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

By T. A. DAVIS
Indian Statistical Institute

SUMMARY. A mioronuitient-manurisl oxporiment on a factorial ‘2* confounded deaign’ wea
started in 1953 on & 8-hectare coconut plantstion at tho Central Coconub Rescarch Station, Ksyangu-
lam, Korala State as an attempt to control tho Root (wilt) discaso afforting the palms. Tho micro-nutcients
tried were Boron, Copper, Manganose, Iron,. Molybdenum, Zine, as well as Magnosium. Data oo tho frait.
yiold and othor morphological charactera were recorded on tho 384 oxporimontal palma from the inception
of the experiment. Tho fruit-yield date slono upto and inclusive of 1960 wore considered for the Ana-
lysis of Covarianco and the resulta roported. ARer 1900, the micro-nutrients wero sdministered directly
into the palms in liquid form by & different mothod.

Rewxila of analysis havo roveslod thas tho healthy palms did not show any significant rosponse to

1ho application of any of the mi i But polms in the oarly stago of tho Root (wilt) diseass res.
pondod bly to the binasion of Boron and Iron. However, when applied alone or In
combination with Copper, Iron dnprvuod the nutb-yicld in this category of palms significantly. Boverely
diseased palms dod very fi ly with and Molybdonum when applied individually.

1. INTRODDOTION

The Root (wilt) is the moat serious dissase of the coconut palm in India affect-
ing over ten per cent of the coconuts in Kerala which is roughly about seven per cent
of the crop (0.84 million heotares) grown throughout India, and is responsible for an
annual loss of over ten million rupees. The disoase appears to be very complex in
nature although indications of its viral nature aro becoming more clear (Menon, 1851,
1981; Menon and Nair, 1951; Menon and Shanta, 1962; Nagaraj and Menon, 1865,
1956; Nagaraj ef al, 1954; Radha and Menon, 1954; Shanta and Menon, 1960; Shanta
el al, 1960). On account of its unknown origin, the Root (wilt) disease may be com-
pared with similar major di of the t in other les guch as the Lethal
Yollowing (or the Unknown Disease) in Central 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 Disesse making
its early ife in two provi of Ceylon may also fall under the above
category.

2. HISTORY OF THE BXPERIMENT
At the Central Coconut R h Station, Kayangulam (South India) where

the Root (wilt) disease of the is being i igated, the effect of certain mioro-
nutrients in ouring the diseass or preventipg healthy palms from contacting the disease
is being i igated. An i with eix mi trients : Boron (B), Copper

(C), Manganess (D), Iron (E), Molybdenum (F), Zino (G) and also Magnesium (A)
is in progress at this ressarch centre from 1963.

The design of the experiment chosen is *27 confounded design’. 'There are 384
trece inoluded in the experiment which are spread over a 8-heotaro plantation along
with geveral other coconut palms which are regarded as controls. All the palma received
uniform macro-nutrionts (Nitrogen, Phosphorus and Potash). Of the experimental
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palms, a third (128) were apparently honlthy at the beginning of the oxperi-
ment, another 128 palms were mod di d, and the ining 128 palms
showed sovere disease aymptoms. Moat of the sevorely diseased palms included in
the experimont were producing some fruits (nuts) and/or flower-bunches even in 1980,
and their condition at the time of selection was p bly within the scope of recovery.
Tho yearly mean numbers of nuts produced by tho trees of the three categories during
the pre-troatment period were : healthy palms 45.97 nuts, palms showing early stage
of disease 27.68 nuts, and thoso showing sovers diseaso symptoms 18.76 nuts. Figure
1 explains this further.
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Blocks and plols :  There are 18 blocks under esch category making a total of

48 blocks (vido Tables 2-4). Each block was divided into 8 plots (palms). Three
blocks (one representing oach category) comprising 24 palms may be regarded as one
major block, and the trees of a major block are distributed more or lees in one region.
The 8-heotare oxperimental plantation consists of threo almost contiguous fields as
shown in Kig. 2. Field number one sccomrmodated 3 major blocks comprising the
first 24 healthy palms, 24 palms in early stage and 24 palms in late stage of disease.
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MANURIAL EXPERIMENT ON (OCONUT

Five major blooks were distributed in field two, and the remaining 8 were distributed
in field three. Thus, the 48 blocks comprising the 384 plots do not form one ocomposite
population. Though the division of blooks within a field was arbitrary, differences
between fields, and thus between blocks, were suspested on certain grounds such as
the age and variety of palms, soil conditions, level of water table etc. In view of
this, & confounding design waa decided upon which is expected to eliminate the blook-to-

blook variation and thereby elimi the variation between fields.
The main treatments and all possibl binations (two to seven) amount to
128 (inclusive of one n t), and a partioular treatment was made on a set of

three palms (plots) of which one is healthy, another with moderate disesse and the
third with severe disease. Securing very uniform experimental palms of the same age
in large numbers wae a difficult problem. Importance was, therefore, given to (1)
the uniformity of the condition of the palms (healthy or diseased) under sach category,
and (2) the spacing between thewn (as far from each other es possible) so that the
nutrients applied to a tree were least absorbed by the neighbouring palms. Even if
the palms were planted with the maximum recommended spacing of 10m, there is
bound to be root competition 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 66 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 mioro-nutrient elements contained in them. These salts
were applied in powder form in shallow basin trenches (diameter 2 metres) taken around
the base of the stem and covered with a thin layer of soil. The application was made
in September every year when the heavy South-West monsoon was just over. The
experimental palms a8 well as the non-experimental ones standing in the experimental
fields received a basel nutrient dose of 0.34 kg nitrogen s groundnut oake, 0.34 kg
phosphoric acid as bonemesl and 0.88 kg of potash as murate of potash (KCl) per tres
per year. The pH of the soil was generally acidio, becoming strongly acidic during

TABLE 1. TREATMENTS AND DOSES OF INDIVIDUAL MICRONUTRIENTS

doso por  quantity of micro-
symobol walta applied troo por nutrient olemont
yoar (gm)  present in tho doso
(gm}

A Magnosium Sulphate (MgS0,.7H,0) 464 45.4 (Mognoslum)
B Borax {N0,B,04.10H,0) 227 25.9 (Boron)

Q  Coppor Bulphato (CuBO,.5H,0) 297 58.1 (Copper)

D Manganoso Sulphato (MSO, 4H,0) 227 55.8 (Mangonoe)
E Forrous Sulphato {Fo80,.7H,0) 287 46.4 (Iron)

F Ammonium Molybdate (NH)gMoy0y.4H,0 2 1.0 {Molybdenum)
a Zino Sulphato (Zn80,.7H,0) 227 51.3 (Zino)
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palms, a third (128) were apparently hullhy at the begmmng of the experi-
ment, another 128 palms wore d di d, and the ining 128 palms
showed severe discase symptoms. Most of the severely diseased palma included in
the experiment were producing some fruits (nuts) and/or flower-bunches even in 1960,
and their condition at the tims of selection was presumably within the seope of rocovery.
The yearly mean numbers of nuta produced by tho trees of tho three categories during
the pre-treatment period were : healthy palms 45.97 nuts, palms showing early stage
of disease 27.88 nuts, and thoso showing severs disease symptoms 18.76 nuts. Figure

1 explains this further.
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Blocks and plots : There are 16 blocks under oach category making a 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 more or less in one region.
The 8-hectare experimental plantation consists of throo almost contiguous fields as
shown in Fig. 2. Ficld number one accommodated 3 major blooks comprising the
first 24 healthy palms, 24 palms in early stage and 24 palms in late stage of disease,
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MANURIAL EXPERIMENT ON COCONUT

Five major blocks were distributed in field two, and the remaining 8 were distributed
in field three. Thus, the 48 blooks comprising the 384 plots do not form one composite
population. Though the division of blocks within a field wes arbitrary, differences
between fields, and thus between blocks, were suspected on certain grounds such as
the age and variety of palms, soil conditions, level of water table eto. In view of

this, a confounding design was decided upon which is expected to eliminate the blook-t
block variation and thereby eliminate the variation b fields.

The main ta and all possibl binations (two to seven) amount to
128 (inclusive of one t ), and & p lar treat was made on a et of

three palms (plots} of which one is healthy, another with moderate disense snd the
third with severe disease. Securing very uniform experimental palms of the same age
in large numbers waa a difficult problem. Importance was, therefore, given to (1)
the uniformity of the condition of the palms (healthy or diseased) under each category,
and (2) the spacing between thom (as far from each other as possiblo) so that the
nutrients applied to a tree were least absorbed by the neighbouring palms. Even if
the palms were planted with the maximum recommended spacing of 10m, there is
bound to be root competition between palma since many roots of adult palme measure
over 20 meters in longth. Accordingly, sufficient consideration could not be given
to the age of the palms, and they were from 15 to 85 years in 1953 as recorded in
Tablos 2-4.

Table 1 gives detulu on the form and quantity of the manurial salts used and
the caleulated of trient el b tained in them. These salts
were applied in powder form in shallow basin trenches (diameter 2 metres) taken around
the base of the stem and covered with a thin layer of soil. Tho application was made
in September every year when tho heavy South-West monsoon was juat over. The
experimental palms as well as the non-experimental ones standing in the experimental
fields received a basal nutrient dose of 0.34 kg nitrogen as groundnut cake, 0.34 kg
phosphorio acid a8 bonemeal and 0.68 kg of potash aa munte of potash (KCl) per tree
per year. The pH of the soil was g lly acidio, b 2 strongly acidio during

TABLE 1. TREATMENTS AND DOSES OF INDIVIDUAL MICRONUTRIENTS

dosoper  quantity of micro-

nymbol walte applied x ‘p':) p::;nn:nl; o::ndzt-
(gm)

A Magnesium Sulphate (Mg8O,.7H,0) 454 45.4 (Magnesium)
B Borsx (Na,B,0y.10H,0) 227 26.9 (Boron)
G Copper Sulphate (CuS0,.5H,0) 237 58.1 (Copper)
D Manganees Sulphato (MnSO, 4H,0) 227 ©55.8 (Manganose)
E  Forrous Sulphato (Fo80,.7H,0} 27 4.4 (Iron}
F  Ammonium Molybdste (NH,)eMo,0p AH,0 2 1.0 (Molybdenum)
G Zino Bulphate (Zn80,7H,0) 221 51.3 (Zino)
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and to liorate this dition, about 100 kg of slaked lime per acre was
spread ovor the soil and worked in with hand spades. In addition, a green-manure
orop of sunn hemp was raised overy year in these fielda and at the proper time the
entire plants were ploughed into the soil in aitu. The first application of the micro-
nutrients was made in September 1953.

3. OBSERVATIONS BECORDED

Data on the production of nuts as woll as fomale flowera were available on these
experimental palms from 1940 onwards. In addition, date on the emergence snd
shedding of leaves, opening of spathes, measurements of leaves and leaflets as well
aa the numbers of leaflets, female flowers, nuts shed prematurely and those harveated
a4 Tipe ones, appearande and progress of disease symptoms as well as incidence of major
pests were collected on thees palms periodically from 1953, Colour sketohes depicting
the condition of their crowns were prepared at the time of first application of the mioro-
nutrients for later comparison,

In this paper data on the fruit-yield alone are considered, and tha.t too for a
period upto and inclusive of 1960. After 1960, the mioro-nutrients were
directly into the palm a4 solution by a root-injection method (Davis ef al, 1954) instoad
of applying them in the soil atound the stem. The fruita produced by & palm have to
bo regarded aa the ultimate criterion of the palm's response to & treatment, since the
experiment was running for a fairly Jong period and since & grest majority of the
palms wore in the productive stage. The author was in oharge of this manurial experi-
ment from its inception until 1960, and hence, the data relating to this period aloneare
considered in this paper.

4. PBESENTATION OF DATA

The fruit-yield data relating to the 384 palms for a 12-year pariod (1949-1960)
are tabulated in Tables 2 to’4. This period has been &plit into a 8-year pre-treatment
period and a 8-year post-treatment, period. Since the first annual application of mioro-
nutrients was made in 1963, normally the years 1953 and 1054 should have been in-
oluded under the poat-treatment period. But the coconut palm is unique in effectively
showing the benefit or adverse effect of & manurial treatment only after two years.
A flower-primordium, which is most senaitive to s treatment, matures into & nut after
abont two years although during this two-year period a elight effect due to a higher
or lower setting or shedding of the already developed flowers and young fruits may be
noticeable.

Three palms gave no nuts at all during the 12 year and they were all diseased
(latestage). Three healthy and three diseasod palms died through lightning and disease
between 1956 and 1069,  For these trees the yield avorages woro based on the yields
for the years before their deaths, The nuts were harvested 8 times every year, and
partial yields in the yesr when a tree died were omitted. A few other trees only
started producing fruits after 1949.



MANURIAL EXPEBRIMENT ON COCONUT

TABLE 2. EFFECT OF MICRO-NUTRIENTS ON THE FRUIT YIELD OF
HEALTHY PALMS

COCONUT PALMS :

pre-treatment ylold post-troatment yiold
plot treo ago spiral
no. mo. {1083) 1949 1950 1951 1962 1063 1054 1965 1908 1957 1958 1059 1960
88 4 L A 3 46 11 53 I 85 18 89 & @ 8
85 40 R ABQDF 15 19 15 w 13 12 1z 8§ 38 13 13 38
120 85 R ABCEQ 92 42 70 80 61 80 44 £1 48 39
1 14 B L AD 108 81 61 121 50 117 01 65 60 8 T4 6
k] 58 L BDE 86 77 T4 82 4 07 89 81 W 87 712 &8
79 86 R BFG 41 14 19 24 38 32 28 25 2 T 5 6
84 48 R 51 6 80 60 o4 84 70 710 8l & 77 62
154 4 L ODG 88 100 62 120 107 114 104 124 116 113 132 04
8 45 R 62 67 90 45 91 D4 57T 67 104 17 112 36
19 40 R ADE 70 46 43 66 50 47 49 87 62 88 b4 55
N5 8 R 5 38 63 5 43 71 52 43 a8 82 a3l
62 40 L CEG 8 17 43 I 36 8 38 43 4 87 42
2 3 4 R CDF 56 71 20 94 54 116 26 141 3 134 35 121
53 45 R ABCEF 3 65 32 82 53 80 50 I8 61 34 35 67
63 40 L Q 27 T4 13 M 44 63 103 36 69 82 87 69
78 8 L BDEFG 80 63 65 79 63 60 74 61 79 3 70 &7
66 45 R AB 57 48 52 62 82 8l 8 44 63 68 18 68
48 4 R DE 17 83 32 70 80 95 70 51 83 52 40 180
81 8 R FO 40 44 T3 o6 13 68 72 66 T &1 &7
48 45 R A(QEG 76 58 83 55 107 68 100 89 100 &6 32 71
3 87 & L ACDF 81 5 64 8 78 87 79 62 74 30 117 62
31 40 R BCDO 48 6 50 75 65 D3 63 67 12 8 0 80
4 80 L BCEF 47 53 61 &6 60 56 69 68 16 7 63
3 30 L ABDEFG 22 22 27 26 20 42 52 40 62 14 8¢ 45
116 4 R C 11 65 27 5 11 2 71 39 55 67 60 712
48 25 R ADG ol 14 46 20 24 38 104 80 62 59 28
% 55 R AEF 78 63 84 69 €4 99 72 I3 40 57 67 100
138 20 R BDF ail nil nil 8 20 82 14 78 20 8L &9 668
4 89 50 R BEG 78 74 57 88 115 111 105 88 83 91 83 138
83 25 R ABCDE 1 4 10 10 3 11 27 33 31 17 32 &
114 25 R ABC] nil nil i 7 7 26 25 4l 6 15 23
129 80 R CDEFQ 43 54 40 36 26 80 1 89 53 83 65 48
45 4 R AC 5 52 18 20 34 41 63 88 42 &L 62 118
150 5 L BF 61 64 46 64 32 62 30 41 17 B 17 48
ug 4 R CD 98 nif 8 8 nid 6 76 8l 58 73 &8
5 99 6 R 38 07 34 68 74 4 €3 13 6L 60 20 28
118 45 R ADE 18 49 30 31 50 B 44 63 37 62 69
91 8 R BDEG 37 83 32 91 48 62 89 48 5 40 102
138 € L CEFG 58 49 67 49 53 73 78 67T 12 49 59 &
20 a3 R ABCDFG 34 46 50 44 47 48 77 T9 63 &8 2 47
80 8 R D 42 3 95 58 &7 114 48 B2 717 63 81 &3
251 50 L ABE 30 29 1l 53 28 47 37 4l 43 B4 2 &
232 &0 L BCF 59 42 48 52 54 84 48 101 B85 6T 78 T8
6 322 &8 L ACG 91 72 B¢ 98 118 11l 115 117 69 127 126 108
279 48 L EFG 33 47 49 51 58 88 671 73 60 65 78 89
254 & L ABDFQ 76 Bl 50 65 87 95 82 85 102 94 82 113
274 65 R ACDEF 23 71 36 76 65 104 92 89 68 & 77 88
205 5 L BCDEG 37 20 38 26 36 35 48 33 32 31 48
189 8 L E 75 75 5L 60 63 83 7T B4 64 81 &7 85
210 50 L ABD g 88 21 8 71 60 64 71 44 81 587 138
808 6 L ACP 82 75 40 89 72 TT 37 o5& 62 Q8 V9 &5
302 €0 R BCO 84 44 3 45 36 41 37 84 44 U 60 56
296 3 R DFG 11 22 9 21 13 30 30 40 39 3% &7 2
7 216 40 L ACDEG 2 14 12 33 15 S1 33 43 26 50 49 €8
208 55 L ABEFQG 17 43 21 13 41 &2 20 67 7 80 48 81
208 80 L BCDEF 10 20 8 18 22 31 24 39 25 & Bl 54
405 s R AF 12 4 28 15 28 72 28 30 64 55 46 &7
30 48 R BG 9 12 14 B 29 31 24 40 38 37 42 80
80 25 L CE nil ol nil 53 116 46 127 81 86 173 80 180
391 25 L ABOD nil nil il 81 112 88 136 123 148 112 148 175
B 310 6 L BDEF 6 50 651 88 30 T2 64 79 8l 89 T4
416 8 L CDFG 30 15 13 17 8 20 8 15 86 26 23 38
327 40 R ADEG 40 82 51 60 56 687 56 53 6 47 62 54
34 35 L ABCEFg 4 38 22 24 31 21 72 42 79 35 85 45
A-Mg; B-B: C-Cu; D-Mn; E-Fo: F-Mo; G-Zo.
L-plam having left-handod foliar epiral
R-palm having right-handed foliac spiral
89
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TABLE 2. EFFECT OF MICRO-NUTRIENTS ON THE FRUIT YIELD OF
COCONUT PALMS: HEALTHY PALMS—conid.

pro.treatmont yiold post-troatment yiold
plot tres ago epirs] troatemont
no. no. (1863) 1849 1960 1051 1962 1983 1054 1955 1958 1957 1958 1950
w8 40 L AE 82 51 31 28 48 88 47 43 53 20 Disd
388 L BD 46 48 50 44 43 55 03 7B 67 81 49
178 & R CF 8 21 17 28 11 3 28 38 32 28 53
200 48 R ABCUG 33 10 2 28 17 22 24 50 22U 40 31
288 L 44 40 39 M 30 3 I 44 33 38 34
421 48 L ADFG 40 04 30 36 70 22 110 10 89 3l
404 % R 2 L] 32 20 35 37 I8 30 22 17 Diad
276 4 L ABCDEF 6 41 35 72 68 86 77 80 69 60 93
323 86 R AC 40 & 56 24 52 41 43 70 57 @5 5
10 5 R DG 52 58 38 64 62 50 B0 4& 46 43
M5 4 L EF a1 3 21 44 48 57 40 1
463 35 L g 4 4 12 13 33 17 126 76 115 96 142
9l 6 L BCDE S5 58 71 45 70 6 T2 68 48 46 6
307 R ABDF 43 28 10 20 34 40 42 11 14 18
438 L ABEG 73 50 51 43 70 &5 1]
K 4 R ACDEFG W ™ 3 80 68 65 60 & 61 82
398 30 R AD 13 56 35 oml oil 46 38 47 21 68 34
388 &0 L 37 20 20 23 22 40 27 37 29 42
2713 20 R BE 13 20 40 14 37 56 86 65 59 48 Ol
240 25 R ABCF oil ol nil 1 13 25 35 27 271 49
%2 40 R CDEF 12 25 16 26 11 & 30 66 32 57
232 80 L 3 42 41 MW 53 83 43 45 20
240 50 R BDFG 56 52 38 24 2 37 1 Died
254 20 L EG 11 16 14 38 31 100 70 & 107 67 109
289 kel L BC 48 25 41 43 456 112 63 81 65 21 69
29 38 R EG 17 36 66 41 42 63 70 901 8 75 03
282 38 L DF 10 2 37 47 53 63 62 73 6 &0
202 80 L ACDE 32 38 20 406 45 51 4 650 368
201 46 R ACFG 37 6 68 27 101 35 109
15 50 L EF w T 10 06 7L 83 78 78 67 101
189 85 R ABDG 21 40 31 38 237 60 38 31 60 49
298 46 L BCDEFG 7 12 21 il 6 32 35 6 4l 1 32
362 60 L F 40 56 065 44 02 68 52 50 62 51 04
367 50 R ACE 3 3 15 23 26 53 30 45 42 22
38 6 R 0 0 50 32 42 30 6 36 43 4 20 B4
381 60 R DEO 03 456 61 57 70 & 60 64 08 55
364 56 R D T4 40 36 65 062 37 06 108 40 8¢ 89
110 30 L BCEFG nil ni nil 20 5 100 08 33 ™ 13 ®
06 R ACDFO 17 36 44 22 47 67 03 40 8 30 52
305 55 R ABDEF Al ail omil 1t 31 87 93 46 09
241 B L nil mil ol nil mil 12 21 49 2
211 4 R ACD 86 100 P4 Bl 98 | 8 95 104 768 108
218 45 R DEF 37 48 48 44 46 86 46 40 40 48
138 % R DBCE 1 22 32 31 17 40 30 I 1 4 il
186 26 R ABF 4 9 15 28 41 29 u 28
+ 56 L ACEFG 44 33 20 37 41 43 # 28 30 47
192 25 L ABDEG nil nil nil 30 85 60 88 107 108 95 112
i 5 R BCDFG %2 32 28 21 3» a0 47 8
9 85 R ABC 27 48 45 43 47 62 53 54 54 13 62
126 30 R 42 63 06 40 36 72 67T 37 T N
13 45 L ABCDEFG 80 80 04 105 40 121 126 113 14 83 137
10 L G 36 15 46 65 101 80 87 6 77 6
102 5 R BDO 22 81 60 60 89 102 94 112 115 40 110
108 26 L BEF e 02 15 89 3 88 04 76 108 78
w 30 R CDE 58 34 91 181 127 167 131 128 73 123
126 40 R 63 7 62 47 | 82 6
133 50 R I 60 65 82 60 41 88 & 40 60
“ 48 L ABDE 64 &8 (53 78 6L 71 81 &
4 30 R BCEG nil nil nil  nil 1 2 4 15 nil ol
28 36 L ABFG 3 71 14 00 21 8¢ 09 105 80 o5
148 50 L ACEF 565 63 41 62 & 63 0 71
3 26 R ACDG 68 65 40 45 59 88 54 49 33 32 46
138 5 L DEFO 07 41 27 46 4 5 D 23 4l
¥l 45 R BCDF 30 84 41 5T 3 24 60 58 4@ 20
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TABLE 3. EFFECT OF MICRO-NUTRIENTS ON THE FRUIT YIELD OF
COCONUT PALMS : DISEASED PALMS (Early Stago)

pro-treatmont yiold post-troatmont yiold
plot  troo ago spiml

no. mno. (1853) 1940 1050 1051 1952 1963 1964 1055 1966 1087 1058 1050 1960
183 “* L 11 8 13 31 30 24 42 51 38 53 43 49
L 40 R ABCDF 19 2 48 28 43 50 40 27 44 28 18 60
148 45 R ABCEG 60 26 15 54 20 38 17 12 13 4 1 nil
38 50 R ADEFG 71 44 68 6] 80 776 8 69 82 87 90 72
1 76 80 R BDE 7 13 8 7 12 8 11 14 9 7 12 18
69 45 L BFG 5 3 nil nil nil nil all ail 1 1 noil nil
144 - L CEF 50 39 37 40 42 52 44 41 34 21 208 326
n7 4 R CDG 49 26 14 30 21 44 38 27 28 22 38 35
d 13 R B 9 17 12 18 18 31 1§ 5 13 7 13 nil
108 50 R ADE 18 11 13 21 19 18 19 28 18 1185 14
122 56 L A¥G 3 21 28 Bl 44 34 68 45 43 M 27
2 4l 48 R CEG 50 47 68 290 20 il 4+ 3 2 nil 1 nil
39 45 L CDF 12 73 18 62 62 I8 117 21 58 45 30 97
91 40 L ABCEF 18 5 22 11 9 15 27 27 18 28 28 17
13 3 R ABCDG 34 24 17 2 38 35 23 35 25 25 16 18
3¢ 48 L BDEFG 16 23 14 21 24 48 38 36 32 39 25 28
10 45 R AB 12 24 21 27 4 83 11 28 31 17 4 20
32 45 R DE 62 36 27 68 44 43 58 80 52 48 40 47
47 35 R FG 26 2 13 28 30 41 30 38 20 31 32 31
3 17 45 R ACEG 2 16 7 21 17 30 15 20 21 13 13 M
29 45 R ACDF 77 66 31 80 101 81 110 84 1280 45 133 30
28 45 R BCDG 19 8 17 14 1 21 26 20 17 20 18 9
14 48 R BCEF 3 24 12 82 16 87 33 11 1 3 8 2
83 50 L ABDEFG 63 37 42 67 66 76 72 71 61 BT 20 17
83 40 L C B4 38 48 74 60 83 47 64 50 88 48 58
15 30 R ADG 74 48 30 686 24 00 38 67 63 85 68 47
123 46 R AEF 17 5 2 1N 3 2 21 21 15 15 5 10
125 50 R BDF 2 21 10 38 31 23 33 42 27 20 27 32
4 80 20 L BEG nil 5 10 nd nil 2 1 2 3 nll nil nil
29 35 L ABCDE 3 26 12 47 7 48 38 40 M 81 38 58
72 45 R ABCFQ 44 16 36 52 4 20 77 20 63 44 82 5
13 40 L CDEFG 43 21 3t 46 16 35 03 41 37 57 50 64
“ 40 R AC 44 46 33 48 18 40 62 4D 47 57 81 46
57 50 R BF 13 22 11 40 20 41 36 14 40 18 47 18
168 45 L CD 8 I8 8 2 48 & 32 68 156 10 48 40
5 31 40 R ABCE 30 13 13 20 22 20 33 27 31 34 58
185 80 L ADEF 24 20 I8 8 34 23 20 20 52 28 48 40
63 40 L BDEC 2 38 11 48 35 38 590 68 40 B3 50 G4
42 46 L FG 9 2 73 77 76 19 48 40 37 28 32 25
103 85 L ABCDFG 20 30 20 34 48 5T 83 35 44 22 N M
265 50 R D 48 27 28 10 BB 25 52 45 26 42 34 2
286 55 R ABE 40 27 66 37 47 62 61 40 54 x4 &0 43
281 a5 R BCF 6 50 16 52 16 58 20 B8 33 38 40 41
286 58 L ACG 12 3 17 2 25 33 41 34 31 27 38 27
¢ 262 3B R EFG 53 50 47 43 53 70 658 123 48 74 70 B84
224 35 L ABDFQ 20 24 20 31 27 49 33 37 32 37 26 3
227 80 L ACDEF 11 29 26 19 24 2 8 22 11 15 24 13
269 50 R BCDEG 80 15 16 30 38 40 M 15 & 1 12 34
218 46 L E 3 4 5 8 6 21 21 14 7 11 28 18
223 50 L ABD 4 30 17 46 37 36 27 47 43 40 64 B8
217 8 L ACF 10 2 16 19 22 37 34 81 33 385 47 87
298 3 L BCG 1 3 1 1 nil 17 21 20 51 49 38 &2
7 20 50 L DFG 10 40 12 34 48 62 18 62 62 2 66 47
209 60 L AQD 24 44 33 28 33 44 39 42 21 & R 4
32 3 L ABEFG 10 6 3 20 27 33 18 34 25 44 46 38
218 50 L BCDEF 18 30 20 27 8T 27 24 81 32 48 38 39
382 30 R AF 47 3 18 8 8 32 24 38 18 M 5 20
46 6 L BG 48 85 44 35 32 32 26 3 §2 28 23 1
8 39 60 R CE 8 50 23 46 30 34 10 20 34 190 25 32
328 45 L ABCD 59 57 B3 42 38 47 48 88 12 32 38 36
383 56 R BDEF 5 37 12 10 21 23 1T 1% 4 21 7
402 a5 R ODFG 43 59 59 39 88 59 70 71 46 30 87 00
821 85 R ADEG 19 10 1 [ 7T 8 16 18 20 22 21
320 3 L FG 7 31 18 18 13 27T 4 18 el M4 27
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TABLE 3. EFFECT OF MICRO-NUTRIENTS ON THE FRUIT YIELD OF

COCONUT PALMS:

DISEASED PALMS (Early Stego)—eond.

pro-treatment yiokl

post-troatment yield

lot  tree spiral trestment
A 1048 1650 1061 1952 1953 1854 1005 1056 1057 1058 1050 1080
42 3% L AE 14 18 14 1 ol 2 8 11 9 ol &5 3
4% 3 R BD 17 13 29 35 36 36 68 44 65 64 83
@ 0 R OF ml ol 1 1 1 W 34 34 60 3 T 76
9 433 4 R ABCG 88 41 38 52 45 57 90 100 &7 66 L 65
a4 26 L BEFG ol off ol nil mil 16 3 10 K 15 94 20
421 8 R ADFO 4« 1 7 ol 4 8 17 2 13 8 16 7
«7 3 R CDEG 38 24 17 14 S1 31 23 25 2 3 Disd
@9 50 L ABCDEF 64 76 72 38 58 713 8 88 72 62 68 70
8l 80 R AC 33 22 48 38 3 T 38 4 4l [
8 85 L DG 92 32 17 15 8 nl 11 63 43 €5 43
36 4 R EF 21 38 2 11 3 8 10 9 23 15 18 28
45 80 R BCFO 5 8 8 1 1 %0 10 18 14 31 158 17
10 46 & R BCDE 48 37 27 26 56 54 62 6Bl 40 64 49 &0
32 6 L ABDF 20 28 26 23 14 & 23 35 30 28 14 22
48 4 L ABEG 17 30 27 28 17 47 16 8l 52 2 45 42
480 30 L ACD: ol ol 8 3 nl 39 2 9 ol 1 10 al
g 2 R AD o ol ol nl ol ol 5 2 1 wl 2 7
231 25 R CQ i 4 12 4 8 7 2 11 19 ul 1T 6
% 3 L BE 22 13 2 4 6 30 12 31 8 43 36 24
11 286 40 R ABCF 88 7 72 43 85 79 €3 B8l o566 69 96 62
397 8 L CDEF 27 58 47 51 53 o9 33 4 42 53 B8
34 30 L AEFG 2¢ 36 34 24 3 28 13 31 2 ml 13 10
395 45 R BDFG 42 40 30 28 38 48 50 42 54 42 60 &3
387 35 L ABCDEG 3 1 oml t 3 1 1 T 1 3 4 2
29 5 R BC 5 38 13 5 1 8 12 21 18 13 18 I
301 3 R EG 20 4 26 1l 27 27 M 38 42 50 30 38
20 2 L DF ot nil od 3 16 4 7 26 10 17 23 28
12 294 8 R ACDE 26 33 49 23 33 20 40 66 27 46 3
266 25 L ACFO ol nil nil el ol ol el ool 32 oml 2 i
263 80 R ABEF 46 48 35 36 43 54 34 &6 45 45 EO 32
281 6 R ABDG 16 21 13 18 32 17 2 25 12 14 7 18
2739 60 R BCDEFG 33 24 35 23 24 40 20 41 13 20 28 1
380 8 R F 17 12 18 4 @il 17 I3 17 5 3 12 4
360 85 L ACE 58 40 38 26 32 30 39 22 18 3% M
7 8 R ABG 1 21 4 7 o6 1t 8 2 & & 68 3
13 348 36 L DEG 20 34 M 7 45 53 29 26 4 57 % 93
38 45 L BCD 9 38 34 2 23 20 23 22 11 16 27 17
370 30 L BCEFG nl 8 8 1 3 31 18 5l 2 40 4l 20
381 3 R ACDI 14 23 41 41 24 33 33 60 48 2% 82 18
376 46 L ABDEF 30 2110 w4 25 27 26 51 26 42 49 45
206 40 L G 28 24 21 32 12 28 35 38 36 39 41 42
197 18 R ACD nl ol ol ol 2 10 21 16 13 21 2 36
187 25 R DEF 4 10 14 £ 7 16 12 2 2 1 18 3
220 45 L BCE 3 B4 4D 37 60 48 39 60 <8 45 43 &0
M 208 20 R ABF nl ol nil onil 3 ol 3 ol nil 2 al
128 8 L ACEFG 99 109 B7 98 99 103 113 112 83 €0 N7 77
34 35 R ABDEG 3 12 4 3 & 1 9 2 10 25 & 7
23 8 L BCDFG 26 12 17 10 20 12 38 22 44 2 30 1§
121 50 L 36 20 5 17 20 18 28 3 W 3 U 20
99 8 R ADF 36 41 49 38 97 62 50 69 65 40 67 48
123 40 L ABCDEFG 26 13 12 28 16 18 41 53 48 48 B4 &7
15 98 & R AEG 3 156 36 2 30 15 238 18 30 17 43 32
10 65 L BDG 48 22 44 38 20 50 70 8 40 2 4 18
9 8 L BEF 17 28 30 28 13 39 27 34 51 28 2 20
88 35 R CDE 3 18 9 17 7 19 20 2 13 19 3} U
124 2 R CFG nil ol 87 19 86 B0 41 45 o0z 70 78
2 0 R I 7 13 15 4 9 13 23 46 25 25 5l 8
153 5 L ABDE 42 48 41 83 60 40 86 02 &7 63 73 4l
2 8 R 18 4 10 15 4 12 6 8 13 @8 18 @
5 2 L ABFG nil ol nl ol ol 6 18 2 17 9 88 ¥
18 146 3 L ACEF 6 58 40 8 &9 95 113 8l 37 130 36
M 30 R ACDG 97 95 53 90 & 93 106 108 112 108 111 118
134 & R DEFG 38 22 6 2 21 138 14 17 1L 7T ¥ 38
3% 3 L BCDF ol ml al 23 19 81 85 01 30 14 38 40
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TABLE 4, EFFECT OF MICRO-NUTRIENTS ON THE FRUIT YIELD OF
COCONUT PALMB: DISEASED PALMS (Lato Btage)

pro-troatment yield post-trestmont yield
plot  treo ago spiral

no. mpo. (1963) 1940 1850 1051 1952 1953 1954 1955 1958 1057 1958 1959 1960
23 45 R 38 52 o4 50 60 57 44 48 B4 37 48 &0

103 5 R ABCDF & 7 10 21 17 20 20 30 26 26 36 23
152 46 R ABCEG 20 21 26 40 41 32 41 40 38 < B, 1

1 148 50 L ADEFG 11 ol mil 2 5 3 6 22 13 10 17 ]
123 55 R BDE s 22 2 19 34 2 18 1 8 11 5 8
118 A5 L BFaG 18 8 11 8 156 23 ni 4 18 2 1 ai
140 55 R CEF 24 39 12 37 13 34 17T 20 8 18 10
124 40 R CDG 4 nil nil 2 5 [} 8 6 ¢ 2 4 1
114 8 L B 78 11 36 2 27 38 39 31 24 13 22 23
138 85 R ADE 4 14 14 18 17 32 29 32 40 33 M 3l

40 45 L AFG 22 10 25 30 24 35 29 27 32 28 27 42

51 80 R CEG 21 19 5 18 2 11 13 2 17 5 19 5

2 21 40 L CDF & nil nil ad 1 al 10 11 3 ni ¢ ni
k11 4 L ABCEF ol nil ndl ol ol npil ni o o oit ail el

83 50 R ABCDG 20 18 9 37 17 88 1 8 15 7 18 9

138 4 R BDEFQ §3 16 32 26 18 33 38 43 36 45 50 54

82 80 L AB 4 27 2 40 34 B 40 25 38 B B U

108 50 L DE 27 4 14 17 8 18 8 7 [] 7 2 ni
129 40 R FG 42 390 38 47 40 84 66 67 75 17 84 5O

1 65 L ACEG 102 28 2 51 70 82 39 73 67 40 18 22

3 20 46 R ACDF nil  nil 1 3 1 4 2 1 1 1 7 4
18 8 R BCDG il 1 nil L nfl al nil ail i 2 ail il

28 &6 R BCEF 2 2 2 2 117 1 8 nil nil nil ol

135 80 L ABDEFG 48 18 21 48 50 24 20 24 33 42 43 40
140 45 L C 31 4T 47 49 41 b4 70 50 5l 44 41 40
147 36 L ADG 5 17 10 23 10 32 10 42 12 42 30 4

12 40 R AEF 75 44 85 57 b4 49 B3 50 55 47 48 42

4 122 55 L BDF 15 9 10 26 32 12 30 47 22 28 31 19
25 45 L BEG 18 2 4 18 12 13 12 11 12 24 32 35

141 35 R ABCDE ] 7 nil 2 7 17 7 28 9 18 42 21
128 50 L ABCFG 5 11 nil 1] 7 10 3 10 8 7 1 7

26 3 R CDEFG 30 14 13 92 18 2 23 36 40 38 & 26

19 85 R AG 15 14 5 8 14 20 14 24 24 15 20 126

43 45 R BF 28 20 8 50 38 68 83 21 44 87 & 71

158 60 L CD 14 47 5 23 40 41 61 14 40 9 49 8

182 &6 R ABCE 2 2 10 27 23 23 36 34 39 26 18 30

5 8 40 L ADEF 53 37 30 40 40 42 47 52 48 48 61 &
13 65 R BDEG 22 17 18 gL 18 37 22 2B 35 38 20 2
1566 6 R CEFG 18 M 7 9 36 20 13 8 2 12 3 14

7 60 L ABCDFG 12 18 14 13 18 26 26 31 23 37 27 3B

200 50 R D 6 2 nil 1 1 3 Disd

231 50 L ABE 2 22 8 14 19 33 186 32 7 26 2B 12
244 50 L BCF 2 13 1 7T 1 1 07 28 14 20 4
246 80 L ACG 8 10 8 9 5 13 3 1 12 8 17 1

8 205 30 R EFG il L) 1 4 2 4 1 6 nil 4 § i
28 5 R ABDFQ 51 54 50 38 32 3% 18 3 13 ni 13 al
248 80 R ACDEF 5 14 18 18 2 17 24 19 12 28 7 20
253 35 L BCDE & il 6 12 1n 13 1 3 1 11 8 +

187 85 L E 18 26 20 33 28 4 26 31 21 31 2 22

190 8 L ABD 27 29 16 22 2 58 14 20 43 21 42 60
236 a5 L ACF 6 19 18 18 19 325 22 20 12 14 28 AU

7 222 50 R BCG 10 # 11 2 16 18 15 18 8 20 14 28
228 50 R DFQ 40 49 36 20 31 17 12 39 1 2 7 4+

107 50 R ACDEG 25 19 15 7 31 2 28 3 17 18 20 14

195 50 R ABEFG 3 ® nil ol 1 8 3 10 11 10 4 7
220 50 R BCDE 1 8 7 12 17 19 10 12 15 17 88 13

417 30 R AF nit nil ol npil ol nil il nil il ol nit
347 85 R BG 42 20 24 10 14 37 27 19 2 13 20 ni

31 80 R CE 34 12 18 nll 1 15 wil nil il i} I 2

8 358 35 L ABCD 77 90 100 37 27 8 B85 79 &7 18 01 7
318 25 L BDEFP nil nil nil nil Al 6 11 11 4 1 1 [

372 26 R CDFG oil nil nl nil ai 5 3 1 4 3 ofl ui

32 33 R EG al 4 3 4 2 & p 1 I0 10 8 ni
383 -] R ABCEFG 3 2 30 15 27 41 28 33 11 8 3% 19
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TABLE 4. EFFECT OF MICRO-NUTRIEXTS ON THE FRUIT YIELD OF
COCONUT PALMS: DISEASED PALMS (Lato Btagey—contd.

pro-troatment yield post-troatment yield

iral  trealmsnt
e (1953 b 1040 1950 1951 1052 1968 1954 1055 1956 1057 1968 1059 1060
1 4 R AE 48 23 28 21 18 23 2B 41 3 13 N 2
&% & L 8D 16 8 o 1 3 ol Died
@5 8 B OF 8 11 5 b5 6 10 8 H 98 4 &
48 8 L ABCG 38 6 4 6 2 18 & 18 14 11 10 7T
“s 8 L BEFG 18 n 3 5 5 10 14 33 12 22 18
430 50 L ADFO 18 11 19 3 ol T 21 M 37 13 18 1&
434 85 R EQ 18 14 7 7 2 1 18 e 13 18
437 65 L ABODEF 31 58 21 45 65 &5 81 112 T2 €6 B B4
488 30 R A0 nil ol nil nil o ni nll nil nil Died
462 65 L DG 9 16 11 11 1 4 10 & 7 7 4
“He 4 L EP 37 28 3¢ 13 30 21 38 31 30 39 40 17
338 4 R BCFG L 9 10 i 1 3 18 13 12 1] L]
487 4 L BCDE 33 19 13 11 27 31 92 21 28 28
M3 80 R ABDF 4 B8 25 80 20 I 28 47 48 40 61 3
340 80 L EQ 4 9 13 10 24 33 U 37
336 4 R ACDEFG 32 B9 45 73 55 31 72 6T 48 & M 90
w9 8 L AD 4 32 37 2 35 31 30 30 38 5 U B
3% 8 L CO o 2 7 =il 1 noil 8 10 25 18 3¢ 14
28 88 L BE 1 | ol ol nil ol nt 1 nil 1 7 ail
% & R 65 56 39 45 30 30 48 42 43 3 & W
258 8 L CDEF 19 15 9 5 nil 10 8 9 9 8 12
201 60 L 36 15 14 27 27 31 31 2 43 28
388 & L BDFG 2 20 7 9 n 12 12 156 18 4 [] 2
8 R ABCDEG 27 4 2 L 4 18 38 41 2 10 2B 4
4% L 30 11 (] 2 ni 2 4 7 1 ol 1
% R EG 7 & 29 13 5 18 2 4 13 16 10 17
46 R DF 22 28 3B 21 10 9 2 48 26 32 27 126
L ACDE 67 36 42 16 12 28 37 U 39 46 3l
88 L ACFO 18 19 14 8 nd 4 264 13 15 10 8 §
8 L ABEF 40 56 35 11 7 28 27 38 40 32 B
46 L ABDG BB 48 40 53 3 40 o5é 52 67 67 52
& R 50 42 48 7 15 2 3 11 2 8 13 17
60 L P 7 8 8 11 nil ol 3 3 Disd
50 L ACE % 7 18 24 24 23 11 22 [ 8 28 nil
80 R ABG 2 3 10 1 1 7 4 15 ¢ 11 K 3
40 L DEG 10 ¢ 10 B 2 7 4 17 2 4 1
6 R BCD 45 25 22 28 38 33 24 10 40 17
50 R BCEFQ 13 15 18 a 14 14 7 18 18 9 11 7
45 R ACDFG 11 13 15 27 18 22 21 48 41
45 R ABDEF 26 15 18 2 11 60 20 34 19 18 2 1
48 R G 4 10 4 10 4 4 7 3 3 1 4 4
40 R ACD 3 43 17 1 3 1B 10 4 13 1 ul il
15 R DEF nit 8 7 nil nil nil nil ol nil oil nl ad
45 L BCE 121 2 1 all 2 3 6 Il ol 9 1
186 48 L ABF 18 22 ¢ 9 2 37 32 2 3B 17 ¥ ¥
2| 4 L A 5 8 2 4 nll [ 2] 7 13 2t 0 1
206 40 R ABDEQ 4 T 4 4 mil =it 3 2 3 ol 1 1
225 &8 R BCDFG 27 21 12 22 10 22 20 32 3 17T 40 MU
% 60 R ABC 22 14 22 13 7 16 34 3 3 17 37 of
08 65 R ADF 1 4 1 ail pil nil nll nil ol o) nif
10T 60 R ABODEFG 0 15 2 6 13 13 11 28 12 11 L]
B2 3 R AEG 1 4 12 18 1 37 11 31 s 21 18 15
111 38 L BDG nil ail ni 7 6 2 16 19 9 7 a1 1
8 8 L BEF 2 8 1 1 ni 3 8 Died
8 L CDE 20 8 19 4 11 12 2 22 16 7 18 8
84 6 R OFG 16 3 6 16 15 28 25 22 23 18 13 8
138 80 R I 24 18 10 2 3 mnil i
34 2 R ABDE oil nfl nd =ni 5 6 18 18 11 18 8
38 85 R BCEG 21 12 24 19 @9 20 1 19 23 7 138 14
38 25 L ABFQ nil ol afl 8 17 23 28 20 17 51 70
47 46 L ACEF 83 68 45 60 88 & [ 5L 8 T8
142 45 R ACDG 50 32 17 17 26 23 40 & 38
18 & R DEFG 9 8 15 4 13 17 4 4 15 2 15 ni
N 8@ R BODF 1 29 10 9 15 2 2 10 12 ol 15 8

©
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Data on the main effocts and twe-factor interactions are given in Tables §
and 8. For tho statistical analysis, the main effects and the two-factor interactions
only were comldered the lngher interactions being included in the error. The
followi: t were ded. ABC, ADF, AEG; BDG, BEF; CDE, O¥G;
ABDE, ABFG ACDG, ACEF; BCDF, BCEG; DEFG and ABCDEFG.

TABLE 6. MAIN EFFECTS

(corrected for z)
offect
diseasod palms
heslthy palmg ——————
carly stage  lato stage
A - 127 518 478
B 898 - 187 %0
V] 1563 — 848 02
D 634 509 864
E — 568 —2085° £ 3
¥ —1148 1181 1242
a — w8 - 88 24

 significant treatmonts

TABLE 6. TWO-FACTOR INTERACTIONS
(oorrected for z)

Effeot
offect
disessed palma
hoalthy pslmg —F—F—————
carly stage  lsto stage
AB 2007 49 - 184
AC — 768 B - 192
BC 1401 585 —~ 28
AD 1978 - 231 690
BD mwm — 411 ~ 720
CcD - 162 - 32 o84
AE — 388 1089 424
BE — & 2508° ns
CE — 808 —2108° - 388
DE — 178 1208 1160
AF — 2% — 386 - 218
BF 2008 387 - 844
CF 1846 1280 108
DF o4 -~ 898 -~ 276
EP 180 159 -~ 102
AG nise — 466 -~ 370
BG 1380 84 ~1188
[v¢] —1128 — 828 138
DG —2108 — B840 -~ 450
EG —1084 — 283 - 12
¥a — 34 381 ~ 840

* aignifloant troatmonts
o5
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A correction for the yield differonce between palme having left- and right-
banded foliar spirals was made. Although this foliar asymmetry is non-inherited
(Davia, 1062a), the left-handers have been observed to yield significantly more number
of nuts than their counterparts (Davis, 1062b, 1963). Figure 3 showa the loft-right
yield differences of the healthy and diseased palms for the twelve-year period. Having

Dealiby

N\

3

V moderate disease 4

i

W H R B W R M
period of obsorvation
Fig. 3

noticed the differonce in the yield between the lefi-spiralled and right-spiralled palms,
it was very cssential to make the correction because at the time of choosing the palms
no consideration was made on the foliar spirality of the palme, 177 of the 384 palms
were loft-epiralled. The exp ion on & basis of equality is 1924+9.8. The excess
of rights is not significant at the & per cent lovel. Each of the 48 blooks contained 8
treca (plots), all healthy or all in the early or late stage of the disease, The numbers
of blooks containing & given number of lefts are given in Table 7.

number of nuts per tree
.
13

0w wbdow

TABLE 7
Tofte [} 1 2 ] « ] [ 7 B total
blooke found 1 1 [ 14 i 8 3 ° 1 «

blooke oxpected .34 2.8 7.00 11.08 1280 8.7 8.7 0.2 0.10

The number of blooks expooted with 5 loRs is (z)%“'.—" Lisa

little unexpected that even one blook was found with 8 lefts, however, the variance

of the number of lefts is 1.989, the expected value being *.7‘.'207 = 1.688.
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With regard to treatments also, disparity ocours regarding the number of the
lefts and rights roceiving s partioular treatment. With regard to treatment with
Iron (E), the difference is significant, x* being 8.0709 as seen below.

L R LR

B 87 27 L
. 1 43 [}
X% = 8.0700.

Thus, because of the uneven distribution of the lefts and rights, it was decided to
perform the Analysia of Covariance with the spirality as the concomitant variable.

Since the 48 blocks are distributed in a 8-heotare estate, block differences are
bound to ocour as may be seen from the blook totals given in Table 8, The block
differences were taken into account and the Analysis of Covariance done for each
replication separately.

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

healthy palms diseased. di disaased.
blocks

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

1 2848 2809 437 1476 1086 1)
2 2809 2785 1289 1248 921 959
3 2686 3288 1720 1772 1200 1057
4 1783 2783 1418 1857 928 1208
[} 2878 2824 1121 1824 1188 1568
8 2871 3 1848 1784 637 604
7 1887 2554 1050 1767 908 910
8 1772 3310 1466 1526 828 48
9 1876 2148 1084 2020 808 1089
10 2124 2802 1030 UM 1048 1287
11 1257 2206 1236 1413 037 1045
12 2120 2796 1088 1189 1280 1168
13 1388 2809 1150 1334 688 708
1¢ 1780 2384 1220 1560 493 515
18 2878 4088 1804 1874 486 618
18 2185 2551 1488 2177 932 1179
total 35810 45687 21256 26317 14284 15532

5. BSTATISTIOAL ANALYSIS PROCEDURE
Under this heading, the various steps used in arriving at-the conclusions are
deseribed briefly.

As already stated, this experimental data ponds to a 27 confounded
factorial manurial experiment on three groups of coconut palms (1) healthy, (2) mode-
rately di d and (3) ly di d with 18 blooks of 8 plots for each group,

Y
7

13
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ono palm constituting one plot. Also, corresponding to each tree there is supplo-
mentary data regarding tho spirality of the leaves. This epirality, is an environmental
offect and does not depend on the treatments that are applied to the tree. A differonce
in the nut-yield due to right and left foliar spirality is observed, so it is necessary to
take the spirality of tho leaves into consideration. Thus, in the statistical analysis
a concomitant variablo X to represent tho apirality of the leaves is introduced. For
computations, X is taken s 1 if it is right, otherwise 2.

In tho data it may be observed that somo trees have died during the observation
poriod. To account for this, some minor adjustments wore made. If the palm died
in the courso of the pre- or post-treatment period, the yield for that period has been
oaloulated on the basis of the yoarly mean production for the period the palms survived.

The model Y = AX {treatment-offect+block-effect is assumed where Y
is the inorement in yield, i.e. the sum of post-treatmont yields minus the sum of pre-
treatment yields.

Treatment totala arc calculated for X and Y, and the sum of squares for main
offects and two-factor interactions are obtained by Yates' procedure. These are
however influonced by tho concomitent variable. Adjustment for the concomitant
variable is made through standard routines of Analysis of Covariance.

The results of the Analysis of Covariance are presonted in Table 9.

As clearly scen from Tuble 9, there exists a significant correlation between
the nut-yield and the foljar spirality of the palms of the healthy and severely discased
groups. However, the moderately diseased palms do not show this dependence
significantly. The fact the fruit yicld depends on tho foliar spiral in the coconut has
already booen reported (Davis, 1863).

TABLE 0. RESULTS OF ANALYSI§ OF COVARIANCE

y e yield = spirality
correctod sum of dogroes of

squarrs dug to feoodom 7z Yy w

(1) Heslthy palms :

block 16 w12 147.27  320630.43

Uroatraont 28 T80 — 5i5.30  346243.83

arror 84 1034 —1254.20  1200580.80

total 121 31712 —1052.23  1678454.30
Varianca ontimalo 07w 13485.08 Estimate of #(f) = —84.8976
Featatistio 10 togt g o 0 ia ‘:;” [Error ms = 8.03.

28
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TABLE 0. RESULTS OF ANALYSIS OF COVARIANCE—oonid.

y = yiold 2 = spirality
sorrected sum of dogroees of
nquares due t0 froedom = 5y w
(8) Early discass
block 15 4.0 —205.50  158044.28
treatmont 28 (X —M2.11 21028228
error [N 20.72 1590 ¢89387.17
total 127 FIN:] —432.04  857688.78
Variance estimato g% = 6898.10 Estimate of §(f) = 07413
Fotatiatio to test £ 0 s EUES =B . oo
(3) Late diseass
blook 15 2.3 - B4.50  55407.78
treatment 28 .53 62.88  80381.00
error 8 22.47 —517.38  240298.25
total 127 1.7 ~B49.00  376112,00
Varlance esiimate 0% = $750.84 Estimata of g (8) = 23.0284

ymwmn-oh%-;u

The effect 2 (due to foliar spirality) has been eliminated in order to find out the
offect of the manurial treatment alone, and the significance or otherwise was tested
by the F-test. The results are presented in Table 10.

TABLE 10. SIGNIFIQANT TREATMENTS (AT §% LEVEL, F,, > 3.92)
MAIN TREATMENTS AND TWO-FACTOR INTERACTIONS

trestment effect F.value

(1) Healthy palma
None significant
(2) Discased—early sogs

E —2055 5.43163
BE 2508 8.30788
CE —2188 0.20580

(3) Discased—lais stags
A 1470 6.17821
) 4 1242 4.87888

9
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6. DIsoUSSION OF THE BESULTS

Of the seven mioro-nutrients (including Mg) tried in the experiment, five
showed significant response whon applied singly and/or in combination in either improv-
ing or depressing the fruit-yield of the coconut palms. No mioro-nutrient was found
to have any significant effect on the number of sute of healthy palms. Plams in
the early stage of disease responded very fi bly with a bination of Boron
and Iron (BE). 'The beneficial effect of Boron on the dissased coconuts became obvious
even at an early stage of this experiment (Davis end Pillai, 1966). However, its
benefioial offect i not noticed among severely diseased palms. Copper in combination
with Iron (CE) shows severo depressing effect on early disease palms. At an early
perlod, Copper showed some benefioial effect on healthy palms and those showing
severe disease symptoms. Iron behaved diﬂ‘erently When applied singly, this ele-
ment had severe dep effect on d di d palms. KFurther, Iron,
in combination with Boron, showed beneficial effect while with Copper it had a de-
pressive effeot on the same category palms. The role of Iron, therefore, reguires to
be studied through forther experiments.

Palms of the severely diseased group showed favourable response to Magne-
sium and Molybdenum applied singly. Analyais of yield dats upto 1957 showed that
Magnestum increased the nut-yield of trees of all categories, the healthy as well as the

severely di d palms showing greater response. With the present data upto 1960,
this eloment inued to show o fi bl ) on all groups of paims, but
significantly with the severely diseased onea. Root exndnhonu were collected from
healthy and disessed palms and their h lly. M

was found to be deficient in the root exud, of the di d palms compared to that
of healthy ones (Davis and Pillai, 1069). It would imply that diseased pelms are
upable to absorb a8 much Magnesinm as healthy ones are capable of, from soils

containing very low ions of the el t. For all tical purposes,
Magnesium is & jent which is required in large q ities by the cooconut.
’l‘ha firat visible resp to the soil application (as well as foliar application) was

noticed on palms showing severe yellowing of the fronds. Theso leaves turned
groen steadily whioh eventually enabled the palms producing more fruits. It may
be mentioned that the palma showing symptoms of the Withering Disease in Ceylon
also showed & striking favourable response to the woil application of Magnesium
(Davis, 1966; Nethasinghe, 1959; 1961a, b; Salgado and Nethasinghe, 1080).

Molybdenum haa also shown a very favourable response with the palms showing
severe disoase symptoms. Though the palms receiving treatment F received just one
gram of Molybdenum, they started showing the beneficial effect even in 1957.

7. LIMITATION OF THE ANALYSIY
The effect of the interactions higher than the two-faotor level has not
been worked out.
(2) The experimental palms, as mentioned, are of varying age-groups, and
no correction was made to this affant:

100
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(3) Though the expori t palms bolonged to the same tall variety of
coconut, they ropresont moro than one form or colour group. No consi
doration waa given to theso differonces.

(4) Ficld ono (having the first- 5 major blocks) was underplanted with
coconut secdlings from the t of the experiment, whereas
the other two fields were underplanted only in 1058-59,
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