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Suسmary
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The interactions between Azospiril1um 1ipoferum,

A2otobacter chroococum and Rhizobium 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 Rhizobiجu and with

either Azospirillum or Azotobacter or with mixture o£ both

inoculants. Growth of chickpea was improved by association

osPirillUm and/or Azotobacter with Rhizobium in bothعة fه 
soil types used. However, Rhizobium with both inoculants

 ا

was found to be the most responsive.

Cross sections of chick pea root nodules showed that

the two diazotrophs plus Rhizobi m س improvea nodule 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 1n sandy soil inspite of the plant

age and the applied treatment.
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Introduction

Several studies in recent years have explored the

interactions of bacterial diazotrophs which are able to

calonize the root zones of legumninous or nonleguminous

plants and subsequently fixing nitrogen either in syMbiotic

or in associative manner.

There have been reports that Mixed cultures of either

A2otobacter spp. or AEOspirillU spp. and Rhizobiسu strains
 د ،

when used as inoculants for several legues increased nodule

number, nodule dry weight (Abou Bakr et al. l987, Burns

et al., 1981, Iruthyathas et al, 1983 Rai, 1983) iم proved

grain yield, nitrogenase activity and increased dry matter

accumulation in plant parts (Djordjevic et al٠, 1982, E1-

Mokadem et al., 1986, Kumar Rao et al٠, 1976, singh and

Subba Rao, 1979, Plazinski et al-, 1984; Sarig et al.,

1986).

There is evidence that, equal growth does not

necessarily indicate functional equivalence since there

may be nutritional and metabolic differences. Furthemmore,

there are few reports describing alteration in the chemical

composition of some crop species by inoculation with

ATOsPiri1lu or Azotobacter (Kapulnik et al٠, 1985, Lin

et al., 1983, Okon, l982) who suggested that inoculation

with AzosPirilluM enhanced the uptake of nitrate, phosphate

and potassiUm.
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The objective o٤ the present study was to detemine

the interactionof AzosPirillur 1iPofeum and/or Azotobacterي 

chroocDCcum and Rhizobium on nodulation, growth and nutrient،

concentration on growing chick pea (Cicer arietinuN C7.
 ا،

Giza 2) in two different soil types (loamy sand soil and

sandy soil). Determinations done throughout plant develop-

ment stages were compared with rhiaobia inoculated control

plants of sinilar growth stages and soil type.

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

Material ٤ Methods

Biologicalmaterials:

obtained from Crop Research Institute, Ministry of

Agriculture; Azospirillum Lipoferum, strain isolatea From

Fayoum Egyptian soil and identified by Girgis (1985),was

cultured in maltate medium,{ Dobereiner, 1978) Azotobacterي 

chrOococcun ٤, isolated ana identifiea by Elwan and E1-

Naggar,{1969) was cultured in nitrogen deficient medium

(Elwan and ElNaggar, 197l) Rhizobiتس sp. local isolate,
 دالي

obtained from Egyptian ministry oE Agriculture was cultured

in yeast mannitol medium (Vincent, 1970).

sxperimentaldesign5

To study the above mentioned interactions, a field

plot experiment with {2 x 2 m.) factorial design was carried

out on either oamy sand textured soil or sandy soil.

-103-



Komen's Coll. Ann. Re7.
Vol. 15 (1990).

Mean values of some soil characteristics are given

in table 1 . 2The physico-chemical properties of soil

were determined according to Jackson (1967).

in both soil types were as follows:

Treatments

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

spp.+Azospirilluم Seeds inoculated with Rhizobiuط( 

1ipoferum.

c) Seeds inoculated with RhizobiuM spp.4 AzotobActerسي 

chroococcum.

d) Seeds inoculated with Rhizobium spp.+mixed culture

o٤ AzespiEilum and Azotobacter.

Treatments were replicated Thrice and were completely

randomized.

The average number of cells per ml. variea from Sxlo7

o٤ Rhizobium spp. to 6 x 109 of Azotobacter chroococcum
 ، ي

and 12.5 X 108 -A29spirillum 1ipoferuه٤ Inoculation

of seeds were accomplished. by moistening seeds with l08

sugar solution and mixing the inoculum with seeds immediately

before souing. Inoculation treatments received an additional

application of A anaةulliriPsoع Azotobacter 15 aays and

one month after sowing. Stringent precautions were taken
٢

to avoid transfer of inoculant strains between treatments

{Younو ana Mytton, 1983).
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Growth Conditions :
 ن

Plants were grown under regular winter conditions

and sufficiently irrigated.

Ewaluations and assays:

Plant height, number of nodules, dry weight oF roots

and 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 subiect to

analysls٠

Ror macro and micro nutrient detemminations, whole

plant samples after harvest were thoroughly washed, dried

at 70°c to constant weight, ground and digested in nitrie,

perchloricansulfuric acid • Phosphorus was analysed using

the vanadatomolybdate colorimetric method {Chapman and

Prott, 1978) Ca, Mg, Fe, Mn, Zn and Cu were detemined

by atomic absorption spectrophotometry. F, Na were estimated

(.y flame photometry ( aJackson,  ط1967

Nitrogen was measured byKjeldahl method. Protein were

estimated by multiplying the total nitrogen content by

the factor 6025 ( A.0.A.C 1975 ). Total carbohydrate constit-

uent vere determined according to the method of

and Sing.(1980 ).
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Preparation of root _nodules for bservation ص _by _light

microscope:

Root nodules of 90 days old plants were fixed in Carnoys,

dehydrated, embedded and thin longitudinal sections of

the nodule central region were prepared (Drury ,Wallingtons ة

1967) and examined with light microscope to observe nodule

morphologY.

Results

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

was improvea y ط association of A%9sPirilluT liPoferu and/or

Azotobacter chroococcu with Rhizobiلu spp.in both soilsص ، 

used.

It was founa that inoculation with Azospirillاm or

Azotobacter either alone or in combination increased plant

dry weight over Rhizobium inoculated control during plant

grGwth (30, 60, 6 90 days old). In general, the shoot/root

ratio (S/R) of inoculated plants was higher than that of

Rhizobiu inoculated ones, specially in case of dual inocula­،

tion on loamy sand soil, the magnitude of increase ranges

frOm 208- 87$ over their control while differences between

treatments were slight in plants grown on sandy soil.
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Inoculation with AةOspi±illum, Azgtobacter or a coabina­

tion of both inoculants produced more leaves/plant than

Rhizobium inoculated control plants (Table 2).

The beneficial effect of inoculation were manifested

also on the dimensions (height) of the plants; plant height

was, .in general, proportional to the number of leares (Table

2). Dual inoculation with both inoculants resulted greater

plant height than those inoculated with Rhizobiu. Separate

inoculation with AEospirillum ana Azotobacter proauced similar

responses in plant height and both treatments produced

taller plants than the control. There as little difference

between Aaespirillum

grown in sandy soil.

Nodulation:

and. Aotobacter treatment in plants

Nodules were formed in all treatments, and mostly

of pink interior, suggesting that nitrogen fixation took

place. Presence of AospiIillu 1±Poferum ana/or Azotobacter

chroococcum caused increase in nodulatian (Table 2). The

increase in root nodules ranged from 5% to a maximum of

1074 (Table 2). In general nodules were bigger and mare

branched (lobed) in soil inoculated with Azosirillهu and

Azotobacter. Dual inoculation resulted in the highest

response followed by ulliripsoA thenم Azotobacter in both
 د

soils used. The internal anatomical response of root nodules

to inoculaton 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 an nutrient concentration±nplant

tissues:

From tables 3,4 s 5 it can be 'seen that, in general

the walues of nutrient concentrations in chick pea tissues

were higher in plants grown in 1oamy sand soil than those

grown in sandy soil inspite of the plant age and the applied

treatment.

a) on 1oamy sand soil, inoculation o٤ AaosPirilluI

and Azotobacter either alone or in combination favours

nitrogen and protein accuulation in plant tissues (Table

3), the response was higher with dual inoculation.

The presence of A:osPirillum or Azotobacter has shown

to have positive influence on phosphorus, potassium, calcium

and magnesium content of inoculAted plants throughout

development.

However, accumulation of sodiu in plant tissue was

favaured by inoculation at the early stage of growth (30

&ay old). AzosPirillu and Azotobacter inoculation favours
 ا

the relative uptake of micronutrient like Mn, %n s Cu in

chick pea plants, as compared to Rhizobi .u treatmentص
»

Lowaer carbohydrates content was shown in inoculated plants.
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b) .In sandy €oil, differences between treatments in terms

of nutrient concentration can be contraEted (Table 4).

The presence of AaosPirillun or Azotobacter withي 

Rhizobium has shown to have positive influence on nitrogen,
 ي

protein and phosphorus content of inoculated plants.

Inoculation 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 carbohydrate and negatively

correlated with Ca 6 Mg. In general micronutrient contents

per gm. dry wt. of 2n 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 atage of growth, then the rate decreased.

EfFect o£ € ullir±PsozAم Azotobacter inoculation on

nutrient constituents in chickpea seeds in both soils is

given in table5ر . The d1fferences in nutrient concentra-

tions for fully developed chickpea seeds were less pronounced

than the differences in plant tissue at the developing

stages (Tables3 6 4),T6ز an indication that the alteration

of nutrients aue to 1ioculation with Azospirillum ana/or
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A20tobacter 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 inoculation

o٤ chickpea with A2ospirillum lipoEerum ana/or ،Azotobacter

chroococcum in association with Rhizobium sp. increases
 د

the nuضber of nodules, plant height; nuصber of leaves and

brAnches and above and below ground biomass. Plants

inculated with both organisms or Azospirillum grew better

than those inoculated with Azotobacter or control plants

in loamy sand soil and sandy soil.

This also reflects the involvement of the plant in

response to the three interacting bacterial species-

Hoا ever, such growth responses are variable (Table 2)

depending on the 1nitial fertility of soil '(Lehri et al.,

(.Subba Rao et al., 1978 ى1980

In most experiments there were positive responses

of dry matter and/or nitrogen content- of chickpea to

inoculation of AzosPirillu .Azotobacter ة The bacterial

effeet on the S/R ratio found in this study also merit

some coments. 0ne of the ways to contrl the distribution

of bioMass between shoot and root 1s based on the feed-
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back effect of shoot plant nutrients on the flow of the

photosynthetic products to the heterotrophic parts of the

SyStem. However another mechanism is also possible to

explain the eEfect of AosPiril!اm and Azgtobacter which

are known to synthesize and exude into the mediumn plant

hormones (Tien et al.,l979), which can alter the hommonal

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

The present results, together with previous reports

(Abou Bakr et al., 1987, Burns et al., 198l; Iruthayathas

et al٠, 1983; Rai, 1983) clearly indicate that inoculation

of AzosPirillum and Azotobacter enhances nodulation and

plant growth.

The favourable effect of AzosPirillu and/or A2otobacter
،

on agricultural crops is at present attributed to multiple

action، They can affect plant growth not only by fixing

nitrogen but also hy altering microbial balance, supression

of pathogenic microorganism, mobilisation of soil phosphate

or by providing metabolites that stimulate plant development

(Brown l974, Cooper 1959, Mishustin 6 Naumova 1962, shende,

et al. 1975; Brown

Davies et al٠, 1964 ).

1974; Brown and Walker 1970 and

٤t can be seen that on noculation ذ with  liriPsezAا

and A2otobacte٤، more root hairs became susceptible to

rhizobial infection،, okon [1984) ana Patriguin et al.,(1983)
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showed that A2osPirillum inoculation shortened time

appearance and increased root hair formation in roots of

wheat and other grasses. Moreover, perhaps AaospPirilluD

cells produce an excretable compound (s) which create new

infection sites (Plazinski ٤ Rolfe 1985). Gross-sections

of inoculated nodules showed increased nodule branches(lobes)

Thes effects on nodule morphology may be due to the

production ،of plant growth promoting substances by the

coloniaing bacteria {Azotobacter and AzosPirillاn or by

the plant as a reaction to colonizatlon. Morphological

changes may have a physiological effect on inoculated roots

wre postulated by okon Kapulnik ة 1986.

One of the objective of this experiment was the evalua-

tion ٥٤ the role of AzosPirillu and AzotobActer in
association with Rhizobium on chickpea nutrition in low

fertilized loamy sand, and weak sandy soil. Data shown

in tables3, 4 showed ع5 that nutrient concentrations also

varied among soil type through plant development. Nutrients

were taken up rapidly during the early stages of grosth

in presence of A2osPirillu and Azotobacter. This emaphasizes،
the potential role of both inoculants in increasing the

efficiency of mineral assimilation and respectively plant

growth. Enhaced nutrient uptake following  lliriPEozAما

and Azotobacter inoculation suggests that these rhizosphere

bacteria increase the availability of nutrient through

altering root surface characteristics involved in nutrient
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uptake (Lin et al., 198.3 and Helimish et al., 1986). Other

mechanisns not 1nvolving 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 ulliriPsoAA brsilenseم

have been observed (Kapulnik, et al., 1985, Lin, et .a1 .,

1983, and okon, 1982 ).

Vilas and D5bereiner . (1981), suggested that

3٦ospirillum may stimulAte nttrate assimilation by plant٠

Moreover, it has been found that in grasses inoculated

with AzesPiL4llum there waA an ±nerease 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 al٠, 1984 and Yahalom, et al.,

1984) resulting in increase in root and shoot bionass.

our stua1es have shown that the presence of AEosPrillun

and/or Azotobacter could influence the Rhizobiun-legumeء ي 

symbiotic interaction. Relationships involving physiological

compatibility in the tripartite associatlon are unknown

and may match in importance the abllity of the three

associatives to tolerate independently a counon set of

environental and edAphic factors. Extended studies of

versat±le tripartite associations are appreciated for

recomendation of their coMb4ned use in pract±c0
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Soil analysis and sail water tension

(1) ranu0lometFic analysisو Sandy soil 1aamy sand sDil

Gravel %؟ 10.4% 8.5%

CoarsE sand 50.8 31.2

Fine snd 54.6 ذ8.0

silt 6٠7 3.3

clay 4.5 10.9

(2) Chemical Analysis

٤٠٥٠ mhos = Sر ) -3 4٦٨٢٠٥-32.8 x 10
pH 7.00 7.10

0rganic mattEr 0٠38 ؟ 0.67

Nitrogen ٥» 0.056  ي0.055

Chlorides 0.20 ؟ 0.1٥

(3) 5oi1 water tEnsion
centibar )

be fore irrigation 53.0 30.0
after irrigation 10.0 10.0

 رجي
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٠ "أ,بجيبج 'جنة:ي,:"تذو_: و&و?تزذذ}  ؤز#لإلشية شجة

pea nodules X 5
8)
0)

Azotabacterم sandy soil.
Azosprillum, loamy soil.

Eig. 1. Crass section of chick
Controlو sandy soil
Control1و oamy soil
Azospirillum + Azotabacter, l0amy soil.

A)
C)
E)
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