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ABSTRACT

This investigation was conducted on fruitful trees of sweet orange ″Citrus sinensis L.″ belonging to Hamlin cultivar budded on three citrus rootstocks sour orange, rough lemon and Balady lime to investigate the citrus rootstocks combined with geographical direction (north and south) on:  a) fruit quality; b) creasing incidence and c) nutritional status (leaf and fruit rind mineral composition). Obtained results revealed that highest creasing % of Hamlin fruits was associated with the Balady lime rootstock, while the reverse was detected with rough lemon. On the other hand, the northern side of tree periphery gave the highest creasing% compared with south side. As for the effect of fruit status from which fruit peel and adjacent leaves, results revealed that peel of the normal fruits and leaves nearer to them characterized by their significant higher Ca, Mn and Zn contents over the creased fruits. The reverse was true with N, P, K and Mg, whereas rind of creased fruits and adjacent leaves exceeded statistically the analogous ones of normal fruits. Moreover, Fe and Cu had no firm trend in this respect.

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 net income from citrus production is in closed relationship to fruit qualities, which play the great important role in determining the price. Moreover, the recent 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 continue 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 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). Holtzhousen, (1982) mentioned that rootstock strongly influenced the incidence of crease, being the lowest for Bellamy navel orange grafted on sweet orange and highest for these grafted on Rangpur lime 

--------------------------------------------

*Agricultural cltuensus of 2002 year, Ministry of Agriculture A.R.E.
Thus, the present study aimed to throw some lights on the relationship between rootstock combined with geographical direction of fruit localities within the tree canopy (periphery) from one hand and fruit quality; nutritional status and incidence of creasing disorder in Hamlin sweet orange trees (one of the most susceptible cultivar to albedo breakdown) from the other side.

MATERIALS AND METHODS

This investigation was conducted on fruitful trees of sweet orange ″Citrus sinensis L.″ belonging to Hamlin cultivar budded on three citrus rootstocks 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.

Experimental layout:

The complete randomized block design with 5 replications was employed in such factorial experiment to investigate the various combinations between the aforesaid 3 rootstocks (sour orange, rough lemon and Balady lime) and 2 geographical directions (north & south) towards which fruit carrier branches were directed. The choused trees were healthy (diseases free), uniform as possible in their vigor, representative of the same cultivar on the corresponding rootstock grown in the orchard and in the on-year state. Moreover, four main branches (limbs) distributed equally towards the two opposite geographical directions of north and south (2 limbs towards each one) were carefully selected per each tree and tagged in May 2000 and 2001 years during 1st and 2nd experimental seasons, respectively. Such labeled scaffolds were equally similar as possible in their growth, diameter and productivity. The number of fruits per each tagged limb was counted just after selected limbs had been tagged in May, thereafter percentage of creased fruits was determined periodically during each experimental season along duration from last week of November till harvesting date. During each season creasing % was estimated four times i.e. on November 26th 2000, early January 2001, February 1st and late 2001 during first season (2000-2001 year), while in the second season (2001-2002 year) it was counted on November 29th 2001, January 1st 2002, February 1st and 20th 2002.Taking into consideration that an average value of both labeled limbs towards a given direction (north or south) on the same tree was estimated to represent an individual replicate for each (geographical direction). On the other hand, the estimated value of average creasing % of the four tagged scaffolds per each Hamlin orange tree of the five devoted ones per every rootstock was representative of a single replicate of such rootstock.

In addition at harvesting date i.e. on February 27th and 20th of 2001 and 2002, respectively. Leaves and fruits samples were collected after the creasing % had been estimated for carrying out the differential fruit qualities (both fruit physical and chemical properties) and nutritional status (leaf & rind mineral composition) in response to specific and interaction effects of both investigated factors (rootstock and geographical direction) and their combinations, respectively. Whereas, sampled leaves and fruits were collected and prepared as follows:

Leaf samples:

Twenty mature leaves were sampled from the middle part of the previously spring sprouted shoots on each of the four tagged limbs per every tree, whereas each half of them (10 leaves) were collected separately from those adjacent/ approached to either normal or, creased fruits. Moreover, sampled leaves representing the same case regarding their adjacency/ nearness to either normal or creased fruits collected from a given northern or southern limb were mixed to those representing the analogous fruit status (normal or creased) and the geographical direction (north or south). Consequently, from each tree 80 leaves were sampled to represent equally i.e. 20 leaves per each of the following four cases:

(a & b)-Leaves approached to normal fruits from either northern or southern limbs (2 cases).

(c & d)-Leaves adjacent to creased fruits from either northern or southern limbs (2 cases).

-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 and oven dried at 80ºc 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 DISCUSION

- Effect of rootstock combined with geographical direction and/ or fruit status on Hamlin cultivar:

In this regard fruit quality; creasing incidence and nutritional status (fruit rind & leaf mineral compositions) of Hamlin cultivar were concerned.

-Fruit quality:
-Fruit physical characteristics:
 Fruit average weight; size; dimensions (polar & equatorial diameters); fruit shape index and fruit juice (weight & volume) were investigated regarding the specific and interaction effects of rootstock ( geographical direction. Besides, rind (peel) thickness of Hamlin fruits as affected by geographical direction combined with fruit status (normal or creased) for trees budded on three rootstocks was investigated separately.

Specific effect:
 
Data obtained during both experimental seasons are presented in Tables 1,2 and 3 revealed that the specific effect of rootstock was obviously observed, whereas rough lemon rootstock exhibited statistically the greatest values of the aforesaid physical parameters descendingly followed by Balady lime and Sour orange which ranked last in most cases.

As for the specific effect of geographical direction, however the trend varied from one physical characteristic to another from one hand, but in general all investigated physical characteristics followed one of the following 3 trends:

A-Northern half of tree canopy induced fruits significantly higher in their average fresh weight, size and polar diameter as compared to those of the southern limbs.

  B- The trend took the other way around with the fruit juice (weight & volume) and fruit peel thickness (especially on sour orange), whereas fruits of the southern limbs are characterized by their abundant juice and thicker rind as compared to those of the opposite side of tree and differences were significant.

C-No specific influence of geographical direction was detected with both equatorial diameter and fruit shape index, whereas differences due to fruit locality towards north and south directions were too small to be significant.

As for the specific relationship between fruit status (creased or normal) and its peel thickness, it was so clear that the creased Hamlin fruits had significantly thinner rind. Such trend was true during both seasons and differences were more pronounced irrespective of citrus rootstock used.

Interaction effect:

Data obtained during both 2000/2001 and 2001/2002 seasons and presented in Tables 1,2 and 3 proved that each investigated factor reflected its own specific effect on interaction effects of its combinations. Hence, the heaviest fruits with greatest size and dimensions (polar & equatorial diameters) were in closed relationship to fruits situated across the northern side of Hamlin trees budded on rough lemon. The reverse was found with Hamlin fruits on sour orange rootstock, regardless of their localities towards both investigated directions. Moreover, other combinations were in between in this regard. Besides the juiciest Hamlin fruits were significantly in concomitant to those of the southern side of budded trees on rough lemon.


In addition, normal (uncreased) fruits located across the southern half of tree canopy characterized by their thicker peel (regardless of citrus rootstock used). The reverse was true with the creased fruits across north side for trees budded on either sour orange or Balady lime, while with rough lemon the direction was not so effective.

These results are in general agreement with the findings of Holtzhausen et al., (1988) from their working on 4 navel orange cvs. budded on 9 rootstocks for 7 successive seasons. Patil et al.,(1992) and Myhob et al., (1996) demonstrated that rootstock affects obviously fruit size and rough lemon was the superior in this regard.

- Fruit chemical properties: 
The fruit juice TSS%, total acidity %, TSS/acid ratio and Vitamin C content were investigated regarding their response to specific and interaction effects of rootstock; geographical direction and their combinations. Data obtained during both experimental seasons are presented in Table (4).
Specific effect:
As for the specific effect of geographical direction towards which fruits bearer branches were directed, data obtained during both seasons revealed that both TSS% and acidity % followed two opposite trends. Hence fruits of the southern branches were the richest in their juice TSS content from one hand but the poorest regarding acidity level from the other. Moreover, TSS/acid ratio and Vitamin C content followed typically the same conflicted trends detected with fruit juice TSS% and acidity %, respectively.

Referring the specific effect of rootstock, data obtained revealed that sour orange was the superior rootstock, whereas Hamlin trees budded on it induced fruits with the highest TSS%, TSS/acid ratio, Vitamin C content and to great extent TSS/acid ratio. Such trend was true during both seasons and differences were significant, except juice acidity in second season and TSS/ acid ratio during both seasons whereas differences were so little to be significant as compared to Balady lime and Rough lemon, respectively. Meanwhile, Hamlin fruits on Balady lime rootstock were richer in their total acidity level, while rough lemon was the inferior which decreased the TSS%, total acidity % and V.C. levels to the least values as compared to two other evaluated rootstocks.

Interaction effect: 

It was quite evident that specific effect of each investigated factor (rootstock & geographical direction) reflected on interaction effect of their combinations. Hence, Hamlin fruits of the southern limbs of budded trees on sour orange rootstock characterized by the highest level of TSS% and TSS/acid ratio. The reverse was found with rough lemon with the TSS%, while such inferiority was not observed with TSS/acid ratio. On the other hand, total acidity % followed an opposite trend to that of TSS%, whereas northern branches of Hamlin trees budded on either sour orange or Balady lime rootstocks had fruits of the highest acidity level but the least acidity was observed with fruits of budded trees on rough lemon, especially those located toward south.


As for the juice Vitamin C content, data obtained indicated that Hamlin fruits on sour orange rootstock (irrespective of direction) were the richest while those of budded trees on rough lemon were the inferior. 

The obtained result is in general agreement with the finding of Ouko and Abubakr, (1988), Patil et al., (1992) and Myhob et al., (1996).

- Creasing incidence in Hamlin fruits as related to rootstock and localities towards north and south directions:

In this respect creasing incidence in Hamlin fruits as influenced by rootstock; geographical direction of fruit carrier limbs and their combinations were investigated periodically from last week of Nov. till harvesting in late February during both seasons. Data obtained during both experimental seasons (Table, 5) revealed that the creasing incidence was gradually increased with advancement of fruit development.

Specific effect:


As for the specific effect of rootstock, Hamlin trees on rough lemon rootstock showed the least creasing %, while the reverse was true with Balady lime. Meanwhile, sour orange was in between. On the other hand, the geographical direction showed also its specific effect, whereas the highest creasing % was always in concomitant to the carrier fruits branches of the northern side of tree canopy.

Interaction effect:

It is quite clear that the specific effect of each investigated factor had been reflected directly on the interaction effect of their combinations. Hence, the highest creasing % was in closed relationship to fruits of the northern sides of Hamlin trees on Balady lime rootstock. The reverse was true with the southern half of Hamlin tree canopy on rough lemon. However, other combinations were in between.
The present results regarding the influence of geographical north and south directions may be mainly due to the direct influence of shading and the relative humidity as previously mentioned by some earlier investigators. In this regard EL-Mahmoudi and EL-Zorkani, (1971) mentioned that creasing was most commons in fruits on the northern side of tree and this was ascridbed to high relative humidity. Moreover, Smit, (1987) reported that the most shaded fruits were worst affected.



Meanwhile, obtained results regarding the influence of rootstock on creasing incidence are in general agreement with the earliest findings Treeby et al., (1995); Ali et al., (2000); Michael et al., (2000) and Treeby et al., (2000) they reported that creasing is restricted to fruit with a thin peel and rootstock tended to produce thin peel will increase creasing incidence but the reverse was true with those increase fruit rind. 

- Nutritional status (leaf and fruit peel mineral composition):


Leaf and fruit rind N; P; K; Ca; Mg; Fe; Mn; Zn and Cu contents of sweet orange Hamlin cultivar in response to specific and interaction effects of rootstock; fruit status and their combinations were investigated during both 2000/2001 and 2001/2002 experimental seasons. Data obtained during both experimental seasons and presented in Tables, (6, 7, 8,9,10,11,12,13 and 14).
Specific effect:

With regard to specific effect of rootstock (Sour orange; Rough lemon and Balady lime); data obtained during both seasons revealed that two plant organs (leaf and fruit peel) followed typically the same trend of response as the change in each element content was individually concerned, except with N content. Whereas, the maximum leaf N content was observed in budded trees on Rough lemon, while trees on Sour orange showed the least leaf N%. Meanwhile, with the rind N% the trend took the other way around as compared to that of leaf N content, whereas Sour orange was the superior but Rough lemon was the inferior. 


In addition, both plant organs (leaf and fruit peel) followed the same trend as their contents of each individual element of the other studied ones (P; K; Ca; Mg; Fe; Mn; Zn; and Cu) in response to specific effect of rootstock. Anyhow, it could be concluded that:

1- P; K; Mg and Cu reached their peak in leaf and fruit rind of trees budded on Balady lime but the opposite was found on Rough lemon.
2- Mn and Zn, as well as Ca exhibited the maximum level on Rough lemon, while the reverse on Balady lime.
3- Sour orange was intermediate except with Ca it was the superior.

4- Fe content had no specific trend.
As for the specific effect of fruit status from which fruit peel and adjacent leaves to it were analysed, data obtained revealed that both plant organs were similar in their response. Generally, peel of the normal fruits and leaves nearer to them characterized by their significant higher Ca, Mn and Zn contents over the creased fruits. The reverse was true with N, P, K and Mg, whereas rind of creased fruits and adjacent leaves exceeded statistically the analogous ones of normal fruits. Moreover, Fe and Cu had no firm trend in this respect.

Interaction effect:

Referring the interaction effect of various combinations between rootstocks and fruit status on leaf and fruit rind mineral composition, data obtained displayed that two opposite trends were generally detected. The first trend representing leaf and peel N, P, K and Mg contents, whereas peels of creased fruits and leaves nearer to them of Hamlin trees budded on Balady lime were significantly the richest, while the reverse was true with rinds of normal fruits and adjacent leaves of trees on Rough lemon. Such trend was true during both seasons with few exceptions dealing with fruit peel and leaf N% of Hamlin trees on Sour orange and Rough lemon, respectively which exceeded those on Balady lime rootstock. As for the second trend it was representative of Ca, Mn and Zn response, whereas rind of normal fruits and leaves nearer to them of trees on Rough lemon were statistically the richest while the least level was coupled with creased fruits and nearer leaves on either Balady lime or Sour orange rootstock.

Our results regarding minerals levels in response to specific effect of rootstock are in disagreement of the earlier findings of Gowda et al., (1982); Myhob et al.,  (1996) and Marathe et al., (2000) who demonstrated that minerals content of investigated scions showed no considerable response to the rootstock under their studies. However, findings of Araujo et al., (1998) give support to the detected trend of response in the present study.

 The obtained results regarding minerals content as related to creasing incidence is in disagreement with the finding of Embleton et al., (1980) who reported that higher minerals content reduced creasing incidence. However, findings of Storey and Treeby, (2000) and Storey et al., (2002) support our result, they mentioned that higher K: Ca ratio is a responsible for incidence of crease. 

	Table (1): Average fruit Wt; size; dimensions (equatorial & polar diameters) of sweet orange Hamlin cv. in response to specific 
                  and interaction effects of  citrus rootstock; geographical direction of fruit locality and their combinations during both  

                    2000 -2001 and 2001- 2002 seasons. 

	Geographical direction
	Fruit Wt. (g)
	Fruit size (cc)
	Fruit polar diameter (cm)
	Fruit equatorial diameter (cm)

	Rootstock
	North
	South
	Mean*
	North
	South
	Mean*
	North
	South
	Mean*
	North
	South
	Mean*

	2000-2001 season

	1- Sour orange
	118.2 d
	118.0 d
	118.1 B
	127.4 d
	126.6 d
	127.00 C
	6.19  c
	6.09 c
	6.14 B
	5.93 c
	5.96 c
	5.95 B

	2- Rough lemon
	152.4 a
	127.6 c
	140.0 A
	167.0 a
	141.0 c
	154.0 A
	6.77 a
	6.67 a
	6.72 A
	6.51 b
	6.40 b
	6.46 A

	3- Balady lime
	143.4 b
	141.8 b
	142.6 A
	170.8 a
	153.0 b
	161.9 A
	6.71 a
	6.48 b
	6.60 A
	6.69 a
	6.53 b
	6.61 A

	Mean**
	138.0 A
	129.1 B
	
	155.1 A
	140.2 B
	
	6.56 A
	6.41 B
	
	6.38 A
	6.30 A
	

	2001-2002 season

	1- Sour orange
	126.4 c
	128.0 c
	127.2 C
	137.6 e
	139.8  c
	138.7 C
	6.07 c
	5.99 c
	6.03 B
	6.22 b
	6.29 b
	6.26 B

	2- Rough lemon
	139.8 a
	138.8 a
	139.3 A
	157.0 a
	157.8  a
	157.4 A
	6.65 a
	6.47 b
	6.56 A
	6.63 a
	6.56 a
	6.59 A

	3- Balady lime
	132.8 b
	126.8 c
	129.8 B
	154.0 ab
	151.0  b
	152.5 A
	6.04 c
	6.09 c
	6.07 B
	6.24 b
	6.27 b
	6.25 B

	Mean**
	133.0 A
	131.2 A
	
	149.5 A
	149.5 A
	
	6.26 A
	6.18 B
	
	6.36 A
	6.37 A
	


*;** refer to specific- effect of rootstock and geographical direction, respectively.

	Table (2): Fruit shape index; average fruit juice Wt. and volume of Hamlin orange cv.in response to specific and interaction effects of citrus rootstock; geographical direction of fruit locality and their combinations during both 2000-2001 and 2001-2002 seasons. 

	Geographical direction
	Fruit shape index (polar: equatorial diameters).
	Fruit juice Wt. (g)
	Fruit juice volume (cc)

	Rootstock
	North
	South
	Mean*
	North
	South
	Mean*
	North
	South
	Mean*

	2000-2001 season

	1- Sour orange
	1.05 a
	1.02 b
	1.04 A
	63.84 f
	67.20 e
	65.52 C
	60.80 f
	64.00 e
	62.40 C

	2- Rough lemon
	1.04 a
	1.04 a
	1.04 A
	79.38 b
	82.74 a
	81.06 A
	75.60 b
	78.80 a
	77.20 A

	3- Balady lime
	1.00 c
	0.99 d
	1.00 B
	69.09 d
	71.61 c
	70.35 B
	65.80 d
	68.20 c
	67.00 B

	Mean**
	1.03 A
	1.02 A
	
	70.77 B
	73.85 A
	
	67.40 B
	70.33 A
	

	2001-2002 season

	1- Sour orange
	0.98 c
	0.97 d
	0.98 B
	60.06 e
	62.58 d
	61.32 C
	57.20 e
	59.60 d
	58.40 C

	2- Rough lemon
	1.00 a
	0.99 b
	1.00 A
	70.14  b
	71.61 a
	70.88 A
	66.80 b
	68.20 a
	67.50 A

	3- Balady lime
	0.97 d
	0.97 d
	0.97 B
	67.83 c
	68.46 c
	68.15 B
	64.60 c
	65.20 c
	64.90 B

	Mean**
	0.98 A
	0.98 A
	
	66.01 B
	67.55    A
	
	62.87 B
	64.33 A
	


*;** refer to specific- effect of rootstock and geographical direction, respectively.
	Table (3): Fruit peel thickness of Hamlin orange trees budded on 3 rootstocks in response to specific and interaction effects of fruit status (normal or creased); geographical directions of fruit locality and their combinations during both 2000-2001 and 2001-2002 seasons.

	Geographical direction and rootstock
	Fruit peel thickness (mm)

	
	Hamlin on sour orange
	Hamlin on rough lemon
	Hamlin on Balady lime

	Fruit state
	North
	South
	Mean*
	North
	South
	Mean*
	North
	South
	Mean*

	2000-2001 season

	Normal fruits 
	3.88 b
	4.04 a
	3.96 A
	5.38 a
	5.44 a
	5.41 A
	3.36 b
	3.46 a
	3.41 A

	Creased fruits
	3.48 d
	3.78 c
	3.63 B
	4.36 b
	4.32 b
	4.34 B
	2.96 c
	2.98 c
	2.97 B

	Mean**
	3.68 B
	3.91 A
	
	4.87 A
	4.88 A
	
	3.16 A
	3.22 A
	

	2001-2002 season

	Normal fruits 
	3.84 b
	3.96 a
	3.90 A
	4.86 a
	4.94 a
	4.90 A
	3.18 a
	3.24 a
	3.21 A

	Creased fruits
	3.06 d
	3.26 c
	3.16 B
	4.22 b
	4.30 b
	4.26 B
	2.46 c
	2.72 b
	2.59 B

	Mean**
	3.45 B
	3.61 A
	
	4.54 B
	4.62 A
	
	2.82 B
	2.98 A
	


*;** refer to specific- effect of fruit status and rootstock, respectively
	Table (4): Fruit juice TSS ; acidity and V.C contents of Hamlin orange cv. in response to specific and interaction effects of citrus rootstock; geographical direction of fruit locality and their combinations during both 2000-2001 and 2001-2002 seasons.

	Geographical direction
	a - Fruit juice TSS%
	b - Fruit juice acidity %
	TSS/acid ratio
	c- Fruit juice V.C mg/100g

	Rootstock
	North
	South
	Mean*
	North
	South
	Mean*
	North
	South
	Mean*
	North
	South
	Mean*

	2000-2001 season

	1- Sour orange
	11.28 c
	11.74 a
	11.51 A
	0.93 a
	0.86 b
	0.89 B
	10.35 d
	13.65 a
	12.93 A
	48.34 a
	46.34 a
	47.34 A

	2- Rough lemon
	10.10 e
	10.18 d
	10.14 C
	0.78 c
	0.81 c
	0.80 C
	12.95 b
	12.57 b
	12.68 A
	44.22 b
	38.20 c
	41.21 B

	3- Balady lime
	11.28 c
	11.34 b
	11.31 B
	0.93 a
	0.91 a
	0.92 A
	12.13 c
	12.46 c
	12.29 B
	48.04 a
	45.94 a
	46.99 A

	Mean**
	10.89 B
	11.09  A
	
	0.88 A
	0.86 B
	
	12.38 B
	12.90 A
	
	46.87A
	43.49 B
	

	2001-2002 season

	1- Sour orange
	10.92 b
	11.22 a
	11.07 A
	0.95 a
	0.82 b
	0.88 A
	11.55 b
	13.80 a
	12.68 A
	53.72 a
	48.80 b
	51.26 A

	2- Rough lemon
	10.10 d
	10.06 d
	10.08 C
	0.79 c
	0.74 d
	0.76 B
	12.90 a
	13.62 a
	13.26 A
	45.62 c
	44.74 d
	45.18 C

	3- Balady lime
	10.86 c
	11.00 b
	10.93 B
	0.94 a
	0.87 b
	0.91 A
	11.59 b
	12.83 a
	12.21 B
	46.82 c
	46.72 c
	46.77 B

	Mean**
	10.63 B
	10.76 A
	
	0.89 A
	0.81 B
	
	12.01 B
	13.42 A
	
	48.72 A
	46.75 B
	


*;** refer to specific- effect of rootstock and geographical direction, respectively
	Table (5): Periodical changes in creasing % of Hamlin orange cv. in response to specific and interaction effects of citrus rootstocks; geographical direction and their combinations during the two successive 2000-2001 and 2001-2002 seasons.

	Rootstock
	Measuring dates of creasing percentage.

	
	November, 26th 2000
	Janury, 1st 2001
	February, 1st 2001
	February, 27th 2001

	
	North
	South
	Mean*
	North
	South
	Mean*
	North
	South
	Mean*
	North
	South
	Mean*

	2000-2001 season

	Sour orange
	3.00 b
	2.90 b
	2.95 B
	5.68 c
	4.80 d
	5.24 B
	16.39 b
	12.31 c
	14.35 B
	55.12 b
	47.63 d
	51.38 B

	Rough lemon
	3.00 b
	2.60 c
	2.80 C
	4.14 e
	3.72 f
	3.93 C
	12.77 c
	08.88 d
	10.82 C
	46.02 d
	39.52 e
	42.77 C

	Balady lime
	3.46 a
	3.34 a
	3.40 A
	8.18 a
	6.86 b
	7.52 A
	20.40 a
	16.56 b
	18.48 A
	67.60 a
	51.48 c
	59.54 A

	Mean**
	3.15 A
	2.95 B
	
	6.00 A
	5.13 B
	
	16.52 A
	12.59  B
	
	56.25 A
	46.21 B
	

	2001-2002 season

	Rootstock
	November, 29th 2001
	Janury, 1st 2002
	February, 1st 2002
	February, 20st 2002

	
	North
	South
	Mean*
	North
	South
	Mean*
	North
	South
	Mean*
	North
	South
	Mean*

	Sour orange
	07.72 c
	6.00 e
	6.86 B
	15.32 b
	13.40 c
	14.36 B
	29.40 b
	23.60 d
	26.50 B
	38.00 b
	30.00 d
	34.00 B

	Rough lemon
	06.80 d
	5.36 f
	6.08 C
	13.28 c
	12.52 d
	12.90 C
	23.40 d
	18.22 e
	20.80 C
	30.20 d
	26.00 e
	28.10 C

	Balady lime
	10.80 a
	8.60 b
	9.70 A
	21.40 a
	15.92 b
	18.66 A
	36.20 a
	28.00 c
	32.10 A
	42.60 a
	34.40 c
	38.50 A

	Mean**
	8.44 A
	6.65 B
	
	16.67 A
	13.95 B
	
	29.67 A
	23.27 B
	
	36.93 A
	30.13 B
	


	Table (6): Nitrogen content in leaf and fruit peel sampled from northern and southern sides of Hamlin trees periphery as affected by rootstock, fruit status and their combinations during both 2000/2001 and 2001/2002 seasons.

	
	
	
	
	
	
	
	
	
	
	
	
	

	 Direction and fruit status
	Northern side
	Southern side

	
	Leaf N%
	Rind N%
	Leaf N%
	Rind N%

	Rootstock
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*

	
	2000/2001  season

	Sour orange
	2.28  c
	2.48  b
	2.38  C
	2.32  b
	2.66  a
	2.49  A
	2.21  c
	2.21  c
	2.21  B
	2.09  b
	2.19  a
	2.14  A

	Rough lemon
	2.68  a
	2.78  a
	2.73  A
	1.86  d
	2.19  c
	2.03  C
	2.61  b
	2.77  a
	2.69  A
	1.98  c
	1.99  c
	1.99  B

	Balady lime 
	2.51  b
	2.76  a
	2.64  B
	2.11  c
	2.20  c
	2.16  B
	2.59  b
	2.79  a
	2.69  A
	1.98  c
	2.06  b
	2.02  B

	Mean**
	2.49  B
	2.67  A
	
	2.10  B
	2.35  A
	
	2.47  B
	2.59  A
	
	2.02  A
	2.08  A
	

	
	2001/2002  season

	Sour orange
	2.57  b
	2.59  b
	2.58  B
	1.83  a
	2.00  a
	1.92  A
	2.38  b
	2.43  b
	2.41  B
	1.77  d
	1.95  b
	1.86  B

	Rough lemon
	2.96  a
	2.99  a
	2.98  A
	1.51  c
	1.80  b
	1.65  B
	2.66  a
	2.81  a
	2.74  A
	1.46  e
	1.83  c
	1.64  C

	Balady lime 
	2.93  a
	3.02  a
	2.98  A
	1.79  b
	2.01  a
	1.90  A
	2.79  a
	2.98  a
	2.89  A
	1.82  c
	2.06  a
	1.94  A

	Mean**
	2.82  A
	2.87  A
	
	1.71  B
	1.94  A
	
	2.61  A
	2.74  A
	
	1.68  B
	1.95  A
	


   * and ** refer to specific effect of rootstock and fruit status (from which rind and adjacent leaves were sampled), respectively
	Table (7): P content in leaf and fruit peel sampled from northern and southern sides of Hamlin trees periphery as affected by rootstock, fruit status and their combinations during both 2000/2001 and 2001/2002 seasons.

	Direction and fruit status
	Northern side
	Southern side

	
	Leaf  P %
	Rind P %
	Leaf  P %
	Rind P %

	Rootstock
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*

	
	2000/2001  season

	Sour orange
	0.202 cx
	0.196 cx
	0.199 AB
	0.116 b
	0.176 a
	0.146 A
	0.194 c
	0.186 c
	0.190 B
	0.104 d
	0.134 b
	0.119 B

	Rough lemon
	0.180 dx
	0.204 bc
	0.192 Bx
	0.094 c
	0.118 b
	0.106 B
	0.194 c
	0.192 c
	0.193 B
	0.092 e
	0.108 d
	0.100 C

	Balady lime 
	0.212 ab
	0.222 ax
	0.217 Ax
	0.120 b
	0.178 a
	0.149 A
	0.204 b
	0.218 a
	0.211 A
	0.120 c
	0.144 a
	0.132 A

	Mean**
	0.198 A
	0.207 A
	
	0.110 B
	0.157 A
	
	0.197 A
	0.199 A
	
	0.105 B
	0.129 A
	

	
	2001/2002 season

	Sour orange
	0.214 a
	0.214 a
	0.214 A
	0.098 d
	0.138 b
	0.118 B
	0.214 ab
	0.210 bx
	0.212 AB
	0.104 d
	0.148 ab
	0.126 AB

	Rough lemon
	0.198 c
	0.192 c
	0.195 B
	0.092 d
	0.138 b
	0.115 B
	0.190 cx
	0.200 bc
	0.195 Bx
	0.100 d
	0.140 bx
	0.120 Bx

	Balady lime 
	0.208 b
	0.220 a
	0.214 A
	0.126 c
	0.170 a
	0.148 A
	0.216 ab
	0.226 ax
	0.221 Ax
	0.124 c
	0.152 ax
	0.138 Ax

	Mean**
	0.207 A
	0.209 A
	
	0.105 B
	0.149 A
	
	0.207 A
	0.212 A
	
	0.109 B
	0.147 A
	


              * and ** refer to specific effect of rootstock and fruit status (from which rind and adjacent leaves were sampled), respectively.
	Table (8): K content in leaf and fruit peel sampled from northern and southern sides of Hamlin trees periphery as affected by rootstock, fruit status and their combinations during both 2000/2001 and 2001/2002 seasons.

	Direction and fruit status
	Northern side
	Southern side

	
	Leaf  K %
	Rind K%
	Leaf  K %
	Rind K%

	Rootstock
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*

	
	2000/2001  season

	Sour orange
	1.16 c
	1.25 bc
	1.21 B
	1.70 b
	1.93 a
	1.81 A
	1.17 c
	1.27 bx
	1.22 B
	1.53 d
	1.82 b
	1.68 A

	Rough lemon
	1.02 d
	1.03 dx
	1.03 C
	1.35 c
	1.69 b
	1.52 B
	1.08 d
	1.10 cd
	1.09 C
	1.36 e
	1.47 d
	1.42 B

	Balady lime 
	1.28 b
	1.61 ax
	1.45 A
	1.74 b
	1.96 a
	1.85 A
	1.26 b
	1.52 ax
	1.39 A
	1.64 c
	1.90 a
	1.77 A

	Mean**
	1.16 B
	1.30 A
	
	1.60 B
	1.86 A
	
	1.17 B
	1.30 A
	
	1.51 B
	1.73 A
	

	
	2001/2002  season

	Sour orange
	1.69 cx
	1.81 b
	1.75 B
	2.11 cx
	2.40 b
	2.26 B
	1.74 b
	1.91 ax
	1.82 A
	1.97 c
	2.23 b
	2.10 B

	Rough lemon
	1.53 dx
	1.68 c
	1.61 C
	1.79 ex
	1.97 d
	1.88 C
	1.52 d
	1.59 cx
	1.55 B
	1.76 d
	1.95 c
	1.86 C

	Balady lime 
	1.87 ab
	1.96 a
	1.92 A
	2.28 bc
	2.60 a
	2.44 A
	1.83 b
	1.89 ab
	1.86 A
	2.19 b
	2.49 a
	2.34 A

	Mean**
	1.70 B
	1.82 A
	
	2.06 B
	2.32 A
	
	1.70 A
	1.79 A
	
	1.97 B
	2.22 A
	


                * and ** refer to specific effect of rootstock and fruit status (from which rind and adjacent leaves were sampled), respectively.
	Table (9): Ca content in leaf and fruit peel sampled from northern and southern sides of Hamlin trees periphery as affected by rootstock, fruit status and their combinations during both 2000/2001 and 2001/2002 seasons.

	Direction and fruit status
	Northern side
	Southern side

	
	Leaf  Ca  %
	Rind Ca %
	Leaf  Ca  %
	Rind Ca %

	Rootstock
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*

	
	2000/2001  season

	Sour orange
	5.26 a
	4.84 b
	5.05 A
	3.66 a
	3.24 c
	3.45 A
	5.32 a
	4.81 c
	5.07 A
	3.75 a
	3.27 c
	3.51 A

	Rough lemon
	4.94 b
	4.53 c
	4.74 B
	3.42 b
	3.24 c
	3.33 B
	5.02 b
	4.52 d
	4.77 B
	3.45 b
	3.24 c
	3.35 B

	Balady lime 
	4.26 d
	4.02 e
	4.14 C
	3.19 d
	3.00 e
	3.10 C
	4.31 e
	4.17 f
	4.24 C
	3.21 c
	3.08 d
	3.15 C

	Mean**
	4.82 A
	4.46 B
	
	3.42 A
	3.16 B
	
	4.88 A
	4.50 B
	
	3.47 A
	3.20 B
	

	
	2001/2002  sesason

	Sour orange
	4.96 a
	4.67 b
	4.82 A
	3.99 a
	3.69 b
	3.84 A
	5.25 a
	4.80 c
	5.03 A
	4.00 a
	3.70 b
	3.85 A

	Rough lemon
	4.60 b
	4.09 d
	4.35 B
	3.54 c
	3.37 d
	3.46 B
	5.07 b
	4.53 d
	4.80 B
	3.60 c
	3.38 d
	3.49 B

	Balady lime 
	4.30 c
	3.98 e
	4.14 C
	3.25 e
	3.11 f
	3.18 C
	4.82 c
	4.35 e
	4.59 C
	3.28 e
	3.13 f
	3.21 C

	Mean**
	4.62 A
	4.25 B
	
	3.59 A
	3.39 B
	
	5.05 A
	4.56 B
	
	3.63 A
	3.40 B
	


                   * and ** refer to specific effect of rootstock and fruit status (from which rind and adjacent leaves were sampled), respectively.
	Table (10): Mg content in leaf and fruit peel sampled from northern and southern sides of Hamlin trees periphery as affected by rootstock, fruit status and their combinations during both 2000/2001 and 2001/2002 seasons.

	Direction and fruit status
	Northern side
	Southern side

	
	Leaf  Mg  %
	Rind Mg %
	Leaf  Mg  %
	Rind Mg %

	Rootstock
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*

	
	2000/2001  season

	Sour orange
	0.47 ab
	0.51 a
	0.49 A
	0.21 dx
	0.34 b
	0.27 B
	0.48 ax
	0.52 ax
	0.50 A
	0.31 c
	0.36 b
	0.34 B

	Rough lemon
	0.43 bx
	0.44 b
	0.43 A
	0.21 dx
	0.29 c
	0.25 B
	0.43 bx
	0.51 ax
	0.47 A
	0.21 d
	0.22 d
	0.22 C

	Balady lime 
	0.42 bx
	0.45 b
	0.43 A
	0.32 bc
	0.37 a
	0.34 A
	0.47 ab
	0.53 ax
	0.50 A
	0.37 b
	0.41 a
	0.39 A

	Mean**
	0.44 A
	0.47 A
	
	0.25 B
	0.33 A
	
	0.46 B
	0.52 A
	
	0.29 B
	0.33 A
	

	
	2001/2002  season

	Sour orange
	0.45 bx
	0.50 ax
	0.47 A
	0.37 b
	0.35 b
	0.36 A
	0.43 bx
	0.48 ax
	0.45 A
	0.30 dx
	0.33 cd
	0.31 B

	Rough lemon
	0.40  cx
	0.44 bc
	0.42 B
	0.25 d
	0.29 c
	0.27 B
	0.38 cx
	0.42 bc
	0.40 B
	0.24 ex
	0.26 ex
	0.25 C

	Balady lime 
	0.48 ab
	0.52 ax
	0.50 A
	0.37 b
	0.45 a
	0.41 A
	0.45 ab
	0.47 ax
	0.46 A
	0.36 bc
	0.43 ax
	0.40 A

	Mean**
	0.44 A
	0.48 A
	
	0.33 B
	0.36 A
	
	0.42 A
	0.45 A
	
	0.30 B
	0.34 A
	


                    * and ** refer to specific effect of rootstock and fruit status (from which rind and adjacent leaves were sampled), respectively.
	Table (11): Fe content in leaf and fruit peel sampled from northern and southern sides of Hamlin trees periphery as affected by rootstock, fruit status and their combinations during both 2000/2001 and 2001/2002 seasons.

	Direction and fruit status
	Northern side
	Southern side

	
	Leaf  Fe  (ppm)
	Rind Fe (ppm)
	Leaf  Fe  (ppm)
	Rind Fe (ppm)

	Rootstock
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*

	
	2000/2001  season

	Sour orange
	61.0 b
	64.0 b
	62.5 B
	35.0 b
	35.0 b
	35.0 B
	62.6 a
	60.6 a
	61.6 A
	39.2 bc
	38.6 c
	38.9 A

	Rough lemon
	64.8 b
	71.0 a
	67.9 A
	39.6 a
	36.6 b
	38.1 A
	59.8 a
	65.0 a
	62.4 A
	38.6 cx
	41.2 a
	39.9 A

	Balady lime 
	59.2 b
	61.2 b
	60.2 B
	35.6 b
	41.6 a
	38.6 A
	66.2 a
	60.4 a
	63.3 A
	40.6 ab
	37.2 c
	38.9 A

	Mean**
	61.7 B
	65.4 A
	
	36.7 A
	37.7 A
	
	62.9 A
	62.0 A
	
	39.5 A
	39.0 A
	

	
	2001/2002  season

	Sour orange
	80.0 ax
	70.4 cd
	75.2 A
	49.8 b
	55.4 a
	52.6 A
	79.2 ax
	69.8 b
	74.5 A
	54.6 b
	58.2 a
	56.4 A

	Rough lemon
	75.8 ab
	73.2 bc
	74.5 A
	49.4 b
	49.2 b
	49.3 B
	75.2 ab
	71.0 b
	73.1 A
	57.4 a
	54.2 b
	55.8 A

	Balady lime 
	74.2 bc
	67.8 dx
	71.0 B
	54.0 a
	54.0 a
	54.0 A
	69.6 bx
	64.8 c
	67.2 B
	51.2 c
	50.0 c
	50.6 B

	Mean**
	76.7 A
	70.5 B
	
	51.1 A
	52.9 A
	
	74.7 A
	69.0 B
	
	54.4 A
	54.1 A
	


                   * and ** refer to specific effect of rootstock and fruit status (from which rind and adjacent leaves were sampled), respectively.
	Table (12): Mn content in leaf and fruit peel sampled from northern and southern sides of Hamlin trees periphery as affected by   

                   rootstock, fruit status and their combinations during both 2000/2001 and 2001/2002 seasons.



	Direction and fruit status
	Northern side
	Southern side

	
	Leaf  Mn  (ppm)
	Rind Mn (ppm)
	Leaf  Mn  (ppm)
	Rind Mn (ppm)

	Rootstock
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*

	
	2000/2001  season

	Sour orange
	41.0 c
	33.2 e
	37.1 B
	26.4 b
	20.8 cx
	23.6 B
	43.2 b
	32.4 d
	37.8 B
	26.9 c
	23.5 d
	25.2 B

	Rough lemon
	52.2 a
	43.9 b
	48.0 A
	32.3 a
	26.1 bx
	29.2 A
	52.2 a
	43.4 b
	47.8 A
	36.5 a
	31.0 b
	33.8 A

	Balady lime 
	37.1 d
	33.2 e
	35.2 B
	25.3 b
	22.2 bc
	23.8 B
	39.4 c
	35.0 d
	37.2 B
	25.8 c
	23.0 d
	24.4 B

	Mean**
	43.4 A
	36.8 B
	
	28.0 A
	23.0 B
	
	44.9 A
	36.9 B
	
	29.7 A
	25.9 B
	

	
	2001/2002  season

	Sour orange
	48.7 c
	44.2 d
	46.5 C
	42.3 b
	36.0 c
	39.1 AB
	54.5 b
	45.2 dx
	49.8 B
	40.2 bx
	36.0 de
	38.1 B

	Rough lemon
	59.4 a
	49.0 c
	54.2 A
	46.9 a
	36.5 c
	41.7 AX
	59.8 a
	51.9 bc
	55.9 A
	46.2 ax
	37.7 cd
	41.9 A

	Balady lime 
	53.9 b
	49.3 c
	51.6 B
	41.0 b
	34.4 c
	37.7 Bx
	49.1 c
	43.4 dx
	46.3 C
	38.9 bc
	35.4 ex
	37.2 B

	Mean**
	54.0 A
	47.5 B
	
	43.4 A
	35.7 B
	
	54.5 A
	46.9 B
	
	41.8 A
	36.4 B
	

	* and ** refer to specific effect of rootstock and fruit status (from which rind and adjacent leaves were sampled), respectively.


	* and ** refer to specific effect of rootstock and fruit status (from which rind and adjacent leaves were sampled), respectively.
Table (13): Zn content in leaf and fruit peel sampled from northern and southern sides of Hamlin trees periphery as affected by   

                    rootstock, fruit status and their combinations during both 2000/2001 and 2001/2002 seasons.
Direction and fruit status

Northern side

Southern side

Leaf  Zn  (ppm)
Rind Zn (ppm)
Leaf  Zn  (ppm)
Rind Zn (ppm)
Rootstock

Normal

Creased

Mean*
Normal

Creased

Mean*
Normal

Creased

Mean*
Normal

Creased

Mean*
2000/2001  season
Sour orange

31.5 d

27.5 e

29.5 C

25.6 b

20.4 c

23.0 A

39.0 d

33.9 ex
36.5 C

22.4 b

18.2 cx
20.3 B

Rough lemon

48.6 a

41.0 b

44.8 A

28.2 a

20.2 c

24.2 A

50.7 a

45.1 bx
47.9 A

30.8 a

21.6 bc

26.2 A

Balady lime

40.6 b

36.6 c

38.6 B

21.6 c

15.2 d

18.4 B

43.0 bc

41.4 cd

42.2 B

24.8 b

15.4 dx
20.1 B

Mean**
40.2 A

35.0 B

25.1 A

18.6 B

44.3 A

40.2 B

26.0 A

18.4 B

2001/2002  season
Sour orange

37.1 bc

32.9 cd

35.0 B

34.0 b

28.0 c

31.0 B

36.4 c

31.4 d

33.9 B

38.1 ax
28.6 bc

33.3 A

Rough lemon

47.0 ax
39.9 bx
43.4 A

37.2 a

28.7 c

33.0 A

43.1 a

39.9 b

41.5 A

39.6 ax
29.4 bx
34.5 A

Balady lime

34.6 cx
30.9 dx
32.8 B

27.9 d

24.8 e

26.3 C

34.4 c

29.0 e

31.7 B

26.6 cd

24.6 dx
25.6 B

Mean**
39.6 A

34.6 B

33.0 A

27.2 B

38.0 A

33.4 B

34.8 A

27.5 B

Table (14): Cu content in leaf and fruit peel sampled from northern and southern sides of Hamlin trees periphery as affected by rootstock, fruit status and their combinations during both 2000/2001 and 2001/2002 seasons.

	Direction and fruit status
	Northern side
	Southern side

	
	Leaf  Cu  (ppm(
	Rind Cu (ppm(
	Leaf  Cu  (ppm)
	Rind Cu (ppm)

	Rootstock
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*
	Normal
	Creased
	Mean*

	
	2000/2001  season

	Sour orange
	11.4 c
	12.8 b
	12.1 C
	x8.3 c
	x8.1 c
	x8.2 C
	12.9 c
	13.4 bc
	13.1 B
	9.4 d
	12.0 c
	10.7 C

	Rough lemon
	13.4 b
	13.6 b
	13.5 B
	12.4 b
	13.1 b
	12.8 B
	14.2 a
	13.9 ab
	14.1 A
	12.1 c
	13.5 b
	12.8 B

	Balady lime 
	14.7 a
	14.6 a
	14.6 A
	15.9 a
	15.9 a
	15.9 A
	14.8 a
	14.5 ax
	14.6 A
	13.4 b
	15.4 a
	14.4 A

	Mean**
	13.2 A
	13.7 A
	
	12.2 A
	12.4 A
	
	14.0 A
	13.9 A
	
	11.6 B
	13.6 A
	

	
	2001/2002  season

	Sour orange
	10.8 b
	11.5 b
	11.2 C
	11.1x d
	11.3 d
	11.2 C
	11.5x c
	12.3 bc
	11.9x B
	12.1x d
	12.9 c
	12.5 C

	Rough lemon
	11.2 b
	12.6 a
	11.9 B
	11.9 cd
	12.7 b
	12.3 B
	12.0 ab
	12.9 ab
	12.5 AB
	13.1x c
	14.4 b
	13.7 B

	Balady lime 
	13.2 a
	13.2 a
	13.2 A
	15.2x a
	15.7 a
	15.5 A
	12.9x a
	13.7x a
	13.3x A
	15.3 ab
	15.5 a
	15.4 A

	Mean**
	11.7 A
	12.5 A
	
	12.7 A
	13.2 A
	
	12.1 A
	13.0 A
	
	13.5 A
	14.2 A
	


                   *  and ** refer to specific effect of rootstock and fruit status (from which rind and adjacent leaves were sampled), respectively
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دراسات كيموفسيولوجية على بعض النواحي الإثمارية في البرتقال

1- تأثير الأصل و الاتجاه الجغرافي و حالة الثمار

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  لدراسة تأثير الأصل المطعوم عليه (3 أصول هي النارنج –الليمون المخرفش – الليمون البلدي ) في تراكيب مع الاتجاه الجغرافي للأفرع الحاملة للثمار ( شمالاً أو جنوباً ) على كل من صفات الجودة و معدل انتشار التبحير بثمار أشجار البرتقال الهاملين و كذلك الحالة الغذائية (المحتوى المعدني لكل من الأوراق و قشرة الثمار ) . أظهرت نتائج القياس الدوري لنسبة التبحير التزايد التدريجي من القراءة الأولى وحتى الأخيرة في الأسبوع الأخير من نوفمبر وفبراير على التوالي . هذا وكان التأثير النوعي للأصل واضحاً في هذا الصدد حيث سجل الليمون المخرفش أقل نسبة تبحير و العكس مع الليمون البلدي بينما جاء النارنج وسطاً بينهما . وعلى الجانب الآخر فقد استجاب معدل ظهور التبحير نوعياً للاتجاه الجغرافي لتسجل ثمار أفرع النصف الشمالي من محيط الشجرة أعلى نسبة و العكس كان صحيحاً مع الجانب الجنوبي لحجر الشجرة .

أما بالنسبة للحالة الغذائية وعلا قتها بالتبحير فقد أوضحت الدراسة أن قشرة الثمار السليمة والأوراق تتميز بمحتواها العالي من عناصر الكالسيوم والمنجنيز والزنك مقارنة بالثمار المبحرة والعكس كان صحيحا مع النيتروجين والفوسفور والبوتاسيوم والماغنسيوم بينما لم يكن للحديد والنحاس أي اتجاه في هذا الصدد.     
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