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The Sensibility to Zinc Toxicity of 16 Vegetables Commonly Cultivated in Fujian Province, China

CHEN Yu-zhen, ZHANG Juan, HUANG Yu—fen, GUO Cheng—shi, CHEN Chun-le, WANG Guo"

(College of Resources and Environment, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract: A series of hydroponics experiments with different zinc concentrations (0.05, 0.5, 1,2, 4, 8, 16 mg+L™" and 32 mg-L")using the
seedlings of 16 vegetable species commonly cultivated in Fujian Province, southeast of China, were conducted in order to compare the sensi—
bility of the vegetable species to zinc toxicity and to select the species with the highest sensibility to zinc—toxicity. The results showed that the
zinc—toxic symptoms appeared more obviously on cucumber and water spinach than the others. The symptoms appeared on cucumber and wa—
ter spinach as early as 2 days after Zn was added. On the contrary, cabbages(Fast cabbage, Prematurity No.5 ), asparagus lettuce, lettuce, mus—
tard leaf and carrot did not show apparent zinc—toxic symptoms, suggesting that these vegetables were more tolerant to zinc toxicity. These
vegetables cultured in the solutions with 32 Zn mg+L™ appeared chlorosis phenomenon until 11 days after the zinc was added. The fresh
weights of shoot and root of all the vegetables increased in the beginning, and then decreased with increasing zinc concentrations in the solu—
tions and showed significant correlations with the zinc concentrations in the solution, except the fresh weight of Fast cabbage. The shoot fresh
weights of cucumber and Prematurity No.5 decreased the most significantly while those of crown daisy, carrot, leaf mustard and Fast No.5 de—
creased the least. The vegetable that had the most obvious zinc toxic symptoms and the lowest EC,, value(the zinc concentration at which the
fresh shoot weight decreased by 20% )was selected as the most zinc—toxic sensible vegetable. Therefore, the most zinc—toxic sensible veg—
etable species was cucumber because its ECy was only 3.12 Zn mg- L.
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1 #REFZE

L1 it

BURBEIE N : BN (Cucumis sativus L.) . KEAZE(B.
campestris L. ssp. Pekinensis (Lour.)Olsson, BB H 5 |
HRHEZE) . FH3E(B.campestris L. ssp. Chinensis (L. )Maki-
no, PUILZEL> IME S ) . 3 (A maranthus mangostanus
L.), & % (Lactuca sativa L. var. angustana Irish) 5L &
(V. unquiculata W. ssp.Unguioulata W.) , & 5.( Phaseo—
lus vulgaris L.) , i T (Solanum. melongena L.) JHE B
(Daucus carota L. var. sativa DC.), ZFIF3 (Lactuca
sativa L. var. angustana Irish ) .55 .0>3(Lpomoea aquati—
ca Forsk.) . FIFF3Z (B. juncea Coss.) .15 5 ( Chrysan—
themum coronarium L. var. spatisum Bailey ),
1.2 {BHG*E
1.2.1 Fhraba

PR R SR T, HEETKER, A
J5 1% E RGN EE 20 min, B KB FK ik, ik
ACTHBMREFRIA B A 25 CRAEFM,8 h J5 155,
FE R LA P 3K A B AR, FhF e g 4R b, R 2%
BITK, P SRR R T K
1.22 W Bl

FAM IR K ZE 0.5 cm 240, $kikH51E 150
B AL BREF BRI EFR AR o 5 4 H R
KEE pHS.80 H 1/4 k&L 45 (Hoagland ) & IR , (R T
VIR , R TN R o R/ DTSR E] 2 106,
WER SIS KM R/MEIER 80 BREEHRE
254 2 L 1Y pHS5.80 Y 1/4 i #4243 (Hoagland ) & 3¢
WA/ I (AR AT ARP IR ) , 5557 1 JRf8/)V @ By
IKIAEE, RO 2B RS SRE 3 d, i/ N E N A E
FRWIAEE, RE R R —BO R KRR L2

HIRILIE 48 ¥R BRI E R Zn,
1.2.3 R

B A FEIE SR B BE (L Zn 31) 43124 : 0.05
0.5.1.2.4.8.16 mg-L" 1 32 mg- L, 3£ 8 ~KFE, %
RHYHENTFICE , Hoagland 278 35 P E
0.05 mg -1, IRl I R Ik B 7K S M Ak 5 3 E R Y
SR BN E BER A 1 ZnS0, - THO (4344t ) ; 5
AMEFESE 6 ANER,E 3 d e 1 IWERR . HYTES
BRESE IR 25~35 °C, 60N B 8ROk, BT a K BBl
MLHES , 304 H S 1 1K,
1.3 HEHRESHT

ARV BEAR BV INBE IS , B BB I IE B Sk
SNBSS (R 25 ) ARk 3555 14 d Ja iR Woakne
A, B REAR AR R, PR E L A T
B, AR E THTH 95 CAH 30 min,
65 CHT ZIEE, s HIREM T E,
1.4 #iE0E

JE AR B A A M AL BER ] Excel 2441 DPS7.05
W, RAGRESHIRE F e E RfESE
TR Zn VR B 8] B 5 RE RN L Y ECo 1B ( EEXT
HRREAIG 20% M BRSEK E X= & ) o

2 GHRESH
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mg L) AT, ARG 7 B8 AR L
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Figure 1 The symptoms of Brassica and cucumber when exposed on 2 mg+ L™ of Zn

B2 WANEEE 16 mg- L™ 5 32 mg- L™ E0E TERETH
Figure 2 The symptoms of cabbage when exposed on 16 mg+L™" and 32 mg+ L™ of Zn
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Table 1 The symptoms of Zn toxicity of various vegetables
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2.1.2 BEXTBRSEMR S B

BEXT R SR A K R I R IRV B 2
FVREEIH. BIE D T SR BN RS A Kk
JEE 0.5 mg- L7, Wi KA ILE . FRMREEA K
W 0.05 mg- L7, INPE/NASE ER W E RN RE
AREER 1mg- L7, PR ZLR WL ERE
MEIEAERIKE R 2 mg- L7, MR 2ATLIFES, K
Y BEAE R R B RE A TR R IR S R
kR EREE, BT OUF/NAE S E W R
IR D5, (BT R R BT
B R TR, A% MEREMRE 8 mg- L A I 1 B
SN, 2503 R I SRR T R R
POMER EERT 6 MREMEERARE, TH B
PR IS W B 16,32 mg- L Bk i T AR
2.1.3 BEXTBRSEAR TR B

HRXTEFRE T A M N B, AN dndth, bR 0 R
B — AR, A 2B HBER TR
PR E TARIRE BAR R, WOIRAT , B R M 32 mg- L
RS MIERSE, MR SR B, AR A R L E
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Table 2 Comparison of the stem lengths of the vegetables treated with different Zn concentrations

AR B (mg - L™ )AL T #i R /em

0.05 0.5 1 4 8 16 32

HE b 20.93¢d 27.28a 21.63bed 25.40ab 22.58bed 24.30abe 18.99d 20.40cd
Bie3 28.23a 29.84a 29.60a 30.34a 28.39a 29.24a 26.12a
AmF 18.78abed 20.62a 20.30ab 18.45abc 18.23bed 17.53¢d 17.05d 17.28d
IFEGNEES 22.53a 21.63a 23.30a 21.70a 18.33b 18.28b 16.82b
3 31.77a 32.17a 29.43ab 29.20ab 26.82bc 28.60a 24.62¢
THi 5 19.57abe 18.67abc 21.53ab 19.83abe 23.17a 17.13be 19.8abe 14.93c
MER 27.04b 26.18be 31.28a 23.63d 23.40d 23.72¢d 23.40d
53 22.03a 22.40a 23.55a 22.67a 21.68a 17.14b 16.26b
pNEE 22.33a 19.83ab 20.67ab 20.57ab 19.27b 16.10c 18.73b 15.33¢
1IN 54.17a 46.97ab 47.25ab 46.25ab 41.00ab 28.57b 30.67b 35.50ab
E3 31.03be 45.00a 35.97ab 30.17bed 20.27de 24.43cd 22.50cd 10.60e
K 65.33a 71.63a 71.33a 48.63b 41.60b 18.33¢ 19.60c
LRI 124.08ab 114.13abe 98.13abed 134.70a 87.50bcd 96.30abcd 83.75¢d 61.53d
PO L3R 30.83a 31.27a 29.60a 28.68ab 25.13be 26.47bc 22.87c
Fid 20.20a 20.12a 19.80ab 19.88ab 19.14ab 19.44ab 18.40b 16.00¢
5= 134.30a 129.88a 132.48a 137.13a 134.38a 124.38ab 96.00ab 67.25b

 FATEE A 7R %8 LSD's ZE HLEER B (P<0.05), TR,

Note: The different letters in the same line show the significant differences of LSD’s multiple comparisons(P<0.05 ). The Same below.
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Figure 3 The comparison of the roots of bean and water spinach between the treatments of CK and 32 mg+ L™ of Zn

R 3 BLHERARBHRE RIS

Table 3 Root length of the vegetables treated with different Zn concentrations

A Zn R (mg- LA HE F AR /em

fE SnEL
0.05 0.5 1 4 8 16 32

AN 21.43ab 31.08a 26.33ab 27.28ab 29.78a 25.48ab 22.03ab 19.45b
IF 14.88ab 15.66a 16.64a 15.26ab 13.90bc 14.01bc 13.86bc 12.68¢
iea 8.73a 13.25a 11.80a 13.40a 15.61a 13.58a 9.97a 10.13a
YN EES 31.50ab 30.30ab 33.50a 35.18a 34.97a 31.92a 26.05ab 22.66b
k< 21.22a 22.22a 20.80a 20.56a 21.87a 19.47a 21.93a 13.65b
= 27.23a 21.33a 26.33a 22.34a 23.17a 25.07a 24.67a 17.20a
Hip e 17.96bc 18.38bc 21.40ab 20.45ab 22.28a 15.12¢d 17.15bed 13.58d
(753 30.80a 31.18a 29.80ab 33.28a 33.78a 29.83ab 22.94¢ 25.00bc
PNEES 20.50a 20.33a 17.17ab 13.93b 14.83ab 13.33b 16.83ab 13.50b
iG] 19.83a 18.50ab 18.25ab 21.83a 15.67ab 17.83ab 20.17a 12.13b
e 25.90ab 27.07ab 26.47ab 31.00a 25.97ab 20.27bc 21.03abe 10.50¢
K 28.52a 30.83a 28.27a 28.33a 29.43a 28.00a 25.33a 15.00b
T 24.48bc 30.98ab 30.65ab 34.40a 30.53ab 30.95ab 24.03be 16.35¢
ML 25.67a 18.70b 26.10a 25.40ab 24.47ab 23.05ab 24.40ab 21.50ab
Eid 27.98ab 31.41a 24.24b 26.38b 24.84b 27.56ab 25.73b 28.10ab
ESI5A 25.28bc 30.70a 26.58b 31.38a 29.03ab 29.23ab 25.75b 21.38¢
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Table 4 The classification of the sensibility to Zn toxicity of the vegetables based on toxic symptoms

KA B FALEER
g K. BUNESINEEES 2 d 32 mg L7 AREREEA 1 MOETS, IIIREERS . 25 DIRESINEE SR 2 d 32 mg- L7 ALER AR AP R AR I E 1 3

O THEHBIREREE, 2503 BN NS FIRR AR ETH 2 mg- L PIFEESON o EEARRFIN EM A ABE, 55
FrRIGIE I SRR TG B , B B AL, R B A SR AT, AR B

B W3R EE . RILMESH R FREERNEE 4 d 24, 0530 E 5. W ASOL B TR R 4 mg- L, 5160 2 mg LY, &
Vel LS. REYRERFIN M ERIE O, B EUIA B, RSB, AR, TG, A . SESRRAERRIUA B B ek
WL HETE, IR B, i, DR BRIE R . POISEAERRI ) B R D SRR AL, AR KB
BA INP/NEZE. USSR R RN R 8 d 2h , HiH SR M AR FAER ARG BN 2 mg- L7, INP/N SR A T AR &
BUR T SR AEREBIRMRE 4 mg- Lo INP/NE S ST SR EEAERRI  F SR AT AL, R A B, A A R
R WENE . R RRERRIUN IR AL, SR A A AR, IR S

RS BERXSHRMREREEF RRMEMK ECy &

Table 5 The regression equations between the shoot fresh weight, root fresh weight and Zn concentrations in the solutions and the ECyvalues

Bk i EE AR ECx/mg-L T E AR ECyp/mg-L™*
#HIK Y#%=0.989¢ 00 3.12 Y##=0.770¢ "~ 0.67
BaRS Y*#*=0.01X>-0.052X+0.959 3.26 Y#%=0.820e ™ 1.03
HIGEUNEES Y#%=0.949¢ %X 4.17 Y*%=0.830e 0% 1.12
IR Y**=1.009¢ %% 4.46 Y*%=0.992¢ 0% 552
X Y**=0.001X>-0.038X+0.953 4.58 Y#*#=1.047e0%* 9.28
B> Y #%=(.966e "¢ 5.39 Y#%=1.020e %= 7.59
1852 Y*#*=0.001X>-0.039X+0.993 5.82 Y*¥=-0.113In(X )+0.732 1.83
VUL V420,971 00K 8.07 Y#=0.785¢°@X 0.90
T Y*%=0.966¢ "X 8.57 Y*%=1.176e 7% 14.82
W& Y#*%=0.951e 0¥ 8.65 Y*%=0.981e 0% 6.37
MR Y#*=0.001X>-0.055X +1.244 9.83 Y**=-0.1041n(X )+0.754 1.56
I Y##=1.183e 05X 10.87 Y*#=-0.003X>-0.061X+1.350 6.77
lGk-3 Y##%=1.078e ™% 12.43 Y#%=1.0283e 4™ 21.47
W b Y#¥=1.132¢ %% 12.86 Y*%=1.240e 0% 10.69
IR Y#%=1.176¢ 7 14.82 Y*#=1.086e "% 14.55
PRERK Y##=1.056e 007 16.33 Y=-0.002X7-0.051X+1.064 722
3+ 6 MM AR ECy BB BB 1T 2
Table 6 The classification of the sensibility to Zn toxicity of the vegetables based on ECy
AT BB BEANBURAF BB

LS

NP3 DR EH HLE
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