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ABSTRACT


This investigation was conducted on fruitful trees of sweet orange ″Citrus sinensis L.″ belonging to Hamlin cultivar budded on Sour orange rootstock to study the possibility to get rid of or facing the creasing disorder through some foliar application with Ca, Mn, Zn, Cu and Co solutions, besides the response of Hamlin fruit quality and nutritional status (leaf and rind mineral composition) to the investigated spray treatments. Obtained results revealed that all investigated spray treatments reduced obviously the creasing incidence, in spite of Ca, Co and Zn application either each element was applied solely or in combination were the most effective. In addition, both nutritional status and fruit qualities were responded to the investigated treatments.
INTRODUCTION

Citrus production occupies an important share in the total fruit production in Arab Republic of Egypt as representing the backbone of fruit culture. 

According to the 2002 statistics* inventory of the Egyptian Ministry of Agriculture, the total acreage of citrus reached 344789 feddans in A.R.E. which represents about 33.04% out of the total area occupied by fruit orchards. 

The recently distribution of creasing disorder is one of the most problems facing the citrus producer, which certainly reflected negatively on grading and marketing value of produced fruits.

Crease known as albedo breakdown, it is a rind disorder of some sweet orange cultivars and commonly develop post colour break. In this disorder, fractures develop within the albedo tissues continues to separate during fruit expansion. The rind develops localized undulations on the fruit surface.  The major effect of crease is on the critical visual-appeal of the fruit in the fresh fruit market rather than the possibility of increased splitting of the fruit during handling and transport due to a reduction in the mechanical strength of the rind (Gilfillan and Stevenson, 1977). Factors associated with the incidence of crease were reviewed by Holtzhausen, (1982) and Monselise et al., (1976). The various listed factors included rind thickness; crop size; tree heredity; fruit position; climate; irrigation; nutrition and rootstock. However, others reported that the incidence of crease was not positively correlated, with crop load (Treeby et al., 1995). However, Jones and Embleton, (1967) reported that P application aggravate the incidence of crease, but the effect of K is varied and may be indirectly linked to its effect on rind thickness (Holtzhousen, 1982).

To date there are no reported consistent correlations between the incidence of crease and nutrient level in affected fruits or in the rind of affected fruit. However, 
Storey et al., (2002) have summarized the results of their work over a number of years (over two seasons, whereas the 2 latter seasons of their study coincided with the duration during which the present investigation was conducted) on fruits with varied symptoms of crease have been analyzed for nutrients in particular Ca. In this regard Mansour, (1996) 
 -------------------------------------------------------------------------------------------------

*Agricultural cltuensus of 2002 year, Ministry of Agriculture A.R.E.
pointed out that adding some metals ions/cations either in chlorides form (Na+; K+; Hg2+; Co2+ and Ca2+); as sulfate (Mg2+; Mn2+; Cu2+ and Zn2+) or nitrate salt (Ag+) induced variable effects on activity of the polygalacturonase (PGase) as an important member of the enzymes group responsible for the hydrolysis of the insoluble pectic/ pectenic compounds and converting them to a soluble form/s. Hence, firmness and softness of various fruit tissues, besides the crease (albedo breakdown) could be directly or indirectly coupled with activity and function of PGase enzyme. The same auther indicated that some of these tested metals enhanced the PGase activity (Na and Ag only), however the other investigated metal ions exhibited a variable degrees of inhibition. He reported that depressing effect on PGase activity reached with some tested metals to 100% (Hg and Zn) regardless of investigated concentrations. However, with Ca, Cu, Co and Mn at 4x10-2 M concentration the PGase activity was reduced with about 87.8; 88.6; 90.3 and 91.2%, respectively. While Mg and K induced relatively lower reduction. Thus, the present study aimed to throw some lights about the nutritional status and incidence of creasing disorder in Hamlin sweet orange trees (one of the most susceptible cultivar to albedo breakdown). Moreover, the possibility to face and minimize such disorder practically was also tried through investigating foliar spray with some mineral elements (Ca, Co, Cu, Zn and Mn) either solely or in combinations.

MATERIALS AND METHODS

This investigation was conducted on fruitful trees of sweet orange ″Citrus sinensis L.″ belonging to Hamlin cultivar budded on Sour orange rootstock grown in clay loamy soil at the Experimental Station of EL-Khairia Barrage, Kaliobia Governorate during the two consecutive 2000-2001 and 2001-2002 seasons.

The main purpose of the present study is to throw some light on cause/s or reason/s of the incidence of fruit creasing disorder " albedo breakdown " and possibility for minimizing such phenomenon through investigating the foliar spray with some macro and micro nutrient elements.

Experimental layout:

The complete randomized block design with 6 replications was used to investigate the differential Ca, Mn, Zn, Cu and Co foliar spray solutions applied in both 2000-2001 and 2001-2002 experimental seasons.

Accordingly, in early May 2000 and 2001 years 21 and 30 Hamlin trees budded on Sour orange were carefully selected and devoted for 1st and 2nd experimental seasons, respectively. All chosed trees were healthy; diseases free and in the on-year state. According to their vigor they were divided into 3 categories (blocks) each included 7 similar trees during 1st season and 10 trees during 2nd one. Moreover, four main branches (limbs/ scaffolds) around each tree periphery were carefully selected for being equally representative of both northern and southern geographical directions (2 limbs/each direction). Therefore, each tree canopy was divided into two halves i.e eastern and western halves, whereas each one included two tagged limbs one of them towards the north, while the other towards the south side. Thus, in each category (block) an individual tree was devoted for receiving only one of the investigated 7 or 10 spray treatments during 1st and 2nd seasons, respectively.

-Spray solutions investigated in the 1st season:
1-Water spray (control).  2- Cu So4 3- Zn SO4,  4- Co Cl2, 5- Mn SO4, 6- Ca-set 

7- Ca-set + Mn SO4 + Zn SO4 +Cu SO4 + Co Cl2 mixture.

- Spray solutions investigated during 2nd season:

Depending upon the results obtained during 1st season, pertaining the response of fruit quality and creasing incidence of Hamlin cultivar to the investigated Ca, Mn, Zn, Co and Cu solutions 3 other additional combinations were also investigated during 2nd seasons. Since, the Co spray treatment reduced creasing % which was associated with a noticeable decrease vin fruit size. Meanwhile, Zn spray increased obviously the fruit size and weight. Therefore, 3 additional Zn combinations i.e. Zn + Co; Zn + Mn and Zn + Ca were included to be investigated during second season as follows: 

1- Water sprays (control).    2- Cu So4           3- Zn SO4       4- Co Cl2



5- Mn SO4     6- Ca-set    7- Zn + Co 
          8-Zn + Mn      9- Zn +Ca-set. 
10- Mixture of Zn SO4 + Co Cl2 + Mn SO4 + Ca-set + Cu SO4 mixture. 

Foliar spray application was done 3 times along each experimental season i.e, in last week of June; mid August and mid September of 2000 and 2001 years during 1st and 2nd seasons, respectively. Taking into consideration that spray treatments were applied covering the whole foliage of the four tagged limbs per every tree and Tween-20 as surfactant agent was added to all foliar spray solutions at the rate of 0.03% even with control (water spray). Besides, urea and borax were also added to mineral spray solutions even to control (water spray). Whereas, Urea* at the rate of 2.5g was added per one liter of each spray mineral solution. However, boron** was added at the rate of 20 ml of 5% Borax solution to each spray solution except Ca-set spray solutions (either solely or combined to other/s element/s. 

In addition, the concentration of Ca-set, ZnSO4; MnSO4, CuSO4 and CoCl2 were 1.0%, 0.5%, 0.5%; 0.3% and 0.1%, respectively for the prepared solutions sprayed in last June (1st spray) regardless of these mineral elements each were applied either solely (each alone) or in combinations with other/s. However, the concentrations were raised to one and half times for 2nd and 3rd sprays (mid. Aug. & Sept.).

After the first foliar spray had been applied i.e. on June 28th and 26th 2000 and 2001 years, during 1st & 2nd seasons respectively, number of fruits per each tagged limb was counted, the percentage of creased fruits were periodically recorded till harvesting date. The creased fruits percentage per each replicate was calculated as an average value of two labeled limbs of either the eastern or western halves of each tree canopy. Taking into consideration that four measuring dates were coincided to those previously mentioned in 1st experiment i.e (on November 26th 2000, early January 2001, February 1st and 27th 2001 during first season (2000-2001 years), while in the second season (2001-2002 years) it was counted on November 29th 2001, January 1st 2002, February 1st and 20th 2002). .In addition after Hamlin fruits were harvested on February 27th 2001 and Feb.20th 2002 leaves and fruits needed for determining nutritional status and fruit quality were sampled as follows:
Leaf samples:
Five mature leaves from each of those adjacent to creased fruits and normal ones were separately sampled from middle each tagged limb on each tree at mid February. Thereafter, the 10 collected leaves represented the nearness to either normal or creased fruits from both bair of tagged limbs devoted per each replicate were mixed together as a composite sample.

Fruit samples:
Five normal fruits beside other five creased ones were chosed from each tagged branch for carrying out the various physical and chemical properties plus the rind mineral contents as influenced by investigated spray treatments combined with the fruit status (normal and creased). 

Methodologies as has been reported in this study for the different investigated characteristics in response to various treatments were carried out as follows:

……………………………………………………….…………………………………………………………………………………………..  
* It was recommended that presence of urea enhances absorption and translocation of  foliar applied micro  elements.

** Because of boron is an elemental constituent of the commercial Ca-set compound, therefore boron was supplied to other sprayed solutions rather those of Ca-set in order to prevent the interference effect of boron presence in some investigated treatments and its omission in others
-Fruit quality:
At harvesting date about 10 fruits were randomly sampled per each replicate for determining the following fruit physical and chemical properties, as well as the fruit rind mineral composition:

- Fruit physical characteristics:
Fruit physical properties included the average fruit weight (g); volume/size (cc); dimensions (equatorial & polar diameters in cm.); fruit shape index (polar : equatorial diameters); fruit rind thickness; fruit juice Wt. and volume all were determined according to the standard methods employed in this respect after the (A.O.A.C., 1990).

- Fruit chemical properties:
Fruit juice total soluble solids percentage (TSS %) was determined using Carl Zeiss hand refractometer. Total acidity as gms of anhydrous citric acid and Vitamin C as mg ascorbic acid were determined and estimated per 100 ml fruit juice, according to A.O.A.C., 1990 methods.

- Creasing incidence determination:


At every measuring date of the creasing incidence along each experimental season (4 times) the creasing incidence was calculated and estimated per every replicate as a percentage of creased fruits (estimated on the base of presented fruits at the corresponding measuring dates according to the following equation:
  Creasing percentage at a given date =
	       No. of creased fruits presented at such date
	×100

	     No. of fruits presented at the whole fruits presented at the same measuring date. 
	


- Nutritional status (leaf &fruit rind mineral composition):

As soon as leaf and fruit samples were collected, a preliminary clearing with a damp cloth was done, oven dried at 80º c till constant weight and determination of the following nutrient elements:

1. Total nitrogen by semi-micro Kjeldahl method outlined by Plummer, (1971).

2. Phosphorus using (Beckman DU 7400 spectrophotometer at 660 nm. according to the method described by Jackson, (1958).

3. Potassium; Calcium; magnesium; iron; manganese; zinc and copper were determined using Atomic absorption Spectrophotometer″ Perkin Elmer-3300″ after Chapman and Pra (1961).

Statistical analysis:

 
All data obtained during both seasons of study of every experiment were subjected to statistical analysis according to Snedecor and Cochran, (1972). Means values represented the various investigated treatments were compared using the Duncan,s multiple range test (Duncan,1955) at 5% level of significance. Letters were used for distinguishing between various values, representing means of differential investigated treatments, whereas values followed by the same letter/s were not significantly different.

RESULTS AND DISCUSIONS

 Effect of Ca, Cu, Co, Mn and Zn foliar spray:
- Fruit quality:
- Fruit physical properties:

Regarding the response of average fruit weight; size; dimensions (polar & equatorial diameters); fruit shape index; fruit juice (weight & volume) and fruit peel thickness to the various mineral sprayed solutions (Ca-set; Zn SO4; Mn SO4; Cu SO4 and Co Cl2) presented in Tables (1&2) revealed that foliar spray with Ca-set and Zn SO4 either solely (during both seasons) or in combination with others (in 2nd season) and to some extent the (Ca-set + Zn SO4 + Co Cl2 + Cu SO4 + Mn SO4) mixture (both seasons) resulted in  increasing all  the abovementioned investigated physical characteristics. Such trend was true during both seasons, for both normal and creased fruits. On the contrary, CoCl2 and Mn SO4 sprayed trees were inferior and showed the least values of the investigated physical characteristics, however Co Cl2 treatment was more depressive than Mn SO4 especially in parameters dealing with normal fruits. 


In addition, other investigated spray treatments were in between the aforesaid two responses. On the other hand, adding Zn SO4 to either CoCl2 or Mn SO4 exhibited an obvious improve in fruit physical qualities.

These results are in general agreement with Supriya and Bhattacharyya, (1991); Devi et al., (1997); Nakhlla, (1998); Sourour, (2000) , Malik et al., (2000) and EL-Hilali et al., (2002). 

- Fruit chemical properties:

Data obtained during both seasons presented in Tables (3&4) displayed that foliar application with either Co Cl2 or Mn SO4 solution increased TSS% for both normal and creased Hamlin fruits. The reverse was true with Zn SO4; Ca-set and Cu SO4 treatments (each solely during both seasons), besides Zn SO4 combined to Ca-set in 2nd season. However, control (water spray) was in between.


Referring fruit juice total acidity, Co Cl2 and Mn SO4 increased it, while the opposite was found with Ca-set and Zn SO4 solutions either solely or combined each other. Moreover, other spray treatments were intermediate and to great extent similar to water spray (control). 


Nevertheless, as for the TSS/ acid ratio, data obtained revealed that Zn SO4, Ca-set solutions either solely or in combination were the superior. However, Cu SO4, Co Cl2 and Mn SO4 solutions sprayed solely induced the least fruit juice TSS/ acid ratio. Moreover, other spray treatments were in between.


Meanwhile, the ascorbic acid content was moderately influenced by the various spray solutions, whereas Zn SO4, Ca-set and their combinations either each other or both together with the three other mineral elements showed the superior effect. Contrary to that Cu SO4 and control showed the inferior effect, in spite of differences were not so acute.

Data obtained from the present investigation regarding the influence of various mineral spray solutions on fruit chemical content are in harmony with the findings of various investigators. Embleton, et al., (1988) on Zn and Mn; Supriya and Bhattacharyya, (1991) on Zn; Devi et al., (1997) on Zn and Mn; Nakhlla, (1998) on Zn; Saraswathi et al., (1998) on Mn and Zn and Sharma et al., (1999) on Zn and Cu, all reported the positive correlation between fruit juice chemical contents of various citrus species and cultivars under study from one hand and the aforesaid micro elements applied from the other. 

- Effect on percentage of fruit creasing incidence:

Data tabulated in Table (5) showed that all mineral spray solutions decreased creasing incidence below the control (water spray). However, Co Cl2 and Ca-set solely and the Ca + Mn + Cu + Co + Zn mixture, besides foliar spray with Zn SO4 combined with either Co Cl2, Mn SO4 or Ca-set were the superior and all showed significantly the least creasing %. On the other hand, Cu SO4 was the least effective. Such trend was true along the four measuring dates in both seasons.

Such results may be attributed to the effect of such spray treatments on polygalacturonase enzymes activities as reported by Mansour, (1996).

The obtained result regarding the influence of various mineral spray solutions on creasing incidence is in agreement with Treeby et al., (2000) regarding the effect of Ca spray on reducing albedo breakdown. Storey et al., (2002) pointed out the beneficial effect of Ca spray application on decreasing creasing incidence and the relative higher Ca content and Ca: K ratio in rind of normal fruits than the creased ones.
-Effect on nutritional status (leaf and fruit peel mineral composition):


In this regard fruit peel and leaf N; P; K; Ca; Mg; Fe; Mn; Zn and Cu contents of Hamlin trees were investigated regarding the specific and interaction effects of fruit status, foliar spray with some mineral (Ca, Mn, Zn, Co and Cu) solutions and their combinations during both 2000/2001 and 2001/2002 seasons. Data presented in Tables (6, 7, 8,9,10,11,12,13 and 14) indicated that:

Specific effect: 

With regard to specific effect of fruit state (normal or creased) on leaf and fruit peel mineral composition, data obtained during both seasons revealed that the response of various investigated nutrient elements followed one of the following three trends:

1-Peel of creased fruits and adjacent leaves contained higher level of N; P; K; Mg and Cu as compared to the analogous ones of normal fruits. However, the increase in both N and Cu content in most cases was insignificant while K showed the greatest rate of response. 

2-The reverse was true with Ca, Mn and Zn, whereas rind of normal fruits and adjacent leaves were significantly the richest.

3-Neither pronounced response nor definite trend were detected with iron.

As for the specific effect of foliar spray treatments data obtained displayed the following:

-N, P and Fe contents showed the least changes especially in fruit peel.
-Potassium response varied from one organ to another, it was decreased in fruit peel by all spray treatments, however Ca-set (solely or combined) was the most reductive. Leaf K content didn't considerably respond.
-Calcium followed an opposite trend to that of K, whereas all treatments increased it but Ca-set and its combinations were the most effective.
-Mg content had no appreciable response to most spray solutions, except Co Cl2 and Zn SO4 (solely or combined with Ca-set) reduced it.

-Mn increased by Mn SO4 solution and its combinations.

-Zn was increased by Zn SO4 spray solely or combined to other element/s i.e., Co, Mn or Ca-set.

-Cu content increased in both leaf and fruit peel of Cu SO4 sprayed trees while other spray solutions didn't affect it.

Interaction effect:

Data obtained of interaction effect revealed that:

a) - Response of each N; P and Fe content not only varied from one organ to other (leaf & peel)   but  also varied from one season to another.

b)-Leaf and peel K content followed similarly the same and firm trend, whereas all combinations of creased fruits (regardless of spray solutions) were significantly richer than combinations of normal fruits.

c)-The highest Ca content was always in concomitant to peel of normal fruits and adjacent leaves of sprayed trees with Ca-set (solely or combined with other/s).

d)-The highest leaf and peel Mg % was related to creased fruits of Mn SO4 sprayed trees, while the reverse was true with normal fruits of Zn SO4 sprayed trees.

e)-The highest Mn content was found in peel of normal fruits and adjacent leaves of sprayed trees with Mn SO4 solely or combined with other/s. The reverse was true with creased fruits of trees sprayed with Zn SO4 & Co Cl2 solely or combined each other.

f)-Zn exhibited its maximum level in rind of normal fruits and adjacent leaves of sprayed trees with Zn SO4 either solely or combined to other/s mineral sprayed elements. The reverse was true with combinations of creased fruits (regardless of spray solution).

	Table (1): Fruit physical proprieties of Hamlin orange trees budded on sour orange as influenced by foliar spray with some Cu; Zn; Co; Mn;
                and Ca solutions during 2000-2001 season.

	Foliar spray treatments
	Fruit Wt.(g)
	Fruit volume (cc)
	Fruit polar diameter (cm)
	Fruit equatorial diameter (cm)
	Fruit shape index
	Fruit juice Wt. (g)
	Fruit juice   volume (cc)
	Fruit peel thickness (mm)

	
	Normal
	Creased
	Normal
	Creased
	Normal
	Creased
	Normal
	Creased
	Normal
	Creased
	Normal
	Creased
	Normal
	Creased
	Normal
	Creased

	1- control (water spray)
	150.20 b
	123.65 b
	156.01 b
	138.48 a
	6.50 b
	6.22 b
	6.25 b
	6.02 b
	1.03 a
	1.03 a
	60.05 d
	54.58 c
	58.30 c
	51.26 c
	3.60 c
	3.30 bc

	2- Cu SO4
	143.03 b
	123.33 b
	151.23 b
	128.61 b
	6.56 b
	6.04 c
	6.24 b
	5.92 b
	1.04 a
	1.02 ab
	66.82 b
	58.39 b
	65.01 b
	56.67 b
	3.80 b
	3.20 c

	3- Zn SO4
	169.43 a
	141.80 a
	171.33 a
	144.45 a
	6.98 a
	6.44 a
	6.67 a
	6.32 a
	1.03 a
	1.02 ab
	69.08 a
	62.19 a
	66.74 a
	59.96 a
	4.30 a
	3.60 a

	4- Co Cl2
	103.18 d
	98.13 c
	110.15 d
	106.33 c
	5.76 d
	5.83 d
	5.40 d
	5.62 c
	1.05 a
	1.03 a
	48.18 f
	45.99 d
	46.88 e
	44.98 d
	2.90 d
	2.60 d

	5- Mn SO4 
	117.50 c
	86.40 d
	124.00 c
	99.83 d
	5.81 d
	5.66 e
	5.73 c
	5.38 d
	0.99 b
	1.04 a
	55.21 e
	47.21 d
	52.40 d
	45.09 d
	3.60 c
	2.70 d

	6- Ca-set
	143.56 b
	119.60 b
	148.85 b
	124.55 b
	6.37 b
	6.27 b
	6.09 b
	5.98 b
	1.03 a
	1.04 a
	66.43 b
	57.18 b
	64.00 b
	55.38 b
	3.90 b
	3.40 b

	7- Ca +Cu+ Zn+ Co+ Mn mix.)
	123.38 c
	106.20 c
	133.41 c
	115.03 c
	6.06 c
	5.77 de
	5.76 c
	5.74 c
	1.04 a
	0.99 b
	63.98 c
	61.77 a
	57.88 c
	60.09 a
	3.90 b
	3.30 bc

	Table (2): Fruit physical proprieties of Hamlin orange trees budded on sour orange as influenced by foliar spray with some Cu; Zn; Co; Mn; 
                and Ca solutions during 2001-2002 season.

	Foliar spray treatments
	Fruit Wt.(g)
	Fruit volume (cc)
	Fruit polar diameter (cm)
	Fruit equatorial diameter (cm)
	Fruit shape index
	Fruit juice Wt. (g)
	Fruit juice   volume (cc)
	Fruit peel thickness (mm)

	
	Normal 
	Creased
	Normal 
	Creased
	Normal 
	Creased
	Normal 
	Creased
	Normal 
	Creased
	Normal 
	Creased
	Normal 
	Creased
	Normal 
	Creased

	1- control 

(water spray)
	127.04 b
	115.16 a
	135.06 b
	121.60 a
	6.00 d
	 6.02 ab
	6.16 d
	6.17 a
	0.97 a
	 0.97 ab
	 50.05 de
	50.99 b
	47.44 f
	49.12 b
	3.50 c
	 3.10 bc

	2- Cu SO4
	118.60 c
	104.32 c
	119.96 d
	110.70 c
	5.92 d
	5.81 c
	6.18 d
	6.08  b
	 0.96 ab
	0.95 b
	53.36 d
	50.75 b
	50.75 e
	48.72 b
	3.60 c
	3.00 c

	3- Zn SO4
	136.10 a
	111.06 b
	143.20 a
	116.20 b
	 6.49 ab
	6.11 a
	6.72 a
	6.20  a
	0.97 a
	0.98 a
	 64.93 ab
	55.06 a
	62.00 b
	53.00 a
	4.20 a
	 3.20 ab

	4- Co Cl2
	108.70 d
	105.46 c
	116.20 d
	 113.70 bc
	5.65 f
	5.63 d
	5.80 f
	5.80  d
	0.97 a
	 0.97 ab
	48.40 e
	50.36 b
	46.16 f
	48.46 b
	3.30 d
	2.90 e

	5- Mn SO4 
	 122.34 bc
	102.38 c
	129.90 c
	110.20 c
	6.01 d
	 5.73 cd
	6.26 d
	6.02  bc
	 0.96 ab
	0.95 b
	55.87 c
	 49.89 bc
	53.26 d
	 47.74 bc
	3.90 b
	3.00 c

	6- Ca-set
	138.70 a
	109.22 b
	146.70 a
	116.10 b
	6.53 a
	6.12 a
	6.73 a
	6.26  a
	0.97 a
	0.98 a
	65.86 a
	51.61 b
	63.54 b
	49.72 b
	4.20 a
	3.40 a

	7- Zn + Co
	112.20 d
	105.98 c
	119.20 d
	 112.70 bc
	5.73 e
	5.76 c
	5.95 e
	5.98  c
	 0.96 ab
	0.96 b
	47.80 e
	50.85 b
	45.99 f
	48.54 b
	3.50 c
	 3.10 bc

	8- Zn + Mn
	129.20 b
	106.00 c
	136.70 b
	115.50 b
	6.32 c
	5.85 c
	6.64 b
	6.10  b
	0.95 b
	0.96 b
	62.89 b
	48.99 c
	60.05 c
	46.70 c
	4.00 b
	 3.10 bc

	9- Zn + Ca 
	140.04 a
	118.86 a
	148.60 a
	126.10 a
	6.58 a
	5.95 b
	6.77 a
	6.20  a
	0.97 a
	0.96 b
	67.90 a
	55.25 a
	65.86 a
	52.31 a
	4.20 a
	3.30 a

	10-Ca+Cu+Zn+ Co + Mn mix.)
	129.60 b
	104.82 c
	136.10 b
	 112.50 bc
	6.40 b
	5.97 b
	6.59 c
	6.15  ab
	0.97 a
	 0.97 ab
	67.53 a
	55.19 a
	65.48 a
	53.40 a
	3.90 b
	3.30 a

	Table (3): Fruit chemical proprieties of Hamlin orange trees budded on sour orange as influenced by foliar spray with 
                  some Cu; Zn; Co; Mn; and Ca solutions during 2000-2001season.

	Foliar spray treatments
	T.S.S
	Acidity %
	TSS/acid ratio
	V.C mg/100g

	
	Normal
	Creased
	Normal
	Creased
	Normal
	Creased
	Normal
	Creased

	1- control                     (water spray)
	10.40 c
	10.35 c
	0.804 b
	0.770 c
	12.94 b
	 13.44ab
	36.52 b
	36.02 a

	2- Cu SO4
	10.14 e
	10.10 e
	0.789 b
	0.800 b
	12.85 c
	12.63 c
	37.44 b
	36.66 a

	3- Zn SO4
	10.24 d
	10.16 d
	0.763 c
	0.760 c
	13.42 a
	13.37 b
	40.29 a
	36.45 a

	4- Co Cl2
	11.22 a
	10.59 b
	0.918 a
	 0.780 bc
	12.22 e
	 13.23 bc
	37.50 b
	36.59 a

	5- Mn SO4 
	11.21 a
	11.17 a
	0.895 a
	0.835 a
	12.53 d
	13.38 b
	 38.50 ab
	37.30 a

	6- Ca-set
	10.26 d
	10.20 d
	0.795 b
	0.760 c
	12.91 b
	13.49 a
	41.22 a
	37.01 a

	 7-Ca+Cu+Zn+ Co +Mn mix.)
	10.62 b
	10.53 b
	0.821 b
	 0.780 bc
	12.94 b
	13.50 a
	41.00 a
	37.40 a


	Table (4): Fruit chemical proprieties of Hamlin orange trees budded on sour orange as influenced by foliar spray with Cu;
                Zn; Co; Mn; and Ca solutions during 2001-2002 season.

	Foliar spray treatments
	T.S.S
	Acidity %
	TSS/acid ratio
	V.C mg/100g

	
	Normal 
	Creased
	Normal 
	Creased
	Normal
	Creased
	Normal 
	Creased

	1- 1-control 

(water spray)
	 10.69 cd
	10.81 b
	 0.890 cd  
	0.860 d
	12.01 d
	12.57 a
	42.92 d
	40.26 c

	2- Cu SO4
	10.15 e
	10.18 e
	   0.892 cd
	0.853 e
	11.38 f
	11.93 c
	47.46 b
	42.50 b

	3- Zn SO4
	10.54 d
	10.52 d
	0.815 f
	0.849 e
	12.93 a
	  12.37 ab
	50.46 a
	46.23 a

	4- Co Cl2
	11.18 a
	10.90 b
	0.987 a
	0.887 b
	11.33 f
	12.29 b
	  48.50 ab
	  44.34 ab

	5- Mn SO4 
	11.07 a
	11.05 a
	0.950 b
	0.916 a
	11.65 e
	12.06 c
	  47.24 bc
	  44.00 ab

	6- Ca-set
	10.48 d
	10.17 e
	0.825 f
	 0.840 ef
	  12.70 ab
	12.40 a
	49.72 a
	46.00 a

	7- Zn + Co
	11.08 a
	10.74 c
	  0.874 de
	0.867 c
	12.68 b
	  12.39 ab
	  48.52 ab
	46.58 a

	8- Zn + Mn
	  10.98 ab
	10.78 c
	0.858 e
	0.874 b
	12.80 a
	12.26 b
	47.00 b
	45.52 a

	9- Zn + Ca 
	10.46 d
	10.49 d
	0.824 f
	0.838 f
	12.69 b
	12.52 a
	50.82 a
	45.66 a

	10-Ca+Cu+Zn+

Co + Mn mix.) 
	  10.74 bc
	10.56 c
	0.860 e
	0.913 a
	12.49 c
	11.56 d
	50.70 a
	45.64 a


	Table (5): Periodical changes in creasing % of Hamlin orange fruits as affected by foliar spray with some nutrient elements solutions during the two successive 2000-2001 and 2001-2002 seasons.

	  Measuring                       

    dates*   
	Percentage of creasing incidence.

	Spray         treatments
	Last week of Nov.
	January, 1st 2001
	February, 1st  2001
	Last  week of February

	
	2000/2001  season

	1- control (water spray)
	2.80  
	a
	5.90  
	a
	12.90  
	a
	46.40  
	a

	2- Cu SO4
	2.50  
	a
	6.25  
	a
	12.20  
	a
	16.55  
	b

	3- Zn SO4
	2.00  
	a
	4.90  
	b
	8.60  
	b
	14.20  
	c

	4- Co Cl2
	0.50  
	b
	0.54  
	c
	1.60  
	d
	1.80  
	e

	5- Mn SO4
	0.60  
	b
	0.79  
	c
	3.50  
	c
	3.97  
	d

	6- Ca-set
	0.005  
	c
	0.005  
	c
	2.00  
	d
	2.03  
	e

	7-Ca+Cu+Zn+Co

   +Mn mix.
	0.30  
	b
	0.35  
	c
	0.83  
	d
	1.73
	e

	
	 2001/2002 season

	1- control (water spray)
	6.50  
	a
	15.90  
	a
	25.60  
	a
	39.70  
	a

	2- Cu SO4
	7.00  
	a
	16.00 
	a
	19.80  
	b
	29.20  
	b

	3- Zn SO4
	2.62 
	b
	10.92  
	b
	11.60  
	c
	12.70  
	c

	4- Co Cl2
	1.15  
	c
	4.90  
	c
	5.70
	d
	6.30  
	d

	5- Mn SO4
	1.14  
	c
	4.80  
	c
	5.20  
	d
	5.90  
	d

	6- Ca-set
	0.67  
	c
	3.20  
	cd
	4.00  
	d
	5.02  
	d

	7- Zn + Co
	1.36  
	c
	4.30  
	c
	4.50  
	d
	5.34  
	d

	8- Zn + Mn
	0.79  
	c
	4.20  
	c
	4.20  
	d
	4.40 
	d

	9- Zn + Ca
	0.55  
	c
	2.30  
	d
	2.70  
	d
	3.00  
	d

	 10-Ca+Cu+Zn+ Co+ Mn mix.
	0.68  
	c
	2.12  
	d
	3.00  
	d
	5.40  
	d

	*Creasing % was periodically determined on Nov. 26th 2000 and Jan. 1st, Feb. 1st and Feb. 27th 2001 for 1st season. However, during second season on Nov. 29th 2001 and Jan. 1st; Feb. 1st and Feb. 20th 2002.    

	Table (6): Leaf and fruit peel N content of Hamlin orange trees in response to foliar spray with some mineral solutions (Cu, Zn, Co, Mn and Ca) combined with fruit status (normal and creased) during 2000/2001 and 2001/2002 seasons. 

	Organ & fruit status
	Leaf N%
	  Fruit rind N%

	Spray treatment
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*

	
	2000/2001 season

	1- Control 
	2.27 cd
	2.33 c
	2.30 CX
	2.14 cx
	2.22 ax
	2.18 AX

	2- Cu SO4
	2.23 de
	2.18 e
	2.21 CD
	2.15 cx
	2.15 cx
	2.15 A

	3- Zn SO4
	2.10 fx
	2.19 e
	2.15 DX
	1.98 ex
	2.06 dx
	2.02 B

	4- Co Cl2
	2.09 fx
	2.48 b
	2.29 C
	1.80 fx
	1.95 ex
	1.88 CX

	5- Mn SO4 
	2.04 fx
	2.17 e
	2.10 EX
	1.74 gx
	1.69 hx
	1.72 DX

	6- Ca-set
	2.89 ax
	2.89 a
	2.89 AX
	2.04 dx
	2.21 ab
	2.13 AX

	7- Ca+ Cu+ Zn+

Co+ Mn mix.
	2.50 bx
	2.37 c
	2.43 BX
	2.17 bc
	2.21 ab
	2.19 AX

	Mean**
	2.30 A
	2.37 A
	
	2.00 A
	2.07 A
	

	
	2001/2002 season

	1- Control 
	2.54 bc
	2.56 bc
	   2.55 BC
	1.80 de
	1.97 ab
	1.89 AB

	2- Cu SO4
	2.50 cd
	2.55 bc
	2.52 BC
	1.82 de
	1.82 a
	1.82 BC

	3- Zn SO4
	2.31 ex
	2.50 cd
	   2.40 C
	1.91 bc
	1.93 bc
	1.92 AB

	4- Co Cl2
	2.41de
	2.54 bc
	2.48 BC
	1.91 bc
	1.94 ab
	1.93 AB

	5- Mn SO4 
	1.83 fx
	2.42 d
	2.13 D
	1.74 ef
	1.66 f
	1.70 D

	6- Ca-set
	2.87 a
	2.94 a
	2.91 A
	1.74 ef
	1.74 ef
	1.74 CD

	7- Zn + Co
	   2.42 abc
	2.53 c
	2.48 BC
	1.83 cd
	1.91 bc
	1.87 B

	8- Zn + Mn
	2.64 b
	2.87 a
	2.76 AB
	1.93 bc
	2.01 ab
	1.97 A

	9- Zn + Ca 
	2.43 dxx
	2.60 bc
	2.52 BC
	1.96 ab
	2.04 a
	2.00 A

	10- Ca +Cu +Zn+

  Co+ Mn mix.
	2.47 cd
	2.64 b
	2.56 BC
	1.88 cd
	1.91 bc
	1.90 AB

	Mean**
	2.44 B
	2.61 A
	
	1.85 A
	1.89 A
	

	* and ** refer to specific effect of foliar spray solutions and fruit status (from which rind and adjacent leaves were sampled); respectively.

	Table (7): Leaf and fruit peel P content of Hamlin orange trees in response to foliar spray with some mineral solutions (Cu, Zn, Co, Mn and Ca) combined with fruit status (normal and creased) during 2000/2001 and 2001/2002 seasons. 

	Organ & fruit status
	Leaf P%
	  Fruit rind P%

	Spray treatment
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*

	
	2000/2001 season

	1- Control 
	0.202 dx
	0.220 ax
	0.211 A
	0.114 jx
	0.146 bx
	0.130 AX

	2- Cu SO4
	0.194 ex
	0.210 bx
	0.202 AB
	0.116 ij
	0.150 ax
	0.133 AX

	3- Zn SO4
	0.192 fx
	0.206 cd
	0.199 B
	0.118 hi
	0.138 de
	0.128 AX

	4- Co Cl2
	0.164 mx
	0.176 jk
	0.170 D
	0.116 ij
	0.128 gx
	0.122 BX

	5- Mn SO4 
	0.180 hi
	0.182 gh
	0.181 C
	0.116 ij
	0.136 ex
	0.126 AB

	6- Ca-set
	0.166 lm
	0.174 kx
	0.170 D
	0.118 hi
	0.140 cd
	0.129 AX

	7- Ca +Cu +Zn+

Co+ Mn mix.
	0.156 nx
	0.178 ij
	0.167 D
	0.104 kx
	0.130 fx
	0.117 BX

	 Mean**
	0.179 B
	0.192 A
	
	0.115 B
	0.138 A
	

	
	2001/2002 season

	1- Control 
	0.210 ax
	0.210 ax
	0.210 AX
	0.104 c
	0.140 a
	0.122 A

	2- Cu SO4
	0.208 ax
	0.206 ax
	0.207 AX
	0.092 d
	0.128 a
	0.110 B

	3- Zn SO4
	0.190 ab
	0.198 ab
	0.194 AB
	0.096 c
	0.128 a
	0.112 AB

	4- Co Cl2
	0.164 cx
	0.194 ab
	0.179 CD
	0.106 b
	0.130 a
	0.118 A

	5- Mn SO4 
	0.172 bc
	0.184 bx
	0.178 CD
	0.106 b
	0.118 a
	0.112 AB

	6- Ca-set
	0.172 bc
	0.200 ax
	0.186 BX
	0.100 c
	0.134 a
	0.117 A

	7- Zn + Co
	0.172 bc
	0.194 ab
	0.183 BC
	0.098 c
	0.112 b
	0.105 B

	8- Zn + Mn
	0.164 cx
	0.178 bx
	0.171 DX
	0.110 b
	0.128 a
	0.119 A

	9- Zn + Ca 
	0.188 ab
	0.192 ab
	0.190 AB
	0.100 c
	0.140 a
	0.120 A

	10- Ca +Cu +Zn+

  Co+ Mn mix.
	0.180 bx
	0.186 bx
	0.183 BC
	0.094 d
	0.128 a
	0.111 AB

	Mean**
	0.182 B
	0.194 A
	
	0.101 B
	0.129 A
	

	* and ** refer to specific effect of foliar spray solutions and fruit status (from which rind and adjacent leaves were sampled); respectively.


	Table (8): Leaf and fruit peel K content of Hamlin orange trees in response to foliar spray with some mineral solutions (Cu, Zn, Co, Mn and Ca) combined with fruit status (normal and creased) during 2000/2001 and 2001/2002 seasons. 

	Organ & fruit status
	Leaf K%
	  Fruit rind K%

	Spray treatment
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*

	
	2000/2001 season

	1- Control 
	1.22 bc
	1.31 ax
	1.27 A
	1.65 cx
	1.87 a
	1.76 AX

	2- Cu SO4
	1.10 dx
	1.28 ab
	1.19 A
	1.55 de
	1.88 a
	1.72 AB

	3- Zn SO4
	1.15 dx
	1.33 ax
	1.24 A
	1.49 ex
	1.88 a
	1.69 AB

	4- Co Cl2
	1.16 cd
	1.30 ax
	1.23 A
	1.36 fgx
	1.85 ab
	1.61 B

	5- Mn SO4 
	1.16 cd
	1.35 ax
	1.26 A
	1.39 fx
	1.78 b
	1.59 BX

	6- Ca-set
	1.14 dx
	1.29 ab
	1.22 A
	1.31 gx
	1.80 b
	1.56 BX

	7- Ca +Cu +Zn+

Co+ Mn mix.
	1.15 dx
	1.29 ab
	1.22 A
	1.35 fgx
	1.79 b
	1.57 BX

	Mean**
	1.15 B
	1.31 A
	
	1.44 B
	1.84 A
	

	
	2001/2002 season

	1- Control 
	1.69 bc
	1.84 a
	1.77 A
	2.03 bx
	2.31 a
	2.17 A

	2- Cu SO4
	1.60 c
	1.79 ab
	1.70 A
	1.87 b
	2.27 a
	2.07 AB

	3- Zn SO4
	1.62 c
	1.81 a
	1.72 A
	1.78 bcx
	2.28 a
	2.03 AB

	4- Co Cl2
	1.63 c
	1.83 a
	1.73 A
	1.78 bcx
	2.33 a
	2.06 AB

	5- Mn SO4 
	1.64 c
	1.87 a
	1.76 A
	1.82 bcx
	2.28 a
	2.05 AB

	6- Ca-set
	1.49 d
	1.88 a
	1.69 A
	1.58 dx
	2.34 a
	1.96 B

	7- Zn + Co
	1.67 c
	1.86 a
	1.77 A
	1.78 bcx
	2.30 a
	2.04 AB

	8- Zn + Mn
	1.65 c
	1.83 a
	1.74 A
	1.80 bc
	2.26 a
	2.03 AB

	9- Zn + Ca 
	1.61 c
	1.87 a
	1.74 A
	1.54 dx
	2.34 a
	1.94 B

	10- Ca +Cu +Zn+

  Co+ Mn mix.
	1.65 c
	1.77 ab
	1.71 A
	1.63 cdx
	2.32 a
	1.98 B

	Mean**
	1.63 B
	1.84 A
	
	1.76 B
	2.30 A
	

	* and ** refer to specific effect of foliar spray solutions and fruit status (from which rind and adjacent leaves were sampled); respectively.

	Table (9): Leaf and fruit peel Ca content of Hamlin orange trees in response to foliar spray with some mineral solutions (Cu, Zn, Co, Mn and Ca) combined with fruit status (normal and creased) during 2000/2001 and 2001/2002 seasons. 

	Organ & fruit status
	Leaf Ca%
	  Fruit rind Ca%

	Spray treatment
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*

	
	2000/2001 season

	1- Control 
	5.28 c
	4.80 e
	5.04 E
	3.75 e
	3.28 hx
	3.51 DX

	2- Cu SO4
	5.50 b
	5.04 d
	5.27 BC
	3.82 e
	3.33 gh
	3.58 CD

	3- Zn SO4
	5.36 bc
	5.00 d
	5.18 CD
	4.24 b
	3.44 fx
	3.84 BX

	4- Co Cl2
	5.46 b
	4.92 de
	5.19 CD
	4.09 c
	3.33 gh
	3.71 CX

	5- Mn SO4 
	5.38 bc
	4.90 de
	5.14 DE
	3.92 d
	3.40 fg
	3.66 CX

	6- Ca-set
	6.05 a
	4.86 de
	5.45 A
	4.60 a
	3.99 dx
	4.30 AX

	7- (Ca +Cu +Zn+

Co+ Mn mix.)
	5.50 b
	5.04 d
	5.27 BC
	4.53 a
	4.05 cd
	4.29 AX

	Mean**
	5.50 A
	4.94 B
	
	4.14 A
	3.55 B
	

	
	2001/2002 season

	1- Control 
	5.04 cdx
	4.47 gh
	4.76 CD
	4.07 de
	3.79 gx
	3.93 D

	2- Cu SO4
	5.18 cx
	4.86 d
	5.02 BX 
	4.24 cd
	3.89 fgx
	4.07 CD

	3- Zn SO4
	4.92 cd
	4.58 fgx
	4.75 CD
	4.37 bc
	4.08 de
	4.23 BC

	4- Co Cl2
	5.60 bx
	4.72 ef
	5.16 B
	4.11 de
	4.00 ef
	4.06 CD

	5- Mn SO4 
	4.87 dex
	4.34 hx
	4.61 DX
	4.57 bx
	3.99 ef
	4.28 B

	6- Ca-set
	5.70 abx
	5.06 cdx
	5.38 AX
	4.92 ax
	4.08 dex
	4.50 A

	7- Zn + Co
	4.89 dx
	4.54 fgx
	4.72 CD
	4.94 ax
	4.25 cd
	4.60 A

	8- Zn + Mn
	5.00 cdx
	4.37 hx
	4.69 CD
	4.45 bx 
	4.01 efx
	4.23 BC

	9- Zn + Ca 
	5.99 ax
	4.81 d
	5.40 AX 
	4.91 ax
	3.96 efx
	4.44 AB

	10- (Ca +Cu +Zn+

 Co+ Mn mix.)
	5.88 abx
	4.64 fg
	5.26 AB
	4.92 ax
	4.08 dex
	4.50 A

	Mean**
	5.31 A
	4.64 B
	
	4.55 A
	4.01 B
	

	* and ** refer to specific effect of foliar spray solutions and fruit status (from which rind and adjacent leaves were sampled); respectively.

	Table (10): Leaf and fruit peel Mg content of Hamlin orange trees in response to foliar spray with some mineral solutions (Cu, Zn, Co, Mn and Ca) combined with fruit status (normal and creased) during 2000/2001 and 2001/2002 seasons. 

	Organ & fruit status
	Leaf Mg %
	  Fruit rind Mg %

	Spray treatment
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*

	
	2000/2001 season

	1- Control 
	0.47 bc
	0.54 a
	0.51 A
	0.26 cd
	0.33 a
	0.29 AB

	2- Cu SO4
	0.41 d
	0.46 c
	0.44 B
	0.19 fg
	0.24 d
	0.21 CD

	3- Zn SO4
	0.34 f
	0.41 d
	0.37 C
	0.17 g
	0.23 de
	0.20 DX

	4- Co Cl2
	0.41 d
	0.44 cd
	0.43 B
	0.19 fg
	0.25 cd
	0.22 CX

	5- Mn SO4 
	0.47 bc
	0.55 a
	0.51 A
	0.25 cd
	0.29 b
	0.27 BX

	6- Ca-set
	0.36 ef
	0.40 de
	0.38 C
	0.21 ef
	0.23 de
	0.22 C

	7- Ca + Cu +Zn+

Co+ Mn mix.
	0.51 ab
	0.56 a
	0.54 A
	0.28 bc
	0.34 a
	0.31 AX

	Mean**
	0.42 B
	0.48 A
	
	0.22 B
	0.27 A
	

	
	2001/2002 season

	1- Control 
	0.51 ab
	0.55 a
	0.53 AB
	0.44 bcx
	0.49 ab
	0.46 AB

	2- Cu SO4
	0.46 bc
	0.52 ab
	0.49 B
	0.38 cdx
	0.44 bcx
	0.41 BC

	3- Zn SO4
	0.32 ex
	0.41 cdx
	0.36 D
	0.32 efx
	0.38 cdx
	0.35 CD

	4- Co Cl2
	0.41 cdx
	0.44 cx
	0.43 C
	0.28 fx
	0.34 ex
	0.31 DX

	5- Mn SO4 
	0.53 a
	0.55 a
	0.54 A
	0.42 bcx
	0.40 bcx
	0.41 BC

	6- Ca-set
	0.35 ex
	0.43 c
	0.39 CD
	0.43 bcx
	0.42 bcx
	0.42 BX

	7- Zn + Co
	0.37 dex
	0.42 c
	0.40 C
	0.33 ex
	0.36 dex
	0.34 CD

	8- Zn + Mn
	0.56 ax
	0.56 ax
	0.56 A
	0.46 ab
	0.49 ab
	0.47 AX

	9- Zn + Ca 
	0.28 fx
	0.35 ex
	0.31 E
	0.34 dex
	0.36 dex
	0.35 CX

	10- Ca +Cu +Zn+

  Co+ Mn mix.
	0.53 a
	0.56 ax
	0.54 A
	0.46 ab
	0.54 ax
	0.50 AX

	Mean**
	0.43 A
	0.48 A
	
	0.38 B
	0.42 A
	

	* and ** refer to specific effect of foliar spray solutions and fruit status (from which rind and adjacent leaves were sampled); respectively.


	Table (11): Leaf and fruit peel Fe content of Hamlin orange trees in response to foliar spray with some mineral solutions (Cu, Zn, Co, Mn and Ca) combined with fruit status (normal and creased) during 2000/2001 and 2001/2002 seasons. 

	Organ & fruit status
	Leaf Fe (ppm)
	  Fruit rind Fe (ppm)

	Spray treatment
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*

	
	2000/2001 season

	1- Control
	62.4 cd
	66.8 bc
	64.6 C
	36.6 d
	34.9 de
	35.8 C

	2- Cu SO4
	43.0 g
	50.0 e
	46.5 E
	22.8 f
	31.7 e
	27.2 E

	3- Zn SO4
	63.2 cd
	62.0 cd
	62.6 C
	49.6 a
	47.3 ab
	48.5 A

	4- Co Cl2
	70.4 b
	71.2 b
	70.8 B
	36.8 d
	34.6 de
	35.7 CD

	5- Mn SO4
	47.4 e
	49.2 e
	48.3 E
	26.4 f
	31.1 e
	28.8 E

	6- Ca-set
	80.0 a
	79.8 a
	79.9 A
	46.2 ab
	43.9 bc
	45.1 B

	7- Ca+ Cu+ Zn+

Co +Mn mix.
	56.0 de
	56.2 de
	56.1 D
	30.0 e
	38.9 cd
	34.4 D

	Mean**
	60.3 A
	62.2 A
	
	35.5 A
	37.5 A
	

	
	2001/2002 season

	1- Control
	74.4 de
	71.3 ef
	 72.9 CX
	51.4 abc
	50.2 abcx
	50.8 AX

	2- Cu SO4
	69.0 ef
	72.2 ef
	 70.6 CX
	32.6 f
	41.5 e
	37.0 CX

	3- Zn SO4
	95.8 ab
	96.9 a
	 96.4 AB
	52.8 ab
	47.9 bcdx
	50.4 AX

	4- Co Cl2
	89.0 bc
	84.6 cd
	 86.8 BX
	54.6 a
	46.1 cdx
	50.3 AX

	5- Mn SO4
	64.6 f
	75.1 de
	 69.8 CX
	49.6 abc
	49.9 bcx
	49.8 AX

	6- Ca-set
	92.0 ab 
	92.9 ab
	 92.5 AB
	52.2 ab
	46.9 cdx
	49.6 AX

	7- Zn + Co
	98.0 a
	81.5 cd
	 89.8 BX
	51.6 ab
	43.9 de
	47.7 AB

	8- Zn + Mn
	 103.0 a
	99.8 a
	 101.4 A
	40.6 e
	47.4 cdx
	44.0 BX

	9- Zn + Ca
	86.0 bcd
	87.4 bc
	  86.7 B
	50.4 abc
	47.9 bcdx
	49.2 AX

	10- Ca+ Cu+ Zn+

  Co + Mn mix.
	65.6 ef
	75.8 de
	 70.7 CX
	52.6 ab
	48.9 bcx
	50.8 AX

	Mean**
	83.8 A
	83.7 A
	
	48.8 A
	47.1 A
	

	* and ** refer to specific effect of foliar spray solutions and fruit status (from which rind and adjacent leaves were sampled); respectively.

	Table (12): Leaf and fruit peel Mn content of Hamlin orange trees in response to foliar spray with some mineral solutions (Cu, Zn, Co, Mn and Ca) combined with fruit status (normal and creased) during 2000/2001 and 2001/2002 seasons. 

	Organ & fruit status
	Leaf Mn ppm
	  Fruit rind Mn ppm

	Spray treatment
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*

	
	2000/2001 season

	1- Control 
	42.2 de
	32.1 hx
	37.2 CX
	26.6 dx
	21.9 ex
	24.2 D

	2- Cu SO4
	43.4 dX
	33.8 gh
	38.6 CX
	26.9 dx
	21.8 ex
	24.3 D

	3- Zn SO4
	44.8 dx
	33.6 gh
	39.2 CX
	30.2 cx
	23.7 ex
	27.0 C

	4- Co Cl2
	48.0 cx
	35.0 fg
	41.5 BC
	26.7 dx
	22.2 ex
	24.5 D

	5- Mn SO4 
	72.8 ax
	58.9 bx
	65.8 AX
	34.2 ax
	33.9 ax
	34.1 A

	6- Ca-set
	44.6 dx
	36.8 fx
	40.7 CX
	31.7 bc
	26.2 dx
	29.0 B

	7- Ca+ Cu+ Zn+

Co + Mn mix.
	48.4 cx
	40.8 ex
	44.6 BX
	33.8 ax
	33.4 ab
	33.6 A

	Mean**
	49.2 A
	38.7 B
	
	30.0 A
	26.2 B
	

	
	2001/2002 season

	1- Control 
	44.5 ex
	38.2 fx
	41.3 EX
	38.5 cx
	33.3 de
	35.9 CX

	2- Cu SO4
	44.8 ex
	36.2 fg
	40.5 EX
	38.0 cx
	33.2 de
	35.6 CX

	3- Zn SO4
	47.5 de
	33.8 gx
	40.7 EX
	42.0 ab
	31.2 ex
	36.6 BC

	4- Co Cl2
	44.4 de
	35.0 gx
	39.7 EX
	39.1 bc
	33.7 dx
	36.4BC

	5- Mn SO4 
	84.0 ax
	78.7 ab
	81.4 AX
	43.7 ax
	37.8 cx
	40.8 AX

	6- Ca-set
	49.6 dX
	38.6 fx
	44.1 DX
	42.5 ax
	34.7 dx
	38.6 AB

	7- Zn + Co
	47.4 de
	38.0 fx
	42.7 DE
	40.4 ab
	33.5 dx
	37.0 BC

	8- Zn + Mn
	76.8 bx
	72.7 bx
	74.8 BX
	43.8 ax
	40.7 ab
	42.3 AX

	9- Zn + Ca 
	50.4 dx
	45.5 ex
	47.9 DX
	40.3 ab
	29.6 ex
	35.0 CX

	10- Ca+ Cu+ Zn+

 Co + Mn mix.
	57.5 cx
	55.0 cx
	56.2 CX
	44.2 ax
	39.4 bc
	41.8 AX

	Mean**
	54.7 A
	47.2 B
	
	41.3 A
	34.7 B
	

	* and ** refer to specific effect of foliar spray solutions and fruit status (from which rind and adjacent leaves were sampled); respectively.

	Table (13): Leaf and fruit peel Zn content of Hamlin orange trees in response to foliar spray with some mineral solutions (Cu, Zn, Co, Mn and Ca) combined with fruit status (normal and creased) during 2000/2001 and 2001/2002 seasons. 

	Organ & fruit status
	Leaf   Zn ppm
	  Fruit rind  Zn ppm

	Spray treatment
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*

	
	2000/2001 season

	1- Control 
	31.9 ef
	28.2 gX
	30.0 DX
	26.4 c
	19.8 gx
	23.1 DX

	2- Cu SO4
	35.6 de
	28.8 gx
	32.2 CD
	31.0 bx
	20.0 fg
	25.5 CD

	3- Zn SO4
	63.7 a
	41.9 cx
	52.8 AX
	39.2 ax
	28.0 bc
	33.6 AX

	4- Co Cl2
	36.5 d
	30.7 fg
	33.6 CX
	28.6 bcx
	21.8 efx
	25.2 CD

	5- Mn SO4 
	36.2 d
	31.9 efx
	34.0 CX
	26.8 cd
	22.4 ex
	24.6 CD

	6- Ca-set
	32.9 ef
	31.3 efx
	32.1 CD
	31.0 bx
	25.0 dx
	28.0 BX

	7- Ca+ Cu+ Zn+

Co + Mn mix.
	47.0 b
	41.9 cx
	44.4 BX
	37.8 ax
	30.6 bc
	34.2 AX

	Mean**
	40.5 A
	33.5 B
	
	31.5 A
	23.9 B
	

	
	2001/2002 season

	1- Control 
	33.8 de
	29.6 ef
	31.7 C
	36.3 fx
	28.8 hx
	32.6 DX

	2- Cu SO4
	39.4 cx
	27.0 fx
	33.2 C
	43.0 cd
	28.1 hx
	35.6 CD

	3- Zn SO4
	67.3 a
	55.1 bx
	61.2 A
	50.8 ax
	40.5 de
	45.6 AX

	4- Co Cl2
	39.9 cx
	27.8 fx
	33.9 C
	39.3 e
	33.6 g
	36.5 CX

	5- Mn SO4 
	36.1 cd
	30.3 ef
	33.2 C
	37.8 ef
	31.8 g
	34.8 DX

	6- Ca-set
	35.0 cdx
	29.8 ef
	32.4 C
	42.1 de
	28.1 hx
	35.1 CD

	7- Zn + Co
	50.4 bx
	49.9 bx
	50.2 B
	45.6 bcx
	39.6 dex
	42.6 AB

	8- Zn + Mn
	49.8 bx
	49.8 bx
	49.8 B
	43.3 c
	37.5 ef
	40.4 BX

	9- Zn + Ca 
	52.1 bx
	48.7 bx
	50.4 B
	41.3 d
	34.3 fg
	37.8 BC

	10- Ca+ Cu+ Zn+

 Co + Mn mix.
	72.6 ax
	54.6 bx
	63.6 A
	47.0 ab
	32.1 gx
	39.6 BC

	Mean**
	47.7 A
	40.3 B
	
	42.7 A
	33.5 B
	

	* and ** refer to specific effect of foliar spray solutions and fruit status (from which rind and adjacent leaves were sampled); respectively.


	Table (14): Leaf and fruit peel Cu content of Hamlin orange trees in response to foliar spray with some mineral solutions (Cu, Zn, Co, Mn and Ca) combined with fruit status (normal and creased) during 2000/2001 and 2001/2002 seasons. 

	Organ & fruit status
	Leaf Cu ppm
	  Fruit rind Cu ppm

	Spray  treatment
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*

	
	2000/2001 season

	1- Control 
	12.1 ex
	13.3 de
	12.7 BX
	08.9 ex
	10.2 cd
	9.5 BC

	2- Cu SO4
	14.3 bc
	14.8 ax
	14.5 AX
	11.5 ax
	11.5 ax
	11.5 AX

	3- Zn SO4
	09.7 kx
	11.7 fg
	10.7 CX
	07.6 fx
	10.8 bc
	9.2 CD

	4- Co Cl2
	10.9 gx
	12.7 ex
	11.8 BC
	08.3 ef
	10.4 cd
	9.4 CX

	5- Mn SO4 
	11.9 ef
	13.3 de
	12.6 BX
	09.9 dx
	11.8 ax
	10.8 AB

	6- Ca-set
	11.2 gx
	13.8 cd
	12.5 B
	07.5 fx
	10.1 dx
	8.8 DX

	7-Ca+Cu+Zn+

Co + Mn mix.
	13.7 cd
	14.6 ab
	14.2 AX
	09.9 dx
	10.3 cx
	10.1 BC

	Mean**
	12.0 B
	13.5 A
	
	X9.1 B
	10.7 A
	

	
	2001/2002 season

	1- Control 
	11.0 cx
	11.9 bc
	11.5 CX
	11.4 dx
	12.0 cx
	11.7 BC

	2- Cu SO4
	15.3 ax
	14.2 ax
	14.7 AX
	14.3 ax
	14.4 ax
	14.4 AX

	3- Zn SO4
	08.2 fx
	09.4 de
	08.8 EX
	11.0 de
	11.3 dx
	11.1CD

	4- Co Cl2
	09.2 de
	09.7 de
	09.4 DE
	10.4 ex
	11.2 dx
	10.8 DX

	5- Mn SO4 
	11.9 bc
	12.8 bx
	12.4 BX
	12.5 bc
	13.5 ab
	13.0 AB

	6- Ca-set
	09.4 de
	10.6 cx
	10.0 DX
	11.3 dx
	11.8 cd
	11.5 CD

	7- Zn + Co
	09.1 ex
	10.6 cx
	09.9 DX
	10.8 ex
	11.4 dx
	11.1 CD

	8- Zn + Mn
	11.8 cx
	13.0 ab
	12.4 BX
	11.6 dx
	12.7 bc
	12.1 BC

	9- Zn + Ca 
	08.1 fx
	10.2 cd
	09.1 DE
	10.5 ex
	11.8 cd
	11.2 CD

	10- Ca+ Cu+ Zn+

 Co + Mn mix.
	13.0 bx
	13.3 ab
	13.1 AB
	12.4 cx
	12.2 cx
	12.3 BC

	Mean**
	10.7 A
	11.6 A
	
	11.6 A
	12.2 A
	

	* and ** refer to specific effect of foliar spray solutions and fruit status (from which rind and adjacent leaves were sampled); respectively.


g)-Cu hadn't specific trend except the Cu SO4 sprayed trees showed the highest Cu content in both leaf and fruit peel, regardless of fruit status. 
The present results regarding the specific effect of different Zn, Cu, Mn, Co and Ca spray solutions on N, P, k, Mn, Zn and Cu contents go generally with the finding of Mann et al., (1985); Soliman and Saad-Allah, (1988) and EL-Sikhry, (1990) .However, findings of Storey and Treeby, (2000) ; Storey et al., (2002) and Treeby and Stoory(2002), they mentioned that higher K: Ca ratio is a responsible for incidence of crease support our result.
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دراسات كيموفسيولوجية على بعض النواحي الإثمارية في البرتقال

2- تأثير الرش بمحاليل الكالسيوم والمنجنيز والزنك والنحاس والكوبالت على التبحير والحالة الغذائية 

محمد محمد شرف*- خالد على بكرى*- محمد حسين سعد الله **-فاطمة قطب احمد**

*قسم البساتين- كلية الزراعة بمشتهر- جامعة الزقازيق – فرع بنها.

** معهد بحوث البساتين- الجيزة- مصر


أجريت هذه التجربة على أشجار هاملين مثمرة مطعومة على نارنج لدراسة تأثير الرش ببعض محاليل الكالسيوم و كبريتات كل من المنجنيز و الزنك و النحاس و كلوريد الكوبالت سواء رشت بمفردها أو تم خلط بعضها مع  محاليل عنصر أو عناصر أخرى. و قد تم الرش بمحاليل هذه المعاملات ثلاثة مرات موسميا  (آخر يونيو – منتصف أغسطس _ منتصف سبتمبر ). مع الأخذ في الاعتبار أن تركيز هذه المركبات كان ( 1% للكالسيوم - ست ، و 0.5% لكل من كبريتات الزنك و المنجنيز ، و 0.3% لكبريتات النحاس ، و 0.1% لكلور يد الكوبالت ) سواء استخدمت هذه المركبات بمفردها أو مخلوطة مع غيرها وذلك في الرشة الأولى . أما في الرشتين الثانية و الثالثة فقد ازداد التركيز إلى 1.5 ضعف تركيز الرشة الأولى.ومن نتائج هذه التجربة ينصح باستخدام خليط من)  كبريتات كل من الزنك و المنجنيز ،و الكالسيوم-ست) بالتركيزات السابق ذكرها للحد من ظهور التبحير وتحسين الحالة الغذائية للأشجار. كما ينصح بإعادة تقييم كل من التركيزات المختبرة و مواعيد و عدد مرات الرش بمحاليل العناصر الفعالة (Co; Mn; Zn; Ca ) حتى يمكن الوصول إلى أقصى استفادة ممكنة في هذا الصدد ( التغلب على التبحير وتحسين الحالة الغذائية للأشجار ) .
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