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Abstract: This study was carried out to provide preliminary data to purify contaminated sites by nickel (Ni).
After rooted cuttings of Salix reichardtii had been grown in Ni solution (hydroponic culture), pH changes in the
solution and the accumulated Ni amount in plant parts were measured and analyzed. When the Ni concentration
was low enough for S. reichardtii cuttings to grow well, the pH value of the solution decreased considerably.
As the Ni concentration got higher, the plant growth got poorer and the pH value decreased slowly. Roots
accumulated the highest Ni amount. Leaves and stems followed after. When stems were older, the accumulated
Ni amount was lower. more Ni was accumulated in the plant parts which had more flexible tissue and live cells.
As the Ni concentration in solution got higher up to 50.0 umol/L, so did the Ni accumulation in the plant parts.
However, the plant individuals nearly died and the Ni accumulation tended to drop when the Ni concentration
in solution was 100.0 umol/L. The rooted cuttings of S. reichardtii grew poorer as the Ni concentration in
solution got higher. The plants in solution with 100.0 umol/L of Ni were practically dead in four weeks.
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Aalo] QS AsIrRIths B Bt 92 ™ (Memon
et al., 2001; Alvarez et al., 2003; Ali et al., 2003), =
49 A sl g AsletA 7122 o ¥ =)A]
el oy $FdES sl histidine®] T7Hs 9]
(Lobularia maritima)2] U7 tigk WA AH8e =
AIZITkE a7} Qvk(Kramer ef al., 1996). =8 B
T TEEY TR wWE AE] ol gk Bl (Nagy
and Proctor, 1997)¢} =&l tig A& B v
(Kahle, 1993)°l] thst B 5 2]&3 a5 AHg
BI= ASEA =8, Samecka-Cymerman 5(2004)
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gol ek A &S olgalof =, MEWRRE ATt
=0k Mk EgolM = WAdo] A3 (Jackson and Attwood,
1996) ©] wj<ol] FHo] QA" Ao AAjstd FHL
dolu FH ESLAS MAxTIH F55 AAE AE
B} ofgo] a3 olgtaL 3131 tH(Samecka-Cymerman ef
al., 2004). Punshon 5-(2003)2 54| FHl| zAghe v=
o] U Fpel thated B Arskglar, Watson 5(2003a,
2003b)> G Al ol o] gt Fad Ao tiste] B
SHATE mebA HiE AEEE HEUTER7E o] B
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A0 A} N o] & 7hsgh AEelet & 4 itk 21
Ay HETR7E ol AL Ni SR s &
T S5 AA} T o= AEIAd e BHis
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Table 1. The nutrient solution in this experiment.

Molcular Modified Conc Modified half

Salt Weight umol/L Conc. umol/L
Ca(NO,),.4H,0 236.15 1500 pmol 750
NH,NO, 80.06 500 250
KNO, 101.11 1000 500
MgSO,.7TH,0 246.48 500 250
MES 213.24 1000 500
NaOH 40.00 500 250
KH,PO, 136.09 20 10
H,BO, 61.84 1 0.5
(NH,)Mo,0,,4H,0 1235.96 0.010 0.005
FeCl,.6H,0 270.3 100 50
HBED 424.89 100 50
NaOH 40.00 400 200
MnSO,.H,0 169.02 0.7 0.35
ZnS0O,.TH,0 287.58 0.5 0.25
CuS0O,.5H,0 249.71 0.1 0.005
pH 58

Nitrogen<N>, 3.5%<] Phosphorus<P>, 10.0%<] Potassium
<K>, 24%<] Sulphur<S>, 1.2%%] Magnesium<Mg>,
0.02%2] Molybdenum<Mo>, 0.015%2] Zinc<Zn>, 8.0%<]
Organic resin coating)E A4 3}31 T},

A $ 47 Lol At At et WA sk
o3l Aoizl BE potell Al I8t ¥ElE S/
o] HE F B FAHE ofEA AV &

3l Hoagland and Arnon(1941)] <
24T BES 102 sto] 24§ %P (Table 1)0]
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A | Bl T35 Fo7F S71EaL =45
A TH(Chaney, et al. 1997; Punshon, et al. 2003)= XL
7t om, B7EA] et 7] 7Rl ell A pH3.5, 5.5,
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Photo 1. Growth of S. reichardtii in pot.
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Photo 2. Growth state of S. reichardtii after four weeks. (Ni
treated with 0, 50.0, 100.0 pmol/L)
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stletl 157Y A & e s S
Table 29} 7Fo] YRR

pH 5.82 ZA|SE J MANX S reichardtire: DF-L7F 4
730l gk 5 thzoll A F-E] Ni 25.0 pmol/LA| 2]+ 742
= pH 3.2-3.8714] HrobA] 243e] A s} 219, Ni 50.0
pmol/Lett 100.0 pmol/LA 2ol Al @F o] 4te==
pH3.6-5.1% Yolx] o] AhmrT) Ash= =9 Ni
25.0 pmol/LA 2]+ o|3ke] A F& Ag|FellA] Kt A
3} A=rt FA oFslE . &, AREE pH 5.8% 2 Ni
£ E3e Y AolA S, reichardtii®] 7o) 4381 A
atE]A] 2= Nifl A sk Agolx= Aol A7) A=

AEE APoMre s ot Rk

©]:= Ni 100.0 pmol/LX |4 += Ni] F=7F Y+F
Eo} A2 4FFolle A9 AAEE BES B3, 50.0
pmol/LA 2] ol A= 25.0 pmol/L o] &} A 2] 7o) Bl S.
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Z35117] WjE o2 FekE th(Photo 2).
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Table 2. Changed pH after one week during investigation.
State/Treatment Control 1.0 pmol//L 10.0 25.0 50.0 100.0
Original pH 5.8 5.8 5.8 5.8 5.8 5.8
Changed pH after one week 32-3.6 3.3-3.8 3.3-3.6 3.2-3.8 3.6-5.0 4.5-5.1
Average pH 3.44 3.43 343 3.50 4.04 4.75
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Table 3. Mean and standard deviation of Ni accumulation in S. reichardtii and results of Duncan's multiple range test for

treatment of Ni in Salix reichardtii.

Root Leave New Stem Old stem
Treat Con.\ Part

Mean+SD Mean+SD Mean+SD Mean+SD

Control 1.83+£0.27* 1.89+0.28" 0.93+0.17* 0.72+0.27*
1.0 pmol/L 43.98+3.65" 7.41+0.62° 2.27+0.23* 2.22+0.08"
10.0 469.91+29.35" 67.29+7.44° 18.31+2.74° 4,17+0.61°
25.0 839.86+37.54° 124.04+14.40¢ 41.62+3.58° 6.97+0.47°
50.0 2389.40+182.07* 178.18+15.35¢ 62.08+3.63" 15.80+2.25¢
100.0 1484.89+139.46° 173.83+9.94¢ 70.28+5.93¢ 25.57+2.81°

reichardtii®] S, €71, 2] 2ol Q¥ €7 5 458
o] NiZ4 &L Table 3914 R v} 7},

e W) Ni 47Fe] 79 27+ 1.83 mg/kgol™ Ni
1.0 pmol/LA 2] 43.98 mg/kg, 10.0 pmol/LA &1
469.91 mg/kg, 25.0 pmol/LA2]7-= 839.86 mg/kg, 50.0
umol/L*] 2] - 2389.40 mg/kg, 100.0 umol/L 1484.89
mg/kg® YFERY 50.0 pmol/L X 2] 7HA = Ni 4 o]
F43] 2718921 100.0 pmol/LA 2] & 238 4
= A

o W Ni 8% A9 2T 1.89 mgkge]™ Ni
1.0 umol/LA 8]+ 7.41 mgkg, 10.0 umol/LA & +&
67.29 mg/kg, 25.0 pmol/LA 2] 124.04 mg/kg, 50.0
pmol/L=] 2] & 178.18 mg/kg, 100.0 pmol/LA] 2] &=
173.83 mg/kg® YRt B WA el ni7A & 50.0
pmol/L A 2]+ 7HA= Ni 2 o] 543] Skt ot
100.0 pmol/LA 2] 7= 2318 ZHAE e 27 B
2] el wot dA 8] Hojxict.

=71W Ni 54 7F<] 49 dZ&27= 0.93 mgkgol™ Ni
1.0 pmol/LA 8] & 2.27 mgkg, 10.0 pmol/LA & +&
1831 mg/kg, 25.0 pmol/LA 2]+ 41.62 mg/kg, 50.0
pmol/LA] 2] & 62.08 mg/kg, 100.0 pmol/LA 2] 1+
70.28 mg/kg® VERY ¥elel o Yo el= @] 100.0
pmol/L H&]77H& Ni F4 &l F7tstd oyt 27
2 el o WollA Bt @A 8] "olxith

e =71 W Ni 2% 739 tix27= 0.72 mgkg
o] Ni 1.0 umol/LA 2] 7= 2.22 mg/kg, 10.0 pmol/LA]
2= 4.17 mgkg, 25.0 pmol/LA 2] 6.97 mgkg,
50.0 pmol/LA 2]+ 15.80 mg/kg, 100.0 pmol/L* 2]+
£ 2557 mgkgZ YEY 7] Yol wpzbriA 2
100.0 pmol/L A 2]+7H4] Ni &2 o] F7etl ot %4
Fo ol ol e EE 27] UdlA B g "ojxith

&, 275 AL Nidd H2+te AsEd] 3
glo] B Woll NisA &) 7Mg s o= A W =
A 271 W FHFe] =0on 2 7] W 34
Zol 714 @A YER T 0]/ Duncan's test A3} T3
T2} Ni 1.0 pmol/LAH 2] Aleldll&= 20| & 21 &= ¢l

21} Ni 1.0 umol/L, 10.0 umol/L, 25.0 pumol/L, 50.0
pmol/LA 2]+ Zhell= M & 717} 2pol & IS 4= AT

TS BAHRA A3 S reichardtii®] B, 9, £7], 27

H F7] T e F9AM Azl WE Niit4d2 1%
o] frejAE Rt
o] Aol BH txTE el o Ul Ni &7

O:

o] H|=El o 7|9 e#ld 7= Halol Aol v
3 oF Auk 50] ghFo|l ot 0.72-1.89 my/kgS E 2.0
mg/kgoll FIXA] Ealth 28y NiEs s EEE A2 d
LN ol FAAuEE T Nio] 2] EA =23 F7
8] F7FsA AL 2% BE|7F 7P =4 vhEo] 9, E71
om o#E F7] Hf FA o] 7wk, ole 2
A ] o] ATFE F, LM 27 BSTE NiT4
o] B Zo= Yy oefE F7]9] 739 AL 7}
= AA Fie vja)] 5ARe] vgo] §7] sl Ni
7ol A& Aow F5HL

Ao BE A+ 9 B F9lolAM ¢
% 50 pmolVL Ao ¥l W 2 o]
2389.40 mg/kgl ® 714 =gtk 2y Nigol FEot
50.0 pmol/LE.t} 335521 100.0 pmol/Lx]2]7-2] e 1
NiZ2 S 1484.89 mg/kg® 50 pmol/LA] 2] X} 93]
B "R 9A YJeElbdesd ol S reichardtii®l Bl Ni
100.0 pmol/LA 2] & U5 ALFToqA 2EA 2] tAZRE-
< @] & 4 gllom Nigd A2 473 NiEZF
EAS Qs AEE AFHT BA= olv] IARIAY A2
IARHAG7] wiEo = dhekEch ¢ 1.0 pmol/LZ 10.0
pmol/L A g|rellx o] AW 2 A= 5o uje} 2jo]
= JANE 2 AT Lee(2008)] Ao} vIS=ES BT
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Photo 3. Growth state of S. reichardtii after four weeks. (Ni
treated with 0, 25.0 pmol/L)

Table 4. Weekly growth rate of S. reichardtii according to Ni
concentration.

Treat Con. First Second Third Forth
/period week week week week
Control 35.7(%) 44.6 53.5(%) 42.1(%)
1.0 umol/L 35.0 40.3 51.1 37.6
10.0 pmol/L 342 36.5 38.4 322
25.0 pmol/L 333 342 352 26.3
50.0 umol/L 30.3 31.0 17.8 10.5
100.0 pmol/LL  25.6 238 0.8 0.0

th(Photo 1, Photo 2). o] W=7} SF40] 245w
A EA 7 2EH S ¥ O (Punshon and Dickinson,
1997), A7o] A Z3IGtHE X3 (Watson ef al., 2000)2}t
7ol Nio] 2l Exell Ui Bo] A=W A& 2] A7
2 EE ABAR] 9IS vA= Aew FFT F U

S. reichardtii®] 237¢717}ol| whel A74H]&-S HH Table
4ol vreRt vk} o] thxe] 79 3F A= 53.5%7F A
ek Wb A FA = 35.7%, 27 A= 44.6%, 4TA =
42.1%7t A7gste] 353 7F 1578 9F 2574 B 4FR R
o ST WE S B 5 don 1FAFE 35
7H = A S =7 S EA Y 474 T E = A
SE7t A e Btk ¢k 7 A o] i

SRS

g Fxo wpgh A ¥ES B Table 4904 B
ukel o] 27 AgEEs AT 170 AGES
35.7%C1 3L 274 44.6%, 3TH 53.5%, 47H 42.1%02
™ 1.0 pmol/LA & ol E AFHA 35.0%, 254 40.3%,
354 51.1%, 455 37.6%= 2ol vls] 248 A
np L ETE A 25k LERE AL 10.0 pmol/Lelvt 25.0

pumol/LA 2] 7= 717k #AIgle] v ER 45
A& = X3 225 2 (Photo 3) 50.0 pmol/LA
72 79 AFA 31.0%, 255 17.8%, 3574 10.5%2]
AFEER Hol thx o) Hls) 348 e = ST}
UA7] Az Yehd o= g o] 9] Als e A Y
TE ALEEE oS & HEE Yojiih d9E S
reichardtii | 100.0 pmol/L*12]2] A% 3342} 4557 2]
Ago] A9 HA] g2 A2 Al7to] Al met AE s
o] Niell eJaf) A7go] XA 3] FolEaL A= 35 o)do] =
A Aol WA B & T AU 45 Foll= A IAL
= o}7k= el it

AAX S 2= S reichardtii @ A SEE Ni
25kA] % t2T77F 7Pg wskal Nif] A2l s=7t
T5 Azt oA 2 AgoA 7 s E
1 100.0 pmol/LA 2] ol A A&7t 71 vhtkeh,
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Nioll o]t e 9A] Z3}E Qg 7| 2=A8E AlF3st7] 9
3 Ni 8NN S reichardtii & A0 3 3 F9d
Ni 2 &S E4 8t tha3t 22 435 4k
F& Aol pH= Nie] M =7} Yot 8. reichardtii
FEE7E eSS Bol WolH il Nigl 7} =ol A
S5t A2TFE AA dolxith wEb dF H9
pHE =49 A5 Qo) o) thayh dopd 4= 3l
™ 25.0 pmol/LA 2] vkl M= 7478 2] 24 AS-9]
zpol= A VFERA] 9kTt.
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