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Abstract

The interaction between four higher plants and Azotobacter
chroococcum was studied In soil extract solution under sterile condi-
tions. Cell counts of the test organism increased in the solution
and on the rhizoplane. Incoulation with bacteria increased the dry
weight of the test plants and their fength. In addition LIP_I increased
the nitrogen content of these plants and that of soil extract solutions.
The extent of nitrogen fixation depends on the plant type.

Introduction .

The benelicial effects of Azotgbacter chroococcum an plant

growth in soil of law fertility are well documented since long time
ago (Mishustin and MNaumova 1962; Jackson gt al., 1964} Rovira
1965 and Denarié and Blacheré (966}, Recent wark by several authors
{Monib et al, 1979; Mahmoud et al. 1984 Kumar et al. 1934 and
Barbash and Lozhikina 1985) have shown the beneficial effects

of associative symbiosis between Azotobacter and certain higher

plants.

Some authors assumed that bacteria utilize root exudates
and provide the plants with nitrogenous compounds they secrete
during N,-fixation. However, Clark {1969) showed that different

sugars, organic acids and amino acids were detected in root secréetion
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ov various plants. The role of c;\rganic -mdtter in-the interaction
of higher plants and rﬁicroo:’;g_anisms”i'n artificial ecosystem was
studied by Golovko et al. (1984} who found that root exudates of
cabbage and stubble root remains produce an increased in the quantity
of .certain microbial groups and theéy alsc found that perlité cultiva-
tioh results in the accumulation of amino acids (64.1-120° mg per

100 g of dry perlite).

Brown (1982) thouth that the beneficial effects result from
absorption by the plant roots of growth regulator substances produced
in the bacterial culture used as inoculum, and from production
of s-uch substances in rhizosphere rather than from nitrogen fixation

by the bacteria in the soil.

The present work was carried- out to test the ability of a

strain of Azotobacter chroococcum to colonize on the root system

of some higher plants (wheat, barley, lupine and fenugreek) grown
in soil extract solution under sterile conditions. The efiect of inter -
action between ﬁlarﬁs and the test organism was evaluated by record-
ing the change in dry weight of plants, length and nitrogen coﬁtent

as well as nitrogént content in soil extract solution.

Ma_terial and Methods

Barley, wheat, lupine and fenugreek were grown in soil

extract culture to examine their response to inoculation -with

i



Azotobacter. For each type of plant, seeds were chosen similar

in size and weight and surface sterilized with'95% alcohol and 5.13:%gCi.
solution (Rovira 1956). Seeds were then placed in petridish on sterile
cotton wool, impregnated with distilled water and kept ar 2°°C
till root emergence. Soil extract solution was distributed zfter
sterilization in conical flasks (100 m] capacity) at the rate of 3¢
ml, plugged with cotton wool and resterilized. A batch of conica.
i1asks was prepared for each type of seed, two thirds of which were
inoculated with 1 ml of Azotobacter suspension of known cell density,
prepared by growing the organism on nitrogen-deficient agar plates jo-
5 days at 30°C, then suspended in sterile distilled water and the
one-third was left without inoculation as a control. Three seedlings
aseptically placed on sterile thin cloth and tightly wrapped with

threads and fine holes in the centre to permit downward movement

of the root. Another set of conical flasks, inoculated with Azotobacter

but without plants, was used as a second control. Conical flasks

were kept in a room; exposed to day light after wrapping the bottom

with paper to protect the rocts from light.

Examinatiorn were carried out at weekl. intervals. For each

type_‘ of plant, three of the inoculated conical flasks as well as

three of the - uninoculated ones were taken at random” to estlmate

'pla.nt length dry weighi and nitrogen content .of plants and soil

extract solution. Bacteriological analysis was made on some other

o —r .

three conjcal flasks. Soil extract solution was mzuc up 1o the
orzgmal volume with dlS‘tllled water before analysis. Controi conical

flasks were treated similarly.
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Bacteriological and chemical analysis. For the determination

of Azotobacter viable counts on the rhizopiane, 50 ml of sterile
water and glass beads were added te the bottle containing the
roots, while in sclution, glass beads were placed in the original
cultures. After mechanical shaking for 3 min. lo-fold dilutions
were prepared and five tubes of niwogen-deficient agar medium
were inoculated from each dilution each tube was poured in petridish

and incubated at 30°C for 15 days, then counted.

For chemical-analysis, plants were dried at 100°C to constant
weight and pulverised. Total! nitrogen in plants as well as in soil
extract soluticn was determined using the kjeldabl methad (Jackson

195 8).

Results

Effect of bacterization on plant growth

The effect of inoculating plants with Azotcbacter was assessed
by the determination of plant length and dry weight, nitrogen content
of plant and soil extract solution. The favourable effect of bacteriza-
tion was noticed after two weeks where inoculated plants were
heavier and longer than uninoculated ones, but the respo-nse to
bacterization varied from one plant to another (Tables !, 2 and
3). At the end of the experiment, the percentage increase resulting
from inoculation was varied from 16.00 to 25.68 for dry weight
of shoot, from 1250 to 33.33 for dry weight of réot and from [6.28

to 20.38 for height of shoot of the tested plants (Table #). The
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effect of incculation is alse indicated by the increase in nitrogen
content in piant tissue and in soil extract solution. Big amounts
of nitrogen were found due to the interaction between plants and
Azotobacter but type of plant plays an important role in that
respect, barley and wheat gave higher amounts, while lupine and
fenugreek gave lesser amounts during the five weeks of experiment.
At the same time soil extiract, solution was found to centain big
amount of nitrogen which had fixed by the bacteria. Tt was found
higher in barley and wheat soil. extract solution and lower in lupine
and fenugreek (Table 5). 1t is evident that no significant changes
in nitrogen were noticed in system devoid of Azotcbacter, indicating
that no nitrogenous compounds e.g. NH, were introduced in the
system during the period of the experiment. As a result of the
association between the tested plants and the Nz-ﬁxer microorganisms

all systems invariably showed positive results.

Effect of plant type on the development of Azotobacter.

It is clear from {Table §) that all root system harboured
population of Azotobacter within the first weck ranging from 1o
- 2.9x l[)l‘l /robt.- Changing in microbial density thereafter depended
on the plant type. In case of barley and wheat progressfve
increase was noticed at the end of the experiment while in case
of lupine and fenugreek slight Increase was noticed. Counts of

graminaous plants were ranging from 4.6 - 6.2 x lnq;‘root, while

of leguminous plants, countswere ranging from 3.0 - 3.9 x loq/root.
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Regarding the changing in bacterial counts of soil extract solution,
it is clear that Azotobacter could survive for relatively long periods
in sofl extract solution lacking carbon source since the change
in counts in the control was remain more or less constant, no change
in nitrogen content of soil extract was recorded.  Azotobacter
counts tanging from 2.0 - 3.9 x 104;’flask within the first week
for the tested plants reaching from 5.9 - 6.1 x l{)qf flask for grami-
naous plants and from 4.6 - 5.9 x lou /flask for !eguminou_s plants
at the end of the experiment. Since the product of root exudates
are not identical for different plants, the effect on the propagation
of Azotobacter is vary according to the piant involved. “Ifheat
followed by barley seemed to be the most favourable plant in that
respect. Fenugreek and lupine followed wheat and barley. ﬁacfer.ial
count of graminaous plants increased 10-12 fold in whole system,
while leguminous piants increased 8-9 fold at the end of the experi-
ment comparable to the imitial bacterial count at the begining

of the experiment.

Discussion

The beneficial asseciation between higher plants and Azotobacter
has been extensively studied from different points of view. This
relationship which could not be regarded as symbiosis is still obscure
in its nature. Since many years ago several authors had suggested
that Azotobacter probably influene the development of plants by

producing growth regulating substance (Burger and Bukatsch 1958;
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Brakel and Hilger 1965; Yancura and Macura 1360; _B‘urlirigham 19_'64;
Hennquin and Blacheré 1966 and Brown and Barl_i-ngham 1968). White
others have reported that beneficial effects are due {0 root secre-
tion (Clark 196¢9). Moreover Berestetskii and Kravchenko (1980}
showed that volatile organic compound which found in germinating
wheat, corn, pea and lupine seeds were used as energy. source for

soil microorganisms.

For rhizobacteria to exert physiological effects on plant growth
the bacteria must first effectively colonize the root surface, Douglas
et al (1985). It was found in this investigation that all root systems
harboured population of Aotobacter witin the first week, while
microbialdensities changed thereafter depending on the plant type
It was higher in presence of wheat and barley and lower in presence
of lupine and fenugreek. The results reported herein were in full
agreement with those obtained by Monib et al (1579} who found
that microbial propagation depended on the type of plant being
much higher in presence of wheat, followed by barley, maize, broad
bean and cotton, while in presence of fenugreek and lentil lower

rates of muitiplication were recorded.

Mic_robial propagatioﬂdepends not only on the type of plant
but alse on the .variety of the same plant however kumar et al.
) (1984) found that the rhizosphere of cotton variety H1% harboured
significantly higher. populanon of bacteria, actinomycetes, iungl
and Azotobacter than varie_ty_P 5—1.0- Contrary, Mahmoud et al.

© {198%) noticed  that total microbial flora of tomato and common
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bean plants decreased slightly during the growth season in soil ard
rhizesphere. The R/S ratio were positive depending on plant species
and ages. There was destinct relation between stages of plant develop-
ment and the densities.oi total microbial flora. Densities of AZotobacter

seemed to be contsiant in their low count in ithe rhizesphere.

Inoculation of plants with bacteria increased their dry weight
length and nitrogen content in plants and in soil ex-';ract solution.
However, Monib et al. {1979) found that dry weight of plants increased
by 5-12% and length by 3-18% .in addition to increase ni-trogen content

of plants and nutrient solution.

Recent work by Azcon et al. (1978); Bagyaraj and Menge
(1978) and Carr (198D has shown that if an inoculum of Azotobacter
chroococcum is added with the endophyte, plants grow better than

if inoculated with endophyte only. Azotobacter chrooceccum alone

has been used for many years as a bacterial inoculant to improve
plant growth, but only occasionally yields have been increased signi-
ficantly {Brown 1974). Thus dual inoculation may prove to be more
benificial in soil of low fertility than ino;ulation with either organism
alone (Brown and Carr 1984)., In this respect further situdies were
needed using dual inoculation for increasing soil fertility and crop

yield.
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Dry weight of ahoot (mg) at different perlods ( weeks )} ( mean of

Pable 1:
. three shoots ) .
Plants 1 2 3 4 5 _
A 39 39 42 51 67 !
Barley :
B 46 w 48 55 62 82
) A 28 29 32 45 B7 _
Yheat _
B 48 50 50 54 103
4 SN
: A 437 . 484 521 535 545
Luplne . _ .
B 516 521 530 547 685 !
A 27 'y, 28 42 60 100 |
FPenugreek f
! B 59 61 T4 78 116 ,
A uninoculated with Azotobmofer
B inoculeted with Azotobacter




Table

2 s Dry welght of rout ( mg ) at different perios-
( weeks ) ( mean of three roots ) .

Plunts 1 2 H 3 4 5 K
A 12 _ 19 22 26 32 |
Barley r
B 14 _ 22 24 29 16 _ﬂ
4 11 13 24 J5 AT
Wheat |
B 13 , 15 30 39 5G
A B4 V7 T5 e Ul
Lupine
A Y9 N 1. 17 27
Fermgrecle . -
B 11 1. L 23 36
A uninoculated with aoobolace
R inowuleted with Amofabnete
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_emdwm 3 :+ Height of shoot (em ) at different periods
. ( weeks ) ( mean of three shoots ).
Plants | 1 2 E 5
n _ T
. _w .%r m'mm ! .W-OO m.uuuu \ m-uum m.mo
_ Barley ; !
m B 6.91 7.83 9.27 9.35 9.50
. w A 5,22 ; 5444 5475 6,44 7.00
_ Wheet i . [ .
! 3 m _ -
! _ A 12,33 " © 13.96 15.00 16.77 15.50
Lupine _” . ; _
. B 12.55 v 15.05 15.16 * 16.83 18.66 |
| Az 2. 77 3. 66 { 6. 00 11.66
! Penugreek i .
B 3. 05 3.72 5. TT 8. 50 13.33

A
B

zﬁwdoocwmﬂmm with Azotobacter

inoculated

with Azotobacter
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el il -l e il Ciaae UYel LUVLlol'UL Ul WA
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gy JF Wl ollUV L,

root and height of shoot { cm ) after five weeks ( mean of three Tesdl ngs

I'lents

Dry #ight of shoot Dry weight of root  Height of shoot
A B % A B A A B %
Barley 67 62 22,30 39 36 12.5 8.20 5,506  15.8
iheat 67 103 18.30 | 47 50 27.6 7.00 8.C0 14.28
Lupine 545 685 25.68 i 85 107 21,5 15.50 16.66 2G. 30
Fenupreek 160 116 16.0U 27 36 33.3 11.66  13.33 14.32
]
A uninoculated with _Azobobacter
B dnoculated wlth Azotobmeter



Tahle

5 : uitrugen coubent of plants and soil extract solution of the

dalllerent pericds

e e tmae % e w — —

In solution . { mg /100 ml )

Monts In mws:wmw.an \.W%T;HW dry weight )
_ o e Tevks . Weeks
1 @ 3 4 5 1 2 3 4 5
" A 1.80 2,30 2.60 2,80 2,90 1.2 1,2 1.3 1.4 1.60

Barley ' . " :

B 1.40 2.30 2.60 3.50 3.70 1.60 5.00 8.40 & 11.00 13.10

A 1.50 .50 2.50 3.10 3.30 3.30 3.40 3.50  3.60 3.60
Wheat L .

B 2.0 3.00 3.40 4,50 4,30 3.4 5440 8.80 ' 11.5 1 14.60

A 6.4 7.6 7.70 5.60  8.90 4.60 ' 4.60 4440 4.20 4.20
Lupine . _

B 7.6 4.4 9.6 9.60 10.6 3.60, 3,60 5,80 6440 7.20

A 1.8U 3.10 4.00 4.40 4,50 1  2.60  2.81 3.70 3.75 . 3.83

Pemipie ' .
B 3.40 3.40 3,50 4440 550 3.5 4.1 4.28 4.92 5.50

A uninoculated

B

inoculated

viith Azotobacter
with Azotobacter
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imotobacter counta in Azotobacter counte dn
" rhizoplane x HO# soll extract solution =x HO»
Plants o YWeeks Weeks

] S
L 2 3 4 5 1 2 3 4 5
Barley 1.y Led 1.4 2.1 4.6 2.0 2.3 - 4.2 5.0 5.9
iiheat 2.4 3.1 3.3 5.3 @.m 3.5 5.0 5.1 5.5 6.1
Tupine 1.9 2.5 2.6 3.4 3.9 3.9 2,0 4.1 4.3 4.6
Femugreei 1.4 1.5 1.7 2.1 3.0 3.0 3.3 4.9 5.7 5.9

Intdal Azotobacter count was 1.5 x HO» in whole system .
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