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ABSTRACT. The experiment was conducted at two zones of the Punjab state (i.e., Central plain zone, Ludhiana
and South-Western zone, Bathinda) to study the phenological behaviour of wheat cultivars under different environments.
The two wheat varieties, Viz., V;: PBW 343 and V,: PBW 621, were evaluated under three sowing dates (D;: November
15, D,: November 25 and Ds;: December 5) and four irrigation levels I; (irrigation at CRI, Jointing and Milking), I,
(irrigation at CRI, Tillering, Booting and Milking), I; (irrigation at CRI, Tillering, Jointing, Booting and Milking) and 1,
(irrigation according to weather forecast) during rabi 2011-12. The Growing Degree Days (GDD), Heliothermal units
(HTU), Photo thermal units (PTU) and Heat use efficiency (HUE) were calculated. It was found that the wheat crop sown
in central zone i.€., Ludhiana station acquired more number of days to reach physiological maturity and utilize heat more
efficiently resulting in more grain yield as compared to south western zone i.€., Bathinda station grown wheat crop. The
results also showed that the variety PBW 621 took significantly less time for initiation and completion of the various
phenological stages than PBW 343. PBW 621 acquired less growing degree days, heliothermal units and photothermal
units but was more efficient user of heat as compared to the variety PBW 343. The number of days required to attain
different phenological stages decreased with late sowing condition. Irrigation levels failed to produce significant
difference for days required for initiation and completion of various growth stages of crop as well as heat unit
requirements for occurrence of the phenological events. It is concluded that timely sown crop exhibit best growth and

yield as the favourable environmental conditions coincided with heat unit requirement of different phenophases of wheat
in the central zone of Punjab.
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1. Introduction

Wheat is a thermo-sensitive long-day crop.
Temperature is a major determinant of its growth and
productivity. Late sowing of wheat in rice-wheat system
exposes pre-anthesis phenological events to high
temperature that influence grain development and
ultimately the yield (Nagarajan et al., 2008). Phenological
development from sowing to maturity is related to
accumulation of heat or temperature units above threshold
or base temperature (below which no growth occurs). A
quantified value of heat or temperature units is required to
reach a particular phenophase. Physiological and
morphological development in plant is influenced by
various meteorological factors such as temperature is an
important environmental factor influencing the growth,
development and yield of crops. During growth and
development of a cereal crop several growth stages are
distinguishable in which important physiological
processes occur (Sikder, 2008).

Plants have a definite temperature requirement
before they attain certain phenological stages. Several
research findings noticed that temperature below (<10 °C)
or above (>25 °C) the optimum (12-25 °C) alter
phenology, growth and development and finally reduce
the yield of wheat varieties (Hakim et al., 2012). Influence
of temperature on phenology and yield of crop plants can
be studied under field condition through accumulated heat
units system (Bishnoi et al., 1995). Temperature stress
intensity is severe under late sowing, causing reduction in
the duration of later growth phases resulted in acquisition
of less days to mature.

Air temperature based agromet indices, Viz., growing
degree days (GDD), photothermal units (PTU),
heliothermal units (HTU), phenothermal index (PTI) have
been used to describe changes in phenological behaviour
and growth parameters (Kumar et al., 2010). The values
of accumulated GDD, HTU and PTU for each phenophase
are relatively constant and independent of sowing date but
vary in a crop from variety to variety (Phadnawis and
Saini, 1992). Agronomic application of temperature effect
on plant is the concept of heat unit or growing degree days
and heat stress in wheat can be mitigated in two ways:
heat management or the development of heat-tolerant
cultivars. Evaluation of high yielding, stable genotypes
having good quality are considered pre-requisite for
increasing crop production in any region. So there is a
need to broader genetic base and to replace old varieties
with new and improved ones (Jat et al., 2003).
Recommendation of several varieties will also help
farmers to select best one and also adequate supply of
improved varieties to farmers. Especially in wheat choice
of varieties depends on the time of higher, unfavourable

air temperature, where difference in crop agronomy lead
to difference in sowing dates, longer duration varieties for
earlier sowing and shorter duration varieties for late
sowing are recommended. So this experiment was
conducted to study the effect of hydrothermal regimes on
the phenology, heat unit requirement and heat use
efficiency of wheat cultivars at different locations of the
state.

2. Data methodology

A factorial experiment was laid under split-split plot
design at the Research Farm of School of Climate Change
and Agricultural Meteorology, Punjab Agricultural
University, Ludhiana and Research Station, Bathinda
during the winter season of 2011-12. The treatments
included three sowing dates in main-plots (D;: November
15, D, : November 25 and D;: December 5), four
irrigation levels in sub-plots I; (irrigation at CRI, Jointing
and Milking), I, (irrigation at CRI, Tillering, Booting and
Milking), I; (irrigation at CRI, Tillering, Jointing, Booting
and Milking) and I, (irrigation according to weather
forecast) and two wheat varieties in sub-sub plots
(Vi: PBW 343 and V,: PBW 621). The phenological
stages of crop were recorded by visual observations.
Growing degree days were calculated by simple arithmetic
accumulation of daily mean temperature above the base
temperature value of 5 °C considered for the wheat crop.
The different indices for each stage were calculated as
suggested by (Nuttonson, 1955).

Growingdegree days( °C days):M—T b

where,
Tmax = Daily maximum temperature (°C)
Tmin = Daily minimum temperature (°C)

Th

Base temperature (5°C)

The heliothermal units (HTU) for a day represent the
product of GDD and the bright sunshine hours for that
day. The accumulated HTU for a particular phenophase
was determined by using the following formula:

n
Accumulated . .
= GDD x Bright sunshine hours
HTU (°C day hr) .2:1: ght su "

The photothermal units (PTU) for a day represent
the product of GDD and the day length for that day. The
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TABLE 1
Crop phenology, AGDD, APTU and AHTU for crop sown on 15 November in Ludhiana and Bathinda
Phenology (DAS) AGDD (°C day) APTU (°C day hr) APTI (°C day) (°C day hr)
Phenology _— _— _

PBW 343  PBW 621 PBW 343 PBW 621 PBW 343 PBW 621 PBW 343  PBW 621 PBW 343 PBW 621

LDH BTH LDH BTH LDH BTH LDH BTH LDH BTH LDH BTH LDH BTH LDH BTH LDH LDH
Sowing 0 0 0 0 151 157 151 157 160.1 1689 160.1 1689 - - - - 68.6 68.6
Emergence 4 5 4 5 751 950 751 950  792.1 10004 792.1 10004 150 159 150 159 4373 4373
fg‘rf;f::e 12 8 12 8 1887 1378 1887 137.8 1976.6 1440.1 1976.6 1440.1 142 143 142 143 5298  529.8
CRI 200 19 20 19 2889 279.7 2889 2797 3007.9 28882 3007.9 28882 12.5 129 125 129 12563 1256.3
Tillering 31 28 31 28 4051 3770 405.1 377.0 4191.8 38755 4191.8 38755 106 108 10.6 108 19758 1975.8
Jointing 79 7179 71 7142 6333 7142 6333 73845 6498.6 73845 64986 64 60 64 60 37693 3769.3
Flag leaf 9% 8 93 84 8408 731.1 8183 721.1 87757 75633 85240 74533 74 65 14 68 4469.5 43167
Booting 103 93 100 91 9072 7856 8832 7734 9527.8 8166.1 92542 8030.5 9.5 7.8 93 75 49272 4695.0
Heading 110 101 108 99 9869 861.9 959.1  846.0 10448.0 9020.0 101255 8841.1 114 95 95 9.1 55782 5428.1
Anthesis 119 108 117 106 1101.9 951.1 1073.1 921.8 11801.3 9933.9 11459.6 9657.4 128 12.7 127 108 65072 62283
Milking 129 114 126 112 12464 1021.5 1209.8 1003.4 135457 10632.6 13100.1 10448.6 145 11.7 152 13.6 7505.1 7217.7
:;ytz’r?tl;’g'cal 142 129 140 127 1497.8 1239.0 1454.6 12059 16673.5 13107.3 16129.2 12699.9 193 145 175 135 95527 9075.4

AGDD : Accumulated growing degree days, APTU : Accumulated photothermal units, APTI : Accumulated phenothermal index,

AHTU : Accumulated heloithermal units; LDH : Ludhiana, BTH: Bathinda

accumulated PTU for a particular phenophase was
determined by using the following formula:

Accumulated n
PTU (°C day hr) = Z GDD x Day length
i=1

Phenothermal index (PTI): It is the ratio of degree
days to the number of days between two phenological
stages, and was calculated as:

GDD between two phenological stages

PTI=
number of days taken between two phenophases

The heat use efficiency was calculated using the
following formula:

ggf?(t:ilejriy _ Grainor dry matter yield (kg/ha)
(kg/ha/°C day) AGDD (°Cday)
Where,

AGDD =Accumulated growing degree days (°C day)

3.  Results and discussion

3.1. Crop phenology

The crop sown in central zone Ludhiana took 4 to 6
days to emerge under three sowing dates (November 15,
November 25 and December 5) whereas the number of
days taken for emergence were 5 - 8 days in crop sown in
the south western zone Bathinda under the same sowing
dates (Tables 1-3). The number of days taken by crop for
the complete emergence were more on Ludhiana (8 - 9
days) as compared to Bathinda (3 - 4 days) under the three
sowing dates. The November 15 sown crop acquired more
days for reaching the physiological maturity (PBW 343
took 142 days at Ludhiana and 129 days in Bathinda
whereas PBW 621 took 140 days in Ludhiana and 127
days in Bathinda) as compared to the other sowing dates.
Late sown crop (December 5) required greater number of
days for initiation and completion of CRI, tillering, lesser
days for initiation and completion of jointing, boot, milk
and harvest stages as compared to early sown crop [Tables
(1, 2&3)]. Such behaviour of late sown wheat might be
due to fall in temperature during vegetative phase and
abrupt rise in temperature during reproductive phases.
Our results corroborate with results of Ghosh et al. (2000)
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TABLE 2

Crop phenology, AGDD, APTU and AHTU for crop sown on 25 November in Ludhiana and Bathinda

Phenology (DAS) AGDD (°C day)

APTU (°C day hr) APTI (°C/day) AHTU (°C day hr)

Phenology PBW343 PBW621  PBW 343 PBW 621 PBW 343 PBW621 PBW343 PBW621 PBW343 PBW 621
LDH BTH LDH BTH LDH BTH LDH BTH LDH BTH LDH BTH LDH BTH LDH BTH LDH LDH

Sowing 0 0 0 0 14 119 14 119 1456 1217 1456 1217 - - - - 0.0 0.0

Emergence 6 7 6 7 860 1027 860 1027 8902 1047.6 8902 1047.6 120 13.0 120 130  273.0 273.0
f(‘)‘;f;f:t‘;“ 14 10 14 10 1958 1475 1958 1475 20142 1502.9 2014.2 1502.9 13.7 149 137 149 10015 1001.5
CRI 20 20 20 20 2484 2347 2484 2347 2549.1 2386.8 2549.1 2386.8 8.8 87 88 87 13964 1396.4
Tillering 3430 34 30 3412 2929 3412 2929 4062.1 29757 4062.1 2975.7 6.6 58 66 58 19756 1975.6
Jointing 78 68 78 68 625.1 532.5 625.1 532.5 64714 54747 64714 54747 65 63 6.5 63 35280 35280
Flag leaf 93 83 91 82 7572 6321 7419 6232 7953.0 6573.1 77783 64739 88 66 9.0 65 43975 42357
Booting 97 89 95 88 7985 6913 779.0 683.6 84283 72355 82034 71490 103 99 93 101  4788.1 4600.0
Heading 107 97 105 94 9231 7887 901.8 748.0 98848 8153.8 96325 78382 125 122 123 107  5698.5  5484.0
Anthesis 112 102 111 100 988.6 8504 9749 8302 106658 86634 105014 8492.6 13.1 123 122 137  6273.1 6208.7
Milking 122 105 119 103 11484 882.6 10964 859.1 12609.6 89442 11970.9 8738.1 16.0 10.7 152 9.6 73282 69753
iﬁ{iﬁ?ﬁ;’gm 135 123 133 120 14108 1171.8 1368.1 1115.9 15896.8 11938.9 153552112943 202 16.1 194 151 96509  9226.0

AGDD : Accumulated growing degree days, APTU : Accumulated photothermal units, APTI :

Accumulated phenothermal index,

AHTU : Accumulated heloithermal units; LDH : Ludhiana, BTH : Bathinda

and Singh et al. (2001). Irrigation levels had no influence
on days required for initiation and completion of various
phenological phases. The variety PBW 621 took lesser
days for initiation as well as completion of CRI, tillering,
boot, ear emergence, milk and maturity stages in the crop
as compared to the varieties PBW 343 at both Ludhiana
and Bathinda. This is obvious because of genetic
behaviour of each wvariety of a crop had specific
requirement of heat units for initiation and completion of
its phonological stages under particular environmental
conditions.

3.2.  Agroclimatic indices
3.2.1. Growing degree days

The accumulated growing degree days (AGDD)
taken from the date of sowing to maturity are given for
different dates and varieties [Tables (1,2 and 3)]. Different
phenological stages of both the cultivars required different
heat units, with the lowest GDD requirement for CRI
followed by an increasing trend for other stages till
maturity under all dates of sowing. The highest
requirement of GDD was observed at maturity for both the
cultivars. GDD requirement was maximum in November

15 sowing among the sowing dates and decreased with
delay in sowing followed by November 25 and December
5. The variety PBW 343 recorded more heat units as
compared to variety PBW 621. The accumulated GDD
units taken by PBW 343 to mature under sowing dates
November 15, November 25 and December 5 were
1497.8, 1410.8 and 1329.7 in Ludhiana and 1239.0,
1179.8 and 1164.2 in Bathinda, respectively while variety
PBW 621 accumulated 1454.6, 1368.1 and 1285.1 GDD
units in Ludhiana and 1205.9, 1115.9 and 1096.6 in
Bathinda to mature under the consequent three sowing
dates of sowing, viz., November 15, November 25 and
December 5. The requirement of heat unit was higher for
timely sown crop than late sown crop due to longer period
for all the phenological stages in the timely sown crop.
The late sowing decreased the duration of phenophases
which caused a decrease in agroclimatic indices during
various phenophases and forced the crop to attain early
maturity. This decline in agroclimatic indices
accumulation was due to prevailing low temperature
Figs. (1-2) during vegetative phases and high temperature
during reproductive phases of development in late-sown
crop. Our results were similar to those of (Khichar and
Niwas, 2007). The cultivar PBW 343 accumulated higher
value of agroclimatic indices than PBW 621 for their
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TABLE 3

Crop phenology, AGDD, APTU and AHTU for crop sown on 5 December in Ludhiana and Bathinda

Phenology (DAS) AGDD (°C day) APTU (°C day hr) APTI (°C/day ) AHTU (°C day hr)
Phenology PBW 343 PBW 621  PBW 343 PBW 621 PBW 343 PBW 621 PBW343 PBW621 PBW343 PBW 621
LDH BTH LDH BTH LDH BTH LDH BTH LDH BTH LDH BTH LDH BTH LDH BTH LDH LDH
Sowing 0 0 0 0 132 152 132 152 1861 1544 1861 1544 - - - 114.8 68.6
Emergence 6 8 6 8 915 973 9.5 973 9343 9872 9343 9872 13.1 103 13.1 103 5403 5403
i‘;f;lg;‘;ce 15 12 15 12 15701 1242 1571 1242 2201.1 1259.5 22011 12595 7.3 67 73 67 10107  453.1
CRI 21 21 21 21 1925 1756 1925 1756 1958.5 1779.6 1958.5 1779.6 59 57 59 57 12396 12396
Tillering 36 31 36 31 2934 2433 2934 2433 4062.1 2467.1 4062.1 2467.1 67 68 67 68 16897  1689.7
Jointing 76 65 76 65 565.1 447.7 5651 4477 75369 46343 75369 46343 68 60 68 60 33281 29445
Flag leaf 92 80 90 77 7423 5740 7112 5478 96346 60394 92718 57454 11.1 84 104 83 45673  3328.1
Booting 95 86 93 83 7761 642.1 7540 6052 83347 6699.5 80753 64089 113 114 143 9.6 48724 46808
Heading 104 93 102 90 8963 733.1 8629 701.1 11466.6 7331.3 110644 7100.1 134 13.0 121 137 59502  4772.5
Anthesis 108 98 106 94 9567 7892 934.1 741.8 121987 7761.5 119239 73959 151 112 17.8 102 62419  5661.4
Milking 113 102 111 100 1039.1 851.7 1003.1 817.0 13209.8 8279.3 12766.5 7986.7 16.5 156 138 125 67165  6076.3
i};ytiir?tl;’gical 127 119 125 116 1350.0 11642 1308.5 1096.6 16864.0 11550.5 162954 10716.7 222 184 218 17.5 9270.6  6637.9
AGDD Accumulated growing degree days, APTU : Accumulated photothermal units, APTI : Accumulated phenothermal index,

AHTU : Accumulated heloithermal units; LDH : Ludhiana, BTH : Bathinda

longer phenological stages. Paul and Sarker (2000) also
reported that the requirement of heat units decreased for
different phenological stages with delay in sowing.

3.2.2. Heliothermal units

The accumulated heloithermal units (HTU) taken
from the date of sowing to maturity are given for different
dates and varieties for Ludhiana station only because
sunshine data was not available for Bathinda station
[Tables (1, 2 and 3)]. Different phenological stages of
both the cultivars required different heliothermal units,
with the lowest HTU requirement for CRI followed by an
increasing trend for other stages till maturity under all
dates of sowing. The highest requirement of HTU was
observed at maturity for both the cultivars.

HTU requirement was maximum in November 15
sowing among the sowing dates and decreased with delay
in sowing followed by November 25 and December 5.
The variety PBW 343 recorded more heat units as
compared to variety PBW 621. The HTU accumulated by
the variety PBW 343 from sowing till maturity at

Ludhiana station remained 9552.71, 9650.94 and 9270.59
and for variety PBW 621 9075.39, 9225.93 and 9039.31
HTU units were recorded for November 15, November 25
and December 5 respectively.

3.2.3. Photothermal units

The accumulated photothermal units (PTU) taken
from the date of sowing to maturity have been given for
different dates and wvarieties [Tables (1-3)]. Different
phenological stages of both the cultivars required different
heat units, with the lowest PTU requirement for CRI
followed by an increasing trend for other stages till
maturity under all dates of sowing. The highest
requirement of PTU was observed at maturity for both the
cultivars. Accumulated PTU were maximum in November
15 sowing among the sowing dates and decreased with
delay in sowing followed by November 25 and December
5. The variety PBW 343 recorded more heat units as
compared to variety PBW 621. The accumulated PTU by
the variety PBW 343 under November 15, November 25
and December 5 sowings were higher, i.e., 16673.49,
15896.75 and 15167.6 in Ludhiana and 13107.3, 11938.9
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Weather conditions during rabi season 2011 at
Ludhiana
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Fig. 1. Temperature, sunshine hours and rainfall conditions at Ludhiana during 2011-12

Weather conditions during rabi season 2011 at Bathinda
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Fig. 2 Temperature and rainfall conditions at Bathinda during 2011-12

and 11550.5 in Bathinda respectively. Whereas, variety
PBW 621 accumulated 16129.16, 15355.17 and 14598.9
photothermal units in Ludhiana and 12699.9, 11294.3
and 10716.7 in Bathinda under three different sowing
dates.

3.2.4. Phenothermal index

Phenothermal index (PTI) from sowing till maturity
was influenced by the combination of growing conditions

and cultivars [Tables (1-3)]. Both the cultivars had
higher PTT up to tillering. Late sown crop showed higher
PTI compared to timely sown crop. Under three sowing
dates (November 15, November 25 and December 5), the
cultivar PBW 343 had the highest PTI (19.3, 20.2 and
22.2 in Ludhiana whereas 14.5, 16.1 and 18.4 in Bathinda)
at grain filling to maturity as compared to cultivar PBW
621 (17.5, 19.4 and 21.8 in Ludhiana whereas 13.5, 15.1
and 17.5 in Bathinda). There was variation in PTI upto
tillering stage in both the cultivars under November 15,
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TABLE 4

Heat use efficiency of wheat crop under different treatments for
Ludhiana and Bathinda in 2011-12

Treatment Heat Use Efficiency (kg/ha/°C day)
Grain Biomass
LDH BTH LDH BTH
Sowing time

November 15 2.28 2.19 8.24 8.15
November 25 2.17 2.16 7.88 7.70
December 5 2.13 1.82 7.30 6.95
CD (p =0.05) NS 0.27 0.52 0.52

Irrigation levels
CRI + Jointing + Milk 2.00 1.80 7.10 6.87
CRI + Tillering + Boot + Milk 2.17 1.96 7.52 7.50

CRI + Tillering + Jointing + 230 293 363 .07

Boot + Milk

According to weather forecast 2.28 222 7.97 7.97

CD (p=0.05) 0.16 0.31 0.60 0.61
Varieties

PBW 343 2.13 2.00 7.23 7.23

PBW 621 2.26 2.11 8.38 7.98

CD (p=0.05) 0.77 0.11 0.29 0.32

November 25 and December 5. But thereafter, late-sown
crop showed PTI compared to timely-sown crop. There
was less variation in PTI between the two cultivars. The
duration of different phenophases of vegetative growth
was lower in late sown crop as compared to timely sown
crop and then growth duration increased with plant age.

3.3. Heat use efficiency

The heat use efficiency of the wheat under different
treatments for both the years has been given in Table 4.
The crop sown on November 15 has shown higher heat
use efficiency (HUE). HUE decreased with the delay in
sowing. The effect of sowing dates on heat use efficiency
was not significant at Ludhiana. However, heat use
efficiency at Bathinda was significantly different among
dates of sowing. In Bathinda, highest heat use efficiency
was obtained in November 15 sowing, which was
statistically at par with November 25 but significantly
higher than December 5. Pragyan Kumari et al. (2009)
also reported that timely sown wheat crop exhibited
maximum heat use efficiency. Similar results were
reported by Paul & Sarker (2000) and Haque (2000). The
normal growing plants produced higher grain yield by

using accumulated heat units efficiently. As the
temperature was favourable throughout normal growing
condition, it has utilized more heat efficiently and
increased physiological activities that results in higher
grain yield. Under the irrigation treatments, the irrigation
treatment with five levels of irrigation exhibited maximum
heat use efficiency as compared to the other irrigation
treatments with three irrigation, four irrigations and
irrigation according to weather forecast and it was at par
with the second and fourth irrigation treatment in both
Ludhiana and Bathinda for both grain and biomass.
Among the varieties, PBW 621 exhibited significantly
higher heat use efficiency as compared to PBW 343 for
grain and biomass under Ludhiana and Bathinda. Similar
results were reported by Paul and Sarker (2000).

4. Conclusion

The variety PBW 343 had longer phenophases, more
GDD, PTU and HTU requirement for different phenol
phases than PBW 621 irrespective of sowing time.
Whereas, PBW 621 had high HUE and produced higher
yield at both the locations. There was decline in yield of
both the cultivars when sown under late sown conditions.
The timely sown wheat crop performed better in terms of
accumulation and utilization of heat units at central zone
as compared to south-western zone of the state as
indicated by the meteorological condition attained during
the crop season at both the location Figs. (1&2).
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