T E AR R 22 2025,3009):186-195
Journal of China Agricultural University http: /zgnydxxb. ijournals. cn

HELINEM AR, I, 0B K 4ES. HERERF M ELBMELTRRFEREFZMEF(J]. PERWKRFFR,2025,30009):186-195.

HUANG Qi,SUN Zelin, HE Yousheng, MAO Dan, YAO Zhi,ZHANG Wei,ZOU Chungqin. Accumulation characteristics of trace elements in the above-ground
parts of asparagus lettuce and its influencing factors in the Erhai Lake Basin[J]. Journal of China Agricultural University,2025,30009) : 186-195.

DOI: 10. 11841/j. issn. 1007-4333. 2025. 09. 17

HnBEF LAMETERRBERELZWEF

w oA OIEHM AR W OA T K B OAKRET
(1. W E Al R 2 SR 5 PR BE 2 e / 4 b & R 5T Bt , db 5T 100193
2. mm Al KA R 5B, B 6505005
3. K2 AE B, BRI 650091
4. VR R BIRS B A= B, 1K 400715)

H E ARREFUIALTERFE LERIBEZ(LEAS AR pHFOALZHWE T, A= 4 K
TEHBEAGHEFTEE TR AFLRE, RA ARG, 5 RESOD AR S FHAD AL B HE L
BHE,RBE B TIRA S 8% (ICP-OES) 4845 40 bk & 7% | T 45 BR 47 - 91 Ao Bk Bl 45k 45 A ) 2 3% F & 31
EHMELFETALBERAG B A F LERAAS LREANRGEERALEpH, #—F oM ZHE & FiE
AEZETHHEAALS LR AHATOMEE, EREAV.DEFOENED TSRS, SHEFLEFE
AMEFAIN ., FHFREIFREK £ A FERESANA2.2.0.3.0.1.0.8¢/#%. DHREALZTH BELLEAREY
FrExer b o a B AR BRENBUMI0Y;F MEZERRELZAY S EHEALE BRH3B3Y A
43% 0 DERBAAXMSWTAYN , LEA AL TS B F R LS AFEEMEFEMIR; S F LK E £
BAAKLFTLIEAAMEAR LR AAELFTENTFAMEL, L T AABRBFLSFRIEHRIALS
o, BB BRI UL EFAARALY T HFRLEEREILENER, B, ESFFOEZ T F LA MR
A3 B W (20~40 mg/kg) A= 3 56 8 L E REA TR A ¥ F 3k L3 sk R e R AR,

KR LE-HM ARG HEAS; RELET; B, ¥wmBE; HF

hES%ES S311 XEHS  1007-4333(2025)09-0186-10 MERERS A

Accumulation characteristics of trace elements in the
above-ground parts of asparagus lettuce and its influencing
factors in the Erhai Lake Basin

HUANG Qi', SUN Zelin®>, HE Yousheng®, MAO Dan*, YAO Zh#,
ZHANG Wei*, ZOU Chungin™

(1. College of Resources and Environmental Sciences/National Academy of Agriculture Green Development, China
Agricultural University, Beijing 100193, China;
2. College of Resources and Environment, Yunnan Agricultural University, Kunming 650500, China;
3. College of Agriculture, Yunnan University, Kunming 650091, China;
4. College of Resources and Environment, Southwest University, Chongging 400715, China)

Abstract This study aimed to explore the accumulation characteristics of trace elements in asparagus lettuce
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(Lactuca sativa L. ), the influence of soil fertility factors (soil nutrients, organic matter, pH, etc. ) on asparagus
lettuce trace elements accumulation, and its main influencing factors in the main asparagus lettuce production
area located in the west of Erhai Lake Basin of Dali City, Yunnan Province. Using a survey sampling method,
a total of 50 mature asparagus lettuce samples and their corresponding topsoil samples were collected. The
trace elements contents in different parts of asparagus lettuce, as well as soil available P, Fe, Mn, Cu, Zn,
organic matter and pH were determined respectively by ICP-OES, vanadium molybdate blue colorimetric method,
potassium dichromate heating method and potentiometry. The contents of trace elements in asparagus lettuce
in this area and their correlations with soil fertility indicators were further analyzed. The results showed
that: 1) The stem of asparagus lettuce had the highest biomass proportion, accounting for 43% of the total
aboveground biomass. The accumulation of Fe, Mn, Cu and Zn in the above-ground part of asparagus lettuce
was 2.2, 0.3, 0.1 and 0. 8 g/plant, respectively. 2) Trace elements Fe and Mn are primarily accumulated in
primary leaves, accounting for 33% and 30% of total plant content, respectively. Zn and Cu mainly accumulated
in the stem, accounting for 33% and 43% of the total plant content, respectively. 3) Pearson correlation analysis
indicated that the soil DTPA-Cu content was high-significantly and positively correlated with Zn, Cu and Mn
accumulation in the asparagus lettuce above-ground parts. The Fe accumulation in the asparagus lettuce
above-ground part displayed a significant negative correlation with the soil Olsen-P content and soil DTPA-Zn
content. In conclusion, the contents of trace elements in the soil of the asparagus lettuce production area in the
Erhai Lake Basin are high, and the availability of trace elements in the soil directly affects the accumulation of
trace elements in the above-ground part of asparagus lettuce. Therefore, in asparagus lettuce production,
maintaining soil Olsen-P content within an optimal range (20 to 40 mg/kg) and increasing the application of trace
element fertilizers can enhance the accumulation of Fe, Zn, Cu, and Mn in the above-ground parts of asparagus
lettuce

Keywords soil-plant system; Erhai Lake Basin; trace elements; accumulation; influencing factors; asparagus

lettuce
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Table 1 Soil fertility grading standards
9% Grading 414 Grading
Eisgian ) ., ., Eisgian . -, .
Index —% —% =% Index —% 7 =9
First grade Second grade Third grade First grade Second grade Third grade
i/ (g/kg) B/ ( kg)
AP/ g/ kg =30 20~30 <o | PREEE/meke) o550 <05
Organic matter DTPA-Zn
B &/ (mg/kg) B RO i/ (mg/kg)
>40 20~40 <20 >2 1~2 <1
Olsen-P DTPA-Cu
Wk i/ ( kg) WU/ ( kg)
ARBER/(mg/ke) 100 45100 <4 |AEER/(mg/ke =30 15~30 <15
DTPA-Fe DTPA-Mn
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Table 2 Descriptive statistics of different physical and chemical characteristics of soil
TR FEA KL F/MME S PN] £ {H P 7 g 2 AR
Soil fertility Sample size Min Max Mean Standard deviation Variance coefficient
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Olsen-P
U & i/ (mg/kg) .
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50 0.7 22.5 8.2 6.8 83.1
DTPA-Zn
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Fig. 1 Distribution characteristics of different physical and chemical properties of soil
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Table 3 Descriptive statistics of biomass in different parts of asparagus lettuce

N o 7 4 o Ty
Plant part Sample size Min Max Mean deviation variation
& ¥k Total plant 50 21.27 73.82 50. 27 11.3 22.5
M Primary leaf 50 4.95 12.77 9.13 1.9 21.1
) € M Functional leaf 50 3.81 12. 65 8.62 2.1 24.3
BT Young leaf 50 2.34 10. 88 6.35 1.9 29.7
Z£ [N Stem 50 5.35 35.22 21.75 6.3 28.8
Jz Skin 50 2.50 10. 68 4.42 1.3 30.0

S REC T 90% B R FRAE, JU R
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114. 2% ), I W J5 6 07 3o 28 44 7= v 7 AR 35 0 it
N7 AN 353 A (] 80, A AT 8 5 B N 3R 43 9 2 ) 43 AR
AN EEDIA O .

5] 2 55 b R4S A 2P Bk B AR VR A Y

OYATIEDL o T UL« 5 SR RS B R T 3R 1 AR R
IIAETER 3 25 5%, AR B B 45 7= o Bk VR TE
B SR R S B R, 20l 112, 3.20. 1 mg/kg;
FEZER R AR, 40 o8 31. 7 4. A mg/kg. M A PE
A ARG BRAL 2 IR R RS AR R
AL o BELE S R S R, O 14, 5 mg/kg, A



TELAE - LI A b A ol DT A R AR A B R i R T 191

F4 BHEHEBHETERERSHERESIT

Table 4 Descriptive statistics of trace elements accumulation in the above-ground parts of asparagus lettuce

Tt JT R BEAK  EAME/ (/¥ FoRA/ (g/ M) ~FEIE/ (g/ k) o Al 2 LT U
Trace element Sample size Min Max Mean Standard deviation Coefficient of variation

£ Fe 50 2.2 77.0 20.3 18.8 92.6

£ Mn 50 0.3 20.1 3.3 3.8 114.2

i Cu 50 0.1 14.9 0.7 2.1 296.2

8 Zn 50 0.8 14.1 2.0 2.5 126.7
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Fig. 2 Distribution of trace elements in various parts of asparagus lettuce

P 3 o Bk VBE VB R TE B4 5 B RS AL AU R
BUFOL . Al UL 8k A R BV O 5 57 0 o0 B &5 2R —
B, ERE S AR b, R E 5
FELRER B B 3300 F113000 o T &4 5 25 1A DY A ) 4 A
SR BRI B 32 R ARERAL, 2o B 3300
S 4300 LR b B SRR R X R T R A R AR
i 52 APy i TR i b A B RE 3L [ R 45

2.3 BEM MRS BERETERASHOEX
5 1

By ARk B L B RS R 1

RE 1 2 802 [8] f) Pearson #H & Mr 45 R UL & 5. 1]

W, 55 b bRk R S A RO Y

R ENNMELERG=—0.32D), 5+ HEH K

B 2Z 07 AE A S 3 A DG Gr=—0. 044 1) 5 $4 5%



192 0 LN ES I Y NS S 4

2025 4F 45 30 %

14%
33%

21% L 33%

.\ 11% 21%

(a) % Fe

(c) #i Cu

~ 10% |

23% 16%

21%

19%
17% /

(b) ¥ Zn

0% M Primary leaf

O HifEM Functional leaf
Bt Young leaf
ZE£[A Stem

0} Skin

. 8%

30%

19% e
‘ o

(d) % Mn

3 AMEFERELRERAZBUNRRIHBER

Fig. 3 The accumulation and distribution of four main trace elements in different parts of asparagus lettuce
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Table 5 Correlation between trace elements accumulation in the above-ground parts

of asparagus lettuce and soil fertility parameters

(DS ST A HLET A R ARk A B A 2 A B
Trace element pH Organic matter Olsen-P DTPA-Fe DTPA-Zn DTPA-Cu DTPA-Mn
£ Fe 0.244 —0.248 —0.321" —0.167 —0.441" 0.084 —0.202
% Zn —0.245 0.212 0.049 0.251 0.357 0.565" 0.272
i Cu —0.084 0.063 —0.126 0. 300 0.108 0.646" 0.183
i Mn —0.151 0.152 —0.100 0.191 0.181 0.423" 0. 244

TR A 56 (P<C0. 05) 5+ m M i 35 A 96 (P<<0. 01D

Note: * indicates significant correlation (P<0. 05); ** indicates extremely significant correlation (P<Z0.01).
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Jiti FH SR W o 5 A TE U S B G A 7R X AR T
Gbr A, LK 1 HEA OB B ) AE 20~40 mg/kg, DA
2 B8 A A KR . Yang %6036 B B AN BK 5 Y 1
I RPN Fe-P &9, 45 B =7 IR 1 +
B 2 BRI # 2E 88 b 5 AR A A E T
5 W) AR 0 1 35 4 WL ISR 3R . AR BIF 5 R B AE T U X
B, HEA RO B S e S Ak BRI
KR (P<<0.05), P=AE 45 iE . 5 LR F ot 45
R—, ERRME L E LB <400 kg/hm* (LA
PO O I, VE 9 b 1 35 £ B 52 B 25 it B o 1) 389 Jom
W3 AHAEA BRI K B, A o RS
G5 Hb I R I M SR R TG AH G L B HE R 3R R R
CR RT3 & Rl 8. 8 mg/kg) BEIY URbh 1 1 T
32 pe 1 5 S 1) B I SRR T Y T R

AW K, A O & 55 A
B R B3 RRUAE R A B 3 OE A e M L X 5 R ik
SEUSTRIE g 4 R AR — B S LR R A Wl i
AU IR R o TR R A s g e R R A 2
00 )~ 8 R X A 1 R B, 3 A A, AT {2
PEVEY B 2R Adamczyk-Szabela 250 iR 56 &
B, A 5 VS 0 R 2 A B e bR O e
T e Ondo %5V 55 % B, A 38 v S i 4 X B B 4
- 21 280 e i 1 WO EL A B R

4 & i

S WA T U O 5 9 AR A T R R ARRRAE
RIE L IENE Ty IR 7360 R BB L], LA = 4 K
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