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Abstract:  Citrus fruits have the majority 

importance of fruit crops in Egypt.  Limes 

come next to both of oranges and 

mandarin, whereas lime trees are grown 

mainly in new reclaimed sandy soils for 

favorite production and exportation 

potential.  This study was carried out 

during two seasons 2003 and 2004 on 

organically fertilized Egyptian lime trees 

grown in reclaimed sandy soil of the 

experimental station in El-Ghoraieb 

region, Faculty of Agriculture, Assiut 

University.  The objective of this 

investigation was to improve fruit quality 

of organically fertilized Egyptian lime 

trees by using both of GA3 (0, 5 or 10 

ppm, sprayed 2 weeks after fruit set) and 

Nitropine (strains of nitrogen fixing 

bacteria) or Phosphorine (phosphate 

dissolving bacteria) at rate of 100 g/tree, 

each applied at fruit set.  The obtained 

results of this study showed that spraying 

GA3 alone and both of Nitropine or 

Phosphorine induced significant 

improvement of physical and chemical 

characteristics of mature fruit.  

Phosphorine was more effective in 

improving fruit quality than Nitropine.  

Moreover, the combination between GA3 

(10 ppm) and Phosphorine gave the best 

results in this connection, specially for 

fruits that were harvested at the 3
rd
 harvest 

date.  Therefore, it could be recommended 

to spraying GA3 (10 ppm) combined with 

100 g of Phosphorine/tree to organically 

fertilized trees and fruits should be picked 

at the 3
rd
 harvest date (at the 2

nd
 or 3

rd
 

week of August) for improving fruit 

quality of Egyptian lime under the same 

conditions of this study. 
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Introduction 

 Citrus trees are the most important 

fruit crop in Egypt, moreover, 

Egyptian lime is considered the 

favorite fruit crop grown in new 

reclaimed sandy soil for its production 

and exportation potential.  

Biofertilization of citrus under Upper 

Egypt conditions has received little 

attention, although, biofertilizers play 

an important role in enhancement 

citrus productivity, specially of trees 

grown in new reclaimed sandy soils.  

Moreover, biofertilizers are safe for 

human, animal and environment.  

Furthermore, producing organic 

healthy lime fruits could not be 

achieved without using biofertilizers.  

Biofertilizers could be improved crop 

productivity through increasing 

biological N-fixation, availability and 
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uptake of nutrients, as well as 

stimulation of natural hormones 

(Kannayan, 2000; Abd El-Moniem 

and Radwan, 2003; Abd El-Moniem 

et al., 2003 and Hegab et al., 2005). 

 Spraying antioxidant and 

biofertilizer either alone or in 

combinations on some banana cvs. 

caused a remarkable promotion on 

growth pramaters, bunch weight, 

physical and chemical properties of 

fruits (El-Shammaa, 2001; Ahmed et 

al., 2003 and Mostafa and Abou-

Raya, 2004). 

 Furthermore, applying some 

biofertilizers to Zaghloul date palm cv 

grown in Marriout region, Alexandria 

Governorate improved yield 

weight/palm as well as physical and 

chemical characteristics of fruits 

(Osman, 2003). 

 Several researches were carried out 

on gibberellins treatments on citrus 

crops.  For instance, GA3 increased 

yield and fruit juice % of Hamlin 

orange and  had slightly effect on fruit 

weight in Clementine mandarin 

(Guardiola, 2000), improved physical 

and chemical characteristics of Balady 

lime fruits (Citrus aurantifolia) (El-

Agamy et al., 2004).  Studying effects 

of spraying GA3 on treated citrus 

fruits with biofertilizers alone or in 

combination with GA3 has been 

received a little attention, particularly 

under Upper Egypt conditions.  

 Therefore, the objective of this 

study was to examining the effects of 

spraying GA3 on quality of 

organically produced Egyptian lime 

fruits treated with some biofertilizers 

alone or in combination with 

biofertilizers and GA3 pramaters 

estimated during three different 

harvesting dates of Egyptian lime 

fruits grown in reclaimed sandy soil 

under Assiut governorate climatic 

conditions. 

Materials and Methods 

 This investigation was carried out 

during two consecutive seasons 

2002/2003 and 2003/2004 on 

Egyptian lime trees grown in 

reclaimed sandy soil (some physical 

and chemical properties of the 

experimental soil site are shown in 

Table (1,a), at El-Ghoraieb 

Experimental Station, Faculty of 

Agriculture, Assiut University.  Fifty-

four trees 14 years old, approximately 

at the same vigour were selected for 

this research.  Each tree received 50 

kg adult organic farmyard manure at 

the 1
st
 week of November (analysis of 

organic farm manure is shown in 

Table, 1,b.  Half of the selected trees 

were assigned for the 1
st
 season and 

the other half for the 2
nd

 season for 

achievement the objectives of this 

study. To assess the effects of 

applying some biofertilizers 

(Nitropene or Phosphorine at rate of 

100 g/tree each, they were added after 

fruit set (20 April and 6 May in 2003 

and 2004 seasons, respectively. As 

well as spraying GA3 (0, 5 or 10 ppm, 

2 weeks after fruit set during three 

different harvest dates (1
st
 harvest was 

at 15
th
 or 20

th
 July), (2

nd
 harvested was 
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at the 30
th
 July or 6

th
 August), and (3

rd 

harvest was at 14
th
 or 20

th
 August in 

2003 and 2004 season, respectively) 

on mature fruits quality 

characteristics. 

Fruit quality parameters were 

estimated as follow: 

1.  Physical characteristics of fruits: 

1.1.  Fruit weight: 

 Fruit weight (g) was estimated as 

average of ten mature fruits per 

replicate. 

 

 

1.2. Fruit volume: 

 This parameter was determined by 

measuring volume of the water 

displaced immersing the same ten 

fruit in graduated cylinder, thereafter, 

fruit volume (cc) was estimated as 

average of the ten fruit volume. 

1.3. Juice weight percentage: 

 Juice weight % per fruit was 

calculated by dividing juice weight (g) 

by fruit weight (g) using the following 

equation: 

100% x
weightFruit

weightJuice
weightJuice 

 

Table (1-a): Some soil physical and chemical properties of the experimental 

site*. 

Soil property 
Soil depth (cm)** 

0-30 30-60 

Sand (%) 91.38 91.60 

Silt (%) 5.27 4.98 

Clay (%) 3.35 3.91 

Texture Sandy Sandy 

Field capacity 15.95 16.17 

CaCO3 (%) 16.87 15.75 

Organic matter (%) 0.083 0.067 

pH (1:1 suspension) 8.44 8.38 

EC (dS/m
-1

) 1.64 1.59 

CEC (c mol
+1

/kg) 7.07 6.56 

Total N (%) 0.03 0.02 

NaHCO3-extractable P (ppm) 4.77 4.16 

NH4OAC-extractable K (ppm) 152.06 178.8 

NH4OAC-extractable Ca (ppm) 729.6 748.8 

NH4OAC-extractable Mg (ppm) 304.1 315.6 

DTPA-extractable Fe (ppm) 3.43 3.89 

DTPA-extractable Mn (ppm) 1.91 1.76 

DTPA-extractable Zn (ppm) 0.27 0.21 

DTPA-extractable Cu (ppm) 1.05 0.97 

* Soil and water Department, Faculty of Agriculture, Assiut University. 

** Each value represents the average of 3 samples. 
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Table (1-b): Analysis of organic farm manure 

Character 
Farm manure 

1
st
 season 2

nd
 season 

Moisture % 27.0 34.0 

pH value 6.8 7.0 

Total N % 0.56 0.62 

Total P % 0.36 0.46 

Total K % 1.54 1.60 

O.M. % 8.19 9.16 

C/N ratio 22.8:1 30.2:1 
 

1.4. Juice volume/fruit: 

 This parameter was measured by 

using a graduated cylinder as average 

of the extracted juice of 10 fruits. 

2. Chemical characteristics of fruit: 

2.1.  Total soluble solids percentage: 

 The percentage of total soluble 

solids (TSS%) in fruit juice was 

determined by using a hand 

refractometer. 

2.2.  Titratable acidity percentage: 

 Titratable acidity percentage (TA) 

(as grams of citric acid/100 ml juice) 

was determined by titrating 10 ml fruit 

juice against 0.3 N NaOH with 

phenolphythalin as an indicator 

according to A.O.A.C. (1995). 

2.3. Total soluble solids/acid ratio: 

 The ratio between TSS% and 

titratable acidity % (TSS/TA ratio) 

was calculated by dividing TSS% by 

TA % in fruit juice. 

Statistical analysis: 

 This study consists of three 

separate experiments; the 1
st
 

experiment was carried out on trees 

only fertilized with organic farm 

manure (untreated trees with 

biofertilizers as control trees), the 2
nd

 

experiments revealed trees treated 

with Nitropine (strains of nitrogen 

fixing bacteria Azotobacter sp.) beside 

applying the organic farm manure and 

the 3
rd
 experiment was carried out on 

trees treated with Phosphorine 

(phospahte dissolving bacteria 

Bacillus negaterium), in addition to 

applying the organic farm manure.  

Moreover, each experiment of this 

study was conducted in split-plot 

arrangement of randomized complete 

block design (CRB) with three 

replicates, one tree each, whereas, 

GA3 concentrations (0, 5 or 10 ppm) 

were assigned as four whole plots (A), 

while different harvest dates were 

considered as split-plot (B). 

 All recorded data were tabulated 

and statistically analysed according to 

Mead et al. (1993) using new L.S.D. 

at the level of 0.05 for comparing 

various treatment means. 
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Results and Discussion 

 The results obtained during the 

course of this study explaine physical 

and chemical characteristics of 

Egyptian lime fruits in response to 

Nitropine, Phosphorine and GA3, as 

well as harvesting date in 2003 and 

2004 seasons. 

1.Physical Characteristics of Fruits: 

1.1.  Weight and volume of fruit: 

 As shown in Tables (2 and 3) data 

clearly prove that all treatments 

significantly increased weight and 

volume of mature fruits not only 

between Nitropine, Phosphorine and 

GA3, but also among different harvest 

dates; all compared to untreated 

control fruits in 2003 and 2004 

seasons. 

 Concerning the harvest date effect 

on weight or volume of fruit, the later 

harvest date (the 3
rd
 date at 4

th
 or 20

th
 

of August) produced the heaviest 

weight and bigger volume than the 

anticipated harvest date (the 1
st
 harvest 

date at 15
th
 or 20

th
 of July) in the 2003 

and 2004 seasons, respectively. 

 Regarding the effects of 

biofertilizers, it was noticed that 

Phosphorine resulted in heavier and 

bigger fruits than Nitropine, and both 

of them induced higher fruit weight 

than untreated control fruits. 

 Moreover, the combinations 

between GA3 and biofertilizers or 

harvest date gave the heaviest weight 

and larger volume of mature fruits, 

specially the high concentration of 

GA3 (10 ppm) sprayed on treated trees 

with Phosphorine and picked fruits at 

the 3
rd
 harvest date in comparison 

with untreated control fruits in 2003 

and 2004 seasons. 

 The positive effects of Nitropine or 

Phosphorine applications on weight or 

volume of fruits could be due to 

realizing more fixing N and more 

available soluble phosphorus to 

treated trees than untreated one (Abd 

El-Moniem et al., 2003). These results 

confirm early reports by Ebrahiem 

and Mohamed (2000) on Balady 

mandarin, Abd El-Rahman (2002) on 

Navel orange trees, Abd El-Moniem 

and Radwan (2003) on Williams 

banana and Mohamed and Ragab 

(2003) on Balady mandarin.  

Furthermore, the enhancement effects 

of GA3 spraying on treated trees with 

biofertilizer on untreated trees could 

be attributed to increasing fruit juice 

volume through increasing cell 

enlargement during growth stages. 

 Additionally, mature fruit weights 

were higher weight and volume at the 

latest harvest date (the 3
rd
 date) than at 

the anticipated harvest date (the 1
st
 

date), this, could be due to decreasing 

the competition upon foods, not only 

between fruits themselves, but also 

between new shoots and fruits.  

Finally, it could be concluded that the 

obtained results of this study are in 

harmony with early findings reported 

by Guardiola (2000) on Clementine 

mandarin and El-Agamy et al. (2004) 

on Balady lime who deduced that both 

fruit weight and size was improved by  
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GA3 treatments.  As well as Abd El-

Moniem and Radwan (2003) found 

that applying biofertilizers (phosphate 

dissolving bacteria) to Williams 

banana increased bunch weight, 

number of heads/bunch and number 

of fingers/hand.  The same trend was 

observed by El-Sese (2005) on Balady 

mandarin. 

1.2.Juice weight and Volume/ Fruit: 

 Data presented in Tables (4 & 5) 

showed significant increases in both 

juice weight % and juice volume (cc) 

per mature fruit in response to 

application of either biofertilizers 

(nitropine or phosphorine) alone or 

combinations between biofertilizers 

and GA3 spraying, as well as among 

different harvest dates in 2003 and 

2004 seasons. 

 Moreover, the effects of 

biofertilizers or GA3 spraying, as well 

as harvest dates on juice weight % or 

juice volume (cc)/fruits showed the 

same trend of the treatments effects on 

fruit weight or volume as discussed in 

aforementioned parameters of this 

study. 

 According to this results, spraying 

20 ppm GA3 on treated trees with 

phosphorine gave the best results 

when mature fruits were picked at the 

latest harvest date (the 3
rd
 date). 

 These findings of this study are on 

line with what have been reported by 

Ebrahiem and Mohamed (2000) on 

Balady mandarin, Mohamed and 

Ragab (2003) on Balady mandarin 

and El-Agamy et al. (2004) on Balady 

lime who deduced that juice % was 

significantly higher in fruits of trees 

receiving GA3 at 5 or 10 ppm in 

comparison with the untreated control 

trees. 

2. Chemical Characteristics of 

Fruits: 

2.1.  Total soluble solids percentage 

in fruit juice: 

 Data from Table (6) indicated that 

total soluble solids % (TSS%) in juice 

of mature lime fruits significantly 

increased at later harvest date than the 

anticipated harvest date among all 

treatments in 2003 and 2004 seasons. 

 Regarding to biofertilizers 

application, it was obviously that 

phosphorine induced higher TSS% in 

juice than nitropine, in contrarily, GA3 

spraying resulted in significant 

decrease in TSS% in lime juice, with 

the exception of the high 

concentration of GA3 (10 ppm) 

slightly increased TSS% in lime juice, 

all compared with untreated control 

fruits in 2003 and 2004 seasons. 

 The negative effect of GA3 

spraying on TSS% in lime juice could 

be due to delaying effect of GA3 on 

fruit maturation rather than untreated 

fruits with GA3. 

 These obtained results of this study 

confirm the early findings of Ahmed 

et al. (1988) on Egyptian Balady lime, 

Ebrahiem and Mohamed (2000), who 

deduced that farmyard manure 

improved TSS% in fruit juice of 

Balady mandarin, Ahmed et al.  
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(2003) on Flame seedless grapevines, 

El-Sese (2005) on Balady mandarin, 

Hegab et al. (2005) on Balady 

mandarin and El-Agamy et al. (2004) 

who demonstrated that TSS% was 

slightly increased as a result of GA3 

application.  On the other hand, the 

obtained results of this study in this 

connection are in disagreement with 

those found by Mohamed and Ragab 

(2003) on Balady mandarin, who 

reported that organic manure applied 

at ratios above 50% of inorganic N 

source to Balady mandarin trees 

tended to decrease most of the 

chemical properties of fruit juice. 

2.2. Titratable acidity % in fruit 

juice: 

 Data presented in Table (7) 

indicated that all treatments with 

biofertilizers or GA3, as well as 

harvest date of mature fruits 

significantly increased titratable 

acidity % (as grams of citric acid/100 

g. juice) in 2003 and 2004 seasons. 

 Concerning the effect of 

biofertilizers on titratable acidity % in 

lime fruit juice, it was clear that both 

of nitropine and phosphorine induced 

significant increase in comparison to 

untreated control trees in 2003 and 

2004 seasons. 

 Regarding to GA3 effects on 

titratable acidity % in lime juice, it 

was clear that spraying GA3 alone or 

in combination with biofertilizers 

significantly increased titratable 

acidity % in lime juice, except 

spraying GA3 on treated trees with 

phosphorine during the 1
st
 studied 

season wherein induced a slight 

decrease in titratable acidity % in lime 

juice compared to untreated control 

fruits. 

 On the other hand, according to the 

obtained results of this table, it could 

be noticed that of the anticipated 

harvest date (1
st
 harvest), fruit juice 

had lower titratable acidity, followed 

by the latest harvest date (the 3
rd
 

harvest), then the middle harvest date 

(the 2
nd

 harvest) whereas the highest 

value of titratable acidity % was 

obtained from the untreated control 

fruits during the two studied seasons.  

Furthermore, the latest harvest date 

(the 3
rd
 harvest) gave the highest value 

of titratable acidity % in mature of 

lime juice in comparison with 

untreated control fruits in 2003 and 

2004 seasons. 

 These obtained findings of this 

study are in parallel with those 

pointed out by Mohamed and Ragab 

(2003) on Balady mandarin and Abd 

El-Hady (2003) on grapevines, 

Osman (2003) on Zaghloul date palm, 

Mostafa (2004) on Grand Nain 

banana, and El-Sese (2005) on Balady 

mandarin, whereas they reported that 

organic manure as well as 

biofertilizers induced remarketable 

increase in total acidity % in fruit 

juice. 

 On the other hand, the obtained 

results of this study are on contrary to 

the results revealed by Ebrhiem and 

Mohamed (2003) on Balady mandarin 

trees, Ahmed et al. (2003) on Flame  
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seedless grapevines, Abd El-Moniem 

et al. (2003) on Fagrikalan and 

Elphonse mango trees, Abd El-

Rahman (2003) on Novel orange and 

Hegab et al. (2005) who reported that 

organic manure or biofertilizers 

induced a reduction in total acidity % 

in fruit juice.  Concerning GA3 effects 

on total acidity % in lime juice, El-

Agamy et al. (2004) have been 

observed a slight effect on acidity % 

in Balady lime fruit juice. 

2.3.  Ratio between total soluble 

solids and titratable acidity in juice: 

 Data presented in Table (8) 

illustrated that all treatments with 

biofertilizers or GA3 induced 

significant decrease in values of the 

ratio between the total soluble solids 

and the titratable acidity in lime fruit 

juice, with the exception of the 

combination between phosphorine 

and GA3 at the 1
st
 season of the study. 

 Concerning the effect of harvest 

date on TSS/acid ratio in lime fruit 

juice, it was obvious that anticipated 

harvest date of untreated mature fruits 

gave the highest value of TSS/acid 

ratio, followed by the later harvest 

date (the 3
rd
 harvest), then the middle 

harvest (the 2
nd

 harvest), where it had 

the lower value of TSS/acid ratio in 

2003 and 2004 seasons. 

 Decreasing of TSS/acid ratio 

values in response to the treatments 

with biofertilizer or GA3 could be due 

to inducing an increase of titratable 

acidity in lime fruit juice rather than 

the increase of TSS by the treatments 

carried out during this study. 

 These obtained results of this study 

are in harmony with those reported by 

Abd El-Moniem et al. (2003) on 

Fagrikalan and Elphonse mango trees, 

Abd El-Rahman (2003) on Navel 

orange trees, Hegab et al. (2005) on 

Balady orange who found that organic 

manure or biofertilizer alone or in 

combination with some growth 

regulators revealed on positive effects 

on TSS/acid ratio in fruit juice. 
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تحسين جودة ثمار الليمون المصرى المالح المنتجة عضوياً بإضافة بعض 
 المخصبات الحيوية وحمض الجبريليك

 فاروق محمد أحمد مصطفى

 جامعة أسيوط –كلية الزراعة  –لسم البساتين 

للموالح أهمية رئيسية فى مصر وخاصة الليموون المصورا الموالح لكومو  مون أمسوا المحاصوي  
ى الأرايووى الرمليووة حديلاووة ا ستصوويت  متاجيتوو  المماسووبة ورمكاميووة تصوودير للزراعووة العيوووية فوو

على أشجار الليمون المصرا الموالح  3002،  3002لاماره، لذا أجريت هذه الدراسة خي  موسمى 

الممزرعووة فووى أرل رمليووة مستصوولحة بمحطووة التجووارا البحلايووة بالرريووا بكليووة الزراعووة جامعووة 
دا رمكاميوة تحسووين خصوائج الجووودر للاموار الليمووون المصورا المووالح أسويوط ، كمحاولووة لدراسوة موو

ض بةيووافة بعوول المخصووبات الحيويووة و المتووروبين والفوسووفورين بمعوود   جووم    000الممتجووة عيووويا
جزء فى المليون بعد  00أو  5و بتركيز  GA3شجرر بعد العمد مباشرر ( مع رش حمل الجبريلين 

مع اللامار المكتملة الممو خوي  لايلاوة مواعيود مختلفوة للجموع هوى أسبوعين من عمد اللامار( ولمد تم ج
الأو  فى الأسبوع اللاامى أو اللاالث من يوليوو واللاوامى بعوده بوسوبوعين مون الأو  واللاالوث بعود الأو  
بحوالى شورر   ولتحميوك هودذ هوذه الدراسوة أجريوت لايلاوة تجوارا صوممت كو  ممروا بم وام المطوع 

 ع استخدام لايلاة مكررات وشجرر لك  مكررر  الممشمة كاملة العشوائية م

 أهم المتائج فيما يلى : 

  أدت جميوع المعوواميت بالمخصوبات الحيويووة أو حموول الجبريليون أو التفاعوو  بيومرم رلووى حوودوث
توولايرات ريجابيووة معمويووة فوى كوو  موون الصوفات الطبيعيووة لللامووار و وزن وحجوم اللاموورر ، وزن وحجووم 

يائيووة لعصووير اللاموورر والمسووبة المئويووة للمووواد الصوولبة الذائبووة الكليووة عصووير اللاموورر ( والصووفات الكيم
TSS%  الحموية الكلية ، والعيلة بيمرما ،TSS/acid ratio   ) 

  تفولت المعاملة بالفوسفورين على ك  من المتروبين أو حمل الجبريليون فوى تحسوين خصوائج
 جودر اللامار فى مواعيد الجمع اللايلاة  

 جووزء فووى المليووون ( بالتفاعوو  مووع  00تركيز العووالى موون حموول الجبريليوون وأدت المعاملووة بووال

الفوسووفورين رلووى الحصووو  علووى أفيوو  خصووائج جووودر لللامووار خاصووة فووى ميعوواد الجمووع المتوووخر 
 واللاالث خي  الأسبوع اللاامى أو اللاالث من شرر أغسطس (  

  توم جمعروا فوى الميعواد بخصوج مواعيد الجمع اللايلاة وجد أن أفي  صفات جودر لللامار التوى
 المتوخر و اللاالث (  

جم من المخصا الحيوا الفوسفورين مع رش الأشجار بتركيوز  000وعلي  يمكن التوصية بةيافة 
جزئ فى المليون من حمل الجبريلين بعد العمد بوسبوعين مع جمع اللامار متوخراض فى أغسطس  00

 صرا المالح تحت  روذ الدراسة  وذلن للحصو  على أفي  صفات جودر للامار الليمون الم


