
EFFECT OF SOME CITRUS 
ROOTSTOCKS ON VEGETATIVE 
GROWTH AND LEAF MINERAL 

CONTENT OF BALADY LIME 
TRANSPLANTS 

 

 
 
 

Manal1 Abd-Alla.1; Abo2-S. R. ; El- Gazzar,  
A.3  and El-Wakeel H.3  Journal 

 
1- Production sector, Agric. Res. Center. Egypt. J. Biol. Chem. 
2-Preeding Dept. Hort. Inst. Agric. Res. Center. Giza, Egypt   Environ. Sci., 2010, 
3-Hort.,Dept., Fac. of Agric., Ain Shams Univ., Shoubra El-
Khiema, Cairo, Egypt. 

Vol. 5(4):129-141 
www.acepsag.org 

 
ABSTRACT 

This study was carried out in the Saran house of the horticulture 
Institute, Agriculture Research Center Ministry of Agriculture and 
Land Reclamation Giza, Egypt during (2008/2009) and (2009/2010) 
seasons. Balady lime (B.L.) Citrus aruntifollia budded on four seedy 
citrus rootstocks seedling namely: Volkamer lemon (V.L.) Citrus 
volkmeriana Ten.& Pasq. ; Sour orange (S.O.) Citrus aurantium (L.); 
Rangpur lime (R.L.) Citrus limonia Osb. and Troyer citrange (T.C.) 
[Citrus sinensis(L.)Osb. X Poncirus trifolliata (L.) Raf] as well as 
seedy lime seedlings were used as five treatments. This investigation 
aimed to study the effect of some citrus rootstocks on vegetative 
growth and leaf mineral content of balady lime. The obtained results 
indicated that, Volkmer lemon rootstock had the highest significant 
effect on   plant height, number of leaf per plant and stem thickness    
Whereas, Troyer citrange rootstock gave the lowest significant leaf 
area , Meanwhile ,Volkamer lemon roostock recorded the highest 
significant values of fresh and dry weight of leaves and stems, Root 
fresh weight was the highest significantly with Volkamer lemon 
rootstock and seedy lime seedling, Whereas root dry weight was the 
lowest value with Troyer citrange rootstock. Leaf N, P, Ca, and Mg 
contents recorded insignificant differences among treatments but leaf 
K content had lower significant values with Sour orange and Troyer 
citrange rootstock. Leaf Fe, Zn, and Mn contents had insignificant 
differences among treatments. 
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INTRODUCTION 
 

Egyptian citrus production reached about 3.1 million tons 
produced from 394500 feddan and there are about 40000 feddan of 
Balady lime (according to the statistics of M.A.L.R.2007).Selection of 
suitable rootstock is an important decision for growers, because 
rootstock has a significant effect on scion growth and root mineral 
contents. The effect of rootstocks on growth parameters had been 
studied by many workers such as Monteverde et.al.(1989) , Martinez 
et al (1991), Valbuena (1994), El sayed (1999) and Dawood (2001). 
They concluded that both of Volkamer lemon and Rangpur lime 
rootstocks exhibited the most vigour growth characterized by longer 
tree height, larger tree volume, thiner trunk, higher number of new 
shoots, larger leaf area and leaf number per plant of different citrus 
varieties. Zayan et.al. (2004) indicated that, Volkamer lemon and 
Rangpur lime produced the highest tree height, trunk diameter, 
canopy volume, trunk cross sectional area. On the other hand, trees 
on Sour orange and Troyer citrange rootstocks recorded intermediate 
values with most growth parameters. Hafez (2006) worked on Troyer 
citrange, Rangpure lime and Volkamer lemon rootstocks, mentioned 
that, Troyer citrange seedlings had the highest values of vegetative 
growth characteristics.  Khankahdani et.al. (2006)  reported that, 
scions on Volkamer lemon rootstock caused faster vegetative growth 
compared to the other rootstocks. El-Kady et.al. (2007) reported that, 
trees on Volkamer lemon gave a longer shoots with more number of 
leaves per shoot and leaf area than those on Rangpure lime or Sour 
orange rootstocks.Bassal (2009) concluded that, trees budded on Sour 
orange showed higher vegetative growth parameters.  

Saleh and El-Shammaa(1997) found that Volkamer exhibited 
high N, K and Ca percentages followed by Troyer citrange. Abo- El-
Komsan (1998) reported that Sour orange rootstock had the lowest 
leaf P and Fe content. Azab (1998) showed that, leaves of C. 
macrophylla, C. volkameriana and Rangpur lime contained 
significantly higher N, P, K, Fe, Mn and Cu and lower contents of 
carbohydrates. Georgiou (2000) and (2002) revealed that, leaf analysis 
showed that Volkamer lemon are the most promising for replacing the 
sour orange rootstocks which are used commercially in Cyprus but 
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which are highly susceptible to tristeza. Moeen et .al .(2001) cleared 
that, Rangpur lime seedling had the highest content of N, P, K and Mn 
in their leaves.Dawood et. al. (2002) noticed that, C. volkameriana 
and Rangpur lime rootstocks are characterized by higher leaf 
concentrations of N, K, Ca, Mg, Fe and Zn, lower C:N, N:K and 
higher K:Na ratio. Georgiou (2002) Volkamer lemon were very 
promising as alternative rootstock. Sayed et. al. (2003) stated that, 
Volkamer lemon registered the greatest leaf N, P, K, F, Zn and Mn 
contents. Sour orange had the highest leaf chlorophyll a and b, and Ca 
and Mg contents in both studied years. Hafez (2006) noticed that, 
macronutrients (N, P and K) in both leaves and roots recorded the 
highest values with the Sour orange rootstock seedlings. As for 
micronutrients (Fe, Mn and Zn), the highest values in the leaves were 
recorded by the Volkamer lemon. Khankahdani et.al. (2006)  found, 
that the highest P content was obtained from scions on Volkamer 
lemon, Ca on Sour orange, Cu on Volkamer Lemon, Zn on Mexican 
lime and Clementine and Mn on Lisbon lemon.  

 

MATERIALS AND METHODS 
 

This study was carried out in the Saran house of the horticulture 
Institute, Agriculture Research Center Ministry of Agriculture and 
Land Reclamation Giza, Egypt during (2008/2009) and (2009/2010) 
seasons. Balady lime cv. (B.L.) Citrus aruntifollia cv. budded on four 
seedy citrus rootstocks seedling namely: Sour orange (S.O.) Citrus 
aurantium (L.); Rangpur lime (R.L.) Citrus limonia Osb. ;  Volkamer 
lemon (V.L.) Citrus volkmeriana Ten.& Pasq. and Troyer citrange 
(T.C.) [Citrus sinensis(L.)Osb. x Poncirus trifolliata (L.) Raf.]. These 
budded transplants were planted in black polyethylene bags (10 x 20 
cm) filled with sand. Some holes were made in the bottom of bags to 
drainage excess water. Transplants received weekly irrigation by 
nutrient solution and watered as needed.  

The experiment contained five treatments as follow:  
1- Seedy balady lime seedling (control). 
2- Balady lime budded on Sour orange rootstock. 
3- Balady lime budded on Volkmer lemon rootstock. 
4- Balady lime budded on Rangpur lime rootstock. 
5- Balady lime budded on Troyer citrange rootstock. 
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Each treatment was represented by five replicates and each with 
two plants in a completely randomized design. Two months after 
budding the following data and measurements were recorded every 
two months: Scion length, scion thickness at 10 cm above union zone 
(lime seedy thickness at 25 cm above soil surface) and leaf number 
per plant. At the end of each season (Jun.), leaf area was recorded. 
Leaves, stems and roots of each transplant were gathered and washed 
with tap water then with distilled water the dried at 70°C till a 
constant weight, ground in electric mill and digested according to 
(Chapman and Part, 1961).  

The following parameters were recorded: 

I. Vegetative growth: Vegetative growth was evaluated through the 
two growing seasons after budding. And every two months from Aug. 
to the following June as follows Plant height, leaf number per plant 
,stem thickness increment and leaf  area . 

1.1. Plant height (cm): Plant height from union zone in the 
budded plant and at 15 cm from soil surface in the seedy lime 
plant and up to the plant tip.                            
1.2. Leaves number per plant: It was counted for each transplant 
and expressed as percent of increment. 
1.3 Stem thickness (cm): Stem thickness was measured by using 
a Venier Caliper at, 10 cm above union zone inbudded transplants 
and 25 from soil surface for seedy transplants (control) and 
expressed as % of increment.                               

21.4. Leaf area (cm ): Average Leaf area was measured for each 
transplant at the end of each of growing seasons. A representative 
sample of 15 leaves was randomly chosen from each replicate and 
subjected to measure their average leaf area using equation Ahmed 
and Morsy (1999). 
1.5. Leaf, shoots and roots fresh and dry weights (g):  At the 
end of each growing season, fresh and dry weights of leaves, 
shoots and roots were determined, where each replicate was 
represented by one transplant. 
1.6. Top/root ratio: Leaves plus stem fresh weights and dry were 
divided on root fresh and dry weights to obtain the ratio for each 
treatment at the end of each of growing seasons.    
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II. Leaf mineral content: Nitrogen was determined by 
Microkjeldahl method (jakson, 1967). Phosphorus was determined by 
the method of (Truog and Meyer, 1929).Potassium was determined by 
the method of the flame photometer according to the method of 
(Brown and Lilleland, 1946).Calcium and magnesium were 
determined by titration against versenate solution(Chapman and Pratt, 
1961). Iron, zinc and manganese were estimated by using Atomic 
Absorption spectrophotometer. 

Statistical analysis:                                                                               
Data obtained throughout this study were statistically analyzed 

using the analysis of variance method as reported by(Snedecor and 
Cochran,1980).and the differences between means were differentiated 
by using Duncan's range test. 

 

RESULTS AND DISCUSSION 
I. Effect on vegetative growth: 

As shown in table (1) regard to the effect of rootstocks, 
Volkamer lemon had the highest significant effect on plant height 
increment percentage in the first season. Concerning to the effect of 
recording date the plant height increment percent was the highest 
significantly in Oct., Apr. and June. The interaction between two 
studied factors, revealed that Volkamer lemon. At Oct. gave highest 
significant value of   plant height increment percentage. 
 

Table (1) Effect of some citrus rootstocks, on   plant height increment 
percentage of Balady lime transplants at the first season (2008/2009) 
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Data in table (2) with regard to the effect of rootstocks, 
Volkamer lemon had highest significant effect on plant height 
compared to all other rootstocks in the second season. Concerning to 
the effect of recording date the plant height increment percent was the 
highest significantly in Oct. and Apr compared to other dates.  The 
interaction between the two studied factors,proved that Volkamer at 
Oct. had the highest significant effect on   plant  height increment 
percentage . 

 

Table (2) Effect of some citrus rootstocks, on   plant height increment 
percentage of Balady lime transplants at the second season (2009/2010).  

 
 
In table (3) and regard to the effect of rootstocks, Volkamer 

lemon had highest significant effect on number of leaves per plant as 
increment percentage. Concerning to the effect of recording date on 
number of leaves per plant increment percent was the highest 
significantly in Oct., Apr. and Jun. The interaction between the two 
studied factors showed that Volkamer lemon at Oct. had the highest 
significant value.  

Results in table (4) with regard to the effect of rootstocks, 
Volkamer lemon gave the highest significant value of  number of 
leaves per plant as increment percentage in the second season. 
Concerning to the effect of recording date, Oct. and Apr. had the 
highest significant value. The interaction between the two studied 
factors indicated that Volkamer lemon at Oct. had highest significant 
value.   
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Table (3). Effect of some citrus rootstocks, data on number of leaves 
per plant as increment percentage of Balady lime transplants at the 
first season (2008/2009). 

 
 

Table (4) Effect of some citrus rootstock, on number of leaves per 
plant increment percentage of Balady lime transplants at the second 
season (2009/2010).  

 
 
As shown in table (5) and regard to the effect of rootstocks, 

Volkamer lemon gave the highest significant value of stem thickness 
as increment percentage in the first season. Concerning to the effect of 
recording date, Apr. and June recorded the highest significant values. 
The interaction between the two studied factors,reveald that Volkamer 
lemon at Oct. had the highest significant value. 
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Table (5) Effect of some citrus rootstock on stem thickness as 
increment percentage of Balady lime transplants at the first season 
(2009/2010). 

 
 
In table (6) regarding to the effect of rootstocks, Volkamer 

lemon had the highest significantly value of stem thickness increment 
as percentage in the second season. Concerning to the effect of 
recording date, Apr. showed the highest significant value. The 
interaction between the two studied factors,indicated that Volkamer 
lemon at Oct. had highest significant value.  
 
Table (6) Effect of some citrus rootstock on stem thickness increment 
percentage of Balady lime transplants at the second season 
(2009/2010). 
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Results in table (7) in the first season, showed that Troyer 
citrange gave the lowest significant leaf area value. Whereas 
Volkamer lemon recorded the highest significant values of fresh and 
dry weight of leaves and stem. Root fresh weight was the highest 
significant with Volkamer lemon and seedy lime seedling. Root dry 
weight had the lowest significant value with Troyer citrange. Top/root 
ratio of fresh and dry weight showed the lowest significant values 
with Sour orange and Troyer citrange. In the second season, leaf area 
showed highest significant value with Volkamer lemon. Leaf fresh 
and dry weight were the highest significant with Volkamer lemon. 
Sour orange gave higher significant values than that of most other 
treatments. Troyer citrange recorded lower significant values of 
top/root ratio of fresh and dry weight compared with most of other 
rootstocks. 

 
Table (7) Effect of some citrus rootstocks on leaf area, leaves, stems, 
root fresh and weight and top/root ratio at both studied seasons. 
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II. Effect on leaf mineral content: 
As shown in table (8) and regarding to macronutrients, N, P, Ca, 

and Mg leaf content recorded insignificant differences among 
treatments but leaf K content had lower significant values with Sour 
orange and Troyer citrange rootstocks compared with other 
rootstocks. Concerning to micronutrients, Fe, Zn, and Mn leaf content 
gave insignificant differences among treatments. 

 

Table (8) Effect of some citrus rootstocks on leaf mineral contents 
of Baldy lime transplants at the first and the second seasons. 

 
 
Finally, from the previously mentioned data it could be 

concluded that, Volkamer lemon. At Oct. had the highest significant 
effect on   plant height, number of leaves per plant, stem thickness as 
increment percentages. Also it could be mentioned that, Troyer 
citrange gave the lowest significant leaf area. Whereas Volkamer 
lemon rootstock recorded the highest significant values of fresh and 
dry weight of leaves and stems. Root fresh weight was the highest 
significant with Volkamer lemon and seedy lime seedling, root dry 
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weight had the lowest significant value with Troyer citrange. Leaf N, 
P, Ca, and Mg contents recorded insignificant differences among 
treatments but leaf K content had lower significant values with Sour 
orange and Troyer citrange.Leaf Fe, Zn, and Mn contents had 
insignificant differences among treatments. These results are in 
harmony with those found by El Sayed (1999), Zayan et al. (2004) 
and El Kady et al. (2007) where they reported that Volkamer lemon 
had superior effect on vegetative growth parameters. But differ than 
those found by Dawood et al. (2002) and Hafez (2006)where they 
mentioned that there was great effect of rootstocks on leaf mineral 
content. 
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  تأثير بعض الأصول الجذرية على النمو الخضرى والمحتوى المعدنى

  لشتلات الليمون البلدى المالح

3 حسن الوآيل-3 احمد الجزار-2 رمضان ابو سريع-1منال عبد االله

 -معهد بحوث البساتين  2.  مرآزالبحوث الزراعيه - قطاع الانتاج–ى زراعى  أخصائ1
  . مصر– الجيزه -مرآزالبحوث الزراعيه  

  . مصر – القاهرة – شبرا الخيمة – جامعة عين شمس – آلية الزراعه – قسم البساتين 3
  

اعيѧة  أجريت هذه الدراسѧة بالѧصوبة ا لثѧران بمعهѧد بحѧوث البѧساتين بمرآѧز البحѧوث الزر                   
طعѧم  . 2009/2010 و   2008/2009بوزارة الزراعة وأستѧصلاح الأراضѧي خѧلال موسѧمي             

الليمѧѧون البلѧѧدي علѧѧى اربعѧѧة اصѧѧول هѧѧي الفولكامريانѧѧا والليمѧѧون رانجبѧѧور والنѧѧارنج والترويѧѧر   
هѧѧدف البحѧѧث الѧѧى . سѧѧترانج بالأضѧѧافة الѧѧى شѧѧتلات الليمѧѧون البذريѧѧة آخمѧѧسة معѧѧاملات للتجربѧѧة

صѧѧول الجذريѧѧة علѧѧى النمѧѧو الخѧѧضري والمحتѧѧوى المعѧѧدني لѧѧلأوراق       دراسѧѧة تѧѧأثير بعѧѧض الأ  
اوضحت النتائج المتحصل عليهѧا تفѧوق الفولكامريانѧا فѧي اعطѧاء زيѧادة          .لشتلات الليمون البلدي  

آمѧا  . معنوية في النسبة المئوية للزيادة في آل من ارتفѧاع النبѧات وعѧدد الأوراق وسѧمك الѧساق                
. اتضح أن التروير سѧترانج أعطѧي أقѧل القѧيم معنويѧا لمѧساحة الورقѧة والѧوزن الجѧاف للجѧذور                        
. وسѧجل الفولكامريانѧا أعلѧѧى القѧيم معنويѧѧا لكѧل مѧن الѧѧوزن الطѧازج والجѧѧاف لѧلأوراق والѧѧسيقان       

لѧѧم يظهѧѧر أي فѧѧروق . وزاد الѧѧوزن الطѧѧازج معنويѧѧا للجѧѧذور مѧѧع الفولكامريانѧѧا والليمѧѧون البѧѧذري
ѧѧن معنويѧѧل مѧѧوى الأوراق لكѧѧي محتѧѧاملات فѧѧين المعѧѧغ(ة بѧѧا ومѧѧو وآѧѧسبة ) ن و فѧѧت نѧѧا آانѧѧبينم 

آما آѧان مѧستوى العناصѧر الѧصغرى         . البوتاسيوم أقل معنويا بأوراق النارنج والتروير سترانج      
 . بالأوراق متساوي معنويا بين المعاملات) حديد وزنك ومنجنيز(

   


