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Abstract: To investigate the effects of agricultural control measures and cultivars on soil and
kiwifruit cadmium (Cd) content, a study was conducted using the 'Xuxiang' kiwifruit variety as the
experimental material. A field completely randomized block design was employed to examine how
different agricultural practices—such as application of organic fertilizer (11.25 t-hm™),
superphosphate (3.75 t-hm™), calcium-magnesium phosphate fertilizer (5.625 t-hm™), and foliar
fertilizer—affected soil physicochemical properties and Cd concentrations in various parts of
kiwifruit plants. Additionally, differences in Cd uptake among six kiwifruit cultivars were compared.
Results showed that compared with the control (CK), application of calcium-magnesium phosphate
fertilizer increased soil pH by 0.40-0.64, while all treatments increased cation exchange capacity
by 0.84%—19.33%. Organic fertilizer application raised soil organic matter by 48.97%—53.45%.
Regarding soil Cd content, all agricultural measures reduced total soil Cd and available Cd (DTPA-
Cd), with reductions reaching up to 40.82% and 53.28%, respectively. The use of mitigants
significantly decreased Cd levels in kiwifruit fruits, roots, stems, and leaves, with the combination
of foliar fertilizer and calcium-magnesium phosphate fertilizer showing the best effect, reducing Cd
content in fruits, roots, stems, and leaves by 55.17%, 72.49%, 83.04%, and 45.45% compared to
CK, respectively. Overall, all mitigation treatments reduced the risk of Cd accumulation and
translocation in kiwifruit, with the foliar fertilizer plus calcium-magnesium phosphate treatment
being most effective in suppressing root accumulation and root-to-stem translocation. Among the
six tested cultivars, significant differences were observed in Cd uptake and distribution across plant
parts, consistently following the pattern "roots > leaves = stems > fruits." Compared among
cultivars, 'Xuxiang' exhibited relatively low Cd accumulation in all parts and showed significant
differences from other cultivars, making it a high-quality choice for Cd-contaminated soils in
southern Shaanxi. In contrast, 'Qinmei' demonstrated strong Cd accumulation ability, whereas
'"Xuxiang' and 'Yate' had the lowest Cd accumulation in fruits. 'Xuxiang' also possesses natural low
translocation characteristics; when combined with agricultural control measures, it offers the highest
level of safety assurance for production. In summary, agricultural control practices effectively
reduce soil available Cd (DTPA-Cd), kiwifruit Cd content, and its accumulation and translocation,
with the combination of foliar fertilizer and calcium-magnesium phosphate fertilizer being the most

effective. 'Xuxiang' fruit exhibits outstanding traits of low Cd uptake and low accumulation.
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Table 1 Basic information of the test monitoring sites
T BB VA=A 1544 /m TR A L
Monitoring site Geographical location Elevation/m Main cultivar Note
JUESEHR T P A Ll =P R X HIRE. e, RE
Nangianhu Village, The plain area in front of the 450~500 Hayward, Xuxiang, —
Jiufeng Town mountains Cuixiang
. L BRI P 5 W 7~10 d
GV HORIORT LT JE X o
o \ _ RN ) o
Zhao Dai Village, The plain area in front of the 550~600 ) The maturity period is 7 to 10 days
Hayward as the main ]
Jixian Town mountains later than the other two points.
AFHE A . R RENE
, gk X . _
Dou Er Village, 480~550 Cuixiang and Xuxiang are —
Mid-elevation area
Zhongnan Town the main ones.
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=7%, M E=8%. MHALHSEI = AR, FEMD N: WlERE (NaySeOs, LA Se i 50~
100 mg L™ ). EEFRH (K,SiOs, LA Siit 100~200 mgL™) FIEERE (1~3 gL™), HE
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1.2.1 REMEHERE REEEEHRIG LY RE BREPORIX R, R 2 AeRLX
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AP TR A, AR L) 600 L-hm 2, 4 7 d WU, LG 3 . WG A NI R -
10 BV RTER AT 4 BEFS, WEHEJS 4 h PGB R RN T . S0 1] ) At [l 2 B AR AR
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1.2.2 Sft £ F a3 fFh 2 T LRI 2 AU AR, KIER 2 822 A0 258t
PRGERE IS I A0 3 AR LR T A B RERAUN . AMEE 8D, RIS
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Table 2 Experimental design of different agricultural control treatments

AbPE Treatment 5% % 1T Experimental design
CK ABEATIHIEALFE No passivator
TC1 HHLIE Organic fertilizer 11.25 t-hm
TC2 JLHEERE5 Superphosphate 3.75 t-hm2
TC3 E5EEEAE Calcium-magnesium phosphate fertilizer 5.625 t-hm
TC4 AR+ HLAE 11.25 thm>  Foliar fertilizer + Organic fertilizer 11.25 t-hm
TC5 I B R 45 3.75 thm  Foliar fertilizer + Superphosphate 3.75 t-hm
TC6 M- AE-H4E AR A 5.625 thm 2 Foliar fertilizer + Calcium-magnesium phosphate fertilizer 5.625 t-hm™
TC7 IH-TH BB i Foliar fertilizer

1.3 HmRESLIE
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L CK HMRIA 24. 17%~93. 38%, Horhjta hnid SRR 45 145 SE B L 40 ¥ (TC2. TC3. TCS.
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TR CK HIE 19. 66%~150. 43%, Ho A HUER TC1 A1 TC4 AbFIEIER A, 737
1K 139. 32%H1 150. 43%. 5 FHAFZHE 0T+ 38 PH 25 1A B3 B & 52 THER (P<<0.05), 1
BT 0. 84%~19.33%, ALK TC1 I TC4 AFIBIER K, WIRTFE 14.20
ik, TCl M TCA fEIRTT LIEANI . A, FHE T HREMN 2R S &
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Table 3 Effects of different control treatments on soil physicochemical properties

cmolkg™ .

SO oH AL s A Rk AR BH & F 22 s
Treatment OM/(g-kg™) TN/(g'kg™") AP/(mg-kg") AK/(mg-kg™") CEC/(cmol-kg™)
CK 7.62+0.13bc  29.00+0.42d 1.72 +0.02 f 90.60 £0.88 ¢ 117.00 £ 1.55 f 11.90 £ 0.08 d
TCl1 7.64+020bc 44.50+1.16a 2.32+0.07b 112.50+1.90d 280.00+2.12b 1420+ 0.26 a
TC2 732+0.19¢cd 30.10+0.89cd 1.97+0.04d 15520+2.87b 140.00+4.29 ¢ 1220+ 0.22d
TC3 8.02+022ab 31.10+0.81c¢ 1.96 £0.05d 153.00+3.73 b 146.00 £ 3.64 ¢ 12.50 £ 0.33 cd
TC4 7.70+022c 43.20+£0.73 a 2.58+0.06 a 118.50 £2.14 cd 293.00+6.47 a 1420+0.19 a
TCS 7.11+0.13d 33.10£0.80b 2.02+0.03 cd 170.50 £2.96 a 201.00+1.92¢ 1290+ 0.27 ¢
TC6 826+0.19a 33.00+0.79b  2.09+0.07¢ 175.20+4.05a 194.00+4.13d 13.50+£0.30 b
TC7 744+0.15cd 29.00+0.77d 1.85+£0.04 ¢ 118.00+3.33 ¢ 144.00 £2.69 ¢ 12.00+0.33d

F: FAARNE FRROR AR EZ R B (P<0.05). FRE.

Note: Different lowercase letters indicate significant differences among treatments at P<0.05. The same below.
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ANTEAR ZIRH A oot 33 Cd AL AR (DTPA-CD) [sEmian il 1 s, 5 CK
FHEL, PR 30 Od SR EERFK (P<0.05). HAd, CK A HE Cd &5
7 0.49mgkg!, MENFHEZER S, TC3 CEHEBEAL). TC4 (M HAE+EHLAE) F1 TC6 (rf
JE-+HEE AR AL AL FE PRIE Bk, B Cd IS 0. 29 mgkg, Bint IR/ T 40.82%. Hi4x TCS.
TC1. TC2. TC7 kb T3485 Cd 5 A% 2 0. 32 mgkg!'. 0.34 mgkg'. 0.35 mgkg! il
0.40 mg-kg'. *THIHEHEME (DTPA-CD), HIHEFILAEHFEESE. MET CK
AEER() 0. 137 mgkg!, H LB T 5E 8ESH (DTPA-CA) 4375 2 0. 064 mg-kg! (TC6).
0.076 mgkg! (TC4). 0.077mgkg' (TC3). 0.078 mgkg! (TC5). 0.084mgkg! (TCI.
TC2). 0.089 mgkg! (TC7), JklRTEFE AN 35.04%~53.28%. HULA A, TC6 CIH-TiHJE-+45%5E
WEAE) AbFERCR B, A3 A4 (DTPA-CA) 4% 0. 064 mg-kg! (FEIRIE 53.28%);
& Cd B2 0. 29 mgkg! (FFIRIE 40.82%), 3% i T HABALEE, X} FRAR 138 284 (DTPA-
Cd) VE MR BRI

0.6
A4 DTPA-Cd
% & 4% Total Cd
b
i
c C

g
&

d

Cd content/mg * kg™
%|_‘
=8

e
)

bc bc c c c b

TACErErErer

CK TC1 TC2 TC3 TC4 TC5 TC6 TC7

0.0

AbFE Treatment

1 FRIAELEN HIRBWAMAYUZSHE (DTPA-CA) S ERIFNT
Fig.1 Effects of different treatments on soil total Cd and available Cd (DTPA-Cd) contents
W AEVNG RIS E —fabn A F AL B R 2 7 23 (P<0.05); iRELNEFHERZE (SD). T
Note: Different lowercase letters indicate significant differences among treatments at P<0.05. Error bars represent

the standard deviation (SD).The same below.
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R, sz, 1.
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NIRRT TC7 A BFME /N, FSE Cd ANBFK 3.45%, ARFIMBEIEIYAS 2 10%.

TC2. TC3) HJ 37.93%~51.72%.

Hrp, TC6 (MHIAE+EHEEREAL) % Cd 2L
A Cd EEE CK 27 K 55.17%. 72.49%. 83.04%Fl1 45.45%; TC4
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*® 4 TEFREEREX RS B RES BHME/ (ngkg™)

Table 4 Effects of different control measures on Cd content in different tissues of kiwifruit

Trjftffent i Leaf Z£ Stem # Root WL Fruit
CK 0.022 £0.002 a 0.0230 £ 0.002 a 0.229 £0.004 a 0.0029 £+ 0.0002 a
TC1 0.018 £ 0.003 abc 0.0053 £ 0.0004 ¢ 0.119+0.004 ¢ 0.0015 +0.0004 b
TC2 0.019 £0.003 ab 0.0110 £0.001 b 0.225+0.003 a 0.0018 +0.0002 b
TC3 0.017 £ 0.002 abc 0.0061 £+ 0.0004 ¢ 0.078 £0.003 d 0.0014 +0.0002 b
TC4 0.014 £0.001 be 0.0044 £+ 0.0002 ¢ 0.075 +£0.003 d 0.0014 +0.0003 b
TCS 0.019 £0.003 ab 0.0055 +0.0003 ¢ 0.162 £0.003 b 0.0015 +0.0003 b
TC6 0.012+0.001 ¢ 0.0039 £+ 0.0003 ¢ 0.063 £0.006 ¢ 0.0013 +0.0004 b
TC7 0.020 £ 0.004 ab 0.0110 £0.003 b 0.227 £0.003 a 0.0028 +0.0002 a
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Fig.2 Effects of different control treatments on Cd bioconcentration factor in different parts of kiwifruit
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Fig.3 Effects of different control treatments on Cd transfer coefficient in different tissues of kiwifruit
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Fig.4 Differences in Cd uptake and accumulation in different tissues of various kiwifruit cultivars
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