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Abstract: To explore the accumulation of arsenic in lettuce under different arsenate treatment conditions and the regulation of humic acid

on arsenate toxicity of lettuce, the effect of the metabolism of lettuce on the pH value of culture medium and change of pH value under the
synergistic action of humic acid and arsenate were analyzed. The accumulation of arsenate in lettuce was dynamically monitored by high—
performance liquid chromatography in addition to inductively coupled plasma mass spectrometry. Furthermore, a chlorophyll analyzer, ami-
no acid analyzer, and least partial square analysis were used to explore the growth performance and related quality indicators of lettuce and
further study the regulation of humic acid on these indicators. The results showed that the pH value of the medium increased significantly
in the non—arsenate treatment group and decreased with the increase of arsenate concentration. When the concentration of arsenate was 10
mg- L', the decrease in pH value was the most significant, with a value of 3.87. The addition of humic acid had a different mitigation effect
degree on arsenate lettuce acid production. At the same time, the study found that the content of inorganic arsenic in lettuce tissues showed
a different increasing trend with the increase of arsenate concentration in different growth stages. In the CK and CKHA groups, the arsenic
species in the lettuce roots, stems, and leaves were mainly pentavalent arsenic. With the increase of humic acid concentration, the inorganic
arsenic content decreased in the different growth stages of lettuce. However, in different arsenate treatment groups, the main form of arse-
nite in the lettuce plants was As(Ill ). When the concentration of arsenate was 0.5 mg+ L™, the biomass, plant height, root length, and rela-
tive content of chlorophyll were higher than the CK group, indicating that low concentrations of arsenate could promote the growth of let-
tuce. High concentrations of arsenate inhibited the growth of lettuce in varying degrees, while the addition of an appropriate concentration
of humic acid promoted the growth of lettuce in varying degrees and alleviated the toxicity of high concentration arsenate in lettuce. In the
CK, V-0.5 and V-1 treatment groups, the content of vitamin C and soluble sugar in the V-0.5 treatment group was the highest and the con-
tent of nitrate was the lowest, indicating that a low concentration of arsenate improved the quality of lettuce. In the arsenate treatment
group, when the concentration of humic acid was 5 mg- L™, the content of vitamin C and total phenols was the highest and the nitrate con-
tent was significantly lower than the V-10 treatment group, which could improve the quality of lettuce. Arsenate could decrease the pH of
lettuce growth environment and humic acid could decrease the stress of acid production. When the concentration of arsenate was lower than
3.5 mg- L', the content of arsenic in lettuce leaves was not beyond the national limit standard at all growth stages and humic acid had a
time—effect on the regulation of inorganic arsenic content in lettuce leaves. Humic acid could up-regulate the expression of glutamate and
arginine related to stress resistance.

Keywords: arsenate; humic acid; lettuce; growth performance; safety quality
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Figure 1 The change of pH of culture solution of lettuce
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Figure 2 The changes of arsenic species in the lettuce tissues
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Figure 3 The fresh weight, plant height, root length and chlorophyll change of lettuce in different treatment groups



1202

URIEIN Xl 53955 64

e AR 2R O i SR R B, i AN [ AR B g
Wit o 4 As(V ) MREEHE S 3] 10 mg- LB, 7255 30
d Iy 2R K 5 R R AN 19.75 M CK R R T
17.98% . AH L CK, 20 Y 55 A 2 Vs i O oK i 25 5 i
AR LR R A . X T ERER AL PR, 38 2V FE 1 S
TR S TN A 2 S5 2% A A A T AN [ A 32 14 17 A ¢
B SR 2 i YA R I S mg - LB A2 3R
KE410.20.30 d I, MG Eo e T
10.71% . 11.18% . 18.41% ., T i} — - $i& v JAg AL PR ¥k 3
F) 10 mg- LB, 2R R S R MR IR E N 5 mg- L
ik 3 A 2 AN [ A B 1 T B8, 0 B Y W ) g A
XoF B AT At 1R R 1 - AR5 1 LA R FR AR . 22 4A S
GRS TS L GE R AR IS N S e R K
W, A B3

i B AsCV )W BE 8 0.5 mg - L7 B, B9
OBk AR LR SR 2 AR s T CK 4L,
ol B AP e B8 ) B R R T AR A SRR K O IR
LT AR FHPS2, R v B A R R Y AN [) B R b A S
AR AR A T, e H A AR K S HEAR Y
AR Z BN BRI A i A R X R A
KPR R R E HABURAE P, AR SO0 57 45

1 ooor A 4EH: 2% C Vitamin C

800 1

A

(&Q/Q Q’ Q/ ?»\Q ‘?s?‘\ ‘(\}‘) \)&\Q

& (o))
o o
(=) (=]

T

YEHEZR C it
Vitamin C content/mg - kg™
)
S
(=)

o

(78
=)}

C. AT B Soluble sugar

T

(j@ Q‘J Q/ Q’ Q/ X\?é\x?‘\\@?‘ ‘6?’5 \Q

(%]
(=)
T

——

)
=
T

AP R
Soluble sugar content/g- kg™
SR
T

(o)}
T

AT M, O AR R X e M R A Rk 1 AR SE R A
JT % fift
2.4 AEAIBALEFERMBISIRHITL
2.4.1 BEAEFRIERAEL

FH B 4A TR, USRS [ FE R As( V) B, A28
Mrp il 2 C RS R T CK AL, Horp As( V) WS ik
JE4 0.5 mg- kg B, A SR R 4EAE R C S R CK
P T 65.38%., 1E CKALFR R IR ANE MR , A S 4k 1k
B CH R TG B AR, T 7R A ik Ah FH 2 VA g A
R n] g R AR SR e AR R C o . YRR N
WHEN 5 mg- LB, AR 2 C ik Bl oK, &L V-10
SEFRIEIN T 92.27%. AWFFEIRIE, 4iE 2 C Syt
WRE S R IEAR S NSO T (’QﬁﬂLifﬂiT%ﬁi
g bR C o R, BRI AR R R TR S

JeEVE KR A 5%, I Had *E@aﬂ%hn ]l
ARSI, 3K ARSI RS R — 2

WK 4B T 7S , A [l e 5 i R R Ab PR, AR 32 A0
Wy L E 2R MAE10mg-L" As( V) BB R
HRS I R RN, A 3 rh B 1Y) B i B RS AR VN T
WRE BT AT S AR S AR RR VR T 5 mg -
LB, AH B V=10 23820 S & i3 on 1 21.83%, 5

o
<N

i B. &\ Total phenol

_+—]—+ 1 | |rH

SN R s
o
~

Total phenol content/mg-kg™

e
¥}

(,‘(*Q Q0 RPN /‘3 «3&5 \X?‘\Q \X?‘\ ng) \XB\Q

ﬂmﬂﬂﬂ

ey \w" S

3r
D. fif g £k Nitrate

TS RRER
Nitrate content/g kg™
T

gl

C)\SQ/Qs Q/\ Q/

(=]

4 AEAMBAEFRMAEER C 2H AIAME HRESSHTL
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