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of Trichoderma spp. in imparting
drought tolerance inrice, Oryza
sativa
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Rice is a crop that requires high amount of water, and the drought is a major constraint in paddy
cultivation. Water stress condition frequently prevails due to shortage of rain which results in
significantly reduced plant growth and yield of rice. In the present study capability of Trichoderma spp.
in imparting drought tolerance to rice, Oryza sativa was explored. Eleven local strains of Trichoderma
spp. were applied to rice cv. Swarna Sub-1 through soil application (2 g/kg soil) and seed treatment (20
g/kg seed) under 0, 25, 50 and 75% less watering of the recommended amount. The soil application

of T. harzianum AMUTHZ84 significantly promoted the shoot and root length (23.6 and 21.3%)
followed by seed treatment (19.7 and 18.2%) under recommended level of irrigation condition (100%
irrigation). Next in effectiveness was T. viride AMUTVR73 (21.5 and 18.1%) over untreated control.
However, under 75% water availability, soil application with T. harzianum AMUTHZ82 was found
superior over other isolates in enhancing shoot and root length (17.7 and 16.4%). The same isolate was
also recorded to be superior under 50% (12.4 and 10.1%) and 25% water availability (9.3 and 8.1%)

in enhancing the plant growth and biomass of rice cv. Swarna Sub-1. The isolate also significantly
enhanced the leaf pigments, and photosynthesis in the rice plants grown under 25-75% water stress
condition. In general, soil application of Trichoderma isolates was found more effective than seed
treatment, and the T. harzianum AMUTHZ82 provided 8-17% enhancement in the plant growth,
biomass, leaf pigments and photosynthesis of rice cv. Swarna Sub-1 grown under 25-75% water stress
condition.

Rice is the primary and fundamental food source providing 20% of the global calories consumed by over half the
world’s population and fulfils the dietary requirements of a large proportion of the human population especially
in Asia and Africal. It is cultivated on 165.25 mh with an annual global production of around 787.29 mt . India
has the largest land area under rice cultivation, but occupies second place in the tonnage globally after China.
This is largely due to lower productivity rate of rice in India (4.21 tons/ha) over China (7.11 tons/ha) and the
rest of the world 4.76 tons/ha”. In India, rice is grown in all states. West Bengal is the highest rice-producing
state (16.72 mt), while Punjab has highest productivity rate (5.10 ton/ha). Uttar Pradesh is the second largest
producer of rice, where around 5.60 mha of land is used to grow rice, with a total production of around 15.2 mt*.
Despite of being highest in rice acreage in the world, the annual gross productivity of rice in India is 40%
less than China?. The significantly lower rice productivity rate in India is due to regular occurrence of biotic and
abiotic stresses in rice cultivation®. Drought or lesser availability of water to paddy crop is a major and challenging
abiotic stress to rice crop®. Rice plants require saturated or semi-saturated condition to maintain proper growth
and development for better productivity. The crop yield is hampered severely when there is a limitation in the
water availability>®. The moderate drought can potentially reduce rice crop yields by up to 9-10% globally’~".
Trichoderma spp. are a group of filamentous fungi that colonize the rhizosphere in all natural habitates, and
may also form symbiotic relationships with plants”!!. They are renowned for their multifunctional capabilities,
including suppression of plant pathogens®'?, promotion of plant growth, and modification of plant responses
to abiotic stresses'”. Several studies have demonstrated the positive impact of Trichoderma spp. in enhancing
drought tolerance in rice!*'®. Some species of Trichoderma, for example T. harzianum is an efficient mineral solu-
bilizer and pathogen suppressor that can colonize the roots of crop plants and act as an efficient mycoparasite's-%.
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The biopriming with Trichoderma spp. can enhance nutrient absorption and improves water-holding capacity®,
leading to gradual improvement in the plant growth and development under water stress conditions**~* Besides
the plant breeding for drought tolerance, no other reliable and effective technique has been developed to protect
rice from water stress due to low rainfalls. In recent years potential of microorganisms in imparting tolerance
against water stress has been evaluated®. Trichoderma spp. have demonstrated promising potential that can
be exploited commercially to protect plants under moderate level of droughts**?*. Trichoderma spp. have been
reported in reducing the impact of biotic and abiotic stress on plants**?’. The present study was carried out to
examine and ascertain the role of Trichoderma spp. in protecting rice plants from the impact of water stress.

Results

Isolation and characterization of Trichoderma species

The DNA of Trichoderma species was sequenced by Macrogen® Incorporation, South Korea using universal
primer (ex, 16S V3-V4, ITS, 18S) and Sanger sequencing method. The 16S and 18S rDNA gene sequences showed
99% similarity of the isolates with Trichoderma spp. (Fig. 1). The isolate showed 99 homologies with the ITS
region of Trichoderma spp. Thus, the isolates were identified as Trichoderma harzianum, T. viride, T. virens, T.
hamatum and T. koningii. The 16S and 18S rDNA gene sequences were deposited in NCBI gene bank under the
accession number listed in Table 1. However, to avoid error in the grouping by ITS region, it is recommended to
perform sequencing of the conserved region genes such as the TEF gene, Beta-tubulin gene, and Histone H3 gene
for species-level identification in fungal isolates, especially, the TEF gene which shows a high level of sequence
polymorphism among closely related species, even in comparison to the intron-rich portions of protein-coding
genes such as the calmodulin gene, beta-tubulin gene, and histone H3 gene.

Plant growth

The rice cv. Swarna Sub-1 grown under water deficiency condition (75, 50 and 25% water availability of the
recommended amount) showed the symptoms of water stress, exhibiting reduced plant growth, with shorter
stems and smaller leaves in comparison to plants received the recommended level of irrigation. The symptoms
varied with the level of water stress. In general, the rice cv. Swarna Sub-1 was found highly sensitive to drought
(water stress). However, the soil application of T. harzianum AMUTHZ82 subsided the water stress symptoms
and promoted shoot and root length by 19.7 and 16.8% with 75% watering, 17.4 and 14.1% with 50% watering
and 12.3 and 11.2% with 25% watering over respective controls (Tables 2, 3). Next in effectiveness was T. viride
AMUTVR73, other isolates did not produce the significant effect. The seed treatment also increased the length

Trichoderma harzianum Isolate AMUTHZS83 (OQ152035)

Trichoderma harzianum Isolate AMUTHZ84 (0Q152037)

Trichoderma harzianum Isolate AMUTHZS82 (0OQ152036)

83

Trichoderma harzianum Isolate AMUTHZS81 (0Q152032)
l: Trichoderma virens Isolate AMUTVIRENS 71 (0Q701347)
100
Trichoderma virens Isolate AMUTVIRENS 72 (OQ701337)

Trichoderma hamatum Isolate AMUTHAM 71 (OQ701345)

Trichoderma koningii Isolate AMUTKNG_70 (OQ704336)

0 Trichoderma viride Isolate AMUTVR71 (OM891848)

w0 | Trichoderma viride Isolate AMUTVR72 (0Q152040)

100
Trichoderma viride Isolate AMUTVR73 (0Q152041)
0 '05 0 ;)4 0 ;]3 0 '02 0. IU\ 0 ‘(l]

Figure 1. Dendrogram showing the homology similarity search for Trichoderma harzianum, T. virens, T. viride,
T. hamatum and T. koningii isolates.
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Trichoderma isolates Gen Bank accession no
T. harzianum AMUTHZ81 0Q152032
T. harzianum AMUTHZ82 0Q152036
T. harzianum AMUTHZS83 0Q152035
T. harzianum AMUTHZ84 0Q152037
T. viride AMUTVR71 OM891848
T. viride AMUTVR72 0Q152040
T. viridle AMUTVR73 0Q152041
T. virens AMUTVIRENS_71 0Q701347
T. virens AMUTVIRENS_72 0Q701337
T. hamatum AMUTHAM_71 0Q701345
T. koningii AMUTKNG_70 0Q704336

Table 1. Trichoderma isolates evaluated in the study.

Soil application Seed treatment

Irrigation Irrigation
Treatments 100% 75% 50% 25% 100% 75% 50% 25%
Control 59.5¢ 45.8% 33.2hik 24.8! 59.5b% 45.8¢ 33,28hikl 24.8™
Xﬁ“é@’g’%’f 70.11% (17.84) 52.86%1(15.42) 37.43" (12.75) 26.274 (5.94) 68.42° (14.99) 51.29(11.79) 35.56¢" (7.1) 26.15m (5.24)
Xﬁ“ﬁ’l‘fl’;’s’; 70.72% (18.86) 54.84% (19.74) 38.98¢" (17.43) 27.867 (12.36) 68.12° (14.48) 54.31¢4 (18.6) 38.54% (16.1) 27.55MKm (11.08)
Xﬁg?glzlg 69.3% (16.47) 54.25% (18.46) | 36.8" (10.84) 26.61 (7.32) 6754 (13.51) | 51.2% (11.79) 35.278" (6.25) 25.84Km (4.19)
ﬁh’j[“[;fr’l’fl”zus'z 73.55% (23.62) 52.30% (14.20) 38.2¢" (15.06) 27.76 (11.95) 70.35* (18.25) 52.3%¢ (14.19) 35.788 (7.78) 26.457m (6.65)
T. viride AMUTVR71 | 68.6% (15.29) 51.59¢ (12.65) 36.10" (8.75) 26.56M (7.10) 67.24% (13) 51.59< (12.64) 35.17¢" (5.96) 25.34"™ (2.17)
T. viride AMUTVR72 | 68.66% (15.40) 54.0% (17.95) 38.798" (16.86) 27.339 (10.22) 70.24* (18.05) 53.75% (17.35) 34,7780 (4.72) 25.1m(1.2)
T. viride AMUTVR73 | 71.28% (19.8) 53.70% (17.26) 38.618" (16.32) 27.66' (11.54) 69.92% (17.52) 51.129% (11.61) 36.73% (10.65) 26.15m (5.24)
&&”g”;fMUTVI' 64.8" (8.90) 51.27¢(11.96) 36.8" (10.84) 26.004 (5.10) 67.45% (13.36) 50.68% (10.65) 33.92¢M (2.16) 25.18" (1.53)
gﬁ{g”;z‘*MUTVI' 65.5" (10.08) 49.71¢(8.55) 35.1M (5.74) 25.564 (3.1) 65.11% (9.42) 49.71% (8.53) 33.748h (1,62) 24.98™ (0.72)
g&%’%ﬁ’ﬁ/{ 71 69.7% (17.14) 52.13%1(13.84) 36.37" (9.56) 25.844 (4.22) 67.84* (14.01) 52.13% (13.82) 34,280 (3.01) 25.11™ (1.24)

T. koningii AMUT-
KNG_70

63.5" (6.72)

47.26% (3.20)

34.15" (2.87)

25.171(1.5)

62.8% (5.54)

47.26% (3.18)

33.978 (2.31)

24.85™ (0.2)

F-value (P<0.05)

Irrigation 2180.36*** 2062.31*
Treatment 11.61%%* 6.58***
Irrigation:treatment | 1.23* 1.07*

LSD (P<0.05)

Irrigation 1.08 1.12
Treatment 1.88 1.94
Irrigation:treatment | 3.76 3.89

Table 2. Effects of Trichoderma spp. against different water stress levels on the plant growth (shoot length
(cm)) of rice cultivar Swarna sub-1. Values are mean of 5 replicates. Values in the parenthesis are percent

increase over control. Values (means) followed by different alphabets within a column are significantly different
at P <0.05 according two-factor ANOVA and Tukey HSD test.

of shoot and root i.e., 16.1 and 13.4% (T. harzianum AMUTHZ82) and 10.6 and 8.2% (T. viride AMUTVR73)
under 50% drought condition. Next in effectiveness were T. viride AMUTVR72, T. hamatum AMUTHAM_71,
T. harzianum AMUTHZ81 and T. viride AMUTVR72 which significantly increased shoot and root length under
drought conditions (P<0.05; Tables 2, 3). However, under normal irrigation (100% watering) highest promo-
tion in the plant growth of rice was recorded, 21.3-23.6% (soil application) and 18-19.2% (seed treatment with
T. harzianum AMUTHZS84. Next in effectiveness was T. viride AMUTVR73 (19.8 and 17.5%) over untreated
control (Tables 2, 3).
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Soil application Seed treatment

Irrigation Irrigation
Treatments 100% 75% 50% 25% 100% 75% 50% 25%
Control §.5ebedetgh 6.4" 5, 5ijkimno 3.6° 8. 5ebedefy 6.4°fhi 5.5 3.6
T. harzianum AMUTHZ81 | 9.75% (14.82) | 7.28°#" (13.82) 6.17MKm (12.27) | 3.90Km (8.4) 9.55%¢¢ (12.35) | 7.14%f" (11.56) 6.038" (9.67) | 3.87Y(7.5)
T. harzianum AMUTHZ82 | 9.99* (17.54) 7.45bdefhi (16 42) | 6.27 Mk (14.12) 4,0Mmn0 (11,26) 10.18% (19.26) | 7.38%<defh (15.31) | 6.24'8 (13.45) | 3.95Y (9.72)
T. harzianum AMUTHZ83 | 9.87* (16.22) 7.38%fhi (15.32) 6.20MKIm (12.75) | 3.90Kmno (8 4) 10.1%¢ (18.82) | 7.28b<defgh (13.75) | 6.05%" (10) 3.851 (6.94)
T. harzianum AMUTHZ84 | 10.31° (21.36) 7.26%" (13.56) 6.13MKImn (11,54) | 3.97/Kmn0 (10.45) | 10.23* (19.76) | 7.18%%" (12.18) 5.928" (7.67) 3.819(5.88)
T. viride AMUTVR71 9.84%¢¢ (15.80) | 7.118" (11.17) 6.16MK™ (12.20) | 3.85Km (7.2) 9.75%¢4 (14.7) | 7.0%%" (9.37) 6.028 (9.45) | 3.819(5.88)
T. viride AMUTVR72 9.98% (17.51) 07.34¢%M (14.75) | 6.1"Kmn (10.70) | 3.75'™m0 (4.22) 9.85%¢ (15.88) | 7.32cdelh (14.37) | 5.11M (8.24) 3.9% (8.33)
T. viride AMUTVR73 10.0* (18.15) 7.410fh (1584) | 6.22"M (13.21) 3.93Kmno (9 22) | 10.1%¢ (18.82) | 7.35%0cdefeh (14,84) | 5.818" (5.74) 3.749 (3.88)
T. virens AMUTVIRENS_71 | 09.6°<f (12.94) | 07.18" (10.62) 6.10MKImn (10,95) | 3.72™7° (3.54) 9.56%°¢ (12.47) | 6.95%f" (8.59) 6.078 (10.36) | 3.69 (2.5)
T. virens AMUTVIRENS_72 | 9.93% (16.88) 7.32¢8h (14.43) 6.14MKmn (1] 65) | 3.79kimne (5 4) 9.76%4 (14.82) | 7.244¢%h (13.12) 5.898hi (7.23) 3.747 (3.88)
}ﬁ%”%ﬁ’\"&_n 9.96* (17.20) 7.21%8" (12.81) 6.120KImn (11,34) | 3,77'mne (4.8) 9.25%cd (8.82) | 7.15%" (11.71) 5.928" (7.63) 3.729(3.33)
T. koningii AMUTKNG_70 | 9.32%<4¢8 (9.70) | 06.8" (6.25) 5.8ikimno (5 45) 3.67™ (2.1) 8.92%cdl (4.94) | 6.62¢8 (3.43) 5.718h (3.81) | 3.65/ (1.38)
F-value (P<0.05)
Irrigation 397.73%** 286.117%*
Treatment 1.52 1.09
Irrigation:treatment 0.15 0.26
LSD (P <0.05)
Irrigation 0.34 0.40
Treatment 0.60 0.70
Irrigation:treatment 1.20 1.40

Table 3. Effects of Trichoderma spp. against different water stress levels on the plant growth (root length (cm))
of rice cultivar Swarna sub-1. Values are mean of 5 replicates. Values in the parenthesis are percent increase
over control. Values (means) followed by different alphabets within a column are significantly different at

P <0.05 according two-factor ANOVA and Tukey HSD test.

Plant biomass production
The biomass production of rice plants grown under water stress conditions (75, 50 and 25% water availability
of the reccommended amount) was adversely affected. The fresh weight of shoot and root decreased by 21-26%,
36-45% and 52-62% at 75, 50, 25% watering, respectively over 100% watering (control). The soil application
of T. harzianum AMUTHZ82 significantly promoted the plant biomass production under 75 and 50% water
availability with a maximum increase 20.6 and 17.6% in shoot fresh weight and 18.5 and 15.3% in root fresh
weight respectively, over control (P<0.05). Next in effectiveness was T. viride AMUTVR73, followed by T.
harzianum AMUTHZ84 and T. viride AMUTVR71 which also significantly promoted the fresh weight of shoot
and root (P<0.05; Tables 4, 5) over control. Under 25% water availability, T. harzianum AMUTHZ82 scored
highest increase in fresh weight of shoot and root (13.8 and 11.3% respectively; Tables 4, 5), followed by T. viride
AMUTVR73 (11.4 and 10.4%), and T. hamatum AMUTHAM_71 (8.2 and 8.1%) over control (P<0.05).
However, in 100% watered plants, maximum increase in biomass production was recorded with the soil
application of T. harzianum AMUTHZ84 (22.6% and 21.4% respectively; Tables 4, 5) followed by seed treatment
(22.1 and 20.7%). Next in effectiveness were T. viride AMUTVR73 (20.4 and 20.9%), T. harzianum AMUTHZ83
(19.3 and 19.3%) and T. viride AMUTVR71 (11.8 and 18.4%) over respective control. Other strains viz., T. kon-
ingii AMUTKNG_70 and T. virens AMUTVIRENS_71 did not significantly influence the biomass production
of rice over respective control (P<0.05; Tables 4, 5). Overall, the soil application of Trichoderma AMUTHZ82
isolates induced 7-11% greater enhancement in the biomass production of rice in comparison to seed treatment.

Grain yield

The water stress caused significant decline (12-51%) in per plant grain yield production of rice cv. Swarna Sub-1
over normal irrigated control (Table 6). However, soil application of Trichoderma spp. improved the grain yield
in both normal and water stress conditions. In normal irrigated condition, maximum increase in production
of grain yield was recorded with the treatment of T. harzianum AMUTHZ84 (24.68%), followed by T. viride
AMUTVR73 and T. harzianum AMUTHZ82 (22.08 and 20.13%, respectively; Table 6). Under 75 and 50% of
water availability, T. harzianum AMUTHZS82 was found superior among all isolates in increasing grain yield
by22.79 and 19.63%, respectively, over control (Table 6). Next in effectiveness were T. viride AMUTVR73, T.
harzianum AMUTHZ84 and T. hamatum AMUTHM_71 which significantly increased grain yield of rice under
drought conditions over control. Under 25% water availability of recommended amount, none of the isolates of
Trichoderma were found effective in significantly enhancing the grain yield of rice plants over control. Overall,
the soil application of Trichoderma AMUTHZS82 isolates induced 10-22% greater grain yield production of rice
in comparison to seed treatment (Table 6).
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Soil application Seed treatment

Irrigation Irrigation
Treatments 100% 75% 50% 25% 100% 75% 50% 25%
Control 52.4%¢ 38.4°% 28.7h 19.6% 52.44 38.4¢fhi 28.7iKim 19.6"
T. harzianum abe de foh ik abe . hij mn
AMUTHZ81 58.4%¢ (11.45) 44.5% (15.88) 32.26%" (12.42) | 21.0% (7.23) 59.85%¢ (14.21) | 43.72¢ (13.85) 32.15M (12.02) 20.95™ (6.88)
T. harzianum 6146 (17.30) | 46.32% (20.65) | 33.75% (17.60) | 22.317%(13.85) | 60.43%¢ (15.34) | 46.24% (20.41) | 33.46% (16.58) | 22.255™" (13.52)
AMUTHZS82
T. harzianum ab de feh ik abe de hij Kimn
AMUTHZS3 6251 (19.30) | 45.29 (17.70) 32.95%" (14.81) | 22.1% (12.55) 61.59¢(17.53) | 44.51%(15.91) | 32.76"1 (14.14) 22.08mn (12.24)
T. harzianum a de fgh ik N de hij Kimn
AMUTHIZS4 64.24% (22.61) 45.47% (18.42) | 33.22%(15.78) | 21.77%(11.10) 63.95% (22.04) 44.34% (15.46) | 32.95"1 (14.8) 21.54Kmn (9 89)
T. viride AMUTVR71 | 58.6% (11.83) 44.64% (16.27) 33.2%" (15.67) 21.70% (10.75) 56.87%< (8.53) 43.76¢ (13.95) 32.49% (13.2) 21.43Kmn (9,33)
T. viride AMUTVR72 | 57.9%¢ (10.58) 45.66% (18.92) 32.7% (13.93) 21.15% (7.95) 57.54%¢ (9.8) 44.21% (15.13) 32.68" (13.86) 21.1'mn (7.65)

T. viridle AMUTVR73

63.10% (20.43)

45.92% (19.55) 33.38' (16.32) 21.84% (11.43) 62.31% (18.91) 45.26% (17.86) 33.288M (15.95) 21.758mn (10.96)

T. virens AMUTVI-

KNG_70

RENS. 71 56.6%¢ (8.19) 42.32¢(7.63) 30.378" (5.83) 20.23% (3.24) 55.74%¢ (6.37) 41.82¢%% (8.9) 29.78 (3.76) 20.15" (2.8)
lZ‘Eﬁgf;fMUTVI' 57.5%¢ (9.77) 42.7¢(11.19) 31.2¢ (8.71) 20.25% (3.36) 56.34%¢ (7.51) 41.84°1(8.958) | 30.75 (7.14) 20.17" (2.9)
il\%’@ﬁ‘j&jl 59.6¢ (13.74) | 43.1¢ (12.23) 31.542 (9.92) 21.20% (8.21) 57.68% (10.07) | 42.67¢ (11.11) 31.17 (8.36) 20.85™ (6.37)
T. koningii AMUT- | 5o 3be 5 67y 40.26¢ (4.85) 29.2Mi (1.74) 19.89% (1.54) 55.12b¢ (5.19) 40.26°%¢h (4.84) | 29.43% (2.54) 19.85" (1.27)

F-value (P<0.05)

Irrigation 1581.51** 1452.43%*
Treatment 8.29%** 7.02%%*
Irrigation:treatment | 0.80 0.72

LSD (P<0.05)

Irrigation 1.14 117
Treatment 1.98 2.04
Irrigation:treatment | 3.97 4.08

Table 4. Effects of Trichoderma spp. against different water stress levels on the plant biomass (Shoot fresh
weight (gm)) of rice cultivar Swarna sub-1. Values are mean of 5 replicates. Values in the parenthesis are
percent increase over control. Values (means) followed by different alphabets within a column are significantly
different at P<0.05 according two-factor ANOVA and Tukey HSD test.

Photosynthesis and transpiration rate

Rice plants grown under drought conditions experienced decline in the photosynthesis rate and transpiration
rate (Figs. 2, 3). This resulted in reduced plant growth, and quality biomass production. The photosynthesis rate
was found maximum in the rice plants grown under normal condition (100% water availability) with the soil
application of T. harzianum AMUTHZS82 (7.12 umol m™*s™"), followed by T. viride AMUTVR72, T. harzianum
AMUTHZ84, T. harzianum AMUTHZ83 and T. hamatum AMUTHAM_71. Lowest photosynthesis rate was
recorded under 25% of water availability in comparison to 100% water availability. Soil application with T.
harzianum AMUTHZ82 significantly enhanced the photosynthesis rate of rice plants growing under 75% (37%
increase), 50% (19% increase) and 25% water availabilities (9% increase) over respective control. The seed treat-
ment with Trichoderma spp. also minimized the negative effect of water stress on photosynthesis, but less than
the soil application.

The transpiration rate was also influenced under low water availability with the treatment of Trichoderma
spp- The plants treated with T. harzianum AMUTHZ82 showed minimum transpiration rate (2.36 umol m=s™),
followed by T. viride AMUTVR?72, T. hamatum AMUTHAM_71 and T. harzianum AMUTHZ84 under normal
irrigated condition. The reduction in transpiration rate was observed lesser under 50% and 25% drought condi-
tion with the treatment of Trichoderma spp. over normal irrigated plants. Whereas, maximum transpiration rate
was observed in untreated plant receiving recommended level of irrigation (Fig. 2, 3).

Leaf pigments

Total chlorophyll content (Chlorophyll A and B) in the leaves of rice plants under water stress conditions (75, 50
and 25% water availability of reccommended amount) was recorded with a 20, 37 and 49% decline, respectively
over control (Fig. 4). Under regular irrigation (100% watering), soil application of T. harzianum AMUTHZ84
resulted a maximum increase (21.3%) in chlorophyll content, followed by T. viride AMUTVR73 (17%) in the
leaves of rice plants. Whereas, under 75 and 50% watering regime, T. harzianum AMUTHZ82 increased the total
chlorophyll content (16.6 and 13.1%) over respective control (Figs. 4, 5). T. harzianum AMUTHZ83 and T. viride
AMUTYVR?73 were found next in increasing chlorophyll content under 25% and 50% water stress conditions.
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AMUTHAM_71

Soil application Seed treatment

Irrigation Irrigation
Treatments 100% 75% 50% 25% 100% 75% 50% 25%
Control 12.3bedef 9.68hij 7 giklmno 5.8° 12, 3abede 9.6fehi 7 gijkimno 5.8°
zh’j[“é?r’l‘fl”z”s”f 14.5% (17.88) 10.84ehi (12.5) 8.828hKIm (13 20) | 6.29™1 (8.45) 14.46" (17.56) 10.92¢0¢f (13.75) | 8.79%hikim (12 69) | 6.24!mm (7.58)
Kh’j[“U’?r’I‘f{;‘S’; 14.54% (18.26) | 1137948 (18.53) | 8.998%K (15.32) | 6.454mm0 (11.36) | 14.67° (19.26) 11.23%40 (16.97) | 8.97%hii (15) 6.44%m0 (11.03)
K&“J?r‘g%g 14.82% (20.54) | 1119080 (15.53) | 8.918K (14.25) | 6.30™° (8.63) 14.75% (19.91) 11.0bef (14.58) | 8.75%hikm (12.17) | 6.29Kmn0 (8 44)
il\%’é’;’;‘ﬁ 14.93% (21.43) | 11.25%¢% (17.25) | 8.938K (14.56) | 6,350 (9.55) | 14.85* (20.73) 11.125ef (15.83) | 8,877 (13.71) | 6.27'mm (8.1)
i&’g%ﬁ,ml 14.57% (18.46) | 11.15%f¢h (16.22) | 8.788NiKm (12.67) | 6.37"™™ (9.92) 14.52° (18.04) 10.964¢f8 (14.16) | 8.73%8hiKm (11.92) | 6.34mn° (9.311)
ib%%evmz 13.7%¢ (11.38) 10.38h (7.29) 8.82¢MkIm (13 11) | 6.23™ (7.46) 13.65¢8" (10.97) | 1026 (6.87) 8.76%Mkm (12 3) | 6,21 (7.06)
I{'D‘/’I’G?\,RB 14.87% (20.92) | 11.31°4%¢ (17.86) | 8.998hik (15.34) 6.408Mm™ (10.40) | 14.82° (20.48) 10.18¢f8" (6.04) 8.9518hik (14,74) 6.38KImno (10)
l{'E‘gg";fMUTVI’ 13.26%<4¢ (7.87) | 9.93%8" (3.45 7.9iklmno (3 5) 5.91°(1.95) 13.2%<4 (7.31) 9.76°" (1.66) 7.871Kimne (). 89) 5.89" (1.55)
IEE‘%”;ZAMUTVI’ 13.4%4 (8.94) 10.35% (7.85) 8.241Klmno (5.76) | 6,17™ (6.47) 13.36¢ (8.61) 10.21°% (6.35) 8.17hkimno (4 74) | 6,14™ (5.86)
T. hamatum ab efghi hijklmn mno b defgh hijklmn Imno

14.2% (15.44) 10.71°%h (11.62) | 8.6MKm™ (10.25) | 6.27™° (8.25) 14.12 (14.79) 10.549%feh (9.79) 8.54ghiklmn (9 48) | 6.23mn0 (7.41)

T. koningii AMUT-
KNG_70

13.3%<d (6.82)

09.8%" (2.08) 7.9ikImno (1 87) 5.87°(1.35) 13.0°<4 (5.69) 10.1¢f8M (5.2) 8.0hiikimno (2 56) 5.86° (1.03)

F-value (P<0.05)

Irrigation 657.30%** 620.39***
Treatment 5.42%%* 4.51%
Irrigation:treatment | 0.41 0.48

LSD (P<0.05)

Irrigation 0.36 0.37
Treatment 0.63 0.64
Irrigation:treatment | 1.26 1.28

Table 5. Effects of Trichoderma spp. against different water stress levels on the plant biomass (root fresh
weight (gm)) of rice cultivar Swarna sub-1. Values are mean of 5 replicates. Values in the parenthesis are
percent increase over control. Values (means) followed by different alphabets within a column are significantly
different at P <0.05 according two-factor ANOVA and Tukey HSD test.

The plants treated through seed treatment of Trichoderma isolates under water stress had significantly greater
content of leaf pigment, but less than soil application. The plants receiving 25% water of the recommended
amount recorded with 2-7% increase in total chlorophyll content with the soil application or seed treatment
with Trichoderma isolates (Figs. 4, 5).

Discussion

The rice cv. Swarna Sub-1 was found sensitive to drought (water stress), and exhibited significant reduction in the
plant growth, biomass production, leaf pigments, photosynthesis etc. grown under water stress conditions (75,
50 and 25% water of the recommended amount) in comparison to plants received normal irrigation (100% water
availability of the recommended level). Adequate supply of water to a plant is essential for carrying out various
physiological, biological and biochemical activities of the plant®%. A decrease in the water supply influences the
physiological activities especially the photosynthesis®**!, and subsequently the plant growth and development™,
which directly affect the biomass production®*** as observed in the present study.

The soil application of Trichoderma spp. especially T. harzianum AMUTHZ82 and T. viridle AMUTVR73
subsided the negative effect of water stress on rice plants, and promoted the shoot and root growth, and biomass
production of rice cv. Swarna Sub-1. Trichoderma spp. are universally occurring beneficial microbes in varied
kind of soils"?, and are generally known to suppress plant pathogenic fungi'”, by parasitizing them or by produc-
ing metabolites, toxins, enzymes, etc. toxic to pathogens®®*. Trichoderma spp. also solubilize minerals present
in soil, and produce hormones***’, which may ultimately lead to plant growth promotion'****. Some strains of
Trichoderma spp. form endophytic relationship with roots, and develop symbiotic association with plants'>*.
With such association, plants are able to efficiently use the water and nutrients in soil*!, and are able to survive
under various stress conditions such as nutrition deficiency, water stress, etc.*>*.

Khan et al.** conducted a study in which the application of T. harzianum significantly enhanced plant height,
root length, and shoot biomass of rice cv. Swarna Sub-1, under water-deficient conditions. Similarly, Haque
et al.** demonstrated that T. harzianum treated rice plants exhibited improved water-use efficiency, enhanced
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Control 1547 13.68° 10.7° 7.4 15.45¢ 13.6%7 10.7° 7.4
T. harzianum and ok - - ab bee " -
AMUTLZS] 18.3*4(18.83) 15.2°%(11.76) 11.857(10.28) | 8.09(8.11) 17.9% (16.23) 155> (13.97) 1158 (7.48) 7.9 (6.76)
T. harzianum ac ah j-o v ab ae - I
AMUTHZS 18.5%(20.13) 16.3*™ (19.85) 12.17° (13.08) 8.2 (10.81) 17.8 (15.58) 15.6** (14.71) 11.87 (10.28) 8.1 (9.46)
T. harzianum af b - sv ac b-e -k n-
sl 176" (14.29) 15.4%7 (13.24) 11.87(10.28) | 7.8 (5.41) 17.4< (12.99) 1535 (12.5) 11.5¢°% (7.48) 7.7 (4.05)
T. harzianum N e ho - a ad i e
AMUTH 784 19.2* (24.68) 16778 (22.79) 12.8°(19.63) | 8.50 (14.86) 18.9°(22.73) 16.4°4(20.59) 12,57 (16.82) 8.457 (13.51)
T. viride AMUTVR71 | 16.8*% (9.09) 14.8%1(8.82) 11.59(7.48) 7.9 (6.76) 16.4*4(6.49) 14.4°8 (5.88) 11.26™ (4.67) 7.7"7% (4.05)
T. viride AMUTVR72 | 16.6" (7.79) 14.6°™ (7.35) 11.4"7 (6.54) 7.9 (6.76) 1629 (5.19) 143" (5.15) 11187 (3.74) 7.6% (2.7)
T. viride AMUTVR73 | 18.8% (22.08) 1571 (15.44) 122 (14.02) 8.1 (9.46) 18.3% (18.83) 15.7%¢ (15.44) 1197 (11.21) | 8.0°P (8.11)
%Egse”;f‘MUTVI' 16.4°% (6.49) 143" (5.15) 110" (2.8) 7.6 (2.7) 1639 (5.84) 1427 (4.41) 110" (2.8) 7.57 (1.35)
;TE%’;”;ZAMUTVI' 163" (5.84) 14200 (4.41) 1127 (4.67) 7.7 (4.05) 1629 (5.19) 14.1 (3.68) 11167 (3.74) 7.6% (2.7)
T. hamatum ace em s u-v ac b-f -1 -
AMUTHAM 71 17.7¢ (14.94) 14.7°™ (8.09) 113" (5.61) 7.6 (2.7) 17.2< (11.69) 15> (10.29) 11.3¢7 (5.61) 7.7 (4.05)
Igé‘g"%” AMUT- 162" (5.19) 14.17° (3.68) 109" (1.87) 7.5 (1.35) 1619 (4.55) 14.1 (3.68) 10.9"° (1.87) 7.57 (1.35)
F-value (P<0.05)
Irrigation 557.22%%* 580.71**
Treatment 6.08*** 5.26***
Irrigation:treatment 0.49 0.39
LSD (P<0.05)
Irrigation 0.49 0.47
Treatment 0.84 0.76
Irrigation:treatment 1.69 1.54
Table 6. Effects of Trichoderma spp. against different water stress levels on the grain yield (gm/plant) of rice
cultivar Swarna sub-1. Values are mean of 5 replicates. Values in the parenthesis are percent increase over
control. Values (means) followed by different alphabets within a column are significantly different at P <0.05
according two-factor ANOVA and Tukey HSD test.
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Figure 2. The photosynthesis rate in the leaves of rice plants under different water stress levels. Error bars show
standard error.
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Figure 3. The transpiration rate in the leaves of rice plants under different water stress levels. Error bars show
standard error.
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Figure 4. Effects of soil application of Trichoderma isolates on the total chlorophyll (chlorophyll A and B)
content in the leaves of rice plants under different water stress levels. Error bars show standard error. Where
CH = Chlorophyll.

photosynthetic activity, and increased grain yield compared to non-treated plants during drought stress. Tricho-
derma spp. enhance plant health and stimulate the synthesis of plant growth-promoting substances such as auxins
and cytokinins®®, which play crucial roles in root development, nutrient uptake, and overall plant growth*’.
Additionally, T. harzianum triggers the expression of stress-responsive genes in rice, activating defence mecha-
nisms and antioxidant systems that counteract the detrimental effects of water stress. The present study has
demonstrated that soil application of T. harzianum AMUTHZS2 or T. viride AMUTVR73 may efficiently sub-
side the impact of water stress at least up to 50% water availability levels and may enhance the plant growth and
biomass production by 17-21%.
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Figure 5. Effects of seed treatment of Trichoderma isolates on the total chlorophyll (chlorophyll A and B)
content in the leaves of rice plants under different water stress levels. Error bars show standard error. Where
CH = Chlorophyll.

Conclusion

The rice cv. Swarna Sub-1 was found sensitive to drought (water stress), and exhibited significant reductions in
the plant growth, biomass production, leaf pigments, photosynthesis etc. grown under water stress conditions
(75, 50 and 25% water of the recommended amount) in comparison to plants received normal irrigation (100%
water availability of the recommended level). The soil application of Trichoderma spp. especially T. harzianum
AMUTHZS82 and T. viride AMUTVR73 subsided the negative effect of water stress on rice plants, and promoted
the shoot and root growth and biomass production of rice. The present study has demonstrated that soil applica-
tion of T. harzianum AMUTHZS82 or T. viride AMUTVR73 may efficiently reduce the impact of water stress at
least up to 50% water availability levels and may enhance the plant growth and biomass production by 17-21%.

Materials and methods
Seeds of rice cv. Swarna Sub-1 were procured from Regional Centre, International Rice Research Institute, New
Delhi, India.

Isolation and characterization of Trichoderma species

The local isolates of different Trichoderma spp. were isolated from rice fields using the serial dilution method
on selective medium?'. The corresponding GPS locations (latitude and longitude) of sampling sites were given
in Table 7. The plates after inoculation were kept in an incubator at 25+2 °C for 10 days. However, the fungus
almost fully colonized the medium in 7 days. After incubation the Trichoderma colonies were pure cultured using
the same culture medium and conditions. Thereafter, morphological characters of the Trichoderma isolates were
studied to identify the species, followed by molecular characterization to confirm the identity*®. The DNA of
Trichoderma species was sequenced by Macrogen® Incorporation, South Korea, and the homology search was
carried out using BLAST on the 18s rRNA-ITS region gene sequences to find and obtain the closest neighbour
sequences from the NCBI database®. The MEGA-X software was used to access the Clustal-W alignment tool,
and used to align all of the sequences. Simple comparison with the database of known species/isolates of Tricho-
derma harzianum, T. viride, T. virens, T. hamatum and T. konigii allowed the identification of the species. The
UPGMA algorithm included in MEGA-X was used to create the phylogenetic tree (Fig. 1). The sequences have
been deposited to the NCBI database and GenBank accession numbers listed in Table 1.

Mass multiplication of Trichoderma spp.

Eleven isolates of Trichoderma spp. as enlisted in Table 1 were mass cultured on sorghum grains in conical flasks.
The seeds were soaked for 12 h. in distilled water containing sucrose (5%) and chloramphenicol (0.0003%). The
seeds were kept in 500 ml capacity conical flasks and sterilized at 15 kg/cm? steam pressure at 121 °C for 20 min.
Next day the flasks were inoculated with the fungus, and incubated in an incubator for 10 days at 25+2 °C. The
sorghum seeds colonized by Trichoderma spp. were crushed with distilled water in an electrical grinder. The
fungal suspension containing 10 g Trichoderma colonized seeds was applied to the soil (1 kg) in each pot a day
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before the planting of rice seedlings. For seed treatment, paste of sorghum seeds was applied to the rice seeds
(@10 g/kg seeds), 3 h before their sowing in the nursery bed.

Treatments and plant cultures
The seedlings of rice cultivar Swarna Sub-1 were transplanted in the two sets of pots (1 seedling/pot) filled with
sterilized soil and FYM (4:1). In one set of pots Trichoderma isolates were applied as soil application (@10 g/
kg soil), whereas, in other set rice seedlings raised from Trichoderma treated seeds were planted. Four watering
treatments viz., 100, 75, 50 and 25% of recommended irrigation were maintained for each isolate of Trichoderma
spp. with five replicate/pots. Under 100% watering, the pots were watered regularly on alternate days. For 75%
watering pots were watered every 4th day, and for 50% and 25% watering every 6th and 8th day, respectively.
Similar treatments for drought have also been maintained in other researches®. Further, the soil moisture per-
centage is an important matrix for determining the drought level, but it is very difficult to use it as a treatment
because of it changes with the progress of time. Since, there were 11 Trichoderma isolates, a total of 480 Pots
were maintained, which were arranged in a complete randomized block design on the roof top receiving uniform
sunlight. At maturity, 3 months after transplanting, the plants were harvested to measure plant length (shoot
and root) and fresh weight per plant. The treatments for each Trichoderma isolate for soil application or seed
treatment were as follows.

T, =Plant+ 100% watering (control)

T,=Plant +75% watering

T; =Plant + 50% watering

T,=Plant +25% watering

Ts=Plant+ 100% watering + Trichoderma isolate

T, =Plant + 75% watering + Trichoderma isolate

T,=Plant + 50% watering + Trichoderma isolate

Tg=Plant +25% watering + Trichoderma isolate

Statistical analysis

The data obtained from the five replicates were used to calculate the means. However, replicate data were used
to analyze least significant difference (LSD at P<0.05) with the help of Agricolae Package of R software®'. Tukey
HSD test was employed to mark significantly different treatments in the Tables. Two factor ANOVA was used
to evaluate the data on plant growth variables.
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