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wo experiments were carried out in the experimental farm

at Shalakan in the Kulubia Governorate in Egypt in the
summer of both 1996 and 1997 to study the effect of nitrogen
and phosphorus fertilizers, irrigation systems, and mycorrhizal
effect on nodulation and mycorrhizal spores production on
soybean.
Soybean (Glycine max(L)Merr ) Giza 21 cultivar was planted
using three irrigation systems drip, furrow and sprinkler
convention with two levels of nitrogen fertilizer ( 0 N and 35.7
kg N ha') with two forms of phosphorus super phosphate
containing 15.5% P,0s and rock phosphate containing 26%
P,Qs and with two mycorrhizal infection (VAM treatment and
without VAM).The number and dry weight of nodules were
significantly influenced by drip> furrow> sprinkler irrigation at
stage of full bloom (R,) and beginning of seeds (Rs) stages. The
highest amount of nitrogen fertilizers, (35.7 kg N ha"
significantly increased the number of nodules plant' compared
to the control treatment., The interaction effect between
irrigation and nitrogen fertilizer at R; and R; for the number of
nodules plant' and at Rs for the dry weight were mainly as
those of adding nitrogen fertilizer at a rate of 35.7 kg N ha"
under furrow irrigation . The number and dry weight of nodules
plant’ were significantly increased by infestation of fungus
vesicular arbuscular mycorrhizea, VAM. Infestation of seil by
VAM significantly influenced the number of mycorrhizal
spores in the rhizosphere of soybean plants grown under
different jrrigation systems. Percent maximum root infection
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occurred under drip irrigation followed by sprinkler irrigation
and the minimum infection under furrow irrigation.

Keywords: soybean, phosphorous forms, nitrogen fertilizer, irrigation systems,
Mycorrhizae, nodulation

Egypt is a country with high alkaline soils and of low phosphorus availability for
plants. By decreasing the soil pH, inoculation of soil with mycorrhizae increased
the total allocation of C to the roots by 4-7 % (Harris et al, 1985).
Subsequently this reduces the soil pH, and phosphorus is converted from
unavailable to available form. Soybean has a great ability to fix
atmospheric nitrogen in root nodules. Nodulation is controlled by
inoculation with Bradyrhizobium japonicum bacteria and other factors,
such as starter nitrogen (Eaglesham et af, 1983) and phosphorus
fertilizer. The number and dry weight of nodules were reported to
increased with increasing nitrogen application ( Nagra et al., 1991). Both
nitrogen and phosphorus fertilizers were reported to have effect on
growth, nodulation and yield of soybean , but no interaction between
them was found (Yinbo et al, 1998). Adequate amount of phosphorous
fertilizer added to soybean plant enhanced the growth of N- fixing
bacteria through increasing the number and dry weight of nodules (Tomar
et al., 1991). Nodulation failed in soybean grown without phosphorus
(Surenda et al, 1995). Ishac er al. (1986) found that Bradyrhizobium
Japonicom inoculation combined with phosphorus fertilization in the form
of rock or superphosphate stimulated mycorrhizal development , soybean
growth and yield. Symbiosis between fungi and plant roots to form a
mycorrhizac involves extensive interactions between both plant and
fungi. Some interactions between mycorrhiza and soil microorganisms
involve nutrient cycling. Chang et af. (1992) found that dual inoculation
with soybean Rhizobium and mycorrhizae increased P uptake in addition
to increasing the number of nodule and nodule dry weight. Application of
rock phosphate and or vesicular- arbuscular mycorrhizea (VAM) fungi
increased dry matter yield, seed production, number and weight of
nodules and total content of nitrogen (Cardoso, 1985). In addition, VAM
infestation stimuiated nitrogen fixation which in turn resulted in better
growth of mycorrhizae and nodulation (Vejsadova, er al., 1990). in order
to promote soybean production in the new lands in Egypt, experiments
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were carried out to study the effect of nitrogen fertilizer VAM inoculation
and from of phosphorus fertilizers under drip, sprinkler and modified
furrow irrigation systems on soybean nodulation.

MATERIALS AND METHODS

Two field experiments were carried out in summer 1996 and 1997 in
experimental farm of Ain Shams University at Shalakan, Kalubia Governorate to
study the effect of nitrogen fertilizer, phosphorus forms, irrigation systems and
mycorrhizal infestation on nodulation and mycorrhizae infestation of soybean
roots Giza 21 cultivar. Every experiment included 24 treatments arranged in
split-split —split plot design in 4 replicates. They were the combinations of three
irrigation systems (sprinkler, drip, modified furrow) as main plots, 2 levels of
inorganic nitrogen fertilizer (0 and 35.7 kg N ha' ) as sub-plots, 2 forms of
inorganic phosphorus fertilizer at a rate of 53.55 kg P,Os ha' as calcium super-
phosphate 15.5% P,0s ha™ and rock phosphate 26% P,Os as sub-sub plots and 2
mycorrhizal inoculation (without or with mycorrhizae) as sub-sub-sub plots. In
addition a sample of five plants from every treatment of four replicates were
chosen randomly after full bloom (R;) and beginning of seed (Rs) stages of
cultivation and prepared for counts of nodule number plant' as well as weight of
nodules. Percentage of root infection with VA mycorrhizae were determined by
slide method after staining of root samples with trepan blue (Philips and
Hayman,1970). The number of mycorrhizal spores in the soil after harvest were
estimated according to the method described by Gerdemann and Nicolson
(1963).

RESULTS AND DISCUSSION

Data were statistically analysed using the appropriate analysis of variance,
Means were compared by using L.S.D. at 5% level of significancy (Snedecor
and Cochran, 1980). Nodulation of soybean roots had been examined as number
of nodules plant”" and as dry weight of nodules plant™. (Tables 1-6) through
studying the effect of irrigation system, nitrogen application ,colonization with
VAM phosphorus forms and their interactions at R; and Rs on soybean . The
addition of nitrogen fertilizer at the rate of 357 kg N ha' to soybean
significantly increased the number of nodules plant' compared to control
treatment Table 1. Data from 1996 and 1997, at R,, show increased of 117.0 and
72.0% in nodules number, and at Rs (91.0 and 34.0%) for dry weight of
nodules plant”, respectively. Several studies have demonstrated the significant
contribution of atmospheric N fixation to soybean nutrition and growth ( Rennie
ef al., 1982). Most estimates show that soybean derives between 25 and 75% of
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its N, needs from N, fixation (Deibert ef al., 1979). The number and dry weight
of nodules were influenced significantly by irrigation system with furrow> drip
> gprinkler irrigation. These results were similar at R, and Rs stages. The
interaction between irrigation systems and nitrogen fertilizer indicated that the
highest numbers and dry weight of nodules plant’ were obtained by adding
njtrogen fertilizer at a rate of 35.7 kg hac™' under furrow irrigation at both stages.
The number and dry weight of nodules plant' were increased significantly by
infestation of mycorrhizal fungus (VAM). Tables (3 and 4). The rate of increase
dose of non- infestation by VAM at R, and R; stages reached 24.0% and 49.0%
for the number of nodules and 49.0 and 45.0% for the dry weight of nodules,
respectively, Pacovsky et al. (1986) indicated that the dry weight of nodulated
VAM plants were 50 to 60% greater than those of the non-nodulated VAM
control. The interaction between infestation by mycorrhizal fungus and irrigation
system on the number and the dry weight of nodules plant’' were significant.
Maximum values of the dry weight of nodules plant' were obtained by
inoculation with VAM under furrow irrigation at R; and R;s stages. The number
and dry weight of nodules were the least in plants not receiving mycorrhizal
under sprinkler irrigation. (Tables 3 and 4). Adding phosphorus fertilizer in the
form of rock phosphate increased the number and dry weight of nodules plant”
over those amended with superphosphate at R, and R stages. At R», there were
no significant differences between phosphorus form and irrigation systems on
the number and dry weight of nodules plant". These results were similar to those
obtained by lshac er al. (1986). The effect of nitrogen application, colonizaion
by mycrrohizal fungi VAM and phosphorus form under drip, furrow and sprikler
irrigation systems and their interactions on both mycorrhizal spore percent and
VAM root infection are reported in tables (7,8 and 9, respectively). Nitrogen
application as well as phosphorus fertilizer form effects on the spore percent
and VAM root infection were not significant for the different irrigation systems.
Infestation of soil by VAM caused significantly higher number of mycorrhizal
spores in the soil collected from soybean plants rhizosphere under different
irrigation systems (Table 8). The rates of increase were 67.0, 91.0, and 58.0%,
when compared with no infestation for plants grown under drip, furrow and
sprinkler irrigation, respectively. Infection with mycorrhizal spore also caused
similar trend in VAM root infection percentage. Significantly higher percent
root infection value was obtained under drip irrigation compared with sprinkier
irrigation and the least infection occurred with furrow irrigation. These results
might be attributed to the effect of O, and CO, level on VAM since VAM are
aerobic microorganisms (Saif, 1984). Therefore, soil water and aeration have
considerable impact on the distribution, =ffectiveness and plant response to
VAM.
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TABLE (1). Effect of nitrogen application and irrigation systems on
number of nodules plant’ (combined data of 1996 and
1997).

R,

Irrigation systems
Drip Furrow | Sprinkler | Means
Nitrogen 60.92 | 113.74 54.96 76.51
Without 28.03 55.47 22.44 3541
Means 44.48 84.60 38.86 55.97
LSD(R;):1=1.055 N=8§ 1xN=1.48

Rs
Drip Furrow | Sprinkler | Means
Nitrogen 83.06 | 134.16 107.57 108.69
Without 48.98 61.26 59.50 55.85
Means 66.59 96.60 83.41 82.34

| Rs:1=1.41  N=§ [xN=1.99

R,= Stage of full bloom
Rs= stage of beginning seed

TABLE (2). Effect of nitrogen application and irrigation systems
interaction on dry weight of nodules(g) plant'l { combined

data of 1996 and 1997).

Ry
Irrigation systems
Drip | Furrow Sprinkler | Means
Nitrogen 0.25 0.80 0.22 0.29
Without (.09 0.25 0.06 016
Means 0.17 (.33 0.140 0.21
LSD(0.05) 1=0.011 _ N=S ] x N=NS
Rs
Drip | Furrow Sprinkler | Means
Nitrogen 1.90 | 2.04 0.93 225
Without 0.92 1.15 0.59 0.79
Means 1.26 1.59 0.94 1.27
LSD(0.05) 1=0.092 N=S§ Ix N= NS

R,= Stage of full bloom
Rs=stage of beginning seed
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TABLE (3). Effect of infestation with mycorrhizal Fungi(VAM), irrigation

systems and their interaction on number of nodules plant”
( combined data of 1996 and 1997)

R,= Stage of full bloom
Rs= stage of beginning seed

— R, ]
Irrigation systems
Drip | Fumrow | Sprinkler | Means
VAM 54.28 83.77 50.43 62.57
| Without 38.88 85.44 27.25 49.38
Means 44 48 84.60 38.84 55.97
LSD(0.05) 1=1.059 _ VAM=S IxVAM=1.434
Rs
Drip Furrow Sprinkler | Means
VAM 87.72 | 108.64 99.98 98.79 |
Without 45,55 86.70 67.11 66.44
Means 66.64 97.72 83.53 76.07
iSD(0.0S) I=1415 VAM=S IxXVAM=2.75

TABLE (4). Effect of infestation with mycorrhizal fungi(VAM), irrigation
systems and their interaction on dry weight of nodules(g)
plant” combined data of ( 1996 and 1997)

R,= Stage of full bloom
Rs= stage of beginning seed
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R;
Irrigation systems
Drip | Furrow | Sprinkler | Means
VAM 0.22 0.36 0.17 0.31
Without 0.11 028 | 0.0 0.16
Means 0.17 032 | 014 0.21
LSD{0.05) R,: I=0.009 VAM=S§ IxVAM=.008
Rs
Drip | Fumrow | Sprinkler | Means
VAM 1.54 1.80 1.11 1.49
Without 0.97 1.38 0.73 1.02
Means 1.26 1.59 0.95 1.14
LSD(0.05) Rs: 1=0.03 VAM=S IxVAM=055
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TABLE (5). Effect of phosphorus forms , irrigation systems and their
interactions on no umber of nodules plant” (combined data
of 1996 and 1997)

Ry
Irrigation systems
Drip Furrow Sprinkler | Means
Rock 44.69 87.44 32.0 55.04
Super 44.03 81.80 45.33 47.12
Means 44.50 84.63 38.86 55.97
LSD(0.05)1=1.055 P=S IxP = NS
Rs
Drip Furrow Sprinkler | Means
Rock 70.54 | 114.58 79.56 85.82
Super 62.73 80.72 87.22 76.87
Means 66.6 97.62 83.39 82.53
LSD{0.05)1=1.41 P=§ IxP=2.88

R,= Stage of full bloom -
R;s= stage of beginning seed

TABLE (6). Effect of phosphorus forms , irrigation systems and their
interaction on dry weight of nodules (g)plant”( combined
data of 1996 and 1997)

R,
Irrigation systems
Drip | Furrow Sprinkler Means
-Rock 0.18 0.34 0.15 0.22
Super 0.16 0.31 0.14 0.82
Means 17 0.90 0.15 1.03
LSD(0.05) I=0.011 P=§ IxP=NS
Ry , B
Drip | Furrow Sprinkler | Means
Rock 1.49 1.83 0.93 1.42
Super 1.02 1.35 0.94 1.11
Means 1.26 1.36 0.94 1.26
LSD((.05)1=0.031 P=S IxP=0.056

R,= Stage of full bloom
Rs= stage of beginning seed
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TABLE (7). Effect of nitrogen application and irrigation systems on the

numbers of VA mycorrhizal spores and infection
percentages in soybean roots.
VAM Spore Nox10'kg* soil VAM infection(%) ]
Treatment i
Drip | Furrow | Sprinkler | Mean | Drip | Furrow | Sprinkler | Mean
Nitrogen | 4.54 ] 3.96 4.5 433 (49381 44.48 46.25 46.7
Control | 448 ; 3.88 4.47 427 | 459 | 44.04 4935 | 47.76
Mean 451 391 4,50 431 |49.64 | 44.26 46.3 46.73
L.5.D(0.05) 1=0.18 NzNS§ [=0.86 NzNS

TABLE (8). Effect of VA mycorrhizal inoculation on number of spores and
infection Percentages in soybean plants under three irrigation

systems .
VAM Spore Nox10°kg " soil VAM infection(%)
Treatment
Drip | Furrow | Sprinkler | Mean | Drip | Furrow | Sprinkier | Mean
VAM 5641 514 5.52 5.43 | 59.06( 47.81 54.37 15374
Control | 3.37| 2.69 35 3.18 |40.22| 35.71 3823 | 38.05
MeanJ4.51 3.91 4.50 4.31 [49.64( 44.26 46.3 46.73
L.S.D(0.05) 1=0.18 VAM:S = 0.86 VAM:S

TABLE (9). Effect of phosphorus source and irrigation systems on the
numbers of VA mycorrhizal spores and infection percentages
in soybean roots.

Treatment VAM Spore Nox10°kg ™ soil VAM infection(%)
Drip ; Furrow | Sprinkler | Mean | Drip | Furrow | Sprinkler | Mean
Rock 456 3.96 4,60 4.37 15156 45.63 48.23 48.47
Super 451 | 3.88 441 426 (4772 42.89 4437 | 45.00
Mean 4.51 3.91 4.50 431 (4964 44.26 463 46.73
L.8.D(0.05) I=0.18 P:NS I=0.86 P:NS

Egyptian J. Desert Res., 53, No.1 (2003)



EFFECT OF PHOSPHORUS AND NITROGEN..... 143

REFERENCES

Cardoso, E. J. (1985). Effect of vesicular arbescular mycorrhiza and rock
phosphate on the soybean-rhizobium symbiosis. Revista —Brasileira-de-
Ciencia-do-Solo.,9 (2):125-130

Chang, C.Y.; Z. H. Lu; S.J. Dai; C. J. Zhao and D. X. Guo (1992). Studies on
selection of the best symbiotic system of high yielding and high protein
content soybean, high efficient RAizobium and mycorrhiza fungus.
Saybean Science, 11 (3):226-233.

Deibert, E. J.; M. Bijeriegon and R. A. Olson (1979). Utilization of BN
fertilizer by nodulating and non-nodulating soybean isolines. Agronomy
J,71:717-723.

Eaglesham, A. R. J.; S. Hassouna and R. Seeger (1983). Fertilizer-N effects on
N, fixation by cowpes and soybean. Agroromy J., 75: 61-66.

Gerdemann, J. W. and T. H. Nicolson (1963). Spores of mycorrhizal endogone
species extracted from soil by wet sieving and decanting. Trans Brir.
Mycol. Soc., 46: 235-244.

Ishac, Y. Z; M. E. EL- Haddad; E. A, Saleh; M. A, EL-Borolosy; M. E. El-
Demerdash and A. A. Refaat (1986). Response of soybean to
Bradyrhizobium inoculation, phosphate supplementation and residual
effect of organic matter. Proc .2™ AABNE- Conf., Cairo, Egypt, Dec.,
15, p. 198.

Harris, D.; R. S. Pakovsky and E. A, Paul (1985). C-flow and N, fixatio in
sorghum-Azospirillum- Glomus asociation. R. Molina ed. Proc. 6"
Noyrth Am, Conf. On Mycorrhizae, Bend, OR, June, 25-29, 1984, p.374.

Nagra, K.T.; 5. S. Joshi and P. V. Thorve (1991). Effect of Rhizobium
inoculation and nitrogen application nodulation of groundnut and
soybean .PKV. Research Journal, 15 (2). 157-159.

Pacovsky, R. S; E. A, Paul and G. J. Bethenfalvay (1986). Response of
mycorrhizal and P-fertilized soybean to nodulation by Bradyrhizobium
or ammonium nitrate. Crop Science, 26(1):145-150.

Philips, J. M and D. S. Hayman (1970). Improved procedures for clearing and
staining parasitic and VA mycorrhizal fungi for rapid assessment of
infection. Trans. Br. Mycol. Soc., 55:158-161

Rennie, R. J.; S. Dubetz; J. B. Ble and H. H. Muenel (1982). Dinitrogen fixation
measured of °N isotope dilution in two Canadian soybean cultivars.
Agronomy J., 74: 725-730.

Egyptian J. Desert Res., 53, No.1 (2003)



144 Noureldin, Nemat A. et al.

Saif, S. R. (1984). The influence of soil aeration on the efficiency of vesicular-
arbuscular mycorrhizea. 111. Soil carbon diexide and growth and mineral
uptake, New Phytol., 96:429-436.

Snedecor, G.W. and W.G. Cochran (1980). In “Statistical methods™, lowa State
Univ. Press, Ames, lowa, U.S.A.

Surenda, Singh; A. S. Chandel; S. C. Saxena and S. Singh (1995). Effect of
phosphorus on total biomes grain yield and nitrogen uptake in soybean
(Glycine max). Indian Jowrnal of Agricultural Sciences, 65(6):431-432.

Tomar, R. K.S.; J. S. Raghu.; L. N. Yadav and R. S. Ghuayya (1991).Effect of
phosphorus, Rhizebium inoculation and zinc on the yield of soybean
(Glveine max L) International Journal of Tropical Agriculture, 9 (3):
211-214,

Vejsadova, H.; H. Hrselova; P. Prikrylz and V. Vancura (1990). Effect of
different phosphorus and nitrogen levels on development of VA
mycorrhizal rhozobial activity and soybean growth. Agriculture
Ecosystem and Environment, 29 (1-4): 439-434.

Yinbo, G.; S. Ineke; T. Shifang and K. J. C. Pieter (1998). The effects of N and
P fertilization on growth,N,-fixation and yield of soybean. Worid
Soybean Research Conference VI, August 4-7, Chicage, Hlinous, USA,
p553.

Received : 23/03/2003
Accepted : 13/08/2003

Egyptian J. Desert Res., 53, No.1 (2003)



EFFECT OF PHOSPHORUS AND NITROGEN..... 145

| 3uh ) sSsally il g s A pliig iam g il (Al gil) dranad) 50
Lgaal sy Aoy il (3555 Lo

(.Um dasa ““u.ihm Jelacd gdama el gl Juiadl e Cuaad
L _paa —E_ﬁml“w’joﬂ:h\;_%\J}\@S—d&ahﬂ|?ﬂﬁ
e S A s (g Raan Al RS g s ) e

el (pe Aaala del ) AN ELS Lol 53 o lad ddaaay sl jat Cy
o9 ) il diaudl 2 E A5 199V 44T ale el gall il Adadlas,
) _}L_u:) L..’.'!-;J..)—":.‘mj("‘ y_’é%‘”‘l L;_);...ayl Qu.u_,ﬂl_, ,l \-_,é%\occ’ ‘gj;LuJ‘.S.“ ClLLan
@_'ﬂﬁltj(_;,_in.dl ‘ﬁ.l:n_m]\ s.]n_.]_aﬂ| c&p‘)hﬂud_)'ajna&n:l(_)m ‘_-Je_g.S't“O,V
Ll Jod bty 13 5 oSaall a8 oo g A jaadl siall 208 Je(edl g0 el )1 308 ) sl
:‘_At:llSG_-!m'l iL\.ﬂS} .(T\ n__'):i_jsu_ﬂ.a)

S gpa Jo laamily (b Lisies T ydal Gall Cila o5y dael Sl e Jpeanll (Sd -y
JucSl Ala o (4 35 Al i e shaal padadl (s ) ot Laiw (Bl o i i 8
o S s ey e 5Y)

Aaiinay A e Dlall &y ,080 Madl Mael (3 A yime saly ) Y 5 aal YOV Jame g -y
.43 el

aciell ol Jo Hdlis ) pShall gl dal el s s il ey s Ak o Jelill S v
el adaldl g g ala can KT ) aal YO,V Al die dala il 3 0K

A S k) Galad 555l St (8 Ay gime 325 (1 e Sy Sl Ala) il ¢

i 3a 5 Saall Alaly Adhaall (g 5B alad and jghadl dabkaie 81 5aa )5S afd e alael @aly o
Aol

Dy—adll pada i (I Cuali e Dl g 0 1 e Sy sl sl i -n
AN 5 Adons ia pll S

Egyptian J. Desert Res., 53, No.1 (2003)





