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ABSTRACT

Field experiments were conducted during rabi (winter) 2001-02 and
2002-03 with three Brassica species, viz Brassica juncea {cy. RL-1358),
Brassica napus (cv. PGSH-51) and Brassica carinata {cv PC-8) using three
dates of sowing (Early October to mid November). Heat use efficiency (HUE)
was computed for total dry matter accumulation as well as seed yield, The
highest HUE of 6.59, 5.23 and 5.27 kg ha' per°C day for dry matter and 1,12
1.00 and 0.86 kg ha"' per°C day for seed yield was obtained for Brassica
funcea, Brassica napus and Brassica carinata, respectively during rabi 2002-
03. Regression models based on Growing degree days, Heliothermal units
and Fhotothermal units were developed for prediction of growth and yield of
brassica species. Significant linear as well as exponential relationships werae P
observed between dry matter accumulation, leaf area index (LAI) with the
three thermal time indices. These models can be applied to estimate growth
and yield of brassica species using daily infarmation on temperaturs,
photoperiod or sunshine duration within the Crop season.

Key words : Brassica spp., growing degree days, heliothermal units,
photothermal units, heat use efficiency

Brassica species constitute the
most important oilseed crops and require
relatively cool temperatures of below 25 °C
and fair supply of soil moisture during the
growing season. Under Munjab conditions,
the growing season (October — April)
coincides with a period of very low to high
e{wporative demand, abundant sunshine and
moderate to high 32t radiation.
Agroclimatic models based on thermal
indices can play an important role in
predicting growth and yield of crops.
Attempts have been made by different

workers to predict phenology (Hundal ef af,
1997), leafarea index (Benbi, 1994), growth
rate (Singh et al, 1996) and growth and vield
(Hundal ef al, 2003a, b) of crops using
thermal based indices.

Brassica funcea and Brassica
nmapus are commonly cultivated oilseed
crops but Brassica carinata is
~omparatively a new introduction and has
been recimmended for general eultivation
in Punjab (Mal: 1990). Brassica napus
(Gobhi sarson) being 3 fich source of edible
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oil, its popularity has increased tremendously
in the state, These oilseed crops are
cultivated in India under irrigated and rainfed
conditions.

Temperature is the single most
important factor that affects growth of any
plant. Yield of a crop can be taken as a
product of rate of biomass accumulation
(solar radiation dependent) and the growth
duration (ambient air temperature
dependent). Heat use efficiency (HUE), i.e.,
efficiency of utilization of heat in terms of
dry matter accumulation has practical
application (Rao ef al,, 1999),

Keeping these in view, an attempt
was made to predict the growth and yield
of oilseed brassica species with three
agroclimatic models based on Growing
degree days (GDD), Heliothermal units
(HTLU) and Photothermal units (PTU) and
to compute HUE of different brassica
species.

MATERIALS AND METHODS

Field experiments were conducted
during rabi 2001-02 and rabi 2002-03 at
research farm of Punjab Agricultural
University, Ludhiana {30°54' N, 75° 48’ E,
247 mamsl). This area is representative of
the central irrigated plains of the state and
is characterized by a sub-tropical, semi-arid
climate. The average maximum
temperature, minimum temperature and
rainfall during rabi season are 244 °C 5
“C and 129 mm, respectively 2t | ydhiana
(Hundal and Prabhjyot-{ aur, 2002). The

*

treatments cons ey of three brassica
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species, three sowing dates and three
irrigation levels, (Table 1.)

The crop was raised following the
recommended package of practices of the
Punjab Agricultural University, Ludhiana.
The cropreceived 100 Kg N/ha in the form
of urea and 30 Kg P,O /ha in the form of
single super phosphate during both the crop
seasons. Plant samples were collected
periadically at |5 days interval and leafarea
index (LAI) and dry matter accumulation
(DM} was recorded.

Growing Degree Days (GDD)
were calculated using a base temperature
of 5 °C as per MNuttonson (1955),
Heliothermal units (HTU) are the product
of GDD and corresponding actual sunshine
hours for that day. Photothermal units
(PTU) are the product of GDD and
corresponding daylength for that day. GDD,
HTU and PTU were accumulated from the
date of sowing to each date of sampling.
LAL DM accumulation and grain vield were
related with accumulated heat units in linear
as well as exponential relationship as in
some cases linear relationship did not
indicate the best fit relationship.

Heat use efficiency (HUE) was
computed to compare the relative
performance of different brassica species
and treatments using the formula :

Lotal dry

. o matter (kg ha'’
Heat use efficiency = (e ha)

(HUE)

Accumulated
heat units (°C day)

HUE in terms of economic yield
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Table 1 : Treatment details.

[Vol. 8, No.

Species = Cv

Sowing date

Irrigation levels

Brassica juncea cv. RL-1359

- Early October

Iy — Pre-sowing irrigation

Brassica napus cv, PGSH-51

D- Late October

Iy = Ig+ Irrigation at 30 DAS

Brassica carinata ov PC-5 D;- Mid November | b — 1+ [rrigation at flowering
stage.
Table 2: Heat use efficiency (HUE) of cv. RL-1359
ALrop Dates of | lergation | AGDD Total dry Sced yield | Dry matter | Seed yield
vear sowing levels | {°C dav) matter (kg ha') HUE HUE
(kg ha') (kg ha' per |(kg ha per °C
°C day) dayl)
2000-02 2002 10382 1178 518 " 0,59
2002-03 Dy Iy 1972 116635 [325 5.91 .67
C}’,"“E}' 2002 11795 1229 5.89 0.61
HAoter) L 1972 12723 1631 6.45 0.83
2002 12571 1409 6.28 070
l1 1972 12992 1893 6,59 (.96
1510 7831 1467 4,88 0.91
[y la 1751 7856 1502 448 .86
(L.ate
1610 B0 1462 527 0.9
Seber)i | Lg 1751 8008 1591 4,57 0.91
1610 9494 1486 5.90 052
[ 1751 2852 1721 5.06 098
1397 6514 T8G 4.08 .49
3 Ly 1279 6492 1102 507 0,86
e 1597 7687 810 481 053
Novemben)| |, 1279 6726 1254 526 0.98
15397 Bo02 931 i 0.59
I 1279 THER (438 5.93 1.12

(seed yield, kg ha'') was also computed.

RESULTS AND DISCUSSION

Heat use efficiency (HUE):

Accumulated growing degree day

(GDD), total dry matter accumulated at
physiological maturity, seed yield and HUE
are given in Table 2 to 4. In general, more

dry matter was accumulated in early sown
(D,) brassica species under more frequent

irrigated treatment (I,). But heat use
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Table 3: Heat use efficiency (HUE) of B. napus (cv. PGSH-51)

Crop Dates of | [rrigation | AGDD | Total dry | Seed yield |Dry matter HUE| Seed yielﬂ
year sowing levels |(°C dav)| matter (kghay | (kg ha per "C HUE
(kg ha™) day) {kg ha'' per
°C day)
2001-02 2104 7446 1171 3.39 0.53
2002-03 D, la 2151 7449 1187 3.46 0.55
Zarl -
D{LEL;} 2194 | 8945 1281 407 0.58
L 2151 8071 1365 3.75 0.63
7194 9728 1347 4.43 0.61
I 2151 8556 1460 3.08 0.68
1903 7658 1014 4.02 0,53
D: Iy 1784 7586 1254 4.25 0.70
Lz .
cri m"gzr’ 1905 | 8180 1239 329 0.65
I 1784 8328 1367 4.6 0.76
1905 9198 1632 4.83 0.86
I; 1784 9339 1796 523 100
1922 5881 1091 3.06 057 |
Dy Ly 1552 6199 1149 4.00 0,74
i
G Err__’l'; b 922 | 6v9z 1331 3.64 0.6
' I 1552 6652 1239 4,29 0,79
1922 2105 1351 420 0,70
I 1552 7817 1361 5.04 0.87

efficiency was generally more under second
(13,) and third (ID,) dates of sowing as
compared to first date (D). The L
irrigation treatment was more efficient in
terms of heat utilization efficiency because
of higher total dry matter accumulation and
seed yield as compared to [ and [, irrigation
treatments.

The highest HUE of 6.59 kg ha'
per"C day for dry matter and 1.12 kg ha
per°C day for seed yield was recorded in
ev.RL-1359, 523 kg ha'! per®C day for dry

matter and 1.00 kg ha' per°C day for seed
yield was recorded for cv.PGSH-51, 5.27
kg ha'! per°C day for dry matter and 0.86
kg ha' per°C day for seed yield was
recorded for ev.PC-5 during rabi 2002-03
crop season, Amongst the three oilseed
brassica species, B. jumcea (ev.RL-1359)
was most efficient in terms of HUE because
of its shorter life cyele as compared to other
two species. Similar results for HUE for
mustard crop were also reported by Rag er
al (1999) under Hisar conditions.
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Table 4: Heat use efficiency (HUE) of B. carinata (cv. PC-5)

[Vol. 8, No. 2

Crop Dates of | lrrigation | AGDD | Total dry |Seed yield| Dry matter Seed yield
year s0WIng levels ("¢ day) maltter (kg ha) HUE HUE
(kg hay (ke ha! per'C| (kg ha! per
day) 'C day)
2001-02 2154 7849 1037 1.58 0.47
2002-03 o, Is 2461 7322 1258 297 0.51
Esz';:ﬂ 7194 8265 1129 377 N3]
I 2461 8070 1197 3.8 .48
2194 5437 1732 430 0,79
I 2461 OR82 1252 4,01 0.51
2116 7788 1296 1.68 0.61
. Is 17584 7982 1329 4.47 {1.74
oﬂl{fli;-m 2116 7440 1337 399 0.63
i Ly 1784 2913 1497 4,99 0.84
2116 9140 1424 432 .68
la 1784 0408 1544 527 0.86
1922 7343 1202 330 0.62
Dy Iy 1787 6684 1251 3.74 .70
1) ,i-T:ie:-a 1922 7318 1434 381 0.75
iad I 1787 7228 1274 404 0.71
1972 #1093 1641 426 0.85
Iy 1787 7574 1444 4,24 0.81

Prediction equation for growth and yield
i) Total dry matter

The regression relationships
obtained between dry matter (TDM)
accumulation in above ground parts and
GDD or HTU or PTU are shown below.
Significant (at 3% level) linear relationship
between TDM and GDD / HTU / PTU
were pbtained.

Brassica juncea cv. RL-1359
TDM = 0.897GDD — 536.67 (R* = 0.86%)

TDM = 0.1248HTU - 506.68 (R* = 0.83%)
TDM = 0.0806PTU — 499,99 (R* = (1.55%)

Brassica napus cv. PGSH-31

TDM = 0.5938GDD — 297.5 (R? = 0.84%)
TDM = 0.0786HTU — 253.94 (R? = 0.82%)
TDM = 0.0528PTU — 267.86 (R* = 0.83%)
Brassica carinata cv. PC-5

TDM = 0.5716GDD — 302.7 (R?=0.86%)
TDM = 0.0739HTU — 248.4 | (R? = 0.84%)
TDM = 0.0503PTU — 269.07 (R* = 0.86%)
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Leaf area development

The regressions obtained between
periodic leaf area index (LAI) upto
maximum LAl and GDD / HTU / PTU are
shown below. Significant (at 5% level)
exponential relationships were observed
while the linear relationship was not found
significant, indicating non linearity of the
response of LAI to agro-climatic indices.

Brassica funcea cv. RL-1359

LAI = 0.1866¢° 200 (R?=0.47%)
LAI = 0.2013e2%0H1u (R2— () 40%)
LAI = 0.2129¢0%02r0 (R2=( 42%)

Brassica napus cv. PGSH-51

LAI = 0.10940026600 (R = () 54%)
LAI = 0,1221e0%es#u (R = 0.47%)
LAI = (.1245¢0%0°70  (R2 = 5]%)

Brassica carinaia ov. PC-5

LAl = (0.1 73 et005600 {R: = {}154*_}
LAI =0.1289¢" a3 (R*=10.47%)
LAI = 0.12¢ e muety (R*=0.51*)

Seed yield

The regression equation obtained
between maximum leaf area index (LAT)
as independent variable and sced yicld as
dependent variable of three brassica species
based on data of two crop seasons and three
dates of sowing are shown below.
Significant (at 5% level) linear relationship
was observed.

Brassica juncea :

Seed yield = 445*Maximum LAl + 189.08
(R*=0.41%)

Brassica napus:

Seed yield = 475.18*Maximum LAI -
326.84 (R2=0.72%)

Brassica carinata:

Seed yield =392.07*Maximum LAI-32112
(R= 0.44%)
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