
 

 

INTRODUCTION 

 

‘Kinnow’ mandarin is considered as trademark product of 

Pakistan citrus industry. This distinction of Kinnow is due to 

its magnificent aroma, premium taste, high juice contents and 

nutritional profile like high vitamin C/ascorbic acid contents, 

rich in sugars, reducing sugars and antioxidants (Memon, 

2014). Pakistan produces 2395550 tonnes of citrus annually 

and total area under citrus cultivation is 192832 (FAO, 2019). 

The significance of citrus rootstocks for the better 

productivity of citrus can never be neglected. It is a well-

known fact that the availability of suitable and compatible 

rootstocks is the key to sustained citrus industry. Fruit 

growers primarily focused on yield and fruit quality to 

determine their net income. Internal quality parameters of 

Kinnow such as juice content, color of flesh and peel, total 

soluble solids, titrable acidity, juice pH are also affected by 

rootstocks (Wutscher, 1997). Some rootstocks like Sour 

orange, Rough lemon and RLC-4 manipulated the 

biochemical characteristics of citrus fruits i.e. total soluble 

solids (TSS), titratable acidity (TA) and Vitamin C contents 

of lemon fruits. Differences in quality characteristics were 

due to different rootstocks (Yonemoto et al. 2005). 

Previously a lot of researchers has reported that yield and fruit 

quality of citrus is affected by rootstocks (Qureshi et al., 

2021; Ahsen et al., 2019; Smith et al., 2004). It is very 

essential to understand the rootstock/scion interaction and 

effects of rootstocks on different scion parameters such as 

yield and fruit quality for making a profitable citrus fruit 

cultivation. Various fruit quality attributes of citrus fruits such 
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Citrus holds the position of top ranked fruit crop of Pakistan in terms of area and production. ‘Kinnow’ (Citrus reticulata 

Blanco) is considered as the trademark of Pakistan’s citriculture industry and occupies the share of 95% out of total citrus 

production in Pakistan. But there is an alarming problem of single rootstock culture. Rough lemon (Citrus jambhiri Lush.) has 

monopolized the citrus industry in Punjab province. Rough lemon is susceptible to phytophthora and waterlogging. There is 

an absolute need for substitute rootstock for higher yield and improved fruit quality of Kinnow. A rootstock scion interaction 

research trial was conducted during 2017 to 2019. Kinnow was grafted on eight rootstocks, i.e. Cox mandarin, Fraser hybrid, 

Troyer citrange, Cleopatra mandarin, Poncirus trifoliata, Benton, C-35 and Carrizo citrange. Experiment was laid out 

according to Randomized complete block design (RCBD). Each rootstock was considered as single treatment and replicated 

thrice. Performance of six year old   Kinnow trees grafted on different rootstocks was evaluated on the basis of physicochemical 

quality attributes of fruits. Data was taken for two consecutive years and average was calculated. Results revealed that 

rootstocks had a significant role in manipulating the morphological and biochemical quality attributes of Kinnow fruits. 

Kinnow fruits from the trees grafted on Poncirus trifoliata rootstock showed the maximum fruit diameter (84.03 mm), peel 

weight (28.99 g), rag weight (87.68 g) and individual fruit weight (221.85 g). Poor performance of Troyer citrange regarding 

morphological quality parameters was observed. Total soluble solid (TSS) (13.76 °Brix), Vitamin C (69.38 mg/100 ml) and 

Total antioxidants (72.32 % inhibition) in Kinnow juice were maximum on Fraser hybrid. Carbohydrate analysis of Kinnow 

juice by HPLC method revealed that concentration of sucrose, fructose and glucose was highest in Fraser hybrid rootstock. 

Poor performance of Troyer citrange and C-35 rootstocks was recorded regarding all biochemical parameters of Kinnow. It is 

concluded that physicochemical quality of Kinnow is manipulated by different rootstocks. Poncirus trifoliata and Fraser hybrid 

rootstocks can be used as alternate rootstocks for citrus industry of Pakistan to substitute the traditional rootstocks like rough 

lemon and sour orange.  
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as shape, size, rag weight, peel weight and biochemical 

quality parameters were manipulated by different rootstocks 

(Singh et al., 2002; Talat et al., 2020; Shafqat et al., 2020). 

Maximum Total soluble solids (TSS) in fruits of ‘Fairchild’ 

mandarin were recorded when budded on Carrizo citrange 

rootstock (Fallahi and Rodney, 1992). In addition, effects of 

different rootstocks on juice percentage and peel of citrus 

fruits was also found. Fruits of “Fremont” grafted on Carrizo 

citrange rootstock had the maximum TSS, while highest juice 

percentage and tempting peel color was recorded from the 

trees grafted on Fraser hybrid and Sour orange rootstocks 

(Ali, 2002; Naz et al., 2007). In ‘Sun Chu Sha Kat’ and 

‘Sunki’ mandarins grafted on different rootstock, a variable 

amount of TSS was recorded on all rootstocks (Cantuarias-

Aviles et al., 2010). Kinnow was grafted on different 

rootstocks and it was found that Kinnow fruits from the trees 

grafted on RLC-4 and Karna Khatta rootstocks showed better 

TSS in fruit juice. Less Titrable acidity in Kinnow juice was 

recorded on ‘Nova’ and ‘Clementina Fina’ rootstock (Simón-

Grao et al., 2014). An increased titrable acidity in Kinnow and 

lemon juice on different rootstocks such as Troyer citrange, 

Sour orange, RLC-4 and Rough lemon was found (Tazima et 

al., 2013).  

In Pakistan, conventionally two rootstocks, Rough lemon in 

Punjab and Sour orange in Khyber Pakhtunkhwa has been 

used since many decades for citrus cultivation. (Ahmad et al., 

2006). Except of these two rootstocks, there is not even a 

single rootstock which can be attributed as an ideal rootstock 

for Kinnow mandarin under all agro-ecological conditions. In 

global scenario, modern world has developed and adopted 

some new and useful citrus rootstocks which possess better 

useful horticultural traits, but, we are still far behind regarding 

this aspect. To address these short falls, present study was 

designed to evaluate the efficacy of eight new different 

rootstocks by checking the physicochemical attributes of 

‘Kinnow Mandarin’ which could be marked as potential 

rootstock variety replace in Pakistan to overcome gaps in 

citriculture industry.  

 

MATERIALS AND METHODS 

 

Plant material and growing conditions: Present research was 

carried out at Postgraduate Agricultural Research Station 

(PARS), University of Agriculture Faisalabad (located at 31° 

23’ 20” N to 73° 0’ 09”) during 2017-18 and 2018-19. 

Faisalabad region receives annually 346 mm rainfall with an 

average temperature of 25.74°C. Five to six years old Kinnow 

plants were grafted on eight different rootstocks including 

Cox-mandarin (P. trifoliata x C. reticulate), Fraser-hybrid 

(Seville x P. trifoliata), Troyer Citrange, Poncirus trifoliata 

(L) Raf × Citrus sinensis (L) Osbeck), Cleopatra mandarin 

(Citrus reshni hort. ex Tanaka), Poncirus trifoliata (Poncirus 

Raf.), Benton citrange (Citrus sinensis (L.) Osbeck x 

Poncirus trifoliata (L.), C-35 citrange (Citrus sinensis L. 

Osbeck x Poncirus trifoliata L.) and Carrizo citrange (C 

sinensis Osbeck x Poncirus trifoliata). All the trees were kept 

under uniform agro-climatic conditions. Kinnow trees were 

irrigated after every fortnight with one heavy irrigation two 

weeks before the onset of flowering. Recommended dose of 

NPK fertilizer per annum (1000:500:500) was applied to trees 

for maintaining the proper vegetative and reproductive 

growth (Malik, 1994). Nitrogen was applied in split doses, 

first dose of nitrogen was applied in the month of April along 

with full dose of phosphorus and potassium (500:500:500), 

while second dose of nitrogen was applied in September (500 

N). 50 Kg well rotten farmyard manure (FYM) was applied 

to field annually for maintaining the organic matter content of 

soil. Pheromone traps were installed at different points in 

orchard for the control of fruit flies. Different systematic 

insecticides (Imidacloprid and Acetameprid) were also 

sprayed for the control of insects. Data was recorded for two 

consecutive years 2017-18 and 2018-19 and average of both 

years was calculated.  

Fruit physical quality analysis: Fruit diameter of thirty 

randomly selected fruits from each replication was measured 

at equator of individual fruit with the help of Vernier caliper 

and average fruit diameter was recorded in mm. Peel and rag 

weight of thirty randomly selected fruits was measured by 

using analytical weighing balance (UWE-ESP 5) and 

expressed in grams. Peel thickness of thirty selected fruits was 

measured by using Vernier caliper and average was taken for 

each replication and expressed in mm. Individual fruit was 

weighed by using analytical weighing balance (UWE-ESP 5) 

and their average was taken. 

Biochemical quality analysis: Total soluble solids (°Brix), 

titratable acidity (%), vitamin C contents (mg/100ml) and 

total antioxidants (% inhibition) were measured to assess the 

fruit quality of Kinnow mandarin grafted on different 

rootstocks. Kinnow juice was extracted and further used for 

biochemical quality analysis. A digital refractometer 

(ATAGO, RS- 5000) was used for measuring the total soluble 

solids from Kinnow juice. Titratable acidity was measured by 

using the method described by (Hortwiz, 1960). 2, 2-

diphenyl-1–picryl hydrazyl radical (DPPH) assay reported by 

Brand- William et al. (1995) was used for the detection of 

total antioxidants. Method described by Ruck (1961) was 

used for measuring the Vitamin C contents of juice. 

Following formula was used for measuring the vitamin C 

contents of Kinnow juice.  

Vitamin C (mg100 ml-1Juice) = 
1 × R1 × V × 100

R × W × V1
 × 100 

Where, R = ml of dye used to titrate against 2.5 ml, R1 = ml of dye 

used to titrate against V1 of aliquot, V = volume of aliquot made by 

0.4% Oxalic acid, V1=ml of juice taken from titration, W = ml of 

juice taken 

Carbohydrate analysis of citrus juice: Glucose, fructose and 

sucrose were measured from Kinnow juice by High 

performance liquid chromatography (HPLC). Kinnow fruits 

were cut in two halves, and juice was extracted manually by 
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careful hand squeezing. Juice was then filtered through a 

strainer to remove the seeds and pulp. Squeezed juice was 

then centrifuged at 3000 rpm for ten minutes and supernatant 

was taken. Collected supernatant was then diluted in 100 ml 

HPLC grade water. After that juice sample was then filtered 

with 0.45 μm membrane filter before injecting into HPLC. 

Varian pro STAR high performance liquid chromatography 

(HPLC).  

Experimental design: Experiment was laid out according to 

Randomized Complete Block Design (RCBD) with eight 

treatments (rootstocks) and three replications. Each rootstock 

was considered as a single treatment. Data was collected for 

two consecutive years and average was taken. Collected data 

was analyzed through analysis of variance techniques by 

using Statistics 8.1 software. 

 

 

 

 

 
Figure 1. Physical quality parameters of Kinnow grafted on different rootstocks. 
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RESULTS 

 

Analysis of physical attributes: Physical quality 

characteristics of Kinnow were significantly (p <0.05) 

affected by different rootstocks. Fruit diameter of Kinnow 

was maximum (84.03 mm) on Poncirus trifoliata, followed 

by Fraser hybrid (71.13 mm) while fruit diameter of Kinnow 

was lowest (53.64 mm) on Troyer citrange rootstock (Fig. 

1A). Measurement of rag weight of kinnow on different 

rootstocks revealed that Kinnow fruits from the trees grafted 

on Poncirus trifoliata rootstock had the highest rag weight 

(87.68 g) while rag weight of kinnow fruits was lowest (42.38 

g) on Troyer citrange rootstock (Fig. 1B). Peel weight was 

maximum (28.99 g) on Poncirus trifoliata rootstock, while 

lowest peel weight of Kinnow fruit (14.80 g) was recorded on 

Troyer citrange rootstock (Fig. 1 C). Measurement of peel 

thickness of Kinnow fruit showed that thickest peel of 

Kinnow fruit (2.85 mm) was recorded on C-35, while peel 

thickness was lowest (2.03 mm) on Troyer citrange rootstock 

(Fig. 1D). Significant effect (P<0.05) of different rootstocks 

on average fruit weight of Kinnow (Fig. 1E) was recorded 

(Kinnow/ Poncirus trifoliata combination yielded the 

heaviest fruit (221.85 g) followed by Kinnow/ Fraser hybrid 

combination (207.12). The lowest fruit weight (117.10 g) of 

Kinnow was recorded on Troyer citrange rootstock.  

Analysis of biochemical attributes: Biochemical parameters 

of Kinnow were notably affected by different rootstocks. 

Juice of Kinnow fruits from the trees grafted on Fraser hybrid 

had the highest total soluble solids (TSS) (13.76 °Brix) 

followed by Cleopatra mandarin (12.88 °Brix). In contrast 

lowest TSS (9.25 °Brix) was recorded on C-35 rootstock 

(Fig. 2A). Acid contents in Kinnow juice were significantly 

affected by different rootstocks. Titratable acidity in Kinnow 

fruit juice from the trees grafted on C-35 rootstock was found 

higher (1.14 %) while lowest acidity in Kinnow juice (0.20 

%) was recorded from the trees grafted on Fraser hybrid (Fig. 

2B). Vitamin C contents of Kinnow juice was also 

significantly (P<0.05) affected by the type of rootstock. 

Concentration of vitamin C was higher (69.38 mg/100 ml) in 

Kinnow fruits from the trees which were grafted on Fraser 

 

 
Figure 2. Biochemical quality parameters of Kinnow grafted on different rootstocks. 
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hybrid followed by Poncirus trifoliata (65.19 mg/100 ml). 

Lowest concentration of vitamin C (37.92 mg/100 ml) in 

Kinnow was found on C-35 rootstock (Fig. 2C). There was a 

rapid enhancement of Vitamin C contents on Cox mandarin 

and Poncirus trifoliata rootstocks over the year, which 

inferred the idea that rootstocks tend to manipulate the fruit 

quality of Kinnow mandarin in terms of vitamin C contents. 

Antioxidant activity of Kinnow juice was higher (72.32 % 

inhibition) in the fruits of the trees which were grafted on 

Fraser hybrid followed by Cox mandarin (66.50 % 

inhibition). Poor antioxidant activity (34.25 % inhibition) was 

detected in the fruits of trees on C-35 rootstock (Fig. 2D).  

Carbohydrate analysis of citrus juice: Sucrose was the most 

abundant sugar detected in citrus juice. Higher sucrose 

contents (48.3 g/L) in Kinnow juice were found in the fruits 

of the trees which were grafted on Fraser hybrid followed by 

Poncirus trifoliata (46.3 g/L) and both rootstocks statistically 

similar (Table 1). Kinnow fruits which were grafted on C-35 

rootstock had the lowest sucrose contents (24.4 g/L). Higher 

sucrose content in Kinnow juice on Fraser hybrid inferred the 

ability of this rootstock to enhance the fruit quality of Kinnow 

mandarin, as it is also described that higher physical and 

biochemical quality traits were recorded from Fraser hybrid 

rootstock. Fructose was detected in relatively less 

concentration as compared to sucrose. Fructose concentration 

in Kinnow juice was significantly influenced by the type of 

rootstocks. Fructose was detected in high quantity (26.3 g/L) 

in Kinnow fruit from the trees which were grafted on Fraser 

hybrid followed by Poncirus trifoliata (24.7 g/L). Lowest 

concentration (14.3 g/L) of fructose was detected on C-35 

rootstock. Very less quantity of glucose was detected in 

Kinnow on all rootstocks as compared to sucrose and fructose 

(Table 1). Kinnow fruit from the trees grafted on Fraser 

hybrid rootstock had the highest (9.9 g/l) glucose 

concentration followed by Poncirus trifoliata (8.2 g/l). 

Performance of both these rootstocks was statistically similar. 

Lower glucose contents (4.4 g/l) were detected in kinnow fruit 

from the trees which were grafted on C-35 rootstock 

(Table 1).  

 

DISCUSSION  

 

Rootstocks holds a key role in development and advancement 

of citrus industry and also influence the different functions of 

a citrus plant including nutrient uptake, tree performance at 

vegetative stage, internal physiological framework of tree, 

reproduction behavior and fruit quality (Smith et al., 2004; 

Mourao Filho et al., 2007; Khan et al., 2015). The 

biochemical quality of citrus fruits may keep on changing 

under uniform management and environmental conditions. 

Moreover, physiological behavior of scion is also dependent 

on rootstock which induces changes on physicochemical 

quality attributes of citrus fruits (Gonzalez-Mas et al., 2009; 

Shafqat et al., 2021). In present study performance of 

different rootstocks was evaluated in relation to Kinnow 

mandarin to find out a suitable rootstock for Kinnow 

mandarin which could enhance fruit quality.  

As for as facts concerned, a citrus grower is more concerned 

regarding the fruit size for commercial citrus production. For 

a grower, fruit size is the fate deciding factor of commodity 

to determine whether the fruit is to be supplied to the 

consumer’s fresh market or used for processing. Generally, 

the citrus fruits which are small in size, mostly sent to the 

industry for juice even though these can be consumed in fresh 

market. The fruits which are medium to large in size gave 

maximum returns in consumer fresh market. In present 

research, significant effect of different rootstocks on fruit size 

of Kinnow was recorded. Maximum fruit size of Kinnow was 

measured on Poncirus trifoliata, followed by Fraser hybrid, 

while fruit diameter of Kinnow was lowest on Troyer citrange 

rootstock. Similar results were observed in a research trial and 

significant effects of different rootstocks on fruit size of citrus 

were noted, Gou Tou sour orange produced more large sized 

fruits as compared to other rootstocks (Louzada et al., 2008). 

All trifoliate orange rootstocks produced the good percentage 

of small and medium size fruits. Peel thickness is another 

determinant parameter of citrus fruit fresh quality. Both 

extremes in peel thickness is not desirable in commercial 

citrus production. Fruits with thick peel have high shelf life 

and thus suitable for post-harvest processing and marketing. 

Table 1. Effect of Rootstocks on Sugar Contents (g/L) in Kinnow Juice.  

Rootstock Sucrose (g/L) Fructose (g/L) Glucose (g/L) 

Cox mandarin 41.7±3.14ab 18.3±1.51b 5.7±1.31b 

Fraser hybrid 48.3±4.34a 26.3±2.45a 9.9±1.87a 

Troyer citrange 31.5±3.56b 22.3±2.78ab 5.9±0.98b 

Cleopatra mandarin 38.6±4.78ab 19.1±1.98b 6.1±1.21b 

Poncirus trifoliata 46.3±4.89a 24.7±1.78a 8.2±1.66a 

Benton 34.5±3.98b 16.2±1.34bc 7.3±1.78ab 

C-35 24.4±2.34c 14.3±1.67c 4.4±0.87c 

Carrizo citrange 38.1±3.56ab 20.5±2.65b 4.7±0.91c 

Mean 37.9±3.45A 20.2±2.31B 6.5±1.34C 
Means with different alphabet in a row or in a column are significant (P˂0.05). Means which are having similar alphabet in a row or in 

a column are non-significant (P>0.05). 

 



Qureshi, Jaskani, Khan,, Haider, Shafqat, Asif & Mehmood 

 934 

While the fruits with thin peel are prone to various peel 

disorders, which can happen at any postharvest stage. In 

present research, Peel thickness was also significantly 

affected by different rootstock. Peel thickness was the highest 

in those fruits which were harvested from trees of C-35, 

Rough lemon, Poncirus trifoliata and Cox mandarin and the 

lowest peel thickness was measured on Troyer citrange. 

Effects of different rootstocks on peel thickness of citrus fruits 

was also reported by various researchers. Peel thickness of 

‘Orlando’ tangelo was higher in the fruits of the trees on 

Rough lemon rootstocks (Fallahi et al., 1992) and peel 

thickness of grapefruit was higher on Citrumello rootstock 

(Fallahi et al., 1989). Fruit rind thickness was found to be the 

highest for ‘Marsh’ grapefruit trees on Citrumello rootstock 

and the lowest for trees on Swingle citrumelo (Economides 

and Gregoriou, 1993). 

Fruits of Kinnow are considered to be a good source of sugars, 

soluble solids and vitamin C. These traits have an important 

role in standardizing the quality parameters of citrus fruit. 

Significant effect of different rootstocks on various 

biochemical quality traits of Kinnow mandarin was checked. 

The TSS:TA ratio is an important qualitative parameter of 

Citrus fruits and is the most widely used way for estimating 

the citrus maturity level (Legua et al., 2011; Zaman et al., 

2019). TSS of Kinnow mandarin on Fraser hybrid rootstock 

was maximum. Fraser hybrid rootstock is being used 

worldwide because of its commercial value. Similar results 

were also reported by other scientists, Total soluble solid 

concentrations in the juice of sweet oranges were also found 

to be higher for trees on Carrizo Citrange, Fraser hybrid and 

Cleopatra mandarin, while lowest TSS contents in juice were 

recorded on Rough lemon and Volkamarania rootstocks 

(Zekri and Al-Jaleel, 2004). Titratable acidity of Kinnow 

mandarin was also varying on different rootstocks. Titratable 

acidity is a graft transmissible factor and significantly 

controlled by rootstocks as described by Castle et al. (1988). 

Our results related to Vitamin C, TSS and TA contents in 

Kinnow mandarin were in agreement to Dubey and Sharma 

(2006) who reported that biochemical quality attributes of 

citrus fruits are influenced by different rootstocks. Acid 

contents in the juice of fruits from ‘Valencia’ orange trees 

grafted on Troyer citrange rootstock were highest, whereas it 

was lowest on Rough lemon, Fraser hybrid and Carrizo 

citrange (Al-Jaleel and Zekri, 2004). 

 

Conclusion: Fraser hybrid rootstock proved to be best 

rootstock to enhance the biochemical quality of Kinnow. 

Maximum fructose, sucrose and glucose in Kinnow juice 

were recorded from Fraser hybrid rootstock followed by 

Poncirus trifoliata. Poor performance of Troyer citrange and 

C-35 was recorded regarding physicochemical quality 

attributes of Kinnow fruits. Fraser hybrid and Poncirus 

trifoliata rootstocks could be used as potential candidates for 

commercial Kinnow production to boost up the industrial 

processing section of citrus industry. 
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