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ABSTRACT 

The present study was carried out in a screen house experiment during two successive seasons 
2015 and 2016 to study the effect of foliar application of gibberellic acid GA3 (100 and 200 ppm), 
indole acetic acid IAA (100 and 200 ppm), kinetin CK (50 and 100 ppm) and dry yeast (2 and 4 g\ L) 
on vegetative growth and shortening the period for budding of Cleopatra mandarin rootstock 
seedlings. The results indicated that, the highest values of the most growth measurements were 
recorded by yeast at 4gm\L followed by GA3 at 200 ppm then IAA at 200 ppm compared with the 
other treatments. All treatments enhanced leaf mineral content and total carbohydrate content 
compared with the control. Also, the study revealed that, the highest percentage of suitable seedlings 
for budding was in mid July. This date led to shortening the period for about 7 months. It could be 
recommended to use yeast at 4 g\L for achieving the best vegetative growth suitable for budding in 
mid July. 
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Introduction 

Citrus seedlings are used as rootstocks for more desirable varieties. Is considered Cleopatra 
mandarin rootstock one of the most important citrus rootstocks, because it tolerant the salinity and 
gives good fruit properties, but it grows slowly. The period required to grow citrus seedlings to a 
suitable size for budding may be as long as 1 or 2 years, therefore, shortening this period is considered 
very important. There are many reports indicating that application of growth regulators enhances plant 
growth (Hernandez, 1997). Applied GA3 and IAA had regulatory effect on enhancing the plant height, 
number of branches and number of leaves as compared to the other plant growth regulators (Sarkar et 
al., 2002). IAA plays an important role in regulating the plant growth during the whole plant life 
(Naguib et al., 2003). Application of GA3 on trifoliate orange increased plant height and stem 
diameter (Suzuki and konakahara, 1985). Kinetin plays a role in cell division- promoting activity 
(Naeem et al., 2004). Active dry yeast can induce plant growth due to its content of different nutrients 
as N, P and K and some common amino acids (Abou-Zaid, 1984). The stimulant effects of active dry 
yeast on growth and vitality could be attributed to its contents of some natural growth regulators like 
auxin and cytokinins (Ferguson et al., 1987 and Moor, 1979). Application of active dry yeast is very 
effective in releasing CO2 which improves net photosynthesis (Larson et al., 1962; Hegab et al., 1997; 
Mansour, 1998; Attala et al., 2000 and Abd El-Moniem et al., 2002). Foliar application of IAA 
improved growth characters through their favorable effects on leaf chemical composition and 
nutritional status( N, P, K, Mg, Zn, Fe and Mn concentrations) of leaves (Hanafy et al., 2012 ). IAA 
and GA3 treated plants induced a marked accumulation of protein content and carbohydrates content, 
this accumulation of carbohydrates might be linked with the efficiency of photosynthetic apparatus, 
which leads to an increase in plant productivity and dry matter production (Azooz et al., 2004). 

This investigation was carried out to study the effect of some growth regulators (GA3, IAA and 
CK) and dry yeast on vegetative growth and shortening the period for budding of Cleopatra mandarin 
rootstock seedlings, to be benefit for nurserymen by reducing the costs.  
 
Materials and Methods  

The present study was carried out during two successive seasons 2015 and 2016 in a screen 
house in the experimental farm of the Horticultural Research Institute, Giza, Egypt, to investigate the 
effects of foliar sprays of some growth regulators (Gibberellic acid, Indole actic acid and Kinetin) and 
dry yeast on growth and shorten the period for budding of Cleopatra mandarin rootstock seedlings. 
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Homogenous and normally growing seedlings , and planted in blastic black bags (17x30 cm) filled 
with 25% peat moss + 75 sandy soil  in first April were selected and were routinely irrigated 
whenever it is needed. Moreover, NPK (20 % N, 20 % P, and 20 % k) solution (1.0 g\ L) was added 
weekly as liquid fertilizer with tap water. The stem length of the seedlings was 5-7 cm (with 4-6 
leaves) at the beginning of experiment in both seasons. Nine treatments were arranged in randomized 
complete block design with three replicates with ten seedlings per each replicate.  treat. x 3 rep. x 10 
seedl. = 270 seedlings were used in the first season and the same was done with the other seedlings in 
the second season. Least significant differences (L.S.D ) at 0.05 (Steel and Torrie, 1984 ) were used 
for comparison between the control and the other experimental treatments. The treatments were 
applied as follows:  

 
1- Control 
2- Gibberellic acid (GA3) 100 ppm 
3 Gibberellic acid (GA3) 200 ppm 
4- Indole acitic acid (IAA) 100 ppm 
5- Indole actic acid (IAA) 200 ppm 
6- Kinetin 50 ppm. 
7- Kinetin 100 ppm. 
8- Dry yeast 2 g\ L 
9- Dry yeast 4 g\L. 

 
Experimental parameters:  
 
Vegetative growth parameters:  
 

It has been carried out at the end of every season .Stem length, stem diameter, leaf number, leaf 
area and shoot number were measured.  All leaves on each seedling were numbered and measured. 
Leaf area was measured according to Singh and Snyder (1984). Number of shoots on each seedling 
were numbered and recorded.  
 
Total root dry weight:  
 

The seedlings from each treatments were dissected at the end of study. The planting media was 
removed from the plastic black bags then the roots were washed thoroughly with tap water. Total 
roots were put in oven and dried at 70°C for 72 hrs and total root dry weight was recorded.  
  
Total carbohydrates:  
 

Total carbohydrates content of Cleopatra mandarin rootstock seedlings were determined as 
percent of dry weight according to Dubois et al. (1956).  
   
Leaves minerals content:  
 

Ten mature leaves per each replicate were taken. These samples were washed several times 
with tap water and distilled water then oven dried at 70°C till a constant weight then 0.2 gm of each 
ground sample was digested using the procedure suggested by Jackson, (1958). The digested solution 
was used for the determination of N, P, K, Fe, Zn and Mn.  
 
Total nitrogen %: was determined using microkjeldahl methods according to Chapman and Pratt, 
(1978).   
Phosphorus (%): was determined by using spectrophotometer 882 Mu according to the method 
outlined by Murphy and Riely, (1962).  
Potassium (%): was determined photometrically using the method recommended by Horneck and 
Hanson, (1998).    
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Iron, Zinc and Manganese (ppm): were determined using Atomic absorption according to the method 
of Carter, 1993).  
 
Percent of suitable seedlings for budding:  
 

The percent of suitable seedlings for budding were determined at three time intervals (mid 
June, mid July and mid  August ) .  
 
Results and Discussion  
 
Vegetative growth:  
 

Results concerning vegetative growth of Cleopatra mandarin rootstock seedlings (Table 1 and 
2) indicate that, there were significant differences between all treatments in the two seasons of the 
study. 

 
Stem length:  
 

Data presented in (Table 1) showed that, the maximum values of stem length were produced 
with T9 (95.83 and 92.29 cm) followed by T3 (93.17 and 91.52 cm) then T5 (79.25 and 85.81cm) 
while, the lowest significant values were with the control (41.25 and 45.08 cm) followed by T6 (54.00 
and 56.14 cm) then T7 (58.60 and 57.42 cm) but the other treatments gave the intermediate values for 
both seasons, respectively.         
 
Stem diameter:  
 

The results given in (Table 1) indicated that, all treatments significantly increased stem 
diameter, the highest significant values were (6.61 and 6.75 mm) with T9 followed by T3 (6.56 and 
6.73 mm) then T5 (6.37 and 6.56) while, lower significant values were (4.16 and 4.02) under control 
followed by T7 (4.68 and 4.75) then T6 (4.74 and 5.11) meanwhile, the other treatments resulted in 
intermediate  values in both seasons , respectively .      
 
Table 1: Effect of foliar spray with some growth regulators and dry yeast on vegetative growth 

parameters of Cleopatra mandarin rootstock seedlings during the two seasons 2015 and 
2016.    

Leaf number Stem diameter  (mm) Stem length (cm)  
Treatments           2016 2015 2016 2015 2016 2015 

33.17 32.11 4.02 4.16 45.08 41.25 Control    
34.32 31.37 5.88 5.73 69.71 67.00 GA3 100 ppm  
32.46 33.00 6.73 6.56 91.52 93.17 GA3 200 ppm  
55.18 57.67 5.90 6.31 63.19 68.67 IAA 100 ppm  
45.56 43.65 6.56 6.37 85.81 79.25 IAA 200 ppm  
41.22 38.33 5.11 4.74 56.14 54.00 Kinetin 50 ppm  
47.66 45.00 4.75 4.68 57.42 58.60 Kinetin 100 ppm  
50.31 49.33 5.81 5.86 86.49 78.29 Yeast 2 g\L 
52.27 50.33 6.75 6.61 92.29 95.83 Yeast 4 g\L 
7.92 8.74 0.56 0.51 4.13 4.51 L.S.D. 5 %   

 
Leaf number: 
  

Results in (Table 1) showed that, all treatments significantly increased leaf number, except the 
plants treated by GA3 at 100 ppm and 200 ppm, where did not show any influence on leaves number. 
The highest significant number of leaves was recorded by T4 (57.67 and 55.18) followed by T9 
(50.33 and 52.27) then T8 (49.33 and 50.31), while, the lowest values were (32.11 and 33.17) with T1 
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followed by T3 (33.00 and 32.46) then T2 (31.37 and 34.32) whereas the other treatments gave the 
intermediate values for both seasons, respectively.    
  
Leaf area:  
 

Data in (Table 2) revealed that, all treatments significantly increased leaf area when compared 
with the control, except T2 and T3(seedlings were treated by GA3 at 100 and 200 ppm) decreased leaf 
area , the higher significant values for leaf area were (23.74 and 24.17) with T9 followed by (21.85 
and 22.18) with T8 then (18.29 and 20.61) with T5, while, the lowest significant values(15.91 and 
15.46) were obtained with T2 followed by (16.18 and 16.88 ) with T3, nevertheless, the other 
treatments gave the intermediate values in the two seasons .  
      
Table 2: Effect of foliar spray with some growth regulators and dry yeast on vegetative growth 

parameters of Cleopatra mandarin rootstock seedlings during the two seasons 2015 and 
2016.  

Total root dry           
weight (g) 

Shoot 
 number 

Leaf area 
(cm2) 

 
Treatments 

2016 2015 2016 2015 2016 2015 
6.52 5.95 1.38 1.32 17.35 16.51  Control  
5.55 5.18 1.46 1.38 15.46 15.91 GA3 100 ppm  
5.37 5.77 1.73 1.65 16.88 16.18 GA3 200 ppm 
6.81 6.91 1.66 1.56 18.33 17.68 IAA 100 ppm  
7.72 7.66 1.79 1.82 20.61 18.29 IAA 200 ppm  
6.60 6.18 1.42 1.35 17.20 16.55 Kinetin 50 ppm  
6.67 6.51 1.63 1.75 19.22 16.89 Kinetin 100 ppm 
6.95 7.11 1.82 1.80 22.18 21.85 Yeast 2 g\L 
7.80 7.77 1.80 1.85 24.17 23.74 Yeast 4 g\L 
1.24 1.15 0.41 0.48 3.11 2.93 L.S.D. 5%  

 
Shoot number:  

 
Data presented in (Table 2) show that, all treatments increased shoot number compared with the 

control, whereas, the highest significant values were (1.85 and 1.80) with T9 followed by (1.80 and 
1.82) with T8 then (1.82 and 1.79) with T5 whilst, lower values were (1.35 and 1.42) with T6 
followed by (1.38 and 1.46) with T2, but the other treatments attained intermediate values in the first 
and second seasons, respectively.  

Generally, the above results show that, all treatments increased growth characters (stem length, 
stem diameter, shoot number, leaf number and leaf area), whilst, GA3 increased stem length and 
diameter and shoot number, while it did not influence number of leaves and decreased leaf area. 
These results are in line with those reported by Leopold and Kriedemann (1975) who reported that, 
IAA is responsible for cell division, cell enlargement and the capability of cell wall for extension. 
Furthermore, the same trend was also observed by Naguib et al., (2003) working on Catharanthus 
roseus. G. Don. mentioned that, IAA (100 ppm) plays an important role in regulating the plant growth 
during the whole plant life. Also, Suzuki and Konakahara (1985) who found that, the application of 
GA3 on Trifoliate orange increased plant height.  

Moreover, Ismael and Young, (1982) indicated that, Sour orange seedlings treated by GA3 
increased stem diameter. Beside, Monselise and Halevy, (1962) reported that, spraying GA3 on Sweet 
lime seedlings decreased leaf area. Moreover, Abou-Zaid,  (1984) reported that, active dry yeast can 
induce plant growth due to its content of different nutrients as N,P and K and some common amino 
acids . The same results were found by Ferguson et al., (1987) and Moor, (1979) who indicated that, 
the stimulant effects of active dry yeast on growth and vitality could be attributed to its content of 
some natural growth regulators like auxin and cytokinins. In addition, application of active dry yeast 
is very effective in releasing CO2 which improves net photosynthesis (Larson et al., 1962; Hegab et 
al., 1997; Mansour, 1998; Attala et al., 2000 and Abd El- Moniem et al., 2002).      
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Total root dry weight: 
 

Data in (Table 2) obtained that, all treatments increased total root dry weight of Cleopatra 
mandarin rootstock seedlings compared with the control, except T2 and T3 ( seedlings were treated by 
GA3 at 100 and 200 ppm) which decreased total root dry weight. Higher significant values for total 
root dry weight were (7.77 and 7.80) with T9 followed by (7.66 and 7.72) with T5 then (7.11 and 
6.95) with T8, while, lower significant values were (5.18 and 5.55) with T2, whereas, the other 
treatments gave the intermediate values for the first and second seasons.         

These results are harmony with those reported by Tadeo et al., (1987) who revealed that, GA3 
decreased root tip width and reduced all parameters related to radial expansion. Furthermore, Abdel-
Latef, (2003) reported that, GA3 and IAA treated plants exhibited higher values of dry weight than did 
with the control.  
 
Leaf total carbohydrates (%): 
 

Data presented in (Table 3) showed that, all treatments significantly increased leaf total 
carbohydrates compared with control, whereas, the highest significant values (2.95 and 3.08) were 
recorded with T9, followed by T5 (2.79 and 2.93) then T8 (2.77 and 2.81) while, the lowest values 
(2.21 and 2.28) were obtained with T6, followed by T2 (2.26 and 2.31) whilst, the other treatments 
gave the intermediate values for the first and second seasons, respectively.  
 
Table 3: Effect of foliar spray with some growth regulators and dry yeast on leaf total carbohydrate 

(%) of Cleopatra mandarin rootstock seedlings during the two seasons 2015 and 2016.  
Total carbohydrate (%)           Treatments  

2nd  season  1st season 
2.13 2.02 Control  
2.31 2.26 GA3 100 ppm  
2.43 2.51 GA3 200 ppm 
2.49 2.37 IAA 100 ppm  
2.93 2.79 IAA 200 ppm  
2.28 2.21 Kinetin 50 ppm  
2.53 2.42 Kinetin 100 ppm  
2.81 2.77 Yeast 2 g\ L 
3.08 2.95 Yeast 4 g\ L 
0.03 0.02 L.S.D. 5 %  

     
     Generally, it seems from the above mentioned results that, all treatments increased vegetative 
growth and leaf total carbohydrates, consequentially carbohydrate accumulation in leaf and stem 
rootstock .These finding are in agreement with those obtained by Miyamoto et al., (1993) who 
indicated that, there is a positive correlation between vegetative growth and carbohydrate 
accumulation in the leaves. Whereas, seedlings growth was enhanced by translocated sucrose. Also, 
Mehouachi et al., (1996) found that, GA3 stimulated growth and synthesis and turnover of sugars, 
increasing carbon supply in shoots. Moreover, Azooz et al., (2004) revealed that, IAA and GA3 

treated plants induced a marked accumulation of protein content and carbohydrate content.  
This accumulation of carbohydrates due to GA3 and IAA treatments might be linked with the 

efficiency of photosynthetic apparatus, which leads to an increase in plant productivity and dry matter 
production.   
 
Leaf mineral content:  
 
Macro elements (N, P and K): 

 
 The results presented in (Table 4) showed increasing N and P leaf content were not significant, 

and K leaf content was significant under all treatments compared with the control during the two 
successive seasons.  
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Table 4: Effect of foliar spray with some growth regulators and dry yeast on leaf macro elements (N, 
P, K) of Cleopatra mandarin rootstock seedlings during the two seasons 2015 and 2016.  

K   % P   % N  %     Treatments  
2016 2015 2016 2015 2016 2015 
0.666 0.660 0.133 0.130 2.37 2.35  Control    
0.782 0.820 0.138 0.140 2.40 2.38 GA3 100 ppm  
0.851 0.845 0.142 0.135 2.39 2.40 GA3 200 ppm 
0.802 0.772 0.143 0.150 2.42 2.45 IAA 100 ppm  
0.823 0.790 0.147 0.145 2.47 2.50 IAA 200 ppm  
0.755 0.744 0.132 0.128 2.37 2.40 Kinetin 50 ppm  

0.771 0.765 0.137 0.135 2.39 2.37 Kinetin 100 ppm  
0.815 0.804 0.144 0.147 2.47 2.45 Yeast 2 g\L 
0.860 0.855 0.148 0.150 2.51 2.40 Yeast 4 g\L 
0.035 0.031 N.S N.S N.S N.S L.S.D.  5 %  

 
Micro elements (Fe, Zn, and Mn):  
 

It is clear from (Table 5) that, all treatments significantly increased micro elements (Fe, Zn and 
Mn) compared with control, the highest significant values for Fe content were (91.44 and 86.29) with 
T9, followed by T5 (85.30 and 81.34) then T8 (83.6 and 82.11), while, the lowest significant values 
were (66.80 and 73.42) with T6, but the other treatments gave the intermediate values in both seasons, 
respectively. Furthermore, the maximum values of Zn content were (75.9 and 77.6) with T8, followed 
by (72.5 and 75.7) with T5, whilst, the lowest significant values were (56.2 and 55.8) underT6, in first 
and second seasons, respectively.  

Moreover, the highest significant values for Mn content were (155.0 and 152.5) with T2, 
followed by T9 (154.5 and 151.7), then T5 (147.4 and 150.6), meanwhile, the lower significant values 
were (125.7 and 133.6) with T7. Whilst, the other treatments gave intermediate values in this regard 
in the two seasons, respectively.          
 
Table 5: Effect of foliar spray with some growth regulators and dry yeast on leaf micro elements (Fe, 

Zn and Mn) of Cleopatra mandarin rootstock seedlings during the two seasons 2015 and 
2016.   

Mn (ppm) Zn(ppm) Fe (ppm) Treatments  
2016 2015 2016 2015 2016 2015 
137.3 132.7 68.30 65.50 72.51 66.40 Control    
152.5 155.0 70.20 71.00 76.18 75.64 GA3 100 ppm  
145.2 141.3 67.60 64.40 74.22 76.50 GA3 200 ppm 
134.4 130.6 73.40 69.70 77.62 82.70 IAA 100ppm  
150.6 147.4 75.70 72.50 81.34 85.30 IAA 200 ppm  
132.3 136.6 55.80 56.20 73.42 66.80 Kinetin 50 ppm  
133.6 125.7 65.10 67.70 74.13 71.50 Kinetin 100 ppm 
145.1 141.8 77.60 75.90 82.11 83.60 Yeast 2 g\ L 
151.7 154.5 72.50 65.00 86.29 91.44 Yeast 4 g\ L 
5.73 6.52 3.31 3.61 4.52 4.92 L.S.D. 5  %  

 
These results are in line with those mentioned by Hanafy et al., (2012) who revealed that, foliar 

application of IAA improved growth characters through their favorable effects on leaf chemical 
composition and nutritional status(N, P, K, Mg, Zn, Fe and Mn concentrations) of the leaves. The 
same results were found by Karakis et al., (1990) who found that, foliar application of IAA increased 
the absorption of Zn by roots from the medium.   
 
Percent of suitable seedlings amenable for budding: 
 

Data in (Table 6) showed the average percent of suitable seedlings amenable for budding of 
Cleopatra mandarin rootstock which influenced by foliar spray of GA3,IAA,Kinetin and yeast and 
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were taken at three time intervals (mid June, mid July and mid August) during two successive seasons 
2015 and 2016 .  At mid June. Data in (Table 6) revealed that, the higher significant values (61.65 and 
64.81) under T5, followed by (60.42 and 61.20) with T3, then (59.90 and 62.18) with T9. while, the 
lowest significant values were (49.22 and 47.27) with T6, whilst the other treatments gave the 
intermediate values for both seasons, respectively .         
 
Table 6: Effect of foliar spray with some growth regulators and dry yeast on percent of suitable 

seedlings amenable for budding of Cleopatra mandarin rootstock seedlings during two 
seasons 2015 and 2016.  

         Mid August           Mid July         Mid June     Treatments  
  2016    2015    2016    2015   2016    2015 
   68.77    70.31    73.81    72.21   42.67    45.20   Control    
   70.29    72.15    80.26    82.40   48.17    51.17 GA3 100 ppm  
   75.18    77.72    87.33    89.91   61.20    60.42 GA3 200 ppm 
   75.25    76.21    81.19    78.53   53.33    55.19 IAA 100ppm  
   76.36    78.33    85.21    84.13   64.81    61.65 IAA 200 ppm  
   68.71    71.27    74.83    75.25   47.27    49.22 Kinetin 50 ppm  
   70.52    72.60    79.38    77.55   52.66    54.66 Kinetin 100 pp  
   76.19    75.11    84.11    81.19   59.44    58.40 Yeast 2 gm\ L 
   77.22    78.51    94.46    95.22   62.18    59.90 Yeast 4 gm\ L 
    5.13     6.08     4.95    5.06    4.51     4.78 L.S.D    5      %  

 
At mid July Data in (Table 6) showed that , increasing rate of suitable seedlings amenable for 

budding when compared with the obtained results from the previous time (mid June) because in this 
time , stem diameter of resulting seedlings reached of a pencil size or larger. Data also indicated that, 
the highest significant values were (95.22 and 94.46) with T9, followed by T3 (89.91 and 87.33) then 
T5 (84.13 and 85.2) whilst, the lowest values were (74.83 and 71.27) underT6, in two seasons under 
study. At mid August. Data of (Table 6) indicated that, decreasing rat of percent of suitable seedlings 
amenable for budding when compared with the previous time (mid July).  
It is also clear that, the higher values were (78.51 and 77.22) with T9, followed by (78.33 and 76.36) 
with T5, then (77.72 and 75.18) under T3. Nevertheless, the lower significant values were (71.27 and 
68.71) for both seasons, respectively.  

       Generally, the above results, indicated that, there is a positive correlation between the 
percent of suitable seedlings amenable for budding and stem length, stem diameter, leaf mineral 
content and total carbohydrates of the rootstocks .These results are in harmony with those obtained by 
Miyamoto et al., (1993) who obtained that, there is a positive correlation between vegetative growth 
and carbohydrate accumulation in leaves. Moreover, our results revealed that, the highest rate of 
suitable seedlings amenable for budding was in mid July for the two seasons. This time led to 
shortening the period for budding in citrus seedlings about 7 months, whereas, resulting seedlings 
could be budded because their stem diameter reached of a pencil size (5.5 mm or larger) . Shortening 
this time would benefit nurserymen by reducing various production inputs and their costs.   
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