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HIS INVESTIGATION clearly indicates that characteristics of

the test metals, their concentration and/or type of organ , or the
plant itself , play a significant role in the physiclogical responses
towards application o f these elements. Lupin and wheat plants were
cultivated in contaminated soils with either Cu, Zn, Cdor Nifor4
weeks. None of the test elements affected any appreciable change in
the dry weight gain by the roots of these plants.

Zn was highly toxic to dry weight gain by lupin , whereas Ni was
least, if at all, effective. Wheat differed in its response, being more
sensitive to the smallest volume of highly reactive Ni , as weli as to
the large-sized Cd with the largest atomic weight, more than copper or
zinc. Lupin leaves can tolerate the lowest moderate levels of either icst
elements , without affecting either chlorophyll a or b content. Cu
seemed to be without effect on chlorophytl-a content of wheat, but the
other elements were suppressive, Zn being most and Ni being lcast
effective. Cu and Ni were without effect on chlorophyli b, whiie Zn
and Cd were inhibitery.Cd and Zn were effective in reducing the 1o1al
carbohydrate content of lupin plants. Both clements are equally stable,
whereas Cu and Ni are more reactive. Cd was most effective in
lowering the total carbohydrate content of wheat, followed by Cu and
Ni and least Zn.

Cd and Cu affected the nitrogen assimilation of both lupin and
wheat. The four test elements mostly attenuated N, Na, K and Ca
levels with minor effects on P or Mg,

Contamination of soils with heavy metals becomes more and more a problem in
many countries. In areas where metal contaminated soils are used for food crop
production, relatively mobile ions, such as Zn or Cd, may reach the human body
through such crops.

Zenk (1996) proved that phytochelating peptides are induced in all
autotrophic piants so far analyzed. Inspite of the fact that nucleic acid sequences
and proteins are found in higher plants that have distant homology to animal
metallothionines, there is no experimenial evidence that these plant
metallothionines are involved in the detoxification of heavy metals. De Filippis
and Ziegler (1993) found that heavy metais caused a significant lowering of two
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key metabolites related to the early products of carbon dioxide fixation, while
fructose-1,6-diphosphate was not affected. However, later products, as well as
glycolate, increased with heavy metals. The immediate products of the enzyme,
more strongly inhibited by metals, were present at their lowest levels. As cells
aged, there was also recovery of metabolite concentrations. These observations
are interpreted in terms of the direct action of heavy metals on enzymes, as well
as on levels of high energy phosphates.

Ayaz and Kadioglu (1996), working with Leps found that germination
percentage decreased with increasing heavy metal concentration, except for Zn
where it was ineffective. Mocquot et al. (1996) found a significant decrease in
root and leaf biomass at a concentration of 10uM copper. In contrast, changes 1n
several enzyme activities occurred at lower copper concentrations in the nutrient
solution. Peroxidase activity significantly increased in all investigated maize
plant organs.

Nagoor and Ayas (1997) concluded that concentrations above 50 pg/mt of Cu
or Cd inhibited germination, seedling growth, fresh and dry weights. Root
growth suffered more than the shoot. Carbohydrate metabolism (- B~ amylases
and o- invertase activities), reducing and non-reducing sugars content were altered
by heavy metals. c-amylase activity in the embryo and endosperm was greatly
lowered by high concentrations of heavy metals. After 48 hr of growth, copper
stimulated B-amylase activity, while Cd lowered it in the embryo. Higher content
of reducing and non-reducing sugars were noticed in both embryo and endosperm
of metal-treated wheat seedlings.

Kalita (1997) and Rai er al. (1991) discussed the effects of 1-1000 pg CuSO./
mi on the growth of Azolla—Anabaena, collecied from a rice field, and found that
lug Cu / ml stimulated the growth . Biomass yield was higher after 21 days of
treatment. All other concentrations inhibited growth and chlorophyll metabolism.
Nitrogen accumulation was slightly stimulated by Ipg Cu / ml. Moustakas er
al {1997) found a positive relationship between leaf photosynthesis and grain
production by wheat plants under copper stress. Changes in the rate of carbon
dioxide assimilation were due to changes in stomatal conductance. Lower carbon
dioxide assimilation, under copper stress, was associated with a lower
chlorophyll content. Prasad and Ram (1991) proved that copper, at 5 ppin,
increased potassium content, but decreased potassium uptake. Zing, at 5 ppm,
decreased potassium content of Vigna radiata plants, but seemed without effect
on potassium uptake at harvest. Zinc is an essential metal entering in many ceil
physiological processes (Sigel, 1983) while high concentrations are toxic
(Woolhouse, 1983 and Verklij and Schat, 1990). In addition, zinc has an
essential role in protein, carbohydrate, nucleic acid and fat metabolisms.

Dang et al. {1990) proved that 50 mg Zn/kg soil slightly increased onion and
Trigonella yield, whereas the yield decreased at higher zinc levels. Patil er al. (1998)
applied 0, 10, 20, and 30 kg ZnSO, per hectare to 20 wheat cultivars. The mean
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grain yield was 2.26, 2,78, 2.83 and 2.91 ton/ha, respectively. Total chlorophyll
content increased with increasing zinc rates. Tahlil et af (2000) reported that
seedlings of marrow cultivar, treated with Sug Cd/ g, 200 pg Cu/ g, 500 ug Zn/g
, had some ameliorative changes characterized by the appearance of a new
isoform of peroxidase. ’

Addition of cadmium at (400 ppm / kg soil, cultivated with Figay compaosit,
lowered dry weight biomass of roots and shoots (Narwal et af., 1990). Kue and
Huang { 1992) noticed that cadmium in polluted soils increased Ca, Mg and K
uptake by lettuce and soybean plants, fertilized by organic manure. Yadav et al.
(1996) concluded that seed germination and wheat seedling growth were
inhibited by exposure to cadmium, whereas peroxidase and total soluble sugars
increased. Abdel-Aal and Abdel-Nasser (1996) reported that leaf area, fresh and
dry weights and protein content of maize seedlings decreased by increased Cd
concentration. The effect was greater on roots than shoots. Activity of §-
aminolevulinic acid dehydratase and phosphoenol pyruvate carboxylase were
greatly decreased by Cd.

Bhattacharjee et al. (1996) observed a decreased activity of peroxidase and
catalase in growing rice seedlings. Hydrogen peroxide content increased in
leaves and roots with heavy metal treatment. Cadmium mediated greater
membrane damage in rice. Fodor er al (1996) suggested a change, caused by
cadmium, in the fatty acid composition of the phospholipid fraction in the
plasma membrane, which differed in wheat and sunflower roots.

Abdel-Sabour (1991) proved that 50 mg Ni / kg soil reduced dry matter in
sandy loam and loam soils. Nickel concentration in stems and leaves increased
linearly by increased nickel in the soil. It had a synergistic effect en Zr, Cu and
N uptake and an antagonistic effect on Co uptake. Piccini and Malavolta {1952]
showed that 1-4 mg / litre nickel in the irrigated waters induced toxic effects on
roots and leaves of Phaseolus plants. Chlorophyll content decreased up to 50%;,
whereas Ca, Mg, Mn and Zn contents of the tissues were not affected. In the
meantime, N, P, K, Cu and Ni increased.

Xylander et ai. (1993) found that 10100 uM affected growth and geamiration
of Spirodela polyrhiza, while carbohydrates content increased due to inhibilion
of nansiocation of photosynthetic products. Shalygo er al. (1999) reported that
10° and 10" M nickel stimulated chlorophyll accumulation and synthesis of 3-
aminolevulinic acid suggesting that the cation modified enzyme activity, buw did
not affect the enzyme amount.

The four metals, under consideration, are all bivalen:, of the d-element of the
perindic table. Copper belongs to group Ib, while zinc and cadmium belorg to
group iIb, whereas nicke! belongs to group Vill., Cadmium has vhe highest
mwolecular weight and ionic radius. while copper and zinc have a'most the sane
molecular weight, whergas nickel has the least molecular weight. According o
the electromotive force {(hiorcactivity}, copper is less reactive and cadmiwi 15
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more reactive than nickel, whereas zinc is more reactive than cadmium and
nickel (Cotton and Wilkinson, 2000). The last electron level of either zinc or
cadmium is completely filled, thus more stable, whereas that of copper or nickel
15 less filled (less stable),

The atm of this investigation is to detect the difference in response of a
monocot and a dicot plant towards heavy metal contamination by elements of
variable characteristics.

Material and Methods

120 pots were prepared, each containing 2 kg of mixed soil (2:1 ratio of
peatmoss and sandy soil obtained from lsmailia Governorate). Soil
characteristics are provided. The heavy metals were added as sulphates at 0, 50,
100, 200 and 4 00 mg/ke soil, then i mplanted with e ither upin seeds (Lupinus
termis) or wheat grains {Triticum aestivum) , kindly obtained from Agricultural
Research Center, Giza, Cairo, Egypt. Hoagland solution (1/10 concentration)
was added at field capacity every other day for 2 weeks, followed by %
concentration at 3-day intervals,

Characteristics of the used soil

Soluble Chernical avaiable elemenis (ppm)
. PH § Organic {” Field .
Type vale 1 matier % s:\/l capecity Hurility % .
o Fe {Me | K { Mg {Zn {Cd | Cu Ni
633
Sandy | 7.9 0.484 1 117 emPk! 32 7 10 90 | 134 07 083§ 311107
g soi}

Four weeks after sowing, the plants were collected to determine their fresh and
dry weight. Fresh leaf samples were used for the d etermination o f ¢ hlorophyll
content, applying the methods of Metzner ez al. (1965). Dry samples were used
to estimate total carbohydrates and total nitrogen contents applying the methods
of Fales (1951) and Delory (1949), respectively. Sodium and potassium were
estimated, after wet digestion, by flame photometry, whereas calcium and
magnesium were determined by atomic absorption, using a Pirken-Elmer
apparatus No. 603. Phosphorus was assaved spectrophotometrically.

Results

Results in Table 1 indicate that 50 mg/kg soil of either Cu, Cd or Nij,
insignificantly affected fresh weight of lupin shoots or roots. Higher elements
level suppressed the fresh weight of lupin shoot, which was furthered by larger
doses. On the contrary, doses of zinc were significanily suppressive to fresh
weight gain by lupin shoots without affecting the gain by roots (except 400
meg/kg soil).
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TABLE 1. Effect of different concentrations of various heavy metals on the fresh
weight (in g) of 4-weeks old Iupin er wheat seedlings (mean of 5 replicates).

Element} Plant Organ Conceatration (mg / kg soil) L.S. D. at 5%
0 50 100 200 400

Shaot 5.75 5.16 3.85 4.89 3.59 0.71

N Lapin Root 0.35 0.33 0.29 0.25 0.21 0.08
E Total 6.10 5.49 412 414 3.80 0.77
S Shoot 359 2.7 2.18 2.10 1.59 0.39
Wheat Root 0.83 0.75 0.66 0.54 0.28 0.18

Total 3.42 3.02 2.84 2.64 1.87 0.57

Shoot 6.00 471 4.41 4.27 3.10 0.65

Lupin Root 0.37 0.35 .34 0.31 0.22 0.12

- Total 6.37 5.06 475 4.58 332 0.77
< Shoot 237 237 217 161 1.33 0.35
Wheat Raot 0.72 0.66 0.36 0.30 0.27 0.06

Total 3.0 3.03 2.55 1.91 1.60 0.42

Shoot 518 479 4.44 2.79 227 0.62

g | Lupin Ruot 0.33 0.29 0.25 0.24 0.21 0.06
E Totat 5.51 478 4.69 3.03 2.48 0.67
E Sheot 227 1.18 1.19 0.64 0.40 0.23
Wheat Root 0.82 0,20 0.14 0.12 0.08 0.04

Tatal 3.19 1.38 1.33 0.76 0.48 0.29

Shoot 7.48 7.47 7.54 1.10 6.88 0.65

Lupin Root 0.29 0.13 0.12 0.08 0.47 0.03

‘3 Total 7.77 7.60 7.66 718 6.95 0,70
z Shout 252 1.52 118 110 1.06 034
Wheat Rooi 0.61 0.66 0.66 0.35 026 0.0!

Total 3.13 2.18 1.85 145 1.32 0.36

Wheat wasg less sensitive to Cu than lupin, as the drop in fresh weight gain by
the shoot or root started at 200 mg/kg soil, but was more sensitive to cadmium,
as the fresh weight gain dropped by application of 50 mg or above. The same
applies to Ni, though the root systerm: was more tolerant to this element than
lupin, since the drop in root fresh weight was noticed at 200 mg/kg soil or above,
whereas the shoot seemed more tolerant. Wheat roots seemed more sensitive to
zinc than those of lupin, as the drop in fresh weight gain by the shoot started at
200 mg, whereas of the root started at 260 mg / kg soil.
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in the meantime, lupin shoots were more sensitive to copper than to
cadmium, as the drop in dry weight gain started at 100 mg/kg soil for copper and
at 200mg/kg soil for Cd. Nickel invanably affected shoot dry weight gain by
lupin, whereas zinc seemed to be very toxic to lupin shoot dry weight gain, as it
dropped even at 50 mg/kg soil. On the other hand, lupin root dry weight was
hardly affected by either elements, except zinc that progressively lowered dry
weight gain by increasing its concentration in the soil. Wheat shoot was most
sensitive to ¢ admium and nickel, as the drop in dry weight started at the least
applied dose of either elements and less sensitive to copper or zinc, since the
drop in dry weight gain started at 100 mg / kg soil. The fluctuations in dry
welght gain by the roots of either plants seemed irrelevant (Table 2).

TABLE 2. Effect of different concentrations of various heavy metals on the dry
weight (in g) of 4-weeks old lupin or wheat seedlings (mean of 5 replicates).

cemen] i | orgun [—— P TG LE S

Shoot | 0.76 0.74 0.43 0.38 0.24 0.05
- Lupin { Root 0.04 0.04 0.03 0.02 0.04 N.S.
o Total 0.80 0.78 0.52 0.40 0.25 0.05
by Shoot | 0.44 0.29 0.32 0.28 0.25 0.06
) Wheat | Root 0.08 0.06 0.05 0.03 0.03 0.01

Total | 0.52 0.45 0.37 0.31 0.28 0.07

Shoot | 0.89 0.69 0.63 0.54 0.40 0.09
o Lupin | Root 0.08 0.07 0.06 0.05 0.05 0.01
. Total { 097 0.76 0.69 0.59 0.45 0.10
- Shoot | 0.59 0.48 0.35 0.28 0.27 0.09
N Wheat | Root | 0.07 0.06 0.05 0.05 0.04 0.02

Total | 0.68 0.54 0.40 0.33 0.31 0.1
c Shoot | 0.81 0.80 0.74 0.38 0.24 0.08
5 Lupin | Root 0.04 0.03 0.03 0.03 0.03 0.01
s Total | 0.85 0.83 0.77 0.41 0.27 0.09
- Shoot | 0.38 0.24 ©.20 0.14 0.09 0.03
o Wheat | Root 0.07 0.04 0.03 0.02 0.0z | o001
© Totat | 04s | 025 023 021 011’ ] 004

Shoot | G.77 0.83 0.87 0.76 0.68 0.09
- Lupin Roct 0.04 0.04 .04 0.03 0.03 0.04
x Total 0.84 0.87 0.9 0.79 0.71 0.10
L Shoot | 0.40 0.34 0.29 0.23 0.13 0.05
z Whaat Root 0.05 0.05 0.03 0.02 0.01 c.01

Total 0.45 0.39 0.32 06.25 0.14 0.06

The fluctuations in chlorophyll a-content of lupin seedlings were munor,
following exposure to either of the test-elerments, except Ni that sharply attenuated
its accupmlation, with its increasing level i the soil. The largest dose of Cu or Cd
favoured the aceunmilation of chlorophyl! . Similarly Cu did not affzct chlorophylt
a-accumulation in wheat, but the other elements dramatically reduced chlorophyll
a-accumulation, most prominently Zinc, then cadmium and least by Ni
Chlorophyll b of lupin increased by increased Zinc-concentration, but decreased
with the other elements, more prominently in the presence of Cd, followed by Ni

FEgypt. J. Soil Sci. 44, No. 1 (2004)
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and least by Cu. Chlorophyll b of wheat was slightly affected by Cu or Ni, but

sharply dropped by Cd or Zn, the latter being more effective than the former.

Accordingly, chlorophyl! a / b ratio of lupin-seedlings increased to an almost
constant level by copper treatment, irrespective of its concentration in the soil
and progressively increased by increasing Cd-level, whereas Ni or Zn caused a
drop in such ratio, that was furthered by increased concentration of either
elerents. Cu slightly increased chlorophyll a/b ratio of wheat, but Zn was more
effective, especially at 200 mg/kg soil. Either Cd or Ni reduced chlorophyll a’b

ratio that was furthered with a rise of concentration of either metals (Table 3).

TABLE 3. Effect of different concentrations of various heavy metals on pigmentation
(mg/1g leaf dry weight) of 4-weeks old lupin or wheat seedlings (mean of 3

replicates).
Element] Plant |Pigment 5 Cong;ntratlo?o(;ng 1 i;g;m:oﬁ) T Lats 52
Ch s | 5829 | 5.073 5107 5527  &§732 | 0.380
Lupin Chl b | 0857 | 0459 0418 0512 0600 | 0.090
b Chl ab| 6792 | 11.052 12396 10.795 14.220
e Total | 6.678 | 6532 5£519 7.039 7.332
- Chl a | 12.663 ] 12,187 12.869 132,100 11.957 | 1.3%0
1) Whaat Chib | 4432 | 4122 4083 4025 3689 | 0.750
chl ab| 2857 | 2957 3155 3.255  3.241
Yotal | 17.095 | 16.309 16.987 17.125 15.646
Chla | 4416 | 4328 4480 4044 4340 | 0390
Lupin chi b | 0808 | 0.848 0840 1.004 1192 | 0.100
o Chi alb| 5465 | 5204 5333 4028  3.641
e Total | 5224 | 5176 5320 5048  5.532
- Chl a | 13656 | 14444 13.016 B.192 4.728 0.28
N Wheat | CPI b [ 5125 | 3995 2505 1150  0.985 | 0.280
Chi a/b] 2665 | 3616 5196 T.123 4800
Total | 18.881 | 18.439 15521 9342 5713
Chia | 5284 | 5508 5692 5722 6.810 | 0.320
E Lupin chib | oero | 0539 0564 0341 0286 | 6.160
5 Cht a/b| 5447 | 10.218 10.092 16.783 23.811
E Total | 6.254 | 6.046 6.256 6067 7.096
o Chl a | 12.804 | 10.002 10472 7.588 5770 | 0.420
a Wheat | CM B | 4883 | 4371 4511 3513 2911 | 0.240
Cht b} 2630 | 2288 2321 2159  1.985
Totai | 17.737 | 14373 14983 11.092 B.688
Chl a | 3978 | 3680 3.238 3443 2153 | 5350
. Ch! b | 0939 } 0723 0844 G681 0550 } 0.07C
= Lupin 4 em am| 4236 | 5000 5028 5026 3918
x Total | 4.918 | 4403  31.882 4124 2703
L Chl a | 17.577 | 17.423 12514 10299 8738 | t.040
2 Wheat Chi b} 5870 5.469 5,361 5455 05870 | 0570
Chl asb{ 3100 | 3182 2267 1.998  1.583
Totai | 23.247 | 22.892 17.5%15 15454 14255
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8 MONA M.E. ELEIWA

Table 4 shows that either Cd or Zn drastically reduced the total carbohydrate
content of lupin, a response that continued and furthered by raising the level of
these elements in the soil. Copper or nickel were less effective, since the drop in
total or Zn, by an increased level of the metals. The total carbohydrate content of
carbohydrates started at 100 mg /kg soil and continued, to a less extent than that
of Cd, wheat was least sensitive to zinc and most sensitive to cadmium, whereas
copper or nickel was mederately effective. Under all conditions, the drop in total
carbohydrates progressivly increased by increasing level of either metals,
except for Cu or Zn, where the drop in the wheat total carbohydrates remained
unaffected by increased level of either elements.

TABLE 4. Effect of different concentrations of various heavy metals on the total
carbohydrates of 4-weeks old lupin or wheat seedlings (mean of 5
replicates).

Conceniration (mg / 1 kg soil)
Element | Plant L. Ssu? at
0 50 100 200 400 ’
Lupin | 180.58 180.19 180.34 154.78 146.48 15.30
Copper
Wheat | 227.22 194.82 190.56 180.11 180.56 17.30
Lupin | 178.79 157.05 143.94 130,26 11.02 10.45
Zinc
Wheat | 239.33 222.61 21545 213.46 210.13 16.30
Lupin | 187.01 166.67 143.56 119.26 11871 12.8¢
Cadmium
Wheat | 217.22 195.37 215.00 178.33 168.52 15.90
Lupin | 187.13 186.66 179.63 153.16 146.85 13.80
Nickel
Wheat | 241.11 216.85 211.8% 207.60 185.74 11.90

Table 5 shows that either Cu or Zn slightly or hardly affected the total
nitrogen of lupin shoots at 50 —100 mg / kg soil. Higher levels of either merals
attenuated nitrogen-accumulation in this plant. Cadmium or nickel were almost
equally suppressive to total nitrogen-accumulation in lupin; a response that was
furthered with an increased leve! of this metal in the soil.

Table 6 shows that lupin nitrogen was least sensitive to zine, since it dropped
by application of 400 mg kg soil, but most sensitive to Cd, since it dropped with
increased Cd-level from 50 mg / kg soil on wards Ni or Cu were moderately
suppressive to total nitrogen-accumulation, since the drop started at 200 mg'ky
soil, but the former was more effective than the latter. Similarly, wheat nitrogen
was most sensitive to Cd application and least sensitive to Ni, but moderately
sensitive to Cu or Zn, the former being more effective than the latter,

Egypt. J Sorl Sci. 44, No. 1 (2004)
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TABLE 5. Effect of different concentrations of various heavy metals on the total
nitrogen content (mg/lg dry shoot) of 4-weeks old tupin or wheat
seedlings (mean of 5 replicates).

Element | Plant Concentration (mg /kg soil) L.S. D. at 5%
0 50 100 200 400
‘ Lupin | 4342 14.21 12.64 11.33 11.01 1.11
Copper
Wheat | g 43 8.25 6.23 6.15 5.43 0.68
) Lupin | 343 13.85 13.31 12.15 10.43 1.06
Zinc
Wheat | 953 9.05 8.12 7.51 6.13 0.79
Lupin 3
Cadmium 14.32 12.45 10.31 §.43 0.22 1.09
Wheat {143 7.52 6.05 5.12 4.33 0.86
Lupin
Nickel 14.13 12.15 9.43 8.13 151 1.01
Wheat | 1995 9.83 9.65 5.42 1.52 0.95

Lupin phosphorus was hardly affected by either levels of Cu or Cd, but most
sensitive to Ni. In the meantime, Zn favored the accumulation of phosphorus up
to 200 mg / kg soil above which phosphorus content dropped below the control
level. Also, nickel slightly lowered phosphorus accumulation, whereas Cu or Cd
slightly favored phosphorus accumulation that was hardly affected by an
increased level of either metals. On the other hand, Zn remarkably attenuated
phosphorus accumulation in wheat seedlings, a response that was partially
alleviated by anincreased level of the metal

Lupin sodium was hardly affected by either levels of copper or zine, bui the
drop in its content in the presence of nickel was hardly affected by concentration
of either elements. In the meantime, the progressive increase 1m Lupin s odium
with Cd level returned to contrel level at 400 mg / kg soil. Wheat sodium was
slightly, if at all, affected by either levels of Cu or Zn, but it was very susceptilile
to nickel, where the drop in its content progressively increased by increasiag
level from 50 - 400 mg/ kgsoil. Ontheotherband, 50 0or 100 mg/ kg sou
seemed without effect on wheat sodium content, but the higher level significanly
increased this component. Lupin potassium was drasiically lowered by an
increased level of either Cd or Ni both of which seemed equally effective
Copper seemed without effect, except for 400 mg / kg soil, where 2 slipht dicp
potassium content was observed. Zinc accelerated potassium accumulation to
almost the same extent regardless the metal concentraiion.

Egypt J Soil Ser 44 No. 1 (2004)
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TABLE 6. Effect of different concentrations of various heavy metals on the elements
content (mg/lg d. wt. shoot) of 4-weeks old lupin or wheat seedlings

{mean of 5 replicates).

Heavy Concentration {mg / 1 kg soil) L5.0.
metat | Pt | Element f-g ) 169 2060 00 | ats%
N 1442 1521 12.64 1133 11.01 221
- P 6.38 8.14 778 8.01 340 1.72
= Na 4414 ] 4B 44 5242 4340 4165 873
3 K 4062 | 3306 4312 3825 640 2.69
. Ca 24.00 1613 1722 17.43 14.87 2.
2 Mg 861 | 763 988 762 7.7 1.76
= N .43 625 €23 615 5.4 135
~ .~ P 1182 | 1985 1965 1884 1623 | 326
g Na 7.76 606 TS 542 521 NS.
Z K p1.61 | s9B1 5606 4783 4683 | 37
Ca 182 166 272 153 2.57 0.71
Mg 4.40 368 3.83 6.86 3.8 128
N 1308 | 1385 1340 1216 1043 | 212
_ P 5.86 7.1 809 769 423 1.11
=y Na 5137 [ 5269 6085 4729 4153 | 1084
K K 4471 | 5331 6003 6413 5534 | 6.08
Ca 2137 | 1673 1647 1667 163 | 3z
g Mg 543 7.22 9.45 B7S 7.00 0.95
) N 5.23 905 FEY) 751 £.13 158
= P 1114 | 659 734 882 182 | 23
@ Na 9.19 10.59 1t.44 7 AL a.Te 249
= K 7213 | s025 €845 TETE  B41% [ 1335
Ca i3 471 4712 549 631 1.16
Mg wn 3.06 3,58 594 €25 1.99
N 14.32 1245 1031 8.43 6,12 1.59
P 6.05 50 6.45 524 725 1.82
£ Na 4099 | 4597 4965 5680 4462 | 479
= K 484 | 384 3882 85T 2549 | 47
g Ca 2345 | 19.66 1957 2037  16.58 243
2 Mg 8.50 7.99 8.93 9.12 P R4 1.01
= N 1022 | 7.53 6.05 5.12 2 [ 1
¥ - p 843 | 109 1015 1069 1019 | 069
S Na 7.88 6.72 7.31 9.97 10.83 127
< K 87.72 | e500 6262 6663 5532 | 4m
- Ca 1.06 219 5.06 37s 3.8 043
Mg 4139 278 428 415 Fy3| 038
N 1413 | 1215 843 XH 751 201
P 576 142 42 428 4.2 0.49
= Na 4T44 | 4283 4283 as28 4278 | 216
= K 4253 ] 2309 3419 M4 29989 | 095
- Ca 2004 | 1993 12s4 1700 15M 252
o Mg 725 888 .31 6.50 6.50 0.78
! N 1605 | 9831 565 84z 7.8 | 132
= = P t+1.45 | 1231 1231 1202 1145 | 283
] Na .06 659 579 457 403 072
= X 8161 | 5981 5656 5733 4659 | 1487
Ca 637 537 112 753 7.56 0.5
Mg 4.47 5.75 4.50 369 £.00 0.94
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Lupin calcium was attenuated by all the test elements, copper being more
effective and more prominently by an increased level of the elements in the soil.
Copper lowered the calcium content of wheat, whereas Zn, Cd or Ni increased it
particularly at the high doses of these elements. Lupin or wheat magnesium was
invariably affected by either elements, irrespective of their concentration in the
soil.

Discussion

The results of this investigation clearly indicate that characteristics of the
tested heavy metals, their concentration and/or type of organ or the plant itself,
play a significant role in the physiclogical responses towards application of these
elements. At their moderate or high level, the four test elements hindercd water
uptake by the plants te different extents. Copper was more effective on lupin
than wheat, whereas the reverse was the case regarding the other elemenis. Cu
belongs to Group Ib, like zinc, yet it is less stable (lagging one or fwo electrons
on the outer shell) and larger in size than zinc (ionic radius 0.93 and G.88 A°
respectively). '

It is interesting to note that neither of the test elements regulated in  any
appreciable way or change in dry weight of the roots of either plants, indicating
that translocation to the root was immune for the deleterious effects, even with
high levels of these elements. Still, the rapid transiocation of the absorbed heavy
metals to the shoot may play a significant role in this respect.

Zn {a stable element of Group Ib, of moderate ionic radius) was highly toxic
to dry weight gain by upin, whereas Ni (belonging to group VI1I, an unstable,
highly reactive element with the smallest ionic radius and atornic weight) was
least, if at all cffective. In the meantime, it is logical that lupin responds more tc
Cu than Cd, for it is a less stable element, with a lower ionic volume. However,
the high toxicity o "the large-sized, stable ¢ lement of moderate atormic volumz
{Zn) indicates the role o f the biological barriers (e.g., chelating agents) in this
respect. Wheat (a monocot plant} differed in its response, being more sensttive to
the highly reactive Ni with the smaliest volume, as well as to the large-sized
highly stable Cd wath the Iargest atomic weight, than to copper or zinc, This
indicates the difference in attitude and metabolism between the types of plants.

One may recell that Yang e/ al (1996) classified crop plants accoiding to
their sensitivity s cadmium intc tolerant {wheat and rice) and non-tolerani
{Cucumis sativus | laciuca sativa and Phaseolus vulgaris). They emphazized taat
the percentage of cadmium, combined with proteins in the Cd-telerant czops, was
lower than in the non-tolerant crops. Organic and Cd-hydrophosphates increased
in the Cd-tolerant crops. I the crops less tolerant to cadmium, large molecatar
proteing were rich in cadmium.

Poongothi er al. {1998) proved that sorghuny, grown with ¢ - 7 5 ppru Zn or O-
50 ppm Cd, had an increased dry matter sield with increasing zine rate and yield

Egypt. J. Soil Sci. 44, No. 1 (2004}
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decreased with increasing Cd-level. Ewais (1998) observed that Cd or Ni
inhibited shoot growth, but were less suppressive to roots of weeds.

The results also indicate that lupin leaves can tolerate the low or moderate
levels of all the test elements, without affecting either chlorophyll a or b content.
Even a large dose of these elements seemed without effect (Zn), or it increased
{Cu or Cd) or decreased (Ni) this component.

Zinc and copper are cofactors for the enzymes, responsible for the photo-
synthetic system. Nickel, being the most active of the test elements, seemed to
replace Mg or K during the biosynthesis of the chlorophyll 2 molecule, It seems
that Zn activity was reserved for the transformation of chlorophyll a to
chlorophyll b, whereas the other test elements were just suppressive.

On the other hand, Cu seemed without effect on chlorophyll a content of
wheat, but the other elements were suppressive, Zn being most and Ni being
least efleclive. This indicates that the biological barriers against these
elements,except for Cu, were far less persent in wheat than in lupin, Stil}, copper
seemed without effect on chlorophyll b, but nickel shared it in this respect. Zn
and Cd were still inhibitory. T his indicates that these t wo ¢ lements a ttack one
and the same target during chiorophyll biosynthesis {probably 8-aminolevulinic
acid synthetase or dehydrase. Cu seemed to have a minor effect on the
mechanism of transformation of chlorophyll a to chlorophyll b, but nickel
seemed to stimulate such process in both plants, coupled with Zn (lupin) or Cd
(wheat).

In this connection, Gil et af. (1995) found that chlorophyll a showed similar
trends to total chlorophyll. Chlorophyll a / chlorophyll b ratio increased with C¢
concentration. Prasad (1996) reported that the net carbon dioxide uptake was
affected more significantly through a decrease in chlorophyll content and
through damage to the electron transport system. Chugh and Sawhney {(2000)
found that the rate of photosynthesis, chlorophyll content, activation of
photosystem I and II , in lupin seedlings, decreased with increasing
concentrations and/or exposure to Cd. Cadmium had a more pronounced effect
on Ps II than on Ps L. Activity of photosynthetic enzymes showed far greater
inhibition 12 days after treatment.

Concomitant with the drop in chlorophylli a and b and inspite of the
differences in configuration and activity of the test elements, Cd and Zn were
almost e qually e ffective in reducing total carbohydrate ¢ ontent of lupin plants.
The same applies to Cu and Nithough to a less extent. Cd and Zn are equally
stable elements, regardless of the other differences, whereas Cu and Ni are more
reactive. In the meantime, Cd was most effective in lowering the total
carbohydrate content of wheat, followed equally by Cu and Ni and least by Zn.
This might reflect the difference in the role of these eclements in the
photosynthetic pathway and carbohydrate metabolisn: between the two plants,
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-



LUPIN AND WHEAT TO SOIL CONTAMINATION WITH HEAVY METALS 13

Samarakoon and Rauses (1997) found that 2.0 mM Zn inhibited carbohydrate
movement in  Phaseclus vulgaris, leading to decreased carbohydrate
concentration, which coincided with sucrose accumulation, though starch was
reduced. They attributed the drop in carbohydrate content by heavy metals, such
as NI, to depression in autophotosynthesis.

Cadmium seemed to attack one common target during nitrogen assimlation,
by either lupin or wheat. It is active most probably during the early stages of this
process, forming stable complexes, particularly with enzymes. The same applies
to c opper though it was less e flective than c admium, at least by being a more
active element, with lower atomic volume and molecular weight than cadmium.
Equally effective was Ni on lupin and Zn on wheat. These two elements
exchange place as the least effective on total nitrogen content of the test plants.

In this respect, Dahiya et ol (1994a) observed that soil amendment with 10
mg Cd/kg soil decreased dry matter yield of wheat, both in absence and presence
of nitrogen fertilizer. Dahiya et al. (1994b) also, concluded that cadmium
decreased uptake of N, P, K and Na. Singh and Antil (1996) concluded that
nitrogen uptake was decreased by Zn application to wheat plants, Ni or Cu were
moderately suppressive. Siesko ef al. (1998) observed a change in protein
synthesis, accompanied by depressed growth after a 21 days incubation of
Potamogeton pectingtus with 1 mM CdCl,. Ewais (1998) reported a change in
toot and shoot protein content of Chaenopodium ambrosiodies and Digitaric
sanguinalis by the addition of Cd or Ni to the soil, the effect being less apparent
on shoots.

The four elements mostly attenuated N, Na, K, Ca levels with minor effect on
P or Mg. Singhania and Bajpai (1995) showed that Zn caused a significant
increase 1n phosphorus content of rice grains and straw. Kuo and Huang {19%2)
proved that Cd impaired the uptake of Ca, Mg and K in lettuce and soybean
plants.
Conclusion

Plant needs minerals in small amounts , any increase in these quantities in rhe
soil either by nature or man causes pollution of the soil and injure the plant,
human and the animat . The threshold concentration of heavy metals varied with
the element , its molecular weight and bioreactivity , also plant species counid
affect their response to the applied metal.

The four tested metals caused inhibition in growth and photosynthetic
pigments for both lupin and wheat plants which increased with incveasing the
level of heavy metal in soil . At lower levels of applied metal , pigments proved
that Wheat is more resistant than huoin . There was a remarkable decrease in tota!
carbohydrate content of both plants , although some resistance shown by wheat
as compared with lupin. In general, Cd and Ni were moare toxic than Cu and Zn.

Egypi. J. Soil Sci. 44, No. 1 {2004)
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