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ABSTRACT 
 

This study was carried out during two successive seasons (2010 and 2011) on pistachio trees cultivated by 
seeds in sandy soil at a private farm in El-Gura area North Sinai governorate Egypt. Pistachio trees were 
grafting by two grafting methods (cleft & side) in three dates (January, February and March) with supplemental 
irrigation or rainfed. Results showed that, grafting method (cleft & side) in three grafting dates (January, 
February and March) was significantly successful and gave the highest values in percentage of union success, as 
well as No. of shoots, No. of leaves, mean shoot length and scion diameter in the two studied seasons. In this 
respect, the cleft grafting method gave the highest values in percentage of union success, no. of shoots, no. of 
leaves, mean shoot length and scion diameter compared with the side grafting in both studied seasons. 
Supplemental irrigation failed to give any result with March date but increased percentage of union success, no. 
of shoots, no. of leaves, shoot length and scion diameter compared with the other two dates in both seasons. On 
the other hand, it gave the highest value with January date in 2010 and 2011 seasons. Besides, supplemental 
irrigation improved all vegetative measurements with cleft or side method compared with rainfed while it gave 
the highest values with cleft method in both studied seasons. Finally, adding supplemental irrigation to pistachio 
trees which were grafted by cleft or side grafting in the first date (January) or the second date (February) 
increased percentage of union success, as well as No. of shoots, No. of leaves, mean shoot length and scion 
diameter compared with rainfed but failed to give any results with the third date (March). 
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Introduction 
 
 The pistachio, Pistacia vera L. is a deciduous tree native to Western Asia and parts of the Middle East that 
belongs to the family Anacardiaceae Woodroof (1967), Tous and Ferguson, (1996). It is the only species of the 
genus Pistacia that is commercially cultivated (Labavitch et al., (1982) and Kaska, (2005). Pistachio is the fifth 
most important commercially produced nut crop in the world, supplying 8% of total production after cashews 
(31%), almonds (27%), walnuts (22%) and hazelnuts (10%) and is followed by macadamia and pecan nuts at 
1% each FAO, (2009). 
 Pistachio (Pistacia vera) has been introduced into Egypt by the Ministry of Agriculture from Syria in 1960. 
It has been planted at Borg El Arab orchards (Northwest coast of Egypt) since 20 years ago. The trees begin to 
bloom after 12 years. Pistachio (Pistacia atlantica) is one of the few large trees growing wild in the Sinai desert. 
The latest monograph study by National Research Center (NRC) recognized three species of Pistacia in Egypt, 
usually P. atlantica, P. lentiscus and P. khinjuk . Field studies were made in 1996 by the NRC in the framework 
of the project entitled “Establishment of a germplasm collection of Mediterranean Pistacia species, Hussein, 
(1998). Egypt exported a great amount of pistachio every year. In addition, Egypt is classified as arid and semi 
arid lands so the pistachio trees could be suitable to cultivate under this condition, Omayma and Mohamad, 
(2011). The propagation of pistachio is the most difficult among all nut trees Joley and Opitz, (1971) Rooting of 
Pistachio cuttings is rather difficult compared to those of other nut species. Traditional propagation of Pistachio 
is costly and time consuming so that the propagation has been achieved either by grafting buds from elite clones 
onto heterozygous rootstocks or by direct germination. It is common to see a male and female scion grafted onto 
one rootstock since Pistachio is dioeciously. Incompatibility between rootstock and scion frequently necessitates 
inter grafting Onay, (2000). 
 Woody tree seed often does not breed true due to uncontrolled pollination and favorable characteristics of 
the parent tree cannot be reliably transferred via seed, by grafting a scion of known production quality onto a 
rootstock with known features, the total tree can be reproduced and the quality of its fruit ensured Onay et al., 
(2003). A variety of grafting methods are used in commercial orchard nurseries. The most common grafting 
techniques are cleft and side grafting which used when trunk diameter of rootstock arranged between 4-6 cm. 
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The cleft grafting method is a method of propagation pecan trees in nurseries Powell, (1998). The best time to 
cleft grafting is from February to April before growth starts. Hegazy & Ashmawy,(1974), Bhardwaj, (1983) and 
El-Sayed et al., (2000), Roghani et al., (1977), have been found to be quite successful in the month of February, 
when both the stocks and scions were in dormant conditions. Vegetative propagation of pecan as date of grafting 
(24thFebruary or 2nd March), graft wood storage (without storage or storing at 5Co for two weeks), position of 
grafting zone (above-ground or covered with soil) and scion cultivar (Desirable & Choctaw) by using cleft 
grafting method under shaded polyethylene tunnel Abou-taleb et al., (2011). Grafting methods of almond 
rootstock affected the length of the scion main shoot and stem thickness below, above and at the union zone. 
The over growth of union zone was not apparent with cleft grafting Marwad, (1989). Grafting almond cv. 
Neplus ultra with cleft grafting method at Dec. gives higher success percentage and enhances scion activity. 
Callus tissue filled the internal air pockets between stock and scion. Abou Rayya et al., (2009).  

 In the arid and semi-arid zones, the production of fruits and nuts are fully dependent upon irrigation Naor, 
(2004). In the humid and sub-humid zones, irrigation has been used for some time to supplement rainfall as a 
tactical measure during drought spells to stabilize production. This practice has been called supplemental 
irrigation Cabelguenne et al., (1995), Debaeke and Aboudrare, (2004). More recently, the term supplemental 
irrigation has been used in arid zones to define the practice of applying small amounts of irrigation water to 
winter crops that are normally grown under rain-fed conditions Oweis et al., (1998). Supplemental irrigation 
increased vegetative growth of fig tree (Ficus carica) grown under rainfed conditions of the western coastal zone 
Matrouh Governorate Al-Desouki, et al., (2009). Thus, the main objective of the present investigation was to 
study the effect of grafting methods,grafting dates and supplemental irrigation on union success and vegetative 
growth of scion of pistachio trees. 
 
Materials And Methods 
 
 This study was carried out during two successive seasons (2010 - 2011) on seven years old pistachio trees 
cultivated by seeds in sandy soil at a private farm in El-Gura area North Sinai governorate Egypt. 72 pistachio 
trees at the same diameter of trunk ranged between 1.00 to 1.50 inches were selected as rootstocks for grafting. 
The selected trees were grown under rainfed conditions. 
 
Treatments Were Consisted of Three Factors As Following: 
 
 The main factor grafting methods (cleft grafting & side grafting) vertical split for a distance of 5cm. Two 
scions inserted one at each side of the stock. The scion was 10 – 15cm long with 3-4buds. The basal end was cut 
in a long gently sloping wedge of 5cm long. Then inserted in the split of scion, wrapped with polyethylene steps 
and covered with grafting wax. 
 The second factor grafting dates (January, February & March). 
 The third factor supplemental irrigation.  
 
 Measurements:  
 
 Percentage of union success for the two grafting methods was recorded one month after each date in both 
seasons. 
 Number of shoots and number of leaves per scion were counted in August in both seasons. 
 Mean Shoot length and scion diameter (5cm above grafting union) were measured in August in both 
seasons. 
 The experiment of design was factorial and arranged in a split spilt plot design with three replicates and 
each replicate was contained two trees. 
The obtained data in both seasons was subjected to analysis of variance according to Senedecor and Cochran, 
(1980). Differences between treatments were compared using Duncan's Multiple Range Test Duncan, (1955).  
 
Results And Discussion 
 
Union Success Percentage: 
 
 Union success percentage of Pistachio trees was affected by three factors involved in  this study, grafting 
methods (cleft grafting – side grafting), grafting dates (January, February and March) and supplemental 
irrigation (without – with) in 2010 and 2011 seasons. Data in Table (1) indicated that, cleft grafting had 
significantly positive effect and give the highest values of union success percentage compared with side grafting 
in both studied seasons. On the other hand, grafting dates had significant effect of scion diameter in both 
seasons, where the first date of grafting (January) gave the highest values of scion diameter as compared with 
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the second date (February), while the third date (March) did not give any values as compared with other dates 
(January and February) in both studied seasons. 
 

 
 
Picture (A): Showed the success of cleft grafting method. 
 

 
 
Picture (B): Showed the success of side grafting method. 
 
 Regarding, the supplemental irrigation had significant effect of union success percentage in both studied 
seasons compared with rainfed.  
 However, the interaction between grafting methods and grafting dates during 2010 and 2011 seasons Table 
(1) showed that cleft grafting and side grafting in the first date of grafting (January) gave the highest significant 
union success compared with cleft grafting and side grafting in the second date of grafting (February), but cleft 
grafting and side grafting failed to give any success in the third date (March) during the two studied seasons.  
    Additionally, the interaction between grafting methods and supplemental irrigation use had significantly 
effect on union success (%) during the first and second seasons. In this respect, supplemental irrigation with 
cleft grafting or side grafting gave the highest significant union success (%) in the two studied seasons 
compared with rainfed. 
 Finally, the interaction between the three studied factors, grafting methods, grafting dates and supplemental 
irrigation in 2010 and 2011 seasons as shown in Table (1). Cleared that, supplemental irrigation improved union 
success percentage in the two grafting methods which carried out in the first date or in the second date compared 
with rain fed but failed to give any results in both methods which carried out in the third date (March). In this 
respects, supplemental irrigation applied to the trees grafted in the first date (January) by cleft grafting method 
gave the highest value in union success (%). 
 
Mean Shoot Length (CM): 
 
     Mean shoot length of pistachio trees grafted by two grafting methods (cleft grafting and side grafting) in 
2010 and 2011 seasons was recorded in Table (1) it was clear that, cleft grafting method gave the highest 
significant mean shoot length during the first and second seasons as compared with side grafting. Results 
reported that, the time of grafting was an important factor for mean shoot length, where grafting done on the 
first date (January) produced significantly longer mean shoot length compared with other grafting dates 
(February and March).Moreover, grafting in the third date (March) had no significant effect and did not gave 
any values compared with other dates (January and February) in both studied seasons. 



459 
Res. J. Agric. & Biol. Sci., 7(6):456-463, 2011 
 

 

 Supplemental irrigation gave significant mean shoot length during 2010 and 2011 seasons, supplemental 
irrigation treatment surpassed rainfed in both studied seasons.   
 Regarding, the interaction between grafting methods and grafting dates had significant effect on mean shoot 
length during the two studied seasons. The trees grafted in the first date (January) by cleft grafting or side 
grafting gave significant mean shoot length than in the second date (February) but did not give any result in the 
third date (March) during the two studied seasons . On the other hand, cleft grafting in the first date (January) 
was given the highest values in mean shoot length in the two studied seasons. 
 
Table 1: Effect of grafting methods, grafting dates and supplemental irrigation on Union success%, mean shoot length in pistachio trees 

during 2010 and 2011 seasons. 

Grafting 
methods 

Grafting dates 

2010 
% Union success Mean shoot length (cm) 
Supplemental irrigation Supplemental irrigation 
without with Mean without With Mean 

Cleft 
grafting 
 

January 57.67B 70.67A 64.17A 63.93B 85.50A 74.87A 
February 29.67D 37.33C 33.50B 55.44C 66.90B 61.17B 
March - - - - - - 
Mean 29.11B 36.00A 32.56A 39.79B 50.90A 45.35A 

Side 
grafting 
 

January 18.33F 23.33E 20.33C 40.90E 51.30D 46.10C 
February 10.00H 15.33G 12.66D 28.03F 48.57DE 38.30D 
March - - - - - - 
Mean 9.44D 12.89C 11.17B 22.98D 33.29C 28.13B 

 Mean+ 19.28B 24.44A  31.39B 42.09A  
Mean effect of Supplemental irrigation 

 
without   19.28   31.99 
with   24.44   42.09 

Grafting 
methods 

Grafting dates 

2011 
Union success% Mean shoot length(cm) 
Supplemental irrigation Supplemental irrigation 
without with Mean without with Mean 

Cleft 
grafting 
 

January 66.33B 72.67A 69.50A 80.27B 88.87A 84.57A 
February 38.67C 40.00C 39.33B 60.67D 67.33C 64.00B 
March - - - - - - 
Mean 35.00B 37.56A 36.28A 46.98B 52.07A 49.52A 

Side 
grafting 
 

January 21.33D 22.33D 21.33C 49.57F 54.67E 52.12C 
February 12.33E 12.67E 12.50D 37.23H 40.57G 38.90D 
March - - - - - - 
Mean 11.22D 11.67C 11.44B 28.93D 31.74C 30.34B 

 Mean+ 23.11B 24.61A  37.96B 41.91A  
Mean effect of Supplemental irrigation 

 
without   23.11B   37.96B 
with   41.91A   41.91A 

Means followed by the same letters(s) in each column or row and the interaction are insignificantly different at 5%level.  
 

 However, the effect of interaction between grafting methods and supplemental irrigation on mean shoot 
length of Pistachio trees during 2010 and 2011 seasons is shown in Table (1) it is clear that applying 
supplemental irrigation to the trees which grafted by cleft or side grafting had significantly effect of mean shoot 
length during the first and second seasons. In this respect, cleft grafting surpassed the side grafting in both 
studied seasons and gave the highest values of mean shoot length. Generally, supplemental irrigation with cleft 
grafting gave the highest significant mean shoot length in the two studied seasons. 
 These results are partially in harmony with the finding of Hegazy and Ashmawy, (1974), Bhardwaj, (1983), 
EL-sayed et al., (2000) on pecan trees and Abou- Rayya et al., (2009) on almond cv. Neplus ultra.  
 Besides, the interaction between grafting methods, grafting dates and supplemental irrigation in 2010 and 
2011 seasons as recorded in Table (1) indicated that, trees grafted in both January and February by cleft or side 
grafting and applied with supplemental irrigation gave mean shoot length taller than the same trees rainfed. Cleft 
grafting method in the first date of grafting (January) with supplemental irrigation recorded the highest values in 
mean shoot length in 2010 and 2011 seasons. These results in general are in partial agreement with the findings 
of Marwad, (1989) who found that, grafting methods of almond rootstock affected the length of the scion, above 
and at the union zone. 
 
Number of Leaves: 
 
 Data in Table (2) recorded the effect of grafting methods on number of leaves per scion; it is obvious that 
the cleft grafting method gave higher significant number of leaves in both studied seasons than the side grafting. 
Regarding, number of leaves obtained from the trees which were grafted by cleft or side grafting in January or 
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February date significantly increased and January date gave the highest values in both studied seasons, while the 
third date (March) gave had no significant effect on the number of leaves per scion in both studied seasons.  
 On the other hand, supplemental irrigation gave higher significant number of leaves /shoot than rain fed 
during 2010 and 2011 seasons, supplemental irrigation treatment surpassed the rainfed in both studied seasons.  
 Besides, the interaction between grafting methods and grafting dates was significant effect in number of 
leaves /scion during the first and second seasons. Cleft grafting in the first date January gave the highest 
significant number of leaves /scion during the two studied seasons compared with the same grafting method in 
February date. The same trend with side grafting; while the third date of graft (March) had no significant effect 
and did not gave any values in both studied seasons.  
 Additionally, results presented in Table (2) indicated that, the interaction between grafting methods and 
supplemental irrigation had significantly effect on the number of leaves /scion during the first and second 
seasons. In this respect, cleft or side grafting with supplemental irrigation surpassed on rainfed. Generally, 
supplemental irrigation with cleft grafting gave the highest significant number of leaves /scion in two studied 
seasons. 
 Finally, the interaction between the three studied factors, grafting methods, grafting dates and supplemental 
irrigation in as shown in Table (2). Cleared that, number of leaves/scion obtained from the trees treated with 
supplemental irrigation and grafted by cleft or side method in the first or second date increased compared with 
the rainfed in both seasons. The highest values of number of leaves/scion were obtained with cleft grafting in the 
first grafting date (January) with supplemental irrigation in both studied seasons. The results of Marwad, (1989) 
on almond were in partial agreement with those findings. 
 
Table 2: Effect of grafting methods, grafting dates and supplemental irrigation on No.of shoot/scion, No.of leaves/scion of pistachio trees 

during 2010 and 2011 seasons. 

Grafting methods Grafting dates 

2010 
No.of shoot/scion No.of leaves/scion 
Supplemental irrigation Supplemental irrigation 
without With Mean without with Mean 

Cleft grafting 
 

January 2.00C 3.33A 2.66A 35.00C 58.67A 46.83A 
February 1.00E 1.33D 1.16C 26.67E 40.67B 33.67B 
March - - - - - - 
Mean 1.00A 1.56A 1.27A 20.56B 33.11A 26.83A 

Side grafting 
 

January 1.33D 2.33B 1.83B 20.33F 29.67D 25.00C 
February 1.00E 1.33D 1.16C 16.67G 22.00F 19.33D 
March - - - - - - 
Mean 0.89A 1.33A 1.00A 12.33D 17.22C 14.78B 

 Mean+ 0.88B 1.38A  16.44B 25.17A  
Mean effect of Supplemental irrigation 

 
without   0.89B   16.44B 
With   1.39A   25.17A 

Grafting methods Grafting dates 

2011 
No.of shoot/scion No.of leaves/scion 
Supplemental irrigation Supplemental irrigation 
without With Mean without with Mean 

Cleft grafting 
 

January 1.66AB 2.66A 2.16A 47.00B 57.33A 52.17A 
February 1.33B 2.00AB 1.66B 37.67D 43.00C 40.33B 
March - - - - - - 
Mean 1.00B 1.55A 1.27A 28.22B 33.44A 30.83A 

Side grafting 
 

January 1.33B 2.00AB 1.66B 31.00E 35.00D 33.00C 
February 1.33B 2.00AB 1.66B 23.00F 26.00F 24.50D 
March - - - - - - 
Mean 0.88B 1.22AB 1.11A 18.00D 20.33C 19.17B 

 Mean+ 0.94B 1.44A  23.11B 26.89A  
Mean effect of Supplemental irrigation 

 
without   0.94B   23.11B 
With   1.44A   26.89A 

Means followed by the same letters(s) in each column or row and the interaction are insignificantly different at 5%level.  
 

Number of Shoot/scion: 
 
 Data in Table (2) showed the effect of grafting methods (cleft grafting – side grafting) on the number of 
shoots/scion, it is clear that cleft grafting method gave higher significant number of shoots in both studied 
seasons than side grafting. 
 Regarding, trees grafted by cleft or side grafting methods in January gave higher significant number of 
shoots than from the trees which were grafted by the same method in February date in both studied seasons. 
While the third date of graft (March) had no significant number of shoots in both studied seasons. On the other 
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hand, supplemental irrigation gave the highest significant number of shoots during 2010 and 2011 seasons, 
supplemental irrigation surpassed on rainfed in both studied seasons.  
 Concerning, the interaction between grafting methods and grafting dates was significant effect in number of 
shoots during the two studied seasons. Cleft or side grafting in the first date of graft (January) gave higher 
significant number of shoots than cleft or side grafting in the second date of grafting (February) but cleft or side 
grafting in the third date of grafting (March) had no significant effect and did not give any results during the two 
studied seasons. On the other hand, cleft grafting in the first date of grafting (January) was gave the highest 
values in number of shoots/scion in the two studied seasons.  
 Regarding, the effect of the interaction between grafting methods and supplemental irrigation on number of 
shoots/scion during 2010 and 2011 seasons, it is apparent that, supplemental irrigation trees grafted by cleft or 
side grafting method increased number of shoots compared with rainfed during the first and second seasons. In 
this respect, cleft grafting with supplemental irrigation surpassed the side grafting with supplemental irrigation 
in both studied seasons and gave the highest number of shoots/scion.  
 Besides, the interaction between grafting methods, grafting dates and supplemental irrigation in 2010 and 
2011 seasons tabulated in Table (2) showed that number of shoots/scion increased when the trees grafted by 
cleft or side grafting method in the first date (January) or in the second date (February) and received 
supplemental irrigation as compared with rainfed. But with the third date of grafting (March) it had no 
significant effect on the number of shoots/scion in the two seasons. The highest values of number of 
shoots/scion were obtained with cleft grafting in the first date (January) with supplemental irrigation in both 
studied seasons. These results are in partial agreement with those reported by Marwad, (1989), who found that, 
grafting methods of almond rootstock affected the number of shoot.  
 
Scion Diameter (CM): 
 
 Scion diameter (cm) of Pistachio trees were affected by the three factors involved in this study, grafting 
methods, grafting dates and supplemental irrigation in 2010 and 2011 seasons. Data in Table (3) indicated that, 
cleft grafting had significantly positive effect and gave the highest values of scion diameter as compared with 
side grafting in both studied seasons.  
 On the other hand, grafting dates had significant effect on scion diameter in both seasons, where the first 
date of grafting (January) gave the highest values of scion diameter compared with the second date of grafting 
(February), while the third date (March) had no significant effect and did not gave any values compared with 
other dates (January and February) in both studied seasons.  
 Supplemental irrigation had significant effect on scion diameter in both studied seasons compared with 
rainfed. 
 However, data obtained from the interaction between grafting methods and grafting dates in Table (3) 
reported that trees which were grafted by cleft or side grafting method in January or February had significant 
effect on scion diameter but failed to give any result in March date during 2010 and 2011seasons. On the other 
hand, cleft or side grafting in the first date of grafting (January) gave scion diameter higher than the values 
obtained from the trees which were grafted by the same method in February date during 2010 and 2011seasons.  
 However, the interaction effect between grafting methods and supplemental irrigation which showed that 
supplemental irrigation of trees which were grafted by cleft or side grafting had significantly effect of scion 
diameter during the two studied seasons. In this respect, cleft grafting with supplemental irrigation surpassed the 
side grafting with supplemental irrigation in both studied seasons and gave the highest values of scion diameter. 
Finally, the interaction between grafting methods, grafting dates and supplemental irrigation in 2010 and 2011 
seasons as tabulated in Table (3).Showed that, scion diameter obtained from trees which were applied with 
supplemental irrigation and grafted by cleft or side grafting in January or February had significant effect as 
compared with rainfed. In this respects ,trees were grafted by cleft or side grafting in January & February and 
applied with supplemental irrigation gave the higher values in scion diameter than rainfed but the third date of 
graft (March) gave had no significant effect and did not give any result in scion diameter in the two seasons. The 
highest values of scion diameter were obtained with cleft grafting in the first grafting date (January) with 
supplemental irrigation in both studied seasons. These results are in harmony with those obtained by Onay et al., 
(2003) on Pistachio and Oweis et al., (1998).  
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 Table 3: Effect of grafting methods, grafting dates and supplementary irrigation on Scion diameter cm in pistachio trees during 2010 and 
2011 seasons. 

Grafting 
methods 

Grafting dates 

Scion diameter (cm) 
2010 2011 
Supplemental irrigation Supplemental irrigation 
without With Mean without with Mean 

Cleft grafting 

January 0.90B 1.20A 1.05A 0.80C 1.30A 1.05A 
February 0.63D 0.86B 0.75AB 0.66D 0.96B 0.81B 
March - - - - - - 
Mean 0.51AB 0.68A 0.62A 0.48B 0.75A 0.62A 

Side grafting 

January 0.40E 0.80BC 0.60B 0.50E 0.73CD 0.61C 
February 0.43BE 0.76C 0.60B 0.43E 0.73CD 0.58C 
March - - - - - - 
Mean 0.27B 0.52AB 0.42B 0.31C 0.48B 0.40B 

  Mean+ 0.43B 0.61A   0.40B 0.62A   
Mean effect of Supplemental irrigation 
 without     0.43A     0.40B 
          with   0.61A   0.62A 

Means followed by the same letters(s) in each column or row and the interaction are insignificantly different at 5%level.  
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