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Abstract: To reduce the availability of cadmium(Cd) in soil and its accumulation in vegetable plants in old facility vegetable
fields polluted by heavy metal Cd, this research conducts a pot experiment using contaminated soil, investigating the effects
of foliar application of silicon-potassium type, nano silicon type, chitosan oligosaccharide type, amino acid type, and
selenium-rich type agents as well as mineral-source potassium fulvic acid, combined with nitrogen and phosphorus
synergists (hydroquinone, 3, 4-dimethylpyrazole phosphate) and biochar on Cd content and morphology in soil and Cd
content and accumulation in vegetable plants. The results show that in greenhouse vegetable soils with a shed age of over
30 years in the suburban area of Tai'an City, Cd contamination exceeds regulatory standards, with an exceedance rate of
34.62%. Among them, the most severely polluted surface soil had Cd content exceeding the critical risk threshold for heavy
metal contamination by 81.09%. Spraying barrier agents combined with nitrogen and phosphorus synergists on the leaves
can reduce the availability of soil Cd to varying degrees. Notably, the combination of nitrogen and phosphorus synergists
with chitosan biologics (Chit) and the combination of synergists with foliar amino acid water soluble fertilizer (IP) exhibit
the most significant reduction in soil available Cd, decreasing it by 18.65%—40.14% compared with the untreated control
group (CK). The optimized combination of chitosan oligosaccharide biopreparation and amino acid water-soluble fertilizer
(Chit+IP) facilitates the transformation of highly available acid-extractable Cd into the stable residual fraction, thereby
reducing the concentration of available Cd in soil. The proportion of residual Cd increases by 12.94%—89.69% compared
with conventional fertilization treatment CK0. Another effective barrier combination—medium element fertilizer + silicon-
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potassium restorer (MEF+SiK) treatment—significantly reduces the Cd content and accumulation in the edible parts of
tomato and Chinese cabbage. Specifically, the Cd content in the edible parts decreases by 14.97% —29.72%, and Cd

accumulation decreases by 22.43%—-25.15% compared with CKO. In conclusion, the Cd content in the soil of some vegetable

fields in the suburbs of Tai'an exceeds standard limits. Foliar spraying of barrier agents combined with nitrogen and

phosphorus synergists reduces the availability of heavy metal Cd to varying degrees, while the application of the selected

combination of barrier agents effectively decreases the Cd content and accumulation in various organs of tomato and

Chinese cabbage.

Keywords: Heavy metals; cadmium; vegetable filed; barrier agent; tomato; Chinese cabbage
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Table 1 Physical and chemical properties of the tested soil

AL (gkg™")

Organic matter

25/ (gkg™)

Total nitrogen

%%/ (mg-kg™)
Alkali-hydrolyzable nitrogen

WA/ (mg-kg™)

Nitrate nitrogen

HAE/ (mgkg™")

Ammonium nitrogen

16.77 0.82 253.90 20.35 92.70
2W/(gkeg™) R/ (mg-kg™) HERA/ (mg-kg™) 247/ (mg-kg™)
Total Phosphorus Available phosphorus Available potassium Total Cd
0.92 49.03 294.65 0.78

FEAGREE T 2023 44 H 27 AT, A%k H
2 5751 9 325 X 5% BT FH 35 hn i AP O “HDS-37 . Lk
TANALER , FEANALEE 10 7, FEA— AR A 4h T .
AR RGH N AR (1 mg-kg ™) A3, 4- — FF L0
W 1 TR 1 (0.34 mg-kg™) 5 B 23 3 2GR0 A W e
(0.67 mg-kg™) . FMIG R 5 R IER A 5 — Ik
PR 1338, Y S) HE 2, T BEL# 504 10 d Wit
1R, B IRAEE S 100 mL, JE0EHE 7 . B AR b 2R
TTRYTFR2.

AR T 2023 429 A & 12 A BT, 34T
e BH 425 7515 56 25 i ot Pk Ol “ LA E N 18327

HSE NGB8 FL” . Fii AR &S Mk
B, RRACEE 10 2L, TR L bR, SRR A AR .
T BE A% 570458 7 d W 1 7%, BFREE 7 100 mL, 3
Wit 10 K. RIEFHIEFIMHEELGEHEHE
TR AT G E . R ATHMSAE N
Tk AE 557 CRR B A5 50 12 5000+ 7 5 oo 2% JE R
(FRE A5 5015000 5 KR H 4B e S hE A
T CRR BE A5 20 125000+ FE R /K ¥ B (s B 1 £
1:500) s #5% fE T R 46 N HUE S 7777 (i
BT 0000 +F4R M+ (R BAE 501500, A
IRIAEEE T A TR 3.

72 AR E PR EFIX IS 2038

Table 2 Pot experiment treatment of different foliar barrier agent

JEBARS Qb p
Treatment code Treatment

CK U AL+ 2 WA 2

SiK RN+ U SO+ S50 CRESF R - T BEL A2 30) , A BT £ 12 500)

RCd I AC+ SR AR+ A AT 1 (PR A R e BEL 0], AR B4 12 50)

Chit BRI+ 2 ARG+ 52 S ) ol 2 e B 90, A e 4512 500)
1P TR+ SRR 8RR /K AN (R R v if BEL 450, A B4 12 500)

0Se FUMLNE+ RS RO A L s 009 55500 (i B T - e B4 9], R (545121 000)

FaK R+ R G+ 40 050 e O T R B P R T BELZS 500 , A R 45 12 500)

R 3 kMR A &I AL IR

Table 3 Pot experiment treatment of optimized foliar barrier agent combinations

bR b3
Treatment code Treatment
CKO H UL
CK1 HRL A+ A B OR]
MEF+SiK B HLNE+ BRSO R S A (RERZE )
Chit+IP HRUEAC A BRSO KR LA (RAE)
Ose+RCd “HALNE RS RGBT RS CAHV N FALE)
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Fig. 1 Soil Cd content and percentage of Cd in different forms of old facility vegetable fields in Tai’ an suburbs
T : ResF AFRHEAS Cd, OF AT AL A Cd, RE AT IR Cd, AF AFFRARIUES Cd, FIAl.
Note: ResF is residual Cd, OF is oxidizable Cd, RF is reducible Cd, AF is weak acid extractable Cd, same below.
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Fig. 2 Cd content and accumulation of tomato plants in old facility vegetable fields in Tai’ an suburbs
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Fig. 3 Soil Cd content in different soil layers under different foliar barrier agent treatment
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Fig. 4 Total Cd content in various organs of tomato

plants under different foliar barrier agent treatment
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Fig. 5 Cd content and percentage in different soil layers under optimized barrier agent combinations (for tomatoes)
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2 il U 3 R 6T R A CK R A 32 P 4

71204 MEF+SiK ., Chit+IP 1 0Se+RCd 1] 0~10 cm
JEIR I AF (5 HEE A 0 CKO 2 35 FR AR, 43
) BEAR 11.71%- 15.53%- 16.94% F1 10.80%;
1, Chit+TP A FE ) AF 5 E ot B 2H CK1 835 F%
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MEF+SiK &b ¥ F1 Chit+IP 4b# f£] 10~20 cm
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Fig. 6 Cd content and percentage of different soil layers under optimized barrier agent combinations (for Chinese cabbage)
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Fig. 7 Cd content in various organs of tomato plants
under optimized barrier agent combinations
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Fig. 9 Cd accumulation in various parts of tomato and cabbage plants under optimized barrier agent combinations

FI S AE PR b R4 CA AR B (& 9b) AT
DA H , Mt I e BE 2 77120 B % i it U 2 25
AbFE L B R RS> CA AR R R A FIFE AR
L it A i B4 7 4 A TR A B ASE CKO Hb 3584y

Cd%H/(mg-kg™)
Cd content
<
N

o
=

Rt
Rk E
Plant organ
8 MLIEFEITFIE & BtEMM S TES Cd a2
Fig. 8 Cd content in aboveground and underground parts
of Chinese cabbage plants under optimized barrier agent
combinations
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