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ABSTRACT 
 

The present study was carried out during two successive seasons of 2003 and 2004 to study the effect of 
different levels of Zn (0, 37.5 and 75 ppm), tryptophan (25, 50 and 100 ppm) and IAA (100, 200 and 300 ppm) 
foliar applications on growth, fruit yield and fruit quality of Valencia orange trees. Also, the replacement of Zn 
foliar application with tryptophan or IAA was investigated. Generally, the results reveal that all treatments 
improved growth characters (shoot length, shoot thickness, leaves number, and leaves area), yield and fruit 
quality through their favorable effects on leaves chemical composition (plant pigments, total sugars, total 
soluble phenols, total free amino acids, tryptophan and endogenous plant hormones balance of leaves) as well as 
nutritional status (N, P, K, Mg, Zn, Cu, Fe and Mn concentrations) of leaves. Moreover, the results indicate that, 
tryptophan foliar application at the rates of 25, 50 and 100 ppm and IAA at the rates of 100, 200 and 300 ppm, 
to some extent, can be replace zinc foliar application at the recommended dose (37.5 ppm Zn). 
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Introduction 
 

Rosetting and little leaf are the most characteristic symptoms of Zn deficiency in fruit trees (Swietlik, 
2002). Zinc is essential for the functioning of many enzymes, as well as the synthesis for tryptophan, a precursor 
of indole acetic acid (IAA). Physiological disorders in plants such as "little leaf disease" in fruit trees are 
attributable to Zn and IAA deficiencies. In this respect, reduction in IAA synthesis in Zn-deficient might be 
result from inhibited synthesis or enhanced degradation of IAA (Cakmak et al., 1989). Zinc deficiency 
symptoms are easily identified by characteristically mottled leaves, highly reduced leaf size, and often dieback 
of twigs and small misshapen fruit (Spiegel-Roy and Goldschmidt, 2008). Tryptophan, the immediate precursor 
of IAA increased under Zn deficiency, indicating that this amino acid was not the limiting factor in IAA 
production. However, the mode of action of zinc in auxin metabolism is still obscure. 
 
Materials and Methods 

 
The present study was carried out during two successive seasons of 2003 and 2004 in Citrus orchard of EI-

Kassasin Horticulture Research Station. Ismailia Governorate, Agricultural Research Center, Ministry of 
Agriculture, Egypt. Valencia orange trees (Citrus sinensis L. Osbek) budded on Sour orange rootstock (Citrus 
aurantium) on 12-year-oid grown on sandy soil at 5 x 5 m were used in this experiment.Representative soil 
samples were collected from the Orchard under investigation.from three depths (0-30, 30-60 and 60-90 cm) in 
each block and subjected to the determination of soil-reaction (pH). The initial soil samples were analyzed for 
physical and chemical characteristics [illustrated in Table 1] as follows: 

In the two experimental seasons, nine different treatments were used with three foliar applications, in 
addition to the untreated control as follows: 

1- Control treatment in which the trees were [sprayed with 150 g foliafeed chelated Zn (15%) at the rate of 
37.5 ppm Zn + 150 g foliafeed Mn (15%) at the rate of 37.5 ppm Mn + 300 g foliafeed chelated Fe (13%) at the 
rate of 65 ppm Fe + 3 kg copper oxychloride at the rate of 3 kg per 600 I/fed.: 5.0 g/1]. 

2- As control treatment but without Zn foliar application (Zero Zn). 
3- As control treatment but with the 2 fold Zn foliar application (300 g foliafeed chelated Zn (15%) at the 

rate of 75 ppm Zn). 
4- As control treatment but without Zn and plus 25 ppm tryptophan. 
5- As control treatment but without Zn and plus 50 ppm tryptophan. 
6- As control treatment but without Zn and plus 100 ppm tryptophan. 
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7- As control treatment but without Zn and plus 100 ppm indole acetic acid (IAA). 
8- As control treatment but without Zn and plus 200 ppm indole acetic acid (IAA). 
9- As control treatment but without Zn and plus 300 ppm indole acetic acid (IAA). 

 
Table 1: Mechanical and chemical analysis of the orchard soil under experimental trees. 

Depth (cm) 0-30 30-60 60-90 
EC mmhos/cm at 25°C 3.6 2.8 2.9 
pH 7.9 8.0 8.0 
Particle size distribution:    
Coarsed sand 37.2 37.0 38.5 
Fine sand 38.4 35.7 37.7 
Silt 14.6 15.6 13.8 
Clay 9.8 11.7 10.0 
Textural class sandy loam sandy loam sandy loam 
Soluble ions (meq/1)    
Cations    
Ca+2 13.0 11.5 14.0 
Mg+2 10.0 6.5 10.5 
Na+ 8.9 6.3 5.3 
K+ 5.1 5.1 1.3 
Anions    
CO3

-2 - - - 
HCO3

- 10.0 7.0 8.0 
Cl - 4.0 4.0 4.0 
SO4

-2 22.0 18.4 19.1 
Available nutrient (ppm)    
P 11.3 2.5 2.7 
K 317.5 220.0 120.0 
Mn 6.0 3.8 1.4 
Fe 8.0 6.0 6.0 
Zn 2.2 0.8 1.0 
Cu 1.0 0.4 0.4 

 
For all treatments; the 1st foliar sprays was at the third week of February, the 2ndspraying at the first week of 

May and the 3rd was at the third week of July. A complete randomized block design was used. each treatment 
was replicated three times with one tree for each replicate.Therefore, the total number of trees in this experiment 
was 27. Sample was taken at the first week of October. 

The following growth characters were recorded of new develop twigs from bud; out growth were used to 
study 1) Shoot height (cm), 2) Shoot diameter (cm), 3) Number of leaves/shoot, 4)Average leaf area (cm2) 
which estimated by leaf area meter (model CL-203 area meter CID, Inc. USA). 

Fresh leaves were extracted with dimethyl formamide to determine total chlorophylls according to Nornai 
(1982). Ethanol extract of leaves was used for the determination of total sugars, total free amino acids and total 
soluble phenols. Determination of total sugars was carried out by using the phenol-sulphuric acid method 
according to Dubois et al. (1956). Total free amino acids were determinated by using ninhydrin reagent 
according to Moore and Stein (1954).Total soluble phenols were estimated using the folin-ciocalteau 
colorimeteric method as described by Swain and Hillis (l959). Methanol extract was used to determine 
gibbcrellic acid (GA3), abcisic acid (ABA) and indole acetic acid (IAA) in leaves by Gas Liquid 
Chromatography according to the method described by Vogel (1975).In dry matter of leaves tryptophan was 
detreminated by using p-dimcthylaminobenzaldehyde according to Spies and Chambers (1949). In dry matter of 
leaves Fe, Mn, Zn and Cu were determinated. Digestion of plant materials were carried out using sulphuric and 
perchloric acids as described by Piper (1947). Determination of micronutrients (Fe. Mn, Zn and Cu) 
concentrations were determined by the atomic absorption spectrophotometer (Thermo Jarrellas H, AASCANI).  

Fruits yield (weight "kg" and number of fruits/tree) were determined at harvesting time ( the first week of 
February). Moreover, the following fruit quality were determined from 10 fruits as a replicate. with three 
replicates for each treatment: 1) Average fruit weight (g)and 2) Average fruit size (cm3) was measured by water 
displacement in graduate jar. 
 
Statistical Analysis: 
 

A complete randomized block design was used. The obtained data were subjected to the analysis of 
variance according to Snedecor and Cochran (1972). Mean between treatments were compared using the L.S.D. 
values at 0.05 level. 
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Results and Discussion 
 
3-1-Vegetative Growth: 
 
3-1-1- Effect Of Zinc: 

 
The data presented in Table (2) reveale that, in the two successive seasons, non significant increases in 

shoot height were recorded by Valencia orange trees with increasing Zn foliar application level. While, no 
constant trend could be detected on shoot diameter and number of leaves/shoot due to increasing Zn foliar 
application rate at the two successive seasons, except significant increase of shoot diameter in the 1st season by 
the trees treated with the higher level of Zn (75 ppm). Moreover, gradually increases in single leaf area were 
obtained with increasing Zn foliar application level in the two successive seasons;however these increases not 
reach to significant level except significant increase which detected between zero Zn treatment and the highest 
level of Zn (75 ppm). Similar results were obtained by, Hassan (1995) on Washington navel orange trees and 
Sourour (2000) on Valencia orange trees.  

In this respect, Price (1970) reported that, the beneficial effect of Zn on plant growth may be due to its roles 
in auxin biosynthesis through the amino acid tryptophan. Moreover, EI-Bagoury, H. Olfat et al.(1984) and 
Osman et al. (2000) suggested that- the increase in shoot height resulted from zinc application might be mainly 
due to the increment in internodes length because of the increment of protoplasm in cell wall material proportion 
and consequently the increment in cell size that manifested in intemode elongation. Marschner (1995) reported 
that, in apple, the most characteristic visible symptoms of zinc deficiency in dicotyledons were rosetting and a 
drastic decrease in leaf size ('little leaf). Furthermore, zinc plays an important role in many biochemical 
functions within plants. Zinc is an essential component of over 300 enzymes (Fox and Guerimot, 1998). 
Dickinson et al. (2003) reported that, the role of zinc in DNA and RNA metabolism, in cell division, and protein 
synthesis has been documented for many years. Zinc is very closely involved in the nitrogen metabolism of 
plants. In plants with zinc deficiencies, protein synthesis and protein levels are drastically reduced whereas 
amino acids accumulate. Purohit (2007) reported that, the most prominent symptoms is an inter veinal chlorosis 
of the older leaves starting at the tips and margins followed by white necrotic spotting, shortened internodes, 
small leaves and stunted growth are characteristic symptoms of zinc deficiency. Sometimes the leaves are 
clustered on short branches known as rosettes. Hafez, M. Omaima and El- Metwally (2007) mentioned that, zinc 
(Zn) is one of the micronutrient required of normal plant growth. The role of Zn in plant is due to its 
requirement in the synthesis of tryptophan which is a precursor of indole acetic acid and the formation of this 
growth substances is directly influenced by Zn.  
 
Table 2: Effect of zinc, tryptophan and IAA on growth characters of Valencia orange trees in 2003 and 2004 seasons. *  

Growth characters 
 

Shoot length (cm) Shoot diameter(cm) Leaves number 
/ shoot

Average leaf area 
(cm2) /shoot) 

 Seasons Treatments  S1 S2 S1 S2 S1 S2 S1 S2 

Control 6.36 7.00 0.17 0.17 9.53 5.60 15,42 10.30
Cont. zero Zn 5.71 6.58 0.17 0.17 9.30 4,77 12.07 9.32 

Cont. 75 ppm Zn 8.71 9.23 0.17 0.17 9.30 5.83 16.90 12-15
Cont. zero Zn + Tr (25 ppm) 6.03 8.45 0.17 0.17 9.40 5,60 15.41 10.88 

Cont. zero Zn + Tr (50 ppm) 8,84 8.65 0.18 0.19 9.23 6.23 15,54 11.46 

Conl. zero Zn + Tr (100 ppm) 8.02 8.30 0.18 0.20 11.30 7.10 16.30 11,42 

Cont. zero Zn + IAA (100 ppm) 6.13 8.48 0.19 0.21 11.47 5.80 14,95 11.87 

Conl. zero Zn+ IAA (200 ppm) 7.00 9.11 0.18 0.19 11.73 6.53 16.14 11.40 

Conl. zero Zn+ IAA (300 ppm) 8.09 9.32 0.17 0.17 9.47 5.90 16.15 11.72 

L.S.D (0.05) 1.526 1.128 0.006 0.003 N.S N.S 2.195 1.218 

 
3-1-2- Effect Of Tryptophan: 
 

It is generally clear from the results that, in the two successive seasons gradually increase on most of the 
studied growth characters (shoot height, shoot diameter, number of leaves and single leaf area) were detected 
with increasing tryptophan foliar application rate, with some exceptions especially at the highest level of 
tryptophan (100 ppm) in which low values were obtained. Levitt (1980) reported that, beneficial effect of amino 
acids on new cell production through restoring the specific enzymes for protein synthesis. Vanderhoef (1980) 
indicated that, tryptophan is affecting gene expression for producing the specific macromolecules required for 
permanent cell elongation. Russell (1982) reported that, the stem elongation which was generally observed in 
plants treated with tryptophan (especially Mentha viridis and Mentha longifolia) can be explained by the 
conversion of tryptophan to IAA. 
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Furthermore, the results revealed that, in the two successive seasons, significantly and non-significantly 
increases on most of the studied growth characters were obtained by the tree treated with any of the three 
different rates of tryptophan when compared with recommended rate of zinc (37.5 ppm Zn) with some 
exceptions. In this respect, Cakmak et al (1989) on bean, concluded that the reduction in IAA level in Zn-
deficient plants is not brought about by impaired synthesis of tryptophan and more likely it is the conversion of 
tryptophan to IAA that is specifically inhibited. Thus, Zn is necessary in the pathway of IAA biosynthesis from 
tryptophan. Mohamed,R. Berlant et al (1988) on Calhurunthus roseus plant, found that the foliar applications of 
Zn (at the rates of 50, 100. 150. 200 or 400 ppm) or tryptophan (at the rate of 100 ppm) increased IAA contents. 
The detectable increase of IAA may be attributed to the conversion of tryptophan to IAA. This finding may be 
supported by the observed stimulation in growth after tryptophan application. Bergmann (1992) noticed that, 
zinc plays a role in the auxin metabolism of plants, although details of the physiological processes involved 
have yet to be elucidated. The synthesis of tryptophan out of indole and serine is known to be catalyzed by zinc. 
Spiegel-Roy and Goldschmidt ( 2008) working on citrus, reported that, zinc is essential for the functioning of 
many enzymes, as well as the synthesis of trptophan, a precursor of indoleacetic acid (IAA). Zinc deficiency 
causes a reduction in RNA synthesis and ribosome stability.  
 
3-1-3-Effect of IAA: 
 

In the two successive seasons, gradually increases in shoot height were recorded with increasing IAA foliar 
application rate. While, a reverse trend was obtained by shoot diameter. However, no constant trend could be 
detected on leaves number and leaf area..In this respect, Leopold and Kriedemann (1975) mentioned that, IAA 
is responsible for cell division, cell enlargement and the capability of cell wall for extension, which lead to taller 
plants. Also, the authors mentioned that. the increment in branch number/plant may be due to the effect of IAA 
and both amino acids (phenylalanine or methionine) on gibbcrellin synthesis. Mohr and Schopfer (1998) 
reported that, the sensitivity of a growth process to IAA can be expressed in the form of an apparent Michaelis 
constant IAA plays an important integrative role in the plant in suppressing the formation of side shoots 
(maintaining apical dominance) and the development of fruits. 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. It regulates the physiological process through the enzymatic reactions, the cell structure, the 
nucleic acid synthesis and consequently plant growth. 

Furthermore, the results indicated that, significantly and non-significantly increases on all of the studied 
characters were obtained by the tree treated with any of the three different rates of IAA when compared with 
either trees untreated with Zn (zero Zn) or those supplied with the recommended rate of Zn (37.5 ppm), with 
some exceptions.In this respect, it is known that zinc is required for the synthesis of IAA. Physiological 
disorders in plants such as "little leaf disease" in fruit trees is attributed to Zn and IAA deficiencies. In this 
connection, Cakmak et al. (1989) working on bean (Phaseolus vulgaris L) suggested that, 50% reduction in IAA 
synthesis in Zn-deficient might be the result of inhibited synthesis or enhanced degradation of IAA. Tryptophan, 
the immediate precursor of IAA increased under Zn deficiency, indicating that this amino acid was not the 
limiting factor in IAA production. Moreover, Karakis et al.. (1990) found that. foliar application of IAA 
increased the absorption of Zn by roots from the medium. Applying IAA to young plants under Zn deficiency 
increased the activity of enzyme of IAA biosynthesis from tryptophan and also tryptophan and IAA contents in 
leaves and accelerated growth and biomass accumulation in maize plant. Zinc application with foliar application 
of IAA was the most effective. 

On the other hand. non-significant decreases of shoot length were recorded by the trees treated with the 
lowest rate of IAA in the 1st season when compared with the recommended dose of Zn (37.5 ppm). Furthermore, 
significant increases in single leaf area were recorded by the leaves of the trees treated with any of the three 
different rates of IAA in the 2nd season. 
 
3-2 - Yield And Physical Characters Of Valencia Orange Fruits: 
 
3-2-1-Effect Of Zinc: 

 
The data presented in Table (3) indicate that, in the two successive seasons, significant and gradual 

increases in tree yield (kg), number of fruits per tree, fruit weight(g) and fruit size (cm3) were recorded by the 
fruits of Valencia orange trees with increasing Zn foliar application level. Similar results were obtained by 
Sourour (2000) on Valencia orange trees, Hassan (1995) on Washington nave! orange trees, EI-Menshawi et al. 
(1997) and EI-Baz (2003) on Balady mandarin trees, and Abd-El-Rahman (2003) on navel orange trees. In this 
respect, Shawky et al. (1993) reported that, Zn in multimineral solution spray might induce a physiological 
effect which led to an increase the number of fruits per tree significantly, probably due to increase in fruit set 
percent. Simultaneously the favorable effect of zinc in multimineral sprays on tree yield could be attributed to 
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the increase in the level of endogenous auxins which increased fruit set. Sourour (2000) reported that, Zn-EDTA 
(14% Zn) followed by the Citrus Wuxal (14% N, 2% Fe, 2% Mn and 2% Zn at a rate of 100 ml per 100 1 of 
water) showed the marked yield increment compared with the control-untreated trees. This result might be due 
to a direct response of fruits to treatments, but it is also possible to think of an indirect effect of a higher 
synthesis of assimilate in greener and larger recovered leaves, which are deviated towards fruits. EI-Baz (2003) 
reported that,the highest yield of balady mandarin trees was obtained by Zn (250 ppm) due to increases occurred 
in both fruit number per tree and fruit weight. AbdEl –Moniem, A. Eman et al. (2007) reported that, spraying 
0.4% chelated zinc alone or with GA3 especially at 20 ppm significantly increased fruit set, fruit retention, 
decreased fruit drop and subsequently improved the yield as well as the physical and chemical fruit 
characteristics. 
 
Table 3: Effect of zinc, tryptophan and IAA on yield and fruit quality of Valencia orange trees during (2003 and 2004) seasons.  

Season Treatments Tree  
yield (kg) 

Number of 
fruits per tree 

Fruit  
weight 

Fruit  
size (cm3) 

2003 

Control 38.84 290.00 120.12 122.33 
Cont. zero Zn 29.95 275.00 108.80 110.12 
Cont. 75 ppm Zn 48.13 355.00 135.63 138.14 
Cont. zero Zn + Tr (25 ppm) 42.91 285.00 150.67 153.12 
Cont. zero Zn + Tr (50 ppm) 50.47 280.00 180.33 178.33 
Conl. zero Zn + Tr (100 ppm) 41.84 300.00 139.45 139.51 
Cont. zero Zn + IAA (100 ppm) 53.43 305.00 175.18 178.11 
Conl. zero Zn+ IAA (200 ppm) 61.57 342.00 180.11 182.16 
Conl. zero Zn+ IAA (300 ppm) 53.87 326.00 165.21 167.33 
L.S.D (0.05) 3.72 14.93 12.00 6.60 

2004 

Control 38.22 310.00 123.30 117.73 
Cont. zero Zn 30.03 282.33 106.40 104.28 
Cont. 75 ppm Zn 48.08 363.00 132.46 131.69 
Cont. zero Zn + Tr (25 ppm) 44.24 290.00 152.56 149.23 
Cont. zero Zn + Tr (50 ppm) 51.33 276.67 185.43 184.94 
Conl. zero Zn + Tr (100 ppm) 42.78 306.33 139.62 132.59 
Cont. zero Zn + IAA (100 ppm) 52.25 306.67 170.37 176.78 
Conl. zero Zn+ IAA (200 ppm) 63.16 350.00 180.45 182.99 
Conl. zero Zn+ IAA (300 ppm) 54.64 333.33 163.87 165.87 
L.S.D (0.05) 3.29 16.34 6.08 6.36 

 
3-2-2- Effect Of Trvptophan:  
 

The data in Table (4) revealed that, in the two successive seasons, significant increases in tree yield (kg), 
fruit weight and fruit size (cm3) were obtained by the fruits of the Valencia orange trees treated with any of the 
three different rates of tryptophan without Zn foliar application when compared with those treated with the 
recommended level of Zn (37.5 ppm) or those Zn-untreated trees (zero Zn), with some exceptions by the trees 
sprayed with the highest rate of tryptophan (100 ppm) in which these increases not reach to the values recorded 
by the trees sprayed with the two lower rates of tryptophan (25 and 50 ppm). In this respect, Ali and Lovatt 
(1995) found that, in Citrus research has shown a relationship between polyamines (PA) metabolism and 
flowering, fruit set and abiotic stresses. Refaat and Naguib (1998) working on Menfha piperita, mentioned that 
the positive effect of amino acids (alanine, cytosine, guanine, thymine and L-tyrosine at 25 and 50 ppm) on 
yield may be due to the vital effect of these amino acids on stimulation of the growth of plant cells. Valero et al. 
(1998) working on lemon (Citrus lemon L. Burm cv. Verna) reported that, PAs had very beneficial effects in 
improving fruit firmness, reducing weight loss and chilling injury during lemon storage. Naguib et al. (2003) 
working on periwinkle (Catharanlhus roseus G. Don), found that the application of phenylalanine or methionine 
proved significant increase in yield/feddan. In this respect, Goss (1973) suggested that, amino acids can serve as 
a source of carbon and energy when carbohydrates become deficient in the plant, amino acids are determinate, 
releasing the ammonia and organic acid from which the amino acid was originally formed. The organic acid 
then enters the kreb's cycle, to be broken down to release energy through respiration. Thom et al. (1981) pointed 
out that, amino acids provide plant cells with an immediately available source of nitrogen, which generally can 
be taken by the cells more rapidly than inorganic nitrogen. 
 
3-2-3-Effect of IAA: 

 
The results presented in Table (4) indicate that, in the two successive seasons, significant increases in tree 

yield (kg), number of fruits per tree, fruit weight and fruit size (cm3) were obtained by the fruits of the Valencia 
orange trees treated with any of the three different rates of IAA without Zn foliar application when compared 
with those treated with recommended level of Zn (37.5 ppm) or those Zn-untreated trees (zero Zn), with some 
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exceptions by the trees sprayed with the highest rate of IAA (300 ppm) in which these increases not reach to the 
values recorded by the trees sprayed with the two lower rates of IAA (100 and 200 ppm).In this respect, 
Gillaspy et al. (1993) working on chill pear, reported that the presence of indole acetic acid at initial stage of 
fruit development is important for increasing fruit volume through its activity on cell enlargement. Agusti et al. 
(1994) working on "Clausellina" mandarin, suggested that there is a direct effect of the auxin (3.5,6-trichioro p-
2-pyridyl oxyacetic acid) on fruit growth rather than an indirect effect derived from reduction of competition 
between fruitless caused by thinning. Moreover, Kojima et al. (1996) working on Satsuma mandarin, found that 
a sequence of peaks of endogenous ABA, IAA and GA3 concentrations in fruitlets, and concluded that these 
hormones may play a sequential and synergistic role in the retention and growth of fruitlets. Cai et al. (2001) 
suggested that, the balance between IAA and ABA in the fruit abscission zone may be an important factor in 
determining sensitivity and thereby the response of mature Valencia orange fruit to abscission chemicals. 
 
3-3- Organic Components: 
 
3-3-1- Plant Pigments: 
 
3-3-1-1- Effect Of Zinc:  

 
The data in table (4) revealed that, non-significant and gradual increases in total chlorophylls were recorded 

by the leaves of Valencia orange trees, with increasing Zn foliar application levels. Similar results were obtained 
by Sourour (2000) on Valencia orange trees. In this respect, Bergmann (1992) reported that, zinc is believed to 
be involved in chlorophyll synthesis through its influence on protein, carbohydrate and energy metabolism. Taiz 
and Zeiger (1994) reported that, many enzymes require zinc ions (Zn2+ ) for their activity, and zinc may be 
required for chlorophyll biosynthesis in some plants. In some species (corn. sorghum, beans), the older leaves 
may become intravenously chlorotic and then develop white necrotic spots. This chlorosis may be an expression 
of a zinc requirement for chlorophyll biosynthesis. 

In addition, Zn plays a key role in photosynthesis, affecting the activity of enzymes such as carbonic 
anhydrase (Rengel, 1995), as well as affecting chlorophyll concentration and stomatal conductance (Hu and 
Sparks, 1991). Balakrishnan et al. (2000) reported that, differential response in total chlorophyll upon deficiency 
of Fe (in Sapota and Jamun), Zn (in sweet orange) and Mg (in mango) was either due to reduced chlorophyll 
biosynthesis or due to poor development and assembly of chloroplast. 
 
3-3-1-2- Effect Of Tryptophan:  

 
The data indicated that, the highest values of total chlorophylls were recorded by the leaves of the trees 

sprayed with the middle rate of tryptophan (50 ppm) when compared with those treated with the lowest (25 
ppm) or the highest (100 ppm) rate of tryptophan. Furthermore, the data in table (4) revealed that, significant 
and non-significant increases in total chlorophylls were recorded by the leaves of the trees treated with any of 
the three different rates of tryptophan and untreated with Zn when compared with the leaves of corresponding 
trees untreated with Zn and tryptophan or the leaves of the trees treated with the recommended rate of Zn (37.5 
ppm) foliar application. On the other hand, a reverse trend was recorded on chlorophyll concentrations by the 
leaves of the trees treated with the highest level of tryptophan. Similar results were obtained by Naguib el al. 
(2003) working on periwinkle (Calharanlhus rosens G. Don). 
 
Table 4: Effect of zinc, tryptophan and IAA on plant pigments ( mg /g f.w.) and organic composition ( total sugars, total soluble phenols, 

total free amino acids( mg /g f.w.) and tryptophan ( mg /g d.w.) concentrations of Valencia orange leaves in season 2003. 
 
Treatments 

Total 
chlorophyll 

Total 
sugars 

Soluble 
phenols 

Total free 
amino acids 

Tryptophan 

Control 1.835 2.800 1.880 1.952 0.049 
Cont.zero Zn 1.700 3,680 2,240 1.792 0.045 
Cont.75 ppm Zn 2.055 1.950 2.080 1.824 0.054 
Cont.zero Zn + Tr (25 ppm) 1.946 3.920 2.830 1.832 0.053 
Cont.zero Zn+ Tr (50 ppm) 2.176 4.110 2.290 1.720 0.053 
Cont.zero Zn +Tr (100 ppm) 1.643 4.320 2.400 1-124 0.049 
Cont.zero Zn+ IAA (100 ppm) 2.229 5-040 2.030 1.536 0.05 
Cont.zero Zn+ IAA (200 ppm) 1.941 4.240 2.240 1.604 0.054 
Cont.zero Zn +IAA (300 ppm) 2.156 4-090 2.450 2.016 0.046 
L.S.D. (0.05) N.S 1.06 N.S 0.41 N.S 

  
The positive effects of the ammo acids on the photosynthetic pigments might be attributed to either the 

preservation of chromoproteins or these pigments (Hall, 1978) or activation of the formation of the enzymes 
required for building of chlorophyll or carotenes (Hall and Rao, 1987). Besford et al. (1993) stated that. PAs 
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prevent the loss of chlorophyll in senescing oat leaves, indicating preservation of the thylakoid membranes at 
the site of chlorophyll-protein complexes.  
 
3-3-1-3-Effect of IAA: 

 
The results presented in table (4) indicate that, low values of total chlorophylls were recorded by the leaves 

of the trees treated with any of the two higher rates of IAA (200 and 300 ppm) when compared with those 
treated with the lowest level (100 ppm).In this respect, Jacobs (1979) found that, presumably IAA acts as a 
coenzyme in the metabolism in higher plants, thus it plays an important role in the formation of the 
photosynthetic pigments. Abd-El-Wahab (1997) working on apple nursery plants, found that leaf chlorophyll b 
content has been increased with GA3 (250 ppm) and IAA (50 ppm). Naguib el al. (2003) working on periwinkle 
(Calharunihua roseus G. Don), reported that IAA at 100 ppm led to the most prominent increase in chlorophylls 
a and b concentrations. Furthermore, the data revealed that, significant and non-significant increases in total 
chlorophyll concentrations were recorded by the leaves of trees treated with any of the three different rates of 
IAA and untreated with Zn when compared with the leaves of control Zn-untreated trees or when compared with 
the leaves of the trees treated with the recommended rate of Zn (37.5 ppm). 
 
3-3-2- Total Sugars: 
 
3-3-2-1- Effect Of Zinc: 

 
The data in table (4) revealed that. there was negative relationship between Zn foliar application and total 

sugars concentration, since the highest values of the total sugars concentration were recorded by the leaves of 
Zn-untreated trees. In this respect, it can be suggested that, leaves of the trees suffered from zinc deficiency 
might have less efficiency to condensate sugars into more complex carbohydrates or have less efficiency to 
translocate sugars from leaves to other parts of tree (source-sink relationship). In this connection, Cakmak and 
Marschner (1988) reported that, the reason for the impaired sucrose transport from Zn-deficient source leaves is 
not well understood, though it might be related to the role of Zn in the structural integrity of biomembranes. 
Marschner (1995) reported that, Zn has an important role in starch metabolism in plant. It is well known that 
zinc acts a co- factor of many enzymes and affects many biological processes such as photosynthesis reactions, 
nuclic acids metabolism, protein and carbohydrate biosynthesis.  
 
3-3-2-2- Effect Of Tryptophan: 
 

The data in table (4) indicated that, gradually increases in total sugars concentration were obtained with 
increasing tryptophan foliar application. Furthermore, significant and non-significant increases in total sugars 
concentration were recorded by the leaves of the trees treated with any of the three different rates of tryptophan 
and untreated with Zn when compared with the leaves of control Zn-untreated trees, or the leaves of the trees 
treated with the recommended dose (37.5 ppm) of Zn foliar application. In this respect, Refaat and Naguib 
(1998) found that, the increased the total carbohydrates percentage in peppermint leaves and the highest content 
was obtained with the application of 25 ppm L-tyrosine. The promotive effect of the amino acids on the total 
carbohydrates content may be due to their important role on the biosynthesis of chlorophyll molecules which in 
turn affected carbohydrate content. Attoa et al. (2002) working on Iheris umara L. plant, found that foliar 
application of tryptophan at 25 ppm increased the total carbohydrates. The most promising effect on 
carbohydrates content was noticed with spraying tryptophan at 75 ppm. 
 
3-3-2-3-Effect Of IAA: 
 

The data in table (4) revealed that. the highest values of total sugars concentration were recorded by the 
leaves of the trees supplied with the lowest rate of IAA (100 ppm) when compared with those treated with any 
of the two higher rates of IAA (200 and 300 ppm). Moreover, the results revealed that. significant and non-
significant increases in total sugars concentration were recorded by the leaves of the trees treated with any of the 
three different rates of IAA and untreated with Zn when compared with the leaves of control Zn-untreated trees.  

Furthermore, the data indicated that, significant and non-significant increases in total sugars concentration 
were recorded by the leaves of the trees sprayed with any of the three different rates of IAA and untreated with 
Zn when compared with control leaves supplied with the recommended dose of Zn (37.5 ppm). In this respect, 
Hegazy et al. (1966) reported that, the auxin and naphthaline acetic acid increased sucrose and polysaccharide 
content as a result of its treatment on bean plants. Altman and Wareing (1975) suggested that, there is a close 
relationship between the enhancement of sugar accumulation and IAA treatments.  
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3-3-3- Amino Acid And Tryptophan: 
 
3-3-3-1-Effect Of Zinc: 

 
The data in table (4) revealed that, non-significant and gradually increases in tryptophan concentration were 

recorded in the leaves of Valencia orange trees with increasing Zn foliar application level. However, the lowest 
value of total free amino acids were recorded by the leaves of Zn-untreated trees, while the highest values were 
obtained by the leaves of the trees treated with the recommended dose of Zn foliar application (37.5 ppm). In 
this respect, it can be suggested that, an adequate zinc supply might be required for proper utilization of amino 
acids into protein synthesis. In this respect, Singh (1981) pointed out that, Zn application increased tryptophan 
concentration in rice plants. Bergmann (1992) showed that, zinc deficiency plants, e.g. apple discharge amino 
acids. Although zinc deficiency associated with higher total amino acids concentrations in plants, it is also 
linked to a lack of certain amino acids, because animation reactions are disrupted. Dickinson et al. (2003) 
working on fruit trees (Citrus, apple as well as grapes). reported that zinc is very closely involved in the nitrogen 
metabolism of plants. In plants with zinc deficiencies, protein synthesis and protein levels are drastically 
reduced whereas amino acids accumulate. The accumulation of amino acids occurs because zinc plays an 
important role in helping different combinations of amino acids link together to form enzymes and proteins. 
Without adequate levels of zinc the plant is unable to synthesize the various enzymes and proteins therefore 
causing a build up of amino acids.  

 
3-3-3-2- Effect Of Tryptophan: 

 
The data in table (4) indicated that, non-significant increases in tryptophan concentration were recorded by 

the leaves of the trees treated with the middle level of tryptophan (50 ppm) when compared with those treated 
with the lowest (25 ppm) or the highest (100 ppm) level of tryptophan. However, the highest value of total free 
amino acids were recorded by the leaves of the trees treated with the lowest rate of tryptophan, since gradually 
decreases in total free amino acid concentrations were obtained with increasing tryptophan foliar application 
level. In this respect, it can be suggested that, tryptophan foliar application at the three different levels (25, 50 
and 100 ppm) might be induce different changes in the activity of enzymes involved in N-assimilaiion and 
consequently might be affect on the different pathway responsible for the formation of various amino acids. 
Furthermore, the data revealed that, significant and non-significant increases on tryptophan concentration were 
recorded by the leaves of the trees treated with any of the three different rates of tryptophan and untreated with 
Zn foliar application when compared with the leaves of control Zn-untreated trees, or leaves of control trees 
treated with'the recommended rate of Zn (37.5 ppm). On the other hand, significant and non-significant 
decreases on total free amino acids concentration were obtained by the leaves of the trees treated with any of the 
three different rates of tryptophan and untreated with Zn foliar application when compared with the leaves of 
Zn-untreated trees or leaves of trees treated with the recommended rate of Zn, except leaves of the trees treated 
with the two lower rates of tryptophan (25 and 50 ppm). In this respect, Mohamed, R. Berlant et al. (1988) 
working on periwinkle, found that total and soluble protein nitrogen were increased gradually by the application 
of tryptophan especially at the rate of 100 ppm which produced maximum values. Naguib et al. (2003) reported 
that, high free amino acids percentages were obtained from periwinkle plants sprayed with the different 
concentrations of the two amino acids phenylalanine or methionine (50 or 100 ppm) compared to the control 
 
3-3-3-3-Effect of IAA: 
 

The data revealed that. significant and non-significant increases in total free amino acids and tryptophan 
concentrations were recorded by the leaves of the trees treated with any of the two higher rates of IAA (200 and 
300 ppm) when compared with those treated with the lowest level (100 ppm). 

In this respect, Ahmed et al. (2001) working on wheat, mentioned that the amino acids increment due to 
spraying with IAA would be attributed to either the increase in the rate of the amino acid synthesis or to the 
effect of these compounds on the enzymatic system which stimulates the utilization of carbohydrates for amino 
acids synthesis. Jesus et al. (2001) working on orange (Citrus sinensis), found that increasing concentration of 
IAA fed induced a larger proportion of the amino acids conjugates formed. 

 
3-3-4- Total Soluble Phenols: 
 
3- 3-4-1- Effect Of Zinc: 

 
The data presented in table (4) reveal that, negative relationship could be detected between total soluble 

phenols concentration and the level of zinc application, since the highest values of total soluble phenols were 
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recorded by the leaves of Zn-deficient trees. In this respect, Hewitt (1983) demonstrated that, in woody plants, 
higher accumulation of phenolic compounds has been reported under Zn deficiency. Manthey et al. (2000) 
mentioned that, increases in phenolic compounds in leaves of blight-affected Citrus trees attributable to elevated 
flavonoid accumulation. Concentrations of the flavonoids in Citrus trees were differentially affected by blight-
induced zinc-deficiency. Elevated concentrations of flavonoids have been similarly observed in zinc-deficient 
"Washington" navel orange trees unaffected by blight.  
 
3-3-4-2- Effect Of Tryptophan: 

 
The data in table (4) indicated that, non-significant decreases in total soluble phenols concentration were 

recorded by the leaves of the trees treated with any of the two higher rates of tryptophan when compared with 
those treated with the lowest one. Similar results were obtained by Naguih et al. (2003) on periwinkle. 
Furthermore, it is clear from the results that, non-significant increases in total soluble phenols concentration 
were recorded by the leaves of the trees treated with any of the three different rates of tryptophan and untreated 
with Zn when compared with the leaves of control Zn untreated trees or with control treatment in which the 
trees treated with the recommended dose of Zn (37.5 ppm).In this respect, Hess (1975) stated that, the 
biosynthesis of cinamic acids (which are the starting materials for the synthesis of phenols) are derived from 
phenyialanine and tyrosine. Naguib et al. (2003) working on periwinkle (Cuiharanthufi rosevs G. Don), found 
that total phenolic compounds and free amino acids of the periwinkle plants were significantly increased due to 
the application of phenylalanine or methionine (50 and 100 ppm) when compared with untreated plants. 
 
3-3-4-3- Effect of IAA: 

 
The data in table (4) revealed that, non-significant increases in total soluble phenols concentrations were 

recorded by the leaves of the trees treated with any of the two higher rates of IAA (200 and 300 ppm) when 
compared with those treated with the lowest level of IAA, with some exceptions. Similar results were obtained 
by Naguib et al. (2003). They mentioned that total phenolic compounds of the periwinkle plants were 
significantly increased due to the application of IAA (50 or 100 ppm) compared with control-untreated plants.  

Moreover, it is clear from the results that, IAA foliar application under zinc deficiency, significant and non-
significant increases total soluble phenols concentration in the leaves of the trees sprayed with any of the three 
different rates of IAA under Zn deficiency when compared with control trees supplied with the recommended 
dose of Zn (37.5 ppm Zn). 
 
3-3-5- Endogenous Plant Hormones: 
 
3-3-5-1- Effect Of Zinc 

 
The data in table (5) revealed that, significantly and gradually increases in both GA3 and IAA were 

recorded with increasing Zn foliar applications levels, However, a reverse trend was detected by ABA 
concentration. Similar results were obtained by Robson (1993) and Nakhlla (1998) on navel orange trees. 

In this respect, it is known that, Zn is required for the synthesis of IAA. Physiological disorders in plants 
such as "little leaf in fruit trees is attributable to Zn and IAA deficiencies (Abd EI-Dayem, 2001). Shkolnik et al. 
(1975) found that, gibberellin-like substances decrease in the leaves of Zn-deficient bean. Takaki and Arita 
(1985 and 1986) on barely and Cakmak et al. (1989) on bean concluded that, the reduction in IAA level in Zn-
deficient plants is not brought about by impaired synthesis of tryptophan and more likely it is the conversion of 
tryptophan to IAA that is specifically inhibited. Thus, Zn is necessary in the pathway of IAA biosynthesis from 
tryptophan. Hassan et al. (2010) on “Hollywood” plum trees, reported that, zinc (Zn) has been identified as 
component of almost 60 enzymes, therefore, it has a role in many plant functions, and it has a role as an enzyme 
in producing the growth hormone IAA.  

Tryptophan, the immediate precursor of IAA increased under Zn deficiency, indicating that this amino acid 
was not the limiting factor in IAA production. Moreover. Cakmak and Marschner (1988) pointed out that, lower 
IAA concentrations in Zn-deficient tissues may be a result of enhanced oxidative degradation of IAA by oxygen 
radicals, especially by hydroxyl radicals. Zinc deficiency increases the activity of peroxidase but decreases 
auxin level and lowers IAA contents. 

Therefore, it could be concluded that the growth stimulation after zinc application may be due to the 
increase in IAA content. Also, Marschner (1995) reported that, in tomato plants, Zn-deficient correlated with a 
decrease in IAA level and resumption of IAA level takes place after zinc is resupplied 
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Table 5: Effect of zinc, tryptophan and IAA on plant hormones concentrations (GA3 mg/100 g, IAA mg/l00 g, ABA mg/100 g, Fe,Mn, Zn 
and Cu concentrations (mg/g d.w.) of Valencia orange leaves during season 2003. 

Treatments GA3 (µg/100g) IAA(mg/l00g) ABA (mg/l00g) Fe Mn Zn Cu
Control 460.3 14 2.63 10.82 186.37 37.87 32.35 12.902
Cont. zero Zn 385.432 1.46 14.01 284.00 45.87 25.74 17.49
Cont. 300 ppm Zn 550.012 5.64 8.62 151.06 40.75 47.54 8.59
Cont. zero Zo + Tr (25 ppm) 530.412 4.03 10.62 264.68 33.83 44.02 11.65
Cont. zero Zn+ Tr (50 ppm) 580.030 5.81 9.04 377.02 39.25 38.81 9.07
Cont. zero Zn+ Tr (100 ppm) 602.140 5.95 8.00 238.57 49.80 23.93 13.105
Cont. zero Zn+ IAA (100ppm) 
0pppppm ppm) 

532.360 3.86 11.16 252.34 50.07 29.28 8.59

Cont. zero Zn+ IAA (200 ppm) 558.862 4.85 10.04 169.78 35.98 33.29 13.104
Cont. zero Zn+ IAA (300 ppm) 562.730 5.22 9.64 203.28 63.33 30.45 9.95
L.S.D. (0.05) 14.06 0.73 0.78 103.42 13.25 9.17 3.03

 
3-3-5-2- Effect Of Tryptophan: 
 

The data indicated that, significant increase in GA3 and IAA concentrations were recorded by the leaves of 
the trees treated with any of the two higher rates of tryptophan (50, 100 ppm) when compared with those treated 
with the lowest level. However, an opposite trend was detected on ABA concentration by the same levels of 
tryptophan foliar application. In this respect, Schneider et al. (1972) reported that, tryptophan is the major 
intermediates component convert to IAA. Mohamed, R. Berlant et al.(1988) on Culharanthus roseus, reported 
that, endogenous hormones (IAA, ABA and GA3) contents (mg/plant) were modified in response to tryptophan 
application which increased IAA and decreased ABA contents. The detectable increase of IAA may be 
attributed to the conversion of tryptlophan to IAA. This finding may be supported by the observed stimulation in 
growth after tryptophan application. 
 
3-3-5-3- Effect of IAA: 
 

The data revealed that, significant increase in IAA concentration was recorded by the leaves of the trees 
treated with any of the two higher rates of IAA (200 and 300 ppm) when compared with those treated with the 
lowest level. Moreover, non-significant increase in GA3 concentration was recorded by the leaves of the trees 
treated with any of the two higher rates of IAA (200 and 300 ppm) when compared with those treated by the 
lowest level. However, significant decrease on ABA concentration was recorded by the leaves of the trees 
treated with the two higher rates of IAA when compared with those treated with the lowest one. Similar results 
were obtained by Abd-EI-Wahab (1997) on apple, Malaka and Bondok(1997) on balady mandarin fruits, 
Nakhlla (1998) on Navel orange trees.  

Furthermore, the results in table (5) indicated that, significant increases in GA3 and IAA concentrations 
were recorded by the leaves of the trees treated with any of the three different rates of IAA without Zn foliar 
application when compared with the leaves of control Zn-untreated trees or leaves of the trees treated with the 
recommended dose of Zn-foliar application (37.5 ppm Zn). On the other hand, a reverse trend was recorded on 
ABA concentration when compared with the leaves of control treatment supplied with the recommended dose of 
Zn. However, significantly decreases in ABA concentration were recorded by lAA-treated trees at any of the 
three different rates of IAA when compared with the leaves of trees untreated with zinc foliar application. 

 
3-4-6-Minerals: 
 
3-4-6-1-Effect Of Zinc: 

 
The data in table (5) revealed that, there is a positive relationship between Zn concentration and Zn 

applications in (leaves). On the other hand, a reverse trend was obtained by copper and iron concentration in the 
leaves. However, no constant trend could be detected on Mn concentration in leaves. In this respect, it can be 
suggested that, the reduction in some micronutrients concentration might result from dilution via Zn promoted 
growth. 

In this respect, Zekri and Koo (1992) demonstrated that, application of chelated Zn through irrigation 
systems increased the concentration of Zn in the leaves of orange (cv. Valencia) trees. Srivastava and Gupta 
(1996) reported that, copper-zinc antagonism has been noticed in many crops. The two mutually and 
competitively inhibited absorption of each other, indicating that both micronutrients cations are absorbed 
through the same uptake mechanisms or carrier sites. Also, the authors added that, antagonistic interaction 
between Fe and Zn is supposed to be associated with precipitation of franklimite (Zn Fe2O4), which depresses 
the availability of both metals. Excess Zn also causes reduction in the absorption and translocation of Fe. Forth 
and Hllis (1997) found that, increase of Zn fertilizer did influence the Fe and Mn concentrations in the leaves of 
rice. Benton (1998) reported that, high zinc can interfere with Fe metabolism resulting in visual symptom of Fe 
deficiency. 
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3-3-6-2- Effect Of Tryptophan: 
 

The data in table (5) indicated that, low values of iron concentration were detected by the leaves of the trees 
sprayed with any of the three different rates of tryptophan and untreated with Zn when compared with 
corresponding trees untreated with Zn and tryptophan, which the highest values were obtained by the trees 
sprayed with the middle level of tryptophan (50 ppm). Moreover, the data indicated that no constant trend could 
be detected on Mn concentration in leaves with increasing tryptophan foliar application levels. The data 
revealed that high values of Zn concentration in leaves were detected by the trees sprayed with any of the three 
different rates of tryptophan and untreated with zinc when compared with corresponding trees untreated with 
zinc and tryptophan, with some exceptions 

The results indicated that low values of Cu concentration were recorded by the leaves of the trees treated 
with any of the three different levels of tryptophan when compared with corresponding trees untreated with 
tryptophan. 
 
3-3-6-3- Effect of IAA: 

 
The data in table (5) indicated that, low values of Fe concentrations were recorded by the leaves of the trees 

sprayed with any of the three different levels of IAA under Zn-deficicncy when compared with corresponding 
trees untreated with Zn and IAA.The data indicated that, no constant trend could be detected on Mn 
concentration in the leaves of the trees sprayed with any of the three different levels of IAA under Zn deficiency 
when compared with corresponding trees untreated with Zn and IAA.The data revealed that, high values of Zn 
concentration were recorded by the leaves of the trees sprayed with any of the three different rates of IAA (100, 
200 and 300 ppm) under Zn deficiency when compared with trees untreated with zinc and IAA, especially at the 
two higher levels of IAA, with some exceptions.Moreover, it is clear from the results that, low values of copper 
concentration tended to record by the leaves of the trees sprayed with any of the three different rates of IAA but 
untreated with Zn when compared with corresponded trees untreated with Zn and IAA. Moreover, the lowest 
values of Cu concentration were obtained by the leaves treated with the lowest level of IAA (100 ppm) when 
compared with those sprayed with the two higher levels of IAA (200 or 300 ppm). 

In this respect, Davies and Wareing (1965) suggested that, IAA caused a directional movement of nutrient 
in short-term experiments and apparently having an effect on the transport system (Altman and Wareing, 1975).  

Thus, generally it can be suggested that, the increase in the growth and yield of Valencia orange trees due to 
foliar application with Zn may be partially due to the role played by this nutrient in other nutrient uptake and/or 
as a result of its effect on plant metabolism. As mentioned before the influence of this micronutrient on growth 
and yield of Valencia orange trees is rather relevant to the enzymatic systems responsible for the biosynthesis of 
chlorophyll, sugars, amino acids, total soluble phenols and plant hormones balance as well as the improvement 
of nutrient status.  
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