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Effects of Cu-Cd combined pollution on growth and antioxidant enzyme
activity of 2 Hemerocallis fulva varieties

GUAN Meng-xi,ZHOU Xu-dan, DONG Ran

(College of Horticulture ,Jilin Agricultural University , Changchun, Jilin 130118, China)

Abstract: [Objective] The study investigated the growth and physiological characteristics of Hemero-
callis hybridus ‘Stella de Oro” and Hemerocallis middendor f fii under Cu-Cd combined stress to provide
theory basis for phytoremediation of heavy metal contaminated soils. [Method] Perennial divided seedlings
of Hemerocallis hybridus ‘Stella de Oro’ and Hemerocallis middendor f fii were planted in pots to investi-
gate the changes in plant height.dry weight, leaf, photosynthetic rate and transpiration rate and anti-oxi-
dase activity (POD and SOD) and other physiological indexes under different Cu-Cd combined concentra-
tions (T1:Cu 100 mg/kg+Cd 0. 3 mg/kg,T2:Cu 400 mg/kg+Cd 1 mg/kg, T3:Cu 800 mg/kg+ Cd 20
mg/kg,and T4:Cu 1 200 mg/kg+Cd 100 mg/kg) and stress times (30,60,90,and 120 d) . [Result] T1
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promoted the growth of Hemerocallis middendor fii ,and the height and dry weight decreased as the in-
crease of Cu-Cd stress. The height and dry weight of Hemerocallis hybridus *Stella de Oro” decreased con-
tinuously. T1 increased SOD activity of Hemerocallis middendor fii ,and it decreased with the increase of
stress. SOD activity of Hemerocallis hybridus *Stella de Oro’ decreased continuously. POD activities of
both varieties increased as the increase of Cu-Cd content. The chlorophyll content of Hemerocallis hybridus
‘Stella de Oro’ decreased with the increase of Cu-Cd content, while that of Hemerocallis middendor fii
firstly increased and then decreased. Photosynthetic rates and transpiration rates of both varieties had the
shape of bimodal with peaks at 10; 00 am and 16: 00 pm. [Conclusion) Hemerocallis middendor fii had
better tolerance against Cu-Cd combined stress than Hemerocallis hybridus ‘Stella de Oro”, and it was
more conducive to remediation of heavy metal polluted soil.

Key words: Hemerocallis fulva ;Cu-Cd combined stress;anti-oxidation enzyme;soil remediation
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44 Cu-Cd B A Whia db BT, 4 Ik I 72 50 Bk
®1 CuCdEEGMEN 2 HEREERKMATM
Table 1 Effects of Cu-Cd combined stress on growth of Hemerocallis hybridus
Stella de Oro and Hemerocallis middendor f fii
e b _ 30 d _ _ 60 d ‘ _ 90 d , _ 120 d _
Cultivar Treatment H\“l%/cm e Hi‘l%'{/cm g H%l%/cm I *)Kl%/cm e
Height Leaf No. Height Leaf No. Height Leaf No. Height Leaf No.
CK 29.58+1.02 a 14 a 36.35+1.19 a 16 a 38.99+1.22 a 17 a 24,994+1.09 a 11 a
Stk E _
Hemerocallis T1 28.27+1.12 a 13 b 35.25+1.21 a 15 b 37.76+1.32 a 16 b 23.734+1.17 ab 10 b
hybridus’ T2 26.35+1.07 b 12 ¢ 29.61+1.14 b 13 ¢ 31.60+£1.16 b 14 ¢ 22.96+1.11b 8 c
Stella de T3 25.3341.15b 11d  26.95+1.06c 12d  28.17+1.23¢ 11d  20.7741.19 c 7d
Oro T4 22.53+1.21 ¢ 8 e 25.27+1.04 ¢ 8 e 24,47+1.17d 9e 20.144+1.08 ¢ 7d
CK 42.724+1.03b 14 b 44,00+1.13 b 15 b 45.56+1.22 b 17 b 37.20+1.03 b 13 b
A T1 45.12+1.28 a 15 a 48.91+1.15 a 16 a 49.72+1.23 a 18 a 44,88+1.12 a 15 a
Hemerocallis T2 40.874+1.17 ¢ 15 a 43.024+1.09 b 15 b 44,924+1.18 b 16 ¢ 35.024+1.09 ¢ 11 ¢
middendorffii 3 36.6041.08d 12c  37.82#1.0lc 13c  39.01+1.25¢ 13d  30.46+1.21d 10d
T4 33.46+F1.11 e 11d 35.62+1.14 d 12d 37.59+1.15 ¢ 13d 28.27+1.13 e 9e
T B0 O P S0 AR 22 5 R w5 18] 510 8088 J5 AR S RN Bk 3R 28 3k 835K P (P<<0. 05) . R R,
Note:Data are average® standard variation. Different lowercase letters show Mgmflcant difference at P<Z0. 05,the same below.
F2 CoCdESFHEBEN 2 HEETHRENHI
Table 2 Effects of Cu-Cd combined stress on dry weights of above-and under-ground parts of Hemerocallis hybridus
Stella de Oro and Hemerocallis middendor f fii g/
30 d 60 d 90 d 120 d
i U W bFrE TR WETRE W TRE W bFrE TR 10 S 6 T N R
Cultivar Treatment  Aboveground Underground — Aboveground Underground — Aboveground Underground — Aboveground Underground
dry mass dry mass dry mass dry mass dry mass dry mass dry mass dry mass
Ta— CK 2.43+10.11a 1.08%+0.12a 3.07+0.19a 2.92F0.09a 3.384+0.19a 3.03+0.26a 1.94£+0.09a 3.13+0.19a
Hemerocallis T1 2.10+0.12 ab 1.05+0.08 a 2.66+0.13b 1.7740.17b 2.97+0.22b 2.57£0.22b 1.73£0.19a 2.80%0.23 ab
hybridus’ T2 1.7440.11 be 0.954+0.09 ab 2.414+0.17b 1.51+0.13 be 2.244+0.24 ¢ 2.01£0.20c¢ 1.23£0.15b 2.45+0.21 b
Stil)li)de T3 1.50+0.09 ¢ 0.72%0.14 ab 1.8240.21 ¢ 1.46+0.21 be 1.42+0.20d 1.8940.17 ¢d 0.91+0.11 be 1.96+0.18 ¢
T4 1.134+0.13d 0.614£0.13 b 1.5940.19 ¢ 1.13+0.24 ¢ 1.30+0.18d 1.60+0.16d 0.7240.12 ¢ 1.68+0.15¢
CK 2.4440.12b 2.794+0.20a 3.704+0.10a 3.30+0.22a 3.98+0.13a 4.11+0.33a 2.90+0.07b 4.27£0.39 a
Kl T1 2.824+0.23a 2.67%£0.21a 4.04£0.12a 3.03+0.20a 4.214+0.29a 3.89%+0.26a 3.32+0.13a 3.90+0.26b
Hemerocallis T2 1.9740.13 ¢ 1.93%+0.18 b 2.5240.19b 1.98+0.19b 3.494+0.25b 2.13+0.19b 2.9240.21 b 2.4040.29 ¢
middendorffii 1y 1144016 d 0.9940.16 b 2.3940.15b 1.7740.17b 3.0140.21 ¢ 2.0640.18 b 1.8140.17 ¢ 2.3440.19 ¢
T4 0.94+0.11d 0.684+0.14 ¢ 1.5540.10c 0.824+0.13 ¢ 2.46+0.19d 1.16+0.19 ¢ 0.994+0.07d 1.48+0.15d

M3 2 nl G LR s o b B B Cu-Cd
30 B R T B 5 R A B B b BB Cu-Cd
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¥IBf Cu-Cd Jiraf i fin 8 52 80 T B s %, Hvp 30,60,
90 Fi1 120 d B T4 &b ¥ 4> e 75 B 4t R 35 43 1 B i
A A XoF BROBEAR T 43.52%, 61, 30%,47. 19% i
46. 33 %, K A6 B B 43 5 B Xt BRBEAR T 75. 63 %,
75.15% ,71. 78 % F145. 20 %,
2.2 CoCdEEMEXN 2MEEXERBESTEN
A1)
gk 2R B R N R IGRE B A 1R KT 9 R
551000 T 4 B a8 2 6 R ) 0 R i AR R Y R
iR, g 3 L 7E Cu-Cd & A Wi 4 4> Ab 28

b Kl N R A AR F X IR TR AR R R
AR A A FE BRSO A e R e TR R
Hop T1AEFEM 4R a 4R b SR atb Kk
SR N R T A A3 0 B BRI i 6. 5626, 3. 97 %,
5.93% M1 1. 00% 5 i T4 &b ¥ 43 5] 45 4 BEFEAK T
49.59% ,54.38%,50. 71 % M1 18.32% ., 2 Fhis HL
3 a/b (H BE NG R TR K. 2 P RS R
AR RS R R T AR AR A L.
KA CoCd BB AN T & &M Cu,Cd
XoF i3 B 0 T R R R AR R P P R ) A R AR B
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LB R R R a R b SR at
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Table 3 Effects of Cu-Cd combined stress on chlorophyll contents in leaves of Hemerocallis hybridus
Stella de Oro and Hemerocallis middendor f fii

Cultivar Treatment Chl a Chl b Chl a+b Chl a/Chl b Carotenoids

- CK 0.81340.02 a 0.2314+0.01 b 1.044-+0.05 a 3.51940.13 a 0.2100.01 a
H«f«%ﬁum T1 0.79340.05 a 0.22340.02 a 1.016-20. 08 a 3.556--0.09 b 0.20040.01 a
hybridus T2 0.74240.04 a 0.20940.01 ¢ 0.95140.03 a 3.550£0.11 a 0.192+0.02 a
Stil)lrﬂode T3 0.72740.03 a 0.20240.02 cd  0.929+0.04 a 3.59940. 08 a 0.17340.01 b
T4 0.69440.02 a 0.18940.02 d 0.88240.02 a 3.691-0.09 a 0.15040. 02 ¢

CK 1.35740.03 a 0.42840.01 a 1.7850. 03 a 3.17140.12 b 0.20040.03 a

T — T1 1. 4460, 06 a 0.445-+0.01 a 1.891-£0. 04 a 3.249-0.14 b 0.202-20.03 a
Hemerocallis T2 1.149+0.02 b 0.3244+0.20 b 1.473+0.06 b 3.54640.07 a 0.19140.01 ab
middendor [ fii T3 0.846+0. 04 ¢ 0.237-+0.01 ¢ 1.08340.04 ¢ 3.570+0.12 a 0.178£0. 02 be
T4 0.72940. 04 ¢ 0.20340.01 d 0.93240.02 ¢ 3.59140.09 a 0.16540.01 ¢

2.3 CuCd E&HHERT 2 ME L& IERN M
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Fig. 1

Effects of Cu-Cd combined stress on photosynthetic rates of Hemerocallis hybridus

Stella de Oro (A)and Hemerocallis middendor f fii (B)
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Fig. 2 Effects of Cu-Cd combined stress on transpiration rates of Hemerocallis hybridus

Stella de Oro (A) and Hemerocallis middendorf fii (B)

2.4 CuCdEAMEBEX 2 MEERAENLEFEN

A

POD il SOD J2 A8 1738 1 4% F 196 5% oy 361 14 o 22
B2, POD S Al 9 14 8 S5 % UL 1) S A E D i » g
A AT B 0 0T 1) AL 0 A o 2 X PR R R - SRR
1 — 5 s SOD AE b 15 B A 90 14 N 8 B B 1 H
MR EEMRZ — GG Z A P iE ST
s 4 a2 B R A AL B A Y
POD i K £ 3 & T X B8 (P<C0. 05) , 4% BH bl

R4 CuCdEHEX 2

TG0 R T 2 RS R g . B Cu Cd i B
MR S 45 Tk ek 5 0 SOD I 1 3 W BE A%, F2 90
CK>T1>T2>T3>T4; ffii K AE# & SOD i 4 0l
ST e AR A e o T1 434 SOD i 4
B Rl TI>CK>T2>T3>T4, L 458
B, Cu-Cd & A Wi I A& X 4 e i 78 0 L K A & w g
F ORIl & G P . B SOD Fi POD i
B RIEAE R XA — B L R T 4 bk gk
W KAEE BT Cu-Cd & A s (T 32 1

EE RS M

Table 4 Effects of Cu-Cd combined stress on POD and SOD activities in leaves of Hemerocallis hybridus

Stella de Oro and Hemerocallis middendor f fii U/g
5 A b POD 1% £ POD activity
Cultivar Treatment 30 d 60 d 90 d 120 d

CK 375.00+4.12 d 387.50£5. 06 d 412.50E4. 72 e 362.50E3. 06 e

Hej:\}%%zm T1 392.50+4.57 d 637.50+4. 71 ¢ 850. 00=£6. 55 d 742.50+4. 88 d
hybridus’ T2 140.00£3. 92 ¢ 700.00+4. 85 b 880. 005, 07 ¢ 777.5043.45 ¢
Stil)lfodc T3 507.0045. 04 b 857.5043.84 b 1325.00+4.39 b 802.5046.52 b
T4 487.00%3. 09 a 712.50+5.33 a 927.50+3.72 a 612.50£7.17 a

CK 295.00+4. 12 ¢ 340.00£3. 56 ¢ 350.00£3. 62 e 325.00+5.17 e

JoE s T1 455.00+3.18 d 527.50+3.44 d 600.00+3.47 d 472.50+3.72 d
Hemerocallis T2 590.0043.82 ¢ 637.50+4.13 ¢ 720.0043.24 ¢ 500.00+3.49 ¢
middendor [ fii T3 740.00+4.87 b 845.00=3. 92 b 862.504.02 b 662.50E4. 47 b
T4 1.290.00+6.13 a 1357.0043.37 a 1 430.00+5.17 a 785.00+5. 16 a

A b 3 SOD 1% P SOD activity
Cultivar Treatment 30 d 60 d 90 d 120 d

CK 309.44+3.17 a 344.09£2.51 a 340.15+3.02 a 302.90=£3. 05 a

Hfﬁ%lm T1 278.76+3.02 b 282.74-3.43 b 313.52+1.08 b 283.04£2.15 a
hybridus’ T2 272.86-+2.52 b 279.47-+1.82 b 296.04+2.43 b 233.99-1.47 a
S“Zl)lfode T3 136. 872,67 c 210.2741.59 ¢ 260. 014 4. 09 ¢ 145.28-2.37 a
T4 122.424+1.32 ¢ 185.96+2. 47 d 240.00+2.55 d 102.60+1.88 a

CK 346.13£2.73 b 380.18+3.32 b 388.87+1.48 b 270.28+3. 48 ¢

e T1 441, 07+3.42 a 911.31+1.95 a 962.05+1.36 a 339.26+3.34 a
Hemerocallis T2 269.34+1.89 ¢ 340.42+2.53 ¢ 349.3543.22 ¢ 300.7842.62 b
middendorf fii T3 229.25-+3.32 d 266.67+3.07 d 288,502, 68 d 283.45+1. 66 be
T4 191.2841.97 ¢ 265.54+1. 63 d 271.18+1.62 d 211.35+1. 45 d
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