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Comparison of three types of hydroponics methods in screening for low arsenic uptake lettuces

ZHANG Qian, ZENG Xi-bai", BAI Ling-yu, WANG Ya—nan, SU Shi-ming, WU Cui—xia

(Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences/Key Laboratory of Agro—
Environment, Ministry of Agriculture, Beijing 100081, China)

Abstract:In order to accurately and efficiently compare the low arsenic uptake capabilities of vegetables and to build up appropriate
screening methods, the As uptake capabilities of five lettuce (var. ramosa Hort.) varieties were studied by using three hydroponics methods :
vigorous growth period, whole growth period, and short—term stress uptake. Pot experiments were conducted as the reference method to verify
the feasibility of the tested hydroponics methods. The results indicated that the As uptake capacities of the five lettuce varieties via the vig—
orous growth and whole growth period methods were basically identical with the results of the pot experiments. The variation of As content in
the aboveground biomass of the five lettuce varieties between the vigorous growth period and the whole growth period methods showed no
difference. However, no significant differences in arsenic content between lettuce varieties were observed in the short—term stress absorption
method. The As concentration in the aboveground biomass of the Ziluoma lettuce was the lowest among all varieties, at 0.42 mg -kg™ and
0.77 mg-kg™ in the slight and middle As—contaminated soils, respectively. The capacities of As uptake from high to low were in the order:
Naichoutai, Lvluo, Meiguodasusheng, Luoshalv, and Ziluoma. The hydroponics method of vigorous growth can be used to screen low As up-
take vegetables.

Keywords: arsenic; hydroponics; lettuce; low uptake
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Table 1 The main elements and physical and chemical properties of culture solution and two kinds of soil

R IR RBER WA AR S EEp el pH

B 112 22.94 184.86 0.2.4 — 6.4~72
S1 111.5 21.6 69.1 58.4 0.93 4.89
) 106.2 28.1 121.0 130.6 2.94 5.22

TE BT ATT R T RN me- L, L3R mg-kg ™,
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Figure 1 The effect of soil As contents on the dry weight of
aboveground(A ) and underground(B) parts of

different vegetable species
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Figure 2 The effect of soil As contents on the As uptake by the

aboveground of different lettuce species
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Table 2 The effect of soil As contents on the root As uptake, As translocation factors and bioconcentration factors of different lettuce species

bR i /mg - kg™ R R X107 BEREUx107
HE SR
S1 S2 S1 S2 S1 S2
I-1 156.9420.36b 436.37+43.63d 3.70 2.69 9.9 8.2
-2 110.5516.77¢ 435.70235.26d 3.80 221 72 5.9
-3 167.62+44.17b 527.93+47.56¢ 4.77 2.74 13.7 11.1
-4 302.57+40.84a 810.84+35.37a 2.08 1.60 10.8 9.9
1-5 265.95+28.26a 653.99+23.14b 2.90 2.35 132 11.8
FHIE AG 200.73 572.97 3.45 232 11.0 9.4

T - R PR R TR R R AL BEAS [6] A R 8] 28 5 2. 35 (P<0.05 )
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Figure 3 The dry weight of aboveground(A ) and underground(B)
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parts of five lettuce species exposed to different concentration of As

in the vigorous growth period hydroponic
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Figure 4 The dry weight of aboveground(A ) and underground(B)
parts of five lettuce species exposed to different concentration of As

in the whole growth period hydroponic



S 0 LK VS B R S BB 637

*®3 EREKENESEFTHKET AR RFESRM EARMEE (ng-kg')

Table 3 The As contents in the aboveground parts of lettuces in the vigorous growth period and whole growth period hydroponic(mg-kg™)

O R K el 7
A S
CK 2 mg- L™ 4 mg- L™ CK 2 mg- L™ 4 mg- L™

I-1 0.27 11.00+0.48bA 20.80+3.99bA 0.20 11.68+1.52bA 16.28+2.91¢B
-2 0.24 7.58+2.68cA 16.17+£3.10cA 0.14 7.98+2.21cA 14.81+3.18cA
-3 0.27 12.34+0.82bA 27.47+4.00aA 0.14 12.85+0.83bA 25.15+1.22aA
1-4 0.22 13.44+2.35bA 23.31+3.41bA 0.23 10.78+3.04bcA 22.20+2.36bA
-5 0.32 17.22+2.87aA 31.90+3.82aA 0.15 16.00+1.56aA 26.50+1.29aB

T RPN NG T B FoR AR R AL B TR] 4 A 7 22 57 2. 25 (P<0.05 ), R [RI RS SRR3R IR] — it i A= 318 AR Il o S A0 380, A [ A A J 1) 22 5 S
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Figure 5 The As contents in the aboveground parts of lettuces in

the short—term stress uptake hydroponic
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Table 4 Comparison of the As uptake capabilities of five lettuce species from the different screening methods
Jiik AN RIS i R R WS RE FAms/d o E R AR R
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S E R R AR LA R b X AE YT B
WK MEYIREER IS Y e & AR B H A
T Z AR Fh e s Xof N SRR 14 P A2 B, Xt
ST FRA G A IR B 1) 2 i PR 22— o RSB
1) BRI SE R, M RE 1 5 1 A SR
1-2 M b 5 g R At 5 Fh 19 49.89%0~72.4% , AH L
F At S FPAESE B 1-2 B 2 AT 50%0 45
Ao BIE, e RS Yeqe R e /e 7 44
REE L E R,

IKEE T B — Rl AR E Y R 5 vk, T HA
HEAER R B AR SRS S, Bl
AL FAR A FE H , e B it 753 T
J 12N o 38 5 K8 STV E S X 1 IR
AR Z 3 T — S5 AL, 4N Zhang 5"
IKKE T BAIRFE T AN [R] dib KRE v B X B R A 114 22 5
A 32 d KRR B AE S B SR AL BE 6 d JE IR
A, GERFWIURTR SRR KRS L SR o 2
St AR P94 1 R IXTT B A R R A, A
“ZY Q8”11 50% /c A7 ; Mathieu 2575 1+ 44 B /K B
(35 dBFSR T 5 RIS il (W I RE T , 45
SRR A [T 50 (R R T A B K 22 5, AR
RS S PP S TSRS A S B . il BT A S
FATVRIN, >R 7K B 7 i e e IR AV E e 42—
FIRRUE , KRR A LR B LA RSS2 AR 5% H
Lo NI S 7l NVA o= 0wl 7315 N O s = o
ot WL R MH S [R]85 35 v o LR A= S i i g 5

M) AN A, B A K U 4 A B B K 0 i 1) AN [
A AR SRR SRR T 5 55 5 R 2 R A — 3,
5 iR SRR AE 1R/ T-551-3>1-4>1-1>1-2, H.
ZH0E DL T FE A A N 4 26 W A S b, L B 7
WA B U A SR A KRR e
PO T AR b AN AR ) R AR i i AR Ak T AR A
Lombi ZEPWJF 58 A B, KA 43 BEI 2 I AEIH (38~56 d)
55 1.2.3 i i AR AN AR H I e R e
AR, Fi5e i A AE A3 DL S 2 i A (62~85 d)
WA S, KR SR ME R EA 3%
Peo AR B (40 d 2 fy) , — e B R AR K
(Vegetative growth) BT Bealt BEOER , AR E0 45 R A5 1
A S, b A R B AR K AN B R R B (]
(4 S T I AN, BV AT 30 e B U K 55 1 8 SR
A 32 ) M A R LA R AR TR] i A A SNk g R
WCRE T . [l AR A IF ST 4 9 T LATACAY , RE A K 40
IR IRAE TR ROR R PE S 7 i H A R, wT
YR AR IR I A= 3 (% 28 A4 ) it R 7 326 ) A0 2B
Tk

4 St

(1) K510 T i R vp B s Y -4 ep 5 B
A B A R RS AR -2 1-4 1-5
T H BEA S U - 49 rh i T B AR B R e 5 g £
gerp g RO, A3 T 32.2% .50.0% 1 53.3%),
B AT A A S R A K AR I Tl R

(2)REBRA KA AE T KR &R il 1-1
1-2 i 1-4 Xpff i Pk i, M b3 45 CK i
EREIN, SRR -3 ISR CK B E R, 15
MFEARFEAAE

(3) -5 GEFIFP R [ A 5 1 - 4, S 1-2
AR S bR A A i 2R 0.42 mg kg™ AN
0.77 mg-kg™, A H A 5 Rl 49.8%~72.4% , v] LLIA
RISV E D, 25 Pl A S8 1 b3 & it = 3]
TR BIRFEHES Ay 1-5~1-3>1-4>1-1>1-2,

(4) FE %A K A /K 5 A T B 503 HERA P 35
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