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Lkkj & dqYyw ?kkVh esa flvksckx ds ckxokuh vuqla/kku dsUnz dh vuqla/kku QkeZ dh iFkjhyh cyqvkbZ 

feV~Vh esa mxkbZ tkus okyh lsc dh nl iztkfr;ksa ij rhu ekSleksa esa ¼2008&2010½ LFkyh; iz;ksx fd, x,A 
Qly ds igys ekSle esa lHkh iztkfr;ksa ds Qy 157 ls 188 fnuksa esa id x, tcfd nwljs vkSj rhljs ekSle esa 
Øe’k% 159 ls 179 fnuksa esa vkSj 156 ls 187 fnuksa esa Qy idsA o`{kksa esa Qwy yxus ls Qy cuus rd dk 
vkSlr th- Mh- Mh- 382 ls 419 fMxzh  Mh- dk gksrk gS vkSj Qyksa ds idus rd 2310 ls 2957 fMxzh Mh- dk 
le; yxrk gSA lHkh iztkfr;ksa esa fHkUu&fHkUu ekSleksa esa ikS/kksa ds fodkl gksus esa eksyhl iztkfr esa lcls de 
th- Mh- Mh- vkSj LVkjØhelu iztkfr;ksa esa vf/kdre th- Mh- Mh- yxrk gSA ijUrq dkWef’kZ;y ,oa VkbMeSu 
iztkfr ds Qy rS;kj gksus esa Øe’k% U;wure vkSj vf/kdre th- Mh- Mh- yxrs gSaA lHkh iztkfr;ksa esa vkSj ekSleksa 
esa izdk’kh; Å"ek lwpdkad ¼ih- Vh- vkbZ-½ 7-2 ls 16-8 rFkk 13-2 ls 18-4 fMxzh Mh-@fnu Øe’k% iqf"ir gksus 
vkSj Qy yxus dh voLFkk esa gksrk gSA 

 
ABSTRACT. Field experiments were conducted on gravel sandy soil of research farm of Horticultural Research 

Station, Seobag in Kullu valley with ten varieties of apple for three seasons (2008-2010). In the first crop season all the 
varieties matured within 157-188 days, while in the second and third seasons the crop matured with 159-179 and 156-187 
days, respectively. The mean GDD accumulation from bud burst to fruit set was from 382 to 419° D and to maturity 2310 
to 2957° D. The varieties, Mollice and Starkrimson consumed the lowest and highest GDD for attaining physiological 
maturity in different seasons among all varieties. But Commercial and Tydeman consumed the lowest and highest GDD 
for fruit setting. The photo thermal index (PTI) in all the varieties and seasons varied from 7.2 to 16.8 and 13.2 to 18.4° 
D/day at flowering and reproductive stages respectively.  
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1.    Introduction    
  

In Himachal Himalayas the era of prosperity was 
initiated through the cultivation of apple following 
stepwise replacement of the traditional coarse grain based 
farming system. Apple is temperate deciduous thermal 
sensitive long day plant. The crop remains in dormancy 
from October to March and bud beak takes place from last 
week of March to first week of April after completing the 
chilling requirements. Though its growth and development 
are influenced by many weather parameters, the 
temperature is identified as one of the most important 
factors which affect its growth development. The rate of 
growth and development of a crop is a function of the 
energy receipt and thermal regime in any given crop 
growth season. Wang (1960) reported that the duration of 
a particular stage of growth was directly related to 
temperature and this duration for particular species could 
be predicted using the sum of daily air temperature. 
Thermal time effect has been described as the independent 
variable to delineate plant growth and development 
(Dwyer and Stewart, 1986). Temperature based indices 
like growing degree days (GDD), Photothermal units 

(HTU) and Photothermal index (PTI), Heat use efficiency 
(HUE) can successfully be used for describing 
phonological behaviour and other growth parameters like 
leaf area development, biomass production, yield etc. in 
relative terms (Swan et al., 1989; Neog and Chakravarty, 
2005; Singh et al., 2007). These indices are based on the 
concept that real time to attain the phonological stages is 
linearly related to temperature in the range between base 
temperature and the optimum temperature (Monteith, 
1981). This concept widely used for growth, phonological 
development and yield of different crops (Rajput et al., 
1987; Shanker et al., 1996). 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.  
 
2. Materials and methods 
 

Field experiments were conducted in three seasons 
(2008-2010) on gravel sandy soil of research farm               
of  Horticultural  Research   Station   of   Dr. Y. S. Parmar   
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Fig. 1. Average weather during the crop growing period 

 

 
 
 
 
University of Horticulture and Forestry at Seobag (32° N, 
77° E and 1350 m amsl) in the Kullu valley of Himachal 
Pradesh to assess the thermal unit requirements for fruit 
set and maturity of apple. Pomologists have identified 
about 21 different phenophases in apple from dormancy to 
physiological maturity. Two important phenophases (fruit 
set and maturity) were visually observed by visiting the 
plant of ten apple cultivars (Starking Delicious, Vance 
Delicious, Top Red Delicious, Oregon Spur, Red Chief, 
Red Spur, Starkrimson, Tydeman’ Early Worcester, 
Commercial and Mollice) at one day interval.   
 

Daily weather data was collected from Agromet 
Observatory situated in the same farm. The average 
maximum, minimum temperatures, relative humidity 
sunshine hours and total rainfall were 28.6° C, 13.5° C, 
54.6 %, 6.3 hours and 536.9 mm, respectively during the 
crop growing period from March to August (Fig. 1). 
Growing degree days accumulated for attaining different 
phonological events were calculated with base 
temperature as 4° C. Phenothermal index (PTI) expressed 
as degree days per growth day for flowering stage (from 
bud burst to fruit set) and reproductive growth (fruit set to 
physiological maturity) stages of the crop were calculated 
as per following formula (Sastry and Chakravarty, 1982).  
 

PTI   = (GDD)/No. of days taken between two 
phenophases 

 
Heat use efficiency (HUE) defined as the biomass 

accumulation during the given period per day was 
computed (kg ha-1 per degree) for fruit yield to compare 
the relative performance of different cultivars with respect 
to utilization of heat as:  
 

HUE =  Fruit yield (kg ha-1)/accumulated heat units. 

3. Results and discussion 
 

3.1. Crop phenology 
 

Numbers of days taken to attain any phenological 
events varied in all the varieties and among the seasons 
(Table 1). On an average the crop took 35.6                  
(CV = 3.65 %) and 177.7 (CV = 5.9 %) days to attain fruit 
set and physiological maturity in all varieties and seasons. 
For attaining the fruit set stage the variation was lowest in 
case of Commercial (CV = 4.68%) followed by Mollice 
(CV = 6.93 %) whereas it was highest in case of Red 
Chief (CV = 14.71 %) followed by Tydeman and 
Starkrimson with CV value of 13.48 and 13.37 per cent, 
respectively. This variation was at par among all the 
varieties for attaining the physiological maturity. In three 
seasons Red Chief took minimum days for fruit set and 
Mollice to mature as compared to other varieties in 
different seasons. It was observed that the cultivars 
Tydeman, Commercial and Mollice took 4-8 days more as 
compared to the other for fruit setting, but they mature 15-
30 days earlier than the remaining cultivars. These three 
are the pollinizer cultivars so we can say that the 
pollinizer required more number of days for attaining the 
fruit set stage and less for the physiological maturity as 
compared to standard and spur type of cultivars. The year 
2008 was a normal years, 2009 was a poor year and the 
2010 was bumper year for apple production. During the 
2010 there was good rainfall with good distribution as 
compared to the other two seasons. 
 
 

3.2. Growing degree days (GDD) 
 

The GDD or thermal time concept assumes that the 
amount  of  heat  would be more or less same for a crop to  
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TABLE 1 
 

Days to attain fruit set and physiological maturity in apple cultivars during different years 
 

Fruit set (days) Maturity (days) Cultivars 

2008 2009 2010 Mean 2008 2009 2010 Mean 

Commercial 38 38 35 37.0 188 178 187 185.7 

Starkrimson 37 39 30 35.3 188 179 182 183.0 

Vance 38 39 31 36.0 188 179 181 182.7 

Oregon Spur 35 38 31 34.7 186 178 183 182.3 

Red Spur 36 37 31 34.7 187 177 183 182.3 

Top Red 36 37 31 34.7 186 177 183 182.0 

Red Chief 34 39 29 34.0 185 179 181 181.7 

Starking Delicious 35 38 31 34.7 185 178 182 181.7 

Tydeman 38 42 32 37.3 159 162 154 158.3 

Mollice 36 39 34 36.3 157 159 156 157.3 

 
 
 

TABLE 2 
 

Heat unit accumulation at fruit set and physiological maturity of apple cultivars during different years 
 

Fruit set Maturity Cultivars 

2008 2009 2010 Mean 2008 2009 2010 Mean 

Starking Delicious 396 393 359 383 3152 2863 2832 2949 

Vance 404 403 359 389 3160 2873 2832 2955 

Top Red 396 403 359 386 3152 2873 2832 2952 

Oregon Spur 395 403 359 385 3160 2873 2832 2955 

Red Chief 395 403 359 385 3160 2873 2832 2955 

Red Spur 395 403 359 385 3160 2873 2832 2955 

Starkrimson 401 403 359 388 3167 2873 2832 2957 

Tydeman 439 453 366 419 2518 2384 2377 2426 

Commercial 427 391 341 386 2459 2323 2352 2378 

Mollice 407 403 359 390 2429 2227 2274 2310 

 

 
 
 
reach a particular phenological stage or maturity. The 
accumulated GDD to reach fruit set stage and 
physiological maturity varied in all the varieties and in 
three seasons Table 2). This variation was observed 
highest in Commercial and Tydeman (CV = 11.23 & 
11.16 %), lowest in Starking Delicious (CV = 5.46 %) 
remaining varieties having this variation at par (CV = 6.12 
to 6.93 %) for fruit set. The variation in GDD for attaining 
maturity was lowest in Commercial and Tydeman with 
coefficient of variation ranging from 3.0 to 3.3 per cent 

followed by Mollice and Top Red (CV = 4.6 to 5.9 %). 
Reaming cultivars required almost same numbers of GDD 
(CV = 6.0 to 6.2 per cent). The total GDD requirement for 
attaining fruit set and maturity ranged from 340.6 to 
452.7° D (with mean 389.5° D and CV = 2.72 %) and 
2226.8 to 3167.1° D (with mean 2779.2o D and              
CV = 10.2 %), respectively among all varieties and 
seasons. On an average the crop took total 406, 406 and 
357 GDD for fruit set and 2952, 2703 and 2682 GDD for 
maturity during 2008, 2009 and 2010 respectively.  
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TABLE 3 
 

Photo thermal index at flowering and reproductive stage of apple cultivars during different seasons (2008-2010) 
 

Fruit set Maturity Cultivars 

2008 2009 2010 Mean 2008 2009 2010 Mean 

Starking Delicious 11.3 11.3 14.0 12.2 18.4 17.6 16.4 17.5 

Vance 11.1 11.3 12.0 11.5 18.4 17.6 16.5 17.5 

Top Red 11.3 11.3 14.0 12.2 18.4 17.6 16.3 17.4 

Oregon Spur 11.7 11.3 16.8 13.3 18.3 17.6 16.3 17.4 

Red Chief 11.7 11.3 16.8 13.3 18.3 17.6 16.3 17.4 

Red Spur 11.7 11.3 16.8 13.3 18.3 17.6 16.3 17.4 

Starkrimson 11.7 11.3 16.8 13.3 18.3 17.6 16.3 17.4 

Tydeman 10.4 12.7 13.3 12.1 17.2 16.1 16.5 16.6 

Commercial 11.6 10.4 7.2 9.8 13.5 13.8 13.2 13.5 

Mollice 10.8 11.3 9.4 10.5 16.7 15.2 15.7 15.9 

 
 
 

TABLE 4 
 

Fruit yield and Heat use efficiency of apple cultivars during different seasons 
 

Yield (t/ha) HUE (yield/degree) Cultivars 

2008 2009 2010 Mean 2008 2009 2010 Mean 

Oregon Spur 22.3 14.3 26.1 20.9 8.67 4.98 9.21 7.62 

Red Chief 16.7 8.1 20.6 15.1 6.47 2.81 7.27 5.52 

Starkrimson 18.5 11.8 14.3 14.9 5.84 4.11 5.06 5.00 

Red Spur 14.6 4.0 21.5 13.4 6.90 1.39 7.59 5.29 

Starking Delicious 13.7 8.7 12.9 11.8 4.34 3.03 4.56 3.98 

Vance 12.7 6.8 13.9 11.1 4.09 2.37 4.94 3.80 

Tydeman 6.6 6.2 8.6 7.1 2.61 2.60 3.63 2.95 

Commercial 5.2 7.2 7.5 6.6 2.12 3.09 3.19 2.80 

Mollice 6.3 5.2 7.8 6.4 2.59 2.32 3.46 2.79 

Top Red 5.9 4.3 6.8 5.7 1.87 1.51 2.39 1.92 

 

 
 

 
 
3.3. Phenothermal index (PTI) 

 
The Phenothermal index gives an idea about the rate 

of development of the various phenological events with 
reference to heat units, which will eventually help in 
evaluating relative performance of different varieties. In 
three crop seasons, the PTI varied from 7.2 to 16.8° D/day 
during fruit set stage, while in the reproductive growth 
stage (fruit development stage) it ranged from 13.2 to 

18.4° D/day in all varieties (Table 3). Like days and GDD 
the PTI during fruit set stage in all the varieties was more 
variable (CV = 16.9 %) than at reproductive growth stage 
(CV = 5.2 %). During flowering period of all varieties, the 
PTI was maximum in 2010 (except in Commercial and 
Mollice which required longer period for attaining the 
fruit set stage) which may be due to that the day and night 
temperature was higher in 2010 at this stage as compared 
to in 2009 and 2008 respectively. On an average the apple 
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crop have 12.1 o D/day (CV = 10.3 %) and 16.8 (CV = 
7.61 %) PTI to attain fruit set and physiological maturity 
in all varieties and seasons. The PTI was lowest and 
highest for Commercial and Starkrimson, respectively 
among all the varieties and seasons for fruit setting stage. 
For development stage it was lowest for Commercial and 
highest for Vance Delicious genotypes among all the 
varieties and seasons.    
 

3.4. Fruit yield 
 

Fruit yield of all the cultivars of apple in different 
seasons is given in Table 4. The highest yield (26.1 t/ha) 
was observed in Oregon Spur in 2010 followed by the 
same variety in 2008. On an average the highest yield was 
recorded in 2010 followed by 2008 and lowest in 2009 
indicating that during 2010 the weather conditions were 
more conducive for growth and development of the crop 
as compared to 2008 and 2009, respectively. The yield 
was most variable in Red Spur and red Chief (CV = 65.9 
& 42.3 %) and lowest in Tydeman, Commercial and 
Mollice which indicate that the yield is more persisted in 
pollinizer varieties as compared to other standard and spur 
types of  cultivars.  
 

3.5. Heat use efficiency (HUE) 
 

Among different varieties and seasons the heat use 
efficiency varied from 1.87 to 8.67 kg/ha/degree during 
2008, from 1.39 to 4.98 kg/ha/degree during 2009 while 
during 2010 it varied from 2.39 to 9.21 kg/ha/degree with 
coefficient of variation of 28.8 % as a whole. The values 
of heat use efficiency were slightly higher in third crop 
season in most of the cases (40 to 80%) as compared to 
second season and first season, respectively which 
indicate that the thermal environment was favourable in 
second and first season. This index can be used to asses 
seed yield in relative terms. It may be inferred that 
growing degree days, Phenothermal index and heat use 
efficiency indices may be used to assess the crop 
performance in assessing suitability of the variety to a 
particular locality depending on the thermal environment.  
 

3.6. Predictive model 
 

Regression model was developed for fruit yield 
prediction. A linear regression model taking into account 
the phasic development data pooled over different 
varieties in three cropping seasons on the basis of thermal 
unit requirement was developed as under. 
 

Y = 0.059 AGDD - 13.57  (R2 = 0.98) 
 

Where, Y is the number of days predicted AGDD the 
accumulated growing degree days for the particular 

phenophases. This model indicated that accumulated 
thermal units account for nearly 98 per cent variation of 
the occurrence/onset of different phenophases in apple. 
Similar work on developing agroclimatic models for 
mustard (Hundal et al., 2003) and for wheat (Hundal et 
al., 1997) have been reported under Punjab conditions.  
 
 
4. Conclusion 
 

During the first crop season all the varieties matured 
within 157-188 days, while in the second and third season 
the crop matured with 159-179 and 156-187 days, 
respectively. Thus the crop took 9 days less during the 
second season (2009). The mean GDD accumulation from 
bud burst to fruit set ranged from 382 to 419 o D and to 
maturity 2310 to 2957° D. The varieties, Mollice and 
Starkrimson consumed the lowest and highest GDD for 
attaining physiological maturity in different seasons. But 
Commercial and Tydeman consumed the lowest and 
highest GDD for fruit setting. The photo thermal index 
(PTI) in all the varieties and seasons varied from 7.2 to 
16.8 and 13.2 to 18.4° D/day in flowering and 
reproductive stage, respectively. This model indicated that 
accumulated thermal units account for nearly 98 per cent 
variation of the occurrence/onset of different phenophases 
in apple. 
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