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ABSTRACT

Cultivation of tomato under diverse climatic zones is 
often challenged by various biotic and abiotic stresses 
which ultimately results in poor productivity and 
yield. Among the abiotic stresses, water stress is the 
most common one limiting the crop productivity. Syn-
ergistic relationship of endophytic microorganisms 
Piriformospora indica is capable of colonizing the 
roots tomato and establishing symbiotic relationships. 
Study was conducted to understand the influence of 
P. indica on tomato (var Vellayani Vijai) seedlings, 
(under in vitro and in vivo conditions), under water 
stress simulated by the application of mannitol (0, 1, 
2, 3 and 5%). A positive influence was observed on 
shoot and root length, fresh and dries weight as well 
as number of rootlets in P. indica-colonized seedlings 

under stressed in vitro condition compared to those 
under control. Similarly, under in vivo condition P. 
indica colonized seedlings were having better perfor-
mance with respect to stem and root length, and fresh 
and dry weight. Activities of antioxidant enzymes 
such as peroxidase and super oxide dismutase and 
proline accumulation were enhanced in P. indica-col-
onized plants compared to the non-colonized plants. 
However, catalase activity was found less influenced 
by the fungal colonization in the roots of tomato.

Keywords Tomato, Piriformospora indica, Water 
stress, Growth.

INTRODUCTION

Plants in the natural ecosystem are subjected to var-
ious forms of biotic and abiotic stresses which affect 
their development and overall performance. Water 
stress is one of the most important factors limiting 
agricultural production and productivity (Ghobadi 
et al. 2013, Osakabe et al. 2014). It is also predicted 
that, most crucial difficulties faced by farming sector 
across the world would be ever increasing size of 
world population to feed and ever-expanding shortage 
in water availability (Bouman 2007). Water stress 
creates an imbalance between water supply to the 
roots and transpiration rates in the plants. This leads 
to several morphological, physiological, biochemical 
and molecular changes affecting the plant metabolism 



2806

(Rao and Chaitanya 2016). Tomato (Solanum lyco-
persicum L.), is the most valuable vegetable crop 
worldwide after potato, and utilized in raw, cooked, 
and processed forms. Therefore, tomato has seen 
ever increasing demand globally (Chaudhary et al. 
2019a). Cultivation of tomato is often challenged by 
various biotic and abiotic stresses and results in poor 
productivity and yield. This led to the adoption of 
greenhouse cultivation in the non-conventional areas 
(Chaudhary et al. 2019b). However, to cope up with 
the increasing population size, we have to rely on rain-
fed vegetable production to address the high demand 
of tomatoes. Therefore, enhancing stress tolerance in 
tomato cultivars through sustainable, ecofriendly and 
economical strategies are more desirable.

Under water scarce conditions, plants use several 
stress avoidance and tolerance mechanisms for adap-
tation (Lawlor  2013). In addition to the intrinsic plant 
protective mechanisms, plants do have association 
with various microorganisms such as mycorrhizal 
fungi, rhizobial and plant-growth-promoting rhizo-
bacteria, endophytic fungi, which benefits in allevi-
ating the effects of stress (Rodriguez  2008, Ali et al. 
2014, Hashem et al. 2016). Piriformospora indica 
is a unique beneficial fungus capable of colonizing 
the roots of many plants and establishing symbiotic 
relationships. The fungus lacks host specificity, thus 
colonize all plantae. Moreover, the fungus can be 
axenically cultivated. It promotes plant growth es-
pecially in nutrient-deficient soils, confers tolerance 
to abiotic (salinity, drought, water, cold, high tem-
perature and heavy metals) and biotic (root and foliar 
pathogens) stress (Varma et al. 1999, Oelmüller et al. 
2009, Johnson et al. 2014, Gill et al. 2016).

In the present study, we studied the effect of P. 
indica on tomato seedlings (both in vitro and in vivo 
conditions), under water stress simulated by the ap-
plication of mannitol. Work was mainly focused on 
biometric parameters of seedlings under in vitro and in 
vivo conditions and oxidative stress responses through 
the production of antioxidant enzymes and proline 
accumulation. This study provides valuable insights 
into the potential use of P. indica as a biological tool 
for improving tomato crop productivity and yield 
under water stress conditions, which is an important 
issue in many agricultural regions around the world.

MATERIALS AND METHODS

The study was conducted at the Department of Veg-
etable Science, College of Agriculture, Vellayani 
during 2018-19. It comprised two experiments : One 
under in vitro and another under in vivo conditions. 
Both experiments were designed in Factorial-CRD, 
adopting five levels of water stress conditions (includ-
ing control) simulated by the application of mannitol, 
and two types of tomato seedlings (P. indica colonized 
and non-colonized), each with five replications.

Growth conditions of fungus and inoculum prepa-
ration

The beneficial fungal root endophyte, P. indica from 
Department of Plant Pathology, College of Agricul-
ture, Vellayani was maintained in potato dextrose 
agar (PDA) medium. This was routinely cultured 
by transferring fungal disc from actively growing 
margin of two weeks-old culture of P. indica to Petri 
plates containing PDA/conical flasks containing 
PDB (potato dextrose broth) and incubated in dark 
at room temperature. Subculturing was done once in 
fifteen days.

Co-cultivation of P. indica with tomato in MS 
media

To investigate the potential of the root endophytic 
fungus P. indica to enhance plant tolerance to drought, 
we conducted a simple and rapid in vitro experiment 
in jam bottles (Fig. 1). We prepared MS media with 
varying concentrations of mannitol (1%, 2%, 3%, 
and 5%) along with a control, and sterilized them in 
jam bottles before allowing them to solidify. Mycelial 
discs (5 mm) from a two-week-old culture of P. indica 
were placed in the center of jam bottles containing 
solidified medium and incubated in the dark. In half of 
the bottles, P. indica was omitted to serve as a control.

We surface-sterilized tomato seeds (var Vellayani 
Vijai) in 0.1% mercuric chloride for 7 minutes, fol-
lowed by 3 washes in sterile water and drying. The 
seeds were germinated in Petri plates containing MS 
medium, and the resulting seedlings were transferred 
to each jam bottle containing MS medium with or 
without mannitol and P. indica. We confirmed root 
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colonization by P. indica by observing root bits under 
a microscope (Leica - ICC50 HD, USA) five days 
after co-cultivation. Fifteen days after co-cultivation, 
observations were recorded and a two-factor analysis 
was conducted. The first factor examined colonization 
with or without P. indica, and the second factor looked 
at different levels of mannitol concentration (0%, 1%, 
2%, 3% and 5%).

Co-cultivation of P. indica with tomato in vermic-
ulite-perlite medium 

To conduct the in-vivo studies, the potting medium 
was sterilized by moistening it up to field capacity 
and heating it at 121°C for 1 hr for two consecutive 
days. P. indica was cultured in 250 ml conical flasks 
using potato dextrose broth. The fungal mycelium 
was then harvested by filtering it through double 
layered muslin cloth and washed twice with sterile 
water. The resulting mycelial mass was mixed with 
sterile potting medium at a concentration of 1% (w/v), 
filled in trays, covered, and allowed to grow. After 
one week, surface-sterilized tomato seeds were placed 
in small pots filled with the medium and kept under 
controlled temperature and humidity conditions to 
ensure uniform germination. Normal sterilized pot-
ting medium without P. indica was used to maintain 
control plants. Root colonization by P. indica was 
confirmed by observing root bits under a microscope 
(Leica - ICC50 HD, USA). To compare the colonized 
and non-colonized plants, biometric observations 
were taken after 25 days and t-test was conducted to 

compare the means. To study the antioxidant activities 
in colonized and non-colonized plants during stress, 
mannitol (0, 1, 2, 3 and 5%) was applied to both P. 
indica-colonized and control plants at 25 days after 
sowing, observations on peroxidase, catalase, SOD 
and proline were estimated after 5 days and two factor 
analysis was conducted.

Biometric parameters

In the in vitro study, we harvested five plants (rep-
licates) per treatment from the bottles after 15 days 
of co-cultivation and measured their shoot and root 
length, number of rootlets, fresh weight, and dry 
weight. The plant material was oven-dried at 60°C 
for three days to constant weight and dry weight was 
measured. Under in vivo conditions, we compared 
P. indica colonized and non-colonized seedlings by 
recording biometric observations 25 days after sowing 
in the potting medium. We measured shoot and root 
length, number of rootlets, as well as the fresh and 
dry weight of the shoot and roots.

Enzymatic antioxidant activity

To study the stress response in tomato seedlings 
grown under in vivo conditions under water stress, 
the antioxidant enzymes, viz. peroxidase, catalase and 
SOD were estimated after subjecting the seedlings 
to stress treatment using different concentrations of 
mannitol for 5 days. The PO activity was determined 
using a protocol described by Srivastava (1987), while 
the catalase activity was determined by following the 

Fig. 1. P. indica colonized (+PI) and non-colonized (-PI) under different concentration of mannitol stress (a, c, e, g and i: with P. indica; 
b, d, f, h and j: without P. indica).
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procedure described by Luck (1974). For quantifica-
tion of SOD activity, the method described by Kakker 
et al. (1984) was followed.

Proline estimation

Proline is precipitated as a protein sulpho salicylic 
acid complex during extraction of tissue with sulpho- 
salicylic acid. The extracted proline is made to react 
with ninhydrin under acidic conditions to form a red 
color which is measured calorimetrically at 520 nm. 

Five hundred mg of tissue was homogenized 
in a pestle and mortar with 10 ml of 3% aqueous 
sulpho salicylic acid and filtered through Whatman 
No. 2 filter paper. Extraction and pooling the filtrate 
was repeated. To 2 ml of filtrate, 2 ml each of glacial 
acetic acid and ninhydrin were added and mixed. It 
was then kept in boiling water bath for 1 hr and then 
reaction was terminated by placing on ice bath. 4 ml 
of toluene was added and mixed vigorously for 20-
30 seconds. The toluene (chromophore) layer was 
aspirated and warmed to room temperature. The ab-
sorbance of red color was measured at 520 nm against 
a blank reagent. The amount of proline in the sample 
was calculated using a standard curve prepared from 
pure proline (Range 0.1—36 µmole) and expressed 
on fresh weight basis of sample.

µM of proline/g       (µg of proline)×ml of toluene × 5   
tissue=                 ———————————————    
                                          115.5× g of sample

RESULTS

Biometric parameters of in vitro grown tomato 
seedlings

The growth of in vitro grown tomato seedlings was 
significantly affected by both the colonization of P. 
indica and the stress induced by the application of 
mannitol. The presence of P. indica increased shoot 
length by 11% compared to non-colonized seedlings, 
regardless of the concentration of mannitol in the 
growth media. As the concentration of mannitol 
increased from 0 to 5%, the mean shoot length 
decreased from 6.16 cm to 4.11 cm. However, the 
interaction between P. indica colonization and water 
stress caused by mannitol had no significant effect on 
the shoot length of tomato seedlings. Furthermore, P. 
indica colonization, mannitol mediated water stress 
and their interaction had a significant impact on the 
root length and number of rootlets. In this study, the 
root length was reduced by 67% in non-colonized 
plantlets when exposed to 5% mannitol, whereas P. 
indica colonized seedlings only had a 44% reduction 
under the same conditions. The mean number of root-
lets was also higher in P. indica colonized seedlings 
(2.97) compared to non-colonized seedlings (1.67). 
P. indica colonized seedlings maintained a higher 
number of rootlets even when exposed to 4% man-
nitol, with only a 3% reduction in rootlets compared 
to nearly 15% in non-colonized seedlings. However, 
at 5% mannitol stress, the number of rootlets was 
significantly reduced in colonized seedlings as well 
(Table 1) Fresh weight and dry weight was also varied 
significantly by colonization with P. indica and colo-
nization resulted in higher fresh and dry weight at all 
levels of mannitol concentration (Fig. 2). The results 
indicates that P. indica may help plants adapt to water 
stress by promoting root growth and development, 
which can ultimately help plants better absorb water 
and nutrients from the soil.

Table 1. Effect of P. indica on shoot length, root length and number of roots lets of tomato grown under different levels of mannitol 
concentration (in vitro). (D- Mean under different mannitol concentration, P- Mean under different P. indica treatments, Different letters 
within the same row represent significant differences).
                          
Treatments          Shoot length (cm)                                    Root length (cm) Number of rootlets
 -P. indica +P. indica  Mean (D) -P. indica +P. indica Mean (M) -P. indica  +P. indica Mean (D)

Control 6.02 6.30 6.16A 1.56 1.99 1.77A 2.00 3.30 2.65A

1% Mannitol 5.21 6.17 5.69B 1.39 1.80 1.59B 2.00 3.20 2.60A

2% Mannitol 5.24 6.10 5.67B 1.19 1.66 1.42C 1.43 3.37 2.40A

3% Mannitol 5.10 5.83 5.47C 1.09 1.43 1.26D 1.70 3.20 2.45A

5% Mannitol 3.92 4.29 4.11D 0.91 1.11 1.01E 1.20 1.77 1.48B

Mean (P) 5.10B 5.74A  1.23B 1.60A  1.67B 2.97A 
CD (D×P)  N/A   0.14   0.40    
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Biometric and physiological parameters of tomato 
seedlings under in vivo condition

Influence of P. indica on growth parameters
 
The colonization of P. indica had a significant positive 
impact on several biometric parameters. Specifically, 
the colonized plants had significantly longer shoot and 
root lengths and a higher number of rootlets compared 
to non-colonized plants (Fig. 3). The average shoot 
length was 7.08 cm for colonized plants, whereas 
non-colonized plants had an average shoot length of 

only 5.40 cm. Similarly, the average root length was 
11.10 cm for colonized plants, whereas non-colonized 
plants had an average root length of only 6.78 cm. In 
addition, colonized seedlings had an average of 30 
rootlets, while non-colonized plants had only 22.33 
rootlets. Furthermore, P. indica colonization led to a 
significant increase in both shoot and root fresh and 
dry weight. Specifically, colonized plants had a shoot 
fresh weight of 3.88 g and a shoot dry weight of 0.504 
g, while non-colonized plants had a shoot fresh weight 
of 2.89 g and a shoot dry weight of 0.390 g. Colonized 
plants also had a root fresh weight of 1.39 g and a root 
dry weight of 0.12 g, while non-colonized plants had 
a root fresh weight of 0.82 g and a root dry weight 
of 0.068 g (Table 2) .The increase in shoot and root 
length, number of rootlets, and fresh and dry weights 
of both shoot and root indicate that P. indica may 
enhance the ability of the plant to uptake nutrients 
and water from the soil, leading to improved growth 
and biomass accumulation.

Antioxidant enzyme activities

The effect of P. indica-colonization on the enzymatic 

Fig. 2. Effect of P. indica on dry weight of tomato seedlings grown 
in vitro under mannitol stress.

Fig. 3. In-vivo grown seedlings after stress treatment with mannitol (With the increase in concentration of mannitol, control plants showed 
severe wilting symptoms whereas P. indica colonized plants remained healthy).
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antioxidative mechanism of tomato seedlings grown 
in vivo after mannitol application was studied. Peroxi-
dase (PO), Superoxide dismutase (SOD) and Catalase 
(CAT) activities were determined on leaves collected 
from P. indica-colonized and non-colonized plants 
after stress treatment. Coonization with P. indica, 
different levels of stress created by mannitola and 
their interaction had a significant influence on PO, 
SOD and CAT activities. The antioxidant activity 
was found to be increased with the increase in level 
of water stress in both colonized and non-colonized 
plants. With the increase in water stress, PO activity 
increase by 84% in colonized plants as against only 
71% in non-colonized plants compared to the con-
trol. Similarly, when the concentration of mannitol 
reached 3%, SOD activity was increased by 106% 
in non-colonized plants compared to the control as 
against an increase of 150% in colonized plants. Cat-
alase activity was increased by 31% in non-colonized 
plants whereas in colonized plants, 45% increment 
was noticed in colonized plants (Table 3).

Accumulation of proline

Proline accumulated significantly when the concen-
tration of mannitol was increased in both colonized 
and non-colonized plants. Proline accumulation was 

not significantly influenced by the endophyte up to 
2% mannitol stress, whereas the fungus played a vital 
role at 3 and 5% concentration levels by enhancing the 
accumulation of the same by 42 and 59% respectively 
compared to the control.

DISCUSSION

Endophytic fungi are well known to contribute 
to better plant performance and impart the plants 
with ability to tolerate biotic and abiotic stresses, 
including drought (Rodriguez and Redman 2008). 
Several mechanisms have been proposed to explain 
drought tolerance of plants colonized by endophytes. 
Photosynthesis stimulation (Ghabooli et al. 2013), 
osmo-regulation and stomatal regulation, increases in 
antioxidant levels (Sun et al. 2010) and up regulation 
of stress related plant genes (Sherameti et al. 2005 
Oelmüller et al. 2009, Ghabooli et al. 2013) were 
involved in stress tolerance mediated by endophytes.

In the present study, both P. indica colonized 
and non-colonized plants experienced a significant 
decline in performance as water stress increased. The 
reduction in plant growth due to water stress has been 
well documented in previous studies of various crop 
plants, including tomato (Kıran et al. 2014, Alp and 

Table 2. Effect of P. indica on growth parameters of in vivo grown tomato seedlings (25 days after germination). (Different letters within 
the same column represent significant differences).
 
Treatments Shoot length Root length  Number of  Shoot fresh  Shoot dry Root fresh Root dry
 (cm)  (cm)  rootlets weight (mg) weight (mg) weight (mg) weight (mg)

-P. indica 5.40B 6.78B 22.33B 2.68B 0.35B 0.82B 0.08B

+P. indica 7.08A 11.10A 30.00A 3.88A 0.50A 1.39A 0.12A

CD 0.70 0.83 1.09 0.24 0.11 0.31 0.01   

Table 3. Influence of P. indica colonization and water stress on antioxidant enzymes viz. peroxidase, SOD and catalase activities.
(D- Mean under different mannitol concentration, P- Mean under different P. indica treatments, Different letters within the same row 
represent significant differences). 
 
Treatments      Peroxidase (unit/min/g)          SOD (unit/min/mg)     Catalase (unit/min/g)
 -P. indica +P. indica  Mean (D) -P. indica +P. indica Mean (D) -P. indica  +P. indica Mean (D)

Control 20.6 20.5 20.5D 206.9 216.9 211.9E 263.2 248.7 255.9E

1% Mannitol 24.2 25.1 24.7C 302.6 327.3 314.9D 260.9 241.0 251.0D

2% Mannitol 27.6 34.1 30.9B 347.7 403.7 375.7C 250.2 271.2 260.7C

3% Mannitol 33.2 36.7 34.9A 427.0 542.4 484.7B 322.0 295.4 308.7B

5% Mannitol 35.2 37.7 36.4A 620.8 660.5 640.6A 346.8 360.4 353.6A

Mean (P) 28.2B 30.8A  381.0B 430.2A  288.6A 283.3B 
CD (D×P)  2.60   9.95   10.91   
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Kabay  2017). The effect of mannitol-mediated water 
stress on growth parameters has also been reported in 
broccoli sprouts (Kiani et al. 2018). Several factors, 
such as the unavailability of soil water, impaired 
mineral uptake and further reduction in water uptake, 
may be responsible for the decrease in plant growth 
under water-stressed conditions (Jatav et al. 2014).

The present study demonstrated that colonization 
of tomato seedlings with P. indica had a significant 
positive effect on shoot length, root length and number 
of rootlets under in vitro conditions, regardless of the 
level of water stress. The root length and number of 
rootlets were also positively affected by colonization 
at different levels of water stress. Furthermore, the 
fresh weights of the shoots and roots increased by 
45% and 70%, respectively, compared to the control 
group. These findings are consistent with previous 
studies, such as Abdelaziz et al. (2019), who reported 
improved growth performance of P. indica-colonized 
tomato plants. Other studies have also reported that P. 
indica can increase the biomass of colonized plants by 
up to 100% (Waller et al. 2005) or 20% (Peskan-Ber-
ghöfer et al. 2004).

Ghorbani et al. (2018) reported that P. indica can 
mediate stress alleviation and improve plant growth 
in tomato. In the present study, increasing levels of 
mannitol stress from 0 to 5% resulted in a 22% re-
duction in fresh weight for in vitro grown seedlings. 
However, P. indica-colonized plants exhibited an 18% 
increase in fresh weight over non-colonized plants 
at 4% mannitol stress, and a 10% increase at 5% 
mannitol stress. Similar growth promotion activities 
of P. indica have been reported previously in other 
studies, such as Fakhro et al. (2010), Jogawat et al. 
(2013) and Abdelaziz et al. (2019).

In this study, it was found that P. indica colo-
nization led to a significant increase in the number 
of rootlets in tomato seedlings grown under in vitro 
conditions, with an 88% increase observed at 3% 
mannitol stress and a 47% increase at 5% mannitol 
stress when compared to non-colonized plants. Addi-
tionally, colonized plants exhibited 34% more roots 
than the control group when grown under in vivo con-
ditions. The fresh weights of both the shoot and root 
were also improved by 45% and 70%, respectively, 

in colonized plants under in vivo conditions. These 
findings are consistent with previous research, such 
as Xu et al. (2017), who reported enhanced shoot 
and root biomass in P. indica-colonized maize plants.

Under unfavorable conditions, plants often 
produce reactive oxygen species (ROS) and free 
radicals that can damage plant cells. To counteract 
this, plants have developed defense mechanisms to 
increase stress tolerance (Tuteja 2007). In this study, 
it was observed that antioxidant activities such as PO, 
SOD, and catalase were not significantly different 
between colonized and non-colonized tomato plants 
under normal conditions. However, under stressed 
conditions, colonization by P. indica significantly 
enhanced antioxidant activities, with PO activity 
increasing by 6%, SOD activity by 10%, and catalase 
activity by 4% compared to non-colonized plants at 
the highest level of mannitol stress (i.e. 5%). These 
elevated antioxidant levels may have contributed to 
the better survival of P. indica-colonized tomato seed-
lings under in vitro and in vivo conditions, even at the 
highest levels of stress induced by mannitol (Hosseini 
et al. 2017). A similar increase in antioxidant activities 
under stressed conditions was also documented by 
Abdelaziz et al. (2019) in tomato plants colonized 
by P. indica, although catalase activity was not sig-
nificantly affected by colonization.

Accumulation of proline is a well-known re-
sponse to a broad range of stress conditions such as 
water stress, salinity, high temperatures and elevated 
light intensity. In this study, it was observed that P. 
indica-colonized tomato plants had a significantly 
higher accumulation of proline under higher levels 
of mannitol stress. This finding suggests that the ac-
cumulation of proline may play a role in enhancing 
water tolerance in P. indica-colonized tomato plants. 
Similar findings were reported in P. indica-colonized 
plants of maize (Xu et al. 2017) and fin rice (Saddique 
et al. 2018), where higher accumulation of proline 
was also observed. P. indica colonization has the 
potential to positively impact plant growth, even 
under stress conditions, by increasing the number 
of roots and rootlets, as well as enhancing shoot and 
root fresh weights. These findings may have import-
ant implications for the development of sustainable 
and eco-friendly agricultural practices. The results 
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