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LEAF APPEARANCE AND CHLOROPIIYLL CONTENT IN INDIAN

MUSTARD (Bn,4.s s lc4_!y! cEA
GROWING ENVIRONMENTS

L.) UNDER DIFFERENT CROP

M. I(. TRIPATIII, V. U. M. RAO, DIWAN SINGH and RAJ SINGE

;;r""_*, of Agricultural Meteorology, ccs Haryana Agricultural university, Hisar-125 004, India.

A field experiment was conducted during two consecutive crop seasons (raDi) of 2002-03 and 200104

at Agricultural tuteteorotory[ett*.n fI*, CCS Haryana Agricultural University' Hisar to study the

leafappearance and chlorJphyiiront"nt inindian mustard cv' Laxmi sown under difierent growing

environments .ornprlring;i;owing dates and in-season growth manipulations' The earliest sown

grop (October 5: S,)tookleasfdays tlo emerge leaves as compare{to latusown crops (October20: Sr)

and (November 5: Sr). A;ilila tr:t;*i, grorrtt *aniiulation treatments' the days taken to leaf

emergence wer..,,u1;. *In3r-Gin.uruv offered. A positive correlation was noted between leaf

chlorophyll content and seed yield.

Keywords: Brassicaiuncea; Chlorophyll; Growing environments; Growth manipulation; Indian

mustard ; Leaf aPPearanc€.

Introduction
Among different climatic factors, temperature and

nhotoolriod are the most dominant factors and theygreatly

inflr.n"" the rate of various growth processes and'

thereby the times ofappearance ofdifferent plant pans'

and their development. Boser reported that higher

temperatures undei short-day conditions were resp-onsible

for development of large number of leaves on main stem'

Besides mbrphological characters, the physico-

biochemical process v12., photosynthesis is influenced

by the duration and intensity oflight, temperature and

chlorophyll content. The green plants utiliie lighl energy

produce i.e. photosynthates. Sowing time is the main

factor which decides the environmental conditions of a

crop, timing and rate oforgan appearance' The concept of

heat units had long been in use to study the phenological

development of-different crops. Patel and 
-Mehta2

concluied that the subsequent phenophases of Brassica

j unce a appear ed aft er accumulating certain amount of heat

units over the previous phenophases' The purpose of
present study is to quantiry the thermal requirement for

ieaf appearance and iubsequently ttre total leaf chlorophyll

content under different growing environments'

Materials and Methods
A field study on Indian mustard cv. Laxmi was conducted

during two consecutive winter crop seasons of 2O02-03

anA 2OO:-0+ at Agricultural Meteorology Research Farm'

CCS Haryana Agricultural University (29' l0'N Lat';

75'46'E Long. and altitude of2 I 5.1 m a.s'l)' The study was

conducted in split plot desigr with four replications and

comprised of three sowing dates vrz', October. 5 (S,)'

Octoter 20 (Sr) and November 5 (Sr) in main plots and

seven in-season gfowth manipulations viz', control or no

manipulation (L), main shoot cut-offat I 5 cm on 40 DAS

(L) main shoot iut-offat I 5 cm on 50 DAS (Lr), l'primary

iinctr cutoffon 55 DAS Q-,),2* primarybranch cut-off

on 60 DAS (L.), plant defoliated to 50 cm above ground ut

ob-pes (LJ ild plant defoliated to 50 cm above ground

on zs neSftr) iniub-plots. The crop was grown follou'ing

th'e recommended package of practices''The appearance

of leaves was recorded on main stem when each leaf

emerged out and attained a size of 2 cm' The average daily

templratures above a base temperature represent the heat

units and were calculated using the following expression:

T +T.
-M\ M

11g=I--- _-_ -Tot
2

. Wher€, T^"* and T.* represents the daily

maximum and minimum temperature (C) and To is ttre base

temperature. Fot Brassica species, \ was taken as 5 "C

folliwing Morrison et a1.3. The total chlorophyll

content was calcutated at 50 per cent flowering, 100

per cent flowering, start ofseed filling and end ofseed

hlling growth stages. The chlorophyll content was

catcut-at-eO employing the Sawhney and Singha method'

Leafdiscs were washed and blosed dry and then dipped

in DMSO (dimethyl sulphoxide) overnight' The

absorbance of the solution was recorded next day at

645 and 663 nm, respectively and the values were added

to find out the amount of total chlorophyll'
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Ihble 2: Effectoftreatrnen8 onchlorophylt conrcnt(mggt)oflcafatdifferentphenophases in mustard

during two crop seasons.

Treatrnent 50/o lWo
flonering

ofseed ofseed

flowering fi[ing filling

@43 U344 v)43 ts{4 @43 ts44 U243 03+t

Sowing dala

sr 4.U2

s, 3.98

s3 3.04

cD(s%) 0.06

Growth maniPulatiotts

3.90 3.74

3.73 3.64

zu 3.70

0.15 031

3.71 3.61

. 3.08 2.9

zg5 277

3.70 3.62

330 3.61

361 3.4

3.@ 348

o.B 0.36

332 3.15

3.t2 3.03

258 L46

031 ol7

3.23 3.05

2s9 Z%

Lt4 Zl5

32. 3.03

332 3.11

328 ,05

329 3.10

0.16 0.18

1.42 124

139 123

l.l4 l.l0

0.03 0.08

1.32 t.23

130 l.l8

.tn .1.t4

132 l.l*(

r30 120

132 l.D

t32 Ll9

NS NS

3.S

3.n

z9l

0.09

Ll

\
Ia

L,

L,
'" lt

\
cD(s%)

4.31 4.04

z6t zfi
r.E r,77

426 4M

424 3gl

427 4.01

426 4.V2

0.12 0.08

Table 3. Conelation coefficient (r) between total chtorophyll content at different phenological stages

and seed yield .

Phenologicel stages

S0ToFlowering (50%F)

I 00% Flowering (l 007o F)

Start of seed filling (SSF)

End ofseed filling(ESF)

r

0.64**

0.81**

0.80*+

0.84**

f * Sig;nificant at F0.01
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Results and Discussion
The bright sunshine period at sowing time declined from

l0.l to 8.4 h dayt and9.4 to 8.9 h dayt at successive

sowing dates, similarly the mean daily temperature also

declined from 28.8 to 21.9 "C and 24.5 to 24.0 "C
respectively, in first and second year of study Q002-03
and 2003-04). Due to shortening ofbright sunshine period

and fall in temperature under S, and S, crops, longer time

was taken for emergence of leaves (Table-l) as compared

to the early soyn crop (S,). These results are in conformity
with those reported by Nanda et al.s. T"he sowing dates

significantly influenced the accumulated heat unit
requirement to leafappearance. Thehighest heat units
were accumulated in S, followed by S, and Sr, rcspectively.

Angus et al.6 also observed that the rate of development

of most of crop species depends upon photoperiod as

well as the temperature.
Amongst the growth manipulation treaunents,

the leaf emergence was enatic (Table-l) showing no

specific and significant difference. When the normal crop

(controt) attained 96 leaf stage, the L, (leaf cut-off)
treatment had already been administered and therefore,

the leafemergencecsuld not be analyzed in Lrtreatment.
However, other treatmsnts at this stage were.non-
significant. The accumulated heat units or growing days

also followed a similar pattem under different groMh
manipulatiqn treatments.

The total chlorophyll content in leaves at

different phenophases ofcrop over two crop seasons was

estimatedarid the results pertainlng are presented i4 Jable
2. It was observed that at 50% F stage, the chlorophyll
content was significantly higher in S, and S, as compared

to Sr. The.higher value of chlorophyll content in early

sowing may be due to warmer growing environmeng which

supported better plant physiological characters. However

under late sown conditions the temperaturedeclined during
grand growth period. The reduction in temperature during

vegetative. and flowering phases may have effect on

chlorophyll cont€nt. It was also observed that the total

chlorophyll content values declined from 50% F to ESF

stage in all sowing dates. These results are in conformity
with those reported by Elf and OhlssonT.

Amongst the growth manipulation treatments, it
was observed that from 50% F stage to SSF stage, the

chlorophyll conteirt in Ll ard Lr fieatrnents were sigrificantly
lower than other fieatnents. The low chlorophyll contenB

in Lrand Lrwas because ofrelatively younger leaves which
emerged after cut-offoperations where as in the remaining

treannens the leaves were ofquite older age and thus rich in

chlorophyll. Chongo and McVettf also observed that the

chlorophyll oontent increased with age ofleaves. By the

time crop approachedtheard ofseed fillingphase, the effect

of in-season gowttr manipulation on chlorophyll content

has already vanished since the leaves have grown older in

L, and L, heafinents and had become rich in chlorophyll and

hence become non-sigtifi cant.

The conelation coefficients (r) were'workedout
between seed yield and chlorophyll content at different

erowth stages. The study showed (Table-3) a significant
and positive association ofseed yield with chlorophyll
content during'the reproductive phase comprising of
period from flowering to seed development phases (50%

fl owering I 00% flowering start of seed fi ll ing and End of
seed filling). :Ihe dependence ofseed yield on chlorophyll
cont€nt is obvious since for assimilation ofphotosynthates
(by process ofphotosynthesis) the chlorophyll is a pre-

requisite. Similar results have eariier been reported by
llmrl/iwu et al.e for mustard crop.
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