EVALUATION OF SELECTIVELY FERTILIZED COCONUT HYBRIDS (Cocos nucifera L.)
FOR WATER USE EFFICIENCY THROUGH STABLE ISOTOPE DISCRIMINATION.

By
AISHA RENJU N.A
(2013-11-170)

THESIS

Submitted in partial fulfilment of the
requirement for the degree of

MASTER OF SCIENCE IN AGRICULTURE

\,\_Tu%(

G

KERALA Ag,,

A LISHAAIND

Faculty of Agriculture
Kerala Agricultural University

DEPARTMENT OF PLANT PHYSIOLOGY
COLLEGE OF AGRICULTURE
VELLAYANI, THIRUVANANTHAPURAM- 695 522
KERALA, INDIA

2015



DECLARATION

I, hereby declare that this thesis entitled “EVALUATION OF
SELECTIVELY FERTILIZED COCONUT HYBRIDS (Cocos nucifera L..) FOR
WATER USE  EFFICIENCY THROUGH STABLE ISOTOPE
DISCRIMINATION?” is a bonafide record of research work done by me during the
course of research and that the thesis has not previously formed the basis for the award
of any degree, diploma, associateship, fellowship or other similar title, of any other

University or Society.

Vellayani AISHA RENJU N.A
Date: (2013 -11-170)



CERTIFICATE

Certified that this thesis, entitled “EVALUATION OF SELECTIVELY
FERTILIZED COCONUT HYBRIDS (Cocos nucifera L.) FOR WATER USE
EFFICIENCY THROUGH STABLE ISOTOPE DISCRIMINATION” is a
record of research work done independently by Ms. Aisha Renju N.A under my
guidance and supervision and that it has not previously formed the basis for the award

of any degree, diploma, fellowship or associateship to her.

Vellayani, Dr. Roy Stephen

Date: (Major Advisor, Advisory Committee)
Associate Professor and Head
Department of Plant Physiology
College of Agriculture
Vellayani

1



CERTIFICATE

We, the undersigned members of the advisory committee of Ms. Aisha Renju
N.A (2013-11-170), a candidate for the degree of Master of Science in Agriculture
with major in Plant Physiology, agree that the thesis entitled “EVALUATION OF
SELECTIVELY FERTILIZED COCONUT HYBRIDS (Cocos nucifera L.) FOR
WATER USE  EFFICIENCY THROUGH STABLE ISOTOPE
DISCRIMINATION” may be submitted by Ms. Aisha Renju N.A., in partial

fulfilment of the requirement for the degree.

Dr. Roy Stephen Dr. R.V. Manju
(Chairman, Advisory Committee) (Member, Advisory Committee)
Associate Professor and Head Associate Professor
Department of Plant Physiology Department of Plant Physiology
College of Agriculture, Vellayani College of Agriculture, Vellayani
Thiruvananthapuram- 695522 Thiruvananthapuram-695522
Dr.Sajitha Rani T.

Dr. Sreekumar K.

(Member, Advisory Committee)
Professor (Plant Breeding and Genetics)
Instructional Farm

(Member, Advisory Committee)
Associate Professor (Agronomy)
Instructional Farm

College of Agriculture, Vellayani

Coll f Agriculture, Vell i .
0 eke OF ASTICUTIILE, V7 ayanl Thiruvananthapuram- 695522

Thiruvananthapuram-695522.

EXTERNAL EXAMINER

111



ACKNOWLEDGEMENT

I bow my head before Lord Almighty for all the bountiful blessings and
kindness he has showered on me without which this study would never have
seen light.

I wish to express my heartfelt gratitude and indebtedness to Dr.Roy
Stephen, Associate Professor and Head, Department of Plant Physiology and
Chairman of my Advisory Committee for his expert and inspiring guidance,
constant encouragement, and ever willing help throughout the course of
investigation. I feel proud of myself in confessing that it has been an unique

privilege for me to have been one of his students.

I express my deep sense of gratitude to Dr. Manju R.V, Associate
Professor, Department of Plant Physiology and member of my Advisory
Committee for her valuable suggestions, constant inspiration, and friendly
approach during course of study. I pleasantly recall the moral support and
affection shown to me by her during the entire period of study.

I gratefully acknowledge Dr. Sreekumar K, Professor of Plant Breeding
and Genetics, Instructional Farm, COA, Vellayani and d member of my
Advisory Committee for his timely advice and valuable help given to me during

the course of investigation.

I place on record my sincere gratitude to Dr. Sajitha Rani T., Associate
Professor of Agronomy, Instructional Farm, COA, Vellayani for her

affectionate encouragement and for the critical scrutiny of the manuscript.

I sincerely extend my profound gratitude to Dr. Swapna Alex, Associate
Professor, and Department of Plant Biotechnology for extending all the
facilities to carry out lab works at Integrated Biotechnology Centre, COA,
Vellayani.

iv



I thankfully acknowledge, Dr.Sheshshayee, Associate Professor of Crop
Physiology, UAS, Bangalore for the timely help extended in retrieving the

results of isotopic studies.

I am extremely thankful to the staff and labours of RARS, Pilicode for
their help extended during collection of seedlings and leaf samples during course

of my study.

I avail this opportunity to express my sincere regards to my batchmate,

Ms Minu M for her unreserved help and affectionate friendship.

I am indebted to the teaching assistant Mrs. Lekshmi K. Edison for her

love, and care and technical help given to me in completing my lab works.

It is my pleasure to express thanks to my Juniors Neethu, Athibha and
Anjana, Research Assistants, Reshma, Shabana, Divya, Nini, and Shameena
chechi and also Beena chechi and Kala chechi for their help extended in lab

works.

Words fail to express my gratitude and love to my beloved Spouse for
his overwhelming love, selfless support and inspiration given to me throughout
the course of study

The prayers, love and expectations of my Bappu, Ummi and my
brothers acted as a source of inspiration to complete this work in time. I am

deeply obliged to them in making this endeavor a success.

Aisha Renju N.A



DEDICATED
TO
MY FAMILY

&



CONTENTS

Chapter Title Page No:
1 INTRODUCTION 1
2 REVIEW OF LITERATURE 4
3 MATERIALS AND METHODS 31
4 RESULTS 43
5 DISCUSSION 75
6 SUMMARY 88
7 REFERENCES 92
APPENDIX

ABSTRACT

Vi




LIST OF TABLES

Table No: Title Page no:
1. Effect of water stress on plant height, leaf area and 45
specific leaf area
2 Effect of water stress on total dry matter accumulation 45
3 Effect of water stress on root weight, shoot weight and 45
total biomass
4. Effect of water stress on relative growth rate, and net 49
assimilation rate
5. Effect of water stress on phyllochron 49
6. Effect of water stress on cumulative water transpired 49
7. Effect of water stress on relative water content 52
8. Effect of water stress on membrane integrity 52
9. Effect of water stress on epicuticular wax deposition 52
10. Effect of water stress on stomatal frequency 56
11. Effect of water stress on stomatal index 56
12. Effect of water stress on stomatal conductance 56
13. Effect of water stress on transpiration rate 60
14. Effect of water stress on chlorophyll stability index, 60
15. Water use efficiency of coconut genotypes under water 61

stress

Vil




LIST OF TABLES Continued

16. Carbon isotope discrimination of coconut genotypes 61
under water stress

17. Effect of water stress on pigment composition 63
during first month

18. Effect of water stress on pigment composition 63
during second month

19. Effect of water stress on pigment composition 63
during third month

20. Effect of water stress on total soluble protein 67

21 Effect of water stress on free amino acid 67

22 Effect of water stress on reducing sugar 67

23 Effect of water stress on starch content 69

24, Effect of water stress on phenol content 69

25. Effect of water stress on ascorbic acid content 69

26 Effect of water stress on proline content 72

27 Effect of water stress on activity of peroxidase 72

28 Effect of water stress on activity of catalase and 72
superoxide dismutase

29. Carbon isotope discrimination values (A) of 30 74

coconut genotypes

viil




LIST OF FIGURES

Figure No Title Between

Pages

1 Effect of water stress on phyllochron of coconut 78-79
2 Effect of water stress on root, shoot and total Biomass 78-79
3.a Effect of water stress on stomatal frequency 80-81
3b Effect of water stress on stomatal conductance 80-81
4 Effect of water stress on relative water content 81-82
5. Effect of water stress on proline accumulation 81-82
6. Activity of catalase and peroxidase under water stress, 85-86
7. Effect of water stress on SOD activity 85-86
8. Effect of water stress on water use efficiency 86-87
9 Relation between Water use efficiency and Carbon isotope 86-87

discrimination

iX




LIST OF PLATES

Plate No Title Between
Pages
1. Experimental location 31-32
2 Experimental set up 31-32
3. Final sampling 37-38
4. IRMS facility 37-38
5. Comparison of biomass accumulation of 86-87

S.F hybrids and WCT under T; and T>




LIST OF ABBREVIATIONS

ABA Abscicic acid

APX Ascorbate peroxidase

ATP Adenosine tri phosphate
CDB Coconut Development Board
F.C Field Capacity

GB Gangabondam

KG Keraganga

KS Kerasree

KVK Krishi Vigyan Kendra

LEA Late Embryogenic Abundant
MYD Malayan Yellow Dwarf
NADPH Nicotinamide adenine dinucleotide phosphate

S.F Selectively fertilized

X1



Introduction




1. INTRODUCTION

Coconut (Cocos nucifera L.) has been cultivated in Kerala since ages and has
an important role in socio-economic and cultural activities of people. The palm is
amenable to both plantation and homestead management and it can be either a major
crop or a minor one in a homestead garden of mixed crops. With coverage of 8.2 lakh
ha, coconut occupies 38 per cent of the net cropped area and provides livelihood to
over 3.5 million families in Kerala. The importance of coconut, “the Tree of Heaven”
or “Kalpavriksha” can be appreciated when we consider its innumerable uses to
mankind. Among major plantation crops in India, coconut ranks first in area,
production and productivity with a production share of 91.47 % (NHB, 2015). Hence
coconut as a crop is raising tremendous opportunities and scope for value addition
industries and thereby a way to uplift vulnerable and backward classes of Indian

economy.

Lack of scientific approach in crop management technology adoption,
uneconomic holding size, poor quality of planting materials used, debilitating root wilt
disease in southern districts, climate change and dry spell in northern districts, high
input cost and non availability of labours for agricultural works, low price of the
coconut etc. are factors of low yield and production of coconut in the state. Various
measures are being undertaken by central and state government to minimize the effect
of these factors through KISSAN Kerala, KVKs, Research stations etc. But efforts and
research works are still at the stage of infancy to sustain coconut production against
biotic and abiotic stresses. Drought is the second most important factor reducing the

productivity of coconut next to dreaded root (wilt) disease.

Coconut is frequently exposed to soil and atmospheric drought because it is a
perennial palm with long productive life span (Rajagopal and Kasturi Bai, 2002;
Gomes et al, 2002). The development of drought tolerant coconut varieties is

important and urgent area of research. Yield is the most integrative and commonly used



parameter to evaluate genotypes for their tolerance to drought or any other
environmental stresses (Wachira et al., 2002). However, yield-based evaluation is a
complex and time consuming exercise with a perennial tree crop like coconut which
has a long generation period of about 15 years for yields to stabilize, and the fruits have
a long development period taking about one year from the opening of an inflorescence
for the nuts to mature. Setting of button nuts, enlargement of nuts and development of
nut water and kernel takes place sequentially at different times of this year-long
maturation period (Ranasinghe et al, 2003). The impact of a drought on yield,
especially on the different nut components, will therefore vary with the development
stage exposed to the drought. Hence, the development of an alternative methodology

for rapid selection of drought tolerant palms is most desirable.

The effects of water deficit on the physiology, growth and productivity of
coconut have been widely reported (Gomes and Prado, 2010) where some important
traits such as stomatal control of water status in stressed and non-stressed plants, as
well as the search and validation of morphological, physiological and biochemical
indicators of drought tolerance, have been highlighted as potential criteria for breeding
and selection of tolerant genotypes (Gomes and Prado, 2010). In vitro pollen selection
followed by selective fertilization is another feasible and cost effective approach in this
direction. This technique is characterized by artificially imposing the desired selective
pressure during pollination and fertilization so that the pollen grains which are tolerant

to selection pressure only will germinate and fertilize the ovule.

Drought tolerant varieties underlies the mechanism to combat water stress by
maintaining tissue turgor via osmotic adjustment, which allows plants to maintain
growth under water stress and reduced transpiration rate; proving themselves to be
water use efficient under water limited situations. Water use efficiency is defined as the
amount of biomass accumulated per unit amount of water transpired or yield of plant
product per unit of crop water use. Considerable genetic variation in WUE exists

among plant genotypes. Though gravimetrical method of measuring WUE facilitates



assessment of intrinsic genotypic variation for WUE (Kumar ez al., 1998), nuclear and

isotopic techniques is gaining popularity owed to its accuracy and reliability.

Isotopic composition of plant biomass is a function of the isotopic fractionation
that occurs at different stages during photosynthetic carbon fixation process. The
fractionation broadly occurs at the stomatal diffusive stage and at the site of
carboxylation by Rubisco. The isotopic ratio of '3C to !> C in plant tissue is less than
the isotopic ratio of 1*C to '>C in the atmosphere, indicating that plants discriminate
against '>C during photosynthesis. Theoretical and empirical studies have
demonstrated that carbon isotope discrimination is highly correlated with plant WUE.
Analysis of carbon isotope discrimination has conceptual and practical advantages over
measuring WUE by instantaneous measurement of gas exchange or whole plant

harvests.

In the event of declining coconut production due to drought in Kerala, the
present study was undertaken with the objective to evaluate the selectively fertilized
coconut hybrids for water use efficiency, and to study the mechanism of water stress
tolerance in coconut, and to estimate genetic variability in coconut for water use

efficiency through stable isotope discrimination.
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2. REVIEW OF LITERATURE

Cocos nucifera (2n=32) is a perennial tropical species of the Arecaceae family,
one of the most important in the Monocotyledonous class. Coconut palms require hot
climates with an annual mean air temperature between 22-34°C, absence of
temperatures below 15°C, solar radiation incidence of 300-900 Wm™ and relative air
humidity between 60-90%. Coconut trees are found in areas where rainfall varies from
1300 to 2500 mm, with 150 mm being considered the ideal monthly average for
adequate growth and productivity of fruits (Rajagopal ef al., 1990). Coconut palms can
be grown on a wide range of soils, providing they are free draining (Murray, 1977;
Purseglove, 1972).

The slender, leaning, ringed trunk of the coconut tree rises to a height of up to
25 m (80 feet) and is surmounted by a graceful crown of giant, featherlike leaves. The
palm has an adventitious root system as typical of a monocot. The roots are localized
generally at the lowermost region of the stem known as ‘bole’. Coconut inflorescence
is termed as spadix, which is 1.2m to 1.8m long, stout, erect, androgynous and simply
branched; branches (spikes) bear one or more female flowers. Mature fruits, botanically
known as ‘drupe’ isovoid or ellipsoid in shape, 300450 mm (12-18 inches) in length,
and 150-200 mm in diameter, have a thick, fibrous husk surrounding the familiar
single-seeded nut of commerce. A hard shell encloses the insignificant embryo with its
abundant endosperm, composed of both meat and liquid.

Coconut is frequently exposed to soil and atmospheric drought because it is a
perennial palm with long productive life span (Rajagopal and Kasturi Bai, 2002;
Gomes et al., 2002). The effects of water deficit on the physiology, growth and
productivity of coconut have been widely reported (Gomes and Prado, 2010). Due to
long maturation and generation period of coconut the adverse effects of drought persist
for two and a half years (Rajagopal and Ramadasan, 1999). The basic physiological

principle in drought studies of coconut is to look for the varieties which can conserve
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water and maintain leaf turgidity during adverse conditions. This can be assessed by

investigating physiological and biochemical aspects of coconut under drought.

Coconut genotypes respond differently to drought stress in relation to the rate
of internal dehydration as well as to the rate of gas-exchange recovery upon resuming
irrigation. Research on water relations in coconut have shown interesting results such
as the response of palm to seasonal (Passos et al., 2003, 2005), or experimental (Gomes
et al., 2007) water deficit or to osmotic stress (Silva Junior et al., 2002). These reports
indicated aspects such as stomatal control of water status in stressed and non-stressed
plants, as well as the search and validation of morphological, physiological and
biochemical indicators of drought tolerance, as potential criteria for breeding and

selection of tolerant genotypes.
2.1 GROWTH AND PHYSIOLOGICAL PARAMETERS

Plants are affected by environment during all phases of growth and
development. The three most ecologically important environmental factors affecting
plant growth are temperature, water (precipitation), and light. Water deficit is a major
problem worldwide, limiting the growth and productivity of many crop species,
especially in rain fed agricultural areas (Passioura, 2007). Evaluating various growth
parameters like plant height, leaf area, SLA, biomass accumulation, RGR, NAR, etc.
under any stress situation like water deficit will help to know the growth performance
of the crop genotype under that particular stress. Crop performance may vary from
crop to crop and between varieties. Hence in the context of screening for drought
tolerance, measuring the growth parameters is crucial and mandatory.

2.1.1 Plant Height

Cell growth is one of the most drought-sensitive physiological processes due to
the reduction in turgor pressure (Taiz and Zeiger, 2006). Under severe water
deficiency, cell elongation of higher plants can be inhibited by interruption of water

flow from the xylem to the surrounding elongating cells (Nonami, 1998). Impaired



mitosis, cell elongation and expansion result in reduced plant height, leaf area and crop
growth under drought (Nonami, 1998; Kaya et al., 2006, Hussain et al., 2008).

Reduced plant height in two species of thyme in response to water deficit
conditions was observed (Alavi-Samani et al., 2013). Water stress as a very important
limiting factor for plant growth and development affects both elongation and expansion
growth (Shao et al., 2008).

2.1.2. Leaf Area

Leaf area was greatly influenced under water stress. Leaf area increased with
the plant age in all the water levels but it decreased with the severity of stress. Leaf
size is determined by cell production and expansion, which are controlled in a
coordinated manner during leaf organogenesis (Tsukaya, 2006). Leaf area, of coconut
palm “cv. Brazilian Green Dwarf” was significantly retarded, by 26%, in plants
exposed to drought stress (Gomes ef al., 2010). El-Juhany and Aref (2005) reported a
77% reduction in total leaf area of Conocarpus erectus seedlings subjected to low water
supply.

2.1.3 Specific Leaf Area (SLA)

Reduction in SLA under severe water stress in cowpea may be ascribed as an
adaptive mechanism to reduce water loss from evaporative surfaces (Hayatu and
Mukhtar, 2010). Reduced leaf area results in reduced transpiration surface
(Namirembe et al., 2008) and may be a drought avoidance strategy for the plants. SLA
is a marker for the regulation of plant leaf following abiotic stress factors including
drought (Monclus et al., 2006).

The leaves had higher tissue density under drought than under wetter
conditions, which tends to decrease the SLA (Castro-Diez et al, 2000; Navas and
Garnier, 2002). Similar SLA response to water stress had been reported for two legume
species (Villagra and Cavagnaro 2006) and in Eucalyptus globulus (Coopman et al.,
2008).


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2736889/#bib50

2.1.4 Biomass accumulation

Short-term responses of coconut to water stress such as low biomass
accumulation and partitioning, reduced stomatal conductance to water vapor (gs) and
leaf water potential (w) which often impair photosynthesis (A) and transpiration (E)
have been extensively documented (Gomes and Prado, 2010). Decreases in carbon
assimilation in both tall and dwarf genotypes in response to atmospheric and soil water
deficit have been reported (Prado et al., 2001; Gomes ef al., 2008).

Inhibition of plant growth when subjected to water deficit conditions has been
demonstrated in perennial grass (Xu et al., 2009), olive (Guerfel et al., 2009), Sesuvium
portulacastruni (Slama et al, 2006) and Dianthus (Alvarez et al, 2009). Besides
photosynthesis, dry matter production and its partitioning are largely influenced by the
water availability (Rajagopal et al., 1989).

2.1.5 Root and Shoot growth

Environmental stresses on the plant generally decreases both root growth and
shoot growth. Amos and Walters (2006) summarized the effects of several soil
environmental variables on corn root: shoot ratios. Kondo et al/ (2000) measured a
decrease in root: shoot ratio as corn experienced greater water stress. Gregory (2006)
concluded that dry soils induce plants to develop a more extensive root system and
include deeper rooting, greater total weight, and greater total root length when
compared with well-watered plants. Shoot growth was proportionately more affected
than root growth, leading to an increased root: shoot ratio as stress increased (Benjamin
et al., 2014). The shoot, leaf, root and whole plant dry weights decreased with
increased water deficit in rice (Sikuku et al. 2010). The root: shoot ratio of unstressed
plants decreases as the plant develops. Decline in root and shoot dry weight under water
deficit may be attributed to root damage and death thereby reducing the sink activity
of the roots leading to the built up of carbohydrates (Munns and Termaat, 1986).



2.1.6 Relative Growth Rate (RGR)

Water deficit caused a significant reduction in mean relative growth rate of the
trees. Decreasing relative growth rate under water stress conditions has been reported
by other authors (Ibrahim, 1995; El-Juhany and Aref, 1999). Galmés et al. (2005)
concluded that the decrease in RGR caused by water deficit was mainly explained by
decreases in SLA.

Drought significantly decreased plant height, RGR and leaf size, while
increased root/total biomass ratio, and all these responses in plant structure and growth
pattern are often considered as an important acclimation strategy to severe water deficit
over long time scales (Li ef al 2000).

RGR is sensitive to drought and may drastically reduce if plants are exposed to
drought stress (Khalil ez a/, 2011). Drought might reduce gas exchange, the growth of
expanding tissues by reducing cellular expansion and productivity (Sanchez-Blanco et
al., 2002).

2.1.7 Net Assimilation Rate (NAR)

Photosynthesis in coconut palms was reduced significantly when exposed to
water deficit stress (Gomes et al., 2008), in order to limit the CO, assimilation rate
through the stomatal apertures (Cornic, 2000). Limited CO; assimilation through
stomatal pores of water-deficit stressed plants leads to low photosynthesis, (Chaves,
1991; van Heerden ef al., 2007; Dias and Bruggemann, 2010). A great reduction of
growth rate was observed in dwarf coconut under severe drought stress (Gomes, 2000).

Short-term responses of coconut to water stress such as low stomatal
conductance and water potential which often impair net photosynthetic rate and
transpiration rate have been extensively documented (Passos et al., 1999; Rajagopal
and Kasturi Bai, 2002). Carbon assimilation rate is impaired in both tall (Prado et al.,
2001) and dwarf genotypes (Passos et al., 2003, 2005; Gomes et al., 2007) in response

to atmospheric and soil water deficit.



Water stress reduce plant growth by affecting various physiological and
biochemical processes, such as photosynthesis, respiration, translocation, ion uptake,
carbohydrates, nutrient metabolism and growth promoters (Jaleel et al., 2008; Farooq
et al.,, 2009). Stomatal conductance decreases with water deficit, internal CO;
concentrations in the leaf are predicted to be reduced, thus causing a slower rate of
photosynthesis (Cramer et al., 2007).

2.1.8 Phyllochron

The phyllochron has been estimated as a constant value in several species
(Dellai et al., 2005). Severe drought stress increased phyllochron compared to
optimum irrigation condition in Sunflower (Gholinezhad et al., 2012). Water stress
tended to lengthen the phyllochron of perennial ryegrass (Volaire ef al., 1998). In
wheat, the phyllochron interval is also affected by water stress and temperature
(Baker, 1986).

2.1.9 Cumulative Water Transpired

Coconut has been considered as extravagant in water consumption. There is
now strong evidence for efficient stomatal control of plant water status at least under
mild to moderate water deficit (Prado et al., 2001; Passos et al., 2003; 2005; Sousa,
2006; Gomes et al., 2007). According to Nogueira et al. (1998) the water requirement
of coconut depends on factors such as age, height, leaf area, environmental conditions
and soil type.

Compared to the tall varieties, some evidence suggests that dwarf varieties use
water more prodigally due to its elevated transpiration rate (IRHO-CIRAD,1992),
greater number of stomata per unit leaf surface (stomatal frequency) and lower wax
content on the leaf surface (Rajagopal et al., 1990), as well as a poorer stomatal control
of water loss (Passos and Silva, 1990).

2.1.10 Relative Water Content (RWC)
Maintenance of high leaf water status is the basis of drought tolerance

mechanisms in coconut (Rajagopal and Kasturi Bai, 2002). The foliar photosynthetic



rate in higher plants is known to decrease as the relative water content and leaf water
potential decreases (Lawlor and Cornic, 2002). The decrease in the water potential
results in reduced cell growth, root growth and shoot growth and also causes inhibition
of cell expansion and reduction in cell wall synthesis (Chaitanya et al., 2003). When
water stress is reduced from -1.0 to -2.0 MPa, cells become smaller and leaves develop
less, resulting in a reduced area for photosynthesis and at these water potentials, ion
transport is slowed and may also lead to a decrease in yield (Medrano et al., 2002).

The relative water content (RWC) was studied in drought tolerant and drought
sensitive genotypes of cotton during induction of water stress and posterior recovery
(Parida et al., 2008). It is believed that leaf water potential and RWC are reliable
parameters for quantifying the plant drought stress response (Siddique et al., 2000;
Bayoumi et al., 2008).

As observed by Jeykumar et al. (2007), the photosynthetic rate was strongly
influenced by RWC of the leaf in papaya cultivars. Drought resistance varieties showed
consistently higher leaf water potential in their tissues than susceptible types under soil
moisture deficit (Natarajan and Kamaravelu, 1993). Plants under severe drought
conditions had a small but significant decrease in RWC of leaves and a higher decrease
in gas exchange parameters in legumes (Ludlow and Muchow, 1990). Retention of
more water in leaf is known to be important to drought tolerance (Hafid et al, 1998).
2.1.11 Membrane Integrity

Cell membrane stability as measured by the electrolyte leakage technique has
been used as a tolerance index for drought (Sayar et al., 2008; Yang et al., 2009). The
ion leakage is an indicator of cell membrane stability and integrity, which is commonly
considered as one of the best physiological components of drought tolerance in plants
(Kocheva et al., 2004; Xu et al., 2008). At the cellular level, the cell membrane as well
as the endomembrane system change dramatically their disposition and limit organelle
function as well as cell integrity in response to the stress (Gigon et al., 2004). When a

cell suffers dehydration, the rigidity of the cell wall can provide mechanical protection;

10



however, this organelle is permeable, thus allowing desiccation if a stronger stress is

applied (Verslues et al., 2006).

Konwar (2009) found a reduction in MSI in upland rice under moisture stress
condition. The reduction in MSI is related to production of ROS which causes damage
to membrane lipid and protein. Sairam et al. (2008) stated that the genotypes that
showed higher MSI under water stress possessed higher activities of glutathione
reductase and peroxidase enzyme.

A consequence of the altered membrane integrity is the increase of the cell
permeability which is accompanied by electrolyte leakage from the cell (Blum and
Ebercon, 1981). The physical state of cell membranes is known to be very sensitive
monitor of the most diverse environmental changes. This feature was suggested to
render cell membranes an ideal location for the primary temperature stress sensor.
Membrane stability has also been associated with water and high temperature in
various crops plants (Sairam ef al., 1997). Tolerance to drought evaluated as increase
in cell membrane stability under water deficit conditions was well differentiated
between cultivars (Premachandra ef al., 1993).

2.1.12 Epicuticular Wax (ECW)

The plant cuticle and waxes have many important functions. They reduce the
loss of water, reflect or attenuate radiation, form the basis of phyllosphere, protect plant
tissues against penetration by fungi, bacteria and insects, as well as from mechanical
damage (by wind, rain, soil particles etc.), reduce water retention on the plant surface,
and provide a self-cleaning surface.

The plant cuticle plays an important role in protecting plants against water loss.
The outermost layer is epicuticular wax, which may be amorphous in form or possess
a semi crystalline or crystalline structure (Jenks and Ashworth, 1999). The cuticle plays
a fundamental protective role against water loss, particularly when stomata are closed
(Jenks and Ashworth, 1999). Shivashankar et al. (1993) reported that the level of ECW

was higher in stress condition. When drought progressed, stomata get closed and water
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loss occurred through the leaf cuticle without CO» fixation. Higher deposition of ECW
decreased cuticular permeability of water loss and increases the crop albedo (Blum and
Ebercon, 1981). The cuticle, made up of major component called cutin forming a layer
of hydrophobic material on plant aerial organs, provides an effective barrier against
desiccation and also protects the plants from abiotic and biotic stresses (Beattie and
Marcell, 2002). Particularly the ECW influenced the wettability of the leaf and thus
affected the plant water use efficiency, the opportunity for gas exchange and the
leaching of the solutes (Jenks and Ashworth, 1999). Leatf ECW played a critical role in
plant environmental stress resistance and their modification had greater potential in
crop improvement (Jenks ef al., 1996). Waxes are involved in the plant’s defense
against abiotic stress. The strongly hydrophobic waxes play an important role in water
retention by limiting non stomatal water loss (Kerstiens, 1996; Riederer and Schreiber
2001; Jenks, 2002).

Protective role of epicuticular wax has also been reported in coconut (Cocos
nucifera) by Kurup et al.(1993) who observed a clear indication of a negative
relationship between the epicuticular wax content of coconut leaves and transpiration
rate. It was reported for two single coconut genotypes that lupeol methyl ether,
isoskimmiwallin, and the skimmiwallin are the major components of coconut
epicuticular wax (Escalante ef al., 2002).

2.1.13 Stomatal Characteristics
2.1.13.1 Stomatal Frequency

Plant stomata, the vital gate between plant and atmosphere may play a central
role in plant/vegetation responses to environmental conditions, which have been and
are being investigated from molecular and whole plant perspectives, as well as at
ecosystem and global levels (Nilson and Assmann, 2007). Response of stomatal
density to drought was reported by Galmes et al. (2007). Many studies have shown that

water deficit leads to an increase in stomatal density (Zhang et al., 2006), and a
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decrease in stomatal size (Spence et al., 1986), indicating this may enhance the
adaptation of plant to drought (Martinez et al., 2007).

Leaf morphological traits, including stomatal density and distribution, and
epidermal features may affect gas exchange quite remarkably and their relationships
with key environmental factors such as light, water status, and CO» levels (Nilson and
Assmann, 2007). Stomatal density was also negatively correlated with stomatal length
under different water conditions in some Jujube leaves (Liu et al., 2006) and Platanus
acerifolia leaves (Zhang et al., 2004).

Nevertheless, different effects of abiotic factors on stomatal size may depend
on plant species/varieties (Maherali et al., 2002; Liu et al., 2006). Stomatal densities
of leaves from several varieties of Jujube also have similar patterns under a drought
severity gradient: initially increasing, then declining (Liu et al., 2006). However, wheat
stomatal density always increases with continually increasing drought severity (Zhang
et al., 2000).
2.1.13.2 Stomatal index

Several reports have shown that the stomatal density and its index increase with
water stress (Yang and Wang, 2001; Zhang et al., 2006). Leaf stomatal density and the
stomatal index (the percentage of stomatal number to total cell number on a given leaf
area) may be affected by cell expansion, depending on leaf development, ageing, and
position (Ceulemans ef al., 1995; Lecoeur ef al., 1995).
2.1.13.3 Stomatal conductance (gs)

Stomata, highly specialized cells involved in gas exchange, can account for a
high water loss through leaf transpiration; the adaptation to drought consists in stomata
closure during stress (Blum, 1996). This adaptation implies the accumulation of gases
such as CO», which diminish photosynthesis (Bohnert and Sheveleva, 1998). Both
stomatal and non-stomatal factors have been demonstrated to contribute to the
reduction in assimilation during a period of water deficit and during the recovery phase

after resuming irrigation (Gomes et al., 2008). Stomatal closure is often considered as
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an early physiological response to water deficit, which results in decreased
photosynthesis, through limited CO» availability in the mesophyll (Cornic, 2000).
Light, temperature and vapor pressure deficit (VPD) have influence on water relations
of coconut, with stomatal regulation playing a pivotal role in the control of water
balance (Gomes et al., 2002).

Stomata sensitivity to VPD in dwarf coconut was demonstrated by (Gomes et
al., 2002). The stomatal and non-stomatal limitation was generally accepted to be the
main determinant of photosynthesis under drought stress (Farooq et al., 2009). Passos
and Silva (1990) suggested that coconut stomata would not exert an effective control
of water loss during the hottest and driest hours of the day. However, seasonal and
diurnal changes in leaf gas exchange have demonstrated a different response of
stomatal conductance despite a similar response of ¥ in both tall and dwarf varieties
(Prado et al., 2001; Passos et al., 2003).

Stomatal closure has a greater effect on photosynthesis than on transpiration
because of the additional resistance associated with diffusion of CO> relative to H2O in
the leaf (Cowan 1982, Nobel 1991). All the palms irrespective of the genotype were
equally sensitive to soil water depletion and responded to water deficit by decreasing
the gs (Rajagopal et al, 1990). As shown by Jayasekara et al. (1993) and Ranasinghe et
al. (2003) stomatal regulation was the key factor controlling the water balance of
coconut.

2.1.14 Transpiration Rate.

Under severe water stress condition, water loss was minimized by a steep
decline in transpiration (Srivastava et al., 1996). Stomatal closure has a greater effect
on photosynthesis than on transpiration because of the additional resistance associated
with diffusion of CO; relative to H>O in the leaf (Cowan, 1982 and Nobel, 1991). An
early response to water deficit is a reduction in leaf area and plant growth, which allows
plants to reduce their transpiration, thus increasing water use efficiencies (WUE) (Xu

and Zhou, 2005; Monclus et al., 2006; Aguirrezabal et al., 2006). The instantaneous
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control of the transpiration stream by the stomata is an important defense mechanism
used by many species in arid environments in order to avoid excessive water loss by
transpiration (Gucci et al., 1996; Nogueira et al., 1998; Silva et al., 2004) and eventual
death by desiccation (Silva et al., 2000).

2.1.15 Chlorophyll Stability Index (CSI)

The chlorophyll stability index is an indicative of the maintenance of
photosynthetic pigments under drought situation. (Ananthi et al., 2013). The CSI is a
single parameter used to measure frost (or) drought resistance of a plant. Sairam et al.
(1996) reported that both drought stress and temperature stress decreased membrane
stability, chlorophyll content and chlorophyll stability index in all wheat genotypes.
The high chlorophyll stability indices help the plants to withstand stress through better
availability of chlorophyll. This leads to increased photosynthetic rate and more dry
matter production (Madhan Mohan et al., 2000). Mohan ef al. (2000) reported that high
CSI value means that the stress did not have much effect on chlorophyll content of
plants. CSI has been used as an indicator of stress tolerance in rice as reported by
Gomez and Rangasamy (2002) and (Yogameenakshi, 2002). Drought tolerant varieties
had higher Chlorophyll Stability (Natarajan and Kumaravelu, 1993). Meenakumari et
al. (2004) reported that chlorophyll content as well as Chlorophyll stability index
decreased during drought environments. Konwar (2009) stated that the Chlorophyll
stability index decreased with increasing water stress in rice.

Chlorophyll stability is a function of temperature and it is found to correlate
with drought tolerance. Chlorophyll stability index is a measure of integrity of
membrane or heat stability of the pigments under stress conditions (Kaloyereas, 1958).
2.1.16 Water Use Efficiency (WUE)

Water use efficiency is usually defined as the crop yield per unit of water
consumed as crop evapotranspiration (Doorenbos and Pruitt, 1977) or the ratio of grain
weight or biomass yield to crop evapotranspiration (Zhang et al.,2004), expressed in

units of kilograms per cubic meter of water. Water use efficiency is an important tool
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to improve the sustainable agriculture in irrigated areas (Azevedo et al., 2003). WUE
has been shown to vary among varieties and also among ecotypes of the same variety
(Prado et al., 2001; Gomes et al., 2002). Hatfield et al. (2001) observed that WUE is
influenced by crop morphology, soil conditions, agricultural practices and atmospheric
variables.

Transpiration efficiency (TE) which is WUE at the leaf level is determined by
the delicate interplay between transient photo-system activity, sub stomatal cavity CO>
concentration and stomatal activity (Farquhar et al., 1989). Drought resistance was
found to be associated with low WUE when analyzed by isotope discrimination under
limited water supply (Araus ef al., 2003; Solomon and Labuschagne, 2004). A drought
resistant Coffea canephora clone had relatively lower WUE than a drought susceptible
one, where resistance was associated with deeper roots and presumably greater water
use (Pinheiro et al., 2005). Crop WUE has long been known to increase with increasing
drought stress and reduced water supply (Myers ef al., 1984). This has been more
recently confirmed with isotope discrimination analysis (Li et al., 2000; Peuke et al.,
20006).

Coconut has been considered as extravagant in water consumption. Coconut
palm exhibits efficient stomatal control of plant water status at least under mild to
moderate water deficit (Prado ef al., 2001; Passos et al., 2005; Sousa, 2006; Gomes et
al., 2007). According to Nogueira et al. (1998) the water requirement of coconut
depends on factors such age, height, leaf area, environmental conditions and soil type.
Compared to the tall varieties, dwarf varieties use water more prodigally due to its
elevated transpiration rate (IRHO-CIRAD, 1992).

2.1.17 Stable Isotope Discrimination

Farquhar and Richards (1984) defined the term carbon isotope discrimination
(AC) as the molar ratio of 3C/!2C (Ra) in atmospheric CO» the carbon source for plants
divided by the same ratio in the plant (product (Rp). Plants of C3 species have C-isotope

ratios that contain a contribution from discrimination at stomata and principally from
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Rubisco. The closer the ratio to unity, the greater the extent of discrimination during
carboxylation (Condon et al., 2004). Measuring A '* C in dry matter of Cs species
provides an assimilation-weighted average value of C;/ C,, over the life of the plant
material being analyzed (Condon et al., 2006). The association of transpiration
efficiency and '*C comes about because of the independent associations of both
transpiration efficiency and A !> C with the ratio Ci / Ca (Condon ef al., 2006). Stable
carbon isotope ratios have been determined by isotope ratio mass spectrometry
(IRMS), (Vaughn et al., 2004).

In contrast to gas exchange techniques that provide measurements of
photosynthesis rates at a single point in time, leaf carbon isotopic composition
integrates the ratio of intercellular (pi) to air CO> concentration (pa) for longer periods.
The basis of the biochemical discrimination against °C in Cs plants lies with the
primary carboxylating enzyme, ribulose-1, 5-bisphosphate carboxylase-oxygenase
(Rubisco) which discriminates against 13C because of the intrinsically lower reactivity
of 13C compared with '2C (Farquhar et al., 1982; Brugnoli and Farquhar, 2000). Thus
the isotopic composition reflects the effect of the plant water status on photosynthesis
throughout the growing season (Farquhar and Richards, 1984). Plants discriminate
against the heavier 1°C when they fix carbon through photosynthesis (O’Leary, 1988),
and so the ratio of *C to '2C in plant tissues is lower than that in the atmosphere.
Because the extent of discrimination is directly related to the intercellular CO>
concentration (Ci) (Farquhar and Richards 1984, Farquhar et al. 1989), the relationship
between 8'°C and WUE is connected by Ci.

Abiotic stresses such as soil-water deficit (Farquhar and Richards, 1984; Ehdaie
et al., 1991; Condon et al., 1992: Merah et al., 1999), result in lower values of A’C
because they result in some degree of stomatal closure, causing Ci / Ca to be lower. In
Csplants, stable carbon isotope discrimination (A) has been used to assess genotypic
variation in WUE and physiological responses to environmental factors (Hubick et

al.1986, Martin and Thorstenson 1988, Johnson et al., 1990). The natural *C/'?C ratio
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of C3plant tissue is related quantitatively to the ratio of intercellular CO; to atmospheric
CO» (Ci/Ca) contents, a parameter which reflects a balance between assimilation of
CO2by photo-synthetic activity and the supply of CO2through stomatal diffusion
(Farquhar et al., 1989).

Low delta is reasonably correlated with high TE (Hall ef al., 1994). Delta was
therefore taken to represent crop WUE (Condon et al., 2002). Crop WUE as estimated
under rain fed conditions by carbon isotope discrimination analysis or any other
method is an elusive ratio (Reynolds and Tuberosa, 2008). Genotype x Environment
(G x E) interactions for A'*C are potentially large because environment influences can
have a very large effect on A*C values measured in plant dry matter, especially under
conditions of declining soil water and rising evaporative demand and the A3C value
of all genotypes may not respond in the same manner or at the same time to these
environmental perturbations (Condon et al., 2006). Genetic studies in wheat have
shown a preponderance of additive gene effects for A'* C (Rebetzke et al., 2006) and
transpiration efficiency (Solomon and Labuschagne, 2004).

Carbon isotope discrimination has been used as a selection criterion in wheat
(Triticum aestivum) breeding, and as a result water-use efficient wheat varieties have
been released commercially (Condon et al., 2002; Rebetzke et al., 2002) for dryland
agriculture. Negative correlation between WUE and carbon isotope discrimination was
reported in sunflower (Lauteri ef al., 1993), Triticum turgidum L. (Condon et al., 1990),
Oryza sativa L. (Dingkuhn ef al., 1991) and Eucalyptus microtheca (Li C, 1999).

Atmospheric CO2 undergoes oxygen isotopic exchange with leaf water and soil
water, and changes in the 6'%0 of CO: can be used to study spatial and temporal
variation in the net exchange of CO2 in terrestrial ecosystems, and its underlying
causes, dominated by photosynthesis and respiration (Farquhar and Lloyd, 1993; Cuntz
et al., 2003). O is released by the plant during photosynthesis. The isotopic
composition of evolved oxygen is identical to that of the substrate water in the

chloroplast thylakoids (Cuy et al., 1993). Oxygen isotope composition (5'0) of leaf
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material could be used to pick up differences in leaf to air water vapour composition
(Farquhar et al., 1994).

Measurement of A*C and A'®O in organic matter could be combined to
separate photosynthetic capacity effects on TE from gw (Conductance to diffusion of
water) effects (Farquhar et al., 1998). Changes in the oxygen isotope ratios of
atmospheric O2 are revealed on long time scales in the Dole effect (Dole et al., 1954),
where atmospheric oxygen is currently enriched in 180 by 23.5%o compared with mean
ocean water. Measurements of the isotopic composition of water vapor have been used
to estimate transpiration fluxes in rice (Oryza sativa) crops (Brunel ef al., 1992). The
isotopic composition of water vapor plays a direct role as it is a key component in the
calculation of leaf water isotopic enrichment (Lee et al., 2006).

2.2 BIOCHEMICAL PARAMETERS

2.2.1 Pigment Composition
Chlorophyll content of the plant influences photosynthetic rate. Water stress

caused a fall in leaf chlorophyll. Increasing intensity of water stress decreased leaf
chlorophyll content and tended to increase the chlorophyll a /b ratio (Zhu and Huang,
1994). Makhmudov (1983) reported that moisture stress inhibited biosynthesis of the
precursor of chlorophyll in wheat leaves which ultimately reduced the chlorophyll
content. Thimman (1980) stated that water stress induced leaf senescence leading to
decreased photosynthetic activity with the accompanying degradation of proteins and
chlorophyll. Asharaf and Mahmood (1990) stated that total chlorophyll content of the
leaf declined under water stress conditions. It may be due to decreased synthesis and
increased degradation of chlorophyll in leaves under water stress (Dekov et al., 2000).
The chlorophyll content of leaf tissue varies with cultivars, age of the crop, growth
stages, light and temperature (Kumar and Singh, 1996). A photosynthetic potential is
directly proportional to the quantity of chlorophyll present in the leaf tissue (Carter,
1991). Ramesh babu et al. (1982) stated that there is an increase in total chlorophyll

content under moisture stress condition.
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Drought can also lead to pigment degradation (Hendry et al., 1987), thus
causing irreversible water-deficit damage to the photosynthetic apparatus (Clarke et
al., 1996). Photosynthetic pigment degradation in water deficit stressed palms is a
general physiological response in plants subjected to water withholding or reduced soil
water content

In coconut palm, total chlorophyll (Chla + Chlb) and total carotenoids in water
stressed plants dropped significantly, restored when plants were subject to full
irrigation (Gomes et al., 2008). The photosynthetic pigments in oil palm subjected to
mannitol induced and PEG-induced water deficit stress decreased drastically,
depending on the osmotic potential in the culture medium (Chaum et al., 2012).
Retardation in the content of photosynthetic pigment in response to drought stress was
attributed to the ultra-structural deformation of plastids including the protein
membranes forming the thylakoids which in turn causes untying of photosystem II
which captures photons, so its efficiency declined, thus causing declines in electron
transfer, ATP and NADPH production and eventually CO- fixation process (Zhang et
al., 2006).

2.2.2 Total Soluble Protein

Drought conditions bring about quantitative and qualitative changes in plant
proteins. In general, proteins in the plant leaves decreases during water deficiency due
to the suppressed synthesis, more pronouncedly in Cs than in Cy4 plants. Water stress
alters gene expression and consequently, the synthesis of new proteins and mRNAs.
The main proteins those synthesized in response to water stress are LEA, desiccation
stress protein, proteins those respond to ABA, dehydrins, cold regulation proteins,
proteases, enzymes required for the biosynthesis of various osmoprotectants, the
detoxification enzymes. Heat-shock proteins (HSPs) and late embryogenesis abundant
(LEA)-type proteins are two major types of stress-induced proteins during different
stresses including water stress (Taiz and Zeiger, 2010). Heat Shock Proteins (HSP),

highly accumulated during stress and also known as molecular chaperones, are widely
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distributed in nature; they are involved in protein folding and assembly, as well as in
the removal and disposal of non-functional proteins (Wang et al., 2004). LEA proteins
are expressed at basal levels and can be induced to high levels during osmotic and
drought stress (Ingram and Bartels, 1996; Barrera-Figueroa et al., 2007).

A decrease in the protein concentration would be a typical symptom of
oxidative stress and has frequently been observed in drought stressed plants (Seel et
al., 1992; Moran et al., 1994). Protein degradation might be the result of increased
activity of protease or other catabolic enzymes, which were activated under drought
stress, or due to fragmentation of proteins due to toxic effects of reactive oxygen
species resulting in reduced protein content (Davies 1987). Reduction in quantity of
soluble protein can be related to the reduced rate of protein biosynthesis and increased
breakdown of protein under limited environment as observed by Gong et al. (2005) in
wheat, Rodriguez et al. (2002) in sunflower and Mafakheri et al. (2011) in chickpea

under drought stress condition.
2.2.3 Osmoprotectants

Osmotic adjustment is a cellular adaptive mechanism vital for stress-tolerant plants,
allowing for plants to continue growing in the case of drought (Silva et al., 2010). It is
usually defined as a decrease in the cell sap osmotic potential, resulting from a net
increase in intracellular solutes rather than from a loss of cell water (Kusaka et al.,
2005). As a consequence, the cell's osmotic potential is diminished; this, in turn,
attracts water into the cell by tending to maintain turgor pressure (Pérez-Pérez et al.,
2009). According to Martinez et al. (2005), compatible solubles, such as sugars,

glycerol, proline or glycinebetaine, can also contribute to this process.

Soluble sugars and proline are two kinds of the most important compatible
solutes in plants (Chaves ef al., 2003; Ben Ahmed et al., 2009; Hessini et al., 2009).
Besides their roles in osmotic adjustment, they may protect membranes from damages

and stabilize the structures and activities of proteins and enzymes (Iyer and Caplan,
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1998; Samuel ef al., 2000; Villadsen et al., 2005; Lee et al., 2008; Ben Ahmed ef al,,
2009; Hessini et al., 2009). Associations between osmotic adjustment and cellular
membrane stability under drought stress were suggested more recently (Chandra Babu
et al. 2004).

Despite osmotic adjustment has been reported as an important component of
drought tolerance mechanisms in various coconut genotypes (Kasturi Bai and
Rajagopal, 2000), the importance of such strategy for coconut drought tolerance is still
unclear (Gomes and Prado, 2010).
2.2.3.1 Free Amino Acids

Amino acids have traditionally been considered as precursors and constituents
of proteins. Amino acids can play wide roles in plants including acting as regulatory
and signalling molecules. As observed by Rai and Sharma (1991), amino acids
promoting stomatal opening also promoted K influx into the guard cells while amino
acids inhibiting stomatal opening inhibited K influx into the guard cells.

Accumulation of free amino acids is also significant under water stress and may
be due to induced hydrolysis of proteins as reported in crops like Arachis hypogeae
and Vicia faba (Purushotham et al., 1998; EI Tayab, 2000). The increase in free amino
acids could contribute to the tolerance of the plant to water deficit through an increase
in osmotic potential or as a reserve of nitrogen principally for the synthesis of specific
enzymes (Navari-Izzo et al., 1990). The increase in aspartate, glutamate, proline,
alanine and valine compound due to increase in free amino acids content in stressed
leaves could help maintain energy fluxes of the chloroplast (Ashraf, 2004).

Kraus et al., (1995) reported that increased accumulation of FAA during stress
conditions could be an indicator of the adaptive nature of the coconut palms to cope up
with the adverse conditions during summer months. The accumulation of free amino
acids in response to drought stress is well documented (Kasturi Bai and Rajagopal,

2000; Asha and Rao, 2002; Tan et al., 2006; Sircelj et al., 2007; Maricle et al., 2008).
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Similar results were observed in Marsh grasses (Maricle ef al., 2008) and in Sorghum
(Yadav et al., 2005) under drought stress condition.

Amino acid accumulation plays a very important role in drought tolerance,
probably through osmotic adjustment in different plant species Radix astragali (Tan et
al., 2006). These accumulations may occur in response to the change in osmotic
adjustment in cellular contents (Greenway and Munns, 1980; Shao et al., 2007).
2.2.3.2 Sugar

A complex essential role of soluble sugars in plant metabolism is well known
as products of hydrolytic processes, substrates in biosynthesis processes, energy
production but also in a sugar sensing and signaling systems. Recently it has been
claimed that, under drought stress condition, even sugar flux may be a signal for
metabolic regulation (Kishor et al., 2005). Sugars and amino acids are the major solutes
responsible for osmotic adjustment (De Costa, 2001). Trehalose, a disaccharide, is
accumulated under drought stress and functions during embryo and flower
development, as well as in the regulation of carbon metabolism and photosynthesis
(Phillips et al., 2002; Tturriaga et al., 2009).

In a study with cowpea (Vigna unguiculata) subjected to water stress and
recovery treatment, Souza et al. (2004) showed that carbohydrate metabolic changes
revealed an accumulation of soluble sugars in water-stressed leaves, which also
persisted for one day after re-watering. The accumulation of sugars in response to
drought stress is also quite well documented (Watanabe et al., 2000; Izanloo et al.,
2008). Soluble sugars also contributed to improving drought tolerance of peas (Sanchez
et al., 1998), sugar beets (Choluj ef al., 2008) and black poplars (Regier et al., 2009).
In two mango cultivars, a cultivar, which exhibited more active accumulations of
soluble sugars and proline, also revealed higher resistance to drought than the other

one (Elsheery and Cao, 2008).
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2.2.3.3 Starch

Starch may play an important role in accumulation of soluble sugars in cells.
The carbohydrate status of the leaf, which is altered in quantity and quality by water
deficits, may act as a metabolic signal in the response to stress (Chaves et al., 2003).
Starch synthesis is, in general, strongly depressed, even under moderate water deficits
(Chaves, 1991). Starch depletion in grapevine leaves was noted by Patakas and
Noitsakis (2001) in response to drought stress.

2.2.4 Phenol

Sources of natural antioxidants are primarily, plant phenolics that may occur in
all parts of plants such as fruits, vegetables, nuts, seeds, leaves, roots and barks.
(Yildrim et al., 2001; Mathew and Abraham, 2006). Phenolics can neutralize light
falling on the leaves through its transformation into blue fluorescence, which is no
longer damaging, and can even be used for photosynthetic quantum conversion (Bilger
et al., 2001). The phenolic compounds are very reactive structures due to the presence
of the benzene ring (Bilger et al., 2001). It is known that drought stress predisposes
plants to injury of the photosynthetic apparatus through its interaction with UV or/and
visible radiation (Garcia-Plazaola and Becerril, 2000).

Water deficit led to an increase in the intensity of the blue fluorescence
originating from plant phenolics, mainly from ferulic acid (Cerovic et al., 2002; Meyer
et al.,2003; Morales et al., 2005; Hura et al., 2006). Drought stress significantly limits
plant growth, crop productivity and changes its behaviour regarding the biosynthesis
of bioactive compounds such as phenolic compounds (Al-cazar et al., 2006). Water
deficit has been suggested to cause both increases and decreases in the concentration
of various phenolic components (Horner, 1990). Drought stress may increase the
formation of reactive oxygen species (ROS) which can damage plants by oxidizing
photosynthetic pigments, membrane lipids, proteins, and nucleic acids (Reddy et al.,

2004).
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2.3 STRESS TOLERANCE PARAMETERS
2.3.1 Proline

Proline is a compatible solute that can have a major role in osmotic adjustments
and may also have a number of protective roles (Verslues et al., 2005). Proline is a
non-protein amino acid that forms in most tissues subjected to water stress and together
with sugar, it is readily metabolized upon recovery from drought (Singh et al., 2000).
In addition to acting as an osmoprotectant, proline also serves as a sink for energy to
regulate redox potentials, as a hydroxyl radical scavenger (Sharma and Dietz, 2006),
as a solute that protects macro-molecules against denaturation and as a means of
reducing acidity in the cell (Kishor et al., 2005). Proline accumulation in leaves of
drought-stressed plants and its role as an osmolyte or osmoprotectant has been the
theme of a long-standing debate (Seki et al., 2007; Szabados and Savoure, 2009).
Proline might regulate the osmotic balance of the cell thus relieving the negative effect
of stress (Reddy et al., 2004).

Proline accumulation is considered the first response of plants exposed to salt
stress and water-deficit stress to reduce leaf osmotic potential; the kinetics of
accumulation of this solute depend on the intensity and duration of the stress (Ashraf
& Foolad, 2007). Plants, producing a higher amount of proline under water stress
conditions may be considered as varieties with relatively greater drought tolerance
(Jharna et al., 2003).

In Cocos nucifera, Jayasekara et al. (1993) found high levels of proline in
leaves of tolerant genotypes during the dry season. However, the high contents of
proline detected in coconut leaflets submitted to dry air (mainly in dwarf varieties)
were unlikely to be directly associated with drought tolerance (Kasturi Bai and
Rajagopal, 2004). Regarding osmoregulation in the coconut palm, proline’s
contribution to the overall osmotic adjustment in ecotypes of Brazilian Green Dwarf
was recently shown to be low (Gomes et al., 2006; Gomes & Prado, 2007) In tolerant

coconut genotypes, the enzyme systems protecting the membrane lipids (Shivashankar
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et al., 1991), as well as the protective action of proline and high membrane stability as
indicated by electrolyte leakage measurements (Gomes, 2006) explain, at least
partially, the low sensitivity of the chloroplast membranes to drought stress. Proline
enrichment in oil palm has been demonstrated as one of the most evident biochemical
indices under water deficit stress (Chaum et al., 2010; Cao et al., 2011; Chaum et al.,
2011). The high contents of proline detected in coconut leaflets submitted to dry air
(mainly in dwarf varieties) were unlikely to be directly associated with drought
tolerance (Kasturi Bai and Rajagopal, 2004).

Sundaresan and Sudhakaran (2006) also observed a higher accumulation of
proline in drought tolerant Cassava as compared to drought susceptible Cassava.
Vendruscolo et al. (2007) stated that proline might confer drought stress tolerance to
wheat plants by increasing the antioxidant system rather than as an osmotic adjustment
In olive trees, proline levels in both young and old leaves of plants exposed to water
deficit stress were higher than in plants grown under well-irrigated conditions (Ahmed
et al,, 2009). Proline content in mature leaves of drought-stressed sugar beet was 1.5
times higher than in well-irrigated plants (Choluj et al., 2008).

2.3.2 Antioxidants

Drought stress usually leads to oxidative stress due to stomatal closure (Lei et
al., 2006; Ozkur et al., 2009), which causes the over-reduction of photosynthetic
electron chain (Bacelar et al., 2007; Ben Ahmed et al., 2009) and high formation of
reactive oxygen species (ROS) in chloroplasts and mitochondria ( Fu and Huang, 2001
). ROS including superoxide (O2"), hydrogen peroxide (H20:), hydroxyl radical (HO")
and singlet oxygen (1 O2) could disrupt normal metabolisms of plants through
oxidative damages to lipids, proteins, nucleic acids, and photosynthetic pigments and
enzymes (Fu and Huang, 2001; Ozkur ef al., 2009). Under various abiotic stresses the
extent of ROS production exceeds the antioxidant defense capability of the cell,

resulting in cellular damages (Almeselmani et al., 2006).
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Since ROS are mainly produced in chloroplasts, the photosynthetic activity is
compromised during stress; drought tolerance is unequivocally related to efficient
antioxidant cellular processes (Kranner et al., 2002; Montero-Tavera et al, 2008).
Factors participating in antioxidative activity are non-enzymatic and enzymatic
(Bartels and Sunkar, 2005); among the former are vitamins C and E, glutathione,
flavonoids, alkaloids, carotenoids, polyamines, etc. Enzymatic activities include

catalase, super-oxide dismutase, peroxidase and metallothionein (Seki et al., 2007).

The balance between ROS production and activities of antioxidative enzymes
determines whether oxidative signalling and/or damage will occur (Moller et al. 2007).
Plants with high levels of antioxidants, either constitutive or induced, have been
reported to have greater resistance to this oxidative damage (Sudhakar et al., 2001).
Various reports underline the intimate relationship between enhanced or constitutive
antioxidant enzyme activities and increased resistance to environmental stresses in
several plant species, such as rice (Guo ef al. 2006), foxtail millet (Sreenivasulu ef al.
2000), tomato (Mittova et al. 2000), sugar beet (Bor et al. 2003), wheat (Khanna-
Chopra & Selote 2007) and barley (Acar ef al. 2001).
2.3.2.1 Non-Enzymatic antioxidants

2.3.2.1. a Carotenoids
Carotenoids are a large class of isoprenoid molecules that are synthesized de

novo by all photosynthetic and many non -photosynthetic organisms (Jaleel et al.,
2009). In chloroplast, the carotenoids function act as accessory pigments in light
harvesting, but perhaps a more important role is their ability to detoxify various forms
of activated oxygen and produced as a result of excitation of the photosynthetic
complexes by light (Surender et al., 2013). The carotenoids act as competitive inhibitor
for the formation of singlet oxygen and this is aided considerably by their proximity to
chlorophyll in the light harvesting complex. This method of protection is especially
critical as light intensity increases above saturating level (Demming-Adams and

Adams, 1993).
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Chen and Creeb (1991) found increased level of carotenoid content under
drought conditions Total chlorophyll and total carotenoids concentrations in water
deficit stressed olive plants decreased sharply, showing >50% reduction when exposed
to extreme water deficit stress for 60 days by withholding watering, especially in the
“Chemleli” cultivar, leading to reduced Fv/Fm (Chlorophyll flouroscence) and Pn
(Photosynthesis) (Boughalleb and Hajlaoui, 2011). Different effects on C, have been
reported for coconut (Gomes et al., 2008) and olive (Ahmed et al., 2009; Guerfel et al.,
2009). The Carotenoid levels in water deficit stressed olive plants decreased
significantly (Ahmed et al; 2009), while they were maintained in coconut (Gomes et
al, 2008). The Carotenoid is believed to play an important role in protection against
photo-oxidative damage, as represented by low NPQ (Muller et al., 2001; Omasa and
Takayama, 2003).
2.3.2.1. b Ascorbic acid

Ascorbic acid is essential in cell physiology as a quencher of ROS and donor
of electrons for APX mediated H>O> detoxification. (Navabpour et al., 2003). An
increase in ascorbic acid content in leaf and stem tissues of cowpea under drought stress
has suggested it to be a necessary response for efficient destruction of O under stress
conditions (Manivannan et al., 2007).
2.3.2.2 Enzymatic antioxidants
2.3.2.2. a Peroxidase (POX)

Peroxidase (POX), an iron heme protein, accelerates the reduction of H>O, with
a concurrent oxidation of a substrate, mostly located in cell wall; it is also involved in
oxidation of phenol compounds as the key enzyme for polymerization towards the
synthesis of lignin (Gaspar et al., 1991; Ozdemir et al., 2004). POX is a major enzyme
scavenging H2O: in chloroplasts produced through dismutation of O;’catalyzed by
superoxide dismutase. Several physiological processes are dramatically affected by
peroxidase over-production, and severe wilting was found in transgenic plants (Arora

et al.,2002).
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Increase in POX activity in leaves of drought tolerant and sensitive maize
cultivars has also been reported earlier under water deficit stress (Djakovic et al.,
2002). An increase in POX activity in drought tolerant as well as sensitive maize
genotypes at seedling stage under osmotic stress has been reported (Kolarovic et al.,
2009). Increase in CAT and POX activity is supposed to be an adaptive trait possibly
helping to overcome the damage to the tissue metabolism by reducing toxic levels of
H>O2 produced during cell metabolism and protection against oxidative stress
(Sudhakar et al., 2001).
2.3.2.2. b Catalase

Catalase is a tetrameric heme protein, occurring in almost all aerobic organisms,
and one of the few enzymes showing dual activity: it has hyperoxidase activity
(catalytic activity) when it catalyzes the breakdown of hydrogen peroxide into water
and oxygen. It also shows peroxidase activity (Luhova et al., 2003). In environmental
stresses conditions such as drought, high activities of CAT enzymes are important for
plants to tolerate stresses. Catalase is essential for the removal of H>O2 produced in the
peroxisomes by photorespiration (Noctor ef al., 2000). Catalase, which degrades H>O»
into water and oxygen, is one of the major antioxidant enzymes (Scandalios et al.,
1997).

Role of CAT in averting the cellular damage under unfavorable conditions like
water stress has been suggested (Reddy ez al., 2004). An increase in CAT activity under
drought stress has been reported in wheat (Luna ef al., 2004)
2.3.2.2. ¢ Superoxide Dismutase (SOD)

SODs constitute the first line of defence against reactive oxygen species (ROS).
SODs belong to a large and ubiquitous family of metallo enzymes in aerobic
organisms. SOD can protect PS II from superoxide generated by oxidative and water
stress (Martinez et al., 2001).

Higher expression MnSOD, FeSOD can protect the photosynthetic apparatus

via protecting the relevant proteins and lipids, leads to tolerance under drought stress.
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In the tolerant genotype, increased number of MnSOD, Cytosolic SOD, transcripts
were associated with protection of the plant an against oxidative stress (Shiriga et al.,
2014). Wang et al. (2005) has reported that in presence of Mn SOD drought tolerance
was in increased in transgenic rice. By the increase in drought stress intensity,
superoxide dismutase activity increased extensively in lentil cultivars (Moghadam et
al.,2013)

The increase or decrease in the activities of the stress sensitive enzymes under
desiccation as compared to the pre-stress level indicated the differential adaptability of
the coconut palms with change in leaf water potential (Kasturi Bai et al,2005).
Adaptive mechanism in coconut palms under field stress conditions have been reported

by Shivashankar et al.(1991), Chempakam et al. (1993) and Kasturi Bai ef al. (1996).

Responses at the molecular level

In recent years, much molecular information has been generated on the response of
plants to environmental stresses. Plants respond to environmental stresses such a
drought by the induction of both regulatory and functional sets of genes (Ramanjulu
and Bartels, 2002; Bartels and Sunkar, 2005).Drought tolerance is considered a
quantitative trait, involving the participation of a complex set of genes. The studies that
have established this have been performed on model plants as well as in drought
tolerant species (Seki et al., 2007; Ozturk et al., 2002; Way et al., 2005; Montalvo-
Hernandez ef al., 2008). When drought stress is perceived by the plant, changes in the
expression pattern have been monitored, ranging from genes whose products are
involved in early response such as signal transduction, transcription and translation
factors; to late response genes, such as water transport, osmotic balance, oxidative
stress and damage repair (Ramanjulu and Bartels, 2002, Shinozaki and Yamaguchi-
Shinozaki, 2007; Knight and Knight, 2001; Zhu, 2002). Adaptive responses are
observed as a consequence of such changes, including early flowering, growth

inhibition, among others (Bray, 2002).

30



Materials and Methods




3. MATERIALS AND METHODS

The experiment was undertaken with objective to evaluate selectively fertilized
coconut (Cocos nucifera. L) hybrids for water use efficiency, and to study mechanism
of water stress tolerance in coconut, and to estimate genetic variability in coconut for
water use efficiency through Carbon Isotope Discrimination. To achieve this objective,
pot culture experiment was conducted at Department of Plant Physiology, College of
Agriculture, Vellayani (2014-15). Biochemical analyses were done at monthly
intervals and the growth parameters were studied after completion of the experiment.
3.1 EXPERIMENT DETAILS
3.1.1 Location (Plate 1)

The field experiment was conducted in rainout shelter located in College of
Agriculture Vellayani, situated at 8 °30°N latitude and 76 °9°E longitude at an altitude
of 29 m above mean sea level.

3.1.2 Planting material

One year old seedlings of seven coconut varieties were procured from RARS,
Pilicode and CRS, Balaramapuram.

3.1.3 Layout of the Experiment and design

The experiment was laid out in CRD with two treatments and three replications.
Seven coconut varieties and hybrids were chosen for the study which included
Keraganga, Kerasree, Malayan Yellow Dwarf, Gangabondam, West Coast Tall,
Kerasree (Selectively fertilised) and Keraganga (Selectively fertilised).

3.1.4 Experimental set up and Methodology (Plate 2)
3.1.4.1 Planting and Initial sampling

Coconut seedlings were planted in polybags (56 cm x 30cm) filled with potting
mixture (dried cow dung, sand and soil in the ratio of 1:1:1) of known weight. Equal
sets of seedlings were kept under each treatment. Seedlings were properly maintained

for two months with adequate irrigation, fertilizers, pest and disease management as
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Plate 1. Experimental location

Coconut seedlings in polybags Electronic weighing balance

Plate 2. Experimental set up and methodology



per package of practices by KAU. Initial sampling was done to know the average initial
biomass for each coconut genotype. Samples were oven dried at 80 ° C to constant
weight and dry weights were noted.
3.1.4.2 Treatments

Study included two set of treatments.
T1-100 % F.C
T2-50%F.C

Under each treatment, each variety was kept under three replications, making a
total of 42 seedling units in the experiment.
3.1.4.3 Gravimetry

Estimating water use efficiency by gravimetrical method was one of the major
components of the technical programme. Equipment used for the study included an
electronic weighing balance of 50 kg (Plate 2) and measuring cylinder.

Methodology

The day before the start of the experiment, all the units (Seedling + Filled
polybags) were fully irrigated and kept for drainage. Next day, each unit was weighed
to know its weight at 100 % field capacity. Difference in weight gave the quantity of
water in each unit at 100 % F.C. Accordingly, water to be applied for half the set of
seedlings at 50 % F.C were also computed.

Every day in the morning, each unit was weighed to know the water lost through
transpiration and the value was noted. The units were then irrigated using measured
quantity of water to maintain the respective field capacities. Exposed soil surfaces were
covered with plastic sheet pieces to minimise soil evaporation. Along with the
experimental seedling sets, a set of reference seedlings each from every variety were
maintained to know the average biomass accumulation in each variety. Biomass
accumulated was assessed monthly and the computed value was added to the daily

weight of each unit and irrigation was done accordingly.
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3.1.4.4. Final sampling (Plate 3)

Final sampling was scheduled, after samples were taken for estimation of stable
isotope discrimination and biochemical analyses. After three months marked as end of
the experiment, all the coconut seedlings were uprooted, and roots, shoots, leaves and
nut of each seedling was individually dried in the oven at 80 °C to know the final dry
weight.
3.1.4.5 Assessing genotypic variation for water use efficiency

Leaf samples were collected from adult palms of thirty coconut varieties from
RARS, Pilicode; the samples were dried in the oven at 80 °C, finely powdered, properly
labelled and were sent for stable isotope discrimination.

3.2 OBSERVATIONS
3.2.1. GROWTH PARAMETERS AND PHYSIOLOGICAL PARAMETERS
3.2.1.1 Plant Height

Length of the longest leaf was measured in metres
3.2.1.2 Leaf Area

Leaf area was measured by plotting the leaves in a graph paper and counting
the number of milli squares covered by the leaf
3.2.1.3 Specific Leaf Area

Leaflets were seperated from the index leaf and area was measured graphically.
Leaflets were dried at 80°C for 2 days and the dry weight was taken. SLA was
calculated using the formula.

SLA (cm? g'') = Leaf area / dry weight

3.2.1.4 Total Dry Matter Accumulation

Initial sampling was done and plant samples were dried in a hot air oven at
80°C to constant weight to find average biomass of individual varieties and recorded
as W1.At the end of experiment, final sampling were done for all seedlings, oven dried
and weight recorded as W». Biomass comprises of shoot, root and leaves. Biomass

accumulation can be calculated as
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Total dry matter accumulation = W, — Wi and expressed in kilograms
3.2.1.5 Relative Growth Rate
Relative growth rate (RGR) was determined using the formulae of Williams
(1946) and expressed in mg g'day™.
RGR =1logeW2 - logeW1/t2 - tl

where, Wiand W2 = plant dry weight (g) at time t; and t; respectively

t—t = time interval in days

3.2.1.6 Net Assimilation Rate

The method proposed by Williams (1946) was used for calculating the net
assimilation rate (NAR) on leaf dry weight basis and the values were expressed as mg
cm?day!.

NAR= W2-Wi/t-t1 X  logelL,—logeL:/Lz-Ls
where, Wiand W2 = leaf dry weight (mg) at t; and t> respectively

Liand L» = leaf area (cm?) at t; and t, respectively
th—t = time interval in days
3.2.1.7 Phyllochron
The phyllochron is the intervening period between the sequential emergence of

leaves. Phyllochon was expressed in days

3.2.1.8 Cumulative Water Transpired

Water transpired was measured using gravimetric method. Weight of the
individual seedling units were measured daily, and the difference in weight of the
individual unit from its weight under respective field capacity gave the water transpired
by that unit. Meanwhile, the biomass accumulated over a regular period (one month)
by the reference seedling of each variety was added to the daily weightage of individual

seedling unit and water transpired was calculated accordingly. Sum of all the values of



water transpired over three months gave the cumulative water transpired and was

expressed in litres.
3.2.1.9 Relative water content

Relative water content was calculated by measuring the fresh weight, dry
weight and turgid weight of known number of leaf discs from the treatment plants.
After measuring the fresh weight of the sample, it was submerged in distilled water for
3 hours and then the turgid weight was taken. The dry weight of the sample was
measured after keeping the samples in oven at 80 o C for 3 consecutive days. The RWC
of the treatments was calculated using the following formula and was expressed in
percentage.

RWC = (Fresh weight - dry weight) / (turgid weight - dry weight) X 100
3.2.1.10 Membrane Integrity

Leaf discs (about 10 no) of test samples were taken in a S0ml beaker with 10ml
distilled water. Initial EC was measured for detecting the small degree of leakage by
the discs caused by the punching treatment using conductivity electrode (EC,).After 30
minutes incubation the leakage of solutes in this bathing medium was measured
(ECp).Then the beakers were boiled at 1000C for 10 minutes and the EC was again
recorded (ECc).The membrane integrity of leaf tissues was calculated using the
following formula and was expressed in percentage leakage.

% leakage = ((ECp- EC,) / ECc) x 100
3.2.1.11 Wax Content

Samples were collected from third fully opened leaves of plants and were cut
into 10cm? bits.10ml of chloroform was taken in beakers after noting down their initial
weight .Leaf bits were dipped into chloroform for 30seconds.After removing the leaf
bits the beakers were left for evaporation of chloroform .The final weight of beakers
was noted after complete evaporation of chloroform. The difference between the final
and initial weight of beakers would be noted as the wax content and would be expressed

per unit leaf area. ECW was expressed as mg cm.™

35



3.2.1.12 Stomatal Characteristics
3.2.1.12. a Stomatal frequency and Stomatal Index

Stomatal count refers to the number of stomata per unit area of leaf. A thick
mixture of thermocol and xylene was prepared and this was smeared on both the
surfaces of leaves and allowed to dry. It was peeled gently after drying and the peel
was observed under microscope and counted using a 40 x objective and 10 x eyepieces.
The field of the microscope was measured using a stage micrometre and stomatal
frequency per unit area was calculated.

Stomatal frequency = No. of stomata / Area of the microscopic field

Stomatal index is the percentage which indicates the number of stomata present
to the total number of epidermal cells, each stomata being counted as one cell. Stomatal
index was calculated by using following equation.

Stomatal Index, I = No: of stomata per unit area X 100

(No: of stomata per unit area +No: of epidermal cells per unit area)
3.2.1.12. b Transpiration Rate and Stomatal Conductance
Transpiration rate and Stomatal conductance was measured using the SAI-1
Porometer of company Delta T Devices and were expressed in milli moles m™s™.
3.2.1.13 Chlorophyll Stability Index
One gram of fresh green leaf is taken and divided into two lots of 0.5 gram
each. One lot (Control) is stored in room temperature (26 °C) and the other lot is put in
empty test tube standing in boiling water bath for 1 hr. Total chlorophyll content of two
lots were measured by DMSO method. Finally Chlorophyll Stability Index was
calculated using the formula
Chlorophyll Stability Index (%) = (Total Chl. Content in Heated lot / Total Chl.
Content in Control lot) X 100
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3.2.1.14 Water Use Efficiency
Water use efficiency is defined as kilograms of biomass accumulated per unit
of water transpired and WUE is expressed as gkg™!
Water Use Efficiency = Biomass accumulated (gram) /Water transpired
(kilogram)
3.2.1.15 Stable Isotope Discrimination

The carbon isotope discrimination ratio (CID) and oxygen isotope ratio was
determined for calculating the isotope discrimination. The third fully opened leaves of
experimental plants were collected, oven dried at 80°C and were ground to a very fine
powder. The samples were sent to the National Facility for stable isotope studies at the
Department of Crop Physiology, GKVK, UAS, Bangalore where they were analysed
using the isotope ratio mass spectrophotometer (Plate 4) coupled with the elemental
analyser for the continuous flow measurement of carbon and oxygen isotope ratios in
plant samples.

3.2.2 BIOCHEMICAL PARAMETERS
3.2.2.1 Pigment composition
Estimation of Chlorophyll and Carotenoids (DMSO method)

A weighed quantity of sample (0.5g) was taken and cut into small bits. These
bits were put in test tubes and incubated overnight at room temperature, after pouring
10 ml DMSO: 80% acetone mixture (1:1 v/v). The coloured solution was decanted into
a measuring cylinder and made up to 25 ml with the DMSO-acetone mixture. The
absorbance was measured at 663, 645,480 and 510nm using a spectrophotometer. The
chlorophyll content was measured by substituting the absorbance values in the given
formulae and was expressed as mg g’!

Chla=(12.7 x A663-2.69 X A 645) x V/1000 x 1/ Fresh weight
Chl b = (22.9 x As45-4.68x Age3) x V/1000 x 1/ Fresh weight

Total Chl (a + b) = (8.02 x Agsst 20.2 x Agss) x V/1000 x 1/ Fresh weight

Carotenoid = [(7.6 x Auso) — (1.49 x Asi0) x V]/ (w x 1000)
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Plate 3. Final Sampling

Plate 4. IRMS facility



3.2.2.2 Estimation of Total soluble protein (Bradford method)

The total soluble protein of leaf samples were estimated using simple protein
dye binding assay of Bradford (1976) using bovine serum albumin as the standard. One
hundred milligram of CBB 250 was dissolved in 50 ml of 95% ethanol. To this 100 ml
of 85% (w/v) orthophosphoric acid was added. The resulting solution was diluted to a
final volume of 200 ml with distilled water. 0.1g of leaf samples were taken from third
fully opened leaves and was ground to a thin paste and soluble protein was extracted
with 10 ml of phosphate buffer (pH 7.8). The extract was centrifuged at 5000 rpm for
10 minutes. To the 20ul of the supernatant a known volume (5 ml) of diluted dye
binding solution was added. The solution was mixed well and allowed to develop a
blue colour for at least 5 min but no longer than 30 min and the absorbance was
measured at 596 nm. The protein content was calculated using the BSA standard in
the range of (10-100pg). The protein content was expressed as mg g”! FW.
3.2.2.3 Estimation of total free amino acid

The total free amino acids were estimated following the Ninhydrin method (Moore
and Stein, 1948). The plant sample was weighed (500 mg) and ground in a mortar and
pestle with a small quantity of acid washed sand. To this homogenate 5-10 ml of 80%
ethanol was added. The solution was filtered and centrifuged. The filtrate or the supernatant
was saved for further use. This extraction was repeated twice with the residue and the
supernatants were pooled. The volume was reduced by evaporation and the extract was
used for the quantitative estimation of total free amino acids. Ninhydrin solution (1 ml)
was added to 1 ml of extract and the volume was made up to 2 ml using distilled water.
The test tube was heated in a boiling water bath for 20 minutes. The contents were mixed
after adding 5 ml of the diluents. The intensity of the purple colour was read at 570 nm, in
a colorimeter, against a reagent blank, after incubation of 15 minutes. The reagent blank
was prepared as above by taking 0.1 ml of 80% ethanol, instead of extract. The standard
Leucine (50mg) was dissolved in50 ml of distilled water in a volumetric flask. The stock
standard of 10 ml was diluted to 100 ml in another volumetric flask to make the working

standard solution. A series of volume from 0.1 to 1 ml of this standard solution was
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prepared to give a concentration range of 10ug-100ng. The procedure was followed as
that of sample and the absorbance of purple colour was read at 570 nm. A standard curve
was drawn using absorbance versus concentration. The concentration of total free amino
acid in the sample was determined from the standard graph and was expressed as %
equivalent of leucine.

3.2.2.4 Estimation of Reducing sugars (DNS Acid Method)

The estimation of reducing sugars in plants was done following Dinitro Salicylic
acid (DNS) method (Somogyi, 1952). The sample was weighed (100 mg) and the sugars
were extracted with hot 80% ethanol, twice. The supernatant was collected and evaporated
by keeping it on a boiling water bath at 80°C. The sugars were dissolved by adding 10 ml
water. Aliquots of 0.5 to 3 ml were pipetted out into test tubes and the volume was
equalized to 3ml with distilled water in all the test tubes. To this 3 ml of DNS reagent was
added. The test tubes were heated in a boiling water bath for 5 minutes. Rochelle salt
solution (40%, w/v) (1 ml) was added to the test tubes when the contents were hot. Then
the test tubes were cooled and the intensity of dark red colour was read at 510 nm. A series
of the standard, Glucose, (0 to 500 pg) was run and a standard curve was plotted. The
amount of reducing sugars in the sample was calculated from the standard graph.

3.2.2.5 Estimation of Starch

The estimation of starch in plants was done following the Anthrone method
(Mc Cready et al., 1950). A known quantity of plant sample (0.1 g) was homogenized
in hot 80% ethanol to remove sugars. The homogenate was centrifuged and residue
was retained. The residue was washed repeatedly with hot 80% ethanol till the washing
to give any colour with anthrone reagent. Then the residue was dried well over a water
bath. The dried residue was mixed with Sml water and 6.5 ml 52% perchloric acid and
was extracted at 0°C for 20 min. This solution was centrifuged and the supernatant was
saved. The extraction was repeated using fresh perchloric acid. The supernatants after
centrifugation was pooled and made up to 100 ml. An aliquot of 0.1 ml of the
supernatant was taken and again made up to 1 ml using distilled water. The standard

was prepared by taking 0.2, 0.4, 0.6, 0.8 and 1 ml of the working standard solution and
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made up the volume to 1 ml in each tube using distilled water. Anthrone reagent (4 ml)
was added to both the sample and standard test tubes. These test tubes were heated for
eight minutes in a boiling water bath and cooled rapidly. The intensity of colour change
from green to dark green was measured at 630 nm. The glucose content in the sample
was calculated using the standard curve. This value was multiplied by a factor of 0.9
to arrive at the starch content.
3.2.2.6 Estimation of Phenols

Quantification of phenols was done by Folin-Ciocalteau method (Mayr et al.,
1995). Phenol was estimated from 0.5g of leaf samples and reflexed in 10 ml 80%
methanol for 20 min. The tissue was ground thoroughly in a mortar with pestle and
filtered through a double layered cheese cloth. The filtrate was subjected to
centrifugation at 1000 rpm for 10 min. The supernatant was collected and made to a
known volume using 80% methanol. 0.1 ml aliquot was drawn to a test tube and made
up to 3 ml using 80% methanol. To this, 0.5 ml of Folin-Ciocalteau reagent and 2 ml
20% Na2CO3 were added. It was kept in a boiling water bath for 5 min till a white
precipitate was formed and was then again centrifuged at 5000 rpm for 5 min. The
absorbance of the clear supernatant was read at 650 nm against the blank. Standard
curve was prepared using different concentrations of catechol and expressed in catechol

equivalents as microgram per gram leaf tissue on fresh weight basis.
3.2.3 STRESS TOLERANCE PARAMETERS
3.2.3.1 Estimation of Proline

Proline estimation was done following the Acid Ninhydrin method (Bates et
al., 1973). Fresh leaves (500mg) were homogenized in 10 ml of aqueous
sulphosalicylic acid (3%). The homogenate was centrifuged at 6000 rpm for 15 min. A
two ml aliquot of the supernatant was mixed with an equal volume (2 ml) of acetic acid
and ninhydrin and heated in boiling water bath for 1 h. The reaction was terminated on
ice bath and extracted with 4 ml of toluene. The extract was vortexed for 20 s and the

chromatophore-containing toluene was aspirated from the aqueous phase and

40



absorbance determined photometrically at 520 nm using toluene for a blank. A standard
curve was drawn using absorbance versus concentration. The concentration of proline

in the sample was determined from the standard graph and was expressed as
u moles per gram tissue = (pug proline/ml x ml of toluene) /115.5 X (5 / gram sample)

3.2.3.2 Non-Enzymatic Antioxidants
Estimation of ascorbic acid

The ascorbic acid content in plants was estimated volumetrically by the method
explained by Harris and Ray (1935). Working standard solution (5 ml) was pipetted
out into a 100 ml conical flask. 4%oxalic acid was added to it and titrated against the
dye (Viml). End point was noted on appearance of pink colour which persisted for a
few minutes. The sample (0.5-5g) was weighed and ground in a mortar with pestle
using 15ml 4% oxalic acid. The homogenate was filtered through a double layered
cheese cloth. The filtrate was made up to a known volume and centrifuged at 10,000
rpm for 10 min. The supernatant was collected and made up to 25ml using oxalic acid.
5.0ml aliquot was pipetted into a conical flask to which 10ml of 4% oxalic acid was
added. This was titrated against Dichlorophenol indophenol (DCPIP) solution, until the
appearance of pink colour (Voml). The amount of ascorbic acid is calculated as follows:
Ascorbic acid (mg/100g) = (0.5 mg /V1ml) x (V2/ 5 ml) x (100/ weight of sample).
3.2.3.3 Enzymatic antioxidants
3.2.3.3.a Estimation of Peroxidase (POX)

The peroxidase activity in plants was estimated following the method described
by Reddy et al. (1995). A 20% homogenate was prepared in 0.1M phosphate buffer
(pH 6.5) from the sample, clarified by centrifugation and the supernatant was used for
the assay. To 3.0ml of pyrogallol solution, 0.1ml of the enzyme extract was added and
the spectrophotometer was adjusted to read zero at 430 nm. To the test cuvette, 0.5ml
of H202was added and mixed. The change in absorbance was recorded every 30
seconds up to 3 minutes in a spectrophotometer. One unit of peroxidase is defined as

the change in absorbance/minute at 430nm.
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3.2.3.3. b Estimation of Catalase (CAT)

The CAT activity in plants was quantified following the method described by
Luck (1974). A 20% homogenate of the sample was prepared in phosphate buffer.
The homogenate was centrifuged and the supernatant was used for the enzyme assay.
The H>O»2-phosphate buffer (3.0ml) was taken in an experimental cuvette, followed
by the rapid addition of 40ul of enzyme extract and mixed thoroughly. The time
required for a decrease in absorbance by 0.05 units was recorded at 240nm in a
spectrophotometer. The enzyme solution containing H>O»-free phosphate buffer
served as control. One enzyme unit was calculated as the amount of enzyme required
to decrease the absorbance at 240 nm by 0.05 units.
3.2.3.3. ¢ Estimation of Superoxide dismutase (SOD)

SOD activity of plants was quantified following the method described by
Kakkar et al. (1984). The samples (0.5g) were ground with 3.0ml of potassium
phosphate buffer, centrifuged at 2000g for 10 minutes and the supernatants were used
for the assay .The assay mixture contained 1.2ml of sodium pyrophosphate buffer,
0.1ml of PMS, 0.3ml of NBT, 0.2ml of the enzyme preparation and water in a total
volume of 2.8ml. The reaction was initiated by the addition 0f0.2ml of NADH. The
mixture was incubated at 30°C for 90 seconds and arrested by the addition of 1.0ml of
glacial acetic acid. The reaction mixture was then shaken with 4.0ml of n-butanol,
allowed to stand for 10 minutes and centrifuged. The intensity of the chromogen in the
butanol layer was measured at 560 nm in a spectrophotometer. One unit of enzyme
activity is defined as the amount of enzyme that gave 50% inhibition of NBT reduction

in one minute.
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Results




4. RESULTS

Kerala, as the name pronounces, is the land of ‘Kera’ or Coconuts. But at
present, Kerala ranks third in production and fourth in productivity (CDB, 2013).This
decline in production is greatly attributed to various environmental stresses. Drought
is the major abiotic stress form that reduces coconut production especially in the
northern Kerala, next to root (wilt) disease. Current situation is in need of drought
tolerant coconut genotypes with higher water use efficiency.

Today’s physiological research greatly relies on isotopic studies to screen out
water use efficient crop genotypes based on natural discrimination that occur for
carbon and oxygen isotopes. Hence, efforts are made in the present study to evaluate
water use efficient coconut genotypes based on isotope discrimination and various
physiological and biometrical studies. The results obtained are presented in this chapter
4.1 GROWTH AND PHYSIOLOGICAL PARAMETERS

Various growth parameters analyzed includes plant height, leaf area, specific
leaf area, biomass accumulated, cumulative water transpired, relative growth rate, net
assimilation rate and phyllochron. Significant variations were observed in all these
parameters between different coconut varieties
4.1.1 Plant Height

Plant height varied significantly among varieties under both the treatments.
Keraganga had shown highest treatment mean value for plant height under 100 % F.C
(2.60 m) and 50% F.C (1.80 m). Under both the treatments, MYD recorded lowest
plant height with mean values of (1.55 m) and (0.73 m) under T, and T respectively.
Under Ti, selectively fertilized hybrid of Keraganga varied significantly for plant
height from other hybrids, dwarfs and its S.F hybrid companion. Also under T, dwarfs
recorded significant variation for their height but there was no significant difference
between the normal hybrids i.e. Kerasree and Keraganga. Under T2, plant height varied
significantly among selectively fertilized hybrids but dwarfs and WCT were on par.
Effect of water stress on plant height is depicted in Table 1.
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4.1.2 Leaf Area

All varieties had shown significant variation in leaf area under both the
treatments. Selectively fertilized hybrid of Keraganga had the highest treatment value
mean under T; (45.46 m?) and T2 (61.73 m?). Kerasree (9.85 m?) and MYD (14.46 m?)
recorded lowest mean value in T and T respectively (Table 1). Under 50 % F.C,
Gangabondam had no significant variation from MYD, and also Keraganga was on par
with S.F hybrid of Kerasree.
4.1.3 Specific Leaf Area

Effect of water stress on specific leaf area is presented in Table 1. Though all
varieties had significant variation in case of SLA, selectively fertilized hybrid of
Keraganga had the highest treatment mean value in both T; (1710.84 cm? g'!) and T»
(1423.25 cm? g'!). Also for 100 % F.C and 50 % F.C, Kerasree S.F had shown no
significant variation from WCT and, Kerasree had shown no significant variation from
MYD. The lowest mean value for SLA under 100 % F.C was for Keraganga (655.63
cm? g'!) and that under 50 % F.C was for Kerasree (874.27 cm? g).
4.1.4. Total Dry Matter Accumulation

With respect to water use efficiency, total dry matter accumulated is of great
importance to screen out drought tolerant types. In this study, all varieties had shown
significant variation in total dry matter accumulation under both the treatments as
presented in Table 2. Under 100 % F.C, Keraganga S.F accumulated maximum dry
matter (366.67g) being on par with Kerasree S.F. All other varieties under T had no
significant variation from each other and was on par with MYD which was the lowest
dry matter accumulator (34.33 g). Under 50 % F.C, Kerasree S.F had the highest mean
value for dry matter accumulation (118.00 g) for which it was significant from other
varieties. Keraganga accumulated least under T2 (15.67 g) and was on par with the

dwarfs, WCT and Kerasree.
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Table.1 Effect of water stress on Plant height, m; Specific leaf area, cm?g’’

and Total leaf area, m

2

Varieties& Hybrids | Plant height Specific leaf area | Total leaf area

100 % (50 % | 100 % [50 % | 100 % |50 %

F.C F.C F.C F.C F.C F.C
Keraganga 2.60 1.80 655.63 | 1037.00 16.29 39.33
Kerasree 2.19 1.52 758.75 | 874.27 9.85 28.74
MYD 1.55 0.73 798.96 | 923.10 12.65 14.46
Gangabondam 1.84 0.79 911.28 | 1242.75 19.20 15.63
WCT 2.20 1.02 1414.73 | 1327.20 | 21.43 23.36
Kerasree S.F 2.11 1.19 1372.29 | 1268.08 40.60 47.46
Keraganga S.F 2.26 1.66 1710.84 | 1423.25 45.47 61.73
CD (0.05) 0.183 0.266 | 61.435 | 70.391 2.341 1.918

Table 2. Effect of water stress on Total dry matter accumulation, g

Varieties &Hybrids 100 % F.C 50 %F.C

Keraganga 74.33 15.67
Kerasree 92.67 72.67
MYD 34.33 24.00
Gangabondam 65.33 37.00
WCT 55.00 44.67
Kerasree S.F 296.67 188.33
Keraganga S.F 366.67 118.00
CD (0.05) 119.605 64.666

Table 3.Effect of water stress on root weight, shoot weight and total biomass, g

Varieties &Hybrids | Root weight Shoot weight Total biomass
100 % |50 % 100 % | 50 % 100 % | 50 % F.C
F.C F.C F.C F.C F.C
Keraganga 60.00 81.67 783.33 405.00 843.33 486.67
Kerasree 50.33 150.00 811.33 393.66 861.67 543.67
MYD 45.00 60.00 646.67 530.00 691.67 590.00
Gangabondam 103.33 76.67 680.00 698.33 783.33 775.00
WCT 78.33 76.67 711.67 605.00 790.00 681.67
Kerasree S.F 233.33 106.67 1583.33 1101.67 1816.67 1208.33
Keraganga .F 233.33 166.67 1433.33 1151.33 1666.67 1318.00
CD (0.05) 114.522 | 46.066 212.724 64.826 120.343 65.662
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4.1.5 Root Weight, Shoot Weight and Total Biomass

Effect of water stress on root weight, shoot weight and total biomass is
presented in Table 3.

Growth of roots which are water extracting organs and shoots which are water
losing organs (transpiration) gets modified under water deficit in drought tolerant
types. Keraganga S.F had highest mean for root weight under T (233.33 g) and T»
(166.67g). Lowest mean for root weight under T; (45.00 g) and T> (60.00 g) was
recorded by MYD. S.F hybrids were on par under Ti, and under T> S.F hybrids were
on par with Kerasree and also WCT had no significant variation from the dwarfs.

Shoot weight under T was also highest for S.F hybrids with a mean of
(1583.33g) for Kerasree S.F and was lowest for MYD with a mean of (646.67 g). Under
T», highest and lowest mean were reported by Keraganga S.F (1151.33 g) and Kerasree
(393.66 g) respectively. Under both the treatments, S.F hybrids were on par for shoot
growth. But, MYD and WCT varied significantly from all other varieties under 50 %
F.C.

In case of total biomass, highest mean under T; was shown by Kerasree S.F
(1816.67 g) and there was significant variation from all other varieties; lowest mean
was shown by MYD (691.67g). Gangabondam and WCT were on par with the lowest
mean for total biomass under 100 % F.C Under T, Keraganga S.F was significantly
higher than other varieties with a mean of (1318.00 g);the lowest mean (486.67g) was
shown by Keraganga which was on par with Kerasree. Normal hybrids were also on
par with each other and with Gangabondam under To. WCT and dwarfs varied
significantly from all other varieties under T> for the total biomass.

4.1.6 Relative Growth Rate

RGR of coconut varieties and hybrids is presented in Table 4. For all the
coconut varieties under evaluation, there was significant variation among varieties for
relative growth rate both under T and T>. However highest mean values for RGR were

shown by Kerasree S.F under T; (0.008 mg g!' d!) and T> (0.008 mg g™ d!). Lowest
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mean values under T; was recorded by Keraganga S.F (0.001 mg g”' d'!) and that under
T, was given by Keraganga (0.001 mg g! d*).
4.1.7 Net Assimilation Rate

NAR of coconut varieties and hybrids is presented in Table 4. Considering the
parameter, behavior of coconut varieties under both the treatments showed no marked
difference except for the highest means. Under 100 % F.C, highest mean value was
shown by MYD (0.257 g m™d™!) and the lowest mean value was shown by WCT (0.024
gm?d™). Except for MYD, WCT was on par with rest of the varieties under treatment
T1. Under 50 % F.C, highest mean under treatment T2 was recorded by MYD (0.121
gm?d') and the lowest mean was given by Keraganga (0.005 gm™2d™!). S.F hybrids
were on par with WCT for NAR under 50 % F.C.
4.1.8 Phyllochron

Number of leaves matters for effective biomass production in all crop
genotypes. All varieties had shown significant variation for the parameter under both
the treatment conditions as shown in Table 5. Under T; (100 % F.C), Keraganga, its
S.F hybrid, Kerasree and WCT were on par for the highest mean value (23.0 days).
Kerasree S.F had the lowest mean value (13.57 days) under T; condition, and also
MYD and Gangabondam were on par under 100% F.C. In case of 50 % F.C, highest
(48.33 days) and lowest mean (19.5 days) value was shown by WCT and MYD
respectively S.F hybrids and Gangabondam had no significant variation among
themselves under 50 % F.C.
4.1.8 Cumulative Water Transpired

A drought tolerant genotype always conserves water and controls water loss
through transpiration. Hence, WUE also relies on cumulative water transpired over the
experimental period. Table 6 shows the effect of water stress on cumulative water
transpired by different coconut varieties and hybrids. Selectively fertilized hybrid of
Keraganga lost highest quantity of water (46.67 kg) through transpiration under 100 %

F.C and varied significantly from all other genotypes. Lowest volume of water (30.42
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kg) under T1 was transpired by Gangabondam and had shown no significant variation
from MYD and WCT. Under 50 % F.C, highest (39.38 kg) and lowest (21.66 kg)
volume of water was transpired by Kerasree and WCT respectively. Irrespective of the
quantity under T», S.F hybrids were on par for the water transpired over the
experimental period. WCT under T> was on par with Gangabondam for the cumulative
volume of transpired water.

4.1.9 Relative Water Content

Effect of water stress on relative water content is depicted in Table 7.
Maintaining the leaf water status is very important to withstand ill effects of water
deficit. During first month, highest leaf water status under T; was shown by Kerasree
S.F with a treatment mean of (84.49 %) and was on par with Keraganga, its S.F hybrid
and the dwarf varieties. Lowest mean was shown by WCT (75.76 %). In treatment T»
also, highest and lowest mean were shown by Kerasree S.F (86.19 %) and WCT (72.7
%) respectively.

During second month of stress, dwarf varieties behaved comparatively better
under both T; and T, treatments. Gangabondam had the highest treatment mean
(87.75%) under T and MYD had the highest mean value (90.13%) under T». If it was
Keraganga that had shown the lowest mean value (75.31%) under Ti, its S.F hybrid
had the lowest mean value (70.93%) under T2 condition.

During third month, S.F hybrids had shown a signification variation in keeping
a better leaf status under both treatment situations. Under T and T, highest treatment
mean value was shown by S.F hybrids of Keraganga (87.88 %) and Kerasree (80.19%)
respectively. MYD recorded lowest mean value under T (74.27%) and T> (68.70%).
WCT, Gangabondam and Keraganga was on par with the highest treatment mean under

T> condition.
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Table 4. Effect of water stress on Relative growth rate, mg g”'day and Net

assimilation rate, g m>day’’
Varieties &Hybrids | Relative growth rate Net assimilation rate
100 % F.C 50 %F.C 100 % F.C 50 %F.C
Keraganga 0.004 0.001 0.039 0.005
Kerasree 0.005 0.006 0.040 0.013
MYD 0.002 0.005 0.257 0.121
Gangabondam 0.004 0.002 0.043 0.021
WCT 0.003 0.003 0.024 0.025
Kerasree S.F 0.008 0.008 0.048 0.029
Keraganga S.F 0.001 0.004 0.045 0.011
CD (0.05) 0.003 0.003 0.034 0.015
Table 5. Effect of water stress on Phyllochron, number of days

Varieties/Hybrids 100 % F.C 50 %F.C

Keraganga 23.00 40.00

Kerasree 23.00 45.00

MYD 18.00 19.50

Gangabondam 16.00 27.50

WCT 21.33 48.33

Kerasree S.F 13.57 27.50

Keraganga S.F 23.00 30.00

CD (0.05) 2.378 7.47

Table 6. Effect of water stress on cumulative water transpired, kg

Varieties & Hybrids First month Second month Third month Cumulative
water transpired
100% | S0% | 100% | S0% | 100% | 50 % | 100 % | 50 %

F.C F.C F.C F.C F.C F.C F.C F.C

Keraganga 16.85 12.77 5.08 5.09 17.31 | 14.27 | 39.24 | 32.13
Kerasree 20.52 16.59 6.92 7.98 13.98 | 14.82 | 41.42 | 39.38
MYD 13.48 8.82 6.27 4.52 12.93 8.57 32.68 | 21.92
Gangabondam 14.64 9.53 4.52 4.44 11.27 | 13.58 | 3042 | 27.56
WCT 14.40 8.72 5.80 4.40 10.38 8.54 30.59 | 21.66
Kerasree S.F 20.27 15.07 6.65 5.90 11.53 8.75 38.45 | 29.72
Keraganga S.F 21.15 17.33 7.50 6.60 18.03 7.40 | 46.67 | 31.32
CD (0.05) 2.356 1.388 | 0.783 | 0474 | 2.799 | 1.977 | 4.089 | 2.544
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All the varieties except Kerasree and S.F hybrid of Keraganga under T had
shown a decrease in water potential which the increased in the third month. Kerasree
had shown an increased water potential in the second month which then decreased in
the third month. In T, all the varieties except WCT had shown a decreased water leaf
water status in the third month after a steady increase in second month. Variety WCT
had shown an increase in water content up to third month.

4.1.10 Membrane integrity

Drought susceptible genotypes cannot tolerate stress situations and is
characterized by high membrane instability when exposed to any kind of stresses.
Membrane integrity is expressed as percentage leakage of solutes. Effect of water stress
on membrane integrity is shown in Table 8. During first month of treatment, WCT had
shown highest mean value (17.34 %) and Keraganga had shown the lowest mean value
(0.27 %) for solute leakage under 100 % F.C. Under 50 % F.C, highest (55.2%) and
lowest (4.32 %) leakage of solutes were shown by Kerasree and Keraganga S.F
respectively. Under T, there was significant difference between WCT and S.F hybrids
but dwarfs were on par with the lowest mean. Under T> condition, Keraganga,
Gangabondam, WCT and Kerasree S.F were on par.

During second month, under Ti, S.F hybrids exhibited the extreme mean
values; Kerasree S.F with the highest mean (34.74%) and Keraganga S.F with the
lowest mean (26.08 %). WCT, Gangabondam and Kerasree were on par with Kerasree
S.F. Under T2 condition, WCT had shown the lowest membrane integrity with highest
leakage mean (38.89 %) and Keraganga had shown the highest membrane stability with
lowest leakage mean value (21.89 %). There was no significant difference between
Kerasree and Keraganga under T».

During third month, Kerasree exhibited highest mean value (33.66 %) for solute
leakage in 100 % F.C with no significant variation from its S.F hybrid and WCT; and
Keraganga had shown the highest mean for leakage (50.91%) in 50 % F.C with
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significant variation from rest of the varieties. MYD had the maximum membrane
stability with lowest percentage solute leakage under T (21.05%) and T2 (28.67%).

Under T and T», Keraganga and its S.F hybrid had shown an increasing trend
for the value. Both the dwarfs under T had a decreasing trend in the third month and
under T»> they had shown increasing pattern in second and third month. Under water
deficit, WCT had shown a decreasing value.

4.1.11 Epicuticular Wax

Significant wax deposition on cuticle is an adaptive mechanism to prevent
excess transpirational water loss under water deficit condition. Table 9 shows wax
deposition of coconut genotypes under water stress. During first month, MYD had
shown maximum wax deposition with a highest mean (2.30 mg cm™) under T; and
Kerasree shown highest mean value (3.60 mg cm™) under T.. Keraganga S.F was
significantly lower than other varieties for cuticular wax with the mean of 0.63 mg cm’
2 and 1.03 mg cm™ under T; and T> respectively.

During second month of treatment, similar results as that of first month was
obtained. Under T1, extreme values was shown by MYD (2.46 mg cm™) and Keraganga
S.F (0.89 mg cm™); and under T> Kerasree had shown the highest mean (3.75 mg cm’
%) and Keraganga S.F had shown the lowest mean (1.16) mg cm™.

During third month, under T1, MYD had shown the highest wax deposit (2.61
mg cm?) which was on par with Keraganga, and Keraganga S.F had shown the lowest
wax deposit which was on par with Gangabondam. Under T> treatment, Kerasree was
significantly higher than all other varieties for deposition of cuticular wax with a mean
of (3.93 mg cm™) and unlike other two months, WCT had shown the least value with
a mean of (1.27 mg cm™). S.F hybrids were on par with WCT under 50 % F.C.
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Table 7. Effect of water stress on Relative water content, percentage

Varieties & First month Second month Third month

Hybrids 100% F.C | 50 % F.C | 100% F.C | 50 % F.C | 100% F.C | 50 % F.C
Keraganga 83.77 83.68 75.31 84.36 84.69 69.17
Kerasree 80.33 74.60 84.55 80.92 78.89 78.10
MYD 83.69 80.85 83.14 90.13 74.27 68.71
Gangabondam 82.63 79.64 87.75 81.49 83.61 78.30
WCT 75.76 72.70 78.09 72.08 76.10 79.87
Kerasree S.F 84.49 86.19 86.59 79.56 81.88 80.19
Keraganga S.F 82.32 80.87 84.78 70.93 87.88 75.93
C.D (0.05) 3.492 5.784 3.439 3.319 2.140 7.106

Table 8. Effect of water stress on Membrane integrity, percentage of solute leakage

Varieties & First month Second month Third month
Hybrids 100% F.C | 50 % F.C | 100% F.C | 50 % F.C | 100% F.C | 50 % F.C
Keraganga 0.27 13.36 26.19 21.89 29.97 50.91
Kerasree 6.48 55.20 32.93 22.71 33.67 28.99
MYD 3.25 4.97 30.64 27.03 21.05 28.67
Gangabondam 1.39 12.79 33.24 28.88 28.32 32.24
WCT 17.34 11.78 33.81 38.89 32.57 34.09
Kerasree S.F 5.65 14.08 34.74 30.31 32.76 33.45
Keraganga S.F 7.88 432 26.08 30.72 29.90 36.20
C.D (0.05) 2.991 2.378 2.693 2.123 3.369 3.364
Table 9. Effect of water stress on Epicuticular wax deposition, mg cm-?

Varieties & First month Second month Third month
Hybrids 100% F.C | 50 % F.C | 100% F.C | 50 % F.C | 100% F.C | 50 % F.C
Keraganga 2.17 1.93 2.32 2.05 2.61 1.52
Kerasree 1.30 3.60 1.43 3.75 1.55 3.93
MYD 2.30 3.03 2.46 1.92 2.61 2.62
Gangabondam 0.92 2.40 1.12 2.57 1.30 2.73
WCT 1.19 1.57 1.45 1.75 1.70 1.27
Kerasree S.F 1.13 2.27 1.33 2.51 1.59 1.33
Keraganga S.F 0.63 1.03 0.89 1.17 1.20 1.40
C.D (0.05) 0.266 0.493 0.234 1.172 0.137 0.62
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For all the varieties except MYD, WCT and Kerasree S.F under T1 and T2,
wax deposition increased up to third month. Under T2, WCT and Kerasree S.F had
increased value in the second month which later decreased in the third month, while
for MYD in the third month the value increased after showing a decreased value in the
second month.

4.1.12 Stomatal characteristics

Stomatal frequency and Stomatal index were two important aspects of stomata
which will influence the transpiration behavior of the crop
4.1.12.1 Stomatal frequency

Stomatal frequency of different coconut genotypes under water stress is
presented in Table 10. During first month, S.F hybrids had significant variation in
between, and Keraganga S.F with a highest mean (73199.30 no cm ). Under the same
treatment WCT was found with the lowest stomatal frequency with a mean of
(31284.92 no cm “2). Under T2, mean values of S.F hybrids were at the extremes with
significant variation, where Kerasree S.F had shown the highest mean (54388.30 no
cm ) and Keraganga S.F had shown the lowest mean (31284.70 no cm ).

During second month of treatment, as that of first month Keraganga S.F
recorded the highest mean (65994.65 no cm ) and WCT recorded the lowest mean
(39646.18 no cm %) under T;. Dwarfs and the hybrids (Kerasree and Keraganga) were
on par. Under T», there was significant variation between the S.F hybrids themselves
and with the rest of the varieties. Highest mean was given by Kerasree S.F (51843.58
no cm ) and lowest mean was given by Keraganga S.F (34190.07 no cm ).

During third month of treatment, under T, normal Keraganga hybrid recorded
the lowest mean value (35009.31 no cm ") whereas its S.F hybrid recorded the highest
mean value (58759.91 no cm™); S.F hybrids were on par for the treatment. Under T»,
normal hybrid of Kerasree had shown the lowest mean value (31620.11 no cm %)
whereas its S.F hybrid had shown the highest mean value (50949.72 no cm™); Kerasree

was on par with Keraganga and MYD under T situation.
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Under Ti, except for Gangabondam and WCT which had shown increased
stomatal frequency up to third month, all other varieties had shown a decreasing trend.
Under T2, Gangabondam and Keraganga S.F had shown an increasing trend while all
others had shown a decreasing trend.
4.1.12.2 Stomatal Index

Effect of water stress on stomatal index is presented in Table 11. During first
month, Gangabondam recorded the highest treatment mean value under T (25.94) and
T2 (24.02); and the variety varied significantly from rest of the varieties under both the
treatment situations. Kerasree had shown the lowest mean value under T; (15.43) and
Keraganga S.F had shown the lowest mean value under T> (8.5). Except the varieties
at extremes, all other varieties were on par under T;.

As that of first month, during second month also Gangabondam recorded the
highest mean value for stomatal index under T (28.86) and T> (28.42) with significant
variation from all other varieties in both the treatments. Kerasree had shown the lowest
mean value under T (15.64) and Keraganga S.F had shown the lowest mean value
under T2 (9.67).

During third month of treatment, dwarfs had shown greater values for stomatal
index; where Gangabondam had recorded highest mean value under T; (31.78) and T>
(32.82). Under T, lowest mean was given by Keraganga (14.58) and its S.F hybrid had
given the lowest mean value (10.81) under T».

Under T1, Keraganga and its S.F hybrid exhibited a decreasing trend while all
others had shown an increasing trend. Under T2, only hybrids had shown a decreasing

pattern while all others had shown an increasing pattern.
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4.1.12.3 Stomatal conductance

The ease with which water vapour and gases move in and out of the leaf tissue
especially during periods of water stress gives an idea about the behavior of the crop
genotypes in drought situations. Effect of water stress on stomatal conductance is
depicted in Table 12. During first month of treatment, S.F hybrid of Keraganga
performed with the lowest mean of (34.13 milli moles m?s™) and (5.26 milli moles m"
25"y under T; and Ta respectively. MYD which shown the highest mean under T (93.4
milli moles m™s™!) had no significant variation from WCT and Gangabondam. But
under T» condition, WCT recorded highest mean (47.2 milli moles m? s') was
significantly different from rest of the varieties.

During second month of treatment, Gangabondam was found with the highest
mean under T (83.03 milli moles m™' s™!) and T (68.10 milli moles m™ s™!); and the
lowest mean was given by Kerasree under T (31.46 milli moles m™s™) and T> (28.56
milli moles m? s'). In both the treatments, Gangabondam and Kerasree varied
significantly from rest of the varieties.

During third month, all varieties had shown significant variation between
themselves under 100 % F.C; and highest and lowest means were, given by dwarfs
MYD (44.63 milli moles m?s™') and Gangabondam (8.46 milli moles m™ s!). But
under 50 % F.C, dwarfs were closer to the lowest mean (4.26 milli moles m™s™) which
was given by Kerasree and the highest mean (28.75 milli moles m?s™!) was recorded
by its S.F hybrid.

Under Ti, all the varieties except S.F hybrids had decreased stomatal
conductance up to third month; S.F hybrids had increased value in the second month
which then later decreased. Under T> all the varieties had shown a similar trend of

increased value in second month which then decreased in third month.
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Table 10.Effect of water stress on Stomatal frequency, no: of stomata /cm ?

Varieties & First month Second month Third month

Hybrids 100% F.C | 50 % F.C | 100% F.C | 50 % F.C | 100% F.C | 50 % F.C
Keraganga 60782.12 | 45597.77 | 47374.30 | 40782.12 | 35009.31 | 33966.48
Kerasree 48610.04 | 42681.56 | 46425.09 | 37150.84 | 46284.18 | 31620.11
MYD 48491.62 | 36424.58 | 48156.42 | 36089.39 | 47821.23 | 35754.19
Gangabondam | 49608.940 | 36648.04 | 49944.13 | 38324.02 | 50279.33 | 40000.00
WCT 31284.92 | 43333.40 | 39646.18 | 41675.98 | 41340.78 | 43351.96
Kerasree S.F 60997.73 | 54388.30 | 60204.19 | 51843.58 | 57154.82 | 50949.72
Keraganga S.F | 73199.30 | 31284.70 | 65994.65 | 34190.07 | 58759.91 | 37094.92
C.D (0.05) 4214.408 | 2986.470 | 5340957 | 1183.973 | 3413.475 | 4228.796

Table 11.Effect of water stress on Stomatal index

Varieties & First month Second month Third month
Hybrids 100% F.C | 50 % F.C | 100% F.C | 50 % F.C | 100% F.C | 50 % F.C
Keraganga 20.46 17.19 17.52 16.03 14.58 15.53
Kerasree 15.43 16.02 15.64 15.20 15.66 14.37
MYD 22.35 17.22 24.13 18.70 2591 20.18
Gangabondam 25.94 24.03 28.86 28.42 31.78 32.82
WCT 16.76 16.33 21.28 17.52 25.79 19.38
Kerasree S.F 19.44 17.22 19.80 18.23 20.12 19.24
Keraganga S.F 21.09 8.50 20.19 9.67 19.98 10.81
C.D (0.05) 1.040 1.470 1.325 1.149 2.181 1.745
Table 12. Effect of water stress on Stomatal conductance, milli moles m-s™

Varieties/ First month Second month Third month
Hybrids 100% F.C | 50 % F.C | 100% F.C | 50 % F.C | 100% F.C | 50 % F.C
Keraganga 84.07 21.12 76.33 39.10 12.53 10.00
Kerasree 86.53 23.20 31.47 28.57 18.70 4.27
MYD 93.43 28.53 64.47 46.63 44.63 9.40
Gangabondam 89.57 17.83 83.03 68.10 8.47 8.73
WCT 91.50 47.20 65.13 58.83 12.87 17.87
Kerasree S.F 43.07 21.07 56.73 30.80 24.70 28.75
Keraganga S.F 34.13 5.27 69.56 47.13 15.77 17.73
C.D (0.05) 5.329 1.974 4.822 3.883 1.490 1.523
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4.1.13 Transpiration rate

Effect of water stress on transpiration rate is shown in Table 13. Though rate of
transpiration also relies on climatic condition, varietal variation is greatly considered
to evaluate water use efficient types, especially under water deficit situation. During
first month under T, highest mean value was given by Keraganga S.F (2.54 milli moles
m2s) and lowest mean value was given by WCT (1.64 milli moles m™ s!). Keraganga
S.F varied significantly from all other varieties except Keraganga and Gangabondam.

During second month of treatment, MYD had the highest value of mean under
T: (1.47 milli moles m? s') and under T> (0.97 milli moles m? s'). Likewise,
Keraganga had the lowest mean value under T; (0.53 milli moles m™ s!) and T> (0.23
milli moles m? s™'). MYD and Keraganga had shown significant difference from all
other varieties under 100 and 50 % F.C.

During third month of treatment, under T, dwarfs had recorded the extreme
values; MYD with highest mean (1.79 milli moles m? s™!) and Gangabondam (0.33
milli moles m? s), with significant difference from each other and between other
varieties. Under T2, Kerasree S.F recorded highest mean value (1.50 milli moles m™ s’
1) and its normal hybrid Kerasree recorded lowest mean value (0.15 milli moles m™ s~
1, with significant variation from rest of the varieties.

Under T and T», all varieties except S.F hybrids had a decreased transpiration
rate up to third month. Under Ti, S.F hybrids had shown an increased value in the
third month after getting decreased in second month. But under T, S.F hybrids had
shown increased transpiration rate up to third month.

4.1.14 Chlorophyll Stability Index

Table 14 presents Chlorophyll stability index of coconut varieties and hybrids
under water stress. During first month, MYD recorded highest mean value for CSI
under T (98.83 %) and T2 (99.19 %) situations. MYD had no signification variation
from Keraganga and Kerasree in 100% F.C; and under 50 % F.C MYD varied

significantly from all other varieties except Keraganga S.F. Lowest mean value under
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Ty and T, were shown by Keraganga S.F (97.23%) and Gangabondam (97.56%)
respectively.

During second month, WCT which recorded highest mean value (99.37%)
under T had no significant variation between MYD, Kerasree and Keraganga; and the
lowest mean was given by Gangabondam (99.83%). Under T> treatment, treatments
were found to be non-significant for the parameter.

During third month, MYD and Keraganga S.F had shown extreme values under
both the treatments. Under T1 MYD recorded a highest mean (99.07%) and Keraganga
S.F with a lowest mean (97.50%). Under T2, MYD had a highest mean (99.18) and
Keraganga S.F with a lowest value (98.02 %) of mean.

For all the varieties under both the treatments, CSI had shown increasing trend

in the second month which later decreased in third month.

4.2 WATER USE EFFICIENCY

Effect of water stress on water use efficiency of different coconut hybrids and
varieties is depicted in Table 15. Selectively fertilized hybrids were found to be on par
for water use efficiency under T; with a highest mean of (7.81 gkg™!) for Keraganga
S.F. All other varieties under T had no significant variation from MYD (1.06 gkg™')
which recorded the lowest mean value for the parameter. However under 50 % F.C,
Kerasree S.F which was the most water use efficient variety with a mean value (6.30
gkg!) was significantly different from other coconut types. Keraganga S.F was on par
with WCT was on par with dwarfs for WUE under T-. Least water use efficient under

50 % F.C was Keraganga (0.48 gkg™') which was on par with the dwarfs.

4.3 CARBON ISOTOPE DISCRIMINATION
Discrimination values for the stable isotope of carbon (*C) had shown
significant variation among varieties under both soil moisture regimes as presented in

Table 16. MYD recorded highest discrimination (21.91°0) under treatment T which
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varied in significantly from WCT. Keraganga S.F being on par with Gangabondam had
shown the lowest value (20.18 /o) for carbon isotope discrimination under 100 % F.C.
Highest discrimination value for stable carbon isotope under 50 % F.C was shown by
Keraganga (21.49 °/,,) which had significant variation from other varieties. Dwarf
variety Gangabondam was also on par with Kerasree and Keraganga S.F. Selectively
fertilized hybrid of Kerasree has found to be least discriminated for '* C under 50 %
F.C with a mean value of (19.90 °/o,) and had shown no significant variation from

WCT.

4.4 BIOCHEMICAL PARAMETERS
4.4.1 Pigment Composition
Table 17, 18 and 19 shows the effect of water stress on different pigment components
of coconut genotypes during first, second and third month respectively
Chlorophyll a

During first month, under T1, highest treatment mean (0.67 mg g™') was shown
by Gangabondam which was on par with S.F hybrids and WCT. MYD was
significantly lower than rest of the varieties (0.51 mg g™!). In between S.F hybrids and
among the normal hybrids, no significant variation was noticed. Under T2,
Gangabondam was significantly higher than all other varieties (0.67 mg g'); and
Keraganga S.F recorded the lowest mean value (0.22 mg g™).

During second month, under T WCT was significantly higher (0.26 mg g)
than all other types and Gangabondam which had shown the lowest mean value (0.06
mgg-1) was on par with Keraganga S.F, Kerasree and MYD. Under T», Kerasree
recorded highest mean (0.13 mg g!) and MYD recorded lowest mean (0.06 mg g™!).

During third month under T, highest mean was recorded by Keraganga S.F
(0.62 mg g!) with significant variation from other varieties and MYD recorded the

lowest mean (0.36 mg g™') with Gangabondam.
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Table 13.Effect of water stress on transpiration rate, milli moles m~ s’

Varieties & First month Second month Third month
Hybrids 100% |50 % F.C| 100% | 50% | 100% | 50 %
F.C F.C F.C F.C F.C
Keraganga 2.35 0.73 0.53 0.23 0.60 0.42
Kerasree 2.18 0.57 1.05 0.41 0.63 0.15
MYD 1.910 2.04 1.47 0.97 1.79 0.36
Gangabondam 2.40 2.08 0.82 0.26 0.33 0.29
WCT 1.64 1.31 0.76 0.63 0.39 0.61
Kerasree S.F 1.92 0.59 0.55 0.76 0.56 1.50
Keraganga SF | 254 0.14 0.66 0.49 0.75 0.85
C.D (0.05) 0328 | 0.147 0.112 | 0.073 | 0.084 | 0277

Table 14. Effect of water stress on Chlorophyll stability index, percentage

Varieties & First month Second month Third month
Hybrids 100% |50 % |100% |50 % |100% |50 %
F.C F.C F.C F.C F.C F.C

Keraganga 98.20 98.22 | 99.67 | 99.780 | 98.55 | 98.26
Kerasree 98.16 98.15 99.75 99.69 | 9837 | 98.45
MYD 98.83 99.19 99.79 99.83 99.06 | 99.19
Gangabondam | 9g (] 97.56 | 99.83 99.72 | 98.89 | 98.15
WCT 97.28 98.55 99.38 99.74 98.67 | 98.77
Kerasree S.F 97.65 98.53 99.54 99.74 | 98.44 | 99.03
Keraganga S.F | 973 99.09 | 99.59 | 9977 | 97.50 | 98.02
C.D (0.05) 0.793 0382 | 0237 NS 0482 | 0.365
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Tablel5 .Water use efficiency of coconut genotypes under water stress, gkg'!

Varieties &Hybrids | 100 % F.C 50 %F.C

Keraganga 1.91 0.48
Kerasree 2.24 1.84
MYD 1.06 1.09
Gangabondam 2.19 1.35
weT 1.79 2.04
Kerasree S.F 770 6.30
Keraganga S.F 78] 379
C.D (0.05) 2.596 2.077

Tablel6. Carbon isotope discrimination of coconut genotypes under water stress,

per mil (° / o0)
Varieties& Hybrids 100 % F.C 50 % F.C
Keraganga 20.50 21.49
Kerasree 21.28 20.41
MYD 21.91 20.82
Gangabondam 20.20 20.60
WCT 21.71 20.08
Kerasree S.F 21.32 19.90
Keraganga S.F 20.18 20.36
CD (0.05) 0.296 0.269




Under T2, Kerasree had shown the highest mean value (0.13 mg g™') and MYD
had shown the lowest mean value (0.06 mg g'), and Kerasree being significantly
different from all others and MYD being on par with Keraganga and its S.F hybrid.

For all varieties under T and T», chlorophyll a decreased in second month and
increased in the third month
Chlorophyll b

During first month under T;, WCT (0.89 mg g™') and Gangabondam (0.37 mg
g'!) had shown the highest mean value under T and T> respectively. MYD had shown
the lowest mean under both T1(0.15 mg g!) and T2 (0.09 mg g!) treatments All the
varieties in both the treatments varied significantly from highest means whereas
hybrids had shown no significant difference from the lowest mean under T;.

During second month, under T1, WCT was significantly higher (0.09 mg g™)
than all other varieties but Gangabondam which recorded the lowest mean (0.016 mg
g) was on par with all the varieties except WCT. Under T», all the varieties were found
be non-significant for Chlorophyll b content.

During third month of treatment, S.F hybrid of Keraganga recorded highest
mean (0.36 mg g') under T with significant variation from other varieties and
Gangabondam recorded the lowest mean value (0.15 mg g!) with no significant
variation from MYD. Dwarfs varied significantly among themselves under Tb;
Gangabondam with the highest mean (0.38 mg g!) and MYD with lowest mean (0.11
mg g!). S.F hybrids and normal hybrids had also shown significant variation among
themselves for Chlorophyll b content.

For all varieties under T and T, chlorophyll b decreased in second month and

increased in the third month
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Table 17. Effect of water stress on pigment composition during first month, mg g’

Varieties & 100 % F.C 50 % F.C

Hybrids Chla | Chlb | Total chl | Carotenoids | Chla | Chl b | Total chl | Carotenoids
Keraganga 0.59 | 0.19 0.78 0.02 0.58 | 0.19 0.77 0.020
Kerasree 0.62 | 0.24 0.73 0.02 0.58 | 0.21 0.79 0.02
MYD 0.51 | 0.15 0.49 0.02 0.31 | 0.09 0.39 0.02
Gangabondam | 0.67 | 0.25 0.93 0.02 0.67 | 0.37 1.21 0.02
WCT 0.64 | 0.89 1.43 0.01 0.59 | 0.18 0.79 0.02
Kerasree S.F 0.67 | 0.26 0.92 0.02 0.59 | 0.18 0.76 0.02
Keraganga S.F | 0.63 | 0.33 0.96 0.01 0.22 | 0.12 0.36 0.01
C.D (0.05) 0.077 | 0.123 | 0.200 NS .050 | .070 .090 NS

Table 18. Effect of water stress on pigment composition during second month, mg

g

Varieties & 100 % .F.C 50 % F.C

Hybrids Chla | Chlb | Total chl | Carotenoids | Chl a | Chl b | Total chl | Carotenoids
Keraganga 0.14 | 0.03 6.45 0.07 0.07 | 0.02 0.11 0.04
Kerasree 0.08 | 0.03 0.11 0.07 0.13 | 0.03 0.18 0.06
MYD 0.06 | 0.02 0.10 0.05 0.06 | 0.02 0.08 0.03
Gangabondam | 0.06 | 0.01 0.08 0.04 0.10 | 0.03 0.13 0.05
WCT 0.26 | 0.09 0.36 0.12 0.10 | 0.03 0.14 0.06
Kerasree S.F 0.11 | 0.04 0.14 0.07 0.09 | 0.04 0.12 0.04
Keraganga S.F | 0.07 | 0.036 0.11 0.06 0.07 | 0.02 0.07 0.03
C.D (0.05) 0.028 | 0.025 NS 0.012 .020 | NS .050 0.017

Table 19. Effect of water stress on pigment composition during third month, mg g

63

Varieties & 100 % .F.C 50 % F.C

Hybrids Chla | Chlb | Total chl | Carotenoids | Chla | Chlb | Total chl | Carotenoids
Keraganga 0.52 [0.19 ]0.63 0.29 0.52 10.24 ]0.75 0.30
Kerasree 0.51 |0.21 ]0.69 0.27 048 |0.21 |0.63 0.27

MYD 036 |0.16 |0.45 0.18 028 |0.11 |0.39 0.18
Gangabondam | 0.37 |0.15 |0.51 0.21 0.53 10.38 |0.96 0.29

WCT 0.52 [0.25 ]0.70 0.29 047 ]0.18 |0.65 0.29
Kerasree S.F 0.56 1024 |0.48 0.28 029 ]0.14 |0.37 0.16
Keraganga S.F | 0.62 | 0.36 | 0.96 0.40 0.53 10.28 |0.82 0.25

CD (0.05) 0.061 | 0.034 | 0.163 0.044 .050 |.030 |.090 0.045




Total Chlorophyll

During first month, WCT and MYD recorded highest (1.46 mg g™!) and lowest
(0.49 mg g respectively under T; both the varieties varied significantly from rest of
the varieties. S.F hybrids had shown no significant variation among themselves as with
the case of their normal hybrids. Under T», Gangabondam was significantly higher
(1.21 mg g') than WCT, MYD, S.F and normal hybrids. Keraganga S.F which
recorded the lowest mean value was on par with MYD.

During second month, variation among coconut varieties under T1 for total
chlorophyll content was found to be non-significant. Under T>, highest mean (0.183)
was given by Kerasree and the lowest mean (0.07 mg g') was given by Keraganga S.F;
WCT was on par the highest mean and MYD was on par with the lowest mean.

During third month, Keraganga S.F was significantly higher (0.96 mg g!) than
all other types under T;. Total chlorophyll was lowest (0.45 mg g!) in MYD which
was on par with Gangabondam and Kerasree S.F. Kerasree and Keraganga hybrids
were on par with WCT. Under T, Gangabondam recorded the highest mean (0.96 mg
g') and had shown significant variation from other types; Kerasree S.F which was on
par with MYD recorded the lowest mean (0.37 mg g™'). WCT was on par with Kerasree
and Keraganga was on par with its S.F hybrid.

For all varieties except Keraganga under Ti, total chlorophyll decreased in
second month and increased in the third month .Under T», for all varieties total
chlorophyll decreased in second month and increased in the third month
Carotenoids

In both the treatments, during first month, variation among coconut varieties
for the coconut types were non-significant. During the second month as the treatments
progressed, WCT was significantly higher than other varieties with a mean of (0.12 mg
g’y and Gangabondam with the lowest mean (0.04 mg g!) was on par with MYD,
under Ti. S.F hybrids were on par for the carotenoids under Ti. Under T», Kerasree

which was on par with WCT and Gangabondam had shown the highest mean (0.06 mg
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g'') and MYD which was on par with S.F hybrids, Keraganga and Gangabondam had
shown the lowest mean value (0.03 mg g!). During third month, under T, Keraganga
recorded highest mean of (0.40 mg g') which varied significantly from all other
varieties and lowest mean (0.18) was shown by MYD which was on par with
Gangabondam. Under T, highest mean (0.30 mg g™') was given by Keraganga and
lowest mean (0.16 mg g™') was given by Kerasree S.F.

For all coconut varieties carotenoid content had increased up to third month
irrespective of the treatments.
4.4.2 Total Soluble Protein

Effect of water stress on total soluble protein is presented in Table 20. During
first month under Ti, highest mean value for total soluble protein (5.5 mg g') was
shown by WCT which was on par with S.F hybrids and dwarfs. Under same treatment,
Keraganga had shown the lowest mean value (2.5 mg g'!), which varied significantly
from other varieties. Under Tz, there was significant variation for protein content
between varieties except WCT, Kerasree and Gangabondam. Highest mean value was
shown by Keraganga S.F (5.35 mg g'" and lowest mean value was shown by MYD
(2.52 mg g!). Kerasree S.F varied non significantly from Keraganga S.F for the total
soluble protein content under 50 % F.C.

During second month, S.F hybrids accumulated more of proteins in their leaf
tissues in both the treatments. Under T, Kerasree S.F had the highest mean value (4.13
mg g'') and was on par with Keraganga S.F; whereas the Kerasree had the lowest mean
value (1.3 mg g'!). Dwarfs were on par and also shown no significant variation from
Keraganga. Under T>, S.F hybrid of Keraganga was significantly higher (4.5 mg g)
and that of Kerasree (1.45 mg g'') was significantly lower than other varieties. There
was no significant variation between MYD, Gangabondam and Kerasree.

During the third month of treatment, S.F hybrid of Kerasree recorded highest
mean (1.05 mg g™') with no significant difference from WCT under T;. Keraganga was

significantly lower than all other varieties (0.5 mg g!); and no significant variation was
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noticed among dwarfs. Under T2, WCT recorded highest treatment mean (0.876) with
no significant variation from the hybrid varieties and Kerasree S.F. MYD recorded the
lowest treatment mean (0.65 mg g') with no significant variation from S.F hybrids and
Gangabondam

Except Keraganga, all varieties had shown a decreasing trend for protein
content up to third month under T;. For Keraganga, protein content increased in second
month and then decreased in third month. But under T, all the varieties got up with
decreased protein content up to third month.
4.4.3 Free Amino Acid

Effect of water stress on free amino acid content in different coconut genotypes
is shown in Table 21. In both the treatments, all coconut varieties had shown significant
variation among themselves. MYD was highest in free amino acid content in leaves
both under T; (4.88 mg g!) and T2 (4.71 mg g). Selectively fertilized hybrids were
on the lower extreme under both situations where Kerasree S.F recorded the lowest
mean value (1.69 mg g!) in T; and Keraganga S.F recorded the lowest mean value (1.1
mg g') in To.
4.4.4 Reducing Sugar

Effect of water stress on reducing sugar content in different coconut genotypes
is presented in Table 22. Highest mean value for sugar accumulation were shown by
MYD under T; (36.07 mg g!) and WCT under T> (35.93 mg g!).MYD had shown
significant variation from all other varieties in Ti, but WCT was on par with
Gangabondam in T>. Keraganga S.F had recorded the lowest mean value for sugar
under T (18.9 mg g'!) and T (12.5 mg g'!) treatments; and it varied significantly from

all other varieties under both the situations.
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Table 20. Effect of water stress on Total soluble protein, mg g

Varieties & First month Second month Third month
Hybrids 100% 50 % F.C | 100% 50 % |100% 50 %
F.C F.C F.C F.C F.C
Keraganga 2.55 4.80 2.53 1.95 0.50 0.85
Kerasree 4.30 4.67 1.30 1.85 0.80 0.82
MYD 4.55 2.52 2.90 1.85 0.71 0.65
Gangabondam 4.85 4.25 2.95 1.55 0.70 0.68
WCT 5.50 4.10 2.40 3.00 0.92 0.88
Kerasree S.F 5.07 5.30 4.13 1.45 1.05 0.75
Keraganga S.F 5.09 5.35 3.73 4.50 0.83 0.68
CD (0.05) 0.967 0.638 0.458 0.358 0.146 0.147
Table 21. Effect of water stress on Free amino acid, mg g’

Varieties &Hybrids 100% F.C 50% F.C

Keraganga 4.06 4.65

Kerasree 2.49 2.69

MYD 4.88 4.71

Gangabondam 4.63 4.08

WCT 2.71 2.71

Kerasree S.F 1.69 2.74

Keraganga S.F 1.93 1.10

C.D (0.05) 0.215 0.161

Table 22.Effect of water stress on Reducing sugar mg g’

Varieties &Hybrids 100% F.C 50% F.C

Keraganga 31.05 32.73

Kerasree 22.73 26.93

MYD 36.07 32.40

Gangabondam 32.80 35.73

WCT 33.60 35.93

Kerasree S.F 32.10 28.00

Keraganga S.F 18.90 12.50

C.D (0.05) 1.136 1.968
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4.4.5 Starch

Highest accumulation of Starch under treatment T; was shown by Keraganga
with a mean value (6.16 mg g™) and the lowest mean was given by Kerasree S.F (3.06
mg g!) as depicted in Table 23. Under T, Keraganga was on par with Gangabondam
and showed significant variation from rest of the varieties; also Kerasree and its parents
were on par under Ti. Under T2, WCT had shown the highest mean value (36.6 mg g
1y and MYD had shown the lowest mean value (3.69 mg g™!). All the varieties under T
had shown significant variation in between themselves.
4.4.6 Phenol

Under Ti, except for S.F hybrids, significant variation was noticed among
varieties. Highest treatment mean was shown by WCT (60.33 mg g') and lowest
treatment mean was shown by Kerasree as shown in Table 24. Unlike Ti, S.F hybrids
varied significantly under T,. Keraganga S.F recorded the highest mean value (43.60
mg g') and Kerasree S.F was on par with Keraganga which recorded the lowest mean
value (31.03 mg g!). Dwarfs and hybrids had shown significant difference among each
other.
4.4.7 Ascorbic acid

Table 25 shows the ascorbic acid content found in coconut genotypes under
water stress. Content of ascorbic acid was highest in WCT under T1 with a mean of
(0.25 mg 100 g') and was lowest in Kerasree with a mean of (0.14 mg 100 g'). WCT
varied significantly from all other varieties. Keraganga, S.F hybrids, and the dwarfs
were on par with each other for the ascorbic acid content of leaves. Under T, highest
mean was shown by Keraganga (0.29 mg 100 g'') and the lowest mean was shown by
Kerasree (0.12 mg 100 g''). Keraganga was on par with MYD under T, and also the
S.F hybrids and GB were on par.
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Table 23. Effect of water stress on Starch content, mg g’

Varieties & Hybrids 100% F.C 50% F.C
Keraganga 6.19 30.15
Kerasree 4.69 32.55
MYD 4.78 3.69
Gangabondam 5.99 16.68
WCT 5.18 36.60
Kerasree S.F 3.06 24.28
Keraganga S.F 4.17 21.49
C.D (0.05) 0.501 2.213

Table 24. Effect of water stress on Phenol content, mg g”!

Varieties &Hybrids 100% F.C 50% F.C
Keraganga 54.37 31.03
Kerasree 18.33 36.87
MYD 32.53 41.87
Gangabondam 47.20 35.60
WCT 60.33 41.33
Kerasree S.F 26.90 32.20
Keraganga S.F 28.07 43.60
C.D (0.05) 1.207 3.524

Table 25. Effect of water stress on Ascorbic acid content, mg 100 g’

Varieties &Hybrids 100% F.C 50% F.C
Keraganga 0.17 0.29
Kerasree 0.14 0.12
MYD 0.18 0.27
Gangabondam 0.20 0.19
WCT 0.25 0.26
Kerasree S.F 0.18 0.18
Keraganga S.F 0.17 0.19
C.D (0.05) 0.040 0.033
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4.5 STRESS TOLERANCE PARAMETERS
4.5.1 Proline Content

Proline accumulation upon water stress in different coconut genotypes is
presented in Table 26.

Proline accumulation was highest among dwarfs under T> during first month
with a mean value of (10.33 p moles g!) for Gangabondam. MYD had shown no
significant variation from Gangabondam and WCT but varied significantly from all
other varieties under T>. Lowest mean (0.53 p moles g') under T> was given by
Kerasree S.F which was significantly lower than all other types. MYD recorded the
highest mean (4.39 p moles g!) for proline under T; and unlike in T>, MYD varied
significantly from Gangabondam. Lowest mean (1.28 p moles g') under T; was shown
by Keraganga which was on par with Kerasree; and S.F hybrids and WCT were also
on par under Tj.

During second month, highest proline accumulation under T; was noticed in
MYD (349.95 u moles g!) which was significantly higher than all other varieties.
Gangabondam which recorded lowest proline accumulation under T, that had no
significant variation from Keraganga and WCT. Under T2, WCT scored the highest
mean value (316.51 u moles g™!') and Gangabondam holded the lowest treatment mean
(59.45 p moles g™!) for proline accumulation. Both WCT and Gangabondam had shown
significant variation from all other genotypes.

During the third month of treatment, Kerasree had the highest mean (297.26 p
moles g'!) value and Keraganga had the lowest mean value (111.98 u moles g') under
Ti. All the varieties significantly varied among themselves for proline accumulation
under 100 % F.C. Under 50 % F.C, highest mean (325.73 p moles g') was given by
Kerasree S.F and the lowest mean (41.56 p moles g!) was given by Keraganga. In both

the treatments, varieties had exhibited significant variation among themselves.
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4.5.2 Enzymatic antioxidants
4.5.2.1 Peroxidase

Effect of water stress on peroxidase activity is depicted in Table 27. During
first month, peroxidase was highest in S.F hybrid of Kerasree with mean of (1.14
activity g”! min") which was on par with Gangabondam and lowest in Keraganga (0.53
activity g min') which was on par with WCT under T;. Under T», Kerasree S.F was
significantly higher than rest of the varieties with a mean of (2.80 activity g'' min™)
and the lowest mean (0.77 activity g”! min™') was shown by Keraganga which was on
par with all other varieties except Kerasree and its S.F hybrid.

During second month of treatment, under T, Kerasree recorded highest mean
(1.67 activity g! min™") and other varieties varied significantly from the highest mean
and the lowest mean (0.38 activity g'! min™') was shown by MYD which was on par
with Gangabondam. Under T, Keraganga was significantly higher than rest of the
varieties with a mean of (7.33 activity g"! min™!) and the lowest mean (0.27 activity g™!
min') was shown by WCT which was on par with MYD.

During third month, S.F hybrid of Keraganga exhibited highest treatment mean
(1.07 activity g"' min") and its normal hybrid exhibited the lowest mean (0.18 activity
g’! min!) value under T;. All other varieties varied significantly from highest and
lowest mean. Under T», the dwarfs holded the extremes, where Gangabondam had the
highest mean (1.95 activity ¢! min™") and MYD had the lowest mean (0.28 activity g!
min') for peroxidase activity. S.F hybrids were on par with each other for their
peroxidase activity and had shown significant variation from highest and lowest means.

Under T, all the varieties had shown a reduced peroxidase activity in the third
month except MYD and Keraganga S.F. Under T», except Gangabondam and WCT
which had shown an increased activity all other varieties including S.F hybrids had

shown a decreased peroxidase activity in the third month
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Table 26. Effect of water stress on Proline content, u moles g’!

Varieties First month Second month Third month
&Hybrids 100% 50 % | 100% 50 % | 100% F.C |50 % F.C
F.C F.C F.C F.C

Keraganga 1.28 5.64 19.39 97.91 111.98 41.56
Kerasree 1.41 3.46 201.45 131.02 297.26 281.67
MYD 4.39 9.47 349.95 209.23 202.10 161.83
Gangabondam 2.42 10.33 12.97 59.45 258.99 295.53
WCT 4.02 9.15 21.45 316.51 125.83 227.42
Kerasree S.F 4.00 0.53 33.77 195.99 141.99 325.73
Keraganga S.F 3.92 1.78 124.68 277.56 235.50 189.00
C.D (0.05) 0.344 1.014 13.150 7.404 13.955 24.339

Table 27. Effect of water stress on activity of Peroxidase, activity g"' min'!

Varieties First month Second month Third month
&Hybrids 100% 50 % F.C | 100% 50 % F.C | 100% F.C | 50 % F.C
F.C F.C

Keraganga 0.53 0.77 1.00 7.33 0.18 0.98
Kerasree 0.87 2.03 1.67 0.63 0.57 0.50
MYD 0.80 0.78 0.38 0.50 0.47 0.28
Gangabondam 1.12 0.83 0.58 0.63 0.42 1.95
WCT 0.63 1.08 0.88 0.27 0.62 0.78
Kerasree S.F 1.14 2.80 1.25 2.35 0.37 0.68
Keraganga S.F 0.77 1.13 0.73 1.10 1.07 0.57
C.D (0.05) 0.106 0.469 0.210 0.513 0.101 0.161

Table 28. Effect of water stress on activity of Catalase and Superoxide dismutase,
activity g' min!

Varieties Catalase activity SOD activity

&Hybrids 100% F.C 50% F.C 100% F.C 50% F.C
Keraganga 0.55 0.13 0.21 4.35
Kerasree 0.13 0.37 0.42 5.21
MYD 0.21 0.74 0.12 2.79
Gangabondam 1.03 0.15 5.61 2.68
WCT 0.48 0.26 2.93 3.64
Kerasree S.F 0.39 0.48 3.78 4.03
Keraganga S.F 0.31 0.46 5.28 4.38
C.D value(0.05) .066 .042 0.137 0.354




4.5.2.2 Catalase

Activity of catalase varied significantly among all the varieties under T as
presented in Table 28. Highest mean was shown by Gangabondam (1.03 activity g’
min') and lowest mean was shown by Kerasree (0.13 activity g'min!). Under T,
MYD was significantly higher than other coconut varieties with a mean of (0.74
activity g'min’") and Keraganga was significantly lower than rest of the varieties with
a mean of (0.13 activity g"' min) except for Gangabondam. S.F hybrids were on par
under T>, and had shown significant difference from all other genotypes.
4.5.2.3 Superoxide Dismutase

Performance of dwarfs for SOD activity was different under T1 and was almost
similar under T,. In T, Gangabondam recorded highest mean (5.61 activity g'min)
and MYD recorded lowest mean (0.12 activity g''min™); Gangabondam had shown
significant variation from all other varieties whereas as MYD was on par with
Keraganga and had shown significant difference from other types. Under T2, Kerasree
was significantly higher than all other varieties with a mean (5.21 activity g"'min™") and
Gangabondam was significantly lower than other varieties with a mean (2.68 activity
g''min') and was on par with Gangabondam. Table 28 also shows activity of SOD

under water stress in coconut varieties and hybrids.

4.6 GENETIC VARIATION FOR CARBON ISOTOPE DISCRIMINATION

Table 29 shows the discrimination values (A) for stable isotope of carbon in thirty
coconut genotypes. Among thirty genotypes evaluated, New guinea had the lowest
discrimination value of 18.35 per mil and the type NCD had the highest discrimination
value of 21.07 per mil. WCT which is generally considered as drought tolerant had a

discrimination value of 19.29 per mil.
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Table 29. Carbon isotope discrimination values (A) of 30 coconut genotypes, per mil

S1 No Genotypes A

1 New guinea 18.35
2 Andaman ordinary 18.61
3 Anandaganga 18.8
4 Godavari 19.08
5 Lakshaganga 19.11
6 Keraganga 19.11
7 Navasi 19.17
8 Tanjore 19.2
9 Java 19.27
10 WCT 19.29
11 COD 19.34
12 Philippines 19.45
13 Soubhagya 19.59
14 Thembli 19.65
15 Ayiramkachi 19.67
16 Komadan 19.68
17 Bombay G 19.72
18 Kappadam 19.75
19 Andaman Ranguchen 19.79
20 Lakshadweep micro 20.01
21 Sanramon 20.11
22 MYD 20.15
23 Cochin China 20.21
24 Fiji 20.34
25 Bensahybrid 20.37
26 Kerasree 20.37
27 Lakshadweep ordinary 20.42
28 Bansanda 20.49
29 Jamaica 20.6
30 NCD 21.07
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Discussion




5. DISCUSSION

The water deficit environment is reported as a key factor that limit plant growth
and development prior to the loss of productivity, especially of crop species (Reddy et
al., 2004; Blum, 2005; Neumann,2008). Morphological and biochemical changes in
plants under water deficit lead to acclimation, subsequent functional damage and the
loss of plant parts as water stress becomes more severe (Chaves ef al., 2003; Costa e
Silva et al., 2004). In addition to the complexity of drought itself (Passioura, 2007),
plant responses to drought are complex, and different mechanisms are adopted by
plants when they encounter drought (Jones, 2004). These mechanisms can include: (i)
drought escape by rapid development, which allows plants to finish their cycle before
severe water stress; (ii) drought avoidance by, for instance, increasing water uptake
and reducing transpiration rate by the reduction of stomatal conductance and leaf area;
(ii1) drought tolerance by maintaining tissue turgor during water stress via osmotic
adjustment, which allows plants to maintain growth under water stress; and (iv)
resisting severe stress through survival mechanisms (Izanloo et al., 2008). All the
plants are not equally capable in withstanding water stress and their response to the

stress also varies.
5.1 GROWTH PARAMETERS

Plant responses to water scarcity are complex, involving deleterious and /or
adaptive changes, and under field conditions these responses can be synergistically or
antagonistically modified by the superimposition of other stresses. Some of the
differences among varieties can be traced to different capacities for water acquisition
and transport rather than to drastic differences in metabolism at a given water status.
Plants that stop growth to survive in a stressful environment could be considered
tolerant, but such plants produce fewer grains, leaves or fruit, thus reducing their

economic worth (DaMatta, 2004).
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Although water stress affects most of the functions of plant growth, this effect
depends on the level of water stress, the length of time to which the plant is subjected
to water stress and the genotype of plant species. Growth involves both cell growth and
development. These processes are very sensitive to water deficit because of their
dependence upon turgor. Cell expansion and enlargement is one of the most sensitive

processes affected by a change in plant water status (Begg and Turner, 1976).

Studies by various researchers has confirmed that water stress lead to growth
reduction, which was reflected in plant height, leaf area, dry weight, and other growth
functions (Kriedemann and Barrs,1981). It is clear from the results obtained in this
study, that different levels of water stress have affected the growth of coconut
genotypes differently, which is a clear indication of their different tolerance level under
different degrees of stress. In the present study, drastic decrease was noticed for plant
height under 50 % field capacity .Similar findings were reported by Boutraa et al.
(2010) in wheat cultivars under water stress situation. As that of plant height,
phyllochron is also useful parameter to estimate performance of different crops under
water stress situation, as number of leaves matters for the available photosynthetic area
for biomass production. Drought stress increased phyllocron compared to optimum
irrigated condition. Phyllochron of coconut seedlings as studied in the present
experiment increased under the stress situation compared to the fully irrigated situation
irrespective of the genotypes (Figure 1). These results coincide with the work of
Gholinezhad ef al (2012) in sunflower. Albert and Carberry (1993) and Mc Cullough
et al. (1994) reported that the phyllochron was increased by decreasing soil moisture.

With regard to the effect of water stress on total leaf area and specific leaf area,
the results were obviously influenced by varietal variation. A marked decrease in leaf
area were noted in WCT, Gangabondam and selectively fertilized hybrids. Findings of
Gomez et al. (2010) confirm the results of present study. Similar variation of wheat
genotypes in response to water stress was reported by Foulkes ef al. (2007). Reduction

in SLA noticed in WCT, Gangabondam and S.F hybrids underline the adaptive nature
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of these coconut genotypes under water stress (50 % F.C) to reduce water loss from
evaporative surfaces. Similar SLA response to water stress had been reported for two
legume species (Villagra and Cavagnaro 2006) and Eucalyptus globules (Coopman et
al. 2008). The impact of water stress on leaf growth can be explained as a method of
adaptation to the conditions of water shortage to limit the rate of transpiration (Lu et
al.,1998), in order to maintain the water supply in the soil around plant roots to
increases the chance of survival of the plant (Passioura ,2002). The mechanism, by
which plant leaf area is reduced under water stress, is through the reduction of cell
elongation, which leads to the reduction of cell size and therefore the reduction of leaf

area (Schuppler et al., 1998).

Serving as interfaces between plant and the soil, roots are much more exposed
to drought stress than the upper plant parts. Therefore, the root system can be as
affected, or even more affected, than the aerial parts of the plant for drought stress
(Franco et al., 2011). Drought-tolerant genotypes in general extracted more soil
moisture from the entire soil profile compared to the susceptible types, despite minor
variations. Present study reports higher root biomass under water deficit situation
(Figure.2) .This agrees with the results of Franco et a/ (2008) where he found increased
branching of the roots, root surface area and total root length of Silene vulgaris plants
under moderate drought-stress. This can minimize localized water depletion around
roots, thus minimizing resistance to water transport to the root system (Franco et al.,
2006). The root growth of coconut genotypes may shift to deeper sites in response to
dehydration of superficial soil layers. Tall genotypes showed greater ability to produce
deeper roots under water stress (Cintra et al., 1993) and found to have better ability to
extract soil moisture from entire soil profile. Moreover, in present experiment S.F
hybrids was most successful in producing maximum roots under 50 % F.C which might

be one of its drought tolerant mechanisms.

Shoot growth is very sensitive to water-limited conditions. Shoot growth can

be so sensitive to soil drying that substantial inhibition can occur before the
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development of decreased water potentials in the aerial plant parts (Saab & Sharp 1989;
Gowing, Davies & Jones 1990). Acclimatory changes in the root : shoot ratio or the
temporary accumulation of reserves in the stem (Rodrigues et al., 1995) under water
deficit are accompanied by alterations in carbon and nitrogen metabolism, the fine
regulation of which is still largely unknown (Pinheiro et al., 2001). The root: shoot
ratio of unstressed plants from this study was similar to those found by Benjamin et al/
(2014) in Zea mays in which shoot growth was proportionately more affected than root
growth, leading to an increased root: shoot ratio as stress increased. In perennial plants
like coconut when leaves have to withstand drought, the dissipation of excitation
energy at the chloroplast level through processes other than photosynthetic C-
metabolism is an important defense mechanism, which is accompanied by down-
regulation of photochemistry and, in the longer term, of photosynthetic capacity and
growth.

Water stress have a negative influence on carbon assimilation and biomass
accumulation (Bohnert and Sheveleva, 1998). Nevertheless, carbon assimilation at the
whole plant level always decreases as a consequence of limitations to CO» diffusion in
the leaf, diversion of carbon allocation to non-photosynthetic organs and defense
molecules, or changes in leaf biochemistry that result in the down-regulation of
photosynthesis. Current study on coconut seedlings had reported a substantiate
decrease in total dry matter production in stressed plants compared to the unstressed
plants (Figure 2). Similar findings were given by Seng K.H (2014) in tomato plants,
Ohashi et al (1999) in legumes, Nautiyal et a/ (2002) in groundnut and Sundaravalli et
al (2005) in Albizzia seedlings where they found considerable decrease in biomass
production under water stress situations. Decreased total DW may be due to the
considerable decrease in plant growth, photosynthesis and canopy structure as
indicated by leaf senescence during drought stress in Abelmoschus esculentum (Bhatt

and Rao 2005).
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Growth analyses are considered an appropriate first step for gaining
understanding of the physiological basis of growth (Lambers, 1998). A commonly used
ecological concept considers growth processes as the intrinsic rate of increase of the
initial growth: the relative growth rate (RGR), which is related to the carbon economy
of plants and integrates physiological processes, morphology, biomass allocation and
leaf composition in one formula (Poorter and van der Werf, 1998). The RGR and its
contributing component, the net assimilation rate (NAR), were compared to analyze
adaptation mechanisms of plants. A large body of literature depicts the relationship
between RGR and the photosynthesis and growth influencing factors: light (intensity,
irradiance), nutrient supply, CO2 level, and soil moisture (Antunez et al., 2001;
Poorter, 1989; Poorter and de Jong, 1999; Shipley, 2002). Relative growth rate and net
assimilation rate as investigated in the current study reveals a marked decrease in all
coconut genotypes under water deficit situation. These results are similar to the
findings of Prado et al. (2001) and Gomez ef al. (2007, 2008) where they reported
impairment of carbon assimilation rate in tall and dwarf palms respectively in response
to soil water deficit. Such responses can be explained by reduction in gaseous exchange

and growth of expanding tissues by reduced cellular expansion.

5.2 PHYSIOLOGICAL PARAMETERS

By being environmentally controlled gateways into the plants controlling CO2
uptake and transpiration stomata are central determinants of photosynthesis, cooling
and nutrient uptake (Farooq et al., 2009). To be able to balance CO» uptake and water
transpiration through stomatal movement is therefore an important response to changes
in the environmental conditions. All the coconut varieties included in the current
experiment exhibited a wide range of values for stomatal frequency and stomatal index.
Manthriratna & Sambasivam (1974) also reported that stomatal densities of varieties
and forms of the coconut palms could be a varietal characteristic. Over 3 months of
study, stomatal frequencies among varieties decreased within a range of 2-26% under

stress situation (Figure 3 a). Selectively fertilized hybrids in particular reported a lesser
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stomatal frequency under water deficit situation. These results agree with the findings
of Solangi et al. (2010) where they conducted stomatal studies of different coconut
varieties and later inferred that less stomatal frequency may be used as a parameter to
screen the variety for drought tolerance in coconut. Decreased stomatal conductance
reported in the present experiment for all the coconut genotypes under water deficit
treatment is stated by the decreased stomatal frequency (Figure 3 b). These results are
similar to the findings of Jayasekara et al. (1996), where they reported lower level of
stomatal conductance of fifteen year old coconut palms under soil water deficit
situations. The model proposed by Cowan (1982) suggests that variations in stomatal
conductance in response to changes in environmental variables could be explained in
terms of maximizing assimilation and minimizing transpiration. The decrease in
stomatal conductance and concurrent net photosynthesis during mid-day closure of
stomata is a regulatory mechanism imposed in response to the short- term stress

condition.

Lowered stomatal conductance under water limited situation due to partial
stomatal closure gives an indirect clue on reduced rate of transpiration as both water
vapour and gaseous exchange occurs through the same pivotal gate in epidermis i.e.
stomata. The rate of transpiration is directly related to the gradient of water vapour
concentration in the intercellular spaces of the leaf and the ambient air. Reduction in
leaf area as an early response to water deficit allow plants to reduce transpiration thus
increasing water use efficiencies (WUE) (Xu and Zhou, 2005; Monclus et al., 2006;
Aguirrezabal et al., 2006). In this experiment, lower values of cumulative water
transpired and reduced rate of transpiration under 50 % F.C compared to that under
100 % F.C by selectively fertilized hybrids reveals their water use efficient nature.
However, dwarf genotypes like MYD and Gangabondam consumed comparatively
large quantities of water with a higher transpiration rate. High E in dwarf genotypes
resulted in elevated consumption of water as compared to other varieties and hybrids.

Tall varieties, in contrast, show a more conservative water use (Voleti et al., 1993).
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Kasturi Bai et al. (1997) observed that West African Tall (WAT) behaves
relatively better than the hybrids under drought conditions, due to lower gs (0.10 mol

m s') and, as a consequence, improved tissue water conservation.

The ion leakage is an indicator of cell membrane stability and integrity, which
is commonly considered as one of the best physiological components of drought
tolerance in plants (Kocheva et al., 2004; Xu et al., 2008). Water deficit induced a
reduction in total leaf lipid content, mainly that of the chloroplast membranes, an effect
particularly expressive in the less drought-tolerant genotypes (Repellin ef al., 1994).
Membrane integrity status of coconut cultivars in present study is expressed as
percentage leakage of solutes which on lower level upon water stress reveals a drought
tolerant and water use efficient character. In this experiment, dwarf variety Malayan
Yellow Dwarf shows highest membrane integrity under stress compared to other
genotypes. These results are justified by works of Gomez et al (2010), where they
reported higher membrane stability in drought tolerant Brazilian green dwarf coconut

genotypes subjected to drought stress.

Water potential in a plant, which is the energy-level of water, is controlled by
the availability of water from the soil, the demand of water imposed by the atmosphere
and the resistance to water movement within the plant. Maintenance of a higher leaf
water potential under stress conditions is a desirable trait, as that would enable tissues
to maintain favourable metabolic activities to withstand desiccation. Genotypic
variation in plant recovery from dehydration, as a measure of tolerance, was positively
correlated with plant water status (i.e. RWC) retained during desiccation. Among
different coconut genotypes studied, Kerasree S.F with its highest relative water
content in its leaves in water stress situation proved to be water use efficient (Figure
4). Also, the Kerasree S.F transpired lowest volume of water among the coconut
genotypes which also helped to maintain a sufficient leaf water status under stress
situation. As reported by Rajagopal and Kasturi Bai (2002), maintenance of high leaf

water status is the basis of drought tolerance mechanisms in coconut.
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As that of membrane integrity, chlorophyll stability index is also found to be
correlated with drought tolerance (Kaloyereas, 1958). High values of CSI as observed
in current study for certain coconut genotypes indicate that their leaf chlorophyll
content is less affected by water stress of 50 % F.C and hence proves to be water use
efficient. Similar high values of CSI was reported in drought tolerant chickpea
genotypes by Rahbarian ef al. (2011),when they studied the effect of drought stress in

tolerant and susceptible chickpea genotypes.

Formation of a wax layer on the leaf surface is an adaptive mechanism to
withstand water deficit situations. Kurup et a/ (1993) observed a clear indication of a
negative relationship between the epicuticular wax content (EWC) of leaves and
transpiration rate. In the present study, under water deficit situation all coconut
varieties reported a markable increase in wax deposition up to second month. This
result coincides with the findings of Rajagopal et al (1988) which specifies 32%
increase deposition of epicuticular wax in coconut palms subjected to severe water
stress as compared to the well watered palms. However, during the third month (Dec-
Jan), reduction in wax deposition might be due to the favorable weather experienced
in the experimental area. This observation can be justified by the reports from Sutter &
Langhans (1979, 1982) which mention that low light intensity and high relative

humidity can result in reduced wax deposition

5.3 BIOCHEMICAL PARAMETERS

Coconut leaves have highly efficient systems that protect cell
membranes and their intracellular components which forms the basis of imparting
drought tolerance under drought stress. Photosynthesis, the most complex process
involved in the synthesis of glucose in all plant species is greatly influenced by
chlorophyll composition and any alteration in composition and quantity of these
pigments from the desired level under stress readily affects the photosynthetic rate of
the plant. Here in this study, a decline in total chlorophyll content was noted in all the

coconut varieties under water limited situation. This is in agreement with the results of
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Madhusudhan and Sudhakar (2014), where they reported decreased chlorophyll
content in groundnut cultivars under water stress. The decrease of chlorophyll under
water stress may be also due to decreased rate of its synthesis or enhanced
chlorophyllase activity (Drazkiewicz, 1994). Vyas (2001) found chlorophylls are
closely associated with drought tolerance and suggested that these parameters as

biochemical markers for the identification of drought tolerant genotype in cluster bean.

Water stress has a profound effect upon plant metabolism, and results in a
reduction in protein synthesis. According to Martignone et al. (1987), soluble protein
content was the first nitrogenous compound affected under stress conditions, which at
severity got denatured and lost its activity and also decreased the photosynthetic
efficiency. The results of the present study revealed a drastic decrease of 95-97 % in
soluble protein content of coconut seedlings under moderate water stress situation.
Similar results were observed by Kala and Godara (2011) in citrus, Rodriguez et al.
(2002) in sunflower and Mafakheri et al. (2011) in chickpea under drought stress
condition. The reduction in quantity of soluble proteins observed in present experiment
can be related to the reduced rate of protein biosynthesis and increased breakdown of
protein under limited environment (Ranieri et al, 1989; Good and
Zaplachinski, 1994; Bolarin et al., 1995). As suggested by earlier workers, protein
degradation might be the result of increased activity of protease or other catabolic
enzymes, which were activated under drought stress, or due to fragmentation of
proteins due to toxic effects of reactive oxygen species resulting in reduced protein

content (Davies 1987).

Proline accumulation in leaves of drought-stressed plants has been abundantly
documented (Pagter et al., 2005; Tiirkan et al., 2005). In the current study, remarkable
increase in proline accumulation was seen in all coconut seedlings under water stress
irrespective of varieties (Figure 5). This is in agreement with the findings of Jayasekara
et al. (1993) which reported high levels of proline in leaves of tolerant coconut

genotypes during the dry season. However, proline accumulation noted in Kerasree S.F
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was sufficiently higher to maintain lowest osmotic potential among all genotypes, and
thereby retaining highest leaf water status under water stress situation. Proline
accumulation due to water stress results from a stimulated synthesis, inhibited
degradation or an impaired incorporation of proline into proteins (Heuer, 1999) and
conferring drought tolerance than in acting as a simple osmolyte (Szabados and
Savoure, 2009). It may protect proteins structure by maintaining their structural
stability (Rajendrakumar et al., 1994), act as free radical scavenger (Reddy et al.,
2004), as well as, be involved in the recycling of NADPH + H+ via its synthesis from
glutamate (Hare and Cress,1997). Proline has been demonstrated to confer drought
stress tolerance to wheat plants by increasing the antioxidant system rather than

increasing osmotic adjustment (Vendruscolo et al., 2007).

Apart from proline as discussed, other osmolytes studied under this experiment
that includes free amino acids, starch, sugar and phenol which had also presented a
wide variation between two different water regimes. All kinds of compatible solutes
increased under water deficit treatment irrespective of the seedling genotypes. Similar
results of heightened accumulation of free amino acids in coconut in response to
drought stress is well documented by Kasturi Bai and Rajagopal (2000). Strogonov
(1964) attributed that the accumulations of amino acids may be due to the hydrolysis
of proteins. Increased free amino acid may be related to decreased protein
concentration under 50 % field capacity .Moreover, elevated starch and sugar
accumulation noticed in this study under the water stress situation might be the part of
osmotic adjustment in coconut seedlings which is similar to the findings of Lakmini et
al (2006) in coconut and El-Sharkawy and Cock (1987) in Cassava.

Water stress is inevitably associated with increased oxidative stress due to
enhanced accumulation of ROS, particularly O?" and H»O. in chloroplasts,
mitochondria, and peroxisomes. As a result, the induction of antioxidant enzyme

activities is a general adaptation strategy.

84



POX is a major enzyme scavenging H>O; in chloroplasts produced through
dismutation of O;-catalyzed by superoxide dismutase. In current experiment,
reasonable increase in catalase and peroxidase activity was noticed in water use
efficient genotypes like Kerasree S.F which might have helped these hybrids to recover
from oxidative stress under 50 % F.C (Figure 6). According to Sudhakar et al. (2001),
increase in CAT and POX activity is supposed to be an adaptive trait possibly helping
to overcome the damage to the tissue metabolism by reducing toxic levels of H>O»
produced during cell metabolism and protection against oxidative stress.

The ability of plants to overcome oxidative stress partly relies on the induction
of SOD activity and subsequently on the up regulation of other downstream antioxidant
enzymes (Alscher et al. 2002). In our experiment, the results showed significantly
enhanced SOD activity in coconut seedlings exposed to water stress (Figure 7).
According to this fact that SOD processing is known to be substrate inducible (Tsang
et al., 1991), an increase in the SOD activity may be attributed to the increased
production of active oxygen species as substrate that lead to increased expression of
genes encoding SOD. Our results are consistent with other studies reporting the
increased SOD activity in response to drought stress in sunflower (Gunes et al. 2008),
poplar (Xiao et al., 2008), cowpea (Manivannan et al. 2007), liquorice (Pan et al.,
2006), and pea (Malecka et al., 2001) which plants use to overcome oxidative stresses

(Foyer & Noctor, 2003).

5.4 WATER USE EFFICIENCY & CARBON ISOTOPE DISCRIMINATION

Zhang et al (2004) defines WUE as the ratio of biomass yield to crop
evapotranspiration, and is expressed in units of kilograms per cubic meter of water. As
discussed, screening for water use efficient coconut palms relies on biometric (specific
leaf area, biomass accumulation etc.), physiological (transpiration rate, relative water
content, stomatal behavior etc.) and biochemical (osmotic adjustment, antioxidants

etc.) analyses.
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Work on drought tolerance in coconut at the Central Plantation Crops Research
Institute (CPCRI), Kasargod indicated variability for WUE, dry matter production and
yield in coconut cultivars (Rajagopal et al., 1989; Kasturi Bai et al., 1996). Thus, it
should be possible to identify high WUE types with a capacity for high biomass
production in order to develop water use efficient coconut types, i.e. with drought
tolerance and high yield. Different genotypes of coconut used in the present study
which included tall, dwarfs and hybrids performed in varied pattern under both
treatments in accumulating biomass and transpiration ;thereby exhibiting a markable
variation in water use efficiency. Gomes et al., (2002) reported that WUE has been
shown to vary among varieties and also among ecotypes of the same variety in coconut.
Estimation of WUE for selectively fertilized hybrids in this study revealed a reliable
value compared to tall and dwarfs (Figure 8). This may be attributed to the increased
biomass accumulation and relative decrease in water transpired. However, WCT which
is generally considered as drought tolerant, had less dry matter accumulation under
stress when compared to S.F hybrids. Plate 5 shows a comparison of total dry matter

accumulated in S.F hybrids with that of WCT.

Water use efficient genotypes will exhibit least discrimination towards stable
isotopes in water deficient situation and hence can be used to assess genotypic variation
in WUE and physiological responses to environmental factors (Hubick et al., 1986,
Martin and Thorstenson 1988, Johnson et al., 1990). In current experiment for
evaluating water use efficiency through stable isotope discrimination, Kerasree S.F
which reports lowest discrimination value for carbon isotope can be considered as the
most water use efficient. This coincides with the gravimetric data for WUE which also

reveals Kerasree S.F as the best water use variety under 50 % F.C.
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Similar results were previously reported by Adiredjo et al (2014) in sunflower
and Li C (1999) in Eucalyptus microtheca. Lower values of A13C under soil water
deficit (Farquhar and Richards, 1984; Ehdaie et al., 1991; Condon et al., 1992: Merah
et al., 1999), can be mainly due to the stomatal closure, and thereby causing ci/ca to be

lower.

Low delta is reasonably correlated with high TE (Hall et al., 1994). Delta was
therefore taken to represent crop WUE (Condon et al., 2002).From the data obtained
for WUE and delta in the current experiment, a correlation study indicates a negative
relation in coconut for these parameters under stress which is presented in Figure 9.
Negative correlation between WUE and carbon isotope discrimination was reported in

sunflower (Lauteri et al., 1993) and Eucalyptus microtheca (Li C.1999).
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Summary



6. SUMMARY

The coconut palm known as Kalpa vriksha is of great antiquity in India. Every
part of the tree is useful to man and it provides livelihood for millions of people in the
country. The palm is amenable to both plantation and homestead management and it
can be either a major crop or a minor one in a homestead garden of mixed crops. With
coverage of 8.2 lakh ha, coconut occupies 38 per cent of the net cropped area and
provides livelihood to over 3.5 million families in Kerala. At present, coconut
production in Kerala is descending due to various biotic and abiotic stresses which is
one of the major concerns of coconut growers.

Drought is the second most important factor reducing the productivity of coconut
next to dreaded root (wilt) disease. Adverse effect of drought at any given time persists
for the subsequent two to three years in coconut. This assumes greater significance in
Northern Kerala, where there will be regular drought from Dec-May every year. Since
90 per cent of the area under coconut is rainfed in the state, any attempt to enhance the
water stress tolerance of the crop will improve the productivity. Only way towards
increasing coconut production in drought affected areas is through development of
drought tolerant varieties and hybrids. This study is an attempt to evaluate various
coconut genotypes for water use efficiency through a novel technique of stable isotope
discrimination with emphasis to selectively fertilized coconut hybrids of Kerasree and
Keraganga. In the present programme, efforts were made to analyze any relation
between gravimetric data of water use efficiency and carbon isotope discrimination in
coconut. Moreover, various water stress tolerance mechanisms working in coconut
under moderate water stress were studied to evaluate performance of selectively
fertilized coconut hybrids. The salient findings of the study are summarized below.

Among all genotypes evaluated, selectively fertilized hybrids of Kerasree and
Keraganga were significantly superior for total dry matter accumulation under water
deficit situation, besides transpiring sufficiently large volume of water. An average of

14 % increase in total dry matter was noted for S.F hybrids which was the chief reason
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behind their water use efficient behavior. Though there was significant reduction for
net assimilation rate in all coconut genotypes under moisture deficient regime, least
reduction of 39 % was noticeable for Kerasree S.F.

Situation of moderate water stress caused a significant fall in leaf water status
of all coconut genotypes under evaluation. However this decrease in relative water
content were lowest for Kerasree (1%) and Kerasree S.F (2%) compared to control;
and Keraganga and Keraganga S.F failed to retain a higher leaf water status under water
stress compared to Kerasree genotypes with a decline of 18 % and 14% respectively
with respect to control. Percentage leakage of solutes which defines the integrity of
membrane system under stress situation was significantly lowest in Kerasree S.F (2 %)
when compared to Keraganga (69 %) and MYD (39 %) whose membrane systems were
highly unstable. In all coconut types studied, it was noticed that a water stress of 50 %
F.C was low enough to cause any significant damage to chlorophyll and this is evident
from the chlorophyll stability index range of 0.1-0.7 % under 50 % field capacity.

Water use efficiency being the function of total dry matter accumulated and
cumulative water transpired, S.F hybrids proved to be the most water use efficient
compared to other varieties and hybrids on account of maximum dry matter
accumulation. Results of carbon isotope discrimination was negatively correlated with
gravimetric data of WUE so that genotype with highest water use efficiency (Kerasree

S.F) marks the lowest discrimination value for C'3.

Reduction in total chlorophyll content under 50 % F.C was however high in S.F
hybrids compared to normal hybrids and dwarfs. Under water deficit treatment, GB
and WCT have maintained a high metabolic efficiency by preventing much degradation
of total soluble protein and as such a least reduction of 2 % and 4 % were noticed
respectively. An increase of 129 % in concentration of proline under water stress was
noted in selectively fertilized hybrid of Kerasree which was highly remarkable. Also
the activity of enzymatic antioxidants like catalase and superoxide dismutase were also

noticeable in all coconut genotypes especially S.F hybrids under stress situation.
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Genetic variation for '*C discrimination was studied in 31 coconut genotypes
that includes Talls, Dwarfs and Hybrids and the data revealed a discrimination range
of (18.37-21.07).

Water use efficiency generally estimated through the method of gravimetry
which is quite laboursome. Among the coconut varieties evaluated for WUE, Kerasree
S.F was found to be the most water use efficient variety under water deficit treatment,
which coincides with its lowest value for C'3 discrimination. Hence the study revealed
that stable isotope discrimination can be used as an alternative for gravimetric method
to screen out water use efficient genotypes.

Invitro pollen selection followed by selective fertilization is novel and cost
effective approach for the development of drought tolerant varieties and hybrids. This
technique is characterized by artificially imposing the desired selective pressure during
pollination and fertilization so that the pollen grains which are tolerant to selection
pressure only will germinate and fertilize the ovule. Present study proves the efficacy
of selective fertilization, which offers great prospects for drought tolerance breeding in

perennials.

Future line of work.
Carbon isotope discrimination has thus proved to be useful in determining

water use efficiency of coconut genotypes. Besides the isotope of carbon, oxygen
isotope can also be assessed for the discrimination process under water deficit situation.
This will give a detailed in view of processes underlying discrimination.

Present study was focused only on evaluating seedlings for water use efficiency
under moderate water stress without considering any yield attributes. Projecting water
use efficiency evaluation through stable isotope discrimination with selectively
fertilized hybrids of high yielding parents rather than considering drought tolerant traits

alone will give a resourceful data for coconut breeding programme.
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Coconut palm is considered to be drought tolerant to moderate water stress up
to 6 months. A water stress of 50 % F.C for three months was not high enough to clearly
understand the drought tolerance mechanisms working in coconut. Hence, evaluating
for water use efficiency under severe water stress situation of 25 % F.C can give a clear
understanding of water stress tolerance mechanisms in coconut besides expressing full

potential for water use efficiency by tolerant genotypes.
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Appendix




Table 1. Weather parameters of Rain out shelter during the experimental period

(Oct 2014-Jan 2015)

Date Temperature(o C) | Humidity (%) Light intensity
(lux)
Oct 9,2014 33.5 86 610.5
Oct 16,2014 32.5 85 523.5
Oct 23,2014 323 83 508.3
Oct 30,2014 31.1 86 491.5
Nov 6,2014 31.9 85 485.8
Nov 13,2014 30.2 79 482.4
Nov 20,2014 31 76 512.1
Nov 27,2014 30.4 74 510.3
Dec 4,2014 30.7 72 497.7
Dec 11,2014 29.9 72 444.1
Dec 18,2014 29.6 72 423.2
Dec 25,2014 28.6 71 313.7
Jan 1,2015 29.4 71 309.2
Jan 8,2015 29.1 71 310.3
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ABSTRACT

A study entitled “Evaluation of selectively fertilized coconut hybrids (Cocos
nucifera L.) for water use efficiency through stable isotope discrimination” was
undertaken with an objective to evaluate the selectively fertilized coconut hybrids for
water use efficiency, and to study the mechanism of water stress tolerance in coconut,
and to estimate genetic variability in coconut for water use efficiency through stable
isotope discrimination. A pot culture experiment was conducted for three months in
Rain out shelter of the Department of Plant Physiology, where one year old coconut
seedlings of seven coconut varieties and hybrids (Kerasree, Keraganga, Malayan
Yellow Dwarf, Gangabondam, West Coast Tall and selectively fertilized hybrids of
Kerasree and Keraganga) were grown and evaluated for water use efficiency through
gravimetric method. The experiment was laid out in CRD with equal sets of seedlings
under two treatments viz 100 % Field Capacity (T1) and 50 % Field Capacity (T2) with
3 replications.

Water transpired from individual seedlings were estimated daily through
gravimetry. The transpiration loss was replenished by adding specific quantity of water
to maintain the plants at respective soil moisture levels. Total dry matter accumulation
was determined through the initial and final samplings. Physiological and biochemical
analyses were done at monthly intervals. At the end of three months, leaf samples from
experimental seedlings were collected and sent to Isotopic Ratio Mass
Spectrophotometric (IRMS) facility, UAS Bangalore for stable isotope discrimination.
Meanwhile, leaf samples from adult palms of 30 coconut genotypes were collected
from RARS, Pilicode and sent for stable isotope discrimination.

Among all genotypes, Kerasree S.F exhibited highest WUE (6.3 g/kg) under
T> by accumulating maximum dry matter (188.33 g) with a comparatively lower
volume of cumulative transpired water. Results of carbon isotope discrimination was
negatively correlated with gravimetric data of WUE so that genotype with highest

water use efficiency (Kerasree S.F) marks the lowest discrimination value for C '3



(19.90). Decreased stomatal frequency and stomatal conductance up to 3 months in all
coconut genotypes resulted in decreasing transpiration rate under 50 % F.C (T»).
Relative water content was decreasing over the period of study under T> for all varieties
and highest tissue moisture content was maintained by Kerasree S.F (80.19 %). Wax
deposition under water stress was highest in Kerasree (3.93 mg/cm?). Highest
membrane integrity and chlorophyll stability index (99.19 %) under T was noticed in
MYD. Pigment components viz chlorophyll a, chlorophyll b, total chlorophyll and
carotenoids decreased with the extent of stress. Total soluble protein content decreased
in all coconut types under T>. Proline content and activity of enzymatic antioxidants
were high in selectively fertilized hybrid of Kerasree.

Genetic variation for C!* discrimination was studied in 30 coconut genotypes
that includes Talls, Dwarfs and Hybrids and the data revealed a discrimination range
of (18.37-21.07).

Among the coconut genotypes evaluated for WUE, hybrid Kerasree S.F was
found to be the most water use efficient genotype under water deficit treatment, which
coincides with its lowest value for C!* discrimination. Hence the study revealed that
stable isotope discrimination can be used as an alternative for gravimetric method to
screen out water use efficient genotypes. Moreover, efficacy of stress tolerance
screening technique like selective fertilization is once again proved, which offers great

prospects for drought tolerance breeding in perennials.



