitrogen fixation can not occur
(Howrd and Leonard, 1972). Also iron is constituent of the leghaemogiobin
that protects nitrogenase from oxygen inactivation (Apleby, 1988 and
Fornasieri ef al., 1988). Boron deficiency affects the vascular system leading
to the nodule and hence causes a shortage of carbohydrate at fixation sites
(Hamdi, 1988 and Abd Ei-Kodoos et al., 2002).

With regard to the dry weight of nodules data presented in Tabie 1
clarified that the total m ass of nodules s howed similar as shown in nodule
number it remains however, that the highest i mprovementin noduie tissue
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was combined with foliar spry with comp-2 with age progress to 80-.days the
interaction between rhizobial inoculation and foliar application showed -a
continuous increase in dry weight of nodules. The. results reported coincide
with those obtained by Hashimoto and Yamaskai (1976), El-Essawi and
Abadi (1983); Hegazy y et al. (1990) and Murek and Kobust (1990).

2. Dry matter yield and N-content:

Dry matter production of soybean plants was strongly influenced by
rhizobial inoculation as shown by striking differences between inoculated and
control treatments (Table 2). The two control treatments, namely the
uninoculated and uninoculated but supplied with mineral nitrogen fertilizer (60
kg N/fed.) produced the biggest contrast in the dry weight of shoot and their
total nitrogen content (up to 2 times). An increase of about 116% in nitrogen
yield was recorded for Ny -fertilization as compared to control treatment after
80 d ays after p lanting time. S uch result indicate that the a vailable nitrogen
was the main factor limiting plant growth.

Table (2): Effect of nitrogen fertlllzatlon, foliar application .and
Bradyrizobium japonicum on dry weight of plant (gm) and
total nitrogen of soybean plants (%) at 45 and 80 days in 2000
and 2001 season.
Dry weight of plants N% in plants
Treatments 2000 2001 2000 2001
45 80 45 80 | 45 80 | 45 80
days| days | days | days | days | days | days | days
Control 13.45(18.17 (13.59|18.04 | 1.94 | 2.38 | 1.99 | 2.41
60 kg N/fed. 17.30( 28.83 | 17.07 [ 28.79 242 | 321 | 245 | 3.31
0 kg N/ffed. + comp. (1) |14.73) 21.43 | 13.53 2114206 | 2.46 | 2.11 | 2.49
20 kg N/fed. + comp. (2) [15.00(22.80 | 19.3322.51| 2.03 | 248 | 2.22 | 2.52
20 kg N/fed. + rhizobia  [16.63] 28.23 | 16.20 | 27.09| 2.44 | 3.21 | 2.48 | 3.23
20 kg Nifed. + rh. + comp. (1)|16.90| 28.40 ) 16.60 | 28.42 | 2.47 | 3.28 | 2.52 | 3.30
20 kg Nifed. + rh. + comp. (2)17.13| 28.53 | 16.77 | 28.68 | 2.50 | 3.32 | 2.55 | 3.34

L.S.D at 0.01 0.489]1.697 | 0.904 | 1.515 [0.3062] 0.051 [ 0.047 | 0.089 |

it is also, evident that in the absence of rhizobial inoculation foliar application
with both comp-1 and 2 did heip the plant to accumulate more nitrogen, but
the with less magnitude. The percentage of increase in dry matter over
control were 20.4 and 25.13%, respectively after 80 days of planting time
(average of two years). The parallel values for N, % were 3.34 and 4.38%.
The comparable p attern obtained as a result of a rhizobial inoculation only
was slightly lower than No-fertilization, but recorded highly significant increase
over control treatment. Such a result may be attributed to the fixation of
adequate amount of atmospheric nitrogen symbiotically and consequently
covers (46%) the requirement of the plants from this particular element. The
vital importance of rhizobial inoculation. It is also, noticed that foliar
application can enhanced the simulative effect of inoculation. However, it is
not clear that the differences in nitrogen yield between inoculation in the
presence of foliar sprays are completely attributed to increased Nfixation
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activity. As the improved growth due to increased availability of N could be
responsible for higher uptake of soil nitrogen, especially application of
micronutrients enable the plant to make better use of soil nitrogen. These
results are in agreement with those reported by Vasiales et al., 1980; Abd El-
Hadi et al., 1984 and Hegazy et al., 1990.

3. Effect of seed yield and seed components (N, P and K):

The yield of soybean was estimated after 130 days of planting time.

To evaluate the interactions among different treatments, the percentage of

changes in comparison with control treatment in grain yield and their total N,

P and K were evaluated and recorded in Table 3 from which the following

could he concluded:

1. Further average increase over control were obtained in seed yield and
their total N-content as a result of rhizobial inoculation in combination with
foliar spray with comp-2 then comp-1. The corresponding values were
27.4 and 24.6% for seed yield and 28.6 and 27.2% from total nitrogen.
Inoculation and N,-fertilization increased proportionally the seed yield and
their total N-content.

2. The lowest values were obtained form the treatments which were sprayed
with foliar compounds but neither inoculation nor fertilizer nitrogen
application took place.

3. The concentration of phosphorus and potassium in seeds showed similar
trend as shown in seed yield and their total nitrogen content.

It is clear from the present investigation that:

a. Inoculation . soybean with B. japonicum enhanced in general, nodule
formation, growth of nodular tissue as well as N -fixation which reflects its
effects on seed yield and the total N, P and K of seeds.

b. The improvement of nodulation and biological N-fixation was further
strengthened by foliar application (Comp-2).

c. In the absence of rhizobial inoculation foliar application achieved less
improvemnent in seed yield and their total N, P and K.

Table (3): Seed yield (ton/fed.) and their total N, P and K concentration
(%) as affected by nitrogen fertilization, foliar applicaitoin and
Bradyrizobium japonicum during seasons 2000 and 2001.

Seed yield N % P% K %)
Treatments ton/fed. of seeds of seeds of seeds
2000| 2001 | 2000 | 2001 | 2000 | 2001 | 2000 | 2001
Control 1.05( 1.10 | 520 | 528 | 0.34 | 0.36 | 1.23 | 1.25
60 kg N/fed. 1.21] 124 | 6.48 | 659 | 042 | 0.45 | 1.33 | 1.35

20 kg N/fed. + comp. (1) |1.13| 1.16 | 5.60 | 5.64 | 0.37 | 0.39 | 1.28 | 1.30
20 kg N/fed. + comp. (2) |1.15| 1.18 | 566 | 568 | 0.38 | 0.39 | 1.32 | 1.33
20 kg N/fed. + rhizobia 1.24| 1.27 | 552 | 6.60 | 0.43 | 0.46 | 1.35 | 1.36
220 kg N/fed. + rh. + comp. (1)| 1.32 | 1.36 | 6.65 | 6.68 | 0.45 | 047 | 1.36 | 1.38
20 kg N/fed. +rh. + comp. (2)l 1 35| 1.39 | 6.09 | 6.72 | 0.47 | 049 | 1.37 | 1.39

L.S.D at 0.01 0.021/0.025[0.038 | 0.206 [ 0.040 [ 0.007 |0.0198/0.0018
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