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(a) Objectives (Not more than 150 words)

The yield stability in coconut and cocoa genotypes is important
factor in assessing drought tolerance, The genotypes vary in

various morphological and physiological characteristics which determin
yield under unfavourable conditions. The main objective of this
project is to screen germplasm holding of cocomut and cocoa for

leaf characters, stomatal behaviour, water relations, wax contents;
other Biochemical factors; yield and yield components in order to
identify drought tolerant genotypes. This is to enable to select
promising genotypes for use in further breeding programmes.

{b) Practical Utility including background information {Not more than 150 words)

Y - -

Both coconut and cocoa are predominantly grown under rainfed
conditions which experience prolonged drought frequently resulting in
considerable yield losses. This is especially pronounced in cocca
which is extremely sensitive to water stress. Several leaf
characteristics impart tolerance to drought and this is one of the
reasons why some genotypes/varieties show better productivity under
moisture limiting conditions, The precise reasons for the
responses are not fully understood and the project envisages to

find out parameters which help in adapting to stress environments.
Identification of genotypes showing drought tolerant characteristics
will help in reducing crop losses due to stress and also as parent
material for breeding programmes.
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Materialss Coconut genotypes/hybrids available at Kasaragod
and cocoa accessions at Vittal will be used,

Techniques/Instruments: Soil masture to be monitored at diffe-
-rent depths either with neutron probZe or gravi-
metrically., Steady state p;rﬁmeter/photosynthetic
system, pressure chamber and osmometer will be
employed to measure stomatal characteristics and
water relation components, Epicuticular wax will
be determined spectrophotometrically.,

Biochemical studies include some enzyme/isozyme
systems affected by stress. These will be deter-
mining- by standard procedures,

Yield components and yield will be recorded as
per usual agronomic practices. Meteorological
data available will be made use of for correlation
studies.
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Coconut &

'rventy three gemtypes of coconut cmpris.tng ten
. talls, six dwarfe and seven hybrids were sereened for their
tolerance to drought using the sensitive parameters v.i.z. .
stenatal resistaﬁce (r') l.eaf water potential ('Y') and o
epicutieular wax content (F‘w ). ‘mese genotypes had vary.tng
responses to the prevailing uil and atmspher:lc muqhts
during the sm months, In general. ‘tall genotypes had
rehtivcly h:l.qh stcmatal resistance. leaf vater petmtial
and c&l content as cenpared to the dwarfa. Some of the hybr:l.ds
ruenbled the female parent in these eharacters.’ In response
. to the development of water stress between Wer and |
March sme of the t.al]. p.m and ta.ll hybrids showed relat.tvely,
h:l.qh rs resulting :ln effective eonserv'ation of water in
the tisam vhere as the d\nrfs were sens:l.t:l.ve to stress
. w:l.th a tendency te lese mre water, . ?aranetric relat:l.onships
with drought telerance based on the. r:ank sum 1ed to the
:ldent.ifidat:!.on of the gonotypea t.olerant to drouqht wit.h ’
thc desirable eharacteristics (Table 1) . | |

~ «  The 'rap.ta screening method for- drouqht tolerance
m Melopeﬁ by detemining the changes in J.eaf water |
potantial and acid phosphat.ase activity in ar.cisad leaf
* lets -exposed to._a.t:_ desication.uit;h iaaease in duration



of stress. the leaf water potential was reduced and the .
emyne activity :l.nereased to differem: éegrees along the.
'gemtypes ('rable 2). The genotypea ‘like L0 x GB. 1O x COD

" and WCT which’ na.inta:l.ned higher leaf water petential and
s&us :l.ncrease in enzyne activity ('1.0% to 22.8% on in:l.tj.al
.- value) are considered drought telennt. '

.aauraeter:l.zation of :I.dentif.ted gemotypes

mvestigauona on the physiological charecterization
of dreught telermt/luseeptible genetypes revealed the
differences not only in the extractab:l.lity of so.il misture
by the roots. but also on the msmatimof moisture
'(1.0, 1ow transpiration rate) in leaf tissues aided by the
wax coating (ECW) on the lesf surface. By reducing the
transp:l.ration rate throuqh the effective control of stonata. |
the tolerant genotypes eauld conserve vater 1n the tissues
for various physioloq.ical and netaboli.e preeessea. whereas
the sucept:lhle qenotypes tenéed to 1ose nore water and
_,henco became ses:ltive to at.ress eenditiomo The fact |
_t.hat the most tolerant genotypes n.ke IO % GB and m x GOD
havd siqnifieantly higher wax congent ( 120 fw«; s
_-&arly 1ndicated the eiguificance of cutieular wax in-
:u-part:l.ng toleranee to & drought .



| -mé_ thin layer chromategraphic ;.eczmique

, iras employed to char;actér.tstiae the composition of
ctftitular. wax, In ge:igral'. the number of Components

of Ecw ﬁas -oreduring tha‘perie"c'l of Qoiétue stress.

- than other periods, ' The membrane stability was disturbed
te different degraes among the genotypes due to noistm:e
streas » the tolerant genotype had ].ess electrolyte leakage

.then a snsceptible one,

_‘ ‘The biochemical characterization of coconut

. genotypes centred around the aésay ‘o:E different néist;ére
-'sensiti\;e- é’mymes -lii:e ac:l.d phosphatase, L—aspdiate‘a |
Zmlutmte ainotransferase. polyphenel oxidase and

7 isos!ignes. separated by polyacry r lamide gel eetrophoresis.
- from the omtically stressed 1eaves showed two additional
fast moving bands in a drought susceptihle qenotype '
(cop x WCT) while the same wae sbsent in a relat.ively
tolerant awe ie., WCT. Based on the tiu:eshom 1eaf= water
poteatial to trigger the enzyme activity the ARM was )
 found to be highly sensitive to noisture stress. Further
studies on the: purification and characterization of APH

isozymes 1solated from nomal and streued 1eaves
revealed that during stresa developuent the Aph{lsesymes
I prohably unéergoes chanqes‘ in its conformation as
tli evidenced by the shift on its optimum temperature
(!‘1‘9). 'mu enzyme also shoued aifferences in its rate

of hydrolyais of varieud natm:‘ally eceurring substrates.
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, : Respenses of the qeaotypes te
simulated stress by air desiccation and by 30%
PEG revealed that the relative water content . . .
~ on the leaves of all the genotypes vas reduced
more due to a:l.r desiccation than the oalatic
stress. mept in the dwarfs which exhibited'
higher proline cmteat in PEG stressed J.eaves.

) the other genotypes ‘did not show any difference
{(Table 3). 'mere vas inverse relatiensh:l.p
between RWC and prol:l.ne accumulatiody. The data
reveded that pmline content :l.s aot associatad -

with drought tolerance in ccconnt.

moteswmetic eharacteristic of tho
identified drought tolerant and snsoeptible qenetypes
‘have bean studieé during the prestress and stms _
' .periodo As compared to the prestress eendition there
was _nearly 35 teo 70% reductiOn in the net photo-
: imthétic rate (PN) dnriag the stress per‘:‘ibd. ,
Instantaneous w;ter_ use efficiency (WUE) vas higher
hoth:l,nmxes and 10 x ~€0D, the two identified |
drou@at t.elerant and released gentoypes (Table 4).
m_;ay time . fluctuations of these parpmeters showed a
' n:l.d day redmtion in WUE indicating the mid day
: clesure of qtmta by daeckiaq _the transpiration rate..

Photosynthesis and ré_lated par'éet':ers such as WUE,



:,Carhexylation efficiency and the efficiency of the stomata
- Ea

- t

o :ln the gas exchange were. found to vary aceording to the

"'utm:ity of the leaf. Irrespective of the genotypes all-
- these parmters were found to be maxinum in the 6th leaf.

7 Lipid peroxidation which is an inportant

: parmeter in dronght tolerant stndies had shown lmver
‘levele in the tolerant genotypes than the susceptihle ones.

The fmner group had higher sop and catalase activities and

\ lowér peroxidase and PPO activities. :

-

_ 7 Relationship between physiological characters .
: and aut yiald revealed significant correlation between the .’
two, Some of the genotypes which were identified as drought
_ tolerang.#n m:@. meOBandWCTxCODWII_
W were found to be good yielders. This
highliqhte the signifieanee of usiag the physiological
‘characters in screening for dreught tolerant varieties with-
thq ult,imgte object of aiding the breeding strategy in eqc‘onut. .



Table 13 Ranking of genotypes based on water relaticn components

N S -2y g
Genotype (-Mpa) BC (pg -cn ) Rank
Talls
S5 Apricot 1.14 102.1 12
andaman Ordinary 1.24 91,9 14
Laccadive Micro l.41 56,2 15
andaman Giant 1.13 G9,2 5
TS 1.10 116,.7 2
Fiji 1.23 104.7 4
philippines Ordinary 1.32 113.4 6
Cochin China 1,27 110.4 8
Java Giant 1.41 116,2 3
Dwarfs
85 Green 1.32 95,4 17
MGD 1.36 94,0 18
MQOD 1.52 77.0 Z1
MY 1.49 79.0 20
GB 1.46 S0,3 19
CoD 1.0} 87,6 13
szrids
wWCT ¥ Q0D 1.19 116.7 10
COD X WCT 1,25 110.5 16
WCT x WCT 1,17 117.4 1
cop X C0D 1,36 109,2 7
HCT X GB 1.16 109,.6 S
LC x GB 1.32 132.6 11

LO x COD 1.26 12C.7 5




able 2. Chengee in the activities of Arh and GOT in the coconut

genotype during stress develorment

‘ Activity
3€ﬂot pes at lr:: lh.‘

(2) acic phosphatase activity (prmoles PEE likerates ™ ot

LT 253,32 0 G 7.1
10 % GB 278,39 0 o 18,1
IO x 20D 269,84 0.8 1.5 22.56
Rio » L0OD 283,12 31.3 56,1 130.4
WCT X COD 209,45 ¢ 11.5 143,8
20D x WCT 224,63 16,1 20,6 86,2
(b) Glutamake oxalic acia tran%@inaae (pg pyruvate»mgf; protg?
wer 31,086 5.4 5.4 18,1 >
Lo x GB 3.620 e 3.1 12,4
LO x Cer 3.813 l.4 2,9 7.6
oD 4,102 16,6 18,1 104.2
WCT x COD 3,755 10.8 17.2 115.3
CoD x WCT 3,522 4,5 8.8 86,2

(c) Scluble rrotein (mg. o.dry wt-l)

weT 2,42 261 2.8 13,2
LO X GB 2,68 7.8 11.1 11.2
Lo x COD 2,71 0.7 7.9 16,6
CoD 2,38 11,7 11,7 42,5
WOT x COD 2,69 7.1 14.2 32.6

COoD X WCT 2.76 7.2 22,6 53,2




Tahle 3, Proline content (pg g-} dry wt) in the leaf tissues
of coconut genotypes.

Initial after 84 hrs
Genotype 10! h | e e e e e S e S e e
Contrel Csmetic stress Air dggigcat
WOCT 4,0 Bo4 12,0 11.¢
1.0 6.5 8.2 15.8 15.1
GB 6.€ 15,3 31,8 19.6
con 5.6 13,2 36,1 12.0
LO % GB 3.6 5.3 15,1 16,9
¢ x C0D 4,0 4.5 15.3 13.8
wWOT x CON 8,5 6.5 17.2 17,8
COD x VCT 4,1 4.1 16,4 21,7

Table 4; Water use efficiency (F@a mole /i mole-l) in the identifié
a

genotyres.
Genotype Fre-stress Ttress °£ra€uction
GE ~,88 C.36 59
con 1,07 Cod? &C
TeT G.7¢ 7.36 55
T x CQL 0.88 - 0.42 83
CoD x VICT 0.88 C.60 32
1.0 X GB 1.2C C.B82 32

LC x Con 1,G2 C.72 30




Acid phosphatase activity(u mol PNP formed min™! mg" protein

Stressed leaf enzyme
_ Normal leaf enzyme
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Cocoa

Stomatal behaviour: Fourteen cocoa accessions of Nigerian collection

were screened for drought tolerance using parameters like stomatal
resistance, water potential components and biochemical constituents
during prestress, stress, recovery stages, Based on the parametric
relationships with drought tolerance the rank sums of these accessions
lead to a selection of five of them NC 23, NC 29, NC 31, NC 39 and

NC 42, These drought tolerant accessions had effective stomatal
regulation resulting in decreased transpiration under water stress,
which seems to be an important strategy for adaptation in cocca,
Although a decrease in osmotic potential and NR activity and an increase
in soluble sugar were noticed in response to stress, there was no
relationship with respect to drought tolerance. The stomatal diffusive
resistance was negatively correlated with transpiration during pre-
stress (-0,82), stress (-0.81); Leaf temperature was positively corre-
lated with transpiration during prestress (0.69) and recovery (0.,56):
soluble sugars positively correlated with osmotic poténtial under
stress (0.61). The cocoa accessions with higher drought tolerance
characteristics and higher yield potential under drought stress should
be useful basal material for selective breeding.

Effect of stress on seedlings:s Cocoa seedlings of drought tolerant

and susceptible accessions were subjected to water stress (from 17.6

to 6.7% socil moisture), Drought caused decrease in water potenthl

to a greater extent in susceptible as compared to tolerant accessions.
This was accompanied by increased activities of phosphatase and anmylase,
Starch, sugar, phencl and protein did not show any significant differe-
nces. The changes in epicuticular wax(EW) &ipids’and electrolytic

leaching in seedlings revealed that tolerange on&a had higher EW and
better membrane stability,

«e2/=
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Effect of weather variables: An increase in evaporative demand

owing to lowered humidity changes stomatal resistance. r, was
increased with decreased RH which was magnified by soil moisture
stress. The correlation coefficients among variocus environmental
factors and plant responses indicate that ambient temperature did
not influence stomatal resistance but showed high correlation with
leaf temperature (0,90), Stomatal regulation by internal (stress)
and external factors (RH) lead to decrease in transpiration which
was a major adaptation for water conservation,

Screening technique: Afte levaluating the mechanism of drought tolerance

in cocoa, it was found that as a result of reduced transpirational
water loss in cocoa under drought leaf turgidity was maintained
thereby giving higher water potential, A rapid screening method

for drought tolerance in cocoa has been described which eliminates
difficulty of using field plants. This method utilizes measurement
of water potential in excised leaves., The decrease in water potential
was more pronounced in susceptible as compared to tolerant accessions
under laboratory stress.,

Screening germplasm holding: 1In all a total of 65 cocoa accessions
have been screened for drought tolerance. 8ix of them have been
identified as dArought tolerant based on the leaf characteristics and
beahviour in laboratory screening and subsequently under field testing.
These are NC 23, NC 29, NC 31, NC 39, NC 42 and Amel x Na 33,

Photosynthetic studies: Photosynthesis (PN) was measured in accession
types in relation to microclimatic variables. Py
stomatal conductance showed significant seasonal variations, Daring
periods of low VPD)PN was highest, Diurnal patterns indicated
transient midday water deficits reducing PN. The drought tolerant
accessions maintained higher WP and there were no significant diffe-
rences in PN‘ The depressions of PN was principally due to lowered

stomatal conductance which was positively correlated, There was no

transpiration and

¢.3/-
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significant differences in intercellular 002 showing that it did
not limit net assimilation rate.

Lipid, EW and membrane.lﬂggﬁigégs Water stress decreased the total
1ipid content of leaf to an extent of 30-37%, the decrease being
more pronounced in susceptible accessions, Glycolipids and phospho-
lipids decreased while neutral lipids increased as a result of water
stress. Thege were no qualitative changes in neutral and glycolipids
while two components disappeared in phospholipid fraction with a
concomitant increase in another fraction due to stress. The unsatu-
rated fatty acid fraction generally increased in response to stress.
The electrolytic leaching was lower in tolerant accessions with
higher sterol/phospholipid ratio, probably indicating lesser membrane

- damage due to stress,
aw,&ﬂnn
As a result of PEG ‘stress on excised leaves the lipid peroxida-
tion was lower with higher SOD stability in tolerant accessions.

This also contributes to the better membrane stability.

The EW constituted about 0.4 - 0,8% of total leaf dry weight
and varied with season, light intensity and water stress. Water
stress and higher light intensity increased wax deposition. Tolerant
accessions showed 22-27% higher EW as compared to susceptible one
which XX helped in reducing water loss. There were 7 wax components
which did not show appreciable differences among accession types.
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16. Comments/suggestions of Project Leader regarding possible future line of work that may be taken up arising
of this project:

The results obtained in the project have given a

basic understanding of mechanism of drought tolerance
in both eoconut and cocoa. The accessions/genotypes
which display specific favourable attributes can be
used as a source for breeding to bring desirable chara-
cters into a single ideotype with a good expectation
of increasing drought tolerance. Future work should
attempt to establish criteria for drought tolerance
and their applicability to seedling progenies. The
future studies on F, hybrid seedlings may help to know the extent
ot !nhesi_taaae - E % E l] ]
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