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aBSTRaCT

A field experiment was conducted at Horticultural Research Station, Seobag (Kullu) from 2004 to 2010. The phenology of ten apple 
cultivars was observed on every second day on three plants of each cultivar with three replications from bud-bust, green-tip, pink-bud, full-bloom 
to physiological maturity. GDD, HTU, PTU, HYTU and heat use efficiency was computed from the meteorological data recorded from observatory 
and averaged of for ten years. Tydeman, commercial and Mollice has taken lower GDD for the physiological maturity but higher for attaining 
petal-fall. On an average apple required 330 GDD from bud bust to petal fall with 4oC as base temperature. Cultivars completing the rest period 
earlier used more thermal units and giving good fruit yields as compare to those breaking their dormancy later. Thermal units explain more than 
75-99 % variation in fruit yield. Higher thermal use efficiency was observed for Starking Delicious and Vance Delicious followed by Top Red and 
Tydeman which may be encouraged among the growers.
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The economy of the people of Himachal Pradesh 
largely depends on apple cultivation and the size of its market 
in the state which is estimated to be more than Rs. 2200 
crore. Prevailing weather conditions during the whole crop 
growing season have direct bearing upon the phenological 
events of the crop which ultimately affect the crop yield. The 
duration of each growth phase is a result of crop response 
to external environmental factors. Temperature is one of the 
important elements of the climate which determines directly 
the potential productivity level particularly for winter crops 
and temperate fruits.  Temperature based agrometeorological 
indices like GDD, HTU, PTU and HYTU are based on the 
concept that real time to attain the phenological stages is 
linearly related to temperature in the range between base 
temperature and the optimum temperature (Monteith, 1981). 
This concept has been widely used for growth, phenological 
development and yield of different crops (Rajput et al., 1987; 
Shanker et al., 1996; Swan et al., 1989). Such works have 
been done elsewhere (Rao et al., 1999) it has not hitherto 
been reported from Himachal Pradesh for apple. Hence, the 
present investigation was carried out to assess the relationship 
between thermal time, phenophases and fruit yield. 

MaTERiaLS anD METhoDS

Field experiment was conducted during 2004-2010 
in the research farm of the Dr. YS Parmar University of 
Horticulture & Forestry located at HRS, Kullu (32oN, 77oE 
and 1350 m amsl) to assess the thermal time requirements for 
different phenophases of ten apple genotypes planted in 1991. 
Pomologists have given names to the various developmental 
stages of the apple however, we observed only five important 

phenophases vz. green tip, pink bud, full bloom petal fall 
and maturity which were recorded by visiting the field at 
two days interval. Daily weather data was collected from 
Agromet Observatory situated in the same farm. Different 
agrometeorological indices and thermal use efficiencies 
were calculated on daily basis and accumulated from bud 
burst to maturity. 

Growing degree days (GDD) =  (Tmax +Tmin)/2-4oC 
Photothermal unit (PTU) = GDD * Day Length
Heliothermal unit( HTU) = GDD * Sunshine Hours         
Hydrothermal unit (HYTU) = GDD * RH

The energy use efficiencies were computed ((kg ha-1 
per degree) to compare the relative performance of different 
cultivars with respect to utilization of heat using the following 
formulae: 

Heat use efficiency (HUE) = Fruit yield (kg ha-1)/GDD o C 
day.
Photothermal use efficiency (PTUE) = Fruit yield (kg ha-1) 
/PTU o C hour.
Heliothermal use efficiency (HTUE) = Fruit yield (kgha-

1)/HTU o C hour.
Hydrothermal use efficiency (HYTUE) = Fruit yield           
                (kg ha-1)/HYTU oC day % 

Phenothermal index (PTI) for each phenophases was 
calculated as per following formula (Sastry and Chakravarty, 
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Table 1: Accumulated thermal units to attain various phenophases in apple cultivars
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Table 2: Photothermal index (PTI) during various growth stages

Table 3: Thermal use efficiencies

1982).

PTI = (GDD)/No. of days taken between two 
phenophases. Predictive regression relation model was also 
worked out between thermal indices and yield of different 
cultivars. 

RESULTS anD DiSCUSSion

Thermal indices 

Days taken to complete growth stages from dormant 
to green-tip, from green-tip to pink-bud and from pink-bud 
to full-bloom decreased in all the cultivars except Tydeman, 
Commercial and Mollice. The accumulated GDD to reach 
various growth stages did not show appreciable variation 
among the cultivars (Table 1). Similar trend was observed 
for photothermal units (PTU), heliothermal units (HTU) 
and hydrothermal unit (HYTU). The GDD were least and 
HTU were most variable among the ten cultivars during the 
green-tip. To attain maturity Mollice required less numbers of 
thermal units followed by Commercial and Tydeman (Table 
1). For the first three stages i.e. green-tip, pink-bud and full-

bloom Tydeman required higher numbers of all thermal units 
but, Commercial required least numbers of thermal units for 
all the phenophases. On an average apple required 95 GDD, 
1106 PTU, 395 HTU and 4432 HYTU to attain green-tip after 
bud break; 195 GDD, 2315 PTU, 1261 HTU and 9145 HYTU 
from green tip to pink bud; 273 GDD, 3277 PTU, 1815 HTU 
and 13016 HYTU from pink bud to full bloom; 382 GDD, 
4641 PTU, 2430 HTU and 18269 HYTU from full bloom to 
petal fall and 2693 GDD, 36588 PTU, 14548 HTU & 146341 
HYTU from petal fall to attain the maturity. 

Phenothermal index (PTI)

Phenothermal index increased till maturity in all the 
cultivars (Table 2). The highest PTI was observed in Top 
Red for green-tip, in Tydeman for pink-bud, in Vance for 
full-bloom, again in Tydeman for petal-fall and in first three 
cultivars (Starking Delicious, Vance Delicious and Top Red) 
for maturity. The coefficient of variation among the ten 
genotypes was highest for maturity and lowest for pink-bud. 
On an average the PTI was 9, 11, 12, 13, and 16 for the five 
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observed phenophases for apple. 

Thermal use efficiencies

The efficiency of thermal energy, photothermal energy 
and hydrothermal energy conversion for yield and dry matter 
depend upon genetic factors of crop and the time of breaking 
of bud after the completion of the rest period. Thermal 
use efficiencies were highest for the cultivars which have 
taken higher thermal units. Starking and Vance Delicious 
having highest (>6) efficiency followed by Top Red and 
Tydeman (>5) and rest cultivars also having good thermal 
use efficiencies of more than four (Table 4). Heliothermal use 
efficiency was observed highest for Tydeman and lowest for 
Mollice followed by Commercial.

Predictive model 

Regression model was developed for fruit yield 
prediction taking average yield of all the ten varieties for 
three years and thermal units consumed by them during 
this period. Strong and linear regression relationship was 
observed between fruit yield (FY) and thermal units (TU). 
This prediction model holds good for all the four (GDD, PTU, 
HTU and HYTU) thermal units. 

FY = -1.01 TU + 19.2  (R2 = 0.88)

Starking Delicious and Vance Delicious having higher 
photothermal use efficiency (>6) as compared with others. 
They have been analyzed separately and prediction models 
developed for them showing more better relation in case of 
Vance Delicious (R2 = 0.99) than  Starking Delicious (R2 = 
0.75) and the pooled model for all the varieties.

For Vance Delicious     FY = -0.0047 TU + 31.99    (R2 = 
0.99)

For Starking Delicious   FY = -0.0052 TU + 35.1    (R2 = 
0.75)

The study shows that thermal units explained the 88 

% variation in fruit yield of apple genotypes under varied 
thermal regimes. 

ConCLUSionS

Apple required 95 GDD to attain the first important 
phenophases (green-tip) after bud break keeping 4o C as base 
temperature. Cultivars completing the rest period earlier used 
more thermal units and giving good fruit yields as compare to 
those breaking their dormancy later. Thermal units explained 
more than 75-99 % variation in fruit yield. Starking Delicious 
and Vance Delicious cultivars were showing better utilization 
of thermal units so they may be popularized among the 
orchardists for better and stable apple production.
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