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Abstract: Accumulation of heavy metal cadmium (Cd) in vegetable field soils poses significant concerns owing to various pathways.
Excessive Cd not only induces severe toxicity in animals and plants but also poses substantial risks to human health through the food
chain. Biological toxicity and Cd accumulation in organisms are influenced not only by the total amount of Cd in the soil, but also by
its activity. Under the influence of crop roots, various soil microorganisms affect the migration, release, and absorption of Cd in mul-
tiple ways. Current research on soil Cd availability and microorganisms has primarily focused on identifying Cd-resistant bacteria in
soil and enhancing Cd-contaminated soil phytoremediation by introducing external microorganisms. However, native microorga-
nisms are abundant, and comprehensive data on how their combination with different Cd-accumulating crops affects Cd bioavailabi-
lity, plant absorption and accumulation characteristics are lacking. In particular, it remains unclear whether the combination of
various Cd-accumulation varieties of solanaceous fruits and their native microorganisms influence soil Cd bioavailability, thereby
affecting variations in Cd absorption and accumulation. The accumulation of Cd in crops is primarily determined by its availability in
the soil. In the early stages, our research group selected tomato varieties with high Cd accumulation (‘Hezuo 908”) and low Cd accu-
mulation (‘Provence’). Through solution culture experiments, we found that ‘Hezuo 908 had a greater effect on the activation of in-
soluble Cd than ‘Provence’. To address the issue of Cd accumulation and ensure crop safety, our study focused on ‘Provence’ and
‘Hezuo 908’ tomato varieties. Using [llumina MiSeq sequencing, we investigated the effects of tomatoes and indigenous microorga-
nisms on soil available Cd levels and microbial diversity. The experiment involved treating the background soil (with 0.24 mgkg™
Cd) and Cd-contaminated soil (with 0.60 mg-kg™' Cd) with (without indigenous microorganisms) and without sterilization (contain-
ing indigenous microorganisms). Subsequently, ‘Hezuo 908’ and ‘Provence’ were planted separately. The results indicated that
‘Hezuo 908’ had a significantly higher capacity to absorb and accumulate soil Cd compared to ‘Provence’ in both types of soil. Plan-
ting ‘Provence’ and ‘Hezuo 908’ in sterilized soil increased the available Cd content in contaminated soil by 3.16% and 5.26%, re-
spectively, compared to the control group with no planting. Moreover, the presence of indigenous microorganisms in unsterilized soil
led to a 27.37% increase in available Cd in contaminated soil. When ‘Provence’ or ‘Hezuo 908’ were planted in non-sterilized soil
alongside indigenous microorganisms, the available Cd content in soil increased by 29.59% or 28.00%, respectively, compared to
single crop planting, and by 4.96% or 5.79%, respectively, compared to the sole presence of indigenous microorganisms. Compared
with the control treatment, planting ‘Provence’ and ‘Hezuo 908’ in unsterilized contaminated soil significantly increased the relative
abundance of Sphingomonas, Microcoleus, Haliangium, and Herpetosiphon. Additionally, the relative abundances of Actinoplanes
and Nitrospira increased in the non-sterile soil planting ‘Provence’ treatment, while Hydrogenophaga and Lysobacter increased in the
non-sterile contaminated soil planting ‘Hezuo 908’ treatment, demonstrating distinct differences among the bacteria genuses. These
dominant bacteria may be linked to the varying available Cd content in the soil planted with the two tomato varieties. In conclusion,
the combined effects of these tomato varieties and indigenous microorganisms enhanced soil microorganism diversity, altered the

community structure of soil bacteria, and notably increased the available Cd content in soil.
Keywords: Tomato; Cd-accumulation variety; Indigenous soil microorganism; Cd-contaminated soil; Cd uptake and accumulation;
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*1 RESAKELTEN Cd EPERIEMRFKIREHR
Table 1 Pot experiment scheme for Cd bioavailability of sterilized and non-sterilized soils

pLsLi sy FeATAD THUEE KA

Treatment Treatment type Tomato variety Soil sterilization
CK 25 X IR Control AFhF i Not growing tomato J& Yes
N + AWy B — 4 Single-processing of indigenous soil microorganisms AFh i Not growing tomato 7% No
P FEnEY) B—AbPE Single-processing of tomato crops T2 W Provence 2 Yes
i) —AbPE Single-processing of tomato crops £1F908 Hezuo 908 J& Yes
NP + Y- T EYIEE A Indigenous soil microbes-tomato crop union W HET Provence 75 No
NH Y- TR EYIEE A Indigenous soil microbes-tomato crop union 41E908 Hezuo 908 75 No

R fCRMEPR L EMEYI T, Sterilization means eliminating the interference of indigenous microorganisms.
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Fig. 1 Cd contents of tomato varieties ‘Provence’ and ‘Hezuo
908’ in background soil and Cd contaminated soil

P Fil CP o 5 SIS G b AR 0 <35 2 WEUT, HO Al CH O 7
R HERNE G R 09 G AE 908, R [R)/ING S RE R R A [ b 2L
% 57 1.3 (P<0.05), P and CP are ‘Provence’ in background soil and Cd-
contaminated soil, respectively. H and CH are ‘Hezuo 908’ in background
soil and Cd-contaminated soil, respectively. Different lowercase letters in-

dicate significant differences among treatments (P<0.05).
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Fig. 2 Available Cd contents in background (A) and Cd-contaminated (B) soils planting with tomato varieties ‘Provence’ and
‘Hezuo 908’ under soil sterilization and non-sterilization conditions
CK FI N 43531 Ay A A 25 531 A9 2K TR - S RIAS TR 13985 P AN NP g e <35 251 BE 07 19 2K 8 E 3 FR KT8 43¢, HRI NH g Fife < & 1 908 Y K TH
THEMAKE 1. ANE/NG FHRR RN R AL PR 22 5% 8. 3% (P<0.05). CK and N are sterilized and unsterilized soils without tomato; P and NP are ster-

ilized and unsterilized soils planting with ‘Provence’, respectively. H and NH are sterilized and unsterilized soils planting with ‘Hezuo 908’, respectively. Different

lowercase letters indicate significant differences among treatments (P<0.05).
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Fig. 3 Effects of planting tomato varieties ‘Provence’ and ‘Hezuo 908’ under soil sterilization and non-sterilization conditions on
diversity indexes of microbial flora of background soil
CK FI N J3 531 A9 A0 7 7 140 T 1 E RIS T -3 P AT NP S B 3% 25 IFE 30T 9% KT 1 3RS KT 138, HORD NHL I AR 5 £F 9087 9 K T4
THEMANKE 5, AR/NG FHEF R R R AL B 22 7 8 2% (P<0.05). CK and N are sterilized and unsterilized soils without tomato, respectively. P and

NP are sterilized and unsterilized soils planting with ‘Provence’, respectively; and H and NH are sterilized and unsterilized soils planting with ‘Hezuo 908, re-

spectively. Different lowercase letters indicate significant differences among treatments (P<0.05).
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Fig. 4 Effects of planting tomato varieties ‘Provence’ and ‘Hezuo 908’ under soil sterilization and non-sterilization conditions on
diversity indexes of microbial flora of Cd-contaminated soil
CK AN 53531 R AL 7 i A9 2 T L SRS KT 395 P NP S R <38 251 B 30 A9 K T 1 S8 RIAS O 38, H T NH R AT 5 908 B K T
IR K L, ANRE/NG FREFR R AR AL B A 22 57 3 (P<0.05). CK and N are sterilized and unsterilized soils without tomato; P and NP are ster-

ilized and unsterilized soils planting with ‘Provence’, respectively; and H and NH are sterilized and unsterilized soils planting with ‘Hezuo 908’, respectively.

Different lowercase letters indicate significant differences among treatments (P<0.05).
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U ONH &b HRE A+ A R0 Cd 34 1R B, T RE
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2321 Bt

AN ) b BT R b SR I B 32 A R 31
A X 8@ R T 1%), WK SA fiR. 5 CK 4t
BAH H, NP 4b PR AY + 3 Roseiflexus FIUES 8 (Mi-
crocoleus) A%} =E B Ba I, W FEAT 18 8 (Pontibacter) .
A A M B (Sphingomonas). VST & (Lyso-
bacter) 1 2£ BR & J& (Blastococcus) #8 X} 3 £ )i /b ;
NH 4b 2 4 38 5 38 6 )& (Massilia) . 15K ¥ [ &
(Devosia). 1B %M & J& (Pseudomonas). T 1 &
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FREXGIN, VR EE AR EE . SR
J& . KA R . 5P AT R R IR,
NP b3+ S R & . ZFEKTRJE . Roseiflexus
Fl Microcoleus AHXF = BEHG N, HFE )R . IR T[T
WE . BEREEE . EATEE . AR . Ak
P TR J& (Brevundimonas) 1 + Hi AT 18 J& (Pedobac-
ter) AEXTEFEW D . 5 HALFEAR LG, NH AP iy 2
Pt S BT R L T DA TR R 2 R TR AR X T R
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Fig. 5 Effects of tomato varieties ‘Provence’ and ‘Hezuo 908’ on microbial community structure of background soil (A) and Cd

contaminated soil (B) under soil sterilization and non-sterilization conditions

CK N G353 A Al AR 7 i 14 T L3RS TR -39 PRI NP S B 3 5 RE ST (14 K T - 3RS KT 12358, H ORI NH R FI e 4 78 908”19 K T4
+ A K 4. CK and N are sterilized and unsterilized soils without tomato, respectively. P and NP are sterilized and unsterilized soils planting with

‘Provence’, respectively. H and NH are sterilized and unsterilized soils planting with ‘Hezuo 908’, respectively.

LW E . RN EE . B EE . JEE .
TEEVERT TR 0 U S0 M T S N AT O s AR X S
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VR . AT TR I8 P O R b AT TR i A X
FREEW /D NH A i R W IR e . R s
AR E . AT . AT TR R R ZE R R
FAXT B b DR S . AT R . R
TR JE R - T TR J AR T 5 BT R . AT D, (e
JROTRT . T TR IR N 2E K A A O 5 s RT Bes )
F A Cd FrEr sk,
2322 SRt

ANTA] b 3 AG I ) 2 ZEAH TR 36 > (X '
BEXJR T 1%), WilEl 5B firzn . 5 CKAREEAA H, NP
A F A HER A AT R . RO R L WS R
J& (Actinoplanes). Haliangium . JC%& & & (Herpetosi-

phon) SR & (Nitrospira) #0 X} =F FE 34 i, 7K
WrkEE . R MEE . STEE . BT EE .
MR R . RHATREE . ORI EE (Pheny-
lobacterium) F1 53 8] 2F Wy AT 18 J& (Domibacillus) Af %
FREW/D; NH AP A ey s B M i s . O e
Haliangium . €& W J& . W & W J& (Hydrogeno-
phaga) RV FF 3 @ AHX F RS N, B3R . FEIR
WrkEE . R MEE . BTEE . BT EE .
- AT R R i P R i R R B AT TR S A X B
W 5 P ACPRAH ., NP Ab P - 985 S s oA o )i
TR . WS RE . Haliangium FVRS AL IR B4
JE AR X BN, AR . IR R . R
MiwE . EATEE . REREE . TR . R
PR E . FRMEEE . RIEFEE . WA REE .
VAT E . W8 SE TR (Methylophilus) F15E 57 5
& J& (Stenotrophomonas) ¥ ¥§ E /b, 5 H AL #H
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AH EE, NH A 23 4 3 85 o B B0 0 B L IO o s
Haliangium . JCE TR & . W% 5 & AU AT 8 AH XS
FRERGm, B3EE . FERITKEE . RPRREE .
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B R B D R A R D . 5 N AR ERAR LG, NP
Ao 3 A S G S TR R IR A TR s A X B o, 3%
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I A AT A OS2 B R R NHL A P S s
JCE T & . W S 8 A AT T s A R o, B
TR . RN E . AR E - sk
28 W 8 A1 Haliangium AN FFE T, Aik#HoC &
KW, FaiEY 5 1 2 R Y & AL NP H NH 1y
Pl B — 2 i VE 4 R0 B — G AR O A L SR T AR
& Cd By 6, [, FEIBR G Ak F3T TR o A
— PRI B R T, AT RS R RS Cd &Y
I G o [RTESE, A [] 3 7t it Ao ) - 98 40 0 ) o A7 A
W1 225 . <% 2 NE 30175 5 ol 4 98 I v s AT A
VRS AT 2 BE BT B A 9087175 AN AT - HE G
W JE QA B AR R T, LA e AU R
AT B A F B BT, Xl rTRE S S8 A
A Cd Z R MBS R N 2 — o AT DL, B 2B A R
J& . TR YER AN Haliangium 5403515 J& 7] R X 115
ARES Cd & HA HAER

233 TEREYH PICRUSt ThEE KB N4

2331 HERLE

BET PICRUSH B X 1 5 - S 047 1 BF D BE 7>
A, 45 BN [F] Ak 240 TR 1) 2 RE T A5 2., T s # E
PR 5 5 (R 2 R 4 45 (KEGG) B30 ot I e 34 ok
17O, 25 R a8 6 Fros o 1E58 — BT FrA #E i
W K6 264 Wy A IE 8%, 6045 40 L 2E 2 (cellular
processes, L1), 14515 B AL P (environmental informa-
tion processing, L2). 4% {5 E 4k P (genetic informa-
tion processing, L3). A &% (human diseases, L4),
R4 (metabolism, L5) A= ¥ {& R 4t (organismal sys-
tems, L6),

A [r) Ao 3 A 3 v SR R e 19 240 LS @R AR AR O
LA, T F R 50.14%~52.33%; H k2 L3, 73
N 15.12%~15.88%; L6 AHICIHE P 4 B i AIK, &4k
PP FEBLT 0.83%. 5 CKALFAH I, P Ab 3
M9 L1, L2 F1 L4 AH G HE A - 34 45 B 5 i, H Ak 2 rp
9 L1, L3 Ml LA AHSCEE NP2 £ . DL B
AR 7 A, A0 e R R N 2R Tk A A O R Y
oL RN, AT H AL PR (35 A% 45 S AL R i L
B, X WU AR Z W] 52 Cd B Ry 22 k. S

N AL ERAR LG, NP AT NH 4R L3, LS Fl L6 i 42
AH O JE PRS- 4 3= BERE I, Ui B B iAEY 5 3 it
WIRAERT, Bt 5 BB . R mAEY Ik RS
AH DG HE PR ) H 222 FE HE

O AR — LA AR 37 A B, Horh S 5
% iz (membrane transport), 4 3k R L (amino acid
metabolism) ., k7K L& ¥)1C i (carbohydrate metabo-
lism) LA K & il F1f& & (replication and repair) 5 ) J]
REE PRI TEAS [ AL 38T 2 B 2407 JE /i %1 . 5 CK A L,
P fil H A ¥ {5 554 5 (signal transduction), HAh %
FL% 1A% (metabolism of other amino acids). Z ¥
B A ¥ & WG AN AR (glycan biosynthesis and metabol-
ism). A4 5FE T (cell growth and death), #%iz
143 f# A (transport and catabolism) L M {5 5 73 1
M HAH H AE H (signaling molecules and interaction) 55
() 3 i 35 DRI AE X6 = B 38, d B AP AT B it S A T
T HAth & HEmR (AT DL S SR Y A= A R AR
G - EREEEELYGE. 5 NAIAMITL,
NP Fil NH Ab3# iz | s B m it . Bokib &4
i ZHAERE . fEi S (energy metabolism).
RN T A 4E A E a9 1018 (metabolism of cofactors and
vitamins), #H7F (translation) LA S 415 5t 0 A= ) [
fiit A1 AL (xenobiotics biodegradation and metabolism)
1) 2y £ 356 PR A T == B 38, 156 BH 7 5t AN S U
IL[FVE R B i . SRR A . ok A i
S R IR Y RE AR T A
2332 SRt

M 7 ATUUE Y, 7255 — 290N r AT FF L 2L
Ko 6 AR e, AR ERE (L), MR R
AbHR (L2), % fF BAREE (L3). A% (L4). 1R
W (LS) MR RS (L6). ANRIAEET £ F2 )%
e W34 LS i AR AH G L, ~F- 3 FE B R 49.19%~
51.94%; H U J2 L3, P2+ Bl 15.14%~15.85%; L6
AH O IE PR 3= BE AR, 4% Ak PR 2 3 BE IR F 0.85%.
55 CK AbSAHLL, P A H A B i L2 R LS i FR4H ¢
LS4 BRI, W WA TS G A SR i S PR
B AT B Ak BN AR AH OG5 A ) HE )2 B B S 3
55 N AbFEAH L, NP Al NH 4b 3 i L3, L4 Fl1 LS i
TR DG PRS- 34 = 3, B TS e a5 b R AR
Y5 - F A Y ERGE s A% (5 AR FE . AR A
N2 R G 35k PR 1 7 2 22 A I S 1A

5 AR ALAUTE 37 M B, Horh 2 SR
s FAERRACH . B G AR. BIAME A
1) Dy e FE A AR AR BT F B0 R ATS . 5 CK
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Fig. 6 Distribution map of the second grade of bacterial colony function prediction of background soil planting with tomato variet-
ies ‘Provence’ and ‘Hezuo 908’ under soil sterilization and non-sterilization conditions
L1: 40 L2: FRBEA5 AR L3: it 5 {5 AL EE; Ld: AZKP05; LS: AR Le: AR MR R %50, CK AN S35k 2R Pk 7 At 1 2K 1 + BRI K
B 13 P NP S e 3 2 HE S A9 9K T B SRS K T R 49, H A NH AR 515 908 I K B L3RI KB £ 4. L1: cellular processes; L2: envir-

onmental information processing; L3: genetic information processing; L4: human diseases; L5: metabolism; L6: organismal systems. CK and N are sterilized

and unsterilized soils without tomato, respectively. P and NP are sterilized and unsterilized soils planting with ‘Provence’, respectively. H and NH are sterilized

and unsterilized soils planting with ‘Hezuo 908, respectively.
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DA R A%t I AR X = B 3G i, 156 B 3 i R 1 2
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Fig. 7 Distribution map of the second grade of bacterial colony function prediction of Cd-contaminated soil planting with tomato
varieties ‘Provence’ and ‘Hezuo 908’ under soil sterilization and non-sterilization conditions
L1: 40EE R L2: BREE (5 BAR B L3: i A5 (5 B AL FE; La: AZBhs; Ls: AR L6: ZEMIAR R Gt . CKORN N 4331 hy A P 2 i 1) K1 £ HE RS K
T 35 P AT NP i 3% 25 0 3 A9 KT 3 AR K 35, H A0 NH P A 1E 908 1 KT - 3E AR KA 32 . L1: cellular processes; L2: envir-

onmental information processing; L3: genetic information processing; L4: human diseases; L5: metabolism; L6: Organismal systems. CK and N are sterilized

and unsterilized soils without tomato, respectively. P and NP are sterilized and unsterilized soils planting with ‘Provence’, respectively. H and NH are sterilized

and unsterilized soils planting with ‘Hezuo 908°, respectively.

PERFR 0 T 48 04 A= A ROHEY, e b iR IR
BHEERWHAYWA R AU SR LW, Fifl
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IBFFT AR . LA B 5" T oTt & B0 T A [R) 5
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o7 WA AN L R W X R CA A RS R SR
AR R BUAE Y R Cd B i R BN 22 R S 30T
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sativa) IR R AN FLR . W ATR . R MALRK & &
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BRI AR TS3T FIXE Cd FLA W B RE 7 114 i 2 P i 7
J& CATBO2"™ 45, BFF 7 K B 2 it 200 il T T 30 o 4
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