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ABSTRACT: Two pot experiments were carried out during the two seasons
of 2003/2004 and 2004/2005 in order to study the effect of cadmium pollution
treatments (0, 75, 150 and 300 mg/l), the application of biofertilizer (Halex 2)
or garlic extract and their interaction on vegetative growth characters,
chemical composition, yield and its attributes as well as grain quality of
wheat (Triticum aestivum L.) plants. The obtained results indicated that
cadmium treatments negatively affected plant growth characters expressed
as plant height, root length, number of tillers, number of leaves, leaf area as
well as fresh and dry weight of roots and shoots, especially at high cadmium
levels (150 and 300 mg/i). Photosynthetic pigments (chl. a, chl. b, chl. a+b
and carotenoids), total soluble sugars, total carbohydrates, total free amino
acids and total protein concentrations were sharply decreased by increasing
cadmium levels. The enzymatic activities of peroxidase and phenoloxidase
were significantly depressed in wheat polluted plants. On the other hand, the
accumulation of proline in the analyzed leaves significantly increased
- following the increase in cadmium levels. The concentration of minerals (N, P
and K') was negatively correlated with increased cadmium levels in the
growth medium, in this regard, the tested organs (leaves, roots, stems and
grains) showed different responses to cadmium poliution. The endogenous
cadmium concentration increased as a result of increases in cadmium rates.
This increase was more pronounced in roots than in leaves, stems and
grains of poliuted wheat plants. Yield and its attributes, represented by
spikes number and weight/plant, spike length, spikeletes number/spike,
grains number and weight/spike, grain yield/plant, 1000 grains weight and
straw yield/plant as well as grain quality expressed as total carbohydrates
concentration were significantly reduced in response to cadmium pollution
stress. The inoculation with biofertilizer (Halex 2) or the application of garlic
extract exerted significant increase in most tested parameters compared with
untreated plants. Meanwhile, these natural substances decreased the
accumulation of proline in leaves and the concentration of cadmium in all
tested organs. The interactive effects of cadmium pollution treatments and
the usage of natural substances alleviated the deleterious effects of
cadmium treatments and improved plant growth, chemical composition, yield
and its components as well as grain quality of wheat plants.
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INTRODUCTION

During the last decade, the toxicity of heavy metals to plants has drawn
the attention of many environmental scientists (Prasad, 1995). Environmental
poliution with heavy metals has increased dramatically since the onsite of
the industrial revolution (Begonia et al, 1998). Toxic heavy metal
contamination of soil and ground water poses a major environmental
problem and human health hazards as they enter the food chain in their
absorption and translocation (Wagner, 1993).

There are several sources of heavy metal in the environment, which are
natural in some instances or due to human activity. Many areas show higher
levels of different heavy metals as a result of commercial fertilizer, utilization
of sewage (water and sludge) and animal wastes as agricultural fertilizer,
pesticides, herbicides, composts contaminated harbor, auto emission, metal
smeiting and mining as well as industrial activities such as manufacture of
batteries, plastics and automobiles (Prasad, 1995; Aboulroos et al., 1996 and
El-Ghinbihi, 2000).

Moreover, phosphate fertilizers are a maln source of metai contamination
in modern agriculture, which contain discrete amounts of heavy metals
especially cadmium impurities (Passarossa et al., 1993). Higher level of
cadmium (500 mgl/kg) can be found in rock phosphate used for the
manufacture of P-fertilizers (Alloway, 1995).

Cadmium is of particular concermn to human health as it is concentrated in
many cereals, vegetables and fruits. it is recognized as one of the most
hazardous elements which, is not essential for piant growth, since, it is
known to be easily taken up by plants and translocated within the plants
(Kabata-Pendias and Pendias, 1992). Cadmium causes a number of toxic
symptoms in plants, e. g. growth reduction, inhibition of photosynthesis,
induction and inhibition of enzymes, altered stomatal action, efflux of cations
and generation of free radicals (Prasad, 1995). Cadmium is an effective
inhibitor of plant growth expressed as severe root growth inhibition. Leaves
showed evidence of toxicity and senescence (increased ethylene content and
decreased cytokinins and polyamine) with concomitrant metabolic
breakdown (Prasad, 1995). The inhibitory effect of cadmium on
Photosynthesis is due to its negative effect on net photosynthesis by
increasing stomatal and mesophyll resistance to CO, uptake, inhibition of
stomatal opening, photosynthetic CO, fixation of chloroplast, PS Il electron
flow in chioroplasts and photophosphorylation (Greger et al., 1994).
Cadmium exerts its toxicity through membrance damage and inactivation of
enzymes, possibly through reaction with —SH-group of proteins (Fuhrer,
1982). The negative effects of cadmium on wheat growth, development and
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chemical composition were observed by Keltjens and Van Beusichem (1998);
Nagoor and Vyas (1998) and Shenker ot al. (2001).

Beneficial effects of rhizosphere bacteria (Azotobacter spp., Azospirillum
spp. and Pseudomonas spp.) have often been based on increased piant
growth, faster seed germination, better seedling emergence and increased
plant yield. Thus, these bacteria are now called Plant Growth Promoting
Rhizobacteria (PGPR) (Kloepper et al., 1988). The stimulatory effects of
microorganisms may result from production of phytohormones (Noel et al.,
1996), enhancement of availability of some minerals, stimulation of disease-
resistance mechanism, liberation of antibiotic substances, induce cytokinins
synthesis and facilitate uptake and/or translocation of these growth
regulators in plants (Lazarovits and Nowak, 1997). Many Azospirillum spp.
produce several plant hormones such as indole acetic acid, isobutyric acid
and cytokinins in liquid culture (Omay et al., 1993). It is firmly established
that the hormonal effects are the main mechanism by which Azosplrillum
enhances plant growth. Theses hormones were found to reverse the adverse
effect of stress conditions (Strack and Karwowska, 1978). The importance of
biofertilizer inoculation for increasing plant resistance to stress conditions
was observed in wheat by Alvarez et al. (1996) and Creus et al. (1997) and in
maize plants by Hamdia and El-Komy (1998). Thus, bacterial activity appears
to lessen stress effects. ' :

Recently, considerable attention has been glven to reduce pollutants and
chemicals in the edible parts of plants that result from using chemical
fertilizers and pesticides for increasing yield and pest control. Many natural
substances found in the environment are well known as regulators of the
growth and development of higher plants. Extracts from some plant species
such as garlic contain many growth substances and essential requirements
needed for the vegetative and reproductive growth of different plants. Garlic
extract is rich in phytohormones such as auxins, amino acids, some
inhibitors of an antibiotic nature, allicin, organic sulphur, organic iodine,
garllicin, nicotinamide, enzymatic allinase, various ferments and vitamins
such as A and B (Lautie and Passebecq, 1979; Helmy, 1992 and El-Desouky
et al., 1998). Furthermore, these extracts can protect plants against heavy
metal pollution stress. Garlic extract can alleviate the inhibitory effects of
heavy metals on plant growth and development. The biological activities of
garlic extract are attributed to its sulphur-rich compound (disulfide), in
particular allicin that has been found to play a role in the inhibition of
chemically induced cytotoxicity and modulate the activity of several
metabolizing enzymes (Hassan, 2004). Disulfide may be an effective
antioxidant candidate and may therefore play a significant role in the defense
against lipid peroxidation (Grudzinski et al., 2001). Ajoene is a natural garlic
derived compound produced most efficiently from pure allicin, it is a known
inhibitor of glutathione reduction (lbert et al., 1990).
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Therefore, the objective of the present investigation is to evaluate the
effect of cadmium pollutant, the application of biofertilizer or garlic extract
and their interaction on growth parameters, chemical composition, yield and
its attributes as well as grain dquality of wheat plants, in an attempt to
overcome the negative effects of heavy metal stress on studied characters.

MATERIALS AND METHODS

Two pot experiments were conducted at the Experimental Farm, Faculty of
Agriculture, Minufiya University, Shibin EI-Kom during the winter seasons of
2003/2004 and 2004/2005 to investigate the effect of cadmium pollution,
application of biofertilizer or garlic extract and their interaction on growth
characters, chemical parameters, yield and its components as well as grain
quality of wheat plants.

Grains of wheat (Triticum aestivum L.) cultivar Giza 168 were obtained
from the Agrlcultural Research Center, Cairo, Egypt. Ten grains were sown
on December 3™ and 2" in the first and second seasons, respectively, in
plastic pots 30 cm inner diameter and 30 cm depth, filled with 7 kg air dried
soil. Ten days after sowing, the seedlings were thinned to five uniformed
plants in each pot.

Cadmium sulphate (3 CdSO,. 8 H,0) was used as a heavy metal pollutant
and was added to the irrigation water 7 weeks after sowing at concentrations
of 75, 150 and 300 mg/l besides tap water as control.

Biofertilizer (Halex 2), contains a mixture of growth promoting N-fixing
bacteria of genera Azospirilum, Azotobacter and Klebsiella, which was
kindly supplied by Biofertilization Unit, Plant Pathology Dept., Alexandria
University. It was added in irrigation water 8 weeks after sowing at a rate of 1
g/pot and was repeated one week later.

Garlic extract was prepared as watery extract from fresh mature garlic
cloves according to the method described by El-Desouky et al. (1998) and
applied to irrigated water after 8 weeks from sowing at a rate of 250 mg/1 liter
and was repeated one week later.

Each experiment included 12 treatments, which were all possible
combination of four cadmium treatments and three biofertilizer or garlic
extract application. A split-plot design in randomized complete blocks, with
five replications was used. Four cadmium (Cd) concentrations (0, 75, 150 and
300 mg/l) were tested and considered as the main plots. Three biofertilizer
{Bio) or garlic extract (Gr) treatments (control, Bio and Gr) were applied and
considered as the sub-plots and were randomly assigned within each main
plot.

Soil used in the present experiments was sandy clay loam, the texture and
certain properties of the experimental soil were analyzed according to Page
et al. (1982), furthermore, the soil was analyzed for cadmium by atomic
absorption spectrophotometer in an ammonium acetate extract following the
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method described by Jackson (1956). The obtalned data are presented in
Table (1).

Table (1): Physical and chemical properties of the used soll.

Particle Size Value
Sand % 45
Silt % 15.2
Clay % 39.8
Soil texture Sand clay
EC (dsm-1) 1.13
PH 75
Soluble cations (meq/l)
ca® 4.25
Mg* 3.1
Na' 4,2
K 0.96
cd® (mghn) 0.018
Solubfe anions (meq/l)
HCO’, 2.58
cr 6.0

Each pot received 1.68 g P,O; as calcium supperphosphate (15.5% P,0;),
before sowing, N and K were applied in the form of ammonium nitrate (33%
N) and potassium sulphate (48% K;0) at ieveis of 1.36 g N/pot and 0.81 g
K,O/pot, respectively, which were added in two equal amounts during the
growth period. Moisture in the soil was kept at 65% of the total water hoiding
capacity of the soil during the experimental period. The other agricultural
practices were done according to the recommend methods for wheat crop.

After 80 days from sowing (2 weeks after the second application of
biofertilizer or garlic extract) four plants were randomly selected from each
treatment and the following data were recorded:

1- Growth analysis

In each plant sample, plant height (cm), root length (cm), number of
tillers/plant, number of leaves/plant, leaf area (cm®/plant) using the dry weight
method according to Aase (1978), as well as fresh and dry weight of roots
and shoots (dried at 70°C for 72 hrs.), g/piant were recorded.
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2- Chemical analysis:

a- Photosynthetic pigments were extracted from fresh leaves by acetone
85% and determined according to Wettestein (1957), then calculated as
mgl/g dry weight.

b- Total soluble sugars and total carbohydrates in dry leaves were
estimated colorimetrically by phenol sulfuric acid method of Dubois et al.
(1956).

c- Total free amino acids in dried leaves, was determined using the method
of Rosen (1957).

d- Peroxidase activity in O. D./g fresh weight after 2 min. was measured in
wheat fresh leaves using the method described by Fehrman and Dimond
(1967).

e- Phenoloxidase activity in O. D./g fresh weight after 45 min. was
determined in the fresh leaves by the method of Broesh (1954).

f- Free proline in fresh leaf samples was extracted by the method described
by Bates et al. (1973).

g- Total nitrogen concentration in dry leaves, stems and roots was
estimated using micro-kjeldahl method according to Ling (1963).

h- Phosphorus and potassium were determined in dried leaves, stems and
roots following the method of Chapman and Pratt (1961).

i- Cadmium was measured in dry leaves, stems and roots by using atomic
absorption spectrophotometer according to Cottenie et al. (1982).

j- The total protein concentration was calculated by muitiplication of total N
in leaves, stems and roots by 5.5.

3- Yield and its Attributes

At harvest time (120 days after sowing), spikes number and weight
(g9)/plant, spike length (cm), spikeletes numberispike, grains number and
weight (g)/spike, grain yield/plant (g), weight of 1000 grains (g) and straw
yield/plant (g) were recorded. Total nitrogen, phosphorus, potassium,
cadmium and protein concentrations were determined in dry grains as above
mentioned for dry leaves.

4- Grain Quality

Total carbohydrates concentration in dried grains was determined as
above mentioned for dry leaves.

All collected data of both seasons were subjected to statistical analysis
using Costat Software (1985). Treatment means were compared based on the
revised L. S. D. test at 0.05 level (Snedecor and Cochran, 1981).
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RESULTS AND DISCUSSION

1-Vegetative Growth Characters

Data presented in Table (2) show that plant height, root iength and
number of tillers were markedly decreased as a result of treating wheat
plants with different cadmium levels (75, 150 and 300 mg/l). The most
negative effect was obtained under 300 mg/l cadmium which inhibited the
height of plants by 25.95% and 28.83%, the root length by 39.5% and 55.56%
and the number of tillers by 66.67% and 58.14% in the first and second
seasons, respectively. In this concern, Prasad (1995) observed that cell
expansion growth and whole plant growth is drastically inhibited by Cd
toxicity. This inhibition of cell expansion might also be due to the direct or
indirect effects of Cd on auxin metabolism or auxin carriers. The obtained
results are in agreement with those obtained by Keltjens and Van Beusichem
(1998) who reported that root length of wheat and maize plants decreased
with increasing Cd concentration.

Moreover, the number of leaves and leaf area were significantly inhibited
as a result of cadmium treatments (Tables, 2 & 3). The highest reduction in
this respect was observed under higher cadmium concentration (300 mg/l)
and reached about 43.54% for number of leaves and 45.41% for leaf area,
during the first season. It could be noticed that the reduction in leaf area was
mainly due to the decrease in the number of leaves. Furthermore, in Cd
treated plants, the decrease in leaf area was not only due to reduced cell
size, but also due to decreased intercellular spaces (Prasad, 1995).

As seen in Table (3) increasing cadmium concentration in root media up
to 300 mg/l significantly reduced fresh and dry weight of roots and shoots.
The maximum reduction was observed under 300 mg/l and reached to
79.83%, §9.92%, 81.25% and 74.66% for fresh weight of roots and shoots as
well as dry weight of roots and shoots, respectively. The second season
showed the same trend. Similar resuits were observed by Hernandez et al,
(1997) on pea; Ghonem et al. (1997) on maize; Keltjens and Van Beusichem
(1998) on wheat and maize as well as Shenker et al. (2001) on wheat and
barley who mentioned that, roots and shoots fresh and dry weight
significantly decreased with increasing Cd concentration. Root dry weight
decreased with raising Cd levels, this may be attributed to the disturbance of
enzyme activity which resulted from the phytotoxic effects of the high
content of Cd in corn plants as a result of its accumulation (Youssef ef al.,
1995).
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Table (2): Effect of cadmium levels, application of biofertilizer (Halex 2) or garlic extract and their
interaction on some growth characters of wheat plants during 2003/2004 and 2004/2005

seasons after 80 days from sowing.

Treatments Plant height {cm) Root length (cm) Number of tillers Number of
Ccd Bio Iplant leaves/plant
levels or First Second First Second First Second First Second
mg/l Gr Season Season Season Season Season Season Season Season
(] 70.76 a 69.21a 13.03a 17.64 a 30 a 344a 944 a 11.89a
75 66.12a 62.44b 11.16 a 15.48 b 2.33b 2.56 b 8.11b 10.0 b
150 $1.30b 55.84 ¢ 8.79b 13.19¢ 167¢ 2.33b 6.67¢ 8.22¢
300 5§240¢ 49.26 d 579¢c 10.67 d 1.0 d 144c 5.33d 6.34d
Control 57.82b 5368 ¢ 7.76 ¢ 12.52b 1.42¢ 1.92b 5.42¢ 6.75 ¢
Bio 63.45a 58.90 b 9.82b 14.44a 1.92b 2.42b 7.67b 917 b
Gr 66.67 a 64.99 a 115a 15.78 a 267 a 30 a 9.08 a 11.42 a
0 |{Control |} 66.33abc | 65.57abc | 11.17bcd | 15.8 bed | 2.33bed 3.0 abc 7.0 cde 9.33 cd
Bio 71.77 a { 67.97ab | 13.10ab | 1753 ab | 2.67hc 3.33ab 10.33ab | 12.33ab
Gr 7417 a | 7410 a 1483 a | 19.60 a 4.00 a 40 a 11.00a 14.00 a
75 (Control || 61.17bcde | 56.53 cde | 10.07bcd | 14.13cdef | 1.67 cde | 2.00cdef | 6.00defg 7.33 de
Bio 67.90 ab | 62.37bed | 11.07bcd | 15.80bed | 2.33bed | 267 bed | 800 cd | 10.67 be
Gr 69.30 ab | 68.43 ab | 12.33abc | 16.50 bc | 3.00 b 3.00abc | 10.33ab | 412.00ab
150 |{Control § 56.77 de | 48.07 ef | 6.20 ef | 1157 f 1.00 e 1.67def | 4.67 fg 5.67 ef
Bio 61.80 bcd | 56.17cde | 9.0 cde | 13.30def | 1.67cde | 2.33bcde | 7.0 cde 8.00 de
Gr 65.33abcd | 63.27abed | 11.17bcd | 14.7 bcde | 2.33bed | 3.0 abc 8.33 be 11.00 bc
300 [Control | 47.0 f | 44853 ¢ | 36 f 857 g | 067 e 1.0 f | 40 g 467 f
Bio 52.33 ef | 4907 of | 6.1 ef 11.13 fg 10 e 133 ef | 533 efg | 567 ef
Gr 57.87cde | s54.17def | 7.67 de 12.30ef | 1.33 de 2.0cdef | 6.67cdef | g67cd

Values marked with same alphabetical letter (s), within a comparable group of means, do not significantly differ using revised LS.D.

test at 0.05 level.
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Table (3): Effect of cadmium levels, application of biofertilizer or garlic extract and their interaction on
some growth characters of wheat plants during 2003/2004 and 2004/2005 seasons after 80 days

from sowirlg.

Treatments Leaf area (cm®)/plant Root fresh weight Shoot fresh weight Root dry weight Shoot dry weight
cd Bio {g)/plant (g)plant (g)plant (g)/plant
levels | or First Second First Second First Second First Second First Second
mg/l Gr Season Season Season | Season Season Season | Season | Season | Season Season
0 160.66a | 157.53a 1.19a 1.82a 499a 7.20a 0.64 a 072 a 292a 253a
75 131.02b | 12261 b 0.72b 130 b 3.70ab 5.50 b 041b 050 b 198 b 213 ab
150 113.28¢ 92.36 ¢ 0.60 b 098¢ 2.73 be 4.22 be 0.20c 0.37c 1.36 be 1.76 ab
300 87.71d 70.19d 0.24c¢ 0.67 d 20 ¢ 3.08¢c 0.12¢ 0.24d 074 c 1.35b
Controt {| 76.01¢ 62.26 ¢ 0.27c 091 ¢ 223b 3.57¢ 0.13¢c 034c 1.06 ¢ 145b
Bio 115.08b | 117.46b 0.66 b 1.21b 3.50a 5.01b 0.31b J 0.46 b 1.73b 1.98 ab
Gr 17841a | 152.29 a 114 a 1.47 a 434 a 6.43a 0.58 a 0.58 a 246 a 240 a
FO Control | 90.59 e 79.48f | 0.45bcde | 1.20 cde | 3.49 abcde | 4.99 bede | 0.22c¢d | 0.55 bed | 1.74 bed 1.98 ab
Bio 127.4 cd | 163.33b j0.76 bcde | 1.87b 5.53 ab 7.34ab | 048bc | 0.74ab 268b 2.57 ab
Gr 264.0 a | 229.78a 236a 240 a 595a 9.26 a 122a 0.88a 4.34a 3.03a
75 Control]] 85.80e 68.27gh | 0.25de | 1.16cde | 2.52cde |4.38bcde| 0.16cd | 0.38 def | 1.38 bcd 1.63 ab
Bio 127.60cd | 130.79¢ | 0.89 bc 1.26cd | 3.91abcd | 5.43 bcd | 0.45 bed | 0.46 cde | 1.96 be 2.29 ab
Gr 179.67b | 168.77 b 1.02b 1.49 be 4.66 abc | 6.69 abc 062b |o066abc; 259b 2.58 ab
150 Control ] 81.48e 59.89 h 0.21de | 0.77 efg 1.76 de 2.89 de 0.08 cd 0.26 ef 0.70 cd 1.29 ab
Bio 115.50 d 99.35e {0.77bcde| 099def | 2.70cde | 4.09cde | 0.20cd | 0.38 def | 1.47 bed 1.68 ab
Gr 142.87¢c | 117.85d | 0.83bcd | 1.19cde | 3.72 abcd | 5.69 bcd | 0.32 bed | 0.47 cde | 1.90 bed 2.30 ab
300 [Control 46.18 f 41.41i 017 e 0.50 g 114 e 201e 0.07d 017 f 0.41d 1.01b
Bio 89.83 e 76.38 fg 0.23 de 0.70 fg 1.85de 3.16 de 0.12 cd 0.25 ef 0.80 cd 1.36 ab
LGr 12711 cd 92.77 e J 0.33 cde | 0.81efg 3.01 bcde | 4.06 cde 0.16 cd 0.31 def 1.00 cd 1.67 ab

Values marked with same alphabetical letter(s), within a comparable group of means, do not significantly differ using revised L..S.D.

test at 0.05 level.
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Concerning the effect of biofertlizer (Halex 2) or garlic extract on wheat
vegetative growth characters, data in Tables (2 & 3) indicate that growth
characters significantly increased after the application of these natural
substances. The application of gariic extract gave maximum mean values for
all growth characters under study followed by Halex 2 compared with the
control plants. In this regard, El-Desouky et al. (1998) showed that
application of garlic extract exhibited high significant increase in size of root
system, stem length and total dry weight of squash plants. The positive
effects of garlic extract could be attributed to the significant increase of
endogenous auxins, cytokinins, vitamins, amino acids, riboflavin and
ascorbic acid that are already present in the extract (Helmy,1992). Moreover,
Saubidet and Barneix (1998) found that the inoculation of wheat plants with
Azospirillum brasilense stimulated root and shoot growth. Barakat and Gabr
(1998) reported that Halex 2 significantly increased plant height, number of
leaves, leaf area as well as fresh and dry weight of shoots and roots of
tomato plants. The improving effect of Azospirillum on plant growth may be
due to the fact that this boifertilizer produces several plant hormones such
as 1AA, IBA and cytokinins and/or improving the availability and acquisition
of nutrients, which promote plant growth (Omay et al., 1993).

Regarding the interaction between cadmium treatments and the
application of biofertilizer or garlic extract, data in Tables (2& 3) show that
Halex 2 or garlic extract treatments positively correlated with all studied
growth characters. These treatments seemed to inhibit the negative effects of
cadmium pollution and improved plant growth characters, especially under
higher cadmium level (300 mg/l). The best results in this concern were
obtained from the application of garlic extract followed by biofertilizer
compared with untreated plants.

it could be noticed that biofertilizer or garlic extract alleviated the
deleterious effect of cadmium pollution in wheat plants. The effect of these
substances was much more pronounced at relatively higher concentrations
of cadmium. In this concern, results in Tables (2 & 3) reveal that the increase
in growth parameters, resulted from the application of biofertilizer or gariic
extract, was higher at 300 mg/l cadmium than 75 or 150 mg/l cadmium. These
results are in agreement with those observed by Alvarez et al. (1996) who
mentioned that Azosplrillum brasilense increased coleoptile speed of growth
when wheat seedlings are exposed to water stress. Furthermore, Creus et al.
(1997) found that the relative elongation rate of shoots, fresh and dry weight
of shoots were increased by the inoculation of wheat seedlings with
Azospirillum brasilense under sait and water stress. The positive effect of
gariic extract on wheat growth rate under Cd pollution, which was observed
in this study may be attributed to its biological activities due to an allicin
compound, which played a role in the inhibition of cytotoxic chemicais and
modulated the activity of several metabolizing enzymes (Hassan, 2004),
which increased the capacity of wheat piants to tolerate the attack of free
radicals generated by cadmium pollution and made them grow better than
untreated plants.
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2- Chemical Composition

a- Photosynthetic Pigments

Results recorded in Table (4) indicate that chl. a, chl. b, chl. a+b and
carotenoids were significantly decreased in Cd treated wheat leaves. The
application of higher cadmium level (300 mg/l) reduced chl. a by 58.47% and
54.7%, chl. b by 61.46% and 55.14%, chl. a+b by 59.23% and 54.83% as well
as carotenoids by 62.92% and 62.33%, in the first and second seasons,
respectively. The decrease in chlorophyll and carotenoids concentrations
appears to be one of the first visible biomarkers of cadmium toxicity. The
mechanisms of cadmium toxicity on photosynthetic pigments were attributed
to inhibiting the biosynthesis of the aminolevulinic acid (ALA), a precursor of
chlorophyll (Thomas and Singh, 1996) and/or enhancing the activity of
chlorophyllase and chlorophyll degradation (Abdel-Basset et al., 1995). The
obtained results are in agreement with those observed by Skorzynska and
Basznski (1993) who reported that a significant reduction (73%) in the leaf
chlorophyll content was observed with increasing Cd concentration.
Furthermore, Gil et al. (1995) found that leaf total chlorophyll and carotenoids
concentration decreased with increasing Cd levels. Legrady and Lang (1998)
on maize and Shenker et al. (2001) on wheat and barely revealed that
chlorophyll and carotenoid contents decreased by Cd toxicity compared with
untreated plants. The inhibition of photosynthesis by Cd in wheat seedlings
was at the level of the water splitting system at the oxidizing site of PS Il. The
site of inhibition could also be closer to the PS |l reaction center, with an
additional site of inhibition at the plastquinone level (Atal et al., 1991).

Data in Table (4) demonstrate that the application of Halex 2 or garlic
extract caused significant increment in chl. a, chl. b, total chlorophyll (a+b)
and carotenoids concentration in wheat leaves. In this respect, the
inoculation with Halex 2 showed the greatest mean values. In this
connection, Barakat and Gabr (1998) reported that Halex 2 significantly
increased tomato leaf chlorophylil. Moreover, Ei-Desouky et al. (1998) found
that the application of garlic extract significantly increased chlorophyll a and
b as well as carotenoids in squash leaves. The positive effect of garlic extract
on photosynthetic pigments could be attributed to the increment of
cytokinins, which enhance and accelerate the conversion of proplastids into
chloroplasts (Kulaeva, 1979).

As for the interaction between cadmium treatments and biofertilizer or
garlic extract application, it can be noticed that, these substances alleviated
the harmful effects of cadmium pollution and significantly improved
photosynthetic pigments, especially under higher cadmium concentration
(300 mg/l) (Table, 4). Similar results were obtained by Hamdia and El-Komy
(1998) who reported that the inoculation of maize plants with Azospirillum
significantly increased chlorophyll and carotenoid concentration under
stress condition.
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Table (4): Photosynthetic pigments and total soluble sugars concentration (mg/g dwt.) in wheat leaves
affected by cadmium treatments, the application of biofertilizer (Halex 2) or garlic extract and
their interaction in 2003/2004 and 2004/2005 seasons after 80 days from sowing.

test at 0.05 level.

Treatments Chl. a Chi.b Chl.a+b Carotenoids Total soluble sugars
Cd |Bio
levels | or First Second First Second First | Second First Second First Second
mg/l {Gr Season Season Season | Season | Season | Season | Season Season Season Season i
o 1
0 4.31a 479a 1.92a 214a 6.23a 6.83a 267 a 292a 2848 a 31.48a
75 3.62b 4.01b 1.58 ab 1.98 a 5.20 b 599b 212ab 227b 24.38ab | 27.74ab
150 3.07¢c 3.26 ¢ 1.14 bc 131b 4.21c¢ 4.57 c 1.38 be 1.50¢c 2044 bc | 23.97 be
300 1.79d 217d 0.74c 096 b 2.54 d 3.13d 0.99¢c 110¢ 17.55¢ 20.23 ¢
Control 203c¢ 239c¢ 094b 128b 297c 3.67c¢c 1.29b 144b 17.46 b 20.09c
Bio 454 a 4.65a 1.65a 1.88a 619a 6.53a 2.21a 238a 2842a 31.84a
Gr 303b 364Db 145a J 163 ab 4480 527b 1 1.87 ab 2.02a 22.26 b 25.42b
0 [Control 297f 316f |1.26abcde| 1.41cdef | 4.23e 4.57d |2.12abcd | 2.23 bede | 24.00 bed | 23.87 bed
Bio 591a 6.05a 2.35a 263a 8.26 a 8.68a 3.01a 3.37 a 36.75a 39.13a
Gr 4.05d 516 b 215ab | 2.38ab 6.20c 7.54b 2.88 ab 315ab | 27.69abc | 30.54 abc
75 Control 209 h 278h | 1.03 bcde {1.81abcde| 3.12f 459d | 1.34bcd | 1.58defg | 18.38cd | 21.19cd
Bio 5.07 b 4.98c 1.90abc | 215abc | 697D 7.13b | 2.78abc | 2.87abc | 29.94ab | 33.73 ab
Gr 3.7e 4.26e |1.81abcd|199abcd| 5.52d 6.25c |2.23abcd| 2.37 bcd | 24.81 bc | 28.31abc
150 Control 195h 2374 0.92 cde | 1.14 def 287f¢ 351e 1.03d 115fg | 16.75¢d | 19.37 cd
Bio 440 c 439d |[1.36abcde]| 1.62bcdef| 5.76 cd 6.01c |1.82abcd| 1.94 cdef | 25.19 bc | 29.73 abc
Gr 2.87 fg 3.02g [1.13bcde| 1.18 def 4.00e 420d | 1.29bcd | 1.41efg | 19.38 bcd | 22.80 bed
300 Control 1.12] 1.23k 053¢ 0.77f 165h 2.00f 0.68d 078g 13.69d 15.93d
Bio 278 g 316 f 0.98 cde | 1.12 def 376e 4.28d 1.23cd | 1.37efg | 21.81 bed | 24.75 bed
Gr 1.48i 212j 0.72 de 0.98 ef 22 g 3.10e 1.06 d 1.15fg | 17.15¢cd | 20.01 cd
Values marked with same alphabetical letter(s), within a comparable group of means, do not significantly differ using revised L.S.D.
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b- Total Soluble Sugars, Total Carbohydrates and Total Free

Amino Acids
Analysis of variance show that total soluble sugars, total carbohydrates and
total free amino acids concentrations in leaves of cadmium polluted plants
were significantly decreased, particularly at 300 mg/l cadmium (Tables, 4 &
5). At this level, the reduction in total soluble sugars was 38.38% and 35.12%
as well as in total carbohydrates was 36.25% and 34.62% during the first and
second seasons, respectively. The decrease in total free amino acids
reached to 48.59% and 44.84% in the first and second seasons, respectively.
Similar results were observed by Kavita and Dubey (1998) who mentioned
that Cd at rates of (50-500 uM) decreased amino acids levels in rice
seedlings.

This inhibitory effect of cadmium pollution on total carbohydrates in
wheat leaves may be attributed to its negative effects on photosynthetic
pigments, which was previously discussed.

Presented data indicate that inoculation of wheat plants with Halex 2 or
application of garlic extract significantly increased these respects. The
highest mean values of total soluble sugars and total carbohydrates were
recorded in plants inoculated with Halex 2, meanwhile, the highest total free
amino acids mean values were observed in plants treated with garlic extract.
In this concern, EI-Ghinbihi and Ali (2001) reported that Halex 2 significantly
increased total soluble sugars in potato leaves.

Results recorded in Tables (4 & §) mention that under cadmium
treatments, the inoculation with Halex 2 or using garlic extract not only
eliminated the inhibitory effect of cadmium pollution but also increased total
soluble sugars, total carbohydrates and total free amino acids compared with
the control plants. This promoting effect of biofertilizer or garlic extract was
more pronounced at higher cadmium concentration. In this concern, Hamdia
and El-Komy (1998) suggested that inoculation with Azospirillum increased
soluble saccharide concentration in maize plants under stress condition.

c- Peroxidase and phenoloxidase activities

As seen in Table (5) peroxidase and phenoloxidase activities were
significantly depressed in leaves of cadmium polluted wheat plants. The
maximum reduction was observed under higher Cd concentration (300 mg/l)
and reached about 34.29% and 30.77% for peroxidase and phenoloxidase
activities, during the first season, respectively, compared with unpolluted
plants. In this regard, Kavita and Dubey (1998) found that Cd treatments
decreased protease and peptidase activities in germinating rice seeds.
Moreover, Shah and Dubey (1998) suggested that increasing Cd
concentration led to significant decline in the activities of phosphatases in
rice seedlings.
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Table (5): Total carbohydrates, total free amino acids, enzymatic activities and proline concentration in
wheat leaves affected by cadmium levels, application of biofertilizer {(Halex 2) or garlic extract
and their interaction in 2003/2004 and 2004/2005 seasons after 80 days from sowing.

Kiquiyo-i3 "H euljed

Treatments Total carbohydrates [ Total free amino Peroxidase activity |  Phenoloxidase Proline
cd |Bio {mg/g dwt.) acids (mglg dwt.) (O. D./g freshwt.) | activity (O. D./g fresh (ug/g dwt.)
wt.)
lz’e;ls g’r First Second First | Second First | Second | First Second First Second
9 Season Season Season | Season | Season | Season | Season Season Season season
0 239.79 a 247.53 a 80.18 a 93.92a 070 a 0.76 a 0.39a 042a | 408.49d | 419.22d
75 218.86b | 224.88b | 74.39b 78.29b | 0.61ab | 0.66 ab 0.36a 0.3%9a 476.51c | 493.55¢c
150 176.77c | 186.17c | 62.90c 68.33 ¢ 0.53bc | 0.59bc | 0.32ab 0.35ab | 544.68b | 559.07b
300 152.87d | 161.83 dJ 46.36 d 51.81d 0.46c 050c 027b 0.29b 593.54a | 607.04a
Control [§ 178.86c | 188.94c | 54.18¢c 5§9.40 ¢ 039c 044c 0.21c 0.23¢c 554.60a | 567.59a
Bio 218.83 a 226.65 a 69.87b 7412b 0.59 b 0.65b 0.33b 0.36b 503.62b 519.64 b
Gr 193.53 b 199.73 b 81.33a 85.75a 0.74 a 0.80 a 0.47 a 0.50 a 45919 ¢ 47193 ¢
0 Control || 221.88¢c 228.12d 68.58 f 70.21 0.56 bcd | 0.61 cde | 0.24 efg 0.26 de 438.37 f 446.13 h
Bio 261.25a 27017 a 91.26 b 9487b | 0.69abc { 0.74bc |} 0.39bcd | 0.43abc | 403.10h 417.31
Gr 236.25b 244.31c | 110.70a | 116.67 a 0.84 a 093 a 0.55a 0.58 a 384.00i 394.21 k I
75 kontrol {| 205.00e 210.32 f 62.78 h 67.13 h 0.41 def 0.47 of 0.22 fg 0.24 de 543.50c 565.74 d
Bio 240.94b | 249.53b | 7547d 79.32d [0.62abcd | 0.69bcd | 0.35cdef | 0.38bcd | 46542 | 481.36g
Gr 210.63d | 21479e | 84.92c 88.43c 0.79ab | 0.83ab | 0.51ab 0.55 a 420.60g | 433.541i
150 IControl | 161.88h | 175.11]j 51.98 59.54 j 0.32 ef 0.39fg 0.20g 0.21e §99.44b | 608.77¢
Bio 195.63 f 203.16 g 64.40g 68.83g | 0.56 bcd | 0.62 cde | 0.31 defg | 0.34 bcde | 540.70 c 561.33d
Gr 17281 g 180.24 i 7233 e 76.63e | 0.70abc | 0.76 abc | 0.46abc | 0.49ab | 493.89d | 507.12f
300 ontrol 126.69 j 142.19 l- 33.36 1 40.721 0.25f 0.28¢g 0.18 g 020 e 637.10a 649.73 a
Bio 177.50g | 183.72h | 4833k 5346k | 0.49cde | 0.53def | 0.26 defg | 0.28 cde | 605.25b | 618.55b
Gr 154.43 } 159.57 k L 57.38 i 61.25i [0.63 abcd | 0.68 bed | 0.37 bede | 0.39 bed | 538.27 c 5§52.84 ¢

Values marked with same alphabetical letter{s), within a comparable group of means, do not significantly differ using revised L.S.D.
test at 0.05 level.
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Obtained results demonstrate that the usage of Halex 2 or garlic extract
caused significant enhancement in the enzymatic activities. The application
of garlic extract showed higher significant increases in enzymatic activities
than Halex 2, especially, under different cadmium levels. The stimulating
effect of garlic extract on the studied enzymatic activities may be attributed
to the fact that disulfide (sulphur rich compound) is a natural garlic
substance, considered as an effective antioxidant and protector against lipid
peroxidation (Grudzinski et al., 2001). Thus, the application of garlic extract
restored the enzymatic activities in all cadmium concentrations. The positive
effect of biofertilizer was observed by EI-Ghinbihi and Abd El-Fattah (2001)
who found that under stress condition the application of Halex 2 increased
peroxidase and phenoloxidase activities in taro plants.

d- Proline Concentration

Results presented in Table (5) show that poliution with cadmium
significantly increased proline accumulation in wheat leaves compared with
unpolluted plants. The greatest value was obtained at a high cadmium level
(300 mg/l) and reached about 45.3% and 44.80% in the first and second
seasons, respectively. Similar results were observed by Nagoor and Vyas
(1998) who found that Cd levels increased the accumulation of proline in
wheat seedlings. Furthermore, accumulation of proline is suggested as a
biochemical marker for heavy metal stress. The stress signal should induce a
loss of feedback inhibition of the key enzyme of proline biosynthesis
(Delauney and Verma, 1993), which results in proline accumulation.

Data in the same Table indicate that the inoculation with Halex 2 or the
use of garlic extract significantly depressed proline accumuilation in wheat
leaves. In this regard, garlic extract was more effective than Halex 2 and
reduced proline concentration by 17.2% and 16.85% in the first and second
seasons, respectively.

The interaction between cadmium levels and the application of
biofertilizer or garlic extract show that under Cd pollution the use of these
natural substances markedly reduced the accumulation of proline in wheat
leaves. The maximum reduction in proline concentration was obvious under
garlic extract treatment at 300 mg/l cadmium (Table, 5). In this regard, El-
Ghinbihi and Abd El-Fattah (2001) showed that under stress condition the
inoculation with Halex 2 reduced proline accumulation in taro leaves.

e- Mineral Concentration

Nitrogen (N) Concentration (%)

Data recorded in Table (6) indicate that N concentration (%) was higher in
wheat leaves followed by grains, stems and roots. The use of lower cadmium
level (75 mg/l) caused a significant decrease in N concentration of roots and
grains, meanwhile, no significant reduction in N concentration of leaves in
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Table (6): Effect of cadmium concentrations, application of biofertilizer (Halex

2) or garlic extract and their interaction on N and P concentration
(%) in wheat leaves, stems, roots {after 80 days from sowing) and
grains (after 120 days from sowing) during 2003/2004 and
2004/2005 seasons.

cd Bio N concenfration (%)
tevels | or Leaves Stems Roots Grains
mgh | Gr First Second First Second | First Second First Second
Season Season Season Season | Season | Season | Season | Season
[] 348a 361 a 320a 3.35a 279a 292a 354a 380 a
75 3.07 ab 3.2t ab 28%a 3.02b 242b 257b 3120 3.23b
150 2.60 be 2.73bc 2.65 ab 279b 2141¢c 226¢ 258¢c 265¢
300 218¢ 230¢ 2.08b 218¢c 1.89d 201d 202d 213 d
Cont. | 257h 2690 242b 255¢ 203¢c 215¢ 246¢c 255 ¢
Bio 313a 3.27 a 3.03a 315a 264a 2.77a 315a 3 a
Gr 2.80 ab 2.94 ab 267 ab 281b 2240 2.40 b 283b 293 b
0 Cont. | 3.17 abc 3.30 abe 29tabc | 3.08bc 240cd | 251¢ 3.45¢ 348 d
Bio 3.85 a 397a 355a 3663 315 a 3.27a 390 a 398 a
Gr 342 ab 3.56 ab 315ab 330ab | 2820 296b 3.55b 381 b
75 Cont. § 2.82abcd | 294bcde | 2.61abc | 2.78bcd | 2.19e 231d 27te 283 f
Bio 3.38ab 3.50 ab 317ab 3.30ab 278 b 290b 353b 382b
Gr 3.0tabcd | 3.20abcd | 2.88abc | 2.97bed } 2.32d 251¢ 341¢c 324c
150 |Cont § 2.35bed 2.46 cde 240 abc | 2.52de 185g 20tf 224f¢ 233 h
Bio 284abcd | 2.98ahcde | 2.92abc | 3.06 be 245 ¢ | 2598¢ 290d 295 ¢
Gr 262bcd | 275becde | 2.62abc | 2.79%bed | 2.01°% 216e 258 ¢ 287 g
300 |[Cont. | 1.92d 206e 1.75¢ 1.81f 166h | 177g 1.71h 184 j
Bio 248 bcd | 2.60bcde | 248abc | 256bcd | 2.20e 231d 226 f 237 h
Gr " 2.16 cd 2.23 de 2.03 be 217 of 180 g 1.95f 207g 2181
N P concentration {%)
lfvdels g:o Leaves Stems Roots Grains
mgh | Gr First Second First Second First Second First Second
Season Season Season Season | Season | Season || Season | Season
0 0.34a 0.36a 032a 0.33a 0.31a 032a 0.55a 0.56 a
75 0.31b 0.32b 0.27 ab 0.28 ab 0.26 b 0.28b 047 b 048 b
150 0.28¢c 0.29¢ 0.24 be 0.25 be 0.22¢ 0.24c 041bc | 043 bc
300 0.25d 0.26 d 0.21¢ 022¢c 0.19d 0.21d 037¢ 0.39¢
Cont. § 0.21¢c 0.22¢ 020b 0.21b 0.18¢ 0.20¢c 0.34c 0.35¢
Bio 0290 0.31b 0.24b 0.25b 0.32a 0.3Ma 055a 056 a
Gr 0.37a 0.3%a 0.33a 0.34a 0.23b 025b 046 b 0.48 b
0 Cont. | 0.26g 0.27h 0.24bcd | 0.25cde | 0.23d 0.25ef 1 0.41def | 0.43 def
Blo 0.33d 0.37d 0.31abc | 0.32abc § 0.38a 0.40a 0.68a 0.69a
Gr 0423 0.44a 0.40 a 041a 0.30bc 0.32bc 0.54bc | 0.56 bc
75 Cont. } 0.211 0.22 0.2tcd | 0.22de 0.20de | 0.21fg { 0.35efg | 0.37 efg
Bio 0.32e 033f¢ 0.28bcd | 0.26cde | 0.33ab | 0.36ab | 0.57b 0.58 ab
Gr 038b 0400 0.34ab | 0.362b 0.24d 0.26def | 0.49bcd | 0.50 bed
150 |[Cont. { 0.19j 020k 0.19d 0.20 de 0.15ef | 0.17gh | 0.31fg | 0.321g
Bio 0.28¢ 0.30g 0.22cd | 0.23cde { 0.30bc | 0.31bcd | 0.50bcd | 0.5 bed
Gr 0.36¢c 0.37¢c 0.30abc | 0.32abc | 0.20de | 0.22efg § 0.43cde | 0.44 cde
300 |Cont. | 0.19j 0.20 0.16d 0.17e 0.43f 0.15h 0.29¢g 030 g
Bio 0.24h 0.261i 0.20d 0.21 de 0.25cd | 0.27cde | 0.44cde | 0.47bcde
Gr 0.31e 034e 0.26bcd | 0.28bcd § 0.17ef 0.20gh 10.38defg | 0.40defg

Values marked with same alphabetical fetter(s), within a comparable group of means, do not
significantly differ using revised L.S.D. test at 0.05 level.
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both seasons. Increasing cadmium levels significantly decreased N
concentration in all tested wheat organs. The maximum negative effect of
cadmium poliution on the concentration of N was observed under high
cadmium level 300 mg/l. This reduction was 37.32%, 34.8%, 32.34% and
42.97% for leaves, stems, roots and grains during the first season,
respectively. These results are in accordance with those obtained by El-
Ghinbihi (2000) who found that N concentration in common bean, leaves,
roots and seeds, was significantly decreased by increasing Cd
concentrations up to 1.0 mM.

As seen in Table (6), inoculation of wheat plants with Halex 2 or addition
of garlic extract significantly increased N concentration in leaves, stems,
roots and grains of wheat plants. In this concern, the usage of biofertilizer
led to the greatest significant mean values in all tested aspects. These
results are in accordance with those obtained by Saubidet and Barneix (1998)
who mentioned that inoculation of wheat plants with Azospirillum brasilense
increased the total N concentration in roots and shoots.

With respect to the combined effect of cadmium pollution levels and
biofertilizer or garlic extract treatments, data show that under heavy metal
pollution biofertilizer or garlic extract limited the inhibitory effect of cadmium
pollution and improved N concentration in leaves, stems, roots and grains of
wheat plants. Inoculation with Halex 2 caused significant higher N mean
values than garlic extract or control plants. In this connection, Hamdia and
Ei-Komy (1998) reported that under stress condition the inoculation with
Azospirillum increased shoot N in maize plants.

Phosphorous (P) Concentration (%)

Results in Table (6) reveal that P concentration (%) in wheat grains was
higher than that in leaves, stems and roots. Data recorded in the same Table
indicate that all tested cadmium levels particularly the highest rate (300 mg/l)
significantly decreased P concentration in leaves, stems, roots and grains of
wheat plants. The inhibitory effect of Cd on P concentration may be due to
the action of cadmium on the uptake and translocation of P within plant roots
(Larcher, 1980). Moreover, Shah and Dubey (1998) demonstrated that Cd
concentration at rate of 500 uM decreased phosphate concentration in rice
shoots by 68-77% and in rice roots by 56-66%.

Furthermore, inoculation of wheat plants with Halex 2 or applying garlic
extract positively affected P concentration in all tested wheat organs. The
addition of garlic extract, increased P concentration in wheat leaves by 72.9%
and 73.21% and in stems by 62.5% and 62.86%, meanwhile, the inoculation
with biofertilizer increased P concentration in roots by 77.53% and 70.92% as
well as in grains by 61.65% and 59.49% in the first and second seasons,
respectively, compared with untreated plants. These resuits are in line with
those obtained by El-Desouky et al. (1998) who reported that N, P and K'
concentration in squash fruit significantly increased after application of
garlic extract.
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The interaction between cadmium treatments and the addition of
biofertilizer or garlic extract indicate that under cadmium poliution the usage
of these natural substances significantly reduced the harmful effect of
cadmium poliutant on P concentration. The promising effect of Halex 2 or
garlic extract in alleviating the deleterious effect of cadmium was more
pronounced at relatively higher concentration of cadmium.

Potassium (K") Concentration (%)

Results in Table (7) indicate that K concentration (%) was higher in wheat
leaves than in stems, roots and grains. Data also reveal that treating wheat
plants with different cadmium levels caused a significant reduction in K’
concentration in all tested wheat organs. in this regard, the highest reduction
in K* concentration was recorded at 300 mg/l cadmium, at which K"
concentration in leaves was decreased by 27.49%, in stems by 32.29%, in
roots by 41.52% and in grains by 44.38% during the first season. The second
season showed the same trend. The obtained results are in accordance with
those observed by Hernandez et al. (1996) who demonstrated that the
concentration of K* was decreased in both roots and shoots of pea seedlings
exposed to cadmium treatment, The disproportionate loss of cell K* during
Cd uptake in wheat seedlings may be related to disruption of cell membrane
by Cd treatment (Atal et al., 1991).

Results presented in the same Table demonstrate that Halex 2 or garlic
extract treatments enhanced K' concentration in all tested wheat organs. In
this concern, the inoculation with Halex 2 showed the greatest significant
increment in K* concentration. Similar results were observed by Caballero-
Mellado et al. (1992) who revealed that inoculation of wheat plants with
Azospirillum increased the uptake of mineral ions.

Concerning the interaction between Cd poilution and natural substance
treatments, data in the same Table reveal that Halex 2 or garlic extract tended
to inhibit the unfavorable effect of cadmium on K' concentration and
significantly increased K' concentration in all wheat organs under study. in
this concern, Hamdia and Ei-Komy (1998) observed that inoculation of salt
stressed maize plants with Azospirillum significantly increased K*
concentration.

Cadmium concentration (Cd)

As seen in Table (7) and Fig. (1), cadmium accumulation in roots was
higher than that in stems, leaves and grains of polluted wheat plants. Similar
results were observed by Alloway (1995) who found that Cd was present in
higher concentrations in the roots than in other organs of maize plants.
Moreover, Nan and Cheng (2001) reported that Cd in spring wheat was
highest in roots, followed by stems and low in grains.

628



Alleviation of the deleterious effects of cadmium poliution on.............

Table (7):Effect of cadmium levels, application of biofertilizer (Halex 2) or garlic
extract and their interaction on K’ concentration (%) and Cd
concentration {ug/g dwt.) in wheat leaves, stems, roots {after 80 days
from sowing) and grains (after 120 days from sowing) during
2003/2004 and 2004/2005 seasons.

cd Bio K _concentration (%)
levels | or Leaves Stems . Roots Grains
mghi | Gr First Second First Second First Second First Second
Season Season Season Season } Season Season Season | Season
4 269 a 2383 a 255a 27%a 1.36a 147 a 1.25a 1.37a
75 2.45 ab 2.53 ab 229b 247 b 110b 1.22ab 1.01b 1.13b
150 2.26 be 2.38 be 2.05c 219¢c 0.96 be 1.08 be 0.84c 0.98¢c
300 185 c 210 ¢ 1.73d 1.88d 0.79¢ 091¢ 0.69d 0.84d
Cont, 212b 2.25b 191¢ 206c¢c 094 b 1.04b 0.81c¢ 092c
Bio 263a 273a 2422 260a 1.20a 133a 1.10a 1.25a
Gr 2.26 b 2.40 ab 2.13b 227b 1.03 ab 1.16 ab 0.93 b 1.07b
0 Cont. 2.43abcd 2.59 abe 227e 240f 119 abc | 1.25abcd 1.05d 1.13d
Bio 3.00 a 3.10a 280 a 3.02a 1.56 a 167 a 142a 1.59a
Gr 2.64 abc 2,80 ab 259b 272¢ 132ab 1.48 ab 127b 1.39b
75 Cont. 2.20 bed 2.34 abc 201f 219g {§ 1.00bed | 1.10 bed 0.86g 1.00g
Bio 2.75ab 2,80 ab 253c¢ 276b ] 1.25abc | 1.40 abc 118¢ 1.29¢
Gr 2.38abed 2.43 abc 2324 245e § 1.06 bed | 1.17abed 1.00e 1.10f
150 |Cont. 2.10 bed 217 be 1819 1.96 0.86 bcd | 0.99 bed 0.73i 0.87i
Bio 2.54 abc 2.70 ab 234d 2.48d 1.09 bed | 1.21abcd 0.99f 111e
Gr 2.15 bed 2.27 be 1.99f 24110 0.93 bed 1.07 bed 0.80 h 0.97 h
300 |Cont. 173 d 188 ¢ 1.561i 1.70 } 0.70d 082 d 061k 0.70 k
Bio 2.24abed 231 be 2.00f 213 h ]| 0.88bcd | 1.01 bed 0.80 h 100g
Gr 1.88 cd 2.10 be 1.63 h 1.80 k 0.80 cd 0.91 cd 066} | 0.82]
cd Bio Cd concentration
leveis | or Leaves Stems Roots Grains
mgh | Gr First Second First Second First Second First |Second
Season Season Season | Season | Season Season | Season |Season
0 8.67 d 967 d 1817d | 195 d 19.50 d{ 210 d 1233b | 145 b
75 16.50 c 17.83 ¢ 3283c | 3467 ¢ 3733 ¢} 395 ¢ 165 b 18.5 b
150 36.67 b 39.00 b 735 b | 755 b 780 b)) 825 b 18.67ab | 20.5 b
300 66.00 a 66.00 a 1220a | 125.17a 154.83a | 15833a | 26.17 a | 27.67a
Cont. 44.75 a 475 a 715 a | 73.83a 83.88a 85.88 a 210 a | 22.63a
Bio 30.25b 30.25b 60.63b | 62.63b 7163b ) 75.13b 18.0 a ) 19.88a
Gr 20.88 ¢ 22.00c 52.75¢ | 54.88¢ 62.5 ¢ 65.0 ¢ 16.25a | 18.38a
0 Cont. 11.00 i 1259 200 j 220 i 220 j 235 j 14.5ab | 16.0bc
Bio 8.50 j 9.0 h 18.0 jk 19.5 §) 19.5 jk 21.0 jk 120 b | 14.5bc
Gr 6.50 k 75 h 165 k 17.0 170k 18.5 k 105 b [ 13.0 c
75 Cont. 205 f 220¢ 39 g | 405 g | 4550¢g 47.0 g 19.0 ab | 20.5ahc
Blo 16.0 g 17.5¢ 31 h 330 h | 36,0 h 385 h 16.5ab | 18.0abc
Gr 130 h 14.09 28.5 i 305 h 30.50i 33.0i 140 b 17.0 be
150 |Cont. 57.5 ¢ 61.0b 87.0 d | 89.0 d | 98.0 d 100.0 d 21.5ab | 23.0abc
Bio 305 e 325d 715 e | 73.0 e § 78.0 e 84.0 e 18.0 ab | 20.0abc
Gr 220 f 23.5¢ 620 f 645 f § 61.0 f 635 f 16.5ab [ 18.5abc
300 (Cont. 90.0 a 845a 140.0 a | 1430 a | 1700 a 1730a 290 a | 310 a
8io 66.0 b 620b 1220 b | 1250 b 1500 b 157.0b 255ab | 27.0ab
Gr 420 d 430 ¢ 1040 ¢ | 1075 ¢c | 1415 ¢ 145.0 ¢ 24.0 ab [ 25.0abc

Values marked with same alphabetical fetter (s), within a comparable group of means, do not significantly
differ using revised L.S.D. test at 0.05 level.
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Fig. (1): Effect of cadmium levels, application of biofertilizer or garlic extract
on Cd concentration in wheat leaves, stems, roots and grains during
2003/2004 season,
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Obtained data show that increasing cadmium levels up to 300 mg/l in root
media caused high significant increases in its concentration in roots, leaves
and stems. On the other hand, the application of 75 and 150 mg/l cadmium
showed no significant increases in its concentration in wheat grains
compared with untreated plants. In this concern, Baker et al. (1990) revealed
that most of Cd accumulated in the roots of the plants. Detoxification may be
metal specific with Cd bound to sulphur containing proteins which form
metabolically inactive complexes and accumulate in roots. These results
suggest that restricted root-to-shoot Cd translocation may limit Cd
accumulation in wheat grain by directly controlling Cd translocation from
roots during grain filling, or by controlling the size of shoot Cd pools that can
be remobilized to the grain (Harris and Taylor, 2004).

The addition of biofertilizer or garlic extract to the root media significantly
decreased Cd accumulation in wheat leaves, stems and roots. No significant
differences were detected between the control plants and the application of
biofertilizer or garlic extract on the concentration of Cd in wheat grains.

It can be noticed that, under cadmium pollution treatments the application
of biofertilizer or garlic extract significantly reduced the accumulation of Cd
in wheat organs compared with untreated plants (Table, 7 and Fig., 1).

f- Total Protein Concentration (%)

Data recorded in Table (8) show that the concentration (%) of total protein
was higher in wheat leaves followed by grains, stems and roots. Treating
wheat plants with different Cd levels depressed total protein concentration
significantly in all tested wheat organs. At higher cadmium concentration
(300 mg/l), the maximum reduction in protein concentration was noticed.
These results are in agreement with those obtained by Nagoor and Vyas
(1998) who reported that higher cadmium concentration decreased protein
concentration in wheat seedlings.

Analysis of variance demonstrate that the application of Halex 2 or garlic
extract improved total protein concentration, in this concern, the inoculation
with Halex 2 caused the maximum increase in protein concentration.
Biofertilizer inoculation may play an important role in the protein
biosynthesis either by direct nitrogen supply (through fixation of nitrogen) or
indirectly by enhancing the uptake of soil nitrogen and/or by enhancing the
photosynthetic apparatus (Hamdia and EI-Komy, 1998).

The interaction between cadmium stress treatments and Halex 2 or garlic
extract show that these natural substances markedly eliminated the negative
effect of cadmium treatments and significantly increased total protein
concentration. In this regard, EI-Ghinbihi and Abd El-Fattah (2001) observed
that under stress condition the inoculation of taro plants with Halex 2
increased protein concentration.
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Table (8): Protein concentration (%) in leaves, stems, roots (after 80 days from sowing) and grains (after
120 days from sowing) of wheat plants affected by cadmium levels, application of biofertilizer

{Halex 2) or garlic extract and their interaction during 2003/2004 and 2004/2005 seasons.

Treatments Protein concentration (%)
Cd Bio Leaves Stems Roots Grains

levels or First Second © First Second First Second First Second
mg/l Gr Season Season Season . Season Season Season Season Season
0 19.15a 19.86 a 17.62a 1840 a 15.34 a 16.04 a 19.44 a 19.77 a
75 16.89b 17.49b 1589 b 16.61b 13.32b 1414 b 1715b 17.77b
150 14.31¢ 15.03 ¢ 1456 b 1534 b 1158 ¢ 1241 ¢ 1416 ¢ 14.59 ¢
300 12.00 d 12,63 d 11.49¢c 12,01 c 10.38 d 11.07d 11.09d 11.72d
Control 14.12b 14.65¢c 13.31b 14.01¢c 11.14c¢ 11.84 c 13.51 ¢ 14.01 ¢

Bio 17.22a 1796 a 16.67 a 17.32a 14.52a 15,23 a 17.32a 17.77 a

Gr 15.42b 16.15b 14.69b 1544 b 12,30 b 13.18b 1556 b 1611 b

0 Control 17.45 be 18.12¢ 16.02 be 16.93 be 13.20 C 13.82¢ 17.35¢ 1753 ¢
Bio ,4 2118 a 21.86 a 19.53 a 20.14 a 1733 a 18.01a 2145 a 2191 a

Gr 18.81 ab 19.59b 17.33ab 18.13 ab 15.50b 16.30 b 19.54 b 19.88 b

J 75 Contro! 15.53 bede 15.63 de 14.37 be 15631 cd 12,03 d 1271 d 14.92 ¢ 15.58 e
Bio 18.57 ab 19.25 b 17.45 ab 18.16 ab 15.19 b 1593 b 1943 b 19.89 b

Gr 16.57 bcd 17.58 ¢ 15.86 bc 16.36 bed 12.73 cd 13.78 ¢ 1712¢ 17.84¢c

150 {Control 1293 efg 13.55¢ 13.21 cd 13.84 de 10.20 f 11.08 ef 1234 g 12839
Bio 15.60 bede 16.41d 16.07 be 16.87 be 1348 ¢ 14.26 ¢ 1593 d 16.23 d

Gr 14.40 cdef 1514 ¢ 14.40 be 15.32 cd 11.07 e 11.90 de 14.21 f 14.71 ¢

300 |Control 10.56 g 11.31h 963 e 9.97 f 815 g 9.759g 9.42 i 10.101
Bio 13.54 defg 14.31f 13.66 cd 14.10 de 12.08 d 12.72d 1245¢g 13.06 g

Gr 1190 fg 12.28 g 11.18 de 11.95 ef 9.91fg 10.74 ¢ 1140 h 1201 h

"Values marked w

revised L.S.D. test at 0.05 level.

th same alphabetical letter(s), within a comparable group of means, do not significantly differ using
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3- Yield and its Attributes

As shown in Tables (9 & 10) yield and its components of wheat plants
were significantly affected by Cd treatments. All cadmium pollution levels
decreased spikes number and weight/plant, spike length, spikeletes
number/spike, grains number and weight/spike, grain yield/plant, 1000 grains
weight and straw vyield/plant. The obtained results indicate that the
pronounced negative effect of cadmium pollution was observed under higher
cadmium level (300 mg/l) and caused a highly significant reduction in yield
and its components.

The highest reduction in wheat yield and its attributes was observed in
grain yield under 300 mg/l and reached up to 81.03% as compared with the
control plants. Similar results were obtained by EI-Ghinbihi (2000) who
mentioned that cadmium treatments significantly decreased common bean
yield.

Data recorded in Tables (9 & 10) show that the inoculation with
biofertilizer or the addition of garlic extract significantly enhanced wheat
yield and its attributes. Best results were observed by applying garlic extract.
In this connection, Helmy (1992) and El-Desouky ef al. (1998) reported that
the application of garlic extract significantly increased squash yield and its
attributes. The positive effects of garlic extract on wheat yield may be due to
the fact that garlic extract is considered as a phytoncids, a powerful
antiseptic and bactericide, which made the plants more healthy and vigorous
and in turn increased the yield (Konokov and Kiram, 1988). This could be
attributed to the significant increase of endogenous auxins and cytokinins
{El-Desouky et al., 1998). The enhancing influence of biofertilizer inoculation
on yield and its components was observed by Zaid (1992) on barley and
Tomar et al. (1998) on wheat plants. The obtained yield increases may mainly
be due to its stimulating effects on root growth, changing root morphology,
enhancing the uptake of minerals and its involvement in phytohormones
production (Noel ef al., 19986).

Furthermore, there were no significant differences between Halex 2 and
garlic extract treatments in spikes number/plant, spike length, spikeletes
number/spike and 1000 grain weight, in both seasons.

The interaction between cadmium pollution levels and biofertilizer or
garlic extract treatments reveal that under cadmium treatments Halex 2 or
garlic extract significantly overcame the toxicity of Cd and improved yield
and its attributes. Best results were obtained by adding garlic extract under
cadmium rates of 150 and 300 mg/i.

4) Grain Quality

Data presented in Table (10) show that wheat grain quality, expressed as
total carbohydrates concentration, was significantly depressed as a result of
treating wheat plants with different cadmium levels. Cadmium at 300 mg/i
caused maximum reduction in total carbohydrates concentration. This
reduction reached about 25.03% and 24. 85% in the first and second seasons,
respectively.
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Table (9): Effect of cadmium levels, application of biofertilizer (Halex 2) or garlic extract and their
interaction on yield and its components of wheat plants in 2003/2004 and 2004/2005 seasons
after 120 days from sowing.

y1quiy9-|3 "H ewjed

Treatments
- Spikes numberiplant Spike length (cm) Spikes Spikeletes Grains number/spike
Cd Bio . N
jevels or i _ we.lghtljglant (9) pumberlsplke i
mgil Gr First Second First Second First Second First Second First | Second
Season Season Season Season Season |Season| Season Season Season Season
0 28%a 411a 7.05a 8.55a 1.38a 2.08a 17.22a 17.78 a 23.33a 30.67a
75 2.22 ab 3.56 ab 6.68 a 7.82ab 1.23b 185b | 16.0 ab | 16.89ab | 21.22b 26.89b
150 1.56 be 3.0 bc 6.26ab | 7.08ab 1.10b 142c | 14.78bc [ 16.00bc | 1911¢ 2367c
300 10 ¢ 244c 549b 6.38 b LO.QS c 114d 13.33 ¢ 1511 ¢ 16.55d 20.22d
Controtl] 1.17b 275b 6.0 a 6.68 b 1.05b 1.21c | 14147b 155 b 17.67¢ 20.25¢
Bio 2.0 ab 3.25ab 6.71a 7.43 ab 116 b 1.70b | 1533 ab | 16.5 ab 20.58 b 26.59 b
Gr 2,58 a 3.83a 6.41a 8.26 a 1.29a 195a 16.50 a 17.34 a 2192a 29.252a
1] Controlff 1.67 be 3.33ab 6.5 ab 7.43 a 1.26 abc |1.46de | 16.0 abc [16.67 abc | 20.67 def 25.00 cd
Bio 3.0 ab 4.0 ab 7.53a 8.42ab 1.38 ab 216 b 17.0 ab | 17.67ab | 24.33 ab 32.67 a
Gr 40 a 50 a 7.13 ab 9.80 a 149a 2.63a 18.67 a 19.0 a 25.0 a 3433 a

75 |Controlll 1.33 be 3.0 ab 6.23 ab 6.8 ab | 1.14 bcde | 1.33 ef {15.33abcd | 16.0 abc | 18.33 fg 21.00 de
Bio 2.33 abc 3.67 ab 6.95 ab 7.9 ab 124 abcd | 1.99c | 16.0 abc | 17.0 abc | 22.00 hcd | 28.00 bc
Gr 3.0 ab 4.0 ab 6.85 ab 8.75 ab 1.30abc | 2.22b | 16.67 abc | 17.67 ab | 23.33 abc | 31.67 ab

150 |Controll{ 1.0 bc 267b 597 ab 6.7 ab 0.99def | 1.11g | 13.33cd | 1533 bc | 17.33g 18.67 e
Bio 1.67 be 3.0 ab 6.5 ab 7.0 ab 110 cde {1.50de | 15.0 bcd | 16.0 abc | 19.00 efg | 25.00 cd
Gr 2.0 abc 3.33ab 6.3 ab 7.5 ab 121 bcd | 1.64d | 16.0 abc [16.67 abc | 21.00 cde | 27.33 bc

300 |Controll] 0.67c 20 b 528b 58 b 0.81f 093h | 120 d | 140 ¢ | 14.33h 16.33 ¢
Bio 1.0 bc 233b 5.85ab 64 b 090ef |116fg | 13.33cd | 16.33bc | 17009 20.67 de
Gr 133 hec 3.0 ab 535b $.95ab | 1.14bcde | 1.320f | 14.67 bed | 16.0 abe | 18.33fy 22.67 ed

Values marked with same alphabetical letter(s), within a comparable group of means, do not significantly differ using
revised L.S.D. test at 0.05 level.




569

Table (10): Effect of cadmium levels, application of biofertilizer (Halex 2) or garlic extract and their
interaction on yield and its attributes as well as grain quality of wheat plants in 2003/2004 and
2004/2005 seasons after 120 days from sowing.

| A ) Grain yield . . Total
Grains weigh 1000 grains weigh Straw yield
Treatments N (g/plant) carbohydrates/grain
(g/spike) (@) (g/plant) (mg/g dwt)
Bio
o4 lor  ||First  |second | First  [Second |First  |Second |First |Second |First Second
mght | Gr Season | Season Season |Season |Season |[Season |Season |Season Season Season
[ o 062a 10 a 195a 421a 30.34a 36.21a | 4.74a 7.21a | 49534a | 497442
75 0.51b 076 b 1.24b 3.30b 2617b | 3204b | 398D 6.10b | 461.96b | 464.65b
150 0.42bc 0.61¢c 0.72c¢ 1.88¢ 20.25¢c | 28.23bc | 3.25b 502¢ 394.77¢c | 398.17¢
300 0.34c¢ 0.51d 0.37d 1.33d 17.38 ¢ 2480c | 243c 3.92d 371.34d | 373.85d
Control] 0.30¢ 0.46c 0.38¢ 1.73¢ 19.35b | 23.7 b | 241¢ 467b | 407.66¢c | 4104 ¢
Bio 0.45b 0.81b 0.97b 274b 24.58a 3216a | 3.30b 538b | 431.98b | 43449b
Gr 0.67 a 0.90a 1.86a 358a 26.69 a 3511a | 509a 6.64a 45291a | 455.69a
0 |[Controlf|l 0.44cde | 0.78 cd 0.73 f 260g | 23.77cd | 31.10bcd | 3.08de | 5.98bcd | 467.63d | 469.21¢
Bio 0.60bc | 1.07ab 1.80¢ 4.28b | 32.05ab | 37.00abc | 448bc | 6.89b [ 4865 b | 489.0 b
Gr 0.83a 1.15a 3.32a 675a 3520a 4053a | 665a 8.75a 531.88a | 534.12a
75 |Controlll 0.32def | 0.48 f 0.43g 299e | 20.63def ; 23.70 ofg | 2.67 de | 5.44 bcde | 437.37 e | 439.82d
Bio 048cd | 088 ¢ 112¢ 3.23d | 28.78 bc |34.33abcd | 3.47cd | 6.16bc | 466.87d | 469.42¢c
Gr 0.72ab | 0.92bc 216b 3.71c | 28.11bc | 3810ab | 580ab | 6.71bc | 481.63c | 484.70D
150 [Controlfl 0.24 ef 032 g 0.24 hi 0.85j |17.67def | 22.00fg | 2.22de | 4.15def | 383.13h | 387.63f
Bio 0.39 def | 0.68 de 0.65f 204h | 20.38 def | 30.30 cde | 2.91 de | 4.80 cdef | 397.42¢g | 399.77e
Gr 0.64 abc | 0.83cd 1.28d 276 f 2270 de | 3240 bcd | 4.63bc | 6.10bcd | 403.75f | 407.11e
300 |Controlf 0.20 f 024 ¢ 0.13i 0.48 k 15.33f | 1800 g | 1.68 f | 310 f | 34250 | 34494 h
Bio 0.31def | 0.60ef 0.31h 1401 17.10ef | 27.00def | 2.33de | 3.67 ef | 37713 | 379.78¢g
Gr 0.50cd | 0.70 de 0.67 f 210h [ 19.73 def | 29.40de | 3.28cd | 5.0bcdef | 394.38g | 396.82 ef

S —
Values marked with same alphabetical letter(s), within a comparable group of means, do not significantly differ using

revised L..S.D. test at 0.05 tevel.

14

J9[op 9y} JO UOIJBIAS,

0149,

pEd JO S}oaye Sn

niw,

pnjjod w.

cwmressnerer 10 UOI



Fatma H. EI-Ghinbihi

Results in the same Table indicate that the addition of Halex 2 or garlic
extract significantly increased total carbohydrates in wheat grains, the
greatest mean values were observed by applying garlic extract followed by
Halex 2 compared with untreated plants.

Under cadmium poliution levels the application of natural substances
significantly increased total carbohydrates concentration in wheat grains
(Table, 10). In this concern, El-Ghinbihi and Abd El-Fattah (2001) revealed
that Halex 2 significantly increased total carbohydrates in taro corms under
stress condition.

From the above mentioned results, it could be concluded that wheat
growth characters, chemical composition, yield and grain quality were
negatively impacted by Cd pollution. Presented data indicate that cadmium
treatments decreased wheat growth, chemical composition, yield and grain
quality. On the other hand, these treatments significantly increased the
accumulation of proline in wheat leaves and cadmium concentration in wheat
roots, leaves, stems and grains compared with untreated plants. The
inoculation with biofertilizer (Halex 2) or the application of garlic extract
significantly enhanced all studied growth characters, chemical compounds,
yield and grain quality. The interaction between Cd pollution and biofertilizer
or garlic extract application show that the addition of these natural
substances eliminated the toxicity and the deleterious effects of Cd pollution
and significantly increased plant growth parameters, chemical composition,
yield and grain quality of wheat plants.
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