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IUTRCDUCTION

.- Some of the earlier workers on root{wilt) diseasec
~attr1buted this nmalady to certain physiologicel factors.,
Bourdilon(1507) speculated that the inck cf Auitricnts and
saturated soil water might be the couse of the Giscacc,.
Rover(1911) charecterised thic discaze as nurely phyciological
in nature, resulting from unfavourable soil concCitions,
Shepherd(1912) sunrorted Rover and emnhagisecd that, too rmch
or too little soil water disturbed tne prhysiological process
of the palue and render them prone to the discase. It was
also suggested that certain wea¥X fungi lilke DiplocCia nmight
attack the palms under cdisturbed physiological conditions

and cause the discasec symptons, Vargbese(1934), who cxamined
all the known factors assoclated with root(wilt) diceease,
reported that this Cdiscase is not physiological tut, fungi,
viruc and certain toxic substances procuced by microcrganicmg
living around thc root zonc of the pealns might elso contridute
to prcduce the cymiptons. Towever, in the adcence of definite
proof of any'biological agent being the causc of the discase,
phyciclogical investigationz asgunmcd importance and were
inteacified froa 1951, Ag‘attempt ic nmade in this paper to

review thke werk dene on the paysiological and biochexzical
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STUSISS Ol 6CTS

Hichael(1964) stuliocd the extent of root Canage caused
by root{wilt) discasc in two to tem year old hecalthy sand
Ciscased palms and reported tiat the number of active roots
&nd the diameter of the bole(roct forning rortion of tkre
stom) were drastically reduced in Ciscased palms, Tercentage
of acal roots was fouad to ve higher in discascd palus than .
in hecaltuy onecg. Regencrating capfacity of roots in ciseascd
pPalus was also conciderably reduced.

4 method feor the collection of root sap was devisecd by
Davis(1954). 1&is studics on the nature and compecsition of

the root sap indicated that the root sap of healthy palus was
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acicio in naturec, odourless, clecar and was rich in K20 and g0
contents; whercas the root sap of discased palms was ncutral to
alkaline in nature, foul smelling and was pé-r in s?o and Mg0
contents(Ramixxy 100K}, Ramacasan(1964) noted that the root

sap of diseased palme contained 65-72% morc total solids than
that of healthy palams. |

A nethod was stendardised to collect root cxudates from
coconut palms{Zamadasan, Racha anC Michael,1967). EHowever,
no authentic information is aveilable on the nature and

conposition of the root exudéfesﬂ-mhealthy and c¢iscasged
palas.

Ramadasan(1967) reportcd that tomato seedlings growm in
roct sap collectedvfrom Ciseased palmc developed epinasty and
bending of lcaves, while no such symptoms werc noticed on
secdlings grown in kealthy root sap or in distilled water,
This indicatcd the possible involvement of a toxin in root
(wilt) affected ralus. Zowever, when the cxperiment was
repecated with potted coconut secdlings, typical root(wilt)
syaptoms could not be reproduced in thea. This study ncceds
further pursuation with particular eaphasis on the biochemical
rature of the root sap.

PERMIABILITY CHANGES

Ferneability of lcaf and root ticoues "as dadngod in
Clgsecased palns., This was incicated by the/ﬁore eiec%rolyte
fron the leaf and root tissucs of discascd palns. The flow
of elcetrolytes from diseased lecaf samplcs was 20% ncre dpring
suiner and 9% wore during rainy scason than from healthy
sampleé. This increase from discased roots was 22% Curing
sumaer and 8.2% during rainy_season(Michae1,1977)-

WATIR RALATICHS

Studies on weter relations revealed that absorption of
water was very auclh reduced in diseased palms. oo woher
Vo xoxy e Totueed in Xdwooood palires hen water was fed _
through the cut end cf roots it was found that a single
Zunctioning root of hcalthy palm could absorb, on an average
250 cc, whilc the same in diseased paln was only 150 cc
(Davis, 1964). The water absorbing capacity of the excised
root tissue was alsc found to bé‘low in.discased palus
(Chacko Methcew end Ranadasan, %068).
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spert of water through the

scased palms was found to be 35% less than that of
the healthy palms(Ramacasan, 1964).
the trenspiration ra

Significant increcasec in
te was noticed in discaged pelme as

The mean rates of tre1s-

piration from hcalthy nalms.were 4.4, 4.5 ond 3.8(ng/dng/minute)
Yespecetively for the firsgt fully opened, nicdle

of lcaves, while .the corrcsponding reates fr

and outcr whorle

o2 (iseased palns

vere f?i, 7.5 and 5.2. /r cxcess of transpiration norzally

leads to progrescive deere

ase in thc water content of lcaf

tiscues. But in root(wilt) affected palus the lcaf water
content was significantly higher than in hcalthy palns. The
fregucenecy of cells and stomata per uvnit arca of

greater in diseased palms(Table 1).

lcaf was also

Eowever, the stomatal

index did not Adiffer significantly betwoen healthy and discased

. Palms. These studies incdicated an imbalence in the water
cconony of the disecased palms(Chacko Mathow(unpuhlishcd).

Table I. Cell anc stonatal fre
the lcaves of hecalthy

coconut palms
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auency and stomatal index in
and root(wilt) digscascd
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llo. o2 cellc(mmz)‘ I'o. of stomatn(nmz) Stonatal inlox

Condition pyrpy fully Middle First fully Middle Tiret fully Middle.
opered leaf lcaf openeC leaf  leaf i

Zecalthy
(mean of 20
palns)

Di scasca
(ncam of 20
palns)
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1272 1280 182 171
1413 1398 228 219
* 3 % ¥+ *#

*¥*tveluc significant at p = 0,01
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4 statictically laid out senc culture cxperinent was

conCucted to stuly the offcet of I, T and K nutrients on the
growth of coconut gcedlings(Chacko Mathew ‘and Ranadasan,1960),
Results revealed that the rolc of nitrogen in the growth of
coconut seedlings is nuch more significant than that of

pliosphorus or potassiun.

The role of phosphorus scened to be
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only indirect in that this clenment probably cnhances the uptake
of potassiun. The secdlings éhowed naxinun response to the
treatnent of M, P, X combinations as conparcd to other treat-
nents. The deficiency symptons of H, 2 and X nutrients on

the scedlings were not comparable to root(wilt) diseasec
syndrone,

4 detailed study on the cifect of micronutrients on root
(wilt) discase was concuctegl for a neriol of 10 years,
4 total of 384 rnalns in a discase prevaleat sandy tract
consieting cf trecs in all stages c¥ disease were supnlied
with nicronutricnts and meagneeiun singly as well as in all
possible combinations. The nutrients were given as soil
application for the first five ycars and for the rost of the
period as root injection., It was obscrved after the 10 year
period that the yield of these cxperincntal ralns had generally
increased irrespective of their di scased condition. liagnesiunm
had significant positive effect on the yicld (Davis and Yillai,
1966). Fonever, not only have these treatments failed to
improve the disecased condition of the palms, but alse more
than 50% of the healthy palms under the cxrerinent contacted
Gigecase cCuring the course of the experimont.

Yellowing of outer whorls of lcaves is of common occurren-—
cc in healthy as well as root(wilt) infecoted palms. Cre type
of such ycllowing ic characterised by the development of the
sane from tic tips and nmargins of lcaves. Fancalai{1958)
Ciscusse? the association of a high K/Mg ratio with such type
of foliar ycllowing and had suggested X indvced Mg Ceficiency
as a rrobable rcason for the sane. ALttemts on the control
of such type of yellowing revealed that 2% M8504 given as
icliar spray at quarterly intervels completely cured yellowing
in 16% of pelns while reduction in yellowing was notgd in
another 6C%. X/iig ratio in the lcaves during the pre-treat-
nent period ranged frea 3.1 to 5.1 while at the ead of the
treatnent period it ramged from 2.1 to 3.1(Chacko lfatbew and
Ranalasan, 1967). In a rececent study, Varkey, Xanalakshyenna,
RamaCasan andG Haxbiar, 1979) observed that foliar sprays
with 2% lig 50, was cffective in checking foliar yellowing
botl: in the healthy and discased arca. They beve further
noted that bacal application.of Mgso4(500 g/palm/ycar) and
foliar spray with 1% FeS50, also checked foliar yellowing

to a consiCcerable coxtent.
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Michael(1978) determine? tho ratc of resniration in
hecalthy ana roct(wilt) affecten ralnog, eploying Tarburg's
Zanomcetric teeciniques, It was eignificantly higher in
Cigcased palme than in healthy. The inercage in regpiration
rotes of the leaves o7 digeaged Palns was 18-21% in the
agvanced Stagcs and 2-5% in tho carly stages offhe iscase.
Th;kroots of palns in advancen and early stages of theo
disease reecerded 14.3% and 11.4% nore respiration over that
of apparently héalthy palns,

narkedly betweeon healthy e

The respiration rates differcd
apperently hcalthy palas also.

The effeoet of root(wilt) cisecase on nhotosynthesis
refleeted marked variation between hkealthy and M eecased palng
in the photosynthetic CO2 fization., The leaves of the
11-7C% less £0, than those of hecalthy
oncs. The first fully opened and niddle lecaves of hecalthy
palas had almost equal photosynthetic rates, but in discaced

Cisecased palas fixed

ralns the first fully opened leaf recordced cignificently
higher rate of CO2 fixation.(Dwivedi, Chacko Mathew,ﬁichael,
Ray and Sumathykutty smna, 1978).

rh

Table II, Resriratery rate in lcaf ant roct tissues of

healthy and rcot(wilt afﬁictcgiwalms(cxprcssed
as 0, consuned por um®/mg /hr

c——--—-—————-—-—--—--.——-‘-——_————-——- -

Sunier scacon Scuth-Tcet nionsoon

scason

Leaves

Hcalthy «30 20

lipparcntly Lealthy «69 .55

Discasecd .70 .62
zoots

Healthy 1.7 1.6

dpparcntly hcalthy 3.5 2,9

Diccased 4,9 3.6

- s e s

Studics on chenges in carbohydrate comtent of roct(silt)

effected palns revealed that total, rcduecing and non-reducing

sugers wvere cignificantly uipgher in the leaves of infeeted

Ealns,

But a2 depletion of these sugars

occurred in the roots
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of diseascd palms., This situation indicated a poseible
‘Cerangement in the translocation and Jistribution of sugars
in Cdiccased palms. 1In spite of the higher sugar content in the
lecaves total cartobyirates and starch content were lower in

both leaves end roote of ldiscased pelas(Chacko Mathew,1977).

Gross derangement in the path of nitrogen resulting in
cengicdera®le increase in the,pen-protein nitrogen content,
concomittant with a eharp decrcasc in tha watcr soluble nitrogen
and protein nitrogen fractions was observed in the diseascd

lcaf tissue. The total and orgamic phosphorus were found to be
nigher in discased palms than thet in hcalthy. A reduction

in the C/II ratio in the roots and leaves of diseased palms was
also noticed(Varkey et al, 1669),

3II0CKDIICLL FLCTCRS

Pillai and Shanta(+965) reported accuzulaticn of coertain
frec anino acids in wilt affected leaves and they bove sugprested
that probably the accunulation of amino acids predisposcs the
wilt infcected palms to 'leaf rot!'. The quantity of amino acids
in the leaves werce found to increase with the incidence and
intengity of disease. Arginine incrcascd from minute traces
in hecalthy to consgidcrable quantity with incrcasc in the
intensity of diseasec. Fredominance of glutamic acid and argi-
ninc was noted in the root saps of hcalthy phlms, while
arginine was conpletely abtsent in the roct szaps of the
digeased (/Lnnual Report, CCRS , 1968).

Tannin content in the micddle and outer leaves of discased
palas was found to bYe meore than that of healthy ones,
Howmever, in the teader lcaves the incercase ﬁas\not statisti-
cally significant{sce Lal, 1968). DxT hybrids 6éntgined
aigher aoount of phenols and tanins in their lecaves, as
conparced to #.0.T. palms{Chaclko Latzew and Joseph, 1574),
Tctal phenols in the outer and middle lcaves of Ciseased palms
were higher then that of heelthy oncs, but in the other
leaves reverse trend was noteG(Dwiveci, C.Mathew, Ray ané

3.8.%.A0ma nzublished)

The activity of carbonic ankyCrase was studied with a
view to finding out the disorder of zinc nutrition in root
(wilt) affccted palis. CA activity was found to be low in
the leaves of discased palms as comparced to that in healthy
palms(Dwivédi, Ray, Sunathykutty Annma, Cheacke Mathew, FaCmaja
and 7. ilinan,21977). This indicated reduced concentration of

biologicall;\hctivé zinc in discased pelus.
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Table III. Carbecnic anhydrasc activity (Mgco?/1oo mg/

protein/20 min.) ir hcalthy and rSot(wilt)
discased coconut palnme

Condition cf Spindle first fully Middle Cuter
paluas leaf opened leaf leaf lcaf

“ealghy 32,5 17.5 12.0 8.1

ALpparently 20,6 5.8 5.6 4.1
healthy

Diseascd 18.3 3.6 2.9 3.5

in anctaer study Ci activity was acsesced in unfert! lised
fenale flowers, one nmonth old and two month. old buttons ronm
JICT varicty of ccconut., The titratable acidity was also Cotor-
mined in these sanples. 4 positive correlation. was indicated
between Ca activity and,yieldiné potential of palms, -ic., the
Ligh yielding palms haf grecater CA activity. The activity of
Cis yrogresstively incrcased with the naturity of tuttons,
4 rcciprocal relationchip was obtained between C4 activity
and titratable activity (Padmaja, Sunmathykutty ALmma,Chacko
Matkew, Ray ond Dwivedi, 1980)

The role of cellulasc enzyne in rost Cecay associated
with root(wilt) Ciscasc was investigated. Hon-decayed and
Cececayed.roots collected from both healthy and Ciceescd palus
were cubjected to cenzyme assay. 170 activity wae cobserved in
nen-dGeeceyed roots of healthy and discaced palng, but Adcecayed

ka)
r
roots showed activity in both the casea. The mcan cnzyue
activity rcccrdeld in hcalthy palms was 4,856 (g of glucose
libecrated per 100 ug preotein per hour) while th¢ sane was

12.. 817 in discased palms (Fafmaja and Sumathykutty iunma, 1979)

~

AFPICT OF DISELSE CN FLCTZRING

L

Though the appecarence of the discase synlronc can obeur
at any stage of the growth of the paln, thce most vu}nornble
stage to Ciscase attack was found to be flowering/nut bearing
age(5-10 ycars). The onsct of discase during the nut
production and stabilising stage(10-15 ycars) of the palms
leads to fast Getcrioration in growth and yield. EHowever, when
the pﬁlms of middle and old age(25-50 years) were attacked
tlcir deciine wags at a slow pace(Lal, 1064), Renadasan, Shanta
and Lal, 1971) obscrved that in young pains tearing was often
Gelayed inCefinitcly and yicids were much lese than those
nalms which beeane Ciscased after the onset of bearing.
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Studies uncertaken on pollen norphology (Varkey and

Davis,1960) have shown that nollen Ir-ius from diseased
trees were of irregular and saaller size and showed poor
germination. The percentage of nollen grains germinating
from healthy palms was found to be 75 whilc the same Tigure
in discase in its carly, nmiddle and advanced stages was 52,
49 and 39% respectively., ¥Yollen tube growth was also very

much rcduced in diseased palms. "

RADIOTR.CER STUDIES

Since the disease caused retardaton of growth and reduced
yiclcd in palms, it was presumed that there might be certain
imbalance in absorpticn and trenslocation of nutricnts ancd
also in the distribution of photosynthates and other metabo-
lites. It was also recalised that the incorporation of
inorganic nutricnts into organic complexes might be hindered
in discased palms. To undersctand these pkenorniena in greater
depths and with more accuracy than with the conventional
nethods, studies using tracer techniques, were initiated from
1976,

32
2
palns under laberatory and field conditions. 1In healtny

RaCicactive IO ?04 vas fed to coconut leaves and
palms the absorption of phosphorus by roots and its
accunulation in spindle and first fully opcncd leaves was
founc¢ to be significantly higher till 9th hr. as compared
to that of discased palms, but at later stages the reverse
pottern was observed. The time required for 32? to rcach
the spindle(top-most lcaf) situated at 9.5 M height in both
healthy and discased palms was found to be 3 hr only. The
analyeis of total and differcnt fractions of phosphorus and
entry of 32P in the different forms of orgamic phosphorus
indicated that although total ¥ was more in diseased palns,
the organic phosphorus especially the ncuclic acid D was
significantly less as compared to healthy ones. This revealed
lees utilization of absorbed P in the synthesis of P-constitu-
ted organic substances in diseased plants(DPwivedi, Ray and

. 'inan, 1979)

The cefficiency cof different methods of applying 32?

through soil(circular trenches, holes, strip and basin)

and plant parts(crowing root-tip, cut root end, stem and

leaf axil) was also stucicd (Ray, Dwivedi and Ninan,
1079). Out of four soil placement methods application through

jm]

. 32 ,
circular treunches showed maximum reccovery of ¥ throughout
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the cxperimental period upto 30 days. The 32? activity was

detecteq in the-palm after 7,8,8 and 11 days respeotively in
tole, circulayr trench, strip ana vasin epplication methods,

zP absorption was equally efficient in the palm receiving
irrigation daily and once in a week only., Flant injection
nethods were founc Hore economicsl end efficiant than soil
application, Auong the plant injecction methods, the aprlica-
tion of 32? through cut end of roots was most efficient,
Raq;d'activity in the paln was deﬁected aefter 8, 12 and 18 hr:
of epplication through stem, leaf axil end growing root tip
respectively, ' '

In order to evaluate the efficiency of differont sources
of phoenkatic fertilizers(Ray, Minen end Dwivedi,1977)
applied four phosnhatic fertilizers, namnely gingle super- .
poosvhate, roeck phoephate, nitrophosphates and ammoniunm
dihydrogen orthopaocsphate tagged with 32? in sandy loan soil
under fiecld oconditions, Rock phosphate was found to be
superior to other phosthatic sources for this type of soil.

{

BIOCZZMICAL T3ST TO DETZCT T=3 DISEsSE

4tteupts have been in progress to develop a suitable
test for the diagnosis of the digease. Thomas Joseph end
Shenta(1963), Zolmes, Lal anc Shanta(1965), Padna,
Summanwar and .Chandra(1973), Solomon, Sasikala and Shemta
(1976) have reported treir atteopts on this aspect. But, all
of the testo deveoloped by these workers are time conguning
and reported to involve sophigticated équipmente, Dwivedi
et 2al(1977) worked on this linec and Gevaeloped a rapid
blochexmicel test to ceteot the %1 seasec. fEB\Eolvent/extractant
used in thie test, was 0.3 M EDTA, whiok is kndan to extraot
biologically active organic substanoeq/pigments c&gbtgtutedin
certain secondary gnd miercautrients by the precess of
chelation. The spindle and root extract of diseascd palas
shoved yellowish light trown and dark brown colour regpecti-
vely. Cn the occntrary in healthy palmus the spindle and rodot.
exiract cxhibited ycllowish brown and browrn colour respecoti-
vely., Then transmittance ratio of root/spindle was worked
cut, it was found i to be 1.86, 4.19 and -§5.01 respectively for
healthy, carly discasecd and discase edvanced palas respecti-
vely. Though this test was found to be sinple md quick,
i1t did not hold good in all the cases tested. Only in about
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Attggpts are, therefore, under
way to modify this test and makc/more sound.

75% cases it was found truc.

ATTEMPTS ON CZEMICAL CONTROL

Scveral attempts were made to control the discase with
chemicals(llair and Radha;1959, John, Channy end Varghese,
1959; Rajepvan, Varghese and Sankaranarayanan,1959; Davis
and Pillai, 1966; Sahasranana®®, Radha and Tandalal ;1967 and
Lal; Radka and Skanta,1970). Although temporary improvement
in the condition of palms and increasc in yield were noticed
in some of the chemical trcatments, none of them was found
" effective in curing or controlling discasq. 4 recent
oxperiment conducted by Dwivedi, Sumathykufty Amma, Chacko
Mathew and Ray;1980 has shown that ascorbio acid, certain
phenols and m{cronutrients have good effect in cheokjng
¢iscasc symptoms. Thesc chemicals, espcclally ascorbic~ag;d
not only dié recucc Cisease symptons draétically but also
improved the yield of the diseased nalns significantly.

4 more claboratc experiment, started recently in the faraers'
ficlds, is expected to give further 1nfofﬁat§gn on the
ourative cffects of thesc chemicals undor farmdrg' field
conditions. ‘ ™

N
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