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ABSTRACT

The effects of cadmium, inoculation with either Bradyrhizobium or VA-
mycorrhizae and kinetin application as well as their interactions with cadmium on
growth, anatomical structure of both leaves and stems as well as yield and its
components in soybean plants were investigated. Cadmium treatment decreased
plant height, number of branches, leaf area and dry weight of shoot/plant. In addition,
photosynthetic pigments contents in the leaves and carbohydrates concentrations in
the shoots, pod number/plant, seed weight (g)/plant and 100 seed weight (g) were
also decreased. Calcium concentration in the shoot system as well as N, protein, P
and K percent in the seeds were decreased, while, Cd concentration in the shoots
was increased. Inoculation with either Bradyrhizobium or VA-mycorrhizae and kinetin
application increased all investigated parameters with the exception of Cd content in
shoots in Cd-polluted soil. It is interesting to mention that these treatments alleviated
the adverse effects of cadmium treatment and improved the plant growth. However,
kinetin application was the most effective treatment in this respect compared with
other treatments. Regarding the anatomical structure of plant, cadmium treatment
decreased stem diameter and thickness of cortex, xylem, phloem and pith tissues
thickness. Metaxylem vessels diameter was also decreased as well as thickness of
either leaflet blade or mesophyll tissue thickness due to reducing thickness both
palisade and spongy tissues thickness. The size of the midvein vascular bundle was
also decreased as indicated by its dimension.

Keywords: Soybean, Cadmium, Inoculation, Bradyrhizobium, VA-mycorrhizae,
Kinetin, Toxicity, Anatomical structure.

INTRODUCTION

Recently, there is an increasing interest to study the adverse effects
of environmental stresses on plant growth and development. Plant may
expose to different stresses during its life, including excess accumulation of
heavy metals in cultivated soils. Toxic levels of cadmium occur in some soils
as a result of environmental pollution due to mining, smelting, industrial
pollution and pesticide application. Cadmium has not only a toxic metal effect
but it also easily taken up by plants and translocated to different plant parts,
thereby leading to impaired metabolism and reduced plant growth, hence
crop production (Aschmann and Zasoski, 1987 and Sheoran et al., 1990).

Consumption of agricultural food products containing high Cd levels
result in increased Cd accumulation in human organs such as kidney and
liver, and may impair their functions (Bernard and Lawerys, 1984). Generally,
visual symptoms of Cd toxicity include reduction of plant growth, an intervinal
chlorosis and necrosis with red brown discolouration of leaves (Naquib et al.,
1986 and El-Saied, 2001). High levels of Cd in the rhizosphere are often
accompanied with morphological, physiological and structural responses
(Sheoran et al., 1990 and El-Saied, 2001). Most of these responses can
reduce plant growth in various plant species (Abo-elatta, 2002), by affecting
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several physiological processes such as water absorption, photosynthesis
and nutrient uptake (Sheoran et al, 1990). Moreover, it alters both
carbohydrate status and plant hormones of shoot system (Dixon, 1990 and
Hassan and Wahdan, 1991). Photosynthesis has been found to be the most
sensitive process affected by Cd toxicity (Sheoran et al., 1990).

It is well established that inoculation with both Rhizobium and
mycorrhizae may play an important role in increasing metal tolerance.
Previous results of Leyval et al. (1991) and El-Enany and Abd-Alla (1995)
revealed that microbial inoculation can not only increase the ability of plants
to grow in the presence of toxic metals, but it also decrease metal
accumulation in plants growing in polluted soils and, thus, protect the host
against phytotoxic metal effects. In addition, several studies have been
shown that kinetin application ameliorated the deleterious effects of soil
pollution with cadmium on growth of many crops (Gadaliah, 1995a and
El-Saied, 2001).

Therefore, the present study aimed to clarify the toxic effects of Cd
on soybean plant growth and its yield components in addition to the effect of
Cd on certain physiological aspects and the anatomical structure of leaves
and stems. Moreover, inoculation by either Rhizobium or Glomus mossae
and application of kinetin were studied to assess if their application could
provide useful recovery the adverse effects of Cd toxicity.

MATERIALS AND METHODS
Two pot experiments were carried out during the two successive
seasons of 2000/2001 and 2001/2002 in the Experimental Station and
Laboratories of Agric. Botany Dept, Fac. of Agric., Mansoura Univ.,
Mansoura, Egypt.

Soybean seeds:
Soybean seeds (Glycine max (L) Merr. cv. Giza 21 were obtained
from the Agricultural Research Center (ARC) Dokki, Giza, Egypt.

Microorganisms:

Bradyrhizobium japonicum USDA 110 was obtained from Microbiol.
Res. Dept., Soil, Water and Environ. Res. Instit., ARC, Giza, Egypt, in
lyophlized form, multiplied in nutrient broth and centrifuged then prepared
again in suspension. Inoculation was done by adding 5 ml bacteria
suspension per pot at 21 days after sowing.

Mycorrhizae were obtained from Fac. of Sci., Mansoura Univ., Egypt.
Roots of Allium cepa infected with VA micorrhizal fungus were used as
inoculum. The spore suspension of VA-mycorrhizae was placed 5 cm below
the soil surface at the rate of 5 ml/pot after 21 days from sowing.
Kinetin:

Kinetin (6-furfuryl amino purine) was purchased from Sigma Chem.
Co. LTD England, and applied as spray treatment at 21 days old.
Plant growth:

Plastic pots 30 cm diameter were used. Each pot was filled with 5 Kg
clean air-dry soil. The mechanical and chemical analysis (Piper, 1950) of the
used soil are illustrated in Table (1). The pots were divided into two sets.
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The first set of pots was irrigated with water, while the second was irrigated
with 150 ppm cadmium chloride solution (500 mil per pot). Uniform seeds
were sown on the 5™ of May in both seasons. The pots were kept in the the
Agric Farm of Agric. Bot. Dept. under a normal day/night and irrigated with
tap water when required. The other agricultural practices were done
according to the advises of the Ministry of Agriculture and Land Reclamation.
After 21 days from sowing the plants were thinned to leave 3 uniform young
plants per pot. Roots of soybean plants were microscopically investigated
before beginning VA-mycorrhizae treatment to ensure that no exotic fungal
infection was occurred. The pots were arranged in a complete randomized
block design with three replications to form the following treatments.

1- Control. 2- 150 ppm Cd

3- Inoculation with Bradyrhizobium 4- Inoculation with VA mycorrhizae
5- Kinetin 25 ppm 6- 150 ppm Cd + Bradyrhizobium
7- 150 ppm Cd + VA mycorrhizae 8- Cd 150 ppm + 25 ppm kinetin

Table (1): Mechanical and chemical analysis of the used soil during the
two growing seasons of 2000/2001 and 2001/2002.

Soil contents 2001 2002
1- Mechanical analysis:
Sand % 25.8 245
Silt % 19.7 216
Clay % 54.5 53.9
|2- Chemical analysis:
EC at 25°C 0.54 0.56
PH (soil reaction) 7.70 7.80
S.P. 62.1 63.7
F.C. 43.2 45.1

At the vegetative growth stage (45 days after sowing), plant height,
number of branches, dry weight of shoot system and leaf area per plant were
recorded.

At harvesting (95 days from sowing), number of pods per plant, seed
weight per plant (g) and 100 seed weight (g) were determined.

Chemical analysis:

Photosynthetic pigments in the second leaf were determined by the
method of Mac Kinney (1941).

Total soluble carbohydrates were determined in the shoot system by
anthrone method as described by Dubois et al. (1956).

Ca™ and Cd"" cations were determined in the shoot system by the
atomic Absorption Spectrophotometry (BHF 80 B).

Seeds were dried, ground and digested (Peterburgski, 1968) to
estimate N, P, K and total nitrogen (Block et al., 1965), phosphorus (Jackson,
1967) and potassium (Peterburgski, 1968). Seed protein content was
calculated.

Anatomical studies:

Samples were taken from the middle of the 3 internode of the main
stem and the midrib region of the terminal leaflets of the second compound
leaf and fixed in FAA solution, dehydrated in alcohol series and embedded in
paraffin wax (52-54°C m.p.). Cross sections at 15-20 pm thick were prepared

7387



Fouda, R. A. and A. A. Arafa

using a rotary microtome, stained in saffranin-light green combination,
cleared in clove oil and mounted in Canada balsam (Gerlach, 1977) and
examined microscopically.

All the chemical analysis excepted the photosynthetic pigments
contents and anatomical structure were carried out during the second
season.

Statistical analysis:
Data were statistically analyzed according to Steel and Torrie (1980).

RESULTS AND DISCUSSION

Morphological characters:

Visual morphological symptoms of Cd toxicity, i.e., retardation of the
plant growth, an intervinal chlorosis and necrosis with a red brown
discolouration of leaves were observed throughout the experimental period
during the two growing seasons.

The results in Table (2) indicated that Cd™ adversely affected plant
growth in both seasons expressed by plant height, number of branches per
plant, leaf area per piant and dry weight of shoot system per piant.

The reduction of plant growth caused by heavy metals including
cadmium correlated with alteration of root physiology, thereby inhibiting both
root development and its elongation (Woolhouse, 1983 and Sresty and
Madhava Rao, 1999). In this context, Mukherjee and Sharma (1988) noted
that the depressing effect of cadmium on plant growth may be attributed to an
inhibition of RNA and protein syntheses and consequently inhibiting cell
division (El-Saied, 2001) added that Cd™ decreased water and nutrient
uptake by rocts resulted in an inhibition of plant growth.

Moreover, the negative effect of Cd"™ on leaf area may be due to the
slow rate of movement of nutrients and hormone transport from the root to
shoot (Abo-Hamed et al., 1987). Moreover, Cd"™ reduced cell turgor potential
and cell wall elasticity leading to formation of small cells and intercellular
space areas (Barcelo et al., 1988).

Table (2): Effects of cadmium, inoculation with either Bradyrhizobium or
VA mycorrhizae and kinetin as well as their interactions on
plant height, number of branches, leaf area (cm2) and dry
weights of soybean plants during the two growing seasons of
2000/2001 and 2001/2002.

Plant height No of Leaf area |Dry W of shoot

Treatments (cm) branches/plant| (cm)/plant | perplant(g) |
2001 | 2002 | 2001 | 2002 | 2001 | 2002 | 2001 | 2002
Control 405 | 417 | 26 27 [116.9|118.7| 2.19 | 2.10
Cd (150 ppm) 239 | 256 | 11 11 | 78.0 | 79.9 | 160 | 1.70

Bradyrhizobium (R) 46.0 | 521 | 3.2 33 |1364 1378 260 | 2.70
VA mycorrhizae (M) 422 | 443 | 341 32 [1274]128.6| 240 | 240
Kinetin 25 ppm (K) 588 | 630 | 37 42 |153.2| 1559 3.50 | 3.80

Cd+R 404 | 446 | 2.9 32 | 1317|1338 | 2.50 | 2.60
Cd+M 427 | 452 | 29 3.0 |122.2123.8 | 2.30 | 2.30
Cd +K 465 | 533 | 35 40 [147.2 (1479 | 2.90 | 240
L.S.D. at5% 71 69 | 035 | 013 | 29 | 344 | 0.28 | 0.16
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Results in the same table show that inoculation with either
Bradyrhizobium or VA mycorrhizae as well as kinetin application and their
interactions with cadmium treatment increased all the above mentioned
morphological characters.

The beneficial effect of these microorganisms on plant growth may
be attributed to the promoting effects of both Bradyrhizobium and VA
mycorrhizae on nutrient uptake and the nutritional status especially nitrogen
and phosphorus which are necessary for plant growth (Hauka, 2000).
However, nitrogen causes an increase in the meristimatic activity of plant
(Saleh et al., 1982), and an increase in the levels of the endogenous GA3
and auxin contents (Helaly et al., 1985), where GA3 is known to increase cell
elongation. Besides, Rhizobium increases nitrogen fixation through an
increase in nitrogenase activity, as well as Cd™* binding protein content which
play an important role in the detoxification of excess Cd™ and increase
resistance of Rhizobium to Cd™* toxicity (El-Enany and Abd-Alla, 1995). They
added that nodules accumulated cadmium at a higher extent than roots and
shoot. Moreover, nodules act as a barrier restricting the transport of Cd to
shoots (Jarvis and Jones, 1978).

The increasing effect of kinetin on plant height may be attributed to
its effects on increasing cell division and cell enlargement (Arteca, 1996). He
added that kinetin promotes cell expansion and enlargement caused by
increasing water uptake as a result of an increase in the osmatic potential of
the cells. The important role of kinetin on overcoming the adverse effect of
Cd™ may be attributed to an increase of water nutrient uptake (El-Saied,
2001). In addition, kinetin stimulates the rate of movement of nutrients and
hormones from roots which accelerate the rate of leaf expansion in
developing leaves (Richmond and Lang, 1975). Generally, kinetin proved to
be the most effective treatment in this respect.

Photosynthetic pigments:

Data presented in Table (3) reveal thatCd"™ treatment decreased
chlorophylls (a, b) and their total as well as carotenoid contents in the ieaves
of soybean plants.

Inoculation with either Rhizobium or VA mycorrhizae as well as
kinetin treatment and their interactions with Cd" treatment increased
significantly all photosynthetic pigments. Kinetin was the most effective
treatment in this respect as compared to the other treatments.

From the previous studies, it is appeared that cadmium not only
caused an inhibition in photosynthesis process but also a reduction in the
photosynthetic pigments (Sheoran et al., 1990). They added that chiorophyl
reduction might be the major cause of decreased photosynthesis. heavy
metals including cadmium can inhibit photosynthesis in various ways viz.,
through decreased stomatal conductance, reduction of photosynthetic
pigments, inhibition of chioroplast activity.

In addition, the reduction in photosynthetic pigment concentrations of
cadmium-treated plants may be attributed to its effect on chloroplast
ultrastructure by delaying formation of thylakoid membranes which resuited in
smaller chloroplasts (Krupka et al, 1987). Moreover, the reduction in
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photosynthetic pigments may be attributed to the substitution of Mg by Cd

causing denaturation in chlorophyll molecule (Kupper et al., 1998), inhibiting

production of chlorophyll by affecting the synthesis of 5-aminolaevulinic acid

(Stobart et al., 1985), as well as inhibition of chlorophyll biosynthesis and

activation of its enzymatic degradation (Somashekaraiah et al., 1992).

Table (3): Effects of cadmium, inoculation with either Bradyrhizobium or VA
mycorrhizae and kinetin as well as their interactions on both
photosynthetic pigments and carbohydrates concentrations (mg/g
dry weight) in the shoot system during the two growing seasons

2001/2002.

Total Total soluble
Treatments Chiorophyil A | Chicrophyll B Chlorophyll Carotenoids cz‘r;;hg:;::e.

2000 | 2001 | 2000 | 2001 | 2000 | 2001 | 2000 | 2001 | 2000 2001

Control 1.08 | 1.18 103 | 1.04 | 211 {222 | 0.29 {031 11.7 12.9
Cd (150 ppm) 0.95 | 0.96 | 0.63 | 0.70 | 1.58 | 1.66 | 0.23 | 0.26 | 6.8 74
Bradyrhizobium (R) 154 | 157 | 122 | 1.25 | 276 | 282 | 0.39 | 043 13.7 15.7
VA mycorrhizae (M) 1.30 | 1.33 | 117 | 1.23 | 247 [ 256 | 0.36 | 0.39 15.3 17.9
Kinetin 25 ppm (K)_ 182 | 1.86 | 1.68 | 1.81 | 3.50 | 2.67 | 060 |0.63 ] 17.2 | 20.3
Cd+R 1.49 | 1.54 119 | 1.23 | 268 | 277 | 0.35 | 0.42 11.4 154
Cd+M 1.27 1.31 1.13 1.16 | 240 [ 247 | 032 | 0.36 12.8 13.2
Cd+K 1.80 182 | 150 | 1.59 | 3.30 { 341 | 0.56 {0.58 11.8 17.1
LS.D. at5% 0.19 | 0.18 | 0.18 | 0.24 | 0.18 | 0.17 ] 0.03 | 0.03 3.9 2.8

The effect of applied microorganisms on photosynthetic pigments
may be attributed to an increase in N, fixation, this increase led to an
increase in cytokinin content (Dixon, 1990). Cytokinin is known to delay
senescence of plant tissue through its effect on reducing the loss of
chiorophyll (Gadallah, 1995b).

The positive effect of fungal treatment with VA mycorrhizae on the
photosynthetic pigments may be due to the fact that the presence of
mycorrhizae can increase the uptake of heavy metals by the host plant, and
this can mean Dbetter supplies of iron and trace elements, but also facilitates
the entry of toxic elements such as cadmium (Larcher, 1995). He added that
the mycorrhizal fungi can bind heavy metals in their cell wall xomplex and so
are able to buffer the plants against toxic effects.

The role of kinetin on overcoming the depressing effect of Cd** on
photosynthetic pigment content may be attributed to its effect on delaying
senscence (Bardford-Kent, 1983) by increasing the number of chloroplasts in
the leaf, inducing chlorophyll synthesis (Brzenkova and Makronozov, 1976)
and retarding the chlorophyll degradation (Inanova and Kapachina, 1984).

Carbohydrate concentration:

Data presented in Table (3) indicated generally that total
carbohydrate concentrations tended to decline in Cd-treated plants. On the
other hand, inoculation with microorganisms or kinetin treatment as well as
their interactions with Cd™* treatment increased carbohydrate content.
Similar results were obtained by El-Saied (2001).

The reducing effect of cadmium on carbohydrate contents may be
attributed to a reduction of leaf area, photosynthetic pigment contents (Tables
2 and 3) and consequently reduction in the photosynthesis and accumulation
of carbohydrates. Similarly, EI-Saied (2001) noted that the decrease in leaf
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area and photosynthetic pigments in cadmium-treated plants was
accompanied by a decrease in carbohydrate contents in sorghum leaves. He
added that, the major effect of heavy metals has been reported to be on
photosynthetic electron transport chain and O, evaluation by reducing CO,
fixation through their effect on either light or dark reactions of CO,
assimilatory process (Weigel, 1985).

The beneficial effects of kinetin treatment on carbohydrate contents
may probably due to an increase of leaf area, production of photosynthetic
pigments and consequently stimulates the photosynthetic activity (El-Saied,
2001). :

Howard and Withan (1983) noted that an increase in soluble
carbohydrates by kinetin in Cd™" treated plants may probably due to an
increase in invertase activity which consequently led to a simultaneous
increase in soluble activity.

3. Calcium and cadmium concentrations in shoots:

Fig. (1) shows the effects of Cd-treatment, inoculation with either
Bradyrhizobium or VA mycorrhizae and kinetin application as well as their
interactions with Cd-treatment on the average Ca™ and Cd"™ concentrations
in the shoots of soybean plants.

Generally, there is an antagonism between both Ca™ and Cd™
uptake and translocation, with increasing Ca™ uptake by plant, Cd was
decreased.

It is clearly that Cd-treatment increased Cd™ concentration in
soybean shoots, such increase was related with decreased Ca™
concentration. On the other hand, inoculation with either Bradyrhizobium or
VA-mycorrhizae and kinetin application increased Ca™ concentrations in
shoots of soybean plants while the concentration of Cd™ was decreased.

Abo-Kassem ef al. (1997) noted that Cd™ inhibited absorption and
accumulation of Ca™ in soybean plants.

The lower concentration of Cd™ with increasing Ca™ concentration
may be attributed to the competition between Ca™ and Cd™ for negative
binding sites on the cell walls of roots, permeability of membranes (Fett et al.,
1994) as well as increase soil pH.

dCDCalcium ZaCadmium

Ca or Cd (ppm)

Fig. (1): Calcium and cadmium concentrations in dry shoot (ppm
per plant) as affected by different treatments.
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The beneficial effect of inoculation by Bradyrhizobium on overcoming
Cd-toxicity may be attributed to an increase in nodulation and metalloprotein
(Cd-binding protein) formation. Such increase in metalloprotein play an
important role in the detoxification of excess cadmium and increased
resistance of soybean plants to Cd-toxicity (EL-Enany and Abd-Alla, 1985).

The reduction in Cd uptake by inoculation with VA-mycorrhizae may
be attributed to reducing metal uptake or translocation from root to shoot,
through an accumulation of cadmium in fungal vacuoles or in the cytoplasm
(Turnau, et al., 1993) Moreover, the mycorrhizal fungi can bind heavy metals
in their cell wall complex and so are able to buffer the plants against toxic
affects (Larcher, 1995).

The reduction in Cd concentrations under kinetin treatment may be
attributed to its fact on increased transpiration rate (El-Saied, 2001).
Moreover, kinetin increased the stability of leaf membranes, probably due to
its effects on cell membrane permeability (Gadallah, 1995b) as well as
increased in Ca™" concentration (Fig. 1)

It seems clear that inoculation with either Bradyrhizobium or VA-
micorrhizae and treatment with kinetin can play an important role inthe
decrease of metal accumulation in soybean plants growing in polluted soils
by Cd and thus protect the plant against Cd-phytotoxic.

However, heavy metals uptake is not dependent on the
concentration of the metals alone, but also differes from species to species of
plant and fungus (Larcher, 1995). He added that the presence of
mycorrhizae can increase the uptake of heavy metals by the host plant, and
this can mean better supplies of iron and trace elements but also facilitates
the entry of toxic elements such as cadmium.

Anatomical structure:
Leaflet structure:

The leaf blade internal structure of soybean plant is similar to other
dicotyledons plants. It consists of upper and lower epidermis and mesophyll
tissue, which differentiated into palisade and spongy parenchyma.
Epidermis, one layer of completely arranged parenchymatous cells, which are
flatted parallel to the leaf surface. Mesophyll tissue differentiated into
palisade and spongy parenchyma. The palisade parenchyma cells are
elongated and compactly arranged. The spongy parenchymatous cells are
loosely arranged with numerous large intercellular spaces. The vascular
bundle in the medvein is an upon collateral bundle having a narrow cambial
zone (Fig. 2.B).

It can be concluded from Table (4) and Fig. (2B) that cadmium
treatment decreased leaflet blade thickness in the midrib region due to a
decreaseg in the parenchyma cells and their dimensions. The size of the
midvein vascular bundle was also decreased as indicated by its dimension as
well as xylem and phloem tissues thickness. Moreover, metaxylem vessel
diameter was also decreased. Most anatomical features measured in the
ieaflet blade of soybean plants inoculated with either Bradyrhizobium or VA
mycorrhizae and Kinetin application as well as their interactions with cadmium
treatment (Table 4)and (Fig. 2C, D, E and F) were greatest when compared
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with both control and Cd-treated plants. However, treatment with kinetin was
the most effective in this respect.

The inhibiting effect on leaflet structure of Cd-treated plant and other
heavy metals may be due to their inhibiting effect on both cell division and
elongation (Srestly and Madhava Rao, 1999).

The stimulating effect on most anatomical features in the leaflet of
soybean plants inoculated with both microorganisms may be related to an
enhanced supply of nutrients particularly nitrogen and phosphorus for the
host plants (Abd El-Fattah and El-Katony, 1996). Nitrogen led to an increase
in the meristimatic activity (Saleh ef al., 1982). The increase in leaflet biade
thickness due to kinetin application may be attributed to its effect on
promotion of cell division and cell enlargement (Arteca, 1996), such
promotion led to an increase in both palisade and spongy tissues thickness.

Table (4): Measurements of some anatomical characters (um) in
terminal leaflet of the 2™ compound leaf of soybean as
affected by inoculation with either Bradyrhizobium or VA
mycorrhizae and kinetin as well as their interactions with
Cd-treatments during the second growing season.

Counts and measurements
Leaflet | Meso- | Pali- Midrib V.B Meta-
Treatments thick_- Phy" §ade Sﬁps(;r:‘gey dimsnsjon ﬁ‘s"seﬂ P£$ Xylem
nessin fissue | tissue | i thick- | thick- | VeSSele
the thick- | thick- naie Length | Width neas: 1 -noas. dia-
midrib | ness ness meter
Control 750 232 113 119 307 400 210 90 32
Cd (150 ppm) 655 2200 92 108 260 335 110 84 24
Bradyrhizobium (R) 1014 340 160 180 340 493 215 118 48
VA mycorthizae (M) 978 295 141 154 323 487 213 110 45
Kinetin 25 ppm (K) 1320 450 216 234 400 580 259 133 56
Cd+R 844 300 147 153 309 441 205 104 43
Cd+M 783 282 135 147 290 395 197 85 39
Cd+K 972 350 156 194 367 432 243 113 50
L.S.D. at5% 45 27.5 15.0 9.7 29.2 33.3 15.0 4.1 3.1
Stemn structure:

The stem structure of soybean plants as seen in transverse section
consists of the epidermis, ground tissue and the vascular system (Fig. 3B).
Ground tissue differentiated into cortex and pith. The vascular collateral
bundles arranged in complete cylinder. Two types of collateral bundles are
present, ie., large and small bundles. The large bundles are separated with
few small one. Data in Table (5) and Fig. (3B) indicated that Cd-treatment
decreased stem diameter, cortex thickness, number of cortical cell layers,
large vascular bundle dimension due to a decrease in both phloem and xylem
tissue thickness. Pith tissue and metaxylem vessel diameters were also
decreased when compared with control one. Data in the same Table and
illustrated in Figs. (3 C, D, E and F) show that microorganisms inoculation
and kinetin treatment as well as their interactions with Cd-treatment
increased the previous anatomical parameters compared with those in both
control and Cd-treated plants.
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Table (5): Counts and measurements of some anatomical characters
(um) in soybean stem as affected by cadmium, inoculation
with either Bradyrhizobium or VA mycorrhizae and kinetin as
well as their interactions with Cd-treatments during the 2™
growing season 2001/2002.

Counts and measurements

L.V.B. Phloem| Xylem | Meta- | Pith
Noof | dimension | tissue | tissue | xylem | tissue

Stem Cortex

Treatments | ;ometer| tick- | ortical thick- | thick- | vessel | diam-
(um) ?‘5? layers |Length| Width | ness | ness |diam-eter| eter

- @m) | @m) | @m) | (um)

Control 1142.1 | 105.4 | 7.0 | 316.7 | 240.2 | 130.1 | 195.5 | 40.2 | 720
(Cd (150 ppm) 8845 | 99.2 | 6.3 | 275.3 | 160.8 | 92.0 | 188.3 | 32.8 | 510

Bradyrhizobium (R)| 1489.2 | 197.0 | 8.0 | 457.2 | 372.0 | 186.2 | 280.0 | 49.3 | 835
VA mycorthizae (M)| 1374.9 | 204.6 | 8.4 | 382.3 | 400.1 | 167.0 | 226.6 | 45.7 | 788
Kinetin 25 ppm (K) | 1890.5 | 220.5 | 8.9 | 560.0 | 723.0 | 204.7 | 364.1 | 68.0 | 1110
Cd+R 1355.3 | 142.1 | 7.7 | 423.2 | 335.0 | 174.4 | 257.2 | 431 | 760

Cd + M 1262.3 [ 1803 | 7.9 [349.0 |378.0|152.0203.0| 415 733
Cd +K 1793.8 [ 200.7 | 8.1 | 499.1 | 660.1 | 191.5 | 320.2 | 56.4 993
L.S.D. at 5% 105.7 4.2 05 | 222 | 354 | 13.7 | 69 6.2 0.98

The decrease in stem diameter due to cadmium treatment and other
heavy metals may be attributed to the reduction of meristem size and
decreasing number of mature cells (Stiborova et al., 1986) as well as
decrease in the cortex tissue thickness and vascular bundle dimension as
shown in Table (5).

The increase in stem diameter caused by microbial inoculation or
kinetin application and their interactions with Cd-treatment could be attributed
to the increase recorded in the above mentioned anatomical parameters
compared with those of both the control and Cd-treated plants. Fouda (1998)
noted that the increase in wvascular bundle dimensions by kinetin treatment
may be due to a stimulation in cambial cell activity forming secondary
vascular tissues.

Yield and its components:

Data in Table (6) reveal that in both seasons cadmium treatment
decreased significantly number of pods per plant, seed weight (g) per plant
and weight of 100 seed. Itis clearin the same Table that inoculation with
either Bradyrhizobiim or VA mycorrhizae and kinetin application as well as
their interactions with Cd-treatment increased all the abové mentioned yield
parameters. Generally, kinetin proved to be the most effective in this respect.
The reduction in yield and its components by Cd-treatment may be related to
a decrease in branch number carrying pods, dry matter accumulation (Table
6), photosynthetic pigment contents (Table 3). Malan and Farrant (1998)
reported that the reduction in yield of soybean plants by Cd-treatment was
attributed to the decrease in photosynthetic rate, carbohydrate accumulation,
seed number per pod and seed size. Moreover, El-Saied (2001) added that
the reduction in yield of Sorghum plants by Cd-treatment may be due to a
decrease in photosynthetic pigment formation resuiting in inhibition of
photosynthetic activity which led to reduction in assimilates translocation
toward reproductive organs.
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Table (6): Yield and its components of soybean plants as affected by cadmium,
inoculation with either Bradyrhizobium or VA mycorrhizae and
kinetin as well as their interactions during the two growing seasons
2000/2001 and 2001/2002.

Pod.no/plant Weight seeds/plant (¢) | 100 seeds weight (g)

Treatmants 00 | 2004 2000 1 2004 2000 2001
Control 75.0 337 2.5 3.2 12.4 13.9
Cd (150 ppm) 18.0 24.0 143 176 10.0 10.6
Bradyrhizobiurm (R) 45.0 46.0 337 344 27.9 29.1
VA mycorthizae (M) 41.3 437 306 322 23.9 247
Kinetin 25 ppm (K) 58.0 620 396 405 344 %54
Cd+R 483 50.0 30.1 30.6 243 24.1
Cd+M 38.0 40.0 27.0 27.8 1.9 227
Cd+K 47.0 49.0 35.5 6.3 312 17
LSD. at5% 5.6 53 2.1 19 6 16

The enhancing effect of inoculation with both microorganisms on
yield may be attributed to their enhancing effect on plant growth, dry matter
accumulation, number of branches per plant, photosynthetic pigment content
as well as total carbohydrate contents (Tables 2 & 3). These results led to an
increase in assimilates translocation toward reproductive organs.

Overcoming the adverse effects of Cd-treatment on seed yield by
kinetin application may be related to enhancing the expansion of leaf area,
photosynthetic pigment contents and photosynthetic activity which, in turn,
increased carbohydrate accumuiation and consequently increased the yield
capacity of Sorghum-treated planis with cadmium (Ei-Saied, 2001).
Moreover, Jiang et al. (1998) noted that kinetin promoted formation and
differentiation of fiower primordia and improved flower bud formation in
Cucumis plants.

Seed quality:

The effects of cadmium treatment, inoculation with either
Bradyrhizobium or VA mycorrhizae as well as kinetin application and their
interactions with Cd-treatment on percentage of nitrogen, protein, P and K in
soybean seeds during the second season are presented in Table (7). ltis
clear that Cd-treatment decreased significantly N, protein, P and K
percentages in the seeds. While, interaction with both microorganisms and
kinetin treatment increased these parameters in the seeds. Treatment with
kinetin was the most effective in this respect.

Generally, the reduction in mineral percentages due to Cd-treatment
may be attributed to the inhibition of nutrient uptake and transport. This effect
may be due to an inhibiting effect of heavy metals on root growth (Gupta,
1997). Moreover, the reduction in nitrogen percent in the seeds by Cd-
treatment may be attributed to its effects on inhibition of the nodulation,
nitrogenase activity and consequently nitrogen fixation (El-Enany and Abd-
Alla, 1995) and through, alterations of the root function (Barceleo et al., 1988)
or interference with the translocation of fixed nitrogen from roots to shoots
(Jarvis et al., 1976). Such decreases were related with the decrease in
protein content.In addition, the reduction in protein content by Cd-treatment
may attributed not only to inhibition in protein synthesis (Vassilev et al., 1997)
but also the metabolism of primary amino acids (Orzechowski et al., 1997).
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The enhancement of nutrient uptake by mycorrhizal infection may be
attributed to direct hyphal uptake and/or indirect effects brought about by
morphological and physiological changes in the host roots (Abd-El-Fattah and
El-Katony, 1996). They added that the beneficial effect of mycorrhizae on
nutrient uptake seems to be related to an enhanced supply of nutrients
particularly phosphorus and nitrogen for the host plant. Such enhancing
effects of both microorganisms resulted in increasing the absorptive area of
the root system (Abd-El-Ati et al., 2000). Diaz et al. (1996) concluded that
VA-mycorrhizae can play an important role in the restoration of contaminated
soils, by protecting the plants from high levels of heavy metals and this effect
can be partially due to the improvement of the P status for the plant.

Table (7): Effect of cadmium, inoculation with either Bradyrhizobium or VA

mycorrhizae and kinetin as well as their interactions on percentages
of N, protein, K and P of soybean seeds during the second season

2001/2002.

N% Protein % P% K%
Control 4.8 30.0 0.22 3.6
Cd (150 ppm) 3.1 19.6 0.13 1.8
Bradyrhizobium (R) 6.1 38.7 0.35 4.4
VA mycorrhizae (M) 4.9 30.7 0.31 42
Kinetin 25 ppm (K) 6.4 40.0 0.46 49
Cd+R 8.2 35.5 0.31 4.1
Cd+M 4.6 28.5 0.29 3.9
Cd+K 6.2 39.0 0.39 47
L.S.D. at 5% 0.78 4.9 0.04 0.08

The stimulating effects of kinetin on mineral uptake and protein
percentage noticed in the present investigation may be afttributed to an
increase in the stability of cell membrane permeability (Gadallah, 1995b), an
increase in mineral uptake and transport through an increase in transpiration
rate (El-Saied, 2001). He added that the increase in protein percentage due
to kinetin treatment may be attributed to its effect on increasing cytokinin
content. Cytokinins increase the activity of cytoplasm ribosomes leading to
stimulation RNA synthesis followed by an increase in protein synthesis
(Wareing and Phillips, 1970). Hussein et al. (1983) noted that the increase in
protein content may be due to an increase in the amino acid content and an
increase in the activities of the enzymes related to soluble protein synthesis.
It could be concluded that inoculation with either Bradyrhizobium or VA-
mycorrhizae and kinetin plays an important role in the protection of soybean
plants against Cd-toxicity. However, kinetin proved to be the most effective
treatment in this respect as compared to all other treatments and treated
plants. Generally, with regard to heavy metals, uptake is not dependent on
the concentration of metals alone, but also differs from species to species of
plant and fungus. The presence of mycorrhizae can increase the uptake of
heavy metals by the host plant and this can mean better supplies of iron and
trace elements, but aiso facilitates the entry of toxic elements such as
cadmium. On the other hand, the mycorrhizal fungi can bind heavy metals in
their cell wall complex and so are able to buffer the plants against toxic
effects. In addition, the species spectrum of the mycorrhizae-forming fungi
may change in polutted soil.

7398



J. Agric. Sci. Mansoura Univ., 27(11), November, 2002

REFERENCES

Abd EI-Ati, Y. Y.; M. Y. El-Maziny; M. M. Farrag and K. A. A. El-Shaikh
(2000). Effect of inoculation with Bradyrhizobium sp., VA-mycorrhizae
and fertilization with nitrogen on cowpea yield and quality. J. Agric.
Sci. Mansoura Univ., Mansoura, 24: 2285-2302.

Abdel-Fattah, G. M. and T. M. El-Katony (1996). Effects of lime, nitrogen
fertilization and VA-mycorrhizal fungi on growth, metabolic activities
and nutrient content of soybean grown in sterilized soil. Egypt. J. Bot.,
36: 17-36.

Abo-Hamed, S. A.; F. A. Mansour and H. S. (1987). Shoot growth and
morphological characteristics of wheat as influenced by sodium
salicylate, alar, asulam and kinetin. Mans. Sci. Bull., 14: 203-221.

Abo-Kassem, E. M.; A. S. EI-Din; Y. A. H. Mohamed and E. A. Foda (1997).
Effect of different cadmium concentrations on growth, photosynthesis
and ion relation of wheat plants. Egypt. J. Physiol. Sci., 21: 41-51.

Abu-Rlatta, A. A. (2002). The relationship between soil pollution and the
produced plant. M. Sc. Thesis, Fac. of Agric., Mansoura Univ.

Arteca, R. N. (1996). Plant growth substances principles and application.
Chapman and Hall Press.

Aschmann, S. G. and R. J. Zasoski (1987). Nickel and rubidium uptake by
whole oat plants in solution culture. Physiol. Plant., 71: 191-196.
Barcelo, J.; M. Vazquez and C. Poschenrieder (1988). Structural and
ultrastructural disorders in cadmium-treated bush bean plants

(Phaseclus vulgaris L.). New Phytol., 108: 37-49.

Bernard, A. and R. Lauwerys (1984). Cadmium in human population.
Experientia, 40: 143-152.

Block, R. J.; E. L. Durrum and G. Zweigr (1965). A manual of paper
chromatography and paper electrophoresis 2" Ed., Academic Press
Inc. Publishers, New York.

Bradford Kent, J. (1983) Involovement of plant growth substances in the
alteration of leaf gas. Exchange of flooded tomato plants. Plant
physiology, 173:480-483.

Brzenkova,R.A and Makronozov,A.T. (1976) The role of phytohormones in
biogensis of chloroplast. Fiziologicya Rastenii 23: 490-496 USSR (C.F.
Field crop abst., 32(4): 2436).

Clijsters, H. and F. Van Assche (1985). Inhibition of photosynthesis by heavy
metals . Photosynth. Res., 7: 31-40.

Diaz, G.; C. Azcon-Aguilar and M. Honrubia (1996). Influences of arbuscular
mycorrhizae on heavy metal (Zn and Pb) uptake and growth of lygeum
spartum and Anthyllis cytisoides. Plant and Soil, 180: 241-249.

Dixon, R.K. (1990). Cytokinin activity in citrus jambhirl seedlings colonized by
mycorrhizal fungi. Agriculture, Ecosystems and Environment, 29: 103.

Dubois, M.; K. A. Gilles; J. K. Hamilton; P. A. Rebers and F. Smith (1956).
Colorimetric method for determination of sugars and related
substances. Analytcal Chemistry, 28: 350-355.

7399



Fouda, R. A. and A. A. Arafa

El-Enany, A. E. and M. H. Abd-Alla (1995). Cadmium resistance in
Rhizobium-faba bean symbiosis. Synthesis of Cadmium-binding
protein. Phyton (Horn, Austria)., 35: 45-53.

El-Saied, A. A. (2001). The use of kinetin in modulating toxicity of cadmium
chloride on growth and productivity of sorghum plants. M. Sc. Thesis,
Fac. of. Agric., Mansoura Univ., Mansoura, Egypt.

Fett, J. P.; J. Cambraia; M. A. Oliva and C. P. Jordao (1994). Absorption and
distribution of cadmium in water hyacinth plants. J. Plant. Nutr., 17:
1219-1230. ,

Fouda, R. A.(1998). Structural response of soybean (Glycin max L.)plant to
waterlogging and some groth substances. J. Agric. Sci. Mansoura
Univ., Mansoura, 23: 4349-4368.

Gadallah, M. A. A. (1995a). Effects of cadmium and kinetin on chlorophyll
content, saccharides and dry matter accumulation in sunflower plants.
Biol. Plant., 37: 233-240.

Gadallah, M. A. A. (1995b). Effects of waterlogging and kinetin on the stability
of leaf membranes, leaf osmotic potential, soluble carbon and nitrogen
compounds and chlorophyll content of Ricinus plants. Phyton., 30:
199-208.

Gerlach, G. (1977). Botanische Mikroteenk. Eine einfuhrung, Thieme Verlag,
Stuttgart, BRD.

Gupta, U. S. (1997). Crop improvement, stress tolerance New Hampshire,
USA, P. 270.

Hassan, M. and H. A. Wahdan (1991). Cadmium pollution and its effect on
growth biochemical constituents and yield of potatoes. Minufiya J.
Agric. Res., 16: 105-124.

Hauka, F. I. A. (2000).. Effect of using single and composite inoculation with
Azospirillum brasilense, Bacillus megaterium var. phosphaticum and
Glomus macrocarpus for improving growth of Zea mays. J. Agric. Sci.
Mansoura Univ., Mansoura, 25: 2327-2338.

Helaly, M. N.; A. M. Salama and S. Labib (1985). Effects of different sources
of nitrogen on growth, biochemical aspects and yield of tomatoes. 2"
Conf. Agric. Botany Sci., 12-24. .

Howrad, H.F. and F.M. Witham (1983) Invertase activity and the kinetin-
stimulated enlargement of detached radish cotyledons> Plant Physiol.,
73:304-308.

Hussein, M. M.; K. Magda and O. Nadio ((1983). Effect of water deficit and
gibberellic acid on amino acids contents of Vicia faba plants. Egypt. J.
Agron., 8: 137-146.

Ivanova,l.A. and V.M Kapachina (1984). Flow of assimilates and influence of
some growth regulators on the amount of the pigments and on the
intensity of photosynthesis in the hyacinth Hyacinthus orientalis L.
comptes Rendus de I'Acidemic Bul.Des. Sciences 37(2): 217-220.
(C.F. Hort Abst. (54):9).

Jackson, M. L. (1967). Soil chemical analysis. Prentice Hall of india Private
Limited, New Delhi, P. 144-197.

7400



J. Agric. Sci. Mansoura Univ., 27(11), November, 2002

Jarvis, S. C; L. H. P. Jones (1976). uptake and transport of cadmium by
ryegrass from flowering solution culture with a constant concentrations
of cadmium. Plant and Soil, 149: 333-342.

“Jarvis, S.C.; L. H. P. Jones and M. J. Hopper (1976). Cadmium uptake from
soiution by plants and its transport from roots to shoots. Plant and
Soil, 44: 179-191.

Jiang, W. M.; L. H. M. Dugin and H. Zhong (1998). Observation on the fioral
primordial formation on the Cucumis cotyledons cultured in vitro. Acta
Botanica Yunnanica, 20: 76-80.

Krupka, Z. E.; W. M. Skorzynska and T. Baszynski (1987). Effect of cadmium
treatment of the photosynthetic apparatus and its photochemical
activities in greening radish seedlings. Photosynthetic, 21: 156-164.

Kupper, H.;F.Kupper and M. Spiller (1998).In situ detection of heavy metals
substituted chlorophylls in water plants.Photosynthesis Res.,58:123-

133.
Larcher, W. (1995).Physiological Plant Ecology, 3" Ed. 506 pp. Springer
Verlag, Berlin

Leyval, C.; J. Berthelin; D. Schontz; I. Weissenhorn and J. L. Morel (1991).
Influence of endomycorrhizae on mize uptake of Pb, Cu, Zn and Cd
applied as mineral salts or sewage sludges. In Heavy Metals in The
Environment.Ed.J. G. Farmer. PP 204-207. CEP Consultants Ltd.,
Edinburgh.

Mac Kinny, G. (1941).Absorption of light by chlorophyll solution. J. Biol.
Chem., 140: 315-322.

Malan, H. I. and J. M. Farrant (1998). Effect of metal pollutants cadmium and
nickel on soybean seed development. Seed Sci. Res., 8: 445-453.

Mukherjee, A. and A. Sharma (1988). Effects of cadmium and selection on
cell division and chromosomal aberrations in Allium sativum L. Water,
Air and Soil Pollution, 37: 433-438.

Naquib, M. I.; A. A. Hamed and S. A. Waheel (1986). Effects of cadmium on
growth criteria of some crop plants. Egypt. J. Bot., 25: 1-12.

Orzechowski, S.; J. Kwinta; B. Gored and W. Bielawski (1997). Biochemical
indicators of environmental contamination with heavy metals. Polish.
J. Environ. Studies, 6: 47-50.

Peterburgski, A. N. (1968). Handbook of Agronomic chemistry.Kolos
Publishing House, Moscow (In Russian), pp. 29-86.

Piper, C. S. (1950). Soils and plant analysis. Inter. Science Publisher Inc.,
New York.

Richmond, A. E. and A. Lang (1975). Effect of kinetin on protein content and
survival of detached Xanthium leaves. Sci., 125: 650-651.

Saleh, S. A,; F. |. El-Bastawesy; M. S. Khadr and A. H. Abdei-Hadi (1982).
Nitrogen and boron effects on growth and yield components of wheat
plants. Annals of Agric. Sci. Moshothor, 17: 37-50.

Sheoran, I. S.; N. Aggarwal and R. Singh (1990). Effect of cadmium and
nickel on in vivo carbon dioxide exchange rate of Pigeon pea (Cujianus
cajan, L.). Plant and Soil, 129: 243-249.

Soma shekariah, B.; K. Padmaja and A. Preasad (1992). Phytotoxicity of
Cadmium ions on germinating seedlinges of mung bean Phaseolus

7401



Fouda, R. A. and A. A. Arafa

vulgaris:Involvement of lipid peroxieds in chlorophyil
degradation.Physiolo. Plant., 85:85-89.

Sresty, T. V. S. and K. V. Madhava Rao (1999). Ultrastructural alterations in
response to zinc and nickeal stress in the root cells of Pigen pea.
Environ. And Exp. Botany, 41: 3-13.

Steel, R.G.D. and J. H. Torrie (1980). Principles and procedures of statistics.
2" Ed. Mc Graw Hill International Book Company, New York, USA.

Stibrova, M.; M. Doubravova; A. Brezlonva and A. Fridrich (1986). Effect of
heavy metals ions on growth and biochemical characteristics of
photosynthesis of barly photosynthetica, 20: 416-425.

Stobart, A. K.; W. T. Griffiths; I. A. Bukari and R. P. Shearwood (1985). The
effect of Cd** on biosynthesis of chlorophyll in leaves of barley.
Physiol. Piant., 63: 293-298.

Turnau,K.; Koitke I. And Oberwinkler (1993) Element localization in
mycorrhizal roots of Pteridium aquilinum (L) Kuhn collected from
experimental plots treated with cadmium dust. New Phytol., 123:313-
324,

Vassilev, A.; |. Yordanov and T. Tsonv (1997). Effects of Cd"™" on the
physiological state and photosynthetic activity of young barley plants.
Photosynthetica, 34: 293-302.

Wareing, P. F. and D. J. Phillips(1970). The control of growth and
differentiation in plants. Pergaman Press, Oxford.

Weigel, H. J. (1985). The effect of Cd™ on photosynthetic reactions of
growth of wheat grain. Ann. Appl. Biol., 72: 327-332.

Woolhouse, H. W. (1983). Toxicity and tolerance in the responses of plants
to metals. In: Lage, O. L., Nobel, P. S.; Osmond, C. B., Ziegfer, M.
(Eds.), Encyclopedia of plant physiology. Vol. 12C Responses of the
Chemical and Biological Environment Springer-Berlin, PP. 245-300.

2983954 a5 L i el Adaud gy Liguall Jgb o pssadlSU alud) Ll Cidas
Oblly dlalaal) o 15308580
48 o aa) 4d o 5 3agd ariall M Gl
5 pseaial] dnaly cdel 30 48 (el cladl aud

ol e bl agi€al 5o Gasll Gaagiuad 88 o el y Gluidl 135S L guall S8 4zanly Tk
B3l Caseay <l g panlly Alalaall g § 33 5 5Sall Uyl g azag 5l 5ot 5l L 5S4 el peidh) pladinly o seadlSH jLlt
gl Jals A Ao caila N Clausal plasti 5ol 5 Al Gl das il Vi (yany 6 p ssedlSH oS5
Ayl dalusay g 1 230y lill Jla i (I pggadlSlly dlebeall i 3y a3 kil e 5,80 5 ey
G3nay gl elidl Clapa o @Y (5 e galli (M ALYl Sbill 5 sl g genall Ciladl (5405
5 s—na gl (I (gof LS 5% Al 509 s [0 55 230y elll (g puadll g ganall 6 O 52 5 <D
s AV gty ) giansilly gl G g Al e 5 sA (5 Sina S5 o gl e (5 i) § ganall
~pspadlSl e 6.)~ﬂ=-“ & senall 5 sinasaly)

JS a3 o (il Al 1385 130Kl 31 pgmta 3l sl il sl LA il e
IS <l cpspedl Sl a5y —wadll £ ganall (5 sine alli 2o Lad o gl SIL Lkl 4 ) B AL il
Sl i alalaall i€y 4Blall Cliiall JS pundy pg2eaS 5 Ll HEYT e Cliall B AL colalaall
Gl b i (W o 3edtSIG ALleall caal Gy 55 s AY) Clabaally i lEe Jladll 138 (3 1l cdlalaal
Z_L‘JJH d“_uua_—liu_“ isha\]h ‘_Atm L__h:\i“ 4._|G3i )Li e“ls_,tt;.i“} A} ﬁ;.u:ni.“ ¢ Sﬂl M‘I Lﬂmu_,
Goall 4l M da3all paa el LS L paiiall g (oalend) gmadll o oS el W3y Bay gl (A o il el
830l I oSl Alaaall 1385 130 5S5al 51 o s 50 5l ol el 0 W1 Waslayl ity i T ppma (a5l
-ps2adSIL Aolall 4y AN & AGLull liall

7402



