Journal of Agrometeorology 7 (2) : 2535 - 261 (Dec 2003)

Growth and vield response of rice (Oryza sativa) in relation to
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ABSTRACT

Threa regression modeis based on Growing degrea days (GDD),
Heliathermal units (HTU) and Photothermal units (PTU) ware obtained for
prediction of growth and yield of rice. Field experimants were conducted using
three cultivars of rice during “kharf' seasons of 1987, 1988 and 1999 ai
Ludhiana: The age of seedlings at transplanting was 30, 45 and 60 days, Leal
area development, dry matter accumulation and grain yield were carrelaled
with GOD, HTU and PTW. Higher values of agroclimatic indices were observed
for early sown rice cultivars to attain maturity, The highest HUE of 0.886 g m*
per *C day for dry matter and 3,63 Kg ha' *C' day for grain yield was recorded
for 45 days old seedling transplantation treatment with cv. PR-111. Significant
linear and exponential relationships were obsarved for leal area index and
above ground biomass of rice with the thres agroclimatic indices. The model
aquations can be applied to pradict rice growth using daily information on
temperature, photopericd and sunshine during the crop season,
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Rice 1 one of the most important
cereal crops in India. Temperature and light
combination plavs a key role in influencing
rice production since the light intensity
requirement for rice is higher and
temperature dependent, The crop growth
simulation models currently being used
extensively for predicting growth and vield
of crops have large input data requirements
and some are difficult to use. being very
detanled (Whisler et af, 1986). Therefore,
arowth and vield prediction models which
have less mput data requirement would be

guite uscful, To achieve this poal.
agroclimatic models based on thermal
indices can play an important role. Attempts
have been made by different workers to
predict phenology (Hundal er af, 1997), leaf
arca index (Benbi, 1994). growth rate (Kar
and Chakravarty, 1999 Singh ef af, 1996)
and growth and vield (Hundal er ol 2003)
of crops using thermal indices

Heat use efficiency (HUE), i.c..
efficiency of utilization of heat in terms of
dry matter accumulation has a great
practical application (Rao er al.. 1999)

Journal of Agrometeorology/ceety/111



Dec 2003]

Keeping this in view, HUE of different rice
cultivars were computed under varving
environments alongwith prediction of
growth and vield of rice with three
agroclimatic models based on Growing
degree davs. (GDD), Heliothermal units
{HTU} and Phetothermal umits (PTU).

MATERIALS AND METHODS

Ficld experiments were conducted
durning three conscoutive “kharll™ seasons
of 1997 to 1999 using commonly sown
cultivars of rice. Rice cv. PR-111; PR-113
and PR-114 were studied at the Research
Farm of Punjab Agricultural University.
Ludhiana (30° - 34' N latitude; 75° - 48' E
longitude, and 247m amsl). The normal
maximum  temperature,  minimum
temperature and rainfall during “kharif™
season at Ludhiana are 34.9 °C , 22.8 °C
and 638 mm, respectively (Hundal and
Prabhjvot-Kaur, 2002).

The nursery sowing of rice was done
n the first and second fortnight of May. The
age of the scedhings was kept variable for
the cultivars (cv. PR-111 was transplanted
at 30. 45 and 60 days after nursery sowing
duning kharif 1997 through 1999. ev. PR-
113 was transplanted at 30 days after
nursery sowing during kharif 1998 and cv
PR-114 was transplanted at 30 and 43 days
after nurserv sowing during kharif 1999 as
shown in table 1). The crop was raised
following the recommended package of
practices of the Punjab Agricultural
University, Ludhiana. In order to relate crop
growth parameters with agroclimatic
indices. plant samples were collected

YIELD RESPONSE OF RICE TO WEATHER

)
L
o

periodically at 15 days interval and leaf area
index and dry matter accumulation were
recorded

Growing Degree Davs (GDD) were
determined vusing base temperature of 10
*C and were accumulated from the date of
nursery sowing to cach date of sampling to
give accumulated GDD. Heliothermal umits
(HTU) and Photothermal units (PTL) were
computed on daily basis as follows

HTU = (GDD) x (Actual sunshine hours)
PTU = (GDD) x (Davlength)

Heliothermal units (HTU) and
Photothermal units (PTU) were
accumulated from the date of nursery
sowing to each date of sampling to give
accumulated value.

Leaf area mdex., dry matter
accumulation and grain yield were related
with accumulated GDD, HTU and FTU in
linear as well as exponential relationships
as mn some cases linear relationship was not
the best fit relationship, Heat use efficiency
(HUE) for biomass and cconomic vield
{grain vield, kg/ha) were computed to
compare the relative performance of
different rice cultivars and treatments with
respect to utihzation of heat using the
formula

Total dry matter (gm )
Accumulated heat units (°C day)

HUE=

RESULTS AND DISCUSSION
Agroclimatic indices and crop maturity :

Agroclimatic indices, i.e.. GDD, HTU
and PTU were computed for rice cultivars
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Table 1 : Agroclimatic indices (from sowing to physiological maturity) of rice cultivars

for different treatments

Yeur Cultivar Date of Date of Accumulated Accumulated Accumulated
nursery trapsplanting | GDD (C HTU Py
sowing dav) {°C day hour) | (°C dav hour)

19a7 PR-111 {M-05-97 (15-060-97 2133 17347 20767

21-05-97 20-06-97 2112 16136 29318

(¥-06-97 05-07-97 266 15668 28280

Ofs-05-497 20-06-97 1910 16683 27120

21-05-97 05-07-97 1845 14921 J5RES

06-05-97 N3-07.97 1885 16102 26285

et 2] PR-111 320508 22-06-9% 140 16214 26344
H-06-98 O7-07-58 1837 15675 23827

220398 070798 2112 16136 29318

PR-113 220598 22-06-98 [543 15943 31052

1995 PR-111 12-03-99 | 1-0i-5 2219 154070 R
270509 26-06-54 I3 19224 37844

120599 26-06-95 1621 14880 2323

PR-114 [ 2-015-454 11-06-45 1885 16102 26285

270594 -ty (RS 16214 26344

12-015-90 26-06-59 2219 19070 06D

under different treatments from nursery
sowing to physiological maturity. In carly
sown rice cultivars higher values of
agroclimatic indices (Table 1) were
observed for the crop to attain maturity

However, when age of seedling increased.
then comparatively lower values of
agroclimatic indices were obtained for nce
to attain physiological matunty, Rice cv,
PR-111 required higher value of these
indices to attain physiological maturnty
compared to ¢v. PR-113 and PR-114

However. when eov. PR-114  was
transplanicd after 45 days, it utilized more
units than cv. PR-111.

Total dry matter accumulation/Grain yield
and heat use efficiency (HUE)

In general. more dry matter was
accumulated in early sown as compared
late sown crop (Table 2). However when
age of seedling at the time of transplanting
increased, lesser dry matter was
accumulated in most of the treatments
resulting in reduction in grain vields, The
highest HUE of 0.896 g m™ per °C day for
dry matter and

3,63 kg ha! per °C' day for grain yield
was recorded for 43 days old scedling
transplantation treatment in case of the cv.
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Table 2 : Heat use efficiency (HUE} nf.rice cultivars for different treatments using “GDD

Yiear | Cultivar Ageol | Totaldry | Grainyield HUE of hiomass HLE of gram vield
Seedling | matier (Keha"y with GDE with GO
{Dhays) (2 m’y (2 m” per "C day} (kg ha! pet iy
1997 | PR-111 30 1669 5629 0.782 264
3t 1434 4830 1.679 £:29
a0 1330 3204 (.644 252
45 1282 4632 0.671 243
45 1221 4362 [.662 2.36
il 199 4807 1.383 260
1998 | FR-111 ia 1389 . 4628 0730 2:43
3l [357 4311 1.739 2.35
45 1435 4158 0.679 197
PR-113 30 1536 4595 0:833 244
19ug | FR-111 in 1442 3700 0.650 261
i 1321 3310 0.557 224
43 1452 SEU0 (1856 3.63
PR-114 in {202 4680 {10348 2.4
30 1416 4380 0,744 730
a5 1572 5670 17708 256

PR-111, though in most of the cases HUE
decrcased when the age of scedling
increased

Relationship between leaf area index
(LAI} and agroclimatic indices:

The regressions obtained between
GDD, HTU and PTU as independent
variable and leaf area development upto
maximum LAl as dependent variable are
shown in Fig. 1 through 3, respectively.
Significant relationship between LAI and
GDD (R* = 0.66); LAl and HTU (R* =
0.56) and LAI and PTU (R?* = (0.63) were
ohserved in exponential relationship for
different treatments, but the lincar
relationships were not found significant
because leaf area development occurs

exponentially in nee crop

Total dry matter (TDM) and agroclimatic
indices:

The regressions obtained between
GDD, HTU and PTU as mmdependent
variable and total dryv matter (TDM)
accumulation in above ground biomass of
rice as dependent variable are shown in Fig
4 through 6. respectively. Sigmificant
relationship between TDM and GDD (R*
= 0.80). TDM and HTU (R* = 0.75); and
LATand PTU (R*= (1L.81) were observed in
linear relationship for different treatments
in rice crop

Attempt was also made to correlate
grain vield to GDD, HTU and PTU, but no
significant relationship could be worked
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Fig. 1 : Relationship between leaf area index and growing degree days in nce
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Fig. 2 : Relationship between leat arca index and helothermal units in nce
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Fig. 3 : Relationship between leaf arca index and photothermal units m rice
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Fig. 4 : Relationship between total dry matter accumulation and growing degree
days in rice
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Fig, 5 : Relationship between total drv matter accumulation and heliothermal
units in rice
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Fig, 6 ; Relatonship between total dry matter accumulation and photothermal
uniis in rice,
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out, However. the exponential regression
equations obtained between LA and three
agroclimatic indices and linear regression

cquations obtained between TDM and
three agroclimatic indices can be a usetul
tool in predicting  periodic LAl
development and TDM accumulation of
rice using daily information on temperature,
photoperiod and sunshine during the crop
scason. Similar information en developing
agrochimatic models based on temperature,
photoperiod and daylength for wheat
(Hundal ef @/, 1997). mustard (Hundal ef
al. 2003y and sovbean (Hundal er al. 2003b)
have also been reported under Ludhiana
conditions
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