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ABSTRACT 
 
Four pigmented grapefruit cultivars viz. Shamber, Flame, Star Ruby and Rio Red were evaluated at Horticultural Research Station, 
Sahiwal (Pakistan) for their production features encompassing growth, yield and fruit characteristics. The cultivars significantly 
differed for the studied physical parameters i.e. yield per plant (kg), fruit weight (g), fruit length (cm), fruit breadth (cm), peel 
thickness (mm), peel, juice and rag contents (%)], and biochemical traits i.e. TSS (°Brix), acidity (%) and ripening index. The highest 
fruit yield (84.28 kg/plant) was recorded for Star Ruby and the minimum (75.00 kg/plant) was recorded for Rio Red. The maximum 
fruit weight (338.92 g/fruit) was noted in Rio Red, while the maximum fruit length (9.14 cm) was found in Shamber. The highest TSS 
was noted for Rio Red (8.32 °Brix) followed by Shamber (7.94 °Brix). The maximum fruit acidity was observed for Star Ruby (1.00%), 
while the minimum for Shamber (0.94%). It was concluded that four grapefruit cultivars under consideration were divergent in their 
performance under prevailing conditions. 
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INTRODUCTION 
 
Among tree fruits, citrus is valued as an important fruit 
providing nutrition to mankind around the world (Spreen, 
2001). Citrus species were naturalized in Southeast Asia 
thousands of years ago and then outspread globally. 
Commercially cultivated varieties of citrus include oranges, 
mandarins, grapefruit, lemon and lime (Liu et al., 2004). In 2016, 
world citrus production was 124,246 thousand tonnes with 
15,912.8 thousand tonnes export among which grapefruit share 
was 1,090.6 thousand tonnes (FAO, 2017). In Pakistan, Punjab 
province produces almost 95% of the total citrus production of 
the country with main citrus growing districts of Sargodha, 
Sahiwal, Toba Tek Singh, Layyah and Khanewal.  
 
Grapefruit (Citrus paradisi Macf.) originated in Barbados in 
seventeenth century and is considered the most tolerant citrus 
species to warm, humid, semitropical and tropical climates 
(Reuther, 1973; Scora, 1988). It occupies a significant position in 
citrus family and is believed to be a natural hybrid of pummelo 
(Citrus grandis (L.) and sweet orange (C. sinensis L. Osb.). 
Grapefruit is a combination of tart plus sweetness and sparkles 
with excellent health promoting nutritional potential. It is 
considered among worlds healthiest foods and is an excellent 
source of vitamin A, C, folate (B9), choline, fiber and limonins 
with pink or red flesh color i.e. due to lycopene (a carotenoid 

phytonutrient). It is clinched with bioactivities like anti-
inflammatory, antimicrobial and antioxidant and is excellent for 
deterrence of degenerative ailments (Sidana et al., 2013). 
 
Grapefruit cultivars are categorized in two groups based on 
presence or absence of lycopene/ β-carotene i.e. white and 
pigmented (pink/red). All pigmented grapefruit cultivars were 
evolved from white grapefruit cultivars through bud sport 
(Accari, 2000). Patil (2000) assessed lycopene levels in the 
grapefruit varieties of Texas and accounted that Star Ruby 
possessed the highest lycopene contents (19.25 mg/kg) 
followed by Rio Red (16.20 mg/kg), Ray Ruby (9.30 mg/kg) and 
Thompson Pink (1.25 mg/kg). Morphologically grapefruit tree 
grows largest among citrus group and can attain height up to 12-
13 meters with rounded top and spreading branches. Cultural 
practices, soil, cultivar and temperature fluctuations can affect 
its vegetative and reproductive growth (Reuther and Castano, 
1969). Studies performed on performance of mandarin (Hafiz et 
al., 1997) and sweet orange (Ishfaq et al., 1999) adaptability 
confirmed agro-climatic conditions have significant impact on 
fruit yield and fruit quality attributes. Fruits produced in a 
specific environment contribute a common set of quality traits 
(Hales et al., 1968, Fucik and Norwine, 1979). Grapefruit 
cultivars were also evaluated for their performance based on 
morphological and biochemical traits in Mexico (Rodríguez et al., 
2008), Chakwal (Ishfaq et al., 2007) and other parts of the world. 
The appropriate selection of grapefruit cultivars for diverse 
agro-climatic conditions is indispensable to get good yield and 
quality. Hence, the adaptation of suitable grapefruit cultivars for 
Sahiwal district is crucial to improve financial conditions of fruit 

____________________________________________ 
* Corresponding author 
E-mail: horticulturistsahiwal@gmail.com (I.M. Siddique) 
J. Hortic. Sci. Technol. © 2020 Pakistan Society for Horticultural Science 

https://doi.org/10.46653/jhst20030363
mailto:horticulturistsahiwal@gmail.com
http://www.pshsciences.org/


Siddique et al. / J. Hortic. Sci. Technol. 3(3): 63-66 (2020) 

64 

growers of the area. Therefore, this investigation was carried out 
to assess the performance (based on production and quality 
characteristics) of four pigmented grapefruit cultivars under 
agro-ecological conditions of Sahiwal, Punjab (Pakistan) in order 
to exploit their commercial cultivation. 
 
MATERIALS AND METHODS 
 
This study was performed under local soil and climatic 
conditions at Horticultural Research Station Sahiwal 
(Latitude: 31°58′28″ N, Longitude: 72°19′51″ E, Elevation 171 
m) (Fig. 1, 2 and Table 1). Data was recorded annually based on 
physical and biochemical attributes for 3 years (2017-2019) and 
the average was calculated. Plants of 15 years age of four 
grapefruit cultivars namely Shamber (with pink flesh), Flame 
(with dark pink flesh), Star Ruby (with dark pink) and Rio Red 
(with bright red flesh) were brought under investigation to 
evaluate their performance. Selected plants were planted in 
square system at 6.6 m × 6.6 m and subjected to standard 
agricultural practices i.e. NPK @ 1000-500-500 g along with 40 
kg FYM per plant. FYM was applied in December-January 
whereas nitrogen was applied in three split doses i.e. first dose 
during January, second at mid-April and third at end of July. 
Phosphorus and potassium were applied with first dose of 
nitrogen. Micronutrients (Zn, Cu, Fe, Mn, B) were also applied to 
improve growth and quality. Canal irrigation was applied 
fortnightly during summer and with one-month interval during 
winter. Proper IPM practices were followed to keep the plants 
healthy and disease free. The experiment was laid out in RCBD 
with five replications (three plants per replication) and four 
treatments (cultivars), making a total of 60 plants. Five fruits 
were harvested from each tree at the end of December to collect 
and categorize the data. Traits including yield (kg/plant), fruit 
weight (g/fruit), fruit length (cm), fruit breadth (cm), peel 
thickness (mm), peel content (%), juice content (%), rag content 

(%),TSS (°Brix), fruit acidity (%) and TSS/acidity were 
measured with recommended indicators i.e. digital weighing 
balance, digital Vernier caliper, refractometer and acidity meter. 
Statistical computer software “Statistix 8.1” was applied for 
computing both ANOVA and LSD test (Jan et al., 2009).  
 
RESULTS AND DISCUSSION 
 
Physical traits 
 
Grapefruit cultivars significantly differed for all the studied 
physical traits, which included tree yield, fruit weight, fruit 
length, fruit breadth, peel thickness, and peel, juice and rag 
contents (Table 2). Fruit yield varied from 75.00 kg to 84.28 kg 
per tree. The maximum fruit yield was recorded for Star Ruby 
and the minimum for Rio Red.  The maximum fruit weight 
(338.92 g/fruit) was noted for Rio Red, while the minimum fruit 
weight (292.40 g/fruit) was observed for Flame. Greater fruit 
length was shown by Shamber (9.14 cm) followed by Star Ruby 
(8.80 cm). Fruit breadth was greater in Star Ruby (8.16 cm) 
followed by Flame (7.88 cm) and Shamber (7.82 cm), while the 
minimum fruit breadth was noted for Rio Red (7.72 cm). Peel 
thickness was counted the maximum for Rio Red (5.53 mm) 
followed by Star Ruby (5.42 mm) and Shamber (5.02 mm), while 
the minimum peel thickness was accounted for Flame (4.65 
mm). Peel content was found greater in Flame (31.89%); 
however, no significant differences were governed for Shamber 
(26.18%), Rio Red (25.16%) and Star Ruby (24.67%). The fruits 
of Rio Red were juicier than other cultivars studied containing 
higher juice content (42.48%), while the minimum juice content 
was accounted for Flame (37.84%). Significant differences were 
also noted for rag content and greater rag content (34.91 %) was 
observed in Star Ruby followed by Rio Red (32.36%) and 
Shamber (31.70%), whereas the minimum (28.27%) was 
recorded for Flame. 
 
The variation in yield among different grapefruit cultivars may 
be due to genetic and environmental influences. Such differences 

 
Figure 1: Map of Punjab province. Red colored area showing the 
district Sahiwal along with GPS coordinates. 
 

Table 1: Physical and chemical analysis of the soil samples collected from the experimental orchard of Horticultural Research Station 
Sahiwal. 
Depth 
(cm) 

EC 
 (ds/m) 

pH Organic matter 
(%) 

Available Phosphorus  
(ppm) 

Available Potash 
(ppm) 

Saturation  
(%) 

Texture 

0-30 1.4 8.5 0.58 4.2 225 34 Loamy 
 

 

 
Figure 2: Metrological data of Horticultural Research Station 
Sahiwal during the experimental years (Source: Observatory of 
weather station, Sahiwal). 
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in physical traits have also been recorded in other fruit crops like 
mango, Indian jujube and date palm (Ahmad et al., 2003; Hoda 
et al., 2003; Osman, 2008). Our results agree with the findings of 
Zekri (2000) and Al-Jaleel and Zekri (2003) who published 
similar variations regarding yield and fruit size among various 
grapefruit cultivars. Our results are also in collaboration with 
earlier findings of Chaudhary et al. (1991) who evaluated some 
imported grapefruit cultivars based on their physical attributes. 
The findings are also parallel with the results of Ishfaq et al. 
(2007) who evaluated four grapefruit cultivars under Chakwal 
climatic conditions.  
 
Biochemical traits 
 
Recorded biochemical traits also depicted significant differences 
for TSS, fruit acidity and TSS/Acid ratio (Fig. 3, 4 and 5). The 
highest TSS was noted for Rio Red (8.32 °Brix) followed by 
Shamber (7.94 °Brix), while the minimum was noted for Star 
Ruby (6.45 °Brix).  The fruits of Star Ruby were more acidic with 
higher fruit acidity value (1.00 %) followed by Flame (0.97 %) 
and Rio Red (0.96 %), while the minimum value was recorded 
for Shamber (0.94 %). Regarding the ripening index, the highest 
TSS/acid ratio was counted for Rio Red (8.67) followed by 
Shamber (8.45) and the lowest was attained by Star Ruby (6.20).  
 
The taste and quality of grapefruit fruit is accumulative function 
of its relative levels of TSS and acidic contents. Anyhow high 
acidity percentage of grapefruit juices can be considered a 

limiting factor in overall juice quality parameters as well as to 
determine optimum time of fruit harvest in grapefruit producing 
regions. Our results are in accordance with the Lederman et al. 
(2005) who found significant variations among six different 
grapefruit cultivars for biochemical traits i.e. TSS, titratable 
acidity and TSS/acid ratio. Farid et al. (2015) also evaluated 
grapefruit cultivars (Java, Mac carty, Ruby, Triumphe, Natsu 
mikan, Marsh, Thompson, and Foster) in Morocco and noted 
significant variation for fruit acidity and ascorbic acid content. 
Similar variations were recorded in juice percentage of 

 
Figure 3: TSS (°Brix) of four pigmented grapefruit varieties 
under climatic conditions of Sahiwal. 
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Table 2:  Mean values for physical parameters of four pigmented grapefruit varieties under climatic conditions of Sahiwal. 
Cultivars Yield/ plant  

(kg) 
Weight/ 
fruit (g) 

Fruit length 
(cm) 

Fruit 
breadth 
(cm) 

Peel thickness 
(mm) 

Peel 
content 
(%) 

Juice 
content 
 (%) 

Rag  
content 
 (%) 

Shamber 77.97±8.44 
b 

316.40±4.19 
b 

9.14±0.07 
a 

7.82±0.16 
ab 

5.02± 0.44 
a 

26.18± 2.53 
b 

42.12 ±1.61 
a 

31.70 ±2.97 
a 

Flame 78.00±3.77 
b 

292.94±6.68 
c 

8.20±0.09 
b 

7.88±0.06 
ab 

4.65±0.23 
b 

31.89±2.74 
a 

37.84 ±2.52 
b 

28.27 ±3.21 
b 

Star Ruby 84.28±5.96 
a 

314.06±3.88 
b 

8.80±0.12 
b 

8.16±0.08 
a 

5.42±0.24 
a 

24.67±1.43 
b 

40.42±0.83 
a 

34.91±1.11 
a 

Rio Red 75.00±3.88 
b 

338.92±5.46 
a 

8.12±0.15 
b 

7.72±0.12 
b 

5.53±0.39 
a 

25.16±2.18 
b 

42.48±2.70 
a 

32.36 ± 3.85 
a 

*Mean values are followed by standard errors; values having common letter(s) are not significantly different at 5% level of 
significance. 

 
Figure 4:  Acidity (%) of four pigmented grapefruit varieties 
under climatic conditions of Sahiwal. 

 
Figure 5: TSS/Acidity ratio of four pigmented grapefruit 
varieties under climatic conditions of Sahiwal. 
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grapefruit cultivars by Ozeker (2000) in Turkey. Our results 
recorded for TSS/acid ratio are also in alignment with findings 
of Rodriguez et al. (2008). Forsyth (2003) and Fanciullino et al. 
(2006) also observed significant differences for quality traits in 
various grapefruit genotypes. However, acidity percentage 
accounted by Farid et al. (2015) was quite high than our 
recorded maximum fruit acidity, environmental and varietal 
differences might be the contributing factors. 
 
CONCLUSION 
 
Field evaluation for three years revealed that agro-climatic 
conditions of Sahiwal are much suitable to grow these four 
pigmented grapefruit cultivars. Rio Red was recorded with 
highest fruit weight, juice content as well as with highest TSS 
content, whereas Shamber was governed with lowest acidity. 
Star Ruby was noted with highest yield. 
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