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SUM~I'\RY 

Lear st""l)n: h (It 'dillt, (I .SI») is ., dis(lnl~T "I' ("()('()Ul I[ (COf'IJ.I' 1IIII'!f;'f(J) p.tlllls ill Sri l"lllka , ' /'he Lliology or illt: 

disordn is not yl'l kIlOWIl . This suuly aimed 10 nUllpan: and qmuuily physiologjea' and hiudwrllical 

char..trlcrs or LSJ)·;!ll(TIC'd pallns willl IWit llhy p<l 1111 '\, Thjny.~'('ar ..o ld app.lrclltly hcalilly and 1..1.:iD .. 
aITcclcd (mild, modeT.. " · al1d :\l'\'cn") P;\hll~(\'ari('l y ~11)i(rl) WtT(' cOIll pan'd a( B.llloirippuwa E:;tah', COCOllllt 

RCSCal\'h IIISli[ul.t:, Sri 1';llIka, In I .."'il )·afli.'Ch.:cI CO("Ollut pal ill S, Ihe fllllrl iOl1alle"r area {)rlh~ cal1op~', l..tl CS of 

pho(osYIHIi('sis alld Iranspiratioll . k"f\\'allT pll!nuial,I(';lfchllll'opliyl! alld ZIl nUltl; IIIS were O:IppnTiably 

reduCt'd \"hll the d('Vc!0PIl1l'11i of' tilt: disorder, when'as ~ 1 t)lHata! dinil .''i iv(' n:sislaIllT!'i ;Hld ilh~c i .."ic acid 

conc(' nlr~{ions ill lilc' xylem "jap il1cJ'e:lst'd. 1'h(' volume orln ilon.'""icl'un" sap n)llcch~d rrom 1...."')D.a(f('clt.:d 

palms \,"as rc"dllcni compared 10 hn"dthy palms, but the nUllposilioll oftllc sap I't'nlained unaltc-r("d .. Since 

altercd SIOI1I; ll '1[ Iwll ;lvicHlr illig-hi ;l fli.Tt gas l'xdlall;.{l' and n: lillcd processes, slIcll tiS wat e r mm'cmcllt , 

photosYllthcsis <1 11<1 tilt , ;L"isilililatc parli(jollill~ P:I((Crll , 111l'S(' n's ult s SIIPllOrt 111 (' hypfHllcsis (hal slomal.11 

closure- ill LSD-ant'c 'led palms mar illflul' llCC I.S I) s)'mpIOIlI S. 1-I00\'c \ 'cr, more n',licilrc h is llccdt"d to CO niC 
up \\ ilh ('o ndusi"l' 1.' \'idcllcc oj' ils ('ausc.. 

I;\TROIl UCT ION 

The coconut industry has great economic importance and offers a broad range or 
dietary and roreign exchange income and employment opportunities in Sri Lanka. 
The coconut palm is prone to several diseases and disorders that cause a substantial 
-loss or crop. Lcaf'scorch decline (LSD) is regarded as one such disorder orthe coconut 
palm, the cause of" which is unknown (Humphries, 1970; Rajapakse and Fernando, 
1995). LSD has affected coconut plantations to an appreciable degree; it reduces 
the yield within 2- 3 years and kills the palm in 5- 10 years. The consequent loss 
to the coconut industl)' can be considerable. The most striking visible symptom or 
LSD-affected palm is the scorching or icai1ets, starting rrom the tip a\1d advancing 
towards the midrib or the rrond, accompanied by a slight curling, a nd progressing 
from the lo\\'er to the middle whorl fronds. Young li'onds in the upper ",horl (1-5) 
do not show any scorching symptoms, even in advanced LSD. Tapering or the trunk, 
shoner rronds, rewer and smaller inflorescences, reduced nut set and yield, elongated 
nuts and a decaying root system are the other reatures in severely affected plants 
compared to healthy coconut palms (Peries, 1968; Mahindapala and Chandrasena, 
1975; Ranasinghe et aI., 2002). 
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Extensivc research work on tlJ(~ diflcrellliation and br.haviour ofSlOlllata, 
ofstress horlllones, synthesis ofchlorophyll and polyphenols and propeI'ties 0 

sap has supported the h)1)othesis of pathogenicity in lethal yellowing-afTccted 
palms (I.con rl al., 19%). Development of LSD symptoms also presumably 
several physiological and biochemical changes in affected palms. The study of 
changes would therefore con\l'ibute to the understanding oftbe mode of action 
disorder, and this could event ually be useful in identifying the cause and for dCvpl()n;n= 
control llH'aSlircs. 

The aim of this study was 10 quantify the alterations in leaf area, stomatal.t:1,;UI<1110n 
gas exchange, watlT relations and biochemical and nutritional aspects of leaf 
dcdine-aflccted coconut palms in comparison with healthy (symptomless) palms. 

~1,\TERIAI.S AND METHODS 

Plllllt nlfLlaial and growth cOllditions 
Thc study was performed in naturally LSD-affected, 30-year-old tall coconut 

(Cocos nuciftra var. !),pica) at Bandirippuwa Estate, Coconut Research Institute, 
(la\. 7°20'N, long. 79°53' E) . The palms were subjected to uniform fertilizer treatm,.ni l 

and cultural practices as recommended by the Coconut Research Institute. 
examples of mild , moderate and severe LSD-affected palms were selected for 
study. Severity of the LSD (mild, moderate or severe) was determined according 
the development of visual symptoms as follows. 

• 	 Mild LSD - Only the lower whorl of fronds is affected. No tapering of the 
No reduction in yield. 

• 	 Moderate LSD - Lower and middle whorls of fronds are affected. Tapering of 
trunk and reduction in coconut yield have started. 

• 	 Severe LSD - Only a few short, green fronds (8- 12) remain in the canopy. 
trunk, short or no inflorescence, very low nut set and nut yield. 

Apparently healthy palms .were used as the controls and these palms remaine<! 
unaffected e\'en after the completion of the experiment. The design was a completely 
randomized single tree plots with 10 replicates per treatment. 

Data collectioll 
The data collection· and leaf sampling were conducted when the soil was at fidel 

capacity to avoid possible confusion between the symptoms due to LSD and those 
to water stress. 

Determination ojthe leqfarea (green), stomatal densif)1and epidermal cell area 
The green area of each leaf (frond) was estimated using the method described 

Jayasekara and Mathes (1992) and, by addition, the total canopy area of a 
palm was determined. 

To determine stomatal density and epidermal cell areas, epidermal impressions 
the leaves were made using a method similar to that described by Ranasinghe 
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(1996). A thin !;lyer of nail varnish was applied to the lower surbee of the 
allowed to dry for 20- 30 min and then gently peeled ofr with forceps, placed 
microscope slide, and covered wilh a cover slip. The number of stomata per 

was COUll ted using a light microscope with ten replicas per leaf From the daw, 
density (SD, nUillbn of stomata mm-~) was calculated. Since the epiderlllal 

of coconut leaves were approximately reclangular in shape, length and width of 
were measured using a calibrated eyepiece graticule and epidermal cell area W;L~ 

by length x width. 

1'.ltTmlnalLUTl ojphysiologi((f//lmWI'rir'T.!· 
~1:easurements were taken on the ninth leaf ((,,-king the youngest open leaf as I and 

'N)unting downwards) during the period of 09.00 hours to 11.30 hours under a clear 
with full sun (PAR 1200 - 1400 Ilmol el11-2 S-I). 

PlwloS)'nthesis, tralls/Jiration, stomatal diffusive resisuillce alld leafwater /Jotentlal 
The rate of photosYllthesis was mr.asured using an LI-6200 Portable Photosynthesis 

System (LI-COR Inc., Lincoln, Nebraska, USA). Rate of transpiration and stomatal 
diffusive resistance were measured using an LI-I 600 Steady State Parometer (LI-COR 
Inc., Lincoln, Nebraska, USA). Lcafwatcr potential was measured using a plant water 
status console model 300.) (Soil Moisture Equipment, USA; Scholandar et al . 1965). 

Determinatioll ojbiochemical/Jamme.lels 
Four leaflets from the mid-portion of the ninth leaf were detached during the period 

of 09.00 hours to 11.30 hours, kept on icc immediately and used in biochemical 
analysis. 

Lenfchlorop/!)III (Olllfllt 
A leaf was cut into small pieces and 0.100 g of sample was homogenized with 

5.0 ml of 80 % acetone using an Ultra Turrax T-25 (1\ G. Bode & Co. GnlbH, West 
Germany) for I min. During crushing, the sample tubes were kept on icc to prevent 
a temperature increase within the test tube and eva-poration of acetone. The 
crushed samples were centrifuged for 10 min at 3500 rpm, the supernatant containing 
chlorophyll was measured for absorbance at 645, 652 and 663 nm wa\-elengths and 
Chlorophyll a, Chlorophyll band total chlorophyll contents were calculated according 
to Arnon (1949). 

lBifabscisic acid (ABA) content 
ABA concentration in the xylem sap was determined using a radio immunoassay 

(RIA). The monoclonal antibody used, which is specific for (+)-ABA (MAC252), was 
Obtained from Dr S. A. Quarrie, John Innes Institute, UK. Leaflets were sampled, 
inunediately frozen in liquid nitrogen and stored at -20 °C . Xylem sap was collected as 

.detailed by Trejo and Davies (1991), using the midrib ofleaflets, cutin small sections, 
and placed in 10 inl syringe barrels. The syringe barrels were then placed above 
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llIicro-c('lltritilgc 11I1)('s that ",,'("e fitled inside celltrilll,!!;c cllntaincrs (I-knnle Z 360 
(;(TIlI<lny), CCIltrirllgation "'as fill' 20 min ;!I ')OO() rpm and 4 "(;, Sap \,'as 
ill the tuhes and ;lO III portions W,'IT analyscd directly lill' ABA. 

Standard ABA samples ,,'cn' included in each assay lilr the construction of the 
standard curvc, The incubation procedures, alld the ,!!;cnlTation or standard c~rves 
as well as the calculation or the ABA concentration ill the samp,,", "vel'e dS t:Cseribed 
by QU<lrrie rllll, (I ~Bl\). 'I'h,' \'alidation or RIA, lilr usc with unpurilied xylem sap of 
COCOllut was COil!;:'!!!"" "~, ' ; I di!'!!ioll/spikl: nTovery test lill' non-specific inter,fcrence 

Oones, 19B7), 

1)i!ltr::t:n(!!iOl: iflllirro Ilulnl'lll (01111'111 of I/Iaves 
Leaf salllpks wcre collected from Bandirippl.Iwa Estate (BE), Walpit<l Estate (WE) 

and I'oththuku-ialll Research Station (PRS) for this analysis, Six middle lcaflets from 
the fourtel!nth frolld orl.SD-affected and apparcntly hcalthy palms were ~alllplcd and 
o\'cn dr,ied at 70°C lilr 2+ hOllrs. Fc, Mn, ell and Zn contcnts of thc po",den:d 
s<lmples wcre analysed according to Cunilf (1991)). 

Determinatioll ifyield and biorlielllim/ COIllI!o.lition iftlte -iTljloreJCence sal! 
The sap "'as collected cnlploying the tapping technique that has b('en traditionally 

evolved 0\'('[ c('ntmies, but \,·ith some modifications as described by Nathanael (1966). 
Only the hl'<llth)', mild LSD and modcrate LSD-affected palms wcr(' used in this study 
since seyer(' LSD palms rarely produce spadices that can be tapped to obtain the sap. 
A thin slice of the spadix \,'as pared lransv('rsely twice a day, morning (07.00 hours­
09.00 hours) and ('vening (I G.OO hours-· IR.OO hours), and the collected fi'csh sap yield 
of each palm was mcasur('d. Samples were collected from each palm at 3-monthly 
intervals to measure the osmotic potential and sugar contcnts. The fresh sap, collected 
into 1.5 ml eppendorf tubcs, immcdiately after slicing, was frozen at ·-20 °C until 
analysis, 

Estimation ifosmolality ifthe sap 
The osmotic potential of 10 III of thawed sap was measured with a \Vescor 5500 

vapour pressure osmometer (\\'escor Inc 84321, Utah, USA) calibr<lted with 290 and 
1000 mmol kg-I NaCI solutions. 

Estimation ifsligar conlent ill the Sill! 
Sap was diluted 100 times, purifi('d Llsing a scp-pak cartridge and analysed for 

total sugars using a high performance liquid chromatography (HPLC) systcm (\Vaters, 
USA) with a sugar-pak column, 

Statistical anao'sis (if data 
The data \\'('[c analysed using the SAS statistical package, with one-way At'iOVA. · 
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I. 	V~lIiali()1l ill g'ITt'1I lear an'a, tlulllllt'r of le'avI's, stomatal d("llSilY (SD) and cpickrmal cdl art'a (ECA) tlf 
iwahhY.lllild.lI1ndcralt' and sC'\'('f\'I.SlJ conmut palms. J.t. is-the slandard crroroflhc mean. 

An'a per kaf No. of IravI's SD Ee/\ 
(1112) (palm-I) (mm- t ) (;tint) 

5.1;) 30.7 1GB fiBt 
4-.:> 30.1 168 659 
:!.H:1 2:>.3 162 652 
IYi 17.5 163 670 
O.~I 0.79 2.0 17.0 

Table 2. Varia!i,)n ill 1,'''(' chlol1>l'h)," a (eha), chlorophyll h (Chb), tOlal chlorophyll (Ch) con«'", ar,d absrisic acid 
conccnlrattOllin Ihe xykm sap of hC<ilthYl mild , moderate and severe LSD coconut palms. J.!. is lhe standard 

error of the mean. 

Ch-a Ch-b TOlat Ch 
(mg 1\-1 fresh (mg g-I fresh (ms S .. ! fresh AIlA 

Status ofpalm wt'iglu) weight) weighl) (ng mt-I) 

Healthy 1.59 0.66 2.25 17.52 
Mild LSD 1.33 0.57 1.90 26.49 
Modera!e LSD 1.37 0.59 1.96 36.35 
Sco.-en: LSD 1.12 0.'l5 1.57 33.80 

lot­ 0.04 0 .02 0.05 2.01 

RESULTS 

uafarea, stomatal densi?y and epidermal cell area 
There was a significant reduction in area per leaf and the number of leaves in the 

canopy in moderate and severe LSD-affected palms compared with healthy palms. 
The reduction in leaf area at the severe LSD stage was 66 % in comparison with 
healthy palms (fable I), No significant differences were observed in stomatal density 
and leaf epidermal cell area between healthy and LSD-affected (mild, moderate, 
severe) palms (fable I). 

Chlorophyll and abscisic acid (ABA) content 
The contents of chlorophyll a and total chlorophyll in LSD-affected palms started 

to decline as the symptoms first appeared and decreased further at later stages. In 
the severe LSD stage, chlorophyll contents were significantly lower than .in mild and 

,moderate LSD-affected palms. However, the content ofchlorophyll b was reduced only 
at the severe LSD stage compared with healthy and early stages of LSD (fable 2), 

The concentration of ABA in xylem extracts increased with 'decline' progression. 
The increase was significant in moderate and severe LSD palms compared with 
healthy palms, and increased steadily to double the original value (fable 2). 

Gas exchange and waU!r relations parameters 
The average rate ofphotosynthesis ofhealthy coconut palms was 9.76 Ilmol m-2 S-I. 

The rate remained high in mild and moderate LSD palms but fell significantly at 
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'J abk 3. V",riation in rate ofpholOsyn,lwsis. stomalal difrusiv(' n 'SiSlltllC"C, ralt' of transpira tion and kaf water Tahk <1. Variation ill mi(TOHutriclit nllHelll s (ppm) ill Iu-ahhy. mild, Illodcrah' and 

of Iu·ahhy. mild , moderat(o and scn' n: l.sn coconut palms. 

RalC of Stomatal RoU t' of 

phcllosYlltill'sis dimlsin: tl'i-insl>inllion 

SlalU' of palm (.... " ul m - ~ , - ' ) rt"sist<1I1c(' (s (Ill-I) (Itg em - ~ ,-' ) 

H,·aILh), 9 .7 6 3.24 7.4:1 

Mild U;D 8.82 4 .55 G. 17 

Moderale LSD 9 '+1 u .70 4.45 

Scve re 1-'>1) :1.77 7.90 :1.B:) 

s. r. O.:l6 0.30 O. I ~ 

severe LSD stages to 5. 77 ~mol m-2 s-I (Table 3). The stomatal diffusive 
increased steadily with LSD symptom development.. The increase was significant 
morlcrate and severe I,SD palms when compared with healthy and mild LSD 
(Table 3). The transpiration rate of LSD-affected palms was significantly lower 
for healthy palms. The rate started to fall as symptoms first appeared and deereas~ 
to approximately 48 % of its original at the severe stage Crable 3). No change occurred 
in the water potential of leaves in mild LSD palms, but it significanLly decreased 
moderate and severe LSD palms compared with healthy ones (Table 3). 

Leafmicronutrient levels 
LeafFe, Mn and Cu contents ofLSD-affected palms were similar to those of 

palms in all three locations (BE, WE and PRS). However, there was a significari~ 
reduction in the leafZn level of LSD-affected palms compared to healthy at BE, 
and WE (Table 4). 

izeld, osmolalif)' and sugar content qfinflorescence sap 
When unopened spadices of healthy, mild LSD and moderate LSD palms 

tapped, the total annual yield of the sap was significanLly reduced with the developmen~, 
of the LSD disorder. The reductions were 24 % in mild LSD and 49 % in 
LSD palms compared to healthy ones. The osmolality and total sugar contents 
sap were not altered due to LSD (Table 5). 

DI SC US S IO N 

In LSD-affected coconut palms, the functional' leaf area of the canopy, rate 
photosynthesis, rate of transpiration, leaf water potential, leaf chlorophyll and 
contents were appreciably reduced with the development ofthe disorder. Furtherm 
the stomatal resistance and ABA concentration in the xylem sap were increased 
its progression. However, the frequency of stomatal differentiation, leaf epide 
cell expansion, and content of some essential micronutrients (Fe, Mn and Cu) 
unaffected by the disorder. In the inflorescence sap, LSD reduced the yield . 
altering the sugar and other solutes. 

S(' \'( ' f( ' I.SI) l 'Ut 'OIHIl p"lms ;'It Bandirippllwa E Slak (HE), \\'alpil;t Estah' (\\'E) and 

P()(ltfllllkulam R('s('ardl Stali'lIl (PRS). 


Ill:: WE I'RS 

Zil \'Oll1('1H 

H,·"IIhy )9.~) 2:1.2 1 1.~ 

Mild I.SI) Hi.1l 1:>. 0 1(;.1 

~lodlT",," L'ill 17.1l II .!) 17.5 
S('w n ' 1~~1) Il fl I.r).fi 1+.8 

J. f . 1.0 :l I .G7 (Ull 

I '~ ' ('0 11«' 11 1 

Heallhy 106.4 ~I.I 11+.+ 

I\likl L~1l 99.5 Hri.7 ~+.3 

I\I0ci"''' I,· L'ill 11 0.3 IU.;' 97. 3 
Sew rt'L'iD na 7+.9 96 .2 

J.t. 5 .)0 1.:,0 ).S3 

Mil cornen! 
H ..allh), 51 .0 116.B 8~.O 

Mild LSI) 41.1 11+. 1 1')8.2 
Mockr:lI .. 1_'iD 45 .0 140.R 96.6 
Severe '-<;1) na 95. 7 8S.+ 
S. l. 2.52 6 .38 11.3 

ClI co lHcm 

Heallhy 3.8 5. 1 3.2 
Mild L~D 3.G 5.0 2.6 
1\10"lT" le I_<;D 3.8 5 .0 2. ) 

Severe LSD na 4.5 2.+ 
1.t:. 0 . 10 0 . 10 0. 12 

IIfl : n OI analysed. 

Table 5. Variation in yield , osmolaliry and IOtal sligar ('o ntCr1\ o f the inno resccncc sap o f hC'althy, mild 

and mockralc LSD coconut palms. 

Sap ),ield O smolali ty lOlal sugar ('"on tent 
SlalUS of pa lm (L ),ear- ' ) (."mol k!C ' ) (g ilJl:' llU- ' 

Hcalthy 77 1 997 IS5 
MiJdLSD 588 930 16.3 
Moderdlc LSD 397 100~ I ; . ~ 

s.t 26 . 1 34.4 0 .3 1 

The reduction in canopy area in LSD-affected palms resulted in a marked reduction 
in the light interception by the canopy (photosynthesizing area) and consequently the 
total plant productivity as described by Taiz and Zeiger (1991). The reduction in 
coconut yield was 5- 15 %,30-40 % and 65- 70 % in mild, moderate and severe LSD 
pahns respectively, at all the sites compared with healthy palms. Stomatal regulation 
of a plant is mainly important in balancing the intake of C02 for photos~nthesis and 
Providing a pathway for water loss in transpiration (Lam bel's et aI. , 1998). Although 
the stomatal dens{ty of the affected palms was not altered by LSD, transpiration was 
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reduccd , {'vcn in Illildl\' allt-{'(cd palllls. This was silllilar 10 the oiJsl'/'vatiolls 
illl'Ul'OIlUI pahlls alli'{'(ed hy kthal yellowing (LY) and cOCOIllll rapid decline (CRn) 
which I he ~tollMlal n'sistallce was illCl'easnl with the developlllent of visual svmnt"_~ 

(I ,eon 1'/ (d" I~l<)(j; 1\ laninez d al., 2000; Ranasinghe rI ai" 2002). This altered 
behaviour on ,SD-a/1('ned palllls can potenlially alli'n plant/unctions that depend 
gas exchange, water and nutrient Iransport and photosYllthC'sis (Oropeza I!/ at., I 
Eskafi d al., I ~1I\(i). The gn'at reduction in the rate of photosynthesis in 
pal illS llIay possibly he duc to aiJnorlllal stOinatal closure and hence limited 
availability for photosynthesis (Lcon 1'/ al., I~1~IG). 'I'he reduced rates of p 
may also be explaincd iJy the loss ofpholOsynthctic pigments, The chlorophyll conten.·l 

of LSD-afll-ctcd palms dropped to B-1- 'Yt. of tll<: original kvels (healthy stage) even 
the JlIiid-LSD stage. SinJilarly, in LY-afli:cted and CRD-aflccted coconut palms, 
was a reduction in r1.lorophyll COli tent with the developlllent ohhe 'disease' 
(Leon e/ al., 199G; Ranasinghe et al., 2002). These data suggest that the decline 
photosynthesis rate in LSD-afli:cted pahlis resulted from a decrease in the 
contenttogl'ther with reduced availability orco~ due to increased siomatal 

LSD-induced stolllatal closure at the mild-LSD stage cannot be explained by 
change in the water status of the leaves, as the leaf watcr potential remained the · 
However, the xylelll sap ABA concentration steadily increased with the appearance 
LSD symptoms; in fact, there was an increase in stomatal rcsistance together with 
concentration in the xylem sap, even at the mild-LSD stage, though thc effect was 
signifIcant. This result suggests that ABA is promoting stomatal closure in LSD-affected 
palms but the involvement of changes in leaf water potential at latter stages 
be ruled out. Numerous studies with diverse species have reported that environmenM1 

stresses such as drought, flooding and salinity can result in stomatal closure due 
increased bds of ABA (Zhang el aI., 1987; Davies and Zhang, 1991; Hurley 
Rowarth, 1999; Netting, 2000). Further evidence from studies with plants su 
to water stress suggests that the degree of stomatal closure is more directly related 
increased levels of ABA in the roots and in the xylem sap than to ABA concentration 
in leaves (Davies and Zhang, 1991 ; Schurr et at., 1992). Abnormal stomatal 
induced hy LSD may be analogous to what happens in water-stressed plants. 

In addition to ABA, cytokinins or auxins can promote stomatal opening and oveITInel 
the ABA induced stomatal closure in plants (Snaith and Mansfield, 1982; Incoll 
Jewer, 1987; Shashidhar et al., 1996). In LSD-affected coconut palms, it is possible 
stomatal closure might result from an increased supply of ABA and a reduced 
of cytokinin, as has been proposed fOI' drought-induced stomatal closure (Davies 
Zhang, 1991). However, further research is required to determine what happens to 
growth promoting hormones with the development of the disorder, thus LSD can 
explained further by a hormonal imbalance as proposed by Dabek and Hunt (197 

The LSD-affected coconut palms are generally found to occur in all soil types 
which coconut has been grown in Sri Lanka, irrespective of the level of manageme~ 
of the plantation. The ill\·estigations carried out in the past have ruled out 
involvement of major nutrient (N, P, K and Mg) deficiency Oayasekara et at., 
and the present study ruled out the involvement of Fe, Mn and Cu in LSD. H"wf'veL. 

rerifscorrIJ decline ill coconut 2(i:1 

'Only nutrient found to be deficient in leaves of the LSD-aflcctcd palms was Zn. 
i.:~rrlPrs such as 'little lear and 'rosette' ofapples, peaches and pecans, resulting rrom 

reduction of leaves and in ternodes arc known to be caused by Zn deficiency. 
ina'l chloroses was showed in Zn deficient lea\'es of maize, sorghum, bean 

fruit trees, suggesting that Zn participates in chlorophyll formation or prevents 
destruction (Vallee, 1976). These studies have further suggested that the 
of stem growth in the absence of Zn might result partly from its apparent 

for the production of a growth hormonc, indoleacetic acid (auxin), 
~clIcaung a hormonal imbalance, Many enzymes also contain tightly bound Zn that 

essential for their function; considering all plant species, morc than 80 ~1I('h enzymrs 
known (Vallce, 1976; Salisbury and Ross, 1991 ). Hence, a reduction in emymc 

l~ctivities related to growth and development of the palm, coupled with Zn deficiency 
may be propose:! .as another potcntial reason for altered physiological activities of 
LSD-affected coc6nut palms. 
. Any micro-organism that can be prescnt in the vascular system of the palm is of 

special interest in research on disordcrs of unknown aetiology. The sugar-rich phloem 
is a possible niche for such organisms. The inflorescence sap of LSD-affected coconut 
palms, exuded from unopened spadix, showed a significant reduction in ~-ield per palm, 
even at the mild-LSD stage. However, the concelllration of total solids and sugars in 
the sap of LSD-aficCled palms at any stage was the same as for hcalthy palms. The 
palms with more than hall' the canopy aficeted by LSD and tapered trunk produced 
little or no sap. Therefore, the physical or biochemical aspects of the sa p ofseverc-LS D 
palms could not be analysed in the present study. These findings are consistent with 
a disturbance in phloem Aow in LSD-affected palms by callose formation (faiz and 
Zeiger, 1991 ) or by involvement ofphytoplasmas (McCoy et at., 1976; .\[atleoni and 
Sinclair, 1983), but provide no evidence, as to its cause. Similar obser,ations were 
recorded in LY-affccted coconut palms and in Thanja\'ur wilt diseased coconut, but 
they also failed to come up with a conclusive evidence of ifs cause (Eden-Green and 
Waters, 1982; Vijayraghavan et at., 1987). 

It can be concluded that there is a significant rcduction in leaf area de\'elopment, gas 
exchange capacity, water relations, flow of sap, leaf chl01'Ophyll and Zn contents, and 
an increase in thc stomatal diffusive resistance and ABA concentration in the xylem 
sap of LSD-affectcd coconut palms. The variations were quantified and these values 
could be used as early diagnostic tools for LSD. Altered stomatal beha\-iour seems 
to affect related physiological processes of thc palm. This information \\'ould also be 
useful in understanding the mode of action of the disorder. Future research should 
concentrate on detailed anatomical studies of the cellular and vascular abnormalities 
and the prcsence of subcellular pathogens. Detcction of the pattern of \\·ater transport 
and vascular blockages to water Aow and evaluation of the effect of nutrient spraying 
on the expression of LSD symptoms arc proposed to determine the cause and to 

identif)' possible remedial measures for the disorder. 
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