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IDENTIFICATION OF ROOT (WILT) DISEASED COCONUT 
PALMS BEFORE VISUAL SYMPTOM EXPRESSION 

r v. R ajagofal and B . Sumathykuttyamma* 

ABSTRACT 

Dete rmination of stomatal resistance (rs) and leaf water 
potentia l C'V) were employed as techniques to distinguish coconut 
palms (Cocos nucifera L.) devoid of foliar symptoms ('apparently 
healthy ' ) from those with symptoms of will disease viz. flaccidity , 
yellowing and necrosis ('wilt diseased '). Infected palms are 
characterized by low stomatal diffusive resistance and reduction 
in leaf water pOlential. Among the apparently healthy palms, 
some exhibited high rs and high tV ' characteristic of truly healthy 
palms, while others had the trend similar to the 'wilt' diseased 
palms. The latter group of palms was considered as disease 
'suspects' and was closely monitored for the symptom expression. 
In about 10 to 14 months, all the palms 'suspected ' to be diseased 
had the visual symptoms of the disease. 

INTRODUCTION 

In Kerala State of South India, coconut palms in about 
410,000ha are affected by a wil t disease, characterized by flaCCid ity 
or ribbing of leaflets as the main foliar symptom (Radha and Lal, 
1972) . As root decay is associa ted with the disease it is commonly 
referred to as root (w ilt) disease. the word 'wilt' referring to the 
condition of the crown (Anonymous.1981). Recent studies on the 
e tIOlogy of the disease have implicated mycoplasma-like 
organisms (MLOs). which have been identified in the root tip.,. 
leaf axils, inflorescence rnerislems etc (Solomon , Govindankulty 
and Nienhaus, 1987). A nother widely known MLO disease of 
coconut is lethal ye llowing (LY) disease in Jamaica (Mc Coy, 
1983) . 

*' 	Central Plantation Crops Research Institu te (CPCRI) , Kudlu 
Post , Kasaragod , 670 124 Kerala , India and CPCRI Regional 
Station , Kayamkulam 690 533 , Kerala India 
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Although caused by MLOs , the wilt disease of Kerala and LY 
disease of Jamaica differ not only in their symptoms but specifically 
in their water r lations. While the L Y affected palms exhibit 
closed stomata (Basbam and Eskafi, 1980) in wilt diseased palms 
an abnorm al stomatal openi ng was reported (Rajagopal, Pati! 
and Suma thykuttyam ma, 1986). T hus, the diseased palms of 
Kerala had low stomatal resis tance compared to healthy palms. 
irrespective of their age, time of the day or season or soil water 
conditio ns . T he loss of tu rgor poten tial in the leaves of these 
palm was found to be the cause fo r the characteristic flaccidity 
symptom ( Raj agopal. Sumathykuttyam ma an Patil, 1987 a). 

As the development of disease is slow taking months or e\' n 
years b tween the infection and expres ion of 'ymptoms, tests 
were developed fo r the early detection of the disease (J seph and 
Shantha 1963, Dwivedi , M athew . Ray, Sumathykuttyamma and 
Ninan , 1977, Solomon Sasi ka la and Sh ntha. 1983a and 
Rajagopal, Sasikala , Sumathykuttyamma, Chempakam !fld 
Rawther , 1987b). A mong these. the la t paper com ared 1\\\1 

tests viz. r logical a nd physiological i.e tomatal resistance. 
C conut pa lms with la tent infection , but app aring to be hcalth~ 
(devoid of symptoms) had po itive e rol gical reacti n and low 
stomatal resista nce , similar to palms wi th clear disease symptoms. 
T he authors could show tha t it was possible to detect diseas 
a ffected palms six to 20 months earlier than the manife ·tation nf 
fo liar symptoms. As leaf water po tential has a direct relationship 
with the development of foliar symptoms (Rajagopal et al. 
1978a) , the presen t paper reports use of leaf water potential. 
besides the stomatal resistance , to detect latent infections in 
palms which appeared healthy. 

MA TERIALS AND METHODS 

Coconut palms (Coco IlU ifera L. var West Coast Tall ), 
planted in the Institu te Farm w re utilized tor the experim nK 
T hey wer rai ed under a q uare 7.5m 'p 1.:10 in randomize 
block design. T h pal ms w re e rtil ized with 500g urea, 320g P.O 
and 1200g K20 per tree per year in split oses . D iagnostic te t ', 
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based on the serological reaction a nd stomatal diffusive resistance, 
were conducted earlier (Rajagopal et a1. 1987b) in fi ve plots 
containing both diseased and apparently healthy palms. Present 
work was carried out in one of the olots. 

At the time of the experiment III April-May 1984 , there were 
19 palms with clear symptoms of the disease , while 36 palms were 
free of foliar symptoms and thus considered as 'apparently 
healthy' palms. However , only nine out of 36 palms appeared to 
be really healthy, as revealed by serologically negative reaction 
and high stomatal resistance while the rest of 27 palms exhibited 
the trend similar to the diseased palms, hence designated as dis­
ease 'suspects' (Rajagopal et al 1987b). However, in the present 
study, nine healthy, 19 dIseased and 16 'suspected' palms (where 
both the tests agreed) were subjected to leaf water potential 
measurements and compared with tbe stomatal resistance both 
initially (Table 1) and thrice during a two month period (Table 2) . 

Stomatal resistance and transpiration rate in the leaves were 
determined with the Steady State Porometer (Li-Cor 1600, 
Lamda Instruments, Nebraska. U.S .A) between lU.UOh and 
11 .30h during dry season which was foun d to be the most 
appropriate time to distinguish between the healthy and diseased 
palms (Rajagopal et al. 1987a). The metl10d standardized by 
Rajagopal et aL (J 9~6) for measurements in coconut at dIfferent 
lime of the day or ~eason or soil condItion was adopted. The first 
leaf wa~ selected as it nomlally does not exhibit external 
symptoms of the disease , whereas the middle leaf was selected as 
it shows by typical Oaccidity symptom . The method consisted of 
determination of diffusive resistance in two leaflets on th e abaxial 
surface (hypostomatic type) of the lamina at five positions ead 
along the leaflet on either side of the midrib . This method of 
determination of diffusive resistance III ' intact' and 'excised' 

leaflets was perfected earlier (Rajagopal, Mathew and Varkey , 
1982) , wherein the time course study revealed that the sto matal 
resistance increases ra pidly only five to six minutes a fter the y
cutti ng of leafle ts . H oweve r. for all the studies, the measurements 
were taken within minutes afte r excision which was found to be 
nearest to the values obtained with the intact system. The same 
timing was given for each sample and thus the reproducibility was 
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achieved . Prior to each measurement , the micro climatic condi­
tions like light., temperature and relative humidity near the 
experimental palms were a lso recorded with the porometer. 
Measuremen ts were taken on a total of 44 palms on two consecu­
tive day and four uch determinations were undert ken wit hin 
a span of two months. 

The leaf water poten tial was measured imultaneously (u ing 
the opposite leaflets of the same leaf on wh ich the stomatal 
resistance was det rmi ned) with a Scholande r pressur chamber 
(Pla nt Water Conso le 3000, Soil.Moisture Co. , U.S. A) accor ing 
to the me thod of Milburn and Zimmermann (1 977) and followeu 
earlier in root wilt disease by Rajagopal et al. (1987a ). In this case 
al ' o Ih measurements ere co mple ted with in tw min utes. 

The experimental palms wer mon itored at inte als or t vo 
months for foliar symptoms u ing the disease index scoring 
method ba ed on the tlaccidity ye llowi ng and necrosis dev lopt:u 
by George and Radha (1973) . According to thi' me lh d the palm' 
with I ss than disease index of 10 are c nsidered as apparently 
heal thy, whil those with the index ranging from I t to 25 , 26 to :O 
and above 50 are designated as diseased early . mid Ie and 
advanced respectiv Iy . 

RESULTS AND DISCUSSION 

A t the start of the experiment 19 palms had visual symptoms 
of the diseas and reacted positively to serological test a nd 
showed low stomatal resistance (Table I). The foliar symptoms 
were absent in th other 25 palms, out of which only nine turned 
out to be fre of la te nt int' ction (at that given time) based nn 
serologically negat ive rea tion and high ' tomatal re ·j tan e. b lIh 
indicative of healthy n ture of palm (Rajagopal et a l. 1987a ). 
There wer 16 palm which had osi tive eral gical reaction and 
low stomatal resistance but st ill did not develop the foliar 
symptoms, hence designated as 'suspects'. 
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Both the first fully open leaf and the middle whorl leaf of the 
apparently healthy palms showed higher stomatal resistance with 
lower transpiration rate than the clearly diseased palms (Table 2) . 
These changes in transpirationalloss o f water reflected on theW, 
which was consistently low in the infected palms. This is in 
conformIty wilh earlier observations (Rajagopal et a!. 1986 and 
1987a) . The nature of symptoms on lhe leaflets of different whorls 
of leaves i.e of different ages reflected the changes in tV.Although 
the most perceptible symptoms of disease viz. flacc idity occurred 
on the Icaves of middle whorl, changes in \jf had already begun in 
the younger spindle leaf and first whorls leaves (Rajagopal et al. 
1987a) . The initial changes associated with flaccidity, namely 
flattening and bending of the leaf tip could bc seen on the first 
whorl leaves, although it might have been initiated much carlier 
i.e when the leaves were in unfolded condition (spindle leaves) 
with a time lag of abou t a month. T hjs is supported by d rastic fa ll 
in Wbetween the spindle leaf and first leaf stages. Thus it is 
evident that the changes in wate r re lations had al ready started in 
plants not showing vis ible signs o f the d isease . 

The lime taken for the appearance of visual sym ptoms varie. 
from pal m to palm as indica ted in T able 3. While it took 10 
mont hs fo r three palms to exhibi t the symptoms. within the n ext 
two months to four months the remai ning pa lms, nine and four 
respectively. a lso had developed the character istic symptoms of 
the disease . The d isease index of t hese palms ranged from 15% to 
31 % i. e. early to middle stage ofthe disease. The difference in the 
expressi on of disease symptoms in time and space was explained 
by Raj agopa) et a I. (1987b) on the basis of slow developme n t of 
symptoms because of the perennial natu re of the crop. T he 
a uthors reported the time lag rangi ng from six to 20 mo nths 
be tween the pe rfo rma nce of diagnostic tests and man ifestation o f 

isual symptoms. T he fact that fou r of the appa rently healthy 
palms had also con tracted the disease in abo ut 12 to 14 months 
preceded by low sto mata l resistance and \V between the 2nd a nd 
3rd mo nths reveal that periodic diagnosis o f pal ms would be 
beneficial in ascertaining the latent infection of the disease . 
Between the 8th and 9th month, two more palms exhibited 
characteristic stomatal behaviour and by 26th month foliar 
symptoms appeared (data not shown in the table) . A similar 
situation occured with three palms which were originally healthy 
showed typical responses to diagnostic tests, followed by symptom 
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development subsequently (Rajagopal et al. 1987b). All these 
show that the changes in stomatal regulation preceded the foliar 
symptoms of the disease. 

The lethal yellow affected coconut palms, anoth r MLO 
disease, exhibi ted closure of stomata (high stomata! resistance) 
an high xylem pres ure potential (Mc Donough and Zimmer­
mann, 1979 Matteoni and Sincalir, 1983), wh i h is in contrast to 
the abnorma l tomata! opening (low tomatal reo i tance) with low 
in wilt diseased palms (Rajagopal t al. 19 and 1987a). Th 
ossible cause for this differe ntia l response of the same spe ies of 

coconut palm'. growing in different ge graphical regions, c uld 
be either due to the difference in th strains of ML . r t the 
nature of the metabo lites produced in the tissues of the infected 
plants. Rajagopa l e t a l. (1986) surm ised the production f 
fusicoccin-li ke substances in the infected palm, as the abnormal 
open ing f _tomata is characteristic of fusicoccin tre teu plants 
(Tum rand Graniti , 1976). This wa. trengthened ya prelimi­
nary study with hist logical staining technique for locati n K~ in 
guard cell ' under the f1urosce nt microscope, whi'h reveal d a 
relatively high content o f K+ in leave Wilh the flaccidity 'ympt m 
(Raj agopa l and G ovindankutty. unpublished) . 

That the stomatal resistance mea urements can bl! used to 
J etect MLO-infcct d plan ts before vi ible symptoms \\Us sho\ n 
both in y Haws disea e (Basham and E kafi. 19 '(), MJlteoni and 
Sinclair, 1983) and wilt di ease (Raja opal et al. 19~7h). In thl! 
ca e of apricot will di ea e cau ed by the fungu ytospora l'tOcta 
the dete rmination of leaf conductanc cou ld al 0 prt:dlct th~ \\111 

disease three month before th visual symproms appean.:d 
(Korner, 1981) . Leaf water potential measurement can also Cf\C 

for early diagnosis of palms affected by MLOs was hown t) 

Ba ham ' nd Eskafi (1980) and supported hy the present finJilH~~. 

Coconut paLms with \V in the rang o f -2.0 to -_.5 . IPa lind r 
non-stressed conditions may be considered as wilt tli r 
di ease 'suspect', ince the healthy palms had\lfranging r m1-1 _ 
to -1.5 MPa as reported in a previ u pap r (Rajagopal t I 
19873) and elsewhere (Milburn and Davi., 1973, Mil urn nd 
Zirnmenn nn, 1977). This i ' an agre m nt with Ihe carll r 
findings that palms with ve ry low stomatal resi lance (rangmg 
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from 1.0 to 3.5 sec.cm-I
) and relatively high transpiration rate (7 .0 

to 13.9 ugCm·2 Sec"') are considered as clearly diseased palms 
(Rajagopal et al. 1986). Recently . RajagopaL Ramadasan , Kas­
turibai and Balasimha (1988) had shown the mean \V of -1.4 MPa 
in the rainfed coconut palms, as against -0.9 Mpa in the irrigated 
palm . Thus. it is possible to distinguish between the disease­
induced and drought-induced changes in \V of coconut palms. 

Generally the stomata shou ld remain closed in response to the 
prevailing dry conditions if the palms are healthy . The fact that 
diseased palm!' fail to close their stomata In response to soil and 
atmospheric droughts show that damage was caused to the 
stomatal apparatus of the diseased palms. The controlling 
influence of stomata on the water balance of coconut palms was 
reported by Milburn and Zimmermann (1977) who suggested that 
the balance was more protected in the 'dry' than in the 'we t' 
season . Healthy coconut palms showed similar trend. while in the 
diseased palms the stomatal regulation was affected in both the 
season~ , though with greater magnitude in the 'dry' than in the 
'wet' season (Rajagopal et al. 1986). According to the au thoL, 
the healt hy palms develop a protective mechanism to regulate 
their water balance through an effective stomatal system , whil e 
this protective mechanism seems to have been greatly impaired in 
the palm affected by wilt disease . It is clear from the present study 
that the two parameters of water relations cou ld compliment each 
other in detecting the d iseased palms prior to manifesta tion of 
visual symptoms . These early diagnostic tests are being employed 
for large scale fi eld studies in the disease prevalent areas . 
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Table 1: 	 ( o nd,ilion o f eoeonu 
wc.ek April . 19H4. 01 
(spindle leaf) and stc 
palms 

o . of palms Visual symp 

o bse rved 

9 Ahsent 

19 Present 

16 Absent 

Table 2: 	 Re la tio nship betwcc 
coco nut pa lms afke 
(see .em·' ), trans[lir 
[lotcnt ial. \ff(MPa) \ 
""'horl Ic ,\ves durin 
determinations lone 

Palm condition 
and no . o f f----- ­

pa lms observed r~ 

5.0Appa re ntl y he a lthv 
(9) :!: 0 .6 

1.4Diseased 
± O.U(19) 

2.4Disease 'suspec ts 
± 0.1(1 6) 


