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ABSTRACT

In the future, drought are expected to increase, affecting the productivity of crops sensitive to water
scarcity. Through Ny-fixation process, soybean is capable of achieving its nitrogen demands,
however, this process is inhibited under drought stress conditions. Therefore, it is vital to find
suitable solutions for the agricultural sustainability of soybean.

Under pot experiment, biocompatibility was studied between Bradyrhizobium japonicum and
Trichoderma strains (Trichoderma viride, T. harzianum and T. kongii) for their ability to stimulate the
growth, nodulation, N content and photosynthetic pigments of soybean plants under different
irrigation intervals (every 2 days (11), every 4 days (12), and every 6 days (13)). The experiment was
conducted in summer 2020 with a split-plot randomized complete block design and six replicates.
Among the Trichoderma strains, T. harzianum was the most tolerant to growth and auxin production
in the maximum 25% PEG 6000 (poly ethylene glycol) concentration. Also, co-inoculation treatment
(irrigation every 6 days and inoculation with B. japonicum + T. harzianum) recorded an increase rate
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reached to 69.4% for shoot length, 102.53% for root length, 79.06% for shoot dry weight, 103.44%
for root dry weight and 178.57% for N content compared to control treatment. For physiological traits
(chlorophyll a, b, carotenoids and total soluble sugar), there was a significant increase was
observed when soybean plants inoculated with B. japonicum + T. harzianum treatment followed by
B. japonicum + T. kongii treatment, under irrigation every 6 days condition. On the contrary, a
decrease was observed in proline content for the same treatments. Thus, an adequate microbial
consortium of Bradyrhizobium - Trichoderma, could represent a promising practical method for
increasing the productivity of soybean especially when grown under drought conditions.

Keywords: Bradyrhizobium japonicum; Trichoderma; soybean; irrigation intervals; physiological traits.

1. INTRODUCTION

In the agricultural sector, plants are often
exposed to assorted environmental stresses that
significantly affect their growth and productivity.
Of these, drought stress is the basic cause of
crop loss, detrimental to biomass and vyield
quality across the world. Traditional agricultural
practices are significantly affected by drought
due to the climate change, reduction of rainfall,
and decrease in soil fertility [1].

To overcome the negative effect of drought
stress, it is necessary to look for alternative ways
to improve the soil fertility and stimulate the
growth of plants. One of these, plant growth-
promoting fungi (PGPF) are groups of beneficial
microbes that deserve to be highlighted due to
positive influences on soil structure and plant
productivity [2]. Among the PGPF, the fungal
genus Trichoderma has been known as eco-
friendly biocontrol agent to control plant
diseases, enhancing plant growth and also
providing tolerance to environmental stresses
[3,4]. Furthermore, Trichoderma spp. plays
important role in releasing some metabolites
analogous to phytohormones that enhance
growth under drought stress. Due to previous
positive effects, T. harzianum being the major
species used in commercial formulations applied
in agricultural areas around the world [5]. In
addition, Trichoderma are presented in
specialized literature as capable of solubilizing
phosphates and other nutrients, mainly Fe, Mn,
Cu and Zn [6,7], and being a growth and
development inducer in important -cultivated
plants, as recorded in tomato plants inoculated
with T. harzianum and T. viride [6,8], soybean
plants inoculated with bradyrhizobia and T.
asperellum [9], and cucumber plants inoculated
with T. asperellum or T. harzianum [7].

Synergistic consortia of microbes with different
metabolic capacities such as N, fixation, P-
solubilization, and production of phytohormones
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can definitely induce better plant development
than a single inoculation [5,10]. Legumes are
able to establish symbiotic relationships with N,-
fixing bacteria and the inoculation of legume
seeds is an important agricultural practice
worldwide [2]. Researchers often focus on
associations of N,-fixing bacteria with Plant
Growth Promoting Bacteria (PGPB) [11], or
Arbuscular Mycorrhizal Fungi (AMF) [12], to
improve leguminous plant performance, and
reports of N,-fixing bacteria with PGPF, such as
Trichoderma, are scarce. There are reports on
the benefits of seed inoculation with
bradyrhizobia-Trichoderma in common bean,
soybean, pea, lentil, chickpea, pigeon pea, and
clover [9,10,13-15].

In this study, three Trichoderma strains
(Trichoderma viride, T. harzianum and T. Kongii)
were assayed to determine their ability to growth
and produce Indole Acetic Acid (IAA) under
different concentrations of PEG 6000. Also,
biocompatibility was studied between
bradyrhizobia (Bradyrhizobium japonicum USDA
110) and Trichoderma strains to promote the
growth and development of soybean plants
under different irrigation intervals (every 2 days
(11), every 4 days (12), and every 6 days (I3)).
The results of this study may provide new
insights into the combinations of bradyrhizobia
and Trichoderma with plants, especially in
leguminous plants under water deficit conditions.

2. MATERIALS AND METHODS

2.1 Microbial
Conditions

Strains and Growth

Trichoderma viride, T. harzianum and T. kongii
as well as Bradyrhizobium japonicum USDA 110
strains were provided from Bacteriology
Laboratory, Sakha Agricultural Research Station,
Kafr El-Sheikh, Egypt. Pure cultures of fungi and
bacteria used were routinely maintained on
Potato Dextrose Agar (PDA) medium [16], and
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Yeast Extract Mannitol Agar (YEMA) medium
[17], respectively.

2.2 Screening of Microbial Strains for
Drought Stress Tolerance

According to [18], different Trichoderma and
Bradyrhizobium strains were studied to
determine  their  growth  with  different
concentrations of polyethylene glycol 6000 (PEG
6000, Sigma Chemical Co., USA), i.e. 0, 5, 10,
15, 20 and 25%. Trichoderma strains were
cultured in 250-ml Erlenmeyer flasks containing
100 ml of potato dextrose broth medium (PDB)
supplemented with different concentration of
PEG 6000 then inoculated with 0.5 x 10° spores
mL? and incubated at 30°C for 7 days. On
parallel, B. japonicum was cultured in 500-ml
Erlenmeyer flasks containing 100 ml Yeast
Extract Mannitol broth medium (YEMB) medium
supplemented with different concentrations of
PEG 6000 as mention above then inoculated at 1
x 10® CFU mL™ and incubated at 30°C for 5
days. After incubation, growth was counted by
using PDA and YEMA medium and expressed in
terms of logl0 for Trichoderma and
Bradyrhizobium strains, respectively [19].

2.3 Screening of Microbial Strains for
Auxin Production under Drought
Stress

The qualitative determination of IAA produced by
Trichoderma and Bradyrhizobium strains was
performed using the Salkowski-based
colorimetric technique [20]. Under different
concentrations of PEG 6000 as mention above,
0.5 x 10° spores mL™ and 1 x 108 CFU mL™ of
Trichoderma and Bradyrhizobium strains were
inoculated in  250-mL Erlenmeyer flasks
containing 100 ml of PDB and YEMB medium
supplied or not (control) with L-tryptophan (100
mg L'l), respectively. The flasks were incubated
in a shaker 150 rpm and 30°C for 7 days.
Subsequently, 1 mL of centrifuged supernatant
was mixed with 4 mL of Salkowski reagent (0.5
mM FeCl; and 35% HCIO,), and was left in the
room temperature under dark conditions for 30
min. The amount of auxin produced by different
microbial strains was read at 535 nm
using UV/Visible Spectrophotometer (Bibby
Scientific Ltd, Dunmow, Essex. UK, Model 6705).
The amount of auxin was calculated against
standard concentrations of indole acetic acid
[21].
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2.4 Experiment Preparation, Inoculation

and Planting

The experiment was conducted during summer
2020 in a greenhouse of Bacteriology
Laboratory, Sakha Agricultural Research Station,
Kafr El-Sheikh, Egypt. Soybean seeds (Glycine
max L. cv. Giza 111) was obtained from Field

Crops Research Institute, Department of
Leguminous  Crops, Sakha,  Agricultural
Research Station, Egypt, were previously

disinfected with 70% (v/v) ethanol and 3% (v/v)
sodium hypochlorite. Four seeds of soybean
were sown in plastic pots (5 Kg) containing
autoclaved (121 °C; 1.5 Pa; 4 h) loamy soil and
simultaneously inoculated with 1.0 mL of
bradyrhizobia inoculant (1 x 10° CFU mL™) or
co-inoculated with 1.0 mL of bradyrhizobia
inoculant + 1.0 mL of fungal inoculant (1 x 10°
spores mL™") under three irrigation intervals
(every 2 (12), 4 (12), and 6 (13) days after 15 days
from sowing.

The physicochemical and biological properties of
the soil used are: pH, 7.31; EC, 1.77 dSm™;
organic matter (%), 1.28; particle size distribution
sand, silt and clay (%), 47.00, 35.50 and 17.50,
respectively; available N (mg Kg'l), 17.95;
available P (mg Kg%), 9.77; available K
(mg Kg™), 321.3. Also, total count of bacteria, 19
x 10" CFU g™; total count of fungi, 82 x 10* CFU
g" and total count of actinomycetes 41 x 10°
CFU g™ according to [22].

On the seventh day after sowing, two plants
remained in each pot. The experiment was
conducted as a split-plot randomized complete
block design with six replicates as shown in
Table 1.

2.5 Measurements

At 60 days after sowing, the shoot and root
length were measured with the aid of a
measuring tape. Shoot, root and nodules dry
weight were determined after drying in a forced
aeration oven at 65°C until a constant weight.
The nitrogen content in the shoot dry weight was
determined by the Kjeldahl method [23].

The content of chlorophyll a, chlorophyll b and
carotenoids was determined after extraction of
fresh leaf samples with 80% ethanol [24]. The
values of chlorophyll a and b were used to
determine the total chlorophyill.
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Table 1. Treatment used for greenhouse experiment

Main plot (Irrigation intervals)

Treatment

11 Irrigation every 2 days

12 Irrigation every 4 days

13 Irrigation every 6 days

Sub main plot ( Inoculation treatments)

T1 Control

T2 Inoculation with B. japonicum USDA 110

T3 Inoculation with T. viride

T4 Inoculation with T. harzianum

T5 Inoculation with T. Kongii

T6 Inoculation with B. japonicum USDA 110 + T. viride
T7 Inoculation with B. japonicum USDA 110 + T. harzianum
T8 Inoculation with B. japonicum USDA 110 + T. Kongii

Free proline content in the leaves of soybean
plants was determined following the method of
Bates [25]. Leaf samples 05 g were
homogenized in 5 mL of sulphosalycylic acid
(3%) using mortar and pestle. About 2 mL of
extract was taken in test tube and to it 2 mL of
glacial acetic acid and 2 ml of ninhydrin
reagent were added. The reaction mixture was
boiled in water bath at 100°C for 60 min. After
cooling the reaction mixture, 6 mL of toluene
was added and then transferred to a
separating funnel. After thorough mixing, the
chromophore containing toluene was separated
and absorbance read at 520 nm in
spectrophotometer against toluene  blank.
Proline concentration was determined using a
calibration curve and expressed as p mol proline
g Fw.

Total soluble sugar was estimated using
anthrone reagent [26]. Briefly, 0.1 mL of alcoholic
leaf extract (80% ethanol) was added to 3 mL
freshly prepared anthrone reagent and mixed
by vortexing then boiling in a water bath for 10
min, and measured using uv/
Visible Spectrophotometer (Bibby Scientific Ltd,
Dunmow, Essex. UK, Model 6705) at 620 nm.
A calibration curve of glucose was used to
qguantify soluble sugar in plant samples.

2.6 Statistical Analysis

Data in the present study are represented as
mean + SD (standard deviation) for screening of
microbial strains to growth and auxin production.
Further, the analysis of data for various growth
parameters in the plant growth experiment was
done by analysis of variance (ANOVA), software
SPSS 14.0 for windows and the significant
differences between the treatments were
analyzed by Duncan’s multiple range test
(P =0.05).
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3. RESULTS
3.1 Screening of Microbial Strains for

Drought Stress Tolerance

Growing the investigated strains of B. japonicum
and Trichoderma strains (T. viride; T. harzianum
and T. kongi)) on YEM and PDB medium
supplemented with PEG 6000 at the levels of 5
to 25%, showed a marked variation among these
strains (Table 2). Generally, all tested strains
were able to grow in PEG 6000 concentrations at
up to 25%. Also, after incubation time for 5 days
for B. japonicum and 7 days for Trichoderma
strains, viable cell numbers showed a decrease
in the growth with increasing PEG
concentrations. It was noticed that B. japonicum
recorded 3.89 log number at 25% compared to
other concentrations of PEG 6000. Whereas, T.
harzianum was the most tolerant to higher
applied PEG 6000 concentrations compared to
the other Trichoderma strains which recorded
454 and 3.09 log number at 20 and 25%,
respectively.

3.2 Auxin Production by Microbial Strains
under Drought Stress

To determine the ability of studied microbial
strains to assist plant to tolerant drought stress,
auxin production assay was carried out. Pink
color formed was observed in B. japonicum and
Trichoderma strains (T. viride; T. harzianum and
T. Kongii) indicating that these strains were able
to produce auxin under different concentrations
of PEG 6000 (Fig. 1). Among all Trichoderma
strains, T. harzianum attained 160.32, 148.21,
122.77, 105.00 and 80.26 ug mL™ at 5, 10, 15,
20 and 25% PEG 6000, respectively. But, B.
japonicum attained 171.89 g mL™ at the lowest
concentration (5%) and 83.23 pg mL™? at the
highest concentration (25%).
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Table 2. Effect of different concentration of PEG 6000 on growth CFU (Log 10) mL™ of
B. japonicum and Trichoderma strains

Conc. of PEG (%) in

B. japonicum

Trichoderma

Trichoderma

Trichoderma

the medium viride harzianum kongii
0 (control) 7.52+0.51 455+ 0.22 5.01+0.38 4.75+0.18
5 7.73+0.67 7.79+£0.32 6.97 £ 0.36 6.49 £ 0.27
10 7.34+£0.34 7.93+0.28 7.83+0.30 7.23+0.15
15 5.96 £ 0.37 511 +0.21 4.37 £ 0.42 4.01 +0.19
20 432 +0.45 3.18 £ 0.36 4.54 + 0.47 3.88+£0.32
25 3.89+0.38 2.08+£0.13 3.09+0.29 1.42 £ 0.25
Values are presented as the mean + SD with n = 3.
f
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Fig. 1. Auxin production by B. japonicum and Trichoderma strains under different
concentration of PEG 6000 (5, 10, 15, 20 and 25 %)
Values are presented as the mean + SD withn =3

3.3 Promotion of Soybean Growth

3.3.1 Shoot length, root length, shoot dry
weight and root dry weight

The influence of single and co- inoculation with
B. japonicum and Trichoderma strains on plant
growth promotion of soybean (Giza 111) were
evaluated under different irrigation intervals
every 2, 4 and 6 days (Table 3 and Fig. 2). After
60 days from sowing, results showed that shoot
length, root length, shoot dry weight and root dry
weight were significantly increased in the case of
co-inoculation treatments compare to single
inoculation treatments under water stress
(Table 3). A decrease in the growth promotion of
soybean plants was observed with increasing of
irrigation intervals (main plot treatments). But, for
sub main treatments, significant effect was
observed when soybean seeds inoculated with
B. japonicum + T. harzianum which attained
32.54 cm; 12.39 cm; 5.30 g and 1.29 g for shoot
length, root length, shoot dry weight and root dry
weight compared to other inoculation treatments,
respectively (Table 3).
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The interaction effect between the different
irrigation intervals and the inoculation treatments
showed significant effects for shoot length, root
length, shoot dry weight and root dry weight of
soybean plants (Fig. 2). At 60 days, treatment T7
(irrigation every 6 days and inoculation with B.
japonicum + T. harzianum) recorded high values
30.43 cm, 11.20 cm, 4.96 g and 1.18 g for shoot
length, root length, shoot dry weight and root dry
weight compared to other treatments under the
same conditions, respectively.

3.3.2 Nodules
content

dry weight and nitrogen

After 60 days from sowing, results of single
and/or dual inoculation with B. japonicum and
Trichoderma strains on nodules dry weight (mg
plant'l), and nitrogen content (mg plant'l) of
soybean plants grown under different irrigation
intervals are presented in (Tables 4, 5 and Fig.
3). For irrigation intervals, a decrease in nodules
dry weight and nitrogen content of soybean
plants was observed with increasing of irrigation
periods. Nodules dry weight increased due to
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positive inoculation, therefore, nodule dry weight
(177.81 mg plant'l), showed significant increase
in seeds inoculation of B. japonicum + T.
harzianum, followed by B. japonicum + T. kongii
(165.39 mg plant™), and B. japonicum (158.89
mg plant®), over un-inoculated control. Similar
trend was also exhibited in nitrogen content
(Table 4). Our findings for the interaction effect
indicated that there was a statistically significant
positive relationship (p < 0.05) between irrigation
intervals and inoculation treatments for nodules
dry weight (Table 5). Data showed that an

increase in nodules dry weight was observed
with B. japonicum + T. harzianum treatment
resulted 194.77, 182.00 and 156.66 mg plant'l
followed by B. japonicum + T. kongii treatments
resulted 181.84, 168.66 and 145.66 mg plant™
for 2, 4 and 6 days (irrigation intervals),
respectively. Regarding nitrogen content, there
was an increase with co-inoculation treatment
which recorded high values 39.00, 35.33 and
3466 mg plant® for B. japonicum +
T. harzianum, B. japonicum + T. kongii and
B. japonicum + T. viride, respectively (Table 5).

Table 3. Effect of different irrigation intervals and different inoculation with B. japonicum and
Trichoderma strains on shoot length (cm), root length (cm), shoot dry weight (g) and root dry
weight (g) of soybean plants

Treatment Shoot length Root length  Shoot dry weight Root dry weight
(cm) (cm) (9) (9)
Main plot (Irrigation intervals)
11 30.31a 11.03 a 491 a 112 a
12 28.07b 9.62b 456 b 1.01b
13 26.05¢ 8.56 c 4.21c 0.89c
F. teSt ** *% *% *%
Sub main plot (Inoculation)
Control 20.11 h 6.65 g 321e 0.68 g
B. japonicum 30.81c 1092 c 5.00b 1l.12c
T. viride 25.79¢ 8.09e 4.18d 0.85e
T. harzianum 27.85d 8.60 d 453 ¢ 0.89d
T. Kongii 2511 e 7.66 f 4.06 d 0.79f
B. japonicum + T. viride 31.71b 11.73 b 5.13b 121b
B. japonicum + T. harzianum 32.54 a 12.39 a 530 a 1.29a
B. japonicum + T. Kongii 31.22 bc 11.85b 5.08 b 1.23b
F. test *% *% ** *%*

11 (every 2 day), 12 (every 4 day), and I3 (every 6 day); Mean values are significant at P < 0.05

Table 4. Effect of different irrigation intervals and different inoculation with B. japonicum and
Trichoderma strains on nodules dry weight (mg plant"l) and nitrogen content (mg plant'l) of

soybean plants

Treatment Nodules dry weight (mg plant™) Nitrogen content (mg plant™)
Main plot (Irrigation intervals)

11 90.51 a 34.89 a

12 84.12 b 30.04 b

13 72.04c 25.20¢c

F. test ol *

Sub main plot (Inoculation)

Control 0.0d 18.97 f
B. japonicum 158.89 ¢ 34.83c
T. viride 0.0d 20.58 e
T. harzianum 0.0d 22.05d
T. Kongii 0.0d 19.77 ef
B. japonicum + T. viride 155.71 c 40.67 b
B. japonicum + T. harzianum  177.81 a 43.64 a
B. japonicum + T. Kongii 165.39 b 39.83b

F. test *x **

11 (every 2 day), 12 (every 4 day), and 13 (every 6 day); Mean values are significant at P < 0.05
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Fig. 2. Interaction effect between different irrigation intervals and different inoculation with B. japonicum and Trichoderma strains on shoot
length (cm), root length (cm), shoot dry weight (g) and root dry weight (g) of soybean plants. T1: Control; T2: B. japonicum; T3: T. viride;
T4: T. harzianum; T5: T. Kongii; T6: B. japonicum + T. viride; T7: B. japonicum + T. harzianum; and T8: B. japonicum + T. Kongii. 11 (every 2
day), 12 (every 4 day), and I3 (every 6 day); Mean values are significant at P < 0.05
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Table 5. Effect of the interaction between different irrigation intervals and different inoculation
with B. japonicum and Trichoderma strains on nodules dry weight (mg plant™) and nitrogen
content (mg plant™) of soybean plants

Inoculation Irrigation intervals

11 12 13
Nodules dry weight (mg plant™)
Control 0.00i 0.00i 0.00i
B. japonicum 175.00 ¢ 163.00 e 138.66 h
T. viride 0.001i 0.00i 0.00i
T. harzianum 0.001i 0.00i 0.00i
T. Kongii 0.001i 0.00i 0.00i
B. japonicum + T. viride 172.48 cd 159.33 ef 135.33 h
B. japonicum + T. harzianum 194.77 a 182.00 b 156.66 f
B. japonicum + T. Kongii 181.84 b 168.66 d 145.66 g
F. test *% *% *%
Nitrogen content (mg plant™)
Control 2391 19.00 m 14.00 p
B. japonicum 39.83 de 34.66 f 30.00¢g
T. viride 25.41 hi 20.66 ki 15.66 0
T. harzianum 26.84 h 22.00 k 17.33n
T. Kongii 24.31 jj 19.33Im 15.66 o
B. japonicum + T. viride 46.36 b 41.00d 34.66 f
B. japonicum + T. harzianum 47.92 a 44.00 c 39.00 e
B. japonicum + T. Kongii 4451 ¢ 39.66 de 35.33f
F. test NS NS NS

11 (every 2 day), 12 (every 4 day), and I3 (every 6 day); Mean values are significant at P < 0.05

Fig. 3. Nodules formed on soybean plant root inoculated by B. japonicum and Trichoderma
strains under irrigation intervals stress (every 6 days), a: control; b: B. japonicum;
c: B. japonicum + T. viride; d: B. japonicum + T. harzianum and e: B. japonicum + T. Kongii

3.3.3 Pigments content

There was a significant influence between
irrigation intervals (main plot) and inoculation
treatments (sub plot) for pigments content of
soybean leaves (chlorophyll a, b and total
chlorophyll as well as carotenoids). Among
irrigation intervals (I3, I, and I3), the findings
showed that the highest values were obtained
from soybean plants treated with irrigation
every 2 days (l) which recorded 1.19, 0.67,
1.86 and 0.54 mg g FW, while the lowest ones

were obtained from soybean plants treated
with irrigation every 6 days (ls) which recorded
1.06, 0.57, 1.63 and 0.48 mg g FW for
chlorophyll a, b and total as well as carotenoids,
respectively (Table 6). Consequently, the
combination with B. japonicum + T. harzianum
treatment resulted an increase in pigments
content recording 1.38, 0.84, 2.23 and 0.65 mg
g'1 FW for chlorophyll a, b and total as
well as carotenoids, compared to other
inoculation treatments under study, respectively
(Table 6).
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In addition, there was a significant interaction
(P = 0.05) of irrigation intervals with inoculation
treatments (Fig. 3). Under soybean plants treated
with irrigation every 6 days (l3), it was observed
that B. japonicum + T. harzianum treatment (T7)
resulted 1.45, 0.82, 2.17 and 0.63 mg g FW
followed by B. japonicum + T. kongii treatments
(T8) resulted 1.29, 0.79, 2.08 and 0.60 mg g™
FW for chlorophyll a, b and total as
well as carotenoids, compared to other
inoculation treatments under study, respectively

(Fig. 4).
3.3.4 Proline and total soluble sugar content

Soybean plants exposed to irrigation intervals
and treated with single or dual inoculation
treatments were significantly differed (p < 0.05) in
proline and total soluble sugar (TSS) content
(Tables 7, 8).

Proline content under different irrigation
intervals (every 2 days (I11), 4 days (I2),
and 6 days (I3)) was increase 5.99, 6.52
and 6.76 p mol g* FW, while TSS decreased
3.43, 3.28 and 2.96 ug g FW, respectively.
Also, proline content decreased due to
positive inoculation by B. japonicum +
T. harzianum recording 3.66 y mol g FW. On
the contrary, led to an increase in TSS
recording 4.02 ug g* FW, compared to other
inoculation treatments (Table 7).

For interaction effect, inoculation treatment by B.
japonicum + T. harzianum recorded low values
2.62, 3.82 and 4.55 p mol g'l FW for proline
content, however, recorded high values 4.18,
4.05 and 3.83 ug g' FW for TSS content at
different irrigation intervals 2, 4 and 6 days,
compared to control and other inoculation under
study, respectively (Table 8).

4. DISCUSSION

The beneficial plant-microbe interactions in the
rhizosphere are important for maintaining plant
health and soil fertility [14]. One of these
microbes is fungi which have been widely used
not only in biocontrol of plant pathogens and
enhancing plant growth but also providing
tolerance to environmental stresses [27].

In our study, screening of microbial strains was
accomplished on the basis of their viable cell
numbers and auxin production. Viable cell
numbers of the tested strains showed survived
poorly in the medium with increasing PEG
concentrations (Table 2). Also, all strains were
able to grow in all tested PEG concentrations at
up to 25%. Therefore, T. harzianum was the
most tolerant to higher applied PEG 6000
concentrations compared to the other
Trichoderma strains and these results may be
due to an alteration of synthesis patterns of
lipopolysaccharides and protein subjected to
adaptation of drought stress [28-30].

Table 6. Effect of different irrigation intervals and different inoculation with B. japonicum and
Trichoderma strains on Chlorophyll a, Chlorophyll b; Total chlorophyll and carotenoid of
soybean plants

Treatment Ch a Chb Total Ch Caro.
mg g~ FW
Main plot (Irrigation intervals)
11 1.19a 0.67 a 1.86 a 0.54 a
12 1.13b 0.64 b 1.77b 051b
I3 1.06c¢c 0.57c 1.63c 0.48¢c
F. test *% *% *% *%
Sub main plot (Inoculation)
Control 0.88 f 0.42f 1.30f 0.38 e
B. japonicum 117c 0.68 c 1.86c¢c 0.55¢c
T. viride 0.98d 0.49d 1.48d 0.43d
T. harzianum 1.01d 0.51d 1.52d 0.44d
T. Kongii 0.92e 0.44 e 1.37e 0.40e
B. japonicum + T. viride 1.28b 0.78 b 2.06b 0.59b
B. japonicum + T. harzianum 1.38a 0.84 a 2.23a 0.65a
B. japonicum + T. Kongii 1.35a 0.84 a 2.20a 0.64 a
F. test *% ** ** *%

Ch a: Chlorophyll a; Ch b: Chlorophyll b; Total Ch: Total chlorophyll; Caro.: carotenoid; 11 (every 2 day),
12 (every 4 day), and I3 (every 6 day); Mean values are significant at P < 0.05
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Fig. 4. Interaction effect between different irrigation intervals and different inoculation with B. japonicum and Trichoderma strains on Chlorophyll

a, Chlorophyll b; Total chlorophyll and carotenoid (mg g'1 FW) of soybean plants. T1: Control; T2: B.japonicum; T3: T. viride; T4: T. harzianum;

T5: T. Kongii; T6: B. japonicum + T. viride; T7: B. japonicum + T. harzianum; and T8: B. japonicum + T. Kongii. I1 (every 2 day), 12 (every 4 day),
and I3 (every 6 day); Mean values are significant at P < 0.05
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Table 7. Effect of different irrigation intervals and different inoculation with B. japonicum and
Trichoderma strains on proline and total soluble sugar content of soybean plants

Treatment Proline (M mol g~ FW)  Total soluble sugar (ug g™~ FW)
Main plot (Irrigation intervals)

11 5.99c 3.43a
12 6.52 b 3.28b
13 6.76 a 2.96 c
F. test ** **
Sub main plot (Inoculation)

Control 7.97 a 1.82f
B. japonicum 5.84 e 341c
T. viride 7.62b 290e
T. harzianum 6.37d 3.25d
T. Kongii 7.46 b 280 e
B. japonicum + T. viride 6.78 d 381b
B. japonicum + T. harzianum 3.66 f 4.02 a
B. japonicum + T. Kongii 5.70 e 3.77b
F. test ** **

11 (every 2 day), 12 (every 4 day), and I3 (every 6 day); Mean values are significant at P < 0.05

Table 8. Effect of the interaction between different irrigation intervals and different inoculation
with B. japonicum and Trichoderma strains on proline and total soluble sugar content of
soybean plants

Inoculation Irrigation intervals
11 12 13
Proline (4 mol g™ FW)

Control 7.56 cde 8.06 abc 8.29 a
B. japonicum 5.44 jj 5.74 i 6.33 ¢
T. viride 8.18 ab 7.69 bcd 7.00 f
T. harzianum 5.81 hi 6.64 fg 6.65 fg
T. Kongii 6.89 f 7.54 de 7.95 a-d
B. japonicum + T. viride 6.30 gh 7.11 ef 6.94 f
B. japonicum + T. harzianum 2.62m 3.821 4.55 k
B. japonicum + T. Kongii 5.17 ] 5.54 jj 6.38 g

F. test o * *
Total soluble sugar (ug g™~ FW)

Control 2.25m 191n 1300
B. japonicum 3.18 gh 3.58e 3.47 ef
T. viride 3.16 gh 2.87 jk 2.68 kI
T. harzianum 3.49 ef 3.35fg 2.92j
T. Kongii 3.11 hi 2.77 jk 2531
B. japonicum + T. viride 4.07 ab 3.87 bcd 3.51 ef
B. japonicum + T. harzianum 418 a 4.05 abc 3.83d
B. japonicum + T. Kongii 4.00 a-d 3.86 cd 3.47 ef
F

. test

*%*

*%

*%

11 (every 2 day), 12 (every 4 day), and I3 (every 6 day); Mean values are significant at P < 0.05

Among all Trichoderma strains, T. harzianum
attained 160.32, 148.21, 122.77, 105.00 and
80.26 pg mL™ at 5, 10, 15, 20 and 25% PEG
6000, respectively. But, B. japonicum attained
171.89 pg mL™ at the lowest concentration (5%)
and 83.23 pg ml™* at the highest concentration
(25%) for auxin production (Fig. 1). This
observation indicates superior performance of
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B. japonicum with T. harzianum

in auxin

production and may be contribute to improved

nutrition of

plants growing under

conditions [4,31-33].

Our findings

suggest

drought

inoculation in

combination with B. japonicum and T. harzianum
may help reducing detrimental effects of drought
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in soybean plants. Herein, the length and dry
weight of shoot and root decreased remarkably
under drought stress (Table 3 and Fig. 2), and
these results found compatible with [34],
dissecting in tomato plants. Similarly, Hassan
[35], also suggested that Trichoderma spp.
significantly increased height, root length and
root dry weight in millet plant. Also, significant
increases in height; stem diameter; dry weight
of shoots and roots of cowpea plants due
to co-inoculated with Bradyrhizobium and
T. asperelloides T02 [4]. Therefore, these results
may be featured to varied growth support
mechanisms; like upgraded nutrient bio-
availability through solubilization and chelation
of minerals and boosted nutrient uptake
efficacy [36]. Additionally, phytohormones such
as auxin and gibberellin are generated in
Trichoderma exposed plants and these
molecules have the capability of strengthening
the development of the plants under harsh
conditions [37].

On the other hand, the formation of nodules and
N, fixation depends on species of bradyrhizobia
and their susceptibility to the detrimental effects
of drought. For example, slow-growing rhizobia
generally thought to survive desiccation better
than fast-growing rhizobia [38]. Furthermore,
rhizobia from wild legumes of semiarid land
displayed a variable growth pattern, production of
extracellular  polysaccharide (EPS), IAA,
siderophores, and phosphate solubilization
activity [39]. So far, the effect of water stress on
symbiosis is the concern; it affects nodule
establishment, C and N metabolism, nodule O,
permeability, nitrogenase activity, and total plant
N, fixation ability [40,41]. From our results,
soybean seeds inoculation with B. japonicum +
T. harzianum, showed significant increase in
nodule dry weight and nitrogen content (Tables
4, 5). There are several reports on the benefits of
co-inoculation with bradyrhizobia and
Trichoderma. Mendes [4], who reported that
cowpea plants inoculated with bradyrhizobia and
T. asperelloides T02 displayed significant
increases in nodule dry weight (63%) when
compared to cowpea plants inoculated only with
bradyrhizobia.

Another plant response to drought stress is
changes in photosynthetic pigment contents. It is
well known that drought stress suppresses the
pigments in the photosynthetic apparatus in an
array of plant species. In parallel, the values
represented in Table 6 and Fig. 4 show that
chlorophyll and carotenoid synthesis were
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negatively affected due to the drought. Loss of
chlorophyll content under irrigation intervals is
known a primary cause of inactivation of
photosynthesis [42]. Therefore, carotenoids
support photo-protection of chlorophyll molecules
and possess an antioxidant effect by scavenging
reactive oxygen species (ROS) [43]. In our
results, root colonization with B. japonicum + T.
harzianum alleviates the drought stress caused
affects by improving pigment contents in
soybean. This result overlaps with the reports of
[44], who suggest increased chlorophyll content
in the drought tolerant T. hamatum DIS 219b
colonized seedlings. Additionally, Harman [45],
reported that T. harzianum strain T22 raised leaf
greenness in maize, which improves the vigor
with plenty of carbon source for plant
development. Also, Mendes [4], showed that the
maximum chlorophyll a and b were recorded in
the cowpea plants co-inoculated  with
bradyrhizobia and T. asperelloides T02, and this
parameter was 40 and 33% higher compared to
cowpea inoculated only with bradyrhizobia |,
respectively.

Soybean plants exposed to irrigation intervals
(12, 12 and 13) and treated with B. japonicum + T.
harzianum was significantly differed in proline
and total soluble sugar content (Tables 7, 8).
Indeed, it is believed that Trichoderma spp. has
capacity to extract more water from the
rhizosphere. In a similar research, it was shown
that symbiotic plants spend significantly less
water than non-symbiotic plants [27]. Marti’'nez-
Medina [46], demonstrated that T. hamatum
boosts nutrient uptake and takes water from
deeper soil to increase water potential. From our
results, B. japonicum + T. harzianum treatment
may easily help plant to reduce the proline
content that accumulates under water deficit
conditions resulting in osmotic adjustment, free
radical scavenging and stabilization  of
subcellular structures in plant cells and mitigation
the harmful impacts of water deficit [47,48].

5. CONCLUSION

Under water deficit conditions, the study showed
that Trichoderma promotes positive effects on
soybean nodulated by Bradyrhizobium and acts
as stimulators of plant growth and development
vegetative growth, N content and photosynthetic
pigments. Thus, an adequate microbial
consortium of Bradyrhizobium - Trichoderma, like
T. harzianum, could represent a promising
practical method for increasing the productivity of
soybean and other agronomically important
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legumes, especially when grown under water
deficit conditions.
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