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ARG Bt WA B A 50802, dEaT 1000815 2. R ARAFEE R VR haey, dbsT 100125)

JER{LHHE

B E. PEOCES. B SO RER H 385, TS A OSSR A AR URE B H R R R
M), ] Ay e R X3 R bt - M e G A PN P AR SE S I . T 15 4 [ 697 b T R W A5 %
WamEdE, AT 2016 F1 2021 AE4E RS TARE =X (ARJLIX . 4BJLIX ., FELIX ., FORGIX . RKVDRBRAER X))
{14 -3 RS S B B et I AR AR AE ST B VR W52 . 5 2016 4FAHEL, 2021 4F 697 A~ Wil s +
BEASHAMEAS FAC MR P B B AN B3, AR B S B R T 27.3%, SESCHEES . St B AL
W E S 5 pH A HUR (OM) HIK, SR X A S S A5 BE R & AR PR AR AL R iEA T AR, 5 2016
FEARLE, 2021 4R 2R IX St A I B i A3 ) 0 B I T 25.5% 1 52.4%, EE5 pH MG, AR S B T
T 47.8%, FESGHBIHIC, I HIEES SRR NI T 11.8%, FE5 pH AHC, WEAbIXKAcH ks . SR
R T B TR T 64.0%. 54.0% F130.4%, F5EZLSRAAC, BEEESEHC, fiS LIk
AIAEREAMG, PAR X AR & B T T 30.0%, F25 pH 1 OM MG, KT Hisas fub s fg sl & 0>
SRETRET 52.0% 1 15.7%, FE5 pH f1OMHC, X 3MAEMSTETE S/ A RE, —HFHY
pH A1 OM A6, FEEERET, KR 05 et a5 FEE & i 2 o IEARDG, TR i 5 5c e M B A R0 75
R RFEMSE, NEFENE 3 R R e AR B EMENE; X pH < 7.0 B, /NE = SACHR P A I & i it
WEIEMIE, Y pH > 7.0 BHURTEAE BEADENE; Toig T RTER EaR I, /N2 = ety A R & AN
FAOCPE. 25 F, 2016—2021 4E1Y 5 4FH], FRIESE e scietiss | B A 3, AR & W ERRL, Xt
TG R 5 1 pH 1 OM HSC. AN E = X i Je R & B AR (URRAE AN S i P 3 SO0 2 B = B
SRR 225, Xt h T R AT B T X R &

KHEIR: MR, PEOCER; HIEpH; KR EK; NE
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KB, PG A I s rp A S ek A B i
FRUBE . Bl o & i R IEASG, 5 Eent A
RN i B SIS PR 2 C &R o X
i A AL X 146 A +3ERE S AT R
B, BEEWHR AR, SSHAEESZ AR, T
ACHRMEBE LRGN H . AN ) L S Y Y S A |
P EAATER R, LIRSS T & &
B, LUK bR, BORAYSSHEBEF X A
[ /e ot .4 (2 4 R e SR PO SRS
SRR AN 2 B 0L 5 e A LI
MIFEAR 7 525 Y R, LR L BAY
el - e v 5y B TR AL T ARl Z K, I EE A
TR AR . Sk T A 282 4
JKAE L I ST B, A KRS A e | B
BAREE, K= AR R B Y E . R
45 O SR K M TIT 689 AN X+ HERE i S i
BT R, LSRR AR S R, &L
Bk E e =, WIEESRICEA. HAT, X
IR ETERAYTIT 2 AR AR BB AR
L RTREUE T P LR TR &
TE LR FEMEAEY) (KRG, EARFINE ) 77
R B = R G 9T, T HIE AR A2 = X
RICR S MO RN R M AR, NI, A
W BT AR 7 X B M P B ST R S R A
fil WA R SO FER AR R T,
)RR AT )™ DX B HE R 7 i i T e
{18

AR FERACAM A FB CJFA ) 1988 4F
T 2 7 A B PR DT R 1 (697 A M
MR, BEER ALY e P BUAC R 2R, 234
TAE X)), WP e TR, FE AL
SERIALTE A e . SR AR AR L, B
g R 7 A7 W N0 B G S R [ A P I o B
TP ECR RN . AR T IR KM E
WX GO, I B R OB - g e
IR SRR N R SXKAS . Bk /)
A MR EAR Y BRI, 2 A DX PR
PP TR ALRAT )45 SR A BB AR

1 #REFZE

1.1 FdEskis

A FT DL AR M A A RS T R NS
%, T HEEERIE T Al Abs HRp ot K
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SERLWEIN” TAEWSIE 2016 F1 2021 4F H a1 I
P (697 A WEM Do 3 26 W 55 437 7E FR 1 6 A4~
FEAROM A XS, Horp, RIEX CREILA . &
WA, ILTE. NEE AR ) 79 IS, 48
JEIX (fdby . REETm. dbatdi. Wrga . g
BB LKA ) 146 AW PEAEIX (H
ME . TERRGHRK . HiE . BRIA . e
FIRBIRX ) 99 AN WEml a5 . VU X (54, 1
e, BIEE. Wig. EHR ) 97 A4 M AN
KL (L8 . mEsE . ARG . LAA. 1T
PE4 . Wil ) 227 AW S AR X (Pt
BB, JRE. ~mME. BrEA ) 49 4 Wm
S XSBWEIS AR A, Bt Wt
fil 4. KRG 20 ZFh LA, FEEFRIKAE
TR/ =MD, W it A A0 ] 48
PR 32 5 22 b i R PR — 3
1.2 BERESE

2 Wk S AERCEE OGRS (10 AR E 11
A1) REBZE (0 ~ 20 em) HIERES:, RET
T R4 [ B b ) A A T T R R AR A
11, AR S A S TR I, SR Y 432 B
1.5 kg FE SR REHERE F 4%, AARKT S 4F 2 mm G {1
fFo HOREZEE, JEF TR EBEIE +
RS . BE; CRABEMRELEE, GRRPI Lk
7€ A %08 ; R pH 3T (pH6220 ) I % + 1 pH
(KB EER 1 2.5) 5 ot FH o0 I 00 s 12000 7 1
AL (SOM ) 5 (B E ZEDE TSR
(TN); i A ke S 4wk (TP) ; il
FH G CRE I 34 (TK ) 5 i IRk R 06N
24 - SHERPT L A e A A (AP) 5 I
BETREIRAR — KHCRE I E HHLES (AK),
1.3 RS EITR T H AR

T A RS T R IT R SRR H T RS —,
AR SCHREAR MY AR A 11 Hh o R B bR x £
FABESTREERTGESH (£ 1),

x1 #HTEFIEHETEITFNER
i3 EL (me/kg )

AT SEAE R EE U
1% < 300 <50 <10
AR 300 ~ 500 50 ~ 100 10 ~ 20
i 500 ~ 800 100 ~ 200 20 ~ 30
5 800 ~ 1500 200 ~ 300 30 ~ 40
[+ > 1500 > 300 > 40
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14 Fdmabr

I Excel 2019 #PILHAHE, K SPSS 20.0
AT B R 7 2240 A g 2L A 430 B, Duncan
TE 0.05 KV N kA7 25 53 g VR85, 8 ] Spearman
H G R FOR 3 43 BT VE ) 7 8 R0 v £ 6 2R 1 () A
Kk, RAZLMERIE T BEHETEE; BHRIBET
P “corplot” T EITR T B LA
PR AR AE BT A9 A OC 48 B HH Origin 2021 i £ 45
BE

2 HBREHH

2.1 FREFZRE X I RITTR IR
A BN KA = X s vk 85 . B
BB 7 AR PR AR fE I B 1 RN 2 Fif s, 2016 4
4 [ A A 9 A 4 MR 5 - 12 B O 2294.7 mg/kg,
552021 4F (2153.2 mglkg) HLTEREFEES . ~
AR X e RS S 22 e B, HRf
B (i) S AN ) ) AR fE AL, 2016 4F, PHILIX 48

EEE2016 []2021

15000 =721

n=101

10000 +

5000 -

HNERS (mg/kg )

ARG S B (P Y E N 4978.4 mglkg) B E
TFHAMIX, HKRMAHILIX (22573 mgkg) . £
It X (2597.3 me/kg) Fl PG g X (2695.1 mg/kg ) ,
R IX A (1114.6 me/kg ), 2021 4F, ZRILIX AL
e k4 A B (28267 mg/kg), HOWR M TE
X (2699.5 mg/kg ), & pg X AL (964.2 mg/kg )o
52016 4FAH tb, 2021 4F AR b X A2 4 PR 45 & &
FHEINT 252%, AEAC X AP AL X 4 ) 2 R R
T 11.8% Fl 64.0%, H A~ KA & (& 1,
F2), ARAEA M ARAT T BT RN AR (%
1), 2016 f12021 44, ZRILIX ., 44X, ViR
X KT3I s e 5 S LA R S O &
17 H 52.1% ~ 88.9%; PHILIX 2016 4 38 #1445 LA
EAER R, (5 88.9%, 2021 4E LI AN
T, HH46.7%; fERGIX 2016 F1 2021 453 LU
ohE, T 31.0%, AN KARE S X 4 4
S i A AN R R AR AL, (R4S IXAR L
BMER (£2),

1600
1200

800 -

@«

400

i

APbEEE (mg/kg)

<)
2|
)

2/

\;!

et
@i
v‘.\

400 |
300

200

B (mg/kg)

100 |-

4l AALX Aedbix

PR KL AR

PIEX.

HeETIX

B 1 2016 #1 2021 ELERAABEFTX HEZHRES . FNEAHS=E
1 RRIKRGFREIR 2016 4B~ XA 227 B (P<0.05) ;3 ANR/NEFHREER
2021 AEMLE S XA 222 B (P<0.05), ns FR LA E2ER,
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2016 4F 4> [ B LIS R S 2
283.3 mg/kg, 52021 4F (293.4 mg/kg) A G
R 2E S TEN KM E ™ X, 2016 475 6
X AR PR 2 i (454,10 mg/kg ) B =
FHAB X gk, HR A ARILIX (339.3 mgkg ) FiIfE
dt X (3458 mgrkg ), %€ Fg X (101.1 mgtkg ) Hx
Ko 2021 4F AR AL IX 4 18 28 4 P 6 1 B i B
(517.1 mg/kg), HUKAHEILIX (309.6 mekg),
R X (206.6 mg/ke ) Ak, 5 2016 44 Lk, 2021

AR AR b DXORR AR VT3t ok A 48 50 F8 1 B S 359 % i 4 )
BT 34.4% M 52.0%, PEA6X B EEIL T
54.0%, HR3IANXBAMARE (E1, £2),
2016 F1 2021 4F 42 6 J AR 43 KL £ 7 IX 4 48 58 4
WS BEREEI N T, H LYl 33.0%;
2016 4F P4 pg XA YLk DL &2 2021 4 pE 6 IX 1) +
BeAg R LR o £, S el 30.0%; 4ERS
[X.2016 1 2021 4F 11 1 438 22 4 14 55 34 IR 9 R
F, S 30.0% (£2),

®2 2016 #2021 FEERAKRRFTR TEZHRES, ENEAMSERER G

e — " o
P b P EHH AR AL .4 FEREL (%) _ _
(mg/kg) (%) S AR g Ldis =
g/ | 2016 2297.4 79.4 2.6 5.0 9.9 234 59.1
P4 2021 2153.2 72.1 2.8 4.7 10.5 252 56.7
ZRALIX 2016 22573 58.6 2.0 1.0 3.0 12.0 82.0
2021 2826.7 41.8 0.0 0.0 5.0 7.9 87.1
fedbix 2016 2597.3 82.9 1.9 5.2 9.7 27.7 55.5
2021 2290.3 71.1 0.7 0.7 2.0 33.8 62.8
PHALIX 2016 4978.4 482 0.0 0.0 0.0 11.1 88.9
2021 1792.3 103.0 0.0 5.4 19.6 46.7 28.3
PHRG X 2016 2695.1 74.8 2.8 7.0 9.9 19.7 60.6
2021 2699.5 55.3 45 1.1 3.4 15.9 75.0
AR R 2016 1724.6 60.4 2.6 5.8 13.2 26.3 52.1
2021 1977.3 74.3 33 8.8 15.1 20.5 52.3
HERIX 2016 1114.6 59.5 7.4 9.3 8.5 37.0 27.8
2021 964.2 73.3 14.6 12.5 22.9 31.3 18.8
A e 2016 283.3 70.9 6.4 11.7 23.7 21.9 36.3
PEEE 2021 293.4 76.3 7.2 15.3 23.1 14.7 39.6
ZRAEIX 2016 339.3 45.6 1.0 1.0 112 429 439
2021 517.1 46.4 1.0 1.0 4.0 15.8 78.2
fedbix 2016 345.8 61.9 1.7 6.8 2.6 19.8 492
2021 309.6 60.7 0.6 5.8 29.8 21.6 42.1
PHEIX 2016 454.1 44.6 0.0 0.0 115 12.5 76.0
2021 209.0 62.0 0.8 23.6 315 23.6 20.5
PR X 2016 220.5 60.4 6.0 10.7 333 27.4 22.6
2021 284.7 72.0 5.4 15.2 30.4 6.5 424
RITI 2016 166.9 70.2 10.5 24.7 332 18.9 12.6
2021 253.7 88.0 13.6 215 20.7 10.7 33.5
ERIX 2016 101.1 65.7 30.8 26.9 28.8 13.5 0.0
2021 206.6 114.0 30.6 26.5 16.3 0.0 26.5
SR 4[] 2016 36.6 98.5 20.8 20.9 14.0 12.1 322
2021 26.6 108.0 29.9 25.0 16.8 9.9 18.4
ZALIX 2016 433 104.0 7.3 27.1 26.0 115 28.1
2021 22.6 69.7 18.0 38.0 20.0 12.0 12.0
fedbix 2016 20.1 118.0 454 243 9.7 7.6 13.0
2021 19.7 99.7 39.8 29.2 11.1 6.4 13.5
[itfa] 48 2016 39.2 98.9 12.6 18.9 13.5 23.4 31.5
2021 27.3 139.0 52.8 11.0 8.7 7.1 20.5
PHRIX 2016 45.6 87.6 24.1 6.0 13.3 9.6 47.0
2021 31.9 98.2 34.7 12.9 14.9 8.9 28.7
PSR/ TR 2016 33.8 62.2 10.5 25.8 15.3 13.2 35.3
2021 28.5 101.0 16.8 30.1 22.7 13.7 16.8
1ERIX 2016 39.0 75.3 16.4 16.4 10.9 10.9 455
2021 343 98.7 21.3 19.7 23.0 8.2 27.9
— 212 —

S

(T




| T T

rhE ISR 2024 (3)

——

2021 44 A ST f 5l 26.6 mgkg, 5
2016 4F (36.6 mg/kg ) AH L 3 T [ T 27.3%. 7~
KM X, 2016 4E A2 XA 00 7 34 & 4
(20.1 mg/kg ) @ EART HA 5 X, X 5 X5
) A AEE i % 25 . 2021 4E 4L X (19.7 me/ke )
FPEALIX (27.3 me/kg) A RT3 & i B & LT
HAe 4 =X, HAANT KA ERELER., 5
2016 “EAH EL, BRAEIL X FIAE R X 5 AR fUAS B 3
bh, HA 4 PMRE X 2021 EA MR SR B ET
KT 157% ~ 47.8% (1, 3%2), 2016 4F 4 H
ZRACIX . PEAEIX . PHREIX . KTl fnaers XA AL
AR SY T, (5 28.1% ~ 47.0%, fEILIX
DR 29 &, 1 45.4%, 2021 4E 4 H . At
X, ARdEIX . PUABIX . PO RE X VT3 A 250 LA
BARFUREER £, 5 B 29.0%, HEH XA
DImsg-h ., S 279% (£2), 4 FEEKE
PR 377 X R AR R
22 FREFEREZX TP EITENZ 0 E R
538

S E S KAEE X L PRI R &R
i DRI ZE AT ANl 2 i . e b, HIEsc i
PEAG S5 pH, TP, TK Fl AK 2 B E1EMHE, 5
AP 2B E R, RS X RS e 45 11
N EZRR K RICXSHANERS 5 &5 pH Al
AK B EIEMDE, 5 TK A AP & B & fAE; &
A6 X A8 e P45 5 pH . TP, TK F AK & I 3% 1E 4+
X PHILX eSS S TK & B FIEM K, 5 AP
SR ETASE; Vi XS pH A1 TK 2 i
FIEAME, 5 AP BB E MM, KITHBEcHM
555 pH, TP Ml AK & i EA G, 5 AP &2 i 3

Ca
LE

HAEK
b o
(A

VIRIX (o
Ko @

seigx. (W
pH OM TN TP TK AP AK

Mg

pH OM TN TP TK AP AK

TR OC; AR DX A S8 4 Pk 505 2 R i R B R
pH. OM FI TN, M5 8 IEMIC, 75X E5 A
EZi, pH X RS WS S R Ak,
SAR PR & BE pH A TR TS

4 [E B A et BE B i 5 pH R AK 2 i
FIEAE, 5 OM FI TN £ B MM, 7875 KM
B 7= X AR PR B 1 B Y B P 2 R
Ko ANKRE KA SRS AK R E2EE
K, ALK L bR 5 TP 2 1 3 A oG, 18
JLIX 5 OM A1 TN 2 3 IEAH &, PEdbIX 5 TP &2
BEAME; XY TP 2 B H5 FHG; KILR
55 pH 2 W E IEAHG; HERg X - eSS i
B pH A1 TP (38 g m (& 2), Horp, pH fEK
VLSRR g DX - S se e & s IR, 7
A6 77 M X S A 3

4 E R A AR & i pH A AP 2
ARG, 5 OM. TN FI TP 2 BB IEA G, SR
7= X - OB ) R R A
KA A A E S AK 28 E ML, EBILXKAH
RS pH. TP, TK Al AK £ 8 3 EAHSE; PHILX
R E i 5 E R bR C B EH KR VM XA
i pH 2 W EAADC, 5 OM 2 I #F EAH G,
KAITHBA RS pH 2R E AA5E, 5 OM Al TN
B EIEASE; 4R XA LR TP A1 AK [958 fin
AN, Bt pH F1AP R340 FEAR
23 TP EICRESFEREEY BN LR

e TTE A = MR B R 4y
MrimE 3 s, ERET, KRE=ES HscibE
B BER R E MG, SABEIAELE W AHOCNE;
TR i GRS AL B ARG, S acH Rt

s 1

N

t 0.6
t 0.4

pH OM TN TP TK AP AK

B2 £EEAKXREFRIEFETESEAXERIBESH
e * S FRANE XIS SR B = B EEIR, * FR P<0.05; ** FR P<0.01; *** F1 P<0.001,
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AR 5 TEADG; /N 5 3 b EOTR
PIRAEAE BB NE, LA pH=7.0 S SR X A [a] B ik
EIET /ML 5 R R OUR ST
Mr, HE5RME 4 R, 2 pH < 700, /NER
20000
15000
10000

5000 | &

KRR (kg/hm?)

0

5 - s i E s | B Sa E IEAOE; 2 pH>T.0
W, NP S ISR RS | BEANEAE A
(P=0.051); Joit AR ZIIEASEE, /D
& i) 5 AR AN AR S AR

20000

15000

10000

5000

Tk i (kg/hm?)

12000
10000
8000
6000
4000
2000

NEPER (kg/hm?)

O
0 2000 4000 6000 8000 O
RS (mg/kg )

O O
200 400 600 800 1000
MRS (mg/kg)

50 100 150 200 250
HwT (mg/kg)

B3 £ERET=ZARREWTESTEPETIHEXIN

A <70 O>7.0

15000

9000+

6000+

/NP (kg/hm?

o8]

(=3

(=3

=
T

|
|
|
IQ
e
|
|
|

A\ R=0.0426 P<0.05 n=124 | /A R=0.0392 P<0.05 n=1231 /\ R=0.0521 P=0.063 n=128
7 12000F O R>=0.0321 P=0.051 n=193: O R=0.0065 P=0390 n=1911 O R*=0.0173 P=0.056 n=206

ZEAFERE (mg/kg )

APEEE (mg/kg)

0 2000 4000 6000 8000 O 200 400 600 800 1000 O 50 100 150

RO (mg/kg)

B4 £EREANAREpHEETNEFESTEFETZRAENBEXSH

3 itig
3.1 FREFEERE X AR TR S AR
AL R FEW], 2016—2021 4, 4 [E B
TS . BT R AN, SRR
di AR AR, BILLESESCh A E st
B BEE R AR LECONEE, AR AT AR
Sy RS RS . BN Z . 5 2016 4FAH
L, 2021 4F4 E kb - A RT3 & i 3 R %
T 273%, SaEH N AR R, IR T
— 214 —

99%, EERINA T 13.8%, X FEEH T JLAE
4Bk SO, HEOR Y, LATTREIE i A 38 A Bk
A S DL AR B TC B AR A R
WIRPRESE N R T ke 0 AERET,
MM . BEFNAG A A2 4 pH . A LA
HAh = e R B, 5 pH A3, +HEx
AT | BE SR 0, SR N R M ERE o
AR HY, 54 TSR E R4S | 8658
Bk, SEGS. BERA, MR g
G5BT LT W SRR L BT R
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XA RS i TC R W5 A A 22 5 1T g S 3
NI TCER RIFEAERE R 52 4 A P IR sl H PR F 2
g 22 AR, % E pH W R Y
S, R e MURR A SRy S P RO R
FRACELTIEEARAS, IR EY A K .
52016 4FH Hb, 2021 4575 KA 7= X 4 3 v
HICR T AR RESR, RICXK St 85 fgeF-
PrE i ERIN T 25.5% M1 52.4%, A3 &
HREWDT 47.8%, =GR TR, KSR
s AedbIX AS bR 1 2 R, I B R AR T
B PHEX 3 R ETR SR B E TR, £
FEICRIZRE; XA SR E T
30.0%, MRS &N R, = 6; KT
TS 4P B A 500 7% 1 0 ol i 38 R T 52.0%
H15.7%, AREEGS by e, Iy s &
PR G ZRAS; ERIX 3 R R AR e AN
F, HEPECEREAEE . X FEERARRE XK
(R SMGEACA A B B - 4 b i T 2 s
S L 2 X R N IR, A P
T, PRGBS . BEROWCRRVE T, DOmisg
TSRS | SRS X TR
HiE AR EICE IR, UIEOK R ARSI E
i, 5l T HEr R LR RRE A T
BRI UL, it e e 2 AR BT X AS [) [X e 1 38
PEUR I B R A T, fAIE P BT R
Uik, AmEYEE ALK, AR AR, AW
WA= X e R S e A K 2%
Sto U pH 543 X 38R A S e A A SR
FHOG, AP S X g Ao, (H538
PR R RO AR S, B4 0 W &
M, mpECIlm PRI R S L pH 2R
IEARSE, WMSAPEAMIE, Henl i, EARR X
W AP TR IR, ZZEAH BT EITTRNE
ME R, DAGHIE T 2R 7 -3 P AR R
17, RBHk, EEhRnR IR R R,
DIRBEIRR
32 FKREMH P ETR S EEREEY &
P
HRETTRA. B, #MHEL, LEPEITER
B OBE L BRHVEY P A R A,
JC R AEAEY = 8 A T TR AN AT AR IR A
B REREARAROK Y BB VR & e R B, LR
PRE, /N M E KRG AR, 3 nfsRr £,

HE T4 AR O AU B Py e Al S 2 BRI
sOCA R, PR AR R T B R BT
PERE AR SR 7 BB SRR 1k
A, SR, R R R AR, [
R EHEVERD S i, IR TR = A >
ARIFFEA R L], ERET, $n st
B B R REARTIKA TR, SSHE BRI RO
WL TR, /N RN Z PR CR
SEI o (HAERRIEIR SR, /N2 i bl Ak
B BRI B T, ARG PR N A
PR AN SRR . BTSRRI, XA
O L pH 0SSR IERS | BE S AT BN, L
HES B D BRI IR P B HY B AR b 22 fe iy
K, SFHORERK, MRN8 B =2 A
Ko MTEIERREL T, HEGRMRL, TR
M RRFES . BERHES TS SR 2, AT HAE T T
AITRAE, e RIEsCi s | B, Wl N
AR, I, AN/ Y SRR A
PRIZE 2 KR e B S . B R
I, SRR E R TR X, AT
PRy, e, b o 2 XA A
WAERL, SEUTHS . B TR ERIR Y,
Ao B KRR ™ e Y SRR BRI PR 2K o ) 3 24 it P sk
P JTORT - 3 24 R 2 9 1 pHL, e
SRS . BRI AR, RE R . Tk
el 7t AL P A P AL I AN A, A L IX
HBLBREILE, KA. W, AL A BRE R
TR, (A T AR AR, BE IR
TERIXT BT R WBORI 0L AP Bk, I8 il
FIBRAEALREA R i)™ i, bR — e e 2%
B IOHENE , dERF BTG T LA, i
JCE AR 8 0 S5 ) S R i 2 R EE L, Ak
A=, LA AR AR, %R IS AT
HEOCRNERL, PRAEEYAR AR = A . 4N
TERRYE LSRRI, #hFERS . BEAL AT R fdm /N A2
i

4 Z5ig

(1) 52016 4E 40 [b, 2021 4F 4 8 52 # P45
B (091N 21532 F11293.4 me/ke ) ZEEAN
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Soil available calcium, magnesium and sulfur and their effects on crop yields across major grain production areas
of China

WANG Yan', WU Lei'", LI Jian-bing’, WANG Jun', QU Xiao-lin’, CUI Meng’, GUO Yu-ming’, ZHANG Wen-ju'
(1. Institute of Agricultural Resources and Regional Plannning, Chinese Academy of Agricultural Scienses/State Key
Laboratory of Efficient Utilization of Arid and Semi-arid Arable Land in Northern China/Key Laboratory of Cultivated Land
Quality Monitoring and Evaluation, Ministry of Agriculture and Rural Affairs, Beijing 100081; 2. Center for Monitoring
and Protection of Cultivated Land Quality, Ministry of Agriculture and Rural Affairs, Beijing 100125 )

Abstract: The contribution of medium elements, including calcium, magnesium and sulfur, to agricultural productivity
was of great importance. The objectives of the present study were to investigate the characteristics of soil exchangeable calcium,
exchangeable magnesium, available sulfur and their effects on main crop yields at national and regional scales, so as to provide
theoretical basis for the management of medium elements and rational fertilization in cultivated land at national and regional scales.
Based on the data from 697 cultivated land quality monitoring sites across China, this research compared and analyzed the
characteristics of soil available calcium, magnesium and sulfur and their effects on crop yields at national and six major
grain production region scales ( the Northeast, North, Northwest, Southwest of China, Yangtze River Basin and the
South of China ) in 2016 and 2021. Compared to 2016, the average contents of soil exchangeable calcium and exchangeable
magnesium did not change significantly, and soil available sulfur content decreased by 27.3% on average at notional scale in
2021. Exchangeable calcium, exchangeable magnesium and available sulfur were mainly related to soil pH and organic matter
(OM). The interannual variation characteristics of soil exchangeable calcium, exchangeable magnesium and available sulfur
in six major grain production region scales were different. In Northeast China, the contents of soil exchangeable calcium
and exchangeable magnesium increased by 25.5% and 52.4% on average, respectively, which was mainly related to pH.
Soil available sulfur content decreased by 47.8%, mainly related to available potassium. In North China, soil exchangeable
calcium content decreased by 11.8%, which was mainly related to pH. In Northwest China, the contents of exchangeable
calcium, exchangeable magnesium and available sulfur decreased by 64.0%, 54.0% and 30.4%, respectively. Calcium was
mainly related to total potassium, magnesium was mainly related to total phosphorus, while there was no significant correlation
between sulfur and soil chemical properties. In Southwest China, soil available sulfur content decreased by 30.0%, mainly related
to pH and organic matter. In the Yangize River Basin, the contents of exchangeable magnesium and available sulfur decreased by
52.0% and 15.7%, respectively, mainly related to pH and organic matter. The contents of three available medium elements did not
change significantly in the south of China, and they were mainly related to pH and organic matter. At national scale, the rice yield
was positively correlated with soil exchangeable calcium and exchangeable magnesium contents; corn yield was positively correlated
with soil exchangeable magnesium and available sulfur contents; there was no significant correlation between wheat yield and three
medium elements contents. Wheat yield was positively correlated with soil exchangeable calcium and exchangeable magnesium
contents at pH < 7.0. When pH>7.0, there was no significant correlation between wheat yield and soil exchangeable calcium and
exchangeable magnesium contents. The wheat yield was not related to soil available sulfur content whether the soil was acidic or
alkaline. In summary, the contents of soil exchangeable calcium and exchangeable magnesium did not change significantly, and
the available sulfur content decreased significantly across China during the year from 2016 to 2021. The contents of these medium
elements were mainly related to soil pH and organic matter. There were significant differences in the variation and influencing factors
of soil medium elements, and their impact on main crop yields across six major grain production areas. Optimized medium element
fertilization could help improve crop yield at regional scale.

Key words: cultivated land; medium elements; soil pH; rice; corn; wheat
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