
J. P hyt ol. Re s. 19 Q) : 3 19 -322, 2006
:,:i : ".

EF'F'ECT OF SOWING TIME AI\ID PLAI\TING
USE EFFICIENCY OF INDIAN BRASSICA

t '..,-

DENSITY ON RADIATION
- ' ,: \

cultivars, a field study was conducted during the winter
seasons of2003-04 and 2004-05.
Materials and Methods
The data used in the present'study were collected from
field experiment ionducted during winter seasons of2003-
04 and 2004-05 at the Research Farm ofDepartment of
Agricultural Meteorolory, CCS Haryana Agricultural
Univenity, Hisar(29"fo'N 75"46'E and 215.2m a.m.s.l.).
The experiment was laid out in split-plot design with three
replications. The treatinent combinations comprising of
three sowing dates (D,- Oct 5, D, - Oct 19 and Dr - Nov 5),

two plant densities (S, - 30 cm x I 5 cm and S, - 40cm x 20

cm) were kept in main plots and the four varieties {V, -
Vaiun4 V, - Rh-30, V, - Laxmi (all three Brass icajuncea)
and Vo- BSH I (Brassica campestris))in sub-plots. The

soil of the site was sandy loam, slightly alkaline with poor

niffogen content, medium in phosphorus and rich in potash.

Photosynthetically active radiation (incident, transmitted

and reflected) over the crop canopy and bare soil were

measired at 7 day intervals with line quantum sensor of
lm length. The absorbed photosynthetically radiatio4
(APAR)-was worked out as per the formula of kru et al.' .

The dry matter produced by the different genotypes was

also recorded on the same day when photosynthetically
active radiation was measured. The biomass produced
per unit amount of APAR expressed as grams of biomass
produced per unit of APAR and the same is represented

as:
Biornass (g m{) accumulalcd dudng tho pharDhase

Radiatim rsc eftcicnc,y (RURIln@
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Radiation use efficiency (RUE) was worked out for four Indian brassica cultivars raised in field
experiments comprising ofthree dates of sowing and twosp6cing. The RUE values declined as the

sowing time was delayed. The eady sown crop was morc efficient in converting the photosynthetically

active radiation (PAR).into dry matter and hence early'sowing need to be preferred. The planting

density variation failed to influence the RUE significantly. The lowest values of RUE were observed in
brown sarson in both the years due to its shorter reproductive phase. The exrinction coefficient (k)
continued to increase iill the crop attained maximum leaf area index (LAI) and declined thereafter

successively till the crop maturity. The highest i,alues (0.99 and 0. 96) of 'k' were observed in earliest

sown crop at 60 days after sowing (DAS) both in 2003-04 and2004-05, respectively. The values ofk
showed no significant lyd 

*itt change of planting density.

Keywords : Brassica; Brown sarson; Dry matter; Extinction coefficient; Radiation use efficiency.

Introduction
Plants depend for growth and development on their genetic

constraints and the environmental conditions. One ofthe
most important aspectd of crop development affecting dry
matter production and economic yield concerns wi& the

development of leaf canopy and its effect on the efficienry
of radiation interception, particularly the
photosyntheti&lly active radiation (PAR). Much of the

observed seasonal and intra-seasonal variations in
agricultural output are frequently attributed to the
influence of weather conditions on plant growth. One of
the important factors ofcrop production is solar radiation

that provides the source of energy for the process of
photosynthesis, plant growth and dry matter (DM)
accumulation. However, the requirement forsolar radiation

differs from one crop to another and one phase to another.

The accumulation of biomass is essentially a linear frtnction

of the amount of accumulated intercepted
photosynthetically active radiation (APAR) by the crop

canopy, which is the function of leaf area index'. The

efficiency of PAR interception is directly related to LAI,
extinction coefficient (k) and architecture ofthe canopy.

Plant stand can also influence the canopy structure and

thereby influencing tlre efficiency ofPAR interception and

subsequently dry matter production. Radiation use

efficiency (RUE) provides an estimate on the crop
conversion effi ciency ofAPAR into biomass. These values

are useful in screening cultivars for their potential
productivity. Hence, in order to evaluate the influence of
sowing time, spacing on the RUE of"Indian Brassica
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Table 3. Efect ofdifferent treatnents on extinction coefficiens (k) over Brassicas at yarious growth intervals.

200344 2m4{X;

Treatments 30 45 075 m 75@45302A105 90 105 tn

0.83 0.R 0.65 0.s4

0.81 0.70 0.63 0.9
0.75 0.68 0.62 0.49

0.85 0.71 0.& 0.52

0.86 0.70 0.63 0.51

o.v o.7s 0.9 0.89 . 0:76 0.63 o.s9

0.st 0.78 0.86 0.97 0.80 0.70 0.s9

0.50 0.61 0.80 0.84 0.86 0.75 .0.55

0.53 o.T3 0.9 0.91 0.81 o.7l 0.59

0.51 0.69, 0.90 0.88 0.n 0.68 0.58

0.63 0.52

0.62 0.51

a.& 0.53

0.4 0.49

0.68 0.s8

0.69 0.56

0.n 0.s8

0.67 0.54

0.9
0.53

0.9
0.51

0.53 0.68 0.%
0.50 0.63 0.84

0.49 0.59 0.78

0.48 0.& 0.88

0.47 0.63 - 0.87

0.,18 0.63 0.86 0.85 0.71

0.49 0.& 0.88 0.86 0.70

0.50 0.65 0.89 0.86 0.7)
0.50 0.61 0.& 0.78 0.@

Sowing Dates

Dl
D,
D,
Plant Densities
sl
s2

Varieties
v,
V,

Y
V.|

0.74 0.n 0.90 0.80

0.71 0.87 0.88 0.81

0.70 0.93 0"91 0.81

0.70 0.86 0.88 0.78

The light extinction coefficient 'k'ofthe canopy
was calculated using the modified Bouguer-Lambert-Beer's
t^aw -

Results and Discussion
Radiation use eficiency; Radiation provides source of
energy for plant growth and dry matter production and
the ability of different speiies to provide the latter can be

assessed in terms of RUE values obtained over different.-
phenophases in brassica are presented in Table I and Table
2. Though, the amount ofPAR received above the canopy
was almost same in different treatments, but the intercepted
PAR differed because of differential crop cover owing to
variation in leaf area index (LAI) and varying levels of
biomass production in different treatments implying that
RUE also differed. Highest RUE of2.3 and I .91 g MJ-' were

recorded in earliest sown crop ofD, in 2003-04 and 2004-
05, respectively. Among the cultivars, the higher RUE
values in the early sown crop are expected since the crop
had already attained significant LAI which resulted in
better dry matter accumulation. Several studies on sowing
time have earlier revealed that the seed yield and dry matter
accumulation declined with delayed sowing". Further the
studies have indicated that yield decline in late sown crop
was associated with early flowering, short reproductive
period and poor dry matter accumulation. The lowest RUE
was recorded in late sown crop (Dr) sowing date in both
years. The continuous increase in biomass till end ofseed
filling resulted in increased RUE at successive growth
stages; however, slightfall in RUE atmaturitywas because

of slower rate of gain in biomass during this period. The
results of the present _investigation are akin to those
reported earlier by Kar- in mustard crop. Radiation use

efficiency @UE)varied between 0.33 to 2.30 g MJ'' in 2003-

04 and 0.32 to 1.9 I g MJ{ in 2004{5. The RUE ofthe crop
was lower during 20M45 as compared to 2003-04 due to
poor crop establishment and inferior growth parameters

and also due to lowtemperature during early establishment
and vegetative stage and higher temperature during
reproductive stage resulting in poor growth and
development resulting in lowo RUE. Planting density failed
to influence the RUE sigrificantly.

The differences ofRUE were quite nanow among
the Brassicajuncea cultivars, however it was highest in
RH-30 during both the years. The lowest values of RUE
were observed in BSH-I (Brassica campestrisYar brown
sarson) in both the years because ofits shorter duration
of vegetative and reproductive phases.

Light extinction coefficient: The light.extinction
coefficient (k) is a measure of the attenuation of the
radiation when passing ttuough the canopy per unit LAI.
The values of k calculated for different treatments are
presented in Table 3. Among the sowing dates, the highest
values (0.99 and 0.96) of k were observed in D, at 60 days

after sowing (DAS) in 2003-04 and 2004-05, respectively.

The lowest values (0.50 and 0.49) ofk were recorded at 30
DAS in 2003-04 and 2004-05 in Dr. In general, the k values

were less in 2004-05 as compared to 2003-04 in all three
dates of sowing. This was because of the poor crop
establishment and lower values of [,AI iir 2004-05. The
extinction coefficient coritinued to increase till the crop
attained maximum LAI and then decreased thereafter
successively till the crop maturity. The values ofk showed
no significant change in trend as plant density varied.
Among the cultivan, Laani had maximum k values of0.93
and 0.89 at 60 DAS in 200344 and 2004-05, respectively.

The values of extinction coeffrcient varied from 0.51 to
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0.93 in 200B-A4 and 0.48 to 0.89 in 200445 among the
cultivars. The lowest k values were observed in BSH l'
throughout the crop period in both the years as-compared
to othor cultivars which was a result of the lower LAI
values in this cultivar as compared to the rest. lhese results
are in conformity with eartier reports of Rao" for mustard
crop.
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