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based on growing degree-days and photothermal units

S.S. HUNDAL AND P. K. KINGRA

Department of Agricultural Meteorology,
Punjab Agricultural University, Ludhiana -141 004

ABSTRACT

In field studies over four crop seasons, soybean (Giveine max L.) ov.
PK 416 attained physiological maturity in 131 to 137 days under climatic
conditions of Ludhiana. The growing degree-days and photothermal units
required to attain different phenophases were worked out. From emergence to
maturity the crop required growing degree days of 2291 to 2450 °C days with
coefficient of variation of 2.7% and photathermal units of 29924 to 32117 °C
day hrs with coefficient of variation of 3.1%.Two linear regression models were
derived based on the phenophase-wise data pooled over four crop seasaons for
predicting the onset of a particular phenophase of the crop using either growing
degree days or photothermal units. Onset of a particular phenophase depended
upaon the available growing degree-days or phatothermal units which accounted
for 99% ot the total variation in each case.
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Soybean (Glyecine max L.) is a short
day plant and is sensitive to photothermal
regime. This jnfluences the area of its
adoption and the time of maturity of
different cultivars. Temperature alongwith
photoperiod affects the flowering time, but

temperature alongwith humidity affects
initiation and normal pod development.
Bhatia er af (1997) reported that initiation
of flowering and the start of pod
development stages were the most
susceptible to vanation in photoperiod.
Initiation as well as duration of crop
phenophases are an essential component of

weather-based dynamic crop growth and
yield simulation models. Crop phenology
can be used to specify the most appropriate
date and time of specific development
process. The duration of each phenophase
determines the accumulation and
partitioning of dry matter in different organs
(Dalton, 1967). Wang (1960) reported that
the duration of particular stage of growth
was directly related to temperature and this
duration for particular species could be
predicted using the sum of daily air
temperatures. The application of
agroclimatic indices provides a scientific
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hasis for determining the effect of
temperature,. radiation or photoperiod on
phenological behaviour of the crop.
Although these technigues are yet to be tried
in India on a regional scale, a few studies
have been conducted at local level (Sastry
& Chakravarty, 1982). Keeping in view the
significance of phenological studies in crop-
weather interactions, field studies on
soybean were conducted 1o develop
phenology predictive models based on
growing degree-days and photothermal
LTS,

MATERIALS AND METHODS

Field studies with soybean cv, PK
416 were conducted duning kharif 1995,
1997, 1998 and 1999 @ the experimental
farm, Department of Agricultural
Meteorology, Punjab Agricultural
Umiversity, Ludhiana {30°54'N; 74°48°E &
247m above mean sea levell, The soil of
the experimental site was loamy sand in
texture in the (- 1 5om depth and sandy loam
in the [5-120cm depth. The crop was sown
on 9" 13% 4% and 7" June during 1995,
1997, 1998 and 1999, respectively using
row fo row spacing of 45¢cm and plant to
plantl spacing of Scm. The treatments
consisted of four irrigation regimes in four
replications. however, no phenological
differences were noticed due to irrigation
levels as the crop was grown during the
rainy season. The crop was fertilized with
30 kg N and 80 kg PO, per ha.

Growing degree-days (GDD) and
photothermal units (PTU) were computed
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by taking a base temperature of 1(°C. The
total sum of growing degree-days for cach
phenophase was obtained by using the
following formulae

N
Accumulated GDD = 2 (T +T

RIIHES LLei}

}‘IIE]_ T_L,

Where,

Tmax, Tmin: daily maximum and
minimum temperature (°C)

T, - base iemperature (°C)

1 :  date of sowing or start of
phenophase

N : date of harvest or the end of
phenophase

Accumulated Photothermal Units

i
PTU=2 (GDD ) * (Day length)
l
Five plants from the net plot of each
replicate were selected randomly for
periodic identification of phenological
events. Whenever more than three plants
from each plot attained a particular stage,
the date was considered as the one for
attainment of stage. The phenological stages
described by IBSNAT (1988) for soybean
were followed. Linear regression models
based on the phenophase-wise data pooled
over four crop seasons were derived for
predicting rthe onset of a particular
phienophase based on GDD or PTU.

RESULTS AND DISCUSSION

Crop phenology
Soybean crop took 133, 137, 131 and
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Fig. 1 : Phenology of soybean cv.PK 416 during four years of study

135 days to attain physiological maturity
during 19935, 1997, 1998 and 1999,
respectively. The calendar for different
phenophases observed during the four crop
seasons (Figure 1) showed a few little
variations in the number of days tuken by
the crop for completion of each
phenophase. Crop sown in 1997 took the
highest number of days, whereas the crop
sown during 1998 consumed the lowest
number of days to attain physiological
maturity. This could be atributed to the
prevalence of comparatively higher
temperatures at the time of physiological
maturity in 1998 as compared to 1997,

Growing degree days, photothermal wunits
and crop maturity

Cirowing degree-days is widely used
for describing the temperature responses to
growth and development of crops. Both
GDD and PTU requirement for completion
of different phenophases of soybean were
worked out and are presented in Table 1.
Sovbean crop availed GDD of 2291 to 2450
°C days and PTU of 29924 1o 32117°C day
hrs from emergence to physielogical
maturity. The average value of GDD for the
same pefiod was 2372 °C days with
coefficient of variation of 2.7%, whereas the
corresponding values for PTU was 31081
°C day hrs and 3.1%, respectively. When
longer periods were considered for.
accumulation (e.g. phenophase P, P or
P ) standard deviation was high with
refatively low coefficient of variation.
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Table1: Accumulated growing degree days (AGDD) and photothermal units (APTU)

required Lo attain various phenophases of soybean

Phenophase 19935 1997 1998 1999  Mean 5D CV%
AGDD
Pl 105 145 150 153 134.3 19.4 14.0
P2 91 112 118 93 1038 12.0 116
P3 246 814 260 529 887.3 532 £H.0
P4 291 31e 303 207 302.5 10.4 35
P3 201 276 283 231 2483 34.1 13.7
P& 113 163 |44 158 144.5 19.5 135
P7 a7 a9 85 115 099.8 118 118
P8 188 167 209 209 193.3 17.4 9.0
Pa 259 233 262 262 254.5 11.3 4.
PID 1142 1071 1130 1175 11295 3.6 33
Pl &a0 1023 1025 1013 9878 56.0 5.7
P12 2291 2328 2417 2450 23715 64.4 2.7
APTU
P1 1489 2054 2128 2166 19593 2745 14.0
P2 1292 1579 1602 1321 1471.0 169.6 11.5
P3 13038 11207 11970 12849 [2266.0 7323 6.0
P4 3783 4130 4027 3901 39603 130.6 33
F5 2532 3536 3674 2948 31725 459.4 14.5
P6 1388 1998 1817 1967 17925 2434 13.6
P7 1173 1187 1050 1439 12123 1414 11.7
P& 2241 1957 25328 2504 2310.3 228.0 5.9
PY 2988 2663 3066 3022 29348 1593 34
P10 15819 4840 13790 16336 156963 540.0 34
Pl 11117 12828 13096 12759 12450.0 7798 0.3
P12 20924 30330 31952 32117 310808  966.3 il

P, - emergence Lo unifolial stage P, - unifolial to endjuvenile stage

P, -end juvenile to flower initiation stage P, - flower initiation to 50% flowering stage

P, - 50% flowering to first pod stage P, - first pod 1o end leaf stage

P. -end leaf to full pod stage P, - full pod to end pod stage

P, -end pod to physiological maturity P, -emergence to flower initiation stage

P, - flower initiation to end pod stage P, -emergence to physiological maturity
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Table2:  Actual (Act), predicted (Pre) and deviation (Dev) of predicted from actual
calendar days required to attain various phenophases of soybean based on
accumulated growing degree days

Phenophase 1995 1997 1998 199y Mean 5D CV%
P Aclt 6.0 7.0 7.0 7.0 6.8 043 .42
Pre 5.5 7.7 7.9 #.1 T3 1.01 1373

Dev -4 0.7 (1.9 1.1 0.6
]:'1 Act 4.0} 510 a0 4.0 4.5 (.50 L1
Fre 49 5.9 6.3 50 5.5 .59 10,74

Diey 0.9 0.9 1.3 1.0 1.4}
E. Act 48.0 41.0 40 46.14 44 3 286 6.7
Pre 44972 42.4 447 48.3 46.2 274 5.04

Dev 1.2 1.4 2.7 23 1.9
E, Act 16.0 17.0 15.0 15 15.8 (.83 526
Pre 15.2 6.7 159 155 15.8 .56 3.56

Dey -8 0.3 (.9 0.5 0.1
F, Act 12.0 14.0 4.0 12 13.0 [.0H) 7.69
' Pre 1.6 14.5 14.9 120 (3.0 |76 1353

Dev -1.4 .5 (.9 .1 0.0
Pn Act 6.0 8.0 7.0 ¥ T3 0.83 11.44
Pre a.0 5.6 1.6 83 7.6 1.01 13.949

Dew 0.0 0.6 0.6 03 0.4
P‘T Act 5.0 5.0} 5.0 5] 53 .43 225
Pre 5.2 5.3 4.5 a3 53 .64 1205

Dy 02 (.3 -0.5 0.3 ol
PH Act 10,0 [ 2.0 12.0 11 |3 0.83 737
Pre 9.9 "8 1.0 11 (.2 .91 596

Dev 0.1 -3.2 =10 0 -1.1
B Act 16.0 19.0 15.0 17 16.8 | .48 g.83
Pre 13.6 12:3 13.7 137 133 059 4.45

Dev -2.4 6.7 -1.3 3.3 34
P Act 58.0 53.0 54.0 57 555 2.06 3.71
Pre 504 557 SHH Al 588 1.95 3.32

Dev .4 23 4 .8 4.1 3
F‘II Act 49.0 56.0 53.0 52 52.5 2:50 476
Pre 46.3 532 533 52.7 A4 2.94 572

Dev s 2.8 03 0.7 =
P12 Ao 1230 128.0 122.0 126 1248 2.38 .91
Pre 119.0 1209 125.5 127.2 1232 2.32 270

Dev 40 <11 3.5 .2 -1.6

Standard deviation was the highest for P, Development of phenophasic models

phenophase, whereas coefficient of Two linear regression models taking
variation was the highest for the P, the phenophase -wise data pooled ever four
phenophase. crop seasons were derived for predicting the
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Table 3 : Actual (Act), predicied (Pre) and deviation (Dev) of predicted from actual calendar days
required to attain various phenophases of soybean based on accumulated photothermal units

Phenophase [us 1997 L 1999 Mean 5D CVE

Pl Act .0 7.0 T T0 6.8 43 6.42
Pre 6.2 8.5 a7 3.9 B 1.09 13.52
Dev 0.2 1.5 17 1.9 1.3

P2 Al 4.0 30 5.4 4.0 45 (.50 111
Pre 33 5.6 T 36 6. (.64 1034
Dev l.5 | .6 2.0 (] 1.7

P3 Act 48.0 41.0 4240 46.0 44.3 2.86 6.47
Pre 513 441 47| RN | 482 279 5.80
Dev 33 3.1 5.1 -4 38

P4 Act 16.0 17.0 150 150 15.8 .83 5:26
Pre 15.2 16.5 16.1 155 159 .48 305
Dev -0, -0.5 1.1 0.7 0.1

P Act 12.0 14.0 14.0 120 3.0 1.06) T.69
Pre P03 142 14.8 119 12.8 180 14.10
Dew 1.7 0.2 0.8 (11 0.2

P& Act 6.0 B.0) 7.8 B0 T 83 11.44
Pre 39 8.2 T3 g1 7.4 n.9z 12.39
Drev «().1 0.2 L5 £] 1

F7 Act 5.0 5.0 a0 a.0 33 0.43 8.25
Pre 50 % | 4.5 .1 52 0.58 11.22
Dev 0.0 1 1.5 0.1 -0, 1

P3 Act 10.0 12.0 12.0 1.0 11.3 .83 7.37
Pre a2 8.1 1.3 0.2 9.5 (189 0.42
Dev -0, -39 -1, D8 -1.8 |

Po Act 16,0 [ 9.0 5.0 j7.0 [ &8 | 45 8.83
Pre 121 (08 124 122 1.9 {163 5.31
Dev -39 -8.2 2.6 4.8 4.9

P10 Act 8.0 53.0 S54.0) 57.0 555 2.06 371
Pre 62.1 58.3 62.0 64,1 616 2.9 3.40
Dey 4.1 53 8.0 T.1 6.1

Pl Act 44.0 56.0 53.0 520 52.5 2.50 4.76
Pre 438 50.5 515 50.2 449 3.04 6.21
Dev -5.2 -5.5 -1.5 -1.8 -A5 _

P12 . Act 123.0 12860 1220 | 26.0 [24.8 2.38 1.9]
Pre 7.1 1187 425 257 121.7 3.05 253
Dev -5.9 -49.3 i | -(1.3 -3

onset of any particular phenophase based Where, )

on growing degree days or photothermal Y = number Dfdaﬁ predicted

units as shown below ; AGDD =accumulated growing degree days
Y =0.1328 + 0.05188 AGDD for the particular phenophase

(R*=0.996; n = 48) APTU = accumulated photothermal units

Y =0.4354 + 0.0039 APTU for the particular phenophase

(R* =0.989; n=48)
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The model indicated that both the
GDD and PTU accounted for 999 vanation
in the onset of different phenophases for
soybean, Hundal er al {1997) also reported
AGDID as the best index to predict various
phenophases in wheat crop under Punjab
conditions, Patel e al {1999 formulated a
similar type of model to predict the phasic
development of pigeonpea  from
accurmnulated heat units,

By using these models, the dates of

occurrence of various phenophases can be
predicted by accumalating real time
temperature data. The actual and predicted
days for each phenophase as obtained by
the models are given in Table 2 and 3 and
Figures 2 and 3. The deviations remained
in the range of -3.2 to +2.7 days upto P,
stage when the predictions were based on
GDD and -3.9 to +5.1 days when the
predictions were based on PTU, The
deviations were higher in the later stages
of P, to P , which ranged from-7.1 to +4.8
days for GDD and -9.3 o +8.0 days for
PTU, as these stages cover longer periods
for accumulation. Higher deviation values
were also observed in the P, stage, which
may be due to temperature fluctuations at
the time of physiological maturity over
different years,
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