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ABSTRACTS

This study was carried out in pots at the Ex-
perimental Nursery of the Ornamental Horticulture
Department, Faculty of Agriculture, Cairo Univer-
sity, Giza, during the two successive seasons of
2005 and 2006, with the aim of investigating the
response of Amuranthus tricolor, L. plants grown
in different soils including ‘soil from Faculty of
Agriculture, Cairo University as an un-polluted
soil, and four difterent soils polluted with Ni and
Zn from Al-Gabal Al-Asfar, Abou Rawash, El-
Tebbin or Shobra EI-Kheima to nitrogenous nutri-
tion [7.5 or 15 gm ammonium sulphate (20.5% N)/
pot/season|, and their role in remediating the pol-
luted solls.

Both nitrogenous fertilization treatments sig-
nificantly increased vegetative growth characteris-
tics, compared to the control (in most cases). In
general, raising the N level resulted in steady sig-
nificant increases in these parameters and in-
creased the leat contents of total chiorophylls,
carotenoids, anthocyanin, total carbohydrates, N,
P and K, as well as Ni and Zn uptake, while stead-
ily decreased the extractable Ni and Zn of the used
soils.
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In most cases, Al-Gabal Al-Asfar soil was
clearly the most effective soil in promoting the
growth of plants and increasing their chemical
constituents (total chlorophylls, carotenoids con-
tents, total carbohydrates, N, P and K percent-
ages), followed by the soil of the Faculty of Agri-
culture. On the other hand, plants grown in Shobra
El-Kheima soil gave significantly lower values for
vegetative growth characteristics than the plants
grown in other soils (in most cases) and the lowest
concentrations of the previous chemical constitu-
ents, but gave the highest anthocyanin, Ni and Zn
concentrations.

In general, the plants grown in Al-Gabal Al-
Asfar soil and supplied with the highest nitrogen
rate gave the highest values for most of the studied

.vegetative growth characteristics and chemical

constituents f the plant, whereas the plants grown
in Shobra El-Kheima soil and receiving no ni-
trogenous fertilization gave the lowest values.

[t cah be recommended that for the best vege-
tative growth of Amaranthus tricolor, L. plants in
different tested soils, the plants should be supplied
with 5 gm ammonium sulphate (20.5% N)
/pot/season. This treatment gave better results for
most of the studied vegetative growth parameters,
as well as for most of the plant chemical constitu-
ents, and increased the ability of plants to remedi-
ate Ni polluted soils. It is worth mentioning that
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Amaranthus tricolor plants cannot remediate Zn
polluted soils.

INTRODUCTION

The pollution of soils with metals is a major
environmental problem throughout the world.
Soils polluted with metals may threaten ecosys-
tems and human health. So, the remediation of
such soils is a challenging task because metals do
not degrade and persist indefinitely in the envi-
ronment. Disposal of polluted soil in landfills ac-
counts for a large proportion of the traditional
remediation techniques at present, but it is not
probably economically feasible. Therefore, new
technologies based on environmentally friendly
and low-cost processes are urgently required
(Lombi e al 2001). When categorizing plants that
can grow in the presence of toxic elements, the
terms “tolerant and hyperaccumulator” are used. A
tolerant species is one that can grow on soil with
concentrations of particular elements that are toxic
to most other plants, also it is not necessarily an
indicator or hyperaccumulator. Hyperaccumula-
tors take up particularly high amounts of a toxic
metal. In this respect, Revees and Baker (2000)
stated that the thresholds for plant hyperaccumula-
tion (shoot dry weight) were set at 1000 mg kg
Zn, 100 mg kg Cd, 1000 mg kg Pb. As of to
date, about 400 plants that hyperaccumulate met-
als are reported. Plant species that hyperaccumu-
late high amount of toxic metal introduce a new,
low-cost, and environmentally friendly technique
for soil remediation; this technique is phytoreme-
diation. The United States Environmental Protec-
tion Agency (U.S. EPA, 1998) described phy-
toremediation as the use of certain plants to clean
up soil, sediment and water contaminated with
metal and/or organic contaminants and defined six
types of phytoremediation. It includes phytoex-
traction, phytodegradation, phytostabilization,
phytovolatilization. rhizodegradation and rhizofil-
tration Salt et al (1998) defined two basic strate-
gies of phytoextraction. The first is chelate-
assisted phytoextraction, which consists of two
processes: release of bound metals into soil solu-
tion combined with transport of metal to the har-
vestable shoot. The role of chelate is to increase
the metal concentration in soil solution. The sec-
ond is the continuous phytoextraction, which re-
lies on the specialized physiological processes that
allow plants to accumulate metals over the com-
plete growth cycle. This type of metal uptake is
epitomized by hyperaccumulator plants.

Amaranthus tricolor, 1. is a tropical plant
(summer annual plant :n Egypt), which belongs to
family Amaranthaceae (Brickell; 1999). It is used
in planting back borders in different types of gar-
dens tor its coloured leaves. In addition to its land-
scape use as a source of colour, it is also one of
the main sources of the natural pigments antho-
cyanin, used in several industries such as foods,
beverages and bread products (Paredes-Lopez,
1994). Moreover, it i1s used internally as a folk
medicine to improve vision and to strengthen the
liver. lts ash is mixed with rapeseed oil, and used
externally as an ointment for dressing boils and
itch (Carbajal et al 1991).

Nitrogenous nutrition is necessary for the vari-
ous biochemical processes that occur within the
plant, and that are essential for normal plant
growth and development (Devlin, 1979). Nitroge-
nous fertilization treatments have favourably. in-
fluenced the growth of several Amaranthus spe-
cies [Das and Ghosh (1999) on 4. tricolor, Gene
and Acar (1999) on 4 muntegazzianus and A.
cruentus, Agele et al (2004) on 4. cruentus, Nie et
al (2004) on A. tricolor and Rathore et al (2004)
on A. hypocondriacus.|.

This study was conducted with the aim of in-
vestigating the response of Amaranthus tricolor,
L. plants to nitrogenous nutrition, and their role in
remediating different polluted soils with heavy
metals.

MATERIALS AND METHODS

This study was carried out at the [.xperimental
Nursery of the Ornamental Horticulture Depart-
ment, Faculty of Agriculture, Cairo University,
Giza, during the two successive seasons of 2005
and 2006, with the aim of investigating the re-
sponse of Amaranthus tricolor, 1. plants to ni-
trogenous nutrition, and their role in remediating

different polluted soils with heavy metals.

Seeds of wf Amarunthus tricolor were obtained
from the nursery of the Ornamental Horticulture
Department, Faculty of Agriculture, Cairo Univer-
sity, and were sown on 15" March 2005 and 2006
(in the first and second seasons. respectively), in
8-cm plastic pots filled with a I:1 (v/v) mixture of
sand and clay. On 1* May 2005 and 2006 (in the
first and second seasons, respectively), the seed-
lings, with a height of 8 cm diameter, were trans-
planted individually into perforated polyethylene
bags (30-cm diameter) filled with S kg of: (1) clay
loam soil from the nursery of the Ornamental Hor-
ticulture Department, Faculty of Agriculture,

Annals Agric. Sci., 52(1), 2007



Amaranthus tricolor, role in remediation

Cairo University, Giza (as an un-polluted soil), or
one of four different polluted soils including: (2)
sandy loam soil from Al-Gabal Al-Asfar, Cairo,
(3) sandy loam soil from Abou Rawash, Giza, (4)
clay soil from El-Tebbin, Cairo or (5) clay soil
from Shobra El-Kheima, Kalyoubeya. The source
ol pollutants, general characteristics, available
macronutrients and DTPA extractable nickel and
zinc were determined in surface samples (0-30
cm) of the five studied soils, and are shown in
Table (1). The pots were kept outdoors throughout
the experiment.

Nitrogenous fertilizer was applied to the plants
at the rates of 7.5 or 15 gm ammonium sulphate
(20.5 % N) /pot/season, divided into 3 equal doses
applied at 4 weeks intervals, starting two weeks
after transplanting the seedlings. An unfertilized
control was also included in the experiment. All
pots received phosphorus fertilizer in the form of
calcium superphosphate (15.5% P,Os), which was
mixed into the.soil two weeks before transplanting
the seedlings, at the rate of 5 gm/pot. Potassium
fertilizer was added in the form of potassium sul-
phate (48% K-,0O) at the rate of 3 gm/pot, divided
into two cqual doses, which were applied after 2
and 6 weeks from transplanting.

The plants were irrigated every 3 days using a
tap water (with a total salts concentration of 270
ppm). At each irrigation, the plants were watered
till 90% of soil field capacity (F.C.). The soil
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moisture tension was measured before each irriga-
tion using microtensiometers, and the quantity of.
water needed to reach 90% F.C. was calculated, as
described by Richards (1949).

The layout of the experiment was a split-plot
design, with the main plots arranged in a random-
ized complete blocks design, with three blocks
(replicates). The main plots were assigned to the
different soils, while the sub-plots were assigned
to the nitrogenous nutrition treatments. The study
included 15 treatments [5 different soils x 3 ni-
trogenous fertilization rates (including the con-
trol)], with each block consisting of 45 plants (3
plants/ treatment).

At the termination of each season (on 30" Sep-
tember 2005 and 2006 in the first and second sea-
sons, respectively), plants were cut | cm above the
soil surface, rinsed once with diluted HCI and
twice with H,O. Data were recorded on some plant
vegetative growth characteristics, including plant
height (cm), stem diameter (mm) at a height of 5
cm from the soil surface, number of
branches/plant, as well as the fresh and dry
weights of stems, leaves and roots/plant. The data
on the vegetative growth characteristics were sub-
jected to statistical analysis of variance, and the
means were compared using the "Least Significant
Difference (L.S.D.)" test at the 5% level, as de-
scribed by Little and Hills (1978).

Table 1. Location, source of pollutants, general characteristics, available macronutrients and DTPA ex-

tractable nickel and zinc of the studied soils.

- Avatlable DTPA ex-
‘!5 Q ;: o Particle size distribuiion 25 macronutrients tractable
S & = § 8 g — 3 < (ppm) (1 g)
5 T Y X 8§ ¥ g & 3 s 7
” s = & & g 8 = % 2 g £ g
Location S - @ 9 = & § T & & £ 3 - )
g o ° g Y : G| = & K z N ! K Ni  Zn
& Y e} = 8 g s v i
w o (™)
o
lac. Ag- ) Clay
| e, Giea  Nil 79 047 14 3] 09 696 1845 4037 3422  joam W48 17239 02 70
Al-Gabal Sandy
2 Al-Asfar D&I 68 107 38 43 1.0 3244 3789 1174 1793  |oam 25 80 31 442 86 860
Abou Sandy
3 Rawash D&! 7.1 091 25 12 28 3202 3945 1269 1584  joam 2357 25 330 79 910
4 bi-Tebbin I 78 062 07 42 49 1023 1988 2575 4414 Clay 38 50 16 323 84 960
Shobry E1-
S Kheima | 79 021 06 44 31 530 2077 2981 44.12 Clay 37 48 17 230 92 1020

“ D: Domestic wastes
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Chemical analysis of fresh leaf samples was
also conducted to determine their contents of total
chlorophylls (a+b) and carotenoids (using the
method described by Nornai, 1982) and antho-
cyanin (as described by Fuleki and Francis,
1968). In addition, samples of leaves were oven-
dried at a temperature of 70°C for 24 hours, and
their contents of nutrients were extracted using the
method described by Piper (1947). The nutrients
extract was chemically analyzed to determine the
contents of nitrogen (using the modified Micro-
Kjeldahl apparatus. as described by Pregl, 1945),
phosphorus (using the method described by Jack-
son, 1967), potassium (estimated photometrically
using 4 Jenway flamephotometer), nickel and zinc
using an atomic absorption spectrophotometer.
modei GBC, 932AA). Also the content of total
carbohydrates in dried leaf samples was deter-
mined using the method described by Dubois ef al
(1956). The uptake of Ni and Zn was calculated by
multiplying the dry weight of above-ground parts
of the plant by the concentration of the two miner-
als in the plant tissues.

At the end of the experiment, the soils were
analyzed for DTPA- extractable Ni and Zn. as
recommended by Lindsay and Norvell (1978).

RESULTS AND DISCUSSION

I. Vegetative growth

1. Effect of nitrogenous nutrition

The results recorded in the two seasons (Ta-
bles 2-4) showed that the different vegetative
growth  characieristics ol - Amaranthus  tricolor
plants i ¢ plant height, stem diameter, number of
branches/plant and fresh and dry weights of stems,
leaves and roots/piant were favourably atfected by
the different N tertilization treatments. In most
cases, plants recciving any of the tested fertiliza-
ton ievels gave sigimnicantly higher values for the
ditterent grewth parameters. compared to unfertil-
wzed {control} plants. The only exception to these
resadits was obtamed in the second season, with
ferubization using 75 gm ammonium  sulphate/
pot/season giving insignificantly taller plants than
the unterithized controf plants, whereas the higher
ferutization rate (1S gm ammonium  sulphate/
pot/season) gave sigmificantly taller plants than the
control plants (Table 2). The promotion of vegeta-
tive growth as a result of nitrogenous nutrition 1s
e agreement with the results reported by Nawawi
<t ai (1985) and Hilman & Abidin (1987) on
dmurunthus tricctor, Hirano et al (1991) on A
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cruentus, Makus (1992) on A tricoior, Elbehri et
al (1993) on A. hypochondriacus X A. hvbridus
cv. Plainsman, Zerfus and Shchitov (1995) on 4
cruentus, Auwalun and Tenebe (1997) on 4 cru-
enitus, Saini and Shekhar (1998) on A4 fhype-
chondriacus, Das and Ghosh (1999) on 4. -
color, Genec and Acar (1999) on A4
mantegazzianus and A. cruentus, Agele et al
(2004) on A cruentus. Nie et al (2004) on 4 -
color and Rathore ¢t al (2004) on 1 inpocondri-
acus. The favourable cffect of the different N fer-
tilizahen  treatients on the  vegetative  growth
characteristics (compared to the control) can be
attributed to the important role played by N the
physiolgical processes within the plant. which in
turn aftect the growth of the vegetative and root
systems. Also. nitrogen is present n the structure
of protein molecules |Devlin (1979); Taiz_and
Zeiger (2002)].

In both seasons, all the studied characteristics
showed steady increases in the recorded values as
the nitrogen level was raised. In peneral. plants
that received 15 gm ammomum  sulphate
/pct/season gave significantly higher values for
vegetative growth haractenistics than plants that
received 78 gme ammonium sulphate/pot'season.
Two exceptions to this general trend were re-
corded tn both seasons, with plants fertilized with
IS gm ammomum sulphate /pot'season giving
insignificantly thicker stems and heavier fresh
weight of deaves than plants recenving 7.5 um
ammontum sulphate ‘potseason. Accordingly. the
most vigorous vegetative growth (in terms of the
studied growth charadterssiies) was obtapsd m
plants supplied with |5 cm anunonium sulphate
/pot/season. This contirms the conclusion that
nitragen plavs an amponant rele o premoting
vegetative grawth of Jdmaranthus tricolor plasts

. 2- Effect of different soils

The results recorded i the two seasony (Ta-
bles 2-¢) showed thiat among the diflereni scils
used, the sandy loam soit obtained trom Al-Gabal
Al-Aslar was ciearly the most effective one for
promoting the growth of  dmasanthies (recolor
plants. giving the aphest values tor most of the
studied characteristics (plan. height, stem dame-
ter, number of branches © plani. fresh and dry
welghts of stems amil jeaves © plani), loliowed by
plants grown e baculty of Agiiculture (clay loam;)
soil Only or. exception Lo this general trend was
recorded 1 huth seasons, witl plants grown in the
soil of Faculiy of Agriculiure having significantly
heavier fresh and dry wueghts of roots than the
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Table 2. Effect of N fertilization levels and different soils on plant height, stem diameter and number of
branches of Amaranthus tricolor, L. plants during the 2005 and 2006 seasons.

Fertilization @ First season { 2005 ) Second season ( 2006 )

treatments Soils (S) Soils (S )
(F) Sl S2 S3 S4 S5 Mean Sl S2 . S3 S4 S5 Mean
Plant height (cm )

Control 90.3 98.4 70.9 82.6 55.8 79.6 110.8 121.6 863 90.5 §2.5 92.3
N1 115,71 132.6 80.5 ~ 85.0 58.5 94.5 118.5 130.0 90.5 98.1 63.7 100.2
N2 136.1 145.5 96.2 110.8 65.1 110.7 145.1 132 100.1 108.4 72.0 115.7

Mean 114.0 1255 825 928 59.8 - 124.8 134.8 92.3 99.0 62.7 -
L.SD.wos,
15 12.8 9.5
S 18.1 128
XS 23.5 19.6 R
Stem diameter (mm ) — —

Control 25.1 30.1 22.1 236 156 | 233 234 30.7 24.1 244 17.5 24.0
NI 297 356 267 256 18.0 | 27.1 30.6 334 26.0 27.6 21.0 217
N2 32.6 37.7 28.6 29.1 19.1 29.4 34.0 36.7 27.1 28.7 RANS 29.6

Mean 29.1 34.5 25.8 26.1 17.6 —een 293 33.6 25.7 26.9 20.0 -mmm

L.S.D.wus,
F 25 2.3
S 38 42
FXS 44 5.9
— Number of branches / plant

Control 10.2 93 78 7.1 6.0 8.0 9.5 10.7 8.5 8.7 83 9.1
NI 11.7 12.5 8.5 8.7 8.2 9.9 13.0 12.2 10.0 10.5 8.7 10.9
N2 13.0 143 11.0 9.5 8.4 11.2 13.5 16.4 1.7 1.5 9.3 12.5

Mean 11.6 12.0 9.0 8.4 75 ---- 12.0 13.1 10.1 10.2 8.8 -

L.S.D.wos
F 1.3 : 12
S 2.1 s 1.8
FXS 25 v 2.6
St Fac. Agric., Giza. S2: Al Gabal Al- Asfar. S3 : Abou -Rawash.
S4 - kL= "Tebbin. S5 : Shobra El- Kheima.

NI and N2 = Nat 7.5 or 15 gm ammonium sulphate (20.5 % N) /pot/scason

Annals Agric. Sci., 52(1), 2007
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Table 3. Effect of N fertilization ievels and different soils on fresh weights of stems, leaves and roots of

Amaranthus tricolor, L. plants during the 2005 and 2006 seasons.

j-ertilization First scason (2005 ) Second season (2006 )
treatments Soils (S) Sotls (Y )
B st s sy st ss [ men]l S s2 st s 85 | mem
Eresh weight of stems (g/plant)
Control 2553 3305 186.0 1219 85§ 195.8 || 280.5 264 1 1958 150G} 00h | 1983
N 2706 3808 2227 1626 1133 ] 230.6 || 3108 2306 406 17127 1365 2379
N2 3092 4800 2704 1851 1308 | 288.3 |[350 1 3647 2523 uld 1529 ] 2043
Meun 298.7  399.1 2264 156.5 1105 ] ---- |{313.8 319.8 229.6 1743 330.0 | -
LS 1
I 20.5 195
S 269 LS N
I'XS _ 34.7 _ ‘ 40.7
Fresh weight of leaves (g/plant)
Control 1403 168.6 1312 1264 738 | 1279 || 1521 1762 1197 953 916 133.0
N1 1524 2008 1467 1390 893 145.6 {1738 2125 1531 1155 1002 | 1510
N2 1019 2055 1691 1503 1036 | 1563 || 201.6 2370 1604 1369 105.6 | 168.3
Mean 1SLS  191.6 1457 138.6 88.Y o 175.8 208.6 154.4 1159 99.1 -—--
15§ P~
| 13.6 173
18.2 218
EAS 259 . R
Fresh weight of roots (g/plant)
Control 86 3 740 60.3 66 5 49.5 67.4 100.1 826 79.0 705 403 74.5
N1 1201 102.1 665 708 627 | 844 || (1221 918 825 758 StS | 827
N2 1258 1125 961 819  64.1 96.1 || 1368 1196 1146 958 706 | 107.5
Mean 110.8  96.2 74.3 73.1 588 | --—-- 116.3  98.0 92.0 80.7 54.1 -
R
I 6.5 - 78
%} 8.7 109
FXS Y 6 12.5
SE Fac Agnie . Giza S2: Al Gabal Al-Aslar S3 0 Aboi -Rawash
Sd o Li Tebbin. S5 Shobra ElI- Kheima.

Niand N2 = Nat 7 S or |5 gm ammonium sulphate (20.5 % N) /pot/season.
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Table 4. Eftect of N fertilization levels and different soils on dry weights of stems, leaves and roots of
Amaranthus tricolor, L. plants during the 2005 and 2006 seasons.

Fertilization First season (2005 ) Second season (2006 )
treatments Soils (S ) Soils (S)
) Sl S2 S3 S4 SS [ Mean S 52 S3 S4 S5 LMean
Dry weight of stems (g/plant)

Control 315 404 233 15.0 17.1 26.3 40.9 35.6 335 206 148 29.1
NI 37.4 469 328 . 209 20.0 31.6 473 53.5 36.9 280 175 36.6
N2 439 558 347 285 219 37.0 59.1 63.3 45.4 373 2.7 46.6

Mean 37.0_ 477 303 228 197 | - (1491 508 386 286 200 | -
LS D gon
F 4.5 3.1
S 5.8 4.9 _
FXS 8.5 6.7

Dry weight of leaves (g/plant)

Control 158 169 140 121 115 | 141 || 185 190 147 125 88 | 147
NI 6.1 246 146 145 134 | 166-){ 199 215 171 139 129 | 171
N2 225 298 156 148 139 | 193 |[ 256 279 175 161 145 | 203
Mean 181 238 147 138 129 | -— || 213 225 164 142 12 | —
L8 aus

3 1.4 1.6

S 2.0 2.5

FXS ! 3.1 3.7

Dry weight of roots (g/plant)

Control 18.5 I:5:5 11.0 146 9.0 13.7 22.9 17.5 18.5 12.8 7.6 15.9
NI 20.3 198 131 16.7 9.6 16.3 235 205 20.1 13.5 105 17.6
N2 247 211 195 173 1.5 18.8 30.3 248 226 17.5 13.1 217
Mean 21.8 188 145 162 100 -—-- 25.6 209 204 145 104 -
L.S.D.0s) i
F 1.4 v 1.6
5 1.8 1.8
FXS 2.1 2.4
SI: lFac. Agrice., Giza, S2: Al - Gabal Al- Asfar, S3 : Abou -Rawash.
S4 2 El--T'ebbin, S5 : Shobra Ll- Kheima.

Nl and N2 = Nat 7.5 or 15 gm ammonium sufphate (20.5 %N) /pot/season

Annals Agric. Sci., 52(1), 2007
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plants erown in any of the other tested soils, in-
cluding Al-Gabal Al-Astar soil. In most cases.
plants grown in Al-Gabal Al-Astar soil gave sig-
nificantly higher values for vegetative growth
characteristics than those grown n other soils. The
increase in vegetative growth of plants grown in
Al-Gabal Al-Asfar soil may be attributed to its
high content of organic matter (compared to other
soils used) which has favourable effects on the
sotl. such as improving some of its physiochemi-
cal properties. preventing salt injury to plants that
sometimes results from concentration of chemical
ferthzers through the buftering properties of or-
gamc matter, and providing soil with the essential
macro and micronutrients (Wallace, 1994 a and
b).

On the other hand. the soil obtained from
Shobra El-Kheima was the least suitable for
growing Amaranthus tricolor plants. In both sea-
sons, plants grown in this soil gave the lowest
values for all the recorded growth characteristics,
compared to plants grown in  other soils. In
most cases, plants grown in this soil gave signifi-
cantly lower values for vegetative growth charac-
teristics than the plants grown in the other soils.
I'hese results may be attributed to its high content
of Ni and Zn (compared to the other soils used)
which have negative effects on plant growth, as
mentioned by Kabata-Pendias and Pendias
(2001), who reported that the absorption of nutri-
ents, root development and metabolism are
strongly retarded in plants under Ni and Zn stress.
These results are in agreement with the findings of
Azpiazu (1989) on Lolium multiflorum, Aidid
and Okamoto (1993) on Impatiens balsamina,
Chen er al (2000) on mung bean (Vigna radiatu)
and lucerene (Medicago sativa), Ahmed (2001)
on Tagetes minuta, T. patula and T. erecta, Ab-
baas (2002) on C usuarina glauca, Taxodium dis-
tichum and Populus nigra, Bazaraa (2005) on
Pelargonium  zonule, Gazania  splendens and
Vinca rosea and El-Kady (2005) on Brassaia ar-
boricola var. variegata and Ficus microcarpa var.
Hawaur.

The results presented in Tables (2-4) also
show that, in most cases, the plants grown in Abou
Rawash and El-Tebbin soils gave values that were
intermediate between those grown in Faculty of
Agriculture and Shobra El-Kheima soils. How-
ever, the relative effectiveness of these two soils,
compared to each other, differed from one growth
characteristic to the other.

3- Interaction between the effects of nitroge-

nous nutrition and different soils

From the data in Tables (2-4). it can be con-
cluded that the vegetative growth characteristics <1
Amaranthus tricolor plants showed considerable
differences between the values recorded as a result
of using the different treatiment coinbinations (for
all the recorded characteristics) In general, plants
grown in Al-Gabal Al-Astar soil and fertilized
with 15 gm ammonium sulphate‘pot/season had
the most vigorous vegetative growth. 1In both sea-
sons, this reatment combination vave the highest
values for the plant height. stem drameter, number
of branches/plant, fresh and dry weights of stems
and leaves/plant, whereas the heaviest fresh and
dry weights of roots ‘plant were recorded with
plants grown in Faculty of Agriculture soil and
fertized with 15 gm ammonium sulphate/ pot/
season. v

On the other hand the lowest values recorded
for all the vegetative growth characteristics were
obtained trom plants grown m Shobra I:l-Kheima
soil and receiving no tertilization (control).

Il. Effect on the chemical composition of the
plant

1. Leaf pigments content

a- Total chlorophylls (a+b) and carotenoids

The data presented in Table (5) show that N
fertilization had a favourable c¢llect on total
chlorophylls (a+b) and carotenoids synthesis and
accumulation in the lcaves of dmaranthus tricolor
plants. In both seasons, plants receiving the differ-
ent N fertilization treatments had higher contents
of total chlorophylls (a+b) and carotenowds than
unfertilized (control) plants. Moreover, the total
chlorophylls and carotenoids contents were stead-

- ily increased with raising the nitropen level in the
“applied fertilizer. Accordingly, ammonium sul-

phate at 15-gm/potiscason gave the highest total
chlorophylls and carotenoids contents in both sea-
sons. The increase in total chlorophylls content
can be attributed 10 the role played by nitrogen as
an essential componeit in the structure ol porphy-
rines, which are found in many metabolically ac-
tive compounds, including chlorophylls. Chloro-
phylls are bound to, and perhaps even embedded
within protein molecules (Devlin, 1979). These
results are in agreement with the findings of El-
Saeid ef al (1996) on [ugceres parula and Gouda
(2002) on Tuagetes crecta and Amaranthus tri-
color.
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Table 5. Effect of N fertilization levels and different soils on total chlorophylis (a+b), carotenoids, antho-
cyanin and total carbohydrates contents of Amaranthus tricolor, L. plants during the 2005 and

2006 seasons.

Fertilization First season ( 2005 ) Second season ( 2006 )
treatments Soils (S) Soils (S)
(B Sl S2  S3 sS4 S5 | Mean || SI 2 S3 S4 S5 | Mean
Total chlorophylls content (mg /g f. w.)

Control 1.35 1.66 1.30 1.12 " 1.06 1.30 1.30 2.01 1.43 1.31 1.16 1.44
Nl 1.41 1.78 1.51 1.29 1.18 1.43 1.56 2. 17 1.48 1.56 1.29 1.61
N2 1.43 1.81 1.59 139  1.21 1.49 1.66 2.23 1.69 1.58 1.29 1.69

Mean 1.40 g 1.47 127 1.15 - 1.51 2.14 1.53 148 1.25 o
Carotenoids content (mg /g f. w. )

Control 0.44 0.59 040 041 036 | 0.44 0.45 076 056 0.48 0.38 0.53
NI 0.58 069 063 052 045 0.57 0.66 0.87 0.75 0.61 049 0.68
N2 063 072 070 0.59 048 | 0.62 0.71 1.05 082 065 0.54 ] 0.75

Mean 0.55 067 058 051 043 —- || 061 08 071 058 047 | -
anthocyanins content (mg /g f. w.)

Control .52 1.67 162 182 210 1.75 1.73 1.59 1.85 1.97 203 1.83
NI 1.83 1.94 1.67 2.00 2.19 1.93 197 222 1.95 231 222 2.13
N2 2:15 1.95 1.74 209 245 2.08 2.09 227 1.98 245 2.57 2.20

Mean 1.83 1.85 1.68 1.97 2.2§5 o 1.93  2.03 1.93 224 227 | -—
Total carbohydrates content (% of dry matter )

Control 16.9 177 144 149 125 15.3 17.5 17.9 16.9 140 138 16.0
NI 18.9 19.5 182 153 13.6 17.1 20.1 21.6 18.9 176 139 184

- N2 2240, £ .122.6..:. 2019, ..16:8: . 13.8 19.2 21.5 22.8 19.5 17.9  14.1 19.2

Mean 19.3 1919* 478 187 133 o 19.7  20.8 18.4 16.5 139 —~

S1: Fac. Agric., Giza.
S4: El - Tebbin.

S2: Al - Gabal Al- Asfar.
S5: Shobra El- Kheima

S3: Abou -Rawash.

Nl and N2 =N at 7.5 or 15 gm ammonium sulphate (20.5 % N) /pot/season.

Among the different soils used, Al-Gabal Al-
Asfar soil was the most effective for increasing
total chlorophylls and carotenoids in the leaves,
followed by Abou Rawash, Faculty of Agriculture
and El-Tebbin soils. On the other hand, the lowest
total chlorophylls and carotenoids contents (in
both seasons) were found in the leaves of plants
grown in Shobra El-Kheima soil, which contained
the highest Ni and Zn concentrations. Similar re-
sults were found by Ahmed (2001) on Tagetes
minuta, T. patula and T. erecta, Bazaraa (2005)
on Gazania splendens and Vinca rosea and El-
Kady (2005) on Brassaia arboricola var. varie-
gata and Ficus microcarpa var. Hawaii.

~ Regarding the interaction between the effects
of N fertilizer rates and different soils on the total
chlorophylls and carotenoids contents, the data
presented in Table (5) show that the best treat-
ment combination in this respect was growing the
plants in Al-Gabal Al-Asfar soil, and supplying
them with 15 gm ammonium sulphate /pot/season.
This treatment combination gave higher total
chlorophylls and carotenoids contents (in both
seasons), compared to those obtained from any
other treatment combination. On the other hand, .
the lowest values recorded in both seasons were
found in plants grown in Shobra El-Kheima soil
and supplied with no fertilization.
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b- Anthocyanin

Data presented in Table (5) show that N fer-
tilization had a favourable effect on anthocyanin
synthesis and accumulation in the leaves of Ama-
ranthus tricolor plants. In both seasons, plants
receiving the different N fertilization treatments
had higher content of anthocyanin, compared to
unfertilized (control) plants. Moreover, the antho-
cyanin content was steadily increased with raising
the nitrogen rate applied. Accordingly, supplying
the plants with ammonium sulphate at 1[5
gm/pot/season gave the highest anthocyanin con-

tent in both seasons. These results are in agree- "

ment with the findings of Farid er al/ (1994) on
Hibiscus sahdariffa and Gouda (2002) on Ama-
ranthus tricolor

Among the different soils used, Shobra El-
Kheima soil was the most effective soil in increas-
ing the anthocyanin content in leaves of Amaran-
thus tricolor plants, followed by El-Tebbin, Al-
Gabal Al-Asfar, Faculty of Agriculture and Abou
Rawash soils, in this order (in both seasons). In
the second season, plants grown in the Faculty of
Agriculture and Abou Rawash soils gave the same
content of anthocyanin in the leaves.

Regarding the interaction between the effects
of N fertilizer rates and different soils on the an-
thocyanin content, the data presented in Table (5)
show that the best treatment combination in this
respect was growing the plants in the Shobra El-
Kheima soil, and supplying them with 15 gm am-
monium sulphate /pot/season. This treatment
combination gave higher anthocyanin contents (in
both seasons) than those obtained from any other
treatment combination. On the other hand, the
lowest value recorded in the first season was
found in plants grown in the Faculty of Agricul-
ture soil and supplied with no fertilization,
whereas the lowest anthocyanin content recorded
in the second season was found in plants grown in
Al-Gabal Al-Asfar soil and supplied with no fer-
tilization.

2- Total carbohydrates content

The effect of N fertilizer rate on the total car-
bohydrates content in the leaves of Amaranthus
tricolor plants (Table 5) was generally similar to
their effect on the total chlorophylls and carote-
noids contents. In both seasons, plants receiving
the different N fertilization levels had higher total
carbohydrates contents than the unfertilized con-
trol plants. Moreover, raising the rate of nitrogen

applied resulted in a steady increase in the carbo-
hydrates content, with ammonium sulphate at 15
gm/pot/season giving the highest values in the two
seasons. These results can be easily explaincd by
the indirect effect of nitrogenous fertilization on
carbohydrate synthesis. As previously mentioned,
the nitrogen supplied by fertilization is essential in
the structure of porphyrines and, consequently,
leads to an increase in the content of chlorophylls.
Also, the porphyrine maolecules are found in the
cytochrome enzymes essential in photosynthesis.
This incicase in the contents of chlorophylls and
cytochrome enzymes results in an increase in the
rate of photosynthesis, and a promotion in carbo-
hydrate synthesis and accumulation (Devlin,
1979). Similar increases in the carbohydrates con-
tent as a result of fertilization treatments have
been reported by Gouda (2002) on Tagetes erecta
and Amaranthus tricolor. Also, carbohydrates not
used in nitrogen metabolism may be used in an-
thocyanin synthesis, leading to accumulation of
this pigment (Taiz and Zeiger, 2002), and this
may explain the increase in anthocyanin as a result
of increasing N nutrition rate (as previously men-
tioned).

The results recorded in the two seasons (Table
5) showed also that, in both seasons, Al-Gabal Al-
Asfar soil was the most effective soil in increasing
carbohydrates content in the leaves of .{maranthus
tricolor plants, followed by the Faculty of Agri-
culture soil, then the Abou Rawash, EI-Tebbin and
Shobra El-Kheima soils, in this order. The favour-
able effect of Al-Gabal Al-Asfar soil on carbohy-
drate synthesis and accumulation may be attrib-
uted to its high cation exchange capacity which
allows the plant roots to take up the macro and
micronutrients inctuding the potassium needed for
activation of the enzymes necessary for photosyn-
thesis and, consequently, the synthesis of carbo-

" hydrates. On the other hand, the unfavourable et-

fect of the Shobra El-Kheima soil on the total car-
bohydrates content in the leaves (in both seasons)
can be easily explained since, as previously men-
tioned, the Shobra El-Kheima soil has high con-
centrations of Ni and Zn, which lead to a reduction
in the content of chlorophylls. This reduction in
the contents of chlorophylls results in a reduction
in the rate of photosynthesis, and a reduction in
carbohydrate synthesis and accumulation (Devlin,
1979).

Considerable differences in the total carbohy-
drates content were recorded as a result of the in-
teraction between the effects of N fertilizer rates
and different soils. [n both seasons, the highest
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values were obtained when plants grown in Al-
Gabal Al-Asfar soil were fertilized with 15 gm
ammonium sulphate /pot/season. On the other
hand, the lowest values were obtained from plants
grown in Shobra El-Kheima soil, and supplied
with no fertilization.

3-N, Pand K % in feaves

Chemical analysis of leaf samples showed that
the N, P and K% were increased (in both seasons)
as a result of the different N nutrition treatments,
compared to the control (Table 6). Also, raising
the applied nitrogen level caused a steady increase
in the N, P and K%, with the highest values being
found in the leaves of plants supplied with 15 gm
ammonium sulphate /pot/season. The increase in
the percentage of nutrients (including N) was ex-
plained by Jain (1983), who stated that raising the
level of N in the root medium leads to an increase
in vegetative growth, and this may be accompa-
nied by an increase in the absorption of this essen-
tial element. These results are in agreement with
the findings of El-Leithy (1987) on Tagetes
patula, Hirano et al (1991) on Amaranthus cruen-
tus, Panchal et al (1991) on A. hypochondriacus
cvs. Rajogara and Rajagari, Naadasy-Iharosi
(1999) on A. hybridus and Gouda (2002) on
Tagetes erecta and Amaranthus tricolor.
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In both seasons, A. tricolor plants grown in Al-
Gabal Al-Asfar soil had the highest N, P, and K%,
followed by those grown in ihe Faculty of Agri-
culture, Abou Rawash and El-Tebbin soils, in this
order, whereas plants grown in Shobra El-Kheima
soil gave the lowest values. These lowest N, P and
K% that were recorded in plants grown in Shobra
El-Kheima soil are associate¢ with the highest
content of heavy metals (Ni and Zn) in this soil
(Table 1). Such results are in agreement with the
findings of Abbaas (2002) on Casuarina glauca,
Taxodium distichum and Populus nigr¢.  Also,
the highest anthocyanin content in leaves of Ama-
ranthus tricolor plants grown in Shobra El-
Kheima soil (Table 5) may be attributed to the
lowest N% in the leaves (Table 6) as mentioned
by Taiz and Zeiger (2002).

Data in Table (6) also showed that the use of
the different combinations of fertilizer rates~and
soils resulted in considerable variation in the N, P
and K%. In both seasons, the highest N, P and K%
were found in the leaves of plants grown in Al-
Gabal Al-Asfar soil, and supplied with 15 gm
ammonium sulphate /pot/season. On the other
hand, the lowest values were generally obtained
from plaats grown in Shobra El-Kheima soil, and
receiving no fertilization. The only exception to
this trend was recorded in the first season, with

Table 6. Effect of N fertilization levels and different soils on nitrogen, phosphorus and potassium% in the
leaves of Amaranthus tricolor, L. plants during the 2005 and 2006 seasons.

Fertilization First season ( 2005 ) Second season ( 2006 )
treatments Soils (S ) Soils (S)
(F) S S2 83  S4 S5 | Mean || SI S2 S3  S4 S5 | Mean
N (% of dry matter) '

Control 1.75 leBile- - 150132 1.19..].1.51 1.70. - 1.90... 163 1.15 112 | 1.50
NI 208 225 193 169 . 140 | 1.87 231 226 211 146 150 | 1.93
N2 2.20 2.31 2.01 1.86 1.55 1.99 2.40 2.46 2.15 1.90 1.62 2.11

Mean 2.01 2.12 1.81 1.62 1.38 e 2.14 2.21 |.9£ 1.50 141 | -—-
P (% of dry maftter)

Control 0.17 0.19 0.16 0.10 0.09 0.14 0.21 0.23 0.15 0.08 0.06 0.15
NI 0:25- @2l 049~ 016 0:1] 0.18 024 027 023 021 0.15] 0.22
N2 0.25 028 022 026 0.18 0.24 0.29 0.31 0.28 020 0.16 0.25

Mean 022 023 019 017 013 ] — J[025 027 022 0.6 012 ]| —
K (% of dry matter)

Control 1.36 1.39 1,22 1.06 111 1.23 1.24 1.40 1.16 1.12 0.86 1.16
Nl 1.46 1.58 1.35 1.30 .21 1.38 1.43 1.56 1.39 1.23 1.15 1.3§5
N2 1.61 1.63 1.50 1.39 1.25 1.48 1.51 1.58 152 1.30 1.18 1.42

Mean 148 153 136 125 119 - 1.39  1.51 1.36 122 1.06 -

S1: Fac. Agric., Giza.

S4 : El - Tebbin.

S2: Al - Gabal Al- Asfar.

S5 : Shobra El- Kheima

$3: Abou -Rawash.

NI and N2 =N at 7.5 or 15 gm ammonium sulphate (20.5 % N) /pot/season.
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plants grown in El-Tebbin soil and receiving no
fertilization gave the lowest K% in the leaves of
Amaranthus tricolor plants.

I11- Dry weight of thé above ground parts, their
Ni and Zn concentration, and Ni and Zn
uptake

The effect of N nutrition and different soils on
dry weight of above ground parts (stems and
leaves) of Amaranthus tricolor plants, Ni and Zn
concentrations in the dry matter of above ground
part tissues and their uptake are presented in Ta-
ble (7). In both seasons, the dry weights of above
ground parts of plants grown in most of the pol-

Hussein and Kamel

luted soils (viz., Abou Zawash, cl-Tebbin and
Shobra El-Kheima soils) were generally lower
than that of plants grown in the un-polluted soil
(Faculty of Agriculture soil). The only exception
to this trend was recorded in both seasons with
plants grown in the polluted soil of Al-Gabal Al-
Asfar, which gave the heavicst dry weight of
above ground parts, compared to plants grown in
the other soils (in most cases). In each soil, in both
seasons, raising the applied nitrogen level caused a
steady increase in the dry weight of above ground
parts, with the highest values being found in plants
supplied with 15 gm ammonium sulphate/pot/
season.

Table 7. Effect of N fertilization levels and different soils on dry weight of above ground parts of Ama-
ranthus tricolor, L. plants, their Ni and Zn concentrations and Ni and Zn uptake during the 2005

and 2006 seasons.

S First season (2005) Second scasoi (2006)
- = pay —_
é’ "SM -C o S ve 5 o B2 P“
5 = A 5 N B O
8B o w24 > 2 o oA o=
Nickel
Control 47.3 31 1466 594 29 1722
Sl NI 535 36 1926 67.2 27 1814
N2 664 47 3121 84.7 23 1948
Control 573 931 53346 54.7 827 45236
52 NI 715 836 59774 750 711 53325
N2 85.6 747 63943 91.2 699 03748
Control 373 909 33906 482 846 40777
3 NI 474 987 46784 54.0 801 43254
N2 503 899 45220 62.9 782 49187
Control 311 1002 31162 33.1 1086 35946
S4 NI 354 1296 45878 41.9 1091 45712
N2 433 1198 51873 53.4 1021 54521
Control 28.6 1342 38381 23.6 1071 25275
S5 NI 334 1498 50033 304 1114 31865
N2 33.8 1286 46039 42.2 1009 42579
Zinc
Control 473 19.9 941 59.4 158 938
Sl NI 53.5 18.6 - 995 672 147 987
N2 66.4 17.8 " 1181 84.7 12.9 1092
Control 57.3 404 2314 54.7 372 2034
S2 NI 718 41.0 2931 75.0 39.1 2932
N2 85.6 35.2 3013 912 32.0 2918
Control 373 45.8 1708 48.2 412 1985
S3 NI 474 432 2047 54.0° 42.6 2300
N2 50.3 419 2107 62.9 439 2761
Control 311 55.8 1735 33.1 46.3 1532
5S4 NI 354 5.2 1812 41.9 492 2061
N2 . 433 47.8 2069 53.4 437 2333
Control 28.6 65.2 1864 23.6 59.6 1406
S5 NI 334 59.1 1973 304 57.2 1738
N2 35.8 St 2047 422 49.8 2101

S2: Al - Gabal Al- Asfar.
S5: Shobra El- Kheima.

S1: Fac. Agric., Giza
S4: El - Tebbin

S3: Abou -Rawash.

NI and N2 =N at 7.5 or 15 gm ammonium sulphate (20.5 % N) /pot/season.
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In both seasons, the concentrations of Ni and A

Zn in dried above ground parts varied depending
on the soil used. In general, plants grown in pol-
luted soils had higher Ni and Zn concentrations
than the un-polluted soil. In most cases, under the
same N rate, plants grown in Shobra El-Kheima
soil gave the highest Ni and Zn concentration fol-
lowed by those grown in El-Tebbin, Abou Rawash
and Al-Gabal Al-Asfar soils, whereas plants
grown.in Faculty of Agriculture soil had the low-
est Ni and Zn concentrations. In general, the in-
crease in Ni and Zn concentrations in dry matter of
above ground parts of Amaranthus tricolor plants
were associated with their concentrations in the
soil. Such results are in agreement with the find-
ings of Fernandes and Henriques (1989) on
Quercus rotundifolia, Vos (1989) on poplar, Ab-
baas (2002) on Casuarina glauca, Taxodium dis-
tichum and Populus nigra, Bazaraa (2005) on
Pelargonium zonale, Gazania splendens and
Vinca rosea, Chunilall et al (2005) on Amaran-
thus hybridus and A. dubius and El-Kady (2005)
on Brassaia arboricola var. variegata and Ficus
microcarpa var. Hawaii.

The Ni concentrations in dried above ground
parts of plants grown in polluted soils ranged from
747 to 1498 pg/g dry matter in the first season,
and from 699 to 1114 pg/g dry matter in the sec-
ond season. These values are much higher than the
values of 1000 pg/g dry weight reported for Ni
hyperaccumulator (Baker and Brooks, 1989).
The Ni concentrations in dried above ground parts
of plants grown in polluted soils were 16 to 48
times in the first season and 24 to 48 times in the
second season higher than that of plants grown in
‘non-polluted soil. On the other hand, the Zn con-
centrations in the dried above ground parts of
plants grown in polluted soils were low and still in
the normal range; they ranged from 35.2 to 65.2
pg/g dry matter in the first season, and from 32.0
to 59.6 pg/g dry matter in the second season.
These values were 1.7 to 3.7 times in the first sea-
son and 2 to 4.6 times in the second season higher
than that of plants grown in non-polluted soil.
Similar results were obtained by Beckett et af
(1990) on Betula papyrifera and Acer rubrum and
Landberg et al (1996) on salix.

Generally, no clear trend was noted for the Ni
and Zn concentrations in the dried above ground
parts of plants in response to N nutrition treat-
ments in both seasons.

In both seasons, data showed that the Ni and
Zn uptake by Amaranthus tricolor plants was in-
creased as a result of the different N nutrition
treatments, because of the increase in dry weight
of above ground parts of plants, compared to the
control. Also, raising the applied nitrogen level
caused a steady increase in the Ni and Zn uptake
in most cases. So, in general, plants supplied with
15 gm ammonium sulphate /pot/season showed
the highest Ni and Zn uptake, in both seasons. The
results showed that plants extracted enormous
amounts of Ni. Moreover, using 15 gm ammo-
nium sulphate /pot/season proved to be more effi-
cient than wusing 7.5 gm ammonium sul-
phate/pot/season in remediating Ni polluted soils
(i.e., taking up higher Ni concentrations from the
soil). On the other hand, the results showed that
the plants extracted normal amounts of Zn. This
means that Amaranthus tricolor plants are “non-
hyperaccumulator plants for Zn and, therefore,
cannot be used to remediate Zn polluted soils.

IV- DTPA extractable Ni and Zn

The effect of N nutrition and different soils on
extractable Ni and Zn (png/g soil) of the soils used
in the experiment before and after treatments are
presented in Table (8). In both seasons the ex-
tractable Ni and Zn of each tested soil used in the
experiment after treatments were markedly re-
duced as a result of the different N nutrition treat-
ments (which increased the dry matter of Amaran-
thus tricolor plants and their Ni and Zn uptake), in
most cases, compared to the unfertilized control.
Also, in'most cases, raising the applied nitrogen
level caused a steady decrease in the extractable
Ni and Zn of the used soils, with the lowest values
being found in plants supplied with 15 gm ammo-
nium sulphate /pot/season.

In general, Shobra El-Kheima soil gave the

" highest extractable Ni and Zn after treatments fol-

lowed by Ef-Tebbin, Abou Rawash and Al-Gabal
Al-Asfar soils, whereas Faculty of Agriculture soil
gave the lowest extractable Ni and Zn. Generally
Amaranthus tricolor plants reduced extractable Ni
by 35% to 72% in the first season and 26 to 69%
in the second season in the polluted soils. In con-
trast, Amaranthus tricolor plants caused only a
negligible reduction in the extractable Zn in pol-
luted soils (by 0.2 to 8.0% in the first season and
1.0 to 5.0% in the second season).
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Table 8. DTPA extractable Ni and Zn (ug/ g soil)
of the soils used in the experiment before
and after treatments during the 2005 and
2006 seasons.

:2) DTPA extractable DTPA extractable
g Nickel Zinc
5
3 é After After
5] e~ © [}
g S &
E Lol ) el L3 v el
E |28 £ff2] & ¢
‘f ™~ ~N ~ ™
Control 006 009 6.8 6.9
Si NI 02 1004 0081() 70 6.8 6.7
N2 007 0.05 6.7 6.8
Control 3.3 42 842 84.6
S2 NI 86 | 28 3.5 86 83.2 83.7
N2 24 2.7 829 818
Control ° 4.7 42 90.8 900
S3 NI 79 | 39 37 91 90.6 884
N2 3.8 32 866 872
Control S.1 52 94.8 94.6
54 NI 84 | 43 42 96 93.9 . 932
N2 38 33 882 919
] Control 6.0 6.8 101.8 990
S5 NI 92| 47 57 || 102 | 100.0 992
N2 49 52 98.9 9838

S1. Fac Agric , Giza. S2. Al - Gabal Al- Asfar.

S3' Abou -Rawash

S4: El-Tebbin. S5. Shobra El- Kheima.

NI and N2 = N at 7.5 or 15 gm ammonium sulphate (20.5%N)/
poUseason

CONCLUSION

From the above results, it is clear that the best
vegetative growth of Amaranthus tricolor, L. was
obtained when the plants were grown in Al-Gabal
Al-Asfar soil and supplied with the high nitroge-
nous fertilization rate. This treatment combination
gave the highest values for most of the vegetative
growth characteristics and chemical constituents.
It is also worth mentioning that, in each of the
tested soils, supplying the plants with 15 gm
ammonium sulphate (20.5 % N) /pot/season gave
the best results for most of the studied vegetative
growth parameters, as well as for most of the plant
chemical components, and increased the ability of
plants to remediate Ni polluted soils. However, the

results showed that Amaranthus tricolor plants
cannot remediate Zn polluted soils.
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