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ABSTRACT 
Background The citrus cultivars have different temperature requirements for 
their proper growth and development at various phenological stages. The 
total accumulation of heat counts during the growing season has a direct 
influence on the growth and development of the plants.  
Methodology In this study, twelve commercially important citrus cultivars 
were studied regarding their heat units requirement under agro-ecological 
conditions of district Sahiwal, in Punjab province of Pakistan (30º67 N, 
73º10 E; at an altitude of 150 m). The time of flowering, time of petal fall 
and fruit maturity were recorded consecutively for two years (2007-2008). 
The days required for petal fall, maturity, and the required heat units from 
flowering to petal fall, petal fall to fruit maturity and total heat units were 
calculated.  
Results The results showed that mandarin cultivars (Clementine and 
Kinnow) require less heat units compared to grapefruits (Shamber, Flame, 
Star Ruby and Red Blush) and sweet oranges cultivars (Hamlin, Salustiana, 
Mars’s Early, Navelina and Casa Grande). Maximum heat units (4275.93) 
were required by Casa Grande followed by Navelina (4232.71), Mars’s Early 
(4189.88) and Salustiana (4184.73) whereas, least heat units were required 
by Clementine (3957.89) and Kinnow (3984.71).  
Conclusion It is the first report regarding heat unit’s calculation for various 
citrus cultivars from Pakistan; and we hope this study will open new vistas in 
understanding and exploring new region/areas where citrus cultivars can be 
successfully grown in Pakistan. It will also prove as a source of basic 
information for the development of Citrus Crop Model (CCM).  

 

INTRODUCTION 
 
Citrus is renowned genera of family Rutaceae and 
includes a list of edible fruits of different species like 
mandarins, oranges, grapefruits, lemons, limes, 
tangerines and pummelos. Citrus is the leading fruit 
of the world with and annual production of 131.28 
million tons, while according to statistical year book 
of Pakistan (2013-14) citrus orchards are present on 
an area of 193,785 ha with and annual production of 
2.167 million tons, in Pakistan (AMIS 2014). Citrus 
is although adaptable to wide range of climatic 
conditions but at the same time it is vulnerable to 
microclimatic conditions of certain areas. Among 
microclimatic conditions, temperature seems to be 
the key element not only affecting the growth but 
various other phenological phases of the citrus plants 

(Khan et al. 2007). Temperature also determines the 
rate of biochemical processes in plant growth. The 
rate of fresh weight and dry weight gain 
(accumulation of sugars) in citrus (Koch and Avigne 
1990) is closely associated with the summed up 
product of temperature and time (Reuther 1973). The 
growth rate of plants depends on the amount of heat 
they receive, for each species there is an optimum 
temperature range for growth. Generally it is 
considered that citrus plants show no sign of growth 
below average daily temperature (base temperature) 
less the 13°C (Bevington and Castle 1986). The hours 
of heat above this range are referred to as heat unit or 
growth degree days (GDD). Heat units can be 
effectively use in citrus to assess the suitability of a 
region for growing citrus, to estimate the length of 
various phenological stages and to predict maturity 

Cite As: Khan AR, MA Nawaz, MN Khan, W Ahmed, A Rehman, N Munir, BA Saleem (2016) Heat units requirement of 
various citrus cultivars grown in Pakistan. J. Environ. Agric., 1(1): 30-34. 

mailto:azher490@hotmail.com


http://www.jea.com.pk                                                                                                                                           Khan et al. (2016) 

31 
 

times for various citrus species/cultivars. Heat units 
(growth degree days) further affect the quality 
characteristics of citrus fruits (Khan et al. 2007; 
Shinohara 2013; Koshita 2014). 

Keeping in view the utmost importance of heat 
units, the present study was designed to calculate the 
heats units for various citrus cultivars growing under 
the agro-climatic conditions of Sahiwal, Punjab, 
Pakistan; to study the performance of various 
cultivars in relation to available heat units. This 
information can be very helpful to identify some new 
potential areas where citrus cultivars can be 
successfully cultivated. Additionally, keeping in view 
the availability of heat units, appropriate cultivars can 
be recommended for specific areas. It is first ever 
report about heat units calculations for citrus fruits in 
Pakistan.  

 
MATERIALS AND METHODS 
 
The heat units requirement of twelve citrus cultivars 
belonging to various citrus groups (Sweet orange 
(Citrus sinensis Osbeck): Salustiana, Mars’s Early, 
Casa Grande, Hamlin, and Navelina; Mandarins 
(Citrus reticuulata Blanco): Kinnow, Feuterll’s Early 
and Clementine; Grapefruit (Citrus paradisi): 
Shamber, Red Blush, Star Ruby and Flame) were 
calculated for various stages from flowering to petal 
fall, and petal fall to fruit maturity consecutively for 
two years (2007 and 2008) under the agro-ecological 
conditions of Sahiwal, Punjab, Pakistan at 
Horticultural Research Station (30º67 N,  73º10 E; at 
an altitude of 150 m).  The time of flowering and 
petal fall (dates) was noted by visual observations for 
various cultivars on daily basis. In this study three 
plants of each cultivar were used, and single plant 
was taken as a treatment unit. The climatic data 
(temperature) was obtained from provincial 
meteorological department observatory unit situated 
at Sahiwal, Punjab, Pakistan. The heats units were 
calculated according to the following formula and the 
results were analyzed by using standard analytical 
techniques. 

 
Heat units = (M-13) N 

 
Where ‘M’ stands for mean monthly temperature, 13 
is the base temperature and ‘N’ denotes the number 
of days of relevant month (Khurshid and Hutton 
2005).  
 
RESULTS AND DISCUSSION 
 
The climatic conditions especially temperature has a  
profound impact upon the various phenological 
stages of the citrus plants. The important phenological 

stages; as time of flowering, petal fall and time of 
fruit maturity for various citrus cultivars were studied 
and the results are explained below;  
 
Time of flowering  
The flowering is one of the important reproductive 
features of citrus plants as flower ultimately leads to 
the fruit, which are of commercial importance for the 
growers. The citrus cultivars bear flower in start of 
spring season but the exact time of flowering always 
vary from cultivar to cultivar. The flowering time for 
various cultivars of citrus was noted consecutively 
for two years under the agro-climatic conditions of 
Sahiwal, Punjab, Pakistan. The results showed that 
all the citrus cultivars showed differences in time of 
flowering ranging from 15.02.2007 to 15.03.2007, 
and 24.02.2008 to 28.03.2008. The flowers first 
appeared on trees of Clementine (15.02.2007, 
24.02.2008) during both years and the late flowering 
was noted for Kinnow during both years on 
15.03.2007 and 28.03.2008, respectively. It is also 
worth to mention that during the year 2008, flowering 
in all cultivars was late as compared to 2007, and this 
difference ranged from one to thirteen days for 
various citrus cultivars. The observations also showed 
that the flowering was earlier in sweet oranges 
(Salustiana, Mars’s Early, Casa Grande and Hamlin) 
followed by grapefruits (Shamber, Red Blush, Star 
Ruby and Flame), whereas flowers on Kinnow 
appeared at last during both years of study (Table 1). 
 
Time of petal fall 
Petal fall is another important phenological stage of 
the reproductive cycle, after flowering. The time of 
petal fall was also different for various citrus 
cultivars. In general, it was observed that the 
cultivars in which flowering were earlier they 
reached petal fall earlier. The numbers of days 
required from flowering to petal fall were different 
for   citrus cultivars ranging from 16 to 24.50 days. 
Maximum time was required by Clementine (24.50 
days) and Kinnow (24.00 days) which were statically 
at par with each other, whereas, least time was 
recorded for Star Ruby (16.00 days), Hamlin (17.50 
days) and Salustiana (17.50 days).   
 
Days required from petal fall to maturity 
The results showed that number of days required 
from petal fall to fruit maturity were different for 
citrus cultivars. Most of the sweet orange cultivars 
gained early maturity followed by grapefruits while 
the mandarin cultivars proved to be late maturing 
except Feutrell’s Early (Table 2). The number of days 
required from petal fall to fruit maturity ranged from 
225.50 to 322.00 days. This character of various 
cultivars provides good opportunity for fruit 
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consumers, fruit processors and exporters to expand 
the availability of citrus in the local as well as in 
international market. The least number of days were 
required by Mars’s Early (225.50) closely followed 
by Salustiana (235.50) and Navelina (237.50), all 
these three cultivars show the character of early 
maturity whereas, maximum number of days for 
maturity were required by Kinnow and Clementine 
i.e. 277.50 and 322.00, respectively. The results also 
depicted that sweet orange group of citrus is a diverse 
group and in this group some cultivars showed early 
maturity (Mars’s Early, Mars’s Early and Navelina) 
whereas some other cultivars such as Hamlin and 
Casa Grande were found to be mid to late maturing.  

 
Heat unit’s requirement 
The heat unit’s requirement of various citrus cultivars 
from flowering to fruit maturity was different. The 
results showed that mandarins needed less heat units 
compared to grapefruits (Shamber, Flame, Star Ruby 
and Red Blush) and sweet oranges cultivars (Hamlin, 
Salustiana, Mars’s Early, Navelina and Casa Grande). 
Maximum heat units (4275.93) were required by 
Casa Grande followed by Navelina (4232.71), Mars’s 
Early (4189.88) and Salustiana (4184.73) whereas, 
least heat units were required by Clementine 
(3957.89) and Kinnow (3984.71) and both were 
statistically at par with each other (Table 3). 

 
Table 1 Time of flowering and petal fall of citrus cultivars  

Cultivar TF (2007) PF (2007) DPF 
(2007) 

TF (2008) PF (2008) DFPF 
(2008) 

ADPF 
(2007-2008) 

Salustiana 02.03.2007 18.03.2007 17 02.03.2008 19.03.2008 18 17.50c 
Mars’s Early 28.02.2007 20.03.2007 21 01.03.2008 25.03.2008 25 23.00ab 
Casa Grande 03.03.2007 22.03.2007 20 09.03.2008 24.03.2008 16 18.00c 
Hamlin 28.02.2007 15.03.2007 16 02.03.2008 20.03.2008 19 17.50c 
Navelina 04.03.2007 28.03.2007 25 07.03.2008 24.03.2008 18 21.50bc 
Kinnow  15.03.2007 10.04.2007 26 28.03.2008 18.04.2008 22 24.00a 
Feuterll’s Early 20.02.2007 20.03.2007 29 28.02.2008 16.03.2008 18 23.50ab 
Clementine  15.02.2007 15.03.2007 29 24.02.2008 14.03.2008 20 24.50a 
Shamber 06.03.2007 25.03.2007 20 11.03.2008 30.03.2008 20 20.00b 
Red Blush 07.03.2007 27.03.207 21 13.03.2008 03.04.2008 20 20.50b 
Star Ruby  06.03.2007 20.03.2007 15 09.03.2008 25.03.2008 17 16.00c 
Flame 08.03.2007 28.03.2007 21 12.03.2008 02.04.2008 22 21.50b 

Means sharing similar letter are statistically non-significant at P<0.05; TF Time of flowering; PF Petal fall; DPF Days for petal fall; ADPF 
Average days for petal fall 
 
Table 2 Days required for maturity for citrus cultivars  
Cultivar PF (2007) HD (2007) DRM 

(2007) 
PF (2008) HD (2008) DRM 

(2008) 
ANDM 

(2007-2008) 
Salustiana 18.03.2007 07.11.2007 234 19.03.2008 11.11.2008 237 235.50c 
Mars’s Early 20.03.2007 01.11.2007 226 25.03.2008 05.11.2008 225 225.50c 
Casa Grande 22.03.2007 10.12.2007 263 24.03.2008 16.12.2008 267 265.00ab 
Hamlin 15.03.2007 30.11.2007 260 20.03.2008 28.11.2008 253 256.50b 
Navelina 28.03.2007 15.11.2007 232 24.03.2008 22.11.2008 243 237.50bc 
Kinnow 10.04.2007 15.01.2008 280 18.04.2008 18.01.2009 275 277.50ab 
Feuterll’s Early 20.03.2007 15.11.2007 240 16.03.2008 18.11.2008 247 243.50b 
Clementine 15.03.2007 31.01.2008 322 14.03.2008 30.01.2009 322 322.00a 
Shamber 25.03.2007 30.11.2007 250 30.03.2008 30.11.2008 245 247.50b 
Red Blush 27.03.207 30.11.2007 248 03.04.2008 30.11.2008 241 244.50b 
Star Ruby 20.03.2007 10.12.2007 265 25.03.2008 29.11.2008 249 257.00b 
Flame 28.03.2007 30.11.2007 247 02.04.2008 30.11.2008 242 244.50b 

Means sharing similar letter are statistically non-significant at P<0.05; PF Petal fall; ANDM: Average number of days for maturity; HD: 
Harvesting date; DRM: Days required for maturity 
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 Table 3 Heat units for citrus cultivars 

Cultivar 
Heat units THU 

(2007) 
Heat units THU 

(2008) 
AHU 

(2007-2008) FPF 
(2007) 

PFFM 
(2007) 

FPF 
(2008) 

PFFM 
(2008) 

Salustiana 75.45 4133.88 4209.33 154.80 4005.32 4160.12 4184.73ab 
Mars’s Early 107.85 4156.95 4264.80 165.00 3949.96 4114.96 4189.88ab 
Casa Grande 111.15 4385.15 4496.30 128.00 3927.56 4055.56 4275.93a 
Hamlin 69.10 4104.00 4173.10 110.14 4074.67 4184.81 4178.96ab 
Navelina 156.05 4129.55 4285.60 158.10 4021.71 4179.81 4232.71a 
Kinnow 246.13 3973.65 4219.78 251.90 3497.73 3749.63 3984.71c 
Feuterll’s Early 132.70 3987.65 4120.35 117.60 3931.00 4048.60 4084.48bc 
Clementine 105.15 3877.90 3983.05 70.30 3862.43 3932.73 3957.89c 
Shamber 116.89 4049.03 4165.92 154.85 3662.68 3817.53 3991.73c 
Red Blush 131.35 4067.25 4198.60 163.00 3879.58 4042.58 4120.59b 
Star Ruby 75.80 4057.15 4132.95 128.00 3923.38 4051.38 4092.17bc 
Flame 134.95 3988.20 4123.15 155.00 3892.40 4047.4 4085.28bc 

Means sharing similar letter are statistically non-significant at P<0.05; FPF: Flowering to petal fall; PFFM: Petal fall to fruit maturity; THU: 
Total heat units; AHU: Average heat units 
 

It is very interesting to note that although the 
Clementine and Kinnow taken more number of days 
compared to other cultivars for maturity (Table 2) but 
total numbers of heat units collected by these 
cultivars were comparatively less compared to other 
cultivars as blooming was late in both of the cultivars 
compare to others cultivars. Kinnow required/ 
accumulated more heat units from flowering to petal 
fall (246.13 and 251.90 during 2007 and 2008, 
respectively) while its harvesting was late than most 
of other cultivars (15.01.2008). During winter months 
(December and January), the average temperature 
remains relatively low compared to base temperature 
(13ºC) and very less number of heat units are 
accumulated, in fact, so in this way Kinnow takes 
more number of days from flowering to maturity 
while accumulates less total heat units. The 
harvesting of mandarin cultivars especially delayed 
keeping in view the market demand and fruit quality 
(color development and optimum levels of sugar and 
acid ratio). At low temperature, the color development 
of citrus fruits is better compared to higher 
temperature (Koshita 2014), similarly at lower 
temperatures sugars conversion is accelerated, so 
harvesting of Kinnow is delayed to get quality fruits. 
Shinohara et al. (2013) while working on passion 
fruit (Passiflora edulis x P. edulis f. flavicarpa) 
concluded that minimum temperature contributes a 
lot to decide the quality of fruit and can be used to 
decide time of harvesting of fruits. Our results were   
in affirmation with that of Rajput and Haribabu 
(1985), and Carslon and Cock (1991) who calculated 
the heat units for various citrus cultivars in India and 
United States of America (USA), respectively.  

 
CONCLUSION 
 
Heat unit’s calculations and crop model are very 
important tools for determination of the suitability of 
cultivars for specific areas. This system (heat units 
calculations of cultivars of commercial importance) 
can be used by various scientist/growers to identify 
the best microclimate suited for growing new 
cultivars within the wide range of climatic regions 
found in Pakistan from temperate climate of hills to 
the true tropical climate of Sindh province, along 
with exploring new potential areas of the Pakistan 
where the various specific citrus cultivars can be 
grown. Crop modeling is an emerging aspect in 
agricultural science, and in many advance countries 
crops model of many important crops like wheat, 
rice, maize, soybean, peanut, potato, tomato and 
citrus are already in practice by the crop growers. So, 
this information can help to develop Citrus Crop 
Model (CCM) and other related software in Pakistan 
for the guidance of citrus growers. However, in 
future systemic efforts are needed to test all the 
available cultivars of citrus in Pakistan for their heat 
unit’s requirements, along with heat unit’s calculation 
of other areas, so in future the exotic and indigenous 
citrus germplasm can be safely and successfully 
recommended for commercial cultivation in the 
specific areas.   
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