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ABSTRACT 
 

A study was carried outunder plastic house at the nursery of 
Hort. Res. Inst., Giza, Egypt during 2010 and 2011 seasons to find out 
the role of fertilization with phosphorene (a biofertilizer contains a 
specific clone of bacteria that transfers the unavailable triphosphate to 
available monophosphate) at the rates of 0, 50 and 100 ml/pot in 
reducing the deleterious effects of saline water at the levels of 0, 2000, 
4000, 6000, 8000 and 10000 ppm (prepared from an equal mixture of 
NaCl and CaCl2 salts, 1:1 by weight) on growth and quality of 
Waringin fig (Ficus benjamina L.) transplants (one-year-old) grown in 
30-cm-diameter plastic pots filled with 7 kg of a sand + clay mixture 
(1:1, v/v). 

The obtained results indicated that survival (%) was significantly 
reduced at the high salinity levels (8000 and 10000 ppm), and the 
percent of mortality was 100% for plants irrigated with 10000 ppm 
saline water and dressed with either zero or 50 ml phosphorene/pot. 
All vegetative and root growth parameters were progressively 
decreased with increasing salinity level, except for fresh and dry 
weights of roots which improved on account of 2000 and 4000 ppm 
levels. On the other hand, all of these parameters were significantly 
improved in response to phosphorene treatments, with the superiority 
of 100 ml/pot treatment that gave the highest means in this regard. 
The percentage of salt resistance index (SRI%) was more than 100% 
for control plants and those ones irrigated with 2000, 4000 and 6000 
ppm saline water in the presence of either 50 or 100 ml 
phosphorene/pot. Leaf content of chlorophylls a and b, as well as N, P 
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and K was gradually decreased with increasing salinity level, but was 
significantly augmented in response to phosphorene application, 
especially at the rate of 100 ml/pot, which gave the highest content at 
all. The opposite was the right concerning carotenoids, Na, Cl and 
proline content. 

In conclusion, the previous results reveal that one-year-old 
transplants of Waringin fig (Ficus benjamina L.) grown in 30-cm-
diameter plastic pots can tolerate salinity of irrigation water up to 
6000 ppm, with good performance and healthy growth if fertilized 
monthly with 100 ml phosphorene/pot, three times throughout the 
growing season. 

 

INTRODUCTION 
 

The need to more of tolerant plants to salinity is still one of the 
most important demands necessary for beautification of coastal areas 
and surround lakes, as the tourist villages and new communities 
increase day by day. Among pot plants may serve in this concern 
Ficus benjamina L. Waringin fig (Fam: Moraceae). It is one of the 
most commonly grown indoor plants, native to tropical and sub-
tropical regions, tree or shrub, epiphytic when young (Bailey, 1976). 
Its shape, canopy, deep green and brilliant leaves with wide-spreading, 
conical crown of drooping, slender branches make it graceful for 
landscaping (Chin, 2000). Most of ficus species considered sensitive 
to salt stress (Hattatt, 2001), but a good nutrition may play a role in 
reducing such sensitivity (Handreck and Black, 2002). 

Salinity, on the other hand, affects almost all aspects of plant 
growth and development. In this regard, Devecchi and Remotti 
(2004) reported that the first damage effects of a high salt yellowings, 
necroses, presence of dry leaves, malformations and anomalies on the 
leaves of Berberis candidula, Pyracantha coccinea and Viburnum 
davidii. The typical symptoms were also observed on the leaves of 
Cotoneaster salicifolius due to the root absorption of salts containing 
Cl ions, which causes partial or total destruction of chlorophylls, and 
therefore the death of these parts. In addition, Devecchi et al., (2005) 
claimed that NaCl caused a progressive browning in the leaves of 
Lonicera pileata from the end of the leaf to its base, while in 
Euonymus fortunei and Hedera helix caused a progressive and 
diffused yellowing on all the leaf followed by withering. Besides, 
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some physiological disturbances may occur in stomatal conductance, 
transpiration, enzymatic activities, photosynthesis and leaf and root 
activity. Consequently reduction of vegetative and root growth, flower 
quality and yield, as well as biomass decrement might be observed. 
These disorders were already registered by Al-Qubaie et al., (2003) 
on Bougainvillea glabra, Jasminum azoricum and Conocarpus 
erectus, Zhang et al., (2004) on Nitraria sibirica, Cabrera et al., 
(2005) on Rosa spp., Jou et al., (2006) on Mesembryanthemum 
crystallinum, Giri et al., (2007) on Acacia nilatica and Mahmoud et 
al., (2008) who demonstrated that increasing salinity of diluted sea 
water up to 50% greatly reduced survival (%), vegetative and root 
growth, salt resistance index (%) and pigments content in the leaves of 
both Dovyalis caffra and Lantana camara transplants, while Na, Cl 
and proline content in the leaves of both plants was markedly 
increased. 

A biofertilizer phosphorene was suggested since years ago for 
improvement soil properties and enhancing plant growth. In this 
connection, Hussien (2004) found that phosphorene, ascobene and 
rhizobacterene biofertilizers increased vegetative growth and bulb 
productivity of Iris tingitana cv. Wedgwood, as well as pigments 
content in the leaves, and total carbohydrates, N, P and K in the leaves 
and bulbs. Shahin (2005) stated that a combination of enciabene + 
phosphorene + k-sulphate improved growth, density and colour of 
Paspalum vaginatum turf grown in either sandy or loamy soil. On Iris 
tingitana cv. Wedgwood, Ahmed and El-Tayeb (2008) postulated 
that fertilization with 5g/pot nitrobene + 5g/pot phosphorene + 2g/pot 
NPK (1:2:1) gave the best growth, flowering, bulb productivity and 
chemical composition. Similarly, were those results revealed by 
Abdel-Fattah (1998) on globe artichoke, Salem et al., (2006) on flax 
and El-Sirafy et al., (2006) on Egyptian winter wheat. 

Such trial, however aims to explore the role of phosphorene in 
alleviating the harmful effects of irrigation with saline water on 
growth, quality and chemical composition of the salt-sensitive 
Waringin fig (Ficus benjamina L.) plant. 
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MATERIALS AND METHODS 
 

A series of pot experiments was consummated under plastic 
house at the nursery of Hort. Res. Inst., Giza, Egypt throughout the 
two consecutive seasons of 2010 and 2011 to find out the effects of 
saline water, phosphorene and their interaction on growth behaviour 
and chemical composition of Waringin fig (Ficus benjamina L) 
transplants, and determining the most favorite level of phosphorene 
suitable for improving growth under salt stress. 

So, one-year-old homogenous transplants of F. benjamina L. 
(25-27 cm height, 4-5 mm stem diameter and 5-6 branches) were 
planted on March, 1st in the two seasons in 30-cm-diameter plastic 
pots (one transplant/pot) filled with about 7 kg/pot of a mixture 
consisted of  sand and clay at the ratio of 1:1, by volume. The physical 
and chemical properties of the used sand and clay in both seasons are 
shown in Table (a). 
Table (a): Some physical and chemical properties of the used sand 
and clay during 2010 and 2011 seasons. 
 

 
Immediately after planting, the transplants were irrigated once 

every three days with 500 ml of fresh water/pot until first of April, as 
the following treatments were applied: 
 

A. Saline water treatments: 
A pure salt of NaCl was mixed well with a pure one of CaCl2 at 

the ratio of 1:1, by weight. Thereafter, saline water was prepared from 
the salts mixture at the levels of 0, 2000, 4000, 6000, 8000 and 10000 
ppm, and each pot was irrigated with 750 ml of the different saline 
water treatments twice a week till the end of experiment on October, 
30th. 
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B. Phosphorene treatments: 
As phosphorene (a biofertilizer contains a specific clone of 

bacteria which changes the unavailable triphosphate to available 
monophosphate) was added to the soil mixture in a liquid form at the 
rates of 0, 50 and 100 ml/pot, three times commencing from April, 
15th (i.e. after irrigation with saline water by two weeks) with one 
month interval. 

 

C. Saline water and phosphorene interaction treatments: 
As each treatment of saline water was combined with each one 

of phosphorene to form eighteen interaction treatments. 
The transplants, however were fertilized three times during the 

course of the study with 5 g/pot of a compound chemical fertilizer 
(NPK, 1:1:1), as the first dose was drenched in the soil mixture at 
planting time, while the second and third ones were added bimonthly 
afterwards. 

The layout of the experiment in the two seasons was a complete 
randomized design of three replicates with six transplants per replicate 
(Mead et al., 1993). At the end of the experiment, data were 
registered as follows: survival (%), plant height (cm), stem diameter at 
the base (cm), number of branches and leaves/plant, leaf area (cm2), 
the longest root length (cm), number of lateral roots/plant, and aerial 
parts and roots fresh and dry weights (g).A salt resistance index 
percentage (SRI%), as a real indicator for salt tolerance, was 
calculated from the equation described before by Wu and Huff 
(1983): 

SRI (%) = Mean root length of the longest root in salt treated 
plant/Mean root length of the longest root in control × 
100 

In fresh leaf samples taken from the middle parts of plants, the 
pigments content (chlorophyll a, b and carotenoids, mg/g F.W.) was 
determined according to the method of Moran (1982), while in dry 
samples, the percentages of nitrogen(Pregl, 1945), phosphorus 
(Luatanab and Olsen, 1965), potassium and sodium (using Flame 
photometer set) and chloride (Jackson, 1973) were measured. 
Moreover, content of free proline as mg/g F.W. was assessed in fresh 
leaf samples using the method explained by Bates et al., (1973). 
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Data were then tabulated and statistically analyzed according to 
SAS program (1994) using Duncan's Multiple Rang Test (1955) for 
verifying the means of various treatments. 

 

RESULTS AND DISCUSSION 
 

Effect of saline water, phosphorene and their interaction on: 
1. Vegetative and root growth characters: 

Data in Table (1) exhibit that survival (%) was only reduced at 
the highest salinity concentrations to reach more than 70 and 80% in 
the first and second seasons, respectively for 8000 ppm level, while 
for 10000 ppm one, it was slightly more than 16% in both seasons. 
Phosphorene treatments, however significantly improved such 
parameters, especially the rate of 100 ml/pot, which gave the highest 
survival% comparing with zero and 50 ml/pot levels. Mortality was 
only 100% when plants irrigated with 10000 ppm saline water and 
dressed with either zero or 50 ml/pot of phosphorene. This means that 
F. benjamina plant can tolerate salinity of irrigation water up to 6000 
or 8000 ppm in the presence of a good nutrition. All other vegetative 
and root growth characters averaged in Tables (1,2 and 3) were 
progressively decreased in the two seasons with increasing salinity 
level to reach the least values  in  plants  watered  with the highest 
cncentrations (8000 and 10000 ppm), whereas all of these triats were 
significantly improved as the rate of phosphorene was  elevated, with 
the superiority of 100 ml/pot treatment, which generally gave utmost 
high means in the two seasons compared to both zero and 50 ml/pot 
rates. 

The only exception was gained from 2000 ppm saline water 
treatment, which significantly elevated the roots fresh and dry weights 
in both seasons, and also from 4000 ppm treatment that gave means of 
roots fresh and dry weights closely near to or slightly higher than 
those of control plants. In general, phosphorene application alleviated 
the deleterious effects of saline water, and consequently improved, to 
some extent growth and tolerance of F. benjamina plant to salt stress. 
This may be attributed to the role of phosphorene in releasing more 
available monophosphate that activates various metabolic processes in 
the cell and involved in energy transfer process. It is also share in 
building of phospholipids and nucleic acids (Marschner, 1995).  
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Moreover, Darwish (2002) demonstrated that microorganisms 
of biofertilizers enhancing mobilization of phosphate and 
micronutrients, and may secret some growth-promoting factors. 

On the other hand, the gradual reduction in vegetative and root 
growth with increasing salinity rates may be referred to a decrease in 
cell volume at a constant cell number caused by salinity (Handreck 
and Black, 2002). Likewise, Devitt et al., (2005) reported that 
mechanism of salt may result in cell division inhibitory and hence, 
reduce the rate of plant development. Jou et al., (2006) affirmed that 
ATPase participates in the endoplasmic reticulum-Golgi mediated 
protein sorting machinery for both housekeeping function and 
compartmentalization of excess Na+ under high salinity. 

The previous results are in accordance with those attained by 
Devecchi and Remotti (2004) on Berberis candidula, Pyracantha 
coccinea, Viburnum davidii and  Cotoneaster salicifolious, Cobrera 
et al., (2005) on Rosa spp., Giri et al., (2007) on Acacia nilotica and 
Mahmoud et al., (2008) on Dovyalis caffra and Lantana camara. 

In relation to the percent of salt resistance index (SRI%), as a 
real indicator for salinity tolerance, data in Table (2) indicate that such 
parameter was more than 100% in the two seasons for control plants 
and those ones irrigated with 2000, 4000 and 6000 ppm saline water 
and fertilized with either 50 or 100/ml phosphorene/ pot. The opposite 
was the right concerning high salinity level (8000 and 10000 ppm), 
which significantly declined this trait to less than 100%, even for 
plants dressed with phosphorene at both rates. This result emphasized 
that F. benjamina plant can tolerate salt stress up to 6000 ppm 
irrespective of fertilization or not. 

From the aforementioned results, we have concluded that 
Waringin fig (Ficus benjamina L.) plant can tolerate salinity of 
irrigation water up to 6000 ppm, with good performance if the soil 
dressed with 100 ml phosphorene per 30-cm-diameter pot. 

2. Chemical composition: 
It is evident from data presented in Table (4) that, chlorophylls a, 

and b content was gradually declined in the leaves as a result of 
increasing salinity level in irrigation water, but they were significantly 
increased in response to phosphorene treatments, especially the rate of 
100 ml/pot that gave the highest content. Carotenoids content, on the 
other hand, was augmentatively raised as salinity level was increased, 
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but was decreased with elevating phosphorene rate. This may be 
related to the root absorption of NaCl from soil solution at high 
concentration, which causes yellowings and necroses on the leaves 
(Devecchi and Remotti, 2004). Phosphorene repairs, to somewhat 
this deficiency. 

Similarly, were those results of N, P and K percentages, as they 
were cumulatively decreased with raising salinity concentration, but 
markedly improved due to fertilization with phosphorene, especially 
the rate of 100 ml/pot that resulted the highest records. This may 
indicate the role of phosphorene in activating mobilization of 
phosphate and micronutrients to be more available for plants 
(Darwish, 2002). 

On the other side, the percent of Na and Cl, as well as proline 
content (mg/g F.W.) were progressively increased with increasing 
salinity level because the higher salt concentration in the nutrient 
medium leads usually to an increase in the uptake of some highly 
hydrophilic ions (e.g. Na or borate) as mentioned by Mengel and 
Kirkby (1979). It was also suggested that accumulation of some 
amino acids and amides in the leaves and roots of salinity stressed-
plants may be du to de novo synthesis and not the result of protein 
degradation (Gilbert et al., 1998). However, contents of the three 
previous constituents were slightly reduced due to application of 
phosphorene indicating the reason whereby such biofertilizer 
alleviates the harmful effects of salinity.   

The aforesaid findings, however are in line with those gained by 
Al-Qubaie et al., (2003) on Bougainvillea glabra, Jasminum 
azoricum and Conocarpus erectus, Zhang et al., (2004) on Nitraria 
sibrica, Devecchi et al., (2005) on Lonicera pileata, Euonymus 
fortunei and Hedera helix and Mahmoud et al., (2008) on Dovyalis 
caffra and Lantana camara. 

Briefly, it is clear from the previous results that one-year-old 
transplants of Waringin fig (Ficus benjamina L.) grown in 30-cm-
diameter plastic pots filled with 7 kg of a sand + clay mixture (1:1, 
v/v) can tolerate salinity of irrigation water up to 6000 ppm, with good 
performance and healthy growth if fertilized monthly with 100 ml of 
phosphorene/pot for three times throughout the growing season.   
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Table (4) Effects of saline water, phosphorene and their 
interaction on chemical composition of Ficus benjamina L. 
transplants during 2010 and 2011 seasons 
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هل يستطيع الفوسفورين مساعدة نبات الفيكس بنجامينا على تحمل الآثار 
  الضارة للمياه المالحة؟

)2(وسغاد عبد االله محمد خنيزى )1( و سيد محمد شاهين )١(جيهان حسن عبد الفتاح 

  . مصر- الجيزة– قسم بحوث الحدائق النباتية، معهد بحوث البساتين، مرآز البحوث الزراعية )1( 
 . مصر– الجيزة –سم بحوث الزينة، معهد بحوث البساتين، مرآز البحوث الزراعية  ق)2(

  
ذه الدراسة     ساتين،           أجريت ه د بحوث الب صوبات البلاستيك بمشتل معه تحت ظروف احدى ال

سميد بالفوسفورين     ٢٠11 ، ٢٠1٠الجيزة، مصر خلال موسمي   ة دور الت ك لمعرف وي   ( و ذل سماد حي
ة   لالة معين ى س وي عل ى     يحت سر ال ر مي ي الغي فات الثلاث ل الفوس ى تحوي درة عل ا الق ا له ن البكتيري م

ضارة لملوحة         / مل ١٠٠ ،   ٥٠صفر،  : بمعدلات) فوسفات أحادي ميسر   أثيرات ال أصيص في خفض الت
ون  ١٠٠٠٠ و ٨٠٠٠،  ٦٠٠٠،  ٤٠٠٠،  ٢٠٠٠مياه الري عند اضافتها بمعدلات صفر،         جزء في الملي

سبة  لكالسيوممتساوي من أملاح آلوريد الصوديوم و آلوريد او الذي تم تحضيرها من مخلوط       (  ١:١ بن
اً  ا       ) وزن يكس بنجامين و و جودة شتلات الف ى نم ة في     ) .Ficus benjamina L(عل نة النامي عمر س

  ). حجما١:١ًبنسبة ( و الطمي ل آجم من مخلوط الرم7سم ملأت بحوالي ٣٠أصص بلاستيك قطرها 
د أ ائج المتحصل وو لق د ضحت النت اً عن ة انخفضت معنوي ات الحي ة للنبات سبة المئوي ا أن الن عليه

ة    ن الملوح ة م ستويات المرتفع ون ١٠٠٠٠، ٨٠٠٠(الم ي الملي زء ف ة   )  ج سبة المئوي ت الن ى بلغ حت
ا       % ١٠٠للنباتات الميتة    اه ملوحته سميد                ١٠٠٠٠عند الري بمي اب الت ك في غي ون و ذل  جزء في الملي

و             . أصيص / مل ٥٠ه بمعدل   بالفوسفورين أو عند التسميد ب     ع قياسات النم دريجياً جمي د انخفضت ت و لق
ذان تحسنا                  الخضري و الجذري بزيادة مستوى الملوحة، باستثناء الوزن الطازج و الجاف للجذور و الل

ستويي     معنوياً ري بم ون   ٤٠٠٠، ٢٠٠٠ نتيجة لل ذه       .  جزء في الملي ع ه ان جمي ى الجانب الآخر، ف عل
دل        وق المع ع تف فورين، م سميد بالفوس املات الت تجابة لمع اً اس سنت معنوي د تح ات ق  ١٠٠القياس

ذا الخصوص                /مل ى المتوسطات في ه ذي أعطى أعل ة لمعامل تحمل          . أصيص و ال سبة المئوي ا الن أم
ر من       ) SRI(%الملوحة   زات ملوحة               % ١٠٠فقد آانت أآب ي رويت بترآي ك الت ة و تل ات المقارن لنبات
دل ٦٠٠٠ و ٤٠٠٠، ٢٠٠٠ ون و سمدت بالفوسفورين بمع ي الملي . أصيص/ مل١٠٠ أو ٥٠ جزء ف

شكل   يوم ب فور و البوتاس روجين ، الفوس وروفيللي أ ، ب ، النيت ن آل وى الأوراق م ذلك انخفض محت آ
سميد بالفوسفورين             متصاعد آلما زاد ترآي    دل الت . ز الملوحة، بينما زاد محتوى هذه المكونات بزيادة مع

د و                         صوديوم، الكلوري دات، ال وى الأوراق من الكاروتينوي ق بمحت ا يتعل ان العكس صحيحاً فيم و لقد آ
  .البرولين

ة في أصص                          نة النامي ا عمر س يكس بنجامين سابقة توضح أن شتلات الف ائج ال باختصار، فان النت
ى               ٣٠ستيك قطرها   بلا ري حت اه ال ستطيع تحمل ملوحة مي ة           ٦٠٠٠سم ت ون، معْ امكاني  جزء في الملي

دل                أصيص ثلاث مرات    / مل  ١٠٠تحسن مظهرها و نموها بشكل أفضل اذا سمدت بالفوسفورين بمع
 .بفاصل زمني شهر بين آل مرتين متتاليتين خلال موسم النمو

 


