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THE RELATION OF SIZE & SHAPE OF PLANT TO THE,
YIELD OF COETON

- By S§. N, VENKATRAMAN, B.A., B.Sc. (Ag.) & C. JAGANATHA RAQ, B.A,,
Assistants to the Cotton Sf:e::fnj’i:-:r..

The relation of branching habit to economic characters in Cotton
has been the subject ~f study by many workers. Prominent among
characters investigated in this connection are earliness (Leake 1914),
sheddinz (Cook 1911, Harland 1917) and yield per plant (Burt 1919,
Cook 1911, Patel 1921 and Kottur 1920). Besides such economic
relationships, the genetic behaviour has also been studied. The habit
of the plant and the production of basal monopodia have been found
more or less, heritable in a number of American and Indian tvpes as
the Cawnpores (Leake 1914), Kumptas (Kottur 1920) Gujerats (Patel
1921), Cawnpore-Americans (Burt 1919) and Americans., There is
however evidence from other sources to show that considerable
environmental modification occurs (Hudson 1920) which can even
have large economic significances (Cook 1911). Of particular interest
in plant breeding is the evolution of special types associated with
¢nod vields. Many workers (Cook, Leake, Kottur loe. cit.) prefer a
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purely sympodial habit in the plants as more of these .could bes grown
per acre to give higher yields. It should however he mentioned  that
part of the above behaviour is dependent on the variety of cotton
examined. The results of such a study on a typeof G.. uui_tmm. Whm_h_
along with a variable mixture of G. herbaceum, fnrms_the. commercial
“Northerns” erop of this Presidency is presented in this paper.

Material and Methods. The plants examined comprised the
progeny of forty six single plant cultures grown in the Nandyal
Agricultural Research station during the year 1931--32. " Altogether
5970 single plants spaced three fest by two feet, were examined, Of
these 3,880 plants were attacked by the shoot borer (Earias sp.) but
these were also included to investigate the part played by this insect
in the vield of the plant. To ensure uniformity in ali strains, horder
plants were excluded for a distance of ten feet at the ends. The cha-

racters taken up for study were as follows i—

(1) Height of plant.

(2) Number of nodes per plant.
and (3) Number of bearing monopodia per plant. .

Very small or poorly developed monopodia were not mclucied in the
counts. On the basis of these three characters, which essentially
determine the plant configuration for this species of Cotton, the
relation of yield (kapas per plant) were investigated. TFor purposes of
comparison, similar data on a species of G.therbaceum forming the
Uppam Cotton of the Presidency and grown in the Coimbatore Cotton
Breeding Station during the years 1925—27 are also inciuded in places.

The correlation of yield to other characters. Taking into con-
sideration each of the forty six cultures separately, the coefficient of
correlation of yield with height nodes and monopodia were determind.
The frequencies of these correlation coefficients are given in Fig. I, for
bored and normal plants respectively.

An examination of figure I shows that the correlations are pener-
ally higher in the normal plants thaninthebored ones. This difference
was found significant in all cases. (Student's mathod. Fisher 1932).
The values of these mean correlation cnefﬁclmm are given in Table 1.

TABLE I. Correlation of yield of the piant ‘with- other characters within
the same strain |—

(Mean value of 'r ' (forty-six strains)

Relative. Subject, (1) vield of plant. {(Kapas wej gf:t}
In bored plants. in pormal plants.,
2. MNumber of monopodia, 0483 0013 (571 3= 0015
3. Height of plant, 0251 & 0012 0°532 £ 0 016
4. Number of nodes. L 00129 4= 0-014 0°301 40016
e :
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It will' be seen that the coefficients are all significant. An exa-
mingation of Figure I shows thatin normal plants the monopodia
(r="5712"015) and height of plant (r=0532--"016) are markedly related
to the yield, while the relation of number of nodes although significant
is variable; In bored plants- however; the ‘relation of monopodia
(r="483%" {]LB} is much greater than' that-of ' height of plant (r=07251
+'012) while the effect of number of nodes is again small, These
relations refer to variations fromplant to plant within the same strain
as determined by environmental influences, but what is of more interest
in genetic studies is the behaviour from strain to straini.-e., the part
played by the different characters in determining the yield from one
selection to another.

Relation of characters from strain to strain. For the above
purpose, the mean wvalues of the forty six selections for the different
characters were correlated with the corresponding mean vield. The
resulting coefficients are given below.

'3 ABLE [I Eurrellahnn coefficients of yield of strain with other characters

Subject, Yield of strain Partial correlation
(1) Coefficients.
Bored. I Mormal. Bored. MNormal.
2, MNumber of monopodia. U'S',?Eiﬂ*l.]ﬁ. 06480058 | 12'3:'4‘.]*532::1:'071 ﬂ‘gggi
d. Height of strain, 0:32400088] 01750096 | » 13:2="0341 1UD1 ﬂ'uﬂgél—'

4, Nuamber of nodes. 0°220-4-0'693 007540100

It will be seen that the number of monopodia is the only character
on which the correlations can be held significant. The partial co-
efficients indicate that the height of strain is of little genetic import-
ance. [t would appear therefore that selection for vield on a height
basis will not be lasting in the succeeding generations, but selection of
monopodial types will be of more permanent value. To investigate
these relationships morve fully, it will be necessarv. to know how
changes in vield are associated with changes in the other characters.

Regression on characters of the vield of the plant: 1n finding
this relation of yield to other characters, all. the 3970 plants were
gmupeﬂ together into two categories as bored and not bored, and the
regressions of vield determined on each character. The curves repre-
senting these re]atmnshms are given in Figures I1, 111 and IV.

An examination of Figure II will show that in the case of mono-
‘podia, the regressions are rectilinear and similar for bored and normal
plants. This shows a more or less, proportionate increase in vield
with increase of monopodia.
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Figure I, As regards height, the relation is rﬂctxhnaat for nor-
mal plants and very nearly so {or a considerable height-in bored: ones.

Figure 111, In the case of number of nodes the: 1elatmnshm is
‘definitely more complex than in the two other chdracters, “and: very

&Hslmlhl in hored and normal plants:

Figuve [V. Judged by the pronounced curvilinear regression ot
the character, and taking into account, the small values of its corre-
lation coefficients, the number of nodes does not appear ‘to. be a
factor on the hasis of which selection for yield will he prﬂﬁtahle.
Greater significance attaches to the relation of helght ‘of plant and
monopodia, where the relationship is rectilinear. Of these two chara-
cters, the influence of height has been shown to be pu:elv environ-
mental. As the effect of monopodia is both environmental as well as
genetic, it is obvious that it deserves greater attention in the choice of
high yielders.

The effect of the borer (Earias «p.) on the yield of .the plant :—
A point of interest in these studies is the part plaved by the borer in
the yield of the plant. - The attack of the borer in the present case is
so high as 657%. Considering the pronounced modifications it infro-
duces in the plant scaffolding the effect requires fuller study. An
examination of the vield of bored and normal plants in the. forty-six
selections shows that the attacked plants have given a significantly
higker yield than the others. Table III (a).

TABLE II1 (a). Mean difference between bored and normal plante.

) ifference _ ) _
Variety, Character, Bored—Not 5. E, of difference
hored. : :
G fndicnn. Yield (ounces per plant.) 0-2204. 0144 o,
Northerns, MNumber of monopodia per
plant. 0609, 079,
Rate of increase of yield
per monopodium 0025, 0008 oz

An examination of Table -1II shows that the increased yield is
brought about in two ways. Firstly, there is an increased production
of monopodia. Secondly, there is an increased produetivity per mono-
podium. (Figure IT). The rate at which yield increases with increase
of monopodia is greater in the hored plants (Fisher. Page 123).

An ex.anﬁnaticn of the standard errors given in Table I11 (a) shows
that the differences are Sigﬂi_ﬁcant in bhoth gf_thgsg cases.

It should be mentioned that the increased vield due to borer
attack is opposed to the findings from other species..of Cotton as
G. hirsutum (Cambodia—Ramanathan 1931) or G. herbaceum (Uppam).

Tahle I1T (h) below.
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REGRESSION OF YIELD ON NUMBER OF NODES
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SO TABLE TH [IJ:I Mean difference in yield between bored and normal plants
in G herbaceum (Uppam).

] .
Mumber of bolls per plant. Difference in
MIroin No. Year, : favour of normal
| Mean of bored | Mean of nor- plants,
plants. -mal plants.

54 1924—25 50'76 5520 444
192526 3222 5013 1791

1978—27 19°42 3314 - 1372
615 1924—25 33'51 37:57 | - 4067
192526 36'19 4809 "\ 11:90

1926—27 2511 2705 | 194

1885 1924—25 3175 3270 0-95
1925—26 2576 3362 785

1926—27 30°25 2775 ; 2:50

2405 1924—25 30:07 2712 ' 295
1925—26" 4224 4876 652

1926—27 28-14 2847 33

146 1624—25 2907 2762 X 1'45
192526 3389 44-38 1049

. 1926—27 2557 3042 4'85

480 | 1924—25 1738 2466 728
1925—26 3404 4143 7:39

It is probable that the difference in behaviour between the ‘ Nor-
therns' Cotton and the other two is due'to the very high monopodial
nature of the former type. . Whereas in Cambodia t'he ﬁrst sympodial
'nnde occurs Wlthin a range of five to'ten nodes, and in ' Uppam ' with-
in seven to twelve, the range in Nandyal Cottons varies so high as
thirteen to twenty-two. As such thereis a greater chance for more
monopodia to develop from the attack.

This effect of the borer appears also to be decided by the time at
which the attack occurs. For instance, a well defined relationship is
indicated between the growth stage of the plant at boring. and the
response in yield. An examination of Figure IT shows that the higher
on the plant the attack ‘the greater is the yield, and to a large extent
the production of monopodia (Figure V.)

Figure V. Although the above relationship of height and mono-
podia persists even from one strain to another, (r.23=0'501 = 0.074) it
is not the case between height and wyield (r.13=0'324 =038 r.13.2=
.034 = .100%. The conclusion is probable from this that the quicker
growing plants in a strain are likely {o benefit more by attack, while
this is not necessarily true of more quickly growing strains in a group
of selections. In other words, the yield relationship is more or. less
environmental. A ma‘ctical'ap[ﬂimtiﬂn of this will be that forcing
the growth, hy manurine for instance, and topping the plants will
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induce higher yields in this type. . Experiments are now. being' under-
taken to test this point.

Discussion. It will be interesting to compare the above results
with the findings of other workers. In Goghari Cotton (G. herbaceum)
Patel (1921, 1921) prefers a tall strain with open habit and large number
ol vegetative branches, but in another variety of the same species
(Kumptas) Kottur finds the reverse to be the case (8).. The relation
of monopodia to vield is not so pronounced in other species of cotton
as for Northerns. In American cottons (U. S. A. Dept. Bull. 169) posi-
tive correlations between these characters ranging from 0029 to 0'435
were got, while it was concluded that the isolation of a strain produ-
cing few basal limbs wounld not influence its productiveness. DBurt
(1919) prefers a compact type with a limited number of monopodia
in Cawnpore-American cottons. In the Uppam cotton plant (G. her-
baceum) the relation of yield and basal limbs is small (r=0.290 = .019)
although significant. It should however be recalled that some of these
are sympodial types where the change from basal limbs to fruiting
branches occurs early and is usually abrupt. In “ Northerns ” cotton
however the production of monopodia is more continuous and the
differences in behaviour can be attributed, as before, to this monopo-
dial habit.

A problem of very common interest amongst cotton workers is
the isolation of branching types adaptable to high acre yields. Al-
though individually less productive, a sympodial type of plant is pre-
ferred in many species as the greater number of plants per acre more
than make up for this deficiency. (Cook, Leake, Kottur loc cit).
This type is early (Cook 1911) and has been found to produce bigger
bolls in Kumpta cotton. (Kottur 1920), On the other hand it has been
shown that in the species of Northerns cotton investigated, environ-
mental and genetic conditions which favour the production of mono-
podia are also conducive to g{md yields. This is also true of Gujarat
cotton (Patel 1921, 1924). As however the height of the strain by itself
has no particular significance to the yield, it does not seem desirable
to bestow too much attention to the selection of taller types, The
indications are towards selection of medium sized compact types with
moderate production of monopodia, as these will have the advantage
of more plants per acre preferred by other workers. Observations
have shown that the differential tendency of types to produce mono-
podia persists also in bulk plants, although it is not so pronounced as
in the wider spaced single plants examined for this stud}T ‘Selection

on the basis of monopodia is therefore justifiable in “ Northerns”
(G. indicum) cotton.

Summary. - The relation of height, nodes and number of mono-
podia to the yield of cotton was investigated in 6000 plants, being the
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progeny of forty six selections- of Northerns cotton. (G. indicenum)
grown at Nandyal.

It was found that in plants ot the same strain, tne numuver of
monopodia and height of plant were markedly correlated with yield.
The penetic relation from strain to strain was however different.
‘While taller types were not necessarily good yielders, strains with
more monopodia were more productive. The number of nodes was
not of much significance towards vield either from plant to plant of
the same strain or from one strain to another.

The correlation ‘of vield to other characters was significantly
more in normal plants than in those attacked by the shoot borer
(Earias sp.) A study of the resression of the plant yield on these
characters showed that the relation of monopodia and to a large
extent of height was rectilinear. This shows a proportionate increase
of yield with increase in these characters. The regression on nodes
was more complex.

From an examination of yield from bored and normal plants in ail
the strains, it was found that the attacked plants gave a significantly
higher yield. This increase of yield was associated with an increase
in the number of monopodia per plant, as well as an increased rate of
productivity per monopodinm. It was also observed that the higher
on the main stem the attack, the greater the yield. This was not how-
ever the case from one strain to another.

From a comparison of other strains, as Cambodia and particular-
Iy Uppam (G. herbacewm) where the effect of the borer was just the
reverse, it was shown that the difference in behaviour could be attri-
buted to.the more monopodial habit of this type.

The relation of yield to monopodia was much higherin this
Cotton than in more sympodial tvpes as Americans or Uppams’
Selection for high vielders on the basis of monopodia is justifiable in
"Northerns ' Cotton.

Acknowledgments. To M.R.Ry. K. Gopalakrishna Raju Garu,
Deputy Director of Agricuiture, Bellary, we are indebted for facilities.
The work on Uppam cotton included was done while the first of the
authors was an Assistant in the Madras Herbaceum scheme financed
bv the Indian Central Cotton Commiitee.

Literature cited.

1. BURTR C, Lawnpore American Cottons. P Bulletin 85 (1919

2. COOK O, I, Abortion of fruiting branches. . 8, Dept. Cirenlar 115
{1911},

- P — A new system of Cotton colture, - Circular 115
{1911}

4, Correlation of charvacters in Cotton. [0, 8 A. Dapt, Linll 169,

7. FISHER R, A Sralisticn] methods for research workers (189523

e



38 Tie Madras Agricr!tnval Tournal. Vol xxiiNo::2

6. HARLAND S, C. Manurial experiments with Sea Jsland Cotton. "West.
Ind. Bull.  Vol. XVI'(1917),

7. HUDSON, Arkansas [Expt. St. Bull 168 (1920).

8. KOTTUR. Kumpta Cotton and its improvement. Main. Depl Agri.
Ineia X, 6 (1920)

9, LEAKE H. M. Studies in Indian Cottons. Mem. Depls Agrienlture [ndia

Vol VI. No 4 (1914)
10, Hyhridisation in Indian Cottons. Jowra. Asictic Soc. Beng dal ‘Fﬂl I"i-? (1910)

11, PATEL M. L. Studies in Gujerat Cottonsl, Mens Dept. Agrienlture
India Vol X1 No. 4 (1921),
12, do do Vol X1I No. 5 (1924)

13. RAMANATHAN V. Report of Subordinate officers of the Madras CAgr.
Dept. 1931—32. P. 101.

A NOTE ON CLOVE CULTIVATION IN SOUTH INDIA

(From The Director of Agriculture, Madras.)

Botanical Origin and Distribution: The clove is known botani-
cally as Eugenia caryophyllata and belongs to the family Myrtaceae to
which the Myrtle, Eucalyptus, Rese apple and other ~well-known
plants also belong. It is a small conical tree 30—40 feet tall and itisa
very slow grower, It is said to eantinue oprolific up to 75 years in
favourable Jocalities.

The clove is said to be indigenous to five small islands in the
‘Moluceas, but it has spread through the agency of man to many parts
of the tropical world and it grows particularly well in the ‘islands of
Zanzibar and Pemba which produce the greater part of world’s supply.
The clove is also grown in the Tinnevelly District and on the southern
slopes of the Nilgiris of the Madras Presidencv on 1 small scale, where
it thrives up to 2,500" elevation.

_ Cultivation: The clove prefers a somewhat sandy soil-and a well
distributed annual rainfall of not less than 60”. The seeds should be
collected for sowing as soon as mature, i.e. when the seed covering
becomes soft and purple in colour. They should be sown as soon as
collected in nursery beds made up of any good garden soil to which a
quantity of sand and leaf mould has been added. Select a site away
from the roots of trees and dig the ground to a depth of one foot or
more. The width of the beds should not exceed 4 feet, the length
being determined by the number of seeds sown. The seed beds should
be t_:nvered with a pandal to keep off the sun's rays, and the soil kept
moist, but not waterlogged. Germination will take place in about six
weeks, whan more light should be given, otherwise the seedlings will
become weak and leggy. The seedlings should be transplanted to
planting baskets or established in balls of soil and moss when about- 6"
tall and grown on for planting out: in their permanent quarters the



