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GROWTH PROMOTION OF SOME SOYBEAN CULTIVARS
BY RHIZOBIUM AND PHOSPHATE-SOLUBILIZING
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ABSTRACT

A field experiment was carried out during 2001 at the Experimental Farm of
the Faculty of Agriculture, Suez Canai University. The aim of the present study was to
evaluate t he response of four soybean (Glycine max (L) Merrill) cultivars, Giza 21,
Giza 35, Crawford and Clark, grown on sandy soil inoculated with rhizobium and
phosphate solubilizing bacteria (PSB). Also, it includes the effects of each and both
bacterial inoculation on root, shoot and seed N, P, protein and oil contents.

Roots, straw dry weights, seed yield, 100-seed weight, nodule fresh weights
and nodule numbers were siginificantly higher for both single and combined
inoculation by rizobia and/or PSB than the uninoculated seeds.Giza 35 soybean
cultivar exhibited the best results.

Roots, siraw and seed N and P contents of soybean cultivars were greatly
influenced by bacterial inoculation. The highest mean values for roots, straw and seed
N and seed protein contents were obtained when soybean seeds were treated with
the combined inoculation by rhizobium and PSB as compared with the singie
inoculation or uninoculated seeds. Meanwhile, the highest m ean values for roots,
straw and seed P content were obtained for soybean seeds inoculated with PSB
alone as compared with the inoculated seeds with rhizobium alone or comtined
inoculation by rhizobium and PSB. Crawford soybean cultivar gave the highest root N
and P contents while Giza 21 cultivar gave the highest straw and seed N and P
contents. There were no significant differences in seed oil content as a result of
bacreial inoculation. Slight differences in seed oil content were found regarding the
variation in soybean cultivars.
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INTRODUCTION \vﬁ

Soybean (Glycine max (L) Merrill) is the world's most important oil
seed and grain legume crop. Special attention should be directed toward the
propen choice of cultivars and management practices to increase both grain
yield and oil production. Inoculation of soybean with superior N, -fixing strains
of rhizobia resulted in increasing nodulation in plant roots and improving N2
fixation. Several investigators found that seed inoculation increased fresh
plant weight, seed yield and seed oil and p rotein ¢ ontents B oonkerd et.al.,
(1978) and Badawy et. al., (1992).

The availability of phosphate anions in soil has been associated with
the presence and activity of soil microorganisms;Chabot et.al.,(1996a). Many
factors influence the distribution of microbial communities in the soil and the
rhizosphere such as the roots morphology, the stage of plant growth, and the
soil physical and chemical properties.

A considerable number of bacterial species, mostly those associated
with the plant rhizosphere, are abie to exert a beneficial effect upon plant
growth. Therefore, their use as biofertilizers or control agents for agriculture
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improvement has been a focus of numerous researchers for a number of
years; Lemanceau,(1992).Kloepper,(1994);and Glick,(1995). Phosphate-
solubilizing bacteria have increased roots and shoot elongation in canola,
lettuce, and tomato; Hall et. al., (1996) and Glick et. al.,(1997) as well as crop
yields for potato, radishes, rice, sugar beet, tomato, lettuce, apple, citrus,
beans, ornamental plants, and wheat; Lemanceau,(1992), Kloepper,
(1994),and Kloepper et. al.,(1988 ).

it is well known that microbial biomass conlains a large reservoir of
P. which is potentially avaiiable to plants; Beever and Burns, (1980) as a
resuit of mineralization process. However, insoluble inorganic P associated
with the solid phase can be adsorbed to the surfaces of soil constituents or
can be present in Ca, Fe, or Al minerals. Mineral P is further released and
made available to plants mostly by the action of the p hosphate-solubilizing
mizroorganisms; Kucey and Legett (1989). An increase in P availability to
piants through the inoculation of phosphate-solubilizing microorganisms has
been reported in pot experiments; Kucey and Leggett,(1989) , Salih et.
al.(1989) and under field ¢ onditions; C habot et. al. (1996b) and Kucey and
Leggett,(1989). Recently, the addition of rock phosphate significantly
increased N, P, total plant biomass, infection by vascular arbuscular
mycorrhizal fungi, and the number of nodules of legume species under field
conditions; Vanlauwe et. al.(2000). Nevertheless, little is known about the
colonization of the rhizosphere by the introduced mineral phosphate
solubilizing microorganisms and their impact on the size of rhizospheric
microbial communities when different phosphate sources are used in a plant-
soil system. ,
In a soybean greenhouse experiment, S uwastika ( 1997) found that
there is an interaction effect between rock phosphate application and
phosphate solubizing bacteria on phosphorus uptake 45 days after planting.
The single effect of rock phosphate application and phosphate solubilizing
bacteria was significant on soluble phosphate.

The aim of the present study was to evaluate the response of four
soybean (Glycine max (L) Merrill) cuitivars (Giza 21, Giza 35, Crawford and
Clark) grown on sandy soil to single or combined inoculation with rhizobium
and phosphate solubilizing bacteria (PSB). Also, the study evalutes the
effects of R and PSB on roots, shoot and seed contents of N and P.

MATERIALS AND METHODS

A field experiment was carried out during 2001 at the Experimental
Farm of the Faculty of Agriculture, Suez Canal University. The aim of the
present study was to evaluate the response of four soybean (Glycine max (L)
Merrill) cultivars (Giza 21, Giza 35, Crawford and Clark) grown on sandy soil
inoculated with rhizobium (R) and phosphate solubilizing bacteria (PSB).
Also, it includes the effects of each and both bacterial inoculation on roots,
shoot, seed N , P contents and oil content. Table (1) represent some
characteristics of the sandy soil.

The soil was treated with superphosphate (15.5% P,0s) at rate of
50 kg ha™ before sowing.
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Table (1). Some characteristics of the used sandy soil

.Chemical properties ] i
pH (in 1: 2.5 water suspension) : 7.30 !
EC, dSm’'(in saturated paste extract) . 2
Totai N, % . e 00
Total P, % B o - .003

Total K, % B B L Ak
Organicmatter, % ' 0.35 — S
Physical properties — - ———
Coarsesand. % . . .. _F86 —
Firesand. % ___ ) 31.3 4
Sit% ' 3.5 1
Clay, % : 2.6

Texture class 1 Sandy

The plot area was 4m x 4m. Soybean seeds were sown on furrows 4 m iong
and 60 cm between furrows. The seeds were placed in holes 15 cm apart at
one bank of the furrow. Plants were thinned to 2 plants per hole after
germination.

The single inoculation with R or PSB was carried out by mixing cell
suspension from each inoculum with soybean seeds. For the combined
bacterial inoculation, Equal amounts of cell suspension for R and PSB were
mixed and soybean seeds were treated with the mixture. After germination,
nitrogen as (NH,),SO, (20.5% N) and potassium as K,SO; (48% K,0) were
added to the soil, 40 kg ha' each .The bio- and chemical fertilization
treatments were as the follows:

1. Soil (controf)

2. Soil + Rhizobium (R)

3. Soil + phosphate solubilizing bacteria (PSB)
4. Soil+R+ PSB

At the end of pod filling stage, root samples were taken to determine
nodule numbers and weights. Root samples were collected and washed from
soil particies on 1 mm sieve holes for 24 h. Nodules were carefully removed
and freshly weighed. At full maturity, yields of soybean shoots, pods and
seeds were determined. Plant samples were oven dried at 70 °C, ground,
digested and analyzed for roots, shoot and seed N and P contents according
to Chapman and Pratt (1961). Seed oil content was determined by using
Soxhlet a pparatus according to AOAC ( 1975). Soil samples were prepared
and analyzed according to Page etal. (1982). Split-plot design with three
replicates was used and Plabstat version 2D computer program was used for
statistical analysis.

RESULTS AND DISCUSSION

The obtained results for roots and straw dry weights, as weil as seed

“yield and 100-seed weight of four soybean cultivars grown on a sandy soil as
affected by single or combined inocualtion by rhizobia and/or phosphate-

solubilizing bacteria (PSB) are shown in Table (2). The forementioned 4

determined parameters for the investigated soybean cultivars siginificantly

increased compared to the single or combined inoculation by rhizobia and/or

PSB compared with the uninoculated plants. The highest mean values were

obtained for inoculated soybean seeds with ¢ ombined b acterial i noculation.
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There are significant differences between soybean cultivars. However, roots
and straw dry weights as well as seed yield and 100-seed weight varied
between Giza 21 and Giza 35 cultivars between757.5 and 885.5, 3153.5 and
3686.0, 2607.3 and 3047.5 kg ha™ and 16.6 and17.4 g, respectively.

Several investigators obtained similar results for the effect of
rhizobium and PS8 inoculation on the soybean yield and plant growth
characters. El-Essawi et.al., (1986) found that the increase in seed yield for
inoculated soybean with rhizobium was more pronounced at low nitrogen
application rates beside P and K fertilizers were added. Also, Atmaja (1997)
and Rahmani and Rastin (2001) reported that soybean shoot dry matter,
seed yield and total N uptake increased as result of rhizobium inocufation.

Results obtained for the numbers of nodules and their weights for the
four soybean cultivars increased as a result of rhizobium and/or phosphate
solubilizing bacterial inoculation, Table (3). Similar trends were obtained for
the 4 determined plant growth parameters. The highest mean values for the
numbers and weights of nodules were o btained for treated s oybean seeds
with the combined rhizobium and PSB inoculants. Also, Giza 35 cultivar
exhibited the highest response to bacterial inoculation than the other 3
soybean cultivars.

Table (2): Roots and straw dry weights as well as seed yield and 100-
seed weight for four soybean cultivars affected by rhizobium
and phosphate solublhzmg bacterial i moculatlon

_Treatments  Giza2!  Giza35 | Crawford | Clark | Mean |
: e Roots dry weight, k_g ha’ _ R
Control i 58 651 ! 573 L5839 ‘5880
T_#R O CUULTTTBO6 992 887 934 G048
T4 PSB f 713 Ba1 725 §67 _ | 7814
“ +R4PSB | 922 T 1058 696 . 1025 10003 .
Mean . 7575 | 8855 | 7953 | 8162 . 8136 |
i Straw dry weight, kg ha™ o
sControl .._2452 L2111 | 2388 2243 L _ 24485
[T %R [ 3355 | 4129 | 3694 , 3887 _ ' 37663
| * +PSB 2968 3500 [ 3017 ; 3194 3169.8 |
i “ + R+PSB 2839 4404 | 4146 | 4268 4164.3 |
Mqa_q e 131535 36860 | 33113 33980 | 33872
. . _ Seedyield kgha'
Conlrol 2027 T, 2241 T 1974 T 1854
Lt eR T T 27raT T T3 TTUUTR08A T T T 3214
% +PSB i 2454 . 2804 " 2494 T 2641 |
_“ +R+PSB 3174 3641 2428 = 3528
Mean | 26073 30475 27375 28093 ' 28004
L e 100-seed weighttg
rControI 129 143 126 123 130
Y S A L) ; 218, 195 : 20.5 | 198 |
[~ +PsB . 156 . 184 . 159 168 167
“ +R+PSB | 203 232 218 225 7220
Mean 16.6 ' 194 . 174 ‘ 18.0 : 17.9
R= rhizobium PSB= phosphate solubilizing bacteria T
LSD o5 for: Treatment Cultivar Treatment X cultivar
Roots dry weight 9.26 4.72 15.20
Straw dry weight 4.47 9.85 17.02
Seed yield 7.41 13.08 16.31
100-seed weight 0.86 0.79 0.80
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Table (3): Nodules numbers and weights for four soybean cultivars
affected by rhizobium and phosphate solubilizing bacterial

inoculation
Treatments @ Giza21 = Giza35 | Crawford Clark Mean .
‘ B | Noduies fresh weight, g/plant T
Control 1 o t2r 0 1w 1o 14
v R 7 184 200 186 18 183
LMwbSBT 0 a7 Tt 5T 54 157
" *+R+PsB 187 213 . 209 207 204
Megn 153 ;178 1.66 . 161 _ . 165
: 7 . o . _ _ . . _Nodules numbers per plant L
Control .. s 3 . 8 26 . 290 .
“ +R M4 80 47 46 , 46.0 /
“ +PSB . 37 43 ‘ 40 39 i 39.8
" +RsPSB 48 T~ 54 53 52 . 518
‘Mean . 390 48 . 420 408 _ 417
R= rhizobium PSB= phosphate solubilizing bacteria
LSD 45 for: Treatment Cultivar Treatment X cultivar
Nodules fresh weight 0.012 0.011 0.037
Nodules numbers 3.70 2.25 Ns

Data obtained for roots, straw and seed-N and P contents for four
soybean cultivars affected by rhizobium and/or phosphate solubilizing
bacterial inoculation are presented in Tables (4 and 5). The obtained results
were greatly influenced by bacterial inoculation. The highest mean values for
N contents were obtained for treated soybean seeds with combined
rhizobium and PSB inoculants compared with the single inoculation or
uninoculated seeds. Meanwhile, the highest mean values for P contents
were obtained for inoculated s oybean s eeds with single P SB as compared
with the single rhizobium inoculation or the combined rhizobium and PSB
inoculation. Crawford soybean cultivar exhibited the highest roots N and P
contents while Giza 21 cultivar exhibited the highest straw and seed N and P
contents. Similar results were obtained by Badr EI-Din et.al., (1986). Also,
Suwastika (1997) found that single PSB inoculation significantly increased
soybean P uptake.

Results obtained for seeds protein and oil contents for four soybean
cultivars affected by rhizobium and/or phosphate solubilizing bacterial
inoculation are presented in T able (6). The trend obtained for seed protein
content w as s imilar to that o btained for s eed N content r egarding bacterial
inoculation and the response soybean cultivar. Seed oil content was not
significantly affected Lty bacreial inoculation. Slight differences in seed oil
content were found among soybean cultivars. Seeds oil content mean values
were 26.9, 27.0, 27.6 and 27.6% for Giza 21, Crawford, Giza 35 and Clark,
respectively. Badawi and E1-Moursy (1997) and Ahmed et.al., (1997) found
similar results. Their highest seed yield, seed oil and protein contents of
peanut were obtained as a result of bacterial inoculation.

Co-inoculation studies with PSP and rhizobium have shown
increased roots and shoot weight, N, fixation and seed yield of soybean,
Dashti et.al., (1998). Bacterial inoculants must be effective nodulators as well
as good nitrogen fixers, Parmar and Dadarwal, (1999). Plant growth
promotion as a result of inoculation by PSB has been attributed to the
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inerease in the mobilization Of insoluble nuinents and subsequent
enhancement of nutrient uptake by the plants, Lifshitz et.al., (1987)

Table (4): Roots, straw and seed-N contents for four soybean cultivars
affected by rhizobium and phosphate solubilizing bacterial

inoculation e
Treatments Giza2i  Giza35 _ Crawford _ Clark __Mean
o : Roots N,%
Control ] 1.14 0.82 ‘ 1.06 0.89 ) 0.98 :
LY #R 128 1.07 . 131 . 121 T 122
<+ pSB T 17 T 086 1 A7 1 092 | 1.06 |
_* + R+PSB 130 158 . 1684 i 140 1.48
:‘Mean , 1.22 , 1.11 i 1.30 i 1.11 1.19
: Straw N,%
Control : 1.55 ’ 0988 | 115 0.94 : 1.16
“ +R ] 1.84 221 1.73 1.18 T
“ +PSB : 1.74 1.07 1.26 1.19 j 1.32
. “ + R+PSB 248 229 | 236 1.61 2.19
Mean 1.90 1.63 | 163 | 123 | 160
i ; Seed N%
[Control 7 572 | 449 | 439 | 428 | a72_ |
- +R 6.41 ' 5.83 581 | 6.00 ‘ 5.96 :
. * +PSB i 6.33 5.14 ] 5.10 i 563 | 555 |
!j + R+PSB | 655 659 | 617 | 672 {651
‘Mean 6.25 5.51 | 5.32 . 566 5.69
R= rhizobium PSB= phosphate solubilizing bacteria
LSD 04 for: Treatment Cultivar Treatment X cuitivar
Roots N. 0.009 0.021 0.027
Straw N 0.043 0.013 0.052
Seed N 0.117 0.057 0.091

Table (5): Roots, straw and seed-P contents for four soybean cultivars
affected by rhizobium and/or phosphate solubilizing bacterial

. inoculation
| Treatments Giza21 | Giza35 | Crawford | Clark | Mean
i Roots P,%
Control 0.156 0.112 0.147 0.121 0.134
“ +R 0.162 0.133 0.181 0.103 0.140
- _+PSB 0.176 0,147 0.179 0.166 0.167
“ "+ R+PSB 0.178 0.218 0.224 0.192 0.203
Mean 0.168 0.152 0.178 0.148 0.161
. Straw P,% o
Control 0197 ] 0.125 0145 ! 0.119 _0147
- +R ' 0.220 0136 " 0.60 0.151 o167
v _+PSB 0.233 [ _0.280 0.220 i 0.152 0221
* _+ R+PSB 0.313 1 0290 0.299 T 0.204 0.277 1
'Mean T 0.241 I 0208 0.206 0.157 : 0.203
L _ ; Seed P.% _
[Control . 0603 | 0473 . 0463 0.455 i 035
L~ +R_ T 0667 . 0541 ' 0.537 0593 0585
[T +PSB_ ! 0.676 T 0614 0.591 0.632 0.628 :
LT rR¥PSB 10690 | 0.694 0.651 0.708 0886
‘Mean 0859 0.581_ 0.561 0597 . 0660
R= rhizobium 'P§B= phosphate solubnhzmg bacteria
LSD 505 for: Treatment Cultivar Treatment X cultivar
Roots P 0.001 0.002 0.003
Straw P 0.003 0.002 0.005
Seed P’ 0.002 0.009 0.015
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Table (6):Seed protein and oil contents for four soybean cultivars
affected by rhizobium and phosphate solubilizing bacteria

inoculation o

Treatments . Giza2i _ Giza35 | Crawford |  Clark | Mean |
S T Seed protein, % ;
Control 35.7 28.0 274 ;210 ! 295
ot ¥R 401 36.4 35.0 37.5 ! 37.3 :

“wPSB. T 396 321 1319 T 352 1 347
_+R4PSBT 409 1 412 386 420 407
Mean ,_.9%91 . 344 332 . 3B4_ I 355
e Seed oil, % o
Control 262 1 274 26.2 271 . 267

“ *R 27.3 275 - 273 275 27.4
_“+PSB 26.4 273 | 269 27.4 27.0
T “ + R+PSB 27.8 28.3 i 27.5 28.4 28.0
Mean 26.9 27.6 270 \ 276 27.3

R= rhizobium PSB= phosphate solubilizing bacteria

LSD 445 for: Treatment Cultivar Treatment X cultivar

Seed protein 1.73 145 1.78

Seed oil Ns 0.26 Ns

CONCLUSION

Inoculating the soil or soybean seeds with rhizobium and/or
phosphate-solubilizng bacteria will lead to producing high number of bacterial
nodules, which may fix more N, and release more P,thus increase dry matter
. production as well plant growth characters.
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