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1. INTRODUCTION

During the last 150 years, deforestation and excessive utilization of fossil fuels,
shoot up the CO2 concentration from 280 ppm to the current level of 410 ppm m the
atmosphere. It is prognosticated that the concentration of CO2 will raise two-fold, i.e.,
upto 800 ppm at the end of this century. This steadily rising trace gas have its impact
on global temperature. It is predicted that temperature would increase from 1.4 °C upto
6.4 °C by the year 2100. As there is continuous increase in temperature, climate
undergoes severe alterations which results in uneven distribution of ramfall, changes of
flood and drought is always in consideration. Agricultural crop production is bemg
decided by the availability of soil water which in turn is related to global climate
changes (Ciais et al. 2005).

Drought is undoubtedly harmful for plant growth. About two-third of the
ground level is surrounded by water, however, shortage of water is a factor which limits
the crop production in most areas of the world. Drought stress cause various
morphological, physiological and biochemical variations in plants which is ultimately
reflected on yield potential (Shintu and Jayaram, 2015).

Okra, or lady's finger, commonly known as 'Bhindi' (Abelmoschus esculentus

L.) is an important summer vegetable crop belonging to the family Malvaceae, which
is grown for its edible fruits. The crop is grown throughout the tropical and subtropical
parts of the world and is acceptable in the market. Immature fhiits are harvested and
eaten as vegetable. The green fruits are rich sources of carbohydrates (6.4%), protem
(1.9%), fat (0.2%), dietary fiber (1.2 g), vitamins, calcium (66 mg), potassium, and
other minerals. The nutritional importance of okra aroused interest in bringing the crop

into commercial production. Okra occupies an important position among vegetables
grown in India and Kerala. In India, it covers over 0.5 million hectares area with annual
production of 6.09 million tonnes. In Kerala it is cultivated in 1507 ha out of 46363 ha
of total vegetable production.

Water requirement of vegetable crops are very high, in contrast to most of the
field crops, hence, they are very sensitive towards drought stress. Drought stress affect
the growth, yield and quality of vegetable crops. Even though okra is a drought tolerant



crop. .eve.. Cough, reduces to yield. Therefore, sufficient wato supply and fairlv
^.s, soils are indispensable Croughou, Ce growing period for getting higher yields
When there rs an unceasing water scarcity untii the first picking, leads to greates, •
reductron. The period of flower initiation is nrost sensitive in okra to water •
soil water depletion in the root zone during this period should
percentages. exceed 25

The ground water level is insufficient for crop euWvation and this w„ ■condition is a threatening problem all over the world Im j- ^®^-"niited
tolerance in plants is possible in various ways such as applirZrr
regulators, antioxidants, bio-stimulants, plant breeding techniquesTt ̂
growth regulating substances including salicyHc acid, ascorbic acid^^^ •
is easier and cheaper than the time consuming and costly methods ^ourea

SaUcylic acid or ortho- hydroxy benzoic acid is an endo e
regulator of phenolic nature that possess an aromatic ring with ^ growth
functional derivatives. In free state salicylic acid is found in ^ group or its
having melting point of 157 - 159 °C and a pH of 2.4 Sali^^^^^""^^ Powder state
physiological role in plants which include seed a,. various

theimogenesis, flower induction, nutrient uptake, ethylene bios ' ̂ growth,transport, membrane permeability, stomatal movement and
acid mitigates drought effects in plants under stress by Salicylic
antioxidant enzymes. Exogenous application of salicylic acid d of
found effective in major crops because, it can repair the dama
treatment increased moisture absorption by plant roots and th^^ ®^®ss. s A
stomata was manipulated to decrease adverse effects of drought^^^^ by
the availability of moisture in plant body (Keyvan, 2010) ̂  ^

Ascorbic acid (vitamin C) is a non-enzymatic water sol
white or light yellow coloured soild with a melting point of i ft ̂ 3
the cheapest plant growth regulator having positive effect?
development under stress as well as non-stress conditions a '''' and
in many physico-chemical processes from seeri fv is in, ,

• j . S t. . ^®^'aunation ♦ evolved

oxidative defence, the regeneration ofvitaminE, flowering fry ®®®®scence (e
°^®turity,asacofa^,^^

Or



of enzymes, signalling, cell division and elongation, resisting pathogen attack, stress

tolerance and increasing yields (Reihai and Farahbakhsh, 2013). Ascorbic acid is a

main compoimd in plants and reduces the harmful effects of drought stress by reducing

the amoimt of free radicals. Moreover, exogenously applied ascorbic acid is very

effective in protecting proteins and lipids in plants exposed to water deficit (Naz et aL,

2016). By increasing the activities of catalase, superoxide dismutase, peroxidase

enzymes and proline content, minimizing hydrogen peroxide production and elevating

the levels of phcnolics, ascorbic acid makes plant resistant to drought stress (Akram et

a/., 2017).

Thiourea, chemically named as thiocarbamide (NH2-CS-NH2), is a nitrogen and

sulfur containing compound which is sparingly soluble in water. It has three functional

groups, amino, imino and thiol, each with important biological roles. Exogenous
application of thiourea improves plant growth and productivity and stimulates defense

mechanisms in plants under normal and stressful condition. Due to high water

solubility and quick absorption in living tissues, thiourea imparts drought tolerance in
plants. (Garg et al., 2006).

Taking account of the importance of okra as a vegetable crop with respect to its

nutritional value, area and production and alarming condition of drought occurrence in

Kerala, a comprehensive study was carried out to assess the negative effects of drought

stress on okra growth and productivity and also to mitigate these negative impact by

foliar application of salicylic acid, ascorbic acid and thiourea. Hence, the study entitiled
"Drought mitigation in okra (Abelmoschus esculentus L.) through chemical approach
was carried out with the following objectives;

•  To investigate the influence of different chemicals namely, salicylic acid,
ascorbic acid and thioiu-ea on mitigation of drought.

•  To evaluate the effect of chemicals on morphological, physiological and yield

charcteristics of okra.
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2. REVIEW OF LITERATURE

Okra, or lady's finger, widely known as 'Bhindi' (Abelmoschus esculentus L.)
originated in Asia is one of the most favored summer vegetable crop grown extensively
in Kerala for its edible green fruits. It is an annual vegetable crop, belonging to the
family Malvaceae. Fruits are rich sources of vitamms, calcium, potassium, and other
minerals, carbohydrates, protein, fat and dietary fiber.

Drought is a major yield limiting factor in agriculture and because of high water
requirement of vegetables, they are very sensitive to drought stress when compared to
majority of the field crops. Okra is moderately drought resistant (Singh et al, 2014)
because of its deep penetrating taproot, semi woody stem and hairy lobed leaves but
drought can lower yield based on severity (Altaf et al, 2015). The ground water level
is insufficient for okra cultivation and this water-limited condition is a threatenmg
problem all over the world.

Many investigators have explained the responses of plant under drought stressed
condition, mechanism of drought tolerance and improvement of drought tolerance m
plants through various physiological techniques, plant breeding techniques, application
of plant growth regulators, antioxidants, bio stimulants etc.

In this chapter, review of relevant research work providing supportive
information related to "Drought mitigation in okra {Abelmoschus esailentus L.) by
salicylic acid, ascorbic acid and thiourea" has been compiled under the followmg
headings.

2.1. EFFECT OF DROUGHT STRESS

Drought adversely affect various morphological, physiological and biochemical
processes in plants which is ultimately reflected on yield potential. Sufficient water
supply and fairly moist soils are indispensable throughout the growing period for
getting higher yields. Drought is the most important limiting factor for crop production
and it is becoming an increasingly severe problem in many regions of the world
(Passioura, 2007).



2.LL Ejffect of drought stress on morphological parameters

Several workers had reported the effect of drought stress on moiphological
characteristics of okra. Mbagwu and Adesipe (1987) observed that the greatest
reduction in plant height was found when moisture stress was imposed during the
vegetative stage of okra. According to Sankar et al (2007), when five varieties of okra
were subjected to moisture stress by irrigating at 60 per cent of field

nciu capacity fi-om 30

to 70 DAS, the shoot length was drastically reduced in all the varieties In
conducted by Hussein et al (2011), severe water stress imposed by increasing irti
interval of okra to 30 days reduced average plant height when compared to 12 18
days interval. Kwajaffa et al (2015) claimed that in okra there wac o j . '

^ r^cluctioii in plant
height when irrigation was given at 25 or 50 per cent field canaein,yay^iiy compared to 75 or
100 per cent field capacity. Severe drought stress reduced the plant h " h
cent in tomato compared to the control (Sibomana et al, 2013) ^

In sandy soils, biometric parameters such as plant height n
plant"' and number of leaves plant"' were decreased in okra plants sub" d ^
stress condition and highest number of leaves and branches plant"' ^ ^°^ght
shortest irrigation interval (El-Kader et al, 2010). Ranawair« ^ withy  et al. (201H f

the number of leaves were significantly affected when 10 da o^d that
Water stress eivWAP in mung bean. Irrigating every seven days significantly in ^

height, branches plant"' and leaves plant"' in okra (GhannnH ^ the plantV "oiiaaae^a/., 2014) Alt *•
(2015) found that okra could survive only low levels of drought (25®/)
and number of leaves were reduced imder higher levels of drough ^^^t height
conducted by Aliyu et al (2016) reported that in okra the plant height ^ study
plant"' were decreased and took more days for 50 ner cent ti ' leavesf  V'cnt iiowering, ̂vhet1 • •
interval was increased fî om 5 or 8 days to 11 days. irrigation

Uddin et al (2013) reported that in mimg bean (V
K^'igna radiata L "k r>i

increased with the increase of number of irrigation and dec ^^ight
condition. The highest number of leaves plant"'and branches plant*" ^ ^S^tion
irrigated fi-om pod setting to maturity and the lowest was observed
was given (drought stress). In a recent study, Al-Ubayadi et al i^Sation
morphological characters of okra plants were decreased bv • j ^ ^'^served thnt

^^^^^-^iiHgationin^erval



because crop faces drought. The irrigation given at every three days significantly gave
the highest plant height (187.7 cm), number of branches plant"' (12.33) and number of
leaves plant"' (40 leaf) as compared with 133.5 cm and 6.8 branches plant' and 32.0
leaves plant"' in crop irrigated when needed, respectively.

Drought stress adversely affected root length and root volume of crops. In a

study conducted by Hamidou et al. (2007) there was a decrease in root volume in
various genotypes of cowpea when water stress was imposed at vegetative and
flowering stage. The effect was more prominent at flowering than at vegetative stage.
Sankar et al. (2007) reported that root length was reduced in okra varieties subjected to
drought stress, (Irrigation given at 60 per cent field capacity) from 30 to 70 DAS.

2.1.2. Effect of drought stress on physiological parameters

The studies on the effect of drought on physiological parameters of some of the

crops are reviewed below. Mbagwu and Adesipe (1987) observed greatest reduction in
leaf area when moisture stress was imposed during the vegetative stage of okra. Ashraf
et al (2002) claimed that water deficit condition in okra had a significant detrimental
effect on leaf area. Burman et al (2004) confirmed that leaf area was reduced by 42.8

per cent at pre-flowering and 35.5 per cent at the post-flowering stage of cluster bean
(Cyamopsis tetragonoloba Taub.) tmder drought. In another study conducted by Pagter

et al (2005) in Phragmites australis (common reed), drought reduced the leaf area and
leaf biomass plant"' because of decreased production of new leaves, increased leaf
shedding and reduced average leaf size.

When five varieties of okra were subjected to moisture stress by irrigating at 60

per cent of field capacity from 30 to 70 DAS, the total leaf area was drastically reduced
in aU the varieties (Sankar et al, 2007). According to Boutraa et al (2010) severe water

deficit decreased leaf area in wheat cultivars. The highest leaf area was found in the
control plants of 80 per cent water regime, followed by the plants imder 50 per cent
water regime, while leaf area was lowest in plants of 30 per cent water regime.
Kusvuran (2012) found that leaf area plant"' was reduced in okra plants exposed to
drought stress condition and lowest leaf area was obtained with longest irrigation
interval.



Effect of drought stress on relative leaf water content of plants have been
reported by many workers. Ashraf et al. (2002) reported that water deficit condition in
okra had a significant detrimental effect on relative leaf water content (RLWC) Kimak
et al. (2002) observed in brinjal, drought resulted in significant reduction of relative
leaf water content compared to well watered treatment Burman et al. (2004) confirmed
that drought stress significantly reduced RLWC at both pre-flowering and the
flowering stage of cluster bean. Bhatt and Rao (2005) estimated RLWC in the ' '
plants of okra and it varied ftom 72 - 82 per cent, while in the stressed planl'^wc
decreased to 66 - 75 per cent. Sibomana et al. (20131 renortf-H tiao*V  ) icponea that severe water stress
(amount of water applied is 40 per cent of pot capacity) in tomato reduced
water t> i ®five leafcontent by 24.7 per cent. According to Pravisya and Ja

3

Water

yaram (2015) relaf
water content decreased in okra plants when stress was imno^pHK, • .y not irng^t^Q^ fXr
days consecutively. Nahar and Ullah, (2018) claimed that with fi, •

ui me mcreasing
stress, relative water content of tomato plants decreased significantl t
receiving the lowest water stress maintained higher RTWn ti. ^ crop
leaf water content was contributed at 100 per cent of fielri • ^*=mtive

iieia capacity. Okra i
subjected to water deficit of 10 days duration at vegetative and P^^nts
(25% FC) caused severe reduction in RLWC comnareH +i- stages

(Adq.»„«<2019). (ICK.% FC)

In a study conducted by Singh and Singh (2016) when
imposed by giving irrigation at 9 days interval in okra, the dry was
plant"' at 30, 60 and 90 DAP were reduced drasticallv ^^^^ulation

y compared to thf»
condition with 5 day irrigation interval. ^^tressed

DOS Santos Farias et al. (2019) reported the significant eff
on okra plants for variable fluorescence (Fv), maximum effi • ^Sation levels

erriciency of Pq ttmaxunum efficiency of PS 11 photochemical process (Fv/Fo) ba l
ofPS 11 (Fo/Fm) for non-photochemical processes. ForFv rp /u F^^^^ctionv/Fm)^ (Fv/F ̂
the highest increase was found in irrigated plants at a well-* * ^^o/Fm)
13.23 per cent, 10.52 per cent, 17.41 per cent, 20.22 per cent^^^ ^^^^es
relation to low irrigated or drought stressed okra plants "^^^P^^tively



Boutraa et al. (2010) observed in wheat that root shoot ratio was increased under

mild water deficit (50% field capacity), confmning that shoot dry weight was severely
affected compared to the root dry weight. When water deficit was severe (30% field
capacity) root shoot ratio did not change significantly because both shoot and root were
affected equally. In a study conducted by Uddin et al. (2013) reported that in mung

bean {Vigna radio to L.) water deficiency resulted in lowered relative growth rate and
root shoot ratio. The highest relative growth rate (163.13 mg g"' day planf') and root
shoot ratio (0.24) was found in irrigated plants and lowest in non-irrigated plants.

2.1.3. Effect of drought stress on biochemical parameters

Different scientists reported the effect of drought stress on chlorophyll content

of okra. Altaf et al. (2015) claimed that drought reduced the photo synthetic pigments

in okra and maximum reduction in photosynthetic pigment was found in higher level
of drought (50% moisture depletion) than lower level. In their study, drought affected
okra at early stage than the middle stage and drought up to 50 per cent depletion of
available moisture was found to be fatal to the plants but plants can survive at low levels
of drought. In another study, okra plants exposed to water deficit (25% FC) of 10 days
duration at vegetative and reproductive phases caused severe reduction of chlorophyll
content compared to the control (100% FC) (Adejumo et al., 2019). Dos Santos Farias
et al. (2019) found that in well irrigated okra plants, chlorophyll a, chlorophyll b and
total chlorophyll showed an increase of 12.10 per cent, 64.2 per cent and 27.60 per cent
over drought stressed plants, respectively.

Effect of drought stress on chlorophyll content of several other crops are

reviewed below. Kimak et al. (2002) reported that in brinjal, drought resulted in
significant reduction in chlorophyll contents compared to well watered treatment.
According to Pagter et al. (2005) in Phragmites australis the chlorophyll a content was
remarkably reduced by severe water stress, while changes in the chlorophyll b content
were insignificant, showing greater sensitivity of chlorophyll a to water stress. Talebi
(2011) evaluated the effect of drought on chlorophyll content (SPAD reading) on
twenty four genotypes of durum wheat under well-watered and moisture-stressed
condition. He found that genotype with higher yield in well watered condition also had



high chlorophyU content. Sibomana et al (2013) reported that severe water stress in
tomato reduced chlorophyll concentration by 32 per cent.

2.1.4. Effect of drought stress on yield and yield attributes

Several workers have reported the effect of irrigation interval and drought stress
on yield and yield attributes of okra.

In an. earlier study conducted by Mbagwu and Adesipe (1987) reported that
irrigation withdrawn during the flowering or pod-filling stages of okra e d d '

reduction ofmore than 70 per cent fiuit yields, while the lowest reduction in fiu t Id
remained with water stress during the vegetative stage SimilarU/ c^idTiy, bam-Amoah et al
(2016) reported that water deficit during vegetative stage causes decline in yield' k^"

Studies have shown that okra fhiit size was greatly affected when th
ofwater supplied is below that required for plants (Kumar effl/ onn-rs ^"^tity•' ')• Sankar et al
(2007) reported that when moisture stress was imposed in f5v«ve vaneties of okra bv
irrigating at 60 per cent field capacity, decreased yield of the a '

P* "According to A1Harbi et al. (2008), when okra plants exposed to reduced water supply d '
phase had an unfavorable effect on productivity. The flowerin ^ S^'owth
sensitive stage of okra to water shortage, as it, causes earlv ft ^

y iiowcring snd red
the number of fruits. Dos Santos Farias et al. (2019) reported that" ^^hon in
plants, finit length (cm), fruit girth (cm) and productivity (t ha'h h ^^ated okra
29.16 per cent, 17.60 per cent and 338.70 per cent rp<!n«^t* . ^ increase of> ^capecnvely, when c
drought stressed plants. °nipared to

Water stress on okra plants directly impact the reduced ftu"
of the plant (Bhatt and Rao, 2005; Sankar et al., 2008; Bahadur ^ and yield
et al. (2015) reported that in okra the mean fi-esh fiuit wemt,^ ̂  ̂ ^wajaffa

o  DTllXt Icno+Xi
weight were lower when irrigation was given at 25 or 50 ^
compared to 75 or 100 per cent field capacity, while the fiuit capacity

quadratic response at a peak of 50 per cent soil moisture content ̂  showed a
(2015) observed that in okra the biomass and fiuit yield were
stress conditioa Sam-Amoah (2016) reported that the effects ®0'sture
reduction in pod length and pod girth of okra. ^ ^ater stress led t



10

The irrigation intervals significantly influence the flowering, flint size and jdeld

of okra. Hussein et al. (2011) claimed that fruit yield and finit weight of okra was

reduced with a wider irrigation interval of 30 days compared to 12 days interval.

According to Ghannad et al. (2014), irrigation given to okra plants at 7 days intervals
influenced the days to flowering initiation and gave the highest yield, fiiiits number

plant"' and seeds pod Aliyu et al. (2016) reported that the number of pods plant"',
average pod weight, pod length and fiiiit yield of okra was reduced when irrigation
interval was increased to 11 days from 5 days and 8 days which produced higher values.

Similarly, Singh and Singh (2016) observed that when moisture stress induced by
irrigating at 9 days interval in okra, led to lowest number of pickings (9), fiiiits plant
(15.33) and yield (7007 kg ha"') when compared to the unstressed condition with 5 days
irrigation interval which produced the maximum number of pickings (11) and finiits
plant"' (17) and yield (9516 kg ha"'). In another study conducted by Al-Ubaydi et al.
(2017) plants irrigated at every 3 days initiated flowers much earlier when compared to
plants which have been irrigated when needed. The highest fiiiit length (4.2 cm) was
observed in plants irrigated every five days compared with plants irrigated when needed
(2.5 cm). The highest diameter of the fiiiit (2.08 cm) was observed in plants irrigated
at every 3 days, while the lowest fiiiit diameter (1.3 cm) in plants irrigated when needed.

Effect of drought stress and irrigation interval on yield and yield attributes of

several other crops were reported. Nahar and Ullah (2011) foimd that the flower and
fiuit characteristics of tomato plants i.e., flowers cluster"', fiiiits cluster"', clusters
plant"', fiuit stalk length, fruit length, fiuit girth and fiuit weight, were affected by soil
moisture depletion and in their study, all the flower and fiuit characters were
significantly affected by water stress and the highest values were obtained at slight
stress (70% field capacity) followed by severe stress (40% field capacity) and control
(100% field capacity). Menon and Savithri (2015) claimed that drought stressed
cowpea plants showed delay in flowering compared to nonnally irrigated plants. This
is due to delay in attaining sufficient vegetative growth before flowering.

Bideshki and Arvin (2010) reported that, drought stress decreased yield of garlic

{Allium sativum) crop. Kimak et al. (2002) reported that in brinjal, the drought stress
tr eatment receiving 80 per cent replenishment of open pan evaporation at 8 days interval
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and 70 percent replenishment at 12 days interval reduced the maitetable fhiit yield and
fluit size by 12 percent and 28.6 per cent, respectively, when compared to well watered
treatment. Sibomana e, al. (2013) claimed that severe drought stress in tomato reduced
the plant height by 24 per cent, chlorophyll concentiatiou by 32 ner cent j . .

^  per cent and relativeleaf water content by 24.7 per cent, trait girth by 19 per cent and trait yield by 69 er
centcomparedtothecontrol. Ud'lina<j/.(2013)repottedinmunnboanri"
T \ • a, J i n . fadiataL.) moisture stress caused early flowermg, pod fonnation and maturity of plant
highest number of days (46.15 days) required to initiate flowerine /
•  n . were found whenimgation given at emergence, flowermg, pod setting and maturity stage and
duration required to initiate flowering (38.65 days) in non-irrigated condrio

Ascorbic acid concentration was highly affected by drou ht

concentration ofascorbic acid in fruits increased with increasing dr Thehighest amount was seen at 40 per cent field capacity followed by 70
lOOper cent field capacity. An increase of 76 per cent of ascorbic acid ^

observed at 40 per cent field capacity compared to 100 per cent field
and Mahdiyeh, 2013). ^^Pacity (Amir

:and

Was

and Mahdiyeh, 2013). '-^'pacity (Amiijani

2.2. SALICYLIC ACID

Salicylic acid (SA) or ortho- hydroxy benzoic acid is
growth regulator of phenolic nature that possess an aromatic ' ®^^°8®Jieous plant
or its functional derivatives. In fi-ee state salicylic acid is found^-^^^ ̂  ̂y^roxyl group
form having melting point of 157 - 159 ° C and a pH of 2 4 ^ ̂̂ ^^alline powder

The biosynthetic pathway for synthesis of SA adopted b
enzymatic pathways, i.e., isochorismate synthase (ICS) and two
lyase (IPL), fi-om a common precursor, chorismic acid. The p Pyruvate
act independently, and it is well known that the PAL pathway i Pathways
the synthesis of SA. SA is believed to be synthesized in the ^ for
into the cytoplasm (Hasanuzzaman et al.. 2017). ^^^'^oplast and exported

Salicylic acid play a various physiological role '
germination (Cutt and Klessig, 1992), plant growth (KhaTef^lT^' seed
flower induction, nutrient uptake, ethylene biosynthesis m ^®rinogen« •wests (Hayat and Ahm j
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uptake and transport (Harper and Balke, 1981), membrane permeability (Barkosky and

Einhellig, 1993), stomatal movement (Larque-Saavedra 1979) and photosynthesis
(Fariduddin et al. 2003). Salicylic acid adjusts the activity of antioxidant enzymes and

enhances plant resistance to abiotic stresses (Hayat et al., 2010).

Drought has been accounted as one of the most acute abiotic stresses presently

affecting agriculture. Drought stress reduces photosynthesis and stomatal conductance,

inhibit photosynthetic pigments synthesis and ultimately lead to reduction in growth of
plants. Various results showed that salicylic acid alleviated the adverse effects of

drought stress on the growth and development of okra and other crops. In general,

salicylic acid have ability to enhance the tolerance of the plant under drought stress

(Amin and Mahmood, 2011).

2.2.1. Effect of salicylic acid on morphological parameters

Many investigators have explained the effect of salicylic acid on morphological
parameters of different crops, some of them are reviewed here. Munir et al. (2016)
reported that salicylic acid foliar spray of 1 mM and 2 mM at all the growth stages of
okra was found effective in improving morphological traits. SA foliar spray of 2 mM

at all the three growth stages i.e., two leaf stage, four leaf stage and flowering stage was

formd more effective in increasing plant height (68.62 cm) than rmtreated plants (40.55

cm).

Amin et al. (2008) reported that foliar spray of SA @ 100 and 200 mg L"'
promoted plant height of wheat plants in comparison with untreated plants. Salicylic
acid @ 100 mg L'^ was the best treatment in increasing growth parameters of wheat
plants, whereas, growth characters sigmficantly decreased by increasing salicylic
concentration up to 400 mg L"'. Similar observation was made by Jayalakshmi et al.

(2010) in groundnut, foliar application of salicylic acid @100 and 200 mg L promoted
plant height by 11 per cent and 21 per cent than untreated plants. Salicylic acid (200
mg L"') was most effective treatment in increasing growth parameters. Whereas,
growth characters of groundnut plants significantly decreased by increasing salicylic
acid concentration up to 400 mg L"'. Abdelkader et al. (2012) observed that presoaking

of wheat grains in 1 mM salicylic acid improved morphological traits such as plant
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height According to Al- Razak et ai (2015), adverse effects of water stress on the
growth of fenugreek can be mitigated by foliar spraying of salicylic acid at two
concentrations (50 and 100 mg L '), particularly 100 mg L"' salicylic ac ̂
concentration. Foliar sprays with 100 mg L'' SA cause a significant inctj,! p^
height by 37.13 per cent comparing to control plants.

Pradhan et at. (2016) claimed that exogenous application of salicylic acid ®
S L-i significantly increased plant height (71.08 cm) than untreated control (6 l

cm). Elhakem (2019) found that drought stress caused 25 neroi^nt .j ® <- • 1
heiVhr of ^ ̂le plantheight of peppermint {Mentha arvensis) plants when exposed to dr
withholding water twice at the vegetative stage for 30 days when
control plants. Seeds presoaked in SA (0.05 M) increased the plant
control as well as drought stressed plants, hi a study done by Edupu
reported that drought stress at reproductive stage of chickpea plants d^^^ ^
height by 17 per cent compared to control. SA appUcation aUeviated
effect on plant height in chickpea. SA (0,5 mM) applied

unproved the plant height by 9 per cent compared to the UTKJtrrx plantsTessed control.

Senaratna et al (2000) observed that the lower concentrati
salicyhc acid, when exogenously applied to bean and tomato plant "
against the damaging effects of drought, whereas hiah^r tolerance

>  wiiceiitratirk

acid (0.5 mM) did not show fruitful results. Noreen et al (2009) sh ^ ^^^icylic
salicylic acid (200 ppm) in sunflower caused the reduction of adv ^Praying
stress. The use of SA with concentrations of 1, 2 and 3 mM effects of drought
stress conditions i.e., at 50 per cent of field capacity signiff ^®Oght
performance of the crop (Karimian era/., 2015). ^ ̂^reased the

Hayat et al (2005) reported that number of leaf pianfi •
in wheat seedlings raised from the grains soaked in lower co ^^^ficantly
salicylic acid. Chavoushi et al (2020) observed that in saffl ^ of
increased when treated with SA @ 250 pM under drought s ®^ber of
their controls, FC 25 per cent. ^hen compm-eji t
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Foliar application of lower concentrations of salicylic acid significantly

increased the root length of soybean, carrot radish and beetroot (Hayat et al., 2010).

Munir et al. (2016) confirmed that salicylic acid spray of 1 mM and 2 mM at all the

growth stages of okra was found effective in improving morphological traits. SA spray

2 mM at all the three growth stages i.e., two leaf stage, four leaf stage and flowering

stage was found more effective in increasing root length (41.15 cm) than imtreated

plants (25.1 cm).

Chavoushi et al. (2020) reported that in safflower dry weight of roots increased

when treated with SA @ 250 pM under drought stress when compared to their controls

(25% FC). Ornamental plant Sinningia speciosa flowered much earlier when they

received an exogenous foliar spray of salicylic acid as compared to the untreated control

(Martin-Mex el al., 2005).

2.2.2. Effect of salicylic acid on physiological parameters
<9

Several workers have reported the effect of salicylic acid on physiological

parameters. Abdelkader et al. (2012) reported that presoaking of wheat grains in 1 mM

salicylic acid improved leaf area. In safflower the leaf area was significantly increased

compared to their controls (FC 25%), when sprayed with SA @ 250 pM under drought

stress (Chavoushi et al., 2020).

Munir et al. (2016) confirmed that minimum RLWC was in drought stressed

plants (58.86%) and application of 2 mM SA spray at all three growth stages i.e.. two

leaf stage, four leaf stage and flowering stage of okra significantly increased RLWC

(89.92%) under drought stress.

There was a significant decline of relative leaf water contents in water stressed

tomato plants. The treatment of these water stressed tomato plants with lower

concentrations of salicylic acid (lO'^M) sigmficantly enhanced the aforesaid parameter

thereby improved tolerance of the plants to drought stress (Hayat et al., 2008).

According to Rao et al. (2012) foliar application of salicylic acid 100 ppm at 3 - 4 leaf

stage of drought stressed maize (Zea mays L.) maintained the highest RLWC (79.37%)

followed by 150 ppm SA (64.07%), when compared with check plants (52.27%). In

another study conducted by Askari and Ehsanzadeh (2015) relative leaf water content
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of fennel {Foeniculum vulgare) decreased by 71.06 per cent due to dtxrught and
exogenous appUcation of SA (0.5) mM alleviated dtonght induced harmful effects on
RLWC. Abbas er at. (201S.) stated that relative leaf water contents (RLWC) were
sigmficanUy decreased when moisture stress was imposed to marigold plants Wh
foliar application of SA @ 100 mg L- was done at tepmductive growth stane ' f
mangold under nonnal irrigation and drought stress increased RWC Foliar ^salicylic acid @ 100 mg L'" at vegetative stage of maize tesulted in 4e
relative leaf water contents under control as well as water stress • •
and foliar spray with sahcylic acid @ 100 mg L"' eavf. Pnming

o  6 second histigct pr wjr^

Minimum relative leafwater contents were in conditions where " •
were not given (hfan et al., 2019). Edupuganti et al. (2019)

decreaseinRLWCindroughtstressedchickpeaplantscomparedTrapphcation SA (0.5 mM) improved the RLWC bv 55 control. Exogenous
per cent in well wat

and 49.4 per cent in drought stressed plants over control 'itered plants

Hussein (2015) reported that seed priming with sahcylic a A
10,25, 50, 75 and 100 mg L"' increased relative growth rate in o ^^^^^^t^tion of
to drought stress was observed in the plants raised from fi, . tolerance
solution of S A and also improved dry matter accumulation (H ^ ^ ̂̂ueous
to Fariduddin et al. (2003), dry matter accumulation was erA^^^^' According
sprayed with lower concentrations (10'^ M) of salicyhc acid ^ ®^tard when
of salicyhc acid (10-^ M or lO'^ M) had an inhibitory effect ""^^^^ntrations
found that when wheat seedlings subjected to drought stress
exhibited higher dry matter accumulation compared to the^^ ^^licyhc acid
al. (2019) reported that maximum dry weight per plant was^^^^^
SA @ 100 mg L-' at reproductive growth stage of marigold^ l^""^ of
moisture supply and drought stressed condition Th6.o ^ both norm i•  amount of r>i
lowest with no salicyhc acid apphcation in water deficit c • ^ ̂®^Sht was
claimed that fohar apphcation of SA 100 mg L*' at ti, ®°^^"ion. frf^n ®

^ at the vegetativp 19)
rmproveddrymatterproductionplant-' by 26 per cent under maize
Foliar and priming with SA 100 mg L"' gave aeoond b «>Mitio„3
production plant-'. Edupuganti el al. (2019) repotted th , ® "'V man '

matters ,
Pfoduction
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was significantly declined (41.7%) in water-deficit chickpea plants at reproductive

stage when compared to well-watered plants. SA (0.5 mM) application to drought

stressed plants reversed the drought stress effect on dry mass accumulation and

increased total dry mass by 50.6 per cent as compared to the stress control. Unstressed

chickpea plants treated with exogenous SA (0.5 mM) accounted for 9.3 per cent

increase in total dry matter over the imstressed control plants.

2.2.3. Effect of salicylic acid on biochemical parameters

Many workers have reported the effects of salicylic acid on chlorophyll content

of leaf. Amin et al. (2009) reported that drought stress caused decreased chlorophyll a,

chlorophyll b and total chlorophyll in okra plants when compared with control plants.

The decrease of these pigments under drought stress conditions improved with

application of salicylic acid and ascorbic acid @ 1 mM.

Fariduddin et al. (2003) reported that when mustard plants were sprayed with

lower concentrations (10'^ M) of SA, chlorophyll content significantly enhanced,

whereas, higher concentrations proved to be inhibitory. Singh and Usha (2003)

confirmed that chlorophyll content in wheat plants increased with salicylic acid

application under water stress as compared to the water stress control without salicylic

acid. Chlorophyll contents at 1,2 and 3 mM of SA respectively, were 38,49.4 and 97.9

per cent higher than those of water stressed control.

According to Hayat et al. (2005) chlorophyll pigment was significantly

enhanced in wheat seedlings, when raised firom the grains pre-treated with lower

concentration (10"^ M) of salicylic acid. There was a significant decline of

photosynthetic parameters and chlorophyll content in water stressed tomato plants. The
treatment of these stressed plants with lower concentrations of salicylic acid (10'^ M)

significantly enhanced the aforesaid parameters thereby improved tolerance of the

plants to drought stress (Hayat et al, 2008). In a study conducted by Amin et al (2008)
in wheat, salicylic acid 100 mg L"' increased chlorophyll a, chlorophyll b and

carotenoids content. The content of chlorophyll pigments were reduced in higher

concentration of salicylic acid (100 mg L"' and 400 mg L'),
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In another study, tomato plants receiving SA (lO'^ M) possess the maximum
value for SPAD chlorophyll meter readings (SCMR) and measured 27.5 per cent higher
than that of the control. Application of water stress by withholding water for 10 days
at 20 and 30 DAS decreased the value of SCMR. The SA foliar treatment @ lO'^^M
overcame the negative effects generated by water stress (Hayat et al, 2008) Idrees
al, (2010) reported that drought stress reduced the total chlorophyll and ^
content in lemon grass varieties and higher reduction was noted ^

uuiea at 50 per cent FC

Higher total chlorophyll and carotenoids contents were found in stressed
(10 M) than without SA application. ^

Jayalakshmi et al. (2010) claimed that foliar appUcation of salic F
200 and 300 mg L"') to 30 day old groundnut plants significantly increased^ ^ ̂
a, chlorophyU b and carotenoids recording maximum values at 100 mg L"^
ofchlorophyll pigments were reduced when higher concentration of • "
mg L-') were appUed. Rao et al (2012) confirmed that foliar . i • ("^^0

luiiar application inoSA at 3-4 leaf stage significantly increased chlorophyll contents
control (26.98 pM) under drought stressed conditions in maize Bid
reported that banana shoot tip explants responded positively to ^ (2012)
salicylic acid (1,2 and 3 mM) by showing significant increase " ^ ̂PP^^^ation of
imder drought stress conditions. ^^Ofophyll contents

Askari and Ehsanzadeh (2015) reported that chlorophyll a

total chlorophyll reduced under drought stress condition in fennel (^' ̂^^rophyfi 5
and exogenous application of SA @ 0.5 mM and 1 mM ' vulgare)
content. According to Pradhan et al (2016) exogenous annr chlorophyll
L"' increased chlorophyll content of leaves (33.01 SPAD) than @ 250 mg
SPAD). Spraying of SA three times had better efficacy than control (26.77
terms of chlorophyll content of leaves. Elhakem (2019) ̂  ^P^^hig in
peppermint (Mentha arvensis) plant leaves had higher chlorophyi^^^^^ control
total chlorophyll at all growth stages. Drought stress caused ^ "^'.^^^^^Phyll b and
pigments and presoaking in SA (0.05 M) caused an increasT^^^^^^^ ̂  ̂̂crophyfi
pigment content in the stressed and the unstressed plants In ^'^^^^^ynthetic
Chavoushi et al (2020) in safflower, the contents of a1,i ^ ^cnductAH u

Chlorophylls , ^ledby
''"o'oPhylUana
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carotenoids were significantly decreased by the drought stress. The salicylic acid
treatment @ 250 |iM to the non-stressed plants (100% FC) reduced contents of
chlorophyll a and carotenoids about 45 per cent and chlorophyll b had no significant
effect. The SA treatment to the drought stressed plants increased chlorophyll a, but not

changed the chlorophyll h and carotenoids compared to the drought stressed plants (FC
25%).

2.2.4. Effect of salicylic acid on yield and yield attributes

Many workers have reported the effects of salicylic acid on yield and yield
attributes of crops. Munir et al (2016) reported that when 2 mM salicylic acid was
sprayed at all three growth stages, two leaf stage, 4 leaf stage and flowering stage of
okra crop grown under water stress, maximum fruits plant"' (15.53), fruit weight (9.78
g), fruit yield (10.09 t ha") and seed yield (1695.8 kg ha') was observed. On contrary,
control plants showed minimum fruits plant' (5.93), fruit weight (4.52 g), fruit yield
(1.61 ha"') as well as seed yield (355.5 kg ha').

The foliar application of salicylic acid to soybean enhanced the flowering and

pod formation (Kumar et al, 1999). Martin-Mex et al (2005) reported that when plants
of Carica papaya were treated with salicylic acid showed significantly higher fruit
setting. Arfan et al (2007) claimed that foliar application of salicylic acid (0.25 and
0.75 mM) increased grain yield and growth of spring wheat under water deficit
conditions. Foliar spray of salicylic acid improved productivity of wheat due to an
improvement in all growth characteristics such as plant height, number and area of
leaves, stem diameter and total plant dry weight (Hussein et al, 2007).

In cucumber and tomato, the fruit yield enhanced significantly when the plants
were sprayed with lower concentrations of salicylic acid (Larque-Saavedra and Martin-
Mex, 2007). Amin et al (2008) reported that foliar application of salicylic acid @ 100
mg L"' resulted in the highest increase in yield and its components. Conversely, SA @
400 mg L"' recorded the lowest values of yield and yield components compared to their
corresponding controls. In another study conducted by Jayalakshmi et al (2010)
reported that foliar application of salicylic acid 100 mg L"' to 30 day old groundnut
plants resulted in increased yield. However, SA 400 mg L' recorded the lowest values
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of yield and its components compared to controls. Pradhan et al. (2016) foimd that
appUcation of SA @ 250 mg at 30 DAS, 30 DAT and 45 or 60 DAT increased the
total bulb yield (290.91 q ha"') and marketable bulb yield (180.91 to 183.10 q ha'') in
onion variety Agrifoimd Light Red.

2.3. ASCORBIC ACID

Ascorbic acid (AsA) (vitamin C) is a non-enzymatic water soluble antioxidant
It is a white or hght yellow coloured sohd with a melting point of 190 - 192 Oc it •
one of the cheapest plant growth regulators and had significant positive effects on plant
growth and development under stress as well as non-stress conditions

AsA is involved in many physico-chemical processes from « •
.  ., . , „ ^ "^^®®^8emunationtosenescence (e.g. oxidative defence, the regeneration of vitamin c «

flowering, fruitmatunty, as a cofactor of enzymes, signalling, cell division and elongatio
pathogen attack, and increasing yields and stress tolerance

^  3I1Q FaraViV^QirV* u2013). Ascorbic acid is one of the comprehensively studied antioxidant

figured in majority of plant species, organelles and apoplast It is ^ ̂adbeen
mitochondria and transported to the other cell comnon + y^Aiesized in the

ponents through a nmt
electrochemical gradient or through facilitated diffusion Generall Proion-
is higher in leaves as compared to other plant parts. ^°^®6ntration

Ascorbic acid is a main compovmd in plants and reduces
drought stress by reducing the level of free radicals It i« 1 effects ofwell known to recn i
tolerance in plants as reported in a munber of studies, e g c ^S^late stress
pea (Akram et al, 2018), and maize (Dolatabadan et l o > 2014)^

2010) ^ .
supporting the effect of ascorbic acid under stresseH ' ̂fl®rature

^on-stresseH
reviewed below. condition is

2.3.1. Effect of ascorbic acid on morphological parameters

Several workers reported the effect of a<5rr>rK-ascorbic acid on m
parameters. Amin et al (2008) reported that ascorbic acid @ iqq "^^ological
was effective in increasing vegetative growth of wheat plants Th ' ^'
characters (i.e.. plant height, number of tiller, number of s v in growth

nag leaf
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and dry weight plant"') reached maximum values at 400 mg L"' of ascorbic acid
compared to control plants.

2.3.2. Effect of ascorbic acid on physiological parameters

Many workers reported the effect of ascorbic acid on physiological parameters,
some of them are reviewed here. Darvishan et al. (2013) reported that irrigation

withholding at 8-leaf stage, at silks appearance stage and at both 8-leaf stage and silks
appearance stages of com {Zea mays L) decreased RLWC. Foliar appUcation of AsA
150 ppm concentration increased RLWC compared with control plants under irrigation
withholding condition. According to Reiahi and Farahbakhsh, (2013) drought stress
caused a significant reduction in RLWC (17.44%) in sorghum. AsA @ 1 mM led to an
increase of 103 per cent in RLWC compared with control. Also priming with ascorbic
acid concentration of 1 and 1.5 mM had the highest effect on RLWC under normal and
stress condition.

Malik et al. (2015) found that AsA application as seed priming (1 mM), foliar
spray (1 mM) and through rooting medium (0.5 mM), benefited the wheat seedlings
under drought to overcome adverse effects of drought stress. Rooting medium
treatment proved to be the most effective mode of application. Ascorbic acid
application improved RLWC of wheat genotypes subjected to drought stress when
compared to the control drought stressed genotypes. In another study Latif e/ al. (2016)
found that water deficit conditions suppressed RLWC values m cauliflower cultivars
and seed-soaking with ascorbic acid @ 75 or 150 mg L"' improved RLWC values and
increased tolerance to drought stress.

2.3.3. Effect of ascorbic acid on biochemical parameters

Amin et al. (2008) reported that in wheat, ascorbic acid concentration of 400
mg L"' was effective in increasing the photosynthetic pigments, chlorophyll a,
chlorophyll b and carotenoids over control.

According to Darvishan et al. (2013), irrigation withholding at 8-leaf stage, at

silks appearance stage and at both 8-leaf stage and silks appearance stages of com (Zea
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mays L) decreased total chlorophyll content. Foliar application of AsA @ 150 ppm
increased total chlorophyll content when compared with untreated plants.

Farooq et al. (2020) claimed that chlorophyll a and chlorophyll b contents
decreased significantly in all cultivars of saffiower under water stress Foliar
application of ascorbic acid @ 100 mg L"' and 150 mg L"' caused marked improvelem
in chlorophyll a and chlorophyll b contents under both water regimes

2.3.4. Effect of ascorbic acid on yield and yield attributes

Amin et al. (2008) reported that AsA significanfly hereased yield wA
components in wheat plants i.e., plant height, tiller number, number of s k
spike length, spike weight plant ', grain index, grain and straw yield pla^f'^^
to the other treatments. The maximum values of viVlH <^ompared

J4W1U oIlQ its COmnrk

obtained with foliar spray of ascorbic acid ® 400 me T -i t
^  . Latif ef a/. (2oi6\ i •

that seed treatment with ascorbic acid @ 75 or 150 mg L~' ' ciauned
concentrations in the leaves of cauliflower cultivars imder h ^corbie acid

urought stress Sicm'-p*
increase was observed in AsA content in saffiower cultivars due "^ignincant
ascorbic acid (100 mg L"' and 150 mg L"') under both well- ^PP^ication of
conditions (Farooq et al., 2020). Water deficit

2.4. TfflOUREA

Thiourea (TU) is a sulphydral compound (NH2-CS Mtr
'^'"iNl:i2j whicli *water. Exogenous application of TU (e.g. as seed primiu f • soluble in

supplementation, soil application) improve productivity niedium

mechanisms in plants under drought stress in arid and semi • defense
1993; Siivastavae/a/., 2017). ̂  "uparts drought tolerance be
solubility and quick absorption in living tissues (Qare Water

supporting the effect ofthiourea under stressed and non-stre ' Literature
below. Previewed

2.4.1. Effect of thiourea on morphological parameters

Several workers reported the effect ofthiourea on
crops. Anitha et al. (2006) reported that in cowpea {Vi ^^^eters of

""""Suiculata
^ b seed
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soaking with 500 ppm thiourea combined with two foliar sprays @ 500 ppm at
vegetative stage and flowering stages recorded the highest number of branches plant ̂
In a similar study conducted by Shanu et al. (2013) seed treatment with 1000 ppm
thiourea foUowed by foliar spray with 1000 ppm of thiourea at vegetative and flowering

stage of coriander under different irrigation levels resulted higher plant height and
number of branches plant"'. According to Burman et al (2007), seed treatment with

thiourea (500 mg kg"') followed by foliar spray of thiourea (1000 mg kg"') at vegetative
and reproductive stage of cluster bean under rainfed conditions increased plant growth.

Amin et al. (2014) claimed that foliar spray of thiourea @ 1000 mg L"' to faba
bean plants during elongation stage increased plant height, number of leaves plant"' and
number of branches plant"' compared to untreated control plants. Singh and Smgh
(2017) reported that maximum plant height and branches plant' were recorded with
application of thiourea @ 500 ppm followed by thiourea @ 1000 ppm at pre flowering
and pod initiation stages over water spray and control in lentil. In another study, Zain
et al. (2017) reported that highest plant height (97.84 cm) in wheat was attained in
plants treated with 300 mg L"' of thiourea followed in plants sprayed with 600 mg L
of thiourea and reduced plant height (83.68 cm) was recorded in control plants
Shakoor et al (2019) observed that exogenous application of thiourea @ 1000 mg L
and 500 mg L"' at 20* 30* and 40* days after germination of maize plants recorded
maximum shoot length and minimum shoot length was in control. In a recent study
conducted by Uddin et al, (2020), foliar spray of thiourea in okra at three times found
to be beneficial in case of plant height, number of leaves plant"' and number of branches
plant"' (131.5 cm, 41.7 and 3.7, respectively) as compared to twice and single
application over control or no application (109.5 cm, 12.6 mm, 29.7 and 1.3
respectively).

In gladiolus thiourea 1 % + salicylic acid 150 ppm recorded minimum days for
50 per cent sprouting of corms and maximum leaves plant"' (Pawar et al, 2018).

-1

-1
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2.4o2. Effect of thiourea on physiological parameters

Many workers reported the effect of thiourea on physiological parameters.
Ravat and Nirav (2015) found that in okra foliar spray of thiourea @ 500 ppm yielded
the best for leaf area.

The role of thiourea in increasing leaf area has been reported for several
(Sahu and Solanki, 1991; Garg et al, 2006). Bunnan et al (2004) reported that seed
treatment with 500 pg g"' thiourea and foliar spray with 1000 uo a-i

g miourea at 25 and
40 DAS in water stressed cluster bean {Cyamopsis tetragonoloba Taub ) inc d
area of plants to the extent of 41.3 per cent and 38.8 ner cent at «p  flowering and post
flowering stages, respectively.

Garg et al, (2018) reported that drought stress significantly decreas
leaf water content (RLWC) of leaf by 18.84 per cent as compared t relative

p  o 10 control in garden
pea {Pisum sativum L.). Application of thiourea 6.6 mM increased the RLW
stressed condition about 10.22 per cent. water

2.4.3. Effect of thiourea on biochemical parameters

Many workers reported the effect of thiourea on chlorophyll
Burman et al (2004) reported that water stress decreased the hi of leaves.
15.8 to 10.7 per cent at pre and post flowering stages, respectiv i ^ ^ ®oiitent by
{Cyamopsis tetragonoloba Taub.) and seed treatment with 500 pg -i '• ̂  bean
spray with 1000 pg g"' thiourea at 25 and 40 DAS increased chl and foliar
7 per cent. Garg et al (2006) reported a substantial increase i., ^ ®®'itent by 6 -aac in chlorophvli ̂
the application of thiourea in cluster bean, under drought stress ®®^tents by
1000 ppm thiourea followed by foliar spray with 1000 nnm fl̂ ®^tnient withppni of thiourea af
and flowering stage of coriander rmder different irrigation level ^®8etative
chlorophyll content in leaves (Shanu et al, 2013), ^®anlted in higher

Foliar spray of thiourea at 250, 500 andlOOO m& t -U
•L' to faba be

elongation stage increased photosynthetic pigments (chlorophyll ^ during
carotenoids) compared to untreated plants (Amin et al, 2014) b and
al (2018), drought stress decreased chlorophyll a, chlorophyll Garg et

""•""""ohlorophyi,
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content as compared to control garden pea (Pisum sativum L.). Thiourea treatments

with and without drought increased chlorophyll a and total chlorophyll content. TU @

6.6 mM increased chlorophyll a content by 164.7 per cent and chlorophyll b content by

133.3 per cent compared to untreated plants imder drought.

2.4.4. Effect of thiourea on yield and yield attributes

The effect of thiourea on yield and yield attributes of several crops had been

reported by many workers. Ravat and Nirav (2015) found that in okra foliar spray of
thiourea @ 500 ppm yielded the best for yield characters viz., number of fruits plant ,
fruit length, number of seeds fruit"', seed yield plant"' and seed yield hectare'.

Sahu and singh, (1995) reported that thiourea foliar spray at tillering stage,

flowering stage and at both tillering and flowering stage of wheat increased grain yield
by 15.2 percent, 6.6 percent and 23.9 per cent over control, respectively. Amin et al.
(2014) claimed that foliar spray of thiourea at 1000 mg L"' to faba bean plants during
elongation stage increased number of pods plant"' compared to untreated control plants.
In a study conducted by Anitha et al. (2006) thiourea application increased cowpea
productivity xmder rainfed conditions. Soaking seeds in thiourea (500 ppm) solution
followed by 2 sprays at both vegetative and flowering stages was most effective and
increased seed yield by 26 per cent over control. This also resulted in the higher
economic benefits over that of untreated control.

Siddiqui et al. (2014) observed that under rainfed condition application of
thiourea O.lper cent increased grain yield of pearl miUet by 10.7 per cent over control.
Also, foliar spray of thiourea at both tillering and flowering stages was found more
effective than foliar spray at tillering or at flowering stage alone during rainy season.
According to Sharma et al. (2015) foliar spray of thiourea 1000 ppm at heading stage
of wheat enhanced the grain yield to the magnitude of 22.08 per cent over control and
obtained additional returns and incremental B:C ratio of 3.33. Singh and Singh (2017)
claimed that maximum pods plant"' and an increase of 20 per cent grain yield were
obtained when foliar sprayed with thiourea @ 500ppm at pre flowering and pod

initiation stage of lentil over water spray and control treatment under rainfed condition.
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Yield contributmg traits such as number of productive tillers, number of grains
spike-', 1000 grain weight and grain yield were improved by the application of300 mg
L-' of thiourea at tiUering stage of late sown wheat (Zain et al.. 201-7). uddin et al
(2020) reported that application of thiourea resulted in significant increase in growA
yield and yield related attributes of okra. Foliar spray of thiourea at three times found
to be more beneficial in case of number of finits plant"', fruit length fruit diam t

singlefiTjitweight,finitweightplant-',yieldha-'(21.7,15.7cm, 15 Smm 17 5
g, 15.3 t, respectively) as compared to twice and single aDDlicatmw rv '

ppucation over control f 14 1
12.2 cm, 12.6 mm, 15.9 g, 227.9 g, 11.4 t, respectively).
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3» MATERIALS AND METHODS

The research work entitled "Drought mitigation in okra (Abelmoschus esculentus L.)

through chemical approach" was done at Regional Agricultural Research Station, Pilicode. The
objective of the study was to investigate the influence of different chemicals namely, salicylic acid,
ascorbic acid and thiourea on mitigation of drought and to evaluate their effect on morphological,

physiological and yield characteristics of okra. The details of the materials used and methods
adopted for the research work are detailed below.

3.1. GENERAL DETAILS

3.1.1. Experimental location

The experimental plot was located at Regional Agricultural Research Station, Pilicode,
located at 13 °N latitude and 75 °E longitude at an elevation of 15 m above MSL.

3.1.2. Time of study

The crop was grown during the period December 2019 to March 2020.

3.1.3. Season and weather condition

The experimental plots comes under tropical humid region. Data on various weather

parameters during crop period were collected from the Agromet Observatory of RARS, Pilicode
and depicted graphically in Fig. 1 and summarized in Appendix I. The average weather parameters
during the crop period at monthly average are given in Table 1.

Table 1. Average weather parameters during the crop period

Month Max Temp Min Temp Rainfall RH Evaporation Total rainy

ec) ec) (mm) (%) (mm) days in

the month

December 2019 31.7 22.8 91.0 77.0 110.9 3.0

January 2020 31.7 21.8 0.0 74.0 133.0 0.0

February 2020 32.0 22.5 45.8 75.0 126.9 1.0

March 2020 32.7 24.2 28.0 74.0 166.0 2.0
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3.1.4. Soa

Soil samples were collected from the experimental plots prior to the crop sowing b
making a' V shaped cut in the plot to a depth of 15 cm. Samples were then sieved thr u

*^vcu inrougn a 2 mm

sieve and reduced sample to 500 g by quartering technique. Soil samples were then dried "
for estimation of pH, EC, avadable N, P, K, S, Ca and Mg. Another set of <!amr,io.o5>ampies were collected
from 0 -15 cm and 15 - 30 cm depth by using core sampler for determining the bulk den ty
procedure followed for physico-chemical properties are given in Table 2.

Table 2. Physico - chemical properties of soil

The

81. No

I

T.

2.

3.

4.

5.

II

T.

2.

3.

4.

m

1.

2.

3^

Z"

5.

Particulars

Physical properties

Bulk density (g cm'^)

Wet bulk density (15 cm depth)

Dry bulk density (15 cm depth)

Wet bulk density (30 cm depth)

Dry bulk density (30 cm depth)

Mechanical composition

Sand(%)

Silt (%)

Undisturbed core sampler

Clay(%)

Textural class

Chemical properties

Robinson International pipette
m

pH

EC (dS m-')

Organic carbon (%)

Available N (kg ha"')

Available P (kg ha )

Available K (kg ha"')

Available Ca (mg kg"')

1:2.5 soil wata^suj^ii^
pH meter

Conductivity meter

Walkley and

Aikaimepeim^Ji^^^;"^^^^
Bray colorimetoirZeS^
Neutral normall^^^^
acetate extractant flame
photometry
Atomic

copy

®lack et al,
(1965)

^^Per(l966)

Jackson(1958)

(1958)
^®°»a958)~

Subbi^

Juckson

^^ekson
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8. Available Mg (mg kg"') Atomic absorption spectroscopy Jackson (1958)

9. Available S (mg kg"') Calcium chloride extraction and

estimation using
spectrophotometer

Massoumi and

cornfield (1963)

3.1.5 Crop and variety

Okra var. Arka Anamika was used for the field experiment. It is a high yielding (201

ha-') popular variety of 100 - 130 days duration and resistant to yellow vein mosaic virus (YVMV).

It is developed by interspecific hybridization of Abelmoschus esculentus (IIHR20-31) X

Abelmoschus manihot spp tetraphyllus followed by back cross method of breeding. It is tall and

well branched variety having green stem with purple shade. Fruits lush green, tender and long and

borne in two flushes. Fruits free from spines, having 5-6 ridges with delicate aroma. Purple

pigment is present on both sides of the petal base. Fruits have good keeping and cooking qualities.
Seeds were obtained from Indian Institute of Horticultural Research (ICAR-HHR), Hesaraghatta,

Bangalore.

3.2. EXPERIMENTAL STUDY

3.2.1. Experiment details

Variety :

Season :

Arka Anamika

Dec 2019-Mar 2020

Spacing

Size of the plot

Design

Treatments

Replication

No of plants per plot

60 cm X 30 cm

3 m X 3 m

RED

8

3

50



29

3.2.2. Treatments details

Ti : Nonnalirrigation

T2 : Drought stress (Stress was induced from 25 DAS, irrigation given at 50% field capa t )
T3 : T2 + Salicylic acid foliar spray @ 1 mM

T4 : T2 + Salicylic acid foliar spray @ 2 mM

Ts : T2 + Ascorbic acid foliar spray @ 1 mM

T6 : T2 + Ascorbic acid foliar spray @ 2 mM

T? : T2+Thiourea foliar spray @ 500 ppm

Tg : T2 + Thiourea foliar spray @ 1000 ppm

•  Foliar spray was given at 10'*', 20"' and 30"' DAS.

3.2.3. Preparation of the chemical solutions '

Salicylic acid : Salicylic acid having 99 per cent purity manufactured V>
^ P^^trun 1 R pqand Chemicals Pvt Ltd., Kochi was used for preparing solution*! Qoi • , • ^^gents

salicylic acid 138 n
and 276.24 mg dissolved in 1 L water to prepare 1 mM and 2 mM solutio ^ ̂  mg
respectively. ^^'icylic acid.

Ascorbic acid : Ascorbic acid having 99 per cent nuritv mo r-f  manufactured bv t l
Laboratories, Kochi was used for preparing solutions. 176.13ineand^*: ^^ochem

mg oFo
acid dissolved in 1 L water to prepare 1 mM and 2 mM cr.i ascorbic

^ s>omtions of o„_^ . .
respectively. acid,

Thiourea: Thiourea having 99 per cent purity manufactured bv uy i»ocnem Laborato ■
was used for preparing solutions. 500 mg and 1000 mg of thiourea w Kochi
water to prepare 500 ppm and 1000 ppm solutions, respectively *^^olved in 1 l
3.2.4. Manures and fertilizers

Urea (46 per cent N), rajphos (20 per cent PzOs) and m.,-: .
iste of [)otaQK //r

K2O) were used as chemical sources of nitrogen, phosphorus Per centH ™^^"dpotas ,um,resn •
' "^^spectiveiy
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Figure 1: Weather parameters during the crop season in standard weeks



Replication 1 T1 T3 T5 T7 T4 T2 T6 T8 N

Replication 2 T8 T6 T4 T2 T5 T7 T3 T1

Replication 3 T5 T7 T3 T1 T6 T8 T2 T4

Figure 2. Layout of the experimental plot

Treatment details

Ti : Normal irrigation

T2 : Drought stress

T3 : T2 + SA Foliar spray @ 1 mM

T4 : T2 + SA Foliar spray @ 2 Mm

T5 : T2 + As Foliar spray @ 1 Mm

T6 : T2 + As Foliar spray @ 2 Mm

T? ; T2 + Thiourea Foliar spray @ 500 ppm

Tg : T2 + Thiourea Foliar spray @ 1000 ppm

Design ; RBD

Plot size : 3 m X 3 m

Spacing ; 60cm x 30 cm

SA - Salicylic acid

As - Ascorbic acid

Water stress- Stress induced from 25 DAS, irrigation

given at 50% field capacity •

Foliar spray given at 10"^, 20**^ and 30**^ DAS
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3.3. FIELD OPERATIONS

3.3.1. Land preparation, sowing and fertilizer application

The experimental field was cleared from weeds and soil samples were collected

randomly from four to five spots at a depth of 0 -15 cm and 15 - 30 cm to determine the
physico-chemical properties of the soil. Then the field was thoroughly ploughed using mould

board plough and cross harrowing was done with tractor. The soil was brought fo a fine tilth
^fter removing stubbles and breaking clods and then the field was levelled. The experimental
field was divided into 3 blocks and in each block, 8 raised beds of 3 m length, 3 m width and

45 cm height leaving 60 cm spacing between beds. Lime was applied in each bed and
irrigated well. After one week, applied FYM @ 201 ha"' imiformly in all beds and thoroughly
irrigated. Healthy seeds were soaked in water for 4 hours and kept in moist cloth overnight.
Two seeds per hill were dibbled at a depth of 3 - 5 cm at a spacing of 60 cm between rows
and 30 cm within the rows @ 7 kg ha'. The dibbling was followed by irrigation. Applied

N, P2O5 and K2O @ 110:35:70 kg ha"' at the time of sowing as per Package of Practices
Recommendations Crops (KAU, 2016). N was given in two spilt doses, another 55 kg N ha"

' was appUed one month after sowing. Gap filling was done one week after seed sowing.
Two weeks later thinning out to one seedling per hill was done. Foliar spray of chemicals

namely, salicylic acid, ascorbic acid and thiourea was done at 10 ,20 and 30 DAS.

3.3.2. Irrigation

3.3.2.1 Determination offield capacity and permanent wilting point

Field capacity and permanent wilting point of the soil samples were determined

using pressure plate extractor set up. The apparatus consisted of an air tight metaUic chamber
in which a porous ceramic pressure plate was placed. The pressure plate and soil samples
were saturated and were placed in the metallic chamber. The required pressure of 0.33 bar

and 15 bar were applied through the compressor for determinmg the field capacity and
permanent wilting point respectively. Required pressure was applied for a duration of 48
hours by keeping the compressor "on", so that the soil moisture content reaches in
equilibrium against the applied pressure. After 48 hours, the soil samples were taken out of
the apparatus and kept in an oven at 105 °C for 24 hours to determine the moisture content
on weight basis. The moisture content on weight basis corresponding to field capacity and
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pemanent wilting point were converteti to moisture content on voiume basis by multiplying
with the bulk density. These moisture content values were used to find out the volume of
water required to bring the soil of the experimental plot to field capacity.

3o3»2»2o Coifipiittttioit of

Uniform daily irrigation was given to all the treatments for the first 25 days after
sowmg to brmg the soil moisture content to field capacity. Irrigation was withheld ̂ 5 davs

aftersowing in treatmentsTrtoTsandre-irrigatiou was givenat 50 per cent field capacity orwhen the plant showed temporary wilting symptoms.

33,23 Computation of irrigation interval and net depth of irrigation

The hrigation interval or fr^ueucy was calculated using the f„„ ■
relationship (FAO, 1977). ^ tollowmg

I = MAD / (ETc- Pe- GW) + Ts

Where,

I

MAD

ET,

Pe

■  Irrigation interval (days)
- M^^gementaUowed depletion (mm)
- O^y^ropevapotranspirationCmm)
-  effective preoipimao„(^j

GW - Meaudailygmnudwatercoutribution(mm)
Ts - Tane(indays)mquiredfors„i„o<,«i„,

field capacity after an irrigatiou. taken as 21
Of red loam soil. the case

The Management allowed depletion (MAD) was obta" d
MAD = P' X AWC X D

Where,

P' - Crop fector for soil moisture H ,
AWC - Availablewaterholdingeana
D  - Effective rooting depth (m) "'P'h of soil)



kHif b MiJI'b U

'Zt^nTi^^b ItN'MM
j||*li> II b^li]«VB

(i h u i i« (I a n n n ir ?• n u

^  ' 'k VpTI

Plate 1. Pressure plate apparatus

Plate 2. Saturated pressure plate and
soil samples

Plate 3. Saturated pressure plate and
soil samples kept in metallic chamber

Plate 4. Soil samples taken out of apparatus
after 48 hours
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Plate 8. Liming

Plate 9. FYM application Plate 10. Irrigation



Plate 11. Seed sowing
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Plate 12. Foliar spray of chemicals Plate 13. Harvesting of fruits

Plate 14. Taking observations
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Available water holding capacity (AWC) = 0 fc — 9 pwp

Where, field capacity (FC) and permanent wilting point (PWP) were determined by iising

pressure plate apparatus.

Crop evapotranspiration was calciilated by (FAO, 1977):

ETc = Kc X ETo

Where,

ETc - Crop evapotranspiration

Kc - Crop coefficient

ETo - Reference crop evapotranspiration

The net depth of irrigation required for a known irrigation interval and ETc was computed
based on the assimiption that irrigation will be given to bring back the soil moisture content
in effective root zone to field capacity every time, using the following equation (FAO,

1977).

d„=Ix(ETc-Pe-GW)

Where,

dn - Net depth of irrigation (mm)

g-pc - Average daily crop evapotranspiration over the period (mm)

Pe - Mean daily effective rainfall contribution (mm)

GW - Average daily ground water contribution (mm)

The ground water contribution for ETc was assumed as NIL, since the groundwater table
was considered to be below 3 m during the crop period (December to March).

Finally the volume of water to be applied in a treatment was calculated by multiplying the
net depth of irrigation by the size of the plot.



33

3.3.2.4c Soil sample collection and determination ofsoil moisture content during drought

period

Soil samples were collected from every treatment plot close to the rhizosphere

zone of plants at a depth of 15 cm and 30 cm using soil auger. Sample from each plot was

mixed separately and reduced the portion size by quartering technique. Soil samples were

collected daily after the irrigation (when the soil moisture content reaches FC) and

continued till the next irrigation (when the plant shows wilting symptoms). Soil samples
were collected in moisture cans and wet weight of the samples were recorded. The soil

samples were then dried in hot air oven at 105 °C for a duration of 24 hours and dry weight
of the samples were recorded.

Weight of wet sample - weight of dry sample

Moisture content = ^— x 100

Weight of dry sample

3.3.2.5. Indicator plant

A few sunflowerplante (an indicator plant) were also grown in the field without
any shading effect to the crop. Indicator plants shows wilting symptom (indication of
drought stress) much before the crop.

3.3.3. After cultivation

First weeding and earthing up were carried out at 1 n a c c"t anD UAS. Second and third
weeding was done at 30 and 60 DAS. Daily irrigation was given till r* a c • „

^ lit all the bedsand later it was extended to once m two days in Ti and in all other treatments '
given at 50 per cent field capacity. g^hon was

3.3.4. Plant protection

Timely plant protection measures were taken UD n ,f la per Package of Prart;r.o,e.
Recommendations Crops (KAU 2016). The major pests noticed d '
were jassids, leaf roller and fiuit and shoot borer. For controlling fru^^^ Period
drooping shoots and damaged fiiiits were removed regularly and " ^ ^ borer, all
sprayed. For controUing leaf roller, collected and burned aii 2 ml IQ L'^was

ail tne leaf folH*

jassids, sprayed thiomethoxam 2 g 10 L-'on upper and lower surfac fth
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3.3.5. Harvest

Fruits were plucked manually in the morning hours on every alternative days
from 43 days after sowing when they are green, tender and of marketable size. The frnits
become mature usually 7 days after flowering. Fmits were plucked separately fiom each
treatments, weighed and subjected to other observations immediately after each harvest.

3.4. SAMPLE COLLECTION

Five uniformly sized healthy plants were randomly selected and permanently
tagged in each treatments. Heterogeneous and border plants were avoided for tagging. The
moiphological. physiological, biochemical and yield and ftuit quaUty observations were
recorded on 25. 50 and 75 DAS ftom these tagged plants during the entire study penod.

3.5. OBSERVATIONS

3.5.1. MorphologHcal observations

Observations were taken at 25, 50 and 75 DAS.

3.5.1.1. Plant height

Plant height was measured fiom the hase of the plant to the tip of the main shoot
using a mette scale and average height of the tagged plant was worked out as mean plant
height and expressed in cm.

3.5.1.2. Number of leaves per plant
Total numberoffiaUyopenedleavesperplantofflvetagged plants wereeounted

and the mean number of leaves per plant was calculated.

3.5.1.3. Number of branches per plant

Total number of branches per plant was counted ftom the tagged plants and the
mean was calculated.

3.5.1.4. Root volume

Root volume was measured by water displacement method. The measuring
♦  oc fillpH with water until it overflowed from the spout,

container with overflow spout was fille
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Then the fresh-washed roots of tagged plants which has been carefully dried with a soft

cloth were immersed in the container and the overflow or rise in water level volume was

measmed in a graduated cylinder (Novoselov, 1960).

3.5.1.5. Days to 50per cent flowering

The plant which produced first flower was tagged using a coloured ribbon and
the tag was kept until 50 per cent of the plant population produced their first flower in a
treatment. Then the number of days after sowing taken for 50 per cent of the crop
population to flower in a treatment was noted.

3.5.1.6. Days to first harvest

Number of days taken for first harvest flom the day of sowing was reeoided.

3.5.1.7. Fruit length

The length flnm base to tip of five ftnits fiom the seleeted plants of each
treatment were measured in centimeters and their mean value was taken as fiuit length
3.5.1.8. Girth of fruit

Aftermeasuringthelengtl,athinwireisrolledaroundthebroadestpointofthesame fiuit and the length of the wire is measured, which gives the girth of the fiuit'
centimeters and the mean was computed. ^

3.5.1.9. Fruit weight

The same fiuits afier recording length and girth were weighed with the heln of
electronic balance and mean fresh weight was computed and .g •onu expressed m grams.

3.5.1.10. Number of pickings

Number of times fiuits harvested fiom each treatment during total cr
was recorded. P^nod

3.5.1.11. Duration of the crop

Numberofdaysflumsowingto final harvestistakenasthedurationof the crop.
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3.5J.12. Pest and disease incidence

Incidence of pest and disease during the crop period were recorded treatment
wise.

3.5.2. Physiological observations

Observations were taken at 25, 50 and 75 DAS.

3.5.2.1. Relative growth rate (RGB)

Expresses the dry weight increase in a time interval in relation to the mitial
weight. This can be determined by measuring plant dry weight penodically durmg growth
(Blackman, 1919). The equation of RGR is,

logeW2- logeWl

RGR = g"' <iay ')
T2-T1

Where,

Wi - Dry weight of plant at the time of Ti

W2 - Dry weight of plant at the time of T2

3.5.2.2. Specific leaf weight (SLW)

It is the ratio between leaf weight and leaf area. It signifies the thickness of leaf.
SLW is considered a very inrportant parameter showing positive correlation wrth
photosynthesis and biomass production.

Leaf weight

SLW =

Leaf area

3.5.2.3. Leaf area

Three plants flom each treatment were nprooted for dry matter stndies at 25,50
and 75 DAS The leaves of these plants were separated, washed, dried with a soft clo4 ̂ dmeasnredforits leaf area with an antomatie leaf ar^ meter (portable leafareameter Mode

- LI - 3000A, LI - COR) and was expressed m cm^.
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3.5.2.4. Relative Leaf water content (RLWC)

Physiologically functional leaf samples were collected from tagged plants of
different treatments separately and made them into uniform leaf bits. Fresh weight was
recorded and then turgid weight was determined after floating leaf disc in water for 2 hours
at room temperature and then dried at constant temperature of 80 for 18 hours to record
the dry weight. Relative water content was calculated using the following formulae, (Barrs
and Weatherley, 1962).

Fresh weight - Dry weight
Relative water content (%) ^

Turgid weight - Diy weight
3.5.2.5. Total dry matter production

Randomly selected 3 plants were uprooted from each treatment and their fresh
weight was recorded. The uprooted plants were separated into different parts and fiist shade
dried and then oven dried at 60 »C tUl consttmt weight was obtained. Similarly the fresh
and diy weight of fruit samples at each harvest of observational plant were also'reconW
The mean total dry matter production of plant was calculated and expressed in g planfi
3.5.2.6. Root shoot ratio

The root shoot ratio was analysed using the following formula:

Dry weight of root
Root Shoot ratio =

Dry weight of shoot
3.5.2.7. SPAD chlorophyll meter readings (SCMR)

Direct measurement of chlorophyll was taken during mor^i. r,
SPAD Chlorophyll Meter (model- Chlorophyll Meter SPAD ^
Japan). " Cornea Minolta,
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3.5.2.8. Fy/F„, Yai) andETR

Chlorophyll fluorescence ratio or maximum quantum yield of PS II (Fv / Fm),

light adapted quantum yield Y (II) and Electron Transport Rate (ETR) directly measured by
using plant stress kit (ADC biosynthetic Ltd, Global house, Gedding Road) London.

Chlorophyll fluorescence parameter Fv/Fm, which is the ratio of variable to

maximum fluorescence after dark-adaptation, represents maximum quantuni'yield of PS H.

The parameter is being used for detecting stress in plants. Quantum yield Y (II), indicates
the amount of energy used in photochemistry by photosystem II under steady-state
photosynthetic lighting conditions. ETR, or electron transport rate, is also a light-adapted
parameter that is directly related to Y (II).

3.5.3. BiochemicaS observations

Observation were taken at 25, 50 and 75 DAS.

3.5.3.1. Chlorophyll content

Chlorophyll pigments were extracted from leaf bits by using acetone (80%):
DMSG (Dimethyl sulfoxide) (1:1 v /v) mixture. The leaf bits were incubated in acetone:
DMSG solution in the dark, overnight. The coloured solution was decanted into measuring
cylinder and made up to 10 mL. The absorbance was recorded at 663,645,510 and 480 nm
using UV-visible spectrophotometer. The calculation was done by using the following
formulae and expressed in mg g"' of fresh leaf (Yoshida et al., 1971).

Chlorophyll 'a' = [(12.7 x A 663) - (2.69 x A 645)] x V/1000 x W

Chlorophyll 'b'= [(22.9 x A 645) - (4.68 x A 663)] x V/1000 x W

Total chlorophyll = [(20.2 x A 645) + (8.02 x A 663)] x V/1000 x W

Where,

A = Absorption at given wavelength

V = Total volume of sample in extraction medium

W = Weight of sample
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3.5o4. Yield and fruit quality observations

Observations were taken at 25,50 and 75 DAS.

3.5.4.1. Average number offruits per plant

The total number of fruits harvested in all the plucking from five tagged plants
were coimted and the average was calculated.

3.5.4.2. Average yield per plantper plot per hectare

Total weight (kg) of the ftuits harvested from the five selected plants of each
treatment at every harvest was recorded separately and mean were calculated. The ftuit
yield per plant was computed by addition of mean value thus obtained fiom each harvest.
Also calculated average yield per plot (kg) and per hectare (tonnes)

3.5.4.3. Shelf life

From each plot five ftuits were harvested tandomly and kept in ambient
conditions for checking the shelf life (days) of fruits. When the fruits started shtiveling
observations were taken.

3.5.4.4. Crude fibre content offruit

mL

Two gram of ground, dried representative fruit sample was boiled with 200
H2SO4 for 30 min, washed and filtered through muslin cloth It i,• u was then boiled with 20ft
mL NaOH for another 30 minutes, washed and filter^H ti,

he sample was dried nut
weighed and ignited in muffle furnace at 600 °C. Loss in

eight Was considered as omH
fibre content and expressed in per cent (A.O. A.C, 1975) ^ruue

W2-W3 X 100

Crude fibre (%)

Wi

Where,

W,= Initial weight of sample
W2 = Weight of refluxed sample

W3 = Weight of ignited sample
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3.5.4.5. Ascorbic acid content of fruits

Ascorbic acid content of okra was determined by titrimetric method using 2, 6-

dichlorophenol dye and expressed as mg 100 g on fresh weight basis (Sadasivam and

Manickam, 1992). The ascorbic acid from okra fruits was extracted by homogenizing the

fruit in 4 per cent oxalic acid and then volume was made up to 100 mL with oxalic acid and
centrifuged. From that 10 mL supernatant was pipetted into a conical flask and 10 mL of

4 per cent oxalic acid was added to it and titrated against dichlorophenol dye. Appearance
of pink colour, which persisted for few minutes, was considered as end point. The vitamin
C content was calculated using the formula given below.

Titre value x 0.5 x 100 x 100

Ascorbic acid =

Working standard titre value x 5 x Weight of the sample

3.5.5. Economics

3.5.5.1. Net returns

Economics of cultivation was worked out for the experiment by taking into

account the cost of cultivation and prevailing market price of okra. Net returns was

calculated as follows;

Net income = Gross income - Total expenditure

3.5.5.2 Benefit-cost ratio (BCR)

Benefit-cost ratio is the ratio of gross returns and cost of cultivation. It was

calculated using the following formula.

Gross income

Benefit: Cost =

Cost of cultivation

3.6. DATA ANALYSIS

The data obtained from the experiment were subjected to statistical analysis
usmg Analysis of Varianco technique (ANOVA) Randomized Block Design and the
significance was tested using F test (Snedecor and Cochran, 1967). When F values were
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significant, critical differences were worked out at 5 per cent level. It was then used for

comparison and interpretation of results. Statistical analysis was done using the statistical

package WASP 2 and OPSTAT.



'ResuCts
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4. RESULTS

The research work entitled "Drought mitigation in okra (Abelmoschus

esculentus L.) through chemical approach" was done at Regional Agricultural Research

Station, Pilicode. The objective of the study was to investigate the influence of different

chemicals namely, salicylic acid, ascorbic acid and thioxuea on mitigation of drought

and to evaluate their effect on morphological, physiological and yield characteristics of
a 0 y

okra. The observations recorded were subjected to statistical analysis and the results

obtained are presented in this chapter.

Before starting the experiment, the soil of the experimental plot was analysed

for its nutritional status and the data are presented in Table 3.

Table 3. Sofl test details before the experiment

SI. No. Particulars Content Remarks

I Physical properties
1. Bulk densitv fe cm'^)

Wet bulk densitv (15 cm depth) 1.453

Drv bulk densitv (15 cm depth) 1.365

Wet bulk densitv (30 cm depth)
Drv bulk densitv (30 cm depth)

1.830

1.735

n Mechanical composition
Sand(%) 52.76

Silt(%) 39.07

Clay(%) 8.17

Textural class Red loam

m Chemical properties

1 PH
4.12 Extremely Acidic

2 EC (dS m-')
0.09 Normal

3 Organic carbon (%) 1.54 High

4 Available N (kg ha-') 219.52 Low

5 Available P (kg ha') 18.06 Medium

6 Available K (kg ha' ) 75.6 Low

7 Available Ca (mg kg")
440 Sufficient

8
Available Mg(mg kg") 132 Sufficient

9 Available S (mg kg') 32.543 Sufficient
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Soil was acidic in nature and the elements nitrogen and potassium were deficient

in the experimental field. Lime was apphed @ 250 kg acre"' before sowing the seeds

to overcome extremely acidic nature of the experimental plot. Sufficient nitrogen and
potassium fertilizers were applied in the experimental plot.

4.1. MORPHOLOGICAL OBSERVATIONS

4.1.1. Plant height

The data on the effect of drought mitigating chemicals on mean plant height of okra at
25,50 and 75 DAS are presented in Table 4.

Table 4. Effect of drought mitigating chemicals on mean plant heieht
various crop stages of okra ®

Preatments
Mean Plant height fcm^

SOD25 DAS AS
Control(Normal irrigation) 24.4abc

Drought

SA foliar

153.5®
S A foliar spray @

144_4cd

@

@

@

@

SA: Salicylic acid, AS: Ascorbic acid, TU: Thiourea

The plant height showed signifieant differenee amonn tn,...., .
of crop, i.e.. 25.50 and 75 DAS. At 25 DAS. maximnin plint height^ '
thetreatmentT3(25.8cm)whichwasonparwithtreatmentsT o.. in
and Ti (24.4 cm). ' '''s (24.7 cm)

At 50 DAS. maxhnnm plant height (85.5 cm) was observed in tl.
i.e.. drought stress with SA foUar spray @ 1 mM. foUowed h t , ' "^taent T3

Tl (81 cm). T, was on
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par with Te (79.1 cm) and T? (77.7 cm). The lowest plant height was recorded for

drought stressed plants T2 (70.4 cm).

At 75 DAS, plant height was observed in the treatment T3 (153.5 cm)

which was on par with control plants Ti (152.8 cm) and the lowest plant height was
recorded for drought stressed plants Tz (141.3 cm). The highest and the lowest plant

height were recorded in treatment T3 and T2. respectively, at all the crop growth stages.

4.1.2. Number of leaves per plant

The data on mean number of leaves per plant at 25, 50 and 75 DAS are presented in
Table 5.

Table 5. Effect of drought mitigating chemicals on mean number of leaves per

Treatments Mean number of leaves per plant

25 DAS SODAS 75 DAS

Ti : Control (Normal irrigation) 10.46"^ 25.85®""
_ ̂  J

21.4""

Tz: Drought stress
10.54"^ 21.35" 19.48"

T3 : Tz + S A foliar spray @ 1 mM 11.99® 28.16® 24.6®

T4 : Tz + S A foliar spray @ 2 mM 11.39®" 24.73®"*^ 20.72""

Ts: Tz + As foliar spray @ 1 mM
11 l®bc 23.06"" 20.35"

Te : Tz + As foliar spray @ 2 mM 11.55® 26.93®" 23.21®"

T? : Tz + TU foliar spray @ 500 ppm 10.2'^ 23.91""" 20.45®

4 /A 0 ✓'C

Tg: Tz + TU foliar spray @ 1000 ppm
10.0" 22.32"" 19.86"

SEM (±)
0.31 1.26 0.84

CD (0.05)
——=—: 1 - :a ttt. 1

0.96 3.88 2.57

At 25 DAS SA foliar spmy @ ImM /.a.. T, (11.99) recorded maximum number
of leaves per plant which was on par with Ta (11.55). T. (11.39) and Tr (11.1). The
...tnimem numbcr of leaves per plant was obtained in the Ts (10.0).
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At 50 DAS, the maximum number of leaves per plant was observed in the

treatment T3 (28.16) which was on par with treatments Te (11.55), Ti (25.85) and T4
(24.73) followed by T7 (23.91). The lowest mean number of leaves per plant was
observed in the treatment T2 (21.35) i.e., in drought stressed plants.

At 75 DAS, the maximum number of leaves (24.6) was observed in the
treatment SA.foUar spray @ ImM under drought stress (T3) which was on par with that
of T6 (23.21). The minimum number of leaves per plant (19.48) was obtained in
drought stressed treatment (T2) which was on par with that of Tg (19 86) T5 (20 35)
and T7 (20.45). ' ̂

4.1.3. Number of branches per plant

The data on mean nnmber of branches per plant for eaeh tieatment was reeorded at 25
50 and 75 DAS and are presented in Table 6.

The foliar sptay of drought mitigating chemieals signifleanUy influences the
nnmher of blanches per plant at aU crop growth stages when compared with drought
stressed plants (Tr). The number of branches per plant increased flom 25 DAS to 75
DAS.

At 25 DAS, the maximum number of branche^i n 07\
^  plant was recorded

withtreatmentT3(SAfoliarspray@lmM),whichwasonparwithT,n t
andT, (1.24). r2 (1.25)

At 50 DAS, the maximum nixmber of branches ner r.u *
iout^aes per plant was obcfanreari •

treatment Ti (2.34) which was on par with T3 (2.33) and Tg (2.30) The lowe
of branches per plant was observed in treatments T2 (2.20) and Tg (2 20)

AT 75 DAS, T, (3.14) and T3 (3.13) recorded the maximum value for
of branches per plant foUowed by Te (3.00), T4 (2.96), Ts (2 89) and T
recorded the lowest number ofbranches per plant ' T2 (2.66)
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Table 6. Effect of drought mitigating chemicals on mean number of branches per
plant at various crop stages of okra

Treatments Mean number of branches per plant
25 DAS SODAS 75 DAS

Ti : Control (Normal irrigation) 1.24® 2.34® 3.14®

T2: Drought stress
1.25® 2.20" 2.66"

T3: T2 + S A foliar spray @ 1 mM 1.27® 2.33 3.13®

T4 : T2 + S A foliar spray @ 2 mM 1.17" 2.24'

Ts: T2 + As foliar spray @ 1 mM 1.26® 2.22

T6 : T2 + As foliar spray @ 2 mM 1.16" 2.30

T? : T2 + TU foliar spray @ 500 ppm
1.15" 2.21

7g: T2 + TU foliar spray @ 1000 ppm
1.12"

SEM (±)

CD (0.05)

SA: Salicylic acid, AS: Ascorbic acio, fU: Tbiourea
4.1.4. Root volume

The dau 00 mean roc. volume was reeonled a. 25. 50 and 75 DAS and are presented
in Table 7.

At 25 DAS the maximum toot volume was observed in the SA foliar spray @
1 mM treatment i e., T, (9.00 cm') and minimum root volume was recorded m Ts (7.99
cm^) and Ts (7.95 cm^).

At 50 DAS. the control plants (T,) showed the higher root volume (21.66 cm')
which was on par with Ts (20.66 cm'). Ts (20.33 cm'). T, (19.66 cm') and Ts (1S.66
em'), nte lowest root volume (15.66 cm') was obsetved in drought stmssed tmatment
(Tt).
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Table 1. Effect of drought mitigating chemicals on mean root volume (cm^) at

various crop stages of okra

Treatments Mean root Volume (cm^)
25 DAS 50 DAS 75 DAS

Ti : Control (Normal irrigation) 8.98® 21.66® 26.08®

T2: Drought stress 8.94® 15.66® 22.81"

T3: T2 + SA foliar spray @ 1 mM 9.00® 20.66®" 26.36®

T4: T2 + S A foliar spray @ 2 mM 8.47®*' 17.66"® 22.12"

Ts: T2+As foUar spray @ 1 mM 7.99" 18.33"® 23.58®"

Te: T2 + As foliar spray @ 2 mM 8.67® 20.33®" 24.68®"

T7: T2 + TU foliar spray @ 500 ppm 8.68® 19.66®" 22.52"

Tg: T2 + TU foliar spray @ 1000 ppm 7.95" 18.66®"® 22.65"

SEM (±) 0.20 1.07 0.99

CD (0.05)

SA: Salicylic acid, AS: Ascorbic acid. TU:

0.61

Thionrf»n

3.30 3.03

At 75 DAS, maximum root volume was observed in treatment T, (26.36 cm')
and Ti (26.08 cm') which were on par with Ts (24.68 cm') and Tj (23 58 cm') Th
lowest root volume was observed in the treatment T4 (22 12 cm^)

4.1.5. Days to 50 per cent flowering and days to first harvest

The data on number of days taken for 50 per cent flowering and days to first harv
are presented in Table 8.

The days taken to 50 per cent flowering and days to first harvest showed
significant difference among the treatments. Although not significant T2 (37
more days to complete 50 per cent flowering and treatment T4 (36 2) •
days to complete 50 per cent flowering. The highest number If da s
was recorded with treatment T2 (42.1) and the least number of da s harvest
recorded with treatment Tg (37.8). ^ harvestwas
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Table 8. Effect of drought mitigating chemicals on days to 50 per cent flowering

and days to first harvest of okra

Treatments Days to 50 per
cent flowering

Days to first
harvest

Ti : Control (Normal irrigation) 35.7 41.7

Ti: Drought stress 37.9 42.1

Ts: Ti + SA foliar spray @ 1 mM 37.0 41.2

T4 : T2 + S A foliar spray @ 2 mM 36.2 41.2

Ts: T2 + As foliar spray @ 1 mM 37.2 40.7

Te : T2 + As foliar spray @ 2 mM 36.9 40.2

T?: T2+TU foliar spray @ 500 ppm 37.3 40.1

Tg: T2 + TU foUar spray @ 1000 ppm 37.6 37.8

SEM (±)
0.69 1.40

CD (0.05)
NS NS

4.1.6. Fruit length

The data on fiuit length was recorded and are presented in Table 9.

The ̂.vi.nnm fiuit length was recorded with the treatment T. (20.33 cm) which
was statisticaUy on parwith treatments Ts(19.61 cm) followed by T, (19.26 cm). The

minimum fiuit length was tecorded with the treatment T, (16.46 cm) foUowed by Tr
(217.93 cm).

4.1.7. Fruit girth

The data on fiuit girth was recorded and is presented in Table 9.

The highest fiuit girth (7.86 cm) was exhibited by Ts and the lowest by Tr (5.43 cm).
4.1.8. Fruit weight

The data on fiuit weight was recorded and are presented in Table 9.
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A critical examination of the data in Table 9. revealed that the application of
different drought mitigating chemicals significantly influenced the fresh weight of
fiuits. The highest fi:esh weight was recorded with the treatment T3 (25.24 g) and the
lowest was recorded with the treatment T2 (19.35 g).

Table 9. Effect of drought mitigating chemicals on fruit length (cm), fruit girth
(cm) and fruit weight (g) of okra

treatments Fruit length
(cm)

Fruit girth
(cm)

Fruit weight
(g)

Ti: Control (Normal irrigation) 18.73bcd
23.46®

: Drought stress
19.35s

@

foliar spray @:

T2+As foliar spray @

T2 + As foliar spray @

T2 + TU foliar spray @

T2+TU foliar spray @

SEM (±)

CD (0.05)

SA: Salicylic acid, AS: Ascorbic acid, TU: Thiourer

4.1.9. Number of pickings

ThedataontoMnumb^ofMtpioktogswe^recoMedaadarepresentedinTablelOThe maximum aumber of piohiuga were recoMed in heahnen, T, ,,7 J '
the miiumum in Ta (10.33). T, waa on par with treatmenta T, flfi ^
(15.66) and T4 (15.00). ^ (16.00), T5

4.1.10. Duration of the crop (days)

The data on the effect of drought mitigating chemicals on d„. «
presented in Table 10. crop are
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Plate 25. Okra fruit length under different treatments (7 days)
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The duration of the crop was highest in treatment T3 (107.66) which was on par

with Ti (106.66), T6 (105.00), Ts (103.66) and T4 (103.00). The minimum duration of
the crop was recorded in treatments T2 (98.33) and T? (98.66).

Table 10. Effect of drought mitigating chemicals on number of pickings and
duration of the crop of okra

Treatments No. of pickings Duration of the

"crop

Ti : Control (Normal irrigation) 16.33"" 106.66"

T2: Drought stress
10.33" 98.33"

T3 : T2 + SA Foliar Spray @ ImM 17.66" 107.66"

T4: T2 + S A Foliar Spray @ 2mM 15.00""" 103.00"""

Ts: T2 + As Foliar Spray @ ImM
15.66""" 103.66"""

Te : T2 + As FoUar Spray @ 2mM
16.00"" 105.00""

Ty ; T2+TU Foliar Spray @ 500 ppm 13.00"" 98.66"

H AV ̂  ̂  ̂ Iv^

Tg: T2 + TU Foliar Spray @ 1000 ppm
14.33"" 100.33""

■* r\i\

SEM (±)
0.96 1.90

r" 0/^

CD (0.05)
—T^:—: t - TTT. 1

2.94 5.82

4.1.11. Pest and disease incidence
n,e major peat observed in the field during the erop period were leaf folder

(Sylepta derrogm), fiidt boier (Helicoverpa armigera) and jaasida (Amrasca UguUula«gn<<n/o).Bothleaf folder and shoot borers attaekwerenotieedduring vegetative and
reprodnctive stages ofthecmp. whereas jassidattaekwasnotioed at theendofthecmp
period. Tire attacks wem not sevem and control measn.es were taken effectively.
4.2. PHYSIOLOGICAL OBSERVATIONS
4.2.1. Relative growth rate (RGR)
The data on effect of dmnght mitigafing chemicals on relative mte (ROR) of
okm at 25,50 and 75 DAS were recorded and are presented in Table 11.
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Table 11. Effect of drought mitigatiug chemicals on relative growth rate (RGR1
(mg g d"^) at various crop stages of okra

rreatments Relative growth rate (mg g » d-»)

1-25 DAS 26-50 DAS
Control(Normal irrigation) 0.059®'' 0.035®''® 0.024"

T2 : Drought stress 0.058®"®

Ts: T2 + SA foliar spray @ 1 mM
0.025®

T4: T2 + SA foliar spray @ 2 mM
0.031"®

foliar spray @

T2 + As foliar spray @

T2 + TU foliar spray @

T2+TU foliar spray @

Sem(±)

CD (0.05)

SA: Salicylic acid, AS: Ascorbic acid, TU; TWom^

Up to 25 DAS, the maximum relative growth

(mgg-' d-'), which was on parwithT6(0.063mgg-i d"') t
mg g- d-., Ti (0.058 mg g- d-, and Ts (0.058 mg g'r 'T'
recorded in T4 (0.052 mg g"' d"'). was

Dming 26 to 50 DAS. the maximum telative growth rate w
treatment Ti (0.040 mg g'd"), which was on par with Ts (0 n« "
(0.035 mg g"' d"') and the lowest value (0.029 mg -i (j-i **^8 8 d ') and Ti
stressed treatment (T2). ^ recorded in drought

During 51 to 75 DAS, the maximum relative growth mte
.025 mg g-i d-'). Similar values of relative growth rate ^'ecorded in T3

T6, Tt (0.024 mg g"' d"') and T2, T4 (0.021 mg g-i d'') in treatments
were statistically on par. ^®atments except T3

(0
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Plate 26. Leaf folder

Plate 27. Fruit and shoot borer

Plate 28. Hoppers
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4.2.2. Specific Leaf weight (g cm'^)

The data on effect of drought mitigating chemicals on specific leaf weight (SLW) of

okra at 25, 50 and 75 DAS were recorded and are presented in Table 12.

Table 12. Effect of drought mitigating chemicals on specific leaf weight (SLW) (g
cm'^) at various crop stages of okra

Treatments Snecific Leaf weieht (g cm ̂)
25 DAS SODAS 75 DAS

Ti : Control (Normal irrigation) 0.003*^ 0.004"® 0.005®"

T2: Drought stress 0.003®"® 0.002® 0.003"

T3: T2 + S A foliar spray @ 1 mM 0.004® 0.006® 0.005®

T4 : T2 + S A foliar spray @ 2 mM 0.004®" 0.004"® 0.005®"®

Ts; T2 + As foliar spray @ 1 mM 0.002®' 0.003"® 0.004®"

T6 : T2 + As foliar spray @ 2 mM 0.004®"® 0.005" 0.005®

T? : T2 + TU foliar spray @ 500 ppm 0.002"®' 0.004®" 0.004"®"

Tg: T2 + TU foliar spray @ 1000 ppm 0.001' 0.003"® 0.004"

SEM (±)
0.0003 0.001 0.001

CD (0.05)
0.001 0.003 0.003

OdllL/yilL/ av/ivj., j.

At 25, 50 and 75 DAS, maximum specific leaf weight was recorded m T3. At
25 DAS, T3 (0.004 g cm'^) was on par with T4 and Te. The lowest value for specific
leaf weight was in treatment Tg (0.001 g cm'^).

At 50 and 75 DAS, lowest value for specific leaf weight was recorded m the
treatment T2. At 75 DAS, similar specific leaf weight were recorded in treatments T3
and T6 (0.005 g cm'^), which were on par with Ti.

4.2.3. Leaf area

The effect of various treatments on mean leaf area of okra are presented in Table 13.
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Table 13. Effect of drought mitigating chemicals on mean leaf area (cm^) at
various stages of okra

Treatments Mean leaf area (cm^)
25 DAS 50 DAS 75 DAS

Ti: Control (Normal irrigation) 679.42"^ 1679.12®''® 1371.33"®

T2: Drought stress 684.84"^ 1386.86"' 1265.57®

T3: T2 + SA foliar spray @ 1 mM 779.25® 1829.60® 1598.14®

T4: T2 + SA foliar spray @ 2 mM 740.28®'' 1606.59®''®"' 1346.11®

Ts: T2 + As foliar spray @ 1 mM 72i.oi®bc 1498.33®"* 1322.29®

Te : T2 + As foliar spray @ 2 mM 750.44® 1749.49®'' 1508.07®"

T?: T2 + TU foliar spray @ 500 ppm 662.54®^ 1553.10''®"' 1328.57®

Tg : T2+TU foUar spray @ 1000 ppm 649.97"' 1450.04®"* 1290.25®

SEM (db) ^ 20.51 82.32 53.21

CD (0.05)

SA: Salicylic acid, AS: Ascorbic acid TTT-

62.83 252.16 162.94

Leaf area was significanUy mfluenced by treatments at all crop growth stages
of oto. At 25. 50 and 75 DAS. highest leaf area was tecorfed in Ts oompamd to aU
other treatments.

At 25 DAS. Ts (779.25 cm') was on par with Te (750.44 cm^). T. (740 28 cm^i
andTs(721.01 the lowest leaf area was recorded for Ts (649 97 cm^i At 50

DAS.T3(1829.60)wasonparwithTs(1749.49cmt),T,(1679.12cmt)andT,(1606 59cm ) and the lowest leaf area was recorded for n qa 2x
12 ti380.86 cm^). At 75 DA9 t,

(1598.14 cm ) was on par with Te (1508.07 cm^). '

4.2.4. Relative Leaf water content (RLWC)

The effect of treatments on relative leaf water content of okra
was recorded at 25

and 75 DAS and are presented in Table 14.
, 50
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Table 14. Effect of drought mitigating chemicals on relative leaf water content (%)
at various crop stages of okra

Treatments Relative Leaf Water Content (RLWC)

25 DAS SODAS 75 DAS

Ti : Control (Normal irrigation) 91.70' 86.60® 83.47®

T2: Drought stress
90.61 78.15® 68.10''

T3: T2 + SA foliar spray @ 1 mM 92.52® 84.90 77.24"

T4 : T2 + S A foliar spray @ 2 mM 89.47' 83.92'

Ts: T2 + As foliar spray @ 1 mM 88.34 82.77

Te: T2+As foliar spray @ 2 mM 90.26' 84.57

T? : T2 + TU foliar spray @ 500 ppm

Tg: T2 + TU foliar spray @ 1000 ppm

SEM (±)

CD (0.05)

SA: Salicylic acid, AS: Ascorbic acio, TU: Thiourea
A critical exaatination of the data on relative leaf water content in Table 14. reveals thattiaeapplicationofdroughtntitigatingchemicalssignificantlyinfluencedtherelativeleaf

water content of okra.

At 25 DAS, the highest relative leaf water content was recorded in treatment
T, ̂91 70%^ and T2 (90.61%) and the lowest m

T3 (92.52%), which was on par with Ti (91./u/oj ana 12 v
treatment Tg (87.65%).

At 50 DAS the maximum value for relative leaf water content was recorded in.xeatme^tTaS6.60V.),whichwasonparwithTr(S4.90r.),Ts(84.5m
"152%) and Ts (82.77«/.,. Minimum relative leaf water content was reonded m
treatment T2 (78.15%).
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At 75 DAS, relative leaf water content was recorded the highest in Ti (83.47)

and the lowest in T2 (68.10). Treatments T3 (77.24%), Te (74.00%) and T4 (72.13%)

maintained higher RLWC among all drought mitigating treatments.

4.2.5o Total dry matter production

The data on total dry matter production by the plant was recorded at 25, 50 and 75 are

presented in Table 15.

Table 15. Effect of drought mitigating chemicals on total dry matter production
of okra

Treatments Total dry matter production (gl
50 DAS25 DAS 75 DAS

Ti: Control (Normal irrigation) 31.43 55.56'' 106.70"''

T2: Drought stress 31.57 46.80" 88.60"

T3: T2 + SA foliar spray @ 1 mM 32.49 57.05" 110.84"

T4: T2 + SA foliar spray @ 2 mM 30.48 53.00''" 99_45'xxi

T5: T2 + As foliar spray @ 1 mM
28.89 51.27"" 98.01""

Te : T2 + As foliar spray @ 2 mM
31.66 54.60"'' 105.03"''"

T? : T2+TU foliar spray @ 500 ppm
28.67 50.96"" 96.41""

Ts; T2 + TU fohar spray @ 1000 ppm
93.28""

SEM (±)

CD (0.05)

SA: Salicylic acid, AS: Ascorbic acid, TU: Thiourea

^  per plan, increased 25 to 75 DASS-gnrfican. drfferenee on .ota, dry nra.^ ^
treatments at 25 DAS. At 25 DAS, Tj (32.49 g) and Ts (31 fifi ...

.  . i 6 1.66 g) recorded hieher drvmatter production per plant than control plants (Ti).
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The total dry matter produced showed sigmficant influence with treatments at
50 and 75 DAS. The maximum dry matter was accumulated by Ts (57.05 g, 110.84 g)
which was on par with Ti (55.56 g, 106.70 g) and Te (54.60 g, 105.03 g) at 50 DAS and
75 DAS respectively. However minimum dry matter produced recorded m drought
stressed plants (T2) at 50 DAS (46.80 g) and 75 DAS (88.60 g).

4.2.6. Root shoot ratio

The data on root shoot ratio at 25,50 and 75 DAS are presented in Table 16.
Table 16. Effect of drought mitigating chemicals on mean root shoot ratio at
various crop stages of okra

Mean root shoot ratiosTreatments
75 DAS

cd
SODAS25 DAS

Ti ; Control (Normal irrigation)

T2: Drought stress

T3: T2 + S A foliar spray @ 1 mM

T4 : T2 + S A foliar spray @ 2 mM

^5-72 + As foliar spray @ 1 mM

T6 : T2 + As foliar spray @ 2 mM

T? : T2 + TU foliar spray @ 500 ppm

Ts: T2 + TU foliar spray @ 1000 ppm

SEM (±)

CD (0.05)

SA: Salicylic acid, AS: Ascorbic acid, TU. Thiourea
statistically, .not shoot ratio showed significant difference among ̂  a

all stagesof crop growth. Tr showed higher value for root shoot ratto at 25, an
DAS.

A, 25 DAS Tr (0.53) was on par with T, (0.51) and the lowest value of 0.42
•  a n T At 50 DAS T, (0.64) was on par with T, (0.60) followed by T,

"5^" dIs! T, (0.71) rccmded significantly higher root shoot tatio which was
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followed by Te (0.65) and T5 (0.63). Minimum root shoot ratio was observed in T2 at

25 DAS (0.40), 50 DAS (0.53) and 75 DAS (0.53).

4.2.7. SPAD chlorophyll meter readings (SCMR)

The data on SCMR at 25,50 and 75 DAS were presented in Table 17.

Table 17. Effect of drought mitigating chemicals on mean SPAD chlorophyU meter
readings (SCMR) at various crop stages of okra

Treatments Mean SPAD chlorophyll meter
readings

25 DAS SODAS 75 DAS
Ti: Control (Normal irrigation) 65.45" 65.43" 49.20"

T2: Drought stress 64.94" 57.76" 36.22"

T3: T2+ SA foliar spray @ 1 Mm 68.99" 69.01" 48.94"

T4: T2 + SA foliar spray @ 2 mM 62.47" 62.05"^ 46.35"

Ts: T2 + As fohar spray @ 1 mM 58.21" 59.02"^" 39.70""

T6 : T2 + As fohar spray @ 2 mM 58.92"* 64.59"" 47.31"

T? : T2+ TU fohar spray @ 500 ppm 58.65"* 58.21" 36.73"

Ts: T2+TU fohar spray @ 1000 ppm
61.27" 60.50"*" 43.30""

SEM (±)

CD (0.05)

SA: Salicyhc acid, AS: Ascorbic acid, TU: Thiourea

At 25 and 50 DAS, the naaximunt SPAD chlorophyU meter tendings (SCMR)
wan tecorded inT,. At 25 DAS. 13 (68.99) was followed by T. (65.45) and T, (64 94
and the minimum SCMR was recorded in Ts (58.21) which 'was on par with T
and T6 (58.92).

? (58.65)

At 50 DAS, T3 was foUowed by T, (65.43) and the lower SCMR v ,
recoided in Tr (57.76) and Tr (58.21).
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At 75 DAS, maximum SCMR value was recorded in Ti (49.20) which was on
par with T3 (48.94), Te (47.31), T4 (46.35) and Tg (43.30) and the minimum value was
receded in T2 (36.22) and T? (36.73).

4.2.8. Fv/ Fm, Y (H) and ETR

4.2.8.1. Fv/Fm
^0 e*

The data on F./F„ at 25, 50 and 75 DAS under different treatments are presented in
Table 18.

Table 18. Effect of drought mitigating chemicals on Fv/Fm at various crop stages
of okra

Fv/Fm
Treatmenis

25 DAS SODAS 75 DAS
a

Ti : Control (Normal irrigation) 0.82' 0.79 0.79

f

T2: Drought stress 0.82'' 0.72
a1^

0.72
b

T3 : T2 + S A foliar spray @ 1 niM 0.83^
au

0.78 0.78

d

T4 : T2 + SA foliar spray @ 2 mJVi 0.82 o.ie" 0.76

e

Ts: T2 + As foliar spray @ 1 niM O.81' 0.74 0.73

c

T6 : T2 + As foliar spray @ 2 mM 0.83 0.77 0.77

f

T7: T2 + TU foliar spray @ 500 ppm 0.80 0.74

cd

0.73

d

Tg: T2 + TU foliar spray @ 1000 ppm 0.80 0.75 0.75

n nn?

SEM (±)
0.001 0.005 u.uuz

CD (0.05)
0.002 0.014 U.v/v/O

an- u. tm tT f083t

At 25 DAS, maximum value of FVF, ratio was recorded m treatment T, (0. )
4 ri minimum value of Fv/Fm ratio compared to aU otherand T7 (0.8^ recm e ^

;::r;on:w:rTr;VS)-Ts(0.77)andd.^
treatment T2 (0.72).
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4.2^8o2c Effective quantum yield (Y (II))

The data on Y (II) at 25, 50 and 75 DAS under different treatments are presented in

Table 19.

Table 19. Effect of drought mitigating chemicals on effective quantum yield (Y
(n)) at various crop stages of okra

Treatments Y(II)

25 DAS SODAS 75 DAS

Ti: Control (Normal irrigation) 0.77 0.73® 0.68®

T2: Drought stress 0.76 0.65® 0.53"

T3: T2 + SA foliar spray @ 1 mM 0.77 0.73® 0.67"

T4: T2 + SA foliar spray @ 2 mM 0.75 0.70®" 0.63''

Ts: T2 + As foliar spray @ 1 mM 0.74 0.69®" 0.60^

Te : T2 + As foUar spray @ 2 mM 0.77 0.72® 0.64®

T? : T2 + TU fohar spray @ 500 ppm
0.74 0.68"® 0.578

Tg: T2 + TU fohar spray @ 1000 ppm
0.74 0.70®" 0.67®

SEM (±)
0.008 0.014 0.002

NS 0.044 0.005

At 25 DAS. aU treatments were non signifieant on Y (II). At 50 DAS the
highest Y (ID valne of 0.73 was reeordetl in heatments T, and Tr, which were o.; par
wtth T« (0.72), T4 (0.70), Ts (0.70), Ts (0.69) and Tr (0.68). The lowest valne of 0 65
was recorded in T. At 75 DAS. the highest Y (n) value was recotded in T, (0 68)
followed by Tr (0.67) and the lowest valne was exhibited by (0.52). '
4.2.8.3. Electron transport rate (ETR)

The data on ETR at 25.50 and 75 DAS are presented in the Table 20.
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Table 20. Effect of drought mitigating chemicals on Electron transport rate (ETR)
of okra

Treatments
75 DASSODAS25 DAS

Ti : Control (Normal irrigation)

Ti: Drought stress

Ts: T2 + S A foliar spray @ 1 mM

T4 : T2 + SA foliar spray @ 2 mM

Ts; T2 + As foliar spray @ 1 mM

Te : T2 + As foUar spray @ 2 mM

T?: T2 + TU foliar spray @ 500 ppm

Tg; T2 + TU foliar spray @ 1000 ppm

SEM (±)

CD (0.05)

115.73

113.32"

118.21

109.32

107.29

ab

115.96

107.00

107.58

1.206

3.694

129.25

99.86

128.58

115.84

105.50
de

122.03

de

102.07

106.76

1.937

5.933

118.81

77.72

117.87

98.74
abc

84.06

111.25
ab

79.84

93.81

7.942

24.322

^ ̂  in Ti n 18 21) which was on par with
A. 25 DAS, maxtaum ETR wax recorded m T, 0 ■ )

T.(U5.9d)andT, (115.73). nrendainrunr wasrecorfedarT, (107.00),
pat with Ts (107.29), Tr (109.32) and T, (107.58).

CTR was recorded in Tr (129.25) and T, (128.58) andAt 50 DAS, maxrmum ETR was recoraren.ir.inrnmval«ewasrecordedinTa(99.86). ,^,,,7871
.  values were recorded in T, (118.81) and Tr (117.87),A. 75 DAS, r^^^ (98.74). Tire minimum value was recorded

whichwereonparwr Tr (79 84) and Ts (84.06).
in T2 (77.72) which was on par wrth T, (79.

4.3. biochemical observations
4.3.1. Chlorophyn content ^ ^The data on chlorophyll content ofleaves at 25,
Table 21.



61

Table 21. Effect of drought mitigating chemicals on chlorophyll content at
various crop stages of okra

Treat

ments

Chlorophyll content (mg g*^ fresh wt.)

25 DAS SODAS 75 DAS

Chi. a

•

Chi.

b

Total Chi.

a

Chi.

h

Total Chi. a Chi.

B

Total

Ti 2.48®*' 0.55 3.05®'' 1.63®'' 0.44 2.12®'' 0.12® 0.04 0.37

T2 245abc
0.51 3.00®'' 1.19® 0.42 1.63" 0.15® 0.05 0.21

T3 2.52® 0.53 3.08® 1.73® 0.41 2.16® 0.15® 0.09 0.24

T4 2.10''® 0.55 2.86'' 1.53''® 0.46 2.01" 0.15® 0.07 0.22

Ts 2.04® 0.51 2.57'' 1.43®'' 0.37 1.82® 0.13®"® 0.05 0.20

Te 2.31*^ 0.52 2.87'' 1.59'' 0.47 2.11®" 0.14®" 0.08 0.23

Ty 2.04® 0.50 2.64® 1.40®'' 0.46 1.87® 0.14®" 0.06 0.21

Tg 2.27®'' 0.54 2.90®'' 1.34'' 0.37 1.76®" 0.13"® 0.05 0.18

SENl (±) 0.063 0.032 0.073 0.045 0.027 0.042 0.006 0.011 0.072

CD

(0.05)
0.193 NS 0.224 0.137 NS 0.129 0.019 NS NS

CMorophyU a was found significanfly different at 25, 50 and 75 DAS.
ChlorophyU b was non significant at aU the growth stages of okre. Total chlorophyU
was significantly different at 25 and 50 DAS but was not significant at 75 DAS.

'^'^^DAS.highervalueforchlorophyUucontentwasrecoidedundertreatment3 ( .52 mg g fiesh wt.) which was on par with T, (2.48 mg g ' fresh wt.) and Ti (2 45
mg g fresh wt.) and the least value was recorded under the treatment T, and Ts (2 04
mg g fresh wt.). The maximum value for total chlorophyll was recorded with the
treatment T, (3.08 mg g ' fresh wt.), which was on par with T, (3.05 mg g ' fresh wt)
Ti (3.00 mg g-' fresh wt.) and Ts (2.90 mg g"' fresh wt).
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At 50 DAS, the treatment T3 (1.73 mg g"' fresh wt.) recorded the maximum
value for chlorophyll a, which was on par with Ti (1.63 mgg-' fresh wt.). The minimum
value was recorded underthetreatmentT2(1.19mgg' fresh wt.). The maximum value

for total chlorophyll was recorded in the treatment T3 (2.16 mg. g"' fresh wt.), which
was on par with Ti (2.12 mg. g"' fresh wt.) and Te (2.11 mg. g-' fresh wt.) and the least
value was recorded under the treatment T2 (1.63 mg. g"' fresh wt.).

4 # o

At 75 DAS, highest chlorophyll a content were observed in treatments T2, T3
andT4 which were onpar with T6(0.14mgg' fresh wtO.T7(0.14 mgg' fresh wt.)and
Ts (0.13 mg g-' fresh wt.). The least chlorophyU a content was observed m treatment
Ti (0.12 mgg"' fresh wt.).

4.4. YIELD AND FRUIT QUALITY OBSERVATIONS

4.4.1. Average number of fruits per plant

The average number of ftuits per plant waa jecorded and are presented in Table 22.
Table 22. Effect of drought mitigating chemicals on average number of fruits per
plant of okra

Average number of fruits per
Treatments

37.66"

Ti : Control (Normal irrigation)
Drought

foliar spray @

foliar spray @

Ts: T2+As foliar spray @

T6 : T2+As foliar spray @ 2 mM

T? : T2+TU foliar spray @ 500 ppm

Tg; T2 + TU foliar spray @ 1000 ppm

SEM (±)

CD (0.05)

SA: salicylic Table 22 revealed that the different
A citical exammauon o ^

treatments significantly influenced averag
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number of fruits per plant was recorded with the treatment T3 (38.95), Te (38.04), Ti

(37.66) and T4 (37.40) which were on par with T? (36.32) and T5 (35.16). Minimum

number of fiuits per plant was recorded in the drought stressed treatment T2 (31.33).

4.4.2. Average fruit yield per plant / plot / ha

The data on average fruit yield per plant / plot / ha was recorded and are presented in
Table 23.

Table 23. Effect of drought mitigating chemicals on average yield per
plant/plot/ha of okra

Treatments
Yield

Per plant

(kg)
Per plot

(kg)
Per ha

(t)

Per cent

increase

over

drought
stressTi: Control (Normal irrigation) 0.73'' 32.79'' 25.50" 40.5

T2: Drought stress 0.528 23.348 18.158

T3: T2+ SA foliar spray @ 1 mM 0.75'' 33.85« 26.33^ 45.07

T4: T2 + SA foliar spray @ 2 mM 0.65® 29.29® 22.79® 25.56

Ts: T2 + As foliar spray @ 1 mM 0.62® 27.66® 21.51® 18.15

Te: T2+As foliar spray @ 2 mM 0.73" 32.98" 25.65" 41.32

T?: T2+TU foliar spray @ 500 ppm 0.63" 28.48" 22.15" 22.04

Tg: T2+TU foliar spray @ 1000 ppm 0.58^ 26.28^ 20.43^ 12.56

SEM (db)

Salicylic acid, AS: Ascoibic
: Thiomea

The reeulte revealed to toW fiui, yield was signiflcanfly Muenoed by
totaene. Highest total fruit yield was recorded in T, (26.33 t ha'i) followed by Ts

20 4 ,'h .1 "TtT' by T.
dr aht r "d ' (21 -511 ha ). Ts and Ts recorded 45% and 41% higher yield overdrought stressed treatment (T2), respectively.
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Plate 29. Harvested fruits
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4.4.3. Shelf life

The data on shelf life of fruits are presented in Table 24.
I- j mi-fiodtin? chemicals on shelf life of okraTable 24. Effect of drought mitigating en _________

7- Shelf life of
Treatments

Ti : Control (Normal irrigation)

T2 : Drought stress

T3: T2 + S A foliar spray @ 1 mM

T4 : T2 + S A foliar spray @ 2 mM

T5: T2+ As foliar spray @ 1 niM

T6 : T2 + As foliar spray @ 2 mM

0.74

T?: T2 + TU foliarspra)r@'50^pni
"T8 : T2 +

"semW

"cdT^)
SAt Salicylic acid, AS: Ascorbic acrf.T^^ .igrificantly influenced by

The results revealed a s (7 3 days), T, (7.0 days) and

neatments. The shelf life was h^est m ^ ^
T7 (7.0 days) and was on par with 3 ( •
similar shelf life of tails was observed.

4.4.4. crude flhre content of frtrU Table 25.
The data on crude fibre content o 3

Data collected on crude content (6.66%) was recorded with

Among the treatments the lowest cm e
treatment Ts and Tt Sigmficant|y BmeatmentTr(8.34o/.)followedbyT,(8.21/)
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4.4.5, Ascorbic acid content of fruits

The data on ascorbic acid content of fruits are recorded and are presented in the Table
25.

Significant differences were observed among treatments for ascotbie acid
content in finits (mg 100 g"'). Ascorbic acid content of fiuits ranged between 19.48 mg
100 g i to 13.07 mg 100 g '. Among the treatments, T,(l 9.48 mg 100 g ') was lecoided
maximum ascotbie acid content followed by Ts (18.21 mg 100 g ') and Ts (17 95 mg
100 g-'). The lowest ascorbic acid content of fiuit was observed in treatment Ts (13 07
mg 100 g- ) foUowedbyT.(14.34 mg 100 g"') andTr (16.15 mg 100 g"')
Table 25. Effect of drought mMgating chemicals on crude fibre
ascorbic acid content of okra content and

Treatments

Ti: Control (Normal irrigation)

Tz: Drought stress

Ts: Ta + SA foliar spray @ 1 mM

T4 : Ta + SA foliar spray @ 2 mM

T5: Ta + As fohar spray @ 1 mM

Te : Ta+As foliar spray @ 2 mM

Ta + TU foliar spray @ 500 ppm

: Ta + TU foliar spray @
ppm

Crude fibre

content of fruits
(%)
6.66^

Ascorbic acid
content of fruits
(mg lOOg-^1

19.48"

SEM (±)

CD (0.05)
0.033

SA; Salicylic acid, AS: AscorbiTidJxuPj^j^^

13.07^

"o!oo6"

"aoi8~
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4.5. NUMBER AND INTERVAL OF IRiaGATION

The data on number and interval of irrigation was reeorded and are presented in Table
26,

The mean values of number and interval of irrigation with respect to different
treatments are presented. The number of irrigarion was highest in T, (41 times)
followed by Tr (18 times) and Ts (17 times). The lowest number of iirigation were in
T3, T6 and T? (15 times).

The irrigation interval was the highest in Ts. Ts and T, (5 days). Irrigation
interval was the lowest in normaUy irrigated plants. T, (2 days) and drought stmssed
plants, T2 (3 days).

Table 26. Effect of drought mitigating chemicals on number of IrrigaHou and
irrigation interval (days) of okra

Treatments

Ti : Control (Normal irrigation)

T2 : Drought stress

T3 ; T2 + S A foliar spray 1 mM

T4 : T2 + SA foliar spray @ 2 mM

Ts: T2 + As foliar spray @ 1 mM

Te :T2 + As foliar spray @ 2 mM

T? : T2 + TU foliar spray ® ppm

Tg; T2 + TU foliar spray @ 10^0 ppm

SEM (±)

CD (0.05)

Number of

irrigation

41^

18"

15®

17®

1^

15^

15®

17®

0^42

0.741

Irrigation

interval (days)

2^

3®

5®

4"

~4^

4"

o'!071

0.217
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4.6. ECONOMICS

4.6.1. Net returns

The data on net returns (? ha"') are presented in Table 27. Net returns had

significant influence with the treatments. The highest net returns (? 3.15 lakh ha"') was

obtained in T3 followed by Te (? 3.01 lakh ha"'). The lowest net returns (? 1.55 lakh ha"

') was in treatment T2 followed by Tg (? 1.97 lakh ha"').

4.6.2 Benefit - cost ratio (BCR)

The data on BCR are presented in Table 27. BCR had sigmficant influence with

the treatments. The highest BCR (2.49) was obtained in T3 followed by Te (2.45) and

Ti (2.41). The lowest BCR (1.74) was in T2 followed by Tg (1.93) and T5 (2.03).

Table 27. Effect of drought mitigating chemicals on net returns and benefit cost
ratio of okra

Treatments Net returns

(? Lakh ha-')
Benefit cost ratio

Ti: Control (Normal urigation) 3.02" 2.4U"

T2: Drought stress 1.558 1.748

T3: T2 + SA foliar spray @ 1 mM 3.15'' 2.49"

T4 : T2 + S A foUar spray @ 2 mM
2.44' 2.15'

Ts: T2+As foliar spray @ 1 mM
2.19' 2.03'

Te : T2+As foliar spray @ 2 mM 3.01" 2.45"

T? : T2 + TU fohar spray @ 500 ppm
2.32" 2.09"

Tg: T2+TU fohar spray @ 1000 ppm
1.97' 1.93'

ISliM {±)
0.038 0.018

SA: Salicyhc acid. AS: Ascorbic aciH ttt- t

0.117 0.056
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5. DISCUSSION

The research work entitled "Drought mitigation in okra {Abelmoschus.,c.te«/«.L.)toughchenucalapproacrwasdo„eatRegio„alAgriou.mralRese^^

Station, Pilicode. This study was intonded to investigate the influence of diffetent
ehenticals nantely, salieylio add. aseothie acid and thionrea on nntigation of dntugh.
and to evaluate their effect on morphological, physiological and yield charactensties of
okra The results obtained fiom the experiment were presented in tire previous ehapter
are discussed and justified below based on the available hterature.
5 1 INFLUENCE OF TREATMENTS ON MORPHOLOGICAL CHARACTERS

Plant height was redneed by 8.14 per cent in drought stiessed okra com^
/  fmn rFieure 3.) This was m agreement with the

with normally imgated p ants con ^2007), Hussein etObservations madeby^aud^^
<20")' „ a,. (2017) in okra plants subjected to

(2015). Alryn er a A ^ ^ ^ in
drought stress. R , ̂̂ssue cells cause decline in plant hdght Drought
cellular juice concentration m p ^
stress results in the p^sure, leading to infiltration in
ofDNAduetomore ^„fceU elongation or differentiation which leads
the cellular walls, shrinking, an os ^ gjujan 2007; Uddin et a/.,

to a decline in plant height (Kusaka et./., 2005, M

ed in Ta (saUcyUc acid foliar spray @ ImMThe highest plant hei^t^was ^ ̂ ̂
under drought stress) followe y 6 ^ of normally irrigated
stress). The plant height observed m stressed plants. Similar results of
plants but 8.63 per cent higher than drought stress were reported by
salicylic foliar spray enhancing plant ^2010) in groundnut, Munir eta/. (2016)
Amin et a/. (2008) in wheat, Jayalakshmi e a ^ ̂^id increases the water

•  / ^9019) ill cnicKpw.in okra and Edupuganti et at. ^^^lency of photosynthesis and increase the
content in the plant and raise the e and reduction of the
concentration of hormones such as m o
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concentration of abscisic acid (ABA) and ethylene which accelerate aging, and
eventually results in increase in the plant height (Sakhabutdinova et a/., 2003; Yonova,
2010). Ascorbic acid foliar spray @ 2 mM (Te) and thiourea foliar spray of 500 ppm
(T7) increased the plant height by 5.1 per cent and 4.67 per cent over drought stressed
plants (Figure 3).

The maximum number of leaves planf' and branches plant' were recotded in
plants treated tvith saUcylic acid @ 1 mM under drought stress (Ts) followed by
ascorbic acid foliar spray @ 2 mM (T«) (Figure 4. and Figure 5.). All the three
chemicals performed well when compared with drought stressed plants without foliar
spray. Foliar spray of thiourea @ 500 ppm and 1000 ppm also incraased plant height
leaves planr'and branches plant ', when compared to drought sdessed plants Many
workera like Amin et al. (2014) in faba bean, Singh and Singh, (2017) in lentil Zain
e, al. (2017) in wheat, Shakoor et al. (2019) in maize and Uddin et al. (2020) m okra
reported the fevourable influence of foliar spray of thioutea on plant height leaves
planf and branches plan,-'. ™ouraa delay leaf ageing and sene^ence, ince^ed net
photosynthetic rates, concentration of total chlorophyll and starch in leaves leading to

h  • ntT r "y«Of

aolO) in tomato, Munir et al. (2016) in oL and

slX^r "'V ̂ 'aying
In this study, the days to 50 per cent flower,«rv •

droughtstressedplantswithontfoliarspray(Tr),ookmor T"flowering and minimum number of days for 50 per cent LJ""""""
plants treated with saUcyUc acid @ 2 mM (Tr) (Figure 7)
effect Of sahcylic acid in reducing the levels of
dormancy and thereby changing the endn ' ̂ imposmg
promoters (Pawar era/., 2018) The results^^^^"^ ^o^ional balance in favour of)• results were in conformity with the fmdings of
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Padmalatha el al. (2014) in gladiolus and Martin-MM et a!. (2005) in Sinningia
speciosa.

The treatments could not exert any significant effect on days to first harvest
However, the least number of days to first harvest was recorded with thiourea foUar
spray of 1000 ppm (Ts) (37.8) and the highest number of days to first harvest was
recorded with drought stressed plants without foUar spray (Tr) (42.1) (Figure 7).

The drought stress led to .eduction in finit length, ftuit girth and fiuit weight.
The fiuit length, fiuit girth and ftuit weight of drought stressed plants .educed @ 4.46
ner cent 22 65 per cent, 21.24 per cent, respectively, over normal imgat«i plants
(Figure 8) The decline in ftuit length and girth as a result of drought ts m hue withwordonebyWestern/.(2004)whoreport«ltha. irrigation increases size and weight

of fiuit and that of Viets (1965) who found that poor carbohydrate ufilizahon resets m
girth) These result were also m agreement with

that of Kumar a/. (2007), Hussem r9019^mokra

(2016) Al-Ubaydi er al. (2017) and Dos Santos Fanas e, al. (2019) m okr^
The foliar spray of chemicals namely, saUcylic acid, ascorbic acid and thiourea

,■ tafluenceonyieldcharacterslikeftuitlength.girthandweight. Amonghad a pos.t.ve ^ ̂  Ug^est ftuit
these chemica ft„m Ts (ascorbic acid foliar spray @ 2 mM).
length though It ■ no had very strong positive correlationMorphological trate ep ^ ^ ̂  ̂
on okra fruit Size (1 gtn, acid, hence increasing the fruit size. Similar
increased under foliar spray o s reported by Munir et al (2016) inresult ofsalicyUo acid improvmg the ftmtsrzew

-fpiekings were recorded in Tr (saUcylic acid foliar
The maximum num er ^ of pickings were recorded in T2 (drought

spmy @ 1 mM) and ^.^p was recorded in T3 (salicylic acid foUar
stress) (Figure 9.). jninimum duration of crop was recorded in T2

(drought stress) (98 days) (Figme 9).
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5.2. INFLUENCE OF TREATMENTS ON PHYSIOLOGICAL CHARACTERS

All the treatments significantly influenced the physiological parameters of okra.

Up to 75 DAS, the maximum relative growth rate was recorded in T3 (salicylic acid

foliar spray @ 1 mM) which does not differ much jfrom Te (ascorbic acid foliar spray

@ 2 mM) (Figure 10). Hussein (2015) reported that seed priming with salicylic acid

concentratioir of 10, 25, 50, 75 and 100 mg L"' increased relative growth rate in okra.

But the drought stressed plants without foliar spray (T2) cause severe reduction in the

relative growth rate. There was a reduction of 14.29 per cent in drought stressed plant
over control plants.

Specific leaf weight was recorded maximvun in salicylic acid treated plants @
1 mM (T3) and minimum in drought stressed plants (T2) at all the growth stages (Figure
11). Salicylic acid led to better absorption and translocation of nutrients which
enhanced the specific leaf weight.

Leaf area was significantly influenced by treatments at all crop growth stages
the highest leaf area was recorded in T3 (salicylic acid foliar spray @ 1 mM) at all the
growth stages (Figme 12). Salicylic acid increasing the leaf area of crops under drought
stress had been reported by several workers, namely, Abdelkader et al (2012) in wheat
and Chavoushi et al (2020) in safflower.

Leaf area was decreased @ 21.07 per cent and 8.36 per cent in drought stressed
plants at 50 DAS and 75 DAS, respectively, over control plants. Decreasing of leaf
area under drought stress is the result of decreasing ceU division and expansion, which
leads to the reduction of cell size and therefore the reduction of leaf area. The plant
with decreasing leaf area alleviates water mortality and causes increasing resistance to
drought (Liberman and Wang, 1982). The large decrease in total leaf area appeared as
a result of reduced production of new leaves, increased leaf shedding and reduced
average leaf size. Reduced leaf production and leaf expansion are frequently observed
responses to water stress in many plants (Hsiao and Xu, 2000). Reduction in leaf area
under drought stress was reported by many workers in okra, viz., Mbagwu and Adesipe
(1987), Ashraf ef al (2002), Sankar et al (2007) and Kusvuran (2012).
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Relative leaf water coBtents provide an exceUent tool to determine water status
in plants It is the physical measute of water stress in plants. Under drought stresscondition, relative leaf water content decreased@10.81 per cent and 22.57 per cent at

50 DAS and 75 DAS. respectively, over control (Figure 13.) due to decreasing soil
water availabUity and increasing resistance to water flow in ~
a tni h 7018) This was in confonnity with the wotk done by Ashraf et al. (2002)
^ « n/. (2002) in brinjal. Burtnan et a/. (2004) in cluster' bean. Bhatt and

r (2m) in okra. Sibomana et al (2013) in tomato. Pravtsya and Jayaram (2015) m
M b and Ullah (2018) in tomato and Adqumo et u/. (2019) in okra. SaUcyUcokia.Nahar „ ̂̂eedtherelativeleafwatercontent@8.64percent

-id''°li---®;,t;^7TrAS respectively over dtou^tstressedplantsCT^
and 13.42 per cen ^ of Munir et al. (2016) in okra. Hayat et al. (2008) m
This was m ^ ^ Ehsanzadeh (2015) in fennel. Abbas et
tomato, Raoeta.C ^ Edupuganti et al (2019) m

(2019) inmarigdd,
chickpea. He et al. production of photosynthetic apparatus that
appUcation of saUcyUc acid photosynthetic activity increased sap
produced more photosynthates. transpiration losses, which resulted

o^mamtenanceo aon was incteasedfiom the InitM growth
Inalltreatments.thedryin ^ g^oylic acid foliar spray @ 1 mM (Ts)

stage to the final growth significantly affected the total dry matter
and ascorbic acid foUar apraP <-- Fariduddin et al. (2003) in mustard. Singh
production compared to other trw ̂  „nuze and Edupuganti et al. (2019) in
and Usha (2003) m wheat. Irfen « ^ g^stter production. High
chickpea supported that sahcy high Rubisco activity in salicylicchlotnphyUoontentandphotossm ^ ^ accumulation under

acid usha. 2003).
drought condition i . of the distribution of dry matter between the

Root Shoot ratio givo® in plants of aU treatments other
and the shoot systom- ,5, showing that dry weight of shoots was

than thought stressed plan's
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extremely affected compared to the root system. Such increase in root shoot ratio

indicates that the proportion of dry matter allocated to shoots was decreased compared
to the roots (Boutraa et al., 2010).

Chlorophyll fluorescence parameter Fv/Fm, which is the ratio of variable

fluorescence to maxunum fluorescence after dark-adaptation, represents maximum
quantum yield of PS n. The parameter is being used for detecting stress in plants.
Drought stress caused a reduction of 9.72 per cent Fv/Fm over control plants (Figure
16).

Quantum yield Y (II), indicates the amount of energy used in photochemistry
by photosystem H under steady-state photosynthetic lighting conditions. The
maximum Y (II) was recorded for T3 (salicyUc acid foliar spray @ 1 mM) and Ti
(control) at 50 and 75 DAS, whereas Y (II) value reduced about 12.31 per cent and 28.3
per cent at 50 and 75 DAS, respectively, in drought stressed plants over control plants
(Figure 17).

ETR, or electron transport rate, is also a light-adapted parameter that is directly
related to Y (II). The maximum ETR was recorded in salicylic acid foliar spray @ 1
mM (Ts) which was on par with control (T,) and ascorbic acid foliar spray @ 2 mM
(Te). At 50 DAS and 75 DAS, maximum ETR was recorded in control and foliar spray
of salicylic acid @ 1 mM. These treatments were on par with foliar spray of salicylic
acid @ 2 mM and ascorbic acid @ 2 mM (Figure 18).

5.3. INFLUENCE OF TREATMENTS ON BIOCHEMICAL PARAMETERS

In this study, drought stress caused a large decline in the chlorophyll o,
chlorophyU 6 and the total chlorophyU content. There were a reduction of 36.97 per
cent of ChlorophyU o, 30.06 per cent reduction of total chlotophyll at 50 DAS in drought
stresed plants (Tr) over control plants (T,). Chlorophyll b does not show any
stgnificant effect on treatments at all the growth stages. The decrease in chlorophyll
under drought stress is mainly due to the damage to chloroplasts caused by reactive
oxyg^ species (ROS). ROS lead to detetiotation of thylakoids membtanes,
egta anon m pigment composition and reduction in the enzyme activity which
mvo ves m chlorophyll synthesis, and substantial damage to photosynthetic pigments
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which induce decrease in chlorophyll content (Ashraf and Karim, 1991; Huseynova et

al., 2009; Anjum et al, 2011).

Foliar spray with salicylic acid 1 mM (T3) recorded the maximum value for

chlorophyll a and total chlorophyll under drought condition, which were almost equal
with that of normally irrigated plants (Figure 20). The instability of protein complexes

and destruction of chlorophyll by increased activity of chlorophyUase enzyme under

drought stress condition ultimately results in decreased photosynthetic pigments. The
enhancing effects of salicylic acid on photosynthetic pigment could be attributed to its
stimulatory effects on Rubisco activity and photosynthesis. Sahcylic acid induced
synthesis of protein kinases, play an important role in regulating cell division,
differentiation and morphogenesis (Zhang and Liu, 2001; El-Tayeb, 2005). SA plays

an important role in the nitrate metabolism which is ultimately helpful for production
of chlorophyll contents and energy production for almost all metabolic pathways going
on in the plants for withstanding the adversities of drought.

5.4. INFLUENCE OF TREATMENTS ON YIELD AND FRUIT QUALITY
CHARACTERS

Among the treatments, foUar spray with salicylic acid 1 mM (T3) or foUar spray
of ascorbic acid 2 mM (Te) produced significantly higher fiuit yield compared to other
treatments (Figure 22). The control treatment however recorded significantly higher
fruit yield (25.501 ha"') compared to drought stressed plants.

Vegetative traits like plant height and leaf area had very strong positive
coraelationonokra yield traits likenumberoffruitsplant-'andaveragefruitsize(Falusi

et al., 2012). Reduction in leaf area by water stress is an important cause of reduced
crop yield through reduction in photosynthesis (Kramer, 1983).

Salicylic acid foliar spray @ ImM (T3) increased the crop yield @ 45.07 per
cent over drought stressed crops and 3.25 per cent over control crops. Sahcylic acid

^ O rTA increased the crop yield @ 25.36 per cent over drought
foliar spray @ ̂ wyi v

T7 uor cnrav of salicylic acid cause higher marketable yield due to
stressed crops, roiiar p 7

.  -w Aif nutrient uptake, nutrient reduction and photosynthesis
bettered assunilation ot numc y

improved How of assimilates and increased cell integrity which in tum reflected on the
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increased fruit yield (Pradhan et al., 2016). This result was in confirmation with that

of Arfan et al (2007) in wheat, Amin et al (2008) in wheat, Jayalakshmi et al (2010)
in groundnut, Munir et al (2016) in okra and Pradhan et al (2016) in onion.

Ascorbic acid fohar spray @ ImM (Ts) and 2 mM (Te) increased the fiuit yield
@ 18.15 per cent and 41.32 per cent, respectively, over drought stressed plants.
Ascorbic acid increasing the crop yield under drought stress condition was supported
by Amin et al (2008) in wheat.

Thiourea foliar spray @ 500 ppm (Tr) and 1000 ppm (Ts) increased the crop
yield @ 22.04 per cent and 12.56 per cent, respectively, over drought stressed okra
crops (Figure 22). The increase in the yield recorded in this investigation hy the
appUcation of thiourea could be a reflection of the effect of thiourea on growth and
development. These results are conformity with Anitfaa et al. (2006) in horse gram,
Ravat and Nirav (2015) in okra, Anitha et al. (2006) in cowpea, Sharma et al. (2015)
in wheat and Singh and Singh (2017) in lentil. Thiourea increased yield by enban.,„t.
photosynthesis, efficient transport of photosynthates towards the sink and increased
translocation and accumulation of certain metabolites in plant organs which ultimately
leads to greater yield (Amin et al., 2014; Singh and Singh, 2017).

The quaUty parameters such as the erode fibre and ascorbic acid content were
significantly influenced by spraying of salicylic acid, ascorbic acid and thiourea.
Among the different chemicals, spraying of salicylic acid @ 1 mM (Ts) recorded lowest
crude fibre content (6.66%), which will increase the marketable fluit yield (Figure 25)
Drought stressed plants (Ts) recorded the highest crude fibre content (8.34%) in fruits'
As reported by Elangovan cr of. (1983), the crude fibre content of okro fruits could be
as high as 13.1 to ""P® cent in different genotypes and since the erode fibre content

obtained withTstreatmentismuchbelowthisreportedrangeitcouldbestill consideredas a desirable trait without any effect on succulence and fruit quaUty.
In the present study, ascorbic acid contmi, of fruits ranged between 19.48 mg

100 g to 13.07mg 100 g"^ (Figure26"^ Thf-h; u 4rhighest ascorbic acid content of 19.48 mg
100 g'was recorded m control followpHVixrow.. •
1  ri. x. with ascorbic acid foUarspmy®lmM(T6)and2niM(T5). FoIiarannUr^ri AoA • r- i' 7)  oiiar applied AsA sigmficantly increased the AsA

content
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under water stress and non-stress conditions. Similarly, an increase in AsA content

have already been observed in different crops, e.g., wheat (Smirnoff, 2018), tomato
(Amiijani and Mahdiyeh, 2013), and canola (Shafiq et al 2014). .

Foliar spray of ascorbic acid ImM and 2 mM had maximum shelf life of about
7.3 days followed by control plants and thiourea foUar spray @ 500 ppm (Figure 24).
The per cent increase in the shelf Ufe of foliar treated fruits over the (tought stressed
ranged from 10 per cent to 21.67 per cent.

5.5. IRRIGATION

Frequency of irrigation was highest in control (41 times) followed by drought
stress (T2) (18 times). Irrigation interval was the highest with spraying of saUcyUc acid
@ ImM, asoolbic acid @ 2 mM and thiourea @ 500 ppm (Figure 27). The results
indicated that foliar spray with saUcyUc acid, ascorbic acid and thiourea maintained
mrgidity formore dutation, up to 5 days even onwithdrawing irrigation, which signifies
fire useflUness of these chemicals. Th? lowest inigation interval was noticed with
oontml (2 days) which indicated that the plants wilted quickly on withholding irrigation.

5.5. EtXlNONOCS OF CULTIVATION

The economics of cultivation was worked out as net returns and benefit: cost
ratio It can be observed that the all the treatments significantly influenced the net
returns and benefit: cost ratio.

Spraying of salicyUc acid @ 1 mM (Ts) registered the highest net returns and
benefit- cost ratio (Figure 28) which were significantly higher than all other treatments.
ItTas observed that ascorbic acid foliar spray @ 2 mM (Ts) and control (T.) were

•ficantly superior in benefitcost ratio and net returns. The improvement in net
be attributed to the enhanced yield realized in the above treatment. The

t^tums in these treatments are due to higher crop yield. The low net

ramrns and BCR in drought stressed plants are due to low crop yield.
The discussions of the results obtained in this investigation indicated the

of salicylic acid, ascorbic acid and thiourea in drought mitigation in field
okra Among different treatments, spraying of sahcyUc acid (1 mM) was foundgrown
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to be the best treatment for inducing stress tolerance, through reduction in irrigation

requirement and it also produced higher yield, net returns and benefitxost ratio

followed by ascorbic acid foliar spray (2 mM). All the three chemicals at different

concentration performed better than drought stress treatment (T2) without foliar spray.
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6. SUMMARY

The research work entitled "Drought mitigation in okra iAbelmoschus

esculentus L.) through chemical approach" was undertaken during December 2019 -
March 2020 at Regional Agricultural ResearchStation, Pilicode. The objective of the
study was to investigate the influence of different chemicals namely, salicyUc acid,
ascoibic acid and thiourea on mitigation of drought and to evaluate their effect on
morphological, physiological and yield charactenstics of okra.

The field experiment was carried out in randomized block design with eight
treatments and three replications. Study was carried out with the okra variety Arka
Anamika. The crop was raised as per Package of Practice recommendations of KAU
and also under soU test nutrient management system. The experiment consisted of 8
treatments viz., normal irrigation (Tt) as control, drought stress (Tr), Tr + saiicyUc acid
foliar spray @ 1 mM (Ts), Tr + salicyUc acid foUar spray @ 2 mM (Tr), Tr + ascorbic
acid foUar spray @ ImM (Tr), Tr + ascorbic acid foliar spray @ 2 mM (Tr), Tr +
thiourea foUar spray @ 500 ppm (Tr) and Tr + thiourea foUar spray @ 1000 ppm (Is).
FoUar application of chemicaU was given at 10, 20 and 30 DAS. Uniform daUy
irrigation was given to ail the treatments tiU 25 days after sowing to bring the soil
Zrture content In field capacity. Irrigation was withheld ftom 25 days after sowing
^ treatments Ti to Tg and re-imgation was given at 50 per cent field capacity or when
iraTIhow^ temporary wilting symptoms. Irrigation was given on alternative daysin contrelplotthroughout the crop growti.period.Afewsunflowerplants(an indicator

Iso grown in the field without any shading effect to the crop. IndicatorSrwstriWPtorrrfindicationofdroughtstressjmuchbeforethecre^
saUent findings of the study are summarized below.
. The highest plant height was recorded in saUcyUc acid foliar spray of I mM at

and 75 DAS. The treatment was on par with ascorbic acid foliar spray @
fmM »d 2 mM and control at 25 DAS and with control at 75 DAS.

number of leaves plant"' were recorded in salicylic acid foliar spray« Maxunum ca and 75 DAS. The treatment was on par with ascorbic acid
@ 1 mM at 25, 5U an

foliar spray @ 2 mM.
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• Maximum number of branches plant"' were recorded in salicylic acid foliar

spray @ 1 mM at 25 DAS. At 50 and 75 DAS, maximum number of branches

plant"' were recorded in control plants, and this treatment was on par with
salicylic acid foliar spray @ 1 mM.

e  Higher root volume was observed in salicylic acid foliar spray @ 1 mM at 25

DAS. At 50, maximmn root volume was recorded in control, and this treatment

was on par with salicylic acid foliar spray @ 1 mM, ascorbic acid foliar spray

@ 2 mM, thiourea foliar spray @ 500 ppm and 1000 ppm. At 75 DAS, higher
root volume was observed in sahcylic acid foliar spray @ 1 mM and control.

These treatments were on par with ascorbic acid foliar spray @ 1 mM and 2
mM.

® Days to 50 per cent flowering and days to first harvest did not differ

significantly with treatments. Although not significant, drought stressed plants
took more days (37.9 days) to complete 50 per cent flowering and salicylic acid
foliar spray @ 2 mM took minimum days (36.2 days) to complete 50 per cent
flowering. The highest number of days (42.1 days) to first harvest was recorded

with drought stressed plants and the least number of days to first harvest (37.8
days) was recorded with thiourea foliar spray @ 1000 ppm.

• Maximum fiiiit length (20.33 cm) was recorded in salicylic acid foliar spray @
2 mM, this was on par with ascorbic acid foliar spray @ 2 mM. The highest
fiuit girth and fiiiit weight was exhibited by sahcylic acid foliar spray @ 1 mM.

• Maximum number of pickings and highest duration of crop were recorded in

foliar spray of salicylic acid @ 1 mM. This treatment was on par with all other
treatment except drought stressed and fohar spray of thiourea treatments.

®  The major pest observed in the field during the crop period were leaf folder

{Sylepta derrogata), firiit borer (Helicoverpa armigerd) and jassids (Amrasca
biguttula biguttula).

® The fi-equency of irrigation given was highest in control (41 times) followed
by drought stress (18 times) and thiom-ea fohar spray @ 1000 ppm (17 times).
The lowest fi-equency of irrigation given were in foliar spray of salicylic acid
@ 1 mM, ascorbic acid @ 2 mM and thiourea @ 500 ppm (15 times).
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The irrigation interval was more with foliar spray of salicylic acid @ 1 mM,

ascorbic acid @ 2 mM and thiourea @ 500 ppm (5 days).

Upto 75 DAS, maximum relative growth rate was observed when sprayed with
salicylic acid @ 1 mM. All the treatments performed better than droughtstress
treated crops.

At all the growth stages, maximum specific leaf weight was exhibited when
sprayed with salicylic acid @ 1 mM.

Leaf area was significantly influenced by treatments at all crop growth stages
of okra. At 25, 50 and 75 DAS, the highest leaf area was recorded in foliar
spray of salicylic acid @ 1 mM. At 25 DAS, this treatment was on par with
foliar spray of ascorbic acid @ 1 mM and 2 mM and salicyUc acid @ 2 mM. At
50 DAS, it was on par with foliar spray of ascorbic acid @ 2 mM, salicylic acid
@ 2 mM and control.

At 25 DAS, the highest relative leaf water content (RLWC) was recorded in
treatment foliar spray of salicyHc acid @ 1 mM (92.52%), which was on par
with control and drought stress treatment. At 50 DAS, the maximum relative
leaf water content was recorded in control crops (86.60%), which was on par
with foliar spray of saUcylic acid and ascorbic acid (1 mM and 2 mM) and
thiourea 500 ppm. At 75 DAS, relative leaf water content was recorded the
highest in control followed by salicylic acid @ 1 mM and ascorbic acid @ 2
mM.

Total dry matter production did not vary signifieanUy with treatments at 25
At 50 and 75 DAS, maximum dry matter was accumulated by foliar
f salicylic acid @ 1 mM. This treatment was on par with control at 50

das Id ioL spray of aseotbie acid @ 2 mM at 75 DAS.
F liar spmy of salicylic acid @ 1 mM showed higher value for root shoot ratio

J  n A <5 At 25 DAS and 50 DAS, this treatment was on par with
at 25,50 and 75 u/vo.

control.
^ CPAD chlorophyll meter readings (SCMR) was recorded in

The maxunum v '

saUcylic acid foliar spray @ 1 mM at 25 and 50 DAS. At 75 DAS, maximum
SCMR value was recorded in control, which was on par with foliar spray of
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salicylic acid (1 mM and 2 mM), ascorbic acid @ 2 mM and thiourea @ 1000

ppm.

Maxunum Fv/Fm value at 25 JDAS was recorded in salicylic acid foliar spray @

1 mM followed by ascorbic acid @ 2 Mm. At 50 DAS and 75 DAS Maximum

Fv/Fm value was in control followed by salicylic acid @ 1 mM and ascorbic

acid @ 2 mM.

Treatments did not have significant effects on Y (II) at 25 DAS. At 50 DAS,

the highest Y (II) value was recorded in control and salicylic acid foliar spray
@ 1 mM which were on par with all the treatment except drought stress. At
75 DAS, the highest Y (II) value was recorded in control followed by followed

by salicylic acid @ 1 mM and ascorbic acid @ 2 mM.

Maximum ETR was recorded in salicylic acid foliar spray @ 1 mM which was

on par with control and ascorbic acid foliar spray @ 2 mM. At 50 DAS and

75 DAS, maximum ETR was recorded in control and foliar spray of salicylic
acid @ 1 mM. These treatments were on par with foliar spray of salicylic acid
@ 2 mM and ascorbic acid @ 2 mM.

Chlorophyll a was found significantly different at all the three growth stages
observed. At 25, 50 and 75 DAS, higher value fi)r chlorophyll a content was
recorded when sprayed with salicyUc acid @ 1 mM. This treatment was on

par with control and drought stress at 25 DAS and control and foliar spray of
ascorbic acid @ 2 mM at 50 DAS. At 75 DAS, this treatment was on par with
all others except control and thiourea spray @ 1000 ppm.

Chlorophyll b was observed not varying significantly with treatments.

Total chlorophyll was significantly different at 25 and 50 DAS but did not

differ significantly with aU the treatments at 75 DAS. The maximum value for

total chlorophyll was recorded in salicylic acid foliar spray @ 1 mM at 25 and
50 DAS. This treatment was on par with control, drought stress and thiourea
spray @ 1000 ppm at 25 DAS and control, ascorbic acid foliar spray @ 2 mM
at 50 DAS.

Maximum number of ftuits per plant were reeorded in control, foliar spray of
salieylic acid @ 1 mM, 2 mM and ascorbic acid @ 2 mM. These treatments
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were on par with foliar apmy of ascorbic acid @ 1 mM and thiourea @500
ppm.

The highest total fruit yield was recotded in foliar spray of salicylic acd @ 1
nJvl followed by ascotblc acid @ 2 mM. These treatments recotded 45 per
cent and 41 per cent higher yield over drought shessed treatment respeettvely^
Also salicylic acid @ 2 mM, ascorbic acid @ 1 mM. thiourea @ 500 ppm andthiourea® 1000 ppm recorded 25.6per cent, 18.5 per cent, 22.04 percen an
, 2 56 per cent higher yield over drought stmssed treatment respeottvely.

U K , helflifeoffruitswasrecordedinfoliarsprayofascorbicacid®
-d ® 2 mM <2.3 days>, contra (2.0 days) .d

L:!el ® 50^ ipm (2.0 days). These treatments wem on par with saltcyhc
acid foliar spray @lmM (6.6 days). sinner
Oatacollectedoncrudeftbrecontentrangedbetwe..^^^^^^^
eent. « ̂ ̂ acid @ 1 mM

tZ. teM^eJle ftbre content was recotded in drought stressed
crops (8.34%). io 48 ma 100 g"' to 13.07 mg

.  f finiitc ranged between 19.48 mg iww gr;':—l-icacidcontentwasreeord.^
foliar spray of ascorbic acid 2^^ ^ ̂
The highest net ^ ^ ^ ̂^norbic acid foliar spray @ 2
saUcylic acid foliar spray @ 1 mM followea y

I H that foliar spray of saUcylic acid @ 1 mM to
Perusaloftesultsrev^lnd and non-stressed condiUon was

field grown olcra copa i„fi„eed stress tolerance, reduced
foundtobetheidealtreatment. higher

file irrigation ^ confiol and aU other treatments,
yield, net tefiuns and bene • ^
Ascorbic acid foliar spray @ ' of salicylic acid (1 mM) andHence the present smdy cone u ^ of drought stress mokra.
ascorbicacid(2mM)hadnnt.gatedthehannfit
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FUTURE LINE OF WORK

Testing the efficacy of chemicals in normal irrigated condition.

Investigate the efficacy of chemicals rmder controlled (rain shelter) conditions.

Identification of chemical constituents which induced the drought tolerance.

Efficacy of chemicals on other abiotic stress mitigation can be looked into.

Different concentrations and combinations of the chemicals can be tested.

This same experiment can be done in other vegetable crops.
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Appendix L Weather parameters during the crop season in standard weeks
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ABSTRACT

Drought mitigation in okra {Abelmoschus esculentus L.) through chemical

approach

Okra or Bhindi {Abelmoschus esculentus L.) is one of the most popular summer

vegetable crop grown widely in Kerala for its edible green fiuits. Drought is a major
yield limiting factor in agriculture and vegetables are more sensitive to drought stress
as compared to most of the field crops because of their high water requirement.

Hence, the study entitled "Drought mitigation in okra {Abelmoschus esculentus
L.) through chemical approach" was carried out with the objective to investigate the
influence of different chemicals namely, salicylic acid, ascorbic acid and thiourea on

mitigation of drought and to evaluate their effect on morphological, physiological and
yield charcteristics of okra.

The field experiment was laid out in randomized block design with 8 treatments
and 3 replications at RARS, Pilicode duiing December 2019 to March 2020. The okra
variety Arka Anamika was raised as per standard package of practices
recommendations of Kerala Agricnltural University and also nnder soil test based
nutrient management system. The experiment consisted of 8 treatments viz.. noimal
irrigation (T,) as conhol, drought stress (Tr), Tr + salieyUc acid foliar spray @ 1 mM
(T,) Tr + salicylic acid foliar spray @ 2 mM (T4), Ts + ascorbic acid foliar spray @ 1
.nM'(T4), Tt + ascorbic acid foliar spray @ 2 mM (Ts), Tr + thiourea foUar spray @
500 ppm (T7), Tr + thiourea foliar spray @ 1000 ppm (T8). Foliar application
chemicals were given at 10, 20 and 30 DAS and stress was induced by withholtog
irrigation from 25 days of sowing and re-iiiigation was given at 50 per cent
capacity. Morphological, physiological and biochemical parametets were recorded at
25, 50 and 75 DAS and the yield and fruit quality characters were recorded at the time
of harvest.

A perusal of morphological data showed that Ts had maximum plan, heightnumberofleavesplant'numberofpickingsandhighestdurationofthecrop followed



by Te when compared to all other treatments. The maximum number of branches per

plant and the highest root volume were recorded in Ti which was on par with T3

followed by Te. Foliar spray of chemicals did not significantly influence number of

days for 50 per cent flowering and first harvest.

Up to 75 DAS, maximum relative growth rate was observed T3. All the

treatments performed better than drought stress treated crops. At all the growth stages,

maximum specific leaf weight was exhibited T3. Leaf area was observed Tnayimnm for

T3 and was on par with T4, T5, Te at 25 DAS and Ti, T4 and Te at 50 DAS and Te at 75

DAS. The relative leaf water content was recorded the highest for T3 at 25 DAS arid

for Ti at 50 and 75 DAS. At 50 DAS, Ti was on par with T3, Te and T? and at 75 DAS

T1 was followed by T3 and Te. T3 had maximum total dry matter production which was

on par with T1 and T4.at 25 and 50 DAS, respectively. Root shoot ratio was recorded

maximum in T3 which was on par with Ti at 25 and 50 DAS. SPAD chlorophyll meter

reading (SCMR) was recorded maximmn in T3 at 25 and 50 DAS and in Ti at 75 DAS.

T1 was on par with T3, T4 and Te at 75 DAS.

Considering the yield and firuit quality attributes, T4 recorded mflYi'mnm value

for finit length and was on par with Ti, T7 and Tg. The highest average fimit girth and

fiiiit weight were exhibited in T3 and lowest was in drought stressed crop (T2). The

treatment Ti, T3, T4 and Te recorded maximum niunber of fiiiits plant*' which were on

par with Ts and T?. The highest total fiuit yield was recorded in foliar spray of salicylic

acid (1 mM) followed by ascorbic acid (2 mM). These treatments recorded 45 per cent

and 41 per cent higher yield over drought stressed treatment, respectively. The crude

fibre content was recorded highest for drought stressed crops (Ti) and the lowest was

recorded in T3. The ascorbic acid content was observed maximum in Ti followed by

Ts and Te.

The highest net returns and BCR was obtained in T3 followed by Te. The

fi-equency of irrigation given was highest in Ti followed by T2 and Tg. The lowest

fi-equency of irrigation given were in T3, Te and T7. The irrigation interval was more

with T3, Te and T7 (5 days).



It can be concluded that morphological, physiologiczil, biochemical and yield

traits of okra were severely affected under drought stress. Among the three drought

mitigating chemicals, salicylic acid (1 mM) recorded maximum values for

morphological traits viz., plant height, number of leaves plant"', root volume and

duration of crop, followed by ascorbic acid (2 mM), which also significantly improved

morphological traits of okra compared to all other treatments. Physiological traits such

as total dry matter production, leaf area plant"', relative growth rate, specific leaf

weight, root shoot ratio and SPAD chlorophyll meter reading increased over drought

stress crop when sprayed with salicylic acid (1 mM) and ascorbic acid (2 mM).

Salicylic acid (1 mM) and ascorbic acid (2 mM) is beneficial for getting higher fiiiit

yield and maximum economic returns over drought stressed and normal irrigated crops.

Therefore, application of salicylic acid (1 mM) and ascorbic acid (2 mM) significantly

mitigated the harmful effect of drought sfress in okra.
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(D§(0)1fr)2 (S(/ariado 75 gIoktuo ru6)o (3i9)(SnJdMtnoft> QjgcS^o (T)lracesfl(o8 Ts Q^ftTngj

mlcmj. m1a)1d93ai6rT)«TO)1m6)o f)®^o '^§6Si3§n&)jo mlc^Gln^ ̂ ej(S)j6)s eocoo T3 (Q)1«(8

g(SB(3(TD (SOGUQftjsaoJirol. T3 (i»1«58 ojoiaonja}! anoTtjIcgeajo rnDraldSiafl^ayj.

^ejc&gnQGj (QTa)(SnJd9anc09 gGJ(oro)1ff)6)o (magnflraS mganlmj 25 Qlajcrucoirolmj cc/ariado T3

CQTIGJJo (D§{0)1cD2 50 ffl6){0t0)CQ)Jo 75 ia6)«TO)(D)Jo QlaJ(n)(OTO)la)J GUdnado Ti aijo o^QOlJo

@(B)(3nD (siagoj GoeuQqjsjfijrofl. Qiaofijiwo gemgBGlco) ojoTtgdOQuS T3 cq)1(o8 cftj^sjonejoctyl

<fl!>6)6n5{DT0)1, gOJ T3 SQl fiJJOQQ m§fi5)lm3 25 go, 50 go GlnJCn)6ST3(/3ce6)J G(/dnado, CQ)lD0lc6aiao

Ti, T4 nffl{TT)1aJ InJGCSDOafl^ QaJSltfisglCOS (TDeJOJOOo GOSlJQrysjCOTO)!. GOJ^ (0)6n§

(Siam^nJOClDo T3 go, Ti go, oJCaOOOJCJUn G(a6U6)ftjS3(OTO)1. SPAD GcfbOGOOndlcoS alQ(8 OlOlfloC/)

(SCMR) fiJOCQOaJUil T3 (58 (D§(3fl(D2 25 go, 50 go GlaJ(T\)6gG(/3cj96)J GC/araKTJJo Ti (C8 a)§(OnCDJ 75

Gl(TJ(TU6SB(/3d96)2 (S(/aoadnJ^o C(d61J6)?t|S3(ClR»1.

(T/lgai^o fJ3'(5ro)l(f)6)o (/)^6rDrnlGjajo(aQjjo deaemdBffriQEisjoeojGCTuoc/S, 14

nJSP(0T0)1cf)6)O (DlgCOTWlCinQO nJOiaO(Ua)1 (ajEJ^O GOeUQaJSJCOrOJcOjCK^O Ti, T7, Ts

nfixinlnjciDdOo (D)iGJ,iajjaocQ)1a)2CTDj. offlQOjjo g(Q)(8mr) c/arao(/a0l oDgj ajpcruo,

nJS»(5roncf)6)0 eOOCTJJo T3 (08 G(a6U6)ftjS2C(5I5)1, nfiJQQJ^o dOsJOflJ G(a6U6)ftJS2(5T0)1CQ){5) (UOC/3^

CTomcSqo 6)£lIGJ^(ST5)1(Q) ai1gc03glGiO6nf) (T2). Ti, T3, T4, Ts csylGJOGnf) 6)aj6n§(D)j6)s o^gtqo

cfit>JS2«5)(58 Gra6U6)ftJSi(0T0)1(Q)((n. (TUOGflcndlGfldfe (3T§)(TU1(U) (1 mM) go (SiaCThJGoOjOC^eofldfe

(3r9)(rul{U) (2 mM) go ̂GJ(2)1(C8 (Ogn^Gftj05P06rf) nffiQCllJo <03^53(0(58 noejo m(58c0)1(2)(O. T3, Te

ayiflotcOsOo 45%, 41% g(Q)(8rm aflgrij g(5qj6)^s3(5to1. ajo(/3^ m)i2ia(3(3o G(ir)o1§

nngcOiglGJOerf) (Ti) fjfiQOJJo <0)353(0(58 t<0)3(li3 06)nD6nJ(8 (0556S18l(Q)1§3gg((n, <3^39(1130

cfib3(TGI5T0(0 T3 GJ30. (S10(TUG<O)O(86n/ld^ (09)(TUl(lUl(f)6)0 (3T5gnJ Ti, Ts, Ts nfl)(inrnaj(ffln(08

<£s353(OGJOCQ)1 <e306m6)ft|§3.

n®9nJ3o g(B)(3(T10 (O590G0(Q)OJ3o, (TJOCil OiLlGK^Ll (O5fn3<iJ0(O(TJ3o T3 GJ30 Ts GJ30

(0I3)(B)1O3(TT)3. (D(58<0>1(2) SGJG(T\)^(T)(0IO1(t16)O nfi)688(OOl(58 Ti g(Q)(3CTD3 (1)1(1003, (035(8(11) T2,

Ts ofi)(T1)1(TJCD)lGJ06ri). SGJG(1\)iiJ(D(510l(1)6)0 <i®9(ll3o <033061510 n(j)^o T3, Ts, T7

n®(11)1OJ(B)lGJ0(Q)1O3(1D3. SGIGdU^d) ̂5GnJg T3, Ts. T7 (5 GlOJdUo) <ie)(11)1OJ(Q)lGJ0(8(1T)3
<0)353(0(53.

ciicduS^o (iu(ziz)(8(3o 6)OJ6n§Q)36)5 ra3<ij (TuoflG(/5<iad(o, (TUdu.^ u)(8ia6SG(/3, oJlgfij
<i®(1D1oJ6)CQ) <0)00,5,120(0)1 (OQIID 6m0(J0l^. nJO(/8^ ej"GJ3<0)Ol<06)3(1D (23(1T)

00(1\)aJOJ33<06)g1(53, (n)0Gfl(1l)1&n<& (09)(1\)1(U) (1 mM) 6)j!iJ5l<0)g36)5 g(Q)Oo, e03 6)iiJ5l(Q)l6)GJ

^GJ<0)S36)5 nfl)6g3o, GOJOlnOOO OJiOf)/!, fTflgCQ)36)5 <O3OGJOfU(J0l n®(1Dl(TJ(Q)1(58 oJOaOOJCUl

ffl3&J,5,6S13(/8 G06U6)ftJ53(510l. ©(Ol(1)3 oJ3OO<03 (B15(n)G<O)0(861in<£b (Oa)(1Dl(U) (2mM) a1<0)^
03GJ,),6O3(/8 GOQJ6)(t!53(OOl.

6)Q0(51Oo g6ri)65Bl(Q) ron333<06)g36)5 g(OoJOG(1)o, ©03 6)i3J5l(Q)36)5 ̂ GJ (lfl(ll3l(868fio,
(Big)G<iJ<0iin<0) njg(8^o (i)1o<oo, (i)1(8(3lo^ ^gi eooo, Gr)j(d (oenl (5i5(i)3njo(Oo, onyoojo



(Bd^acBOOoDlroS Qf\Q(S o°lajunoc/) n^cirnlajcEylroB cn)oencTul£fldEb (mdjcrulaij (imM),

c0rorru(Soa>o(^6njldeb (0T5)cnjnfuj (2mM) nfflnmloj trjcayocol-^ Q^ijslcftglcog ajrac/8-^o ctuizizk^qo

QnJBJjrarofldu nilgcft.(BgceQoc/3 cjaj^s^coejocoilra^fTDj. gayc^cnn ailgojlaj^o noej

(/)26mmlEjajora nejSoajgGBglej^o cruomjcorolcaj ojca^iaocrxoTolaj^o nruoanoDleJlcfe

(GT§)fTu1ajD2o (ImM) (T3) cGTamjdoajOf^eo/loeb ajTajfruloD^o (2mM) (Te) fifl)nnnnaj c/)36mo

iij^ra2c0Q(oro)1co8 oQ^ggajQcn) (WOOcoqj^o Q:!iJ(S)^Gauoc/3 (Ti)oe/l(iruleilc& (5T9)(T\jnciinm&)ncQ)jo

(ImM) fGTanri)(Sd0DOc36nJlc& ajrajm/lajulnnQntiy^o (2mM) (njscsyouio QaiGmcwIajg ojrac/S^ciy^os
CBl[3)"£J0(IJ)O dBD^OGycOO^fTDCOOOyl nJCQ^cSiadOmCDTOnOJ^QS cSsOGlDOnS CfDOdTl^.

1^5 IC,\




