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1. INTRODUCTION

Climate change has multifaceted interactions with crop production and there
is an urgent need to produce sufficient food for the growing population without
blaming the climate uncertainty. Research should therefore focus on mitigating the
climate change effects like drought, heavy rainfall and rise in temperature so that the
yield prospect will not be reduced with changing climate.

Rice is one of the most important staple foods for more than half of the world
population, the majority of which are located in Asia. It has been estimated that for
every one billion people added to the world’s population, 100 million more tonnes of
rice (paddy) need to be produced annually (RICE, 2020). In India, rice occupies 23.3
per cent of gross cropped area and 121.46 million tonnes was estimated at record in
rice grain production playing an important role in national food supply (GOI, 2020).
Rice is grown mostly during Kharif and Rabi ensuring adequate water supply.
However, for meeting the additional domestic requirement of food grains and feeding

livestock, rice cultivation needs to be extended to summer season.

In Kerala, rice is the major food grain produced and intensive efforts are being
made by the State Government for augmenting the domestic production. However,
rice cultivation has been declining over the years and the land is either kept fallow or
getting converted to other upland crops especially during summer. Growing rice
during summer should be a practical option for enhancing production levels. Drought
or water stress is the prominent reason for drop in paddy acreage as well as yield
during the summer season. Crop growth and economic yield are significantly affected
by the water stress situation at the critical stages viz., maximum tillering, panicle

initiation and grain filling in summer rice.

Use of microorganisms that can enhance stress tolerance by plants provide an
alternate and ecologically sound way of protecting plants against stress conditions.
Endophytic beneficial root fungi are organisms that live in the intercellular or
intracellular space of plant tissue resulting in a symbiotic association with the host

plant. Piriformospora indica is a beneficial root endophytic fungus identified from



the root zone area of xerophytic plants in the Thar desert in Rajasthan, India (Verma
et al., 1998). It was first reported as a novel endophyte promoting root development.
Later, it was Teported that plants colonized with P. indica were found to be promoted
in biomass accumulation, nutrient uptake and abiotic stress tolerance especially
drought stress (Sahay and Varma, 1999). This beneficial ro.ot endo.phytic fungus could
colonize the roots of large number of plant species like rice, maize, Wwheat, etc., and
was found responsible for the plant growth promotion in unfavourable conditions like
water stress, salt stress, nutritional stress, etc. It is known to mitigate the biotic and
abiotic stress on the plant growth and deyelopment in a sustainable way without
causing any harm to the environment and natural resources,

P. indica colonization improved thé "nitrogen uptake by nitro gen metabolis
modification which enhanced the water stress tolerance to plants and was responsible
for plant survival in drought condition (Danesh, ?015)- P. indi.ca could be utilized a5
a plant promoter, biofertilizer, bioprotector and b1°f°gulat0r. (Gill et al,,2016), Funggy
colonization seemed to diminish drought-induced growth hindrance likely through an
improved water balance, reflected by the higher leaf water Potential anq

8as exchange
(Hosseini et al., 2017). The stimulatory effect of P,

indica on eco Physiologica)
eters especially intrinsic water use efficiency, photosynthetic ra
param

, te, stomata)
nductance and carboxylation efficiency of rice plants were Teported by Bertoay; of
co
al. (2019).

In the present scenario of climate change with tncertainty in recejpg of Tain,
moisture stress at critical growth stages can unfavourably affect growqy and yielq of
summer rice. Reports on the potential of P. indicq to withstang Moisture Stress
various crops necessitated the need for exploiting its potentig] for Promoting climage
resilient agriculture. However, the success of the microbe has to pe tested under fiejq
condition since the performance depends on the complex interg,

ctions betWeen the
icrobes.
plants and micro

In this background, the present study was undertaken 0 assess fhe pety
. . .
of P. indica colonized rice under different levels of moisture streq during s e
. . Ihap :
and to estimate the water use efficiency. Umm ey
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2. REVIEW OF LITERATURE

Rice is the most important staple food crop of India, occupying 23.3 per cent of
the gross cropped area and 43 per cent of total food grain production (GOI, 2020). Rice
is mostly grown during Kharif and Rabi ensuring adequate water supply and the general
perception about summer rice is that it is drought-prone. Fallowing the land during
summer due to paucity of water could be avoided by suitable interventions that can help
in mitigating water stress. Studies showed that root endophytes could improve the
ability of drought stress tolerance in plants. In this chapter, an attempt has been made
to review the effect of beneficial root endophytic fungus (Piriformospora indica) under

different irrigation scheduling on yield and water stress of rice during summer.

2.1 EFFECT OF IRRIGATION SCHEDULING

Productivity of rice is highly dependent on the water management of the crop
during growing season. Once the crop water requirement is known, the most important
step is to supply right quantity of water at right time through appropriate method to
satisfy the crop water needs this is called irrigation scheduling and such the objective
of high yield of good quality, high water use efficiency without any damage to soil
productivity and the applying water at reasonable cost. Irrigation scheduling has great
impact on crop growth and development including economic product. Severe water
stress leads to lower productivity of the crop. Irrigation scheduling shows the impact
on varied parameters of crop like plant height, leaf area index, root growth,
physiological and yield parameters. Parihar et al. (1976) had putforth the approach of
IW/CPE (Irrigation Water/Cumulative Pan Evaporation), which is the ratio between

irrigation water depth and cumulative pan evaporation minus rain.

2.2 EFFECT OF ROOT ENDOPHYTES

Colonization capability of an organism either prokaryote or eukaryote can be
known as endophyte (Saikkonen ef al., 2004). It may be different types like mutualism,
parasitism etc. and the beneficial one to the plant is mutualism. Beneficial root
endophytes could promote the plant growth and its development throughout their crop
growth period even in unfavourable situations by enhancing nutrient and water uptake

from the soil.



2.3 EFFECT OF BENEFICIAL ROOT ENDOPHYTIC FUNGUS P. indica

P. indjica was first reported as a novel endophyte promoting root development.
Later, plants colonized with P. indica had been found to promote biomass
accumulation,-nutrient uptake and abiotic stress tolerance especially drought stress
(Sahay and Varma, 1999). P. indica can be utilized as a plant promoter, biofertilizer,
bioprotector, and bioregulator (Gill et al., 2016). The stimulatory effect of P, indica on
ecophysiological parameters, especially intrinsic water use efficiency, Photosynthetic
rate, stomatal conductance and carboxylation efficiency of rice plants were reported by
Bertolazi et al. (2019).

2.3.1 Effect of P. indica on Growth and Growth Attributes

Piriformospora indica, an axemcally cultivable phyto Promotional, biotrophic
mutualistic root endosymbiont fungi belonging to order sebacinales (basidiomycoﬁna)
was reported to mimic capabilities of typical arbuscular mycorrhiza] (AM) fungi.

Higher growth and biomass production were observed in p. indica colonized
maize plants (Kumar et al., 2009). Cruz and Varma (2010) depicted that sajt and
nutrient-stressed tomato plants have elevated biomass accumulation jn Presence of
fungus P. indica and do not show any stress symptoms compared to non-inoculateq
stressed plants had shown stress symptoms. Anith et al. (201 1) has observed greater
plant height (20.14 cm), number of leaves per plant (9.21), shoot fres, weight (28.9¢ )
and dry weight (3.37g) in P. indica colonized black pepper plants Whereas .noi
inoculated plants recorded lower plant height(18.93 cm), number of leaves ’ ‘
(7.66), shoot fresh weight (27.04 g) and dry weight (3.15 g ),

Bagde et al. (2011) concluded that colonization of beneficial root endophyt;
fungus P. indica in sunflower plants had improved stem height by 19 g¢ per cenp ;yuc
number by 33.3 per cent, stem diameter by 39.24 per cent, enhan ement of egg lt, eaf
and width by 12.2 and 17.82 per cent respectively over non-inoculateq ‘l’ngth
Dolatabadi et al. (2011) documented improved growth and growth characteﬁsticsp -
height and shoot dry weight) in fungus colonized fenne] plants, (le

Per plant

A positive response in growth was observed with the colonizatjon £p
orp, indicq

in Arabidopsis, tobacco, and Chinese cabbage in comparison with the
D~Colonizeq

plants (Johnson et al., 2011).

no



Husaini ef al. (2012) reported higher shoot length (4.5 cm), shoot fresh weight
(831.75 mg), and growth with colonization of P. indica in strawberry whereas, non-
colonized plants had lower shoot length (3.75 cm) and shoot fresh weight (617 mg).
Alikhani et al. (2013) observed a comprehensive growth increment of barley in normal
conditions as well as in salt-stressed conditions under co-cultivation of P. indica and
barley roots. Bagde et al. (2010) documented an increase in the number of leaves, root
and shoot growth with 136 per cent higher biomass in P. indica colonized Aristolochia
plants compared to non-colonized plants.

Bagheri et al. (2013) documented that P. indica colonization could mitigate the
salt stress in rice plants. There was a pronounced increase in shoot fresh weight (7.6
g), dry weight (2.5 g) and shoot length (54.3 cm) under high salt stress, whereas, non-
inoculated seedlings had a lower shoot fresh weight (3.5 g), shoot dry weight (1.2 g)
and shoot length (41cm).

Gosal et al. (2013) observed that P. indica colonization in sugarcane increased
the tiller number per clump, canes and biomass content. Higher leaf number per plant
was observed in P. indica colonized turmeric plants (Bajaj et al., 2014). Lin ef al.
(2019) demonstrated an experiment on anthurium with P. indica colonization and
noticed that the fungus had enhanced the growth of plants with a higher leaf area (15.6
cm?) and plant height (12.8 cm).

The inoculation of beneficial fungus P. indica in Colocasia plants had promoted
growth of the plant in terms of elevated leaf number per plant, leaf length and leaf
breadth (Lakshmipriya et al., 2016). Su et al. (2017) concluded that P. indica could
improve plant growth and development by enhancing plant height (4.07%), stem
diameter (11.4%) and branch number per plant (26.7%) compared to non-inoculated

plants.
A beneficial fungus colonized arabidopsis plants promoted the plant growth,

fresh weight and dry weight under normal conditions as well as salt stress conditions

(Abdelaziz et al., 2017).
Anith et al. (2018) reported colonization of P. indica in pepper and sweet

potato. Li et al. (2020) observed an enhanced growth in terms of leaf number per plant
(6.55+ 2.16), leaf area per plant, shoot fresh and dry weight with colonization of P.

indica whereas, lower leaf number per plant (4.07+0.62) and leaf area in non-inoculated



plants.

P. indica colonization not only improves post-germination parameters but also
improves the germination process. Ghabooli et al. (2019) observed improvement in
germination process and maintenance of uniformity in germination when colonized
with P. indica in medicinal plant.

Biotization of P. indica with plant roots could also mitigate the frozen effect on
plant growth and development and also enhanced fast recovery after frozen (post-thaw
recovery). Jiang et al. (2020) observed the highest survival rate in biotized Arabidopsis

thaliana.

9.3.2 Effect of P. indica on Yield and Yield Attributes

Beneficial root endophytic fungus P. indica co-cultivation enhances the yield
and yield attributes in different crops and supports sustainable agriculture.

Waller et al. (2005) conducted an experiment in barley with the colonization of
P. indica under salt stress condition and observed higher yield (59.9 + 1.7 g/pot) in
fungus colonized plants whereas, non-colonized salt stressed plants had yield of 53 9+
3.61 g per pot.

Bagde et al. (2011) realized enhanced flower diameter (43.3 9, ), mumber of
seeds in flower (9.12 %), seed dry weight (45.89 %) and oil content in a seed (51.13 9 )
with the colonization of P. indica in sunflower plants over non-colonized plants
Dolatabadi et al. (2011) obtained higher dry weight of 1000 seeds, number of umbd;
per plant and high oil content in seeds (2.46 % w/w) from the fenne] plants colonizeq
with P. indica over non-inoculated plants.

Andrade-linares et al. (2013) studied the impact of P. indicq colonizatiop ;
tomato plants on its economic yield. Colonized plants flowered 12 days earl; >
er
non-colonized plants and enhanced yield attributes and final yield (30 anq 70 % e
0

in first two harvest) than non-colonized plants. higher

Das et al. (2014) reported that acrobic rice with P. indica colonizat;
. Omzation enhanced

the tiller number, panicle number, panicle length, grain number per panicle ang
. . an gx aln.
yield. Murphy et al. (2014) studied the effects of low temperature stregg and p



colonization on yield of barley and concluded a mean of 22 per cent mean higher grain

dry weight over non-colonized low temperature stress plants.

Achatz et al. (2015) observed that P. indica promoted number of tillers, grains
per panicle and yield of barley. Colonization of root endophytic beneficial fungus P.
indica in medicinal plant coleus enhanced the content of aerial part biomass,
inflorescence development and earlier flowering in comparison with the non-colonized

control plants (Das et al., 2015).

Bajaj et al. (2014) reported higher rhizome yield (12.67 %) with more rhizome
weight, volatile oil content and curcumin content with P. indica colonization compared

to non-colonized plants.

Su et al. (2017) recorded enhanced yield and yield attributes viz., pod number
per plant (68.71 %), pod length (35.6 %), pod width (23.4 %) and 1000 seed weight
(23.83 %) in mustard plants in the presence of fungus colonization compared to non-
colonized mustard plants.

Anith ef al. (2018) observed advanced flowering, spike setting (1 1.6 spikes at
four months after colonization), more fresh weight (315.58 g) and dry weight (80.59 g)
of berries in colonized plants, whereas, non-colonized plants showed delayed spike

setting (no spikes at four months), lower fresh weight (243.25 g) and dry weight (65.22

g) of berries.

Co-cultivation of P. indica with wheat enhanced the grain yield (10 %) by
enlarged ears per plant (3.8) and grain number per plant over non-colonized wheat

plants with reduced ears per plant (3.2) (Taghinasab et al., 2018). Noorjahan et al.
(2018) recorded lowest aumber of days to full bloom (59.55 days), highest number of
branches per plant at full bloom (99.9) in P. indica colonized marigold plants than non-

colonized plants.

Abdelziz et al. (2019) observed that in P. indica colonized tomato plants yield
was greatly enhanced in normal and salt-stressed conditions by 22 and 64 per cent
respectively with 26, 33 per cent increment in fresh weight and dry weight.



2.3.3 Effect of P. indica on Physiological Parameters

Proline could resist the abiotic stress by increasing its content in P. indicq
colonized rice plants under stress conditions. Baltruschat et al. (2008) conducted an
experiment with beneficial root endophytic fungus P. indica on barley under sait stress
and obtained enhanced antioxidant enzyme activity and improved rate of metabolic
activity in leaves. Kumar ef al. (2009) observed that P. indica colonization enhanced
the activity of Catalase (CAT), Super oxide dismutase (SOD) in tumn reduced the
susceptibility to biotic stress by enhanced plant defense system.

Chlorophyll (8.76 mg g™') enhancement was observed with the colonization of
P. indica in Chlorophytum plants whereas, non-colonized plants contained lower
chlorophyll levels ( 6.77 mg g™!) (Gosal et al., 2010). Indole acetic acid production wag
found to be enhanced in P. indica colonizéd barley roots through a key role of piTam 1
gene by tryptophan feeding (Hilbert et al., 2012).

The aristolochic acid in the leaves of Aristolochia was enhanced with the
application of P. indica culture filtrate (Bagde ef al., 2010). Bagheri ¢ al. (2013)
assessed the efficiency of P. indica under salt stress and reported that proline ang
relative water content were higher in P. indica colonized plants mitigating the ¢ ffects
of salt stress. However, salt stress affected growth and development in noncolonizeq
plants.

P. indica colonized plants had high chl-a, b and carotene Pigments in
comparison with non-colonized plants under salt stress (Jogawat 7 al., 2013). High
chlorophyll content and sugar content in grains has been obtained with the P. indicq
colonization in aerobic rice plants than non-colonized plants (Das ef al., 2014),

Anith et al. (2018) conducted an experiment in pepper plants wity, colonization
of P. indica and found elevated levels of total chlorophyll content (145 mg

] g of fresh
tissue) and chlorophyll a (1.15 mg g™ of fresh tissue) over non-colonized p

lants,
Elevated levels of stomatal conductance (20 % high), CO, accumulation (2,75
folds high) and chlorophyll content were found in salt-stressed fungys colonizeg maiz
e



plants. Thus, P. indica colonization controlled negative effect of salt stress on maize

plants over uncolonized plants (Yun et al., 2018).

High chlorophyll and protein contents were noticed with the biotization of P.
indica in anthurium plants in contrast to the non-colonized plants (Lin et al., 2019).
Inoculation of the P. indica in sweet potato resulted in greater values of total soluble
sugar (2.82+0.59 mg g”' FW) and soluble protein (7.38+0.27mg g FW) over non-
colonized plants (Li et al., 2020).

2.3.4 Effect of P. indica on Root Observations

Co-cultivation of P. indica with plant cuttings showed a positive response with
genesis of adventitious roots over non-colonized plants (Druege et al., 2007). Higher
nodule formation, root growth and uptake of N, P, K were observed in P. indica
colonized plants compared to non-colonized plants (Nautiyal et al., 2010).

Anith et al. (2011) reported higher root fresh weight (11.04 g) and number
(13.14) in P. indica colonized black pepper plants whereas, uncolonized plants had
lower root number (12.06) and root fresh weight (9.03 g). Bagde et al. (2011) conducted
a study in sunflower with the colonization of P. indica fungus and recorded an increase
in root collar diameter (52.7 %), root number (69 %), root length (35 %), and root dry
weight (24.27 %) in comparison with non-colonized treatment. Dolatabadi et al. (2011)
conducted an experiment on fennel plants with P. indica colonization and recorded
higher root length and dry weight (1.3 g) whereas, non-colonized plants showed root
dry weight of 0.98 g.

Husaini et al. (2012) reported higher root fresh weight (463.75 mg per plant)
and dry weight in P. indica colonized strawberry plants. Bagheri et al. (2013)
determined the efficiency of P. indica to combat salt stress in rice and observed a higher
root length (10 cm), root fresh weight (3.1 g) and dry weight (1.3 g) under 200mM
NaCl salt stress. Non-colonized salt stress plants recorded lower root length (8.73 cm),
root fresh weight (1.5 g) and dry weight (0.6 g).

P. indica colonized seedlings had stronger, thicker and brown roots in stressed

plants compared to non-colonized stressed plants (Jogawat et al., 2013). Pedrotti ef al.

(2013) noticed that root dry weight, root length, and length of lateral roots were
improved by 18, 38 and 64 per cent respectively in P. indica colonized Arabidopsis
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plants in comparison with non-colonized plants.

Das et al. (2015) reported that P. indica colonisation in coleus plants enhanced
root number by 22 per cent and root length by 32 per cent over the absence of fungus
in plants. Lin ef al. (2015) demonstrated an experiment with P. indica on anthurium
plants and reported that inoculation of P. indica in anthurium plants improved root
length (14.2 cm) and fresh weight of roots (3.5 g) whereas, non-colonized plants had
lowest root length (10.9 cm) and fresh weight of roots (3.2 g).

Rane et al. (2015) conducted an experiment in maize with the colonization of
P. indica and reported that fungus colonization improved root proliferation, dry wej ght
(1.4740.43 g) and length (38.33+4.93 cm) whereas, non-colonized plants had root
length of 35.83+3.05 cm and root dry weight as 1.09+0.35 g,

Co-cultivation of beneficial fungus P. indica with the maize ToOts reported
higher root biomass (2.75 g) and root length in petroleum-contaminated soils whereas,
non-colonized plants had lower root biomass (2.16 g) and shallow root system (Zamanj
etal., 2015).

Abdelaziz et al. (2017) conducted an experiment in tomato with P. ingicq
colonization under salt and normal conditions. The results of investigation suggested
that P. indica improved root growth and branches in both salt and normal conditions
over non-colonized plants. Su et al. (2017) demonstrated an experiment in the lab and
reported that P. indica biotization with brassica enhanced the characters of Toots namely
root length, root fresh and dry weight by 13.83, 138 and 105.6 per cent respectively in
contrast to non-colonized plants.

Noorjahan et al. (2018) recorded greater root length (19.21 cm), 100t volume
(3933 cm?) and root number per plant (127.33) in P. indica colonized marigold plants
compared to non-colonized plants.

Yun et al. (2018) demonstrated that co-cultivation of P. indicq with maiy
improved root volume (64 %), root dry weight (70 %) and o, ot Surface area (55 o/e
under salt stress situations in contrast to the salt-stressed non-colonizeq —— 0)

Colonization of beneficial fungus P. indica in sweet potato e nhanced oot .
weight (278 + 104 mg) and length of lateral roots 1.82 + 0.41 cm Whereas esh
colonized plants had root fresh weight (120 + 48 mg) and lateral oot lengit (1.1 ;l(l)on.,
cm) (Li et al., 2020). . 32
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2.4 EFFECT OF WATER STRESS IN RICE

Rice is a high-water requirement crop for its potential growth and yield. Water
stress condition in the standing crop may reduce its growth and development by
restricting the photosynthesis and cell division. The main effect of water stress in plant
is reducing leaf expansion and area which sequentially reduce the transpiration,
photosynthesis and affecting final economic and biological yield.

9.4.1 Effect of Water Stress on Growth Attributes

Maheswari et al. (2008) found that irrigation scheduled at IW/CPE ratio 1 has
a high leaf area, dry matter production, and crop growth rate (CGR) in comparison with
the 0.8 ratios.

Water stress at vegetative stage causes reduction in plant biomass and plant
height as photosynthetic rate and dry matter accumulation were affected due to stress
(Sarvestani et al., 2008). Cairns et al. (2009) conducted a field experiment on effect of
water stress on growth of rice and the study suggested that water shortage during the
crop growth period between 35 and 60 days after sowing (DAS) could largely reduce
the plant height, tiller number per plant over irrigated rice plants.

Rice cultivation in submerged conditions has recorded better growth parameters
like tiller number per plant and plant height compared to non-submerged condition,
which is a drought stress situation (Mostajeran and Eichi, 2009).

Praba et al. (2009) observed that rice plants irrigated at 30 per cent field capacity
(FC) particularly during the vegetative stage resulted in lower leaf length elongation
with the symptoms of leaf rolling and wilting symptoms which were not observed in
control plants. Akram ef al. (2013) reported that water stress at panicle initiation

registered greatest reduction of shoot dry weight and the lowest reduction was recorded

by water stress at grain filling stage.

Rice raised under System of rice intensification (SRI) when irrigated 1 and 3

days after draining pond water reached the stage of panicle initiation and flowering 4

days earlier in comparison to irrigation given at 5 days after draining of pond water.
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Dry matter accumulation and net photosynthetic rate were found to be higher in former
treatments in comparison with latter treatment (Das and Chandra, 2013).

Plant height and number of tillers per unit area were greatly reduced at a
moisture stress of 50 per cent FC in comparison to 100 per cent FC at 80 days after

transplanting (DAT) (Hussain et al., 2018).

Water stress greatly declined the growth parameters like plant height and leaf
area of rice plant. With increase in water stress i.e., from FC to 25 per cent FC greater
reduction in plant height and leaf area were observed (Kenawy ez al., 2018). Water
shortage treatments given to rice by Singh et al. (2018) resulted in low plant height,
tiller number per plant and low leaf area compared to better growth Parameters in

control plants.

In another study in summer rice Duvvada et al. (2020) recorded the highest
number of tillers and CGR in continuous saturation followed by continuoyg Ponding
whereas, irrigation to the level of saturation after a hair crack formation resulted in
lowest number of t:ners and CGR. Hossain et al. (2020) opined that im'gating rice at
75 and 50 per cent of saturation observed the lowest plant height, dry matter Production
and overall plant growth as compared to irrigating at saturation that resylteq in better
plant growth.

2.4.2 Effect of Water Stress on Yield and Yield Attributes

Kukal et al. (2005) in their study with soil matric suction hag observed a declipe

in yield with an increase in soil matric suction. The treatments included SCheduling
irrigation to rice with tensiometers installed at 15-20 cm soil depth a¢ five leve)

S of soi]
matric suction viz. 80, 120, 160, 200 and 240+20 cm, in addition 1o the recommep, ded
practice of alternate wetting and drying with an interval of two days after co

s ] mplete
infiltration of ponded water. The grain yield of rice remaineq Unaffecteq up

to soil

moisture suction of 160420 cm each year.The yield was found to decrease wj th increas
e

in soil moisture suction from 200 to 240 +- 20 cm.

Kumar et al. (2006) obtained the highest rice grain yielq with daj

. . s e . ly ilﬁgation,
whereas the lowest yield was obtained with irrigation at five (o) six days intervalq ;
S 1n

the summer season. In another study Sarvestani et al. (2008) had obtained lower vg
ues
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for yield attributes, namely panicle number, number of filled grains, thousand grain
weight, yield and harvest index, when plants had undergone a moisture stress during

the reproductive stage.

As reported by Mostajeran and Eichi (2009), the lowest number of grains per
panicle and filled grains were obtained in nonsubmerged condition, whereas,
submerged condition resulted in most number of filled grains and grains per panicle.
According to Praba et al. (2009), irrigation at 30 per cent FC during reproductive stage
reduced spikelet fertility, grains per panicle and grain weight compared to control.

Pandey et al. (2010) conducted a field experiment during the dry season to
determine the effect of water stress condition on hybrid rice and summarized that
irrigation one day after disappearance of water produced higher yield (6.8 t ha™'), lower
sterility percentage, panicle length, effective tillers, grains per panicle and grain weight
compared to the yield recorded when irrigated at three days after the disappearance.
Irrigated water depth at 9 cm had the highest grain yield (9.9t ha) in rice, than the
irrigated water depth at 18 ¢cm and 0 cm (Abu and Malgwi, 2011).

Cha-um et al. (2012) observed that with enhanced water deficit there was
corresponding decline in panicle length, grains per panicle and filled grains. Water
stress at panicle initiation stage had greatly reduced panicle number, length, and number
of grains per panicle and total grain yield (Akram et al., 2013).

Das and Chandra (2013) obtained higher yields in SRI rice when irrigated at
one and three days after draining pond water in comparison to irrigation at five days
after draining pond water of SRI rice and conventional rice. Zain et al. (2014) reported
that drought stress for 15 days during the reproductive stage resulted in 30 per cent

reduction in grain yield compared to control, where assured irrigation was there.

A study by Dasgupta et al. (20 15) concluded that water stress at flowering stage
in rice greatly reduced the yield and yield attributes like panicle length, grain number
per panicle, filled grain number, and grain weight followed by drought stress given at
grain filling stage and tillering stage. Sonit et al. (2015) reported that in rice under drip
system, irrigation scheduled at IW/CPE of 1.4 produced the highest yield, while
irrigation scheduled at 0.6 produced the lowest yield.
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In drought studies on rice, Moonmoon et al. (2017) reported that imposing
drought stress by irrigating at 40 per cent FC during grain filling stage greatly reduced
the grain dry weight and thereby grain yield. Sayed and Monem (2017) observed higher

number of panicles m2, panicle weight, and grains per panicle at 30 per cent DASM
(Depletion of Available Soil Moisture) than 60 and 85 per cent DASM.

Irrigation scheduled at IW/CPE ratio of 1.0 upto panicle initiation stage and
thereafter at 1.2 upto dough stage in rice produced higher yield attributes namely
number of panicles per hill, number of filled grains per panicle, test weight, grain yield
(4462 kg ha™) and straw yield (5977 kg ha™) (Keerthi et al, 2018). In a study
conducted by Kenawy et al. (2018), lowest number of grains per panicle and 1000
grain weight were recorded when the plants were exposed to a severe water stress
treatment 25 per cent FC in comparison tQ irrigation at FC, where the highest number
of grains per panicle and 1000 grain weight was obtained.

Singh et al. (2018) observed that water stress treatment for seven days at
reproductive stage of rice plants produced the lowest yield attributes and yield in
comparison with fully watered plants.

Prasad et al. (2019) had observed that drought stress at reproductive stage of
rice resulted in a lower grain yield in both drought susceptible and tolerant varieties,
but a greater loss in grain yield was reported in drought susceptible varieties. Hossain
et al. (2020) recorded the highest number of panicles, number of grains per panicle
1000 grain weight, yield and harvest index in treatments with irrigation gt saturation a;
compared to irrigation at 75 per cent and 50 per cent saturation,

2.4.3 Effect of Water Stress on Physiological Parameters

Low leaf proline content was recorded with the submerged condition ang high
leaf proline content was observed with non-submerged condition (Mostajeran ang
Eichi, 2009). Praba et al. (2009) studied the effect of drought stress in 5 field eXperiment
in rice and reported that withholding irrigation for seven days or irrigation a¢ 30 per
cent FC had brokendown the stomatal conductance and membrage stability indey
compared to control.
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Pandey et al. (2010) opined that application of irrigation water one day after
disappearance of ponded water had enhanced the nitrogen content in grain, leaf and

stem over irrigation at three days after the disappearance of ponded water.

Majeed et al. (2011) reported that with increase in intensity of drought stress
the proline content and abscisic acid ABA accumulation were found to be enhanced.
The effect of increasing water stress on relative leaf water content (RLWC) was
evaluated by Muthurajan ef al. (2011). They concluded that intermittent drainage at 3
days before heading for 3 days resulted in lowest RLWC with 27 per cent decrement of
RLWC in comparison with the well-watered control plants. Water stressed rice plants
had lower RLWC, chlorophyll content, stomatal conductance, and elevated levels of
proline in flag leaf (Cha um et al., 2012).

Greatest decline in RLWC and photosynthetic active radiation were observed
by water deficit condition at panicle initiation stage followed by anthesis and grain
filling stage. Water stress condition in grain filling stage resulted in maximum reduction
of stomatal conductance and water use efficiency, compared to water stress at anthesis
and panicle initiation (Akram et al., 2013). Jabasingh and Babu (2013) studied the
relation between proline content and drought stress and reported that proline content
has increased with increase in water stress condition. A higher proline content was

reported in rice irrigated at seven days interval.

Zain et al. (2014) observed a higher peroxidase activity in plants experiencing
drought stress for 25 days, followed by periodical water stress for 15 days. The lowest
peroxidase activity was observed in plants experiencing drought stress for 15 days at
the reproductive stage. Content of malondialdehyde has reduced with increased

peroxidase activity and catalase content, which might be responsible for tolerance to

water stress.

Dasgupta et al. (2015) studied the effect of water stress at different growth
stages and reported that water stress at flowering greatly reduced the RLWC and
elevated the leaf proline content. The study concluded that irrigation done after drought
stress at flowering couldn’t help the plant to recover however, the plants could recover

with irrigation after experiencing drought stress at tillering. Khairi et al. (2015)
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had greatly reduced at drought condition (10 % 12.0) over irrigated condition (20
17.8). Sikutu et al. (2010) observed that root length and root shoot ratio decreased with
water deficit treatments. Control plants had higher root lengths, whereas water deficit
treated plants have lower root lengths.

Dasgupta et al. (2015) administered dTield experiment by imposing water stress
treatment and aimed for recovery of plants with irrigation after drought stress. The
result of the research revealed that irrigation after water stress greatly enhanced root

biomass over control treatment.

Hazman and Brown (2018) reported that drought stress (restricted irrigation)
reduced rooting depth of rice roots by 20 to 26 per cent, whereas, 80 per cent reduction

in nodal root number over well-watered plants.

Withholding of irrigation for seven days as water stress condition to rice
resulted in the highest root shoot ratio in comparison to the control treatment
(Sovannarun et al., 2019). Nasrin et al. (2020) conducted a field experiment to evaluate
the effects of water stress in rice by imposing water stress conditions (restricting
irrigation) for 12, 15, 18 and 21 days. They had observed that drought treatment for 21
days decreased root length by 68 per cent, fresh weight 98.3 per cent, and dry weight

94.7 per cent.

2.5 EFFECT OF P. indica ON WATER STRESS
Reports on the potential of P. indica to withstand moisture stress in various

crops necessitate the need for exploiting its potential for promoting climate-resilient

agriculture. It was found that P. indica could mitigate the water stress by regulating the
root growth of the plant by more acquisition of phosphorus to the plant and also by
regulating the internal water status in the cell by producing more osmolytes like proline

(Johnson et al., 2014).

2.5.1 Effect of Water Stress and Colonization with P. indica on Plant Growth
Attributes

Husaini et al. (2012) reported that P. indica colonized drought stressed

strawberry plants exhibited tolerance to drought by higher biomass production and

recorded a higher survival rate in comparison to non-colonized drought-stressed plants.
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2.5.2 Effect of Water Stress and Colonization with P. indica on Yield and Yield
Attributes

Sherameti et al. (2008) conducted an experiment on Arabidopsis thaliana with
P. indica colonization under drought stress and reported that P. indica could combat
drought stress and produced flowers and seeds whereas, non-colonized drought stressed

seedlings didn’t produce flowers and seeds.

Higher grain yield (1794 kg ha™!) and yield attributes viz., panicle number per
plant, grain number per panicle and seed dry weight were found in the presence of P.

indica under water stress conditions in contrast to the absence of fungus under drought

stress (Ahmadvand and Hajinia, 2018).

Amini et al. (2020) undertook an experiment with P. indica inoculation in a
moldavian balm plant under water stress conditions (saturation, 70-85, 55-70, 40-55 %
FC) and concluded that fungus colonization improved yield and yield components. Dry
weight and essential oil content were increased by 40.9 and 37 per cent respectively in

all levels of water stress compared with non-inoculated plants.

Tsai et al. (2020) conducted a study, where rice seedlings were subjected to
drought stress with poly ethylene glycol for four days and noticed that fungal inoculated
drought stressed plants flowered 5 days earlier than uncolonized drought stressed
plants. Study also reported high panicle number per plant (2.05) and number of filled
grains per panicle (96.10), whereas, uncolonized drought stressed plants recorded lower
panicle number per plant (1.76) and filled grains per panicle (73.90).

2.5.3 Effect of Water Stress and Colonization with P. indica on Physiological
Parameters
Husaini et al. (2012) reported higher chlorophyll content and RLWC in P.

indica colonized drought-stressed strawberry plants. P. indica colonization improved
drought tolerance in wheat by enhanced activity of catalase and decreased the content

of MDA, which prevented lipid peroxidation.

Tanha et al. (2014) investigated the response of drought stress in globe artichoke
with the presence of beneficial root endophytic fungus P. indica and signaled that
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presence of fungus greatly enhanced proline content in leaves of water-stressed plants
which could mitigate consequences of stress on plant growth over the non-colonized
water-stressed plants. Chlorophyll content decreased in non-colonized drought-stressed
plants in comparison to colonized drought-stressed plants (Yaghoubian e¢ al., 2014).

P. indica colonized maize plants under water stress registered higher proline
content to mitigate the drought stress with less membrane damage in comparison to th
e
non-colonized stressed plants (Xu et al., 2017)

Fard et al. (2017) noticed that upregulation of two miRNAg i.e, miR159 and
miR396 led to the physiological changes that improved tolerance of drought stress
through the modification of bio water-saving pathway and ABA signaling pathway in
P. indica colonized rice plants. Hosseini e#al. (2017) concluded that P, indica colonized
water-stressed (osmotic potential of 0, -0.3,-0.5 MPa) plants haq high leaf water
potential (-3.4 MPa), relative water content (74.7) and chlorophy1l content (12.44
mL') in contrast to the non-colonized water-stressed plants, T

Ahmavadan and Hajinia (2018) concluded that P, jp dica could iy
chlorophyll level under severe water stress situations in contrast t© the fug prove
inoculated water-stressed plants. P. indica colonized plants under dron ils non-
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The effect of water stress condition on P. indica inoculated maize plants under
water stress condition indicated higher root fresh weight and dry weight over non-

colonized plants drought stressed plants (Xu et al., 2017).

Hosseini et al. (2017) studied the effect of P. indica under drought stress and
found that fungus colonized drought stress plants had larger root volume (36 %) and
root length (16 %) in contrast to non-colonized drought-stressed plants. Hosseini ef al.
(2018) conducted an experiment on maize with water stress conditions in terms of water
potential levels viz., -0.1, -0.2, -0.3, -0.4 MPa, with P. indica co-cultivation. The study
revealed that fungal colonization could reduce stress on plant root development which

might be by osmotic balance or cell wall modification with improved root elongation

rate and deeper root penetration.

Water-stressed P. indica colonized brinjal plants had higher root length (26.33
cm) and root dry weight (2.1 g) whereas, non-colonized plants showed lower root length

(16.66 cm) and root dry weight (1.43 g) under water-stressed plants (Swetha and
Padmavathi, 2019).

The above cited literature reveals the beneficial effect of colonization with
endophytic fungus P. indica in managing drought stress in various crops, specifically
in rice. However, the research works pertaining to the effect of P. indica colonization
in mitigating water stress under field condition are meager. The present investigation
was hence attempted to study the effect of P. indica in mitigating the drought stress

experienced by rice plants in summer under tropical condition.



MATERIALS AND METHODS
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3. MATERIALS AND NIETHODS

The experiment entitled ‘Mitigating water stress in summer rice using beneficial
root endophytic fungus Piriformospora indica’ was conducted at the College of
Agriculture, Vellayani, Kerala. The objective of the study was to assess the
performance of P. indica colonized rice under different levels of moisture stress during

summer. The materials and methods followed are briefly discussed below.

3.1 EXPERIMENTAL SITE

The experiment was laid out in the reclaimed low land areas in block D of
Instructional Farm attached to College of Agriculture, Vellayani, Thiruvananthapuram,
Kerala. The site is located at 8°43'N latitude, 76° 98" E longitude and at an altitude of

20.0 meters above mean sea level.

3.1.1 Soil

Soil of the experimental site belongs to the soil order Oxisol with sandy clay
loam texture. Composite soil sample was taken prior to the experiment from the field
and tested for its physico-chemical properties. The physico-chemical composition of
the soil of the experimental field is presented in Table 1.

3.1.2 Climate and Season

The experiment was conducted during summer season of 2021. The data on
mean maximum and minimum temperatures, relative humidity and rainfall were
collected from the Class B Agromet Observatory of Department of Agricultural
Meteorology, College of Agriculture, Vellayani. Weather data during the cropping

season (March-June 2021) is depicted in Fig. 1, 2 and documented in Appendix 1.

The mean maximum temperature ranged between 30.5°C to 34.3°C and mean
minimum temperature ranged between 20.4°C to 26.4°C, mean maximum relative
humidity ranged between 87.30 to 96 per cent, and mean minimum relative humidity
ranged between 65 to 88.1 per cent. The total annual rainfall received during cropping

season was 860.7 mm.
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The experimental site was lying fallow during the previous season.,

Table 1. Physico-chemical properties of the soil

Slno Property Value Rating Reference
1. | Fine sand (%) 29.20 Bouyoucos Hydrometer
Coarse sand (%) 18.60 method (Bouy
! oucos,
2. | Silt (%) 24.40 Sandy Clay 1962) s
3. | Clay (%) 26.40 Loam
4. |[pH(1:2.5) 5.00 Acidic Jackson (1973)
5. | Electrical Conductivity | 0.50 Safe Jackson (197
asaly N 3)
6. | Organic Carbon (%) 0.60 Medium
Walkley and
Black
(1934)
7. | Available N (kgha) | 140.46 Low Subbaih ang
Available P (kgha™) | 198.24 High Bray anda; 2 (1955
9. Available K (kg h-a.l) 332.53 Medium Jackso (lgurtz (1945)
n (1973)
3.2 MATERIALS
3.2.1 Crop and Variety
Prathyasa (MO 21), released from Rice Researc, Station (RRg
) Moncompy of

Kerala Agricultural University was used for the study. It i

insensitive and semi-tall variety with a duration of 105-

1 10 dayS.

a nOn-lodging’ photo

long and bold with an average grain and straw yield of § 0 and 6 5The grains are red,

It is moderately resistant to gall midge, brown plant hopper, sp
s Sheg

rot.

3.2.2 Source of Seed

Seeds of variety Prathyasa

Moncompu.

t ha'l l'espectiVely.
th bhght and sheagy,

were coll i
ected from Rice Research Sta
tion,
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Fig. 1 Weather parameters during the cropping season (March-June, 2021)
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3.2.3 Manures and Fertilizers

Farmyard manure (FYM) containing 0.50 per cent N, 0.20 per cent P20s and
0.40 per cent K20 was used as source of organic manure. The chemical fertilizers used

for the study were urea (46 %N), rajphos (20 % P20s) and muriate of potash (60 %
K20).

3.2.4 Irrigation

Irrigation was scheduled as per treatments and the required quantity of water

was measured using water meter.
3.2.5 Collection of Culture of Piriformospora indica

Culture of beneficial root endophyte Piriformospora indica was collected from
the Department of Plant Pathology, College of Agriculture, Vellayani. In order to
maintain the viability of the fungus, monthly subculturing of P. indica in sterile Potato
dextrose agar (PDA) medium in petri plates was done. The broth was made with PDA
solution in conical flask by addition of P. indica culture bits (2-3) and allowed to grow

for three weeks.

3.3 METHODS

3.3.1 Design and Layout
Design RBD
Treatments : 2x3x2
Replications : 3
Season Summer 2021
Variety : Prathyasa
Plot size 4mxS5Sm

Spacing 15¢cm X 10 cm



3.3.2 Treatments

Factor A : Colonizing with P. indica (P)

pi : P. indica colonized rice

P2 : non colonized rice
Factor B: Irrigation interval ()

i1 : at 30 mm CPE

i2 :at35 mm CPE

i3 : at 40 mm CPE

Factor C: Depth of il:rigaﬁon(D)

di  :toadepthof1.5cy

d> :toadepthof3 cm

Treatment combinations
pitdi  pizdi piisdi piiid2  pyiad,

piidi  pidi p2isdi paiidy  paiad,

3.3.3 Layout of the Field Experiment

Piiad;

P2is

Layout of the field experiment is furnished jp Fig.3



Fig 3. Layout of the experimental field
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3.3.4 Crop Management

The crop was grown and managed in line with the cultivation practices as per

the recommendations of Package of Practices (KAU, 2016).

3.3.4.1 Land Preparation

The reclaimed low land area was ploughed using a power tiller and leveled.
Plots of 20 m? were made with bunds of width 50 cm on all four sides. In between each

block, drainage channels of 0.75 m width were maintained. Lime was applied to the
field prior to the experiment at 600 kg ha.

3.3.4.2 Co-cultivation of P. indica with Rice Seedlings

Rooting medium comprising 500 g coir pith compost, 500 g cowdung powder
and 20 g basin flour in polypropylene covers was sterilized in autoclave at 121°C for
21 minutes (min.). It was then transferred to clean, dried and sterilized plastic trays.
Fungal broth (40 mL) was added to these trays filled with medium under laminar air
flow and kept in incubator for five days for white fungal mat formation. Seeds were
sterilized by soaking in 0.1 per cent HgCl solution for one min and later soaked in
distilled water for 12 hours. Sterilized and pre-soaked paddy seeds were spread on the
surface of the rooting media with sufficient white mycelial formation. The roots were
examined for colonization under microscope from five days after sowing (DAS)
(Johnson et al., 2011). Simultaneously control / non-colonized seeds sterilized and
soaked in distilled water for 12 hours were sown in rooting media trays without fungus.

3.3.4.3 Assessment of Root Colonization with Fungus

Root colonization was observed by taking ten random root bits from the co

cultivated rice seedlings. The collected roots were dipped in 10 per cent KOH

overnight, followed by five consecutive washing with water. Later the washed root bits
were treated with 1 per cent HCI for four minutes. The treated roots were mounted on

a sterile glass slide using the stain lactophenol cotton blue (Johnson et al., 2011).

Detailed examination of the colonized roots was done under the microscope.
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3.3.4.4 Seeds and Sowing

The seeds kept for germination in P. indicq culturing trays for colonisation of
the fungus were treated as colonized seedlings and seeds kept in the same media without
the fungus were treated as non-colonized seedlings. After 14 days, both the set of

) set o

seedlings were transplanted to the field as colonized and nop —colonized plants und
spacing of 15 cm x 10 cm. under a

3.3.4.5 Application of Manures and Fertilizers

Farmyard manure at 5 tha™! was added to all the Plots uniformly. R, ‘
nutrient dose of N: P20s: K2O @ 70: 35: 35 kg pa'! - Recommended

Was adopted in the experi
field. Nitrogen was applied in 3 equal split doses ie, g basal, actiy .pex?mental
panicle initiation stage, entire phosphorus was applied as basa; - ¢ tillering and
potaSSium was

applied in two split doses at basal and panicle initiation (PD) sta
ge.

3.3.4.6 Irrigation

The transplanted colonized and Dhon-colonized rice se
irrigated for 10 days after transplanting (DAT). The data on
from Department of Agricultural Meteorology, College of
used for scheduling the frequency of irrigation ang Wwater
the quantity of irrigation water to be diverted o each plot

edlings were uniformly
daily €Vaporation collected
Agnculture, Vellayani was

meter was used o measure

as per treaunents.
3.3.4.7 Weed Management

Two hand weedings were done at 15 and 30 DAT

3.3.4.8 Plant Protection

malathion (4 mL L), S controlleq py Spraying

3.3.4.9 Harvest



White fungal mat formation

on rooting media

At flowering stage

At 10 DAT At tillering stage

Plate 3. Stages of field experimentation



Plate 4. General view of experimental field
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border rows, threshed separately followed by winnowing. The produce was cleaned,

sun dried, weighed and dry weight expressed as kg ha™!

3.4. OBSERVATIONS
3. 4. 1. Observations on Growth Characters

Five randomly selected plants from the net plot area avoiding the border rows
were tagged as observation plants. The observations on the growth, yield attributes and
yield were recorded on these plants.

3.4. 1. 1. Plant Height
The plant height was taken from the base of the stem to the tip of the top most

leaf at 15, 30, 45, 60 DAT and at harvest. It was recorded from the five observation

plants selected randomly from each plot, mean value was worked out and expressed in

cm.

3. 4. 1. 2. Number of Tillers m’
The tiller number was counted from one m? within the net plot area selected at

random at 15, 30, 45, 60 DAT and harvest and mean values were worked out and

recorded.

3. 4. 1. 3. Leaf Area Index
Six sample hills were selected from the net plot area, tagged and the maximum

length (1) and width (w) of third leaf from top were measured at 15, 30, 45, 60 DAT
and harvest. The total number of leaves were counted for each sample hill and

multiplied with the mean value. (Area of one leaf =1x w x k).
Yoshida et al. (1976) suggested the formula for LAI

LAI= Leaf area of 6 sample hills

6 x Land area occupied
k — Constant (0.67 at seedling and harvest and 0.75 at all other stages of crop)

1 — Maximum length of 3" leaf blade from the top (cm)

w — Maximum width of the 3" leaf blade (cm)



29

3. 4. 1. 4. Dry Matter Production (DMP)

At hatvest the observational plants were uprooted, washed, sun dried and oven
dried at 70 + 5°C to constant weight and expressed in kg ha!.

3.4.2 Yield Attributes and Yield
3.4.2.1 Number of Productive Tillers per Square Metre

The number of panicles were counted from one m? from net plot area at harvest

and mean values were calculated and expressed as productive tillers m2

3.4.2.2 Filled Grains per Panicle

The number of filled grains from five panicles randomly selected from the net
plot area were counted, mean value worked out and expressed as filled grains per

panicle.

3.4.2.3 Sterility Percentage
Filled and unfilled grains were counted from five panicles randomly selected
from the net plot area. It was calculated using the formula

Number of unfilled grains per panicle

Sterility percentage =
Total number of grains in a panicle %100

3.4.2.4 Thousand Grain Weight

Fully filled, bold one thousand grains were collecteq from the harve.
weighed and expressed in grams. s

téd grains,
3.4.2.5 Grain Yield

From the net plot area, rice plants in one m?
winnowed separately. The grains were sun-dried to
weighed and expressed in kg ha™!.

area were harvested, threshed and
a moisture content of 13 per cent,
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3.4.2.6 Straw Yield
After threshing, the harvested straw obtained from each net plot area was sun

dried to a constant value, weighed and expressed in kg ha'l.

3.4.2.7 Harvest Index (HI)
It was calculated by the formula suggested by Donald and Hamblin (1976).
Economic yield

HI =
Biological yield x 100

3.4.3 Observations on Root Parameters
For taking the root observations, plants were raised simultaneously in pots of

size 30 cm height and 24 cm diameter. The drainage holes in the pots were sealed and
filled with soil from the experimental field. Two seedlings were maintained in each pot

with four sample plants per treatment.

3.4.3.1 Rooting Depth
The entire soil mass inside the pot was taken out by overturning carefully. The

mud attached to the roots was slowly removed from the sides till the roots are visible.
The depth to which the root has penetrated was recorded at 15, 30, 45, 60 DAT and

harvest, mean value worked out and expressed in cm.

3.4.3.2 Root Volume

Root volume was measured by water displacement method (Mishra and Ahmed,
1989). Test plants were taken out from the pots at 15, 30, 45, 60 DAT and harvest by
emptying the pots at the respective stage. Roots were cleaned and immersed in a

measuring cylinder containing known volume of water and quantity of water displaced

was expressed in cm? per plant.

3.4.3.3 Root Shoot Ratio
Test plants were taken out from the pots at 15, 30, 45, 60 DAT and harvest by

emptying the pots at the respective stage: The root dry weight and shoot dry weight

were recorded separately and the root to shoot ratio was worked out.
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3.4.3.4 Root Dry Weight

Test plants were taken out from the pots carefully at 15, 30, 45, 60 DAT and

harvest without any damage to the root, cleaned thoroughly and dried in a hot air oven
at 70 + 5° C until constant weight and expressed in g.

3.4.3.5 Average Root Length

Test samples were taken out from the pots at 15, 30, 45, 60 DAT and harvest
carefully without any damage to the root and cleaned thoroughly. Counted the total

number of roots, measured the length of each root and the mean value expressed in cm

3.4.4 Physiological Parameters
3.4.4.1 Proline

Fully emerged third leaf from the top was taken from field at PI and flowerin.
stage for the estimation of proline using the method explained by Bates et ql .
al.

was expressed as p. mol g™ of fresh weight. (1973). 1t
roline
p moles of proline per g tissue = Fl_g,_§m_l‘X ml toulene 5
1155 X
g sample

3.4.4.2 Relative Leaf Water Content (RLWC)

Fully emerged third leaf from the top was takep from field at py and fl .
stage for the estimation of RLWC. A known weight of the samp] owering
. o o 4 (3]
immersed in distilled water for 2 hours. Afier that, leayes were ke::t was taken, and
to absorb water present on the leaf surface, weighed and recrd on blotting paper
These samples were oven dried at 70° rded as turgiq weight.
recorded. dry weight was

RLWC was estimated using the following formy,

Sl
was expressed in percentage. (Statyer and Barrs, 1965). 1t

for 48 h.l'S, Weighed and the

RLWC = Fres?: weight — Dry weight
Turgid weight — Drymx 100
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3.4.4.3 Cell Membrane Stability (CMS)
Cell membrane stability was estimated using the method described by Blum and

Ebercorn (1981). Fresh leaf samples were taken and washed with deionized water to
remove electrolytes on the sample surface. Samples were kept in a vial incubated under
dark for 24 hrs. Then, initial conductance was taken by conductivity meter. After that,
vials were autoclaved for 15 min to destroy cell membrane and to release electrolytes

from sample tissue. After cooling, conductivity was recorded as final conductance. It

was expressed in percentage.
1-(T1+T2)
CMS = 1-(C1+ CZ)
Where, T1 and T2 indicates stress samples at initial and final conductance respectively.

C1 and C2 are control samples at initial and final conductance readings respectively.

x 100

3.4.4.4 Chlorophyll Stability Index (CSD
Chlorophyll stability index was estimated by using the formula given by Hiscox

and Israelstam (1979). It was expressed in percentage. Fresh leaf samples of each

treatment were taken and kept in two glass tubes. One was taken as control without any
heat treatment and another one as stress condition subjected to heat at 56°C for 30 min.
Chlorophyll content was taken at both conditions in spectrophotometer at 660 nm

wavelength.
Total chlorophyll under stress 00

Csl= Total chlorophyll under control

3.4.5 Water Use Efficiency (WUE)
r use efficiency was estimated after calculating the water requirement and

Wate
economic yield. Water requirement Was taken as the sum of total quantity of water
supplied through irrigation and effective rainfall. It was expressed as kg ha”'mm

Economic yield
WUE = Water requirement

3.4.6 Soil Analysis

Composite soil samples

depth of 15 cm for major putrient ana

were taken after the experiment from each plot to a
Iysis. Soil sample was shade dried, cleaned and
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sieved through 0.5 mm sieve for organic carbon estimation and 2 mm for NPK. Soil
organic carbon was expressed in per cent and available NPK was expressed in kg ha’!

3.4.7 NPK uptake

After harvest plant samples were collected, oven dried at 70 + 5°C powdered and

digested for analysing the NPK content. The nutrient uptake of the crop was computed
and expressed in kg ha'l. ’

Nutrient uptake = Nutrient content (%) x Total dry matter Production (kg ha'l)

3.4.8 Observations on Major Weeds
Major weed species observed in the field upto 45 DAT were recorded

3.4.9 Pest and Disease Incidence

The crop was monitered for observing the pést and disease infection if
n if any.

3.4.10 Economic Analysis
3.4.10.1 Gross Income
It was calculated on the basis of grain, straw yield and
prices. The gross income was calculated by using the formula
(Gross income = Grain yield (t ha") x Market price (¢ ¢y
+ Straw yield (t ha'!) x Market price Rt

their existing market

)

)= i
) = Gross income Rha) - Cost of cultivation (%

3.4.10.2 Net Income

Net income (T ha”
<1y
3.4.10.3 B:C ratio

The benefit-cost ratio was worked out using the following £
Ormula

Gross income (% ha'!)

B:C Ratio =
Cost of cultivation (X ha™!)
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3.4.11 Statistical Analysis

Data generated were statistically analysed by using Analysis of Variance
(ANOVA) technique suggested by Panse and Sukhatme (1985) as applied to
Randomised Block Design. The significance was tested using F test (Snedecor and
Cochran, 1967). Critical difference was worked out at 5 per cent level of probability,

wherever the treatment differences were found significant.



RESULTS
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4. RESULTS

Moisture stress at critical growth stages can unfavourably affect growth and
yield of summer rice. The present study entitled ‘Mitigating water stress in summer rice
using beneficial root endophytic fungus Piriformospora indica’ was carried out in the

low land paddy fields of College of Agriculture, Vellayani during summer, 2021.

The data recorded were statistically analysed to assess the effect of colonizing
with P. indica, irrigation interval, depth of irrigation and their interaction on growth,
yield, root and physiological parameters of rice. The results obtained are comprehended

here under.

4.1 GROWTH AND GROWTH ATTRIBUTES

4.1.1 Plant Height

Results on the effect of colonizing with P. indica, irrigation interval, depth of
irrigation and their interaction on plant height at 15, 30, 45, 60 DAT (days after
transplanting) and harvest are presented in a Table 2a, 2b and 2c.

Results showed that colonizing with P. indica, irrigation interval and depth of
irrigation had significant influence on plant height of rice. P. indica colonized rice
plants were significantly taller with plant height of 34.64, 55.56, 67.02, 87.75 and 90.91
cm at 15, 30, 45, 60 DAT and harvest respectively. Irrigation interval i (30 mm CPE)
led to significantly taller plants with height of 55.74, 68.57, 86.90 and 90.15 cm at 30,
45, 60 DAT and harvest respectively followed by the irrigation interval i> and i3. Depth
of irrigation significantly influenced plant height of rice. Significantly superior plant
height (58.28, 75.85, 93.58 and 96.36) was recorded at 3 cm depth followed by d; (1.5

cm) at 30, 45, 60 DAT and harvest.

Among first order interactions, P x I interaction showed significant variation in

plant height at all stages of growth, except at 30 DAT. Irrigation of P. indica colonized
rice plants at irrigation interval it (30 mm CPE) resulted in significantly superior plant
height of 71.66 cm at 45 DAT. Interaction p1i1 brought about superior plant height of

90.16 and 93.08 cm at 60 DAT and harvest respectively which was on par with pii2.
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The lowest plant height of 61.43, 81.4 and 84.5 cm was recorded with p2i> (non-
colonized rice plants at irrigation interval 35 mm CPE) at 45, 60 DAT and harvest
respectively. Interaction P x D evinced significant influence on plant height only at 30
DAT. )

The effect of interaction I x D, also significantly influenced the plant height at
15, 45, 60 DAT and harvest. Interaction i3d; recorded superior plant height of 34.6 cm
at 15 DAT. Irrigation at 30 mm CPE to a depth of 3 cm (i1d2) resulted in superior plant
height of 76.78 cm at 45 DAT which was on par with i»d, (75.93) and isd, (74.83). At
60 DAT and harvest, i2d2 recorded significantly taller plants of 96.56 and 98.86
respectively which were on par with i3d; (irrigation at 40 mm CPE to a depth of 3 cm).
The lowest plant height of 50.38, 71.41 and 74.61 at 45, 60 DAT and harvest
respectively were recorded with isdi (irrigation at 40 mm CPE to a depth of 1.5 cm).

Among second order interactions, pii2d; (P. indicq colonized irrigated at 35 mm
CPE to a depth of 3 cm) resulted in significantly superior plant height of 103.7 and

105.76 at 60 DAT and harvest followed by pjisd, (96.3 and 98.92) at 60 DAT and

harvest. At 45 DAT, pii2d; observed superior plant hejght (80.1) on par with p,iyd,
(77.56).
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Table 2a. Effect of colonizing with P. indica, irrigation interval and depth of irrigation

on plant height, cm
Treatments 15 DAT | 30 DAT | 45 DAT | 60 DAT | At harvest
Colonizing with P. indica (P)
p1 (P. indica colonized rice) | 34.64 | 55.56 | 67.02 | 87.75 90.91
p2 (non-colonized rice) 32.70 52.47 63.21 82.51 85.66
SEm (£) 0.02 0.30 0.62 0.76 0.73
CD (0.05) 0.067 0.881 1.824 2.238 2.161
Irrigation interval (I) V
i; (30 mm CPE) 33.40 55.74 68.57 86.90 90.15
i2 (35 mm CPE) 3420 | 53.80 | 64.16 85.75 88.95
i3 (40 mm CPE) 3341 52.51 62.60 82.74 85.76
SEm (¥) 0.02 0.36 0.76 0.93 0.90
CD (0.05) 0.082 1.079 | 2234 | 2.740 2.647
Depth of irrigation (D)
di(1.5cm) 33.73 | 49.75 | 54.38 | 76.67 80.21
d2 (3 cm) 33.61 | 5828 | 75.85 | 93.58 96.36
SEm (&) 0.02 0.30 0.62 0.76 0.73
CD (0.05) 0.067 | 0.881 | 1.824 | 2238 | 2.161
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) e Y - o o . . al an d dep m
izi th P. indica, irrigation intery
ion effects of colonizing wi
Table 2b. Interaction e
of irrigation on plant height, cm

est
o I5DAT | 30DAT | 45DAT | 60DAT At harv
Interactions |
interaction
o 34.21 56.90 71.66 90.16 93.08
— 35.30 55.00 66.90 90.11 93.40
o 34.41 54.80 62.50 82.96 86.25
o 32.60 54.58 65.48 83.63 87.21
- 33.10 52.60 61.43 81.40 84.50
pzfz 32.41 50.23 62.71 82.51 85.27
- 5 0.04 0.52 «1.07 1.32 1.27
o ) 0.116 NS 3.159 3875 | 3743
CD (0.05 :
interaction
S -
o 34.69 50.80 57.17 79.15 82.90
d .
i 34.59 60.33 7686 | 963z 98.92
d .
Pld2 32.77 48.71 51.58 74.20 77.52
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- 32.63 56.23 74.83 08 ™ o350
d2 |
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SEm
05) NS 1.246 NS N\S NS
CD (0. | NS
IxD interaction . T
23 51.30 60.36 %\8
D 33. ] %63
l e ———
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— 34.60 48.53 W%%
13d1
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000 ' 3.743
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CD (0.05)

Treatment 15 DAT 30 DAT 45 DAT 60 DAT At harvest
combinations
piirdi 33.77 51.50 65.76 86.83 90.06
| prizds 35.60 50.23 53.70 76.53 81.03
p1 isdi 34.70 50.66 52.06 74.10 77.60
p1 ird2 34.64 62.30 77.56 93.50 96.10
p1 izd2 35.00 59.76 80.10 103.70 105.76
{ p1 iad2 34.13 58.93 72.93 91.83 94.90
p2 inds 32.70 51.10 54.96 80.50 83.90
p2 i2di 33.60 48.63 51.10 73.36 77.03
p2 izdi 32.03 46.40 48.70 68.73 71.63
p2 i1d2 32.50 58.06 76.00 86.76 90.53
p2 ida 32.60 56.56 71.76 89.43 91.96
T 32.80 54.06 76.73 96.30 98.92
SEm @) 0.05 0.73 1.52 1.86 1.80
0.164 NS 4.468 5.481 5.293
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I3 _2.
4.1.2. Number of Tillers m )
i 2 are furnished in the Table 3a, 3b and 3c.
iati i ber of tillers m™ are
Variations in the num

. g lonization had significantly influenced the number of tillers m2 at

R :arvest Colonized plants showed significantly superior number of
30, 45, 60 DAT andzos . '254.44 and 260.38) at 30, 45, 60 DAT and harvest. There
illers m (14035, d 1’5 69 per cent increase in tiller production in colonized plants
s 19,08 1054 N ed . lants at30, 45, 60 DAT and harvest respectively. Irrigation
compared (0 -n On—COloil:zﬂue:ced the tiller production of rice plants. Irrigation interval i
interval Sigmﬁcanﬂ:; significantly higher number of tillers m2 (145 41,218.41, 261.16
(30 mm CPE) cal;s 60 DAT and harvest respectively followed by i (35 m CPE) and
a0d 267) 2t 3, 4 l,) th. of irrigation also significantly influenced number of tillers in
is (40 mm (.:PfE).tedei’o ;, depth of 3 cm produced significantly higher number of tillers
Zc; 1;1;11;;1’:88’3277'44 and 282.83) at 30, 45, 60 DAT and harvest,

g the first order interactions, effect of p XLPxDandixp were found
Amon |
ficant with respect to the tiller number m?2, [ p X L interaction, Pui1 registered
. e can
) ficantly superior tiller number (154.16, 226.83,275 and 28] .66) at 30,45, 60 DAT
significan

harvest respectively. The lowest number of tillers wag Tecorded in p,i; at all the
and

1.5 cm (p2d1) produced the lowest number of till

°rs (85.77, 14555,
t 30, 45, 60 DAT and harvest respectively),
al ’ ’

171.55 and 177.88
The interacﬁon IxD signiﬁcantly
influsnced the mumber of tllers a 30, 45, 60 DAT g harvest, p
LI

ants irrigated at 30
Dumber of tillers m-

mm CPE to a depth of 3 em (i1d2) produceg signiﬁcanﬂy Superior
2 (181.66, 259.33, 300.66 and 306.16) a 30,

45, 60 DAT and haryeg; respectively
followed by i2d>.

The effect of P x I x D interaction was found .

ith respect to
number of tillers m™. P. indica colonized rice plants jyy;

mm CPE tp 5 depth
(191.66, 267, 310 and
P2iid, (171.66, 251.66,

of 3 cm registered significantly superior Dumbey ¢

f tillers m'z
316) at 30, 45, 60 DAT and harvest respective

f°110wed by
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291.33 and 296.33). The lowest number of tillers m was recorded with pzisdi (70.66,

118.33, 130 and 138) at all stages of observation except at 15 DAT.

Table 3a. Effect of colonizing with P. indica, irrigation interval and depth of irrigation

on tiller number m

Treatments 15 DAT | 30 DAT | 45 DAT | 60 DAT | At harvest
Colonizing with P.indica (P)

p1(P.indica colonized rice ) 71.66 140.38 | 208.38 | 254.44 260.38
p2(non-colonized rice) 69.72 117.88 | 188.33 | 219.33 225.05
SEm (%) 1.71 1.92 1.67 2.07 2.05
CD (0.05) NS 5.636 4.908 6.079 6.002
Irrigation interval (I)

i; (30 mm CPE) 73.75 14542 | 21842 | 261.16 267.00
i2(35 mm CPE) 70.83 126.67 | 197.08 | 240.33 24591
i3 (40 mm CPE) 66.66 115.33 | 179.58 | 209.16 215.25
SEm (1) 2.09 2.35 2.05 2.54 2.51
CD (0.05) NS 6.902 6.011 7.446 7.350
Depth of irrigation (D)

d1 (1.5 cm) 70.28 96.06 | 158.89 196.33 202.61
d2 (3 cm) 71.11 162.22 | 237.88 | 277.44 282.83
SEm (&) 1.71 1.92 1.67 2.07 2.046
CD (0.05) NS 5.636 4.908 6.079 6.002
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Table 3b. Interaction effects of colonizing with P. indica, irrigation interval and depth

of irrigation on tiller number m2

Interactions | 15DAT | 30DAT | 45DAT | 60DAT | Atharvest
Px] interaction
piii 74.17 154.17 226.83 275.00 281.66
pii2 72.50 138.33 206.67 260.00 265.83
pii3 68.33 128.67 191.67 228.33 233.66
pain 73.33 136.67 210.00 247.33 252.33
paia 69.17 115.00 187.50 220.66 226.00
pais 66.67 102.00 167.50 190.00 196.83
SEm (&) 2.96 3.33 2.90 3.59 3.54
CD (0.05) NS 9761 ] 8501 10.530 10.395
PxD interaction
prds 71.67 106.33 172.22 221.11 227.33
pid2 71.67 174.44 244,56 287.77 293.44
p2di 68.80 85.78 145.56 171.55 177.88
p2d2 70.56 150.00 231.11 267.11 27222
SEm (@) 2.42 2.72 2.37 2.93 2.89
CD (0.05) NS 7.970 6.941 8.598 8.487
IxD interaction
s 75.00 109.17 177.50 221.66 227.83
o 70.00 96.67 161.67 20733 | 21368
di 65.83 82.33 1375 BT
i:dz 72.50 181.67 259.3: ;(‘;2.\22&
i2d2 71.67 156.67 232.50 273.33 &
2 69.17 148.33 221.67‘%&
SEm (2) 2.96 3.33 290 | W%
CD (0.05) NS 9.761 S.SM\WW
\\

— ]



Table 3c. Effects of PXIxD interaction on tiller number m2
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Treatment 15 DAT 30 DAT 45 DAT 60 DAT | At harvest
combinations

piiid; 75.00 116.67 186.67 240.00 24733
pii2d; 73.33 108.33 173.33 233.33 240.00
prisd; 66.67 94.00 156.67 190.00 194.66
piirdz 73.33 191.67 267.00 310.00 316.00
pii2d2 71.67 168.33 240.00 286.66 291.66
piizda 70.00 163.33 226.67 266.66 272.66
p2i1d; 75.00 101.67 168.33 203.33 208.33
paizdi 66.67 85.00 150.00 181.33 187.33
paiads 65.00 70.67 118.33 130.00 138.00
pzirdz 71.67 171.67 251.67 291.33 296.33
paiad; 71.67 145.00 225.00 260.00 264.66
paindz 68.33 133.33 216.67 250.00 255.66
SEm @) 24.19 4.71 4.10 5.07 5.01
CD (0.05) NS 13.804 12.023 14.892 14.701




4.1.3 Leaf Area Index

Influence of colonization with P. indica, irrigation interval, depth of irrigation

and its interaction on leaf area index (LAI) of rice at 15, 30, 45, 60 DAT and harvest
are presented in Table 4a, 4b and 4c.

Perusal of the data revealed the significant influence of colonizing P. indica.on
LAI at all the stages of observation. LAI was found to be significantly superior at all
growth stages for colonized plants, the values being 0.91, 1.42,2.93,3.83 and 2.19 at
different growth stages ‘followed by non-colonized plants. The variation in LAI due to
irrigation interval adopted was significant at 15, 30, 45, 60 DAT and harvest. Irrigation
interval (i1) produced significantly higher LAI (0.9, 1.39, 2.98 and 3.83) at 15, 30, 45
and 60 DAT compared to iz and is. The effect of depth of irrigation on LAJ was found
to be significant at all growth stages. Plants irrigated to a depth of 3 cm (d2) produced
significantly superior LAI compared to those irrigated at 1.5 cm depth (dy).

Among two factor interactions, P x I interaction showeqd significant influence
on LAI at all stages of observation, except at 15 DAT, Colonized plants irrigated at 30
mm CPE recorded significantly superior LAI (1.56, 3.16 and 3.99) at 30, 45 and 60
DAT. Other treatments viz., pii2 (2.88), pzi; (2.80), P1i3 (2.76) and p,i, (2.64) were
superior o pafs (2.55) at 45 DAT. Interaction priz (3.81), pyi; (3.68), P2i1 (3.66) and paia
(3.36) were superior to p2i3 (3.22) at 60 DAT. Effect

of P x D interaction showed
significant influence on LAI at all stages of observatiop

- Colonized
a depth of 3 cm (p1d2) recorded maximum LAJ of 0.92, 1.64, 328

plants irrigated to
_ ) and 4.38 at 15, 30,
45 and 60 DAT respectively and were significantly Superior. The least LAl was
recorded by p2d1 (non-colonized plants irrigated to 5 depth of §

3 cm) at all stages of
observation.

ed significantly superior
LAI of 1.62, 3.39 and 4.32 at 30, 45 and 60 DAT respectively fOllow::l :P i
iz
(irgation at 33 mm CPL o & depth of 3 cm) that had LA () 4, 4 0 and 3 99)yt 302
45 and 60 DAT respectively, which were on par With ixd, gy 30 and 45 DAT. a
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Effect of P x I x D was significant at all stages of observation, except at 15 DAT.
P. indica colonized plants irrigated at 30 mm CPE toa depth of 3 cm (pii1dz) led to the
maximum LAI of 1.80, 3.54 and 4.54 at 30, 45 and 60 DAT, which were significantly
superior to the rest. At the same irrigation interval and depth, non-colonized plants
(p2i1dz) produced LAI of 4.1 at 60 DAT, which was 10.73 per cent lower than colonized
plants. The lowest LAI of 0.90, 2.17 and 2.87 were recorded with pzizdi (non-colonized
plants irrigated at 40 mm CPE to a depth of 1.5 cm) at 30, 45 and 60 DAT respectively.
At the same interval and depth, colonized plants (p1i3di) recorded LAI of 3.13 at 60
DAT, which was 9.05 per cent higher than non-colonized plants under severe stress

situation.

Table 4a. Effect of colonizing with P. indica, irrigation interval and depth of irrigation

on leaf area index
Treatments 15DAT | 30 DAT | 45DAT | 60 DAT | Atharvest
Colonizing with P. indica (P)
p1(P. indica colonized rice) | 0.91 1.42 2.93 3.83 2.19
pa(non-colonized rice) 0.84 1.13 2.67 3.42 2.03
SEm &) 0.01 0.01 0.01 0.01 0.04
CD (0.05) 0.033 | 0.027 | 0.032 | 0.042 0.122
Trrigation interval 1)) -
i; (30mm CPE) 0.90 1.39 2.98 3.83 2.03
i2 (35mm CPE) 0.87 1.25 2.76 3.59 2.14
—aommorn) | 08 | M8 | 265 | 345 2.15
SEm @) — [ 001 | o001 001 | 002 0.05
CD (0.05) —1 0040 | 0034 | 0039 [ 0051 | 0.149
Depth of irrigation (DT—_—,
& (1.5cm) — | 085 1.08 243 | 3.17 199
d> (3cm) — | 0.90 1.47 3.17 4.07 2.23
SEm (%) — | oo 0.01 0.01 0.01 0.04
CD (0.05) 0.033 0.027 0.032 | 0.042 0.122

R
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Table 4b. Interaction effects of colonizing with P, indica, irrigation interval and depth
of irrigation on leaf area index

Interactions -~ 15DAT | 30 DAT [45DAT [ 60 DAT | At harvest
PxI interaction
- 0.93 1.56 | 3.16 3.99 2.15
— 0.91 140 | 283 3.81 2.20
— 0.88 132 | 276 3.68 2.20
— 0.87 123 | 2380 3.66 1.91
— 0.84 110 | 263 3.36 2.09
2 0.82 1.04 | 2355 3.22 2.09
= 0.02 002 | 002 0.02 0.07
Do) NS 0.047 | 0.055 | 0073 0.211
PxD interaction I ]
—° 0.90 1.21 259 | 323 2.15
— 092 | 164 328 | a3 2.22
5 0.82 096 | 223 3.06 1.83
prds 0.87 129 | W? 2.23
SEn @ 0.02 WWW 0.06
D ©0.03) 0.046 WWW 0.172
IxD interaction - T
v 0.88 W?W 57
= 0.85 WW%T
e 083 | 099 WWT
e 0.92 WWWW
i2d2 0.89 | 14 W%T
e 0.87 1.37 W%'\
Y 0.02 WWWL
D (0.03) NS 0.047 | 0,053 ();,\72 l
772 | oo

\



Table 4c. Effects of PxIxD interaction on leaf area index
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Treatment combinations | 15 DAT | 30 DAT | 45DAT | 60 DAT | At harvest
piiidi 0.92 1.32 2.78 344 2.24
| piiadi 0.91 1.22 2.59 3.27 2.04
piisds 0.87 1.09 2.39 3.13 2.17
priidz 0.95 1.80 3.54 4.54 2.07
prizdz 0.91 1.58 3.16 4.35 2.36
prisdz 0.90 1.55 3.13 4.24 2.24
| pairds 0.84 1.02 2.37 3.23 1.70
paiady 0.81 0.97 2.29 3.09 1.84
paisd; 0.80 0.90 2.17 2.87 1.95
p2i1d2 0.90 1.45 3.24 4.10 2.12
paiads 0.88 1.24 3.00 3.63 2.34
paisd 0.85 1.19 2.93 3.57 2.23
SEm () 0.03 0.02 0.03 0.03 0.10
CD (0.05) — | NS 0.067 | 0.096 | 0.102 0.298
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4.1.4 Dry Matter Production at Harvest

Table 5a, 5b, Sc present the effects of colonization with P, indica, irrigation

interval and depth of irrigation on dry matter production (DMP) in rice.

The data revealed that main and interaction effects of all the factors were
significant on DMP at harvest. P. indica colonization (3630.94 kg hal) was
significantly superior to non-colonized plants (3161.56 kg ha™). Irrigation at 30 mm
CPE produced significantly superior DMP of 3789.24 kg ha™! compared to the plants
irrigated 35 mm (3322.22 kg ha') and 40 mm CPE (3077.29 kg hal), Depth of
irrigation did also significantly influence the DMP at harvest, Irrigation to a depth of 3
cm (d2) resulted in significantly higher DMP (3880.19 kg ha) over d,.

Among the first order interactions, P x I registered significant variation in DMP
at harvest. The combination of pri1 (colonization with plants irrigated at 30 mm CPE)
was significantly superior (4090.89 kg ha™!), followed by pii2 (3512.63 kg ha') which
was on par with pzi1 (3487.58 kg ha™). Effect of P x D interaction showed significant
variation with superiority of pidz (4034.47 kg ha), followed by pd, (3725.91 kg ha

1Y. The least DMP (2597.20 kg ha!) was recorded in P2di1 (non-colonized plants irrigated

to a depth of 1.5 cm). Effect of I x D interaction on DMP was significant with 11d2
(irrigation at 30 mm CPE to a depth of 3 cm) having the highest value (4260.07 kg ha"
"), followed by i2d (3772.68 kg ha). The lowest DMP (2546.69 kg ha

1) was recorded
in iad;.
P x I x D also exhibited significant variation in DMp with

piiidz resulting in
significantly superior value (4559.26 kg ha™),

followed by paid, (3960.1 kg ha')
which was on par with pii2dz. There was 15.12 per cent enhancement in DMP in P

indica colonized plants irrigated at 30 mm CPE o g depth of 3 ¢y over non-colonized
plants at the same irrigation frequency. Other freatments, p,j,d, (3852.17), paird,
(3693.07), priadz (3691.31), prird: (3621.86), paisd; (3524.46), Piad1 (3173.09), pyiyd,
(3014.95), prisd: (2887.30) and pziad: (2570.56) were superior 1o Paisd: (2206.08)
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Table 5a. Effect of colonizing with P. indica, irrigation interval and depth of irrigation

on dry matter production
Treatments Dry matter production
(kg ha™)
Colonizing with P. indica (P)
p1 (P. indica colonized rice) 3630.94
p2 (non-colonized rice) 3161.56
SEm (%) 16.48
CD (0.05) 48.368
Irrigation interval (I)
i1 (30 mm CPE) 3789.24
i2 (35 mm CPE) 3322.22
i3 (40 mm CPE) 3077.29
SEm (&) 20.19
CD (0.05) 59.238
Depth of irrigation (D)
di (1.5 cm) 2912.31
d2(3 cm) 3880.19
SEm (%) 16.48
CD (0.05) 48.368
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Table 5b. Interaction effects of colonizing with P. indica, irrigation interval and depth

of irrigation on dry matter production

Interactions Dry matter production
(kg ha™)

P x ] interaction

pil1 4090.89

pii2 3512.63

p1is 3289.30

p2i1 3487.58

p2i2 3131.82

p2i3 e 2865.27

SEm (%) 28.55

CD (0.05) 83.775

P x D interaction

pidi 3227.42

pid 4034.47

p2di 2597.20

p2d: 3725.91

SEm (%) 2331

CD (0.05) 68.402

I x D interaction

i L

il S

isd; W

e 426007

1..2d2 N W

isd \3m788\

SEm (&) v
] 28.55

CD (0.05) W

\



Table 5c. Effect of P x I x D interaction on dry matter production

Treatment combinations Dry matter production
(kg ha™)
piirdi 3621.86
prizd; 3173.09
; 4559.26
piiid2
; 3852.17
pii2d2
n 3691.31
piizd2
. 3014.95
p2iid
. 2570.56
p2i2di
. 2206.08
p2isdi
. 3960.21
p2i1d2
- 3693.07
p2i2d2
- 3524.56
p2isd2
- 40.38
SEm ()
118.476

CD (0.05)

51
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Table 5b. Interaction effects of colonizing with P. indica, irrigation interval and depth

of irrigation on dry matter production

Interactions Dry matter production
(kg ha)

P x I interaction

pii1 4090.89

pii2 3512.63

puis 3289.30

p2i1 3487.58

p2i2 3131.82

p2is 2865.27

SEm () 28.55

CD (0.05) 83.775

P x D interaction

pidi 3227.42

pid2 4034.47

p2di 2597.20

p2dz 3725.91

SEm (%) 2331

CD (0.05) 68.402

I x D interaction

i S aa—

iad W

isd W

n1d2 ‘W

fzdz \W

isdz W

SEm (¥) \\2855

CD (0.05) I e

- 83.775

\



Table 5c. Effect of P x I x D interaction on dry matter production

Treatment combinations Dry matter production
(kg ha™)
piiidi 3621.86
pii2di 3173.09
prisdi 2887.30
piird2 4559.26
piizd2 3852.17
piisd: 3691.31
pzirdi 3014.95
paizdi 2570.56
paizdi 2206.08
it 3960.21
prizdz 3693.07
pzizd 3524.56
SEm &) 40.38
CD (0.05) I 118.476

51
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4.2 YIELD AND YIELD ATTRIBUTES
4.2.1 Productive Tillers m2

Rmult; on the effect of colonizing with P. indica, irrigation interval, depth of

irrigation and their interaction on productive tillers m2 are presented in Table 6a, 6b
and 6¢.

Results showed that P. indica colonization resulted in significantly superior

number of productive tillers m (222.84) compared to non-colonized plants (149.16).

Irrigation interval could also significantly influence the Productive tillers of rice,
Irrigation at 30 mm CPE (i1) reported significantly superior number of productive tillers
m™ (210.10), followed by irrigation at 35 mm CPE (191.25) and 40 mm CP
Depth of irrigation also did significantly influence the productive tiller
Significantly superior number of productive tillers m-2 (223.88) was produced at
irrigation to a depth of 3 cm followed by irrigation given to a depth of 1.5cm (148.12).

Among the first order interactions, P x | interaction could s

E (156.66).
number m=2,

ignificantly influence
the number of productive tillers m? in rice, P, indica colonized

Plants irrigated at 30
mm CPE brought about significantly superior number of productive tillers m?(250.20).
Interaction P x D significantly influenced the number of Productive tillers my

2.P. indica
colonized plants irrigated to a depth of 3 ¢m (P1d2) produc

ed significantly superior
number of productive tillers m (256.11),

followed by non-colonized plants
a depth of 1.5 cm (191.66). The least number of Productive tillers

recorded in non-colonized plants irrigated to 5 depth of 1.5 ¢y (p2d,

irrigated to
m? (106.66) was
).

The number of productive tillers m=2
. mm CPE to 5 depth of 3 ¢, (i1d2) evinced
significantly higher number of productive tillerg m? (239.16), whicp, Was on par with
i2dz (224.16). Significantly the lowest number of produy,

ctive tillers -2 (105.00) was
reported in i3di (irrigation at 40 mm CPE to 5 depthof 1 5 Cm).

Among the second order interactions, treatment

combination pj;d, was found
to be significantly superior with 275.00 Productive ¢

lers m?2, followed by Prizd; with

. . -2 : .
251.66 productive tillers m”, which was on pag wig, Prisdz (241.66), followeq by priid;
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(225.40), piizdi (210.00), p2i1d2 (203.33). There was 35.24 per cent enhancement in
productive tillers in P. indica colonized plants irrigated at 30 mm CPE to a depth of 3

cm over non-colonized plants irrigated at same interval and depth.

4.2.2 Filled Grains Per Panicle

Results on the effect of colonizing with P. indica, irrigation interval, depth of

irrigation and their interaction on filled grains per panicle are presented in Table 6a, 6b

and 6c¢.

The data revealed that the main effects of all the factors significantly influenced

filled grains per panicle. Significantly superior filled grains per panicle (81.11) was
plants, followed by non-colonized plants (69.66).

recorded in P. indica colonized
Irrigation at 30 mm CPE produced significantly higher filled grains per panicle (84.58),

followed by iz (73.83) and i3 (67.75)- Irrigation to a depth of 3 cm depth caused superior

filled grains per panicle (89.88).

Among the first order interactions, effect of P x L, P x D and I x D were

significant. In the case of P x I interaction, significantly superior filled grains per
in pii1 (92.00), followed by piiz (78.83). In case of P x D

interaction, significantly superior filled grains per panicle were produced in pid
ed by p2d2 (82.77). In the case of I x D, significantly higher filled grai

(97.00), follow
per panicle (100.83) Was followed by i2dz (87.66). The lowest number

of filled grains per panicle &
depth of 1.5 cm).

panicle was observed

recorded in i1d2,
4.33) was recorded in isdi (irrigation at 40 mm CPE to a

second order interactions, treatment combination piiid2 produced

Among the
panicle (1 11.33), which was 23.24 per cent higher

significantly higher filled grains PeT

over non-colonized plants
rded in p2izdi (49.66).

irrigation frequency. The least number of filled

grains per panicle was reco
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Table 6a. Effect of colonizing with P. indica, irrigation interval and depth of irrigation
on productive tillers m?, filled grains per panicle, sterility percentage and thousand

grain weight.
Treatments deuctiv; Filled Sterility | Thousand
tillers m* grams per | percentage grain
panicle weight (g)
Colonizing with P. indica
p1(P.indica colonized rice ) 222.84 81.11 13.37 22.54
P2 (non-colonized rice) 149.16 69.66 16.48 22.55
SEm () 2.97 0.60 0.14 0.03
CD (0.05) 8.717 1.769 0.406 NS
Irrigation interval (I)
i1 (30 mm CPE) 210.10 84.58 13.01 22.94
13 (40 mm CPE) 156.66 67.75 16.86 22.33
SEm () 3.64 0.74 0.17 0.04
CD (0.05) 10.676 2.166 0.498 0.133
Depth of irrigation (D)
d; (1.5 cm) 148.12 60.88 18.22 21.73
dz (3 cm) 223.88 89. :
88 11.63 23.36
SEm (¥) 2.97 0.60 0.14 0.04
CD (0.05) 8.717 WW :
-\ 0.108
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Table 6b. Interaction effects of colonizing with P. indica, irrigation interval and depth of
irrigation productive tillers m*, filled grains per panicle, sterility percentage and thousand grain

weight.

Interactions | Productive tillers | Filled grains Sterility Thousand grain
m per panicle percentage weight (g)
P x I interaction
piil 250.20 92.00 11.71 22.95
piiz 230.83 78.83 13.35 22.38
pii3 187.50 72.50 15.05 22.28
p2i1 170.00 77.16 14.32 22.94
p2i2 151.66 68.83 16.47 2234
p2is 125.83 63.00 18.66 22.38
SEm (&) 5.147 1.044 024 0.064
CD(0.05) 15.099 3.063 0.704 NS
P x D interaction
pidi 189.57 65.22 16.44 21.69
pid2 256.11 97.00 10.30 23.39
p2di 106.66 56.55 20.00 21.77
padz 191.66 82.77 12.96 23.34
SEm @) 2202 0.853 0.20 0.052
CD(0.05) 12.328 2.501 0.575 NS
I x D interaction -
iidi 8103 | 6833 15.93 22.19
iad) 158.33 60.00 17.97 21.53
isdy 10‘5.406/'— 54.33 20.77 21.46
ird; 53916 | 10083 10.10 23.70
iads 2416 | 8766 11.85 23.19
idz 20835 | 8L 12.95 23.20
SEm (2) s | oM 0.24 0.064
CD (0.05) 15009 | 3068 1 o04 NS
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Table 6c. Effect of P x I x D interaction on productive tillers m?, filled grains per
panicle, sterility percentage and thousand grain weight,

Treatment combinations | Productive Filled Sterility Thousand
. tillersm? | grains per Percentage | grain weight
panicle (8)
piiid; 225.40 72.66 14.62 22.17
pii2d; 210.00 64.00 16.06 21.56
prisds 133.33 59.00 18.64 21.33
piiidz 275.00 111.33 8.80 23.74
pii2dz 251.66 93.66 10.63 23.21
piisd2 241.66 86.00 11.46 23.23
p2iidi : 136.66 ' cw_64.00 17.25 2221
p2i2di 106.66 56.00 19.87 21.50
—" 76.66 49.66 22.88 21.60
prirds 203.33 90.33 11.38 23.67
—" 196.66 81.66 13.06 2317
paisdz 175.00 76.33 14.43 2317
SEm (@) 7.28 1.47 034 0.09
CD (0.05) 21.353 4332 0.995 NS
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4.2.3 Sterility Percentage

Influence of colonization with P. indica, irrigation interval, depth of irrigation

and their interaction on sterility percentage are presented in Table 6a, 6b and 6¢c.

Perusal of the data revealed the significant influence of P. indica colonization
on sterility percentage. The lowest sterility percentage (13.37) was recorded in P. indica
colonized plants. The sterility percentage was the lowest (13.01) in i) followed by iz
(14.90). Rice plants irrigated to a depth of 3 cm had significantly lower sterility
percentage (11.63) compared to plants irrigated to a depth of 1.5 cm (18.22).

Among the two factor interactions, the effect of P x I, P x D and I x D were
significant. In the case of P x 1 interaction, p1i1 had a lower sterility percentage (11.71)
and the highest sterility percentage (18.66) was observed in p2is. P. indica colonized
plants irrigated to a depth of 3 cm (p1d2) led to the lowest sterility percentage (10.30),
followed by p2d2 (12.96). Irrigation at 30 mm CPE to a depth of 3 cm (i1d2) had the
Jowest sterility percentage of 10.09, followed by izd; (11.84). The highest percentage
of sterility (20.76) was recorded in i3d1 (irrigation at 40 mm CPE to a depth of 1.5 cm)

P x I x D interaction significantly influenced the sterility percentage of rice.
Colonized plants irrigated at 30 mm CPE to a depth of 3 cm exhibited the lowest sterility

percentage (8.80) followed by pri2d2 (10.63). Higher sterility percentage of 22.88 was

recorded in non-colonized rice plants irrigated at 40 mm CPE to a depth of 1.5 cm

(p2isd1).
4.2.4 Thousand Grain Weight

Tables 6a, 6b and 6¢ represent the influence of P. indica, irrigation interval and

depth of irrigation on thousand gr2i% weight of rice. Colonization with P. indica showed
no significant influence on thousand grain weight of rice. However, irrigation interval
and depth of irrigation had significant effect on it. Irrigation at 30 mm CPE marked
significantly superior thousand grain weight (22.94), followed by iz (22.36), which was
on par with i3 (22.33). Maximum thousand grain weight of 23.36 Was recorded in

irrigation depth of 3 cm, followed by di (21.73).
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Two factor interactions and three factor interactions could not influence
thousand grain weight of rice.

4.2.5 Grain Yield

Table. 7a, 7b, and 7c represent the effects of P, indica, irrigation interval and
depth of irrigation on grain yield of rice.

The results showed that colonizing with P. indica, irrigation interval and depth
of irrigation had significant influence on grain yield of rice, Plants colonized with P,
indica produced significantly superior grain yield (2056.71 kg ha™") over non- colonized
rice (1755.61 kg ha). Grain yield was found to be significantly superior in plants

irrigated at 30 mm CP]?. (2165.82 kg ha™!), followed by iz (1851.14 kg ha!). The lowest

in yield was recorded in i3 (1701.52 kgha™). The influence of depth of irrigation

showed significant effect when irrigated to a depth of 3 ¢m compared to 1.5 cm depth
Among the first order interactions, P x I interaction exerted significant effect on
grain yield. Maximum grain yield (2366.01 kg ha'!) was recorded in P, indica colonized
rice irrigated at 30 mm CPE (p1i1). In general, non ~colonized plants
yield with any of the irrigation interval tested. The lowest grain yield

was recorded in pis. It was found that colonization with P. indica increaseq grain yield
by 20.37 per cent when irrigated at 30 mm CPE,

recorded a lower
(1564.60 kg ha'l)

P x D interaction also registered significant Variation in
colonized plants irrigated to a depth of 3 cm wag significantly
yield of 2332.55 kg ha™'. The next best yield wag recorded in non-colongy ed plants
irrigated to a depth of 3 cm (2128.01 kg ha'l), At the $ame irrigatiop depth of 3 :manP
indica colonized plants evinced 9.6 per cent increase in yield over on-<olonizad o > P,
Colonized plants produced a higher yield of 1780.86 kg ha'! plants.

plants irrigated to a depth of 1.5 cm had the lowest vield of 1383 22 kg ~colonized
) g ha™,

grain yield. P, indicq
Superior with a grain

significantly higher than

1
l.cg ha'l) wag Produced in plants
Significant]y inferior.

rest of the treatments. The lowest grain yield (13 54.58
irrigated at 40 mm CPE to a depth of 1.5 cm anq was
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Among the second order interactions, piiid2 produced significantly superior
yield (2698.56 kg ha!), followed by pziid2 (2304.73 kg ha™). At the same irrigation
interval and depth (30 mm CPE and 1.5 c¢m), there was 17 per cent yield variation
between colonized and non-colonized plants. Among the colonized plants, pii2d2
recorded grain yield of 2188.43 kg ha™ and was on par with pjizd2. The lowest yield
1142.93 kg ha'! was recorded in non-colonized plants irrigated at 40 mm CPE to a depth

of 1.5 cm.

Table 7a. Effect of colonizing with P. indica, irrigation interval and depth of irrigation
on grain yield, straw yield and harvest index.

Treatments Grain yield Straw yield Harvest
gta) | gty | O
Colonizing with P. indica
p1 (P. indica colonized rice ) 2056.71 2393.70 0.46
p2 (non-colonized rice) 1755.61 2132.50 0.45
SEm (%) 16.50 17.46 0.01
CD (0.05) 48.405 51.238 NS
Irrigation interval (I)
i1 (30 mm CPE) 2165.82 2471.47 0.46
i2 (35 mm CPE) ' 1851.14 2232.25 0.45
i3 (40 mm CPE) 1701.52 2085.57 0.45
SEm (&) 20.21 21.39 0.01
CD (0.05) 59.284 62.753 NS
Depth of irrigation (D)
d1 (1.5 cm) 1582.04 2012.35 0.44
d2(3 cm) 2230.28 2513.85 0.47
SEm () - 16.50 17.46 0.01
CD (0.05) — | 48.405 51.238 | NS




Table 7b. Interaction effects of colonizing with P. indica,
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irrigation interval and depth
of irrigation on grain yield, straw yield and harvest index.
Interactions . Grain yield Straw yield Harvest index
(kg ha'!) (kg ha™)
P x I interaction
puir 2366.01 2630.00 0.47
pii2 1965.58 2348.80 0.45
p1is 1838.45 2202.30 0.45
p2ii 1965.55 2312.95 0.45
p2i2 1736.70 2115.70 0.45
p2i3 1564.60. 1968.85 0.44
SEm (¥) 28.58 30.25 0.01
CD (0.05) 83.841 NS NS
P x D interaction
pidi 1780.86 2192.16 0.44
pid2 2332.55 2595.23 0.47
p2di 1383.22 1832.53 0.43
p2d2 2128.01 243246 0.46
SEm () 23.33 2470 T oni
CD (0.05) 68.456 72461 | NS
I x D interaction T
irds 1830.00 WW
iad) 1561.55 WW
isdy 1354.58 1791 —F—m7m
i:dz 2501.65 :Z:*:O'L
iad2 2140.73 2482.1 0 L
isd2 2048.46 2372.00 &_
' 0.46
SEm (+) 28.58 30.25 W
CD (0.05) 8WWN\S
\
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Table 7c. Effects of PxIxD interaction on grain yield, straw yield and harvest index

Treatment combinations Grain yield Straw yield Harvest index
(kg ha') (kg ha!)

piiidi 2033.63 2411.86 0.45
piiadi 1742.73 2166.60 0.44
piiadi 1566.23 1998.04 0.43
piirdz 2698.56 2948.13 0.47
pii2d2 2188.43 2531.00 0.46
piizd2 2110.66 2406.56 0.46
p2irdi 1626.36 2099.13 0.43
p2i2di 1380.36 1798.20 0.43
p2isd; 1142.93 1600.26 0.41
p2irdz 2304.73 2526.76 0.47
paiz2dz 2093.03 2433.20 0.46
p2isdz 1986.26 2337.43 0.45
SEm (£) 40.42 42.78 0.01
CD (0.05) 118.569 125.506 NS
4.2.6 Straw Yield

Results on the effect of colonizing with P. indicq, irrigation interval, depth of
irrigation and their interaction on straw yield are furnished in Table 7a, 7b and 7c.

Individual effects of P. indica colonization, irrigation interval and depth of
had significant influence on straw yield. Significantly superior straw yield
(2393.70 kg ha'!) was recorded with the colonization of P, indica. Irrigation interval i,
(30 mm CPE) produced superior stra¥ yield (2471.47 kg ha') followed by i2 (2232.25
kg ha") and is (2085.57 kg ba"). Depth & (3t 3 cm) could produce superior straw yield
di (201235 kg ha),

irrigation

(2513.85 kg ha™!), followed by
Among the interactions, P x I'and I x D could not significantly influence the

straw yield of rice. Among the P x D interaction, P. indjcq colonized plants irrigated to
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a depth of 3 cm (p1d2) produced significantly superior straw yield (2595.23 kg ha™),
followed by p2dz. The lowest straw yield (1832.53 kg ha™!) was recorded in pad.

The effect of P x I x D could significantly influence the straw yield of rice. P.
indica colonized plants irrigated at 30 mm CPE to a depth of 3 cm (p1i1d2) produced
significantly higher straw yield (2848.13 kg ha'!),

followed by pii>d, (2531 kg ha'l)
which was on par with pziidz, piiadz,

p2i2d2 and paisd,. Straw yield was enhanced by
12.71 per cent in P. indica colonized plants irrigated at 30 mm CPE to a depth of 3cm
over non-colonized plants at same irrigation frequency.

4.2.7 Harvest Index

Table 7a, 7b and 7c present the effect of P, indica, irrigation interva] and depth

of irrigation on harvest index. P. indicq colonization, irrigation interva] and depth of
epth o

irrigation did not influence the harvest index of rice,

Theeﬁ'ectofoI,PxD,IxDandPxIxDWerenots

. ' ignificant on harvest
index of rice.

4.3 ROOT OBSERVATIONS
4.3.1 Rooting Depth

Influence of P. indica colonization, irmigation interval and g B
rooting depth are furnished in Table 8a, 8b ang g pth of irrigation on

plant at all stages of observation. P. ingic, colonized p;::l:sh € rooting de.pth of rice
superior rooting depth of 8.32, 14.79, 22 3 1,25.11 ang 26.06 ¢ Produced Significantly
and harvest respectively. Irrigation given at 35 mm Cp m at 15, 30, 45, 60 DAT
depth of 14.25 and 21.67 at 30 and 45 p

AT respectively
mm CPE) and i3 (40 mm CPE). At 60 DAT and harvegt

E produceq Superior rooting

Which wag followed by i, (30

and 25.94 respectively) was recorded at j, (30 mm CPE). R, g o,
-Reg

plants irrigated at 3 cm exhibited the highest rooting deog arding depth of irrigation,
and 29.24 cm) at all growth stages. Pth (8.35, 16.35,



63

Among the first order interactions, P. indica colonized plants irrigated at 30 mm

CPE observed the highest rooting depth at 60 DAT and harvest (25.99 and 27.23)

followed by piiz. Non-colonized plants irrigated at 40 mm CPE produced the lowest

rooting depth (21.63 and 22.89 cm) at 60 DAT and harvest respectively. The effects of

Ix D were found to be significant on rooting depth of rice at all stages of observation.

a colonized plants irrigated to a depth of 3 cm (p1d2) produced superior rooting

P. indic
depth of 17.75, 27.03, 29.14 and 29.77 cm at 30, 45, 60 DAT and harvest respectively

followed by p2d2 (non-colonized plants
gated at 35 mm CPE to a depth of 3 cm produced significantly

Rice plants irri
th viz., 17.85, 27.52, 29.66 and 30.00 cm at 30, 45, 60 DAT and

irrigated to a depth of 3 cm).

superior rooting dep
harvest respectively, followed by irrigation given at 40 mm CPE to a depth of 3 cm. The

rooting depth of 9.64, 13.69, 17:13 and 1846 em at 30, 45, 60 DAT and harvest

lowest
respectively were recorded with irrigated at 40 mm CPE to a depth of 1.5 cm.

Among the second order interactions, P. indica colonized rice plants irrigated at

35 mm CPE to a depth of 3 cm recorded signific
and 28.98 cm at 30 and 45 DAT. There was 19.01 per cent higher rooting depth in
lants irrigated at 35 mm CPE to a depth of 3 cm over non-colonized plants

DAT. There was 15.53, 26.13 and 21.93 per cent

antly superior rooting depth viz., 19.4

colonized p

irrigation schedule at 30
P. indica colonized plants over non-colonized plants

£1.5 cm at 30, 60 DAT and harvest respectively.

at same

enhancement of rooting depth in

irrigated at 40 mm CPE to 2 depth 0



Table 8a. Effect of colonizing with P. indica, irrigation interval and depth of irrigation

on rooting depth, cm
Treatments 15DAT | 30 DAT | 45DAT |60 DAT | At harvest
Colonizing with P, indica ®
P(P. indica colonized | 832 | 1479 | 2211 25.11 26.06
rice)
p2(non-colonized rice) 800 | 1247 [ 1929 | 2270 24.11
SEm @) 0.04 0.07 0.06 0.09 0.09
CD (0.05) 0.108 | 0214 | 0166 | 0.269 0.274
Irrigation interval (I)
ii(30mm CPE) 832 1 1340 | 2043 | 2441 25.94
i2(35 mm CPE) 820 | 1425 | 2167 | 2239 25.30
i3 (40 mm CPE) 796 | 1323 | 1993 22.92 24.01
SEm @ 0.04 0.09 0.07 0.11 0.11
CD (0.05) 0.133 [ 0262 [ 0204 0.330 0.336
Depth of irrigation (D)
di (1.5 cm) 797 | 1091 | 1587 19.53 20.93
& (3 om) 8.35 1635 | 2535 2828 29.24
SEm @) 0.04 0.07 0.06 | 0.00 0.09
CD (0.05) 0108 | 0214 | 0166 0.260 0.274

R




65

Table 8b. Interaction effects of colonizing with P. indica, irrigation interval and depth

of irrigation on rooting depth, cm

Interactions | 15 DAT 30 DAT 45 DAT 60 DAT At harvest
PxI interaction
pii1 8.46 14.46 21.73 25.99 27.23
pii2 8.35 15.54 23.05 25.12 25.81
piis 8.16 14.37 21.53 24.21 25.14
p2i1 8.18 12.35 19.14 22.83 24.66
p2iz 8.06 12.96 20.30 23.66 24'_79
p2is 7.76 12.10 18.43 21.63 22.89
SEm (&) 0.06 0.13 0.10 0.16 0.16
CD (0.05) NS 0.371 0.288 0.467 0.475
PxD interaction
pidi 8.17 11.83 17.18 21.08 22.35
pidz 8.47 17.75 27.03 29.14 29.77
p2di 7.77 9.99 14.57 17.99 19.51
p2dz 8.23 14.95 24.01 27.42 28.71
SEm &) 0.05 0.10 0.08 0.13 0.13
CD (0.05) NS 0.303 0.235 0.381 0.388
IxD interaction
iidi 8.18 12.45 18.10 22.36 23.72
s 8.06 10.65 15.83 19.11 20.60
o —T 768 | 964 13.69 17.13 18.46
y 546 | 1436 22.77 26.46 28.17
= <35 | 178 27.52 29.66 30.00
_ ‘—8'2'3""' — 16.83 26.28 28.71 29.57
s T 0.13 0.10 0.16 0.16
SEm () 0.06 i

— | 0371 0.288 0.467 0.475
CD (0.05) ﬂ i




Table 8c. Effects of PxIxD interaction on rooting depth, cm
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Treatments | 15DAT | 30DAT [ 45DAT | 60DAT | Atharves
prird; 8.36 13.48 19.17 2376 25.14
.~ 8.20 11.68 17.12 2037 21.62
piisd; 7.96 10.34 1524 19.11 20.29
piiid 8.56 15.43 24.29 28.22 29.33
Piizds 8.50 19.40 28.98 29.86 30.00
orisds 8.36 18.41 27.83 2932 30.00
paidy 8.00 11.41 17.03 20.96 2231
s 7.93 9.63 14.54 17.85 19.58
paisdy 7.40 8.95 12.13 15.15 16.64
paitd; 8.36 13.30 21.24 24.70 27.01
vy 8.20 1630 26.06 29.46 30.00
"y 8.13 15.25 24.74 28.10 29.14
SEm () 0.09 0.18 0.14 0.22 0.23
CD (0.05) 0.265 0.525 0.408 0.660 0.672

\\
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4.3.2. Root Volume

Variations in root volume with respect to colonization with P. indica, irrigation

interval and depth of irrigation are presented in Table 9a, 9b and 9c.

It was noticed that P. indica colonization, irrigation interval and depth of
irrigation had significant effect on root volume of rice at all stages of observation.
Colonized plants produced significantly superior root volume at all growth stages
compared to non-colonized plants. Irrigation at 30 mm CPE had superior root volume
at all stages of observation compared to 35 mm and 40 mm CPE. Depth at 3 cm showed
significantly higher root volume at all growth stages compared to irrigation given at 1.5

cm.

Among the first order interactions, the effect of P x I significantly influenced the
root volume at all growth stages of observation. Colonized plants irrigated at 30 mm
CPE exhibited significantly superior root volume of 13.15, 21.86, 35.42 and 37.16 cm?
at 30, 45, 60 DAT and harvest respectively followed by pii2. The effect of P x D was
significant at all growth stages, except at 15 DAT. P. indica colonized plants irrigated
to a depth of 3 cm (p1d2) recorded superior root volume (14.23, 23.74, 44.19 and 45.54
cm? at 30, 45, 60 DAT and harvest respectively), followed by p,dz. The lowest root
volume was registered with non-colonized rice plants irrigated to a depth of 1.5 cm (3,
6.22, 10.11 and 11.14 cm® at 30, 45, 60 DAT and harvest respectively).

The effect of I x D interaction was significantly superior with irrigation at 30
cm on root volume. At 15, 30, 45, 60 DAT and harvest the

1.6, 16.68, 28.75, 46.14 and 48.00 cm® respectively.

mm CPE to a depth of 3
recorded root volume was
Second order interactions, P x I x D significantly influenced the root volume at
15, 30, 45, 60 DAT and harvest. P. indica colonized plants irrigated at 30 mm CPEtoa
depth of 3 cm caused significantly superior root volume (18.86, 32.16, 50.57 and 52.56
cm’ at 30, 45, 60 DAT and harvest respectively). This was followed by P. indica
colonized plants irrigated at 35 MM CPE t0 a depth of 3 cm (pii2d2) (44.64 and 45.80

cm?) at 60 DAT and harvest respectively and paiid; (14.50 cm®) at 30 DAT. P. indica

colonized rice plants irrigated at 30 mm CPE to a depth of 3 cm, showed 39.84, 30.06,

21.21 and 21.02 per cent enhancement of 100t volume at 15, 30, 60 DAT and harvest
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over noncolonized plants 4t the same irrigation schedule. P, indica colonized plants
under severe stress (i.e., irrigation at 40 mm CPE to a depth of 1.5 cm) recorded 39.21,
101.68, 44.12 and 39.06 per cent higher root volume over non-colonized plants at the
same irrigation interval and depth at 15, 30, 60 DAT and harvest respectively.

Table 9a. Effect of colonizing with P. indica, irrigation interval and depth of i irrigation
on root volume, cm3

Treatments 15DAT | 30 DAT | 45DAT | 60 DAT | Atharvest

Colonizing with P. indica (P)

p1 (P. indica colonized [ 1.19 9.51 1624 | 2914 30.40

rice) ‘

p2 (non-colonized rice) 0.97 7:08 11.86 20.52 21.82

SEm (@) 0.02 0.08 0.16 0.16 0.17

CD (0.05) 0.072 | 0243 | 0467 | 04cs 0.508

Irrigation interval (I)

i1 (30 mm CPE) 129 | 1156 | 1955 31.75 3330

i2(35 mm CPE) 0.99 7.50 1269 | 2361 24.74

i3 (40 mm CPE) 0.97 | 582 9.91 19.13 20.30

SEm (&) 0.03 0.10 0.19 0.19 0.21

CD (0.05) 0.088 | 0297 [ 036 [ 0570 0.622

Depth of irrigation (D) o

d1 (1.5 cm) 0.74 380 | 748 T o5

&G om) 1.42 12.69 20‘:582 @ o

: 7.56 39.02

SEm (¥) 0.02 | 008 | 016 06 | 7

CD (0.05) 0.072 [ 0243 ] [ 0467 | 0deeT——
—1 "7 | %466 | o508



Table 9b. Interaction effects of co

of irrigation on root volume, cm
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lonizing with P. indica, irrigation interval and depth

Interactions 1SDAT | 30 DAT | 45 DAT | 60 DAT | Atharvest
PxI interaction

piis 146 | 13.15 | 21.86 | 3542 37.16
iz 106 | 856 | 1503 | 2853 29.70
piis 104 | 681 | 11.83 [ 2347 24.35
oo 1.11 998 | 1725 | 28.07 29.43
k2 091 643 | 1035 | 18.69 19.78
—n 090 | 483 8.00 14.79 16.26
SEm @) 004 | 014 | 028 0.27 0.30
CD (0.05) 0124 | 0420 | 0809 [ 0.807 0.880
PxD interaction

o 086 | 478 | 874 14.09 15.26
ol 062 | 1423 | 2374 | 4419 45.54
o 152 | 300 [ 622 10.11 11.14
% —33 | 1115 | 1751 [ 3093 32.51
Y —0.03 0.11 0.22 0.22 0.24
5009 NS | 0343 | 0661 | 0.659 0.719
IxD interaction

. 098 | 645 | 1036 | 17.35 18.60
i | 345 | 723 | 1084 | 1205
z:: —060 | 179 4.85 8.11 8.96
_ —760 | 1668 | 2875 46.14 48.00
s [ Tiss | 1845 | 3639 | 3743
f"dz [ 985 | 1498 | 3016 | 3165
isde o | 0z | 077 | 030
SEm (£) _._0,;-2-;————@50 0809 | 0807 | 0.880
CD (0.05) T —



Table 9c. Effects of PxIxD interaction on root volume, cm?
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Treatment combinations | 15 DAT | 30 DAT | 45 DAT | 60 DAT | At harvest
piirdy 1.06 743 11.56 20.28 21.76
prizdi 0.80 4.53 8.43 12.43 13.60
priodh 0.71 2.40 6.23 9.57 10.43
piiidz 1.86 18.86 | 32.16 50.57 52.56
pii2dz 1.33 12,60 | 21.63 44.64 45.80
—" 1.36 1123 | 1743 37.38 38.26
) 0.90 5.46 9.16 14.43 15.43
pridh 0.46 2.36 6.03 9.25 10.50
s 0.50 1.19 3.46 6.64 7.50
p2ird2 1.33 1450 | 2533 41.72 43.43
p2iadz 1.36 1050 | 14.66 28.14 29.06
paizda 1.30 8.46 12.53 22.94 25.03
SEm (&) 0.06 0.20 0.39 0.39 0.42
CD (0.05) 0.176 0.594 1.144 1.141 1.245
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4.3.3 Root Shoot Ratio

Influence of colonization with P. indica, irrigation interval, depth of irrigation

and its interactions on root shoot ratio at 15, 30, 45, 60 DAT and harvest are presented

in Table 10a, 10b and 10c.

P. indica colonized plants produced significantly superior root shoot ratios of
0.186, 0.209, 0.177, 0.2 and 0.201 at all growth stages. Effect of irrigation interval and

depth of irrigation was significant on root shoot ratio at all growth stages of observation,

except at 15 DAT. Among irrigation intervals, rice plants irrigated at 30 mm CPE

exhibited significantly higher root shoot ratio at all growth stages, except at 15 DAT

followed by iz. Depth of jrrigation at 3 cm (d2) produced significantly higher root shoot

ratios of 0.228, 0.193,0.218 and 0.221 at 30, 45, 60 DAT and harvest respectively.

Among the first order interactions, effect of PxL PxDandIxD were

ficant on root shoot ratio at all stages, except at 15 DAT. P. indica colonized plants

signi
with an irrigation at 30 mm CPE showed a higher root shoot ratio at all stages of

observation, except at 15 DAT. P. indica colonized plants irrigated to a depth of 3 cm

brought about maximum root shoot ratio at all stages, except at 15 DAT. The minimum

root shoot ratio was recorded with non-colonized plants irrigated to a depth of 1.5 cm.

Significantly superior root shoot ratio viz., 0.239, 0.213, 0.234, 0.236 at 30, 45,
60 DAT and harvest respectively were recorded with iidz (irrigated at 30 mm CPE to a
depth of 3 cm), followed by i2d2 (irrigated at 35 mm CPE to a depth of 3 cm).

rder interactions, P x I x D had significant influence on root

Among the second O
shoot ratio of rice at all stages of observation, except at 15 DAT. P. indica colonized

CPE to a depth of 3 cm evinced significantly the highest root

plants irrigated at 30 mm
non-colonized plants had 0.219 at harvest at the

shoot ratio (0.254) at harvest whereas,

same irrigation schedule.
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Table 10a. Effect of colonizing with P. indica, irrigation interval and depth of irrigation

on root shoot ratio
Treatments 15DAT | 30 DAT | 45DAT | 60 DAT | At harvest
Colonizing with P. indica (P)
p1 (P. indica colonized | 0.186 | 0209 | 0.77 0.200 0.201
rice)
p2 (non-colonized rice) 0.168 | 0.183 | o0.170 0.171 0.174
SEm (£) 0.006 | 0.001 | 0.001 0.001 0.001
CD (0.05) 0017 | 0.002 | 0.002 0.002 0.003
Irrigation interval (I).
i1 (30 mm CPE) 0174 T 0316 | 0195 | o301 0.205
i2(35 mm CPE) 0.168 | 0199 | 017 0.186 0.188
i3 (40 mm CPE) 0.190 [ 0172 [ 0.152 0.168 0.171
SEm @ 0.007 | 0.001 [ 0.001 0.001 0.001
CD (0.05) NS 0.003 | 0.003 0.003 0.003
Depth of irrigation (D) o '
di (1.5 cm) 0.170 | 0.164 | 0135 0.152 0.155
4 3 om) 0185 | 0228 [ 0193 0218 0221
SEm @ 0.006 | 0.001 | 0.001 [ 0.001 0.001
CD (0.05) NS 0.002 WW .
0.003




Table 10c. Effects of PXIXD interaction on root shoot ratio
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Treatment combinations | 15 DAT | 30 DAT | 45 DAT | 60 DAT | Atharvest
piinds . 0.183 | 0193 | 0.182 | 0.183 0.184
vy 0167 | 0175 | 0155 | o0.164 0.165
piisd; 0.165 | 0154 | 0.133 | 0133 0.137
prird; 0.180 | 0242 | 0222 | 0253 0.254
"y 0.180 [ 0254 | 0.195 | 0239 0.240
piisdz 0237 [ 0235 | 0176 | 0333 0.226
paird; 0170 [ 0.194 | 0171 | 0153 0.163
Paizds 0.153 | 0153 | 0152 | o01a3 0.145
paisd; 0.177 | 0415 | 0134 | 0133 0.135
prird; 0157 | 0235 | 0203 | o031z 0.219
paizd; 0173 [ 0214 | 0.184 | o5z 0.200
— 0180 | 0185 | 0174 | o1s3 0.185
SEm () 0014 1 0.002 | 0.002 | 0003 0.002
CD (0.05) NS | 0006 |0.006 T o006 0.006
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4.3.4 Root Dry Weight

Results on the effect of colonizing with P. indica, irrigation interval, depth of

irrigation and its interaction are furnished in Table 11a, 11b and 11c

The main effects of P. indica colonization and irrigation interval significantl
y

influenced the root dry weight at all stages of observation. Plants irrigated at 30
mm

CPE produced significantly superior root dry weight (4.51, 7.94, 11.12 and 11.69

30, 45, 60 DAT and harvest respectively), followed by i2 (35 mm CPE) and i3 ;40 lgn:
CPE). Depth of jrrigation also significantly influenced the root dry weight of rice, except
ot 15 DAT. Irrigating to deeper depth at 3 cm recorded significantly higher r’oot ;I')y

weight at all stages except 15 DAT.

Among the first order interactions, the effect of P x I was significant on root dry
weight at all stages of observation. P. indica colonized plants irrigated at 30 mm CPE
exhibited maximum root dry weight (0.8, 5.39, 9.60, 12.22 and 12.77g) at all stages of
observation. This was followed by non-colonized plants irrigated at 30 mm CPE. Effect
of P x D was significant on root dry weight of rice at all stages of observation, except at
15 DAT. The highest root dry weight of 6.34, 10.37, 13.08 and 13.77 g was recorded in
pidz at 30, 45, 60 DAT and harvest and was significantly higher.

could significantly influence the root dry weight of rice, except
dry weight (7.20, 12.03, 16.84 and 17.59 g) at
was reported in i1dz, followed by i2d2 (5.36

Interaction I X D

at 15 DAT. Significantly superior root
tively

30, 45, 60 DAT and harvest respec

8.40,11.68 and 12.36 8)-
ractions, P. indica colonized plants irrigated at 30 mm

inte
rded signiﬁcanﬂy superior root dry weight (8.38, 13.77

0, 45, 60 DAT and harvest respectively. There was 28.93 and

dry weight
mm CPE to a depth of 1.5 cm at 30 and 45 DAT

weight of 0.75, 1.38, 1.97 and 2.29 g was recorded in

Among second order

CPE to a depth of 3 cm reco

18.16 and 19.06 g )at3
e in root

40.17 percent increas in P. indica colonized plants compared to

non-colonized plants
owest root dry

respectively. The 1
harvest 1€spe

paisd at 30, 45, 60 DAT and ctively and was significantly inferior.



Table 11a. Effect of colonizing with P. indica, irrigation interval and
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depth of irrigation
on root dry weight, g

Treatments 13DAT | 30DAT [ 45DAT | 60 DAT | Atbarvest
Colonizing with P. indica (P)
p1 (P. indica colonized | 0.82 | 3.9 6.75 8.78 9.33
rice )
P> (@on-colonizedrice) | 0.66 | 289 477 7.42 7.94
SEn @ 001 | o001 0.05 0.06 0.07
D005 0.039 170056 | 0161 | oigs 0.204
Irrigation interval (I)
i1 (30 mm CPE) 0.78 | 451 7.94 1L12 | 1169
i2(35 mm CPE) 0.75 | 320 5.06 7.59 8.10
i3 (40 mm CPE) 069 | 251 | 4223 5.59 6.13
S @ 002 | 02 07 T om— 0.08
CD (0.05) 0048 | 0089 [ 0197 o5 0.250
Depth of irrigation (D) T
di (1.5 cm) 0.73 123 T 239 372 4.12
d2 (3 om) 075 | 558 | o13 1248 | 1315
SEm (&) 0.01 E 0.05 0.06 0.07
CD (0.05) NS 1 0056 o1 0185 [ 30—
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Table 11b. Interaction effects of colonizing with P. indica, irrigation interval and depth

of irrigation on root dry weight, g

Interactions 15 DAT 30 DAT 45 DAT 60 DAT At harvest
PxI interaction

pii1 0.89 5.39 9.60 12.22 12.77
piiz 0.78 3.53 5.66 8.18 8.65
piis 0.80 2.84 4.99 5.94 6.58
p2i1 0.66 3.62 6.28 10.02 10.60
paiz 0.73 2.87 447 7.00 7.55
pais 0.59 2.19 3.56 5.25 5.68
SEm (%) 0.02 0.03 0.09 0.11 0.12
CD (0.05) 0.068 0.097 0.279 0.321 0.353
PxD interaction

pids 0.81 1.51 3.13 4.48 4.90
pid2 0.83 6.34 10.37 13.08 13.77
pads 0.65 0.96 1.65 2.96 3.34
p2dz 0.68 4.82 7.89 11.89 12.54
SEm (&) 0.02 0.03 0.08 0.09 0.10
CD (0.05) NS 0.079 0.228 0.262 0.289
IxD interaction

irds 0.77 1.81 3.84 5.40 5.78
iad; 0.73 1.03 1.73 3.50 3.84
iad) 0.69 0.86 1.59 2.25 2.75
ida 0.79 7.20 12.03 16.84 17.59
iad2 0.77 5.36 8.40 11.68 12.36
o 070 | 417 6.96 8.93 9.51
SEm @) 00z | 003 0.09 0.11 0.12
CD (0.05) NS ’2-097 0.279 0.321 0.353




Table 11c. Effects of PxIxD interaction on root dry weight, g

78

Treatment

15 DAT

30 DAT 45 DAT 60 DAT | Atharvest

combinations

piiidi 0.85 2.41 5.43 6.28 6.47
pui2di 0.80 1.14 2.15 4.61 5.02
prisds 0.79 0.97 1.80 2.54 3.21
piiid2 0.81 8.38 13.77 18.16 19.06
v 0.76 5.92 9.17 11.75 1228
piizd2 0.80 4.72 8.18 9.34 9.95
prinds 0.68 1.22 2.25 4.52 5.09
p2i2di 0.67 0.93 131 239 2.65
paisdi 0.59 0.75 1.38 1.97 2.29
prirdz 0.65 6.03 10.30 15.53 16.12
paind 0.79 4.81 7.63 11.61 12.44
Drisds 0.6 3.63 5.74 8.53 9.07
SEm (%) 0.03 0.05 0.13 0.15 0.17
CD (0.05) 0.096 0.137 0.395 0.454 0.500
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4.3.5 Average Root Length

Table 12a, 12b and 12c represent the influence of P. indica, irrigation interval

and depth on average root length of rice plants.

Colonization with P. indica and depth of irrigation had significant influence on
average root length at all stages of observation. Colonized plants produced significantly
superior average root length (10.74, 15.72, 19.81, 25.62 and 28.58 cm at 15, 30, 45, 60
DAT and harvest respectively). Plants irrigated at 35 mm CPE produced superior
average root length (15.9, 19.65, 24.82 and 28 cm at 30, 45, 60 DAT and harvest
respectively), followed by i1 (30 mm CPE). Regarding depth of irrigation, superior
average root length (10.94, 18.61, 23.07, 30.25 and 33.58 at 15, 30, 45, 60 DAT and
harvest respectively) was recorded in depth da.

Among the first order interactions, the effect of P x I significantly influenced the
average root length of rice at all stages of observation, except at 15 DAT. P. indica
colonized plants irrigated at 35 mm CPE recorded significantly superior average root
length (17.23, 21.30, 26.73 and 29.51 cm). P x D interaction significantly influenced
the average root length of rice at 30, 45 DAT and harvest. P. indica colonization and
plants irrigated to a depth of 3 cm resulted in significantly superior average root length
of 19.87, 24.68 and 34.97 cm at 30, 45 DAT and harvest respectively.

Among I x D interactions, i2d2 had significantly superior average root length
(21.56, 26.15, 32.39 and 34.95 cm at 30, 45, 60 DAT and harvest respectively). But at
15 DAT, irrigation at 40 mm CPE and to a depth of 3 cm (isd2) brought about a higher

average root length (11.43), which was on par with i2d2 (11.23).

Three factor interactions, P x I x D remained significant at all stages of
observation, except at 15 DAT. The highest average root length of 23.36, 28.4, 34.87
and 36.20 cm was recorded at 30, 45, 60 DAT and harvest respectively for P. indica
colonized plants irrigated at 35 mm CPE to a depth of 3 cm (pi>d;). The lowest average
root length (9.03, 10.43, 14.78 and 18.16) was recorded in non-colonized plants irrigated

at 40 mm CPE to a depth of 1.5 cm (p2i3di) 8t 30, 45, 60 DAT and harvest respectively.
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Table 12a. Effect of colonizing with P. indica, irrigation interval and depth of irrigation
on average root length, cm

Treatments 15 DAT | 30 DAT | 45 DAT | 60 DAT At harvest
Colonizing with P. indica ®)
p1 (P. indica colonized | 10.74 15.72 19.81 25.62 28.58
rice) .
p2 (non-colonized rice) 9.80 13.71 17.01 22.68 26.08
SEm (&) 0.13 0.14 0.15 0.16 0.22
CD (0.05) 0.384 0.404 0.428 0.467 0.637
Irrigation interval (I)
i1 (30 mm CPE) 1028 | 1460 [ 1859 T 2420 27.81
i2(35 mm CPE) 1030 1 1590 | 1065 |23 28.00
i3 (40 mm CPE) 10.23 13.65 17.00 23.23 26.19
SEm () 0.16 0.17 0.18 0.19 0.27
CD (0.05) NS 0.494 0.524 0.572 0.780
Depth of irrigation (D) .
di (1.5 cm) 9.60 10.82
| 13.76 18.05 21.09
d2(3 cm) 10.94 18.61 23.07
. 30.25 33.58
SEm (&) 0.13 014 | o35 — 0.16 027
. 22
CD (0.05) 0.384 0.40
4 0.428 0.467 0.637
—— [
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Table 12b. Interaction effects of colonizing with P. indica, irrigation interval and depth

of irrigation on average root length, cm

Interactions 15 DAT 30 DAT 45 DAT 60 DAT | Atharvest
PxI interaction
pii1 10.76 15.58 20.01 25.25 28.56
piiz 10.66 17.23 21.30 26.73 29.51
piis 10.80 14.36 18.13 24.89 27.68
p2ii 9.80 13.63 17.16 23.55 27.06
p2i2 9.95 14.56 18.01 22.92 26.50
poi 9.66 12.93 15.86 21.57 24.70
SEm (%) 0.23 0.24 0.25 0.28 0.38
CD (0.05) NS 0.699 0.741 0.809 1.103
PxD interaction
ol 9.94 11.57 14.94 19.47 22.20
pid 11.54 19.87 24.68 31.78 34.97
p2ds 9.26 10.06 12.57 16.64 19.98
i 1034 17.35 21.45 28.72 32.18
SEm @ —o18 | 019 0.21 0.22 0.31
D (0.05) NS 0.571 0.605 NS 0.901
IxD interaction -
= 040 | 1271 16.45 20.55 22.66
— 9?8—-"“"1})}3 13.16 17.26 21.06
— —5 | 95 11.66 1635 19.55
— MB"__T____SO_ 20.73 28.25 32.96
= 7 1—23—-' __ffi 26.15 32.39 34.95
= ] l.r 17.78 22.33 30.11 32.83
T 024 0.25 0.28 0.38
SEm ) 042‘3""' : ;699 0.741 0.809 1.103
CD (0.05) 0664 |




Table 12c. Effects of PxIxD interaction on average root length, cm
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Treatments | 1SDAT | 30DAT | 45DAT | 60DAT | Atharves:
s 1 1076 13.63 17.73 219 22.83
prods 9.76 11.10 14.20 18.58 22.83
prisdy 9.30 10.00 12.90 17.92 20.93
piird; 10.76 17.53 2230 286 3430
Prizd; 11.56 23.36 28.40 34.37 36.20
D 12.30 18.73 2336 31.86 34.43
p2irdy 10.03 11.80 15.16 192 22.50
) 9.00 9.36 12.13 15.93 19.30
paisdy 8.76 9.03 10.43 14.78 18.16
prind; 9.56 15.46 19.16 279 31.63
—— 10.90 19.76 23.90 29.91 33.70
paisd; 10.56 16.83 21.30 28.36 31.23
SEm (&) 0.32 0.34 0.36 0.39 0.53
CD (0.05) NS 0.988 1.043 1.145 1.560
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4.4 PHYSIOLOGICAL PARAMETERS

4.4.1 Proline

Results on the effect of colonizing with P. indica, irrigation interval, depth of

irrigation and its interaction on proline are furnished in Table 13a, 13b and 13c.

The main effects of all the factors were significant at PI and flowering stages.

Maximum proline at PI and flowering (83.11 and 71.83 pmole g™ respectively) were

recorded in P. indica colonized plants. Proline content declined in the order of
d ing CPE, 40 mm >35 mm > 30 mm CPE. Irrigation at 40 mm CPE produced

significantly higher proline (86.66 and 75.91 pmole g at PI and flowering), followed
(35 mm CPE) and i1 (30 mm CPE). Trrigation to lower depth of 1.5 cm showed

by i2
72 and 83.38 pmole g at PI and flowering

significantly higher proline content (%94.

respectively), over plants irrigated to a depth of 3 cm.

Among the first order interactions, P x I interaction evinced significant variation

at PI and flowering stages. Irrigation of P.

in proline
mm CPE exhibited signiﬁcantly superior proline content (92.50 and 82.66 pmole gh)

at PI and flowering. Lowest pro

indica colonized rice plants at 40

line of 59.00 and 53.33 pmole g were recorded with

pai1 (non-colonized rice plants irrigated at 30 mm CPE) at PI and flowering stage. P x
influence on proline content at PI and flowering stages

D interaction showed significant
of rice. P. indica colonized rice plants irrigated to a lower depth of 1.5 cm recorded
erior proline of 102:22 and 92.11 pmole g at PI and flowering

significantly sup ]
jonized rice plants to a depth of 1.5 cm (87.22 and

respectively, followed by non-co

74.66 pmole g™)-
D also registered significant variation on proline at PI and

flowering. Interaction id; produced superior proline of 106.50 and 96.66 pmole g
followed by izd1 (96.66 and g4.16 pmole g"") and ird1 (81.00 and 69.33 pmole g) at PI
and flowering stage respectively- The lowest proline of 48.66 and 44.50 pmole g™ were
recorded in plants irrigated E to a depth of 3 cm at PI and flowering

The effect of I x

at 30 mm CP

respectively.
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Among the second order interactions, P. indica colonized plants irrigated at 40
mm CPE to a depth of 1.5 cm produced significantly superior proline of 115.33 and

106.00 pmole g, followed by piiz2di (105.66 and 95.66 umole g

) at P and flowering.

The lowest proline content was reported with non-colonized plants irrigated at 30 mm

CPE to a depth of 3 cm (41.66 and 42.66 pmole g

1) at PI and flowering respectively.

Table 13a. Effect of colonizing with P. indica, irrigation interval and depth of irrigation
on proline and relative leaf water content.

Treatments Proline (umole gT) Relative Leaf Water
Content(%)
PI Flowering PI Flowering
Colonizing with P. indica (P)
p1 (P. indica colonized rice) 83.11 71.83 77.50 74.00
p2 (non-colonized rice) 70.94 60.44 73.61 70.33
SEm (&) 0.46 0.40 0.13 0.15
CD (0.05) 1.343 1.185 0.384 0.441
Irrigation interval (T)
11 (30 mm CPE) 64.83 56.91 79.65 76.46
i2(35 mm CPE) 79.58 6558 [ 7535 71.67
i3 (40 mm CPE) 86.66 7591 | 716g 68.36
SEm (%) 0% | 04 [ oqe— 0.18
CD (0.05) 1.644 1.451 0.470 0.541
Depth of irrigation (D)
d1 (1.5 cm) 9472 T 8335 70.76 66.35
d2 (3 om) 5933 | 4383 — 8033 5
SEm (+) il 0.13 0.15
CD (0.05) WWWW
— [ % .




Table 13b. Interaction effects of colonizing with P. indica,

of irrigation on proline and relative leaf water content.
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irrigation interval and depth

Interactions Proline (pmole gh) Relative Leaf Water Content (%)
Pl Flowering PI Flowering
P x I interaction
pii1 70.66 60.50 82.01 78.65
pii2 86.16 72.33 77.00 73.25
pii3 92.50 82.66 73.48 70.10
p2i1 59.00 53.33 77.28 7427
p2iz 73.00 58.83 73.70 70.08
p2is 80.83 69.16 69.85 66.63
SEm (£) 0.79 0.70 0.23 0.26
CD (0.05) 2.325 2.052 0.667 0.765
P x D interaction
pidi 102.22 92.11 72.64 68.70
pid2 64.00 51.55 82.35 79.30
p2di 87.22 74.66 68.87 64.01
_szz‘_'/ — 5466 | 4622 78.34 76.65
SEm &) ____ojf,, 0.57 (;)51:35 0.21
CD (0.05) — | 1.899 1.676 . 0.624
IxD interactimT_ —
g —1—3g100 | 6933 74.93 69.93
3 —o666 | 8416 71.38 66.52
D —1—706.50 | jfé 65.96 62.61
i1d2 48.66 44.50 84.36 82.99
ipd2 62.50 47.00 79.31 76.82
v %6.83 /—5—5_127 717.36 74.11
SEm @) -———577'5'” 0.70 0.23 0.26
D ©0.05) 2325 — 2.052 0.667 0.765
-
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Table 13c. Effects of PxIxD interaction on proline and relative leaf water content.

 ——— Proline (umole gT) Relative Leaf Water Content
combinations, (%)

PI Flowering PI Flowering
prird; 85.66 74.66 76.10 72.16
piiad; 105.66 95.66 73.13 68.85
— 115.33 106.00 68.70 65.10
o 55.66 46.33 87.93 85.13
prinds 66.66 49.00 80.86 77.66
piisd; 69.66 59.33 78.26 75.10
v 76.33 64.00 73.76 67.70
s 87.66 72.66 69.63 64.20
s 97.66 87.33 63.23 60.13
——» 41.66 42.66 80.80 80.85
P2izd; 58.33 45.00 71.76 75.97
Paisdz 64.00 51.00 76.46 73.13
SEm @) 1.12 0.99 0.32 037
CD (0.05) 3.289 2.903 0943 ] 1.081

—_—
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4.4.2 Relative Leaf Water Content

Results on the effect of colonizing with P. indica, irrigation interval, depth of
irrigation and its interaction on relative leaf water content (RLWC) are furnished in

Table 13a, 13b and 13c.

P. indica colonization had significant effect on RLWC of rice plants at panicle
initiation (PI) and flowering stages. Maximum RLWC of 77.50 and 74.00 per cent
respectively were measured at PI and flowering stages in P. indica colonized plants
against RLWC of 73.61 and 70.33 per cent in non-colonized plants. Irrigation interval
was significantly superior for plants irrigated at 30 mm CPE (79.65 and 76.46 % at PI
and flowering), followed by iz (35 mm CPE) and i3 (40 mm CPE). Depth of irrigation
also significantly influenced the RLWC of rice. Significantly superior RLWC viz.
80.35 and 77.97 per cent at Pl and flowering respectively were recorded with depth o;‘

irrigation 3 cm (d2).

Among the first order interactions, P x I interaction had significant variation in
RLWC at PI stage and flowering. Irrigation of P. indica colonized rice plants at
irrigation interval i1 (30 mm CPE) observed significantly superior RLWC of 82.01 and
78.65 per cent at PI stage and flowering. The lowest RLWC of 69.85 and 66.63 per cent
were recorded with non-colonized rice plants irrigated at 40 mm CPE (p2is) at PI stage
and flowering. P x D interaction showed significant influence on RLWC at PI and
flowering. Irrigation of P. indica colonized rice plants to a depth of 3 cm (d2) observed
significantly superior RLWC of 82.35 and 79.30 per cent, followed by non-colonized
to adepth of 3cm (78.34 and 76.65 %) at PI stage and flowering respectively.

interaction was significant on RLWC at PI and flowering
stages. Significan tly sup erior RLWC of 84.36 and 82.99 per cent at PI and flowering
stage respectively were recorded in i1dz followed by i2dz (79.31 and 76.82 %) and i3d,

RLWC 0f 65.96 and 62.61 per cent at PI and flowering

(77.36 and 74.11 %). The lowest
were recorded with isdi(irrigated at 40 mm CPE to a depth of 1.5 cm).

er interactions, P. indica colonized plants irrigated at 30
1ird2) observed significantly superior RLWC of 87.93
followed by pii2d2 (80.86 % at PI stage), which

rice plants

The effect of I x D

respectively

Among the second ord

mm CPE to a depth of 3 cm

and 85.13 per cent at PI and flowering
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was on par with pzi1d; (80.8 % at PI stage). Non-colonized plants irrigated at 40 mm

CPE to a depth of 1.5 cm observed the lowest RLWC (63.23 and 60.13 %) at PI and
flowering.

4.4.3 Cell Membrane Stability

Influence of colonization with P, indica, irrigation interval

and depth of
irrigation and its interaction on cell membrane stability

(CMS) of rice at PI and
flowering are presented in Table 14a, 14b and 14c.

interval (30 mm CPE)
%) at PI and flowering compared

to those irrigated at 1.5 cm
depth (dy).

influence on CMS at PI and flowering, Colonized p
resulted in significantly superior CMS (81.58 ang 73.0
of P x D interaction showed significant influence op
and flowering, p1dz (colonized plants irrigated at 5
CMS of 88.93 and 80.93 per cent and was signi

8 %) at PI and ﬂowering. Effect
CM

S at PI ang ﬂowering. At PI
depth

' di the values beijn s
recorded by p2d, g Per cent at pjy and flowering
respectively.

The effect of I x D interaction op CMS w.

as significant g PI and fiower
Plants irrigated at 30 mm CPE to 4 depth of 3 ¢y recorded signiﬁcantly i ?l:/lii
. Superior
Wering respectively,

. follow: s 3
and 76.56 %) at P1 and flowering respectiye; ed by ixd; (85.40

of 91.55 and 81.88 per cent at Pl and fj,
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Effect of P x I x D was significant at P and flowering. P. indica colonized plants
irrigated at 30 mm CPE to a depth of 3 cm recorded the maximum CMS of 95.00 and

85.00 per cent at PI and flowering respectively and was significantly superior. At the
same irrigation interval and depth, non-colonized plants produced CMS of 88.10 and

78.76 per cent at PI and flowering respectively, which was 7.83 and 7.92 per cent lower

than CMS registered in colonized plants at PI and flowering respectively. The lowest

CMS of 43.90 at both PI and flowering was recorded with p2isd (non-colonized plants

irrigated at 40 mm CPEto a depth of 1.5 cm). At the same interval and depth, colonized

plants recorded 22.75 and 7.57 per cent increment in CMS at PI and flowering

compared to non-colonized plants.

4.4.4 Chlorophyll Stability Index
Influence of colonization with P. indica, irrigation interval, depth of irrigation

and its interaction on chlorophyll stability index (CSI) of rice at PI and flowering are

presented in Table 14a, 14b and l4c.

The data revealed the significant influence of main effects namely colonizing
with P. indica, irrigation interval and depth of irrigation on CSI at PI and flowering
CSI was significantly superior at PI and flowering for colonized plants (79.20 and 70.01

%). Irrigation at 30 mm CPE produced significantly higher CSI (80.82 and 74.15 %) at
compared to 12 and i3. Plants irrigated to a depth of 3 cm (d2) exhibited

PI and flowering,
I of 82.90 and 78.39 per cent at PI and flowering.

significantly superior CS

Among the two factor interactions,
es. Colonized plants irrigated at 30 mm CPE

influence on CSI at PI and flowering stag
+ CSI (86.00 and 77.25 %) at PI and flowering stages

brought about signiﬁcantly superio

respectively. The effects of P x D and
and flowering. Colonized plants irrigated to a depth of 3 cm showed significantly

superior CSI (86.98 and 82.26 %) at both the stages. The least CSI was recorded in non-

colonized plants irrigated to 8 depth of 1.5 cm (60.76 and 51.44 %) at PI and flowering
ated at 30 mm CPE to adepthof 3 cm bad significantly superior

%), foﬂowed by i2d2 (81.73 and 76.61 %) at PI and flowering

P x I interaction showed significant

I x D interaction were significant on CSI at PI

respectively. Plants irrig
CSI of (89.98 and 85.70

respectively.
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The effect of P x I x D was significant at PI and flowering. P. indica colonized
plants irrigated at 30 mm CPE to a depth of 3 ¢m had the significantly higher CSI of
95.80 and 88.63 per cent at P and flowering respectively. At the same irrigation interval
and depth, non-colonized plants produced CSI which was 13.83 and 7.09 per cent lower
than colonized plants at PI and flowering respectively. A lower CSI of 54.13 and 43.90
per cent at PI and flowering respectively was recorded with P2i3di (non-colonized plants

irrigated at 40 mm CPE to a depth of 1.5 cm). At the same interval and depth, colonized

plants recorded CSI of 66.20 and 49.90 per cent at PI and flowering, which was 22.29

and 13.66 per cent higher than non-colonized plants under severe stress situation.
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Table 14a. Effect of colonizing with P. indica, irrigation interval and depth of irrigation
on cell membrane stability and chlorophyll stability index.

Treatments Cell Membrane Stability Chlorophyll Stability
%) Index (%)

PI Flowering PI Flowering
Colonizing with P. indica ®)
p1 (P. indica colonized 75.82 67.32 79.20 70.01
rice)
p2 (non-colonized rice) 68.07 60.41 69.78 62.98
SEm (+) 0.44 0.26 0.19 0.18
CD (0.05) 1.296 0.755 0.549 0.535
Trrigation interval ()
i; (30 mm CPE) 78.18 69.93 80.82 74.15
i (35 mm CPE) 72.13 62.71 74.08 65.45
i3 (40 mm CPE) 65.54 58.95 68.57 59.88
SEm (%) 0.54 0.31 0.23 0.22
CD (0.05) 1.588 0.924 0.672 0.655
Depth of irrigation (D)
a1 (1.5 cm) 58.01 50.85 66.08 54.60
& (3 cm) 85.88 76.88 82.90 78.39
SEm &) — 0.44 0.26 0.19 0.18
D (0.05) — | 129 0.755 0.549 0.535
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Table 14b. Interaction effects of colonizing with P. indica, irrigation interval and depth
of irrigation on cell membrane stability and chlorophyll stability index.

Interactions Cell Membrane Stability (%) | Chlorophyll Stability Index (%)
N PI Flowering PI Flowering
P x I interaction
— 3158 73.08 86.00 77.25
o 75.88 66.88 78.38 69.36
b 70.01 62.01 73.21 63.41
> 74.78 66.78 75.65 71.05
o 68.38 58.55 69.78 61.55
o 6106 55.90 63.93 56.35
SEn @ 0.76 0:45 0.32 0.32
CD (0.05) 2.245 1.307 0.951 0.926
P x D interaction
pid; 62.72 53.72 71.41 57.75
—° 88.93 80.93 86.98 82.26
o 5331 47.97 60.76 51.44
— 82.84 284 | 7ga1 74.52
SEn @ 0.62 036 | o026 0.26
CD (0.05) 1.833 L067 | o776 0.756
I x D interaction -
> 64.81 5198 | 31ee— 62.60
i2dy 58.86 WW‘ 54.30
isdi 50.36 W%‘ 746.90
ds 91.55 81.88 89.98 85.70
s 85.40 76.56 W 76.61
s 80.71 72.21 W 72.86
SEm (2) 076 ‘WW‘ 0.32
CD (0.05) 2-245‘WW 0 .926
‘\ °
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Table 14c. Effects of PxIxD interaction on cell membrane stability and chlorophyll

stability index
Treatment Cell Membrane Stability (%) | Chlorophyll Stability Index (%)
combinations
PI Flowering PI Flowering

piird 68.16 61.16 76.20 65.86
piizd 63.16 52.50 71.83 57.50
piizd 56.83 47.50 66.20 49.90
piiid2 95.00 85.00 95.80 88.63
pii2d2 88.60 81.26 84.93 81.23
piisd2 83.20 76.53 80.23 76.93
p2irdi 61.46 54.80 67.13 59.33
paizdi 54.56 45.23 61.03 51.10
paisdi 43.90 43.90 54.13 43.90
p2i1dz 88.10 78.76 84.16 82.76
paizd: 82.20 71.86 78.53 72.00
p2isdz 78.23 67.90 73.73 68.80
SEm (&) 1.08 0.63 0.46 0.44
CD (0.05) 3.175 1.848 1.344 1.309
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4.5 WATER USE EFFICIENCY

Table 15a, 15b and 15¢ represent the influence of P. indica, irrigation interval
and depth of irrigation on water use efficiency (WUE) of rice plants.

of irrigation had significant influence on WUE of rice. Colonized plants exhibited
significantly superior WUE (2.97 kg ha! mm™) compared to non-colonized plants.
Among irrigation intervals, plants irrigated at 30 mm CPE had superior WUE (3.05kg

ha! mm™) followed by iz (35 mm CPE). Regarding depth of irrigation, irrigation at 3
cm depth resulted in maximum WUE (3.04 kg ha™! mm''),

observed superior WUE of 3.28 kg ha! mm"!.

depth of 3 om resulted in significantly superior WUE (3-19 kg ha! mm) followed by
p2d2. Among I x D interactions, i;d, recorded sjoni

o significantly superior Wyg (3.21 kg ha!
mm™).

Among the three factor interactions, p X D remaineq significant with th
e

highest WUE of 3.47 kg ha™ mm! for p,j,g, (P. indicq colonized plants irrigated at 30

CPE to a depth of 3 cm). The low t . .
i P °st WUE (1.86 kghalmml) Was recorded in
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Table 15a. Effect of colonizing with P. indica, irrigation interval and depth of irrigation

on water use efficiency.

Treatments Water use efficiency
(kg ha™ mm™)

Colonizing with P. indica (P)

p1 (P. indica colonized rice) 3.00

p2 (non-colonized rice) 2.55

SEm (%) 0.02

CD (0.05) 0.059

Irrigation interval ()

i; (30 mm CPE) 3.00

i (35 mm CPE) 2.73

i3 (40 mm CPE) 2.59

SEm (¥) 0.02

CD (0.05) 0.072

Depth of irrigation (D)

d1 (1.5 cm) 2.49

d2 (3 om) 3.05

SEm (&) 0.02

CD (0.05) 0.059
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Table 15b. Interaction effects of colonizing with P. indica, irrigation interval and depth

of irrigation on water use efficiency.

P x I'interaction Water use efficiency
(kg ha! mm™)
pii1 3.28
pii2 291
piis 2.81
p2i1 2.71
peiz 2.55
p2i3 2.37
SEm (&) 0.03
CD (0.05) 0.102
P x D interaction
pidi " 2.80
pid2 3.19
pdi 2.17
p2dz 2.92
SEm (£) 0.03
CD (0.05) 0.083
1 x D interaction
sy 2.78
iad, 243
isd: 221
nds 321
ol 2.98
izd2
SEm (£) (2)':
CD (0.05) —_—
S T
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Table 15¢c. Effect of P x I x D interaction on water use efficiency

Treatment combinations Water use efficiency
(kg ha™! mm)

piiidi 3.09

{ piiz2di 2.77
prizdi 2.55
piiid2 347
piiadz 3.05
piisd2 3.07
pairds 247
paizdi 2.20
p2isdi 1.86
prindz 2.96
prindz 2.91
oo 2.88
SEm (%) 0.05
CD (0.05) 0.144

4.6 SOIL ANALYSIS

4.6.1 Soil Organic Carbon
Tables 16 a, 16b and 16 ¢ represent the influence of P. indica, irrigation interval
th of irrigation on soil organic carbon

P. indica colonization and irrigation interval had no

and dep after experiment.

The data revealed that
oil organic carbon. However, depth of irrigation exerted

significant influence on $
carbon after harvest with d2 being superior.

significant variation in soil organic
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Among two factor interactions, P x Iand I x D did not influence the soil organic
carbon. P. indica and depth of irrigation (P x D) could significantly influence the soil
organic carbon. P. indica colonized plants irrigated to a depth of 3 cm observed a higher
soil organic carbon (0.638 %), which was on par with P2d2 (0.632) and p;d, (0.626).

The result revealed that three factor interactions ®PxIx D) showed no
significant influence on soil organic carbon.

4.6.2 Available Nitrogen

Tables 16 a, 16b and 16 c represent the influence of P. indica,

irrigation interval
and depth of irrigation on available nitrogen after experiment.

The data on available nitrogen revealed that P, indica, irrigation interval and

depth of irrigation could significantly inﬂuéﬁce the available nitrogen after experiment

superior available nitrogen (139.52 kg ha!),

Among the first order interactions, P x had s
nitrogen status. Significantly superior available nitrog
in p2i3, followed by p2i2 (137.56). The lowest status ¢

ignificant influence op available



99

4.6.3 Available Phosphorus

Tables 16a, 16b and 16¢ represent the influence of P. indica, irrigation interval

and depth of irrigation on soil available phosphorus after experiment.

The data obtained from the analysis revealed that P. indica, irrigation interval

and depth could significantly influence the soil available phosphorus. Colonization with
ilable soil phosphorus (172.53 kg ha)

P. indica resulted in significantly higher avail
lants. Irrigation at 40 mm CPE evinced the highest

available phosphorus (171.84 kg ha'), followed by 35 mm CPE (169.64). Regarding
n, lower depth of 1.5 cm resulted in significantly superior available
ha!), followed by depth of 3 cm (165.15).

compared to non-colonized p

depth of irrigatio
phosphorus (173.54 kg

Among the first order interactions, P x I and P x D interaction exerted significant

variation in available phosphorus status. P. indica colonized plants irrigated at 40 mm

CPE led to the highest available phosphorus (174.78 kg ha™), followed by pii2 (172.93).
The highest available phosphorus (177.54 kg ha') was observed in pidi (P. indica

colonized irrigate to 2 depth 1.5 cm), followed by p2di (169.51 kg ha™). The lowest

available phosphorus status was recorded in p2d2(162.81 kg ha'). Ix D interaction could

influence the so
1y was recorded in irrigation at 40 mm CPE to a depth of 1.5 cm,

unt of available phosphorus (162.33 kg ha) was recorded in

also significantly il available phosphorus. High available phosphorus

status (176.53 kg ha

while the lowest amo
mm CPEtoa depth of 3 cm.

Among the second order interactions, P xIx D could significantly influence the

available soil phosphorus. Plots with P. in
to a depth of 1.5 cm resulted in significantly superior available phosphorus (179.93 kg
ha''). The lowest available soil phosphorus (159.92 kg ha”) was reported in non-
colonized plants jrrigated at 30 mm CPE to a depth of 3 cm. There was 3 per cent

lots grown with colonized plants irrigated at

Je soil phosphorus i P
the plots with non-colonized plants irrigated at

irrigation at 30

dica colonized plants irrigated at 40 mm CPE

increase in availab
30 mm CPE to & depth of 3 cm over

same interval and depth.
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4.6.4 Available Potassium

Tables 16a, 16b and 16¢ represent the influence of P, indica,
and depth of imrigation on soil available potassium after experiment.

irrigation interval

The main effect of factors, P. indica colonization, irrigation interval and depth
of irrigation showed significant variation in available potassium in soil. Plots of non-
colonized plants exhibited a significantly higher available Potassium (290.96 kg ha')
over plots with colonized plants (261.39 kg ha™'). Plants irrigated at 40 mm CPE had the

highest available potassium (291.02 kg ha). Available K status was significantly
superior in plots irrigated to a depth of 1.5 ¢cm (303.20 kg ha'l),

Among the first order interactions, I x D did not influence the available
potassium. The effect of P x I and P x D-showed significant influence op available
potassium. Non-colonized plants irrigated at 40 mm CPE brought about the highest

available potassium (303.43 kg ha™"). In the case of P x D, non-colonized plants irrigated

to a depth of 1.5 cm resulted in significantly superior soi] available potassium status
. g g M1
(314.20 kg ha). The lowest soil available potassium (230.57 kg ha!) was recorded in

P. indica colonized plants irrigated to a depth of 3 cm.

Among the three factor interactions, effect of p xIx

D showed significant
influence on available potassium. Non-colonized plants irrig

ated at 40 mm CPE to a
depth of 1.5 cm showed the highest available Potassium (329,55 kg ha'). The lowest
. . €S

available potassium (209.48 kg ha™') was recorded jn piiida.
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Table 16a. Effect of colonizing with P. indica, irrigation interval and depth of irrigation

on organic carbon, available N, available P and available K

Treatments Organic Available | Available | Available
carbon (%) N P K
(kgha') | (kgha') | (kgha')
Colonizing with P. indica (P)
p1 (P. indica colonized rice) 0.632 121.61 172.53 261.39
p2 (non-colonized rice) 0.627 137.24 166.16 | 290.96
SEm (£) 0.002 0.25 0.14 1.37
D (0.05) NS 0723 | 0393 | 4016
Irrigation interval (I)
i1 (30 mm CPE) 0.633 123.43 166.56 | 258.64
2 (35 mm CPE) 0.628 130.02 | 169.64 | 278.86
i3 (40 mm CPE) 0.628 134.82 171.84 291.02
SEm (2) 0.002 0.30 0.17 1.68
CD 0.05) NS 0.886 0.481 4919
Depth of irrigation (D)

& (1.5 om) 0.623 139.52 173.54 | 303.20
d2(3 cm) 0.635 119.32 165.15 249.19
SEm @) 0.002 0.25 0.14 137
CD (0.05) 0.0050 0.723 0.393 4.016
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Table 16b. Interaction effects of colonizing with P, indica, irrigation interval and depth
of irrigation on organic carbon, available N, P and K

Interactions ™ | Organic Carbon | Available N | Available P Auvailable K

(%) (kg ha) (kg ha'!) (kg ha™)
Px] interaction
pri1 0.637 114.22 169.87 242.04
pii2 0.630 122.47 172.93 26331
piis 0.628 128.13 174.78 278.61
p2ii 0.628 132.65 163.24 275.04
p2i2 10.625 137.56 166.35 294.41
Pais 0.627 141.05 168.89 303.43
SEm (%) 0.003 0.43 0.24 237
CD (0.05) NS 1.253 06a s
PxD interaction N .
pidi 0.626 134.62 177.54 292.20
pid2 0.638 108.59 167.48 230.57
p2ds 0.621 14442 6057 — 314.20
p2dz 0.632 130.05 162.81 267.
SEm @) 0.003 035 s 72
CD (0.05) 0.0070 0B T gas— 1.94
IxD interaction ] 3.680
iidy 0.627 W%
iod] 0.622 3970 ———uu. | 28523
. 17330 305.32
isds 0.622 WT‘ '

‘ 53
irdz 0.638 25 —T—— | 31906
: 162.33 233
iad2 0.633 W\ .05
- ' 165.98 5
isdz 063 | impr—— - | 25241
: 16 —

SEm @) 0.003 | 26208
CD (0.05) NS 3 0.24 2.37

NS
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on organic carbon, available N, P and K

Treatments Organic carbon Available N Auvailable P Auvailable K
(%) (kg ha™) (kg ha'') (kg ha™)
prirds 0.630 129.78 175.01 274.99
prizd1 0.623 135.58 177.77 293.04
piiadi 0.623 138.50 179.93 308.57
prind 0.643 98.65 164.73 209.48
prizdz 0.637 109.37 168.09 233.58
piisdz 0.633 117.76 169.63 248.65
prirdi 0.623 138.80 166.57 295.47
paizds 0.620 143.83 168.83 317.59
v 0.620 150.64 173.14 329.55
painda 0.633 126.50 159.92 254.62
paiad 0.630 131.29 163.87 271.24
— 0.633 132.37 164.65 277.31
SEm @ 0.004 0.60 0.32 335
CD (0.05) NS 1.772 0.963 9.840
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4.7 PLANT ANALYSIS

4.7.1 Nitrogen Uptake

Tables"17a, 17b and 17c¢ represent the influence of P,
and depth of irrigation on nitrogen uptake.

indica, irrigation interval

P. indica, irrigation interval and depth of irrigation could significantly influence
the nitrogen uptake. P. indica colonized plants evinced significantly higher nitrogen
uptake (53.91 kg ha™!). Among the irrigation intervals, the highest

. H) nitrogen uptake was
computed in plants irrigated at 30 mm CPE (55.05 kg ha!). Between depth of irrigation,

o , kg ha'l). The | '
uptake was noticed in non-colonizeq plants irrigaeq 2440 mm Cp :W:t nitrogen
-1 oa
(40.68 kg ha'). There was 14.99 Per cent increase jp, nitrogen eP of 1.5cm
colonized plants irrigated at 30 mm CPE ¢ 5 depth of 3 oy uptake in P. indicq
at same irrigation interval and depth, Over non-colonized plants
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Table 17a. Effect of colonizing with P. indica, irrigation interval and depth of irrigation

on N, P and K uptake
Treatments N (kg ha™) P (kg ha™) K (kg ha™)
Colonizing with P. indica (P)
p1 (P. indica colonized rice) 53.91 10.56 115.99
p2 (non-colonized rice) 49.22 8.84 94.93
SEm () 0.13 0.08 0.41
CD (0.05) 0.382 0.233 1.195
Trrigation interval 4y
i1 (30 mm CPE) 55.05 10.98 121.01
i2 (35 mm CPE) 51.22 9.45 102.62
i3 (40 mm CPE) 48.43 8.67 92.75
SEm (%) 0.16 0.10 0.50
CD (0.05) 0.468 0.286 1.463
Depth of irrigation D)
di (1.5 cm) 46.05 8.24 82.32
d2 (3 cm) 57.08 11.16 128.60
SEm @) 0.13 0.08 0.41
CD (0.05) 0.382 0.233 1.195
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Table 17b. Interaction effects of colonizing with P. indica, irrigation interval and depth
of irrigation on N, P and K uptake

Interactions - N (kg ha') P (kg ha') K (kg ha')
PxI interaction
— 58.06 12.13 134.71
-3 53.23 10.22 110.31
piis 50.44 9.33 102.95
— 5303 9.84 107.30
s 49.22 8.67 94.94
= | 46.42 8.01 82.55
SEn @ 0.23 . - 0.14 0.70
DO 0.662 0.404 2.070
PxD interaction
3 47.85 8.76 91.04
5 59.97 12.36 140.95
3 44.26 7.72 73.61
— 54.19 9.96 116.25
) 0.18 IS TR 0.58
Do 0.540 0330 1.690
IxD interaction
nd 49.59 9.07 93.95
— B T e 81.50
iadi 27 T s — 71.53
y 8050 I g—— 148.07
o 666 | Togr—— 123.75
o 54.08 9.75 113.98
SEm (£) 0.23 0.14 0.70
CD (0.05) | %662 TTe—1 2.070
o |
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Table 17c. Effects of PxIxD interaction on N, P and K uptake

Treatment combinations N (kg ha™) P (kg ha™) K (kg ha™)
prirdi 51.40 9.66 103.24
pii2d 47.26 8.54 87.99
prizdi 44.88 8.09 81.89
[piinds 64.72 14.60 166.19
pii2d2 59.20 11.91 132.64
piizd2 56.01 10.57 124.02
pzirds 47.79 8.49 84.65
pai2di 4431 1 1.57 75.01
pzizdi 40.68 7.09 61.17
prindz 56.28 11.19 129.95
paizdz 54.12 9.717 114.87
paisdz 52.16 8.92 103.94
SEm (£) 0.32 0.19 0.10
CD (0.05) 0.936 0.571 2.927
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4.7.2 Phosphorus Uptake

Tables 17a, 17b and 17c represent the influence of P, indica, irrigation interval
and depth of isfigation on phosphorus uptake.

The data revealed the significant influence of main effects on phosphorus
uptake. Phosphorous uptake was significantly higher in p. indica colonized plants.
Irrigation at 30 mm CPE had the highest phosphorus uptake (10.98 kg ha™), followed
by 35 mm CPE (9.45 kg ha!) and 40 mm CPE (8.67 kg ha™). Irigation given at 3 cm
showed significantly the highest phosphorus uptake (11.16 kg ha'),

The effect of Px 1, P x D and Y x D were significant. In the case of P x |
interaction, prir evinced significantly superior P uptake (12.13 kg ha). The lowest
phosphorus uptake (8.01 kg ha) was noticed in non-colonized
mm CPE. In P x D interaction, significantly superior pho
in P. indica colonized plants irrigated to a depth of 3 cm

plants irrigated at 40

sphorus uptake was recorded
(12.36 kg ha'!),

. L lowest Phosphorus uptake was
noticed in non-colonized plants irrigateq at 40 mm CPE ¢, a depth of 1.5 ¢m (7.09 kg
in P,
Don-colonizeq

ha!). There was 30.47 per cent increase in p uptake

indicq colonized plants
irrigated at 30 mm CPE to a depth of 3 ¢ over plan

interval and depth Plants at same irrigation
ini .

4.7.3 Potassium Uptake

Table? 1.7a,.17b and 17¢ represent the influence of P. indicq irrigation interva]
and depth of irrigation on Potassium yptaye ?

P. indica, irrigation intervaj ap
’ d depth of irrigati . :
on exerted sjons .
on potassium uptake. P, jng; . & Xerted significant variation
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kg ha™), compared to non-colonized plants (94.93 kg ha'). Among the irrigation
intervals, irrigation at 30 mm CPE had the highest K uptake (121.01 kg ha™). Between
the depths of irrigation, a depth of 3 cm resulted in high potassium uptake (128.60 kg
ha'!).

The effects of P x I, P x D and I x D had significant influence on potassium
uptake. P. indica colonized plants irrigated at 30 mm CPE showed significantly higher

potassium uptake (134.71 kg ha!). A lower potassium uptake was noticed in non-

colonized plants irrigated at 40 mm CPE (82.55 kg ha'). Significantly superior

potassium uptake was recorded in P. indica colonized plants irrigated to a depth of 3

cm (140.95 kg ha
at 30 mm CPE to a depth of 3 cm (148.07 kg ha!). The lowest potassium uptake was
a depth of 1.5 cm (71.53 kg ha™).

). Among Ix D, high potassium uptake was noticed with irrigation

registered in plants irrigated at 40 mm CPE to

Among the second order interactions, P x I x D exerted significant influence on

potassium uptake. P. indica colonized plants irrigated at 30 mm CPE to a depth of 3 cm
exhibited significantly higher potassium uptake (166.19 kg ha™'). The lowest potassium
uptake registered in non-colonized plants irrigated at 40 mm CPE to a depth of 1.5 cm
(61.17 kg ha™). There was 27.88 per cent increase in potassium uptake in P. indica

colonized plants irrigated at 30 mm CPE to a depth of 3 cm over non-colonized plants

at same irrigation interval and depth.

4.8 ECONOMICS

4.8.1 Gross Income

Results on the effect of colonizing with P. indica, irrigation interval, depth of

irrigation and their interaction on gross

P. indica colonized plants jrrigated at 30 mm CPE to a depth of 3 cm (prird2)

recorded the highest gross income of Z 88951 ha’!, followed by non-colonized plants

mm CPE to a depth of 3 6™ (X 760
plants irrigated at 40 mm CPE to a depth

income are presented in a Table 18.

irrigated at 30 13 ha™). The lowest gross income (X

39431 ha'') was obtained from non-colonized

of 1.5 cm.
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Table 18. Effects of PxIxD interaction on gross income, net income and B: C ratio

Treatments | Grossincome X ha') | Net income (X ha') B: C ratio
pradi 67984 9384 1.16
pii2di 58758 3358 1.06
p1 isdi 53061 61 1.00
p1 id2 88951 30351 1.51
p1 izd2 72836 17436 1.31
p1 isd2 70075 17075 1.32
pz irdi . 55220 _ 2379 0.95
p2 iodi 46950 -744

p2isdi 39431 -125698 (())..i:
p2 1d2 76013 18413 1.31
p2 izd2 69724 15324 1.28
p2isdz 66309 14309 1°27

4.8.2 Net Income

Table 18 represented the influence of P. indica, irrigation intery. al
on net income. and depth of irrigation

P. indica colonized plants irrigated at 30 mm CPE {0 a g o
the highest net income (X 30351 ha™), followed by pyid, ?;433 c:n restlied in
ha™). Colonized

plants irrigated to severe stress (irrigated at 40 mm CPE ¢
a higher net income of X 61 ha'! © a depth of 1.5 cm) realized

» While non-coloni
nized . .
frequency recorded a loss of ¥ 12568 hal plants irrigated to same irrigation

4.8.3 B: C ratio

Influence of colonizati ; .
o . on with P, indjcq, irrigation i
and its interaction on B: C ratio are presented i T b interval, depth of irrigation
v able 18.
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The data revealed that the highest B: C ratio (1.51) was recorded in colonized

plants irrigated at 30 mm CPEto a depth of 3 cm followed by colonized plants irrigated

at 40 mm CPE to a depth of 3 cm (1.32). The lowest B: C ratio of 0.75 was recorded in

non-colonized plants irrigated at 40 mm CPE to a depth of 1.5 cm.
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5. DISCUSSION

Water stress is a critical constraint in rice production, especially during summer
season. Root endophytes stands as one of the promising fields for enhancing drought
stress tolerance in rice. This calls for field evaluation of root endophyte in rice to
produce high yields in water-limited conditions. The present study was conducted to
evaluate the performance of Piriformospora indica colonized rice to mitigate water
stress. The different levels of water stress imposed in the study were, ideal or non-stress
or normal [30 mm CPE (cumulative pan evaporation) to a depth 3 cm], mild stress (35
mm CPE to a depth 3 cm), moderate stress (40 mm CPE to a depth 3 cm and 30 mm
CPE to a depth 1.5 cm) and severe stress (35 mm and 40 mm CPE to a depth 1.5 cm).

The results of the experiment has be

5.1 GROWTH AND GROWTH ATTRIBUTES

en discussed in this chapter.

of rice plants were found to be significantly

Growth and growth attributes
influenced by P. indica colonization under field conditions. Plant height, tiller number
m?, leaf area index and dry matter production enhanced with P. indica colonization

even under water Stress situation.
In general, plant height showed a descen ing trend with enhancing drought
tress, P. indica colonized plants irrigated at

stress. Of the different levels of moisture s
35mmCPEto 8 depth of 3 cm resulted in taller plants (105.76 cm). However, P. indica
colonized plants both under ideal non stressed condition (irrigation interval at 30 mm
CPE to a depth 3 cm) and severe stress condition (irrigation interval at 40 mm CPE to
a depth 1.5 cm) resulted ized/ control plants at the same
the detrimental effect of moisture stress on
colonization. Rice plant requires higher

degree of stress (Fig. 4)- This indicated that
and development. Being an

plant height was counterac
amount of water (1200 mm) for
endophyte, presence of P. indica
availability and maintenancé of water within
efficient growth of plants. Oelmuller € al. (20

ed volume and turgor of plant cell,

ved water uptake that resulted in enhanc
and plant height. Production of phytohormones like auxins

ted by P. indica
its potential growth
could have benefitted the plant through enhanced
the system and in um nutrients for the

09) stated that P. indica colonization

impro
leading to cell elongation
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by P. indica had also been reported which could lead to acidification and softening of
cell wall responsible for cell elongation. These findings were in agreement with the
reports of Hussain et al. (2018) in rice. It wag observed that colonization of P. indica
promoted the production of ethylene, which is responsible for plant growth promotion
(Barazani ef al., 2005). The lowest plant height (71.63 cm) was registered in contro]

nutrient uptake and hence effected the
agreement with the result of Hossain ¢ a

o s photosynthates, Water and
er Productiop, The i

. fin,
L o, dings were op
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P. indica colonization significantly influenced the leaf area index (LAI) at stress
and non-stress situation. Colonized plants recorded superior LAI with plants irrigated
at 30 mm CPE to a depth of 3cm recording the highest leaf area index upto 60 DAT.
Under non-stress situation, maintenance of higher water status under colonization
might have improved LAL With increasing in drought stress, LAI was found to be
decreased at all the stages of observation. These results were in agreement with Praba
et al. (2009). P. indica colonized plants irrigated at 40 mm CPE to a depth of 1.5 cm
enhanced leaf area index over non-colonized/ control plants irrigated at the same
frequency at 30, 45 and 60 DAT. At the same irrigation interval and depth, non-

colonized plants (p2i1dz) produced LAI of 4.1 at 60 DAT, which was 10.73 per cent

lower than colonized plants However,
evere stress (irrigated at 40 mm CPE to a depth of 1.5 cm) showed an increment of

s
21.34, 10.13 and 9.05 per cent in LAI over non-colonized plants at 30, 45 and 60 DAT

Researchers observed that inadequate leaf water potential reduced the leaf expansion
ratio to half the level. According to Cutler et al. (1980) growth of leaf is totally
potential, which will be limited under a situation of water

P. indica colonized plants which experienced

dependent on the leaf water

stress. In the current study,

content even under water stress which helped to maintain water potential in leaves. This

higher chlorophyll stability might have resulted in higher LAI Fungal

on also enhanced nitrogen uptake which could lead to chlorophyll production

colonizati
These results are in conformity with the findings of

thereby higher leaf area index.
Hosseini et al. (2017) where P. indica colonization resulted in higher LAI under

attributed to higher water status in leaf that led to high LAI
ss situation. At harvest, LAI was found to decline in all

colonized plants maintained superior relative leaf water

coupled with

stressed situation which was

for drought tolerance in stre
e to leaf mortality, senescence and translocation of assimilates

treatments might be du

to grain.
Dry matter production (DMP) of a plant explains the growth and development
hotosynthetic efficiency. Colonization of fungal

of plant in response to the net p
matter production by 30.87 per cent over control plants

endophyte enhanced the dry
e was 15.12 per cent enhancement in DMP in P. indica

under stressed situation. Ther
colonized plants irrigated at 30 mm CPE to a depth of 3 cm over non-colonized plants
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at the same irrigation frequency. Biomass production positively correlate with the
production of assimilates. High water and nutrient uptake mediated by P. indica might
have enhanced the photosynthetic efficiency and production of assimilates that resulted
in a greater number of tillers and Panicles leading to higher DMP. Jolly et al. (2019)

pointed out that dry matter production enhanced with high consumptive use of water,

5.2 YIELD AND YIELD ATTRIBUTES

Drought is the situation of prolonged lack of water that affects plant growth and
survival, ultimately reducing crop yield. In the current study, P. indicq colonization

tillers and filled grains per panicle over non-inoculateq plants €Xperiencing the same
stress. Sterility percentage was decreased by 22.74 per cent in colonized stressed plants
over control stressed plants (irrigation interval at

40 mm CPE ¢, a depth of 1.5 cm)
(Fig.6). Plants under severe stress with wider irrigation interval and Jower depth
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percentage. Generally, water stress induced lower nutrient and water uptake, inhibits
the activity of photosynthesis to minimum, less accumulation and translocation of
photosynthates prior to and during flowering period which finally led to pollen abortion
and high sterility percentage (Praba et al., 2009). Grain filling is an effect of nutrient
translocation and accumulation which are minimum from dry soil (Liu et al., 2005). P.
indica biotization improved the water and nutrient uptake even from stressed soil by
higher absorbing surface area and rooting depth and length (Ahmadvand and Hajinia,
2018). Water stress at vegetative stage can cause an inhibition at reproductive stage as
reproductive organs are covered by vegetative tissues (Bamnabas et al., 2008). Jolly ez
al. (2019) noticed that smaller number of irrigations during the growing period can lead
to lower consumptive use of water leading to lower acquisition of water and nutrients
which can result in minimum production of productive tillers and poor grain filling,
Ahmadvand and Hajinia (2018) also made observations on this line.

Yield is an integration of productive tillers and filled grains per panicle. P,
indica colonized plants irrigated at 30 mm CPE to a depth of 3 cm recorded superior
grain yield over non-colonized/ control plants irrigated at the same frequency. Under
severe stress condition (40 mm CPE, 1.5 cm depth), colonization reported yield

improvement of 37.03 per cent over uncolonized plants (Fig. 7). Straw yield was also

found to be enhanced by 12.71 per cent in P. indica colonized plants irrigated at 30 mm

CPE to a depth of 3cm over non-colonized plants at same irrigation frequency. Waller
et al. (2005) also reported that fungus colonization improved overall yield and yield

component in barley. Water stress condition induce lower water status in plant cells,
cell membrane stability (CMS) and chlorophyll stability which were not tolerant to

drought leading to damage to the cell membrane, chlorophyll apparatus and low
photosynthates to plant for yield (Praba et al., 2009). Colonization improved shoot and
root morphological features viz., LAL rooting depth and volume which finally resulted
in higher uptake of water and nutrients especially phosphorus which is needed for high
seed production (Das, 2015). Taghinasab et al. (2018) observed higher yield with

dica colonized wheat plants. P. indica colonization

enhanced phosphorus uptake in P. in
relative leaf water content (RLWC), CMS

improved physiological factors viz., proline,
lerance to drought situation without breakdown

and chlorophyll stability enhancing t0
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of cell membrane and chlorophyll apparatus and helped to maintain the process of
photosynthesis for accumulation and translocation of assimilates to grain. All these
favourable conditions provided by P. indica helped to produce more number of
productive tillefs and filled grains per panicle and contributed to higher yield. Higher
nutrient uptake and water use efficiency (WUE) registered in colonized plants indicated
the supremacy of P. indica to mitigate drought stress without any economic yield loss.

This was confirmed with the investigations of Waller et al. (2005), Fard et al. (2017)
and Ahmadvand and Hajinia (2018).

5.3 ROOT OBSERVATIONS

Roots are the foremost plant organ devoted to the uptake of water, and are the

site where a lack of water is perceived. Results of root parameters indicated

that P. indica colonization enhanced rooting depth, root volume, average root length,
root dry weight and root shoot ratio in both ideal and stress conditions

primary

P. indica colonized plants irrigated at 35 mm and 40 mm CPE to a depth of 3
cm recorded higher rooting depth. Colonized rice plants irrigated at 35 mm CPE to a
depth of 3 cm recorded significantly superior rooting depth which was 19.01 per cent
higher than non-colonized plants at the same irrigation schedule at 30 DAT. Colonized

rice plants showed 15.53, 26.13 and 21.93 per cent longer rooting depth over non
colonized rice plants at 40 mm CPE to a depth

of 1.5 cm at 30, 60 DAT and h;
. . . s arvest
respectively. An enhancement in rooting depth by 10.51 per cent was observed in

colonized plants over non-colonized plants under mild stress. However under s
. , evere

stress the enhancement in rooting depth was to the tune of 24.43 per cent in colonized
plants (Fig. 9). The study indicated the more beneficial effect of P. indica und
stress than mild stress condition. Hosseini et qf (2017) reported | I

the production of plant growth regulatorg like auxins ang A:;:t P, indica enhanced
in
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of cell membrane and chlorophyll apparatus and helped to maintain the process of
photosynthesis for accumulation and translocation of assimilates to grain. All these
favourable conditions provided by P. indica helped to produce more number of
productive tillefs and filled grains per panicle and contributed to higher yield. Higher
nutrient uptake and water use efficiency (WUE) registered in colonized plants indicated
the supremacy of P. indica to mitigate drought stress without any economic yield loss.

This was confirmed with the investigations of Waller et al. (2005), Fard et al. (2017)
and Ahmadvand and Hajinia (2018).

5.3 ROOT OBSERVATIONS

Roots are the foremost plant organ devoted to the uptake of water, and are the
primary site where a lack of water is perceived. Results of root parameters indicated

that P. indica colonization enhanced rooting depth, root volume, average root length,
root dry weight and root shoot ratio in both ideal and stress conditions

P. indica colonized plants irrigated at 35 mm and 40 mm CPE to a depth of 3
cm recorded higher rooting depth. Colonized rice plants irrigated at 35 mm CPE to a
depth of 3 cm recorded significantly superior rooting depth which was 19.01 per cent
higher than non-colonized plants at the same irrigation schedule at 30 DAT. Colonized
rice plants showed 15.53, 26.13 and 21.93 per cent longer rooting depth over non-

colonized rice plants at 40 mm CPE to a depth of 1.5 ¢m at 30, 60 DAT and harvest
respectively. An enhancement in rooting depth by

. . 10.51 per cent was observed in
colonized plants over non-colonized plants under mild stress. However, under severe

stress the enhancement in rooting depth was to the tune of 24.43 per cent in colonized
plants (Fig. 9). The study indicated the more beneficial effect of P indica under severe

stress than mild stress condition. Hosseini e¢ g/, (2017) reported that P. indi enhan
the production of plant growth regulators like auxins and ABA i . lcaleadm ”
. . in roots ing to
improved rooting depth and length. Non-colonizeq plants under mild stress al

- . . so
recorded higher rooting depth which would be for exploration of moi
layers. Zhang et a >
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which was attributed to production of ABA and penetration of roots to deeper layers in
search of water. Both colonized and control plants under severe stress recorded the
lowest rooting depth in contrast to ideal conditions. It might be due to lower root
response and higher sensitivity of rice compared to other cereal crops (Kondo et al.,
2000) and another possible reason was dried soil have high mechanical resistance for
root penetration into the deeper layers to extract water and nutrients (Jolly et al., 2019).

Generally, tolerance of crop to water stress relies on the extent of root volume
it has developed. Root volume is an important trait deciding the extent of water and
nutrient absorption. Water stress reduced root volume, root dry weight and average root
length significantly due to lack of water in the rhizosphere zone. Colonization enhanced
root volume by 21.21 and 44.12 per cent in ideal and severe stress conditions at 60 DAT
respectively. Colonization enhanced production of more lateral roots contributing to

44.12 per cent higher root volume resulting in higher area of absorption under severe

stress.

Root dry weight indicated the extent of development of root system. Root dry
weight of colonized plants was increased by 16.93 and 28.93 per cent in ideal and severe
stress conditions at 60 DAT. The phosphorus uptake in P. indica colonized plants was
found to be higher even under severe drought stress. It could be deducted that
colonization enhanced the uptake of phosphorus from soil to plant which in turn
resulted in the development of a profuse root system in terms of higher rooting depth,
dry weight and volume. Campos et al. (2018) and Tariq et al. (2017) opined that high
rus availability enhanced root growth and consequently ability of plant for

phospho
tolerance. Higher root growth under severe water stress in colonized plants

drought
facilitated improved water and nutrient uptake from deeper layers of soil compared to

control plants and acted as an adaptive and tolerance mechanism to alleviate drought

stress and better plant performance under stress condition. Similar results were

observed by Hosseini ef al., 2017, Hosseini et al., 2018 and Swetha and Padmavathi,

2019.
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5.4 PHYSIOLOGICAL PARAMETERS

The pﬁysiologicd and biochemical basis of tolerance to moisture stress could
be understood in terms of proline content, RLWC, CMS and chlorophyll stability index
(CSI). Enhancing drought tolerance by manipulating the biochemical response through
P. indica colonization was observed with respect to the physiological parameters viz.,

proline content, RLWC, CMS and CSLI. Irrigation at 30 mm CPE and depth of irrigation
to 3 cm recorded the highest RLWC, CMS and CSI.

P. indica colonization displayed an osmoprotectant signature with improved
proline for enhancing plant tolerance to drought stress. Colonized plants under severe
stress recorded the highest proline content over non- colonized experiencing the same
level of stress. Proline content was increased by 18.09 and 21.37 per cent at PI and
flowering stages in colonized plants at severe stress over non-colonized plants (Fig.
10). An inverse relation between water content and proline accumulation was observed

by Dien et al. (2019). Proline is an osmoprotectant having major role in the enzyme

safeguarding and an important source of cellular carbon and nitrogen. Proline

production was favourably enhanced to reduce drought stress by inducing osmotic
adjustment of plant cells. Enhancement of proline content jn colonized plants might be
due to the upregulation of mi RNA with biotization as noticed by Fard et al. (2017). It

was evident that co-cultivation of P. indica enhanceq reactive oxygen species (ROS)

scavenging/ signaling which reduced ROS thereby reducing the oxidative damage to
cells directed to drought tolerance (Nath ef al,, 2016).

volume in colonized i
Plants provided greater absorption area for water uptake and
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maintained plant water status which in turn might have helped to keep higher RLWC
even under stress situation alleviating the drought effect on plant. A similar observation
was made by Hosseini et al. (2017). Non-colonized plants under severe stress recorded
the lowest RLWC (63.23 and 60.13 at PI and flowering) due to lower water status in
leaves. Jahan et al. (2013) attributed lower RLWC to the increase in cell osmotic

potential.

Cell membrane stability defines the resistance of cell membrane against damage
that restricts electrolyte leakage due to drought stress. Colonized plants irrigated to ideal
conditions registered higher CMS (95 and 85) at PI and flowering. It was possible due
to presence of fungus which facilitated adequate water uptake and higher acquisition of
essential nutrients. Colonized stressed plants (irrigated at 40 mm CPE to a depth of 1.5
cm) recorded superior CMS (56.83 and 47.50) at PI and flowering (Fig. 12). It was
29.45 and 8.2 per cent higher over non-colonized stressed plants. At the same irrigation
interval and depth, non-colonized plants produced CMS of 88.10 and 78.76 at PI and
flowering respectively which was 7.83 and 7.92 per cent lower than CMS registered in
colonized plants at PI and flowering respectively. High CMS recorded in the present
study could be correlated with the higher potassium uptake by the plant in the presence
of fungus leading to maintenance of cell turgor. Premachandra et al. (1991) observed

that potassium nutrition improved cell thickness leading to enhanced cell membrane

stability during drought stress.

One of the major requisites for drought tolerance is CSI which specifies the

stability of chlorophyll apparatus without damage to stress. P. indica colonized stressed
plants recorded high stability of chlorophyll over non-colonized severe stressed plants
icated that colonized plants could tolerate drought stress. P. indica colonized
2229 and 13.66 per cent higher CSI over non-
(Fig. 13). It would be due to the fact that P. indica

and in
plants under severe Stress recorded

colonized plants at PI and flowering
produced carotenoids for the protection of chlorophyll apparatus under drought stress
which resulted in high chlorophyll stability and ultimately high chiorophyll content
under stress enabling drought tolerance (Ahmadvand and Hajinia, 2018). At the same
interval and depth, colonized plants recorded CSI of 66.20 and 49.90 at PI and

flowering which was 22.29 and 13.66 percent higher than non-colonized plants under



121

severe stress situation. Non-colonized plants recorded lower stability of chlorophyll
apparatus which might be due to the production ROS in higher quantity under stress
situation as explained by Hosseini et al. (2017). Ghabooli et al. (2019) noticed that P.
indica colonization improved protein production necessary for photosynthesis,

antioxidant defense system and energy transport which might be a reason for high
drought tolerance in colonized plants.

5.5 WATER USE EFFICIENCY

Water use efficiency is an index measuring the capacity of plants to convert
water into economic yield. Improving WUE is a prime concern under water scarce

situation especially during summer. All the main factors of the experiment showed
significant effect on WUE.

Colonized plants under ideal condition recorded the highest WUE (3.47) than
non-colonized plants (2.96) irrigated at the same frequency. Even in severe stress
condition, colonized plants recorded higher WUE (2.45) than non-colonized plants
(1.85) (Fig. 14). Colonization enhanced WUE by 29.62 per cent under severe stress
condition over non-colonization. Colonization with P. indica resulted in a saving of 30
mm water or 3 irrigations or 3 lakh liters of water per ha in summer rice. Higher WUE
recorded by colonized plants could be attributed to the higher water and nutrient uptake
made possible through the extensive root surface which ultimately resulted in high
economic yield eventually leading to high WUE. This was supported by the

investigations of Ahmadvand and Hajinia (2018) and Jolly et ql. (2019) where fungus
colonization enhanced WUE with a positive correlation

. of water and nutrient
absorption.

5.6 SOIL ANALYSIS

P. indica colonization. ironc -
o 1;; zcci co f:mzauon, Imigation interval and depth of irrigation were found to
ve signilicant eliect on available NPK stapyg of the soil after the experiment.

Colonized plants under ideal conditjop reported the lowest available nutrient status of

nitrogen and potassi i
g potassium over non-colonized Plants. P. indica colonized plants under
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severe stress conditions resulted in low available N and K (138.5 and 308.57 kg ha!)

over non-colonized plants. Higher uptake of nutrients under ideal condition could be

due to high dissolution of nutrients in so
root surface area would have had the privilege of higher

il water under optimum moisture condition.

Colonized plants with higher

absorption capacity for nutrients leading to lower available nutrient status. Plants under

severe stress recorded higher available nitrogen and potassium over plants irrigated to

ideal condition which could be due to lower solubility of nutrients under paucity of

Dissolution of nutrients occurred in the
condition. Higher uptake of nutrients under ideal

water. presence of sufficient moisture under

jdeal condition rather than in stress
condition might be the reason for lower available N and K status. Similar observations

were made by Aparna (2019) in upland rice.
ce on soil available phosphorus status under

Colonization had a positive influen

ideal and stress condition. Soils where P. indica colonized plants were grown recorded

the highest available phosphorus

(159.92 kg ha'') under jdeal condition (Fig. 15). Under severe stress condition, high

available phosphorus (179.93 kg ha'') was recorded in soils with colonized plants. It

might be possible due to production of acid and alkaline phosphatases by P. indica
rus to available form (Das et al., 2014). Nath

lves the unavailable phospho
production of phosphatases by fungus involved the gene

ding genes PiPAl and PiPA2.

(164.73 kg ha™) over soils with non-colonized plants

which disso
et al. (2016) observed that the

regulation of phosphatase enco

5.7 PLANT ANALYSIS
eriment showed significant effect on plant

main factors of the exp
putrient uptake. Results of the study showed that colonized plants under ideal condition
) putrient uptake. The lowest NPK uptake was recorded in non-colonized

_Colonized plants recorded the highest nutrient uptake in both
The lowest uptake of nutrients under water deficit

All the

dissolution of nutrients and lower root growth for nutrient
nfirmed that fungal presence improved the nitrogen

th severe stress (10.32 %) and non-stress (14.99%)
Shermati et al. (2008), P. indica regulated the enzymes

of the study €0

). According ©©
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like nitrate reductase responsible for nitrate metabolism which enhanced nitrogen
acquisition in the plant.

Phosphorus acquisition by the plant was enhanced with colonization of P.
indica. The present study revealed that higher phosphorus and potassium uptake could
be feasible due to superior root growth under colonization. Release of phosphatases by
the fungus was reported earlier by many workers (Singh et al., 2000 ; Das et al., 2014).
Soil phosphorus in the fixed form in acidic soils might get solubilized in presence of
these released enzymes that could enhance the available phosphorus resulting in higher
phosphorus uptake. Yadav et al. (2010) validated that colonization regulated the
phosphate transfer encoding genes PiPT which increased the phosphorus uptake and
metabolism leading to higher phosphorus uptake in P. indica colonized plants. Nautiyal
et al. (2010) perceived that colonization upregulated the uptake of nutrients like
nitrogen, phosphorus and potassium due to its higher root growth even in stress

condition which were in line with our results.

5.8 ECONOMIC ANALYSIS

Economic feasibility of the study has much relevance before actual field
implementation. In the present study, colonized plants registered higher gross income,
net income and B:C ratio over control plants under the same level of irrigation.
Colonized plants under ideal condition recorded the highest gross income of ¥ 88951
ha!, net income of ¥ 30351 ha™ and B: C ratio of 1.51 over control plants irrigated at
the same schedule. Higher net income realized in colonized plants under ideal condition
could be due to the favourable effects formed by the fungus that was reflected on growth
and yield parameters resulting in higher yield. An additional income of ¥ 11938 ha"!
could be generated with P. indica colonization under ideal condition. Under ideal
conditions, P. indica colonization resulted in an enhancement in net income by 64.83

per cent over non-colonized plants. Economic analysis indicated the prospects of
utilizing P. indica to mitigate water stress in summer rice cultivation
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Based on the above findings, it could be inferred that rice plants colonized with

P. indica significantly enhanced growth and yield attributes, root biomass, nutrient

uptake and WUE irrespective of interval and depth of irrigation. Rice plants colonized

with P. indica under severe stress record
s. Colonization with P. indica resulted in saving of 30mm

ed yield and WUE equivalent to noncolonized

plants under moderate stres

water or 3 irrigations or 3 lakh litres of water per ha in summer rice. The study revealed

that P. indica colonization could help to combat drought stress in summer rice by

enhanced root biomass, nputrient uptake and water use efficiency.



SUMMARY
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6. SUMMARY
The experiment entitled “Mitigating water stress in summer rice using
beneficial root endophytic fungus Piriformospora indica” was conducted during
summer, 2021 at College of Agriculture, Vellayani.

The experiment was laid out in randomised block design with 2 x 3 x 2 treatment
combinations and three replications during summer 2021. The treatments included
colonizing with P. indica (p1- P. indica colonized rice and pz- non-colonized rice), three
levels of irrigation interval (i1- 30 mm CPE (cumulative pan evaporation), i2- 35 mm
CPE and i3- 40mm CPE) and two levels of depth of irrigation (di- to a depth of 1.5 cm
and dz- to a depth of 3 cm). The seeds kept for germination in P. indica culturing trays
for colonisation of the fungus were treated as colonized seedlings and seeds kept in the
same media without the fungus were treated as non-colonized seedlings. After 14 days,
both the set of seedlings were transplanted to the field as colonized and non-colonized
plants under a spacing of 15 cm x 10 cm. Crop was raised as per the KAU package of
practices recommendation for short duration rice (KAU, 2016). The data on daily
evaporation was used for scheduling the frequency of irrigation and water meter was
used to measure the quantity of irrigation water to be diverted to each plot as per

treatments.

The results indicated that the P. indica colonization, irrigation interval, depth of
jrrigation and their interaction had significant influence on the growth and growth

attributes of rice viz., plant height, tiller number m?, leaf area index and dry matter

production harvest.

Significantly taller plants were produced with P. indica colonization at 15, 30,
45, 60 DAT and harvest (34.64, 55.56, 67.02, 87.75 and 90.91 cm respectively).
Irrigation interval i (30 mm CPE) produced significantly superior plant height of 55.74,
68.57, 86.90 and 90.15 cm at 30, 45, 60 DAT and harvest, respectively followed by the
irrigation interval iz and i3. Significantly superior plant height (58.28, 75.85, 93.58 and
96.36 cm) was observed at 3 cm depth (d2). Irrigation of P. indica colonized rice plants
at 30 mm CPE resulted in significantly superlor plant height of 71.66, 90.16 and 93.08
cm at 45, 60 DAT and harvest rrespectlvely Interaction P x D exerted significant

influence on plant height only at 30 DAT. At 60 DAT and harvest, i2d; brought about
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significantly taller plants of 96.56 and 98.86 cm respectively. P. indica colonized plants
irrigated at 35 mm CPE to a depth of 3 cm evinced significantly superior plant height
0f 103.7 and 105.76 cm at 60 DAT and harvest respectively.

(Eolonized plants produced significantly superior number of tillers m2
(140.38, 208.38, 254.44 and 260.38) at 30, 45, 60 DAT and harvest. Irrigation interval
it (30 mm CPE) exhibited significantly higher number of tillers m (14541, 21841,
261.16 and 267) at 30, 45, 60 DAT and harvest respectively. Plants irrigated to a depth
of 3 cm produced significantly greater number of tillers (162.22, 237.88, 277.44 and
282.83) at 30, 45, 60 DAT and harvest. Among P x I interactions, pii; resulted in
significantly superior tiller number (154. 16,226.83, 275 and 281 .66) at 30, 45, 60 DAT
and harvest respectively. Plants irrigated at 30 mm CPE o a depth of 3 cm (i1dy)
produced significantly superior number of ‘tillers m-2 (181.66, 259.33, 300.66 and
306.16) at 30, 45, 60 DAT and harvest respectively. P. indicq colonized rice plants
irrigated at 30 mm CPE to a depth of 3 cm registered significantly superior number of
tillers m? (191.66, 267, 310 and 316) at 30, 45, 60 DAT and

harvest respectively,
followed by p2i;d, (171.66, 251.66, 291.33 and 296.33).

Leaf area index (LAI) was significantly

superior at all growth stages for
colonized plants, the values being 0.9, 1.42,

2.93, 3.82 and 2.19 at different growth

3630.94 kg ha! and was significantly superior. Juy;

significantly superior DMP of 3789.24 kg ha!. Irigation to a depth of 3 cm (dz)

reported significantly higher DMp (3880.19 kg hal), The combination of pi;

(colonization with plants irrigated at 30 mm CPE) was significantly superior (4090.89
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kg ha™'). Plants irrigated at 30 mm CPE to a depth of 3 cm recorded the highest value
(4260.07 kg ha''). P x I x D also exerted significant variation in DMP with piiid2
resulting in significantly superior value (4559.26 kg ha'l).

The yield attributes and yield of the crop were significantly affected by P. indica
colonization, irrigation interval and depth of irrigation. Superior number of productive
tillers m™2 (222.84), filled grains per panicle (81.11) and the lowest sterility percentage
(13.37) were recorded with p1. Irrigation at 30 mm CPE (i1) resulted in significantly
superior number of productive tillers m2 (210.10), filled grains per panicle (84.58),
thousand grain weight (22.94) and the lowest sterility percentage (13.01). Significantly
superior number of productive tillers m2 (223.88), filled grains per panicle (89.88) and
lower sterility percentage (1 1.63) were produced at irrigation to a depth of 3 cm. P.
indica colonized plants irrigated at 30 mm CPE produced significantly superior number
of productive tillers (250.20), filled grains per panicle (92.00) and lower sterility
percentage (1 1.71). P. indica colonized plants irrigated to a depth of 3 cm (pid2)
recorded significantly superior number of productive tillers m? (256.11) and filled
grains per panicle (97 .00). Irrigation at 30 mm CPE to a depth of 3 cm (i1d2) produced
significantly higher number of productive tillers m? (239.16), filled grains per panicle
(100.83) and the lowest sterility percentage (10.09). Treatment combination piiid2 was
found to be significantly superior with 275.00 productive tillers m?2, filled grains per
panicle (11 1.33) and sterility percentage (8.80).

Plants colonized with P. indica produced significantly superior grain yield
(2056.71 kg ha") and straw yield (2393.70 kg ha'!). Grain yield and straw yield were
significantly superior for plants irrigated at 30 mm CPE (2165.82 and 2471.47 kg ha'!
respectively)- Depth of irrigation showed significant effect on grain and straw yield
when irrigated to 2 depth of 3 cm. Maximum grain yield (2366.01 kg ha'') was recorded
in P. indica colonized rice irrigated at 30 mm CPE (pii1). P. indica colonized plants
irrigated to 8 depth of 3 cm (p1d2) produced significantly superior grain yield of 2332.55
eld of 2595.23 kg ha™!. Among the second order interactions, piiid

erior grain yield (2698.56 kg ha!) and straw yield (2848.13

a

kg ha'! and straW yi
produced significantly sup
kg hal).
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P. indica colonization, irrigation interval and depth of irrigation had significant
effect on root parameters of rice at all stages of observation. P. indica colonized plants
had significantly superior rooting depth of 8.32, 14.79, 22.11, 25.11 and 26.06 cm at
15, 30, 45, 60 DAT and harvest respectively. Irrigation given at 35 mm CPE produced
superior rooting depth of 14.25 and 21.67 cm at 30 and 45 DAT and average root length
of 15.9, 19.65, 24.82 and 28 cm at 30, 45, 60 DAT and harvest respectively. Plants
irrigated at 3 cm had the highest rooting depth (8.35, 16.35,25.52, 28.28 and 29.24 cm)
at all growth stages. P. indica colonized plants irrigated at 30 mm CPE produced the
highest rooting depth at 60 DAT and harvest (25.99 and 27.23 cm). P. indica colonized
plants irrigated to a depth of 3 cm (pid,) produced superior rooting depth of 17.75,
27.03, 29.14 and 29.77 cm at 30, 45, 60 DAT and harvest respectively. Rice plants
irrigated at 35 mm CPE to a depth of 3 cm exhibited significantly superior rooting depth
viz., 17.85, 27.52, 29.66 and 30.00 cm at 30, 45, 60 DAT and harvest respectively. P.
indica colonized rice plants irrigated at 35 mm CPE to a depth of 3 cm recorded
significantly superior rooting depth viz,, 19.4, 29.86 and 30.00 cm and average root
length of 23.36, 34.87 and 36.20 cm at 30, 60 DAT and harvest respectively.

Colonized plants irrigated at 30 mm CPE showed significantly superior root
volume (13.15, 21.86, 35.42 and 37.16 cm®) and root dry weight (0.89, 5.39, 9.60,
12.22 and 12.77g) at 30, 45, 60 DAT and harvest. P, indica colonized plants irrigated
to a depth of 3 em (p1d2) brought about superior root volume (14.23, 23.74, 44.19 and

45.54 cm’ at 30, 45, 60 DAT and harvest respectively). Significantly superior root dry

weight (7.20, 12.03, 16.84 and 17.59 g), root shoot ratio viz,, 0.239,0.213,0.234, 0.236

at 30, 45, 60 DAT and harvest respectively was reported in indz. P. indica colonized
plants irrigated at 30 mm CPE to a depth of 3 cm recorded significantly superior root

volume (18.86, 32.16, 50.57 and 52.56 cm?) and root dry weight (8.38, 13.77, 18.16
and 19.06 g) at 30, 45, 60 DAT and harvest respectively.

The main effects of all the factors were significant at PI and flowering stages on
physiological parameters. Maximum proline (83.11 and 71 83

h mole g'), RLWC
(77.50 and 74.00 %), CMSI (75.82 and 67.32

%) and CSI (79.20 and 70.01 %) at PI
and flowering respectively were recorded jn P. indica colonized plants. Proline content

declined in the order of decreasing CPE, 40 mm >35 mm > 30 mm. Irrigation to lower
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depth of 1.5 cm had significantly higher proline content (94.72 and 83.38 p. mole glat
PI and flowering respectively). Significantly superior RLWC (80.35 and 77.97 %),
CMSI (85.88 and 76.88 %) and CSI (82.90 and 78.39 %) at PI and flowering
respectively were obtained with depth of irrigation 3 cm (dz). P. indica colonized plants
irrigated at 40 mm CPE to a depth of 1.5 cm produced significantly superior proline of
115.33 and 106.00 p mole g'. P. indica colonized plants irrigated at 30 mm CPE to a
depth of 3 cm recorded the maximum RLWC of 87.93 and 85.13 per cent, CMSI of
95.00 and 85.00 per cent and CSI of 95.80 and 88.63 per cent at PI and flowering

respectively.

Colonized plants had significantly superior water use efficiency (WUE) of 2.97
kg ha”! mm'. Plants irrigated at 30 mm CPE exhibited superior WUE (3.05 kg ha’! mm"
1), Trrigation at 3 cm depth resulted in maximum WUE (3.04 kg ha! mm™). P. indica
colonized plants irrigated at 30 mm CPE registered superior WUE of 3.28 kg ha™ mm™
1_p. indica colonized plants irrigated to a depth of 3 cm registered significantly superior
WUE (3.19 kg ha'! mm™). Interaction id; exerted significantly superior WUE (3.21 kg
ha! mm"). P x I x D remained significant with the highest WUE of 3.47 kg ha™! mm!
for prird2 (P. indica colonized plants irrigated at 30 mm CPE to a depth of 3 cm).

P. indica, irrigation interval and depth of irrigation could significantly influence
the available nitrogen, phosphorus and potassium status after experiment. Plots with
non-colonized plants irrigated at 40 mm CPE to a depth of 1.5 cm resulted in a higher
amount of available nitrogen (150.64 kg ha'!) and available potassium (329.55 kg ha"
1), Plots with P. indica colonized plants irrigated at 40 mm CPE to a depth of 1.5 cm
resulted in significantly superior available phosphorus (179.93 kg ha).

P. indica colonized plants showed significantly superior N uptake (53.91kg ha
1y, P uptake (10.56 kg ha!) and K uptake (115.99 kg ha™). Irrigation at 30 mm CPE
reported the highest N uptake (55.05 kg ha™"), P uptake (10.98 kg ha'') and K uptake
(121.01 kg ha™). Irrigation to a depth of 3 cm showed high N uptake (57.08 kg ha™), P
uptake (11.16 kg ha') and K uptake (128.60 kg ha™). P. indica colonized plants irrigated
at 30 mm CPEto a depth of 3 cm brought about significantly superior N (64.72 kg ha
1), P (14.60 ke ha™") and K uptake (166.19 kg ha™").
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Colonization with P. indica, irrigation interval, depth of irrigation and its
interaction significantly influenced the gross income, net income and B: C ratio. P.
indica colonized plants irrigated at 30 mm CPE to a depth of 3 cm (p1i1d2) was profitable
with highest gross income of ¥ 88951, net income (¥ 30351) and B: C ratio (1.51). Under

ideal conditions, P. indica colonization resulted in an enhancement in net income by

64.83 per cent over non-colonized plants.

Rice plants colonized with P. indica significantly enhanced growth and yield
attributes, root biomass , nutrient uptake and WUE, irrespective of interval and depth of
irrigation. Rice plants colonized with P. indica under severe stress recorded yield and
WUE equivalent to noncolonized plants under moderate stress. Colonization with P,
indica resulted in savmg of 30 mm water or 3 irrigations or 3 lakh liters of water per ha
in summer rice. P. indica colonization could help to combat drought stress in summer

rice by enhanced root biomass, nutrient uptake and water use efficiency.

FUTURE LINE OF WORK

o Performance of P. indica colonized rice under rainfed condition
o Performance of P. indica colonized rice under low light condition

o Evaluating phosphorus use efficiency in P. indica colonized rice under zero
phosphorus levels
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ABSTRACT

The study entitled ‘Mitigating water stress in summer rice using beneficial
root endophytic fungus Piriformospora indica> was undertaken at College of
Agriculture, Vellayani during 2019 - 2021. The objective of the study was to assess
the performance of P. indica colonized rice under different levels of moisture stress

during summer.

The field experiment was laid out in randomized block design with 2 x 3 x 2
treatments, replicated thrice in the low land paddy fields during February to May
2021, using variety Prathyasa. The treatments included colonizing with P. indica [p1-
P. indica colonized rice and pz2- non-colonized rice(control)], three irrigation
intervals[ii- 30 mm CPE (cumulative pan evaporation), i2- 35 mm CPE and i3- 40mm
CPE] and two irrigation depthg(dl- to a depth of 1.5 cm and d2- to a depth of 3 cm). P.
indica colonized/ non-colonized rice seedlings raised in trays were transplanted at 14
days after sowing at 15 cm x 10 cm and uniformly irrigated till 10 days after
transplanting (DAT). The crop was raised as per the KAU package of practices
recommendation for short duration rice (KAU, 2016).

The results of the study revealed that colonization and irrigation to 3 cm depth
improved the growth and growth attributes viz., plant height, tiller number m?, leaf
area index and dry matter production of summer rice. Colonization with P.indica

significantly influenced the number of tillers m? with 10.64, 16 and 15.69 per cent
increase in tiller production at 30, 45 and 60 DAT respectively, compared to non-
colonized plants. Colonized plants irrigated at 30 mm CPE to a depth of 3 cm evinced

the maximum leaf area index (4.54) at 60 DAT and dry matter production (4559.26 kg

ha™!) at harvest.
Yield attributes and yield of ric¢ were significantly affected by P. indica

colonization, jirrigation interval and depth of irrigation. Superior number of productive

tillers m%(222.84), filled grains per panicle (81.11) and the lowest sterility percentage
(13.37) were recorded with colonization. Colonized plants irrigated at 30 mm CPE to

depth of 3 om produced significantly superior productive tillers m? (275.00), filled
a
grains per panicle (11 1.33) and the lowest sterility percentage (8.80). Among second
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order interactions, piiid2 produced significantly superior grain yield (2698.56 kg ha!)
and straw yield (2848.13kg ha™).

P. indica colonization, irrigation interval and depth of irrigation had
significant effect on root parameters of rice at all stages of observation. P. indica
colonized plants showed significantly superior rooting depth at all stages. Colonized
rice plants irrigated at 35 mm CPE to a depth of 3 cm revealed superior rooting depth
viz.,, 19.4, 29.86 and 30.00 cm and average root length of 23.36, 34.87 and 36.20 cm
at 30, 60 DAT and harvest respectively. Significantly superior root volume and root
dry weight at 30, 45, 60 DAT and harvest respectively were recorded in colonized
plants irrigated at 30 mm CPE to a depth of 3 cm.

Among the physiological parameters studied, proline content declined in the
order of decreasing CPE, 40 mm >35 mm > 30 mm. P. indica colonized plants
irrigated at 40 mm CPE to a depth of 1.5 cm produced significantly greater proline
(115.33 and 106.00 pmole g'at panicle initiation and flowering respectively).
Colonized rice plants at 30 mm CPE to a depth of 3 cm observed the maximum
relative leaf water content, cell membrane stability and chlorophyll stability index at
panicle initiation and flowering respectively. P x I x D remained significant with the

highest water use efficiency (WUE) of 3.47 kg ha'mm"! for P. indica colonized plants
irrigated at 30 mm CPE to a depth of 3 cm.

P. indica, irrigation interval and depth of irrigation could significantly
influence the available nitrogen, phosphorus and potassium status of soil after
experiment. Colonized plants irrigated at 40 mm CPE to a depth of 1.5 cm resulted in
significantly superior available phosphorus (179.93 kg ha'). Considering the
economics, P. indica colonized plants irrigated at 30 mm CPE to a depth of 3 cm

brought about the highest gross income (X 88951 ha'), net income (% 30351 ha'!) and
B: Cratio (1.51).

Based on the above findings, it could be inferred that rice plants colonized with
P. indica significantly enhanced the growth and yield attributes, root biomass, nutrient
uptake and WUE, irrespective of interval and depth of irrigation. Yield and WUE of P,

indica colonized plants subjected to severe stress, were observed to be equivalent to
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those of non-colonized plants under moderate stress. Colonization resulted in saving
of 30 mm water or 3 irrigations and could help rice to combat drought stress by

enhanced root biomass, nutrient uptake and water use efficiency during summer.
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APPENDIX I

Weather parameters during the period of field experiment (March 2021-

June 2021)
Standard week Mean Mean RH Rainfall | Evaporation
temperature
Max Min Max | Min
10 34.0 20.4 90 66 0.0 5.6
(05Mar - 11Mar)
11 343 23 88. 65 0.0 4.8
(12Mar- 18Mar) ‘
12 34.1 254 889 | 683 0.0 4.2
(19Mar — 25Mar)
13 34.1 25.8 89 79 0.0 4.1
(26Mar- 01April)
14 343 26.4 88.3 | 76.1 0.0 4.9
(2April- 08 April) :
15 334 25.6 90.1 79 8.6 3.5
. (9April- 15April)
S 16 334 254 873 | 79.3 2.5 4.0
16April- 22April)
(16ApTs 342 | 261 | 88 | 773 | 05 24
23 April- 29 April)
(234p 18 33.6 26 894 | 76.7 4.1 4.2
30 April- 06May)
( 19 335 25.5 93 79.5 73 33
(07May-13May)
20 31.1 24.1 96 87.4 23.8 23
(14 May- 20 May)
21 30.5 24.1 94.5 | 88.1 59.1 1.3
(21 May-27May)
22 322 25.1 90.5 | 78.8 22.6 3.2
(28May- 03Jun)




APPENDIX II

AVERAGE INPUT COST AND MARKET PRICE OF PRODUCE

Items Cost
Labour charge
Men / Women 800/ day
Inputs
Paddy seeds 203kg
Urea 8Tkg!
Rajphos’ 20 T kg!
MOFP 223kg’
Market p’rice of produce
Paddy 27.5kg"
Straw 5kg!




