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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 mycorrhizac (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, 15" 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.

Particle size distribution (%) SP. | pH | EC Cations (meq/L) Anions (meq/L)
texture Z (ds/m)
g Coarse | Fine | Silt | Clay Cam | Mg" [Na | K | HCOy | CT S0,
7 sand sand :
Sand 2010 | 89.03 205 040 | 832 300 | 792 7 150 163 | 3360 | 050 | 320 2200 | 1303
2011 | 9010 1.95 050 | 745 2286 | 739 | 375 1942 | 8§33 | 720 | 075 | 1.60 700 | 2710
Clay 2010 | 7.54 2228 | 3055 | 3963 | 55.00 | 817 | 226 782 | 212 | 1540 | 075 | 6.60 820 | 11.29
2011 | 764 2250 | 3015 | 3971 | 5100 | 309 | 238 150 | 220 | 1550 | 075 | 678 802 1115
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Table (b) Microbial analysis of the soil mixture (Counts/g soil)

Azotobacter sp. 3.0x 10°
B. megaterium 4.0x10°
Azospirillum sp. 1.6x 10°
Total count 1.4x 10

A. Saline water treatments:

A pure salt of NaCl was mixed well with CaCl, 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, 15",

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, 1% (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 (cm?), 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 (SRI1%), 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.

Saline water ‘ Root length (cm) No. lateral roots/plant S.R.L (%)
. (ppm) ‘ M M1 M2 | Mean | M M1 M2 Mean M M1 M2 Mean
| First season: 2010
Control ‘ 13.91a 31.8¢c 44.9a 33.5a 9.5cd 10.0bc 11.3a 10.3a 100.0e 133.2¢ 188.2a 140.5a
2000 21.1h 275 373b 258.6b B.del 92de 11.0ab 9.5b BB.4fg 115.2d 156.2b 119.9b
4000 19.0i | 2461 30.3d 24.6¢ 7.70g .00z 9.2de 8.3c 79.62h 103.0e 126.8¢ 103.1c
G000 173§ 2127 30.2d 23.4d 6.9hi 7.1gh 8.0fg T4d 72.5h 95.1ef 126.4c 98.0¢
S000 211K [ 17.9ij 20.6h 16.9¢ S.0jk 5.9ij 6.9hi 59 S0.61 74.7h 86.21g T0.5d
10000 12.0k 132k 17.0§ 1401 4.1k 49jk 571 4.91 5031 5531 T1.2h 58.9¢
Mean 17.6¢c [ 23.0b [ 30.1a 6.9¢c 7.5b 8.7a T3.6c 96.1b 1259a
Second season: 2011
Conirol 24.0eT | 31c [ 453a 33.8a 9 8cd 10.2be 11.9a [ 10.6a 100.0fg 133.8¢c 188.8a 140.8a
2000 123fa 27.9d 38.4b 29.5h 9.0ef 9.6de 11.2ah 9.9a 92.9gh 1163de 160.0b 123.1b
4000 19.3h 25.7e 321c 25.7c 7.8fg B.ifg 10.1be 8.7b B0.41j 107.1ef 133.8¢c 107.1¢c
G000 16.9ij [ 235F [ 29.7d 23.4d 7.1gh 7.2gh 8531 T5¢c ToAjk 97.91g 123.8cd 97.4d
000 139k 18.9hi 2340 18.7e 52 5.9hi 6.8gh &.0d 57T9L T88]k 97.1hi 78.1e
10000 12.7k .. 16.7] [ 20.9gh 16.87 441 491 5.9hi 51e 529L 69.6k 87.1hi 69.91
Mean 182c | 240b | 36 7.2 | 770 9.0a
e M= Micorrhizae free, M1 = micorrhizae at 50mlbag and M2 = micorrhizae at
100ml/bag.
e Means within column or row having the same letters are not significantly different

according to Duncan's Multiple Range Test (DMRT) at 5% level.
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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 Handre 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 CI in the shoots of
mycorrhiza-treated plants were lower than those in non-mycorrhizal ones.



12

IMPROVEMENT TOLERANCE OF FICUS RETUSA L. PLANT

Table (4) Effect of saline water, microrrhizae and their interaction
on chemical composition of Ficus retusa L. leaves during 2010 and
2011 seasons.

Saline Chlorophyll a (mg/g F.W.) Chlorophyll b{mg/g F.W.) Carotenoids (mg/g F.W.)
water
{rEaimrniz M M1 M2 Mean M M1 M2 | Mean M M1 M2 | Mean
(ppm)
First season: 2011

Control 1.48cd 1.53be 1.74a 1.58a 0.69ab | 0.73ab | 0.84a 0.75a 0.58ij 0.53ij 0.51j 0.54e
2000 1.3%cd 1.43cd 1.68ab 1.50ab 0.65bc | 0.65bc | 0.72ab | 0.67ab | 0.71gh | 0.67gh | 0.61i] | 0.66d
4000 1.33cd 1.37cd 1.49ch 1.40be 0.57de | 0.61cd | 0.66bc | 0.61b | 0.78de | 0.71fg | 0.65hi | 0.71cd
6000 1.21ef 1.29de 1.33cd 1.28¢ 0.53de | 0.57de | 0.64bc | 0.58b | 0.79de | 0.75ef | 0.70gh | 0.75be
8000 0.97fg 1.00fz 1.21ef 1.06d 0.41de | 0.43de | 0.48de | 0.44c 0.84bc | 0.80cd | 0.78de | 0.81b
10000 0.73g 0.78g 0.981g 0.83e 0.37e 0.38e 0.39 0.38¢c 0.97a 0.90ab | 0.82cd | 0.90a
Mean 1.19b 1.23b 1.41a 0.54b 0.56ab | 0.62a 0.78a 0.73ab | 0.68h

N(%) P(%) K(%)

Control 2.80cd 2.93bc 3.10a 2.94a 0.57bc | 0.62bc | 0.73a 0.64a 1.92a 1.99a 2.03a 1.98a
2000 1.71de 2.80cd 3.01ab | 2.84a 0.52de | 0.56cd | 0.68ab | 0.59a 1.64cd | 1.68bc | 1.73b 1.68b
4000 2.13ef 2.21ef 232de | 222b 0.39fz | 0.46ef | 0.52de | 0.46b 1.19de | 1.23de | 1.27d 1.23c
6000 1.90ef 1.93ef 2.11ef 1.98bc 0.31fz | 0.35fz | 0.50de | 0.39bc | 1.07e 1.11e 1.20e 1.10cd
8000 1551 1.621 1.89fe 1.69¢ 0.27g 0317z | 0.38fg | 0.32c 0.921 0.961 1.01ef | 0.96bc
10000 1.431 1.591 1.801 1.61c 0.25g 0.29fg | 0.37fg | 0.30c 0.841 0.931 0.941 0.91d
Mean 2.09a 2.18a 237a 0.39b 0.43b | 0.53a 1.26a 1.32a 1.35a

Na(%) Cl(%) Free praline (mg/g F.W.,)

Control 0.418¢g 0.398g 0.375g | 0.397d 1.25g 1.24g 1.50g 1.21d 5.81de | 4.74fg | 4.32g 4.96e
2000 0.582f 0.4152 0.374g | 0.457d 1.691 1.14g 0.942 1.26d 5.92de | 5.23fg | 4.84fg | 5.33de
4000 0.763cd | 0.693de | 0.613ef | 0.690¢ 2.08de | 1.92¢f | 1.85¢f | 1.95¢ 6.13de | 5.81de | 5.35¢f | 5.76cd
6000 0.873bc | 0.804cd | 0.769cd | 0.815b | 2.70be | 2.53¢c 241cd | 2.55b | 7.23bc | 5.56ef | 5.99de | 6.26¢
8000 0.933ab | 0.836cd | 0.802cd | 0.857ab | 2.97b 2.69bc | 243cd | 2.70b 7.91ab | 7.1%c | 6.67cd | 7.26b
10000 1.017a 0.931ab | 0.876bc | 0.941a 341a 3.40a 3.01b 3.27a 8.57a 7.82ab | 7.31bc | 7.90a
Mean 0.764a 0.680b 0.635h 2.35a 2.15b 1.97c 6.93a 6.06b | 5.75b

M= Micorrhizae free, M1

100ml/bag.
Means within column or row having the same letters are not significantly different
according to Duncan's Multiple Range Test (DMRT) at 5% level.

= micorrhizae at 50ml’/bag and M2 = micorrhizae at
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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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