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Abstract

Pot experiments were conducted for the development of salt-resistant saplings of Morus alba (var.
sujanpuri) involving bioinoculants, namely arbuscular mycorrhizal (AM) fungi, Azotobacter and in-
dole butyric acid (IBA). The IBA and sodium chloride (NaCl) concentrations were optimized prior
to the experiments. By using both low and high concentrations, 15 ppm IBA and 0.05% NaCl (w/v)
were found to be optimum in acting synergistically with AM fungi and Azotobacter and also for
increasing all the growth parameters and microbial count in the rhizosphere. For in vivo development
of salt-resistant saplings, the optimal concentration of IBA, along with AM fungi and Azotobacter in
different combinations, was applied. The saplings were irrigated regularly with 0.05% NaCl water.
Although growth parameters such as AM infection percentage, AM spores per 100 g soil and Azoto-
bacter cells/g soil were affected by NaCl watering, the inoculation of both bioinoculants significantly
enhanced survival percentage of saplings from 25 to 50% under salt stress. Maximum survival (55%)
of saplings was found with IBA (15 ppm) + AM fungi + Azotobacter.
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1. Introduction

Morus alba var. sujanpuri (mulberry) of family Moraceae, a multipurpose woody peren-
nial tree, is purposely cultivated for sericulture. It requires slightly acidic soil for cultivation
and is not easily supported on salt-affected soils. The lack of mulberry leaves in salt-affected
areas is an obstacle to sericulture.



292 S. Kashyap et al. /Scientia Horticulturae 100 (2004) 291-307

The problem of salt-affected soils is one of the oldest and most serious factors limiting the
land's capability for supporting optimum plant growth. These soils, owing to their unfavor-
able physical, chemical andbiological properties, present a highly inhospitable environment.
With poor crop yields or even complete crop failure, the areas become barren. There are
952 million ha of land under salinity and alkalinity in the world. Out of this, 7 million ha
of salt-affected areas are in India. The growing demands of the expanding population for
various biomass products necessitate exploitation of these soils. Salinity tolerance would
therefore be a highly desirable characteristic in economically important multipurpose plant
species like M. alba. Further, if yield potential is also maintained, the salt-resistant mul-
berry saplings could be used to cover wastelands and also promote sericulture in saline
areas.

The application of bioinoculants like arbuscular mycorrhiza (AM) fungi and Azotobacter
is an environment-friendly, energy efficient and economically viable approach for reclaim-
ing wastelands and increasing biomass production. Mycorrhiza is a symbiotic relationship
between plant roots and beneficial fungi, which is often thought to increase stress tolerance
of certain plant species (Jindal et al., 1995). It has been observed that mycorrhizal fungi
also improve plant survival and growth under saline conditions (Dixon et al., 1994). Also,
AM fungi infection in plants' roots help in nutrient recycling, uptake of nutrients (mainly
phosphorus), biocontrol of pathogens, synthesis of plant growth hormones and soil structure
improvement. Thus, the plants can tolerate adverse soil pH, high temperature, drought, and
toxic heavy metals (Sharma et al., 1997).

Azotobacter, free-living bacteria, has vital physiological characteristics of fixing ele-
mental nitrogen. The ability of Azotobacter to synthesize auxins, vitamins and antifungal
antibiotics that suppress pathogens, is recognized well (Subba Rao, 1982). The beneficial
effects of Azotobacter in combination with AM fungi and other microorganisms (dual in-
oculation) have been reported by a number of workers (Mandhare et al., 1998; Sreeramalu
et al., 2000) for certain plant species. It was hence proposed to evaluate Azotobacter and
mycorrhizal associations in enhancing survival of M. alba under salt stress.

Further, potential of these bioinoculants may be increased by adding suitable phytohor-
mones. The appropriate amount of hormone is crucial for the development and growth of
plants and even the smallest change may have an adverse effect on their growth (Raghuwanshi
et al., 1992). Plant hormones strongly interact with each other and a certain balance
of plant hormones is needed. This may be altered by bioinoculants in the rhizosphere
(Ludwig-Muller et al., 1997; Kaldorf and Ludwig-Muller, 2000; Martinez-Toledo et al.,
1988; Kukreja et al., 1995). The ratio of auxins required for root induction varies consid-
erably with the plant species, and is possibly correlated with the quantum of hormones
synthesized at endogenous levels within the cells of plant tissue (Razdan, 2000). Hence,
it is required to standardize the auxin concentration to find the optimum level to be used
with bioinoculants for further development of salt-resistant saplings. As high salinity may
result in high mortality of plants, it is necessary to standardize the salt concentration
also.

Considering the above, pot experiments were conducted to evaluate the efficacy of AM
fungi and Azotobacter in the development of salt-resistant saplings ofM. alba (var. sujan-
puri) in comparison to, and in combination with, indole butyric acid (IBA) at the optimized
level of saline watering.
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2. Materials and methods

2.1. Standardization of IBA concentration

About 15-20 cm long stem cuttings of M .albawith 1.5-2.0 cm diameter and two to three
axillary buds, collected from a mulberry garden during the month of February, were treated
with different concentrations of IBA by dipping basal ends of cuttings in phytohormone
solutions for about 1 h. Bothlow (5,10,15 and20ppm) andhigh(1000,2000 and3000ppm)
concentrations of hormone were used. For each hormonal concentration following four
different types of treatments, each with 20 replicates, were given in polythene bags (size
25 cm x 15 cm) containing 1.5 kg soil:

(i) AM fungi (M);
(ii) Azotobacter (A);

(iii) AM fungi + Azotobacter (M + A);
(iv) control (C).

For all the treatments, a total of 560 polythene bags were filled with vermicom-
post:soil (1:3). For AM fungi treatment, consortia of Glomus and Gigaspora spp. (Glo-
mus mosseae, G microcarpum, G macrocarpum, G fasciculatum, Gigaspora margarita
and G heterogama) was taken from a mycorrhizal bank maintained in Micromodel, IIT,
Delhi. Thirty-five gram soil inoculum with about 75 AM spores was mixed per poly-
thene bag. The Azotobacter treatment was applied by dipping basal ends of hormone-
treated cuttings in Azotobacter broth (with 107 to 109 bacteria/ml) for about
half-an-hour before planting. For dual inoculation, both the treatments were given simul-
taneously. For controls, bags were left as such (vermicompost:soil, 1:3) without any
treatment.

One hormone-treated cutting was planted in each bag. Bags were regularly watered and
weeding was done as per requirement. Growth rate studies, i.e. stem height, stem girth 30 cm
above ground and number of nodes per plant, were made for 6 months. Mycorrhizal infection
percentage in roots, AM spore number per 100 g soil and Azotobacter cell count/g soil was
monitored simultaneously by standard methods (Phillips and Hayman, 1970; Gerdemann
andNicolson, 1963; SubbaRao, 1982). After proper growth ofplants for 6 months, survival
percentage was noted and plants with each hormone concentration were randomly uprooted,
weighed and dried. Their dry weight was noted and moisture percentage was calculated.
The concentration of auxin which gave maximum AM infection percentage, number of AM
spores and Azotobacter cell number and best growth rate of M alba, was selected for the
further development of salt-resistant saplings.

2.2. Standardization ofNaCl (sodium chloride) concentration

For the standardization of NaCl concentration, 400 stem cuttings (15-20 cm length,
1.5-2.0 cm diameter) were planted individually in polythene bags (size 25 cm x 15 cm)
with the same four treatments as used in the standardization of auxin.

For each treatment, 100 cuttings were used. All the four types of the treatments as applied
in the standardization of auxins were repeated. The bags of each treatment were watered
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regularly with 0.01-0.10% NaCl (w/v) water. Ten replicates of each NaCl concentration
were used. The salt water was applied so as to prevent leaching of salt from bags. The data
pertaining to sprouting/survival percentage of cuttings and pH and EC of bag soils were
noted for 2 months (or 100% mortality of plants) at 10-day intervals.

2.3. Development of salt-resistant saplings

For the development of salt-resistant saplings of M. alba, a standardized concentration
of IBA was applied with standardized doses of NaCl watering and native bioinoculants.
Earthen pots (25 cm diameter x 30 cm depth) were filled with 4 kg soil with the following
four treatments:

(i) AM fungi (M);
(ii) Azotobacter (A);

(iii) AMfungi + Azotobacter (M + A);
(iv) control (C).

For each treatment, 40 pots were used. For AM fungi (M) treatment, 100 g soil inocula
(with 200 AM spores per 100 g soil) were added in each pot. For Azotobacter treatment,
bacterial broth was applied to the cuttings. The method of application was similar as used
in the standardization of auxin.

Three hundred and twenty stem cuttings (15 cm long with 1.5-2.0 cm diameter) of
M. alba were collected during February. Of these, 160 were treated with 15ppm IBA
(standardized concentration) for 1 h and planted in half of the pots already filled with
soil with different treatments at two cuttings per pot. The rest of the pots were planted
with untreated cuttings (two cuttings per pot). Half of the treatments with or without
IBA were regularly watered with 0.05% NaCl (standardized concentration), while the
other half were provided with regular tap watering (Tables 2 and 3). Precautions were
taken to avoid the loss of solutions by leakage or overflow. Pots were maintained un-
der natural conditions in the field site (temperature 28 ± 4°C, 12-14 h day
light).

Data pertaining to growth parameters, fresh and dry weights, moisture and survival per-
centage of saplings, pH, EC of pot soils, AM infection percentage in roots, AM spore
count per 100 g soil and Azotobacter cell count/g soil was recorded for 6
months.

2.4. Statistical analysis

The data was analyzed by computer using the SPSS for Windows 9.0 package. Cat-
egorical data was compared using χ2-analysis and Fisher's exact test when indicated
(expected frequency of less than 5 in any cell). ANOVA was applied on quantitative
variables with multiple groups followed by Scheffe's multiple comparison test. Quanti-
tative variables with normal distribution and equal variance were compared by two-tailed
t-test. The Mann-Whitney U non-parametric test was used for non-normal
data.
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3. Results

3.1. Standardization and selection ofIBA concentration with bioinoculants

It was noted that higher concentrations of auxin IB A, i.e. 1000-3000 ppm reduced plant
growth. The lower concentrations were found to be superior over the higher and best results
were obtained with 15 ppm IBA (Table 1). The comparative study made after 6 months
showed best results with the combination of AM fungi andAzotobacter (M + A) at 15 ppm
IBA, in terms of all different types of parameters studied. Overall the effect of treatments
on growth was in the order 15 ppm > 10 ppm > 5 ppm > 20 ppm > 1000 ppm >
2000 ppm > 3000 ppm. Fifteen ppm was found to be the optimum concentration for in-
creasing potential of AM fungi andAzotobacter and was utilized further for the development
of salt-resistant saplings.

3.2. Standardization ofNaCl concentration

The results related to standardization of NaCl concentration are depicted in Figs. 1-3.
It was observed that in case of watering with 0.01% NaCl, 100% of cuttings sprouted and
survived with AM fungi (M) treatments. The watering with 0.02-0.05% NaCl reduced
survival to 60% (Fig. 1) but the decrease was not significant. At a concentration above
0.05% NaCl (0.06 and 0.07% NaCl), survival percentage declined significantly to 30 and
20% after 40 and 30 days, respectively.

A similar trend was observed in the case of Azotobacter (A) and dual inoculation (M+A)
treatments. It can be seen from Fig. 2 that after 2 months in all four types of treatments (A,
M, M + A and control) with 0.05% NaCl regular watering, EC recorded was more than
4 mmho/cm, but no significant variation in pH (Fig. 3) was noted. The saplings survived for
2 months with <0.06% NaCl watering in all the treatments.

3.3. Development of salt-resistant saplings

3.3.1. Effect of different treatments on growth ofM. alba
The results related to development of salt-resistant saplings are summarized in Tables 2

and 3. Maximum survival percentage was observed in M + A + 15 ppm IBA treatment
(55%) followed by M + A (50%) and M + 15 ppm IBA (50%), M (45%), A + 15 ppm
IBA (40%), A (35%), C + 15 ppm IBA (30%) and C (25%). In the case of -S treatments
(watering with normal water) 80-100% survival in different bioinoculant treatments was
recorded (Fig. 4).

The growth parameters with respect to stem height, stem girth and node number ofM alba
showed a significant decrease with 0.05% NaCl watering as compared to watering without
NaCl (Table 2). The inclusion of AM fungi and Azotobacter with hormonal treatments
showed considerable increase in the growth rate of saplings (P < 0.05) over the control. A
significant difference was observed between -S and +S treatments with respect to average
shoot height, stem girth and node number of plants. No significant difference was observed
with respect to stem girth among different treatments under saline conditions, however a
significant increase in stem girth was observed with M + A and M + A + H as compared to C



Table 1
Standardization of IBA concentration for growth of M. albaa,b

IBA concentration
(ppm)

5

10

15

20

1000

2000

3000

Treatmentsc

M
A
M + A
C

M
A
M + A
C

M
A
M + A
C

M
A
M + A
C

M
A
M + A
C

M
A
M + A
C

M
A
M + A
C

Survival (%)

100 a
100 c
100 e
100 g

100 a
100 c
100 e
100 g

100 a
100 c
100 e
100 g

80
70
80
75

75
70
75
75

65 b
70
70
65 h

60 b
60 d
65 f
50 h

Growth parameters (average values)

Shoot height (cm)

122 ±3.4 a
122±2.6fg
126±2.6j
120 ± 3.3 n

122±2.4ab
124 ± 2.4 f
128 ±3.0jk
120 ± 2.5 n

125 ±3.1 a
124 ± 4.2 f
132±3.2k
122 ± 1.8n

120 ± 3.4b
118 ±2.7g
127±2.4j
110±3.6o

95 ±2.4c
92±2.4h

100 ±3.0l
92±2.0p

80 ±2.1 d
82 ± 1.8 i
98 ±2.1 l
75 ±3.9q

75 ±3.6e
78 ±2.4i
88 ±3.0m
72±3.8q

Stem girthd (cm)

3.0 ±0.3 a
2.8 ±0.3ef
3.0 ± 0.3 ij
3.0 ±0.5 1

3.2±0.3ab
2.8 ±0.4ef
3.0 ± 0.2 ij
3.0 ±0.4l

3.5 ±0.4b
3.2 ± 0.2 e
3.5 ±0.4i
3.0 ±0.3 l

2.8 ±0.3ac
2.7 ± 0.2 fg
3.0 ± 0.3 ij
2.5 ± 0.3 lm

2.5 ±0.3dc
2.3 ±0.2gh
2.5 ±0.2jk
2.2 ± 0.3 mn

2.2 ± 0.8 d
2.0 ± 0.3 h
2.5 ±0.4jk
2.0 ± 0.2 mn

2.2 ± 0.4 d
2.0 ± 0.2 h
2.0 ± 0.4 k
1.9 ± 0.2 n

No. of nodes
per plant

40 ± 3.2 a
40 ± 2.9 e
40 ± 2.9 i
41 ±2 .4m

42 ± 1.8 a
40 ± 1.7 e
45 ± 1.9 i
38 ±2.4 mo

62 ±2.1 b
52 ± 1.8 f
64 ± 1.5 j
55 ±3 .7n

40 ±3.7 a
40 ± 2.3 e
42 ± 1.8 i
35 ±2.1 o

34 ± 1.5 c
3 2 ± 1 . 8 g
35 ±3 .3k
30 ± 3.6 p

26 ± 3.3 d
25 ±3 .6h
30 ±3.6l1
22 ± 2.4 q

2 6 ± 3 . 0 d
25 ±3 .3h
28 ±3.0l1
2 0 ± 3 . 6 q

Azotobacter cell

count/g soil

2.0 >

8.0 >

9.6 >

1.8 >

2.3 >

8.6 >

9.8 >

1.9 >

3.0 >

9 2 >

10.2 >

2.0 >

2.0 >

8.2 >

8.5 >

1.7 >

1.0 >

2.62

2.7 >

0.8 >

0.9 >

1.9 >

1.5 >

0.6 >

0.7 >

1.5 >

1.2 >

0.5 >

< 1 0 2

< 102

< 102

< 1 0 2

< 102

< 102

< 102

< 102

< 102

< 102

< 1 0 2

< 102

< 102

< 102

< 102

< 102

< 102

x 102

< 102

< 102

< 102

< 102

< 102

< 102

< 1 0 2

< 102

< 102

< 1 0 2

AM infection

(%)

68 a

40 c

71 e

38 hi

70 a

38 c

72 e

42 h

75 a

42 c

77 e

40 hi

60 a

32 c

68 e

35 hi

30 b

30 c

32 f
28 ij

20 b
15 d
20 fg
18 jk

15 b
12 d
16g
10k

AM spore count
per 100g soil

75 ± 3.4 a
50±3.0e

105 ±4.8 hi
40 ± 3.6 m

80 ±2.7 a
52 ± 1.9 e

110 ± 3.5 i
42 ± 2.1 mn

95 ±3.9b
57±2.6f

120±5.7j
45 ±3.7n

75 ± 3.9 a
52 ±2.1 e

100 ± 8.3 h
40 ± 3.5 m

45 ± 3.9 c
20±2.4g
48 ±3.2k
12±2.4o

40 ± 3.3 cd
20±3.2g
42 ± 2.1 kl
10±2.9o

36±3.4d
16±3.0g
40 ± 2.2 l

8 ± 1.1 o

a Mean/percentage followed by the same letter or without any letter in a column are not significantly different (at P = 0.05 level). All comparisons were done among similar treatments (M,
A, M + A and C) between different concentrations of IBA.

b Six months' data.
c M: AM fungi; A: Azotobacter; C: control.
d Thirty centimeters above ground.



Table 2
Development of salt-resistant saplings ofM alba (with 0.05% NaCl regular watering)a,b,c

1Treatmentsd Growth parameters (average values) Average fresh weight per plant (g) Average dry weight per plant (g) Moisture (%)

Stem height (cm) Stem girth (cm) No. of nodes per plant — S +S -s +S -s +S
-s +S -s +S -s +S

M 122 ±9.4 48.7 ±8.3 a 3.3 ± 0.2
M + H 127.5 ±13.6 52.0 ± 7.4 a 3.50 ± 0.4
A 122.5 ±17 49.5 ±8.5 a 3.3 ± 0.3
A + H 124 ±20 50.2 ±7.7 a
M + A 128 ±6.3 55.8 ±5.2 a
M + A + H 132 ±7.2 56 ± 7.2 a
C 110 ± 9.1 36.1±4.7b
H 120 ±7.4 46.3 ±5.1 a

2.2 ±0.4 48 ±5.3 a 26 ±4.8 a 172.2 ± 8.5 ab 130.8 ± 1.0 ab
2.2 ±0.3 61 ± 7.2 b 35 ± 3.6 b 175±6.0ab 134.2 ±3.1 a
2.0 ±0.4 47 ±5.9 a 25 ±3.9 a 168.3 ± 2.2 £ 125.7 ±4.1 bd

3.32 ± 0.6 ac 2.1 ±0.3
3.53±0.1a 2.23±0.8
3.75 ± 0.2 ab 2.25 ±0.8
2.9 ± 0.2 c 1.65 ±0.5
3.0 ±0.4 1.7 ±0.3

60 ± 3.6 b
62±2.7b
65 ± 3.9 b
36 ± 4.8 c

27 ±5.2 a
35±5.2b
37 ± 3.6 b
22 ±5.6 a

43 ± 3.2 ac 24 ±3.6 a

172 ±3.6 132±6.9ab
174.7 ± 3.2 ab 132.0 ± 4.8 ab

180 ± 4.8 b 135.4 ± 3.8 ab
163.2 ±7.4 a 118.3 ± 2.6 c
165.1 ±5.8 a 120.2 ± 2.7 cd

60.3 ±0.8
60.1 ±2.1
58.0 ±4.0
60.0 ±3.3
60.7 ±0.7
62.0 ±4.5 a
55.0 ± 5.7b
56.5 ±3.5

45.1 ±4.6
46.3 ±4.7
42.7 ±3.6
44.3 ±2.5
44.2 ±3.4
47.1 ±2.4 a
40.5 ±4.6b
42.0 ±3.6

64.9
65.65
65.53
65.11
65.25
65.55
66.29
65.77

65.51
65.49
66.03
66.43
66.51
65.21
65.76
65.05

a Mean/percentage followed by the same letter or without any letter in a column are not significantly different (at P = 0.05 level). All comparisons were done between treatments.
b Six months' data.
c — S: saplings developed with normal watering; +S: saplings developed with saline watering.
dM: AM fungi; A: Azotobacter; C: control; H: IBA(15ppm).



Table 3
Analysis of soil rhizosphere of salt-resistant M. alba saplingsa,b,c

Treatmentsd

M
M + H
A
A + H
M +A
M + A + H
C
H

Azotobacter

- S

2.3 x 102

3.0 x 102

8.7 x 102

9.2 x 102

9.8 x 102

10.2 x 102

1.8 x 102

2.0 x 102

cell count/g soil

+S

0.8 >
0.9 >
2.5 >
3.0 >
3.0 >
3.4 >
0.6 >
0.7 >

; 102

; 102

; 102

;102

; 102

; 102

; 102

;102

AM infection (%)

- S

70 a
72 a
60 ab
62 ab
75 a
77 a
50 b
57 b

+S

58 a
60 a
30 b
35 b
60 a
62 a
19 c
28 bc

AM spore count per 100 g soil

- S

90 ± 15.2 a
95 ± 9.1 ac
50 ± 12 b
57 ± 6.2 b

100 ± 12.4 cd
120 ± 12.2 d
42 ± 12.6 b
45 ± 11.2 b

+S

6 0 ± 11.9a
62 ± 11.1a
30 ± 6.0 b
32 ± 8.8 b
65 ±7.5 a
70 ± 11.9a
20 ± 8.1b
22 ± 5.8 b

EC of pot soil (mmho/cm)

- S

0.110
0.110
0.110
0.110
0.110
0.110
0.113
0.112

+S
5.702
5.700
5.724
5.738
5.734
5.628
5.986
5.982

pH of pot soil

- S

7.51
7.52
7.51
7.53
7.52
7.51
7.50
7.51

+S

7.54
7.57
7.53
7.55
7.52
7.53
7.54
7.52

a Mean/percentage followed by the same letter or without any letter in a column are not significantly different (at P = 0.05 level). All comparisons were done among
different treatments.

b Six months' data.
c —S: saplings developed with normal watering; +S: saplings developed with NaCl watering.
d M: AM fungi; A: Azotobacter; C: control; H: IBA (15 ppm).
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Fig. 1. Effect of NaCl watering on sprouting/survival percentage ofM alba in different treatments. Arrow of selected NaCl concentration: (A) after 10 days; (B) after
20 days; (C) after 30 days; (D) after 40 days; (E) after 50 days; (F) after 60 days.
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without NaCl stress. Similarly, node number increased significantly with all the treatments
as compared to C and H without NaCl watering. But in the case of (+) NaCl watering, only
M + H, M + A and M + A + H treatments increased node number significantly (Table 2).
The fresh and dry weight of plants was also significantly lower with NaCl watering. The
inoculation of AM fungi and Azotobacter with IBA treatment enhanced both parameters
significantly over control. The moisture percentage of plants did not differ much between
-S and +S treatments.

3.3.2. Effect of different treatments on microbial number in M. alba rhizosphere
The Azotobacter cell count/g soil, AM infection percentage and AM spore count in M.

alba were found to be reduced considerably with NaCl watering. The maximumAzotobacter
cell count and AM spore number was found in M + A + H although no significant difference
was observed between M, M + H, M + A and M + A + H with respect to AM spore count
in (+) NaCl watered pot soils. The AM infection percentage was reduced to a considerable
extent by NaCl watering, i.e. 60% in M + H (+NaCl watering) as compared to 72% in
M + H without NaCl watering. Maximum AM infection percentage was observed with
M + A + H both in -S and +S treatments (Table 3).

4. Discussion

4.1. Standardization and selection of IBA concentration with bioinoculants

The application of high concentrations of auxins was not found favorable in the present
study. The results are consistent with the previous observations that auxins generally pro-
mote rooting at lower concentration and inhibit it at higher concentration, and that the
optimal concentration for rooting of cuttings varied with the plant species and the nature
of the auxins (Hartmann and Kester, 1983; Gryndler et al., 1998). The high proportion of
growth regulators could produce karyotypic alterations (Bayliss, 1980) and physiological
(and sometimes genetic) effects (McHughen and Swartz, 1984). However, the use of IBA
at high concentrations (10 and 5%) for root initiation inMorus indica var. kanva (S5) has
been noted by Kaimal and Sengupta (1997).

Mycorrhizal fungi produce several growth promoting hormonal substances (Miller, 1971;
Turner, 1962). The plant internal hormone balance is altered with mycorrhizal coloniza-
tion and external application of phytohormones to the rhizosphere stimulates mycorrhizal
formation in AM fungi (Gunze and Hennessy, 1980). The addition of a mixture of GA3,
cytokinins and auxins to soil in enhancing AM colonization by Glomus species has been
documented by Azconetal. (1978). Branzanti et al. (1984) have demonstrated that the myc-
orrhizal fungi had a strong synergistic effect when associated with IBA treatment on rooting
of fruit rootstock cuttings. The secretion of several hormones by Azotobacter (Subba Rao,
1982) and enhancement of bacterial number and nitrogen fixing ability of Azotobacter by
external application of hormones is reported (Kukreja et al., 1995). Kukreja et al. (1995)
reported that the cell number of Azotobacter chroococcum increased from 105 to 108 within
8 days of incubation by added hormones and maximum growth was observed with IAA and
GA3. In the present study, only up to 15 ppm application of IB A was found to act sy nergisti-
cally with AM fungi and Azotobacter in improving all the parameters. The inhibitory effect
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of auxins at higher concentrations could be the result of supra optimal endogenous level of
auxins induced by the treatment of AM fungi and Azotobacter (Stein and Fortin, 1990).

4.2. Standardization ofNaCl concentration

The survival and growth of bioinoculated plants with low concentration NaCl watering,
seen in the present study is supported by Stein and Fortin (1990). The results pertaining
to adverse effects of high soil concentration on mycorrhizal propagules in soil, AM root
infection and plant growth, which could be due to the inhibition of hyphal growth because of
reduction in supply of carbohydrates from the plant to the fungus (McMillen et al., 1998),
are in accordance with Dixon et al. (1994). The high concentration of NaCl might have
affected Azotobacter cell count (Ritchie, 1959) in a similar way.

In present investigations, regular watering with only low NaCl concentrations (0.01-
0.05%) for 2 months was found to be suitable for further development of salt-resistant
saplings. Among all treatments, M + A was found to be the best in increasing survival
percentage of saplings under NaCl stress. Depending upon NaCl tolerance, sprouting and
survival percentage of plants, 0.05% NaCl concentration was selected inM alba for all the
treatments for further development of salt-resistant saplings.

4.3. Development of salt-resistant saplings

4.3.1. Effect of different treatments on growth ofM. alba
Our results related to potential of AM fungi in enhancing plants' growth under stress

conditions are supported by Hirrel and Gerdemann (1980), Selvaraj and Manivannan (1997),
and Dixon et al. (1994). AM fungi seem to avoid NaCl stress through some ecophysiological
mechanism (Stein and Fortin, 1990). The composite root-fungus surface area may provide
greater contact of plant with soil. Moreover, the fungus hyphae may provide a low resistance
pathway for water to flow from the rhizosphere to the root stele (Scagel and Linderman,
1998).

AM fungi are also known to influence the composition of amino acids and carbohydrates
of the host plant. The increased tolerance to salt, afforded by mycorrhiza, is probably
due to improved P nutrition (Jindal et al., 1995). Also AM mycelial strands can transport
physiologically significant quantities of water from the bulk soil to the root-fungus interface.
The increased level of plant growth hormones in mycorrhizal association (Ludwig-Muller
et al., 1997) may additionally help plants under stress conditions as shown in the present
work. Also, the inoculation of soil and roots of mulberry with Azotobacter is reported
to increase leaf yield and quality besides curtailing nitrogen fertilizer requirements to a
significant level (Das etal., 1993; Siddiquietal., 1993). The synergistic effect ofAzotobacter
and mycorrhiza might have played role in increasing survival percentage of M alba under
NaCl stress in the present study. The best results in the combination of M + A + H could
be due to their combined positive effects exerted towards the growth of plants.

The plants growing under saline conditions show marked biochemical changes, especially
in protein metabolism. Important biochemical changes with a decline in total protein content
and an increase in free amino acids and ammonia simultaneously affecting root growth
M. alba subjected to NaCl salinity as has been reported by Ramanjulu et al. (1994) and
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Agastian and Vivekanandan (1997). The salinity affected the plants' growth in the present
study also but the inoculation of AM fungi andAzotobacter promoted it under salinity stress
in comparison to control.

4.4. Effect of different treatments on microbial number in M. alba rhizosphere

The present results of a decrease in microbial count are corroborated by Juniper and
Abbott (1993). The inhibitory effect of increasing concentrations of NaCl on the spore
germination of AM fungi may be due to osmotic or toxic effects. The hyphal growth of AM
fungi in saline soil is dependent on the maintenance of ionic balance in the mycelium and
on internal water potential sufficient to maintain turgor and these processes require energy.
It is therefore possible that the capacity for hyphal growth was reduced more rapidly in soil
with NaCl due to an increased energy requirement. However, dual inoculation (AM fungi
and Azotobacter) along with auxin significantly revealed more AM infection percentage
(P < 0.05) as compared to C and H (Table 3). Smith and Smith (1990) have suggested the
role of auxins in increasing the activity of mycorrhiza as auxins may increase the activity
of ATPases at plant-fungus interface and assist mycorrhiza to enter the host plant. In the
present study, the optimum level of auxins may have enhanced the ATPase activity to some
extent under salt stress and subsequently increased the activity of bioinoculants.

However, overall salinity affected plant's survival (%), growth parameters and micro-
bial associations in the rhizosphere as compared to normal soil conditions but bioinoc-
ulants, specifically AM fungi, showed a significant role. Plants colonized by AM fungi
have root systems, acquiring a greater percentage of photoassimilates than non-mycorrhizal
ones (Clapperton and Reid, 1992). Consequently, they exhibit higher root/shoot ratios
(Clapperton and Reid, 1992). By using carbohydrates for storage, for the building up of
biomass, and for the conversion into metabolic energy, mycorrhizal fungi create strong as-
similate sinks (Dosskey et al., 1990) and the degree of infection of a particular root is obvi-
ously more dependent on its carbohydrate supply. The content of soluble sugars is increased
in the roots or leaves of mycorrhizal plants. This could support osmotic adjustment in orderto
compensate for decreased soil water potential. In the present study, the positive effect of AM
fungi under salt stress situations could be due to these facts. Further, the increased efficacy of
AM fungi in the presence of optimum levels of IB A is possibly due to the influence of these
phytohormones in increasing ATPases at the interference between two symbionts (Gogala,
1991), and in promotion of arbusculae formation process (Gunze andHennessy, 1980).
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