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ABSTRACT 
 

Ficus retusa L is considered one of the most popular tree used 
for shading in egypt. It gives a huge and dense growth during spring 
and summer months, but it sheds most of its leaves during winter, 
especially under salinity stress. So, it is very important to explore a 
permanent treatment for its nutrition and keeping its vitality without 
exerting more effort and expenses.  These fore, set of pot experiments 
was achieved at the nursery of Hort. Res. Inst., Giza, Egypt 
throughout 2010 and 2011 seasons to detect how far soil 
mycorrhization with vesicular-arbuscular mycorrhizae (VAM, Glomus 
sp.) at the rates of 0, 50 and 100ml/plant, applied three times with 
three weeks interval can help one-year-old transplants of Indian 
Laurel (Ficus retusa L.) to resist salinity of irrigation water at the 
levels of 0, 2000, 4000, 6000, 8000 and 10000 ppm when grown in 
30-cm-diameter black polyethylene bags filled with about 7 kg of an 
equal mixture of sand and clay (1:1, v/v).  

The results revealed that no mortality was noticed among ficus 
plants subjected to either salinity levels employed in this trial, 
regardless of colonization with VAM or not. In general, all vegetative 
and root growth parameters were progressively decreased with 
increasing salinity concentration, but were markedly improved by 
mycorrhizae inoculation treatments with the mastery of 100ml/plant 
level. The percent of salt resistance index (SRI%) was increased in 
response to low salinity levels, but was declined by highest ones. 
Inoculation with VAM, however caused a pronounced improve in 
such index under the different salinity levels. Saline water treatments 
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induced a gradual decrement in the leaves content of chlorophylls a 
and b, N, P and K, but significantly raised the content of carotenoids, 
Na, Cl and proline. Mycorrhizal colonization, on the other hand 
adjusted the content of various constituents for the benefit of the plant, 
as it increased chlorophylls a and b, as well as N, P and K content, 
which was accompanied with a clear decrement in Na, Cl and proline 
content.  

So, in order to get the best growth and performance from one-
year-old transplants of Indian Laurel (Ficus retusa L.) grown in 30-
cm-diameter container and irrigated with saline water up to 
10000ppm, it is preferably to inoculated them with 100ml of 
vesicular-arbuscular mycorrhizae (VAM, Glomus sp.) /plant, three 
times with three weeks interval through the active growing period. 

 

INTRODUCTION 
 

Ficus retusa L. (F. nitida Thunb.), Indian Laurel is one of the 
most common tree of the Moraceae family. It is a popular shade tree 
in Egypt, used as a specimen or in groups on lawns, in streets and for 
landscape architecture because of its attractive vegetative growth, 
bright green colour, and cutable into cubic, cylindrical or pyramidal 
shape (El-Hadidi and Boulous, 1979). However, such tree gives a 
huge and dense growth through spring and summer months, but it 
sheds most of its leaves during winter, especially under salinity stress 
(Hattatt, 2001). Hence, it is very important to find out a permanent 
treatment for its nutrition and keeping its vitality without exerting 
more effort and expenses.  

Mycorrhizae are mutually beneficial (symbiotic) relationships 
between fungi and plant roots. The plant roots transmit substances to 
the fungi, and the fungi aid in transmitting nutrients and water to the 
plant roots. The fungal hyphae may extend the root lengths 100-fold. 
The hyphae reach into additional and wetter soil areas and help plants 
absorb many nutrients, particularly the less available minerals such as 
P, Zn, Cu, Mn and Mo. Some fungi form a kind of sheath around the 
root, sometimes giving it a hairy, cottony appearance. Because they 
provide a protective cover, mycorrhizae increase plant tolerance to 
drought, high temperatures, infections by diseases and even to 
extreme acidity and salinity (Chen, 2006). In this regard, Rao et al. 
(2005) observed that the mycorrhizal Dalbergia sissoo tree 
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(inoculated with Glomus fasciculatum) performed better in the 
increasing salinity levels compared to non-mycorrhizal ones. These 
observations suggested a protective role of AM fungi (G. 
fasciculatum) in preventing the injurious effects of salinity in the test 
plants due to enhanced water and nutrients uptake, thereby promoting 
growth, nodulation and N fixation of the tree under study. Likewise, 
Sarhan et al. (2006) found that inoculation of vesicular arbuscular 
mycorrhizae (VAM, Glomus sp.) at 100 or 200ml/pot significantly 
improved survival (%), height, diameter and root length of African 
mahogany (Khaya senegalensis) under various salinity levels of 
irrigation water. On poplar (Populus canescens), Langenfeld-Heyser 
et al. (2007) indicated that total biomass of mycorrhizal plants was 
greater and leaves accumulated less Na than non-mycorrhizal plants. 
The hyphal mantle did not diminish salt accumulation in root cell 
walls, indicating that mycorrhization did not provide a physical barrier 
against excess salinity. Element analyses suggest that improved 
performance of mycorrhizal poplar under salt stress may result from 
diminished xylem loading of Na and increased supply with K. In 
addition, Giri et al. (2007) postulated that mycorrhizal Acacia nilotica 
plants maintained greater root and shoot biomass at all salinity levels 
(1.2, 4.0, 6.5 and 9.5ds/m) compared to nonmycorrhizal ones. AM-
inoculated plants had higher P, Zn, Mn and Cu concentrations than 
uninoculated plants. In mycorrhizal plants, nutrient concentrations 
decreased with increasing levels of salinity, but were higher than those 
of the nonmycorrhizal plants. Mycorrhizal plants had greater Na 
concentration at low salinity levels (1.2 and 4.0ds/m), which lowered 
as salinity levels increased (6.5 and 9.5ds/m), whereas Na 
concentration increased in control plants. Unlike Na, the uptake of K 
increased in shoot tissues of mycorrhizal plants with the increasing 
levels of salinity. The previous results indicate that mycorrhizal 
fungus alleviates deleterious effects of saline soils on plant growth 
that could be primarily related to improve P nutrition. The improved 
K/Na ratios in root and shoot tissues of mycorrhizal plants may help in 
protecting disruption of K-mediated enzymatic processes under salt 
stress conditions.  

Similarly, were those results attained by Grzybawaska (2004) 
on Lotus sp., Ranunculus repens and Matricaria chamomilla, Sharma 
et al. (2005) on Morus alba, Abbaspour et al. (2004) on Pistacia 
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vera, Kumar and Ghose (2006) on some mangroves and Sannazzaro 
et al. (2007) on Lotus glaber.  

Therefore, the main target of this work is to detect the role of 
supplying with mycorrhizae on attenuate stress of saline irrigation 
water in Ficus retusa transplants. 

 

MATERIALS AND METHODS 
 

A set of pot experiments was carried out at the nursery of Hort. 
Res. Inst., Giza, Egypt during the two successive seasons of 2010 and 
2011 to study the effects of saline water, mycorrhizae inoculation and 
their interaction on growth behaviour and chemical composition of 
Indian Laurel (Ficus retusa L.) transplants, as well as to determine the 
suitable mycorrhizae treatment necessary for alleviating salt stress in 
such plant.  

Hence, one-year-old transplants of Ficus retusa L. with initial 
height of 20-25cm and 5±1 branches carry about 50±5 leaves were 
planted on February, 15th for each season in 30-cm-diameter black 
polyethylene bags (one transplant/bag) filled with about 7kg/bag of an 
equal mixture of sand and clay by volume (1:1, v/v). The physical and 
chemical properties of the used sand and clay in the two seasons are 
given in Table (a), whereas microbial analysis of the soil mixture are 
shown in Table (b). After planting, the transplants were irrigated once 
every three days with 750 ml of fresh water/bag until mid of March, as 
they were subjected to the following treatments: 
 

Table (a): Some physical and chemical properties of the used sand 
and clay during 2010 and 2011 seasons.  
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Table (b) Microbial analysis of the soil mixture (Counts/g soil) 

Azotobacter sp. 3.0 x 105

B. megaterium 4.0 x 105

Azospirillum sp. 1.6 x 105

Total count 1.4 x 107

 
A. Saline water treatments: 

A pure salt of NaCl was mixed well with CaCl2 pure salt at the 
ratio of 1:1 by weight. Saline water was then prepared from the salts 
mixture at the levels of 0, 2000, 4000, 6000, 8000 and 10000 ppm. 
Each bag was irrigated with 750ml of different saline water treatments 
twice a week till the end of the experiment on October, 15th.  

B. Mycorrhizae treatments: 
As the soil mixture was inoculated with vesicular-arbuscular 

mycorrhiza (VAM, Glomus sp.) at the rates of 0, 50 and 100ml/bag 
(plant) according to the method of Menge et al. (1980). The 
inoculation was done three tines commencing from April, 1st (after 
irrigation with saline water by two weeks), with three weeks interval.  
 
C. Saline water and mycorrhizae interaction treatments: 

As each treatment of saline water was combined with each one 
of mycorrhizae to form eighteen interaction treatments.  

The transplants were fertilized three times throughout the course 
of the study with 5g/bag of a compound chemical fertilizer (NPK, 
1:1:1); as the first batch was added after two months from planting. 
The second and third ones were added each two months 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, the following data 
were recorded: survival (%), plant height (cm), stem diameter at the 
base (cm), No. branches and leaves/plant, leaf area (cm2), the longest 
root length (cm), No. lateral roots/plant and fresh and dry weights of 
aerial parts and roots (g). A salt resistance index (SRI%), as a real 
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indicator for salt tolerance was calculated as described by Wu and 
Huff (1983) from the following equation:  
SRI % = Mean root length of the longest root in salt treated plant/ 
Mean root length of the longest root in control x 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 Moran (1982), while in dry samples, the 
percentages of nitrogen (Pregl, 1945), phosphorus (Luatanab and 
Olsen, 1965), potassium (Jackson, 1973), sodium (using 

Flam-photometer set) and chloride (by titration method indicated 
by Jackson, 1973) were measured. Moreover, content of free proline 
as mg/g F.W. was assessed in fresh leaf samples according to the 
method of Bates et al. (1973).  

Data were then tabulated and statistically analyzed according to 
SAS program (1994) using Duncan's Multiple Range Test (1955) 
for elucidating the significancy level among the means of various 
treatments. 

 

RESULTS AND DISCUSSION 
 

Effect of saline water, mycorrhizae and their interaction on: 

A. Vegetative and root growth parameters: 
Data in Table (1) show that no mortality was observed in the two 

seasons among ficus transplants irrigated with saline water at various 
levels, even in the absence of mycorrhizae fungi, indicating the ability 
of such plant to survive under salinity conditions up to 10000 ppm 
(the highest concentration applied in the present work). However, the 
means of all vegetative and root growth parameters registered in 
Tables (1, 2 and 3) were progressively decreased as salinity level 
increased with significant differences compared to control means in 
both seasons. So, the least records was found due to saline water 
treatment at the rate of 10000 ppm. This may be attributed to a 
decrease in all volume at a constant cell number caused by salinity 
(Handreck and Black, 2002). Inoculation with mycorrhizae fungi, on 
the other hand, significantly improved all vegetative and root growth 
traits with the superiority of 100ml/bag treatment, which caused a 
marked increment in all measured characters comparing with either 
non-inoculated one or inoculation at 50ml/bag. Therefore, the best and 
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healthy growth was gained from transplants irrigated with fresh or 
saline water at 2000 ppm and inoculated with mycorrhizae at 
100ml/bag. In general, mycorrhizae inoculation attenuated the 
deleterious effects of irrigation with saline water, and consequently 
improvement tolerance of Indian Laurel pants to salt stress. This may 
be ascribed to fungi ability in transmitting nutrients and water to the 
plant roots (Chen, 2006), thereby promoting growth, nodulation and 
N fixation of the plants (Rao et al., 2005). Because mycorrhizae 
provide a protective cover in the form of a sheath around the roots, it 
greatly increases plant tolerance to extreme salinity (Chen, 2006). 
These findings, however are in parallel with those of Sharma et al. 
(2005) on Morus alba, Kumar and Ghose (2006) on mangroves, 
Sarhan et al. (2006) on Khaya senegalensis and Langenfeld-Heyser 
et al. (2007) on poplar.  

As for salt resistance index (SRI%), data in Table (2) reveale 
that low salinity level (2000 and 4000ppm), as well as mycorrhizae 
treatments under all salinity levels were significantly elevated SRI 
means in both seasons, while moderate and high salinity rates (6000, 
8000 and 10000 ppm) gradually declined it, especially in plants 
cultivated in soil mixture free from mycorrhizae fungi, as the average 
of this character reduced to 50.6 and 50.3% for 8000 and 10000 ppm 
saline water treatments, respectively.  

According to survival (%) and SRI (%) mentioned before, it is 
clear that Indian Laurel (Ficus retusa L.) plant can tolerate irrigation 
with saline water up to 10000 ppm with good performance and 
healthy growth if the soil inoculated with 100ml of mycorrhizae 
fungi/plant.  
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Table (2) Effect of saline water, microrrhizae and their interaction 
on root parameters and S.R.I. of Ficus retusa L. plant during 2010 
and 2011 seasons. 
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B. Chemical composition: 
It is obvious from data averaged in Table (4) that chlorophylls a 

and b content was cumulatively declined as a result of increasing level 
of salinity in irrigation water, but they were significantly increased in 
response to inoculation with mycorrhizae fungi, especially at the rate 
of 100ml/bag, which gave, in general the utmost high content. The 
opposite was the right concerning carotenoids content, that was 
augmentatively increased with raising salinity rate, while decreased 
with elevating the rate of mycorrhizae application. This may be 
connected to the root absorption of NaCl from soil solution at high 
concentration, which causes yellowings and necroses on the leaves 
(Devecchi and Remotti, 2004). Inoculation with mycorrhizae repair, 
to somewhat such deficiency.  

A similar trend to that of chlorophyll a and b content was also 
observed regarding the percentages of N, P and K (Table, 4), as they 
were progressively depressed with increasing salinity concentration, 
but were slightly improved due to mycorrhizae treatments, except for 
the rate of 100ml/bag, which significantly increased P content in the 
leaves of plants irrigated with either fresh or low and medium levels 
of saline water.  

The percentages of Na and Cl, as well as free proline content 
(mg/g F.W.), on the other hand were gradually increased with 
elevating salinity of irrigation water to reach maximum values in the 
leaves of plants irrigated with 10000 ppm saline water. That is 
because the higher salts concentration in the nutrient medium usually 
leads to an increase in the uptake of some highly hydrophilic ions (e.g. 
Na or borate) as mentioned by Handrc and Black (2002). Contents of 
the three previous constituents, however were significantly reduced as 
a result of inoculation with mycorrhizae fungi. The highest reduction 
was recorded by the highest rate of inoculation (100ml/bag).  

Improvement the content of some constituents in response to 
mycorrhizae treatments may be due to reaching the hyphae into 
additional and water soil areas and help plants absorb many nutrients, 
particularly the less available minerals such as P, Zn, Cu, Mn and Mo 
(Chen, 2006). In this connection, Abbaspour et al. (2005) reported that 
the contents of P, K, Cu and Zn were higher in mycorrhiza treated 
Pistacia vera plants than in non-mycorrhizal ones under both control and 
saline conditions, while the concentrations of Na and Cl in the shoots of 
mycorrhiza-treated plants were lower than those in non-mycorrhizal ones.  
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Table (4) Effect of saline water, microrrhizae and their interaction 
on chemical composition of Ficus retusa L. leaves during 2010 and 
2011 seasons. 
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The aforementioned results showed a similar trend to those were 
obtained by Grzybawska (2004) on Lotus sp., Ramunculus repens 
and Matricaria chamomilla, Sharma et al. (2005) on Morus alba and 
Giri et al. (2007) on Acacia nilotica. 

From the previously stated results, it could be recommended to 
inoculate one-year-old transplants of Ficus retusa L. grown in 30-cm-
diameter container under salinity stress with 100ml of mycorrhizae 
fungi (VAM, Glomus sp.), three times with three weeks interval to 
improve their growth and performance. 
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تحسين تحمل نبات الفيكس نيتدا لإجهاد مياه الري المالحة باستخدام 
  الميكورهيزا

)2(وعزة محمد عبد المنعم)1( و سيد محمد شاهين)1(جيهان حسن عبد الفتاح

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

  
ل فى                وفير الظل والتجمي   تعتبر شجرة الفيكس نتدا واحدة من أآثرالآشجار أستخداما لت

م        سقط معظ ا ت صيف، لكنه ع وال هر الربي لال أش داخلا خ ا مت وا آثيف ى نم ث تعط صر، حي م

ى       .أوراقها خلال الشتاء ، خاصة تحت ظروف اجهاد الملوحة        م التوصل ال ه من المه ذلك فان  ل

ذلك     افيه ل اليف اض د اْو تك ضارتها دون جه ا ون ى حيويته اظ عل ذيتها والحف ة لتغ ة دائم معامل

زة، مصر خلال     ساتين، الجي د بحوث الب شتل معه أجريت مجموعة من تجارب الأصص بم

مي  ورهيزا 2011، 2010موس ات الميك د فطري ة بأح يح الترب د دور تلق  ,VAM) لتحدي

Glomus sp.)دلات ل 100، 50صفر، :  بمع ة   /م ي ثلاث رات بفاصل زمن لاث م ات ، ث نب

دا عمر سنة            يكس نيت ساعدة شتلات الف رتين لم ين آل م ابيع ب ي  (.Ficus retusa L)أس  عل

دلات     افتها بمع د إض ري عن اه ال ة مي ل ملوح فر، : تحم ، 8000، 6000، 4000، 2000ص

ا في أآ        10000 ا         جزء في المليون، عند زراعته اس بلاستيك سوداء قطره وملأت  ) سم 30(ي

  .حجماً) 1:1(آجم من مخلوط متساوي من الرمل والطين بنسبة 7بحوالي 

أوضحت النتائج عدم حدوث موت لأي من شتلات الفيكس نيتدا التي تعرضت للمستويات             

ه     المختلف ن عدم الميكورهيزا م يح ب ن التلق ر ع صرف النظ ة، ب ن الملوح ة  . ة م صفة عام وب
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ري،                 اه ال انخفضت جميع قياسات النمو الخضري والجذري تدريجياً آلما زاد ترآيز ملوحة مي

لكنها تحسنت جميعاً بشكل واضح عند حقن التربة بالمستويات المختلفة من فطر الميكورهيزا،             

ن ب   ة الحق وق معامل ع تف دل م ل100مع ات/م ة    . نب ل مقاوم ة لمعام سبة المئوي د زادت الن ولق

د         (%SRI)الملوحة   ا انخفضت عن ستويات المنخفضة من الملوحة، لكنه ة بالم  نتيجة للمعامل

ذا           ي ه حاً ف سناً واض الميكورهيزا تح يح ب دث التلق ا أح ة، بينم ستويات المرتفع ة بالم المعامل

ة    ستويات المختلف رض للم م التع ل رغ ة المعام ن الملوح ة   . م املات الملوح ضا مع دثت أي أح

المختلفة إنخفاضاً تدريجياً في محتوي الأوراق من آلوروفيللي أ ، ب ، النيتروجين، الفوسفور        

والبوتاسيوم، لكنها أحدثت زيادة معنوية في محتواها من الكاروتينويدات، الصوديوم، الكلوريد           

رولين الم  . والب ن ب ر، أدي الحق ب الآخ ي الجان ن   عل وي الأوراق م ديل محت ي تع يكورهيزا إل

وروفيللي أ ، ب،                          ا من آل ات، حيث زاد محتواه ا يخدم مصلحة النب ذآر بم الفة ال المكونات س

صوديوم،     ي ال اض واضح ف صحوباً بانخف ان م ذي آ يوم وال فور والبوتاس روجين، الفوس النيت

  . الكلوريد والبرولين

ة            لكي نحصل علي أفضل معدل للنمو من         .. وعليه   دا عمر سنة النامي يكس نيت شتلات الف

ز           ) سم30(في أواني قطرها     ي ترآي اه مالحة حت ه         10000ورويت بمي ون، فإن  جزء في الملي

ورهيزا           شتلات بفطر الميك ك ال ا تل ة فيه ة النامي يح الترب  (.VAM, Glomus sp)يفضل تلق

رة وال               /مل100بمعدل   ين الم ابيع ب ة أس ي ثلاث ا خلال      نبات، ثلاث مرات وبفاصل زمن ي تليه ت

  . فترة النمو النشط

  

  

  

  

  

  

  

  

 
 

 


