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ABSTRACT

Four separated pot experiments were carried out in the open field at the
Experimental Station of Vegetable and Floricutture Department, Faculty of Agrictdture,
Mansoura University during the two successive seasons of 2006/2007 and
2007/2008, as each season contained two periods of growth, to find out the response
of six-months-oid transplants of Acalypha wilkesiana MO, Arg., Asclepias curassavica
L., Dodonaea viscosa {L.}) Jacq. and Tabernaemontana divaricata (1..) R. Br. ex Roem
& Schult. to long-term stress of lead (Pb), cadmium (Cd) and nickel (Nt) combinations
added as thawing acetate salts to the soil mixture at the rates of 00.00 ppm for each
retal as a control, 500 ppm Pb + 50 ppm Cd + 25 ppm Ni for treatment number one
(T1) and 2-, 3-, 4- and 5-old of these concentrations for treatments number two (Tz),
three (Ta), four (T4) and five (Ts), respectively. Planting was in 25-cm-diameter black
polyethylene bags filled with 3 Kg of a mixture of sand and lgam at 1:1 (wv).

The obtained results indicated that no mortality was observed among
Acalypha and Asclepias transplants, as they recorded 100% survival during the two
periods of growth in the two seasons, but in case of Tebernaemontana and Dodonaea
transplants, such parameter was reduced, especially for the transplants which were
exposed fo T4 and Ts combinations in the second period of growth. However, survival
% of Tabernaemontana transplants was higher than that of Dodonaea. In general, top
and root growth of the four shrubs was declined with various significant differences,
specially with prolonging growth period under high level of foxic elements, except for
Acalypha transplants which gave longer roats than those of control transplants under
low and rmedium concentrations of heavy metals (T4, T2 and Tz3). However, under high
concentrations (T4 and Ts), the length of their roots was quite similar to that of control,
So, it gave the hlghest pollution resistance index percentage {PRI %) compared to the
other shrubs.

In brief, accanding to the aforementioned results {in particular survival % and
PRI %), ormamental shrubs undergo long-term stress of Pb, Cd and Ni combinations
under conditions of the present work should be arranged in the following descending
order: Acalypha wilkesiana > Asclepias curassavica > Tabernaemontana divaricata >
.Dodonaea viscosa.

INTRODUCTION

Air, soil and water pollution with some toxic metals, as an ever
growlng crisis in different parts of the world, Is stilf the most serious problem
all over the world. It is difficult {o soive the problem completely, but we can
only reduce the excessive increment in these toxic poliutants and protect the
environments from their hazards through planting more ornamental plants,
which are not food chain crops. Among shrubs may serve in this concemn,
Jacob's coat, blood flower, hop bush and crepe jasmine ormarmental shrubs,
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Acalypha wilkesiana Mill, Arg., Jacob's coat (Fam. Euphorbiaceae),
is a monaocious shrub with attractive foliage, as their profuse, elliptic or ovate,
setrate leaves are bronzy green mottied with copper, red.or purple, mostly
used for bedding, hedging and as lawn specimens {Bailey, 1976). Asclepias
curassavica L., blood flower {Fam. Asclepiadaceae), is an annual or short-
lived evergreen subshrub, sometimes developing tubers; leaves to 15 om,
elliptic-anceolate, acuminate and opposite; flowers in axillary or subterminai
cymes; corolla cinnabar red, sometimes white or yellow, reflexed; hoods erect
and yellow-orange. Native to South America, occur on dry or perfectly
drained soils, grown for iis nectar-rich, sometimes fragrant and often glowing
red-flowered umbels, for the herbaceous border and the wild gardens (Huxley
et al., 1992). Dodonaea viscosa {L.) Jacq., hop bush {Fam. Sapindaceae), is
a very widespread tropical and subtropical shrub, used in gardens for hedges
and as a solitary specimen on turf. t reaches up to 15 feet and usually has
sticky shoots carry undivided, oblongish leaves 10-12 cm long and about 1.5-
2.5 cm wide, and greenish fiowers usually appearing in terminal clusters,
propagated by seeds (Bailey, 1976). Another important one is
Tabermaemontana divaricata (L.) R. Br. ex Roem & Schult., crepe jasmine or
crepe gardenia -(Fam. Apocynaceae), a shrub to 1.75 m, branching
. dichotomous; leaves 7-10 cm, elliptic-oblong, unequal, narrowed to basg,
thin-textured; flowers nocturnally fragrant, borne 4-6 in short and paired
axillary cymes, corolla white. Native to North India and North Thailand. Grown
for their decorative blooms and the glossy-foliage in borders or as informal
hedging. It may be grown in large pots or tubs to be easily moved outof-
doors for the summer months, and kept in warm glasshouse or conservatory
for the winter. The blooms making a perfect substitute in corsage and button
holes. Propagated by semi-ripe cuttings in summer rooted in a closed case
with bottorn heat, or by simple layering in spring {Huxley et /.1992).

The different effects of metaliic polution for plants were last reviewed
by Kumar (1999) who indicated that the lowest concentrations of Pb, Cd, Ni
and Hg (10° M) slightly mcreased vegetahve and root growth of Vinca rosea,
whereas higher ones {10° and 10%) greatty reduced it. Stmllarly. Schenk and
Bucher (2000) mentioned that high level of Cd (100 ppm) in soil or in
almosphere induced a significant reduction in top growth, root length and
number of flowers/plant of Petunias. On Salvia splendens and Vinca rosea
cvs. Alba and Major, Shahin et al. (2002) found that high concentrations of
Pb, Cd and Hg in combinations reduced top and root growth, delayed
flowering and depressed floret diameter and stalk length, while low
concentrations slightly improved them. No mortality was observed among the
elemental contaminated piants except for the two cultivars of periwinkle, as
the high levels of heavy metals slightly raised the percent of death.

Similar observations were also recorded by Abbaas (2002) on
Casuarina glauca, Taxodium distichum and Popuius nigra; Salgare and
Palathingal (2002) on Afflamands cathartica; Bush et al. (2003) on Betula
nigra énd Ulmus parvifolia; Laypheng et al. {2004) on Bougainviiea
spectabilis, Ixora coccinea and Heleconia taxa; Rossini-Oliva and Rautio
{2004} on Duranta repens; and Wang and Zhou (2005) on Tageles erecta,
Salvia splendens and Abelmoschus manihot. Similarly, Shahin and El-Mait
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{2006) revealed that survival % of sant and oak transplants was declined
when grown in poliuted sandy soil collected from the farm of Abou-Rawash
Treatment Plant, while tipu fransplants gave 100% survival. Vegetative and
root growth of the three trees were Improved during the first stage of growth,
but depressed afterwards, especially for sant and oak. Pigments content in
the ieaves, as well as N, P and K % in the leaves gnd roots were increased
through the first period of growth, but declined afierwards. However Pb, Cd
and Cu were markedly increased irrespective of the growth pe

‘Recently, Shahin et al. (2007) concluded that stock {Maltthiola
incana) is more tolerant to Pb, Cd and Ni toxicity than Cape marigold
{Dimorphotheca ecklonis) plants, as it gave higher- percentages of survival
and pollution resistance index.

Such trial, however aims to detect the tolemnoe of some ornamental
shrubs to toxicity of iead, cadmium and nickel combinations.

MATERIALS AND METHODS

Four separate pot experiments were conducted in the open field at
the Experimental Station of Vegetable and Floriculture Department, Facuity of
Agriculture, Mansoura University during 2006/2007 and 2007/2008 seasons
to study the effect of long-term stress of Pb, Cd and Ni in combinations at
various levels on growth of Jacob's coat, bloo’d flower, hop bush and crepe
jasmine transpiants.

So, six-months-old transplants of Jacob's coat {55-60 cm long with 2
branches carrying about 15-17 ieaves), blood flower {40-45 cm long with one
branch which carries about 32-35 leaves), hop bush (25-27 ¢m long with one
branch which carries about 7-9 leaves) and. crepe jasmine {43-45 cm long
with 2 branches carrying about 16-18 leaves) were planted on April, 1% for
both seasons in 25-cm-diameter black polyethylene bags {one
transplant/bag) filled with 3 kg of a mixture of sand and loam (1:1 v/v), which
its some physical and chemical properties are shown in Table (2).

Thawing salts (acetates)} of Pb, Cd and Ni produced by Aldrich
Chemical Co. Inc., USA, were thoroughly mixed in combinations with the
used soil mixture before planting at the concentrations of 00.00 ppm for each
metal as a control, 500 ppm Pb + 50 ppm Cd + 25 ppm Ni for treatment
number one (T;) and 2-, 3-,. 4 and 5-fold of these concentrations for
treatments number two {T3), three (Ts), four (T4) and five (Ts), respectively
above the background levels of these metals in the used soil mixture. The
bags (without drainage holes to prevent leaching of metals) were immediately
irrigated after planting with 250 m! of fresh water/bag, but thereafter the
irrigation was done once every 3 days with only 200 ml of water/bag. The
transplants were not fertilized throughout the course of study, but received
the usual agricultural practices recommended for such plantation. They were
set out in a complete randomized design’ (Mead ef al., 1993) for each plant
and replicated 3 times with 6 transplants per replicate. The experiments
began in the first season on April, 1" 2006 and lasted till the end of October
2007, whereas for the second season, it commenced on Apri!, 1* 2007 and
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Table (a): Some physical and chemical properties of the used soil mixture during 2006/2007 and 2007/2008

$0as0Ns
= Properties
Season Particles size distribution (%

. Coarse sand Fine sand Clay Siit Texture .
2006/07 74.50 6.35 12.45 6.70 _Sandy loam
2007108 | 73.85 7.00 12.25 6.90 Sandy loam

SR EC H Catlons {meg/l} Anlons (megfl)
{%) | {(mmhos/cm) P Ca” [ mg” | Na’ K* Pb*™ | Cd’ NI™ ] HECoy | o 80,”
2008/07 | 24.57 3.81 7.12 [ 2412 | 10.00 | 3655 [ 156 { 1.00 | 0.05 nil 360 ; 2818 | 41.52 |
| 2007/08 | 24.76 320 726 {2572 | 938 13721 | 142 | 094 0.05 nil 348 | 27.33 | 43.87

pnowyew ‘v "W v pue v A ‘W ‘ejjepqy
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lasted till the end of October 2008, which means that each season contained
two periods of grawth. The first period for both seasons commenced on April
1" till the terminal of October, whereas the second one lasted from November
1" till the end of the followed Oclober. Therefore, data were recorded two
times for each season, which were at the terminal of October of both 2006
and 2007 years in the first seagon, and the terminal of October of both 2007
and 2008 years in the second season. Such registered data were: survival
{%), plant height {cm), stem diameter at the base (cm), number of leaves and
branches/plant, leaf area (cm?) from the middle part of piant, the longest root
length (cm), number of root branchlets/main root and fresh and dry weights of
aerial parts and roots (g). The rooting method for metal tolerance testing has
been used previously by Wilkins (1957), and will be used in this study as an
actual index for: pollution resistance using the following equation:
Pollution resistance index {PRI) % = Mean root length {cm) of the polluted
transplant / Mean root length {cm) of the control transplant x 100.

The data were subjected to analysis of variance and the method of
L.S.D. was used to differentiate the means (Mead of al., 1993). '

RESULTS AND DISCUSSION

Effect of Pb, Cd and Ni combinations on survival %, vegetative and root
growth and PRI % of the different transplants:
1. Acalypha wilkesiana Mill. Arg., Jacob's coat transplants

According to data presented in Table (1), it is clear that pollution with
heavy metals at various concentrations had no lethal effect on Jacob's coat
transplants during the two periods of growth in both seasons. Plant height
{cm), however was slightly improved in the first growth period due to the low
and medium treatments of toxic metals (T,, Tz and T, treatments), but in the
second period, such improvement was oniy observed in the first season for
transplants treated with only T; combination. The shortest transplants, in
general; were gained from those subjected to the highest level of taxic metals
{Ts), which non-significantly reduced such parameter in the first growth period
to 68.00 and 71.33 ¢m comparing to 121.00 and 12342 cm for control
transplants in the first and second seasons, respectively. In the second
growth period -this reached. 80.00 and 87.16 cm with highly significant
differences when compared to 153.33 and 160.26 cm for control transplants
in the first and second seasons, respectively. Likewise, stem diameter (cm),
‘number of leaves and branches/transplant, leaf area {cm ) and geriai parts
fresh and dry weights {9) were greatly decreased in response to the different
heavy metals combinations, especiaily the medium and high ones ( T2,T3,T4
and Ts), with highly significant differences in most cases for both growth
periods in both seasons. However, an exception was obtained for leaf area
trait, which was increased in the tow pedriods of growth with various
significance levels due to T, treatment in the first season, and to both T, and
T2 in the second one, as well as aerial parts dry weight that was raised in
both seasons during the first growth period, while during the second one, it
was raised in the second season only.
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Table (1): Effect of heavy metals combinations on survival (%) and some veogetative growth parameters of
Acalypha wilkesiana Mill. Arg. transplants durln1 2006/2007 and 2007/2008 seasons

. First period of growth Secend period of growth .
T T (TH 7
Treatments| Sumvivl hnlllgnl:l ater 3&- m'::m :-Th.ﬂ’:ﬁm A::Lp:m Survival mt d?.m:l"lr mu::c mﬁ:ln :.n': r::ﬂ-m aryv::l‘m
(% _fem) | (em r rplant | [om %) em) em| r plant | per pland _{em?} [T}
Firat season: 2006 / 2007
Control | 1000 | 12100 | 17 ] 18000 r.g_‘ | 2807 | x50 st42 ) wooo | 15333 | 1m2 | a4 800 1 71800 9560
Ty 10000 | 12793 | 140 P a0gts | s6n | 2enso | 20y g4 | 10000 | 15733 | 481 | 9.3 | eo0 | 26067 | 26243 08
T; 10000 | 12733 ) 1.30= | 5433 | 463 | 10046 | #i73= Moe= | 10000 | 13600 | t60= | €467 | S00n | 19670 | 137350 Hoom |

Ty 10000 [ 12667 | 1.20m | 5400w | 478« | 20000 | 10845« | 2081s | 10000 | 1367 | tdb= | 03 | 53 | 16133 | sored | Mo
To_ -1 10000 | 10100 [ opos [2a700 | 233« [ 98039 | 90gra | 221t | 10000 | 10833 | 139« | 4ai7= | a3m | 1778 | fa80= |
T 10000 | 6200 | 083 | 33000 | 16m 1165404 ) 7eSta | g | 10000 | goodm | 093 | 3900« | 210e | 1s8eme | gasoe 8

LD 5% [ ns [ ws [om [2s8 | w5t | 2t3 | aves 035 | NS | 4670 | ot | 2 | 200 | 2% | 4% e

1% | ns | s Fow |a20r ] 25 | %2 | e 1230 ) ns | e | om | 5w | 2m 71580 718

ne
Second season : 2007 / 2008
Control | 10000 | 12342 | 1 17190 657 nre | 26850 4833 ] 10000 | te026 | 188 | 21833 | 767 | 21840 e | o2
,ICL. 100.00 | 120.17 1, 123.76~ 51 261.00= ] 27500 §1.45 100.00 158.93 1.1 16048~ 800 1012 .
Tz 000 | 2687 | 120 [ 70000 | 470 | 033 | te85ee | 4023 | w000 | 13748 | tdse | o7 | s> | miaoe | 233 8178
1

i

pnowyew ‘v "W 'Y PUE 'Y ‘A "W ‘ellepqy

Ty 10000 | 12650 \ 74.00= 432 § 217 ] 12183 241 10000 | 13700 | 1.50= | 8326 | 6.00= 20100 128.96= 091= 1
Te 100.00 [ 11211 | 0.80= | 48.33= 3.48= 193.80= | 100.33= .15 10000 | 116.33 100= | 5733w | 367« | 18294 | 9630 N2

Te 71 10000 | 7433 | 060w [ ateet 200= [ 17600=] gr.i7= 1510« | 10000 | gr.i8= | obr= | 421b= | 200« | 1882% | 71680 24d0=
L8D 8% | ns | wus | o2 | 225 142 aw | s 10.29 N.S. 43 | o | s 186 1.6 28 11.10

1% [ NS | NS | on | 62 196 350 | s 115 NS | este | 03 | 443 | 28 5. 710 2587
“Concentrations of Pb, Cd and Ni In T, were 500, 50 and 25, In T were 1000, 100 and 50, in T, wers 1500, 150 and 73, in T4 were 2000, 200 and 100,
and In Ty were 2500, 250 and 125 ppm, respectivaly
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Data in Table (2) reveal that the root length {cm) was pronouncedly
increased as affected by Ty treatment with highly significant differences
oompared to the root length of control transplants during both periods of
growth in the two seasons. A similar trend was also obtained concerning
roots dry weight (g) in both seasons during the second growih period only.
Modreover, the same ‘treatment (T) induced d slight intrement in number of
root branchlets/main root and roots fresh weight (g) in the two periods of
growth in both seasons. Other treatments, however decreased all the
previous parameters in poliuted transpiants, specially Ts, which gave in
general, the least means with significant or highly significant differences in
most cases of both growth periods and seasons.

The pollution resistance index (%), as a real indicator for tolerance of
toxic metals, indicated that Jacob's coat transplants can tolerate metaliic
toxicity at various levels as they registered PRI means higher than 90% even
at the highest concentrations and regardless of growth period, i.e. the long-
term toxicity did not cause an excessive stress. The highest value of PRI %,
however was recorded by transplants exposed to the lowest level of toxic
metals (T,) throughout the two periods of growth in both seasons. That may
be due to that transplants under such treatment gave the longest root at all.

The reduction .in vegetatwe and root growth may be due to
accumulation of toxic metals in plant tissues, which usually leads to
depression of vital processes, such as photosynthesis, inhibition of some
enzymatic systems and blocking the formation of proteins and chlorophylls
{Mengel and Kirkby, 1979). In addition, the organic Pb was found to derange
the spindle fiber mechanism of cell division in plants (Foy et al, 1978). A
reduction in glutathione reductase activity in relation to Cd and Ni stress was
also attained by Schenk and Bucher (2000) in Petunias.

Similar observations were also noticed by Abbaas (2002) on
Casuarina glauca Taxodium distichum and Populus nigra; Bush et al. (2003)
on Betula nigra and Ulmus parvifolia, Laypheng et al. (2004) on Bougainvillea
spectabilis, kxora cocginea and Heleconia taxa, and Shahin et al (2007) on
Matth:ola incana and Dimorphotheca eckionis.

2. Ascleplas curassavica L., blood flower transplants:

As previously shown in case of Jacob's coat transplants, data in
Table (3) exhibit that no mortaiity was observed among blood flower
transplants due to either of heavy metals treatments used in the present work
at the end of both growth periods In the two seasons giving survival
percentage equal 100% in all cases of both seasans. Top growth, however
was reduced, but the reduction was more pronounced in the parameters of
stem diameter (cm), number of leaves/plant and aerial parts fresh and dry
weights (g) with various significancy levels in most cases of both periods of
the two seasons. As for number of branches per plant, it was declined during
the first period of growth with non-significant differences in all cases of the
two seasons, while in the second period, the decrement was highly significant
in most cases of both seasons. The opposite was the right regarding leaf
area trait (cm ). as treatments T, and T, caused a highly significant
increasing in such character in both seasons throughout the first period of
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Table (2) Effect of heavy metals combinations on some root parameters and PRI (%) of Acalypha wilkeslana Milll.
_Arg. transplants during 2006/2007 and 2007/2008 seasons

pnoutyep v ‘W v pue v 'A W "eliepqy

First pariod of growth Second period of growth
o o root No.root | pociyfesh | Roots PRI
Troatments | Rty | bracchiisper | SOOI | St ) N el R %]
. - First season: 2006/ 2007
Control 44.83 1267 21.18 10.97 100.00 48,00 1667 21.00 1040 100.00
Ty 98,17 16.34 22.60 10.82 2.4 105.33= 17.00 2495 13,72 219.44
T 4533 15.00 18.70 9.74 101.12 48.50 13.00 18.50 1017 101.04
Ty - 5193 14.83 18.57 841+ 115.84 57.70 1300 17.93 983 1204
T 43.00 14,70 1587« 8.75¢ 95.92 465.40 14,85 16.50 9.1 9667
Ts B 4283 733 $0.59= 7.40= 95.54 4367 7.50= 12.10% 7.00= 90.98
L.S:D - 8% 21.86 38 485 208 - 2056 3.33 436 213 -
1% 31.09 542 7.04 297 30.33 5.00 §.50 3.0t -
- Second season: 2007 / 2008
Control 45.60 12.00 21.00 1048 100.00 49.50 13.56 1891 .85 100.00
Ty, 85.76¢ 15.50 2276 10.36 188.07 §2.47= 1587 238 13.10= 186.20
T 46.48 33 20.50 0.80 101.93 50,60 15.00 18.76 1021 102.22
T 4788 4.10 2047 BaT" 105.00 5310 1476 .| 1683 9.50 072
Ty 47.36 3.56 1567 8.7¢ 103.86 5000 13.70 1 1640 9.12 101.0¢
Ts 45.70 .76 11.43= 767 100.22 46.76 10.33 12.87 7.56~ 04 .47
LSD &% 13.82 7 5.30 1.60 - 1460 s 350 1.9 e
~ 1% 21.93 493 8.17 2.18 2316 496 548 233

* Concentrations of Pb, Cd and Nl in T, were 500, 50 and 25, in Tz were 1000 100 and 50, in 13 ware 1500, 150 and 75, In T.wana 2000, 200 and 100,
and In"Ts were 2500, 250 and 125 ppm, respectively
* PRI (%): Poliution resistance index percentage



Table.(3): Effect of heavy metals combinations on survival (%) and some vegetative growth parameters of
Ascleplas curassavica L. transplants during 2006/2007 and 2007/2008 seasons .

Firat poriod of growth T Second period of growth |
Troatrmantal bl Kok ] ] st | ot ot o] ] S | g o] s [ooncnd S P o St
%) r t] qemh ™ ] fem) [ om
) ) First season: 2008 / 2007 .
Control | w000 | 9200 | o077 | 12800 400 210} 8051 1853 10000 } 10457 | 087 ) 14300 | 600 2.5 12037 B4
Ty 10000 { 8833 | 057 | 64000 300 N | 44.50= 8.9 10000 | on6r | o7 ! garem | s00 | 243 51.70= 22
T 10000 | 8833 | 06> | G2s= 280 23500 | B2 8.50= 0000 | 9055 | 070 | 6200= | 367« | 2183 | 502 15.96«
Ty 10000 | 8031 | o7 | 5033« 267 2100 | 3883 B.75% 10000 | %633 080 | so8m= | 400 | 2267 5257 1672«
Ta 10000 | 7334 [ 08y | 607se 200 | 2033 | 328 1120 10000 | 7828 [ 070 | 4439 | 300 | 2410 4280= 1357=
Ts 10000 | 4867 | 06o= | 5350s 3 QT | W= 1000 10000 [ 4876« | o5t~ | 3267 | 3ge | 2033 Y 7.8
LSD 8% | NS [ 2045 [ 012 | 209 NS 215 10.20 P N.S. 211 e | A 1.56 NS 12% 20
4% | NS | 288 ) o018 ) 281 N.S. 306 “es 150 NS 2080 021 i | 2R N5 1740 |, 42
Second season : 2007 / 2008
Contred | 10000 | 8556 | 081 | 11726 467 2487 7315 11.38 10000 | 97.34 092 | 178 | 700 2.0 10850
T 10000 | 850 | ore | spsm i 278+ | 4458= 881> 10000 | €875 u_a,__'_'g,g-_u ] H85 say= [ M5 |
T 10000 | 8363 | o069 | sgdgm 218 2180 | 35dde 1.85= 10000 [ 8874 077 | sbtm | 418~ | 243 [T ﬁw
Ty 10000 | 8218 [ oro | 5650w 300 M50 | 7.3 438 100.00 T o [ sotee | 400 | 2800 50.63+ 1543 |
[a: | 10000 | 7225 | o6t | sgdpe 1. N3 | 2097 6.6+ 10000 [ 7588 | 067 | 4380a | 300« | M7g 41.80= 13.50=
. L | 10000 | 47.50« | 053 | 5270= | 7| B 8.1 10000 | 0.3« | O54= | 3833 | 200« | 2100 2%= A=
l..SD s | B3 | s | A NS 3 na 2% NS 208 [ ofr ] nw 170 | NS 1305 an
1% | NS [ 2780 [ 02 | 200 NS a8 1576 1% NS 217 0B | N0 { 250 | NS 0 403

+Concengralions of Pb, Cd and NI in T were 500, 50 and 25, In Tz were 1000, 100 and 50, In T were 1500, 150 and 75, in T,were 2000, 200 and 100,

and In Ty weve 2500, 250 and 125 ppm, respectively

200Z “0quedeq ‘(z1) £€ “Muf) einosuesy '[9S "SLBY T
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growth, while in the second period, the rate of elevation was non-significant.
In general, the most pronounced reduction was noticed in number of
leaves/transplant, which consequently led to a great decrement in aerial parts
fresh and dry weights in all cases of the two seasons.
Similarly, the results of root growth (Table, 4), as root length {cmj},
No. root branchlets/main root and roots fresh and dry weights (g), were
progressively deceased with increasing heavy metals concentration with
highly significant differences in most cases of both growth periods in the two
seasons. Concemning PRI %, it was greally decreased in the first period of
growth to less than 50% for transplants undergo T, T4 and Tj treatments in
both seasons, while in the second period, it was raised to become more than
50% for the same treatments indicating the ability of blood flower transplants
to tolerate heavy metals toxicity with prolonging growth period due to
increasing the rate of root growth of polluted transplants in the second period
10 more than that of control transplants.
The previous results, however may be interpreted and discussed as
previously stated in case of Jacob's coat transplants.

3. Dodonaea viscosa (L.) Jacq., hop bush transplants:

From data shown in Table (5), it is evident that means of survival
percentage exhibited a highly significant decrement in response to T,, T; and
Ts treatments during the first period of growth in both seasons. An addition
decrement was observed in such means with prolonging growth period
except for control transplants and those ones subjected to T, treatment.
However, the highest lethal effect was found due to the highest concentration
of toxic metals {Ts), as this treatment reduced such parameter {o less than
50% in all cases of the two seasons. In addition, top growth parameters of
plant height, stem diameter, No. ieaves and branchesftransplant, leaf area,
as well as, aerial parts fresh and dry weights were gradually depressed with
various significant differences by elevating heavy metals concentrations
throughout the first growth period. An exception was obtained for T,
treatment, which slightly improved stem diameter, No. leaves/transplant and
aerial parts fresh and dry weights measurements in the two seasons, as well
as No. branches/iransplant in the first season only. However, the depression
in the second period of growth was more pronounced with highly significant
differences in most cases of both seasons.

A similar trend was also gained with regard to root growth
parameters (Table, 6), as all traits were declined with different significancy
fevels in most cases of both periods in the two seasons. The treatment
number 1 {T,) is the only treatment that caused a significant increase in rocts
fresh and dry weights (g) during the first period of growth in the first season,
but in the second one the rate of increase was non significant. Moreover, PRI
% during the first growth period surpassed the percent of 80% in the first
season and 70% in the second cne for the treatrhents from 1 to:4, but was
decreased for the treatment No.5 to less than 50% in both seasons.
However, this character registered a percent higher than 70% during the
second growth period in the two seasons, even for transplants subjected to
the highest combination of heavy metals {Ts).
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Table (4): Effect of heavy metals combinations on some root parameters and PRI (%) of Ascleplas curassavica L.
transplants during 2006/2007 and 2007/2008 soasons

‘ First period of growth Second period of growth
"o, oot — N, fool
réatments | Root Roots fresh | Rools PRI Ro« Roots fessh | Moots dry M
T fomp | oeanohies per | Nl ) ot %) e i | Welotie) | weightts) %
_ First season: 2006 l 2007 .
|__Control %97 5533 1478 651 100.00 3967 5650 34.50 1747 100.00
T 274> o0~ 1167 500+ 7349 3067 26,16 14.20: 8359
T 2313 32.36= 10.38= 457 6257 3_@- 3633 A= 190w | 7582 |
Ty 16: 8= 8.10= 3 56~ 4463 5ors 287 14.50= { A0= 820
T, 15,50~ 643 7.20% 3.07= 4983 23304 7.00= 10.90= 5,65+ 8874
Ts 12.33= 25.00% 5325 215% 33.35 21630 15.39= 583 3.30= 5453
LD &% 5.05 782 2.25 107 . 6.50 945 340 258 -
1% 8.61 11.42 3.20 1.52 - 9% 1347 48 330 .
Socond season: 2007 / 2008 :

Control 3480 4758 1550 7.00 100.00 37 46 892 237 16.00 10000 |
T 26.3% uar 1272 578 758 3235 %A 50.33 1493 8638
T 250 2890~ 1116w 4.3 6753 | 3050 2712 2400~ 12.50= 8142
7 16920 2.00= 9.54= 471= 4862 25.76% 2533w 580« | 600% | 6876
T 1458~ 2897 8.36% 342« 4150 2093« 2514~ 203= m- 5587
Ty 1223 2168+ 8.33% 246% 35.14 19.57=_ 1358 7.00% . 5224

LSD &% 598 9.25 237 125 850 3.5 250 m‘ |
1% 8.50 13.28 3.38 1.78 928 12.88 an -

* Concentrations of Pb, Cd and Ni in T, were 500, 50 and 25, in T2 were 1000 100 and 50, in T, were 1500, 150 and 75, in mee , 200 and 100,
and In Ty were 2500, 250 and 125 ppm, respectively
* PRI (%): Pollution resistance index percentage
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Table (5): Effect of heavy metals combinations on survival (%) and some vegetative growth parameters of

-

Dodonaea viscosa (L.) Jacq. transplants during 2006/2007 and 2007/2008 seasons

First period of growth Second period of growth
Trsimortaf el F POl B T o | 7[R o | gt o i, Tue] 0 [ ot
%) {em! cm r perplant | {cm'} i} 19} (%) gm} {cm} rplant | perpland e’} | ig) {a)
~ ~__First season: 20086 / 2007
Control | 10000 | 10333 | 073 | 26600 | 133 1573 8843 2195 | 10000 | 19167 | 127 | 40600 | 1900 | 627 12490 5583
T [ 10000 | sesr | 077 § 31300 | 1267 | 1203 | w300 3240 1 w000 | meroe | 133 | ameey | 1rer | 58 | 13pa7e 4192
T: 10000 | 7500 | 053> [13067=] 9% 1083 | 374 1o | 8333 | 13 | ti0e | 23133 | 1500 ) 1387= | eg1pe N5
Ta 7770 | 6033 | 05w | 33 | g00= | 10.88= | ZJe= 812 | 72255 F 107830 | 4o7e | 124560 | 1200= | 12150 | paaze 2.26=
Ta G1.41= | 47.50= | 050« | 5500« 3.00= 7.90a .50 §88= | 5538~ 80.67= 0.86= 84.00= 3.00% 1048 82.17= 26.00=
Yo |4600= [ 3400« | 0d0e | 2950 1 100= | 745 | 92w a5 | w00- | 000 | ob7= | saoov | 300« | geo= | saw | e |
LS.D 5% | .o 291 0.12 69.20 20 1.37 15.5¢ 4.89 9.8 .82 011 6370 312 1.5 18,60 585
1% | 1286 | 3250 | 017 | 984d 20 195 24 695 uio | s 045 | 9058 | 48 1% %46 8.40
| Second season : 2007 /2008
Control | wooo | g7y | o069 [ 20040 | 1210 175 | e 2049 10000 | 13368 | 12 | 4ne1 | an 1721 | 920 0 |
T 10000 | 8316 | o76 | 3033 | 1200 | 1386 | 076 N7 | 10000 [ 112000 | 12 | 37200 | 876 | 466~ | 1264d= 40.30~
To {0000} 7610 | 057 [6eso=| 1033 | 1210n | Msow | gy« | m333= [ 11281 | 108 | 27817 | 1600 | 1285 | gagis | 3080
T3 756 | 7050 | 052 [ esgre | 746m | 1076 | 243e 843 | 8500 ] 10206c | 108 | M6 | 10580 [ 123 | 9183« 2.3
Ts h10e | s3a8+ | sy | g160= | 226w | 785 | 15900 6% | 5130 | @023 | ogom | 8333 [ 208 [ 8o6e | ashre | 298
Ts 4533 | oee | 043 | a8y | 100m 703 | q148e 4% | 33 [ g3s0e | osbe [ 6620« | 23 a5~ | 7135+ 2167
LS.D 8% | 104 | 2312 | 013 | 723 196 141 13.86 oW 2.2 2187 o4 | 6643 | 27 1.08 1.0 540
1% | w20 | 341 | 019 | 1038 n 200 19.85 ¥ 1321 3176 L2 | s 388 25 | AN 7.56
* Concentrations of Pb, Cd and Ni in Ty were 500, 50 and 25, in T; were 1000, 100 and 50, in Ty wera 1500, 150 and 75, in T, were 2000, 200 and 100,

and in T; were 2500, 250 and 125 ppm, respectively
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Table (6): Effect of heavy metals comblnations on some root parémoters and PRI (%) of Dodonaea viscosa (L.)
Jacgq. transplants during 2006/2007 and 2007/2008 seasons

and in Ty were 2500, 250 and 125 ppm, respectively
* PRI (%): Pollution resistance index percentage

First period of growth 8econd perlod of growth
reatme Root len ~ No.mob T posts resh | Roots d PRI Root le No.rool T pootsfresn | Roots d PRI
T e o Py | Weiohti) | wokgkt o (%) il Dranchma PAT | weight (o) waigh {0 %)
First season: 2006 / 2007
Control 2667 A78 3.36 238 100.00 52,00 5.00 13.36 8.65 100.00
Ty 2533 4.00 395 274 94.08 50.00 467 12.40= 835 96.15
T 2400 433 27¥ 1.96 8993 50.33 5,00 1021 _5.20= 96.79
Ty 21.36 J A 2.14= 1.55= 80.09 49.00 400 X 4.22m 94.23
Ty 2200 2.33= 1.96= 1.26= 8243 46,67 3.28¢ A7 3.70= _ 8976
T 12.50= 2.00« 1.50= 1.03= 45.87 40 43= 3.00= 7. {7= 3.3 7833
LS.D 5% 5.66 1.4 0.54 0.36 - §.35 133 051 0.42 -
1% 8.07 1.78 0.78 0.51 713 1.91 0.87 0.60 -
Second geason: 2007 / 2008 N
Control 3438 5.00 428 3.10 100.00 6548 532 1875 8.2 10000
Th 31.73 421 481 3.28 92.29 53.50 4.95 15.63=« . 1.93 06.98
T: 31,20 4.38 3.46= 2.50+ 90.75 62.58 5.00 12.47= 6.17m 95.57
Ts 26.85 352 2.53~ 1.76% 78.10 6093 4.2 10.28« 4.78= 9305
Ty 2470 247 2.20= 1.42e 71.84 50,18« 3.57= 8.10= 3,85« - 7683
Ty 15.67™ 2.00~ 1,80« .24 45.58 46.12= 3.00= 733 3.3~ 7043
LS.D 5% 6.50 1.31 0.55 0.40 - 8.36 1.40 0.58 047 -
1% 10.42 1.88 0.80 0.56 1340 203 . | 08 0.66

*Concentralions of Pb, Ga and NI In T, were 500, 50 and 25, in Tz were 1000 100 and 50, in T were 1500, 160 and 75, in T, were 2000, 200 and 100,
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These findings, however could be explained and discussed as
mentioned before in case of Jacob's coat transplants.

4, Tabernaemontana divaricata (L) R. Br. ex Roem& Schult., crepe
jasmine transplantS‘

Data in Table (7). show that survival % was significantly declined in
the first period of growth as a result of treatment with only the highest level of
toxic metals (Ts) in both seascns, whereas in the second period such
parameter was depressed in the two seasons with significant differences due
to T, treatment only and with highly significant ones due to Ts treatment. In
general, survival % of crepe jasmine transplants in both growth periods of the
two seasons was more than 75% showing the ability of such ornamental
shrub to tolerate medium and high levels of heavy metals in polluted soils.
However, top growth was reduced, especially stem diameter and aerial parts
fresh and dry weights traits at different periods of growth in the two seasons.
Plant height, number of leaves and branchesftransplant and leaf area, on the
other hand, were the traits less affected by the various pollution treatments,
except for T, and Ts combinations, which caused a significant and highly
significant decrements in plant height and leaf area parameters in both
growth periods of the two seasons. Similarly, only root length was decreased
during the first period of growth in response te T, and Ts treatments with
highly significant differences in the two seasons, whereas number of root
branchiets/main root and roots fresh and dry weights (g) exhibited highly
significant decreases in all cases of both seasons (Table, 8). in the second
growth period, however such parameters decreased in only transpiants
treated with T, and Ts; combinations, with the exception for No. root
branchlets/main root character that was increased with various significant
differences in the two seasons. Concemning PRI %, it was higher than 58%
during the first period of growth, but raised afterwards to become more than
75% for both seasons during the second period of growth.

Such gains, however could be interpreted and discussed as done
hefore in case of Jacob's coat transpiants.

In conclusion, ornamental shrubs undergo long-term stress of Pb, Cd
and Ni combinations in this study should be arranged in. the following
descending order: Acalypha wilkesiana > Asclepias curassavica >
Tabernaemontana divaricata > Dodonaea viscosa according to their survival
% and the pollution resistance indices (PRI %).
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Table (7): Effect of heavy metals combinations on survival (%} and some vegetative growth parameters of
Tabernaemontana divaricata (L.} R. Br. ex Roem & Schult. transplants during 2006/2007 and 2007/2008

seasons
First pariod of growth Sacond perlod of growth
L O e R N B o el D g i Y L e
%) em & r rplant | {em?) {9 [T %) {em} {em} rplant] per &
First season: 2006 / 2007
Controd | 1000 | 6433 | 107 L 100 4.3 70.38 17,50 10000 1 7233 1 121 #3 500 4279 890.0 337
T 10000 | 6200 | 083 | 5033 187 4670 | 8162 154 100.00 | 8467 1.04 4887 4.3 8.3 6785 2180
T2 wooo | earo | 06n | 5700 400 .10 70.80 1580 10000 | 7400 05¢ | 4833 4.00 42.50 7150 2350
Ty 9448 | 5350 | 073« [ 5600 400 W3 4521 10.70m A5 58.26 .88« | 5358 4.00 40,00 45,93« 16,10
T 8888 | 4v00 | 070~ | 4333 268 3783 41.34= .50+ 83.55 __§_2.70~—-| 08t» | 4487 376 N6 “.70= %
Ts 8333 | 3923 | 050+ | 3076 200 2160 | 2518 483 maee | 4278+ 1 069 | 3.3 17 15.50« 33.50= 11200
LSD 5% | ues | 1899 | 015 | N& N.§. 1208 18U N 14.83 1486 ¥} NS N.5. 10.96 25 1276
1% | 208 | 275 | on NS NS 17.18 2595 5.39 21.10 2118 032 NS NS 1.83 4825 1847
Second geason ; 2007 / 2008
Contrel | oo | es83 | 110 | S0 300 5267 7218 18.00 100.00 1 74.00 1.4 45.00 5.00 4583 100.23 3185
Ty 10000 | 6334 | 085 | 5178 350 4860 65,39 15.38 100.00 | €515 1.06 45,67 467 a2 70.38 2048
Tz 100.00 ¢ 6370 091 4116 376 4.3 7230 13.85 100.00 £4.33 0.97 4533 4.00 40.00 7440 2380
Ts 9650 [ 5567 | 083= | 4000 380 422 | 46.28 11.20= 276 | 6019 | 083 ! 4576 400 .15 5367 17.00«
Te 8596 | 4815 | ori= | 4233 2 30000 | 4150« 8.76« 8050 | 516 | 081= | 4350 AN MO0 | 4558« W |
Ta 8110 { 350 | 058« { 3258 216 18.46= pa% 4,50 75.00= 43.00= 0.7 .17 i 15. M= 31.3g= 11.28= ’
L3D 5% ( srm | 1620 | 017 | ns NS 1Hy 18.46 41 15.33 15.03 020 NS NS 10.27 B0 1227
1% | 240 | 2240 | oM | NS N.S. 16.76 .18 59 am | ank [¥.] NS NS 15.30 s 1995
* Concentrations of Pb, Cd and Ni in T\ were 500, 50 and 25, in T2 were 1000, 100 and 50, in T, were 1500, 150 and 75, in T, wers 2000, 200 and 100,

and in Ts were 2500, 250 and 125 ppm, respectively
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Table (8): Effect of heavy metals combinations on some root parameters and PRI (%) of Tabernaemontana
: divaricata (L.} R. Br. ex Roem & Schult. transplants during 2006/2007 and 2007/2008 seasons

First period of growth Second perlod of growth
; § | Rootiengin Wo. oot Roots fresh | Roots d PRI Root lan No. root Roctafresh | Roats d PRI
Treatments em branchista par | " SR o" | weiga (o %) o branchlets per | " lllol | welght (0 (%)
Flrst saason: 2006 / 2007
Control 28.00 1467 19.17 8.48 100.00 45.33 11.50 13.91 7.20 100.00
T, 26.67 12,00 14.34= 4.75% 95.25 44.28 12.33 13.77 71.30 9768
T2 27.50 10.36= 10.76= 4,27 98.21 40.33= 13.00 13.10 7.00 83.97
T, 28.33 1267 14.86= 506 104.75 40.00= 16.67= 14,00 740 88.24
T 22,70 16.00= 8.53= 394 B1.07 37,33 14.00~ 12.20 6,18 82,35
Ts 16.33« 8.46= 4.46= 2,33« 58.32 38.00= 13,67 12.00 6.40= 83.83
LSD 5% ] 306 114 1.86 067 - 3.28 1.26 1.77 0.69 -
1% 4,36 1,68 2.65 0.96 4.80 1.84 2.52 0.85 -
Second soason: 2007 1 2008
Controt 29.12 1540 19.70 8.13 10000 46.58 1240 14.30 743 100.00
Ty 290.00 1257 16.78= 6.84x 99.59 45.93 13.00 14.30 7.58 £8.61
Ta 28.10 11.58= 13.45= 5,50 . 88.50 41.36= 14.50= 13.46 7.27 83.79
Ts 2660 1240 1432 5,76% 98.21 40.48= 1568 14.81 751 86.90
Ty 21,88 10,63~ 927 4.00= . 75,14 36.67 14.83= 11.67= 6.10= 78.73
Ty 17.67= 8.83= 4.93= 248 '60.68 3533 14.50 11.08~ §.87= 75.85
LS.D §% N 1.2 2.02 073 3.15 147 1.80 063 -
1% 4.60 1.80 2.86 1.05 4.47 1.75 2.59 0.91

* Concentrations of Pb, Cd and Ni in T, were 500, 50 and 25, in T; were 1000 100 and 59, in T; were 1500, 150 and 75, in T, were 2000, 200 and 100,
and in Ts were 2500, 250 and 125 ppm, respectively
* PRI (%). Pollution resistance index percentage
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