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ABSTRACT

Field experiment was conduded during rabi seasons of 2005-06 at Agronet research farm of SKUAST-J, Chatha,
to study the above ground biomass partitioning and water requirement in mugtard under rainfed as well as irrigated
condition. The above ground biomass production was highly affected by thermal environment and water use efficiency of
the crop during crop growth period. The total abowe ground biomass accumulation was higher in irrigated condition as
compared to therainfed condition. The total above ground biomass was higher when the crop was sown on October 07, as
compared to delayed sowing (Octobe 21 and November 06) unde both situations (irrigated and rainfed). The Reference
crop evapotrangiration (RCET) was observed higher during PS; and PS; stages as compared to PS, stage dueto the
effect of other weather elements (i.e. maximum and minimum temperature). The total amount of water used by mugard
crop was 33106, 324.90 and 30365 mm when the crop was sown early, normal andlate condition, respectively. The crop
water use efficiency (CWUE) of cultivar Pusa Bahar was found higher as compared to the cultivar Varuna sown under

rainfed and irrigated conditions
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INTRODUCTION

Studies on biomass production and its
partitioning are important aspect of crop management
because grain yield depends greatlly on the
partitioning of photosynthates towards grain filling
after anthesis. The yielding ability of a crop is
dependent on investment of a greater proportion of
biomass in the harvested organs. Quite different
processes may limit the yield of different cultivars
due to variation in their edaphic and environmental
conditions (Willman et al., 1987). Synthesis,
translocation partitioning and accumulation of
photosynthates within the plant are controlled
genetically and influenced by the environment
(Snyder and Carlson, 1984). The magnitude of
maximum biomass accumulation was significantly
reduced in late sown crops, which could be partly due
to the difference in thermal requirement created by
the difference in sowing dates and water use
efficiency in different crops (Singh et al., 2002). The
efficient use of water in the production of crops needs
greater attention owing to the scarcity of irrigation
water in our country. The efficient water management
technigue can save water by decreasing surface runoff
so that more water is stored in the soil and water table
for future use. Decreasing evaporative losses through
fallowing and mulching practices may also reduce
water loss. Therefore, present study was undertaken
to study the biomass production; it’'s partitioning and

water use of mustard crop as influenced by sowing
dates and cultivars.

MATERIALSAND METHODS

The study was conducted during rabi season
of 2005-06 on mustard cultivars under rainfed and
irrigated conditions at the research farm of the All
India  Coordinated Research Project  on
Agrometeorology, Sher-e-Kashmir University of
Agricultural Sciences and Technology of Jammu,
main campus Chatha (32° 39’ N, 74°-58 E 332 m
amgl). The soil of the research farm was sandy loam
in texture and the available nitrogen, phosphorus and
potash content in the experimental soil were 214, 13.8
and 129.8 kg ha', respectively. The treatments
comprised of three sowing dates viz,, October 07,
2005 (Dy), October 2, 2005 (D) and November 06,
2005 (D3) and two cultivars Varuna (V;) and Pusa
Bahar (V) were laid out in split-split plot design with
four replications. The plot size was kept 4 m x 3 m.
Only pre-sowing irrigation was applied to the crop
sown under rainfed conditions. Under irrigated
condition, three irrigations were applied to the crop
ie 1% at 5" leaf, 2™ at flowering and 3 at pod
formation stage. The rest of the package and practices
were followed as per recommendations. Biomass
observations were recorded at three phenophases PS;:
emergence to flower bud initiation, PS,: flower bud
initiation to siliqua formation and PS;: siliqua
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formation to maturity. Five plants were randomly
selected from each plot and separated into leaves,
stem and reproductive parts. Samples were oven dried
a 70°C for 48 hrs and then weighted. Biomass
accumulation in different plant parts was then
converted to per square meter (g m?). Potential
evapotranspiration (PET) was computed using the
Campbell and Diaz (1988) model. The Reference
crop evapotranspiration (RCET) for the different
sowing dates both under rainfed and irrigated
conditions was calculated by adopting the formula
used by Kar and Chakravarty (2001). The required
meteorological data for these computations were
taken from the Agrometeorological observatory of
SKUAST-J, main campus Chatha, which is 50 m
away from the experimental site. The crop water use
a these stages was calculated by using the following
formula:

Water use = RCET x Kc
Where, RCET is Reference crop evapotranspiration
and Kc is Crop coefficient (Ram Niwas et al., 2002).
The crop water use efficiency (CWUE) for biomass
production was worked out at different stages of crop
growth and the total CWUE for the whole crop
growth period in mustard cultivars in both rainfed and
irrigated conditions by using the following formula
adopted by Kar and Chakravarty (2001)
CWUE (gm? mm of water) =

Total above ground biomass (g m?)

Accumulated crop ET (mm)

RESULTSAND DISCUSSION

Above ground biomass and partitioning

The partition of assimilate (photosynthates)
among different parts of the plant termed partitioning,
affects both productivity and surviva of plant. The
data on partitioning of biomass a different
phenophases (PS;, PS; and PS;) in Pusa Bahar and
Varuna cultivars influenced by sowing environments
under rainfed and irrigated conditions are presented in
Table 1, 2 and 3, respectively. The total above ground
biomass accumulation was found higher in irrigated
condition as compared to the crop grown under
rainfed condition. The biomass partitioning at
emergence to flower bud initiation (PS;) of both
cultivars was more towards leaves in all treatments as
compared to the other plant parts, while at PS, stage it
was more in stem as compared to leaves and
reproductive parts due to more radiation absorption
by the plant and more water use as compared to PS;
(Table 1 and 2). Similar findings were reported by
Somayeh et al., (2011). The total biomass
accumulation was observed more at siliqua formation
to physiological maturity as compared to PS,; and PS,.
In cultivar Varuna, at PS; stage, the mean tota
biomass production for D, D, and D3 were 109.99,
93.55 and 78.25 and 93.08, 81.44 and 75.92 g m?,
under irrigated and rainfed conditions, respectively
(Table1).

Tablel: Partitioning of above ground biomass (g m™) into different components of mustard crop at PS, stage

Treatment Leaf | Rasi?;id [ Tod Leaf ”rigta;rend [ Tow
Varuna
Ist Sowing (Dy) (gégi) (22332) 9308 (ggigg) (ig.% 109.99
2 Sowing (D7) (gjgé) (%:?1% 8144 (ZE;EZ) (38,;22) 93.55
3¢ Sowing (Dy) (gg :ng) (4312 éﬁ) 7592 (gg:;?s) (ié:gi) 825
Pusa Bahar
I* Sowing (D) (?71 % (igﬁ%) 9451 (gﬂg) (gggi) 137.38
2" Sowing (D) (gg g% (4312: gg) 7418 (ggigg) (ggi?s) 959
3 Sowing (Ds) (ggkl)é) (421% 8% 66.17 (gi ég) (33.'1‘8) 86.84

The figures in parenthesis show the percentage value

It is evident from the data that accumulation
of dry matter and its partition to different plant parts
was reduced with delay in sowing both under rainfed
and irrigated conditions. The reduction in the
magnitude of mean biomass accumulation in the

normal and late sown crop over the early sowing was
about 12 and 18 %, respectively. But under rainfed, it
was found 15 and 29 % under irrigated condition.
Biomass allocation in leaves was maximum at
emergence to bud initiation (PS,;) stage followed by
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stem in both varieties under rainfed as well as
irrigated conditions in al dates of sowing. At bud
initiation to siliqua formation, highest biomass was
recorded in stem followed by leaves and reproductive
parts in the same sequence. The highest biomass
production was achieved when the crop was sown on
7™ October as compared to 22™ October and 06"
November both under rainfed and conditions, with the
mean values 1028.50, 861.15 and 683.66 and 951.77,
828.35 and 614.89 g m™ in cultivar Pusa Bahar under
rainfed and irrigated conditions. The reductions of
peak biomass production in second and third over I¥
datewas 16.3 and 33.5 % inirrigated and 13 and 35.4
% in rainfed condition of cultivar Pusa Bahar. Under
irrigated condition, in variety Varuna, the maximum
mean biomass production during PS; stage among
three sowings ranged between 639.19 and 870.08 g

m? and the D; giving the lowest biomass

Biomass partitioning andwater use efficiency of mustard under different environments

accumulation. The reduction of biomass production
was 8.5 and 26.5 % in irrigated and 10 and 30.6 % in
D, and D; over D; respectively under rainfed
condition. The percent biomass allocation to leaves
was highest at PS; (57%) and it declined thereafter
because of the more accumulation of dry matter in
stem and then in siliqua. The delay in sowing reduced
the total dry matter production and it was the siliquae
weight, which has to suffer most due to their poor
development in terms of absolute dry weight as well
asin terms of percent alocations (Singh et al., 2002).
The delayed sowing reduced the biomass
accumulation in different plant parts at al stages
among different treatments under both irrigated and
rainfed conditions. This indicates that lower night
temperature during vegetative phase and higher day
temperature during ripening phase are not favourable
for mustard grain yield.

Table 2: Partitioning of above ground biomass (g m™) into different components of mustard crop at PS, stage

Treatment Ceaf | SteriandeRep. Parts | Totd | Leaf | Sten:m%atsdep. Parts [ Totd
Varuna

o) B WE e (BB A AR gue

sy (B8 BEEE e BE 0L 02w

sowmo) G (o G4 ww B Ga G we
Pusa Bahar

o) G SRR w0 2228 M aw

conmo) G G5 U wes B3R ED s

ooy O EE B8 o pad W Ed

The figures in parenthesis show the percentage value

Reference crop evapotranspiration

Potential  evapotranspiration (PET) at
different standard meteorologica weeks was
computed using the Campbell and Diaz (1988) model.
The PET is equivdent to reference crop
evapotranspiration (Kar and Chakravarty, 2001). The
Reference crop evapotranspiration (RCET) was
worked out at different standard meteorological
weeks for three dates of sowing both under rainfed
and irrigated conditions. The results were then pooled
for three phenological stages and depicted in Fig. 1.
Results reveded that the reference crop
evapotranspiration ranged from 0.30 to 5.66, 0.30 to
6.02 and 0.36 to 7.05 mm day ™ in D;, D, and D5 dates
of sowing, respectively under rainfed condition.
Reference crop evapotranspiration was found higher
in irrigated condition as compared to rainfed
situation. It was observed more at PS; and PS; stage
as compared to PS, stage due to the more number of

days taken by these stages as compared to PS,. In the
second and third dates of sowing, the variation of
reference evapotranspiration followed more or less
the similar trend. The comparison of (RCET) for the
three dates of sowing shows those in the first date of
sowing the values were higher in the range of 0.7 to
1.5 mm day™ at PS, stage than second and third date
of sowing. During other phenological stages, the
values were almost comparable for al the three dates
of sowing of mustard crop (Fig. 1). The values of
RCET were found more at all three stages (PS,;, PS;
and PS;) in early sowing (7" October) than normal
(21% October) and delayed sowing (6™ November)
both under rainfed and irrigated conditions. The
RCET were 225.72, 172.53 and 137.43mm at D,, D,
and D, respectively in the crop sown under irrigated
condition, while at this stage the RCET were 207.05,
172.60 and 153.55 mm at D4, D, and Ds, respectively.
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Fig. 1. Reference crop evapotranspiration at different stages of mustard crop sown under a) rainfed and b)

irrigated conditions

Crop water use

Crop water use at different growth stages of
three dates of sowing under irrigated and rainfed
conditions was derived by multiplying the reference
evapotranspiration with the crop coefficient at
respective growth stages and the result is presented in
Fig.2. Under rainfed conditions, the total amount of
water used bv the crop was 331.06. 294.11 and

@PsS1 @mPS2 @PST ETotal

350

BPS1 mOFSZ @PS3 HETotal

267.95 mm, while under irrigated conditions the crop
water use was 385.54, 346.76 and 310.48mm for Dy,
D, and D5 dates of sowing, respectively. The highest
amount of water was used by PS; stage followed by
PS, and PS,; stages of crop growth in al dates of
sowing under both irrigated and rainfed conditions.

At al stages, the water use decreased with delay in
sowina in both rainfed and irrinated conditinne

BPS1 mPS2 APS3 METctal

300
250

200
150

Water use (mm)
Water uss (mm)

100 1
50
D_

Rainfed

Irrigated

a) D,

Rainfed

350

300

200

150

Watar use (mmj)

100

50

Irrigated

Rairfed

Irrigated

b) D> c) Da

Fig. 2: Water use (mm) by mustard crop at three phenological stages under different sowing environment

Table 3: Partitioning of above ground biomass (g m™) into different components of mustard crop at PS; stage

Treatment Rainfed Irrigated
Lesf | Stem | Rep.Pats | Total Lesf | Sem | Rep.Pats| Total
Varuna
e 5185 38145 36663 6274 42960  377.74
I* Sowing (D) 648)  (4769) (4583 9% 721) (4937 (4342  °7008
o 222 33846 34811 4963 40571 34070
2% Sowing (Do) (448) (4700 (4843 870 (623 (5096 (4280 (2004
e 2063 2883 23701 3025 31849 28145  639.19
8" Sowing (Ds) 530 (5195 (@271 2% (614 (4983 (4403
Pusa Bahar
e 6666 45181 43330 11602 49092 42156
I* Sowing (D) (7.00) (4747 (@552 PV (1128 @773 (4098 102850
o 3851 41107 378.77 4444 44045 37626
2% Sowing (D) (465 (4963 (4573 835 516 (5115 (4369 o005
e 2503 27046 31850 3407 31479 33480
8" Sowing (D5) 422) (399  (5179) 048 49g (4605  (a897) 00366

The figures in parenthesis show the percentage value
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Crop water use efficiency

The crop water use efficiency, i.e, the
amount of biomass produced per unit amount of water
utilized (g m™ mm™ of water) was derived for two
cultivars in three dates of sowing at different
phenophases under rainfed and irrigated conditions
and depicted in Fig. 3 and 4. The crop water use
efficiency (CWUE) of cultivar Varuna ranged from
1.94 to 3.0, 2.01 to 3.88 and 1.80 to 2.83 g m*mm™
of water at D;, D, and D3 dates of sowing under
rainfed condition (Fig. 3). Whereas the cultivar Pusa
Bahar exhibits dlightly higher values of CWUE at the
same stages under the rainfed conditions. The CWUE
was nearly same for both cultivars for PS, stage, and
a PS, and PS; stages, the same trend was followed.
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For whole crop period, the CWUE was 2.83, 3.95 and
3.01 and 3.37, 4.55 and 3.35 g m™ mm™ of water for
the cultivars Varuna and Pusa Bahar, respectively in
first, second and third dates of sowing, rainfed
conditions. Under irrigated conditions, variety Varuna
exhibited the highest CWUE during PS; stage for
both D; and D, dates of sowing with the values being
5.99 and 4.45 g m* mm™ of water, whereas it was
highest at PS; stage (3.76 g m™ mm™ of water) in
third date of sowing (Fig. 4). The cultivar Pusa Bahar
exhibits nearly same values at PS; stage at al three
dates of sowing. Whereas, it was maximum at PS,
stages in al three dates of sowing. The tota CWUE
was 5.32, 4.19 and 3.05 g m™*mm™ of water in Dy, D,
and D3 dates of sowing.
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Fig.3: Crop water use efficiency (g m™ mm™ of water) among different dates of sowings by Varuna sown under
rainfed aswell asirrigated conditions
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Fig.4: Crop water use efficiency (g m™ mm™ of water) among different dates of sowings by Pusa Bahar sown

under rainfed as well asirrigated conditions
REFERENCES
Campbell, G. S. and Diaz, R. (1988) Simplified soil-

water balance model to predict transpiration.
In drought research priorities for the dryland

tropica (Bidinger, P. R. and Johansen, C.,
Eds) ICRISAT, Patancheru, A.P.



MAHENDER SINGH, M.K.KHUSHU, VIKAS GUPTA andJAl KUMAR 14

Kar, G. and Chakravarty, N. V. K. (2001) Biomass

partitioning and crop water requirements of
Brassica as influenced by sowing dates and
cultivars. Annals of Agricultural Research
22: 42-48.

Ram Niwas, Singh, D. and Rao, V.U.M.P. (2002)

Practicl manual on evapotranspiration
estimation. Department of Agricultura
Meteorology College of Agriculture, CCS
Haryana Agricultural University, Hisar - 125
004.

Singh, R., Rao, V. U. M. and Singh, D. (2002)

Biomass partitioning in Brassica as affected
by sowing dates. Journal of Agrometeorology
4 (1): 59-63.

Snyder, F. W. and Carlson, G. E. (1984) Selecting for

partitioning of photosynthetic products in
crops. Advancesin Agronmy 37: 47-71.

Somayeh, R., Delkhosh, B., Rad, A.H.S. and Zandi,

P. (2011) Effect of sowing dates and
irrigation regimes on agronomic traits of
Indian mustard in semi-arid area of Takestan.
Journal of American Science 7(10).

Willman, M. R., Below, F. E., Limbert, R. J., Honey,

A. E. and Mies, D. W. (1987) Plant traits
related to productivity of maize. . Genetic
variability, environmental variation and
correlation with grain yield and stalk lodging.
Crop Science 27: 1116-1121.



