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GENETIC ANALYSIS OF COMPONENTS OF GROWTH IN
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A diallel analysis involving cotton varieties, LSS, M4, 4F
end Acala 1517C was made during the year 1967-68 to invest-
gate the mechanisms of control for the characters, dry weight,”
leaf area, relative growth rate {RGR) and pet assimilation rate
{NAR). The inheritance pattern indicated for the characters like
dry weight, leaf area and RGR varied from fufl deminanes to
over-dominance whils, for NAR, the results ware non-gignificant.

INTRODUCTION

Considerable work on understanding the nature of genetic control of
vield and quality charecters in  Gassypivm Airsutwm L, bhas been done in
Pakistan, but very little information is available on the inheritance pattern
of companents of growth of cotton plant under our conditions.

The works of Crowther {1934), Tiver (19423, Tiver and Williams {1947),
Watson (1947 & 1952) and Khan (1963) give an indication of the magnitude
af variability of thess characters within, and batween, different crop species and
ulso theirinfluence on the final crop yield. This type of information is
eszential to the yynthesis of an efficient genotype and thug is the intent of Lhe
present study. :

MATERIALS AND METHODS

Four varieties of cotton viz, LSS, 4F, M4 and Acala 1517C

(G, hirsurum L.} were vsed in meking reciprocal crosses in 1968,
The hybrid seed of 12 crosses along-with the parents was sown in 1968
in 12° % 12* earthern pots placed in the open, in a completely randomized
design, with thres repeats. In all, 192 pots were used for the study, The
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pots were flled with clay mized with farmyard manure,  Eight seeds were
sowh pet pot, but later seediings were rthinned to only thres vigorous plants
and for various determinations nrean of these was taken. Irrigation was
applied thrice a week. Three harvests were taken al torenightly from  sowing
and the fourth one at maturity.

Leaf area was determined at first, second and third harvests, while dry
weight was taken at all hurvests, The data wirh rezard to dry  plant  weight
pod total teal area were recorded and two components of growth, net assimi-
lation rate (NARY and relative growth rate (RGR} were calewlated. In the
case of dry weight, plant parts from harvest numbers | to 4 were deied by
placing them in the oven at 609C und then dry weights were obtained. Leal
areas from burvest numbers t to 3 were determined from leat prints on
ammonex paper.  THe print area/weight ratio was determined, and the area
was calculated from the weight of the leaf prints excised from the papEr.

The purameters ctployed in this section ate NAR and ROR RGR
was calculated by the Following formuky derived by Blackmun (1919 -

RGR = ]QE! “'I: == Iﬂgt W:

{ by v )

Where W, and W, represented dry weights st the begioning and end
of atime interval (1a — ).
MAR was caleulated from the {oomula of Williams L1446}

{WaW,) (foga Lo—Iloge L}
WAR: wme —5 etk
(t - L) {lz — Ly}

Where L, and W, wore the leal arca and dry weipht, respectively, e
first harvest, aud Ly and W, were the leaf area and dry weiph! at the
second harvest.  The dillerence  between t; and t; was the tme interval
between harvests.

STATISTICAL ANALYSIS.

The method of anulysis applicd to the present experinient was Fisher's
{1258) analysis of variance techniqus. Comparison of varietiet and their
hybrids was made on the basis of the critical difference calculated from  the
following lormula -

J'E % varianee for error

Critical difference — ¥ tvalue

number af raplicarione
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Only those characters were analysed by the dialtel fashion for which
the diffierences were statistically sigificant. The diallel cross  technique
developed by Hayman (1954} and Jinks (1954, 1955 and 1856) was used lor
the genetic analysis. ra

RESULTS

Varigtal differences for dry weight and leaf area were significant at
the first harvest but changed to highly significant at the remaining harvests
stedied, The differences for RGR were highly significant for first and
second harvests but significent for second and third,  All these characters
were penetically analysed using diallel technique. The differences for NAR
were nun-signiﬁcaﬁt. hence diallel analysis was. not applied. The average
array means for all the chatacters from all harvests are given in Tuble
I, and their wvariance (Vr) and Covatiangs (Wr) are plotted in fgures |
to 9,

PRY WEIGHT PER PLANT (gm) AT FIRST, SECOND, THIRD AND
FINAL HARVESTS.

Graphic presentation of dry weight at first  hatvest (Fig. 1) revealed
over-dominance with gene interaction but it changed to additive with partial
dominance inyolving seme interaction of genes at second and third harvests
{Fig. 2 snd 3). This expression reversed again to overdominance with gene
interaction at final harvest (Fig. 4). From the position of array points
un the regression line (Fig. 1) it was evident that Acala 1517C possessed
maximum dominant genes while 4F had maximum recessive.  This relation,
however, changed at szcond harvest where 4F due to its proximity to origin
{Fig, 2) appeared to possess maximum dominant genes and M4 the minimum.
At third harvest Acala 1517C emerged again as the carrier of maximum
dominant genes with L8S of recessive genes. While at final harvest 4F
(Fig. 4) regained its proximal pesition to origin, thus it appeared to potsess
maximam dominant genes with M4 possessing the minimum,

LEAF AREA PER PLANT (sq. cm) AT FIRST, SECOND AND
THIRD HARVESTS.

Gienetic expression for leal zrea at first harvest (Fig. 5} was of over-
dominance type and followed complete dominance with interaction of genes
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at second and third harvests (Fig. 6 and 7). From the study of the position
of array points on the regression line, it was obvious that Acala 1517C being
pearer to the origin in all three harvests possessed maximum dominant genes
end 4F due to its position farthest from the origin in the first two harvests
and LSS in the third, possessed recessive genes. -

RELATIVE GROWTH RATE PER PLANT (gm/gm/day).

vr/Wr graph for RGR between first and second harvests was plotted
in Fig. 8, which indicated complete dominance with some interaction of
genes. From the position of array paints on the regression lioe it was clear
that Acala 131 7C being nearer to origin appeared to possess the dominant genes
while 4F being away from it had recessive genes. The gene action for RGR
hetween second and third barvests (Fig 9} changed to additive type with
partial dominance. The gene interaction appeared to be present here, (00,
The array puints had also shifted their position, 4F, being closer to the origin,
nossessed maximum dominant genes while LSS being away from it had reces-

sive Eenss.

DISCUSSION

Crowther (1934), Tiver {1942), Tiver and Williams (1943) und Watson
((1947 and 1952} emphasised the importance of components of growth and
{heir relationship with the final yield. They also showed significant differe-
nces with Tespect to leaf area, relative growth rata (RGR) and net assimilation
rate (NAR} in different crops and also within the varieties of the same species,
The results already described indicated significant differences with respect to
l2af area and RGR but the tesults appeared te be in disagreement in
respect of NAR in which case varietal differences were nop-gignificant. at
leagt within the limits of this experiment,

During the early growth stages the phenotypic menifestation ot mosl
of the components of growth was conditioned to different patterns of inheri-
tamce. Tt was overdominance to partial daminance for dry weight, over-
dominance to deminance with interaction for leal area, and dominance (o
additive with partial dominance for RGR. Overdominance ina set of diallel
crosses 15 obtained {Jinks 1954 and 1955 and Hayman 838} when mast of
the progenies score more than either of their reciprocal parents. It appears
that the F, progenies showed heterosis (Khan 1963 and Miller and Marani 1963),

1n the case of dry weight {Lable I} Acala 1517C array bad  given the
maximnm average vatues (0163 al first harvest and 0,779 at second harvest;
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az compared to the rest of the array means, which means that Acala i517C
bad better general combining ability at first and second harvests.  Within the
arrey, the cross, 158 x Acala 1517C gave better values (0.169 at first harvest
and 0.837 at second harvest) as compared to other crosses, hence it appeared
1o possess better specific combining ability.  This situation chunged at third
and final harvests, and 4F array had the better mean values (3.662 at third
harvest and 13.12 at final harvest) as compared to the rest of the arrays,
hence this variety seems to possess betier general <ombining ability.,  Further,
8 study of the Table 1 showed that within the array, the cross LSS x 4F
{4165 at third harvest and 1147 &t final hatvest) and 4F x M4 (3,730 at the
third hatvest and 14.6] at final harvest) gave the maximum values gnd thus
eppeared to possess better specific combining ability ss compared to other
SIOS5ES,

In the case of leaf area {Tuble 1) Acaly I517C array at  first harvest
had the higher average value (27.411) as compared to the other arrays, angl
possessed high general combining ability.  Within the array, cross: 4F x
Acala 1517C (27.971) appearsd to possess the highest specific combining
ability. But this situation altered at second wnd third harvests. At second
harvest, L8S array {126.235) appeared to possess better general combining
ebility. Within the array. 4F with LS5 (157.736) gave the maximum leaf
area and thus possessed  better specific combining ability. At third harvest
the-array situation changed again and 4F array gave a better mean value
{327,355} und within array, cross, 4F x L858 {358.750) appeared o possess the
highest specific combining ability in this respect.

The results for RGR (Table [} also established the superiority of L%
array and within array 4F x M4 appeared to give the highest wvalue {U.}18)
_ At the second and third harvests, 4F array with a mean value of (0.1 107
appeared to possess better general combining ability and within array, 4F x
LS8 gave the maximum value {0.113) and had better specific combining
# ability. In the case of NAR, no statistical varietal differences came out
“under the presant environmental conditions,  Furiher, it was seen that in the
majority of the. characters, the results were complicated by interaction of genss
' hence it seems rather difScult 1o vperate strarght forward selection Moc oMtaining
transgressive segregales.  From these results it is also clear that it is not easy
to define ‘dominance relationships of genes for quantitative characters such
a8 studied in this experiment, Within the limits of this experiment the same
variety appeared to possess dominant genes under one harvest condition and
recossive under another,
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Taere | Mem Values for Paremis and Fy Hybrids for Variouws Characters.

Genotype

LSS

4F

M4

Acala
1517C
LSSxdF
LSSxM4
LSSxAcala
1517C

4Fx M4

aFx
Acalal517C
Mdx

Acala 1517C

L35

4F

M4

Acafa 1517C

Dry

Dy Diry Dry Leafarez Lealaren Leafurea RGR from RGR from
weight  weight 8t weight  weight  at first at at third Ist & 1ind llad & 1Ifed
at first  second  al third st finnl harvest  secomd  harvest harvests . harvests
barvest  harvest harvest  harvest harvest

O.116 a.6lL7 24%6 17 . 18.173 115673 226986 oI .09

0,190 0.568 3645 11.37 36710 100,596 207423 0,070 0120

0.130 {1,395 2640 12.02 12,496 Bl.746 211903 - 0076 0.126

L 1RG0 0883 2620 1048 28.136 S0.840 2591965 0.:10 0. 106

0135 4.765 4.164 13.47 22,513 157.736 188,790 a1 0. _. E3

¢ 153 0729 2.389 55 23,344 114998 212.6598 0.0o4 - 0. 104

1.169 837 2.535 Q.45 26,656 116,533 223413 - 104 0.9

0116  0.788 3730 146t 16000 116665 354754 ° 0018 0.113

0.164 0.710 3106 1204 27.971 00030  25B 453 0104 {os

0.138 0.684 2469 o.44 26,351 102,181 228204 0,096 0.091

ARRAY MEAN “

0.[45 0.737 28717 11.05 22,679 126.235 262972 0105 0.094

0.151 0.708 3.602 11,12 25.798 T18.734 327355 0.1 o110

136 {649 2.802 11.66 19.673 103.398 251912 .04 0.108

O.[63 0770 2.683 10,60 27411 W2373 244839 0. 104 Q.09

—
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