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A ‘2" CONFOUNDED DESIGN’ FOR A MANURIAL
EXPERIMENT ON COCONUT

: By . A. DAVIS
Indian Statistical Institute

SUMMARY. A mioronubriont-manurial oxporimont on a factorial ‘27 confounded design’ was
startod in 1063 on a 8-hoctaro coconut plantation at tho Central Coconut Rescarch® Station, Kayangu-
lam, Kerala State as an attempt to control the Root (wilt) diseaso affecting tho palms. Tho micro-nutrients
tried were Boron, Copper, Manganeso, Iron, Molybdenum, Zine, as well as Magnesium. Data on tho fruit-
yield and other morphological characters were recorded on the 334 experimental palms from tho inception
of the experiment, The fruit-yioeld data alone upto and inclusive of 1960 wero considered for tho Aua.
lysis of Covariance and the results i'oported. Aftor 1960, the micro-nutrients wero administered directly
into tho palms in liquid form by a different method.

Rosults of analysis havo revealed that tho healthy palms did not show any significant responso to
tho application of any of tho mivro-nutrionts. But pubinain tho onrly atngo of the Root (will) dimenno ren.
pondod fuvourably to tho troatmont combinusion of Boron and Iron. Howovoer, when npplied alone or in
combination with Qoppor, Iron doproasod Lho nut-yield in this oatogory of pulma signifienntly.  Soverely
disoased palms responded very favourably with Magnosium and Molybdenum when applicd individunlly.

1. INTRODUOTION

Tho Root (wilt) is tho most sorious disonso of the coconut palm in Indin affoct-
ing over ton per cent of the coconuts in Korala which is roughly about sevon per cont
‘of the crop (0.64 million hoctares) grown throughout India, and is rosponsiblo for an
annual loss of over ten million rupees. The disease appears to be very complex in
nature although indications of its viral nature are becoming more clear (Menon, 1951,
1961; Menon and Nair, 1961; Menon and Shanta, 1962; Nagaraj and Menon, 1965,
1956; Nagaraj et al, 1954; Radha and Menon, 1954; Shanta and Menon, 1960; Shanta
et al, 1960). On account of its unknown origin, the Root (wilt) disease may be com-
pared with similar major diseases of the coconut in other countries such as the Lothal
Yollowing (or the Unknown Diseaso) in Contral America and Jamaica; Kainecope
diseaso of Togoland; Bronze Leaf Wilt of British Guiana, West Indies and Nigeria,
and the Cadang-Cadang of the Philippines. The Coconut Withering Discase making
its carly manifestation in two provinces of Coylon may also fall undor the above
category.
: 2. HISTORY OF THE EXPERIMENT

At the Contral Coconut Rosearch Station, Kayangulam (South India) whero
the Root (wilt) disease of tho coconut is boing investigated, tho cffect of cortuin micro-
nutrients in curing the disease or preventing healthy palms from contacting the disease
is being investigated. An experiment with six micro-nutrients : Boron (B), Copper
(6), Mangancso (D), Iron (E), Molybdenum (F), Zine (G) and also Mngnesium (A)
is in progress at this research centro from 1953.

Theo design of the experiment chosen is ‘27 confounded design’. Thero aro 384
trecs included in tho experiment which aro spread over a 8-hectare plantation along
with several other coconut palms which are regarded as controls. All the palms received
uniform macro-nutrients (Nitrogen, Phosphorus and Potash). Of the experimental
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palms, a third (128) woro apparently healthy at tho beginning of the oxpori-
mont, wnothor 128 palms woro modoratoly disoused, and tho remaining 128 palms
showod sovere disesso symptoms. Most of the severely diseased palms included in
the experiment were producing some fruits (nuts) and/or flower-bunches evon in 1960,
and their condition at the time of sclection was prosumably within the scope of recovery.
The yearly mean numbors of nuts produced by the troes of the throe categories during
the pre-treatment period were : healthy palms 45.97 nuts, palms showing early stago

of disease 27.08 nuts, and those showing severo disease symptoms 18.756 nuts. Figure
1 explains this further.
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Blocks and plots : There are 16 blocks under cach catogory making o total of
48 blocks (vide Tables 2-4). Each block was divided into 8 plots (palms). Threo
blocks (one representing each category) comprising 24 palms may be regarded as one
major block, and the trees of a major block are distributed moro or loss in ono region.
The 8-hecturo oxperimental plantation consists of threo almost contiguous ficlds as
shown in Fig. 2. Tield number one accommodated 3 major blocks comprising the
first 24 healthy palms, 24 palms in early stage and 24 palms in late stage of disense.

FIELD -2 FIELD -¢
Sttt e N 4-8 -3
FIELD -3 THE THREE EXPERIMENTAL FIELDS [}
9-16 WITH NUMBERS OF MAJOR BLOCKS
INDICATED IN EACH.
( PLAN NOT TO SCALE)

Fig. 2
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Fivo major blocks were distributed in field two

, and the rcmainiilg 8 weroe distributed
in field three. T

hus, the 48 blocks comprising the 384 plots do not form one composito
population. Though the division of blocks within & field was arbitrary, differences

between fields, and thus between blocks, wero suspected on cort

ain grounds such as
the

age and variety of palms, soil conditions, level of water table otc. In view of
this, a confounding design was decided upon which is expected to eliminate the block-to-
block variation and thereby oliminate tho variation botween fiolds.

The main treatments dnd all possible combinations (bwo to soven) amount to
128 (inclusive of one no-treatment), and a partioular troatment was made on a sot of
three palms (plots) of which ono is healthy, another with modorate diseaso and tho
third with severe discase. Securing very uniform experimental palms of the samo age
in large numbers was a difficult problem. Importance was, thercfore, given to (1)
the uniformity of the condition of the palms (healthy or diseased) under each category,
and (2) the spacing between them (as far from each other as possible) so that the
nutrients applied to a tree wore least absorbed by the neighbouring palms. Evon if
the palms were planted with the maximum recommended spacing of 10m, thero is
bound to be reot compotition between palms since many roots of adult palms measure
over 20 meters in length. Accordingly, sufficient consideration could not be given

to the age of the palms, and they were from 15 to G5 years in 1953 as recorded in
Tables 2-4.

Table 1 gives details on the form and quantity of the manurial salts used and
the calculated amounts of micro-nutrient elements contained in them.
wero applied in powdor form in shallow husin tronches (dinmetor 2 motres) takon around
the buse of the stem and covered with « thin laycr of s0il.  The application was mado
in Scptember every year when tho hoavy South-West monsoon was just over. The
oxperimental palms as woll as tho non-oxperimental oncs standing in tho oxporimontal
ficlds rocoived a basal nutriont dose of 0.34 kg nitrogen as groundnut cake, 0.34 kg
phosphoric acid as bonemoal and 0.68 kg of potash as murato of potash (KCl) per troo
por ycar. The pH of tho soil was gencrally acidic, becoming strongly acidic during

These salts

TABLE 1. TREATMENTS AND DOSES OF INDIVIDUAL MICRONUTRIENTS

doso por  guantity of micro-

symbol salts applivd treo por nutriont olomont
¢ ‘ year (gm) prosont in tho doso
(gm)
A Magnosium Sulphate (MgS0,.7H,0) 454 45.4 (Magnosium)
! B Borax (Na,;B,0,.10H,0) 227 26.9 (Boron)
C Copper Sulphate (CuS0,.51{;0) . 227 68.1 (Coppor)
D Manganeso Sulphate (MnSO,.4H,0) 227 65.8 (Manganoso)
B Forrous Sulphato (FoS0,.7H,0) 227 45.4 (Iron)
K Ammonivin Molybduto (N )gMoa0a,.41150 2 1.0 (MolybLdoenin)
G Zino Sulphato (ZnSO,.7TH,0) 227 61.3 (Zine)
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monsoon, and to ameliorate this condition, about 100 kg of slaked lime per acro was
spread over the soil and warked in with hand spades. In addition, a green-manure
crop of sunn hemp was raised every year in these fields and at the proper time the

entire plants were ploughed into the soil in situ. The first application of the micro-
nutrients was made in September 1953.

3. (BSERVATIONS RECORDED

Data on the production of nuts as well as fomale flowors were availablo on theso
oxperimental palms from 1949 onwards. In addition, data on the emergence and
shodding of loaves, oponing of spathes, monsuroments of loaves and loaflots as well
as the numbors of leaflots, femalo flowers, nuts shed promaturcly and those harvested
as ripe ones, appearance and progress of discase symptoms as well as incidence of major
pests were collected on these palms periodically from 1953. Colour sketches depicting

the condition of their crowns were propared at the timoe of first application of thoe micro-
nutrients for later comparison.

In this paper data on the fruit-yield alone are considered, and that too, for a
period upto and inclusive of 1960. After 1960, the mioro-nutrionts were administered
directly into the palnr as solution by a root-injection method (Davis et al, 1954) instead
of applying them in the soil around the stem. The fruits produced by a palm have to
bo regarded as the ultimate criterion of the palm’s responsc to a treatment, sinco tho
experiment was running for a fairly long period and since a great majority of the
palms were in the productive stage. The author was in charge of this manurial experi- .

mont from its incoption until 1960, and henee, the data rolating to this poriod alonoaro
considered in this paper.

4. PRESENTATION OF DATA

Tho fruit-yickl dutn relating to tho 384 palms for a 12-year period (1949-1960)
aro tabulated in Tables 2 to 4. This period has beon split into a 6-yoar pre-troatment
period and a G-year post-treatment period. Sinco the first annual application of micro-
nutricnts was made in 1963, normally the years 1953 and 1954 should have been in-
cluded under the post-treatment period. But the coconut palm is unique in effectively
showing the benefit or adverse effect of a manurial treatment only after two years.
A flower-primordium, which is most sensitive to a treatment, matures into a nut after
about two years although during this two-ycar period a slight effect duc to a higher

or lower setting or shedding of the already developed flowers and young fruits may be
noticeable.

Throe palms gavo no nuts at all during the 12 year and thoy were all discased
(latestage). 'Three healthy and three diseased palms died through lightning and discasc
hotwoon 1966 and 1969.  For theso trcos tho yield avorages wore based on tho Yyiolds
for tho yours bofore their doaths. Tho nuts woro harvestod 8 timos ocvery yonr, and

partial yields in the year when a tree died wero omitted. A fow other treos only
started producing fruits after 1949,
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TABLE 2. EFFECT OF MICRO-NUTRIENTS ON THE FRUI'T YIELD O
COCONUT PALNMS: HEALTIHY LPALMS

pro-trontmont yiokl post-Lrentmont. yiold

plot troo  ago spiral  trentmont -~ T e—e Ll : - -
no. no. (1963) 1049 1960 1961 1962 1053 1064 1066 1068 1067 1068 1069 1900

68 40 L A 30 46 11 63 12 85 14 89 b 08 45 85

65 40 R ABCDF 16 19 16 20 13 12 12 8 Jd0 13 13 a8

120 56 R ABCra 02 42 406 70 6v 61 gy 6 47 48 gy

1 104 66 L ADkrG 108 81 61 121 60 §17 g1 66 60 80 74 63

75 66 L BDE G0 77 74 82 74 97 g9 L 76 67 72 gy

79 66 R Bra 41 14 19 24 38 32 9y 25 21 7 ] ¢

04 46 R CBEI 61 66 60 G0 64 84 0 70 61 671 717 ¢

164 46 L c¢bag 88 100 02 120 107 114 104 12¢ 116 13 132 9y

' 36 46 R B 62 67 00 45 91 g4 67 67 104 17 112 3¢

10 40 R ADE 70 46 43 66 o 47 49 67 62 66 5t g5

115 11)] R A¥G 64 38 63 57 43 71 62 43 66 36 32 g

62 40 L cBa S 38 1T 43 30 35 5y gh 38 43 4 67 49

2 33 46 R Cur 66 71 20 w4 G4 116 9g 141 $ 134 38 121

563 46 R ABCEF 36 65 32 82 53 g0 650 18 61 34 35 @7

63 40 L ABCDLG 27 74 13 94 44 @3 103 36 690 82 g7 gy

78 60 L BbEFG 80 63 66 70 63 80 74 6L 70 3y 70 57

66 46 R AB 67 46 62 o062 82 81 84 4 63 68 18 o

46 45 R D 17 63 32 70 80 w6 70 DL 83 62 40 180

81 66 R’ ra 66 40 44 13 6o 13 4a 2 66 1 61 57

48 46 R AcCLlQ 6 66 83 656 107 P8 100 89 109 66 12 71

3 87 60 L ACDF 8l G0 64 80 78 87 179 62 74 30 117 ¢2

31 40 R BCDG 48 G4 60 76 65 93 ¢3 97 72 18 70 8y

42 60 L BCEF 66 47 63 61 66 60 gg 69 68 76 71 ¢3

3 30 L ABDEFG 22 22 27 2 20 42 5o 40 02 14 B8t 45

116 40 R C 11 66 27 64 11 25 71 3 66 61 6o 72

48 25 R ADG nil 14 46 20 24 33 104 60 80 g2 g5y op

96 66 R AErF 78 63 B4 G 64 9p 79 369 67 67 100

138 20 R BbhF nil  nil il ¢ 20 82 14 78 29 Rl (31 B

4 89 60 R By ™74 67 88 116 111 105 88 83 01 93 1y

83 26 R ABCDE 1 4 10 10 . 1127 33 31 17 39 61

114 25 R ABCFaG nil  nil il 7 7 26 25 41 29 6 15 23

129 50 R CDEFG 43 64 40 36 25 8o 61 69 63 63 o5 48

46 40 R AG b 62 18 20 34 43 g3 68 42 1 62 1

160 60 L By ' GL 64 40 064 32 g2 40 41 17 61 17 48

149 46 R CD 98 nil 86 85 il 64 75 81 63 68 73 g8

5 99 65 R ABCE 38 67 34 66 74 g4 63 73 651 B0 20 98

118 45 R ADEF . 18 49 30 31 59 85 gy 82 63 37 62 g

91 65 R  BDEG 37 63 32 01 46 62 &9 48 80 61 40 102

133 60 L CEFaG 68 40 57 49 53 73 78 67 72 49 59 ¢4

00 65 R ABCDra 34 456 60 44 47 48 17 73 63 68 52 47

270 60 R D 42 306 96 66 57 114 48 92 77 63 81 59

251 50 L ABE 3020 11 63 20 47 37 41 43 61 21 ¢y

232 60 L BCF 99 42 48 52 64 94 44 101 65 671 18 175

6 322 65 L Aca 01 72 84 98 118 111 115 117 99 127 120 108

279 45 L EFG 33 47 49 51 58 g6 o7 73 G0 55 78 5§

254 650 L ABDFG 76 81 69 65 87 95 g9 8 102 94 82 118

274 50 R ACDEF 23 77 36 76 65 104 g2 8 68 57 77 65

265 50 L BCDEG 37 20 28 36 26 36 35 42 33 32 31 40

189 65 L 7 76 61 60 63 83 77 84 61 81 07 85

210 60 1. ABD 6 88 2] G0 71 60 o6+ T 44 81 67 138

303 60 L ACE 82 7 49 60 712 771 7 bt 62 66 76 @5

302 60 R BCG 34 44 34 46 26 41 37 6t 44 24 g0 o

295 36 R Dra 11 22 9 21 13 30 29 40 29 32 67 25

7 216 40 L ACDEG 2 14 12 23 15 31 93 326 60 49 ¢o

208 66 L ABEra 1743 21 13 41 g2 9q 67 T 60 45 81

200 30 L BCDEF 19 29 9 18 22 31 24 39 e 62 561 by

405 50 R AP . 12 44 28 16 28 79 28 30 ot 065 406 g7

330 45 R BG 9 12 114 8 23 31 24 40 33 37 42 6o

380 25 L CE nit nil nil 53 116 46 127 81 86 173 90 100

391 25 I. ABCD nil  nil nil 61 112 83 136 123 343 112 146 175

8 310 60 L BbEr 66 60 51 66 39 72 G 79 63 8y a6 74

. 416 60 . CbrFa 30 16 13 17 8 29 8 16 36 20 923 3¢

327 40 R ADEG 40 32 61 60 66 67 g 62 45 47 o062 54

354 36 L ABCEFG 4 36 22 24 31 21 79 42 719 36 R85 45

A-Mg; B-B; C-Cu; D-Mn; E-Fo; F-Mo; G.Zn. T
L-plam having loft-handed foliar spiral
R-palm having right-handed foliar spiral
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STABLE 2. EFFECT OF MICRO-NUTRIENTS ON THE FRUI'T YIELD OF
COCONUT TALMS: HHKALTIHY PALMS—contd,

_pro-trontimont yicld post-lrentmont. yield
plob L' ngo  wpird Lrontimont cee - Coee = -
no, no. (1963) LO4) 1960 1O61 1952 1963 1064 1066 1060 1O6T 0GR 106D (D00

408 40 L. ABE 82 61 31 28 48 68 47 43 63 20 Died
358 60 I. BD 45 48 50 44 43 66 68 78 67 61 49 61
178 6h R CF 8 21 17 28 11 34 206 38 32 25 53 18
260 45 R ABCG 33 19 25 28 17 22 24 G0 24 40 31 2%
9 288 65 L BEFG 44 49 39 34 30 31 36 44 33 38 36 31
421 45 L ADFG 46 64 30 64 36 79 22 110 10 8 31 58

404 60 R CDEG 61 32 29 36 37 36 39 28 22 17 Died
276 40 L ABCDEF 16 41 36 72 66 56 77 80 690 69 93 47
323 65 R AC 40 568 66 24 52 41 43 70 57 65 15 69
190 50 R DG . 62 68 38 64 62 6O 50 44 46 43 64 G5l
346 45 L EF 37 36 34 27 44 48 67 G5 40 G4 51 48
10 403 35 L BCFG 4 4 12 13 33 17 126 76 116 0C 142 102
191 60 L BCDE 66 68 71 456 70 68 72 ¢8 46 46 76 62
307 25 R ABDF 43 28 10 29 34 40 42 54 11 14 16 3
438 50 L ABEG 73 060 51 43 70 56 68 60 65 65 GO b4
344 40 R ACDEFG 30 74 00 32 )] 08 65 ho b4 a1 62 il
308 J0 R AD 13 66 36 nil nil 40 38 47 21 66 34 73
388 60 L CG 37 26 20 23 22 40 27 37 23 24 42 27
11 273 20 R BE 13 26 40 14 37 66 56 65 69 48 91 6l
249 25 R AIBCF nil nil  nil il 1 13 26 36 21 27 49 59
302 40 R CDEF 12 25 16 260 11 64 30 66 32 57 90 59
232 60 L ARKFQG )] 3 7 42 41 3t 63 63 43 45 20 21

240 60 R BDFG 66 62 35 24 60 20 37 11 Died

254 20 L ABCDEG 11 16 14 36 31 109 176 GO 107 67 109 174
289 36 L. BC 48 26 41 43 45 112 63 81 66 21 69 G4
299 36 R EG 17 36 h5 41 42 63 70 91 8 0 093 92
242 36 L D¥r 19 28 17 47 by 69 62 73 66 60 GO 72
12 292 (1)) L. ACDIE 32 36 20 46 456 63 64 61 44 60 36 21
291 45 R ACFG 37 63 56 27 68 101 36 109 56 G566 84 81
15 50 L ABEF 49 70 70 64 71 83 83 78 718 67 101 75
169 65 R ABDG 21 40 31 38 37 60 38 31 50 43 49 44
298 45 L BCDEFG 7 12 21 il 9 32 35 6 41 1 32 17
362 60 L ¥ 40 66 566 44 62 68 52 GO . 62 K1 94 69
367 50 R ACE . 33 31 15 23 20 653 39 45 42 2 60 47
359 65 R ABG 40 66 32 42 36 54 35 4 4+ 20 564 36
13 361 60 R DEG 63 63 45 61 657 70 64 66 64 68 655 41
364 1151 R BCD 74 40 36 66 62 37 G5 108 49 86 69 52
110 30 . BCEFG < ol omil onil 20 H oo 98 33 0t 13 01 72
96 65 R ACDIG 17 36 48 22 49 67 63 60 78 49 62 85
366 66 R ABDEF nil  nil Nl Il 31 67T 38 093 46 69 82 57
241 35 L G nil mil nil nil mil 12 21 38 50 49 52 59
211 45 R ACD 86 100 94 61 98 129 89 96 104 76 106 170
218 45 R DEF 37 63 48 48 44 46 66 45 40 40 46 48
188 25 R BCE 1 22 32 31 17 40 30 35 1 4+  nil nil
14 186 25 R ABF 4 6 16 28 41 20 20 34 25 28 22 2%
4 66 L ACEFG 44 30 33 20 37 41 43 46 38 30 47 35
192 25 I. ABDEG nil nil nit 30 8 69 88 107 I02 95 112 85
199 60 R DBCDFaG 30 62 32 28 21 20 30 40 45 47 b1 34
04 hb R ARBC 27 48 46 43 47 62”3} 0t )] 13 62 34
126 30 R ADF 42 063 66 40 36 72 47 37T 74 33145 6o
113 45 L ABCDEKG G0 80 64 105 49 121 1206 118 114 B3 127 100
15 70 30 L ABEG 6 36 I6 46 G656 101 80 87T 66 77 86 121
102 35 R BDG 22 81 60 G6Y 80 102 94 112 116 40 110 93
106 25 L BERK 6 062 I 89 35 44 8BG  O4 G 108 78 9y
79 30 R CDE hs 34 0 9l 131 127 167 131 120 73 123 114
126 © 40 R Cra 63 71 62 47 64 18 6 62 82 068 84 15
133 50 R I 60 65 82 G0 41 58 G55 65 80 40 60 91
44 45 L  ABDE 66 58 40 62 68 76 61 71 GHL GO 60 30
48 30 R BCEG nil  nil  nil il 1 9 20 4 156 nil nil nil
28 36 L  ABIG 34 7 14 GO 21 84 69 105 42 80 65 85
16 148 60 1.  ACEF 66 63 41 62 062 63 70 71 84 80 90 103
3 2 R ACDG , 66 66 40 456 069 60 64 4D 33 32 40 il
130 50 L DEFG 33 67 41 27 46 44 45 40 40 23 41 46
141 45 R BCDF 30 64 41 67 34 24 050 53 49 20 48 133




MANURIAL EXPERIMEN] ON COCONuU'T

TABLE 3. EFFECT OF MICRO-NUTRIENTS ON THE FRUIT YIELD or
COCONUT PALMS : DISEASED PALMS (Early Stago)

pro-troalmont yiokl poat-trontiment. yiold
plot  troo  ago spiral  troatmont -
no. no. (1963) 1949 19060 19061 1052 1063 1964 1965 1066 1957 1958 1959 1060
163 45 L A 11 8 131 31 30 24 42 4 I 63 43 4p
61 40 R ABCDF 1026 46 28 43 60 40 27 44 28 1R @0
145 40 R ABCEG 60 20 15 54 9y 38 17 12 )13 4 1" nil
38 60 R ADERG 71 414 08 61 1} 16 88 (1] R2 87 00 72
1 76 50 R BDE 7 13 8 7 12 8 1 14 9 7 12 1
b9 45 L BFg h 3 nil il pj nil  nil  nil 1 1 nil  nil
144 66 L CEF H0 - 3 37 40 42 H2 44 41 34 21 20 26
117 40 I’ Cbhg 9 26 14 31 9 4 38 27 94 22 a6 35
77 o6 R B 9 17 12 16 18 3 16 b 13 7 13 il
106 60 R ADE S 18 11 13 21 10 18 19 9§ 10 1 15 14
122 66 L AY¥Q J6 21 20 44 ) 44 34 08 45 43 34 927
2 4] 40 R CEG 66 47 66 20 9 nil 4 3 2 il 1 il
39 45 L ¢Cbhw 12 73 18 G2 n2 I8 117 21 068 46 30 07
01 40 L ABCRI® 10 h 22 11 9 16 27 27 18 20 23 17
113 66 R ABCDG 3¢ 24 17 20 38 36 23 35 2 95 10 10
34 45 L. BDEFQG 16 23 14 21 24 48 38 306 32 30 26 23
16 45 R AB 12 24 21 27 4 63 11 28 31 17 14 20 .
32 40 R DE 62 36 27 (1] 44 43 Ho b0 62 48 40 47
47 36 R ¥a . 20 28 13 20 30 41 30 I8 29 31 32 31
3 17 45 R ACEQ 20 15 7 21 17 30 K1) 29 21 13 13 17
99 45 R’ ACDhF 7 (H{] 31 89 101 81 110 84 126 45 133 30
08 a6 R BCDG 19 8 17 16 11 9j 26 20 17 20 10 ]
14 45 R BCEVR 30 24 12 32 10 37 33 1] 11 3 (] 2
83 00 L ABDEFC 03 37 42 07 60 70 72 71 1] b7 20 KX
93 40 L ¢ 84 38 18 74 i} h3 47 h4 Ho Lo 48 h&
16 30 R ADQ 74 418 39 (H{ 24 0 B 67 s hh h8 47
123 45 R AREF 17 b 2 11 3 2 Ry 21 15 15 b 10
126 60 R BbhRF 29 21- 19 38 31 23 33 42 97 20 27 39
4 80 20 L BEG nil b 10 nil il 2 1 2 3 nil nil i
29 36 L  ABCDE 35 26 12 47 7 48 38 49 34 61 38 58
72 45 R ABCFG 44 16 8{i} 52 4 206 77 29 63 44 82 1 |
13 40 L CDhEFa 43 21 31 40 15 356 63 41 37 h7 Ho G4
44 40 R AG 4 46 33 48 10 40 62 49 47 §7 61 46
iy 60 R BF 1322 11 4¢ og. 41 36 14 40 10 47 15
160 45 L ¢CD 6 18 8 20 48 54 39 68 15 10 48 40
b 31 40 R ABCE 30 I3 13 20 22 20 28 33 27 a1 34 h8
165 60 L ADEF 24 29 18 8 34 23 29 20 H2 26 48 40
568 40 L BDEG 26 a8 11 48 36 38 59 5H8 40 03 Ho b4
42 45 L CEFG 9 82 713 77 76 79 48 40 37 98 32 25
103 66 L ABCDrg 29 30 29 34 18 b7 32 36 44 22 24 14
266 60 R D 48 27 20 10 hS 26 h2 45 26 42 34 2
280 66 R ABE 40 27 60 37 47 62 Gl 40 64 64 60 43
281 66 R BeCr 6 60 156 52 10 68 20 58 33 38 40 41
286 b6 L ACG 13 30 17 25 256 33 41 34 31 27 36 27
(1) 262 36 R Erg 63 60 47 43 53 70 68 123 48 74 76 84
224 a6 L. ABDFG 20 24 29 31 27 49 33 37 32° 37 25 36
227 60 L ACDEF 11 20 206 1p 24 29 3 22 11 15 24 13
269 60 R ‘BCDEG 60 16 19 30 30 4() 14 16 b 1 12 31
2160 405 L E 3 4 6 8 6 21 21 14 7 IT 22 3
223 50 L ABD 14 30 17 46 37 36 27 47 42 4 54 58
217 60 L ACF 10 20 16 19 99 37T 34 51 33 35 47 7
293 35 L BCaG 1 3 1 1 nil 17 21 29 Ol 49 aa 62
7 219 60 L nraq 10 40 12 3 48 42 18 0e (4 2 (L{1] 17
209 ({1}] L. ACDIN 24 44 33 25 a0 44 Kl 49 21 he 32 Ah
32 36 L. ABLIG - 10 ¢ 3200 27 33 8 26 44 48 3y
218 60 L. BCLER 18 30 20 927 37 27 24 51 32 44 36 39
382 30 R AF 47 3 15 8 3 32 24 36 16 14 651 99
346 66 L BG 46 36 41 36 32 32 25 32 32 op 23 11
8§ 319 - ¢0 R CE 3 60 23 46 30 4 10 20 34 g9 25 32
328 45 I. ABCD 69 67 b 42 30 47 48 L4 12 32 J8 36
383 56 R BDEF 6 37 12 10 21 93 17 12 27 4 21 7
402 656 R CDFG 43 69 69 39 &5¢ 69 70 71 45 39 67 60
321 66 R ADEG 19 10 11 1] 7 13 9 16 18 20 29 21
320 066 L ABCEFG 7 31 18 18 13 27 44 16 20 61 34 97
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TABLLE 3. EFEFECI OF MICRO-NUTRIENTS ON THE FRUIT YIELD OF
COCONUT PALMS: DISEASKD PALMS (Early Stago)—conud.

pro-trontmont yiold ponl-tronlinont yiold
plot  troco ago apiral troatmont - ———— e e o e
no. no. (19563) 1949 1960 1061 1062 1963 1064 1066 1066 1067 1068 1969 1060
412 36 L AE 14 16 14 1 nil 2 8 117 9 nil i3 3
409 35 R BD 17 13 8 20 36 36 36 66 44 o666 04 53
423 30 R CF nil nil 1 1 1 14 34 34 60 390 716 16
9 433 45 R ABCG 68 41 38 62 456 67 90 100 67 66 71 G5
424 26 L BEFG nil nil nil nil nil 16 37 10 64 156 94 20
427 60 R ADFG 4 1 7 nil 14 8 17 26 13 8 10 7
407 36 R CDEQG 36 24 17 14 31 31 23 25 26 3 Died

429 60 L ABCDEF 64 76 172 38 056 73 84 88 72 82 68 76
321 60 R AC ) 33 22 48 36 37 27 38 40 41 44 B3 44
458 35 L DG 22 32 17 16 8 nil 11 563 43 606 43 27
336 40 R EF 21 32 20 11 3 6 10 9 23 16 18 28
449 50 R BCFaG b 8 8 1 1 20 10 18 14 J1 16 17
10 460 66 R BCDE 48 37 27 25 65 564 02 01 49 04 49 60
322 (111 L ABDF 290 28 206 23 14 8 23 35 30 20 14 22
440 40 L ABEG 17 30 27 28 17 47 10 (1) 562 28 45 42
450 30 L ACDEFG nil il 3 3 nil 30 22 9 nil 1 10  nil
3006 25 R AD nil nil nil  nil nil nil 6 20 1 il 2 7
231 25 R Ca nil 4 12 4 8 7 23 11 10 nil 17 6
391 30 L BE 22 13 26 4 6 30 12 37 8 43 30 24
11 256 40 1R ABCF 68 79 72 4 86 79 (11} 81 HhH 13Y] 90 62
397 560 L CDEF 27 60 47 o1 63 bY 33 (11.] 41 42 b3 68
304 30 I. AEFQ 24 30 34 24 3 28 13 31 25 nil 13 10
395 45 R BDFG 42 40 30 28 30 48 60 42 4 42 GO 63
387 30 L. ABCDEQG 3 1 il 1 3 1 i1 7 1 3 4 2
293 50 R BC 60 38 13 O 1 9 12 21 16 13 16 14
J01 30 R 1a 21 44 20 1§ ] 27 27 34 I8 42 h) 30 J4

209 20 L. DI nil nil nil 3 16 4 7T 2 10 17 23 2
12 294 50 R ACDE 20 33 49 23 33 20 40 [} 27 45 31 24
2856 25 L ACFG nil nil nil pil nil nil nil nil 12 nil 2 il
2068 60 R ABEF 46 46 36 36 43 654 34 66 45 45 G5O 32
281 65 R ABDG 10 21 13 18 25 17 26 256 12 14 27 16
279 60 R BCDEFG 33 24 356 23 24 40 20 41 13 20 28 1
380 bho R F 17 12 13 4 nil 17 13 17 b 3 12 4
360 5119 1. ACE 68 40 38 26 32 39 39 J0 22 i8 32 24
371 66 R ABG 19 21 4 7 (1 11 8 21 b b ] 3
13 348 36 L DEG 20 34 34 7 46 63 20 26 40 67 35 903
368 45 L BCD 49 38 34 26 23 20 23 22 11 16 27 17
370 30 L BCEFG nil 8 0 1 30 31 16 51 20 40 41 29
361 36 R ACDFG - 14 23 41 41 24 33 39 60 40 25 62 16
376 46 L ABDEF 30 21 16 24 26 27 26 61 25 42 49 45
200 40 L G 28 24 21 32 12 20 35 38 36 39 41 42
197 16 R ACD nil nil  nil nil 2 10 21 16 13 21 20 36
187 26 R DEF 4 10 14 2 7 16 12 29 21 10 18 8
229 45 L BCE 38 7 49 37 60 48 39 60 48 45 43 50
14 208 20 R ABF nil nil nil il 3 il 3 nil nil il 2 il
128 115 L. ACEFQG 03 109 87 08 990 103 113 112 88 60 117 X
304 35 R ABDEG 3 12 4 3 b 1 9 20 10 25 b 1
230 60 1. DBCDFQG 20 12 17 10 20 12 38 22 44 2¢ 20 15
121 ho 1, ABC 36 30 DA 17 20 18 28 J0¢ 20 312 S 20
03 6o R ADFkK 36 41 49 38 37 62 bo 13)) 6GhH 40 G7 48
123 40 L ABCDEKG 20 13 12 20 10 18 41 b. 40 48 Ht 47
16 98 65 R AECG 356 16 36 29 30 16 38 18 30 17 43 22
100 oo IL. BLG 48 22 44 340 29 50 70 hi 10 29 11 18
.90 Ho 1, BEF 17 28 30 23 13 39 27 M 31 28 24 20
. 86 36 R CbhE 36 13 9 17 1 19 20 27 | ] 19 20 11
124 206 R C¥G nil  nil  nil 37 19 66 i) 41 45 62 79 78
27 30 R I T 13 15 4 9 12 23 456 25 26 651 23
153 50 L ABDE 42 46 41 63 50 49 56 62 57T 062 72 41
32 36 R BCEG 16 4 10 16 4 12 ¢ 8 12 9 10 0
64 256 L ABKG nil nil nil nil il 6 16 29 17 0 38 27
16 146 356 L ACEF . 66 68 40 43 659 905 113 81 98 37 130 95
39 30 R ACDG 97 95 63 90 84 93 1056 108 112 102 111 118
134 50 R DEFQG 38 22 6 20 21 12 14 17 11 7 22 8
35 30 L BCDF nil nil nil 23 19 31 39 61 30 14 36 40
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TABLE 4. EFFECT OF MICRO-NUTRIENTS ON THE FRUIT YIELD OF
COCONUT PALMS : DISEASED PALMS (Late Stage)

pro-troatmont yiold poat-trontinont yioll
plot  troo  ago spiral  troutimont S e e e e
no. no. (1963) 1949 1060 1961 1962 1063 1064 1966 1060 1967 1968 1060 1060
23 45 R A 38 62 64 59 60 67 44 48 64 37 48 o
103 80 R ABCDF 45 1 10 21 17 20 290 30 20 20 30 923
152 405 R ABCEKQ 20 21 2 40 4) 32 41 40 38 95 33 25
1 146 60 L ADEFG Il nil  nil 2 b 3 6 22 13 10 17 0
123 1111 R BDE 60 22 20 19 34 20 10 11 0 11 o )]
116 45 L Brag 18 0 11 8 16 23 nil 4 10 2 I il
140 566 R CEF 24 39 12 37 13 34 17 20 8 18 9 10
124 40 R CDG 4 nil il 2 8 6 8 (] 4 2 4 1
114 60 L B 78 11 36 24 27 36 g9 31 24 13 22 923
138 (111 R ADE . 40 14 14 18 17 32 99y 32 40 33 34 31
40 45 L A¥G 22 19 256 30 24 36 29 27 a2 20 27 42
hl 60 R CKaQ 21 19 b 10 2 Il 13 2 17 ' 10 b
2 21 40 . Cbhy 6 nil il pil 1 il 10 1t 3 nil ¢ il
36 46 1, ABCENK nil  nil il il nil  nil nil i nil  nil  nil  pjl
03 50 R AB(CD@G 20 1¢ 9 37 17 33 1 0 15 7 10 9
139 40 R BDEFG 83 10 32 256 18 33 36 43 a0 45 50 h4
82 60 L AB 4] 27 20 40 34 61 40 25 38 a3 26 24
109 50 L DE 27 4 14 17 8 10 8 7 ¢ 7 2 il
129 40 R ¥qQ 42 39 38 47 40 84 5O a7 6 17 84 60
111 (1143 L ACEG 102 28 26 hl 70 82 30 73 67 40 10 22
3 20 40 R ACDFEF nil nil 1 3 | 4 2 1 1 1 7 4
18 66 R BCbag nil 1 nil 1 nil nil il nil  nil 2 il nil
28 b6 R BCEF 2 2 2 2 1 17 1 6 mil nil nil i
136 60 L ABDEFG 48 18 21 48 50 94 20 24 33 492 43 40
140 45 L C 31 47 47 40 41 04 70 H9 nh1 14 11 40
147 36 . L ADQ 6 17 10 23 10 39 10 42 12 42 130 4
12 . 409 R ALK rip 14 36 (¥} h4 110 ht Ho O 47 418 12
4 ]2 H6 L BDE 16 ) 25 49 1230 47 99 2 J 19
26 456 L BEG 18 2 4 18 12 13 12 11 12 24 32 35
141 35 R ABCDE (] 7 il 2 7 17 7. 20 89 19 42 921
126 560 L ABCFG 6 11 mil 6 7 10 3 10 8 7 1 7
20 35 R CDEFQ 30 14 I3 22 16 925 93 3 40 36 55 92g
119 (1151 R AQ 16 14 O 8 14 20 14 94 24 15 29 9¢
43 45 R BF 28 29 8 60 38 ¢8 g3 21 4 67 64 7]
158 60 L ¢CD 14 47 6 20 49 4] 0l 14 40 9 49 {]
162 65 R ABCE 256 26 10 27 923 93 36 34 390 95 18 .30
b 9 40 L ADEF 63 37 30 40 40 42 47 52 48 48 61 65
134 66 R BDEG 22 17 18 21 16 37 22 o 36 36 20 99
166 65 R CEFaG 16 14 7 9 36 20 13 8 20 12 3 14
71 50 L ABCDFG 12 18 14 13 13 26 2 31 23 371 27 3¢
260 60 R D (1] 2 il 1 1 3 Dicd
231 560 L ABE 26 22 18 14 19 33 14 32 7 25 25 19
244 60 L BCr 2 b 1 7 19 11 17 24 26 14 20 41
240 60 L ACG (] 10 8 9 [ 13 3 15 12 9 17 11
6 200 30 R EFG nil (i} 1 4 2 4 1 ¢ il 4 6 nil
248 14 I ABDFQ 61 5h4 50 38 39 3 18 36 13 il 13 31
246 60 R ACDhEFR O 14 16 I8 2 17 24 19 12 23 7 20
263 36 L BCDbLlk 0 nil [ 12 11 13 7 3 1n 11 (1} 4
187 o6 L 1 16 26 20 33 98 48 25 31 21 31 22 929
190 65 L ABD 27 29 16 22 2 68 14 99 43 21 42 6o
236 65 L ACFK 6 19 16 1¢ 19 26 22 20 2 14 28 924
7 222 50 R BCG 10 ) 1t 2 16 I 16 18 3 20 14 2¢
220 60 R D¢ 40 11 M1} 2() 31 17 12 NI} ! 2 7 |
197 1)) R ACHEG 2h 19 In 7 M| 204 28 Kl 17 16 20 14
196 ho R ABKIY 3 0 nil il | N K] 10 it 10 4 7
220 00 I’ BebR 1] 8 7 12 17 19 10 12 15 )17 22 13
417 30 R AP nil  nil  nil il qil nil  nil nil nil il nil nil
347 65 R BaG 42 20 24 10 14 37 97 19 2 13 20 il
311 00 R CE 34 12 16 nil 1 16 nil  nil wil wil 1 2
8 3158 36 0 L ABCD 77 00 100 37 27 66 66 M 51 1y ] 71
376 26 L. BDREIER nil  nil nil nil nil ¢ 11 H 4 7 1 1]
372 26 R Cbrag nil  nil  nil nil il ] 3 1 4 3 nil il
329 35 R ADEG nil 4 3 4 2 ] 9. 11 10 10 8 il

363 65 R ABCEFG 3 20 30 15 21 4 23 32 11 22 33 19
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TABLE 4.

COCONUT PALMS :

EFFECT OF MICRO-NUTRIENTS ON THE FRUIT YIELD OF

DISEASED PALMS (Luto Stago)—contd.

pro-troatmont yicld

post-Lrontiment yiold

plot  troo  ago spiral troatmont - e e e
no. no. (1963) 1040 1060 1961 1962 1063 1064 1066 1066 1067 1068 1959 10060
431 46 R AE 42 32 28 21 16 23 28 41 32 13 21 23
4156 (11 L BD 16 2 il 1 il 2 il Died
4256 06 R CF 62 11 b [ ¢ 10 8 ¢ 14 9 4 6
9 428 66 L ABCG 18 6 4 6 2 I8 8 16 14 11 10 7
448 56 L BEFG 18 23 : I 6 10 14 28 33 12 22 18
430 50 L ADFG 16 11 19 3 il 7 21 14 27 13 16 156
434 66 R CDEG 16 14 7 7 2 1 8 26 15 9 12 16
437 65 L ABCDEF 31 68 21 45 85 56 81 112 72 66 78 64
456 30 R AC nil  nil nil nil nil nil nil nil nil nil  Diod
462 06 L DG 9 16 11 11 1 4 10 5 8 7 7 4
10 444 40 L EF 37 28 32 13 30 21 38 31 30 30 40 17
338 40 R BCFG 9 4 9 10 il 1 3 16 18 12 9 b
4567 45 L BCDE 27T 33 19 13 11 27 21 23 22 21 928 98
343 60 R ABDF 40 66 26 60 20 35 28 47 48 40 61 31
340 60 L ABEG 28 34 34 23 9 13 10 24 20 33 24 37
336 46 R ACDEFG 32 60 456 73 66 31 72 671 48 69 94 96
389 66 L AD 49 32 37 29 35 31 39 30 36 65 34 925
384 60 L cCa 40 22 7 nil 1 il 8 19 25 18 36 14
2568 b6 L BE 1 1 nil nil nil nil il 1 nil 1 7 il
382 60 R ABCF 66 66 390 40 30 39 48 42 43 39 61 39
11 262 60 L CDEF 16 156 9 6 il 9 10 8 9 1] 8 12
201 60 L. AEFG 36 16 14 27 20 20 27 31 31 20 43 928
385 66 L BDFG 22 20 7 0 11 12 12 16 18 4 8 2
386 60 R ABCDEG 27 14 23 9 4 18 38 41 2 10 28 14
269 46 L. BC ¢ 30 11 ] 2 il 2 4 7 1 nil 1
274 30 J L D¢ 70 ] 21 13 I IR 2 14 13 10 16 17
260 406 I D 22 28 30 21 10 26 48 2w 32 27 2
263 50 L ACDE 67 36 42 16 12 28 37 34 39 28 46 31
267 66 L ACFG 16 19 14 8 il 4 24 13 15 1 8 9
12 296 65 L ABEF 40 66 36 11 7 26 28 27 36 40 32 23
290 46 L ABDG 68 40 49 63 32 39 49 B4 62 67 61 52
278 65 R BCDEFG 69 42 40 7 16 21 R It 26 8 I3 17
366 GO L F 7 (i 9 11 nil il 3 : Riod
372 50 L ACE 24 7 18 24 24 23 11 922 6 6 28 il
366 60 R ABG 2 3 10 1 1 7 4 16 G 11 14 3
13 419 40 L DEG 10 0 10 8 2 7 14 17 2 il 4 1
373 60 R BCD 45 25 22 28 36 33 28 24 24 19 40 17
406 60 R BCEFQ 13 16 18 6 14 14 7 18 16 9 11 7
363 45 R ACDFG 1 1 nil 13 15 27 16 22 34 21 45 41
374 45 R ABDEPR 260 16 18 20 11 G0 20 34 19 18 26 11
202 45 R G 4 10 4 10 4 4 7 : 3 1 4 4
243 40 R ACD 36 43 17 11 3 18 10 4 1 1 nil il
200 16 R DEF nik 8 7 nil nil  nil nil nil nil nil nil wil
14 221 45 L BCE 1 21 2 11 il 2 3 6 I1 il 9 1
185 45 L ABF 18 22 () 9 20 37 32 32 35 17 36 27
217 46 L ACEFG 5 6 2 4 il 9 16 7 13 2t 10 11
204 40 R ABDEG 4 7 4 4 nil nil 3 2 3 nil 1 1
226 66 R BCDFG 27 21 12 22 16 22 20 32 36 17 40 24
6o 60 R ABC 22 14 22 13 7 16 24 3t 39 17 27 nil
(11,3 o6 R ADJ 1 4 1 il nil nil nil nil wil nit nil nil
107 G0 R ABCDEFG 10 16 20 ¢ 13 13 11 28 12 6 11 ¢
15 82 35 R AEG 1 4 12 18 I 37 11 31 K 21 16 156
111 36 L BDG nil nil il 7 6 20 16 19 9 7 3 11
8. 066 L  BER 2 8 1 1 il 2 3 3 Died
62 06 L Cbhe 20 8 19 4 11 12 21 22 15 7 19 [
84 (1{1] R Crag 16 3 ¢ 16 18 28 25 22 23 18 13 8
138 60 R I 24 18 10 3 3 nil Died
34 20 R ABDE nil  nil  nil  nil 6 6 18 18 11 13 21 8
: 36 66 R BCEG 21 12 24 19 9 20 16 19 23 7 13 14
10 38 26 L ABFG nil nil il 6 17 23 29 26 17 29 BT 70
- 147 45 L ACEF 83 68 45 60 66 564 60 G0 8O 52 18 76
142 46 R ACDG 60 32 17 17 206 23 40 61 34 38 33 42
164 66 R DEFG 9 8 16 4 12 17 4 14 16 24 15 nil
11 50 R BOCDF 18 20 10 9 16 26 22 10 12 nil 18 6




MANURIAL EXPERIMENT ON COCONUT

Data on tho main offects and two-factor intoractions wro given in ‘I'ables 6
and 6. For tho statistical analysis, tho main oflects and the two-factor intoeractions
only wore considered, the higher interactions boing includod in the ocror, The
following intoractions woro confounded.  AB(, ADI, AEG; BDG, BRI, CLLE, CIG;
ABDE, ABFG, ACDG, ACEF; BCDV, BCEG; DEFG and ABCDEKG

TABLE 6. MAIN EFFECTS
(corroctorl for z)

cffoct
troeatinent
lisoasocl palina
hoalthy patina
oarly stago  lato stnge
A - 127 518 1476
B 898 — 167 240
C 1663 — 848 302
D 634 669 804
E — 668 —2066* 34
F —1148 11901 1242+
G — 308 — 88 724

* significant trcatmonta

TABLE 6. ‘T'WO.FACFOR INTERACTIONS
(vcorroetod for x)

Lffoct
\
offoct
troatmont
diseasocd palins
healthy palms -
early stage Inte stago

S, AB 2007 49 — 104

o AC — 768 844 - 192

' BC 1401 685 — 26
AD 1978 ~ 231 6o '

BD 1971 .— 411 - 720

CD — 152 - 2 964

AE - 385 1089 424

BE - — 604 2508* 118

CE — 808 —2108* — 338

DE — 176 1262 1160

AF — 284 - 325 - 212

B 2002 3067 — 342

Cr 1840 1280 102

e DI 14 — 098 — 276

‘ LBr 160 169 — 162

AG 1114 — 460 — 370

BG 1380 814 —1128

CG —1128 — 826 1360

DG ~ 2106 — 840 — 460

EG —103¢ — 283 - 12

¥Fa — 344 381 — 640

* significant treatments
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A correction for the yiold differonce botween palms having loft- and right-
handed foliar spirals was made. Although this foliar asymmetry is non-inherited
(Duvis, 1062a), tho loft-handors havo boon obsorvod to yiold significantly more numbor
of nuts than their countorparts (Davis, 1962b, 1963). Figure 3 shows tho loft-right
yiold difforonces of the heaithy and discased palms for tho twelve-yoar poriod. Having

10 heaithy
£l 1
g .\ J
5.
3t -
9
° 6t moderale <iscaso -4
b '
2 . PN .
N -

gevere disca®o

11
ol e®O
h'\

;

1 1 i 1 L i
1049 51 53 66 '67 ‘60 ‘6l
period of observation

¥Fig. 3

nobiced the difference in the yield between the left-spiralled and right-spiralled palms,
it was very essential to make the correction bocause at the time of chousing tho palms
no consideration was mado on the foliar spirality of the palms, 177 of tho 384 palms
wore left-spiralled. The expectation on basis of oquality is 19249.8. ‘L'ho oxcess
of righte is not significant at the 5 per cont lovol. Each of the 48 blocks contained 8
trees (plots), all healthy or all in the early or late stago of the disease. The numbers
of blocks containing a given number of lefts are given in Table 7.

TABLE 7
lofts ] 1 2 3 4 6 4 7 8 total
blocks found 1 1 (4] 14 14 8 3 0 1 48

blocks oxpoctod  0.34 2.84 7.01 11.08 12.80 8.70 3.76 0.02 0.10

. . 8\ 48.597.69%n
The number of blocks expected with n lefts is ( )

n 1288
little unexpected that even one block was found with 8 lefts, however, the variance

. 8.177.207
of the number of lefts is 1.969, the expected value being — g 1.988.

It is &

06



With regard to treatments also, disparity occurs regarding the number of the

lefts and rights receiving a particular treatment. With regard to troatmont with
Iron (W), tho difforonco is siguificant, y3 boing 8.0709 as soon bolow.

L R L+R
E 37 27 G4
° 21 43 64
Xx? = 8.0709,

replication soparately.

TABLE 8. NUT-YIELD OF COCONUT PALMS : BLOCK TOTALS

hoalthy paling disousod—modorato disonasod—sovere
blocks

pre- post. pro- post. pro- post.

troatment troatmont troatmont troatmont troatinont trontinont
1 2849 2809 1437 1476 108¢ . 014
2 2809 2785 1269 1246 021 0966
3 28860 ' 3288 1720 1772 1200 1057
4 1783 2782 . 141¢ 1867 028 1203
b 2376 : 2824 1721 1824 1186 1569
6 2871 3433 1648 1784 - 637 604
7 1897 2554 1050 1767 008 010
8 1772 3310 1466 1626 828 749
9 1876 2148 1084 2029 808 1069
10 2124 2802 1030 1491 1048 1287
11 1257 2266 1236 1413 927 1045
12 2129 2794 1033 1189 1220 1168
13 1888 , 2809 11560 . 1334 696 709
14 1730 2394 1220 1560 493 516
16 2878 4038 1304 1874 460 618
10 2185 2561 1482 2177 032 1179

total - 36310 46587 21255 . 20317 14284 15582
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one ‘palm constituting one plot. Also, corresponding to each troe there is supple-
mentary data regarding tho spirality of the lcaves. This spirality, is an environmental
offoct and does not dopend on the treatinents that are applied to tho treo. A difforenca
in tho nut-yiold duo to right and loft foline spirality i obsorvoed, o il is nocessnry Lo
take the spirality of the leaves into consideration. Thus, in the statistical analysis

a concomitant variable X to represent the spirality of tho leaves is introduced. Jor
computations, X is taken as 1 if it is right, othorwise 2.

In the data it may be observed that some trees have died during the observation
period. To account for this, some minor adjustments were made. If the palm died
in the course of the pre- or post-treatment period, the yield for that period has beon
calculated on the basis of the yearly mean production for the period the palms survived.

The model Y = fX{treatment-effect4block-effect is assumed where Y

is the increment in yield, i.e. the sum of post-treatment yields minus the sum of pro-
treatment yiolds.

Treatment totals are calculated for X and Y, and the sum of squares for main
offects and two-factor interactions are obtained by Yates’ procedure. "Thoso are
however influenced by the concomitant variable. Adjustmont for the concomitant
variable is made through standard routines of Analysis of Covarinnco.

The rosults of tho Analysis of Covariancoe aro prosonted in Tablo 9.

As clearly seen from Table 9, there exists a significant correlation between
the nut-yield and the foliar spirality of the palms of the healthy and soverely discased
groups. Howover, the moderately diseased palms do not show this dependenco

significantly. The fact the fruit yield depends on the foliar spiral in the coconut has
already been reported (Davis, 1963).

TABLI 9. RESULTS OF ANALYSIS OF COVARIANCE

y = yield x = spirality
correctod sumn of degrees of
squares duo to freedom . Tz zy vy
(1) Healthy palms :

block 10 4.72 147.27 320630.43

troatmont 28 7.60 — 046.30 340243.063

orrot 84 19.34 —1264.20 1200580.80

total 127 31.72 —1662.23  1870454.30
Varisnco cstimato o2 = 134856.08 Estimato of g (/i) = —064.8376

.. . Bl=zy .

F.statistic to test g == 0 is Ton |Brror ms = 6.03.

08
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TABLE 9. RESULTS OF ANALYSIS OF COVARIANCE—contd.

y = yicld x = spirality

corrected sum of dogroes of

squares due to freodom zz xy vy
. (2) Early discase
block 15 4.30 —305.89 158044 .22
treatmont 28 .91 —142.11 210252.28
error 84 20.72 156.36 489387.17
total 127 31.03 —432.04 857083.72
Variance cstimate o2 = 6806.10 Estimato of g (ﬁ) = 0.7413
Fstatistio to test 8 = 0 is Z.2Y[E= _ o
Error ms
(3) Late disease
block 15 2.72 © — 94.50 65497.756 -
treatmeont 28 6.63 62.88 80381.00
error . 84 22.47 —517.38 240233.25
total 127 31.72 —549.00 376112.00
Variance estimate ¢2 = 2750.84 Estimate of # (8) = 23.0264

F.statistio to test § = 0 jg & 2Y/Bzz 4 4q
Jirror ma
The cffect x (due to foliar spirality) has been climinated in ordor to find out tho
offoct of tho manurial treatmont alone, and the significance or otherwiso was testod
by tho F-test. Tho results aro prosented in Table 10.

TABLE 10. SIGNIFICANT TREATMENTS (AT 5% LEVEL, F, 4 » 3.92)
MAIN TREATMENTS AND TWO-.FACTOR INTERACTIONS

treatment effect F-value

(1) Healthy palme
Nono significant

(2) Diseased—early stage

E —2055 5.43153
BE ‘ 2508 8.30783
CE —2168 6.20560

(3) Diseased—Ilate stage
A 1476 6.17821
. . F 1242 4.37623

00
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6. DISOUSSION OF THE RESULTS

Of the seven micro-nutrients (including Mg) tried in the experiment, five
showed significant response when applied singly and/or in combination in either improv-
ing or deprossing the fruit-yicld of the coconut palms. No micro-nutrient was found
to have any significant offect on tho numbor of nuts of hoalthy palins. Plams in
the early stage of disease responded very favourably with a combination of Boron
and Iron (BE). The bencficial effoct of Boron on the diseased coconuts became obvious
ovon at an oarly stage of this oxporiment (Davis and Pillai, 1966). Howovor, its
benoficial offoct is not noticed among severely discased palms. Copper in combination
with Tron (CE) shows sovoro doprossing offect on carly disoaso palms. At an oarly
poriod, Coppor showed somo bonoficial offect on healthy palms and thoso showing
sovoro disoaso symptoms. Iron behaved differently. Whon applied singly, this ole-
ment had severe depressive effect on modorately diseased palms. Further, Iron,
in combination with Boron, showed beneficial effoct while with Copper it had a de-
pressive effect on the same category palms. The role of Iron, therefore, requires to
be studied through further experiments.

Palms of the severely diseased group showed favourablo response to Magno-
sium and Molybdenum applied singly. Analysis of yield data upto 1957 showod that
Magnesium increased the nut-yield of trees of all categorics, the healthy as woll as tho
severely diseased palms showing greater response. With the presont data upto 1960,
this olomont continued to show a fuvourablo rosponso on all groups of palms, but
significantly with the severely diseased ones. Root exudations were collected from
healthy and diseased palms and their contents analysed chemically. Magnesium
was found to bo doficiont in the root exudates of tho disoasod palms compared to that
of healthy ones (Davis and Pillai, 1969). It would imply that discased palms avo
unable to absorb as much Magnesium as healthy ones are capable of, from soils
containing very low concentrations of the element. For all practical purposcs,
Magnosium is a macro-nutrient which is required in large quantitics by tho coconut.
The first visible response to the soil application (as well as foliar application) was
noticed on palms showing severe yellowing of the fronds. Theso leaves turned
green steadily which eventually enabled the palms producing more fruits. It may
be mentioned that the palms showing symptoms of the Withering Disease in Ceylon
also showed a striking favourable response to the soil application of Magnesium
(Davis, 1966; Nethasinghe, 19569; 1961a, b; Salgado and Nethasingho, 1960).

Molybdenum has also shown a very favourable résponso with the palms showing
severe disease symptoms. Though the palms receiving treatment F received just one
gram of Molybdenum, they started showing the beneficial effoct even in 1957.

7. LIMITATION OF THE ANALYSIS

(1) The effect of the interactions higher than the two-factor level has not
boon worked out.

(2) Tho oxporimontal palms, as montioned, aro of varying ago-groups, and
no correction was made to this effect.
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(3) Though the experimental palms belonged to the same tall variety of

coconut, they represent more than one form or colour group. No consi-
deration was given to these differences.

(4) Field one (having the first 5 major blocks) was underplanted with
coconut seedlings from the commencement of the experiment, whereas
the othor two fields wero undorplanted only in 1958-59.
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