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ABSTRACT

The effect of preinoculation with the mycorrhizal fungus (Glomus fasiculatum)
on growth and tolerance of cowpea plants irrigated with different concentrations of
waste effluents drained from fertilizers' industry was studied. The results indicated
that, the relative growth rate, dry weight, nodule formation, total pigment content as
well as tolerance indices of mycorrhizal cowpea plants were significantly reduced by
irrigation with different levels of the polluted water. Mycorrhizal association improved
not only the all above parameters but also aided in overcoming the detrimental growth
effect of the poliuted irrigation water. The macro- and micro-element contents, (P, N,
Na, Mg, Cu, Co, Zn and Fe) of cowpea plants grown on polluted soil were much
higher than those of nonpolluted ones. Results emphasized that vesicular arbuscular
(VA) mycorrhizal symbiosis can increase metal tolerance of cowpea plants. The
percentage of VA mycorrhizal infection showed marked reduction with raising the
poliution level. The mycorrhizal dependencies for plant dry mass decreased at 10 &
20% pollution level, but, it increased at higher pollution level (40%).

INTRODUCTION T

At present, water is becoming an increasingly scarce commodity in.
many countries, and accordingly planners are searching for new additional
sources. In fact, the Egyptian government efforts to increase water resources
have taken three main directions, which are: development of the upper-Nile-
projects, efficient use of all available water resources inside the country'*andi‘
the re-use of waste water.

Organic and inorganic pollutants are routinely hberated by a vanety of
industrial processes as well as domestic sewage disposal and frequently
contaminate water effluents which-can lead in turn to pollution of fresh water
environments. These poliutants result in serious degradation of water quahty
(Azab et al. 1989)

Polluted water used for irrigation of farm soils can-lead in tum to-
accumulation of some elements like heavy metals in growing plants. These
elements will be strongly toxic to crops, inhibit the formation of mycorrhizae,
and consequently affect the growth and yield of the host plant (Chao and
Wang 1990). Organic nitrogen, ammonia, copper, zincandiron aswellas
other pollutants are important contaminants of industrial effluents liberated
from industrial fertilizer's factories in Egypt. :

Vesicular arbuscular (VA) mycorrhizae are natural means of assuring
plant h ealth and p roduction, but their p resence is t oo o ften ignored in both
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physiological and agricultural contexts (Heggo et al. 1990, Wiemken and
Ineichen 1992, and Ishac et al. 1994). The role of mycorrhizal symbiosis in
plant growth and metal tolerance was proved by the work of many
investigators (Blal et al. 1990, Dixom 1990, Hejne et al. 1992, Jindal et al.
1993). They found that VA mycorrhizal infection to plants may increase dry
weight, pigment content, uptake of macro-and micro-elements as well as
metal tolerance. Previous studies confirmed that different -types of
mycorrhizae can greatly vary in .their effect on promoting host metal
tolerance. In some cases, VA mycorrhizae were able to provide a measure of
protection against metal toxicity (Gildon and Tinker 1988), but in other cases,
they increased the uptake of metals, whereby reducing growth (Killham and
Firestone 1983). Under metal-contaminated field conditions, VA mycorrhizae
may either fail to form, or the mycobiont involved many changes (Harris and
Jurgensen 1977). However, root colonization and spore numbers of VA
mycorrhizal fungi in the metal polluted field were relatively high compared
with unpolluted field (Weissenhorn et al. 1995). On the other hand it was
showing that, high nitrogen levels arrest and prevent m ycorrhizal formation
and sometimes terminate symbiosis (Slankis 1974).

The aim of the present work was to study the effects of the VA
mycorrhizal fungus, Glomus fasiculatum (Thaxter sensu Gerdemann) on the
growth and metal tolerance of cowpea (Vigna sinensis L.) plants irrigated with
waste effluents liberated from Talkha fertilizers’ factory, Dakahlia
Governorate, Egypt.

MATERIALS AND METHODS

Experimental design:

Two mycorrhizal inoculation treatments were tested using four levels of
poliuted waste water (0, 10, 20 and 40% diluted with tap water) provided from
Talkha fertilizers’ factory. The chemo-physical analyses of the polluted waste
effluents used in these experiments are listed in (Table 1). These treatments
were replicated, several times for a total of 96 pots
The soil:

The soil used in the pot experiments consisted of clay : sand (2 : 1 viv)
with available phosphorus 21 pg.g”, total phosphorus, 150 ug.g'; total
nitrogen 0.16%, and pH 7.2. The soil was sifted through a 4 mm-mesh sieve
to remove large vegetative materials and then heated at 100°C in an oven for
2 h to eliminate any indigenous VA mycorrhizal fungi. The soil was
subsequently dried and potted into plastic-pots (18 cm diameter).
Mycorrhizal treatment:

The mycorrhizal inoculum consisted of onion root fragments colonized
by G. fasiculatum (mycorrhizal infection = 72%) from stock pot cultures of
this fungus. The inoculum was placed 3 cm below the surface of the s oil
before sowing to produce mycorrhizal-infected plants. For the non-
mycorrhizal treatment, plants were supplied with filtered washing of the
inoculum to supply the same microflora other than the-mycorrhizal fungus.
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Table 1: Chemical analysis of polluted waste water librated from
fertilizers' factory of Talkha, Dakahlia Governorate

Constituents Quantities
Carbonate (ug.g”) 54.0
Bicarbonate (ug.g") 30.5
Calcium hardness (pg.g”") 15.0
Magnesium hardness (ug.g”) 30.0
Ammonia (ug.g") 282.9
Nitrate (ug.g™") 349
Nitrite (ug.g”) 6.0
Organic nitrogen (ug.g") 197.0
Phosphorus (ug.g”) 96.0
Iron (ug.g”") 1.2
Zinc (ug.g™") 0.19
Copper (ug.g™") 1.5 =
Total hardness (1g.g") ‘ 250
Chloride (ug.g™") 102.0
Total suspended compounds (ug.g™") 83.0
Conductivity (umol.cm™) 1451
pH 9.8

Growth conditions of the host plants:

Seeds of cowpea were surface sterilized with 7% calcium hypochlonte
for 20 min., subsequently washed with distilled water, and kept for 4 days in
sterilized moist vermiculate in plastic dishes to germinate. Uniform seedlings
were transplanted (one plant/pot) -into 18-cm-diameter plastic pots each
containing 1200 g of the sterilized soil. All plants received a standard
inoculum of cowpea Rhizobium. Pots were randomly distributed in a
glasshouse with normal conditions of light and temperature’ (22 * 2°C).
Mycorrhizal and non-mycorrhizal plants were carefully watered with equal
amount of the suggested four concentrations of the polluted waste water (as
previously mentioned) to maintain soil moisture near field capacity. Four
replicates were used for each treatment. Cowpea plants from each treatment
were harvested after 5, 7 and 9 weeks from planting.

Parameters measured:
a. Growth parameters:

At each harvest date, each plant was separated into roots and shoots.
Fresh and dry weights of shoots and roots were recorded. Leaf area and
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nodulation rate were also determined. S hoots and roots were ground after
drying {(at 80°C for 48 h) and three stbsamples were chemically analyzed.
Total phosphorous was determined by the Vanadono-molybdophosphoric
colorimetric method (Jackson 1958). Total nitrogen was determined by
Kjeldahl method (Jackson et a/.1973), K and Na were assayed by using
spectrophotometer, while other elements including Mg, Ca, Zn, Cu, Co and
Fe were determined by atomic absorption technique (Allen et al. 1986).
Photosynthetic pigments (Chiorophylt a, b & carotenoids) of plant leaves
were extracted and determined by the method of Harborne (1984).

Mycorrhizal dependency (MD) and relative field mycorrhizal
dependency (RFMD) of mycorrhizal plants were calculated according to
Gerdemann (1975) at each pollution level after 5, 6 and S weeks, respectively
as follow:

MD = dw of M plant / dw of NM plant X 100.
RFMD = dw of M plant — dw of NM plant / dw of M piant, where, dw (dry
weight), M {(mycorrhizal), NM (non-mycorrhizal).

Tolerance indices (Ti) of mycorrhizal and non-mycorrhizal cowpea
plants to polluted water were determined according to Shetty et a/ (1985) at
each harvest date as follow:

Ti = Plant dw. at pollution level / plant dw of the control X 100

b. Estimation of VA mycorrhizal infection:

Random root samples were cleared and stained according to Phillips
and Hayman (1970). The percentage of mycorrhizal infection was
determined by the method of Trouvelot et al. (1986).

c. Statistical analysis:

The effect of both waste water and the VA mycorrhizal infection on the
measured parameters was analyzed using two factorial analysis of variance
{ANOVA) (Hicks 1982). Correlation matrix was used as a measure of the
strength of the relationship between VA mycorrhizal infection and the
measured parameters at different levels of water pollution by the method of
Crow et af (1960).

RESULTS

Growth changes
The ecological ramifications of VA mycorrhiza increased cowpea plant

tolerance to the pollution, which was best assessed by evaluating the effects

on plant growth (Table 2). Cowpea plants exposed to different concentrations
of polluted water showed variable changes in relative growth rate and dry
matter accumulation. At the concentration of 40% polluted water, the relative
growth rate and dry weight of either mycorrhizal or non-mycorrhizal plants
were reduced to about 50% less than the equivalent control (0% polluted
water) at all harvest times except after 5 weeks post planting (first harvest).
The mycorrhizal plants, however, recorded higher growth rates and dry
weights when compared to thé non-mycorrhizal plants. The nodulation of
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roots of mycorrhizal and non-mycorrhizal plants was reduced with increasing
the concentration of water pollution (Table 2). But, the number of nodules
produced by the VA mycorrhizal cowpea was about two times greater than
that produced by non-mycorrhizal piant at each poliution level at the different
harvest dates. The results presented in (Table 2) also revealed that the leaf
area of the mycorrhizal plants was higher than that of non-mycorrhizal ones
at ali levels of polluted water and for all harvests. However, in general, the
leaf area of both mycorrhizal and non-mycorrhizal plants was reduced by

increasing the concentration of water poliution.

Table 2: Effect of different concentrations of waste water on growth
measurements of mycorrhizal and non-mycorrhizal cowpea

plants
Weeks LV & Number of
aste watemMycorrhizall Relative [Dry weight nodules pe Leaf area Tolerance
(%) state  |growth rat (g) cmiiplant indices
planting 7 plant
- 0.037 0.193 20.5 374 -
0 (Contraly |, 0044 | 0414 375 | 464 3
10 - 0.017 0.198 17.3 396 1.03
+ 0.035 0.324 3.7 43.3 1.25
20 - 0.007 0.24 12.5 385 1.28
5 + 0.032 0.292 263 36.7 1.51
0 - 001 | 0.197 92 | 357 | 118
+ 0.27 0.228 217 378 1.18
- 0.048 0.369 23.8 536 -
0 (Control)
+ 0.057 0.54 424 55.8 -
0 - 0,038 | 0.269 186 | 416 0.73
+ 0.048 0.494 37.2 504 1.34
20 - 0.038 0.302 11.0 391 0.23
7 + 0.065 0.453 213 48.3 0.82
40 - 0.023 0.254 6.1 37.1 0.63
+ 0.032 0.395 19.3 434 1.07
. 0.072 0.777 25.1 39.1 -
0 {Controi}
+ 0.084 1.082 52.1 50.1 -
10 - 0.056 0.589 15.4 312 Q.76
+ 0.062 0.764 28.6 66 | 098
9 20 - 0.007 0.508 8.0 30.1 0.55
+ 0.032 0.597 18.1 349 0.65
40 . 0.036 0.390 35 24.8 0.50
+ 0.04 0.593 17.5 33.2 0.76

N. B. Control: Tap water used for irrigation
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The absolute values of tolerance indices of cowpea plants were raised
by their association with the mycorrhizal fungus, G. fasiculatum (Table 2).
This was particularly marked at the second harvest. The tolerance indices of
mycorrhizal plants were- significantly higher than that equivalent non-
mycorrhizal plant at each level of poliution.

2. Pigment content: o :

The data in table 3 show that the total pigment content of mycorrhizal
and non-mycorrhizal plants were generally reduced when using polluted
water at the different harvestings. However, the values obtained for the
mycorrhizal plants remained greater than those of the non-mycorrhizat plants.
The lowest value of the total pigment contents was recorded at 20% polluted
water after both first and s econd harvests, while in third harvest this v alue
was observed at 10% pollution fevel. At the end of the first and third
harvestings, chlorophyll a & b decreased with increasing water poliution.
However, the carotenoid content behaved oppositely with increasing the level
of pollution.

The same picture of results was observed at the second harvest with
respect to chlorophyll a & b, while, carotenoid content was unlike decreased
with increasing the level of water poliution (Table 3).

Table 3: Effect of different concentrations of waste water on pigments'
content of mycorrhizal and non-mycorrhizal cowpea plants

Weeks . .

Waste Mycorrhizal Carotenoid| Total
pI::tei:z water (%) |  state Chiorophyila Chiorophyllb pigment | pigment
- 14.21 8.05 1.07 23.33

0 (Control) . 17.78 11.71 1.83 31.32

10 - 10.57 8.76 145 20.78

. + 11.28 8.47 1.55 21.3
: 20 : 967 378 1.02 1447
.5 + 10.76 5.10 1.08 16.94
20 - 8.04 5.24 9.8 23.08

+ 10.44 5.48 10.1 26.02

- 15.24 1127 349 30.0

0 (Control) + 18.41 1378 427 36.38

10 - 11.68 9.27 274 23.69

+ 12.72 9.23 2.78 24.73

20 - 8.95 7.08 2.46 18.49

7 + 10.64 8.4 2.92 21.96
40 - 9.82 7.76 2.70 20.28

+ 10.66 8.42 2.92 22.0

- 5.13 4.42 4.27 10.8

0 (Control) + 5.40 4.75 1.25 11.4

10 N 3.84 3.74 114 8.72

+ 4.5 3.66 1.02 9.18

9 20 . 3.47 319 95 16.16
+ 3.54 3.25 9.7 16.49

0 - 2.81 1.76 7.20 177

+ 3.39 2.12 8.50 14.11
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3. Elements content:

The data in Table 4, show that the concentration of different elements
detected in cowpea plants treated with different levels of polluted water were
significantly higher than those of the untreated control plants. Similarly, the
concentrations of such elements in mycorrhizal plants were higher than those
of the non-mycorrhizal ones. The resuits revealed also that phosphorus
content (P) of mycorrhizal and non-mycorrhizal plants, decreases with
increasing the level of pollution compared with the control especially after 7
and 9 weeks from planting. The plant content of both nitrogen (N) and sodium
(Na) decreased with increasing the level of water pollution compared with the
control treatment at the first harvest in both mycorrhizal and non-mycorrhizal
plants. However, the N and Na contents of mycorrhizal and non-mycorrhizai
plants show higher values in the second and third harvests with uprising of
water pollution.

Low content of potassium ions (K) was detected with increasing
poliution levels at all harvests in both mycorrhizal and nonmycorrhizal plants.
On the other hand, magnesium (Mg) and calcium (Ca) contents were not
affected by increasing the poliution level of the irrigation water. The content of
both N and Na in the cowpea plants decreased with increasing the level of
water pollution compared with control treatment at the first harvest whether,
mycorrhizal or non-mycorrhizal plants. However, N and Na contents f
mycorrhizal and non-mycorrhizal plants showed higher values in the secor d
and third harvests with rising of water pollution.

Low contents of potassium ions (K) were detected with increasing
pollution levels at all harvests in both mycorrhizal and non-mycorrhizal
plants. On the other hand, magnesium (Mg) and calcium (Ca) contents were
not affected by increasing pollution of irrigation water all over the three
harvests in both mycorrhizal and non-mycorrhizal cowpea plants (Table 4).

Copper (Cu) and cobalt (Co) contents increased by increasing pollution
levels in irrigation water in both mycorrhizal and non-mycorrhizal plants at
the three harvest stages. In addition, zinc concentration decreased in the
mycorrhizal plant, but increased in the non-mycorrhizal plants with rising
pollution of irrigated water after 5 weeks(Table 4).

On the other hand, zinc content increased with increasing the pollution
levels compared to the control and the maximum zinc concentration was
obtained at 20% poliution level after 7 & 9 weeks whether in mycorrhizal or
non-mycorrhizal plants. However, ferrous (Fe) concentration increased with
rising the pollution level in both mycorrhizal and non-mycorrhizal plant at all
harvests; except in the case of non-mycorrhizal plant at pollution level 10%
after 9 weeks.

The ratio of h eavy metals (Cu. Co, Zn & Fe) contents in the roots to
their contents in the whole plant increased with the increase of pollution level.
The percentages of Co and Zn in mycorrhizal. plant roots were generally
higher than those o f m ycorrhizal p lant s hoots in polluted soil. On the other
hand, high percentage of Cu (>50%) in mycorrhizal plant roots were
observed at higher pollution levels (20 & 40%) after 7 weeks from planting.
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4. Nitrogen and phosphorus ratios, mycorrhizal infection, mycorrhizal
dependence and relative field mycorrhizal dependence:

The relation between plant nitrogen-phosphorus ratios (N/P) and
mycorrhizal i nfection ( %M), m ycorrhizal d ependence (MD) and relative field
mycorrhizal dependence (RFMD) of cowpea plants irrigated with polluted
water are shown in Table (5). The N/P ratios were increased with the aging of
cowpea plants at each pollution level. Nevertheless, these ratios sometimes
did not relate to the level of pollution. The rate of mycorrhizal root colonization
(%M) decreased with rising the level of water pollution (Table 5). [n addition,
the mycorrhizal infection was increased with aging of the plant. The MD as
well as RFMD decreased by raising the pollution level up to 20%. Thereafter,
MD and RFMD started to increase (Table 5).

5. Effect of mutual interaction of water pollution and mycorrhizal
infection on cowpea plants

According to a two-factorial ANOVA, the levels of water pollution had a
highly s ignificant effect (P < 0.01) on the relative growth rate, nitrogen and
copper contents of cowpea plants(Table 6). Moreover, it also significantly
affected (P < 0.05) the dry weight, the number of nodules, the N/P ratio as
well as zinc and cobalt contents of grown cowpea plants. On the other hand,
mycorrhizal infection showed a highly significant effect (P < 0.01) on the
relative growth r ate and the number of nodules of treated piants. Also, the
mycorrhizal infection had a significant effect (P <. 0.05) on the dry weight, the
total pigments content, and phosphorus, nitrogen, magnesium , calcium and
zinc contents of plants as well as N/P ratios. The interaction (water pollution
levels x mycorrhizal i nfection) s howed s ignificant e ffects on the d ry weight,
the number of nodules, magnesium, calcium and cobalt contents of cowpea
plants. The remaining measurements listed in Table (6) did not show any
significant responses to water pollution and mycorrhizal infection or both
together.
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Table 6: Two-factor analysis of variance (ANOVA) test for the effect of
treatment of cowpea plants with poliuted water and
mycorrhizal infection on plant measurements

Poliuted water and
Poliuted Mycorrhizal
Measurements water infection mycorrhizal
infection
Relative growth rate (%) 8.14* 6.94*" 132
Dry weight (g/plant) 461" 432" 1.95*
Number of nodules / plant 531" 10.21** 2.1¢*
Total pigment (mg.g” Dwt) 2.89 3.63* 1.17
Phosphorus content (mg.g™* Dwt) 0.63 3.51" 1.72
Nitrogen content {mg.g” Dwt} 8.13* 3.15* 0.73
N/P ratio 3.65* 318 1.1
Potassium content (m.mole.g™* Dwt) 219 1.2 1.68
Sodium content (m. moie.g”’ Dwt) 231 2.16 1.7¢
Magnesium content (mg.g™* Dwt) 3.36* 3.1* 2.6*
Calcium content (m mole/g™ Dwt) 3.21 2.98* 2.19*
Zing content (pg.g” Dwt) 463" 342" 153
Iron content  (pg.g”' Dwt) 2.19 2.61 1.8
Copper content pg.g™' Dwt) 7.46* 1.17 1.56
Cobalt content (ug/g™ Dwl) 42" 2.57 2.13
F. ratio at 0.05 M 2,96 1.83
F. ratic at 0.01 7.35 5.26 3.16

+  Significant at 0.05 level
® ™ Significant at 0.01 level

6. The relationship between VA mycorrhizal infection and plant
measurements

Correlating the mycorrhizal infection with plant measurements at
various levels of pollution by using correlation coefficient *r* revealed that the
relative growth rate, the number of nodules and the N/P ratio exhibited a
significant positive correlation with mycorrhizal infection (Table 7). In
contrast, the zinc content of cowpea plant had a significant inverse
correlation with the VA mycorrhizal infection at the three | evels of p olluted
water (10, 20 and 40%). However, N/P ratio as well as nitrogen content of
plants showed a significant positive correlation with mycorrhizal infection oniy
at 20 and 40% water poliution. On the other hand, mycorrhizal infection was
inversely correlated with phosphorus and cobalt contents of plants at 10%
water pollution, while at 20% water pollution, calcium content of plants was
positively correlated with mycorrhizal infection. In addition, mycorrhizal
infection induced positive correlation with the dry weight, but negatively
correlated with copper content of plants at the poliution level of 40%.
Furthermore, mycorrhizal infection was positively correlated with the relative
growth rate, the number of nodules, the N/P ratio and potassium content of
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cowpea plants In the .control, there was a negative corretatron w:th
phosphorus, sodium and zinc contents (Table 7). : -

Table 7: Correlation coefficient between mycorrhizél infection and plant
measurements at different levels of water poliution

: " Waste water (%)

! Measurements ]

.; : 0.0 10 . 20~ 40
Relative growth rate 0.53* 0.52° - 0.55° 0.67*
Dry weight | : 0.51 0.48 .0.51 - 0.59°
Number of nodules 0.83" 0.69" 0.72° - 0.82*
Total pigment ) 0.42 1 0.31 01 0.2‘8'
Phosphorus content -0.67" -0.52 -0.31. -0.26
Nitrogen content ' 0.51 -0.58* 0.69* 0.77
N/P ratio ) 6,74 0.67" . 0.63" 0.727
Potassium content 0.56" 0438 . 0.39 0.24
Sodium content -0.57* 0.11 0.01 -0.15
Magnesium content 043 | 014 0.4 0.31
Calcium content 0.17 - 0.44 - 0.58 .| 042 .
Zinc content -0.58° -0.63" 061" -0.59* ‘|
Iron content 014 | 045 042 | -046 |
Copper content - «0.48 . 040 -0.51 -0.57*
Cobalt content 0.26 063 | -0.1 0.17

Critical valus of @il = 0.52 '

DISCUSSION

As previously reported, increasing the period of irrigation with pdlluiéd‘
water markedly changed the physmal and chemical properties of the'
exposed soil. These changes included increase in the soil elements N, P; K,
Zn, Cu, Mn, Co and Fe as well as other heavy metals (Abd EI-Naim and EI-
Awady 1989). Current evidence indicates that the level of pollution in-
irrigated water can be considered as an important factor controlling nutritive
or morpholog:cal characters of the growing plants{(Arar 1993 and Abd Ei-’
Naim 1994). In this connection, our results revealed that the relative growth”
rate as well as dry weight of cowpea plants were mgmfxcantly (P < 0,05)
affected by irrigation with_different levels of poliuted water. Marked reduction
in relative growth rates was observed by rising the level o f water p ollution
reaching to about 50% of the control at the concentratlon of 40% p olluted
water.

In the present study, the mycorrhizal infection improved the relative
growth rate, dry weight and tolerance indices of cowpea plant growing in soil
exposed to different concentrations of polluted water, compared to the non-
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exposed to different concentrations of polluted water, compared to the non-
mycorrhizal plants, This finding agrees with previous results (Chao and Wang
1990, Meenakumari and Nair 1992, Biswas 1993, and Thiagarajan and
Ahmad 1993a) and suggests that management of VA mycorrhizal symbiosis
may not only improve growth but also help in overcoming the detrimental
growth effects of the polluted irrigation water.

In this investigation, nodule formation by cowpea plants showed
significant sensitive responses (P < 0.05) towards polluted water, where its
numbers decreased as poliution level increased. This may be attributed to the
high nitrogen content in the polluted water and this c orrelation was proved
previously by Hussein et al. (1994). However, the effect of water poliution on
the inhibition of nodule formation in mycorrhizal plants was greatly reduced
compared with the non-mycorrhizal plants. Such reduction was related to the
extent of mycorrhizal infection. The beneficial role of the VA mycorrhiza in
nodule formation by pea plants was previously reported by Seikhon et al.
(1992), Thiagarajan et al. (1992), and Thiagarajan and Ahmad (1993 a & b).

The present study demonstrated that the reduction in chiorophyli a & b
and the total pigment contents as well as the leaf area of cowpea plants were
induced by rising the level of pollution. However, these measurements
values were higher in the mycorrhizal plants than the non-mycorrhizal ones.
In this connection, evidence from the previous studies of Abd El-Naim (1994),
Abd El-Naim et al. (1987), Jones and Hutchinson (1988), and L eake et al.
(1990) indicated that polluted water may increase heavy metal accumutation
in exposed plants. This accumulation may reduce the concentrations of
chlorophyll a & b, cytochrome b and ferrodoxin. Based on aforementioned
data we suggest that, VA mycorrhizal association may interfere with and
reduce the toxic effects of heavy metal accumulation in exposed plants.

it appears from the present study that, macro-and micro-element
contents, including P, N, Na. Mg, Cu, Co, Zn and Fe, of cowpea piants
exposed to polluted water were much higher than those of unexposed plants
(control). This finding confirms the resuits of Chao and Wang (1990) and Abd
El-Naim (1994). They found that irrigation of farm soil with poliuted water
increased their macro-and micro element contents, which led consequently to
more accumulation of these elements in the growing plants. However, some
of these elements may cause nutritive or morphological problems to the
plants.

in the present investigation, it is of interest to note that, although the
heavy metals; including Cu, Co, Zn and F e; ¢ ontents of m ycorrhizal p lants
were much higher in the mycorrhizal plants than in the non-mycorrhizal ones,
the mycorrhizal plants showed better growth than that of non-mycorrhizal
ones. These results emphasize that VA mycorrhizal may increase metal
tolerance of the cowpea plants. Similar observations have been reported by
Gerdemann (1975), Jones and Hutchinson (1986 &1988), Leake et al.
(1990), and Brown and Wilkins (1985). :

Two main mechanisms for the effect of mycorrhiza on host metal
tolerance have been reported. The first was proposed by Bradley et al. (1982)
who suggested that metals may bind to the interfacial matrix found between
the hyphae in ericoid mycorrhizae. This binding would then either, reduce
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further movement of the metal through the mycorrhiza to host tissue, or
removed metabolically by the fungus and sequestered in harmless form
within its hyphae. However, either of these possibilities, passive binding or
metabolic detoxification by mycobiont, should fead to increased amounts of
metal in the mycorrhizal root systems and decreased of these amounts in the
above-ground parts of resistant plant. This negative correlation between
shoot and root metal content was proved for zinc, iron. and cobalt in the
present study. Similar observations were reported by Leake et al. (1990),
Bardley et al. {1981), and Chalot et a/. (1995). Moreover, it was found that the
mycobionts did not affect the translocation of copper to the shoots of cowpea,
which was in agreement with the finding of Jones and Hutchinson (1986).
The presence of metal-binding mechanism is conjecture, however, until
information is obtained on metal localization in fungal and host tissues.

The second mean by which infection by mycorrhizal fungi may affect
metal tolerance is through improved phosphorus nutrition (Gildon and Tinker
1988). Evidence from the present study indicates that VA mycorrhizal
infection significantly increased the concentration of phosphorus in cowpea
plant tissues at various levels of water pollution, compared with the non-
mycorrhizal plants. Our results support the previous works by Gerdemann
(1975), Champawat (1990), and Lynd and Ansman (1994). They found that
phosphorus uptake is usually enhanced in mycorrhizal plants than non-
mycorrhizal ones. According to aforementioned resulits, it is conceivable to
suggest that the two m echanisms; bind and improved p hosphorus n utrition
effects may play a role in increasing metal tolerance.

in the present investigation, the percentage of VA mycorrhizal root
infection showed marked reduction with rising the level of pollution. Moreover,
there is a significant increases in nitrogen content of both exposed soil and
growing plants under a long p eriod of irrigation with p olluted w ater. Similar
observations have been reported by Siankis (1974), Alexander and Fairtey
(1983}, Syliva and Neal (1990), and Aguilera et al. (1993). They showed that
high nitrogen levels arrest and prevent mycorrhizae formation and sometimes
terminate symbiosis. Interestingly, although nitrogen level was high in the
exposed soil treated with poliuted water, the mycorrhizal symbiosis increased
at each pollution level with increasing stage of harvesting (later harvests).
This may be explained on the basis of VA mycorrhizal adaptability to hew
conditions which results from irrigation with polluted water in the present
study. : C
Our findings could not demonstrate a relationship between tissue N/P
ratios and root colonization with mycorrhizal, which agreed with the resuits of
Hejne et al. (1992). On the other hand these findings disagreed with those
obtained by Hepper (1983) who suggested that VA mycorrhizal infection is
positively related to the plant nitrogen concentration at high N/P ratio. When
the N/P ratio is low, the VA mycorrhizal infection rate would depend on
phosphorus availability. ) ’

Mycorrhizal dependency has been defined by Gerdemann (1975) as
“the degree to which a plant is dependent on the mycorrhizal condition to
produce its maximum growth or yield at a given level of soil fertility".
Morphological properties, plant biomass as well as ever plant parameters
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have often been used as indicators for mycorrhizal dependency (Plenchette
1991). Evidence from present results indicated that mycorrhizal dependency
for plant dry mass decreased at low and moderate poliution levels (10 &
20%), while it increased at high pollution level (40%). Based on these data it
is conceivable to conclude that cowpea plant tolerance and its growth are
depending on mycorrhizal symbiosis when grown in soils irrigated with
polluted water. Furthermore, the results confirm the possibility of the re-use of
untreated industrial waste effluents in agricultural purposes along with VA
mycorrhizal colonization to the growing plants, especially for the plants where
only the above ground product is used by animal and human.
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