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(a)

Objectives (Not more than 150 words) _

The main objective of the project is to characterize yield
stability in relation to varying water availability in coconut,
The project envisages detailed investigations on the water
depletion pattern from the soil and its relatidnship with the
dry matter production and nut yield, Studies will be carried out for
comparison of coconut genotypes with irrigation levels and also
with different rainfall pattern represented by Kasaragod and
Kayangulam. Stress tolerance, if any, ma among the genotypes
will be identified by studying leaf characteristics like stomatal
regulation and water potential components, growth parameters,

dry matter production, partitioning, yield attributes and yield,
The ultimate goal thus is to understand the soil-water plant
relationships in a plantation crop like coconut,

(b)

PractlcaI Utility including background information {Not more than 150 words)

" The unprecedented drought in 1983 resulted in drastic fall in the

vield of some plantation cropa like coconut, pepper and cardamom.
However, certain genotypes in these crops fared better than otherss
though the reason for such an adaptation to drought with better
vield was not known., Hence, in the present project studies on the
response of coconut genotypes to irrigation levels/rainfall pattern
in terms of various physiological criteria for stress tolerance -
have been included. Investigations on soil moisture depletion
pattern, dry matter production and yield would indicate the stability
of a genotype under the given moisture regimes., Identification of
such genotypes which can withstand drought would be of immense value
in predicting yield stability even under adverse situations,
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Plang Palms under irrigation and fertilizer trials at Kasaragod
will be made use of for studying the physiological para-
meters, There are two experiments in the sub-project (i)
WCT palms with different quantity/frequency of irrigation
(IW/CPE ratios of 1.0, 0.75 and 0,50) with one level of
fertilizer dose (M2) and (ii) WCT, TxD and DxT palms irri-
gated at IW/CPE of 0,75 with two levels of fertilizers
{(Mo and Mn). At Kayangulam, apparently healthy palms of
WCT and DT under rainfed conditions alone, with three
{(WCT) or two (DXT) N levels will be utilized for the
-studies .

Technigges(lnstruments:

Soil moisture will be determined at different depth either
with neutron probé or gravimetrically. Steady state pxmx
porometer, plant water console, osmometer will be employed
for the determinations of stomatal regulation and leaf water
potential., Epicuticular wax content will be determined
colorimetrically, Leaf area, dry matter production, parti-
tioning, yield attributes, nut yield will be recorded
periodicallye.

Observations to be recordeds

(1) Leaf characteristics (diffusive resistance, SLW, ECW etc.
(i) Dry matter production, partitioning, stem reserves

(iii) vYield attributes, nut yield, nut characters,




Finvae ReporT
coconub ¢ The influsnce of che agrometeorological parametsars
of radiation, temnerature and vapour pressure deficit (vpD)

on the development of stress was studied,by emoploying tho

staady stale noromecer. Lebwsen 1N.00 ard 12.90 hours there
were incieases in radiavion, temperaturce a.. JPpe During the

period the stomatal resistanee reached a maximum and che leaf

water potent@al was reduced (fiajg. aring the wet scasnn

il

here wa

ct

: law raciation, temperature and V.0 which resulted

4

in the palins showing low stomatal resistance, wherezs during

the dry season the reverse situancion omrcurred. West Comgt lall

&

-

lias repnonded to dry weaczher tn;ﬂugn & hi?h leaf diffusive
resietance, whils the oybric dwarf x call was suscentible to

stress condgiticns.

o

fhe effect of diffsrent frosuencies of irrivation on tne

leaf water relacions a.d dry aatter sroduction of the .Jest Coast

dall palms was studlied during two wrowvlng seasong. Irrigation

N
'

{

was anplied in amounts of OU mm at a ratio of irrigation water
Lo cumulative pan evaperation (I/2) of 1.0, U.75, 0.50 and J.0.
Measurements were nade of stomatal resistance, leaf water potentia;}

vegatative and repomductive dry

(i

epicnticular wax content ai:
macter praduction. isrvicslion treanasnts resnlted in a feur £o

five Inld lacreass in tihie snil water delicie at T/E ratios of

-

VoS and U.J as crugarsd to 1.0.  Coconutb salms experienced



L
48]
e

SEevVers
=4

iu 2 greater canca (111.5) and

coutont (3 zag redueed crinspiration rat

potential (65 and reprriurtive dry mattsw

comparea with werl ratersd zaelas (Tapie 1),

relacionshis tetwesn the s0il water daficic

resistaacs, bas critical soll water doficit

devuced to 110 ma (Fiz.Q).

aolsture stress alb an irrigacion feve

L of 0.50 resulting

2o cutichliar wax

leaf watér

(10

proiuction (22:4

Bazea on the

tine stomatcol

r?,_,

e high soll water d=ficit, crusled with svaporativ
crnuitions in the ataosphere diring tihe necio £ ztress

(arch) had diffzrenitial a2ffzet

ey cnowngiat Cranre dwari (200 and

200 X

Losm and latzrite soil. In general,

loam “wran in laterite

£

in red zandy as

stomatali resi.tance an?t leaf w

extrection and utilicaocion of walboy

hi her ci.an in red sandy loam soil.

stomatal resistancs during stress in

sandy lo=m, which resulted in the

{(Tahlz 2., Itwts slso evidents thnai CLD x

only
hisher

a7 toe clecirolyte leakaye

as compAarsd to the other Luo

Ny A -
Lavert

he hybrids had

maintanancsa

undoer szady loan soil.

cenobtyoe s corvabarate:.

WP palos in reo
the palas sufiered more

4

indicatad by the

ateY poiential componsnts. The

o
-
Wi

agril is generally
hiaher
smil than in

of higher turgidity

L wibs 3% gonsitive
he lower 20@
during stress period

this finding.



s
{J
e

whis coulad be atitributed to hicher degieiion of soll wator

S -z : PR

&

(@]
"
b7
o5
@
]
i
«
O
fL
|
rf-
ot
5

I
[

(Z28.9%) Devieen ore-stress ©o siross

atorite soil (4.86%) by <00 x WCI. In wo-ms of transplisa=

}.__l

in

tional loss of water, this hykrid shawed 65, decreass duvring

s period compared to pre strezsz in sandy leoam, as agalnst

I».
i

{r}

cre

4]
fl

only 35,5 dec.zase in daterite scil for tue corresponding period.

In Loth WCI and C00 % WCY the dry waight £ nut was higher in

latericoe goll tnin din szancy loam soll (fable 3). Irrsspective

)

orf the voe of soll, ohs nut weight was hicher in J2T thar

oy

TR e TV oy .ty 1 » e O [ SREPYR — L
ool X VWCT, howeyasr the garciltioning of Jdry omacter dlfifszsred.

Mane wry wel ot of husk was greocer in wCT than in the hybrid in Z

2oth tie soils, whbereas the copra dry welht was hicher in the

hybria thian in WC& only under lacerite coil.

Studies conducted co compare tne resjsonse of coconut urder
rainfed condition, al 'wo vlaces such as Kascrayond and Layangnlam
o€ SR IR}

wiffcring io raiufell cattern reveaisd tnat forh S and

ORI e I TS — T el 7 .
SC0 X WIE heg hiaher lesf diffusive resistaace at Kasaragod tran

ac maranovilian, lndiecding relstlvely hioh cegree of scoross at

auction slso was

,3

KasariyCu.  4dven Lue growih andg dry watler o

effcctes by thie. Che total canopy area, .eal zry weight, total

pat welghl and its paruitioning inkte husk, shell and nedkgha

copra wag fodnd tn e hi~her at larsang

2

(+able ). [his shows thah Wa~sraongd is oigh drou,hl Luteznlty

area ag <rmporsd Lo Kayad%ulam. AL Rasaraccd ln saoov

e q .k

tnLA*Fnu%rt1ue dry macter was Soand !
e Eet

vegetative drykir:aspective oI

the cenotyoe under rainfed condition

than irri_ zted condition.



T .- vy te A P
lrec la2nes

CeDeD

: fronspira=- Wwater poten=- SO
resista=- GLicn sate tial ;

: -
. . em
Pacm'? 3 i Pa e

3.6 4.1 "C'o#' Bq.z
5.0 ":1‘-1 _1-1 t-; e 4

Jable 2

Stomatal resistance and Transpiration rate Jduring
stress pericd as percentage increase (+) or dacrease (=)
on pre stress perico and leaf turgor potantial duaring

stress in onconult genot pes under two soll coaditions

Parzueter Sandy loan laterice
WO ACT 200 ZCoxWCT Wl HWOTCon™  COLxVICE

Stomatal
resistance

Iranspira-~-
tion rate

Leaf
turgor
potential
{M Pa)

—— -

+355 +202 +156 +216 +330 +332

- 40 - 43 - 65 - 47 - 40 - 35

Ve320 0.200 0.210 d.710 C.640 Ca.030




I . IR I T S S PR ;
Jable 3 @ Pue dry maftsr 2ol its parcitioning 1nto O
: . . . o e o

comnenants in SO wad 200« TP grown in sandy Loam

letezrite soil

Laterits

-y e, TS
e b AL R A

Total nut Jry.
wite (gme.n

-

i
83
[§2]
(W]
.
1N
BLS
[9]
~1
.
Ha
~1
[#)
)
o
€3]
Ch
i
(@)
.
(o))

I
1
f
(9]
L]
l—.-\
[
-1
L}
{h

HSusk drv o wh. 267.7 1377

N3
bt
Uiy
}_L
L)

[
]
i
[
.

~1

Zhell Jry oo, 131.5 135,

[V
[y
=%
-

L2
f- Y
[&3
=
L ]

o

197.¢€ 217.4

~ o T "
LDOIR Gary Wl.

i - =1,
[P nac J

La s PR A s o R B T i . P vyl 2 by J—
Tmole 40z agrootn, Gry welght of lesves, nut and dry

nortitioning in the nut in S 3nd I0THoIC
grown in Dasaragol and Zaganculam under

-
condlitlione..
= T . ]
araneters Laszragod
TSYT T T -4 T e, Alnat
Lo (IO - T i St i

Tocal canony

2 ’ = by o »
a'rea (m‘uj lbUpO 1{'0-0 l'JOl3 171.3

Sotal loafl
dry wely

ot
3
-
[SW]
[0
)
L ]
]
-J
)
-
'S
~J
O
L ]
-~

Toltal nut

o ' 5 s M P - ¢ - - -
drv wel ht{gms; 503.4 48744 752.9 502.6
ask dry wt.

L™
3
%
D
)]
~J
-]
~J
=y
[on]
~3
-
]
L%
(3}
=
L]
Ut
[
o
L)
-]
Q

-
3
f—
[
-

.
Lo
i,__l
[¥8)
[N
L]
)
—
3
[
L]
~J
fad
g
L
.
Y

N g A e e
uozl"i G YWl .

o~
G
-t
\&
=
i
W
[
L2
|._A
[
fiey
.
[I=N
™
[ae
[
-
~J
l._k
~1
H
»
1]

Cil (3 3 55,6 s 65 .8




(S4PG4 IVIINIL0d HIIVM av3l —y
— . N AL S T ~I

- — y— [

15

16

(}-W2°S) AONVISISTY WIVWOLS o—o
I~ eI i ~r

H H T T

| i 1 . i
- * 2 & N
(sipg ) gdA o—np
= Q@ =3 Q . Q
- - - > | =
( D60 ) T3IHNIVYIAWILT —y
O o) o @ <O
= & % ~ N

N
7-WM INQIIVIGVYY o—we

1-00  11.30  12:00
TIME OF DAY (h)

10-30

10-00

F (gue ]



Irrigation of coconut palms

Fig.A. Stomatal resistance in coco-
nut palms (e) as a function of changes
in the soil water deficit (right scale).
Horizontal dotted line indicates § max
value for the stomatal resistance,
while the vertical dotted line denote
the corresponding level of soil water
deficit (i.e. critical level). Relationship
between the soil water deficit and
total biomass (o) is drawn on the left
scale. Each point represents mean of
six palms
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Effect of drought on growths During the drying period the unirrigated
(drought) cocoa plants had lower RWC, leaf water potential and osmotic
potential. These parameters did not show any appreciable changes during
the season in irrigated plants. There was considerable accumulation of
proline in leaves of droughted plants which may have an adaptive signi-
ficance. The NR activity also declined with progress of drought,which
however recovered with onset of rains. The contents of chlorophylls

was lower in droughted plants as compared to irrigated plants,

The net result of such drastic water relation components and
metabolism is reflected in the adverse effect on growth of cocoa plants.
The crop growth rates in all the vegetative parts were adversely affected
by drought resulting in a decrease in stem girth and total dry weight
by about 30% as compared to irrigated plants. The canopy area develop-
ment was even more severely affected i.e., to an extent of nearly 50%.

Growth analysis and partitionings The changes in primary and derived
growth variables were studied in cocoa upto 5 years, In the e¢lassical
growth analysis, it is assumed that RGR 1s the product of LAR and NAR,

In the present study the mimx values used were from destructive sampling,
Any limitations on NAR and LAR obviously affect RGR upto certain stage
of development. 1In cocoa & steady state level is reached at the begi-
nning 'of reproductive phase. Thus any increase in leaf area beyond

this optimum level may not have any additive effects on dry matter
accurmalation,

The growth and productivity of cocoa as seen from the data obtained,
1s modulated by light interception efficiency and LAR; both of which
reach optimum levels with reproductive phase monitored. There is high
correlation between SLW and yield capacity.
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The accumulation of carbohydrates and total N was slow
initially and rapid after second year of growth, The stem was
major organ of nutrient storage, The carbon content is influeneed
by light, LAI and water stress, The ratioﬁ of distribution of C
and N between vegetative and reproductive parts is dependent not
only on C-assimilation but the reserve capacity., Thus, it is
important to know the size of productive organs €.J., roots and
leaves and reserve pool to predict yield., The shoot : root ratio
is related to the C:N ratio which in turn will be influenced by
C and N differences, There is a change of C/N from 8.9 to 11.1
with onset of reproductive phase,

Biomass estimation by regression analysiss Growth correlations

were studied in cocoa by using destructive sampling data, Highly
significant correlations between canopy, stem girth, leaf area
and dry weight of plant parts were found, It is thus possible to
estimate the total dry biomass by using independent characters
viz,, canopy, stem girth, and height using regression equationg

where x, 1s canopy area (cmz), x
height (m).

2
5 * 2,69 X4 (R® = 0,92)

4 Stem girth (cm) and X4 stem

Yield componentss The increments in growth parameters at prebearing

age will influence the yields, Once the stem area is fixed, it is
difficult to enhance further productivity in cocoa, This is seen
in the lack of correlationﬁbetween stem height, girth or canopy area
to yield at later stages of growth, However, there was significant
correlationz of yield with growth parameters at prebearing phase,

Harvest index and related characters in cocoa accessions:

Harvest index (HI) and 12 other growth parameters were studied
in 24 accessions of cocoa and correlated, The HI ranged from 0,02
to 0419 with accessions NC 31, Amel x Na 33, Landas 364, Amel x
PA7 and Landas 357 having higher values, The accessions had high
biomass, yield and canopy photosynthesis (PN). HI was significantly
correlated with canopy'PN(r ® 0,46), no., of branches (r = 0.44),
bean dry weight (r = 0,81), and biomass (r = 0.29), Yield was
similarly correlated with plant biomass (r = 0.71) and no, of pod
bearing branches (r = 0,66),
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A stepwise regression analysis for HI and no. of pods with
other selected characters were attempted, The maximum contribution
for HI was by dry bean weight (Y% = 0.032 + 0.021 BDW; r2 = 0.66)
and leaf area ( %y = 0.1014 + 0.0365 BDW - 0,0006 LA; r2 = 0.,90),
The no, of pods had an r’ value of 0.81 (Y= 9.03 + 29,008 BDW) with
bean dry weight, The PN did not show significant differences
among accessions, However, canopy PN was higher in high yield groups.
Yield was correlated with canopy Py () = 16,97 + 28,715 BDW + 0,032
CPN - 29.03 WUE; r° = 0,84).

Effect of spacing treatmentss The net PN’ canopy/leaf areas and
potential canopy PN were studied in cocoa growth under arecanut palms
at 6 planting densities, The microclimatic variables, PN' stomatal
conductance and transpiration rate did not show significant treatment
effects, As light was equal or more than the saturating levels, PN
of leaves were not affected, However, canopy/leaf areas and canopy
PN were significantly higher in wider spaced cocoa trees., LAI did
not differ significantly between treatments which was in the range
of 7,1 to 9.8, Thus, variation in leaf area and whole plant photo-
synthetic potential are powerful determinants of productivity in

COoCoa,

Pruning trial in cocoa: Five canopy shapes were maintained viz,,
single storey(Tl), d¥ouble storey(Tz), pruned to cone shape(T3),
severe pruning (T4) and flat pruned canopy (TS). The growth,

photosynthetic characteristics and yield data were collected. Due
to pruning the no.of branches and canopy area were significantly
reduced. The hight interception efficiency with high incident PAR
was observed in these treatments., The stomatal conductance and Tr
were enhanced in '1'4 and TS resulting in decreased WUE, PN did not
show significant variations between treatments. Yield was highest
in T; in 1989 and 1950 followed by T, Because of predominance of
leaf area and canopy PN' optimum canopy area maintenance helps in
increasing productivity, '
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PH and related parameters were examined in leaves of cocoa in
these treatments to determine the extent to which these parameters
respond to light transients during sunflecks. The time course study
of PN:in habitually sun and shade leaves when transferred to either
shade or sun conditions revealed that PN was affected within 10-20

seconds to varying light regimes. This shows that the PN was highly
adaptive to the shade conditions and intermittant light flecks in

canopy improve the photosynthetic efficiency.

The pattern of Py effect was similar in four treatments (T1 to
T4) to varying light regimes, However, the PN was lower with incre~
ased PAR which may be due to photoinhibition of leaves, as the canopy
is exposed in TS‘ The response of Tr; was similar to PN‘ On the
eontrary stomatal conductance did not respond rapidly parallel with
PN or Tr‘ Thus the changes seen in PN and Tr are not attributable
to conductance changes, and may be because of light responses of

photochemical reaction centres.
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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 studies on the effect of drought stress on growth and
development and water relations of cocoa and coconut has
given an understanding of the relative responses of various
components., Future work should concentrate on the threshhold
levels of these physiological/biochemical parameters to levels
of irrigation in order to minimise the water use for optimum
yield potential,
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