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Summary

The interactions between Azospirillum lipoferum,

Azotobacter chroococum and Rhizobivm spp. were assessed

on the growth patern and mineral concentration of chickpea

{Cicer arietinum cv. Giza 2) on loamy sand soil and on

sandy soil. Seeds were inoculated with Rhizohium and with

2ither Azospirillum or Azotobacter or with mixture of both

inoculants. Growth of chickpea was improved by association
of Azospirillum and/or Azotobacter with Rhizobium in both
soil types used. However, Rhizobium with both inoculants

was found to be the most responsive.

Cross sections of chick pea root nodules showed that
the two diazotrophs plus Rhizobium improved nedule branching
over the Rhizobium inoculated treatments in both soil types.

Generally the values of nutrient concentration in
chickpea tissues were higher in plants grown in loamy sand
soil than those grown im sandy soil inspite of the plant

age and the applied treatment.
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Introduction

‘Several studies in recent vyears have explored the
interactions of bacterial diazotrophs which are able to
colonize the root =zones of leguminous or nonleguminous
plants and subsequently fixing nitrogen either in symbiotic

or in associative manner.

There have been reports that mixed cultures of either

Azotobacter spp. or Azospirillum spp. and Rhizobium strains
when used as inoculants for several legumes increased nodule
number, nodule dry weight (Abou Bakr et al. 1987, Burns
et al., 1981, Iruthyathas et al, 1983 Rai, 1983} improved
grain yield, nitrogenase a¢tivity and increased dry matter
accumulation in plant parts (Djordjeviec et al., 1982, El1-
Mokadem et al., 1986, Kumar Raoc et al., 1976, Singh and
Subba Rao, 1979, Plazinski et al., 1984: Sarig et al.,

1986}).

There is evidence that, equal growth does not
neéessarily indicate functional equnivalence since there
may be nutritional and metabolic differences. Purthermore,
there are few reports describing alteration in the chemical
composition of some c¢rop species by inocuolation with
Azospirillum or Azotobacter (Kapulnik et al., 1985, Lin
et al., 1983, 0Okon, 1982) who suggested that inoculation
with Azospirillum enhanced the uptake of nitrate, phosphate

and potassium.
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The cbjective of the present study was to determine

the interactionef Azospirillum lipoferum and/or Azotobacter

chroococcum and Rhizobium on nodulation, growth and nutrient

concentration on growing chick pea (Cicer arietinum CV.

Giza 2) in two different soil types ({loamy sand soil and
sapndy soil). Determinations done throughout plant develop-
ment stages were compared with rhizobia incculated control

plants of similar growth stages and soil type.

Material & Methods

Biological materials:

Chick pea (Cicer arietinum cv. Giza 2) seeds were

obtained from Crop Research Institute, Ministry of

Agriculture; Azospirillum Lipoferum, strain isolated from

Fayoum Egyptian soil and identified by Girgis ( 19685) was

cultured in maltate medium, ( Dobereiner, 1978}, Azotobacter

chroococcum R, isolated and identified by Blwan aad El-
Naggar, ( 1969) was cultured in nitrogen deficient medium
(Rlwan and ElNaggar, 19711, Rhizobium sp. local isclate,
cbtained from Egyptian ministry of BAgriculture was cultured

in yeast mannitol medium {Vincent, 1970).

Experimental designs

To study the above mentioned interactions, a' field
plot experiment with (2 x 2 m.) factorial design was carried

out on either loamy sand textured soil or sandy soil.
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Mean values of some s0il characteristics are gqiven
in table 1 . The physico-chemical properties of spil
were determined according to Jackson (1967). Treatments

in both s0il types were as follows:

a) Seeds inoculated with Rhizobium spp. (control).

b} Seeds inoculated with Rhizobium spp.4 Azospirillum
lipoferum.

c) Seeds inoculated with Rhizobium spp.4 Azotobacter
chroococcum.

d} GSeeds inoculated with Rhizobivm spp.jpmixed culture

of Azospirillum and Azotcbacter.

Treatments were replicated thrice and were completely

randomized.

The average number of cells per ml. varied from 5x107

of Rhizobium spp. to 6 x 10° of Azotobacter chroococcum

and 12.5 x 168 of Azospirillum lipoferum. Incculation

of seeds were accomplished by moistening seeds with 10%
sugar solution and mixing the inoculum with seeds immediately
before sowing. Inoculation treatments received an additional
application of Azospirillum and Azotobacter 15 days and
one month after sowing. Stringent precautions were taken
to aveoid transfer of inoculant strains between treatments

{Young and Mytton, 1983).
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Growth Conditions :

Plants were grown under regular winter conditions

and sufficiently irrigated.

Evaluations and assays:

Plant height, number of nodules, dry weight of roots
;nd shoots, number of branches and leaves were recorded
in each treatment at 30, 60 and 90 days old. At full
maturity pods were collected and seeds were subject to

analysis.,

For macro and micro nutrient determinations, whole
plant samples after harvest were thoroughly washed, dried
at 70°C to constant weight, ground and digested in nitrie,
perchloriCaMsulfurig acid . Phosphorus was analysed using
the vanadatomolybdate colorimetric method (Chapman and
Prott, 1578) Ca, My, Fe, Mn, Zn and Cu were determined
by atomic absorption spectrophotometry. K, Na were estimated

by flame photometry { Jackson, 1967 }.

Nitrogen was measured byKjeldahl method. Protein were
estimated by multiplying the total nitrogen content by
the factor 6+25 { A.0.A.C 1975 ). Total carbohydrate constit-
vent were determined accofding to the method of Malik

and 8ing {1980 ). .
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Preparation of root nodules for observaticen by light

Root nodules of 30 days old plants were fixed in Carnoys,
dehydrated, embedded and thin 1longitudinal sections of
the nodule central region were prepared (Drury & Wallingtons,
1967) and examined with light microscope to observe nodule

morphology.

Results

Effect of inoculation upon plant growth:

Data given in table 2 ,reveal that, growth of chickpea

was improved by asscociation of Azospirillum lipoferum and/or

Azotobacter chroococcum with Rhizobium spp. in both soils

used.

It was found that inoculation with Azospirillum or

Azctobacter either alone or in combihation ‘increased plant

dry weight over Rhizobium inoculated control during plant
growth (30, 60, & 90 days old). In general, the shoot/root

ratio (§/R} of inoculated plants was higher than that of

Rhizobium inoculated ones, specially in case of dual inocula-

tion on loamy sand soil, the magnitude of increase ranges
from 20% - 87% over their contreol while differences between

treatments were slight in plants grown on sandy soil.
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Inoculation with Azospirillum, Azotobacter or a combina-

tion of both inoculants produced more leaves/plant than

Rhizobium inoculated contrel plants (Table 2).

The beneficial effect of inoculation were manifested
alsc on the dimensions (height) of the plants; plant height
was, in general, proportional to the number of leavses {Table
2. Dual inoculation with both inoculants resulted greater
plant height than those inoculated with Rhizobium. Separate
inoculation with Azospirillum and Azotobacter ‘produced similar
responses in plant height and both treatments preduced
taller plants than the control. There was little difference
between BAzospirillum and Aotobacter treatment in plants

grown in sandy soil.

Nodulation:

Nodules were formed in all treatments, and mostly
of pink interior, suggesting that nitrogen fixation took

place. Presence of Azospirillum lipoferum and/or Azotobacter

chroococcum caused increase in nodulation (Table 2). The
increase in root nodules ranged from 5% to a maximum of
107% (Table 2). In general nodules were bigger and more
branched {lobed) in so0il inoculated with Azosirillum and
Azotcbacter. Dual inoculation resulted in the highest
response followed by Azospirillum then Azotobacter in both
soils used. The internal anatomical response of root nddules

to inoculation showed that the two diazotrophs plus Rhizobium
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improved nodule branching over the Rhizobium inoculant

treatments in both soils (Fig. 1)

Effect of inoculation on nntrient concentration in plant

tissues:

From tables 3,4 & 5 it can be seen that, in general
the values of nutrient concentrations in chick pea tissues
were higher in plants grown in loamy sand soil than those
grown in sandy soil inspite of the plant age and the applied

treatment.

al On 1loamy sand soil, inoculation of Azospirillum
and Azotobacter either alone or in combination £avours
nitrogen and protein accumulation in plant tissues (Table

3}, the response was higher with dvual inoculation.

The presence of Azospirillum or Azctobacter has shown

to have positive influence on phosphorus, potassium, calcium
and magnesium content o©of inoculated plants throughout

development.

However, accumulation of sodium in plant tissue was
favoured by inoculation at the early stdge of growth (30
days old}. Azoggirillum and Azotobacter inoculation Ffavours
the relative uptake of micronutrient like Mn, Zn & Cu in
chick pea plants, as compared to Rhizobium treatment.

Lower carbohydrates conteht was shown in inoculated plants.
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b) In sandy soil, differences between treatments in terms

of nutrient concentration can be contrasted (Table 4).

The presence of Azospirillum or Azotobacter with
Rhizobium has shown to have positive influence on nitrogen,
protein and phosphorus content of inoculated plants.
Incculation did not significantly affect the concentration
of K and Na in plant tissue. However, treatments induced

a decrease in the concentration of Ca & Mg in chickpea.

Plant dry matter accumulation was positively correlated
with percentage of total carhohydrate and negatively
correlated with Ca & Mg. In general micronutrient contents
per gm., dry wt. of Zn and Cu were relatively at higher
rates at 30 days old then showed a tendency to decline
with age till 90 days. Micronutrients were taken up rapidly

during the early stage of growth, then the rate decreased.

Nutrient concentration of seeds:

Effect of Azospirillum & Azotobacter inoculation on

nutrient constituents in chickpea seeds in Loth soils is
given in lable, 5 . The differences in nutrient concentra-
tions for fully devéloped chickpea seeds were less pronounced
than the differences in plant tissue at the developing
stages (Tables3 & 4y Thtan indication that the alteration

of nutrients due to ihoculation with Azoséirillum and/or

=109~



Women's Coll. Ann. Rev.
Vol. 15 (1990}.

Azotobacter may occur probably mainly in vegetative structure
or there is every possibility of reachy effect of the

alteration of the nutrient constituent of the mature seeds.

Discussion

The experiments conducted indicated that the incculation

of chickpea with RAzospirillum lipoferum and/or Azotgbacter

chroococcum in association with Rhizobium spp. increases
the number of nodules, plant height, number of leaves and
branches and above and below ground biomass. Plants
inoculated with both organisms or Azospirillum grew better
than those inoculated with Azotobacter or control plants

in loamy sand s50il and sandy soil.

This also reflects the invelvement of the plant in
response to the three interacting Dbacterial species.
However, such growth responses are variable (Table 2}
depending on the initial fertility of soil '{Lehri et al.,

1978 & Subba Rao et al., 1980).

In most experiments there were positive responses
of dry matter and/or nitrogen content- of chickpea to

inoculation of Azospirillum & Azotobacter. The bacterial

effect on the S/R ratio found in this study alsco merit
some comments. ©One of the ways to control the distribution

of biomass between shoot and root is based on the feed-
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back effect of shoot plant nutrients on the flow of the
photosynthetic préducts to the heterotrophic parts of the
system. However another mechanism is also possible to
explain the effect of Azospirillum and Azotobacter which
are known to synthesize and exude into the medium plant
hormones {(Tien et al.,1979), which can alter the hormonal

balance within the plant, thereby affecting the 5/R ratio.

The present results, together with previous reports
{Abou Bakr et al., 1987, Bﬁrns et al., 19%981; Iruthayathas
et al., 1983; Rai, 1983) clearly indicate that inoculation
of Azospirillum and Azotobacter enhances ndﬁulation and

plant growth.

The favourable effect of Azospirillum and/or Azotobacter
on agricultural crops is at present attributed to multiple
action. They can affect plant growth not only by fixing
nitrogen but also by altering microbial balance, supression
of pathogenic microorganism, mobilisation of soil phosphate
or by providing metabolites that stimulate plant development
(Brown 1974, Cooper 1959, Mishustin & Naumova 1962, Shende,
et al. 1975; Brown 1974; Brown and Walker 1970 "and

Davies et al., 1964 ).
It can be seen that on inoculation with Azospirillum
and Azotobactex, more root hairs become susceptible to

rhizobial infection. Okon {1984)and Patriquin et al.,{1983)

~111-



Women's Coll. Ann. Rev.
Vol. 15 (19350).

showed that Azospirillum inoculation shortened time
appearance and increaSed root hair formation in roots of
wheat and other grasses. Moreover, perhaps Azospirillum
celle produce an excretable compound (S) which create new
infecﬁion sites (Plazinski & Rolfe 1985). Gross-sections
of inoculated nodules showed increased nodule branches(lobes)
These effects on nodule morpholagy may be due to the
production of plant growth promoting substances by the
colonizing bacteria {Rzotobacter and Azospirillum or by
the plant as a reaction to colonization. Morphological
changes may have a physiological effect on inoculated roots

wore postulated by Okon & Kapulnik 1386,

One of the objective of this experiment was the evalua-—
tion of the role of BAzospirillum and Azotobacter in
association with Rhizobium on chickpea nutrition in low
fertilized loamy sand, and weak sandy soil. Data shown
in tables3, 4 & 5 showed that nutrient concentrations also
varied among soil type through plant development. Nutrients
were taken up rapidly during the early stéges of growth
in presence of Azospirillum and Azotobacter. This emphasizes
the potential role of both inoculants in increasing the
efficiency of mineral assimilation and respectively plant
growth. Enhaced nptrient uptake following Azospirillum
and Azotobacter inoculation suggests that these rhizosphere
bacteria increase the availability of nutrient through

altering root surface characteristics involved in nutrient

=112~

-



Wamen's Coll. Ann. Rev.
vVol. 15 (1950).

uptake (Lin et al., 1983 and Helimish ey_al., 1936). Other
mechanisms not involving nitrogen fixation have been cited
to explain inoculation responses. Enhanced - uptake of
nitrate, phosphate and potassium by excised root sections

of maize and sorghum inoculated with Azospirillum brasilense

have been observed (Kapulnik, et al., 1985, Lin, et .al .,

1983, and Okon, 1982 ).

Villas and Dﬁbereine; .(1981L| suggested that
Azospirillum may stimulate nitrate assimilation by plant.
Moreover, it has been found that in grasses inoculated
with Azospirillum +there was an increase in mineral and

water uptake by the roots and greater accumulation of

dry matter in plant parts(Kapulnik, et al., 1983; Kapulnik,
et al., 198l; Sarig, et al., 1984 and Yahalom, et al.,

1984) resulting in increase in root and shoot bicmass.

-

Our studies have shown that the presence of Azospirillum
and/or Aiqtobacter could influence the Rhizobium-—Ilegume
symbiotic interaction. Relationships involwving physiological
compatibility in the triparxtite association are unknown
and may match in importance the abllity of the three
associatives to tolerate independently a common set_ of
environmental and edaphic factors. Extended studies of
versatile tripartite associations are appreciated for

recomendation of their combined use in practicer ,
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1. le (1) : Soil analysis and soil water tension

(1) granuolometric analysis Sandy s0il loamy sand soil
. Gravel % 10.4% B.5%
Coarse sand 50.8 31.2
Fine sand 38.0 54.6
silt 6.7 3.3
clay 4.5 10.9
(2) Chemical enalysis
E.C. { ¢ mhos = § ) 2.8 x 107> 4.8 x 1077
pH _ ' 7.80 7.10
Organic matter % 0.38 0.67
Nitrogen % 0.03s6 D.055
Chlorides % D.20 D.18
3) Spil water tension

{( centibar )
before irrigation 33.0 30.0

after irrigation 10.0 10.0
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fable (J3*: {ntétaction botwoen Azospirillum lipofprum, Azotobacter

chroucoccum and Rhizohium SpP.and their offact on gome

nutrient cnnstituents of chickpea {( Clcer acictinum ) Var. glza 2. Plants grown in Leoamy soil,

Loamy sail ng / g dcy wt Mg / g dry wt
Date Treatment Nitrogen lprotein |total catbohy p K Ca Mg )1 MR in Cu
30 days {Control 35.7 223.7 86.0 2.0 | 24.8 5.4 |z,5 1.1 | 4a3.2 ] 38.7 17
Azospirillum 43.1 269.4 61.8 4.3 1 51.0 2.013.7 (1.9 |106.8 | 87.0 22
Arzotobacter 40.9 255.6 52,5 5.2 | a9.5 8.1 u._u 1.7 ) 68.4 | 73.8 18
fzospirillon + 45.8 286.3 81,3 a6 52,5 | 9.3 037 Vaos] 7s.elio.s | ze
Bzatobacter
60 days |Central 29.1 181.9 40,0 2.8 ) 27.0 18.8 |a,2 |0.9 {127.8 | 6B.1 25
Azosplrillum 29.9 186.9 67.5 4.6 | ag.5 17.5 (8.6 [1.8 |[10a.a | 60,3 21 |
sz3tobecter 22.7 161.9 $5.5 _ [5.3 [ 30,0 |z7.5 [a.5 [1.0 [rss.a|7z.0 | 38 8
* -
. . I
Azospirillum « 36.1 200.6 57.5 s.5 | 26,2 |18.8 Ja.5 |o0.B }131.a 83,4 | 28
Azotobouter
20 days | Cantrol 23.8 149,8 B6.6 3.2 jg.0 |58.8 4.4 0.8 | 77.4 | 76.2 7
Azospirillum 208.1 175.6 74.5 3.7| 34.5 | 15.0|4.2 | 0.8 ] 81.0]99.0 12
drgtobacter 27.0 168.8 715.0 - 3.5) 36.5 [13.8 | 4.3 G.8 | B3.4]81.0 9
-3 i
sspieillum + 29.5 184.8 62.0 5.9 1.8 | 1s.0la.s [ 0.6 75.0(97.2 3
A:atabacter

» V\olues aee mean3 F kbeoee determinakions.
Women's Coll. Ann. Rev.
Vol. 15 (1994).



Tabla (4)*:

Interacticn betwesen Azospirillum lipoferum,

Azotobpacter gchrodeoccum and Rhizobium Sp,

nutrient comstituents of chickpea ( Cicar arletinum ) Var,

giza 2. Plants grown in gandy saill

and their effect on some

T Sandy w8oil ng / g dry wt-. ., Mg / g dry wt
Date Treatment Nitrogon | protetn total carbohy 2] 4 Ca Hg Na M- | In Cu

30 days ) Cantrol {Rlizobium) 35.6 222.5 51.9 2.7 a4tT.3 11.41 4.7 1.5 ?3.0 86.9 17
Azospirillun _ 35.3 220.6 48,0 4.0 48,8 2.91 3.9 1.4 7a.7 75.46 23
Azotobacter 34,2 213.4 45.2 3.9 50.3 8.7} 3.7 1.4 63.6 81.3 37 .
Azoapirillun «
Azotobacter 37.5 234.3 58.5 3.3 ] 43,5} 10.5| 4.8 [1.5 | 78,0 70.0 20

&0 daya | Control (Rhizolium) 23.0 143,8 65,7 4.8 36.0 23.8 ) 5.4 Tel |165.6 927.5 |-38
Azospirillum 29.6 | 185.0 63.1 6.3 | ss5.0 [ 15.0| 2.8 [0.9 | BO.6{ 71.1 { 18 i
Azotobacter ) 26.6 166.3 57.4 . 3.7 39.4 16,3 3.7 0.9 68,4 78,0 20 ﬂ
Azogplrillum + 24.1 150.6 65.9 3.2 37.5 15.0 ] 5.8 0.8 7%.2 75.6 21
Azotobouter

90 days | Control (Rhizobium) 33.7 210.6 70.8 4.1 39.0 20.0] 3.8 0.9 73.8 88,7 10
Azospirilium 25.1 156,9 42,0 3.4 33.D 15.01 3.7 g0.9 63.0 B1.0 9
Azotobacter 26.5 165.6 81.3 3.5 um.m_ 15.0[ 3.4 0.8 ) 60,6 92.7 e
Azospirillum +
Azotobackor 33.1 206.9 83.3 3.8 34,5 15.0 )] 3.4 0.7 57.0 72,0 6.

* VYolues are means of three determinations. .

Women's Coll. Ann. Rev.
Vol. 15 (199q).



Table (5) Intersction between Azospirillum lipoferum, Azotobacter chroscoccum and Rhizobium spp and their
effect on some nutrient constituenls in the aeeds of chickpea { Cicer arietinum )} var giza 2

A

Soil type Treatment mg/ g dry  wte Mg/ g dry wt.

Nitrogen Prolein Total carbohyd P K Ca | Mg |Na Fe Mn In Cu

Loamy soil [ Control(Rhizobium.)| 32.0 200.0 294 5.7 (16,59 1.6 (1.5 0.7 B5.8| 27.0 | 67.5 [

Azaspirillun 32.6 203.8 200.5 5.5115.5[2.2(1.5]0.7] 92.3] 36.6 | 65.1 3

Azotobacter 30.4 190.0 286.8 4.8 (13.5)1.5|1.3|0.6| 6A.1| 28.2 | 54,9 [

Azaspirillum + 33.4 210.0 239.3 5.6 115.0)1.8]1.3|0.6] 53.3) 28.2 | 64.5 5
Azotobacter

Sandy coil |Control (Rhizobium.)] 27.8 173.8 271.1 4.9117.3{1.8| 1.8} 0.5| 57.2| 30.0 | 60.6 1

Azaspirillum 32.6 203.8 215.0 5.5 115.0) 1.5 1.4 0.5 44.2| 25.8 | 6B.7 B

Azotobacter 25.1 156.9 205.3 4.8 015,01 1..9 1.7 0.5{ 49.4] 19.8 | 58.5 3

Azaspirillum + 28.6 178.8 273.8 5.2 112.0]11.6]1.01 0.7 58.2] 24.6 | 60.D 1
Azotobacter

* Values are means of three determinations

Women's Coll. Ann. Rev.
vel. 15 (1990},
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Fig. 1. Cross sectien of chick pea ncdules X 5

A} Control,sandy soil B) azotobacter, sandy soil.
C) Contrel, loamy soil D) Azosprillum, loamy soil.
F) Azospirillum + Azotobacter, loamy sail.

Women's Coll. Ann. Rev.
Vol. 15 (1990).
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