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ABSTRACT

Present study was carried out during rabi 2015-16 and 2016-17 at SKUAST-Jammu to evaluate the performance of 
different varieties of wheat (Triticum aestivum L.) under thermal regimes and N-levels in terms of agrometerological 
indices like accumulated growing degree days (AGDD), heliothermal units (AHTU), photothermal units (APTU), 
heat use efficiencies (HUE) of grain and biological yields. The treatments comprised of three wheat varieties (HD 
2967, RSP 561 and WH 1105) planted in three sowing environments 25th October (early), 14th November and 4th 
December with three levels of nitrogen (100, 125 and 150 kg/ha) in split split plot design. Among the varieties, WH 
1105 recorded significantly higher AGDD, AHTU, APTU and HUE than HD 2967 and RSP 561. Early sowing (25th 
October) of wheat also recorded higher AGDD, HTU, PTU and HUE values and grain and biological yield HUE than 
normal (14th November) and late sowing (4th December) environments. Delayed planting resulted in the reduction 
of accumulation of thermal indices along with HUE. Fifty kg higher nitrogen (150 kg/ha) than recommended dose 
(100 kg/ha) exhibited higher agrometerological indices values along with higher HUEs. The relationship between 
grain and biological yield with AGDD and HUE was highly significant during both the years under experimentation. 
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Wheat (Triticum aestivum L.) is the second most 
important cereal crop in the world after rice and globally 
cultivated on an area of 224.72 mha with production and 
productivity of 734.62 MT and 3.27 t/ha, respectively 
(Anonymous 2016). In India, it is cultivated in about 30.60 
mha with the production of 98.38 MT and productivity of 
3.22 t/ha (Anonymous 2017). However, in J&K UT, it is 
0.32 mha with production and productivity of 0.50 MT and 
1.5 t/ha, respectively (Anonymous 2016a). Adequate growth 
and augmentation of crop could be obtained by adjusting the 
sowing environments which leads to better yield; as perfect 
sowing environment exploits the full genetic potential of a 
particular variety by providing optimum growth conditions 
such as temperature, light, humidity and rainfall. The 
research concerning the relationship between weather 
parameters and wheat yields is growing rapidly; exploit 
the role of temperature to determine yields (Tacka et al. 
2015). Phenological development from sowing to maturity 
is related to accumulation of heat or temperature units above 
threshold or base temperature. Growing a suitable variety 

at an appropriate time is essential for ensuring optimum 
productivity. The optimum sowing time and selection of 
improved varieties play a remarkable role in exploiting the 
yield potential of the crop under particular agro climatic 
condition. The accumulated temperature is considered 
as the principal factor affecting year-to-year variation in 
phenology. In general, increasing temperatures accelerate 
phenological development by reducing growth period. GDD 
also changes with growing stage and permits to estimate the 
exact time of occurring growth stage at particular location 
and ultimately effect the grain yield (Sourour et al. 2016).

Delay in sowing shortened the development phases 
of wheat which adversely affected the grain development 
and thus the grain yield (Suleiman et al. 2014). Hence, 
it becomes imperative to have knowledge of the exact 
duration of phenological stages in a particular crop-growing 
environment. Therefore, an experiment was conducted to 
determine the phenology and heat unit requirement of wheat 
varieties under different temperature regimes, nitrogen levels 
and post anthesis strategy.

MATERIALS AND METHODS
A field experiment was conducted during rabi 2015-16 

and 2016-17 at research farm of Agromet Research Centre, 
SKUAST-Jammu (Latitude 32039/ N, longitude 74058/ E 
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and altitude 332 m amsl). Three wheat varieties HD 2967, 
RSP 561 and WH 1105 were sown under three sowing 
environments 25th October (early), 14 November (normal) 
and 4th December (late) with three nitrogen levels (100, 125 
and 150 kg/ha) and replicated thrice. The experiment was 
conducted in split split plot design. Half of the nitrogen along 
with full dose of phosphorus and potassium was applied 
at the time of sowing as basal dose. The remaining half 
of nitrogen was top dressed in two equal splits, i.e at CRI 
stage and before booting of wheat crop. The recommended 
dose of P and K was 50:25 kg/ha for wheat crop (as per 
package and practices of SKUAST-J) and the sources for 
nitrogen, phosphorus and potassium were urea, diammonium 
phosphate and muriate of potash, respectively. The agro-
meteorological indices like accumulated heat units (HU) 
was calculated by the formula given by Nuttonson (1955). 
Whereas, Helio thermal units (HTU) and Photothermal units 
(PTU) were calculated with the formula given by Rajput 
1980. The treatment-wise data recorded for different crop 
parameters were subjected to statistical analysis according to 
split split design as per the procedure outlined by Cochran 
and Cox (1963).

RESULTS AND DISCUSSION
Growing degree days: Relationship between duration 

of different growth stages and temperature could be well 
explained through GDD or heat units. The requirement of 
GDD in different phenophases varied with dates of sowing. 
The accumulated growing degree days (AGDD) taken from 
CRI to anthesis and CRI to maturity of wheat varieties for 
different temperature regimes (sowing environments) and 
nitrogen levels are given in Table 1. Among the varieties, 
WH 1105 accumulated maximum GDD values 1010.60 
and 1663.22 followed by 994.63 and 1613.17, 990.87 and 
1590.07°C in HD 2967 and RSP 561 varieties for attaining 
anthesis and physiological maturity, respectively. In different 
sowing environments, AGDD for attaining anthesis and 
physiological maturity for early sown (25th October) wheat 
crop was 1085.05 and 1733.18°C followed by normal (14th 
November) and late (4th December) sown wheat crop. 
Maximum GDD was accumulated by early sown wheat at 
anthesis and physiological maturity in comparison to the 
normal and late sowings. This clearly describes the effect 
of temperature on phenological stage. As wheat crop grown 
under various thermal regimes needed specific amount of 
GDD to enter from one phenophase to another. Early sowing 
resulted in absorbing sufficient GDD in relatively more 
time. While late sown crop experienced higher temperature 
during later stage in less time. Also the late sown wheat 
crop faces comparatively higher maximum, minimum and 
mean air temperature at the later stages of growth especially 
reproductive stages. Pandey et al. (2010), Kaur et al. (2016) 
and Gupta et al. (2017) also reported that the requirement 
of heat units decreased for different phenological stages 
with delay in sowing.

The wheat crop supplied with higher doses of nitrogen 
accumulated more growing degree days for accomplishing 
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kg N/ha was 10914.41 and 18126.53°C day hrs for anthesis 
and maturity stages, respectively; however the APTU was 
more in 125 and 150 kg N/ha. Similar findings were also 
reported by Kaur et al. (2016) and Gupta et al. (2017). The 
higher APTU value in early sown crop may be due to fact 
that crop took longer duration to reach phenological stages.

Heat use efficiency: Variety WH 1105 registered highest 
value of heat use efficiency in comparison to HD 2967 
and RSP 561. Among the sowing environments, heat use 
efficiency (HUE) of grain and biological yield was found 
to be higher for earlier sown crop and it decreased with 
delay in sowing (Table 2). Subsequent delay in sowing 

the phenophases like anthesis and maturity. The wheat 
crop took more number of days to complete one stage to 
another in 150 kg N/ha treatment because by applying more 
fertilizers, vegetative phase of crop got enhanced. Kaur et 
al. (2016) also found the similar results.

Heliothermal units (HTU): The accumulated 
heliothermal units required to attain anthesis and 
physiological stages differed greatly among wheat varieties 
under different sowing environments and nitrogen levels 
(Table 1). Variety WH 1105 accumulated maximum HTU 
(5140.89 and 8817.42°C day hrs) to attain anthesis and 
physiological maturity, respectively than HD 2967 and 
RDP 561 varieties. Among sowing environments, wheat 
crop sown on 25th October accumulated highest HTU 
(5332.60 and 9151.39°C day hours) as compared to 14th 
November (5177.39 and 8582.59°C day hrs) and 4th 
December (4667.69 and 8196.93°C day hrs) for anthesis and 
maturity, respectively. This might be due to more duration 
of sunshine hrs on 25th October than 14th November and 
4th December sown crop. Among nitrogen levels, highest 
HTU (5129.09 and 8805.49°C day hour) were acquired 
in 150 kg N/ha followed by 125 and 100 kg N/ha during 
both seasons of study. The higher values of HTU may be 
due to longer duration of wheat crop in 150 kg N/ha level 
as compared to lower levels. The findings confirmed the 
results of Kaur et al. (2016).

Photo thermal units: Variety WH 1105 required highest 
PTU to accomplish anthesis and maturity in comparison to 
other varieties (Table 1). However, early sown crop (25th 
October) required PTU 11142.34 and 18719.34 °C day hrs, 
for anthesis and maturity stages, respectively. However, later 
sowing environments needed lower APTU to accomplish 
the same phenological stages. APTU requirement for 100 
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Fig 1	 Relationship between grain yield and AGDD.

Table 2	 Heat use efficiency (kg/ha/°C day) of wheat varieties 
under different thermal regimes and N levels

Treatment Heat use efficiency (kg/ha/°C day)
Grain Biomass

2015-16 2016-17 2015-16 2016-17
Varieties

V1: HD 2967 2.57 2.61 6.62 5.94
V2: RSP 561 2.50 2.57 6.76 5.97
V3: WH 1105 2.74 2.59 6.88 6.10

Sowing Environments
D1: 25th October 2.71 2.69 7.15 6.26
D2: 14th November 2.67 2.82 7.01 6.23
D3: 4th December 2.43 2.27 6.10 5.52

Nitrogen levels
N1: 100 kg/ha 2.50 2.53 6.61 5.82
N2: 125 kg/ha 2.62 2.59 6.76 6.04
N3: 150 kg/ha 2.69 2.65 6.90 6.16

Y = 0.0419X - 25.823
R  = 0.812
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that wheat variety WH 1105 accumulated more GDD, AHTU 
and APTU sown on 25th October (early) in plains of Jammu 
region of J&K UT which was higher over timely and late 
sowings (14th November and 4th December). 25 kg more 
nitrogen than recommended dose could also be applied for 
higher accumulation of AGDD, AHTU, APTU and heat 
use efficiency. Because of very close relation between 
temperature and plant development, it is very important to 
derive exact information on the duration of anthesis and 
physiological maturity of wheat varieties under varying 
sowing environments and N levels.
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