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ABSTRACT ;
Effect of preinoculation of mycorthizal fungus (Glomus fasicwlatum) on growth and tolerance of cowpea plants imigated
that, the relative

with different conca_matiuns of waste .cﬂluuns from industrial fertilizers was studied. The results indicated
rate, dry weight, nodule formation, total pigment content as well as tolerance indices of mycorthizal cowpea plants were

owth oAV natio
‘,'g,iﬁcmtl)' reduced by ll’"K“lO_ﬂ “.ﬂlh dlﬂc!cn! levels of polluted water. Mycorrhizal association was found net only to imptove
eters but also aid in overcoming the detrimental growth effect of irrigated water pollution. The results also
wn on poliuted soil

all sbove param
revealed that, macro- -and micro-element ~contents, (P, N, Na, Mg, Cu, Co, Zn and Fe) of cowpes plants gro
were much higher than that of unpolluted one. Results emphasized that VA mycorthizal symbiosis can increase metal tolerance of
cowpea plants. The VA mycorthizal symbiosis could accumulate the heavy metals Co, Zn, Fe in mycorrhizal plant oot than that
of mycorrhizal plant shoot. The percentage of VA mycorrhizal infection showed marked reduction with raising the pollution level.
Fvidently from the results proved that mycorthizal dependencies for plant dry mass decreased at 10 & 20% pollution level, but, it
Mlﬂ pollution level (40%).
INTRODUCTION protection against metal toxicity"”, but in other cases,
At present, water is becoming an increasingly they increase the uptake of metals, whereby reducing
scarce commodity in many countries, and accordingly growth, V. Under metal-contaminated field conditions,
planners are searching for new additional sources. In VA mycorrhizac may either fail to form, or the
fact, the Egyptian government efforts to increase water mycobiont involved many changes (13 However, root
resources has taken three main directions, development colonization and spore numbers of VA mycorrhizal
of upper Nile projects, increase of current water fungi in the metal polluted field were relatively high
distribution and efficient use of all available water compared with unpolluted field . On the other hand

resources inside the country as well as re-use of waste it was showing that, high nitrogen levels arrest and
prevent mycorrhizal ~ formation and sometimes

Organic and inorganic pollutants are routinely terminate symbiosis" .
The aim of the present work is to study the

liberated by a variety of industrial processes as well as

domestic sewage disposal and frequently contaminate effects of preinoculation of mycorrhizal fungus

water effluents which can lead inturnto pollution of (Glomus fasiculatum) on the growth and tolerance of
sinensis plant irrigated with waste water

water.

fresh water environments. These pollutants result in Vigna
serious degradation of water qualily"’. effluents liberated from Talkha fertilizer factory
Polluted water used for irrigation of farm soils Dakhlia province, Egypt.
can lead in turn to accumulation of some elements like
heavy metals in growing plants. These elements well be Expen’imexafll;fsli‘;::l‘s AND METHODS
Sfr?ng]y' toxic to crops, inhibit the formation o Two mycorrhizal inoculation treatments were
mycorrhizae, and consequently affect the growth yield camined using four levels of polluted
of the host plant®. Organic nitrogen, ammonia, o e ahr and. 408 d voger Mg |
sy " her pollutants are (OA).' 10%, 20‘A; anq 40% ‘d.xluted with tap water)
) ¢ and iron, as well as O P provided from industrial fertilizers factory of Talkha
important contaminants of industrial effluents liberated . i . ; i
from industria feriloon.rs factories in EEYPL. region, Dakhlia. Tl}c specific quall'ﬁcanon of Pollutt":d
Vesicular  artuseular VA mycorrhizae are waste water used in these e:xpc:nment~ are listed in
%aural means of assuring plant health and production, (Table 1). These treatments were replicated, several
but their riserws Iy bop often igoored in both times for a total of 96 pots.
The Soil :

Physiclogical and agricultural contexts o8, . :
¢ role of mycorrhizal symbiosis in plant growth and The soil was collected from Dakhlia province,
Egypt (Clay : Sand 2:1 v/v, available phosphorus 21

?:im_ tolerance was proved by the work of many »

Mestigatorg®?), They found that VA mycorrhizal ug.g’, total phosphorus, 150 ug.g", total nitrogen
‘t;?n o plants may increase dry weight, pigment 0.16%, pH 7.2). _

ol ;lptake of macro-and micro-elements as well as It was then snf:ved thrqugh a 4 mm sieve to

o de:lrancc. Previous studies found that there is 2 remove la{)ge vegetative maten_al gnd then steamed for

my of variability on the effect of different types 2h at 100 C' in an often to eliminate any indogenous

Corthizas on host metal tolerance. In some cases, VA mycorrhizal fungi. The soil was subsequently dried

and potted into plastic-pots (18 cm diameter).

m .
Yeorrhizae are able to provide a measure of
87
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Table (1% Specification of polluted waste water from
fertillzers factory ef Talkha reglon Dakhlia province.

Constituents Quantities
Carbonatevg g 4.0
Bicarbonate ug g 30.5
Calcium hardness pgg™ 15.0
Magnesium hardness ug g’ 30.0
Ammonia pg g’ 2829
Netrate g g” 34.9
Nitrite ug g’ 6.0
Organic nitrogen pgg” 197.0
Phosphorus g g" 96.0
Iren pg g’ 1.2
Zmc pgg’ 0.19
Copper ugg" 1.5
Total hardaess 25.0
Chloride ug g’ 102.0
Total suspended compounds ngg' 83.0
Conductivity p mol.cm™ 1451
pH 9.8

Mycorrhizal Treatments :
Two mycorrhizal inoculation treatments (ron-

inoculated and inoculated with Glomus Jfasiculatum
(Thaxter sensu Gerdemann). The inocula consisted of
our mycorrhizal onion root fragments (mycorrhizal
infaction = 72%) from stock pot cultures of this fungus.

The inoculum was placed 3 cm below the surface
of the soil before sowing date to produce mycorrhizal-
and non-inoculated plants were

washing of the inoculum to
corrhizal

infection plants
supplied with filtered
supply the same microflora other than my
fungus.

Growth conditions :
Seeds of cowpea (Vigna sinensis L.) were surface

sterilized with 7% calcium hypochlorite for 20 min.
and subsequently washed with distilled water and
germinated for 4 days in moist sterilized vermiculate in
plastic dishes. 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 a
normal condition of light and temperature (22 + 2°C).
Plants for each treatment were carefully watered with
equal amount of the suggested (as mentioned in
experimented  design) concentrations of the polluted
waste to maintain soil moisture near field capacity.
Four replicates of the plants from each treatment were
harvested at 5,7 and 9 weeks after planting from

sowing date.
Analytical methods :

a-Growth parameters :
At each harvest, each plant was separated into

roots and shoots. Fresh and dry weights of shoots and
roots were recorded. Leaf area and nodulation rate were
also determined. Shoats and roots were ground afier
drying at 80°C for 48 h and three subsamples were
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chemically  analyzed. Total phosphoroyg
determined by the vanadono-molybdophogyy, - ©
colorimetric method?, Total nitrogen was determ~0m
by kjeldahl method U9 K and Na were assaye:;ed
using flame spectrophotometer, while other eleyy,
including Mg, Ca, Zn, Cu, Co and Fe were detery,; :
by atomic absorption technique . fieg
Photosynthetic pigments (Chlorophyll ap
carotenoids) of plant leaves were extracted
determined by the method of Harborne et. al as) ang
Mycorrhizal dependency (MD) and relative fig
mycorrhizal dependency (R.F.M.D.) of infected plant;
were calculating according Gerdemann"”  at eqy
pollution level after 5.6, and 9 weeks respectively

follow :
M.D = dw M plant/dw NM plant x 100

R.F.M.D = dw M plant - dw NM plant/dw M plan
where, dw (dry weight), M (mycorrhizal), Ny
(non-mycorrhizal).
Tolerance indices (Ti) of mycorrhizal and nop.
cowpea plants to polluted water were

mycorrhizal
according to Shetty et al®” at each haryegt

determined

stage as follow:-
Ti=dw plant at pollution level/dw plant at control x 100

b-Estimation of VA mycorrhizal infection :
Random root samples were cleared and stained

according to #". The percentage of mycorrhizal

infection rate was determine
Trouvelot and Gianinazi-Pe-arson™".
c-Statistical analysis :
The effect of both
VA mycorrhizal infection on the measured parameters

was analysed using two factorial analysis of variance

(ANOVA)®,

Correlation
strength of the relationship between VA mycorrhizal

infection and the measured parameters at different
Jevels of pollution by the method of Crow et al®.

The data were fed into a computer (4pple L. G
and we have used “State View Set + Graphics”

program.,
RESULTS
1- Growth Changes
The ecological ramifications of V.A. mycorrhiz2
increased cowpea (Vigna sinensis) plant tolerance o
irrigation with polluted water are best assessed
evaluating the effects on plant growth (Table 2). T
exposed cowpea plant to irrigation with differe®
concentrations of polluted water showed variabl
changes in relative growth rate and dry ma®
accumulation. Comparing the use of 40% polluted
water to the other dilutions in irrigation of ¢0
plant, it was found that the relative growth rate at dﬂ
weight of either mycorrhizal and 11011-!11)'60“1“1’al
treated plants were reduced
equivalent control (0.0% polluted water) except
first harvest stage (5 weeks planting).

diluted waste water and the

to about 50% Oﬁtw i

d by the method of |

matrix was used as a measure of the
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Table 2 : Effect of dHYerent dilutions of waste water on growth measurement (relative growth rate, dry weight, number of
nodules, leaf area and tolerance Indices) of mycorrhizal (VAM +ve) and non~mycorrhlz;l (VAM-ve) cowpea

plant.
[ Weeks after | Waste Water | V.A.M State | Relative % | Dry Weight Number of Leafarea | Tolerance
Planting (%) Growth Rate | (g/plant) Nodules cm/leaf Indices
(No/Plant)
0.0% - 0.037 0.193 20.5 374
Control + 0.044 0.414 37.5 46.4
10% - 0.017 0.198 17.3 39.6 1.03
+ 0.035 0.324 34.7 43.3 1.25
5 20% - 0.007 0.24 12.5 36.5 1.25
+ 0.032 0.292 26.3 36.7 1.51
40% - 0.01 0.197 9.2 35.7 1.18
+ 0.27 0.228 21.7 37.8 1.18
0.0% - 0.048 0.369 23.8 53.6
Control + 0.057 0.54 42.4 55.8
10% - 0.038 0.269 19.6 41.6 0.73
7 + 0.048 0.494 37.2 50.4 1.34
20% - 0.038 0.302 11.0 391 023
+ 0.065 0.453 21.3 48.3 0.82
40% - 0.023 0.234 6.1 37.1 0.63
+ 0.032 0.395 19.3 43.4 1.07
0.0 % - 0.072 0.777 25.1 39.1
Control + 0.094 1.082 52.1 50.1
10% - 0.056 0.589 15.4 31.2 0.76
9 + 0.062 0.764 28.6 36.6 0.98
20% - 0.041 0.508 8.0 30.1 0.55
+ 0.058 0.597 18.1 34.9 0.65
40% - 0.036 0.390 3.5 24.8 0.50
+ 0.04 0.593 17.5 33.2 0.76
VAM : Vesicular arbuscular mycorrhizse.

N.P. : Control: Tap water used for irrigation.

However, generally mycorrhizal plant still exhibit
higher growth rates and dry weights than that of non-
mycorrhizal Nodulation of the roots of mycorrhizal and
non-mycorrhizal plants is reduced with increasing the
percentage of water pollution (Table 2).. However
number of nodules produced by V.A mycorrhizal
cowpea was about two times greater than that produced
by non-mycorrhizal plant for each pollution level at
different harvest stages.

The results presented in (Table 2) also indicated
that leaf areas of G. fasiculatum infected plants was
still higher than that of non-infected one when irrigated
with polluted water all over the experimental periods.
In general, leaf area of both infected and non-infected
plants was reduced by increasing the level of water
pollution.

The absolute values of tolerance indices of
Cowpea plants were rised by association with the
mycorrhizal fungus (Glomus fasiculatum) as already
;saresented in (Table 2). This was particularly marked at
n:;ﬁ:‘h‘}mest wherein, the tolerance index of the non-
from ;b::} plant in 10%, 20% and 40% being rised
i pout 0730 1.34;.0.23 10 0.82 and 0.63 to 1.07
‘olerani?ff hizal plants, respectively. ~ Moreover,
Significay ‘;"dlce§ of mycorrhizal plants were already
mycoffhim]y higher than that equivalent mnon-

plant at the studied levels of poliution.
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Such increasement were related to the extent of

mycorrhizal infection.

2- Pigments Content :
The data given in table 3 show that total

pigment content of mycorrhizal and non-mycorrhizal
plants were generally reduced by using diluted polluted

water at different harvesting stages.
The value obtained for the mycorrhizal plants

remained greater than those given by non-mycorrhizal
plants. The lowest value of total pigment contents
observed at 20% polluted water after both first and
second harvest stages, while in third harvest stage was
observed at 10% pollution level.

At the end of the first and third harvesting
stages, chlorophyll a & b were decreased with
increasing water pollution. However, the carotencid
content behaved oppositly with increasing the levels of

pollution.
The same picture of results was observed after

the second harvesting stage with respect to chlorophyll
a & b, while, carotenoid content was decreased with
increasing level of water pollution (Table 3).

3- Elements Content :

Table 4, shows that the concentration of
different elements detected in cowpea plants treated
with  different levels of polluted water were
significantly higher than those of untreated plants.
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3 tents of myc i
Table 3: Effect of different pollution levels of waste water on pigment conte yeorrhizy

i ts.
' y-mycorrhizal (VAM-ve) cowpea plants i
(VAM £ve) and hon Pigment contents (mg/g fresh wi)
Il | Chlorophyll | Carotenoid Total ]
Weeks after Waste VAM Chlorophy : Manmest Pigment
P lanlngL Water (%) State a e 107 *L23,33
00 - 14.21 l- 7—1 183 3132
Control + 17.78 11, T 070
10% - 10.57 8.76 P -21-
- 11.28 8.47 1. = 3‘~
5 20% - 9.67 3.78 1-03 16.;7
+ 10.76 5.10 1.0 94|
40% - 8.04 5.24 9.3 23.08
. + 10.44 5.48 10.1 26.02
0.0 . 15.24 11.27 3.49 3360.30
Control 4 18.41 13.78 427 —L
10% - 11.68 9.27 2.74 23.69
+ 12.72 9.23 2.78 24‘73‘
7 20% - 8.95 7.08 2.46 18.49
N + 10.64 8.4 292 21‘96*
40% - 9.82 7.76 2.70 20.28
+ 10.66 8.42 2,92 22.0
0.0 - 5.13 4.42 4.27 10.8
Control + 5.40 4.75 1.25 11.4
10% - 3.84 3.74 1.14 8.72
+ 4.5 3.66 1.02 9.18
9 20% - 347 3.19 9.5 16.16
+ 3.54 3.25 9.7 16.49
40% - 2.81 1.76 7.20 11.77
+ 3.39 2.12 8.60 14.11

Furthermore, the concentration of such elements

in mycorrhizal plants were higher than those of non-
mycorrhizal one. The results of (Table 4) revealed also
that phosphorus content (P) of mycorrhizal and non-
mycorthizal plants, decreases with increasing the level
of pollution compared with control especially after 7
and 9 weeks plantation..

The content of both nitrogen (N) and (sodium)
(Na) of the growing plants decreased with increasing
the level of water pollution compared with control
treatment after the first harvest stage in both
mycorrhizal and non-mycorrhizal plants. However, N
and Na contents of mycorrhizal and non--mycorrhizal
plants shows higher values in second and third harvest
stages with rising of water pollution,

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

From the results recorded in table 4, copper (Cuw)
and cobalt (Co) contents showed the highest valyes
compared to controls by increasing pollution levels of
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irrigated water in both mycorrhizal and nor-

mycorrhizal plants at the three harvest stages Iy :
addition, zinc concentration of mycorrhizal plant

decreased, but in non-mycorrhizal plants, it increassd
compared to control with rising pollution of irrigated
water after 5 weeks,

On the other hand, zinc content increases with -
increasing the pollution levels compared to control and |

the maximum concentration was observed at 20%
pollution level after 7 & 9 weeks in mycorrhizal and
non-mycorrhizal plants. However, ferrous (Fe) concen-
tration increases with rising the pollution level in both
mycorrhizal and non-mycorrhizal plant all over the
experimental harvest stages; except in case of nor
mycorrhizal plant at level 10% after 9 weeks.

The results of table 4 showed also that, (he
percentage of heavy metals (Cu, Co, Zn & Fe) contet!
in" roots 0 its content in the whole plant increases with
the increase in the pollution level in the water for
irrigation used. The percentage of Co and Zn content !
mycorrhizal plant roots were generally higher than tha
of mycorrhizal plant shoots in polluted soil.

On the other hand the percentage of Cu conte*
(>50%) in mycorrhizal plant roots were observed?

higher pollution levels (20 & 40%) afier 7 weel
planting,
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4- Nitrogen Phosphorus ratios, Mycorrhizal
infection, Mycorrhizal dependence and relative field
mycorrhizal dependence:

The relation between plant nitrogen-phosphorus

ratios  (N/P) and mycorrhizal infection (%M)
mycorrhizal ~ dependence (MD) and relative field

mycorrhizal dependence (RFMD) of cowpea plants
irngated with polluted water are shown in (Table 5)
The N/P ratios were increased with the aging of the
plant at each pollution level. Nevertheless, these ratios
in the sometime, did not related to leve! of pollution .

The rate of mycorrhizal root colonization (M%)
decreases with rising the level of water pollution as
already presented in (Table 5). Moreover, the
mycorrhizal infection was increased with aging of the
plant. In addition, the results shown in the table
indicate that MD as well as RFMD decreased by rising
pollution level up to 20%. There after, MD and RFMD
were increased again.

5. Effect of mutual interaction of water pollution
and mycorrhizal infection on plant:

From the results of two-factor analysis of
ariance presented in (Table 6) it was noticeable that,
the levels of water pollution have shown highly
significant effect (P < 0.01) on relative growth rate,
nitrogen and copper contents of cowpea plants.
Moreover, it also significantly affected (P < 0.05) dry
weight, number of nodules, N/P ratio as well as zinc
and cobalt content of grown plants. On the other hand,
mycorrhizal infection showed a highly significant
effect (P < 0.01) on relative growth rate and number of
nodules of irrigated plants. However, mycorrhizal
infection also induced significant effect (P < 0.05) on
dry weight, total pigment content, phosphorus,
nitrogen, magnesium, calcium and zinc contents of
plants as well as N/P ratios. Furthermore, the combined
action of water pollution levels and mycorrhizal
infection showed significant effects on dry weight,
number of nodules, magnesium, calcium and cobalt
contents of cowpea plants. The remaining measure-
ments listed in table 6 did not showany significant
responses to water pollution and mycorrhizal infection
or both together.

6- Strength relationship between VA mycorrhizal
infection and plant measurements:

Correlating, the mycorrhizal infection with plant
Measurements at various levels of pollulionbyusing
correlation coefficient “r" as already presented in
(Table 7) revealed that, the relative growth rate,
number of nodules and N/P ratio exhibited positive
i’f‘“ﬁcam correlation with mycorrhizal infection.
a ore over, zinc content of cowpea plant also
mg:“lﬁmm showed inversely correlation with vesicular
“;thml infection at the three levels of polluted

er. However, N/P ratio as well as nitrogen content
Plants showed proportional significant correlation
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with mycorrhizal infection at the three levels of
pollution, except at 10% level where nitrogen content
was inversely correlated with mycorrhizal infection, On
the other hand, mycorrhizal infection was significantly
inversely correlated with phosphorus and cobalt
contents of irrigated plants at 10% of water pollution,
while at 20% of water pollution, calcium comen‘t of
plants was positively correlated with mycon‘h'lzal
infection in a significant value. In ‘adc.ixhon,
mycorrhizal, infection induced positive mg,n{ﬂcaM
correlation with dry weight and negative significant
with copper content of plants, at a pollution Jevel of
40%. Furthermore, ~mycorrhizal infection Wwas
significantly correlated positively with relative grmh
rate, number of nodules, N/P ratio and potassium
content of cowpea plants, while negatively correlated
with phosphorus, sodium and zinc contents at normal
conditions of irrigation with control (Table 7).

DISCUSSION

As previously reported, increasing the period of
irrigation with polluted water markedly changed the
physical and chemical properties of the exposed soil.
These changes includes increase in the soil elements N,
P, K, Zn, Cu, Mn, Co and Fe as well as other heavy
metals @, Current evidence indicates that the level of
pollution in irrigated water can be considered asan
impertant factor controlling nutritive or morphological
characters of the growing plants®?”. In this
connection, our results revealed that the relative growth
rate as well as dry weight of cowpea plants were
significantly (P < 0.05) affected by irrigation with
different levels of polluted water. Marked reduction in
relative growth rates was observed by rising the level of
water pollution reaching to about 50% of the control at
a level of 40% polluted water.

Jt is evident from the present study that
mycorrhizal infection improves relative growth rate,
dry weight and tolerance indices of cowpea plant
growing in soil exposed to different concentrations of
polluted water, compared to non-mycorrhizal plant.
These findings agrees with previous results “**>" and
suggest that management of VA mycorrhizal symbiosis
could not only improve growth but also help in
overcoming the detrimental growth effects of irrigated
water pollution.

In this investigation, nodule formation by
cowpea plants showed significant sensitive responses (P
< 0.05) toward polluted water, where, its numbers
decreases as pollution level increases. This may be
attribute to high nitrogen content in polluted water and
this correlation with proved previously ©V,

However, the effect of water pollution on
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 (P < 0.01)
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Table 6 ¢ Two-factor annlysis of vavienie (ANOY

with pollured water and mycorshisal I AV et for the effeet uf preatment ol cowpiu pluils

et
Teciion -u_n_l._!g..;..l ICARI Cis ity

Twa- o SR ——
F.ratio thioritical ““\r:::l_t' Potbvted Wi Mysonihibeul [ Podluted wutsr audl
F.entio ut 0 ‘.'*.“ e — . ;a,u_u. 1un .'_u}‘-_u.uh!'!-;i Infeifiun
—Nﬂ'\'"' LT T i Sy
Measurements . ' 8 s 6
Relative growth rate (%) — T - O ———
Dry weight g/plant 4’ ol h.94 / "‘ g
Number of nodules  No/plant 3 A Jus
Total pigments mg/p 'wt 2 80 “]’ 18 Rl
Phosphorus () content mg, g 1w 283 " | ‘, 1’
Nitrogen (N) content mg g "Dwt 913" :"! I’ .
N/P ratio (%) 164 _’ :’ l‘ T
Polassium content munole.g” Dwt 219 ‘ "’ o8
Sodium contenl m.mr)lc,gl Dwt 21 201 | ;,,
Magnesium content mg g Dwt 146° . l" ¥
Calcium content m.mole g Dwt 121 2 08° 214"
Zinccontent  Ugg' Dwt 163 142" '
Jron content Ugg' Dwt 719 2 51 %
Copper content  Ug.g'' Dwt 746" 117 |4,
Cobalt content U ' Dwt 121" 247 211"

*  Significant — F: P <0.05

** Highly significant — F: P <0.0]

1wt Dy wight
ot Fresh welgit

Table 7: The carrelation hetween mycorrhizal Infectlon und Plant measurementy (grawth paramelers) at

different levels of water pollution ,

Cntical value of tail = 0.52

93

e tal hiam ot *- ah Tl S Matl aae o oo L

Wiste water (%)

Correlation value 0.0 % VA 0% AN
Measurements . sl
Relative growth, rate 0.53* 042¢ 04559 nere
Dry Weight 0.51 (14K (.51 (40
Number of nodules 043 0.69* O H#a*
Total pigment, 042 0.31 M f) 2
Phosphorus (P) content -0.76* -0.52¢ 031 M 76
Nitrogen (N) Content -00.51 - () 54* 0.69* U IA
NP ratio 0.74* 0.67¢ 061 ;72
Potasseum content 0.56* 044 FRV] 074
Sodium content <0.57* 01 0.0l N
Magnesium content -0.43 (.14 (4 03
Calcium content 0,17 ()44 0.54% {142
Zink content -0).58* -0.63% ~0.6]* TRV
Iron content (.14 0.A5 012 044
Copper content . A6 041 -6 5] 047
Cobalt content 026 L -0 1 017

r<0.52 insignificant re052  significant *
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mdicmes tha poluad water may increase heavy metal
Tomiaon 1= exposad plant This accumulation may
Tduor he comtemtrations of chioroplyll 2 & b,
SICiTume b and ferrodorn Based on 2forementioned
S22 we popgen i VA ccorrhuzal associztion may
Tmesferr waih and raduce the tome effects of heavy
acczmaizion in exposed plant
1 2ppers from the present study that, macro-
&S Tmcro-glement comtents, imcluding PN, Na Mg
Cs, Zn and Fe, of cowpea plants exposed to
pollced wamer wers much hagher percentage than that
of umexpoged plast (Control). These findings confirm
Previous resulss Sadings™ ', They found that imigation
of Srm sol weth pollmed water increased their macro-
=ucrp ziement cootemts, which lead to more
Conseguest’y 1o more accumulation of thase elements in
the g;:'r-‘:é plams However, some of these elements
=¥ cams: nantve or morphological problems to thess
plazss

A
=
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and

e presest investiganon, 1t is of interest to
Zibongh the heavy metals, including Cu, Co,
¢, content of mycorrhizal plants are much
that of nos-mycorrhizal one, the
mycorriuzal piant showed better growth than that of
Ton-myeormhizal These results emphasize that VA
myoorTiizal incvease metzl tolerance of the compea
Plamis i the present Similar observations have been
made from the previous workers %),

Two mzin mechanisms for the effect of
mycoriiza e host metal tolerance have been reported.
The St was proposed by 9, yag suggested that
mezls may bind to the interfacial matrix found
Duamen the hyphas in ericoid mycerrhizas. This
binding would then either, reduce fusther movement of
the metal through the mycorrhizas 10 host tissue, or
removed metzbolically by the fungus and sequestered
in harmless form within its hyphae. However, either of
these  possibilities,  passive binding or metabolic
detoxification by mycotiont, should lead to increased
amounts of metzl inthe mycorrhizal root systems and
decreased of thesa amounts in the above-ground parts

of resigtant plant. This negative correlation between
shoot - and root meral content was proved for zinc, jron,
and cokalt in the present study. Similar Observations
weze previously reported®’ 4149, Moreover, it was
found that the nrycohionts did net affact transiocation
of copper to the shoots of cowpea plants which wag in

cne.
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agreement with other investigation . Tlhc Presence o
metal-binding mechanism is conjecture, however, ypy,
information is obtained on metal localization in f“"gal
e has'[“)::ssus:scond means by which infectiop by
mycorthizal fungi may affect e ‘.m Jﬁ,"‘“"?ce is
through improved phosphorus nutrition - Evidongy
from the present study indicates that VA MYCOrThizg
infaction  significantly incre:fse the conc.emrahon of
phosphorus in cowpea plant tissues at various levels op
water pollution, compared with non-mfec:‘e:i J)Ex)m_ Our
results support the previous works by 40 .
found that phosphorus uptake is usually enhanced jy,
mycorthizal  plants  than non—n\qunhizal ong,
A;ccrd:ng to aforementioned results: it is cor-lceivable
to suggest that, the two mechanisms; bind apq
improved phosphorus nutrition effects may play a rols
in incrzasing metal tolerance.

In the present investigation, the percentage VA
mycorthizal root infection showed marked reductioy
with rising the level of pollution. Moreover, there isa
significant increases in nitrogen content of both
exposed soil and growing plant under a long period of
irmgation with polluted water. Similar observations
have been made before “*“““*?, They showed thay
high nitrogen levels arrest and prevent mycorrhizae
formation and sometimes terminate symbiosis,
Interestingly, although nitrogen level is high in
exposed soil treated with polluted water, the
mycorrhizal symbiosis increased at each pollution level
with increasing stage of harvesting. This may be
explained on the basis of VA mycorrhizal adaptability
to new conditions which results from irrigation with
water pollution in the present study.

Our findings could not demonstrate a
relationship betwesn tissue N/P ratios and root
colonization and this findings supports that reported
before ®. On the other hand these findings differs from
that of . 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 VAM infection rate would depend on
phosphorus availability,

Mycorrhizal dependency has been defined by ™
s “the degree to which a plant is dependent on the
mycorrhizal - condition to produce its maximum gf"?“h
or yield at a given level of soil fertility”, Morphologicd
properties, plant biomass as well as other plant
parameters have often been used as indicator for
mycorrhizal dependency “*, Evidence from our result
indicates on mycorrhizal dependency for plant 7
mass decreased at low and moderate pollution lﬂ'eli
(10 & 20%), while it increased at high pollution lev®
(40%). Based on these data it is conceivable ¥
conclude that cowpea plant tolerance and its !U°‘f'ﬂ| ﬁ
depend on mycorrhizal symbiosis when grown in 5 -
irrigated with polluted water. Furthermore, the reso!
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of re-usa of untreated industrial waste
5 i m;mm:;ﬂ purposes along with VA
,al infection to the growing plants, especially,
the plants, were only shoot system are use by

mal and human
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