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STUDIES IN INHERITANCE IN COTTON.

The Improvement of Dharwar American Cotton by
Hybridization.*

{Received for publication on the 23rd April 1628,)

1. Introduction.

Despite the many atbempts to infroduce and acclimatize American
cotton in Tndia hetween 1840 and 1870, there is only one area where it
hecame and has continued to be a staple crop of the country. This is
in that portion of the Bombay Presidency, and the neighbouring portions
of the Nizam’s Dominions, Madras and Mysore. which lies to the extreme
south-east of the province and whose natural markets are Gadag and
Hubli. Here New Orleans cotton was introduced by the then Collector
of Dharwar (Mr. A. N. Shaw) in 1842.% The first crop was sown in
August of that vear, and yielded (near Hubli) at once a larger crop than
was produced by the local Kumpte cotton with a higher ginning per-
centage (333 per cent. as against 24-2 per cent.). This experiment was,
in faet. so successful that the matter was taken up seriously, an American
cotton planter. Mr. Mercer. was stationed in this neighbourhood in 1843
and an experimental Farm was estahlished at Kusugal in the Hubli
Taluka. The result af manv tests there with all kinds of exotic cottons
was still in favour of New Orleans cotton, but owing to the prevalence
of disease the experiments were soon after transferred to Gadag.
where the crop grew much more healthily and gave a much higher
vield.

The crop rapidly hecame popular, and by 1843 the area increased to
22331 acres. This was only the beginning, and the cultivation became
more and.more extensive reaching 178,682 acres by 1861, in the districtx

*The investigations rccorded in the present bullatin were done partially nnder
subsidy from the Indian Ceutral Cotton Committes.
* An account of the early history of Amarican cotton in Dharwar will be fonnd in
the Bombay Qagetteer, Vol, X XII {Dharwar), 1884.
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of the Bombay Presidency alone In that year, a Tanchashire report
stated that the Dharwar American cotton was of good staple and colour,
clean and with the staple not seriously damaged by the ginning. 1t
was valued 63d. per pound in Tiverpool when the best Surat cotton
was selling at 53d. per pound, and American qualities from middling
to fair were selling at 43d. per pound. In spinning tests it lost 13 per
cent. in the blow room, when ordinary New Orleans (American) lost
17} per cent.

As early in 1850, the cotton had so far made its reputation that an
ageney of Manchester users of this cotton was established in the Dharwar
District for saw-ginning and purchasing this cotton. The quality of the
cotton grown from the acelimatized New Orleans sced was maintained,
as was chosen by Mr, Forbes in 1861 but the complaints of mixing were
rife, and were one of the canses for the passing of the Cotton Frauds Act
of 1863. The Act was, however, a failure, and mixing of the cotton
continnes almost unabated to the present day. The area, in the two
districts of the Bombay Presidency which grow this cotton, has increased
in 1925-26 to 332,147 acres and much is grown in the adjoining tracts of
which records are not available.

Such is a verv short outline of the history of this very successful
introduction of American cotton. The seed used, though of American
arigin, is now {ully acclimatized and as fresh introductions do as well as
that locally produced. It is known on the market usually as “ Saw-
ginned Dharwar " and locally is termed Dodda-Hulti or big-sceded
cotton, Vilayati-Hatti or Farangi-Hauti (foreign cotton),

So far as the Bombay Presidency is concerned, it is now grown in
almost every taluka of the Dharwar and Bijapur Districts, and in the
{ndian States and in the borders of these districts. So far as the
British districts are concerned, the following figures show the distribu-
tion by talnkas in 1925-26, and the relative area of this and of the local
Kumpta cotton in each caee :—

AREA IV ACRES

Taluka Dh
Kumpta arwar-
cotton Asz)‘zltg:u
Dharwar Dictrict, Acres Acres
1. Dharwar . . . . . . . 29,261 824

o Hubli . . . . . . . . 33,014 9,087
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AREA IN ACRES
Taluks
Kumpta lllmr\y';u"
catton American
cotton
Dhavvar District—eontid, Acres, Acras,
3. Kalghatei . . . . . . . 6,194 6
4. Bankapur . . . . . . . 16,776 30,242
5 ATaveri . . . . . . . 52,140 32,041
6 Hamgal « « . e ... 6237 4,037
7. Hirekerur . . . . . . . 19,000 10,98
3. Ranehennur . . . . . . 22847 38,048
Y. Gadng . . . . . . . . 150,240 T4,030
10, Run . . . . . . . . 43,080 83,970
1. Navalenud . . . . . . . L0440 0,605
ToTan . 403,635 263,525
Bijapur District.

I Bijapmr - . . . - . . 02,223 Q20
2, Indi . . . . . . . . 90,124 16,825
omdgi . . . . o ... 107,390, 3,601
4. Bagewadi. . B . . . B 76,280 19,220
3. Muddebihal . . . . . . . 740 4,361

6. Bagalkot , . . . . . . . o

7. Badami . . . . . . . . 37,702 .
8. Huangand . . . . . . . 67,988 33,983

Torar . B “:“707 *_—EU[
|

Perhaps the most typical centre of its cultivation is near the town
of Giadag, and the climatic conditions which prevail there, in the matter
of rainfall, mean maximum temperature and the mean minimum
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temperature, from the records of forty-three years are taken in the
following tables for each month in the year -

Mean Mean
Average nmaximum minimum
rainfall inches, tempe;"\ture tem;}erature
Jannary . . . . . . 87 il
I"ehruary . . . . . . U3 il
Mareh . . . . . . .- W i
April . . . . . . 10 JURS T+
May . . . . . . 20 106 74
June . . . . . . 25 97 73
July . . . . . 5 1] 72
August . . . . . . 141 L1 T
September . . . . 54 90 72
October . . . . . 30 W w0
November . . . . . (8] 88 63
Becember . . . . . .. 86 61

The usual course of the season is usually something as follows.  After
a few ante-monsoon showers in April and May which may be heavy but
cannot be relied upon, the land becomes fit for cultivation, and is usually
ploughed (the previous crop having usually been jowar) with a light
plough and then harrowed tiwo or three times at intervals, No manure
is usnally given first to the crop, though the previous crop of jower
has usually been treated with two or three cartloads per acre of farm-
yard manure. The sced is sown in September or the heginning of Octo-
her, seven pounds of seed being used per acre.  The practice is to sow in
rows 21 inches apart, with 12 inches between the plants in the row,
Three to four hoeings are given to the growing crop. Flowering com-
mences in November and the plants are in full flower at the end of Decem-
ber or the beginning of January. Boll formation is most perfect in the
second part of January and in February, The seed cottou is picked
in two or three pickings and the harvest is over by the end of April.
The cotton can usually he picked much cleaner than the local Kuumpla
cotton, as the leaves and bracts do not dry up as with the latfer cofton.
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The vield usually ohtained varies from 200 to 600 pounds of seed
cotton per acre—and the produce is usually sold without ginning as
“Kapas.” The total cost of production is about Re. 30 per acre while
the value of the produce is usually about Rs. 60 per acre, taking Rs. 250
per Naga (1,344 1b.) of seed cotton as a normal price.

The cultivation is generally carried out in medium black cotton soil.
well-drained. Excess of rain or of water in the soil is injurious to the
crop, and the crop disappears, in favour of Kumpta cotton.

The crop, though it is immune from the wilt disease which malkes
such havoe with the Kumpta cotton crop, is affected serionsly Ly the
cotton leaf-hopper or Jassid, by the cotton aphis, and particularly hy
the so-called  “red leaf blight.”” The aphids appear specially when
cloudy weather continues for long periods. and if they are abundant
during the time the plants ave in flower there is a large shedding of
hoth lower buds and bolls. The Jassids by sucking the leaves, eanse
these latter to appear wrinkled and crumpled, and sap the vigour of
the plants. Glabrous plants are more susceptible to attack by Jassids
than hairy types. “Red leaf blight ” appears during the later fife of
the plants, when dry east winds prevail, that is to sav from the end
of October until Januarv. As the name implies, the leaves turn red
and then curl and fall. T the attack is very severe the reddening
extends to the bolls, and the plants either die or cease to flower. The
glabrous types are more liahle to it than the hairv onex. Tt has. so
far. not been found to he associated with anv parasite,

1I. Improvement of Dharwar American Cotton by Selection.

Attempts at the improvement of cotton in the Dharwar American
area either by the importation of exotic type from America or Egypt.
or by selection from the tvpe already acclimatized in the countrv have
heen in progress for many vears. This has heen particularly the case
since 1901 when an experimental station was established at Dharwar.
and supplemented in 1908 by another station at Gadag. It may at
once be said, that, despite the greater care, all direct importations. whe-
ther from the United States or from Egypt. have failed —-largely as a
result of the extreme development of red leaf blight. One oufside
cotton was at, first a success,—the so-called Madras Cambodia cotton.
which is an American and has reached India hy way of Cambodia.
It at first yielded equally well with the local Dharwar American cotton.
and had a higher ginning percentage. Its success. in the area, was
however, purelv temporary and when tried. on a large scale under
eultivator's conditions, it failed giving 2 poor crop in years of slightly
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heavier rain than ordipary with a weak staple which tended to
deteriorate. It had, therefore, to be abandoned.

In view of thig general failure with cottons from other centres, atten-
tion was concentrated on the selection of superior types from the mixture
of various cottons known as “ Dharwar American,” That this was a
mixture of various types had long been known,—and the Dbarwar
American cotton of to-day presents a mixed mass of heterogeneous
material, hardly any two plants agreeing in all characters, Some plants
have a more open habit of growth than others; some are sparingly
hairy, some very hairy, while few are glabrous; many plants have pale
vellow flowers, some flowers are a bright yellow while a few are white ;
the majority of the flowers have no “eye” at the base of the petals,
hut a few have a faint or bright red “ eye " indicating presence of Sea-
Island or Egyptian influence ; the seed of some plants is white, and of
some is green, while a very small percentage has either fully or partially
naked seeds. The amount and quality of lint also varies widely from
plant to plant. The whole of these types were minutely studied and
separated by Mr. Kottur in the years previous to 1913.% In that year
he showed that in the mixture of types, the hairy ones were far more
fmmune to red leal blight than the others, while they were less attacked
hy jussids. Finally several strains, breeding true, were isolated, which
uot only grew healthily in the Dharwar American area, but which yielded
highly, ha the full staple expeeted in this type of cotton and gave much
higher ginning percentage than the cotton usually grown.

One of these now known as “ Gadag No. 1”7 proved so successful
that it has hecome the standard type all over the area, and the only
trouble is now to produce enough seed to meet the demand. To
show how far this selection ig an improvement on the ordinary growth
the average of five vears’ trial may be given. The Gadag No. 1 seed
gave an average vield of Kapas of 466 1b. per acre with a ginning
outturn of 340 per cent. ; the ordinary Dharwar American seed gave,
under the same conditions, a yield of Kapas of 390 lb. per acre
with & ginning outtuen of 293 per cent. This selection is of the
Upland Ceorgian type, and is now locally known as ‘ Upland-
hatti” or Upland cotton. It has a staple of a clear seven-eighths
of an inch, and represents the best that it has been possible to
obtain by selection from the existing Dharwar American cotton, The
following report on the lint of this Gadag No. 1 cotton, from the crops
of 1923-24, 1924-25 and 1925-26, made by the Technological Labora-
tory of the Indian Central Cotton Committee. shows the general
characters of this cotton.

* Kottar, 11, L—Dharwar American Ustton, Bombay Dept. Agri. Batl 106, 1920,
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(Gapac No. 1 {DHARWAR AMERICAN).
I. Size of crop.  dbout 20,000 bales.
I, Grader’s report.

. Season 1923-24 } Season 192425 | Season 19252
Class . . . . | Fine western . { B.GtoF western | Fine western.
{nlour . . . .- . White.
Staple length .1 18/16 to 15/16 } §to §inch ., | Bto lineh,
inch.
Pegularity . . . | Not as rezular | Inferior to 1923. | Iiegnlar.
as Dharwar No. 24 sample and
L not a fair sam-
plo of Cadag
cotton.

I11. Fibre particulors,
1. FIBRE LENGTH DISTRTBUTION (BALLS RORTER)

PrropxTaAGE
Menn gronp lnnﬁf‘}}hin eighths of an Season easm eaaon
149:23-24 1924-25 1425-26
2 02 02 Tl
3 s 24) 23
+ B . . 34 44 44
i) . 64 11 o7
[ . B . . 138 201 208
7 . . 2014 353 352
b A2 165 2008
o . . . . 114 45 ah
10 . 2:1 re
I3 . . . . 03
22, Mean fibre fength by Balls Sorter w_‘»;‘v_“«;»‘ T —3';2_ o @83
24 Mean fibre length by Baer Rovter o0 8t 84
5. Mean ribbon width inch . . VOO V0BT 07
4. Mean eonvoluations per inch . 10 132 134
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IV. Spinning Tests.

Spinning masier’s report. 1923-24 cotton a trifle seedy; 1924-25
cotton contains too much leaf and husk, is creamy in colour ; 1925-26
cotton white, leafy and neppy.

V. Remarks.

The 1924-25 season was bad compared with 1923-24 and this no
doubt accounts for the lowered grade and inereased dirtiness of the
cotton in the former season as well as for the diminished length and
strength of staple. In consequence while the 1923-24 sample is suitable
for standard warp yarn for counts up to 38’s the 1924-25 cotton gives
poor rvesults even for 20°s. Tn the 1925-26 season this cotton while
hetter than in 1924-25 is still not up to the standard of 1923-24 and is
suitable for standard warp yarn up to 30’s.  The staple is slightly hetter
than in 1924-25 hut still mach shorter than in 1923-24. The 1925-24
cotton is again dirtv and even more serious in its much increased nep-
piness,

1II. Attempts to Produce Improved Cotton for the American Tract
by Hybridization.

It i8 clear that the improvement in Dharwar American cotton re-
presented by the (fadag No. 1 tvpe, while considerable only leaves us
with & moderate cotton and it is natural to aim at a further improvement,
which can only, so far as we know, be achieved by hybridization. Before
iudieating what has been done in this direction it will be well to deseribe
the characters which must be contained in a really suitable type for
cultivation in the area under consideration.

In general terms, the hest cotton for this tract has already been
deseribed by Kottur' as follows : ~ The type which is perfectly sym-
podial growing tall with internodes safficiently long to promote the
healthy growth of feuiting hranches, flowering early so as to produce
all its flowers in the month of Decémber, and bearing big bolls, is the
one which is ideal for the Dharwar American tract.” On these consi-
derations the type known as Gadag No. 1 was selected, but it will be
noticed that this ignores the question of staple. But in addition to the
characters specified by Kotbur, there is always the advantage to be
secured by getting a vigorous hardy type which also has a staple of at
least over one inch, and if possible up to 1}inch. If this area is to

t Kottur, G, L.—Dharwar American Cotton ; its Histery, Cultivation and Improve-
ment. Bombay Dept. Agri. Bull. 106, 1920, :
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eompete with many of the long-staple Upland American varieties such
as, for instance, Durango —a type with such a staple must be considered
as an essential part of the ideal cotton type.

Now in Gadag No. 1 itself there are always a few plants which give
lint with a staple of over one inch, but this is not hereditary, and further
selection in this manner has been a failure. [t was clear therefore that
the only resource for obtaining a cotton which retained all the desirable
qualities of Gadag No. 1 but had a better staple, more nearly equal
to the better American Upland varietics was only likely to be
obtained by crossing with suitable American or Egyptian long staple
types capable of growing at Dharwar or Gadag.

Now similar crosses had been previously attempted between Dharwar
American cotton and many such long staple types in the years from
1901-07, with no satisfactory results and the resulting material had
ultimately to be abandoned. Further attempts demanded the previous
provision of pure line types of the material used for crossing with Gaday
Xo. 1 cotton and for this reason the following supposed pure varietios
were obtained for the selection of the best long-staple plant.  Upiund
American :--Durango, Columbia, Snowflake, Improved-Cook, Black-
seed, Meade, Truitt, Lonestar, Dixie, ldeal, Webb,

Egyptign. Afifi, Abassi, Pima,

Seu-Island. Two unnamed strains.

The seed supplied of each of these varictios proved to be mixed,
and three to four seasons were needed to obtain pure types from them,
When this had been done, the resulting pure matertal did not. in the
case of the Upland types, show sufticient advantage in the point of
staple to make crossing worth while.  The igyptians grew very unheal-
thily being attacked with Macrosporinn at an carly stage. and owing to
the Tuteness in fowering, they were very difficult to use for crossing with
the Gadag No. T type.  Un the other hand, the Sea-Island cotron grew
sjuite well in the carlier part of the season and produced a large numbey
of flowers. Though they were badly attacked, later on, by the red leaf
Dlight, they did actually ripen a certain number of bolls, and no difficulty
wie found In using these types for crossing purposes. The origina
Nea-Island cotton types were obtained i 1913, but the nuaterial was
not completely developed as a pure line until 1920 when the cross with
Gtadag No.'1, an account of which forms the subject of the prescat
bulletin, was first made by Kottur. [le also grew the first and second
generation of the cross in 1921 and 1922, but the whole ol the material
was handed over to the present authors in 1923, Since then the study
uf the various generations of the cross has heen vonducted by them
at the lxperimental Station at Dharwar.
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1V. The Parents of the Cross.

The parents of the proposed cross may first be deseribed. The
Gadag No. 1 strain of Gossypiwm lirsuuin was, as already indicated,
isolated by Kottnr! in 1914, froni the mixed material contained in
Dharwar American cotton grown at Gadag. The other parent was u
pure strain of Sea-Island cotton (Gossypium barbadense). The principal
special characteristics of each of these parents may be now deseribed
and compuared. A picture of a typical plant of each of the parents is
shown in Plate 1.

1. HAIRINESS OF PLANTS.

The stem and petiole of Gadag No. 1 are studded with simple long
hairs and a few stellate hairs.  The leaves, especially on the lower surface,
are also hairy, but in this case short stellate hairs predominate, with s
few simple hairs. TIn the strain of Sea-Island cotton used, the stem,
petiole and leaf are completely glabrous, and thus differ completely
from the other parent.

2. THE NUMBER OF MONQPODIA.

The number of monopodia on each plant in the case of Gadag Ke. |
varies from none to five, the most frequent number being two. Abowt
70 per cent. of the whole of the plants examined have either two or
threc monopodia per plant. The number of monopodia on & number
of plants taken at random in three successive years is represented by
the following [requency figures : -

Fregresey
Number of monopodia (Undag No. 1) ~

1924.25 1923-26 192627
U N . 9 2
1 . al 22 39
2. 100 7 W00
3 BT 3t 51
1 6 10 5
5 I 7
oo . . oo
Toran . 200 o0 T

1 Kottur, G, Lo~ Dharwar American Cotton : its History, Cullivation und loprove-
meat,  Bombay Dept. Agri. Bull, 106, 1920,
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In the case of the strain of Sca-Island cotton used, the number of
monopodia per plant was similar, varying from none to 3, the frequency
of occurrence of different numbers heing shown in the following table for
thrce successive years -

Number of moenopudia (Sca-lsland PrkQuesey

cotten) 192423 |1 Tu26-27
0 . . . . 34 13 Hh
1 . . . -] 115 41 i
2 . . B . A2 G N
3 . . . . f a7 ~
4 . . pi
3 . . |

Toran . B *'.’HU—- ’ A'Z;mr h v;’mi—”

Both parents are, therefore, highly sympodial cottons, the Sea-
Island type being a little more markedly sympodial than the American
type used,

3. POSITION OF FIRST FRUITING BRANCIL
The position at which first fruiting branch arises varies, i the
case of Uadag No. 1, from the third to the seventh nede on the main
stemy, the most frequent position being the fourth or fifth node. The
exact position on a number of plants taken at randont in three sucee
years is represented by the following frequency figure -

Position of fiest fruiting  branch i Furquesey
ndag No. 1) 192425 1023 20 12627
Sid nede . . . . T a0 4
UL, . o i 20
Mho, . . 1 i it
Who, N . 7l x 40
ith o, e e i 2 .
Toran . J»— o ;’W 1 '-_'Lu» T V-_mo
i !
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Tu the case of the Sea-Island cotton used, the position of the first
fruiting branch varies from the fourth to the ninth node, with the greatest
frequency ab the sixth node, or a little higher than with the Americay
parent. The occurrence of different positions is shown in the followin,
table for three successive ycars ;—

FREQUERCY
Pasition of first fruiting branch (Nea
fsland entton) T

1924.25 1925-26 192627
Ath node . . . . .. 11 t
Stho., . . . 8 43 16
6th Lo 706 105 105
ith . . . . . . 0 33 602
sth . . . . . 10 7 11
o, L 5 L |

ih . . . . 1
Toran . R 204 200

4. Corour or THE PETICLE.

In the case of Uadag No. 1, the red colour of the petiole at the point
where it divides to {orm the leaf veins iy very prominent and charac-
teristic.  In the Sea-Island cotton the colour at this point is fainter and
pink rather than red.  The differenee is very chatavteristic, and can he
seen even in the seedlings.

3, MEASUREMENT OF THE LEAVES.

All the neasurements of the leaves were made on the primary leaves
borne at the tenth, eleventh and twelveth nodes on the main stem which
proved to be the most congtant on the plants.  Taking these as the
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standard, a comparison was made of the size of diffevent. parts of the
loal in 1924-25 as follows; -

(1) Length of Teaves. The leal leugth was measured from the hase
of the blade fo tie apex of the teeninal lobe, wud the frequeney v each of
the two pareuts was uas follows :—-

Prrguusey

Lasaf Jenugth

Sea lsland

=30 muw, . . . . . . . 24
K1-~00  mw. . . . . . . . a3
Ul=-100 mum. . . . . . . . <ii
JOI—110 . . . . . . . . Sh
- -120 muo . . . . . . . 8]
121130 . . . . B . . .
{31- 110 mm. . . . . .

Torsn . Y

Though the mean length ol the Sea-lsland cotton leat is greater than
that of the American type, veb the characters ovetlap very completely,
and there is no very clear distinction n this matter hetween the two
putents.

by Leugth of widdle lobe of lef. The {reguency oboceurrenee of
various lengths of the middle lobe of the leaf in the two parental types i3
shown below : — .

IFrEQUENCY
Middle loby Jength e i s
Gadag No. L Sew-kaland

[ITYITI . . . . . . 2

mu, . . . . . 17

4 mm. . . . . . . . 6

mri, . . . . . . 35

6T mm. . . . . . . . . 17
G808 m, .
7
SMi—55 nun,
NS,

297 min. .
Foran . 200
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The lobe length of the Sea-Island cotton is on the whole greater,
but it is also far more variable. But the character completely overlaps
in the two parental types.

(¢c) Breadth of middle lobe of leaf. The frequency of occurrence of
various breadths of the middle lobe of the leaf of the two parents is as
follows :—

FREQUENCY

Middle lobe breadth
Gadag No. 1 Sea-Lsland

27—32 mm. . . . . . . . . 3 -
33—38 mm, . . . . . . . . 25 {
39—44 mn, . . . . . . . . 84 I
4550 mn, . . . . . . . . 67 33
Hl—56 mwm. . . . . . . . . 19 34
H1—62 mm. . . . . . . . . 3 43
6368 mm. . . . . . . . o 306
69T mm. 7

Lorayn . 200 200

In this case, as with the middle Jobe length the size of the leaf of the
Sea-Island cotton is on the whole greater, but it is much more variable,
while the character completely overlaps in the two parental types.

(dy The leaf Juctor. This tigure suggested by Leake ! is substantially
represented by the length of the middle lobe of the leaf divided by its
breadth. Taking this figure for each of the two parents, the character in
1924-25 is shown by the following frequency table,

Frequescy

Leat factor
Gadag No. 1 Sea-Island

0y . , 16 10
10, 31 17
111 40 26
12 it 38
i3 3l 44
14 8 30
13 . 7

Torarn . 200 200

Under Leake’s classification, the leaves of both parents would be
marked as Lroad-lobed, as they have a leaf factor less than 2. There

Ulcake, H. M, and Raw Prased. Studies in Indian Cottons, Lart Lo Mew, Lophs
Aori, Ludia Bot, Ser., Vol V1, No. 4, 1014,
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is little difference between the two, but on the whole the lobe of the
jeaf of Sea-Island cotton is a little more elongated.

(¢) The leaf vein angle. Another leaf character which has somw
inferest in the present case is the angle between the two chief lateral
veins of the leaf, which in some measure denotes the wilth of the leaf.
The character in 1924-25 in the two parents of the cross is shown in the
following frequency table.

Freorerxey

Teaf vein angle degrees
tiadag No. 1 Sea-Tsland

fighe T4 i

Ty 80 22

S1--86 . . . . . . f . 42 1
- ga 97 4
U348 . . . . . . . . 21 12
o 104 . . . . - . . . by a3
JUNSS T . . . . . . . . 2 41
H1—-118 . . . . . . . . .. Is
HE—122 . . . . . . . . P 14
123 ~128 . . . . . . . . .. 1
L . |

Tom | w0 | 2w

1t will at once be noticed that the angle is on the whole very much
greater in Sea-Island cotton than in the American parent. There is,
however, a good deal of overlapping which must prevent its being used
as a diagnostic character. )
{f) Length of petiole. The Sea-Island colton parent has, on the
whole, u longer petiole than in the American parent, but again there
B2
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is 50 much overlapping as to prevent the character being useful in .
gnosis.  The following frequency lfigures, from the 1924-25 crop, shov
this clearly.

TREQUIENCY
taength uf petiok - o
Gadayg No. 1 Sea-Island
SITVITR . ) .
3 mm. . EL] .-
3 mu, . . us 2
niw, . . . . . . 40 20
5 tm, . . . . . . 3 32
my, . . . . . . . Ve Gt
106115 mn:, . . . . . . . . U
116—125 mm, . . . . . . . .~ 33
Over 126 1w, . . . . . . . . 4
Tozar . 200 200

6. MEASUREMENTS OF THE BRACIS.

The bracts show very characteristic differsnces in the two parent-
used in the cross under discussion.  In ozder to ensure the meastenen-
hemg comparable, the bracts of newly opened {lowers on the first
second node of the tenth primaory fruiting branch were always taken for
cowparison. Al the lollowing comparisons were done on the 19242
crops grown sile by side at Dharwar.

(1) Lenglh of beucts.  'The length of the bracts was very different i
the two parents as the following frequency table shows.

FREQUENGY
Bract length. T
Gadag No. | Sealsland

Li—~19 wu, . . . . s .

B} .o

20-—22 wu. . 8 2
K mi, . . 38 4
mn. [ 1

non. . . . . 37 24

4 mm. . 32 47
Tomn. . . . 2 (753

A8 40 win, . . . K1
(143 mm . . . . . . . . .- 0
IE -~ mo, . . . . . . . o 4

ToraL . 200 200
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‘Though the difference is most shriking in the field there is so much
verlapping in this character that it seems to be of little use as a dia-
wmostic character.

(b) Width of lracts. The bracts in the Sea-Island type ave, on the
average, distinctly larger in every way than in the American parent
(Gadag No. 1) but the sizes overtap a good deal, as the following frequency
figures indicate.

FREQUENCY
Bract width
Gadag N, 1 sen-Tsland

4~11 mm, . . . . . . . . 3
12-~14 mm, . . . . . . . N T30
15=17 mm. . . . . . . . . 97
18—20 mm, . . . B . . . . o7 17
2123 mm, . . . . . . . 0 20
2026 mn. . . . . . . . . H i
27 ”—'11! uin, . . . . . . .- a8
Gu=32 mm, . . . . . . . . . pat}
A -3 mm, o

Poran . 2(70 ) A'.’(rm i

(¢) Number of teeth per bract. Yn this character also the average
tligure is higher with the Sea-Island parent, but again there is considerable
overlapping, which prevents the use of the character for diagnostic
prposes.

" Fregrescy
Teeth per hract -
Giadag No. 1 Sea-Island

F . . 34

6. . . . . . . %

7. . . . . . . U ..

8. 31 11

9. 3 al

10 . 2 lit

tl . 36

12, . . . . . . . 4]

[H . . . . . . . 3
Torar, . 200 200
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7. FLOWER CHARACTERS.

‘lhe differences in respect to several flower characters are distine
and nniform. Thus the colour -of the petals of the freshly opened
flowers in the Gadag No. 1 (American) type is always white, whil
that of the Sea-Island parent is bright yellow. With regard to the
petal spobt or eye, so characteristic of the flower of certain cotton
varieties, this is always entirely absent in the Gadag No. 1 parent, while
in the Sea-Island type there is always an extensive bright red eye.

Tn the matter of the size of the petal, the average lengthis very much
greater with the Sea-Island pacent, but in this character, as in so many
others, the figures obtained from different plants overlap. The following
frequency figures show the results obtained with the 1924-25 crop,
taking the same flowers as standards as were used in the bract measure.-
ments.

FrEQUENOY
petellength Gadag No. 1 Sea-Island

19~24 mm. . . . . . . . . 21
2630 mm. . . . . . . . . 85
31—36 mm. . . . . . . . . 48 37
37—42 mm, . - . . . . . . 6 94
43—48 mm, . . . . . . . . N 64
QOver 48 om, . . . . . . . . e 5

Totar . 200 200

8, BOLL CHARACTERS,

One of the striking differences between the parental types is the
colour of the bolls, which forms an easy diagnostic character in the field.
In the Gadag No. 1 parent the colour is light green, easily distinguishable
from the bright green and shiny appearance of the Sea-Island cotton
The surface of the bolls in Gadag No. T is smooth, and glands appea
simply as specks here and there and are hardly visible. On the other
hand the surface of the Sea-Island bolls is rough as the glands are situated
thickly and appear very prominently, forming a very marked distinction
between the types. '
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As regards the number of loculi in the bolls, the mean number was
determined for a large number of plants of hoth types. all the bolls on
cach plant early in February being used for the determinations. The
results are shown in the followiug frequeney table,

_ PREQU LNCY
Mean number cf loculi per boll
Gatag No. 1 } Sea-Island

30—31 . . . . . . . 174
B 21
3 4—38
$o--37 . f . . . Y
HR-EEN . . . . . U4
40—41 . . . . . . 132
4248 . . . . . 28
44 . . . . . . 5

Torar . 200 200

We have here, in the number of locks per boll, a matter in which the
types are quite distinet, the Sea-Island cotton being almost exclusively
« three lock type, with very few bolls with four locks. On the other
hand the Gadag No. 1 is chiefly a four lock type with relatively few bolls
with three locks and a few with five locks.

(a) Length of boll. The basis of measuremeut was the average of
the bolls per plant in 1924-25 obtained by measvring, by means of calli-
pers, five well developed bolls per plant from the nectary at the base to
the tip of the bolls, The results show that while the Sca-Island type hasa
slightly larger boll than Gadag No. 1, there is no really recognizable
distinetion on this account. The following frequency figures illustrate
this,
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taength of holl

Giudag No. 1

FREQUEXCY

—

Neu-Isfand

26—28 mm,

2931 mm,

A

32—34 mm. ,
35—37 mm, .
38—40 mm, ,
41—43 mn, .

H4—46 o,

Toran

47
86
52

200

33
a7
56

200

(6) Diameter of boll. The method of ohtaining standard figures for »
large number of plants of cach parental type with regard to this character
was the same ag that adopted in determining the length of the holls,
The following Irequency table shows that theve is little difference in the

two types examined ;-

Puameter of Tl

Tregu

TEXNCY

Chnlag No, 1

Sea-Lsland

2022 .
23---23 mm, .
20628 nm, .
20—3) mm. . .

Torar

34 3
5 Lo
12 1t
2
200 206 i

. STAPLE OF LINT.

As the main purpose of making the cross deseribed in the present
frubletin was to inereuse the length of staple in (tadag No. 1, considered
a3 a type of Dharwar American cotton. the study of the staple of the
parental types has special interest,  The methoil adopted in determining
the length was Ly combing out the lint ou the seed, and measuring those
that start from the middls of the seed.  Five holls per Plant were taken
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and the meauw of these flive measurements was faken ax representing

that plant.
The results of such staple measurements in Gadag No. 1 in four

iecessive seasons are shown below 1

FreQuENcY

1.ength of staple (Gadag No. 1)
102324 | 192425 | 1925-26 | 1926.27

13—-15 mm. . . . . . . . .. 1
1ti—18 mm, . . . . . [ 5 b 10
t0--21 mu. . B . \ . 34 27 ’ 25 5
4 wmm, . . . . . o N &i R
2527 mm. . . . . i 10 13 3
TP BT TR T BT

i

The lint from most of the plants has a staple, determined axs above
Aeseribed, of between 19 and 24 millimeters,

We may compare with this the lint from the proposed Sea-Isiand
parent which came as follows :-

FrEQTEXCY
Lenirth of staple (Nea-lsland eotton) .
1923.24% | 1924-25 | 1925-26 1926-27

2% mm, . f . . o . (] 3
W33 mw, . . . . o . 10 3
336, . . . . 4 7 A3 20
B--30 mn. . . . . 24 [ RH] 45
W42 m, . . . . . 24 4 13 1%
1345 mm., . . . . 28 A . o
W48 mm, . . . . . 12 3
=50, . . . . 8 t

porn | w0 e | e | e

* The actual determinations of staple in 1923-24 wore only done with seeds from 25
P{lets, but they have been calculated to 100 plants se as to compare readily with the
nibhers,
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The opening of the bolls in the Sea-Island cotton in 1925-26 ang
1926-27 was very bad, and hence the reduction in staple. But without
even allowing for this, it will he seen that olf the plants used have a highe;
staple than any of those of Gadag No. 1. The lint from most of the
plants has a staple, determined as above described, of between 34 and {3
millimeters.

10. GINNTNG PERCENTAGE.

The produce of a number of plants was ginned on a roller gin and the
proportion of lint to the whole weight of seed cotton determined for o
number of plants. The results of snch determinations in Gadag No. 1,
in four successive scasons are shown below : -

FREQUENCY
tinning percontags (adag No. 1)
1823-24 1924-25 1920-26 162627
23—26 per cent. 5
2728 . . . . 2 10 1 1
230 . . . . 3 21 7 14
31-32 . . . . 35 34 38 45
B34, . . . . 40 20 43 32
3536 . . . . . 13 3 7 7
338, N - l 3 1
39 " . . . . J . 1 ! 1
e
Tarar . J 100 NG ‘ 100 " 16

The. most frequent ginning percentage varies from 31 to 3!
per cent,
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We may vompare with this the ginning outturn from the proposed
Rea-Tsland parent which came as follows:

Freoeesey
(iinning percentage (Seu-lsland cotton)
1023-24% | 102425 125.26
Ju—11 per cent. 7
12—13 . . . . . .. . 9
| R R . . . . b l 15 1
15--17 . . . . .. I I {
1519 - . . . . b i 5 12
20—21 " . . . . . 1B iz [T
w3 f . 20 il t 2
425, 3 ' i3 13
2527, 29 I R 6
28—29 . 12 [ 1 [
30 . . 1
TorarL . 100 100 100 00 .

0f course, the ginning is far lower than with the American parent, and
1s far more variable especially when the crop grows badly as in the
last two years recorded. But, there is a certain amount of overlapping
in this character, which prevents it being used as a diagnostic character.

11. LINT IXDEX.

The lint index is the weight of lint per one hundred seeds, and, there-
lore, indicates the amount of lint obtainuble irrespective of the size ol
the seeds themselves. Where the seed weight is the same w fwo fypes ol
eotton, the lint index and the ginning percentage give similar relation-
ships.  This is the case in the present instance and hence there is no
special need for dealing with the lint index sepacately.

* Frow 23 plants only.
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The seed weight as determined in (he two cases in three successive
years may be vecorded.  The results with (fadag No, 1 are as follows :--

I"R1RQUENCY
Seed weight (Gadag No. 1)
1924.25 1925-2¢ 1626.27

5 grm, . . . . . .. 1
-8, . . . . . 15 36 20
H--14 ,, . . . . . 24 6l 13
12, . . . . 2i 1 ki
B—l4 . . . . . 2 i

ToTan 100 100 100

Corresponding fignres for the Sea-Island parent are ag follows :- -

Farounxey
Sead weight (Sea-Inland)
1024-25 102526 1926-27

30 0ogrnn . . .. 1
7.8 . 1 41 2
410 . I 1" 5
1112 1 8 23
1314 i 1

Toran . 100 100 1uo

In both cases the mode is, in every year, between 9 and 10 grams per
100 seeds.

12. CHARACTERS OF THE SEED.

The seeds of the Gadag No. 1 parent arc entirely {uzzy. the fuzz
being greenish white in colour, while those of the Sea-Island strain are
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iked with little fuzz at the tip and on the raphe.  In this case, the
fuzz is green fading to brown in some s, dilfering thas markediy
from the light greenish white Iuzz of Gadag No. 1.

Considering the whels of the eharactors of the parents of the proposed
vross, ib may be stated that we have two straius of collon very similar as
1o the general growth of the planis, buth being sy mpoidial types, and s
to the seed weight. They are nob widely different in all the leaf
characters, except the colowr of the petiole at the base of the leal.
They differ to some extent as vegards the pumber of teeth in the
Iiracts, and the ginning percentage ol the seed votton, but the differences
do not separate the types vompletely. They are, on the other hand,
contrasted with one another in their characters as shown in the following
ligt :— '

Gadag No. 1 Nea-Jsland

I. Hairiness of steiw, petiole, amnd leaf . | Fully baivy . | G,

2, Colour of pulvinus spot . S Red . S Pink.

3 Coluwr of Howey petals . . o Whie . oy Bright sl

LoColenved exein flawer . L] Absent . b Present it rad,

3 Petul length . . . 19 o 54 CESH e S, R

6, Golanr of boll . . . ] Laght greetcand dulb | Beep sreon aied shin-

7. Surfaco of boll . . . .| Bweoth S B,

¥ Mean wuraber of Luculi ju boll | B YRIEK . R TN

‘. fength of staple . . . 6 e 2T .| 28 Lo 4% nn

i, Fuze on seed . . . o] Seeitoery -} Seed gnbhed exeept
fur dittle fuzz at
ST

1), Colour of seed furz . . L tireenish . C o tireen,  faame 1o
Lrown.

We shall now see how these contrasted characters, and o fow of the
others already named, bebave un crossing the parental typus devrribed,
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V. The Method of Selfing and Making the Cross.

The fact of natural crossing among cottous grown near one another
ix now generally recoguized, though the amouut of such cross ferliliza-
tion varies much with different types of cotton. Balls' has shown
that about 5 per cent. of crossing takes place with the Egyptian erop,
and Leake? has reached a similar figure for the north Indian cottons.
Kottur® working with Kumjpta cotton and Patel* with Gujarat cottons
(both being types of Gossyptum herbucewn) state that about 2 per cent,
of crossing is normal. It is probably largely brought about by insects
and especially by bees.

The amount of cross fertilization which would normally take place
between Gadag No. 1 and Sea-Island cotton at Dharwar was determined
by growing these in adjacent lines, two feet apart. No other American
cottons were grown anywhere near. The sced obtained from each row
was grown separately, The result showed that out of 375 plants from
Gadag No. 1, not a single ane was found to be off the type, bub out of
178 plants from Sea-Island cotton, eight plants were not true to the
Sea-Island type, and resembled exactly the fiest generation of the cross
between these cottons. These figures indicate that cross fertilization
does take place, but that it is more active when Sca-Island is the female
parent, possibly because the flowers of this type are more attractive to
insects. These figures indicate 49 per vent. of crossing in this particular
case under the conditions described.

As crossing does take place it is necessary to protect the flowers in
all culturcs from such natural erossing and the method used for doing
so was by ringing the flowers in the manner described by Kotturs,

The crosses were made by emasculating the flowers of what it was
intended to make the female parent early in the morning before 8.0
aM., using flowers which would open the same day at noon. The flowers
thus operated upon were then protected by small paper bags. The
poller. from the male parent is then applied at about 2-0 P.M. on the
same day. One pollination was found to be sufficient, and over 50 per
cent. of success in ripe bolls was always obtained during five years of
work. In all the crosses made and recorded in the present bulletin,
the American cotton, Gadag No. 1, was the female parent, and the Sea-
Island cotton was the male parent.

1 Balls, W. L. Cottou Plant in Egypt, London (1919).

¢ Leake, H. M. and Ram Prasad. Studies in Indian Cottons, Part I  Mewm. Depl.
Agri. Ludin, Bot. Ser., Vol. V1, No. 4, 1914,

3 Kottur, G. L. Studies in Inheritance in Cotton L. Mem. Dept. dgri. India, Bot.
Ser., Vol X1, Xo. 3, 1623,

¢ Patel, M. L, and Patel, 8. J. Stadics in Gujarat Cottons, Part IV : Hybrids between
Brouch-Liesh and Gogharé Variotivs of Gossypium herbacewm. Mem. Dept, Agri, India,
Dok, Ser., Vol XIV, No. 4, 1927,
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VI. The Characters of the Hybrid Plants;

The eross between a pure strain of Gossypiwm hirsutum (Gadag No.1)
and one of Gossypiion barbudense (Sea-Island eolton) already deseribed
was first made by Kotturin 1920, The F, generation of the cross was
orown at Gadag in 1921, and the I¥, generation from self fertilized Howers
1922, Unfortunately the rains failed that vear and the whole Crop was
lost.  The F, and I, generations were again grown from reserve seed
at Dharwar in 1923, when the work was transferred to the present authors.
Since then the F; and F, generations have been thoroughly studied,
the ¥, generation grown in 1924, and the F, generation in 1925, In

the present chapter of this bulletin, the authors wish to follow, through
those four generations of the cross, the lwlnvmm of the chamr‘tﬂrs
already indicated,

(A) HAIRINESS OF THE PLANTS.

On aceount of the supposed relationship hetween hairiness and resist-
ance to red leal blight, there was special importance attached to the
study of this character. Starting with the fully hairy Gadag No. 1
tvpe and the totally glahrous plants of Sea-Island cotton, it was found
that the ¥, generatiou of the cross gave plants the stalk and petiole of
which were quite glabrous (except [or a few hairs at the point where
the petiole joins the blade) and the leaf on both surfaces, wus sparingly
hairy. This behaviour suggests that the hairiness on the stem and
petiole is a recessive character, and that on the leaf is incompletely
dominent.

In the F, gencration there was a splitting of types giving plants as*
follows :-—

Total number of plants cxamined . . . . . . T4
Very hairy plants like Gadag No. 1 (H) . . . . . 31
Stem, petiole and leaves sparingly baivy (8p. H) . . . . N
Leaves ouly haiey as in I} genevation (L. Sp. U} . . P
Glabrons plants like Sea-Tsland () . . hal]

Taking the first two types (H abd Sp. H) ocrether thf* proportion
hetween the three kinds of hairiness was as follows :—

| Leabonly hai y

Hairy types bypes

Glabrous (ypes

1 KRt 204

1t was noticed that 66 per cent. of the hairy plants escaped red leaf
blight altogether, while most of the glabrous fypes were very badly
attacked. The close connection of hairiness with immunity {rom this
disease seems clear.
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The seed of a mumber of plants of each of the above four types werc
wrown in the Fy generation with results as now described.

L. Four plants which were {ully hairy, like Gadag No. | in the ¥,
geaeration yielded progeny in the ¥, generation as lollows :

Hatess

Plant ot ber )
Yo, ntad numbor of progeny

i \ Sp. 1t \ L oSp. o W

1 E A . . . 34 32 1 n

b NG a8 41 1 1

) B . . . . EN -1 3 3]

1 26 . . . . N b ¥ il

As the difference between the " H.”7 and “8Sp. H” is merely one of
degree we may say that 207 oul of 212 plants had the hairy character
wore or less developed of their pavent in the ¥, generation.

2. Kight plants which were sparingly hairy (Sp. H) all over in the
If, generation yielded progeny in the ¥, generation as follows :--

Hatssy Prorortios oy Cbasses
Plawt | Totad number |__
No, of progeny
I Sp e Spo 1 G H andspo] Leospe H «
H
I 41 o 25 11 it 1 R il
2 it 5 hi o i t 20 0
% HN K 2) 64 2 1 ol
i T2 . . 0 Gl Y 2 Tt 1 1551
N K1) . B 1t i 12 4] 110 ( u
G| ot . 20 EIU SR | K4 24 ! ol
70l . . {6 24 i ¢ [ 1 [
N 07 B . k] N Is 1 It 1 A1

The results are of three classes. The first three give large proportion
of progeny without the hairy character of the stem and petiole
retaining that of the leaves. The number of such plants is from 18 to
275 times that of those retaining the hairy character throughout.
The second class (plants 4 to Ty retuin the genevally hairy character in
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the greater part of the progeny, the number of such plants being from
2.0 to 7-1 times greater than those with hairs only on the leaves. The
eighth plant bas a substantial proportion of glabrons plants, but other-
wise it gives results similar to the second class.

It seems clear that whatever influence has caused the reduction in
the hairiness in the ¥, generation has continued its activity in vertain
eases in the Fy progeny.

3, Twenty-three plants in which the leat only was sparingly covered
with hairs (L. 8p. H) in the F, generation yielded progeny in the F
seneration as follows ;-

3

! HATRINESy Provortios oF CLAssES
Plant | Total number {__ R .
Moo | ofpgeny | ;.\:,». HiLospH| g |Hedse i LS U “ G
ey —— | ——e e [
b4 ] 234 . [ [0 234 il U] ! 1 1‘ [0
B I R T B S N R
[ 3 ! 13 1 0 1 15 ! i
7 i . 47 8 ! 47 ‘ 0
sharoo s e 2| o e
R m e Lo D
1o 36 (t 0 30 b 4] : 3 t !
1] 34 . U 3 15 24 u oo ’ I,
12 3t . 1 0 14 16 Q06 1z : t
3 300 . U 0 14 16 0 (4 1 !
b RETN . t 0 7 67 Ul Wl ’ I
I T . i} 0 ) 13 o th i !
oo | y 0 ETR o e [
1, s 1 I k{0 3] N0 ‘ [ ! H
in T4 H i b i u [ 1o ! 1
n 76 n 3 0 3 1 : e J 1
I TS | i W7 ' vy U
!1“‘\’1 s j“ —_I—vﬂ--bc—' 9 B ‘;7 ‘t IRy !
2] s 3 N T4 3 ST |
] 73 4 1 37 19 Lo } 24 1 |
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In this case it is evident that we are in face of a very complicated
problem in inkeritance. Certain plants (1 to 4) have bred true to the
character in the parent.  Others {5 to 8) have given no glabrous progeny.
but 4 variable proportion of plants hairy all over and only on the leaves ;
a third group (9 to 20) with a very varying proportion of glabrous plants,
but. substantially as cowpletely hairv ones; and a fourth lot which
gives a considerable proportion of all degrees of hairiness. The F,
generation nay enable this confusion to be cleared up.

t. Thirteen plants which were glabrous in the ¥, generation yielded
progeny in the F, generation ag follows :—

Hamixess
PPt ] ptad il of puogeny

H sp.H | Lo sp. H 6]
1 14 ., . . . 0 0 0 14
2 38 . . . . ] 1 1 36
3 2 T . ] i} 2 26
4 300 . . . 0 [} 2 28
5 9. . . . 0 0 3 96
6 27 . . . 0 1 1 25
7 . . . . 0 0 1 72
8 EAIN . . . 0 0 2 30
a 45 . ) . . 0 0 t 44
10 32 . 0 V] 0 32
11 62 . . , Q 1 2 a%
12 S . . 0 0 2 18
13 25 . . . . 0 [} 3 29

Here we have glabrous plants giving af/imost entirely glabrous progeny,
but out of a total of 558 plants 3 are generally though sparingly hairy.
and 23 are sparingly hairy on the leaves only.  Though, therefore, the
glabrous character hreeds almost true, vet this is nol entirely the case,
and the matter demands further investigation,

To elucidate the inheritance of hairiness further seeds derived from »
number of plants of known character in the ¥, aud F, generations
were grown wd the results in the F, generation noted.
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(a) Al the plants with one ecception which were fully hairy (H) or
completely but sparingly haivy (Sp. 1y in the Fy and Fy gencrations
hyed true to the hairy character in the Fy generation : though the extent
of the hairiness varied much. The records for the progeny of thirty
F, plants of this kind are given :--

Flant
YD

Hairivess in I

Total No.

Hamsisess 1ix Fy

of progeny
It Spo i Losp H [¢]
Sp. H v 3 7
4} 45 43 2
H . a8 58
H 4 9
H 10 8 32 .
H . 87 13 14 .
i 57 10 17
H 31 a3 23
Sp. 18 2 15
10 30 ! -
Spo H 17 2 2
i1 42 22 20
8 hil 549 1
H 51 5l .
H 43 26 H
H a7 13 11
H 1 13 29
n § 6
1] 7 b
sp. H iY 33
Spo H 27 o7
H 18 12 G
Sp. H 44 15 7 24

c2
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. Hatrivess v Fy

m.\ft‘m Hairiness in IYy ("foytﬂl'i\'o.'

No, Jrogeny

H | spH |LS.H| ©

24 spo 0l . 12 7 3

2 3 14 14

26 SpoH . 9 7 2

27 H T 36 34

a8 H 0 9

29 SpoHoL 30 8 22

30 Spo . - 43 12 | 31

The fully hairy plants () in both the ¥, and F, generations have
given a larger proportion of very haivy plants in the Fy  generation,
but apart from this there does not seem to be much relationship between
the extent of hairiness in the different generations of the cross, The
position is shown in the following figures -

‘ Proportion of haiviness in 17,
Hairiness iv I, l Hairiness in 17,
& H : Sp. H
1 H . 1 H . . . 148 it
2 H . SpoH . . . 067 I
L Ot H . . . 098 10
4 Sp.H sl . IR 10

The one example (No. 23 in the table given above) where a plaw
derived from hairy parents in ¥, and F, generation apparently gives
progeny with glabrous stems and petiole remains at present unexplained

(b) All the plauts which were fully hairy (H) i the F, and I,
generations have given hairy progeny (fully or sparingly) in the F,
generation. There is no exception to this.

(c) The progeny of plants, which were sparingly hairy (Sp. H) in the
¥, generation, but seed from which gave hairs only on the leaves (.
Np. B) in the F generation, gave varying results in the F, generation,
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as would be expected ; the resnlts for the progeny of 6 I, plants are
as follows :—

!
i Harriness v By
Plant | Wairtness | Hairiness | Total No. |
N in ¥, inF, of plants | .
i . spo o Pospn]oa
|
e T e A
1 Sk Lo Np 1t i Lo ; s
i
28y H L.sp Y Rl 4 1 l W ‘ 18
i { i
i t
4| 8Spe H T Spo H | 1( BT
1St L. 8p. 1 W 5 N
Soisp il L {LogpH . T
NE L O T 15 ’1 1 ! 500w
| i |
+ i

In this case it is obvious that we have a condition in which seeds
may be obtained either (1) breeding true tu hairiness (plant No. 5). (2)
Ireeding true to hairiness on the leaves only (plants 3 and 4) and (3)
splitting into hairy plants and those with haiviness only on the leaves
iplants 1, 2 and 6).  No completely glabrous plant appeared.

() The progeny of plunts, which had hairs only on the leaces (L. Sp. H)
in the F, generation, behaved in a variable manner according to the
character in the Fy generation, The results may be seen in the following
figures :-

T -
l Hairisess 1n I,

i‘l\‘flt Hairiness in ¥y {)‘\'J?Ila?t: ‘

. 1 sp. H L ogp.H G
1 ) . 22 8§ 14
2 h . . 48 17 31
3 H . . 30 31 48 . i
i H . . 59 48 i
N PR T [ o
b SpoHooL . a1 1 o
i SpeHoL . 22 il o2
5 [ T I R I BT
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. HaIriNEss IN Fy
P}\?:z Hairiness in 1y I”t;l-"l]]”\l(‘: o

H Spdi LeSp.H | u
9 Losp. . . i 0 1 34
10 L.oSp i o . il 12 18 13
1 LoSp . [y [ 1 39
12 Losp. i . a & u Bl
13 LSp.H . . 41 0 1 o4l
4 1. Sp. B 37 5} i 37
15 Losp. It il 0 o il

16 lo Sp. H 2l 1 30 9 14
17 L. Sp. H 0 ] 0 10
18 LoSpH o« 12 0 2 40
14 I Sp. # 33 u 0 33
20 L, 8p. 1 2 0 0 27

21 LoSp. . 69 L 3% 3 3
22 Lo Sp it . 18 2 o 6

In summary these results may be stated as follows :—

(1) If the F, parent has only the leaves hairy and the £y plant is
Jully hairy all the plants in ¥, generation will be hain
throughout—either fully or sparingly. This is the case in
208 out of 209 plants. The glabrousness of one plant is as
yet unexplained.

(2) If the ¥, parent has only the leaves hairy (L. Sp. H) and the
Fy plant is wholly but sparingly hairy (Sp. H) all the plant<
in the F, generation will be hairy throughout either fully
or sparingly. This is the case in 141 plants ont of 142, The
fact that one plant has only the leaves hairv is as vet un-
explained.

(3) M the F, parent has only the leaves hairy (L. Sp. H) and the
¥y plant s similar to the F, parent (L. Sp. H). the result
varies out of fifteen progenies in the F, generation.

(') 11 progenies are almost exclusively of the same character
as the ¥, parent. This is the ease in 424 plants out
of 429 in the progenies.
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(41) 1 progeny gives planis hairy thronghout (H and Sp. H)
and plants with only the leal hairy (L. Sp. 1) in the
proportion of 28 to 13 {1 to 164},

(¢") 3 progenics give plants hairy throughout (1 and Sp. H).
plants with only the leaves bairy (L. Sp. H) and the
glabrous plants (G) in the proportion of 42t ERNIN
This is equivalent to L2 L: il

[t is clear that in this case we bave a wmixture of plants breeding
true to the L. Sp. H character, of plants conlaining Luth the factor
developing leaf-huiriness and general hairiness of the plants. and of
plants which contain all the elements confrolling haiviness. The
proportion between the numbers of each elass does not enable us to
decide the nature of the heredity in this case, but they certainly
suggest @ complex nature for the character of haiviness.

(e) All the plants (with two exceptions) which were glabrous
() in the Ty and Fy generations bred true to the glabrous character
in the F, generation. The two exceptions were slightly hairy on
the leaves only. The records for the progency of four ¥y plantz of
this kind are given.

Hatiaess s 1y

Plamt Waiviness in I No. of
Ao, ATTNESS 1T plants

1 &

2 [ . i 2
3 [ 5 o il [ ‘ 7
4 4 . . \ LY 1 ‘ [ i o ‘ 4

From this study of the inheritance of Tairiness b eotton mconnec-
tion with the first four generations of the cross hetween Gadag No. 1
and Seu-Island cotton, we may conclude that it is quite possible o
obtain strains which are hairy all over and breed true to this character
(though the amount of hairiness will vary} anel alse strains which are
glabrous and breed true to this charaeter. The relativnship between
the number of euch clags in any progeny ars not such s to indiciute that
the character is a simple one.

All the glabrous plants substantially breed true throughout indicating
that the absence of hairs is a recessive character. The plants which
are only hairy on the leaves may reed true to this character, or may
give progeny with every type of hairiness, including its abseuce.
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(B) CoLouR OF THE SPOT ON THE PULVINUS,

At the base ol the.leaf, as has already been deseribed, the petiole
is coloured Lright red in the case of Gadag No. 1 parent, while this spos
1s smaller, and pink rather than crimson in the case of the Sea-Tslan
parent.  The authors ate not aware that the inheritance of this characte
has been previously studied, and, except as a means of identifving 1he
types, its study has only an academic interest,

The plants of the ¥ generation of the cross bear a sput of inter
mediate character at this point, being pale red in colour and of inter-
mediate size.

In the ¥, generation, a very minute naked-eye examination of 2
large number of plants in the seedling stage gave the following results :

Total number of plants examined . . . . . . 3%
Leaf spot, large and erimson, like Gadag No. | . . . . 167
Leaf spot, intermediate, like the Fy plants . . . . 267
Leaf spot, pink, like Sea-lsland . . . . . . . 151

This gives & proportion between the different types of leaf spot as
follows :---

rimson denf spot Intermediate leaf spot Pink leaf spot

o 160 | -0
i

The seed of a aumber of plants of cach of the above three types wore
grown in the Ky generation, with results now deseribed.

1. Twelve plants with the full crimson leaf spot (like Gadag No.
in the F, generation, yielded progeny in the F; generation as follows :—

NUMBER OF PLANTS ProroRTION
Plant | Total No, -
Noo | ofplants | geq | roter. | Pink | Red fater- | Pink
spot | mediatospot| spot spot | mediate spot| spot

1 7. 76 0 1 L 1] 001
2 3. 33 ¢ o i 0 0
3 al . 51 [ 0 1 0 0
4 wo, 76 0 1 i 0 (o)
5 39 37 1 1 1 002 0
8 24 . 24 [ 0 1 1] 1}
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|
NUMBER OF PLANTS | Provanrios
§
Pignt | Total No. |—— —— — -
oo | of plants 4 p g Luger- ik Bl | e piak
spot [mediafe spot | apot. spt ] meliate spofs spt
|
[OOSR N
- i e } i —_—
5 4 1 1 ! aur o [
- ! i |
N 1t 15 4] | ‘ [ u ; (IR
i
" G4 [t ] ' l [ ol Wi
o 7Y 76 2 1 ! 1 ( o2 l il
nol 2% 0 ol | ooy
! i [ i :
12 20 19| 1 ; 0 [ i \ gox 1o
‘ : 1

The plants breed substantially true to
pulvinus leat spot.
2. Thirteen plants with a leaf spot of intermediate character (like
the Fy) in the F, generation, vielded progeny in the Fy seneration as

the character of a large red

follows :—
i !
NUMBER OF PLANTS V} LPrororrton
Plant | Tutal No. e e —

Seolofphants g | dnter | Pk | ke bt P,
spot [ mediate spot|  spot spot - medinte spot | apat

! 15 4 i 4 1 17 16
2 16 12 23 1 1 oy
b 43 i2 23 13 i R4 1
4 6y . 1% 37 L 1 23 16
bl 64, 15 32 17 1 2 Ul
" 09, 29 35 23 1 14 (&}
i 26 7 13 b 1 IRY (]
3 41 10 21 Q| ! 4 v
Y 6, 6 31 13 | iy 1§1)
in 3 9 N » i 1 ] I
N EETN 1% o 1 | SR
2 65, 17 2 19 ! 1 [

|
b 33 9 17 i f § 14 s
| l
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If all these are taken together, the proportion between the three
kinds of leaf spot is as follows :—

Red spot Intermediate spot Pink spot

3 [REN (IR

This corresponds very closely to the original figures for the F,
generation {see above).
3. Kight plants with the pink leaf spot (like Sea-Island) in the F,
generation, yiclded progeny in the I' ; generation as follows : —

NUMBER OF PLANTS PROPUKTION
Plaut | Potal No.

No. b uf progeny Red Inter- Pink Red Tnter- Pink
spat [ mediate spot ] spot spot | mediate spot | spot

1 36 . i 1 33 0 02 10
2 3. 1 ! 35 002 002 10
3 Ry . fh 2 87 0 001 10
" Y 0 3 w0 002 0
5 [, i 1 hl 0 001 140
[ 0. 1] 3 67 0 003 10
N 30 . [ 1 ] 0 003 10
8 % 1] l b2 0 0-02 10

The plants breed substantially true o the character of a pink pulvinus
spot.

In the case of this character there is hardly any need to pursue the
study further.  The pulvinus leal” spot behaves as a simple mendehan
character, with interraediate dominance. A few progenics in the F,
generation were, however, oxamined in 1925-26, which confirmed this
conclusion. Tt is eclear that the character in question may prove a
most valuable diagnostic character in maintaining the purity of a selected
type as it can be examined in the scedling stage of the plant.

(C) NUMBER OF TRETH 1N THE BRACTS.

(lotton varieties vary very much in the number of incisions or teeth
of the flower bracteoles. They also vary in the manners in which the
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tecth are cut ; some are very deep and some very shallow, Harland !
Lias found that in the crosses of strains having guite a distinet number of
teeth in the bract, the Jarger number of tecth was dominant jn the I,
generation over the smaller number.

© Inthe present case the incisions in both the parents of the cross were
more ot less similar, but the number was found to ditfer (see page 26).
The following table shows the frequency distribution of the parents,
and the Fy and F, generation of the cross as grown side by side in
j923-24. All are calculated to an even 200 plants, Plate It shows
a picture of the bract types of the parents, the F, and the F, gene-
rations.

N of teeth (adag No. 1 SeaTaland I i,
3 1
1 - K
& 7 9
4 . 27 17
7 . 63 23 +H
5, 55 31 14 s
9 31 S5 ({53 40
1t 12 46 83 R
11 i 34 14
2o, 3 b
13 2
14 i
THT AL . o ”;NW"Vr»»—- - él‘}”i o B 7'_7)\7}[77 o :_M;T T

These figures show that the mean and the mode in the I, generation
follow closely the Sea-lsland parent, and in fact, go 2 little bevond it.

——— Gadag No. 1 Sea Island ¥
S .. o Tteeth . L] DUteeth . L) 9T teeth
Mede . . .| 7 teeth . .| @ teeth . |10 teeth.

. ' Harland, 8¢, Studies in lnheritanee in Cotton, West fadian Ball., Vol XVIIL,
v2u,
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It is interesting to see how the number of teeth in the F, generation
may he hoth lower and higher than is found in either parent, and a
important consideration in the study of this character is to find whethe
these extra-parental variations can be maintained and will breed true.

To clear this point seed devived from plants with 3, 4, 12 and I3 teet)
respectively in the F, generation was grown in the I, generation
with the [ollowing results :—-

FREQURENCY OF BRACGT TEETA IN THE Iy GENERATION
- 3 Tecthh ) 4 Teeth migeﬁfh e e[Mh s epfm mi.?i‘(fh
: ! O] (2) [t} (2
No. of plants in 44 03 3 46 69 61
F,  genera-
tion.
Frequency  dis-
tribution—
3 . B i 4
4 . . 7 20 . '
5 . . 3 33
G . . 4 14
7 [ 17
8 . 4 7 8
0 b 1 S 11
oo . . 5 5 12 11
il . . .. . 5 14 18 Il
12 . . .. .. ] 12 10 14
13 3 | & 5 3
14 . 2 fi 6 2
15 . 1 3 1
Mode . . 3 5 i2 11 11 12
Mean . . 43 51 107 118 110 1

These figures show clearly that the progeny of the plants with an
exceptionally snall number of bract teeth (3 and 4) also have a numbes
of teeth only slightly higher, and the range of variation is almost the
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same as in either of the original parents. 'The same is true with those

having an extra large number of teeth, except that in this case the range

is a little greater. The matter ean be carried a little further bv a studv

of the fourth generation (¥,) of the cross, ‘ .
1. Plants with 3 teeth per bract in ¥, generation,

FREQUENCY OF uRact ThETH 18 T,
GENERATION

3 teethin | 5 teethin | 7 teeth in )
I ¥ . Torar
3 3 l b

N oof plants in Fy generation . 28 37 i o

Frequeney distribuation -

3 teeth . . . . . 12 n I K
o . 5 i 12 n
.

D e il i 14 ‘ i

6 ., . 3 H 2 11

T . 2 2 1 )

3. . . . . . 1 . | 2
Mode . . . . . . 3 5 3 M
Meun . . . . . . 43 {4 +7 ) 10

Taking all together we may compare the mode, mean and range of
all these plants derived from plants with three hract teeth in the 1,
senceation, in the By and Ky gencrations.

_— 1%y weticration "y wsneratinn
Vanle . . . . B teeth Bteeth.
Mean . . . .| 3 teeth (4 fenth,
Rahyge . . . . 3t 7 (4) teeth St 8o tecth

There 15 slight regression, hut it is only by the study of one or two
wore generations that its real meaning can he made out.
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2, Plants with 4 teeth per bract in T, gencration.

FREQUENCY OF BRACT TEETH IN F,
GENERATION
4 tefiﬁ}l in|5 tela;th inf? tee;ﬂh in Torar,
a 3 3
No. of plants in F, generation 86 78 40 204
Frequency distribution—
3 teeth . . - 14 5 1 20
4, . . 18 13 3 3
- . 43 30 1% it
6 . 15 17 15 47
T, . . [} 11 5 22
8, . ' 0 2 0 ?
Mode . . 3 8 3 5
Mean . . 47 2 50 al

Taking all these together as in the last case, we (ind as follows :—

F, yeneration

I, generation

Mode

Mesn

Range

5 teeth

21 teeth

4 tecth

3 teeth,

1 tecth,

5 teeth,

In this case the regression is not detectable from the figures, but
there is a slight increase in the T, gencration, in the range of variation,
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4. Plants with 2 teeth per bract in F , generation.

e

Frequexey or Brace trern I F, aexerarton,

- Steeth | 10 teeth | B teeth TI2 teetl | 13 teeth | L tecth | L.
in in F, in T30 U S TT AP BRTTIN O Toras
N of plantsin Iy 40 32 35 [ 52 30 256
ceneration.
Froyueney  distri-
bution -~
7 oteeth . 1 . . 2 N . 1
- . .. BN 1 4 .- .. 3
[T 5 a5 o 10 1 3 32
 [UN 5 13 3 10 3 5] 39
1o, 7] 4 4 28 7 5 42
2, B U] 6 ¥ 10 {7 i% a8
13 . . 3 2 4 14 11 § 17
4, 1 1 3 10 4 [ 2
1, 1 i 1 4 5] 2 14
Mode . n 10 12& 18] 11 12 13 i1
Mean . . 1101 10-8 117 113 121 12:110 s

Taking all these together as in the last case, we find as lollows :—

— I3 mencration 17, weneration
‘;‘r . . . .| It teeth 11 teeth,
Mean . . . . | 114 teeth TS teeth.
Bange . . . LSt 15 (T teeth 7 to 13 (spieeth

bn this case also, regression is not detectable from the fignres, but
there s a slight inerease in the range in the F generation,

The evidence is, thercfore, very strong that the extra-parental varia-
tions in the number of teeth in the bract can be bred true and fixed in a
new type if this is thought desirable.
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(D) CoLouR 0¥ THE FLOWER PETALS.

The inheritance of flower colour in the American group of cottons has
been studied by a number of workers.  Balls! found that the inheritar.
of colour of flower is complex, but he was not able to elucidate its chary. -
ter completely. MecLendon ? in Georgia and Harland ® in the Wey
Indies have handled crosses bhetween Sea-Island and American cottons,
and, therefore, this work is of special importance in the present connec-
tion, McLendon found that the petal colour in the cross was inter
mediate between the parents in the I, generation, and in F, generativ
a much grealer number of individuals had a pale yellow colour than th
characteristic white or full vellow of the parents. IHarland also founl
intermediate dominance in the ¥, generation while in the second genera.
tion of the cross the parental types and many intermediate colours
appeared. 1t is obvious that the inheritance of petal colour is of an
extremely complex character.

The present rross is hetween a creamy-white flowered type (Gaday
No. 1) and & hright fall-yellow flowered type (Sea-Island), and  the
examination of the first four generations of this cross in respect of flower
colour may now be descrilied.

In the ¥, gencration, the whole of the plants obtained gave pale
yellow flowers if examined soon after the opening of the lowers, In the
F, generation, out of a total of 719 plants, the colours were as follows :- -

Number of plants Proportion
Rright yellue . . .4 1us 12
Pale sellow . . . o w77 0
White . . . 114 to

All examivations of tHhese colours were made in the morning hetween
10 and 11 am. soon after the opening of the petals, by matching with
the patental and the Iy types as fading took place hy the alteruoon.
1t was found very difficult to mateh the intermediate types, as there
wore many plants which had much paler yellow flowers than the I

UBulls, W. Lo Mendelian Stodies of Bayptinn Cottons. Jour. Agri. Scienee, Vol 3
19038,
FMelendon, oA Mendeliu Loberitance o Cotton Hybrids,  Georyio Auir
Eupl. Sta. Bull. 99, 1912
3 Hardand, 8, C. Studies nu Inheritance i Cotton. West {ndian Budl, Vol, XV
1920,
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termediate, so pale, in certain cases, as to be little distingruishable
v white. Al such cases have. however, heen classed as * pale

vellow.”

In the Fy generation, all the plants, which Tiad white coloured owers
i the ', generation, yielded white flowers. Or in other words, the
white Howered plants bred true to this character.  This is exaetlv what.
has been found by Kottur ' with Asiatic cottons.

On the other hand, the plants, which had bright full yellow Howers
in the F, generation, gave lowers of varying colour in the ¥, generation.

IPeororyion
Plant | Totabuuwher 1 Bright Pale Whit
No of plants vellow | vellow e .
B E Briglit Pale White
vellow vellow e
I 27 [ 0] i " 4
2 |50 38 j i | iU [}
3 8. . 7 1 ] 1 [13] O
A 1 1" 0 00z I 0
v 14 I I3 0 [N 1 )
|
b u 26 [ 1 1 003
7oy 1 18 O 005 1 0]
Sl [0 14 s Iy 23 L
vl . 20 13 2 1 wiae g0
oqaz . 1 37 i 1o W 27
1|43 1 | 3 1t 2 i
s, 4 2 i 1y b4 Lo

! Kottur, G, L, Studi

Sor, Vol XTI, No, 3, 1923,

s in [nheritaucs:

in Cotton, L, Mo Dept.

Lyri. Indiy, Bot.

D
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We have thus, among the bright yellow flowered plants of the F,
generation, some which breed true to the bright yellow flowered charac.
ter, others which give substantially only pale yellow flowered plants
and, finally, others which give bright yellow, pale yellow and whit
plants in very varying proportions.

When the seed from pale yellow flowered plants in the Ty generatioy
is grown in the F, generation the following results werc obtained:---

PROPORTION
P{!mt Total nuber | Bright | Pale White M
No. of plants yellow. | yellow. Brlght Pale White
yellow yellow
15 . 0 15 0 0 10 U
2 19 . 0 19 0 0 10 [
3 68 1 67 0 0-01 10 0
4 59 1 58 0 001 10 0
9 47 0 46 1 0 10 14
6 10 0 10 0 0 10 0
7 39 0 38 1 0 10 v
8 il . 6 39 [ 10 65 10
4 30 . 3 20 7 10 1 23
10 37 . 9 23 b 10 26 46
11 61 . 4 5] 22 10 87 5
12 61 . 19 27 15 10 14 08
13 36 . 9 34 13 10 37 14
14 20 . 9 3 6 10 06 07
|

We have, therefore, among the pale yellow flowered plants of the
Y, generation, some which hreed true to the pale yellow flower character.
The remainder gave bright yellow, pale yellow and white petalled plants
in varying proportion, '

In the ¥, generation, seed from 32 plants of the ¥, generation
(thersclves derived from 11 plants of the F, gencration) was taken.
No plants which had given white flowers were nsed, as this colour has
proved to be a pure recessive, The results may now be noted aud
the table which follows, shows what has happened to a number of plants
whose heredity, in this tespect, in the F, and T, gensrations, is Jnown.
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1. Progeny of plants with bright yellow flowers in the I, generation.

S
FLOWER CoLoUR IN 1, PR PORT LN
m by in Iy in K, Bright Pale White | Rright Mo
yuellow yellow veltow celloy | Whice
- Ao AN progeny el vellow o 1y
V1 et vel 4 i o u i a o
"

‘ o [T Y ] [ 1 ¢ “ a
Thy e 21 u i o | o 9

‘ 1 Do, . 15 14 1 o i 007 0

s he . 7 T v 0 1 u 0

B. All progeny pale yeliow in 17y,

(1 1aley . 20 [ 20 0 o 1 o
e po. o] m 0 13 1 o I s
3{' 1 Do. . [ 1 3 i 02 L [

2 Do, . 7 0 7 [ 0 1 0
¢, Progeny variable in by,

fi1 White . 27 0 0 ;‘ 27 | ¥ i} 1

s 2PaleY 22 0 ooz p 1 12
l“ 3 Do . 20 o 11 \ u o | 08

g+ b . 25 0 21 i 1 0 1 0%

(] Bright yellow 11 G ER R | v
2 ey . 12 I ; ]l 3 | 24 1

i il

We find, therefore, that the plants which have bright yellow flowers
in the ¥, generation may be divided into three types. Those yield only
bright yellow flowers in the ¥, generation also yield only bright yellow
flowers in the ¥, generation. In other words they breed true to flower
colour. Those which yield pale yellow flowers in the Fy gencration
also yleld only pale yellow flowers in the F, generation. These also,
therefore, breed true. Where, however, the progeny of an F, plant
are variable in colour in the ¥, gencration, then the plants of the ¥y
yeneration are also variable, the white flowers hreeding true, some pale
vellow flowers, breeding true and the rest giving pule yellow and white,
pale yellow and bright yellow or all three colours. Where splitting
ito two colours occurs, the proportion approaches 1: 1 for the two
colours concerned, Where splitting info three colours tukes place the
proportion approaches 1: 2: 1. This Jast ligure is oue, however,
on which little reliance can be placed, as it depends on one instance
aud on very few plants.

D2
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11, Progeny of plants with pale yolloe flowers in the ¥, generalio

Foownr CoLave 1x ¢ Prororiox
; Total N
Ppl | Hiower colout of planta — -
’ ' ¥ b et [ Pale | | Bright Pale )
vellow vellow ¢ yellow vellow e
AL A progeny ke yllow in F,
[0 mley N 0 i 0 o 1 "
1-:: 2 Do, . v i 6 Y gt 1
s b B & [ 15 4 " 1
'.’./( I Dba, . R i 8o 0 [IRCH 1 "
U 2 very e 22 o 21 1 0 1 e
Y.
J' 1 Pale ¥ . o i I 0 IR 1 "
T b, 2 0 20 “ i 1
15 Preseny sariable in 1,
U taley . 14 1 o 7 " i s
2 b . 2 o % 3 20 j05] [
[
s w e s 0 A 26 1 (1317 T
|
e e 1% u 1 7 v it I
11 eaten 21 3 I " 0t 1-0
..J 2 e 0 il 2w 12 [ o i
I
T White 27 u t 26 o [IET5) [
O 1 Brigdd el i [ H i} 1 R
| fow,
l
wef e dnden L & 2 i 1 (=4 ta
‘ 5wl . 2 " | i o g !

[n the case of the plands which have pale yellow fowers in the |
veneration, they may be divided into two fypes. Those which yieli
only pale yellow flowers in the ¥, generation also yield only pale yellow
Howers in the ¥, generation. They, therefore, breed true; where
however, the progeny of an ¥, plant is variable in colour in the ¥
generation, then the plants of the ¥, generation are alsv variable, th
white flowers breeding true aud the rest wiving pale yellow and whin
or all three colowrs. Where splitting mto two colours oceurs the por
portion approaches either J ;1 or 2: 1 lor pale yellow to white. Wher
splitting into three colours takes place, the proportion is variable.

This study of the ivheritance of flower colour in the cross wnde
study contirms previous conelusions that a white colour is a pure recessiv
and makes it also probable that the various colours involved ave inherit
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independently.  On the other hand, it seems clear that the vellow colour
. 4 complex mixture of several colour factors, hut the nature of this
complex mixture has not yet been elucidated.

(E), PRESENCE OF PETAL SPOT OR “‘ EVE.”

One of the most striking differences between the parents of the cross
snder diseussion is the presence of a bright red eye to the flower in the
dea-Tsland cotton and its complete absence in the Aseriean parent.
4 crossing parents similar in this respect (Upland and [ygyptian) Balls *
found intermediate dominance of the character, the F, generation
<howing a smaller and paler spot than the Egyptian parent. In the
F, generation, the proportion of plants having any sort of an eve to those
where it was entirely absent was about 2 : 1 and in succceding generations
the spotless plants bred true. McLendon® in an Upland Sea-Tsland
cross found a smaller and paler spot in the ¥, gencration and a pro-
portion of spotted to spotless plants in the F, generation less than 3:
| Kearney®, in an Upland Egyptian cross, found again a smaller and
paler spot in the ¥, generation, but, unlike others, he found a3 to 1
\atio of spotted and spotless plants in the F, generation. Working
with Asiatic cottons—a Chinese spotless cotton and Indian spotted
cotton- -Leake 4 found complete dominance of the spot in the ¥, genera-
fion.

In the authors’ cross, the Fy generation had in all cases only u pale
red eve, smaller than that in the Sea-Island parent. The ¥, generation
howed the following behaviowr i

Total number of plar

s examined . . . . . . 719

Plants with no petal spot (eye) . . . . 335
lants with pale red spot {1.c.). intermediate in size aud eolonr) . a42
Plants with deep red spot (like the Sca-Islend parent) . . . 144

The fowers were examined in each case hetween 10 and 11 am.
sount after the opening of the petals. The size of the “ eye ™ varied very
mueh i these plants of the ¥, generation; some of them had so faint
and minute a petal spot that it might easily he overlooked. 'The Plate
HT shows types of spot found in this generation along with these in the
parents and the first generation of the cross. It will be seen from the
above figures that the proportion between the number of plants with

"Balls, W. L. Mendelinn Studies of Kgyptian Cotton,  Jour, Agri. Seience, Yol 1.
SN

> MeLendon, C. A, Mendelian Inheritance in Cotton Hybrids, Georgia Agri. Expt.
N, Bull, 99, 1912,

 Kearney, 'l H, Segregation of Characters in an Upland Egyptian Hybrid. 11 8.
Dept. Agri. Rull. 1164, 1923.

*leake, H. M. and Ram Prasad, Studies in Indian Cottons, Dart I Mo Dept.
{w i, tndia, Bot. Ser., Vol. V1, No. 4, 1u14.
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no petal spot whatever and those with some sort of spot is 2:31 to 24,
This corresponds with no simple form of inberitance, but the ¥, genor.
tion throws some [urther light on the subject.

In the T, generation, all but one of the plants which had %o ety
spob (eye) in the F, generation, yielded spotless plants. Or in othe
words, with the onc exception noted, all the non-spotted plants bre
true to this character. This recessive character in the mon-spotie]
plants has heen noted by previous workers. In the one exceptions!
case, 32 seeds from one spotless F, plant gave ninc plants with fain
red flower spots, while the rest of them gave flowers free from spots
This progeny must remain unexplained at present, but apart from this
oue case, the non-spotted character behaves as a complete recessive,

On the other hand, plants which were spotted in the ¥, generation
gave progeny of several different kinds, The behaviour of the progeny
of plants with deep red spots and faint red spots in the F, generation
is not widely different, so they are taken together.

SroT CHARACTER TN Fy ProporTION
< . Total
E?\?(:t soot Chab“‘?cter " R]ar}::,s De:zip Faint No Spotted Non-
m Xty ;;m spot spot | "POEA ] snatted
1 | Dark red . . 68 9 58 1 10 001
2 Do. . . 26 4 21 1 16 O
3 Do. . . 47 30 16 1 16 02
4 | Fainbred . . 80 1l 68 1 10 00}
& | Dark red . . 33 18 9 6 45 1Y
[ Do. . . . 44 9 25 10 34 1
7 Do. . . 60 8 38 14 33 10
8 | Faintred . . 49 5 29 15 23 10
9 Do. 45 4 30 11 30 10
10 Do. 74 0 52 22 24 10
11 | Dark ped 59 4 30 25 T4 10
12 Do. . . 34 8 14 12 18 10
13 Do. . R 39 u 20 19 10 10
14 | Fuintred . . 34 4 14 16 11 10
15 Do. . . 57 4 27 26 12 1
16 Do. . . 23 1 16 9 19 o
17 | Dark red . . 6 16 11 39 07 10
18 Do, . . o4 ] 14 20 07 10
19 Do. . . 39 0 1 28 04 1o
20 | Faint red . . 30 0 12 13 07 10
21 Do . . 53 J) 23 30 08 10
22 Do. . . 58 0 21 37 06 ] 10

We have thus a certain number of progenies (Nos. 1-—4 above) whith
breed true to the spotted character, though the intensity varies much.
On the other hand, we have a series of progenies where the relation of
spotted to the non-spotted plants varies in an almost unbroken seris
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from 45 to 1 down to 04 to 1. There scems perbaps a tendency for
ratios approaching 3 to 1, 2t0 L, 1 to 1, and 07 to 1. But it is hardly
more than a tendency.

A study of the ¥, generation throws a little more light on the inherit-
ance of this character, In this case the similar conclusion reached as
to the recessiveness of the non-spotted character is confirmed for all
the progenics of plants giving non-spotted flowers in the F, generation
breed true to this character in the F, generation. For the study of the
plants, bearing spots, sceds from 29 plants of the F, generation
(themselves derived from 10 plants of the T, gencration) were taken.
The results may now be noted, and the table which follows shows what
has happened to a number of plants whose character, in this zespect, in
the ¥, and F; generations is known, '

SPOT CHARACTER IN K, ProvorTIoN
Plant | Spot character in q{“’;‘ b Faint
fnF; E, I;l?nh‘i r‘;‘&}” rTrT Nospot | Spatted \ Non-
spot spot. spotted
A. Progeny of plants with deep red apot in ¥, generation.

‘(1 Faintred . . 14 1 10 3 317 1

J 2 Do . .| w 3] 10 4] 32 1
! ts Do . | 15 o | u PR 1
4 Do. . . 11 2 8 1 00 1
»!1 Deep red . . 10 1 8 1 90 1
: {2 | Faint red . . 13 1 5 7 (3¢ 1
1 | Deep red . . 42 7 26 9 37 1

3< 2 { Faint red . . 60 1 30 24 11 1
i3 | Xo spot R 30 0 0 30 0 1

( 1 | Deep red 7 0 1 & 02 1

i 2| D R 0 9 2 4 1
{3 Fuinbred . . 36 1 11 24 (3 1
i 1 Do. . . ki 1 20 T4 15 i
5 Do. . . 38 0 15 3 07 !

(1] Faintred . . 20 1 il 7 1 1
342 | Nospot L. 18 0 It 12 0 I
1\3 Do, . . 3 0 0 3 Y] \ 1
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8poT CHARACTER IN I, IV PROPORTI A
Plast{  Spot chararter in 'l;ote;’ e
ik, T, ¥ "“l,‘“ Deep | Faint X
Rt red red | No spot | Spotted | =On
L i apotted
sput spot. i
B. Progeny of plants with faint red spot in the F, generation.
{1 Faivtred ., . 19 0 7 3 23 !
6.
2 | No spot . . 11 0 ¢ 11 0 !
J( 1| Fainbred . . 26 3 14 10 16 i
-
7
2] e R 1 0 10 2 04 I
1| Faint red . . 3 i 28 3 a3 !
2 Da, . . 45 1 16 24 (1] 1
8
1 3| Nowpel . .12 0 1 2 005 ]
U Do, . . 22 " u 22 il !
jl Faint red . . 28 0 % 20 ot |
[t}
Ll e .| " sl s | ess{
1| Nospat . . 18 o o 18 0 1
it
L2 D . 2 0 0 2 0 I

The results thus shown confirm the vonclusion that non-spotted
flowers give seeds breeding true in this respect. So far as the planw
which have given spotted flowers through the F, and F, generations,
the inheritance is evidently a very complex one, and the data available
do not cnable us to elucidate it. Iven if attention is limited to thus
ages where over 25 plants in the F, generation are obtained from vne
plant in the ¥, generation the proportion of thos giving spotted aud
unspotted plants varies from 93 fo 1 to 025 to 1. 1t will obviously
need a good deal moze study than the authors have been able to make,
hefare the very complicated inheritance of the “eye” of the cotten
flower can be clearly made out.

(F). LENGIH OF ¥HE FLOWER PETAL,

In the cross under discussion, 1t lias already been noted that the
(fadag No. 1 has relatively short petals, these varying from 19 to 39 mm.
in length, while those of Sea-Island strain used varied from 31 to 37 .






%MM?( llm?/tnf pelid iw 200 f(am.&

$I

152 55 ry 278 REES X2 455 $s
fedad &uj K An o
k’ j I
Graph showing the distribution of the length of petal n the parents Fy and F; generations.
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in length. The behaviour on crossing, in the first two generations, is
chown in following frequency table :—

Petal length Gadag No. 1 Sea-Tsland F ¥,
Lelyw 12 mm. . .. . .. 2
13—18 mm. . . NN .- e 5
{924 mm. . . 21 . . o7
2530 mm. 85 7
31—36 mm, . . 88 37 7 58
37—42 mm, . . 6 94 83 28
43—48 mm. . . . 64 83 5
40~5¢ mm, . B - 5 22 3

Torar . 200 200 200 200

In Figure I is shown the graphic representation of this character.

From these figures it will be scen that in the parents of the cross,
97 per cent. of the plants of Gadag No. | have a flower petal less than
38 mm. long, and 80 per cent. of the Sea-Island plants have a flower
petal more than 36 mm. long. The F, generation of the cross gives
petals of which 96} per cent, have a flower petal larger than 36 mm.
There is thus evidence that the long petal is a dominant character. The
results obtained in the F, generation do not however, accord with this
simple explanation, for 82 per cent. of the plants obtained have flower
petals helow 26 mm, in length. The proportion of short petals to long
petals in this generation is, in fact, 3 to 1.

This unexpected behaviour seems to he ab least partially explainable
by the very high degree of linkage which seems to exist between short
petals and a white colour of the cotton flower. If the F, plants
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are divided according to the colour of the flowers, the result with 718
plants are shown in the following {requency table :—

White Yellow

Length of petals petalled petalled

¥, plants F, plants
Belaw 12 mm, . . . . . . . . 6
B_l8mm . . . .. ... 2 n
19—=24 mm, . . . . . . . . 25 71
25—30 mm. . . . . . . . 59 186
A1—36 mm, . . . . . . . 40 164
3T—42 mn. . . . . . . . . 1 84
43—48 wmm, . . . . . . . . 3 1}
49—54 mm. . . . . . . . . 1 10
56—60 mm, . . . . . . . . 1
‘f'oTan . 141 Jiinrd

Thus there are 894 per cent. of white petalled plants giving flowers
with short petals (below 36 mm.), as against 80 per cent. of those with
yellow petals. The close linkage thus indicated is confirmed by the
behaviour of the progeny from white flowered plants (which, of course.
breed irue to colour of flower) in the I, and ¥, generations, when
the following behaviour was seen,

¥, geveration . . 387 plants from white flowered parents gave 372
plants wilh petals less than 36 mm. long or 96
per cent.

F, generation . . 20 plants from white flowered parents (whethe:

the petals were short or long) gave 244 plants
with petals less than 36 mm. Tong or 976 per cent.

The linkage between white flowers and short petals seems therefore
nearly complete, and in any investigation of the inheritance of long
petals, these flowers must be excluded. But even if these be excluded.
the contrast between the F, generation with its dominance of long
petals, and the 80 per cent. of short petalled lowers which are also yellow,
is nearly as great.

If we follow up the inheritance of petal length in the F, and F,
yenerations, with yellow flowers only, the following results are obtained,
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]

though unfortunately, it almost entirelv deals the progeny of plants
with short petalled flowers ;-

P generation.

PETAL-CHARACTER

Prorokrios

‘Fotal .
l)l\i"'t’ Petal in K, uumher
Ao of plants Lamg Nhort, Lng Short
petal petal petal petal
A, Bright yellow flower in I, breeding true tu bright- yellow iu I,
1 | Short . . . 26 3 23 3
2 bo. . 435 3 12 LS !
3 Do 8 0 8 '|
B. Pale yellow itower in ¥, brecding true tu pale yellow in I
b} short . . . 5 1 oo
ol 1
21 Do 18 1 |
T DT 36 7 KUY
PN B i
1| e ! 7 s
i | Do o) ! 1)
003 |
61 Do 7 0 7|
7 | Long . 35 10 2 1 PAI
F, generation.
PETAL-CHARSCTER I'RoruKTIoN
' Total | I S —
IHIJM,!‘L Petal in b, number |
¢ of plants Loug Short b Short
petal petal Jetal pelal
Ao Bright yellow Hower i Fy, broeding triue to brivht vellow in Py
{3y Short I [ 5l I
i 27 Do P « ] ;
| !
lji} 120, 1 1 1) A i
i 4| Long to ] 15 }
|
Ui | Short 7 1} 7 J
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PETAL-CHARACTER PRrOPORTION
Total
.l"l‘;fm P'etal in ¥, number
" of plants Long Short Long Shorl
potal petal petal petal
B. Pale yellow Hower in 8, breeding true to pale yellow in Iy,
1| Shart . 12 i} 2 Al
|
22 Do, . . 15 0 15 ;\ g 1
3| Do ... 14 0 T
1l Do . . . ] 5 15 3
'.55 032 1
lef o . . .l 1 s 13
1] Long . . . 20 i 15 033 1
4
2| Short . . . 16 1 15 007 1

There are, among the short-petalled yellow flowered individuals,
clearly two types of plants,—those which breed true or give a very large
majority of short petals, and the other which give about one-third of
the progeny with long petals. This latter type is illustrated by the
progeny of ¥, plant 3 in the F, generation in the above table. Ixactly
what the meaning of this behaviour is, is not clear from the data available.

(G). CoLour oF BoOLLS.

No study has been hitherto published as to the inheritance of the
colour of the bolls, hut the difference in the present case was so striking
between the parents, that it seemed useful to follow the behaviour in the
cross, The Gadag No. 1 parent has a dull, light green boll; the Sea-
Island parent has a shiny bright green boll.  All the F, generation
plants had an intermediate green colour and all were rather dull.

The plants in the F, generation were easily grouped into three
lots,-—those similar to the Gadag No. 1 parent, those like the Sea-Island
parent, and those like the F| generation of the cross. Classed in this
way, the produce of 608 plants was as follows :(—

—_ No. of plants | Proportion

Light green (like Gadag No. 1) . . . . 159 107
Medium green (Fy generation} . . . . 301 203

Deep bright green (like Sea-Tsland) . . B . 148 100
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The proportion almost exactly tallies with what would be expected if
the character was a simple mendelian one. the intermediate form heing
Jominant.

This conclusion is confirmed by the examination of the I, generation.
In this case 206 plants derived from eight light green plants of the I,
generation gave light green bolls in 200 cases, and medium green bolls
i six eases, thus substantially Dreeding true to the light green character
of the bolls.  Likewise 34 plants, derived frem seven deep bright. green
plants of the F, generation, gave deep green bolls in 92 cases and wedium
areen bolls in two cases, thus substautially breeding true to the deep
ureen character.

As regards the progeny of F, plants with tiedium green bolls, eleven
I*, plants gave 230 plants in the F,; generation, with bolls distributed
as follows :—

No. of plants | Proportion

Light green . . . . . . 57 103
Medium greeun . . . . . . . 118 21
Deep green 55 10

ToTAL . 230

The produce of all the plants shows itself of a splitting nature in
respeet to boll colour, and the proportion remains of the kind that would
be expected if the character was a simple mendelian one, and if this
intermediate form were dominant.

In the F, gencration, the progeny of the “light green” and ““ deep
green ” holled plants continue to breed true to these characters res-
pectively. Plants with “ medium green” bolls in the F; generation,
however derived, gave a similar result recorded above. Six Fy plants
of this character yielded 143 plants in the F; generation with the follow-
ing results :—

No. of plants | Proportion

Light green . . . . . . . . 34
Medium green . . . . . . . 72
Deep green . . . Lo . . . 37

Toraw . 143

The holl colour making the very striking difference between the Gadag
No. 1 and the Sea-Island cotton, therefore hehaves as a simple mende-
lian character, with intermediate dominance,
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(H). SURFACE 1Nn GLANDULATION OF BOLLS.

The whole of the surface ol the cotton plant, above the ground,
hears small black resin glands of the size of & pin’s head. The density
ol these glands on the boll surface varies much in different types o
cotton. Tn the case of types belonging to Gossypium hirsutum and Gossy-
pun herbaceunt the boll surface is smooth and the glands are visibl
only as small specks here and there; in the case of types. on the
other hand, helonging to Gossypium barbudense or Gossipium neglechin
the boll surface is rough. for the glands appear prominently as small
pits packed somewhat closely together. The inheritance of the glaud
character has been studied by Balls 1, Kearney 2 and McLendon 3 and the
general conclusion 1s that in erosses an intermediate condition is dominant,
but that the inheritance is not of a simple mendelian character.

In the present study the smooth holled Gadag No. 1 was crosse
with the rough bolled Sea-Tsland cotton. In the F, generation, the
holl surface, though resembling in general appearance the Sea-Island
patent more than the other, was only sparingly dotted with glands,
and was considerablv less rough than the Sea-Tstaud bolls. It was, in
fact, intermediate in character. In the F, generation, the number of
plants of each different character out of a total of 608 was as follows : —

No, of plants | Proportien
Nimooth boli surfaee . . . . . . v i
ubevmediate Lol sgrface . . . . . it i
Rough boll surface . . . . . . 353 2}
Forar, . 08

These figures indicate that the standard for differentiating the kinds
of surface is not clearly enough defined to form any conclusion. The
fact that the ', families derived from swooth holled ¥, plants wer:

" entirely smooth bolled, suggests that thix forms o recessive character.
Further than this, it is impossible at present to go.

) Balls, W. L. Mendelian Studics of Egyptian Cotton. Juur. dgri. Seivnce, Vol. 11,
1998,

2 Kearney, T. B, Segregation of Characters in an Upland Egyptian Hybiid. U, 8.
bepl. dgri. Bull. 1164, 1923 . .

¥ MoLendon, (. A, Mendclian Inberilance in Cotton Hybride.  Georgia Agri, fiupl,
Ste. Bull. 99, 1912,






PLATE IV,

spa oYy Butwoys L phe spurd oy o sppag

-~

[

puv)S[-0ag

| f2pen)







ifo .
?ﬁmiurucy .rf Btsin Naesieden :T 470/./4 YN J(’("h’
GM(A?I G
Sia. datasd 53
1eo| | F Fi
40
4,
1211
)
<
i
b
w A
o
N\
= 0 |
|
4o
1]
20 $3 £
4t
. (i
L‘ g —T"
> 55 Yy 57 3§ LY by b by

Ieas nacmder a[’ locad:

h {j 2

Crzph shawing the requency of the mean number of loculi in parents, and Fy



STUDIES IN INHERITANCE IN COTTON
(). NUMBER OF LOCULL IN THE BOLLS.

{n a previous section of the present bulletin it has beeu shown that ihe
juean number of locyli in the bolls from plants of Gadag No. 1 cotton
wries from 3-7 to 44 per boll, and the numbers of 3, 4, and 5 Jocked
tolls are commonly found. On the other hand, in Sea-Fsland cotton,
the mean number of loculi i the bolls varies in different plants from
50 to 32 while 3 and £ Tocked holls (with an oceasional 2 locked holl)
v are found.

In the first and second generations of the cross the following Yee-
(qeney figures were obtained : -

Hean mumber of loculi Gadag No. | Sea-Tsland

|
a | .
pee boll \ B \ I,

|
\ |
T BN . 1 14 k 177
i
(R . 21 | B2 ! i
i !
HA] . » i i X
| |
OET . Y . ‘ s il
Jo @Y. 26 19 E "
1.
|

|
e R 5 . ] . I »

; i
Tural . 2 | 200 | st { e

lu Figure 2 is shown the graphic representation uf thix eharacter i
tite parents and F, generation, and Plate 1V shows the locks of the holls,

The F, gencration, therefore, is seen to have a mean number of
hull locks intermediate between the two parents, buv the distribution
ol the plants in the F, generation is not in accorduncr with any simple
inheritance of the boll lock character. As the matter is au important
one, ~this character being one of those which govern the vield, -it
wax studied in the F, and ¥, generations.

“The inheritance of loculi iu the bolls bas been treated more in detail by wie of

the authors (R. K. Kulkami) inn the Agricultural Jourual of Yndia, Vol. XXI1, Part 3,
(Mar 1927),

B2
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Seventy-six plants of the F, generation were taken including repre.
sentations of every value for the mean numbers of boll-locks, and th.
value similar for the progeny of each of them in the ¥y generation
determined.  The attached table shows the correlation between the
mcan number of boll-locks in the parent and fwmilies derived from i,

|
Nespsigor ) PAMILIES WITH VARIOUS MEANS 0F fi5,
. Total MEAN BOLL-LOCVLI
Mean bofl-foehs in
V. parents number —
L pavental of ¥ -
3
plant familios{ 3010 | 32w | 2t 3800 | tan.
B 33 33 30 11
0 . 7 P f .
o ' 1 3 .
32 7 1 @ } .
35 8 2 ) [ Ve
B T . . to 2 + 1 .
I £l B i
36 [ 1 4 K
w7 2 b4
] | . ) 1
) 5 5 2
40 } 2 !
11 3 . 2 t
02 3 [ :
T sy i i 0’ 20 i2 t 12, B 3

These figures clearly indicate a very high positive correlation between
the munber of boll-locks in the parent and in the progeny in the I,
generation, the co-efticient of correlation being +0434-0-15. A similt
result was obtained by the study of numerous progenies in the F, genera
tion, and it seems clear that forms giving a high boll-lock value can b
extracted and will breed teue, 1t has proved, w tact, quite possible
to obtain. by selection, strains from the cross which have as high a vah
as the Gadag Ne. | parent, with a much improved lint staple.
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(§). LEXGTH 0F $TAPIE OF LINT,

A= has been already explained. the principal purpose of the work
pow under discussion was to obtain a cotton equally saitahle for eultiva-
tiou in the Dharwar Ameriean cottom avea. as Gadag No. Toand possessing
ir< high vield and high ginning percentage, hut also giving a much lmger
.aple.  Hence the inheritance of this character has a peeuliar importance.
Previous investigations seemt to have shown that the fong-staple charac-
ter is usually dominant over short staple. and between types of cotton
of distinetly different staple. BallsVand also Kottur 2 have found that
this rharacter segregated ax a mono-hylrid ratio. though other workers
pave not confirmed this finding.

The staple of the parents and of the fivst gencration (¥, ) of the
cross now under discussion, in three suecessive veare. is shown in the
fullowing {requency table :

Soaple bzt ‘ 102424 1924-25 1925-2¢
i ¥y Iy "
Gaday Sea Hadag Rea- Goadag el
Nl Il Noo Tslanil Nes, b slamd \
1
| . |
R R TR [T .. 5 b !
[ENF N THTF 5 k 27 .. . | 25 l ‘
9224w, B4

EXES ST 1 i

RASEHU R TTIT] R ! N o . . !» . I Lt

RS T AR \ . . .. @ . | n -

R T o + a T He . |

o 1 21 21 B Wl ; 16

L 12 ma, ! 25 21 1 4 | bl

4= 40 ‘\ Y oH 3% 2 1

LGN RIIVTR .. 12 16 . k3 . “

e, . . 12 (1 R R R .

2 I m. . L t ‘] ; ..
foran . 10 l 100 100 10 o0 1an t T Toi Tun

JEUSRERS T G U PS— PRSI .
Mode v .| 1621 l 15-45 | 4345 | 2224 | 402 . vrog | oggese st
Moo, .| 209 1 124 £ PR 115 246 l L 145

U Ralls, W. L. Mendelian Studies of Egyptian Cotton, Joura. dyri. Neience, Vol 1L

Kottur, G. L. Studies in Inheritunce in Cotton, 1. Mem. Dept. dgri. Ludia, Bot.
< Vol X1, Na, 3, 1923.
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Tn Plate V ix shown the pictures of staple of lint spread on sead of
the parents, the ¥, and all the types occurring in the F, generation
Figure, shaws the graphic representation of this character 50 far
the parents and the T, generation plants hehave in the year 1923-24.

While these figures show that the year 1925-26 was not favourall:
to the Sea-Island tvpe of eotton, yet it is quite clear in each of the fhre
years that the first generation of the cross has a staple very close to that
of the Sea-Tsland parent in the same year. The F, generation, growy
side Ly side with the parents in the same year, showed the following
results -

FREQUENCY TN I'y GENERATION.

Staple length ~

| 1023-24 1924.25 162526
16~-18 mm, . 2 1 0
19--21 mm, . . . . . 3 o 0
2224 mm, . . . . 1w 19 11
25—27 mni, . . . . . 2% 206 a8
2830 mn. . . . . . 5] 153 "
3133 mm. . . . . . ¥4 5 L A0
34—3f mm. . . . . . jEn 44 a
37~39 mn . . . . . [0 4 %
40—42 mm . . . . . 72 1 5
$3 =43 mn. . . . . 4 0 i
16~ 48 mm, . . . . . 3 .. 8
Teraw .| a1 | s

Figure 4 gives the graphic representation of the F, generation ax
arown in 1923-24.

1f we take the actual number and proportion of plants the staple of
whose cotton is 27 mm. and below (like the Gadag No. 1 cotton) on the
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one side, and those with a longer staple than thix (like the Sea-Island
cotton) on the other the following figures are oltained :

NUMBER OF PLANTS PioponrTion
Year -
With staple With staple With staple With staple
aver 27w | ounder 29 mie | aver 27 wm. | arader 27 m,
19324 . . 125 140 2N )
X NN . . 165 b 240 [
14253.265 . . 134 M . 250 1
Torarn . 724 234 RE |
|

These proportions are a close approximation to what would be
expected i the long” anid “short " staples are considered ax <imple
mendelian characters. the “long ™ staple of the Sea-lsland parent heing
dominant over the “short ™ staple of Gadag Noo 1. T seemed us
inportant to determine whether this conclusion was justified that in
1492324, 1 back cross was made between B, generation and the Gadag
No. 1 parent and the resultant seed was grown along with the parents
i 1924-25, with the results recorded in the following table,  The
numbers are caleulated as per 100 plant< in cach ease,

FrEQUENCY

Staple length
A B e
(s ¥ Noo 1 Gadag No. 1 Back Cross
EAEA0 T g Tddand 1, Ar B

mnn . . . . . [ i
mm, . . . . a4 .. ~
mni, . . . . . 3 E
mm, . . . . . 1
mm.
mui, . .
iomn . . . . .. 0 B
mm. . B
mn.
& mm, . . . . . . ;
mni,
i,
mm

1060

Toran . Ty
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Out of the plants obtained from the back cross deseribed, 57
cent. are short stapled according to the standard adopted and 13 per ceys.
are Jong stapled. [f the “long” and “short ” staple hehaved in this
case as simple mendelian character, then the number should he equa),
This is not quite the ease, hut is sufficiently close for it to be probali.
that a simple mendelian factor is chiefly involved. modified hy mina
linkages of which at present we know nothing.

Seeds from 32 plants giving long staple and of 12 plants giving shori
staple in the ¥, gencration of the original cross were now grown. The
results showed that—

(1) All seeds derived from short stapled plants in the F, generation
bred substantially true to the short staple character.

(2) Seed derived from long stapled plants in the F, generation
gave results of two kinds. 12 out of 22 plants bred sul-
stantially true to the long stapled character, though four of
them are only just a mean staple length of 27 mm.; the
remainder (10 plants) gave a proportion of substantially
3 to 1 of long to short stapled plants. The actual proportion
varied from 25 to 1 and 40 to 1 in individual cases,

The actual results for each class of plauts was as follows :—

Long Shozt Prorortiox
, Total number of plants in staple staple -
Plant No. F, over ander .
27mm. | 27mm Long Short
h ’ ' staple staple
1. Long stapled parents in
K,
1-12 w .. 172 6 oo
13--22 191 . . . 144 47 306 i
2. Short stapled parents in
F,
1-12 217 . . . 3 214 001 1!
|

These results accord with what would be expected if long staple
hehaved as a simple mendelian dominant, all the long stapled plants
have not- given similar staple length, nor were they combined with
yield qualities and ginning outturn which would make them desirable
for multiplication. Only three (Nos. 1, 2 and 4) of those which bred
teue for long staple, seemed likely to be of real value and these Uhre:
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save lint whose staple is more exactly <hown in the following tahle
(compared with Gadag No. 1)

FREQUENCY OF 9TAPLE LuNaru (F, 1924.25)

staple length ; "
Plant No. 1 Plaut No. 2 | Plant No. 4 | Gadag No, |
P = - |--— e
am. . . . . : . B
mm. . . ) . .. o
mo, . . " . .. : i
mm. . . 1 i 1 b
wmm, . B /; 13
3033 mm.. . . 8 3 3
=36 mm, . 3 ! L 2
37—=39 mm. . . 1 0 1
"Torar . 21 11 “ 20 104
Mode am.) . . 23-33 2830 28-30 22-24
Mean {mm.) . . 31 30 30 a2
Co-efticient of vari 8 77 [ %4
ability. per ceut. per cent. per cent. per cent.

Thus the three progenies possessing all the necessary characters
or an agriculturally valuable plant have given plants whose length of
staple varies from 27 to 39 mm. with a mean of 30 mm., and as such,
are Tauch superior to Gadag No. 1. To this value and behaviour further,
along with that of a few others, the F, generation was followed in each
case in row culture, side by side with the parents and the I, generation,
in 1925-26. As already noted, the season of 1923-26 was not favourable
for the production of long staple cotton of this type, whether from the
Sua-fsland parent or from the cross, --and hence in this vear a limit of
25 mm. was taken for the houndary between “long ™ and “short ™
staple.

The results, derived from ecight out of the twelve plants of the F,
veneration which bied true (o the l;mlq sm[?le ('lmrrr(‘{('r, are shown |)EI(JW,
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and indicate that in the F,
staple.

STUDIES IN INHERITANCE IN COTTON

generation all again bred trie 1o long

Lo Short Prororrioy
W] e Faeer RS e | e | Shon
in 1Yy in I8 | staple | staple
i N plants 2 70 2 1 (X1
2 4 ] 54 0 1 [
K 2 1} 7 | 1 ALY
4 [E T 240 235 7 1 (LRI
5 I plant K 1% 0 i 1
6 . 3 33 ] 1 o
7 | . Bl [} i ] o
8 i plaits e 3 ! 01
Torvan 36 plants ﬁn:“ h ) I]'i | 1 h n-n:;
|

From the plants which gave progeny in the I, veneration of which
part were long and part were short-stapled, seed from twenty-three
were taken, and the progeny can again be divided into two classes.
Seven of them bred substantially true for the long staple character:
sixteen gave u proportion of substantially 3 to 1 of long to short stapled
plants, The actual results for each class of plants was as follows

. g et Prororrios
Plant ‘Cotal number of I‘\;':"if“f}?l* b:m]::l ?‘%)'J.IP
Numbers plantsin Iy “1] o i (,‘ <
nm e Long staple | Short staple
1--7 144 . 141 B | 0-g2
§ 25 £24 . A L] hahd 1

The progeny of the plants with short staple in the F, and ¥, genera-
tions all gave short staple plants in the F, generation as would be ex-

pected.

These results amply confirm the conchusion reached from a study of
the F, generation of the cross that the staple in this case is controlled
as a simple mendelian factor (with possihle minor linkages) and that
Jong staple is fully dominant over short staple of the lint.
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if now we take the three F, plants (Nox 1,2 and 1) which have
heen selected (see above) as possessing other disirable characters cone
Dined with bigh staple. it is important to see how the ple character
is retained in the year following the original selection.  The table now
given shows this. amd indieates that there is litthe sign of re
the standard when the selections were made.

wssion [rom

FREQEEN Y 0F s iLg e (1 192326,
Staple length 7

Plant New | Plant No. 2 Ulant No, 4 Gakiiz Now 1
16— & ., B . .. . 7
[ O YT . .. . . ‘ ¥
20 2 m. . 2 .. 7 i o
=27 mm, . el 7 A ‘ i)
N30 mm. . a5 33 1y
S35 . . 24 8 BN
S=30 mm. . o a3 bR
4739 mu, . . 0 L B

Toran . 103 3 2400 T¥r
Made . . 28730 m, 29030 mm RESHIRUTIN ' mm,
Mean . . . 207 m, 285 HONIRTTITN BT
o efticient of varia: | WS perceuts § 8 peeeents |0t pereent, |71 e ernt
tint. i
i

(K). GINNING PERCENTAGE AND LIST INDEYX
Aong with the vield of Kupux (seed cotion) per plant e the saple
of hnt.-~the quantity of lint that the seed cotton givex on ginning.
determines the value of a tvpe of cotton. Henee the importanee of the

anning percentage, awd in the present case it i< essential to retain,
m any cross. the relatively high ginning percentage of the Gadag No. 1
parent. The inheritance of this chavacter is therefore. of much import-
ance,  In the preseut instance, the lint imdex will give practically the
same results as the ginning percentage. as the seed weight ia both parents
15 practically the same,
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On this point we have the previous work of Kottur * in conuection
with his cross between strains of Gossypium herbucewn and Gossypiun:
neglectum which tndicated that in this cross, the proportion of lint to seed
is a simple mendelian character varying independently of the lengti
of staple.  McLendon ? with a cross of American Upland and Sea-Tslan
cotton, found that a low percentage of lint was dominant to high per-
centage i the | generation and that in the F, generation the original
percentages reappear with variations extending beyond the extremes
of the parental percentuges.  More recent work by Thadani * on varietal
crosses of American Upland cottons in Sind, indicated, on the other
hand, that while the amount of lint varied as if it were controlled as a
single mendelian pair of characters, high percentage of lint was dominant
to low percentage,

The position with regard tu the ginning percentage in the parents
and in the first two generations of the cross now under consideration in
1923-24 are shown in the following frequency table :—

i FREQUENCY IN 1Y23-24.
Ginning pereentage | Gadag No, 1 Sea-lsland

Fy F,
10-~11 per cent. 2
=-13 2
1415 8 2
=17, 0 10
18-19 8 14
W21, . .. 0 . 34
Pn-23 . .. 20 .. 4
M2 . . . 32 1 ; 78
2627, . 1 20 [ 84
2829, . 4 12 12 1y
Ju—3l 19 .. 26 74
233, ] .. 3 a5
3435, 24 .. 3 27
—37 2 .. 11
ELES S 1 . 5
40—41 " .- 3
2, .. 1
TarAL 96 1w 82 574

Mode . . o 1 33 per cent. 26 per cent. 32 per cent.

Mean . . + | 324 per eent. | 23'8 per cent. | 30°7 per cent.

*Kottur, G, L, Studies in Inheritance in Cotton, [. Mem. Dept. Agri, India, Bot.
Ser,, Vol X1, No. 3, 1623,

% McLendon, O, A, Mendelian Inkeritance in Cotton Hybrids, Georgia Agri, Expl
Sta, Bull, 99, 1912, v

® Thadani, K. J. Inheritance of certain Uharacters, in Gossypium. Agri, Jour, Indio,
Vol XX, Part I, 1625,
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These figures closely agree with those of Kottur who found that high
perentage of lint while not completely dominant, yet showed the greater
et in the Fy o generation.  The eross in the F, wenaration spread
fevond the limits of the two parents. and gave plants with seeds with
A% Jow as 10 per cent. of lint and others with over 40 per cent. A< there
ixa good deal of overlapping in the ginning percentage of the two parents
it i« impossible to divide the plants of F, generation into two groups,
representative respectively of Gadag No. 1 and of Sea-Island cotton.

Tn the actual work done, however, only the progeny of plants which
vinned over 30 per cent. was grown in the ¥y generation, and we may
restrict our consideration to three plants Nos. 1, 2 and {, which had
high staple and which also had a ginning perecntage which made them
desirable for multiplication. The seeds from each of the plants named
were few, but when grown in 1924-25 thege yielded produce with ginning
percenatge as shown in the following frequeney table the figures for
Uudag No. 1 being also quoted for comparison -

Frequexey v Fy ouXERATION (1024.2))

Hnning pereentuce

Plant No. 1. Plant No. 2. | Plant No. 4. | tadag No. L.

24 -25 per cent, 2 |
IRy RN 6 . H 1
FL i } ) 2
HIEY| . i 2 2 i
28 3 0 4 3l
s, 1 3 # 13
Wo-3T o, 1 . [t} 3
N3 i

104

Torau . 19 1

Mode | . . | 30 per cent. 34 per cent. 35 per cent, 32 per cent.
Mean . . . | 27°9 per cent. | 32'4 per sent. | 325 per cent. 307 per vent.

Co-cfficient of varia- | 120 per cont, 77 per cent, | 113 per cent. §4 per cent.
tion.

The number of progeny in these three cases is not large enough to
ke ronclusions certain, but as far as they are reliable, they indicate
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that the progeny of plants 2 and 1 have a ginning percentage at least ;.
high as Gadag No. 1 with a co-efficient ol variation little greater thay
with the latter. /

3 Jarger number of individuals front the progeny of these three plan.
in the F, generation, gave more reliable tesults, and the followi.
ftequency table indicates the results obtamed ;-

Ginning pereentage

Fregresey N F, apspramoy {1925-26)

Plant Noo 1 Plant No, 2 Plant No. Gadag N g

223 por cont . 1 | 8 .
2485, ) 2 18
2627, L3 2 26
2828 . 5 M 34 4
3031 e 10 37 26
BEEEN 20 15 a4 i
34— ) . 7 @ 24 37
3637 - W i L} N
She-3 ¥ i b '
won |

Torg, Bl pb} 2{0 ta
Mode . . o129 per cent. 32 per cent. 30 pev vent, 32 per cent
Mean B0e1 pet cent. | 31+ per cent. [ 3Ut3 per cent, [ 327 per cent.

Ca-eficient of varia-

tion,

123 per cent.

10§ per cent.

L34 per cent.

bE SUSHERIE
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These figures indicate that these progenies in the F, generation
retain the ginning percentage which thev had in the F, generation,
with little increase in the variability.

A similar study for the lint index has led to the same result, ax woul@
naturally be expected when one of the factors in the ginning pereeniage
(the secd weight) is similar in the two parents.

It scems clear that it has been possible to combine in at feast thres
strains of the eross between Gadag No. [ aud the strain of Sea-I<land
cotton used, the high ginning character of the Gadag No. 1 purent and
the staple qualities of the Sea-Tsland parent, though the stuple qualities
have not been retained in these struins of the cross to the fullest
extent.

(L). AMOUNT OF FUZZ ON THE SEED,

The quantity and distribution of the fuzz on the cotton seed vary
very much with different cotton varieties and even with different strains
of the same varieby. 'Thus in cottons grown at Dharwar, it Las been
found that some of the American Upland types, a few straivs of Sea-
Island cotton, and u strain of Gossypinm herbarewn called © Sanakattc ™
have seed with no fuzz whatever, that i to say, thev were naked.  All
the Egyptian straing grown at Dharwar and some Nea-Islund types
hiave semi-naked seeds ; in these a portion of the semlis naked and the
cemiainder fuzzy, The Sea-Island straine of this kind have ahmos

ualed seeds with small sults of fuzz at both enels. Most of the American
Upland types (including Gadag No. 1) and almost all the Tndian cottons
have entirely fuzzy seeds, the [uzz being distributed over the whole
-urfae.

Previous study of the inheritance of the character of bearing fuzz
on the seed have been numerous, by Balls ' in lavpt, by Fletcher =
Fyson?, and more recently hy Thadani * in India. and by MeLendon =,
Kearney * in Amcrica. All these workers have found that the fuzay
character is dominant over the naked seed chavacter.

\ P Balls, W, 1. Mendelian Ntudies of Egyptian Cotton. Joar. Auri, Seiepee, Vol 1
408,
Fletcher, . Mendelian Heredity in Cotton. Jour, dgre. Neignce, Vol T, 1007,
son, P, F. Some Experiments in the liyvbridizing of Ihdiun Cottons,  Menr, g7
Dept. Tndig, Bot, Ser., Vol. L}, No, 6 1408
*Thadam, K. I. Iuhcritunce of cert
{udia, Vol. XX, Part I, 1625, L
“ MeLendon, . A, Mendelian Tnheritaner in Cotton Hybrids. Georgin dgri. Eaxpl.
Na. Bull, 99, 1912, .
¢ Kearney, T. H. Segregation of Chavacters in an Upland Buyptian Hybad. .5,
Dept. Agri.” 'Bull, 1164, 1623,

ain Characters in Goswypian.  Aqric Joue

F
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The cross between Gadag No. 1 and Sea-Island cotton was one
between an entirely fuzzy seed and a semi-naked seed (Sea-Island),
The Iatter bad small tufts of fuzz at the two ends of the seed and along
the raphe. Tn the T, generation, all the plants gave seeds entirelr
fuzzy, showing the dominance of the fuzzy condition. In the F, genera-
tion counts were made on a population of 574 plants, all plants giving
sceds entirely or partially fuzzy being taken as fuzzy. Plate VI show.
a picture of different grades of fuzzy and naked seeds occurring in the
F, generation together with the parental and Fy types.

The results of the counts were as follows :—

No. of plants Proportion
Plents giving Iuzzy seeds . . . . . 439 154
Plants giving naked ur sensd naked sewds . . 35 10
ToraL . a4

In the third generation of the cross (1 ) the progeny of both the
naked seeded and the fuzzy seeded plants of the ¥, generation can be
divided into two sections. The results for seven plants of the forme
and eight plants of the latter may be summarized as follows :—

! i ;

i PROPORTION
Plants 3 Plants
Plant | - . . with with
al Number o3 plant-
N amber | LOtal A iber - F plant-an K, furey nakedt
serds seeds ifnyay Naked
1. Naked seeded plante iv F,
1—2 12 . B . B 0 12 o 1
n L
3=7 PR B . . . N N 32 ;
1. Fuzzy seeded planiz in ¥,
14 S . . . 42 14 3o t
S8 al . . . N N 4 117 I
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These results are unexpected. Of the progeny of the seven naked
copded plants, that of two has bred true to this character, while that of
1 remaining five has given a proportion of three fuzzy scoded plants to
e naked seeded plant. A% would have heen expecteh to breed true to
the naked seeded character, and the actual results oblained does ﬁot
o to be explainable on any current hypothesis,

ot of the progeny of the eight fuzzy seeded plants, that of four
have given a proportlon of three f117/\' seeded to one naked seeded plant ;

the ather four have aiven a very large excess of fuzzy seeded plants in fhc)
TEOEE ny.

The F, generation was followed in connection with the progeny of
Aix ot the above F‘3 plants.

. Plants giving naked secds in T, and breeding true to this charac-
tor in the Fy generation, have ulso hred true in the F, gencration,
2l have given naked seeds only.

2. Plants giving naked seeds in ¥,, whose progeny give hoth fuzzy

sl naked seeds in the F, generation, have behaved as follows i
| .
! Total Plants | Plants PiaroRtios
Seed comdition in ¥, n.umhor with with
; s i’ of plants | turey | naked
! in Fy ~eeus ‘ seeds | Fozey | Naked
I |
- i
{1 Fuzzy . . . . R -1 ] ) i
2412 Naked . . . . 7 7 7 i ]
| 3 Fazzy 7 b 2 25 !
7t 1 Fuzzy 20 20 i N
\ ’ I 0
|
Lo o 1 N 0 j
"1 Naked . . . . 23 \ 23 1
) 0 1
2 Do 23 v 5|
i
a1 Py L 1 | 0 1 0
!

Thus all the naked seeded plants have bred true to this character
m Jle F, generation. It may |)c noted that all the seeds in these pro-
aiies were fully naked, they had w0t even the little tufts of fuze foind
o the Sea-Island parent. The fuzzy seeded p].lllta have either bred

irge to the fuzzy character (4 plants) or given fuzzy and naked seeded
The number of plants in this last

Jants in the proportion of 25 to 1.
wsion can be reached as

is, however, so snuall that no detinite cone
e the exact prowm:m.
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% One plant giving fuszy sewds in ¥y, whose progeny give Fe
fuzzy and naked seeds in the T, generation in the proportion of 3 ¢ :
has behaved as follows 1

Plant ! 1 Tatal { Mlants | Plants PROPORTI
X N R . 1 manber with with
St Seed comdition ia ¥ of plants | fuzzy naked -1
i Loin ¥y secds seeds | Pozzy | Nu
(| 1 Nuhet . l ' ] i ' [
{
e .. = l 7 B i
‘ EA . . . I @ ‘ i o |
I i
e oo ; I i e .
i | S .
s ! v 1|
i
i )
e b . ' 2 } gl 2 15 :

Again the naked seeded plant of the I, generation has bred true 1
thi~ character. The fuzzy seeded plant of the I, generation lus
yielded pregeny appavently of three tyyes. Rome have bred trae ¢
the luzzy character : others (+ and 3) have split in the proportion of
fuzzy to L naked seeded plant © the remainder (2 and 6) have splir i
the proportivn of 10:3 fuzzy to one naked seeded plants.  The meani:.:
of thix last named group remains wnexplained.

1. Plants giving fuzzy sceds inFy. and bhreeding true tg this charact::
in the Fy generation. have also bred true in the T, gencration,
have given fuzzy seeds oniy,

Generally. this study indicates the ccmplete dominance of the fion
seeded character, There i ne difficulty m obtaining tvpes with nake,
and also with fuzzy seeds which breed true. Where impuye fuzzy tv
are grown, the progeny either split into fuzzy and naked seeded plant
in the proportion of aprroximately 3 to 1. or in a much larger proportic
varying from 9 to 1 to 13 to 1. but most usually about 105 to 1. 1
explanation of this latter form of splitting has not vet heen made ow

() CoLOUR OF THE SELD FUZZ

Attention was drasu by Mr. B. (0 Burt in 1924 to the fact tha
cotton varieties with green fuzz have a tendency to leave specks in th
cotton, and are not liked by spinners on this account. This has
the authors to devote some consideration to the subjeet of the -
colour.

1
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The colour of the seed fuzz in the Gadig No. U parent 13 wreenish-
white while that of the small amount of fnzz on vhe Sea-lsdand paront
1s suite green. tending toa brown colour. In the V. gencration, ali

tho dominance of the more highiv coloured tvpe, Inthe ¥, weneration,
i adddition to the plants with greenis
were found with entirely brown fuzz. The artual nnnber of wich ki

plants had green {uzs. faeling hnsoe vlants to brown. thus showi

white aned green fuzz, some plants

population of 208 plants was as follows:

- ‘ Newof plani- Trreopecti

|
|

roats with enish-white fuzz (like fiadas N 1
oot with zreen furze . . . |
Ploats with hrown fuzs

==

These figures indicate that the colowred fuzz of the Sea-Iland eot

ol containg two elements, and that the hrown coloured plants \\'hvr;
serpezated in the F, generation form a proportion of 1 to 28 comparid
with those whose fizz has a tinge of grecn.

[n the F, generation. the plant< whose Fy pavent bad hrovn fozz

Pipedd substantially true to this character, for out of IS plant LH planes

bed brown fuzz (965 per cent.). A~ to the plants with greenisti-whine

and with ereen fuzz. there was sueh a gradua] passage from fulle

i to light greenish-white colour that it wax found impos=ible 1o
dassifv them. and the inheritance of the green fuzz could not he fobw
a the F, gencration. all the plants whose Fy parent had

hred substantially trae to this chavaeter, for out ot 155 plants
plants had brown fuzz (98 per cent.)

Thus it seems clear that the hrown tinge found e the gresn fnzz of
tos i the Foogeneration an.

sea-Lsland cotton completel seg
remls true in the succeeding meverations, s remvds the preenish-
white and green tvpes of fuza. it was found vasy to segregite tn
tvpes with definitely greenishowhite fuwzz i the ¥y menerarion. bat
that this was very difiicult for the tepes with decdedly wren fuse
Al selections for wultiplication have been muele among tepes wih
vither hrown or greenish-white fuzz and the ditficulty of the as-o. jario
of creen fuzz with specks in the cotton has been eliminated.
ViL. Corrclation Stcdies.
(A) CORRELATION BETWEEN LENGTI OF STIGMA AND STAPLE

T working

Some workers on colton, and especially Ram Prasad
the United Provinces (India), have found a strong relationship hetween

URam Prasad. Note on the Probabilits of an Inter-relation between the & bl
\ll" ma ond that of the Fibre in seme frims of the Gonns G o daer fes gt
e Bull, 137 1923,
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the iength of stigma in cotton flowers and the length of staple of 11
cotton fibre produced from these Howers, Tf such a relationship wore
proved o exist, it would be of great use in sclection and roguing woik
in cotton.  Ram Prasad has determined the probahility of such a rela-
tionship in many Indian and American varieties, but recognizes thut
the only way o determine whether the correlation is a real one is 1o
cross forms with different lengths of stigma, and ascertain whether the
thre length and the stigma length are inherited together. The croy
under consideration in the present hulletin gave an opportunity to do <o
as the stigma in the Gadag No. 1 parent is decidedly shorter than that in
the Sea-Island strain used to cross with it.

The length of stigma in flower at different positions on the cotton
plant varies very considerably, and in order to avoid errors on this
account, all measurements were taken on flowers at the first or second
joint on a primary [miting branch arising at the tenth or eleventh nole
on the main stem. The stigma was measured, in millimeters, from the
upper end of the staminal column, and not from the point reached 1y
the uppermost anther, as the latter is very indefinite. The latter is.
however, the method used by Ram Prasad, and he notes that the relation
to which he has called attention is specially close if his method is used.

The following frequency table shows the distribution of stigmas of
various lengths in the original parents and in the first two generations
of the cross, caleulated for 100 plants in all except the ¥, generation, in
which it is given for 700 plants. Plate VI shows the picture of the
tigma of the parental and T types, together with all the types oceur-
ving in the ¥, generation.

FREQUENTY DISTRIBUITON
Length of stigma

Gadag No. 1

sland Iy ¥

3—4 wm . 1 . .
b—-d mm, . 19 . 9 h] 144

) mm. It mm,
Mean . . $05 mm. $32 mrm. 1001 mm,
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Though the stigma lengths of the parents overlap a good doal,
the mean length of the stigma in the T, generation is rather greater
ihan in the higher parent. As the long stapls of the Sea-Island parent
s been shown to be fully dominant over the shorter staple of Cadag
No. 1, it will be seen that the tendency of both characters is to vary in
the same direction, Splitting takes place in the T, generation, with
sxamples of stigmas far Jonger than in either parent.

The correlation between the two characters can be made out in each
cencration, and corrclation tables indicating the results are shown in
appendix No. 1. They show, however, very slight corrclation in any
generation between the length of stigma and the length of staple within
the parents, or within each generation of the cross. The co-efficient of
carrelation in cach of these is as follows :—

Co-efficient of correlation.
Stigma lengbh and
staple of
lint.
GadagNo. 1 . . . . . . . —=0004£008
Sea-Island . . . . . . . . 40008 L0135
¥, generation . B . . . . . . A03 2008
¥, generation . . . . . . . . +0r11 1003

There is, therefore, no correlation whatever in either of the two
parents 5 apparently a slight correlation can be made out in the plants
of the ¥, generation, but it no longer exists in the I"y generation. Tt
scems clear that the supposed relationship is, at most, a very slight
one, and will be of no practical service in the selection or roguing of
cotbon for good staple types.

(B). CORRELATION BETWEEN GINNING PERCENTAGE AND STAPLE OF LINT.

It has been usually assumed by practical men working with coiton
thiat there is a definite correlation between a high ginning type of cotton
aud a low staple and vice versd, or in other words that it is difficult if
nof impossible $0 obtain a long staple cotton which has also a high ginning
percentage.  Doubt has been thrown on this position in recent years by
Kotturt who showed that in a cross between strains of Gossypium
herbacewm and Gossypium neglectum the two characters were almost if
not entirely independent and by Stroman ? in a biometrical study of

! Kottur, G, L. Stadics in Inheritance in Cotton, I, Mem. Dept, Agri. {ndia, Bot. Sery
Vol X11, No. 3, 1923,
Mromun G. N. Biometrical Studies of Lint and Sced Charactcrs in Cotbon.
feias Agri, Erpt Sta. Bull. 332, 1925.
[t
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sixteen varieties of Texas cotton, who found the corrclation betweey
these characters to be very small. The latest work on the subject i
that of Patel and Patel' who in a study of inter-varictal crosses of Gossy.
. ptum herbaceum came to the conclusion that in certain cottons only,
there is Teason to suspect some coherence between these characters. ‘

The characters of the cross now under study seemed to he able
fo throw light on this question and hence the correlation tables given in
appendix No. 2, have been prepared, showing the relationships of the
length of the staple of the lint, and the ginning percentage in the parents
and in the first two gencrations of the eross. The co-efficient of correla-
tion in each of these is as follows :—

Co-¢gfficient of correlation.

Staple of lint
and ginning
percentage,

Gadag No. 1 . . . . . . . . —0-30+006
Sea-Island . . . . . . . . 4032012
Fy generation . . . s e e - +0:26+008
F, generation . . . . . . . . 010003

These figures show no evidence of any certain correlation bebween
the two characters in either parent or in cither generation of the cros.
In the present casc, therefore, there is no certain genetic correlation, and
they may be considered as varying in substuntial independence.

1 Patel, M. L. and Patel, 8. J.  Studies in Gujarat Coltons, Part 1V, Hyhrids betweet
Broach-Deshi and Goghari Varieties of Gossypium herbaceum  Mem, Dept. dgrt
1ndia, Bot. Ser., Vol. XIV, No. 4, 1927.



STUDIRS IN INHERITANCE IN COTTON

APPENDIX No. 1,

~a
=

(CORRELATION TABLES BETWEEN THE LENGTH OF STIGMA AND THAT OF THE

FIBRE.
Gadag No. 1.
STIGMATIC LENGTH MM
Tongth of staple mm.
4 5 L} 7 L3 @ 10 1 12 F
16—18 . . 1 1 2 1 5
19—21 1 3 8 7 [13 1 5 2 ae
224 . . 1 3 2 3 5 1 1 1 2
2527 - 1 i
P i3 ] 7 2 _(Tff
Co-edlicient of correlation = —i4 ¢ 0403
Sea-Island.
TENGTH OF STIRMA IN M.

Length of staple mm, -

6 7 R 9 10 1 12 13 ¥

4730 1 3 1 5
$—42 1 1 I 1 4
14—45 1 1 2 1 1 i 7
46—43 1 1 1 3
4951 i 1 2

P R R 2 1 5
I
Co-efficient. of correlation = 400081015
Gadag No. 1 X Sea-Island F .
GTH OF STIOMA IN MM,
Length of staple
mu.

) 7 8 9 10 1 12 13 401 I

3436 . 1 1 2
AT 36 . 2 i 2 1 2 i
40—z . 1 2 2 3 3 1 1 &
-5 . . 2 1 1 3 3 E) 1 17
dt—an 2 1 5 1 2 n
LU . 1 . 1 . 3 1 ) 9
¥ I T R R AT TR AT R R B B T

Co-emicient of correlation — 1 0-3 ¢008
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ATPENDIX No. 2.

(ORRELATION TABLES BETWEEN GINNING PERCENTACT AND LEN(
STAPLE.

Gadag No. I.

TH aF

GINVING PEROENTAGY
Length of staple mm,

_—

——— e
27 (23|20 | 30| a1 n2lan |y

25 | an ; 2t a8 ' v
T A A I U 2 R B A I
I A IR0 TS T B2 S R TN INTOR TR ! oo
2 L R 0L O N - R I 2 VU O (R A B
. U Ll It
Foolal 1y s]s|nfr|sen|i]; | i
Co-cfficient of carrelatlon = —0-3 4006
Sea-Island,
GINNING PERCENTAGE
Length of
RGN BTN TR RTY ETR RTY NUH P98 PR YR v0 Pl pen DU 23 2) ' 3
WG 1 . i
1 1 2 ' [
fu—42 2 1 1 1 1 6
1340 2l 1] e [ H
S48 1 RN 4
oAt i t B 1 2
- S N I U [
i L elon l e ol o2 e
i i
Co-efficfent of correlation = 0324 0-12
Gadag No. I X Sea-Island F .
' GINNING PERCINTAKE
Length of staple mm. ¥ ST
2402572627 | 25| 23031 23] ar]an]| »
——— b ) e
1 IS AP AT S -2 O O U VO (VU AR SRR SR Rt
| S0 B TN 20 ., 1 [ S T T T U s
FA I S R 1
2 g ) (e
1] 2} 32 G
. 1)1 2 4
v Taf sl st T PR

Ca-etliefent of carrelalion = —u-26 £ 008
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Vol. XVI, No. IV. Further studics of Indian Grasses and Grass-lands, by W. Buzys, D.se. (Ein;
L. B. KuLrarxt, Mg (Bom.), and 8. R. GODBOLE, B.se. (Bom.), [re
Re. 1-4 or 2=
Vol. XVI, No. V. Studies of buaarcane roots at different stages of growth, by Rao Bsuanta T3
Vzwmrxmu B.A., and R, Taodas. Prics, Ax 13 or Ls. 64,
XVI, No. VI. Studiesin Indian Pulses: 1. Lentil (freum lens Linn. ), by B, J. I, 8aaw, pa
A0.03., F.LS., and RaguaL Dias Bosg, B.se. Price, Re. 10 o 2 8l
Vol. XVI, No. VIL. Pythium aphanidermatum (8ds.) Fitz. on Opuntia Dillensi, Haw., by L3
RAMAKRISENA AYYAR, M.s. Pricy, A3 8 or 104
Vol. XVII, No. I. Noan-dehiscence of anthers in Punjab Amsdcan Cottons by Trevon Trotsn
.4, Price, As, 4 or 34,
Vol. XVIL, No. [I. Stadies in the Wilt Disease of Cotton in the Bombay Karnatak, Serics L b
G. 8. KuLgaryy, s.az, and B, B Moxpxog, s ; withan Introduct!
by De. H, H. M, Price, As, 9 or la,

1y

2

4

Yol.

Vol.

Chemical Sems

Vol. [X, No. III. Some Digestibility Trials on Indian Feeding Stuffs, Part II, by P £. 1450
M.A., D.Se., ALC, and PaxmiT Lac Cilanp DHARMARI, L.ag, Bt ¢

Prine As. 10 or 15. ) N

vol. IX, No. IV. The Effect of Manuring a Crop on the Vegetative und Reproduotive CJFJ\‘:
of the Seed, by B. VIswANATH, F.1.C, and M. SUKIANARAYANS, B.SC. Pt

As. 14 or 1s. 6d. o

Vol. [X, No. V. Exgperiments on the Feeding of Surgbum silage and concentrate to Seindi calse!
by F..J. Wagrrd, m.sc., and Sitarr Kavr Misea.  Drice, As, § or 104
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Chemical Series—contd,

i, No. V1. Losses an@ gains of Nitrogen in an Indian Soil studied in relation to the seasovat
composition of well waters, and the bearings of the results on the alleged
deterioration of soil fertility, by HaroLp 1. Asxerr, p.Sc., FI.C., ﬁ.s.
R.4.C., A. PADMANABHA AIYAR, B.4., and Ray Naravax Kayasry, m.se.
p.ag. Price, Ra. 2 or 3s. 64, ’ :

o X Xo VL. Some Digestibility Trials on Iudian Feeding Stuffs, Part [[1: Some Punjub

oh Hays, by P. E. Lawpes, M, D.Sc, aArLc, and Paxoir Law Cu Np
DHARMANT, [.Ag., B.8¢. {az.}. Price, &s. Jor G,

1X, No. VIII, The determination of the Electrical Conductivity of the aqueons Extract of
Soil as a rapid means of deteeting its probable Fertility, by AsnuTosu Sex
Mic. Price, As. 4 or 6d. T !

£, No. 1. Feeding Experiments at Karnal, by F. J. WagrTy, amsc. and F. J. Gossip,
Price, As. 8 or 10d,

X, No. IL Soils of the Punjab, by De. P. E. LA¥DER, m.a, D.sc, AL0., De. Rawar
Naraiy, 0.80., and MeaTs MoraxDp LaL, B.se., L.ag. Price, Rs 3-14 or 6s. 9d.

Entomological Series

vl S Nos. L& Four New Indian Gall Midges, by Dr. E. P. Feur; The Citrus Psylla (Dirpho-
1L rina citri, Kuw.), by M. Arzar Husary, arse,, sy, Price, Re. 1-2 or 2s.

vo X, No. {II. Brawonidz Viplouine of South India, by T. V. Ravawrisuxs Avvar, .,
F.E.8., k.58 DPrice, As. 14 or ls. 3d.

v % Noo IV. Some New Indian Miride (Capiide), by 1. Baviarp, Ba, #ES, Price,
As. 6 or 8d. 3

f. X, No. V. The use of Hydroeyanic Acid Gas for the Fumigation of American Cotton on
import into India. Experiments on its lethal power for the Mexican Boll-
weevil (Anthonomus grandis} and for the Grain-weevil (Situphilus oryrne) ;
on the extent to which it is absorbed by Cotton and Jute rcspcctively} and
on a practieal method for satisfactory fumigation on 2 large scale, by A,
James TURNER, 3.4, B.Sc, and D. L. Sey, ase. Tech, ase., with a
Foreword by B. C. Burt, M.B.E., B.se. Price, Ra. 2 or 3. 94,

yi. X, No. VI Studies on Platyedra gossyplella, SBaunders (Pink bollworm) fu the Purjab, by
Somax SINGE BrvDRa, M.Sc. Price, Re. 1-4 or 24, 3d.

va. X, No. VII. A Contribution to our knowleige of the Thysanoptera of Indin, by T. V.
RAMAKRISHNA AYYAR Ph.D., FES, FZ5 Price, Re. 1-90r 23. Gd.,

o XI No. I A List of the Generic Names used for Microlepidoptera, by T. Barvsriaas
FLETCHER, R.N., F.L3, F.ES., R.LS, (In the press.)

Bacteriological Series ’

val 11, No. LI A Bacterian Soft Rot of Garden Poppy, by C. S. Rast Avvag, s.a. Price,
As. § or 6d.

Vo 11, No. I Nitrification of Caleium Cyanamide in some Indian Soils, by J. H. Wartox,
WA, M.Sc. Price, As, 10or ls

Veterinary Series

Vi 1V, No. I The Chemotherapy of Surrd (Trypanosoma evanri Intections) of Horses anid
Cattle in India, by J. T. EDWARDS, D.S¢, M.R.C.V.S. Price, Rs. 4-2 or 7a.

tl. IV, No. II. Stedies in Bovine Lymphangitis, by V. KrrsiNadnvsrr Avyaw. DPrice, Re, 1-2
5 or 24.
Vol TV, No. IIT. Trypanblue and cortain dithio-aniline derivatives: their efficacy in the

of Piropl and other affections in the Central Provinces,
. by Major R. F. SrieLivg, F.R.C.V.8 , D.V.S.M., F.2.8,, L.V.5, Price, As. 3 or 44,
Yol 1Y, Ne. IV, Nasal Gramuloma in Cattle in Bihar and Orissa, by Rar Sams P. N. Das,
Price, As. 3 or 4d.

Bulletins issued by the Agricultural Research Institute, Pusa

Yo.165. Sampling for Rice Yield in Bihar and Orissa, by J. A. Husack, L5 Price, As. 7 or 94,

Yo.167. A Scheme of ClassiScation of the Varictivs of Rice Found in Burma, by K. A, Beace.

o Price, As. 6 or 84, .

Y5188, Ligt of Publications on ludian Entomology, 1926 {compilel by the Offz. Tmperial Eato-

o mologigt and the Lmperial Entomelogist). Price, As. 10 or la. o

¥0.169. The Stem. bleeding Diseass of Acecanut {Areca catechu) cansed by Thielariopsis paraiuea
Von Hoa,, hy S. SUXDARARAMAN, M4, C. Kesuyan Navar and T. 8. RAMAERISHNAN,

G g, SeAe Price, As. 9or L. .

19, 3easonal Variations in the Gecm Content of Mil
Price, As. 6 or 8d.

k at Pusa, by J. Il WanToN, .4, Mise.



Bulleting issued by the Agricultural Research Iustitute, Pusa—coinyg.

No. 171 The Impravement of Indian Wheat. A Brief Summary of the Investigations carrigy
at Pusa from 1905 to 1924, including an account of the new Pusa Hybrids, by 4, o
Howarp, ¢.1.2., M.4., and CaBRIELLE L. C. Howarp, m.4. Price, As. 8 or 104, tar
Ne. 172, The Mectanical Analysis of Tropical Soils, by J. CHARLTON, ¥.8¢., £.1.C. Price, 45, 3 o
No. 178.  Occurrence of Trichomonad Flagellates in the blood atream of Towls, by Huag Cogp
M.R.C.V.5., and AMAR Nate GULaTI, M.se  Price, As. 3 or 4d. k,
No. 174, Unit System for Farm Buildings, by G. 5. HExDERs0N, N.D.A, N.D.D. DPrice, 45, Sog
No, 176. A Comparative Study of the methods of preparation of the Soil for the Mechanicg) Am
Iysis, with'a Note on the Pipette Method, by Amar Natm Pugi, rh.o, endB, M, !

B.s. Price, As. 4 or 5J. Ay,
Xo.176. A Methed of increasing the Manurial Value of Mahua Cake, by N. D. Vyas, Lag Ve
As. 4 or 6d, 3

Ne. 177. Root-rot and Sclerutial Diseuses of Wheat, by L. 8. SvsramasivM, pLs, Price, Ay

or ba,

No. 178. A Study of the Locular Composition in Cambodia Cotton,

Price, As, 7 or 9d.

No. 179, A Teaf Bpot end Blight Disense of Onions, caused by Alternaria palandui nov, B by
C. RAXGASWAMI AYYANGAR, Price, As. 6 or 84. "

No. 180, Stemvr%t of Berseem, caused Ly Rhizoctonia Solans Kikn, by Mv. Tasim, Prive, 4s §
or 0d.

No. 181 Life History, Bionomics and Control of Myllocerus maculosus, Desb.
Celeoptera), by Kibar Nate LRiEaX, mse. (In the pres:

8,

No. 182, Investigations in the Bacteriology of Silage (1926-27), by J. H. WaLTON, M4, wg
Price, As. 5 or 6d.

No. 183. A Mitk Fermenting Yeast, by C. S, Rast AYvar, B.a. Trice As. 5 cr 6d.

No. 184. List of Publications on Indian Entomology, 1927 (Compiled by the Imperial Entomelogi
Price, As. 6 or ¢d.

No, 185, The Cultivation of Lac in the plains of India, Laccifera lacca, Kerr., by C. 8 Miseg, 5y
(Revised Edition), (In the press.)

No. 186, A Preliminary Note on the Rice crop in the United Provinces, by R, L. Skm1 Price, A7

9.

by V. RaMawatusy, Lig

{Curculiopide

or 9d.

No. 187. The Production of Cigarctte lobacco by Flue-Curing, by F. J. F. SHAW, D.sc.
F.LS., and Kasnr Ras,  Price, Re. Vor s, 0d.

No. 188, Tlesigns for Farm Buildings, by G, 8. HENDERSOX, X.n.4., X.D.D.  Price, A+, 6 (1 8.

No. 189.  The Improvement of Dharwar-American Cotton by Hybridization, by R, K. Kriesmy,
B.ag., and T. R. Kuaprwag, Bag  Price, Rs, 2.2 or 4s,

No. 180, Deseription of a New species, Uipglidium catus n. sp., with a Note on the Genus Dipulidion
Lenckart, 1863, by Aman Navit GuLaTL, m.sc. (In the press.)

No. 191, Agricultural Implemaits and Machinery at Pusa, Part 1: Cultivation Tmpleinear od
Machinery, by G. 8. HENDERSOX, %.D.0, and ARIUN SINGH, L.Ag. (In the preas)

No. 102, Agricultural Tmplements and Machinery at Pusa, Part 11: Harvesting and Threshing
Implements and Machinery, by G, 8. HENDEKSON, X.D,a., ¥.D.D., and ARJUN SI5GE,
LAy {Jnthe press.)

No. 163, Agricultural Tmplements and Machinery at Pusa, Part 1II: Spevial and Miscellancow
Implements and Machinery, by €. 8. HENDSRSON, N.D.A.,, N.D.D., and ARTy SIste,
Lag. (Iv the press.)

Ne. 194, Agricultural Tnplements and Machinery at Pusa, Part IV : Power Implements and Machit-
ery, by G. & HEXDERSON, N.0.4,, N.D.D., and Arges Ni561, Lag. (I7 fhe press.)

ARCS,

Books

Wheat in India, by ALBERT HOWARD, M.A,, A.R.C.8,, F.L.S., and GapriEriy L C. Howasnp, w4 176
B, & oor Ty 6.

A Desaription of the Triperinl Taeterivlegical Latoratory, Muktesar : Tts Work and Produca, bt
Magor d. . I. Heiwvs, ma., Dsc, MRCV.S. Drice, As 8 or 8d. Hindi and Urb
Lditiors, Re. 2-4 each.

Agriculture in Judie, by Janmis MACKENNA, M.A., 1.0.5. Price, As, 4 or 5d, )

rome lgenses of (nttle in India. A Handbook for Stack-owners. (Revised v 1027).  Prie
Re. 1+ or 2a.

Report on the Diseases of 8ilkworms in India, by A. PrixaLE JAMESON, D.Se,  DPrice, Re. 3. ) .

The Importance of Bacterial Action in Indigo Macufacture, by C. M, HGTcuIES0N, Boa,  Frice, 485

Notice

All vew publications are included in the above List and are regularly posted to all on the mailin
list &5 soon &g issued. Unless complaints of non-receipt of any publication are received by tbe Msw
ger, Governwent of India Central Publication Branch, Imperial Secrctoriat Building, 3, Govern
Plece, West. Caleutta, within six months of the date of issue, duplicate copies can be supplied only ®
payment of cost and postage.
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