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Introduction 
 

Rice (Oryza sativa L.), a member of family 

Gramineae and subfamily Oryzoidae, is the 

most important crop plant for human 

consumption, providing staple food for more 

than half of the world’s population. Total 

global area under rice is about 165.00 million 

ha with total output of 496.6 million tones of 

paddy at an average yield of 3.01 tons ha
-1

 

(FAO, 2016). Out of 2.7 billion rice 

consuming peoples, more than 95% live 

in Asia. About 90.0% of world’s total rice is 

grown in Asian countries alone (FAO, 2016). 

India is the second largest producer and 

consumer of rice in the world after China. 

Rice is one of the most important food crops 

of India in terms of area, production and 

consumer preference. In India, rice provides 

food calories for more than two third 

populations. Indian share in global rice 

production has been 21.34 percent. In India, 

area under rice cultivation is 43.97 m. ha with 

total output of 106.00 m tones with an average 
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This experiment was conducted in pots, containing unsterilized soil under rain out shelter 

using rice variety IR-64. The rice seed were treated (bio-primed @ 10g/ Kg seed) with 

powder formulation of selected T. harzianum strains viz., IRRI-1, IRRI-2, IRRI-3, IRRI-4, 

IRRI-5, IRRI-6, TH-3, SVP-1 and SVP-3 before 24 hrs of sowing. Root and shoot 

development were measured at 21 days after seed sowing in the rice crop season 2012 and 

2013 by uprooting the rice plants. T. harzianum strains IRRI-6, IRRI-1 and IRRI-3 were 

found to support maximum root and shoot length in the rice plants, obtained from the seed 

treated with these strains. Remaining strains of T. harzianum i.e. IRRI-4, IRRI-2, SVP-1 

IRRI-5 and SVP-3 were also able to support the enhancement of root and shoot length of 

rice plants at quite higher level, but comparatively little less than IRRI-6, IRRI-1 and 

IRRI-3. 
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productivity of 2410 kg/ha (Department of 

Agriculture and Cooperation Govt. of India, 

2016). Rice is grown in almost all Indian 

states. Andhra Pradesh, Assam, Bihar, 

Karnataka, Madhya Pradesh, Maharashtra, 

Orissa, Punjab, Tamilnadu, Uttar Pradesh and 

West Bengal are major rice growing states and 

contribute a total of 92% of area and 

production of rice. Rice is a major crop in 

Uttar Pradesh and is grown in almost all 

districts with about 5.90 m ha area, which 

comprises 13.5% of total rice area in India. To 

meet the growing need of increasing 

population in the country and more so in the 

state of Uttar Pradesh, there is an urgent need 

to enhance rice productivity in the region. 

Efforts for enhancing the productivity have 

been limited by a number of biotic and abiotic 

stresses. Among the biotic stresses, fungi, 

bacteria, viruses, nematodes and phytoplasma 

causing diseases in rice plants are major one.  

 

The abiotic stresses such as unfavorable 

temperature, drought, flood, chemicals 

(sodacity, salinity and mineral 

deficiency/excess, pollutants heavy 

metals/pesticides, gaseous toxins), mechanical 

injuries (wind, soil movement, submergence) 

are responsible for around 50% reduction in 

overall agricultural production (NIASM, 

2016). In the world only 9% of the area is 

conducive for crop production, while 91% is 

under the influence of abiotic stress. This 

includes 25% under drought, 22% has got 

shallow depth, 22% is under mineral stress, 

14% is under freezing stress and 11% is under 

water logged condition. Similarly in India 

also, 67% of the area is rainfed and crops in 

these areas invariably experience droughts of 

different magnitudes. Although in India, about 

33% of the cropped area is under irrigation, 

but here also crop production is constrained by 

environmental stresses (NIASM, 2014). These 

biotic and abiotic stresses are considered as a 

serious constraint for rice production. Keeping 

in view the need of rice seed bio-priming with 

strains of T. harzianum is undertaken with 

objective: To study the efficacy of rice seed 

bio-priming with different strains of T. 

harzianum on root shoot development and 

drought stress. 

 

Materials and Methods 
 

The in vitro experiment was carried out on 

efficacy of rice seed bio-priming with 

different strains of T. harzianum on root shoot 

development and drought stress, using rice 

cultivar IR-64 which was sown in sandy loam 

soil on 10
th

 July in both crop seasons (2012-

2014). Nine strains of Trichoderma harzianum 

were applied to the rice seed as seed 

bioprimming and seeds were shown in the 

pots with six replications in Completely 

Randomized Block Design (CRD). Pots 

containing rice plants raised from the seeds 

treated with T. harzianum were kept under the 

rain out shelter of the Department of 

Agriculture Biotechnology of Sardar 

Vallabhbhai Patel University of Agriculture 

and Technology, Meerut (U.P.), India. Seeds 

treated with plain water only served as 

untreated check. Thus the experiment 

consisted of 10 treatments (Table 1). 

 

Drought exposure at seedling stages 

 

Drought exposure to the rice seed lings were 

provided after 21 days of seed sowing under 

rainout shelter. Morpho- physiological 

observations were recorded on randomly 

selected three plants from each pot in each 

replication at seedling stage. These plants 

were uprooted and washed with tap water. The 

data were recorded on following parameters. 

 

Length and fresh weight measurement of 

root and shoot 

 

Root and shoot length were measured with the 

help of scale by selecting three plants 

randomly from each pot in each replication on 
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the 21 day of germination. Average length was 

used for statistical analysis. Twenty one days 

old rice plant under control and stress (treated) 

were softly uprooted from pots. Root and 

shoot fresh weights were measured on 

electronic balance up to three decimal digits. 

 

Observations on leaf rolling 

 

Leaf rolling was recorded during drought 

period with following scale, (IRRI, 1996). 

 

0 = Leaves healthy 

1 = Leaves start to fold (shallow V – shape) 

3 = Leaves folding (deep V – shape) 

5 = Leaves fully cupped (U – shape) 

7 = Leaves margins touching (O – shape) 

9 = Leaves tightly rolled 

 

Sum of all wilting ratings 

Leaf rolling (%) = ------------------------- X 100 

Total number of rating X maximum grade 

 

Results and Discussion 
 

The experiment was conducted in pots, 

containing unsterilized soil under rain out 

shelter using rice variety IR-64. The rice seed 

were treated (bio-primed @ 10g/ Kg seed) 

with powder formulation of selected T. 

harzianum strains viz., IRRI-1, IRRI-2, IRRI-

3, IRRI-4, IRRI-5, IRRI-6, TH-3, SVP-1 and 

SVP-3 before 24 hrs of sowing. Root and 

shoot development were measured at 21 days 

after seed sowing in the rice crop season 2012 

and 2013 by uprooting the rice plants. The 

data have been presented in Table 1, 2, 3 and 

4. 

 

Root and shoot length 

 

The maximum root and shoot length were 

noticed from the rice plants obtained from the 

seed treated with T. harzianum strain IRRI-6 

followed by rice plants obtained from the seed 

treated with T. harzianum strain IRRI-1 and 

IRRI-3. The remaining strains of T. harzianum 

i.e. IRRI-4, IRRI-2, SVP-1 IRRI-5 and SVP-3 

resulted in intermediate type of root and shoot 

length of rice plants, which were almost 

statistically similar to each other. Rice plants 

obtained from the seed treated with TH-3 

strain of T. harzianum resulted in minimum 

root and shoot length, which was lowest 

among all treatments. 

 

Root and shoot fresh weight 

 

All the strains of T. harzianum resulted in 

considerable level of increase in root and 

shoot biomass which is evident from the 

record on root and shoot fresh weight. 

However, the highest root and shoot biomass 

was recorded from the rice plants treated with 

T. harzianum strains IRRI-1 followed by 

IRRI-3 and IRRI-4.  

 

The T. harzianum strains IRRI-6, SVP-1 and 

SVP-3 were found to be closely similar with 

regard to increasing root and shoot biomass. 

The strains of T. harzianum i.e. IRRI-5, IRRI-

2 and TH-3 were found to be least effective in 

enhancing the root and shoot biomass, 

however still better than untreated check. 

Similar trends of results were noticed in 42 

days after seed sowing also. Thus, it can be 

concluded that seed treatment with T. 

harzianum in rice is able to enhance the root 

and shoot development. 

 

T. harzianum have been reported to induce the 

growth of various crops. These responses may 

be due to- (i) suppression of deleterious root 

micro-flora including those not causing 

obvious disease, (ii) production of growth 

stimulating factors (hormones or growth 

factors) and/or (iii) Increased nutrient uptake 

through solubilization and sequestration of 

nutrients and/or enhanced root growth. 

Enhanced root development is also helpful in 

tolerating the biotic and abiotic stresses by the 

plants. 
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Table.1 Effect of rice seed bio-priming with different strains of T. harzianum on root and shoot 

development at 21 days after sowing in the rice crop season 2012 

 

Treatments Strains of  

T. harzianum  

Shoot 

Length % 

increase over 

the control 

Root length 

% increase 

over the 

control 

Shoot fresh 

weight % 

increase 

over the 

control 

Root fresh 

weight % 

increase 

over the 

control 

T1 T. harzianum (IRRI-1) 35.00 58.79 54.90 37.31 

T2 T. harzianum (IRRI-2) 15.76 33.23 19.61 28.36 

T3 T. harzianum (IRRI-3) 23.24 19.49 40.20 22.39 

T4 T. harzianum (IRRI-4) 16.02 10.86 39.22 16.42 

T5 T. harzianum (IRRI-5) 13.85 23.32 19.61 20.90 

T6 T. harzianum (IRRI-6) 43.60 47.92 33.33 43.28 

T7 T. harzianum (TH-3) 7.29 23.64 9.80 23.88 

T8 T. harzianum (SVP-1) 14.05 19.17 34.31 22.39 

T9 T. harzianum (SVP-3) 11.16 12.78 33.33 7.46 

T10 Control 0.00 0.00 0.00 0.00 

CD @5% level 0.868 0.291 0.115 0.052 

SE(m) 0.292 0.134 0.066 0.017 

 

Table.2 Effect of rice seed bio-priming with different strains of T. harzianum on root and shoot 

development at 21 days after sowing in the rice crop season 2013 

 

Treatments Strains of  

T. harzianum  

Shoot 

Length % 

increase 

over the 

control 

Root length 

% increase 

over the 

control 

Shoot fresh 

weight % 

increase 

over the 

control 

Root fresh 

weight % 

increase 

over the 

control 

T1 T. harzianum (IRRI-1) 28.25 36.16 36.54 35.38 

T2 T. harzianum (IRRI-2) 16.57 34.28 35.58 32.31 

T3 T. harzianum (IRRI-3) 21.79 14.47 26.92 24.62 

T4 T. harzianum (IRRI-4) 13.05 13.52 26.92 20.00 

T5 T. harzianum (IRRI-5) 10.37 22.01 16.35 24.62 

T6 T. harzianum (IRRI-6) 27.59 34.59 31.73 32.31 

T7 T. harzianum (TH-3) 8.55 15.41 16.35 20.00 

T8 T. harzianum (SVP-1) 9.85 11.63 16.35 15.38 

T9 T. harzianum (SVP-3) 8.74 12.58 26.92 10.77 

T10 Control 0.00 0.00 0.00 0.00 

CD @5% level 0.968 0.231 0.125 0.046 

SE(m) 0.262 0.114 0.076 0.017 

 



Int.J.Curr.Microbiol.App.Sci (2018) 7(5): 1480-1485 

1484 

 

Table.3 Effect of rice seed biopriming with different strains of T. harzianum on root shoot 

development at 42 days after sowing in the rice crop season 2012 
 

Treatments Strains of  

T. harzianum  

Shoot 

Length % 

increase 

over the 

control 

Root length 

% increase 

over the 

control 

Shoot fresh 

weight % 

increase over 

the control 

Root fresh 

weight % 

increase 

over the 

control 

T1 T. harzianum (IRRI-1) 21.77 92.92 46.24 78.69 

T2 T. harzianum (IRRI-2) 14.27 59.55 30.97 58.11 

T3 T. harzianum (IRRI-3) 5.37 58.76 45.26 25.18 

T4 T. harzianum (IRRI-4) 4.13 46.40 17.67 24.21 

T5 T. harzianum (IRRI-5) 4.30 34.04 39.26 43.10 

T6 T. harzianum (IRRI-6) 19.54 71.12 49.40 72.40 

T7 T. harzianum (TH-3) 1.73 39.55 21.81 65.13 

T8 T. harzianum (SVP-1) 7.42 49.44 37.08 11.14 

T9 T. harzianum (SVP-3) 8.09 28.88 32.06 11.38 

T10 Control 0.00 0.00 0.00 0.00 

CD @5% level 1.10 1.24 1.18 1.09 

SE(m) 0.79 0.97 097 0.73 

 

Table.4 Effect of rice seed biopriming with different strains of T. harzianum on root shoot 

development at 42 days after sowing in the rice crop season 2013 
 

Treatments Strains of  

T. harzianum  

Shoot 

Length % 

increase 

over the 

control 

Root 

length % 

increase 

over the 

control 

Shoot fresh 

weight % 

increase over 

the control 

Root fresh 

weight % 

increase 

over the 

control 

T1 T. harzianum (IRRI-1) 23.18 61.44 43.33 79.40 

T2 T. harzianum (IRRI-2) 15.47 55.28 38.44 56.12 

T3 T. harzianum (IRRI-3) 8.88 54.47 31.15 31.34 

T4 T. harzianum (IRRI-4) 11.84 44.37 16.98 43.28 

T5 T. harzianum (IRRI-5) 11.16 35.54 30.63 22.69 

T6 T. harzianum (IRRI-6) 21.73 71.89 46.88 87.16 

T7 T. harzianum (TH-3) 8.45 35.77 15.63 69.85 

T8 T. harzianum (SVP-1) 8.47 42.51 22.60 22.99 

T9 T. harzianum (SVP-3) 9.13 29.73 26.15 27.16 

T10 Control 0.00 0.00 0.00 0.00 

CD @5% level 1.36 1.04 0.96 0.65 

SE(m) 0.72 0.65 0.58 0.28 

 

The present study is in agreement with Shukla 

et al., (2015) observed that the seed biopriming 

with drought tolerant isolates of Trichoderma 

harzianum promote growth and drought 

tolerance in Triticum aestivum. Tomer et al., 

(2016) studied the suitability of de-oiled cakes 
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of neem, jatropha, mahua and karanja along 

with cereals and millets substrates for mass 

multiplication of Trichoderma harzianum. 

These results are also in agreement with those 

of other workers Harcz (2002), Howell (2003), 

Harman et al., (2004) and Segarra et al., (2007). 

 

It can be concluded that out of ten treatments of 

T. harzianum strains, few strains have been 

found to enhance the root and shoot length 

along with enhancing root and shoot biomass in 

the rice plants when these strains were applied 

to the rice crop through seed bio-priming. The 

highest root and shoot biomass was recorded 

from the rice plants treated with T. harzianum 

strains IRRI-1 followed by IRRI-3 and IRRI-4. 
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