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The usa of Plain Bordeaux Mixture for the successful
control of fruit rot ( Mahali) of Arecanuts caused by
Phytophthora Arecae (P. Palmivora)
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Introduction. In a previous paper Thomas and Marudara;rm (1938)
discussed the importance of the fruit rot (mahali) of arecanuts in the
Malabar and South Canara districts of the Madras Provinee and the steps
that led to the initiation of field experiments to assess the relative values
of different spreaders and stickers then in vogue. The experiments
conducted in. 1937—38 and recorded in that paper showed that plain
Bordeaux mixture prepared by the addition of dilute copper sulphate
solution to the milk of lime withoutusing any adhesive was as effective
in controlling the disease as Bordeaux mixture to which adhesives were
added and that the use of resin as an adhesive to Bordeaux mixture made
the mixture less effective than the others. These results were very
important because they showed the possibilities for breaking an
established practice of using resin Bordeaux mixture for makali control
which owing to its prolonged usage through three decades had acquired a
wide papuiulty among the cultivators.

The finding that s.dheswea which were invariably a source of
additional expenditure and labour were unnecessary was of far-reaching.
importance to the areca growers in the mahali infected tract. Considering
the impbrt&hce-uf the problem, the experiments were continued up to
1941—42 to establish beyond all doubt the findings of 1937—38 experiments
regarding plain Bordeaux mixtire, so that, the change over from an age
long practice may be safely and easily effected among the eultivators,

The experiments were repeated in 1938—39 and in 1939—40 in
Vittal village of Puttur taluk of the South Kanara distriet. These two
years, however, proved to be very unfavourable for the spread of
Phytophthore infection with the result that the experiment had to. be
abandoned by the month of September for lack of sufficient infection in
the unsprayed controls.

With the experience of two disappointing scasons, the venue™ of
the experiments was changed from Vittal to Mundaje, a village sitnated
in the malnad of Puttur taluk, where the discase had been consistently
reported to have ‘been causing sgerious damage. The rainfall in this area
ranges from Eﬂﬂ inches. to 240 inches per year. During the monsoon
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months of June, July and Aungust the showers are heév:,r and almost
continuous providing ideal conditions for the spread of ihe I_'hEEﬂ.EEr
The results of the experiments condueted at Mundaje are rec-jrded m

this paper.

Objects. The Mundaje experiments were carried out mf,h the
following abmctﬂ in view: :

1. To test the efficacy of plain Bﬂrdea.ux mixture, i. e, BarGEaut
mixture without adhesive, in comparison with Bordeaux mu!mre to which
were added adhesives hitherto advocated by the Dep':.rtmant of Agriculture
for the control of malali disease. i

9. To find out whether one percent plain Bordeaux mixture, the
cost of preparation of which is only a third of that of two percent resin
Bordeaux mixture, would effectively control the diseass in heavy rainfall
areas like Mundaje where the annual rainfall exceeds 200 inchesg, &nd the
number of sprayings which will result in ﬂptl[ﬁ‘ilm efficiency..

3. To compare the efficacy of the Jei method of Epra:ying which is
in vogue in certain parts of the South Canara district with the fine spray.
In Malabar, Mysore and other areca growing areas the fine spray is
nsually adopted. The climbers reach the very top of the areca palm and
pull towards them the neighbouring bunches with a bamboo hook and
direct the fine spray to cover the entire bunch with the Bordeaux mixture,
But in some paris of the South Canara district, especially in places where,
owing to close planting, the stem of the areca palm does not attain its
maximum girth and strength, there are risks involved in acecidents due to
breaking of the trunks. In such places it is' customary to use the jet
method of spraying wherein the climber gets up to about half or three
fourths the height of the trec and directs a jet of Bordeaux mixture to
the bunches all round. '

Experimental methods. In May 1940 three gardens in different
paﬁa of Mundaje village were chosen for the experiments. In.two of
these gardens viz., Anailellu (Garden A), and Theppathagundi (Garden B)
165 trecs were selccted in each and in the third garden Kapinabagalu
(Garden C) 110 trees werc selected. Ideal gardens with trees planted in
lines and of uniform age and growth were not available -in this tract:
hence irces of roughly the same height were chosen. These Eﬁlmted
groups of trces were divided into a number of linear blocks and the
trees wero numbered serially from one end.  Individual frees were taken
a8 units for treatments. TFifteen trees were taken for each treatment. in
Garden A and Garden B and ten trces in Garden C. = Groups of
‘cleven trees weore marked from one end and the alaven treatments
detailed below were randomised so that-in-each of thcsa groups all the
treatments  including one control wem u’ht-mnﬁd Thus, the lay.
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out-of the experlment was in randomised blocks, the groups serving as
b]ah].s The details of treatments for the expenmenta conducted in
19—1{}—4-.1 are given in Table 1,

TAELE 1,
Showing strengh of fungicides and adhesives 1940—41 Experiments.
Treatment - 7 Fungicides Adhesive used per II‘JB
Mumber,  First Second gallons of mixture.-
EPray. Epray.
T—1 .29 B. M. 2% B. M., Resin 8 1h,
T—2 - do. do, Resin 4 1b.
T—3 do. do. Resin 2 1b,
T—4 do. do. Cnsein 2 1b.
T—5 do. do Niget oil BD oz.
T—6 do. do Miger oil 80 oz, Jel spray
e do. do, No adhesive,
T—8 % B. M. do. Resin 8 Ib.
T—9 do. _ do. Casein 2 |b,
T-10 " de, dao, Niger oil 80 oz,
T-11 ° Control (unsprayed.) do. -

In the following year (1941—42) the experiment was slightly
modified and laid out in Garden B and Garden D (Bathrabail) of Mundaje
village. The important modification effected was the inclusion of one
percent plain Bordeaux mixture. The resin mixtures were omitted.
The effect of three sprays as against two sprays was studied. Mixtures of
weaker strength (19 mixtures) were included for trial in the monsoon also.
The method adopted for the selectivn of trees and the lay out was on the
same lines as in the previous year (1940—41). TIn Garden B 260 trees
were selected and in Garden I, 65 trees. The treatments numbered
thirteen as detailed below. There were thus twenty trees under each
treatment in Garden B and five frees in Garden D). The details of
treatments for the experimente conducted in 1941—d42 are given in
Table 2.

. TABLE IL
Showing strength of funpgicides and adhesives 1941 —42 Experiments.
Treatment . Fungicides Adhesive used per 100

Number. First Second Third gallons of mixtuie,

. spray spray Cpray
T 29 B.M. 2% B. M. Cueein 2 b,
T—3 125 B. M. do. i do.
T—3 do. 1% B. M. do.
T—4 do. do. 1% B, M. do.
T—5 2%, B. M. 2%, B. M. Niger oil 80 oz,
T—6 1% B.M. do. o:
T-""F dﬂ‘i I‘?‘J{l Bl Ml Fur - dﬂ,
T—8 do. do. 1% B, M. do.
']",._..g z% .B, M. I?L E Mt e Nﬂ hdhﬂﬁil—'t.
T=10 1% B. M. d do.
T-11 da. ﬂ M. do.
T-12 1% B, M. da.

T-13

de.
Conirol (umprn}-cd )
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The pre.monsoon spraying in 1940—41 experiments was commenced:
on the 28th May 1940 and completed on the gnd Juga._:'_’fl._‘_h? ':!Jiqnaa_ﬂn.
gpraying which was commenced on the 12th July 1940, about six weeks
from the time of the first spraying, could not be completed ti_]fl_ the 31at
July on account of the unprccedentedly heavy rains which pre_vﬂntcd
spraying operations. In the subsequent year (1941—42) the pre.
monsoon spraying of both the experimental plots (Gardens B and C)
was conducted on the lst and 2nd June and the second: spraying
between the l4th and 19th July, about six wecks after the: first
spraying. The third spraying for the series with three.spray treatment
was given between the st and 3rd September, about six weeks later than
the second spraying.

Observations. In all the experiments observations were recorded in
the following manner. Weekly counts of nutfall were recorded from the
time of the first appearance of disease till harvest for each individual
experimental tree in all the plots and classified as nutfall due to
Phytophthora infection and nutfall due to other causes. The degree of
infection was expressed as percentage of nutfall on the total number of
nuts comprising ripe fruit and diseased nut and nuts shedding due to
physiological and other causes.

The first signs of the disease in 1940—41 were noted in the st
week of July 1940 in Garden C and in the last week of July in Gardens
A and B. In 1941—42, the first signs of the disease were noted during
the second week of July 1941 in Garden B and as late as in the second
week of September in Garden D, TFor want of sufficient spread of natural
infection, the Garden D experiment was abandoned during the progress of
the experiment, In Garden B where there was wide-spread natural
infection observations were recorded till harvest, '

The amounts of rainfall recorded during the two years of
experiments at Mundaje are given in Table 3.

TABLE III,
Showing record of rainfall in Mundaje from June 1940 to May 1942,

Rainfall in inch:s_._
- 1940—41. 1941—42,

&
L

fune 44'51 - 5136

July .o - - 7864 49'86
Augunt 56'79 5596
September to May 5208 ) 41°77

Total for 12 months. . B '-'23_3.'12 | : 193'95
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Results; - Tho results of these experiments and their statistical
:;pa.lys&a.’are' furnished below.

1. 194#——5!1 ex pertmmm — @arden. A. The lay out of the
3xper1meut- was in randomised block. Fifteen trees were made available
for.each of the eleven treatments including the control. The summery of
the results is given in Table 4.

TABLE IV.

Showing summary of results — Garden A (1940—41,)

-

Treatment -

L _Fun_g_icideu Adhesive per Mean percentage of
Number, Firat Second 100 gallons. infection,
Epray spray -
T—1" 2% B.M. 2% B.M. Resin 8 Ib. Nil.
T—2 . -~ do. do, Resin 4 Ib, . Nil.
T—3  de. do. Resin 2 1b. 07
T—4 do. do, Cascin 2 1b. Nil,
T—5 do. do. Niger o1l 80 oz. Mil.
T—6 - do. ' d‘o. do. Jet sprey. 14
T—7 " de. ~ do. _ No sdhesive. . Nil
T—8 1% B.M. 2% B. M.  Resin 8 Ib. Nil
T—9 . do, " do. Canein 2 b, 1’1
T-10 do, do.  Niger oil 80 oz, . Nil.
T-11 Control (unsproyed) 608
Standard Error 30
Critical difference = - T 844
*~ Significant s wee o Yee.

Conclusion. T'1 TE Td_.T_r, T-,- Ts Tlﬂ Ts TE} Tﬂ T1]

The analysis of variance was used to see whether or not there
existed any treatment effect on percentage of infection. Testing the ratio
of variance it was found that the treatment effect as a whole was highly
significant. There was also no. group to group variation, The critical
difference showed that all the freatments were better than the control and
that between the different treatments the variation was not significant, so
far as the intensity of infection was concerned.

9, 1920—41 experiment — Garden B. In this experiment also
fifteen trees were taken for each of the cleven treatmenis. The lay ont
wase similar and the stattstmnl analysis of the data worked out on the
game lines as for Garden A, The summary of the results is uiven in

Table b,
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TABLE V.

Showing summary of resulte - Garden B tlﬂdﬂnr—*dl}

Treatment Fungicides, Adherive per " Mean percentage of
Number. First Second 100 gallons. infection,:
spray spray - - : ca ;
T—1 2% B. M. 2% B. M. “Resin 8 Ib. . Nil
T—2 " doe. do. Resin 4 lb. L 50 -
T—3 do, da, Resin 2 b, .. Nl
T—4 do, dao. Casein 2 lb. ~ Nil
T—5 do. do. riger oil B0 oz Mil
T—6 do. do. do. Jet spray Nil
T—7 do. do. No adhesive. MNil
T—8 1% B. M. 2% B. M. Resin B0 1b. - Nil
T—02 do., o, Casein . 2 1b: 55
T=10 do. dao. Niger ail 80 oz, - 36
T-11 Cotrol (unsprayed) 50'3
Standard Error : o - 38
Critical difference 1053
Significant Yes

Cn_ﬂc-iusiuﬂ. T:L T:‘_l Te ‘1‘5 Ta T-r Ta Tlt} -';l?a ’.II'2 T.-’-I

The analysis of the fizures showed exactly the same ﬂcnc]uéi_am as
arrived at in Garden A experiment viz., that all the treatments were
better than the control and that between the different sprayings the

variation was not significant in the intensity of infection. .

3, 1940—41 experiments- Garden C.
each of the eleven treatments.

Ten trees were taken for

A summary of the results and the
statistical analysis are furnished in Table 6.

TABLE V1.
Showing summary of results ~ Garden C'(1940—41.) .
Treatment Fungicides A.dlmaiv: per Mean ﬁcrcnntagé of
Number First Second 100 gallons infection.
spray spray .
T—I 2% B. M. 2% B. M. Resin - B1b, 15'9
T—2 do. do, Resin . 4 1b. 77
T—3 do. do. Reein -~ 91k, 91
T—4 do. do. Casein 2 1b. 106
T—5" do, do, Nigerzoil 80 oz.. 211
T—6 do. do. do. Jet epray 13
T—7 do. do. Mo adhesive 24
T—8 1% B.M. 2% B. M. Resin = 81b. 32:7
T—9 do. do. Casein 2 1b. 209
T-10 de. de. . Miger oil. 80 oz, Nil
T-11 Control (unsprayed) . 80
Stendard Error as 64
Critical difference - 2371
Significant . Yes
Eunqhislnn. T,oL; T, ES T, T T,T T T T,
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The results of the analysis sliowed the same conclusions as in
Gnrdens A and B ex ccept in'the case of T-8 (one percent resin’ Bordeaux
m‘::v:ture} whmh was s:gﬂlﬁcantly superior to the control but mfermr to all
t}tﬁer t.rea'l:ments

_ 4 Iﬂﬂ-fjﬁ experiments - Garden B. There were 260 trees under
the ex[:erlment. * The treatments as detailed earlier numbered thirteen.
Thme were ‘thus twenty trees under each treatment. The summary of
the. resulte are given in Table 7. '

TABLE VI,

Showing Summary of results — Garden B (1841—42))

Treatment Fuggicides Adhesive per Mean percentoge
Mumber First Second Third 100 gallens of mfcctmn
spray spray spray

T—1 = 2% B:M. 2% B. M. Casein 2 lbs. 272
T=2 - 1% B.M. do. do. 581

T—3 . do. 1% B.M. . .. do. - 492
T—4 do. "do. 1% BM. - do. 786
T—5 . 2% B.M. .2% B.M.- . Niger oil 80 oz. 412

S T—6_ 1% B.M. do. do. 6700
T—7 ' - do. 1% B. M. do. 17°32
‘T8 do. de. 1% B.M. do. 6°94
T—9 .~ 2% B.M. 2% B. M, w.  No adhesive 0°93
T=10 1% B.M.. do. e do. 479
T-11 ~  de. 1% B. M. do. 3'87
"T-12 .. do, do. 1% B.M. do. 9'57
T-13 Contral (un sprayed) s 38-59

. Standard Error it bos e 43

- Critical difference e _ e ee 1193
Significant ' e e i i Yes.

Conclusion. T T, T . L. T o I, T, T T T T T,

___.

- From the analysis of the data it was found that the treatment
effect as o whole was highly significant. and that there was ne group
to group variation.

Discussion. As a result of the analysis of the datn obfained from
the three Ex]']l“llmentﬂ conducted in 1840—41 the following conclugions
are ewdnm; -

; "_I'hta control shows the heaviesi infection.

,".}ﬁp_l_l-i.he:, spray treatments @qutive!ir oountrol the disoase.
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3. .lh-: e B9 bo sipnifieant differencs hetween the- apy iy tfeatudernts
axeept in the Garden O experiment where one g srecnt resin I-'sm.LInmﬁ
mixture i significantly lese effcotive than the olhidr ttcntmg i,,a; _

These findings are of extreme ceonomic nportance, pﬂrti{;ﬂinr}y .?:;-ﬁ{.h
veqeard Lo the plain Bordenux mixture, beeause the uge of ﬁlﬁiﬁ-—]ﬂnrdunﬁm
mixture effects a congiderable saving in the cost of ehewieals and dabotr,

The Jit method of spraying which lws been r:o':r:-pé,réf:?i with: the fine
aprieyy in the case of oil Dordeausx mixture shows that it.is r,qtm!lv
eficelivo in so far as disease conirvol id concerned,  But, n,l{-,imuarh i s
coneeded that the use of Jet in spraying ope rations has.some practical
vilue in the mulnad arens from the point of view of the- chmhars I‘Ihk%,
it is to be noted, however, that it is highly ureconomical. '-ppgm]}h the
possibiliticg of Bordeavx injury to the trees cannot be ﬁverloﬂﬁﬂd when
|rhl;;‘0 guantities of the mixturc are allowed to flow down the trunkq by
using the Jel. -

The Garden B experiment of 1041—42 in ur}ﬂiifia_n' to proving ihe
findinga of the previous year shows the following conclugions,

1. There is no significant dLﬁereuce within the spray treatments
excopt T-7 (two sprays with one percent oil Bordeaux mixture).

2. The results of {wo sprays are not mgmﬁieﬂntl}' different,
from those of three sprays; hence two sprays are enongh to control
the disecase. . ' |

d, Spraying with one percent Bordeaux mizture excepting one
perecent oil Bordeanx mixture is not significantly {hfferent 'fmm two
percent Bordeanx mixture.

4, Tlain Bordeaux mixture both one percent and two percent
are not signifieantly less eficctive than the Eﬂ]‘respﬂnd]uﬂ gﬁrenrrt,hs of the
mixture with adhesives. :

The above results confirm those obtained in 1937—38 1egardulg the
unassailable position of plain Bordeaux mixture and that no adhiesives
of amy kind are necessary for effective control . of- _the disoase even under
conditions of heavy rainfall. In addition, it has also been proved fhat
ong pereent Bordeanx mixture is quite efficient and i i5 in no wnv inferior
to the two percent mixture with or wﬂ;lmut ﬂdhesn*aﬂ., .

Economics of Spraying. Tt will be seen {rom tha results of the
experiments eondueted botween 1937 and 1942 that the old assumption that
BOME qp: ay adhesive like resin or casein’ is muﬁsnry m places of heavy
rainfall is ncutl cﬂrract It Wmﬂd &ppﬂm‘ that the l‘m‘l;-ura] -adhesiveness of
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Burﬁemux m_l_t'hure was thought insufficient to withstand the heavy rains.
The var_',r ‘first experiment conducted in 1937—38 showed that two percent
plain Bordeaux mixture was.quite as efficient as Bordeaux mixture of the
same strerigth. with adhesive. ' The BuhSEquEnt trial of the same mixture
in a heavier rainfall area like Mundaje conclusively established its worth.
[t was.thns clear that the cost of spraying could be considerably reduced
h"-" -effeoting .a saving in the expenditure on adhesives and the labour
mvulv&d in their preparation. In the experiments conducted in 1941—42
one parcent plain - Bordeaux mixture was included- both for the
pr&mnnsnun and monsoon sprayings in order to compare its efficacy with
the two parcﬁnt. mixture. Very -interesting results were obtained from
this: e:pemment - Two sprays with one percent plain Bordeaux mixture
ranked equal in efficiency. with two sprays with two percent mixture.
In addltmn, it was also proved that two sprays with one percent plain
Bclrdeau}: mixture were enough to control the disecase and that three
sprays were unnecessary even in places of heavy rainfall. Table 8 gives
the comparative costs of the treatments tried.

TABLE VIIL

Showing comparative costs of spray treatmente,

. . Two per cent - One per cent
T::'.E Nature of Chemicala P];t:?:' mixture mixture,
8 g mixture. equired Quantity. Cost. Quantity . Cost.

Rs.ae.ps. Ib. oz Re as.ps. lb. oz Re, as.ps.

I. Resin B. M. Copper sulphate 0—6—6 25 - 0 10—2—6 12 8 5— I—6
' . Quick lime ... 0—0—6 25 (1} 0—i12—6 " 12 B 0-—6-3
Resin e 0=5-0 10 O 53— 2—0 10 0 3— 20

Scda 'ee 0—=3—0 5 O 0—15—0 5 0 0—I5-0

Total Ra. 15—0—0 9— B—06

2. .Casein Bl.h'i. Copper sulphate 0—6—6 25 0 W0—2—-6 |2 g 5— |—6
Quick lime ~ ... 0—0—6 25 0 .0-12—6 12 8 0—56—3

. Cnaein een Q=H=0 2 8 0—15-0 2 8 0-15-=D

T-::ta!._ Rs. [ l—14— b— 6—9°

3. Oil'B. M. Copper sulphate 0—6—6 '25 0 (0—2-6 2 8§ 5- 16
r Quick me© .., 0—=0—=6 25 0 0—12=6 12 8 0—6—3

Niger oil e 0=4—0 6 4 l— 9=0 6 4 j—9—0

Total Re. _ 12— 8—0 7— 0-9

4. Plain B, M. Cepper sulphate 0—6—6 25 0 M—=2-5 12 8 5—1-6
: o Quick lime ... 0-0-6 25 0 0—12-06,_ 12 8 0—6—3

Total Ra.: : 0=15-0 5— 79
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T{ will boseen from the wbove statement let ‘rlm tmst f.sf r‘}mf-
purcent plnm Bordeaux mixture is about only one Uurrl of the: GGHL nf l';.*.fﬂ
pureent vesin Bordeanx mixture whieh was in vogue in tiuﬁ "\TuLﬁlmr {mr’f
Sonth Canarn distriets prior to the incoption of these experiments.

Summary.

The use of plain Bordeaux mixture without any adhesive for the
control of mahali digease of arccannts was studied. The resulis of the
experiments  showed that one percent Bordeaux -mixture without
adhesives for both the pre-monsoon. and monsoon :;pm-._rmi_, APAR By
officiont as the {wo percent misture with or without adhggwp;
A comparison between the results of two sprays and thrée sprays  with
onc percent plain Bordeaux mixture showed that two spra_ﬁ were 'qu-'it'c .
enough for the control of the disease and that fhree Sprays were
nnneeessary,  The cost of the ehemicals has been reduced h}r about two-
thirds by substituting one percent plain Bordeaux mixture fcu the twa

percent resin Bordeaux mixture.
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