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Thermal indices for major crops and prediction of growth and
yield of finger millet in hilly southeastern Orissa state
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ABSTRACT

Accumulated thermal time and heat use efficiency of major crops of
southeastern region of Orissa state were computed. Among cereals jhola
{low) land paddy, among vegetables brinjal and among pulse crops pigeon
pea needed highest thermal time. As finger millet is the staple food of tribals
in this region, a field trial in farmers field were conductad in two watersheds
developed by Central Soil and Water Conservation Research and Training
Institute, Research Center, Sunabeda from 1999 to 2004 using three improved
varieties. The results revealed thal on an average ragi crop needed 1840
growing degree-days with HUE of 1.05 kg ha' *C day for attaining
physiological maturity Results suggested an exponential and linear
relationship between HUE and grain yield and AGDD and grain yield,

respectively. *
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The growth and productivity of
crops depend on the elements of the
phygical environment in a particular
ecosystem, Temperature based indices such
as growing degree days (GDD), heat use
efficiency (HUE), heliothermal (HTU) and
photothermal units (PTU) can be relatively
useful in predicting growth and yield of
crops. Efficiency of conversion of heat
energy into dry matter depends upon genetic
factors, sowing time and crop type (Rao
et.al, 1999). Using thermal based indices
attempts also have been made earlier to
predict phenology (Hundal e al, 1997), leaf
area index (Benbi, 1994), growth rate (Kar

and Chakravarty, 1999) and growth and yield
(Hundal er.al. 20034, b) of crops.

Such studies are lacking for
southeastern region of Orissa, Koraput
districl, a representative of southeastern
region was taken for this study and the
different areas in this district are situated at
altitude ranging between 150 to1000 meters
above the MSL and characterized by
scattered, sharp, isolated hills with thin
forest (Anonymous, 2001). Climate is warm
and humid with annual mean maximuom and
minimum temperature of 30.6°C.and 17.0
°C, respectively, and the normal rainfall of
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the district is 1521.8 mm. The cultivated

area of the district is 3,02 lakh ha; out of

which 74 % is rainfed, High, medium and
low land constitute 54.9, 25.5 and 19.2 %
of the cultivated area, respectively.
Agriculture is the main stay of the tribal
people of the district, with rice and ragi
(finger millet) forming staple food. The other
important crops of the district are small
millets, maize, vegetables, horse gram and
niger. Although cultivated in smaller area,
crops like cotton, sugarcane, ginger and
turmeric are regarded as important cash
crops in the district.

In view of the above, the present
study was undertaken to develop a
regression model for prediction of growth
and yield of ragi (Eleusine coracana) in
southeastern region of Orissa state.

MATERIALS AND METHODS

The c¢limatological data on
temperature and sunshine hours collected
from Mixed Farm., Semiliguda and
Meteorological observatory of CSWCRTI,
Research Center, Sunabeda have been used
for the present analysis. The information
re.ated to crop duration and length of
different stages of the commaonly grown field
and vegetable crops were collected from
the local source. Average yield data for
various crops were collected from Statistical
Department, Koraput.

Thermal indices

Growing degree-days (GDD) were
accumulated from the date of sowing to

[Voi. 8, No, 2

harvesting of crop to give accumulated GDD
("C days) using base temperature of 5°C.

Heat use efficiency (HUE) was
computed using the formula:

Grain or Biomass vield (kg ha™)
HUE=

Growing degree davs (°C days)

Heliothermal units (HTU) are the
product of GDD and corrésponding actual
sunshine hours for that day.

Photothermal units (PTL) are the
product of GDD and corresponding day
length for that day.

Adl thermal units were accumulated
from the date of sowing to each date of
sampling.

Prediction of growth and yield of ragi

For prediction of growth and yield,
data of three varieties (Bhairabi, VL-149
and Subhra) of finger millet grown in a
varietal trial conducted at Central Soil and
Water Conservation Research and Training
Institute, Research Center, Koraput were
used. Crops were raised in two watersheds
(i) Kokriguda (from 1999 to 2001), and (i1)
Malipungar (from 2002 to 2004) in
Semiliguda block during kkarif season
following the recommended package of
practices of RRTTS, Orissa University of
Agriculture and Technology, Semiliguda.

RESULTS AND DISCUSSIONS

Thermal time indices for major crops

Journal of Agrometeorology/ceety/52



. 188

HEAT UNITS OF MAJOR CROPS

Dec 2006]

BR851 | 60fe 06 | Fiesr [ oz81 6EE [t sop | ogks {06! Tl/b] 24 E0/5T Uese] Yaual g
Tssal | 10Tl st'¢ | roelt | igf it 6ES s | I8k (Z1) 10/E1 01 6081 oo
TEILE | @t | seo gble | £19 | sEddl G ef | 018 (081} SO/ I T1/10 i
OL60T | DEZEI 605 | 60981 | 90% ik [ (Pe | 806 (OET) 10/EE 01 60/S ] sden 5[0
FLERL | skl 0L | TEeol | ise 799 Btre LT | £6l11 (ZZ1) Eover o 1 1/c] 1B A,
9506l | LE10l (Z0 | Sipor | ser 5l rES £9¢ ILE (SO 2141 O 60710 e
oIrve | T8osl 690 | L860T | Do 0Lg £es 87z | o1kl {0Z1) FO/0E @ 10710 AppE]
fony
IE0s | oszoT [ Z80 [ e10iv [ vob | cerl 2981 188 | LFIZ (THT) 1OV O S0/ST UL |
9806 | 96£61 | 90 | FEeeL | bEE | 90FI 1LZ] ¥R | pepl (Z€2) 10/10 01 S0/c ] IDTUIC
S690T | 9lek R T LEC Tl 1L | ocps {06) 60/82 01 LVT0 g ot
L8TEE | 90%h £Sf | oot | 1eb L0 01L 05 | I8bG ST TT/ZT 018751 [efuLg|
o00bT | 12h6 Ty | ¥800T | 99T £99 LED Ok | 13p6 (OZ1) 1 1/8E 03 80010 oo |
9086 | 1zoL 0E0 LLET | swE 158 0z gk | iall (0£1101/£7 @ aQys 1 " sziE
$6LTT | Tows b0 | S0I81 | tiT 629 £Z9 e8z | szr {001 071/20 91 20/10 ureis youg
PELOE | 1608 LI | #iskT | oz 158 DEL ar | £1F {ceriprmes arapic] ead ucadly
14852 | BESS b0 | £Teor | €8 L% 159 i | oz (011 01/£0 0190/ 1 pUnOICy
O9LET | 9HE9 st | egal | ossE 9EG 1z9 1LE 6 (O OIB] @ 2010 [E
JEERT | 0148 0 | s96zt | wic 106 1L 1LE | Opel (OETT T E/E0 00 LO/T0 Apped ejoy]]
€89z | olcr 950 | suvBl | #9f | (29 g5t (8¢ | ogol (001} 60/ET D1 Apped pueldn)
gy
aBms agels aEeE
{Rep, D, uoses | uosess | wawdopaap | a8k {5ARp 10 op))
ey | o | oow Pl dousy [emma] | () F) uoseas Surword
Nid | AIH | 90H (s42p 0,1 D PIIA 0 giEua] doxy

S1BIS BSSLIQ) JO uotdar wajseayinos ul sdoio zolew 10y saaipus [euuay | 11 aqqe

Journal of Agrometeorology/ceety/53




189 ' SUDHISHRI AND DASS

[Vol. & No. 2

Table 2: Thermal indices and yield of ragi during different years at two watersheds

1 Watershed |Crop year] Variety | Sowing | Accumulated Girain HUE

date GDD yield (kg ha! "C'day)
°C days) (kg ha')

Kokriguda | 1999 |Bhairabi| |6-Jul 1977 1510 0.76

VL-149 | 20-Jul 1771 1307 0.74

2000 | Bhairabi| 14-Jul 1902 1750 0.92

VL-149 | 14-Jul 1763 1530 0.87

2001 Bhairabi | [2-Jul 1930 2230 1.17

V1-149 1 2-Jul 1 80t 1840 1.02

Malipungar)| 2002 |Bhairabi| 25-Jul 1687 850 0.56

V1-149 | 25-Jul 1607 1025 0.64

Subhra | 25-Jul 1740 908 0.52

2003  [Bhairabi| 12-Jul 2010 3133 t.56

VL-149 [ 12-Jul 1877 2383 1.27

2004 |Bhairabi| 10-Jul 1990 3550 1.78

WL-149 | 10-Jul 1858 2933 1.79

Mean 1840 1928.38 1.05

sD 123.6 864.8 0.4

CV (%) 6.7 44.8 421

Accumulated heat units i.e. GDD,
HUE, HTU and PTU are given for the
major crops of this region in Table 1, Tt is
evident that among cereals highest number
of units are needed by jhola (low) land paddy
owing to the cultivation of long duration
varieties in kharif season. Among
vegetables brinjal requires highest
accumulated units. Between two pulse
crops considered here, pigeon pea because
of its longer duration recorded highest GDD,
PTL and HTU but lower HUE than black
gram, Between two spices, ginger and
turmeric, all the indices recorded higher
values in respect of turmeric. Further, rabi
crops in general completed their cycle with
relatively lesser values of thermal indices

as compared to kharif crops. However,
among rabi season field crops, paddy had
highest values of GDD, HTU and PTU
whereas HUE was the highest with wheat,
In case of vegetables, highest GDD, HTU
and PTU were observed for chilli and HUE
for tomato.

Indices for ragi crop

Accumulated growing degree days
(AGDD) were computed for different
improved varieties of Ragi i.e, Bhairahi, VL-
149 and Subhra from sowing to physiological
maturity. HUE was also computed to
determine the grain yield produced per unit
of growing degree days (Table 2). It was
observed that Bhairabi variety availed more
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Fig. 1 : Relationship between accumulated growing degree days and grain yield in
improved ragi varieties
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Fig. 2 * Relationship between heal use elliciency and grain yicld of improved ragi
varieties

AGDD and HUE to attain physiological  Relationship between thermal indices
maturity than V1L.-149. The results revealed and grain yield

that on an average ragi crop needed 18340 : n

growing degree-days with HUE of 1.05 Relationships between accumulated

kg ha' °C* day. GDD vs. grain yield, and HUE vs. grain
yield were developed separately. It was
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observed that there exists a significant
exponential relationship between AGDD
and grain yield (Fig. 1)and significant linear
relationship between HUE and grain yield
(Fig. 2) as follows:

¥ =745 e (Re=0.64)

Where Y = grain yield (kg ha'), X =
accumulated growing degree-days (°C day)

Y = 1927.1X - 88.194 (R*=0.96)

Where, Y = grain yield (kg ha'), X = heat
use efficiency (kg ha' °C day)

Stmilar [inding have been reported
for wheat by Kaur et.al. (2004) for Punjab
condition. These relationships can be used
for forecasting of ragi yield in southeastern
region of Orissa.
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