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 ABSTRACT 

The present study was conducted on young fruitful budded trees of Murcott, Fremont and 
Fairchild mandarin cvs. grown at Horticultural Research Institute orchard (HRIO), Giza Governorate 
during 2016, 2017 and 2018 seasons. It was aimed to investigate behavior and suitability of such cvs. 
under Giza conditions through the response of their growth, productivity and fruit quality to the 
specific and interaction effects, of citrus rootstock (sour orange & Volkamer lemon), mandarin cvs., 
and their combinations, so a factorial experiment was conducted. Obtained results displayed that all 
evaluated growth measurements i.e, shoot (length, its diameter, No. of leaves/ each, leaf area) and tree 
(height, circumference and canopy volume) responded considerably to both investigated factors, 
whereas, Volkamer lemon rootstock surpassed sour orange, and Fairchild cv. was statistically the 
superior, while Murcott the inferior. Consequently, combination of Fairchild on Volkamer lemon 
ranked 1st, while Murcott trees on sour orange came last. The same trend was also detected with 
productivity measurements (fruit set, fruit retention and yield) except fruit set % which didn’t 
respond. Most fruit physical properties particularly fruit weight, volume and dimensions followed the 
same trend previously discussed with growth measurement, however, for peel thickness and number 
of seeds the trend was greatly changed, whereas Fremont cv. had the thickest rind and the least 
number of seeds. 

Fruit tendency for puffing, was completely absent in 3 cultivars on the two citrus rootstocks, 
while peeling, it was hard with 3 cvs. with few exceptions especially on sour orange rootstock. 
Meanwhile, granulation incidence and grade were obviously influenced by both investigated factors, 
whereas Murcott was the most susceptible particularly on Volkamer lemon, while two other mandarin 
cvs. i.e, Fairchild and Fremont were sufficiently resistant especially on sour orange rootstock.  

Referring the fruit chemical properties i.e, TSS %, total acidity %, TSS/Acid ratio and V.C. 
content, the specific effect of mandarin cv. was more pronounced than that of rootstocks except juice 
acidity, whereas the reverse was true. 
  
Keywords: Murcott, Fremont, Fairchild mandarin, Sour orange, Volkamer lemon, citrus rootstocks, 

Fruit quality. 

 
Introduction 

Citrus is the major fruit crop in Egypt in terms of both cultivated area and total fruits production 
which reached 477510 feddans and 4451644 tons from one hand that represented 28.78 % and 37.08 
% of the total cultivated fruits area and production, respectively from the other, (Ministry of 
Agriculture, Economic Affairs Sector, 2017). Egypt is ranking the sixth largest orange production 
country in the world after Brazil, China, USA, EU (excluding Spain) and Mexico according to the 
United States Department of Agriculture (USDA), Egypt citrus annual report, 2017. Sweet oranges 
and mandarins are considered the principal citrus types species that occupied 1st and 2nd important 
commercial positions in the citrus industry in the country.  

Mandarins are one of the most favorite fruits to consumer because of they are easy peelers and 
have tasty flavor. They ranked next to sweet orange in terms of both cultivated area and production, 
whereas its total planted area reached 111348 feddans with total production of 935536 tons 
Agriculture Statistics, Ministry of Agriculture, 2017. 

Egypt has a great potential for citrus production and exportation due to its geographical 
situation (the nearest to the foreign markets) and the preferable ecological conditions (climate, soil, 
and other characteristics ….etc).  
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Thus, it was necessary to study the behavior of new mandarin cvs. that show better 
characteristics for their fresh fruit market and to extend also mandarins harvest season. Moreover, 
suitability of citrus rootstock for scion variety is one of the most important factors determining the 
success or failure of citrus industry. Rootstocks play an important role in the rapid development of 
citrus industry in the world. The necessity of citrus rootstocks is to have a profitable production 
against some limiting factors such as climate, bad soil conditions, diseases, water stress ….etc. that 
determine the adaptation to soil types which one consequently reflected on the differences in leaf 
nutrient elements content of grafted scions and finally affect their growth, productivity and fruit 
qualities (Bassal, 2009 and Aboutalebi et al., 2012). 

Herein, the present investigation aimed to determine the adaptability of three introduced 
mandarin cultivars namely (Murcott, Fremont and Fairchild) under Giza conditions and their response 
to two citrus rootstocks (Volkamer lemon & sour orange) through investigating variations in scion 
growth, yield, fruit quality in relation to specific and interaction effects of two studied factors. 

 
Materials and Methods 

 
The present investigation was carried out during three successive 2016, 2017 and 2018 

experimental, seasons on 7 years old Murcott, Fremont and Fairchild mandarin trees (Citrus 
reticulata Blanco),budded on Volkamer lemon (Citrus Volkamariana) and sour Orange (Citrus 
aurantium L.) rootstocks, grown in clay loamy soil under surface irrigation system at the Horticultural 
Research Institute (HRI) at Giza Governorate, Egypt. It was hoped to throw some light on possibility 
of success, adaptation of these mandarin cultivars and their response to the most prevailing two citrus 
rootstocks in Egypt. So, a factorial experiment was conducted to evaluate differences related to either 
specific effect of each investigated factor (mandarin cv. & citrus rootstock) or interaction effect of 
two factors combinations (3 mandarin cvs. × 2 citrus rootstocks). The complete randomized block 
design with four replications was used, whereas each replicate was represented by an individual tree.  

Twenty four healthy mandarin trees were devoted (8 trees per each mandarin cv.), whereas one 
half number of each cultivar i.e, 4 trees were budded on Volkamer lemon, while 4 other ones on sour 
orange. Data recorded regarding the specific and interaction effects of both investigated factors during 
three seasons were as follows:- 

 
1. Vegetative growth: 

Twenty spring flushed shoots well distributed around each tree periphery were tagged in late 
March 2016, 2017 and 2018 years during 1st, 2nd and 3rd seasons, respectively. On late September of 
each season the following growth parameters were recorded: Average shoot length, shoot diameter, 
No. of leaves per shoot, leaf area, tree height, periphery / circumference and tree canopy volume were 
determined. Whereas Leaf area (cm2) = 2/3 leaf length × its width after Chou (1966). However, tree 
canopy volume (m3) was estimated after Obreza, (1991) according to the following formula:  
Tree Canopy volume (m3) = H × D2 × 0.5238           
Whereas H= tree height (m), D= diameter of tree periphery (m). 
 
2. Some fruiting or productivity measurements:  

In this respect, percentage of both initial fruit set (one month later from full bloom) and fruit 
retention at mid July as an earlier index of productivity, besides yield (harvested fruits) estimated per 
either an individual tree (as number & weight in Kg) or per feddan (Tons) were yearly determined.  

 
3. Fruit quality (physical & chemical properties):  

At harvesting dates during every season i.e, late December (2016, 2017 and 2018 years) twenty 
mature fruits from each tree / replicate were randomly chosen for fruit quality determination 
 
a. Fruit physical characteristics:  

Twenty sampled fruits from each tree were divided into two halves, ten fruits of the 1st half 
were devoted for determination of the average fruit weight, volume, dimensions (height & width), 
shape index and fruit rind color. However, ten other ones were used for measuring fruit rind thickness, 
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and number of both (seeds & segments / fruit), as well as fruit tendency for puffing, granulation and 
peeling.  

 
b. Fruit chemical composition: 

Fruit juice total soluble solids % (TSS) using hand refractometer, total acidity %  as unhydrous 
citric acid and Vitamin C as mg ascorbic acid per 100 ml juice were determined according to 
A.O.A.C. (1990). Moreover, TSS/acid ratio was estimated.  
 
Statistical analysis  

All data obtained during three seasons were subjected to analysis of variance and significant 
differences among means were determined according to Snedecor and Cochran (1990).Capital or 
small letters were used for distinguishing between means of either specific or interaction effects 
respectively, according to Duncan’s multiple test range (1955). The software MSTAT-C (Freed & 
Scott, 1986) was used. 
 
Results and Discussion 

 
In this regard the following various vegetative growth, productivity and fruit quality (physical 

& chemical properties) of three introduced mandarin cvs. budded on two citrus rootstocks (Volkamer 
lemon & sour orange) as influenced by specific effect of each investigated factor (mandarin cv. & 
rootstock used) and interaction effect of their possible combinations (3 mandarin cvs. × 2 citrus 
rootstocks) were studied during the three consecutive 2016, 2017 and 2018 seasons.  

 
Vegetative growth measurements:  

Data obtained pertaining the investigated seven growth measurements i.e, shoot (length, 
diameter, No of leaves per each and average leaf area), as well as tree (height, circumference and 
canopy volume) in response to specific & interaction effects of two studied factors during three 2016, 
2017 and 2018 seasons are presented in Tables (1) and (2). 
 
A. Specific effect:  

It is quite evident that all seven evaluated growth parameters responded specifically to each 
investigated factor. Herein the (tallest & thickest) shoots with (the highest number of leaves per each 
& average leaf area) and greatest values of both tree circumference and canopy volume except its 
height were significantly coupled to the Fairchild mandarin cv. Such trend was true during three 
seasons, with few exceptions, particularly leaf area in 1st season. On the contrary, Murcott cv. showed 
the least values of the aforesaid 7 growth parameters during three seasons. In addition, Fremont 
mandarin cv. was in between the abovementioned two mandarin cvs. and to some extent differences 
were too few to reach level of significance as compared to Murcott cv. particularly shoot length (2nd 
season), number of leaves / shoot (2nd& 3rd seasons), tree height (1st&3rd seasons), tree circumference 
(2nd season) and tree canopy volume (2nd&3rdseasons).  

As for the specific effect of citrus rootstock used Tables (1) and (2) obviously reveal that 
Volkamer lemon increased statistically all the studied growth measurements than those on sour 
orange, except tree height whereas the reverse was true during three seasons. 
 
B. Interaction effect:  

Obtained data as shown in Tables (1 & 2) displayed that each investigated factor reflected 
directly its own specific effect on their possible combinations. Anyhow, Fairchild mandarin trees 
budded on Volkamer lemon rootstock had the greatest values of all studied growth parameters and 
ranked significantly 1st except tree height. 

Moreover, the combination of the same mandarin cv. (Fairchild) on sour orange rootstock and 
/or Fremont mandarin trees on Volkamer lemon rootstock come statistically 2nd. On the other hand, 
Murcott trees on sour orange rootstock was significantly the inferior combination whereas it had the 
most depressive growth parameters except tree height. In addition, other combinations were in 
between. Such trend was true during three successive seasons with very few exceptions. 



Middle East J. Agric. Res., 8(2): 578-593, 2019 
ISSN: 2077-4605 

581 

Table 1: Some growth measurements of Murcott, Fremont and Fairchild mandarin trees budded on two citrus rootstocks during three successive 2016, 2017 
and 2018 seasons. 

Parameter Shoot length (cm) Shoot diameter (mm) Number of leaves/shoot Leaf area (cm2) 

Rootstock 
 

Cultivar 

Volkamer 
lemon 

Sour 
orange 

Mean* 
Volkamer 

lemon 
Sour 

orange 
Mean* 

Volkamer 
lemon 

Sour 
orange 

Mean* 
Volkamer 

lemon 
Sour 

orange 
Mean* 

  1st season 2016  

Murcott 15.09 e 15.25 e 15.17 C 2.19 c 2.01 d 2.10 C 7.90   d 7.72 e 7.81  C 11.81  c 11.71 c 11.76 C 

Fremont 16.49 c 16.13 d 16.31 B 2.30 b 2.07 d 2.19 B 8.75   c 8.03 d 8.39  B 13.57 a 13.50 ab 13.56 A 

Fairchild 18.62 a 17.70 b 18.16 A 2.66 a 2.32 b 2.49 A 12.64  a 9.56 b 11.10 A 13.35 ab 13.26 b 13.30 B 

Mean** 16.73 A 16.36 B  2.38 A 2.13 B  9.76 A 8.44 B  12.91 A 12.82 B  

  2nd season 2017  

Murcott 16.20 c 16.34 c 16.27 B 2.33  c 2.33 c 2.33 C 8.18 c 7.85 d 8.02 B 9.83 d 9.43 e 9.63  B 

Fremont 16.62 bc 16.31 c 16.47 B 2.39  b 2.37 bc 2.38 B 8.21 c 8.00 d 8.11 B 13.18 a 12.75 b 12.97 A 

Fairchild 19.88 a 16.81 b 18.35 A 2.68  a 2.36 bc 2.52 A 9.72 a 9.21 b 9.47 A 13.36 a 12.40 c 12.88 A 

Mean** 17.57 A 16.49 B  2.47 A 2.35 B  8.70 A 8.35 B  12.12 A 11.53 B  

  3rd season 2018 

Murcott 16.95 cd 15.83 e 16.39 C 2.52 c 2.45 d 2.48 C 9.33 b 8.58 d 8.96 B 10.20 d 9.94 d 10.07 B 

Fremont 17.49 b 16.82 d 17.16 B 2.74 b 2.55 c 2.65 B 9.15 c 8.61 d 8.88 B 12.42 b 12.93 a 12.68 A 

Fairchild 19.58 a 17.38 bc 18.48 A 2.91 a 2.72 b 2.82 A 10.34 a 9.38 b 9.86 A 13.15 a 11.72 c 12.44 A 

Mean** 18.01 A 16.68 B  2.72 A 2.57 B  9.61 A 8.86 B  11.92 A 11.53 B  

*and ** refer to specific effect of mandarin cultivars and citrus rootstocks, respectively. 
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Table 2: Tree (height, circumference and canopy volume) of Murcott, Fremont and Fairchild mandarin trees budded on two citrus rootstocks during 
three successive 2016, 2017 and 2018 seasons.  

Parameter Tree height (m) Tree circumference (m) Tree canopy volume (m3) 

Rootstock 
 

Cultivar 

Volkamer 
lemon 

Sour orange Mean* 
Volkamer 

lemon 
Sour orange Mean* 

Volkamer 
lemon 

Sour orange Mean* 

1st season 2016  

Murcott 2.00 d 2.43 a 2.22 A 5.72 c 4.97 e 5.35 C 3.48 d 3.22 d 3.35 C 

Fremont 2.30 b  2.24 bc 2.27 A 5.68 c 5.30 d 5.49 B 3.93 c 3.33 d 3.63 B 

Fairchild 2.16 c 2.29 b 2.23 A 9.00 a 6.53 b 7.77 A 9.32 a 5.20 b 7.26 A 

Mean** 2.15 B 2.32 A  6.80 A 5.60 B  5.58 A 3.92 B  

 2nd season 2017 

Murcott 2.35 b 2.62 a 2.49 A 6.00 d 4.95 e 5.48 C  4.54 c 3.46 d 4.00 B 

Fremont 2.30 b 2.31 b 2.31 B 6.31 c 5.15 e 5.73 B  4.84 c 3.36 d 4.10 B 

Fairchild 2.25 b 2.38 b 2.32 B 9.23 a 7.31 b 8.27 A 10.13 a 6.76 b 8.44 A 

Mean** 2.30 B 2.44 A  7.18 A 5.80 B    6.50 A 4.53 B  

 3rd season 2018 

Murcott 2.35 d 2.55 ab 2.45 A 6.18 c 5.24 e 5.71 B 4.77 c 3.79 d 4.28 B 

Fremont   2.49 bc 2.33 d 2.41 A 6.05 c 5.64 d 5.85 B 4.86 c 3.95 d 4.41 B 

Fairchild 2.65 a 2.40 cd 2.53 A 9.24 a 7.98 b 8.61 A 11.41 a 8.11 b 9.76 A 

Mean**  2.50 A 2.43A  7.16 A 6.29 B    7.01 A 5.28 B  
*and ** refer to specific effect of mandarin cultivars and citrus rootstocks, respectively. 
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The present results go partially in line with the findings of Bistline, (1981), Monteverde et al., 
(1990), Salem, (1994) and Monteverde et al., (2000) all mentioned the superiority of Volkamer lemon 
rootstock for Valencia sweet orange scion over other tested rootstocks. Moreover, Findings of Fallahi 
and Rodney, (1992) on Fairchild mandarin cv., Nunez et al., (2007) on Fremont mandarin cv and 
Osman, (2013) on navel orange gave support to the present results regarding the important and 
suitability of rootstocks used and their effect on different growth parameters.  

 
Some fruiting or productivity measurements:  

In this regard percentage of both initial fruit set and fruit retention at mid July as an earlier 
index of productivity, as well as harvested mature fruits (yield) estimated per either tree (number & 
weight in Kg) or per feddan (tons) were the five investigated measurements of productivity in 
response to specific and interaction effects of two studied factors (mandarin cvs. & citrus rootstock), 
data obtained during 2016, 2017 and 2018 are presented in Table (3). 
 
A. Specific effect:  

Data in Table (3) reveal that the response of fruit set % to specific effect of two studied factors 
was less pronounced than the four other cropping measurements. Herein, the differences in fruit set % 
were completely absent as specific effect of citrus rootstock during 3 seasons, and mandarin cv. 
during 1st seasons was concerned. However, during 2nd& 3rd seasons both Murcott and Fairchild 
mandarin cvs. showed statistically not only the same fruit set % but also surpassed Fremont cv. in this 
regard.    

On the other hand, four other cropping measurements i.e, fruit retention % at mid July, (number 
& weight of mature harvested fruits) per tree and yield per feddan showed not only more pronounced 
response to specific effect of two studied factors, but also followed typically the same firm trend 
during three seasons. Hence, Volkamer lemon rootstock increased significantly values of these four 
fruiting measurements than the analogous ones on sour orange rootstock. As for the specific effect of 
mandarin cultivar, Table (3) displays obviously that the greatest values of the above-mentioned four 
cropping parameters were significantly coupled with Fairchild mandarin cv., followed by Murcott and 
Fremont cvs., which ranked 2nd and 3rd, respectively from the statistical standpoint during three 
seasons. 

Taking into consideration that rate of changes due to specific effect of mandarin cvs. was more 
pronounced than those of citrus rootstock for all productivity measurements.  

 
B. Interaction effect:  

It is clear from data in Table (3) that specific effect of each investigated factor (rootstock & 
mandarin cv.) was directly reflected on their possible combinations. However, differences in the 
initial fruit set % were generally neither firm nor pronounced from one hand, but both combinations 
of Fairchild and Murcott cvs. from the other showed relatively higher values over other ones, 
particularly during 2nd& 3rd seasons. 

As for the four others cropping measurements, it was quite evident that both combinations of 
Fairchild (budded on Volkamer lemon & sour orange) ranked statistically 1st & 2nd during three 
seasons. Moreover, two Murcott combinations particularly that on Volkamer lemon came 
significantly 3rd, however those of Fremont on two citrus rootstocks in most cases were the inferior 
during three seasons. 

The present results go generally in line with the findings of several investigators. Herein, 
variance in productivity due to specific effect of mandarin cvs. was supported by Glenn, (2006) who 
found that Fremont had the lowest yield as compared to four other investigated cvs. In addition, 
Sobhy and Ashraf, (2015) found that Fremont had higher yield than Balady cv. On the other side, 
Findings of Castle et al., (1993) on some citrus crops, Zekri and AlJaleel, (2004) on some sweet 
orange cvs., Espinoza et al., (2008) on Fairchild mandarin cv. budded on four citrus rootstocks and 
Sobhy and Ashraf (2015) on Balady and Fremont mandarin trees, all pointed out that Volkamer lemon 
rootstock increased yield over other investigated rootstocks. 
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Table 3: Some cropping measurements of Murcott, Fremont and Fairchild mandarin trees budded on two citrus rootstocks during three successive 2016, 2017 and 2018 seasons.  

Parameter Fruit set % Retained fruits % at mid July 
Yield 

Number of fruits/tree Fruits weight (Kg) / tree Fruits weight (Ton) / Feddan 

Rootstock 
 
 
Cultivar 

Volkamer 
lemon 

Sour 
orange 

Mean* 
Volkamer 

lemon 
Sour 

orange 
Mean* 

Volkamer 
lemon 

Sour 
orange 

Mean* 
Volkamer 

lemon 
Sour 

orange 
Mean* 

Volkamer 
lemon 

Sour 
orange 

Mean* 

1st season 2016  

Murcott 40.11 bc 40.09 cd 40.10 A 2.47 c 2.41 c 2.44 B 162.8 cd 156.4 d 159.6 B 19.79 cd 17.86 d 18.83 B 6.93 c 6.25 d 6.59 B 

Fremont 40.40 bc 40.61 b 40.51 A 2.29 c 2.29 c 2.29 C 144.3 e 139.5 e 141.9 C 14.61 e 13.39 e 14.00 C 5.12 e 4.69 e 4.91 C 

Fairchild 39.83 d 41.76 a 40.78 A 3.09 a 2.66 b 2.88 A 188.8 a 169.1 bc 179.0 A 26.07 a 22.47 bc 24.27A 9.12 a 7.87 b 8.50 A 

Mean** 40.11 A 40.82A  2.62 A 2.45 B  165.3 A 155.0 B  20.16 A 17.91 B  7.06 A 6.27 B  

2nd season 2017  

Murcott 43.61 a 42.67 b 43.14 A 2.86 c 2.66 d 2.76 B 159.5 c 148.5 e 154.0 B 21.23 c 16.61 d 18.92 B 7.43 c 5.81 d 6.62 B 

Fremont 41.97 c 42.93 b 42.45 B 2.56 de 2.49 e 2.53 C 153.3 d 141.0 f 147.2 C 15.74 d 13.50 e 14.62 C 5.51 d 4.73 e 5.12 C 

Fairchild 43.90 a 42.70 b 43.30 A 3.37 a 3.16 b 3.27 A 189.1 a 172.8 b 181.0 A 31.98 a 23.74 b 27.86 A 11.19 a 8.31 b 9.75 A 

Mean** 43.16 A 42.77A  2.93 A 2.77 B  167.3 A 154.1 B  22.98 A 17.95 B  8.04 A 6.28 B  

3rd season 2018  

Murcott 40.52 a 40.44 a 40.48 A 2.68 c 2.58 c 2.63 B 149.8 c 149.3 c 149.6 B 18.56 c 17.41 c 17.99 B 6.50 c 6.09 d 6.30 B 

Fremont 39.83 b 39.96 b 39.90 B 2.45 d 2.41 d 2.43 C 134.6 d 130.9 d 132.8 C 13.69 d 12.68 d 13.19 C 4.80 e 4.44 e 4.62 C 

Fairchild 40.51 a 40.33  ab 40.42 A 3.47 a 2.86 b 3.17 A 185.5 a 176.6 b 181.1A 28.32 a 22.71 b 25.52 A 9.91 a 7.95 b 8.93 A 

Mean** 40.29 A 40.24A  2.87 A 2.62 B  156.6 A 152.3A  20.19 A 17.60 B  7.07 A 6.16 B  
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Fruit quality (Physical & Chemical properties). 
 
1. Fruit physical characteristics:  

In this respect average fruit weight, volume, dimensions (height & width), shape index, fruit 
rind (color & thickness), number of (seeds & segments / fruit) and fruit tendency for (puffing, 
granulation and peeling) were the twelve investigated fruit physical characteristics in response to 
specific and interaction effects of two studied factors (mandarin cv. & citrus rootstock). Data obtained 
are presented in Tables (4), (5), (6) and illustrated by photo (1). 

 
A. Specific effect:  

Regarding the specific effect of citrus rootstock on the eight studied fruit physical properties 
subjected to the statistical analysis i.e, (average fruit weight, volume, height, width, shape index, peel 
thickness and number of both segments & seeds /fruit), data obtained during three seasons as shown 
in Tables (4 & 5) displayed that such parameters didn’t follow the same trend. It is quite evident that 
the following trends of response were detected.a-1st one was dealing with the average fruit weight, 
volume, dimensions (its height & width) and fruit rind thickness, all responded evidently to rootstock 
used and their values were increased significantly on Volkamer lemon as compared to sour orange 
rootstock. b- 2nd trend was representative of both fruit shape index (fruit polar diameter: its equatorial 
diameter) and number of segments per fruit, where differences in their values due to citrus rootstock 
used were too few to reach level of significance, during three experimental seasons. finally c – the 3rd 
one was detected with the number of seeds / fruit which didn’t, follow firm trend during three seasons, 
since fruits on sour orange rootstock had significantly higher number of seeds than those on Volkamer 
lemon during 1st & 3rd seasons, while the reverse was true during 2nd season. This may be attributed to 
the seasonal changes in some environmental and soil factors particularly those can play specific role 
or modify the suitability of pollination, fertilization and seeds development processes to take place 
well on one rootstock rather than other such as climatic (temperature, humidity, …..etc.) and soil 
(moisture content, …) conditions. 

As for the specific effect of mandarin cultivar on the aforesaid discussed eight fruit physical 
properties (those subjected to statistical analysis), data obtained during three seasons as shown in 
Tables (4 & 5) displayed that the average fruit (weight, volume, height, width) and number of seeds 
per fruit followed to a great extent the same trend. Anyhow, Fairchild mandarin cv. had significantly 
the greatest values for these, five parameters, while Fremont was the inferior. In addition, Murcott cv. 
came in between the previously mentioned extremes. Differences due to specific effect of mandarin 
cultivar were significant as three cultivars were compared each other pertaining the response of a 
given parameter from these five measurements was concerned during three seasons except with 
comparing the number of seeds/fruit of both Murcott and Fairchild cvs. during the third 2018 season, 
where difference was not significant. Meanwhile, fruit shape index didn’t response specifically to 
mandarin cultivar. However, number of segments per fruit and fruit rind thickness followed generally 
two conflicted trends, where Fremont cv. had statistically the thickest fruit rind associated with least 
number of segments per fruit. The reverse was true with Fairchild cv. which had statistically the 
thinnest peel, while the greatest number of segments per fruit was significantly coupled with both 
Murcott and Fairchild mandarin cvs. such trend was true during three seasons with few exceptions i.e, 
with comparing fruit peel thickness of Murcott cv. or number of segments/fruit of Fairchild cv. to the 
analogous ones of Fremont cv. during 1st and 2nd seasons, respectively, whereas differences were 
insignificant.  

 
B. Interaction effect: 

Concerning the interaction effect of citrus rootstocks and mandarin cultivars, Tables (4&5) 
reveal that the specific effect of each investigated factor was directly reflected on their combinations. 
However the statistical analyzed fruit physical characteristics didn’t follow the same trend in their 
response to interaction effect of two studied factors combinations (citrus rootstock × mandarin 
cultivar). Since, the average fruit weight, volume, fruit dimensions (polar & equatorial diameters) and 
number of seeds/ fruit followed typically the same trend. Herein, the greatest values of these five fruit 
physical parameters were significantly in closed relationship to that combination of Fairchild 
mandarin trees budded on Volkamer lemon rootstock, descendingly followed by both combinations of 
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Table 4: Some fruit physical properties of Murcott, Fremont and Fairchild mandarin trees budded on two citrus rootstocks during three successive 2016, 2017 

and 2018 seasons. 

Parameter Fruit weight (g) Fruit volume (cm3) Fruit height (cm) Fruit width (cm) Fruit shape index 

Rootstock 
 
 
Cultivar 

Volkamer 
lemon 

Sour 
orange 

Mean* 
Volkamer 

lemon 
Sour 

orange 
Mean* 

Volkamer 
lemon 

Sour 
orange 

Mean* 
Volkamer 

lemon 
Sour 

orange 
Mean* 

Volkamer 
lemon 

Sour 
orange 

Mean* 

1st season 2016  

Murcott 121.5 c 114.1 d 117.8 B 126.0 c 120.6 d 123.3 B   5.33 bc 5.16 c 5.25 B 6.46 b 6.33 b 6.40 B 0.825 a 0.818 a 0.822 A 

Fremont 101.3 c   95.9 f   98.6 C 107.5 e 101.3 f 104.4 C 4.79 d 4.56 e 4.68 C 5.80 c 5.49 d 5.65 C 0.825 a 0.830 a 0.828 A 

Fairchild 138.0 a 132.4 b 135.2 A 145.5 a 143.5 b 144.5 A 5.75 a 5.49 b 5.62 A 6.64 a 6.60 a 6.62 A 0.865 a 0.833 a 0.849 A 

Mean** 120.3 A 114.1 B  126.3 A 121.8 B  5.29 A 5.07 B  6.30 A 6.14 B  0.838 A 0.827 A  

2nd season 2017  

Murcott 133.0 c 111.8 d 122.4 B 143.6 c 118.4 d 131.0 B 5.49 c 5.35 d 5.42 B 6.65 b 6.03 c 6.34 B 0.825 a 0.890 a 0.858 A 

Fremont 102.5 e   95.6 f   99.1 C 109.5 e 102.9 f 106.2 C 5.06 e 4.73 f 4.90 C   5.94 cd 5.81 d 5.88 C 0.855 a 0.818 a 0.837 A 

Fairchild 169.0 a 137.0 b 153.0 A 181.9 a 147.6 b 164.8 A 6.02 a 5.72 b 5.87 A 7.00 a 6.65 b 6.83 A 0.858 a 0.860 a 0.859 A 

Mean** 134.8 A 114.8 B  145.0 A 123.0 B  5.52 A 5.27 B  6.53 A 6.16 B  0.846 A 0.856A  

3rd season 2018  

Murcott 123.8 c 116.5 d 120.2 B 134.9 b 128.6 c 131.8 B 5.20 b 5.26 b 5.23 B   6.33 bc 6.28 c 6.31 B 0.823 a 0.838a 0.831 A 

Fremont 101.8 e   96.9 f   99.4 C 111.3 d 106.3 d 108.8 C 4.92 c 4.82 d 4.87 C 5.86 d 5.62 e 5.74 C 0.838 a 0.855 a 0.847 A 

Fairchild 152.5 a 128.5 b 140.5 A 165.5 a 137.3 b 151.4 A 5.61 a 5.26 b 5.44 A 6.61 a 6.48  ab 6.55 A 0.850 a 0.813 a 0.832 A 

Mean** 126.0 A 114.0 B  137.2 A 124.1 B  5.24 A 5.11 B  6.27 A 6.13 B  0.837 A 0.835 A  

*and ** refer to specific effect of mandarin cultivars and citrus rootstocks, respectively. 
 

 
 



Middle East J. Agric. Res., 8(2): 578-593, 2019 
ISSN: 2077-4605 

587 

Table 5: Some fruit physical properties of Murcott, Fremont and Fairchild mandarin trees budded on two citrus rootstocks during three successive 2016, 2017 and 2018 
seasons. 

Parameter Peel thickness (mm) Number of segments Number of seeds / fruits  Puffing  Granulation*** Peeling 

 Rootstock 

 
 
Cultivar 

Volkamer 
lemon 

Sour 
orange 

Mean* 
Volkamer 

lemon 
Sour 

orange 
Mean* 

Volkamer 
lemon 

Sour 
orange 

Mean* 
Vol. 

lemon 
Sour 

orange 
Vol. 

lemon 
Sour 

orange 
Vol. 

lemon 
Sour 

orange 

1st season 2016  

Murcott 2.38 bc 2.27 c 2.33 A 11.17 a 11.38 a 11.28 A 20.96 c 24.10 b 22.53 B 0 0 + + + + Hard Hard 

Fremont 2.57 a 2.48 ab 2.53 A 10.29 c 10.51 bc 10.40 B 15.81 e 19.56 d 17.69 C 0 0 0 0 Hard easy 

Fairchild 1.96 d 1.88 d 1.92 B 11.33 a 10.67 b 11.00 A 26.20 a 25.37 a 25.79 A 0 0 ++ 0 Hard Hard 

Mean** 2.30 A 2.21 A  10.93 A 10.85 A  20.99 B 23.01 A        

2nd season 2017  

Murcott 2.27 b 2.08 c 2.18 B 11.27 b 11.98 a 11.63 A 23.40 c 22.85 c 23.13 B  0 0  + +   0 Hard Hard  

Fremont 2.79 a 2.82 a 2.81 A 10.93 c 10.38 d 10.66 B 15.30 d 14.41 d 14.86 C  0 0   + 0 Hard Hard  

Fairchild 1.99 c 1.85 d 1.92 C 11.24 b 10.76 c 11.00 AB 28.65 a 24.55 b 26.60 A  0 0   0  0 Hard Semi 
hard  

Mean** 2.35 A 2.25 B   11.15 A 11.04 A  22.45 A 20.60 B              

3rd season 2018  

Murcott 2.78 b 2.80 b 2.79 B 11.85 b 11.25 c 11.55 A 22.28 c 26.75 a 24.52 A 0 0 + + + + Hard Hard 

Fremont 3.19 a 2.89 b 3.04 A 10.75 d 10.46 e 10.61 B 12.63 d 11.35 e 11.99 B 0 0 + 0 Hard Hard 

Fairchild 2.90 b 2.36 c 2.63 C 11.25 c 12.09 a 11.67 A 23.88 b 22.41 c 23.15 A 0 0 0 0 Hard Hard 

Mean** 2.96 A 2.68 B  11.28 A 11.27 A  19.60 B 20.17 A       
 
 

*and ** refer to specific effect of mandarin cultivars and citrus rootstocks, respectively. 
***refers to number of granulated fruits per sample (20 fruits), whereas 0=absent, (+)=(1-2), (++)=(3-4) and (+++)= (5 or more). 
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Fairchild on sour orange rootstock and /or Murcott mandarin trees on Volkamer lemon rootstock 
which ranked 2nd and /or 3rd from the statistical point of view. Differences were significant as the 
above discussed three effective combinations were compared each other with few exceptions 
particularly with fruit width whereas differences were relatively less pronounced, besides number of 
seeds per fruit during, 3rd season showed a noticeable shift in its response. 

On the contrary, Fremont mandarin trees on sour orange rootstock had the inferior combination 
which showed significantly the least values of such five fruit physical properties during three seasons 
with few exceptions scarcely observed with comparison to the other Fremont combination (on 
Volkamer lemon). In addition, other combinations were in between the aforementioned superior and 
inferior categories.  

Fruit shape index was not impacted, where differences between all (2 rootstocks × 3 mandarin 
cvs.) combinations were completely absent from the statistical standpoint. This could be logically 
explained as a real reflection of the paralleled rate of change in both fruit dimensions to the specific 
effect of each investigated factor.  

Referring fruit tendency for puffing, granulation and peeling, data obtained during 2016, 2017 
and 2018 seasons as shown in Table (5) showed that puffing was completely absent in three mandarin 
cultivars during 3 seasons regardless of rootstock used. Moreover, fruit rind of 3 cultivars on 
Volkamer lemon was rather tightly adherent but not peelable, however on sour orange rootstock it 
was moderately adherent and in some cases easily peelable particularly with Fremont and Fairchild 
cvs. during 1st and 2nd, seasons, respectively. On the other hand, obtained data as shown in Table (5) 
obviously exhibited that granulation occurrence in mandarin fruits varied not only from one mandarin 
cv. to another, but also citrus rootstock used plays its own role in this concern. Besides, a relative less 
pronounced change or modification in trend of response through three seasons was detected. Anyhow, 
Murcott cv. was the most susceptible to granulation phenomenon, where a numerous granulated fruits 
particularly on Volkamer lemon rootstock i.e, 5 or more per each sample (20 fruits) were recorded 
during three seasons. However, granulation in Murcott trees budded on sour orange rootstock was 
obviously lower and scarcely observed (1-2 fruits / each sample) during three seasons. On the 
contrary, both Fairchild and Fremont were resistant to such phenomenon, especially on sour orange 
rootstock where their fruits were completely granulation free during three seasons. Meanwhile, on 
Volkamer lemon, Fremont was relatively more susceptible than, Fairchild, where granulation was 
absent during 1st season only or during (2nd& 3rd) seasons with Fremont and Fairchild mandarin cvs., 
respectively. Taking into consideration that rate of granulation occurrence for both resistant cultivars 
was considerably lower (1-2 fruits per each sample).  

Regarding the fruit rind color it could be noticed clearly from Table (6) and photo (1) that 
Murcott cv. had generally poorer color (straw, Chinese yellow to cadmium orange) particularly on 
sour orange rootstock as compared to either Fremont or Fairchild cvs. On the contrary, peel color of 
two other cvs., especially Fremont on Volkamer lemon was the best and showed an attractive redish 
deep orange color. This could be logically explained on such fact that Murcott cv. itself is medium –
late in maturity, besides sour orange retarded maturity (Bassal, 2009) 

The present results regarding the response of some fruit physical characteristics particularly 
(fruit weight, size, dimensions, rind thickness and number of seeds) are in general agreement with the 
earlier studies of numerous investigators. Hence, findings of Georgiou, (2000) on Nova mandarin 
budded on 11 rootstocks, Zekri and Al-Jaleel, (2004) on Valencia and navel orange budded on 
Volkamer lemon and sour orange .,Akgul and Tuzcu, (1993) on Clementine, Satsuma and Fremont 
mandarin cvs. budded on (VL & SO), Demirkisser et al., (2009) on 2 mandarin cvs. budded on 3 
rootstocks and Sobhy and Ashraf, (2015) on Balady & Fremont mandarin cvs. budded on (VL & SO), 
all gave support to our results regarding the effect of rootstocks used. However, differences between 
mandarin cultivars go in line with those found by Borges and Pio, (2003), Glenn, (2006) and Sobhy 
and Ashraf, (2015) on some mandarin cvs.  

As for the difference between mandarin cultivars regarding their susceptibility to granulation 
our result is in congeniality with findings of Glenn, (2006) who found that Fremont cv. had the least 
grade of granulation incidence and Zhao et al., (2006) they mentioned that Murcott fruits were easily 
granulated. Meanwhile, results concerning the effect of rootstock are to great extent coincident with 
those of Sharma and Saxena, (2004) on Kinnow mandarin cv. budded on 3 rootstocks i.e, Sohsarkar 
(vigorous), Troyer citrange (dwarfing) and Jkarna Khatta (semi vigorous), they pointed out that 
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granulation was greatly influenced by rootstock, being high (up to 40%) on vigorous rootstock, while 
very low (5.9 %) on dwarfing rootstock. 
 
Table 6: Fruit peel color of Murcott, Fremont and Fairchild mandarin trees budded on two citrus 

rootstocks during three successive 2016, 2017 and 2018 seasons. 

Rootstocks 
Mandarin 
cultivars 

2016 2017 2018 

V
o

lk
am

er
 l

em
o

n
 

Murcott  

Chinese yellow  
badge 606         
Page 68                    
part I 

Maize yellow   
badge 607             
page 69                
part I 

Straw yellow    
badge 604          
page 67              
part I 

Fremont  

Tangerine orange   
badge 9/1         
page 9                
 part I   

orpiment orange 
badge 10             
 page 10               
part I 

Persimmon orange  
badge 710/1      
page 91              
part I 

Fairchild  

Tangerine orange  
badge 9/1         
page 9                 
part I   

orange Bull        
badge 507           
page 133            
 part I 

orpiment orange  
badge 10            
page 10                    
part I 

S
ou

r 
or

an
ge

 

Murcott  

Chinese yellow         
 badge 606        
Page 68                    
part I  

Cadmium orange  
badge 8              
page 8                      
part I 

Straw yellow    
badge 604          
page 67               
part I 

Fremont  

Persimmon orange          
badge 710        
page 91                
 part I 

Persimmon orange  
badge 710             
page 91                
 part I 

Tangerine orange 
badge 9            
page 9                   
part I 

Fairchild  

Straw yellow  
badge 604           
page 67              
part I 

Maize yellow   
badge 607          
page 69              
 part I 

Maize yellow  
badge 607         
page 69               
part I 

 
2. Fruit chemical properties:  

The fruit juice (TSS %, total acidity, TSS/Acid ratio and V.C content) of Murcott, Fremont 
and Fairchild mandarin cvs. budded on Volkamer lemon and sour orange rootstocks were the 
investigated fruit chemical properties in relation to specific and interaction effects of citrus rootstock, 
mandarin cv. and their combinations, data obtained during 2016, 2017 and 2018 seasons are presented 
in Table (7). 

 
A. Specific effect:  

With regard to the specific effect of mandarin cultivar, it is quite clear that all/ most investigated 
chemical properties followed to great or some extent the same trend, whereas, Fremont was 
statistically the superior with few exceptions i.e, total acidity % and TSS/Acid ratio during the third 
2018 season. Differences were absent with comparing fruit juice total acidity for both (Fremont & 
Murcott cvs.) from one hand and fruit juice TSS/Acid ratio of (Fremont & Fairchild cvs.) from the 
other. The opposite was found with Murcott cv. which was generally the inferior, however differences 
were in most cases significant i.e, V.C content (during 3 seasons), both TSS % and TSS/Acid ratio (1st 

& 3rd seasons). Meanwhile, differences in fruit juice acidity in most cases were insignificant 
especially with comparing Murcott with Fairchild during three seasons. 

Referring the specific effect of citrus rootstock, Table (7) reveals that the response was less 
pronounced than that previously found with mandarin cultivars particularly as fruit juice TSS % and 
V.C content were concerned during 2nd and 3rd seasons. Meanwhile, with both total acidity % and 
TSS/Acid ratio two opposite trends were detected, whereas sour orange rootstock increased 
statistically juice acidity and the reverse was true with TSS/Acid ratio whereas Volkamer lemon was 
significantly the superior. 
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Table 7: Fruit juice chemical properties of Murcott, Fremont and Fairchild mandarin trees budded on two citrus rootstocks during three successive 2016, 2017 and 2018 
seasons. 

Parameter Juice T.S.S. (%) Juice acidity (%)  T.S.S./Acid ratio Fruit V.C. mg/100ml juice 

Rootstock 
 

Cultivar 

Volkamer 
lemon 

Sour 
orange 

Mean* 
Volkamer 

lemon 
Sour 

orange 
Mean* 

Volkamer 
lemon 

Sour 
orange 

Mean* 
Volkamer 

lemon 
Sour orange Mean* 

1st season 2016  

Murcott 7.95 e 9.50 d 8.73 C 0.70 c 0.85 b 0.78 B 11.49 c 11.27 c 11.38 C 36.97 d 36.85 d 36.91 C 

Fremont 11.78 a 11.25 b 11.52 A 0.81 b 0.90 a 0.86 A 14.61 a 12.46 b 13.54 A 59.35 a 52.03 c 55.69 A 

Fairchild 10.10 c 9.63 d 9.86 B 0.71 c 0.86 ab 0.79 B 14.26 a 11.19 c 12.73 B 36.47 d 56.92 b 46.70 B 

Mean** 9.94 B 10.13 A  0.74 B 0.87 A  13.45 A 11.64 B  44.26 B 48.60 A  

 2nd season 2017 

Murcott 9.00 c 9.63 b 9.31 B 0.76 e 0.94 c 0.85 B 11.92 ab 10.28 c 11.10 AB 44.64 d 37.46 e 41.05 C 

Fremont 11.88 a 11.75 a 11.81 A 0.98 b 1.15 a 1.07 A 12.12 a 10.19 c 11.15 A 60.00 b 64.77 a 62.39 A 

Fairchild 9.71 b 9.25 c 9.48 B 0.83 d 0.92 c 0.87 B 11.74 b 10.05 c 10.89 B 43.27 d 52.25 c 47.76 B 

Mean** 10.19 A 10.21 A  0.85 B 1.00 A  11.93 A 10.17 B  49.30 A 51.49 A  

3rd season 2018 

Murcott 9.28 e 10.50 c 9.89 C 0.76 c 0.91 ab 0.83 AB 12.28 c 11.53 d 11.91 B 46.26 c 42.21 d 44.24 C 

Fremont 12.43 a 12.02 b 12.23 A 0.90 b 0.93 a 0.92 A 13.81 a 12.89 b 13.35 A 54.77 a 55.33 a 55.05 A 

Fairchild 10.63 c 9.75 d 10.19 B 0.77 c 0.77 c 0.77 B 13.79 a 12.66 bc 13.23 A 45.69 c 51.78 b 48.74 B 

Mean** 10.77 A 10.76 A  0.81 B 0.88 A  13.29 A 12.36 B  48.91 A 49.77 A  

*and ** refer to specific effect of mandarin cultivars and citrus rootstocks, respectively. 
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Photo 1: Mandarin fruits of (Murcott, Fremont, Fairchild cvs.) i.e, (upper /1st, medium / 2nd, down / 
3rd rows, respectively). 

 
The 1st and 2nd pairs of fruits within each row (from left to right sides) were sampled from trees budded 

on Volkamer lemon and sour orange, respectively.  
It could be noticed the superiority and suitability of Volkamer lemon rootstock over sour orange for 

three mandarin cvs., whereas fruits were greater in size early matured, with will rind coloration, especially with 
Fairchild cv. and to some extent two other mandarin cvs. Moreover, crispness or shrinking of Fairchild fruits 
rind at fruit base occurred on sour orange rootstock was completely disappeared on Volkamer lemon rootstock.    

 
B. Interaction effect:  

Data obtained during three seasons, declared that each of both investigated factors (citrus 
rootstock & mandarin cv.) reflected its own specific effect on their combinations. Anyhow, it could be 
generally said that both combinations of Fremont cv. (budded on either Volkamer lemon or sour 
orange) were to great extent the superior, while the reverse was true with two combinations of 
Murcott cv., whereas they in most cases showed the least values of the investigated fruit juice 
properties. In addition, other combinations were in between with noticeable tendency of variance 
differed from one parameter to other and in few cases from season to another. Findings of Georgiou, 
(2000) on Nova mandarin Sharma and Saxena, (2004) on Kinnow mandarin budded on eleven 
rootstocks and Sobhy and Ashraf (2015) on Balady and Fremont mandarin cvs. budded on VL & SO 
rootstocks gave support to our results regarding the effect of rootstock on fruit juice TSS or Brix, 
acidity, V.C content. Moreover, differences in fruit juice chemical properties due to cultivars are in 
general agreement with Sobhy and AShraf, (2015) on two mandarin cvs.   

It can be concluded that the best combinations were these Fairchild / Volkamer lemon rootstock 
where fruits yield and quality achieved better and outstanding results than other tested combinations.      
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