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A greenhouse experiment was carried out to study the eflect
of inoculation with the most active strains of Azotobacter,
Azospirillum and Streptomyces on the total microbial counts,
growth parameters of cucumbers, disease severity pre and post
emergence damping off and survival of the plants.

Generally, inoculation with these strains increased the soil
microbial activities, decreased the harmful effect of Rhizoctonia
solani on both microbial and growth parameter of cucumbers
(plant height, root length, fresh and dry weight, number of
lowers and fruits, weight of fruits, chlorophyll content and
nitrogen and protein percent in fruits).

Streptomyces Ivdicus (New) gave the highest reduction in
discase severity pre and post emergence damping off but
Azotobacter chroococcum (Ry) and Azospirillum lypoferum
(Kea) gave the highest effect on the improvement of the growth
parameter and survival of cucumber plants.

The used strains as a tri  mixture also exhibited high
reduction of disease severity together with an increase of the
growth and yield of the plants.

Kevwords: azotobacter chroococcun, azospirillum lipoferum, streptomyces
Idicus, rhizoctonia solani, root-rot, damping off,

Desert soils are generally poor in their organic matter content which serves
’ for the development of microorganisms and supplying
Bear, 1965 and Ishac, et al, 1986 b).

In Egypt, plant production is carricd out in 'n?cluimcd soils,
particularly in sandy soils which suffer from slructurul‘, nulnt!.onul problems,
: and alkaline pH values. The use ol organic manurc can
Also, much attention was given to biofertilizer

as a source of energy
them with essential nutnenis (

water scarcity
improve such soils.
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technology for increasing agricultural produclion. in order to l.1m11 lhe- use of
chemical fertilizers and the pollution. In particular sﬂeed inoculation by
different types of bacteria has been discussed (Abd El-Ghany, 1994 and
Hassouna, ef al., 1998). ‘

Micro organisms that colonize roots are ideal as biocontrol agent of
soil borne disease (Nemme, ef al,. 1996 and Schloter and Hartmann, 1998)..

Biofertilization techniques either by single or mixture of N,-fixing
bacteria, led to maximize the count and activity of such microorgansims for
organic decay and mineralization, which is essential for nutrient availability
for plants which inturn enhances plant growth in desert soil (Vlassak and
Reynders, 1980 and Abd El-Ghany, 1994 and 1996).

Actinomycetes also act as a biofertilizer agent and soils treated with
Streptomyces showed better development of cucumber, with plants healthier
in appearance and higher in fruit yield compared with controls (Turhan,
1981 b and Tahvonen and Avikainen, 1990).

The objective of this study is to evaluate the effect of rhizospheric

microorganisms as biofertilizers on the growth and yield of cucumbers
grown in sandy soils.

MATERIALS AND METHODS

The experiment had been done in pots under greenhouse conditions
in the year 2000 at Desert Research Center, Cairo, by using sandy soil as

described in table (1) (Richards, 1954). Sheep manure as organic fertilizer
was mixed with the experimental soil month

1 before cultivation at the rate of
1.0 % (100 g pot™).
TABLE (1). The analysis data of the applied soil and organic manure.
Treatment )
Depth (cm) Coarse sand | Fine Sand Silt Clay | soil texture
G:13 59.00% 40.00% 0.57% | 043% | Sandy
T ————
8 Cati L : In
G 8| e < 2 1on meq Anion meq
10 - (O =@ ; d
o m —g 2 O z - - “
Ramadan gl o o & Z s E - . e y
% o by | e Ol9 | sl e
sail E U OIS|=z2|™|3 % gl &
7.6 1 1.7 ] 0.09 [0.052 | 0014 | 37 [57[7% (9807 (0032 114[31
Organic I T =
Manure 18 2982 1 17.23 | 132 13.0 Moisture content % 29
E.C. = Electric conductivity.

O.M. = Organic matier,

0.C. = Organic carbon. T.N. = Total nitrogen.

Egyptian J. Desert Res., 52, No.! (2002)

CamScanner = g 4> guaall


https://v3.camscanner.com/user/download

EFFECT OF N,-FIXING BACTERIA AND ACTINOMYCETES ...........

F.or caph treatment, 12 pottery pots (40cm diameter) were filled with
10 lfg air dried sheep manured soil. Superphosphate (15.5%P,0s) was
applied at the rate of 150 Kg/fed (1.5 g pot™). All treatments received the
same rates of N and K fertilizers at the rates of 300 Kg N/fed (39 pot™) in the
fom} of NH4NO;s (33.5% N) at 3 equal doses after 15, 30 and 50 days of
sowing. Potassium was added at the rate of 100 Kg K,S0, / fed (19 pot™)
before flowering stage.

The fungal inoculum (Rhizoctonia solani) isolated from rotied roots
of cucumber plants was added to the soil at the rate of 5% (500 g pot™). The
infected soil was watered and mixed thoroughly for two weeks before
cultivation to ensure growth and distribution of the inoculant fungus. Control
pots were treated with the same amounts of sterilized sandy soil water
medium without fungal inoculation.

Fresh liquid culture of pure local strain of either Azofobacter
chrococcum, Azospirillum lipoferum or Streptomyces lydicus isolated from
rhizosphere of different plants at different localities, purified and identified
according to Bergy’s Manual (1974 and 1984) was used as a biofertilizer in
the form of single strain, or mixture of two or three strains at the rate of ~
10* colony forming unit (cfu)/ml. Cucumber seeds provided from
Agriculture Research Center (cuccumis stivus — Pathandra . Hybrid Japan)
were washed and immersed for 30 minutes in liquid culture of the tested
bacteria and actinomycetes as mentioned before. C.M.C. (0.5%) was used as
an adhesive agents. Seeds were then dried at 30°C for iwo hours.

A number of ten treated cucumber seeds were sown in each pot and
also untreated seeds sown by the same manner and used as control. Afier
seedling, each pot was thinned later into 5 seedlings. Pots were directly
irrigated to provide a suitable moisture for inocula.

Treatments under this study can be summarized as follows:

I- Uninoculated and uninfected soil (control)

Treatments and uninfected soil

1-  Azospirillum lipoferum K. with the capacity of N,- fixation (133
ppm). ,

2- Azotobacter chrococcum Ry with efficiency of Np- fixation (210
ppm).

3- Mixture of 1 +2.

4- Streptomyces lydicus Neu

5- Mixture of 1 +4.

6- Mixture of 2+4.

7- Mixture of 1 +2+ 4. , .

II- Uninoculated and infected soil with Rhizoctonia solani (control).

All previous treatments (1-7) were applied with soil infected with R.

solani.
Egyptian J. Desert Res., 52, No.1 (2002)
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The same treatments were made in plastic cups (“_) cm diagmeter) 1o
record the percentage of pre - and post - emergence damping off and number
of survival plants 30 days after planting, _ o

Microbial analysis of the soil and morphological characteristics of
cucumber plants were determined at intervals of 30, 50, 70 and 90 days of
planting, these periods represent vegetating, flowering, fruiting and
harvesting stages of plant growth, respectively.

Microbial Counts

Modified Ashby’s, semi solid malate and starch nitrate media were
used for isolation of Azotobacter, Azospirillum and Streptomyces. isolales
respectively from rhizosphere samples collected at different stages of plant
growth to determine their densities for cucumber plants.
Disease Severity Index (DSI)

It was determined using the formula applied by Meshram and Jager
(1983).
Parameters Measured of Cucumber Plants
- Shoot and root length (cm plant™).
- Fresh weight of shoots and roots (gm/plant™).
- Dry weight of shoots and roots were recorded after oven drying at 70°C

until reaching a constant weight following Black ez al. (1965).
- Number of flowers and fruits per plant,

- Fruit fresh weight.
- Chlorophyll content was measured with a Minolta  chlorophyll meter
(SPAD-502) to determine the total chlorophyll in fresh leaves.
- Total nitrogen and total protein pereentage of fruit were measured by
the application of the Kjeldahl method as described by Jackson (1958).
Statistical Analysis
Data were subjected to statistical analysis using the method

described by Snedecor (1966). The least significant difference (LSD) was
used to differentiate means (Waller and Duncan, 1969).

RESULTS

Total Microbial Counts

It was observed from the resulis given in table (2) that the microbial
count increased gradually towards the fruiting stage then decreased at
harvesting stage of cucumber plant. Inoculation with biofertilizer agents
individual or in a mixture di - or tri - stimulated the microbial growth in both
infected and uninfected cultivated sandy soi] 19 4 considerable extents. The
highest total microbial count was noticed ip inoculated treatment with a
bacterial mixture in uninfected and infected goj| being 276, 240 x 10*
cfu/gm dry soil, respectively comparing with controls being 128, 112 x 10°
cfu/gm dry soil at fruiting growth stage, respectively,
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TABLE (2). Effect of inoculation with biofe
with R, solani
Azospirillum

rtilizer agents and infection

on total microbial counts (Azotobacter,

and  Streptomyces) in the rhizosphere of
~cuctmber plants (counts x 10' CFU g dry soil).

- Stages of plant growth
Bioferltlizer agents vegelating flowering frulting harvesting
uninfee. infected uninfce, infected uninlee, infected uninfce, infccted
Control* n 70 108 100 128 112 118 106
Azospirillum 130 90 136 120 160 148 148 134
Azarobacier 124 94 152 128 188 180 170 154
Azospirillum + Azotobacter 188 162 180 174 276 248 227 201
Streptomyces 133 96 148 118 152 140 150 129
Azospirillunt + Streptomyces 152 148 176 154 232 200 204 177
Azotobacter + Streptomyces 140 113 177.2 140 192 148 184.6 144
Mixture™* 192 180 240 196 276 240 258 218
* Control : Uninoculated
** Mixture : Azotobacter + Azospirillum + Streptomyces.
Effect of Biofertilizer Agents on Disease Severity Index (DSI) of

Cucumber Plants Infected with R. Solani

The results obtained from table (3) show that the highest reduction for
DSI was giving by Streptomyces Iydicus (55.5%) followed by Azospirillum
lipoferum 61.1 and Azotobacter chroococcum (63.8%). For Azotobacter +
Azospirillum , the reduction of DSI was 58.3%. Addition of Streptomyces
strain to Azotobacter or Azospirillum singly or in a mixture decreased DSI
between 52 - 50% (Fig. 1).

TABLE A(3). Effect of inoculation with biofertilizer agents and infection
on the disease severity index (%) of

with R. solani

cucumber plants.

‘ #DSI (%)

Biofertilizer agents Value %o of control
Control* 5 i
Azospirillum 6l.1 i
Azotobacter 63.8 85
Azospirillum + Azotobacter 583 o
Streptomyces 55.5 74
Azospirillum + Streptomyces 50 989
Azotobacter + Streptomyces 52 g2
Mixture** 50 86.6

*Control : Uninoculated
**Mixture : dzotobacter + Azospirillum + Streptoniyces.

#DSI : Disease severity index.
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Effect of Inoculation on Percentage of Pre - and Post- Emergence

Damping off and Survival Plant

The obtained results from table (4) proved that R. solania gave the
highest pre- and post- emergence damping off (60 and 20%, respectively)
and the lowest survival plants (20%). Biofertilization with N,-fixers
individual or as a mixture with Streptomyces lydicus strains reduced the
harmful effect of the pathogenic fungus on cucumber plants by reducing the
pre - and post - emergence damping off, root rot diseases 1o reach the lowest
value of zero and 20% and increase survival plant to 60-70% compared to

control.

TABLE (4). Effect of inoculation with biofertilizer agents

and infection

with R. solani on the percentage of pre - and post -

emergence damping off and survival of cucumber plants.

*Control : Uninoculated
**Mixture : Azotobacter + Azospirillum + Streptomyces

Egyptian J. Desert Res., 52, No.l (2002)

X i . Pre-emergence Post- emergence .
Biofertilizer agents dacnpiing off ooy Survival plants
Conuol* 60 20 20
Azospirillum 20 30 50

zotobacter 50 10 40
Azospirithan + Azotobacter 20 30 50
Streplomyces 40 5 55
Azospirillum + Streptomyces 10 20 20
Azotobacter + Streptomyces 20 20 60
Mixture** 20 10 70
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Plant Characteristics
Shoot and root length

Th.e qbiained results in table (5) indicated that the effect of R. solani
can be '51gmﬁcam]y reduced by inoculation. Treated cucumber plants with
mixed inoculation generally produced significantly higher length of shoot
and root followed by Azotobacter and Azospirillum and the lowest with

Streptomyces. The maximum root length was obtained at harvesting stage of
plant growth,

TABLE (5). Statistical mean effects of stages, infection with R. solani
and inoculation with biofertilizer agents on shoot and root

length of cucumber plants.

Factars Shoot Length Root Length
Vegetalive 32.939d 15.764 d
Stages Flowering 69.604 ¢ 21.818 ¢
Fruiling 94.710 b 28412b
Harvesting 119.995 a 34.268 a
Control 68.583 g 20.291 fg
Azospiritlum 83.925 de 26.533 cd
Azotobacter 85.133d 27.916 cd
; Azospirillum + Azotobacter 99.633 b 30.133b
Pmnfscied Streptomyces 73.425f 26.316d
Azospirillum + Streptomyces Azotobacter 97.658 b 30.608 b
+ Streptomyces Mixture 92.091¢c 28.141 ¢
103.99 a 33.308 a
Control 55.0161 15.875h
Azospirillum 65.175 gh 2051
Azotobacter 66.757 gh 20.991 f
Infected Azospirillum + Azotobacter 80.716 e 26.708 cd
Streplomyces 63.6 h 18.783 ¢
Azospirilluin + Streptomyces Azotobacter 763 f 24.541e
+ Streptomyces Mixture 74.116 f 23.041 e
83.058 de 26.736 cd

Mean representing the effect of each factor on a particular parameter and not
followed by the same letter are significantly different by Duncan’s multiple range
test (P < 0.05).

Shoot and root weight

Data in table (6) showed that shoot and root fresh or dry weights
significantly increased towards harvesting stage of plant growth. Application
of biofertilizer agents (especially mixed of Azofobacter and Azospirillum)
significantly reduces the negative effect of R. solqm‘ on plant growth. These
treatments recorded significantly the highest weights and the lowest ones
with the single inoculation.

Flowering and fruiting . : : :
The results given in table (7) obviously revealed that inoculation with

a mixture of the studied strains increased cucumber flowers and fruits
number in uninfected soil comparing with infected one 54.6. Fmd 39.3
flowers/plant and 22.7 and 16 fruits/ plant. Data showed the positive effect
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T s and fruit
of such organisms as biofertilizers on number of flower s of
cucumber plants in the same time.

TABLE (6). Statistical mean effects of stages, infection with R. solan;
and inoculation with biofertilizer agents on fresh and dry
weight of shoot and root of cucumber plants.

Factors Shoot F.W. | Shoot D. W. Root F.W. Root D. W,
Vegelative 11.077d 1.140d 2.344d 0.451d
Flowering 23.947c 2564 ¢ 3.129¢ 0.563 ¢
7 Fruiting 29.258b 3.025b 3.739b 0.689b
é: Harvesting 34.802a 3.507a 4.364a 0.822a
Control 20.558 gh 22054 29161 0.501 h
Azospirilium 25633 e 2.522 efg 3.466 de 0.628 ef
2 dzotobacter 25991e 2.667e 3358 e 0.695d
2 | Acospirillum + Azotobacter | 32.95a 3.340b 4.408 ab 0.843 ab
= Streptomyces 22618f 2.246 ij 3219e 0.565 g
B Azospirillum + Streptomyces 31358b 3.155¢ 4250 0.801 be
Azotobacter + Streptomyces 28891 ¢ 2951d 3.808 ¢ 0.780 ¢
Mixture 34.091 a 3.599a, 4,641 a 0.895a
“Control 164171 1.7251 2.202 h 0.365j
Azospirillum 19.791 h 212 jk 2.6511g 0.487h
- Azotobacter 212¢g 2.304 hij 2.657 g 0.466 hi
v§ Azospirillum + Azotobacter 25391 e 2.583 ef 3.675 cd 0.674 def
E Streptomyces 19.725 h 1.993 k 3.275e 0.4201
Azospirillum + Streptomnyces 228751 2481 fgh 3275¢ 0.641 def
Azotobacter + Streptomyces 21358 2.372 ghi 2.608 g 0.625f
Mixture 27.291d 2.692¢ 3.758 ¢ 0.685 de
Mean representing the effect of each factor on a particular P

ng ‘ arameter and not followed by the
same letter are significantly different by Duncan’s multiple range test (P < 0.05).
D.W.= Dry Weight

F.W. = Fresh Wieght

For cucumber fruit weight, the lowest one

. bk S , was 83.9 gm in control
infected soil significantly incre

ased 10 201.6 gm using a mixture of such
organisms. For the uninfected one, the fresh weight significantly increased
from 165.2 gm to 297.3 gm in control and using a mixture biofertilizer
treatment, respectivley. Weight of fruits significantly decreased under single
inoculation as indicated in table (7).

Chlorophyll content

Chlorophyll contents in fresh leaves were determined at different
stages of cucumber plant growth (Table 8). Th

; : ¢ highest chlorophyll content
was at flowering stage in

' ‘ uninfected soi (47.9%) using a mixture of
inoculation but the lowest one was 44% with Sn

i i : ‘eptomyces inoculation
comparing with control (35.6%) but infected control soil was 33.3%.
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TABLIE (7). Effect of Inoculation with biofertilizer agents and infection
with R, solani on the number of flowers, fruits and weight

of fruits of cucumber plants,

Biofertilizer Number of ':”“ ers Number of frulty Welght of fruits Plant ' (g)
angents Plant Plant ! T T —
uninfected | infected infected | nfected uninfected Infected
Coatrol 3¢ 522 lde 131 165.2 ¢ #3.9
_Azospiritlum 423be | 3331 | 203b 13.3e 243.6 be 155.0 ¢
Azotobacter 43b M W | 12e | 2a6ed | 15de
Azospirilhum + 34.5a 39 cde 22.6a 15.7 ed 289.2a 188.5 de
Azotobacter
Streptomyces 41.3 be 3331 17¢ 132 ¢ 212.5 cd 158.4 de
Azospirillum + 52a 36.9del 22ab 14.6 de 286 a 185.4 de
Streptomyces
Azotobacter + 43 be 35.3ef 20b 14.3 de 2064 ab 180 de
Streptomyces
Mixture 54.6a 39.3¢d 22.7a 16 ¢d 297.3a 201.6 d
L.S.D. 0.05 3.89 1.909 32.561

Total nitrogen and total protein of fruits

It is obvious from the data presented in table (9) that biofertilizer
agents singly or as a mixture significantly increased total N and total protein
comparing with control and reduced the negative effect of R. solani.

The highest total N and protein of cucumber fruits cultivated in
uninfested soil treated with mixture strains were 1.52 and 9.5% but the
lowest ones were 1.18 and 7.37% with Streptomyces inoculation as
compared with controls (1.15 and 7.18%) for total N and protein,
respectively.

In contrast, in infected soil, total N and total protein percentages
decreased to 1.4 and 8.75% in a mixture treatment comparing with control
infected soil (0.09 and 6.87%) and the lowest effect was 1.1 and 6.25%
under Streptomyces inoculation, respectively.

DISCUSSION

Root rot and damping off discases are considered to be one of the
most dangerous problems facing cucumber growers due to the great damage

of infecting seedlings. b3 :
In this work, application of biofertilizer was conducted with cucumber
J . . ", 1
in order to control such diseases and improve the growth and production.
The obtained results proved that Na-fixers Azotobacter chroococcum
and Azospirillum lipoferum and Streptomyces paious e fslgmﬁcz}mly
reduced the harmful effects of the pathogenic fungus (Rhizoctonia solani) on
cucumber plant and disease severity of fnfuisted pldit. Tho Hgusat i giinyant
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reduction in disease severity was obtained in the presence of &S‘nfptomyc‘es
Ivdicus  and also the survival plant increased more than those [rc‘}tcd with
Azotobacter chroococcum and / or Azospirillum lipoferum or as a mixture. In
this respect, Song e al. (1998) and Chamberlain and Crawford (1999) reported
that Streptomyces sp. produced antibiotics which controlled root-rot d1§cascs
caused by R-solani. Also, Kundu and Nandi (1984) stated that the reduction of
damping off caused by R. solani with Streptomyces arenae and Str'epfo'm_)’ces
chibaensis is due to increase population of the Streptomyces spp. leading to
lower population of R. solani.

TABLE (8). Many effects of stages, infection with R. solani and
inoculation with biofertilizer agents on total chlorophyll
coutent of cucumber plants.

[ Factors Total Chloorophyll content
Vegetative 37. 117]('))[30
Flowering 41.112a
Stages Fruiting 38.2b
Harvesting 35869 ¢
Control 34.016 f
Azospirillum 41.925 ab
Azotobacter 41.658 ab
: Azospirillum + Azowbacter 40.908 abc
Uninfected ! Streptomyces 38.616 cd
Azospirillum + Streptomyces 41.791 ab
Azotobacter + Streptomyces 41.794 ab
Mixture 43.791 a
Control 29.875¢
Azospirillum 25075 ef
Azotobacter 36.233 def
Azospirillum + Azotobacter 37.141 de
Infected Streptomyces 36.975 def
Azospirillum + Streptomyces 34.55 ef
Azofobacter + Streptomyces 36.175 def
Mixture 38.88 bed

Mean representing the effect of each factor on

a particular parameter and not followed by the
same letter are significantly different by Dunca

n’s multiple range test (P <0.05).

TABLE (9). Effect of inoculation with biofertilizer
with R. solani on the total nitroge
percentage of fruits cucumber plants,

agents and infection
n and total protein

Biofertilizer agents Total N% of fruits Total protein % of fruits
uninfected infected uninfected infected
Control .15 foh Th 7.18 fah 75 h
Azospirillum 1.47 ab 1.22 efe 9.18 ab 7.62 efg
Azotobacter 1.3 def 1.26 efa 8.12 def 7.87 ef
Azospirillum + Azorobacter 1.5 ab 1.4 cde 9.37 ab 8.75 cde
Streptomyces 1.18 feh 1.1 gh 7.37 foh 6.87 gh
Azospirillum + Sireptomyces 1.42 bed 1.36 def 8.87 bed 8.5 d?:f
Azotobacter + Strepromyces 1.47 ab 1.16 feh 9.18 ab 7.25 feh
Mixture 1.52 a 1.4 cde 9.5a 8.75 cae
L.S.D. 0.05 02113 1.312
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‘ Wm_‘ respect to the microbial count, the results showed that the
xlnznsl_)hcnc organisms increased during plant growth reach its maximum at
flowerning stage, then decreased towards harvesting. This may be due to the
shortage of biological nitrogen during the maturity stage of plant growth
these results were in agreement with that obtained h)" Nelson (1983).

The results also exhibited that “biofertilizers biocontrol agents”
protect plants from the pathogen infection to different extents and in the
same time shows a considerable increase in plant growth and yields e.g.
plant height, root length, fresh and dry weight, number of flowers and fruits
and weight of fruits, chlorophyll content, nitrogen and protein percent at
vegetative, flowering, fruiting and harvesting stages of the plant growth.
These results are in line with the finding of Tahvonen (1988) who found that
seed treatment with powdery preparation of Streptomyces not only control
root diseases but also increase yield of cucumber and carnation (10 - 30%).

The positive influence of Ny-fixers (Azotobacter and Azospirillum) on
plant development can be atributed not only to the N-fixation process but
also to the production of growth promoting substances and the production of
antifungal antibiotics (Chet et al. 1990 and Kloepper 1992).
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