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land productivity of gravel-sand mulched field in the arid and semi-arid areas of Northwest China. However, the
comprehensive impact of continuous cropping on topsoil nutrients in gravel-sand mulched field is currently unclear. In this
study, we collected 586 pieces of data from 16 papers published in international and domestic journals. After that, the
differences in soil water content (SWC) , soil nutrient properties (SOM, TN, TP, TK, AN, AP, AK, TSS, representing
soil organic matter, total nitrogen, total phosphorus, total potassium, alkaline nitrogen, available phosphorus, available
potassium and total soluble salt, respectively), and soil pH between gravel-sand mulched field with different continuous
cropping years (4—6, 7—9, 10—12, 13—15, and 16—20) and farmland mulched with gravel for 1—3 years ( CK) were
quantitatively analyzed based on Meta-analysis. Furthermore, the response characteristics, occurrence path and driving
factors of topsoil nutrient properties to continuous cropping years and water-salt environment were systematically clarified ,
and the soil fertility level of all treatments was comprehensively evaluated using principal component analysis, aiming to
further deeply reveal the soil nutrient degradation mechanism of continuous cropping gravel-sand mulched field. The results
showed that the topsoil moisture and nutrients of gravel-sand mulched field presented an overall downward trend with
increasing years of continuous cropping ( P<0.05). Compared to CK, the contents of SWC, SOM, TN, TP, TK, AN, AP,
and AK of 4—20 years decreased by 39.06%, 14.21%, 14.96% , 10.06% , 8.20% , 15.87%, 37.01%, and 18.60% ,
respectively (P<0.05). It was worth noting that the contents of SOM, TN, TP, TK, AN, AP, AK began to significantly
decline from 10 to 12 years (P<0.05). However, the relative changes in soil SOM, TP, TK, and AK contents of 4—6
years were not significant ( P>0.05). Gravel-sand mulched field had a significant salt pressure effect within 12 years of
cultivation (P<0.05). After that, the topsoil TSS content began to show an increasing trend ( P<0.05), and soil pH
increased by 1.29% overall ( P<0.05). The continuous cropping years were key factor for the variation of TN, TP and AK,
and SWC was the dominant factor in the succession of SOM, AP and TSS in gravel-sand mulched field. In conclusion,
gravel-sand mulched field would experience significant topsoil nutrient deficiencies after about 10 years of continuous
cropping. Therefore, it is urgent to propose scientific and reasonable farmland management measures to effectively improve

the soil fertility of degraded gravel-sand mulched field.

Key Words: gravel-sand mulched field; continuous cropping; topsoil; nutrient degradation; arid regions of Northwest

China; Meta-analysis
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FRMEAR TR 2, AR R )2 T3R80 14 2 TUEEAR (SWC  pH) BIRFFLE 1 3 53 Btk (1P <50%
H P,>0.05) , i, Bk FEM A H BT Bt & B 04T , HAS i b A7 38 T R E AR AR FR 1 20 3047
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Table 1 The heterogeneity and publication bias test of available data on topsoil nutrients in continuous cropping gravel-sand mulched field

LT AR SR B Heterogeneity test

Index " Model type 0 P, 2% N
swe 66 FEM 1898587.01 0.000** 100.00 16874841.8
SOM 65 REM 160.90 0.000** 60.22 419.6
TN 67 REM 195.77 0.000** 66.29 889.6
TP 53 REM 89.42 0.001 ** 41.85 648.4
TK 34 REM 292.77 0.000** 88.73 1509.0
AN 51 REM 179.86 0.000** 72.20 1612.2
AP 71 REM 1346.56 0.000"* 94.80 22097.0
AK 71 REM 163.22 0.000** 57.11 3198.0
TSS 51 REM 77.23 0.008 " 35.26 1307.0
pH 57 FEM 5809.08 0.000 ** 99.04 3479.7

n:BEA R Number of samples; SWC ; 147K 73 & H Soil water content; SOM ; 134 HLFR Soil organic matter; TN ; 134> % Soil total nitrogen; TP ;
+ 4848 Soil total phosphorus; TK: F4#4# Soil total potassium; AN ; FHEGR A % Soil alkaline nitrogen; AP ; + 3 &% Soil available phosphorus;
AK ; 3EHRH Soil available potassium; TSS; 134k ( LIEATIEIEEL) Soil total soluble salt; REM ; BEHLAUW L7 Random effect model ; FEM ; [ &
BB Fixed effect model; Q: 5 FitESE T Heterogeneity statistics; Py : Q 1 5 VEH The significance value of heterogeneity statistics ; 12 : 5B 17
L. Heterogeneity proportion; N: 2k % 4> 24 Fail-safe number; * F/NKII 451K 25K (P<0.05) , # % FnK 0L Ris M 2% /KT (P<0.01)

1.3 Hdleibs

{8 GetData Graph Digitizer 2.20 #478(HEH2HL ; Microsoft Excel 2016 #E474 i BH ; MetaWin 2.1 #4715k
P HE5 I M s SPSS 24.0 BRI HEAT HEAERD 3R 2 T3 3R 00 et 5B IR K IR0 TR B B 58 1) 328 25 [l 1A 53
BT ( Stepwise regression analysis, P<0.05) Fli# 424347 ( Path analysis, P<0.05) ;Origin 2018 C #4718, 3%t H.
TR AE AR BRAFNAS [R] 7 21 () D FH 32 )2 385 0 R AR 4 T 32 L4343 HT ( Principal component analysis )

2 HREHSH

2.1 P HERZE TSR3 0N R AR Y e [ Ao

b HH 26 2 4 97 3540500 i 7 1 o KB B 25 08 (1—20 4F) LK 2, 135 SWC SOM TN TP AN AP AK
i Y A A R A 48 i S 3 P TR B (P<0.05) | AR BR T BB A s 42 53 -0.283 g g7 a7 (-0.178 ¢
kg a”' . —0.011 gkg'a™' . -0.009 gkg'a™' . -0.797 mg kg a”' .—0.498 mg kg ' a”' . -3.981 mg kg ' a”', FRIMi,
5 FIRZE R 0 B0 HRJZE 0 TSS & 8 5 AR KN R 2L R (P<0.05) , #E— 185 5R
R R BERFEENE 12 AR A RER DL, 12 4E 2 J5 I 4R S 0 6 1) A& S ra) R T UL, K B R
DT REIS A& TR A ER AL, AN (AR TR R, A TR TK & A pH (BN AR AR PR AR A 2 R
(=0.077 g kg™ a™") FIHE I (0.006/a) A 17 25 5 (H =35 F4 24 4 1L 24400 ( P>0.05)
2.2 FAEXTRD 32 ISR RN B A RN

AR | AR H 22 1351 SWC . SOM TN TP \TK AN AP AK ' TSS ¥ E. 5 ZHHI/EH (&l 3, P<
0.05) , Ho 8 %8 CK(1—3 4E) 45 39.06% (95% CI:-39.09%—-39.02%) .14.21% (95% CI.-19.72%—
-8.32%) 14.96% (95% CI:-16.89%——12.99%) .10.06% ( 95% CI:-14.06%—~5.87%) .8.20% (95% CI;
-9.22%—~7.19%) .15.87%(95% C1:-18.39%——13.28%) .37.01% (95% CI;-38.62%—-35.36%) .18.60%
(95% CI:-20.82%—=16.32%) 42.53% (95% Cl.-49.52%—-34.56%) . SR, EAEXT 4T 4—20 4E 1970 H
145 pH W ELAT I 2 9 1E 2800 ( P<0.05) , HIEIE AT 35 1.29%(95% CI1:1.22%—1.35%)
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Fig.2 The correlation between topsoil nutrients and continuous cropping years in gravel-sand mulched field

B IX AR TR 95% B ELAR DX ) 5« FRIUE A5 RIB BRI (P<0.05) , #x FRUGE SRS E E K (P<0.01)

AN AHER IR ZEVE RS 222 35543 (SOM TN TP \TK AN AP  AK | TSS) fi%) 71 507 £ i b At 45 B
FFER AT ANsR SN 3) , (HASER A, 5 CK MIHL,4—6 4E 14 SOM | TP \TK \AK & (A X A (b ¥ A 8
F(P>0.05) , AL FAL N 0.13% (95% CI:-11.96%—13.89%) . —3.04% (95% CI;-10.92%—5.53%) .
-1.62%(95% C1:-3.83%—0.65%) .—0.77%(95% C1.-5.88%—4.62%) , T 10—12 4EM}, 145 SOM TN TP
TK AN AP AK TSS &5 CK B AH X AS AR 0 - IR 2 T (DL AR i R R A Sk Lo ), LB 431 1l 3k
-23.33%(95% CI: -32.36%—— 13.09%) . -22.00% (95% CI:-25.60%—- 18.23%) .~ 15.58% (95% CI;
-23.27%—7.12%) .~ 13.12% (95% CI: -15.03%—— 11.16%) . -23.16 (95% CI:-27.93%——18.07%) .
~46.62% (95% CI:-49.29%——43.81%) . —28.46% (95% CI:-32.29%—-24.41%) .- 50.77% (95% CI;
-61.87%—-36.43%) , 1M ZE 16—20 i}, FEVEXTEP H 2 )2 3% SOM TN AP AK & i i H #E 1 FE dE— 25 m
JE) , A X A% Ak # 4  AT 3k - 43.68% (95% CI: —59.60%——21.47%) . —23.51% (95% CI: -32.01%—
-13.95%) .—18.27% (95% CI1.-28.68%—-6.33%) .—37.22% (95% CI.-45.82%—-27.26%) ; [Al i} , i1 %}
TSS &t AN HI R IR [R5 s, HAR XS 28 fb R 518 -62.82% (95% C1.-79.05%—-34.01%)

2.3 GEAEAERR KAIRB AR BRER B XD B 26 )2 - HEFR A RR I A TR AR B R Ak AR

# Y SWC . pH MASZM A T, 43 5% EVERD 2 357 40 R 8 A% (SOM TN TP \TK , AN AP | AK |
TSS) AT Z A I Hr, 2% 2 R /R, SWC .Y 1EH 13 SOM M%7 1| '+ (54.44%) Fi5s 2 EF A+
(-45.56% ) , AT 3L [ fif BEH: 89.809% HYZL 545 B (P<0.01) 5 ¥ SWC U+ 4 TN (9565 1 EF N (-52.47% ) FI
552 ERH T (47.53%) , REUES R FE L 68.50% 172 545 B (P<0.01) 5 X T L3 TP 117, BR ¥ X5 H A9 52w &b
(-60.81%) , [ B BT Ak BRI IR EE IR A2 200 (39.19% ) , — 3% nl 2L [al i B¢ 62.30% 978 F45 B (P<0.01) . Itk
AN, SWC HCED B2 )2 18 AP 1TSS 4k 19 SCHE R, 7T 43 31 i A H: 40.30% 1 53.40% 1978 5205 B (P<
0.01) ;1M Y W& 38 AK AR5y 2B, HMBE K 32.60% (P<0.05) .

AR ST AT BRI 5% ) R X VRS T 3R )2 L8R i Rt MV E B 72 S sg i R &1 4 W1, SWC
J& 3 SOM AR A FE P N (0.654 ), H X SOM Ry 132 1E [ 4 FH (0.589, P<0.01) , [AAF, ¥ 7R3 i %ot
SWC BRI (-0.313) HEMSLET 14 SOM [ IE] 3245 ; ¥ & 14 TN A1 TP R A% £ B PR I 7 (0.481
0.456) , Hoxf TN TP 22y ELHEEAM &40 (-0.499 ,-0.633, P<0.01) , HHr, Y [AIREREAL I i X SWC A il £ H]
(-0.232) #5038 TN A RIEEJRE I Y 38 pH X 48 TP AR E SR WS L85 (-0.044) .
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13—15 F —b— n=6 3 —o— n=91! - —ot n=7 3 !
< 10—12 3 o :n:20 3 —o— n=18 : Fo—o— :n:l4 I ~o~ n=10 :
§ 79t L oy 15 L 14 o, L o 12 L onm1d
@ 46 . - n=19 . n=21 o - —op n=17 s o7 =10
§ K - —o— n‘:66 . o :n:6f‘3 ‘ r o ‘n:67: P :n:53" ‘ r o‘n:34: ‘
o -39.10 -39.00 -80 -40 0 40 80 -40 -30-20 -10 0O -40-20 O 20 40 -18-12 -6 0 6
é RCax RCap RCax RCrss RCpu
g 1620} : F n=5 —o— : L —o— n=5' L —o— : n=5 3
é 13—15F +—o— n=9 : F o n=9 : 3 o~ n=9! 3 »—o—: n=7 3
# 1012} —o— n=14 3 o n=20 3 o 1201 Lo =15 3
% 7—9 n=10 ~—o—<: 3 o n:l6: o n=16 w0+ oo :n:9 3
4—6 | n=15 ~—o—¢: 3 ~o<n:2l: 3 n=21 »4-‘ 3 ~—o—<: n=15 +
Eo27NE rf:51 o : . o nl : L n:I71 ° : . o : n=51 t o n=57
-40 -30 =20 -10 0 -80 -60 -40 20 0 -60 -40 -20 O 20 -100-50 O 50 100 10 12 14 16 1.8

b 2% 2 MR 40 30N A A5 4% Relative changes in topsoil nutrients in gravel-sand mulched field/%

B3 RYHERE TSR X E E S RN R FFE

Fig.3 Response of topsoil nutrients to continuous cropping years in gravel-sand mulched field
RCoye : HHK S # BRI 5 /L% Relative changes in soil water content; RCsy : - 47 HLI & BHA X 25 /L% Relative changes in soil organic
matter content; RCy : TIEA & B AHMIXI /L Relative changes in soil total nitrogen content; RCyp : T34 & A XL L % Relative changes
in soil total phosphorus content; RCyy : 13E 44 & A %75 fb % Relative changes in soil total potassium content; RC yy : - EBRAR 2 & &AM 25 1L
# Relative changes in soil alkaline nitrogen content; RC ,p : -3 3 &4 £ 4 A XS ZE /% Relative changes in soil available phosphorus content;
RC \ : ZHEGHEACE & EAIXTAZ L% Relative changes in soil available potassium content; RCreg: 1342 £k ( R HERT I PEER ) & 2 A X AR 1L R
Relative changes in soil total soluble salt content; RC . 35 pH fHAHXTAE{L 2 Relative changes in soil pH ; 1522 5 38 75 7 [] S 2H AR X AR FL 85CR 11)
95% F AR X (95% CI)

TP B WP )2 13 SOM TN TP 5520 X (13 4xid 42 2 50 K T 0.30(0.319 ,0.561 |
0.614) , X FH P M AERMEZE RGET %, Frl g Y P A Y A R s . Rk, X H:
A4 AT I I8 A RS SR A

®2 EEUHREIEFRSFESHWETFHZSEESH
Table 2 Stepwise regression analysis of topsoil nutrient properties and influencing factors in continuous cropping gravel-sand mulched field
shr T BTARX Tk /%  FIARE . , .
Index Variable factor Relative contributions ~ Regression relationship
SOM Y,SWC -45.56,54.44 SOM=-0.20Y+0.31SWC+3.04 0.898 ** 0.000 52.56
TN Y,SWC -52.47,47.53 TN=-0.01Y+0.01SWC+0.37 0.685"" 0.000 16.34
TP Y,pH -60.81,39.19 TP=-0.01Y+0.13pH-0.40 0.623** 0.001 12.40
TK — — — — — —
AN — — — — — —
AP SWC 100.00 AP=0.40SWC+1.56 0.403 ** 0.005 10.80
AK Y -100.00 AK=-4.64Y+171.58 0.326 " 0.013 7.75
TSS SWC 100.00 TSS=0.10SWC-0.50 0.534"* 0.001 18.34

Y #AEF PR Continuous cropping years; “—" /R B T4 & 3 FsZm T (Y . SWC pH) H3E )2 157 - FR v 8RS 0 A STk B D T 3 7,
PRI A Lt A T2 A AT+ FoRiZ A IH T 45 38 B 3K (P<0.05) , o+ Fon B mH B4l Skl i 7K (P<0.01)

BEAE KRR SRR 255 PP

KL HTEVERTRD 36 )2 3855 0 Bt p B2 m b 7, % o iy 7 AN R 3R 43 48 F5 (SOM TN TP (AN |
AP AK TSS) #1T F 407 . HATK 45 F 7R, KMO(0.761) >0.60 , LRI R IEAG 6 P<0.01, FEAS SR
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0313 SOM 0232 TN ~0.044 ! TP
! 4* to319 ! Aj’* f0.561 ! Ag: o614
SWC7 (5 e SWC” Q- e pH 7 o e

E 4 EERYBARESRE TEFRSHFIEIEIR(SOM TN | TP) 5 E FHEE 53
Fig.4 Path analysis of partial topsoil nutrient properties (SOM, TN, TP) and influencing factors in continuous cropping gravel-sand
mulched field
Y EA/EAEFR Continuous cropping years;e;’ﬁ’]é—i‘% Residual factor; SE2% 0 HIEHAT , BELR IR A% | 0 0]t SR PRI 36 ) 25 51, S5 B0 42
R I RENECT DR BB+ Fom BREWREAE 5 I 2E7KOF (P<0.05) , +* Ron HHEIRE /R IR 3K 7 (P<0.01)

EAMATHE T, HEE 3 Al A 2 DS F1 A F2 BRI (4.388 . 1.443) KT 1.0, H &3ty
ZTTHRR ] 1k 83.288% , FHirt F1 M7 22 5Tk 3K 62.679% , 8K 1 T 128 32224 SOM TN AN AP . AK Fil
TSS, Al /AL 1T R B . F2 B9 7 22 5TRk R A 20.609% , 38 K B R Ffaf 2 AA TP, 5 45 R 1E
FEVERD T 282 38 ROl 2 8 1 A8 S

®3 EEBDERETEENEMEERS SRS B ST ER TSR

Table 3 Component matrix, characteristic value and variance contribution for principal component analysis of topsoil nutrient properties in

continuous cropping gravel-sand mulched field

ESr 545 Index - BT S EIW RS ES
. FHIE(E .
Principal Ei ol Variance Accumulated
component SOM TN TP AN AP AK TSS igenvatue contribution/ % contribution/ %
F1 0.697 0.766  0.554 0.909 0.909 0.686  0.940 4.388 62.679 62.679
F2 0.561  0.429 -0.731 -0.170 -0.277  0.488 -0.258 1.443 20.609 83.288

FEIHT LR AR, S [R1EAT AR R AR T 322 LRI RV A 69 5 B R0 Ay SR IR B AT SCRR R A 380800 B9 M85 e Ak, i T 13—15 4
B 138 TK Il 16—20 4R B0 )2 1SR R EUR SR N A SCRR B /0 T 3 050, IR X el AT 320 o

ST HEAVERD 2 TR RRE 0 2 o AT 285 58 | 1 — 25 WP AN [l AF B (9 0 FH 22 )2 2 B3R 000 3901 745
B (R 4) . Hp AR RE B ULARBLEERD H 8 )2 3857 0 i AR OK S, 7 O IEE, #oR i —i%
VEAERR T B0 T 32 355 03800 3 T B K ) 2, R K T bn e st BARAEBR M =, AN )%
YERPHE (1 4F 3 4F 5 45 7 4F 10 48 15 4F) R 2 B3R 28 615 00 40 il R 2.38.1.66.,0.40.,0.12 - 1.47
-2.00, AXERBL,ZEAE 10 4ERIAT S BT 00 4 855 43 B2 2R3 (-1.47<0) , & 15 4RI, b B3R JE LR 51
TSR AR Z (-2.00<0) o 1A B B RUBE Oy 1T, AN [RGEVERD B (1—3 4F 4—6 4F 7—9 4F [ 10—12 4
13—15 4F) 322 H IR A8 4 T35 1.74 .0.56 .0.47 . —1.86 . -2.00, EAE 10—12 4F BV AT 80 4 0
0 R IR AR (-1.86<0)

R4 TREEDHEARETERIHFENEEBEITH

Table 4 Comprehensive evaluation of topsoil nutrient properties in gravel-sand mulched field with different continuous cropping years

YENEAE IR FRARS oy R HEARAE Fs 5 oy -
) Lo o s Zia kA . P N 2 ¥ giatEa
Continuous  Principal component score Continuous  Principal component score
R Overall Overall . Overall Overall
2T 1n, T 1n
cropping F1 7?2 score ranking ropping F1 F2 score ranking
years/a years/a
1 3.53 -1.13 2.38 1 1—3 1.97 1.03 1.74 1
3 2.49 -0.87 1.66 2 4—6 -0.04 2.40 0.56 2
5 0.65 -0.37 0.40 3 7—9 0.03 1.84 0.47 3
7 0.35 -0.56 0.12 4 10—12 -2.47 -0.01 -1.86 4
10 -1.65 -0.92 -1.47 5 13—15 -2.42 -0.71 -2.00 5
15 -2.42 -0.71 -2.00 6
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3 e

3.1 W0 HRJZE TR AR AR AR X 1 1 e 18 AL ]

ST S R AE AR 2 PR+ SR AL 0 & AR HLEE S8R B S AR SR B R R 28 A VAl A B R
SRR S AR Y ZE TP EVE LT R T R X, KRR SR [ SRR il R A b - A 73R
A RN A3 A 7= S, B R Y R A 2 T P AT R R R A T Rk, YR Z A B R T 32
IR BT AS BhAS kA 1R FIE AL R B X A 3R fb BHL 3 15 i o B 2 i e B BB S X,

F IR R AR A 7 BT RS R R W S R L o A LT (SOM) FE R Bl i A= 2 R G ek
AR TG LA B TR A 0 B ki , FL 5 A 0k R RNRRE R ) - R KR B2
S 020 AR B (i AR H 396 SOM SRR, R R Y SOM 25 F 7775 Wtk (14 2 [ A5 57
Pk, Meta Z3HT IS5 IR TR, 22)2 112 SOM 7E 1—20 4F ] 1 104 FE 8 00 1 o 35 40 P 48 4, 7T 3K 0.178
g kg™ a”'(P<0.05) ;4—20 4E (1) SOM 7 S EE AR BRI WIHE (1—3 4F) Jd> 14.21% (P<0.05) , & 10—12 4F
if, H i PR S A B (-23.33%,P<0.05) . SOM A/ fit % AL Lo T W0 5 F Y L3 4 #—1k
Sy i R B U R EAEIR SN, i K A B s e L R s i AR R E A R R T I,
HEAERD B2 14 SOM 9 3 2 & Fh R I FN/K 2378 S (SWC) LRI FH I 45 5 (P<0.05, 181 5) .

1 [}
4 ¢
1 1 2] 1
| 1 88 F=-0.326Y +2.407 |
SWC ! : & Z L9 R?=0.938*+ |
100.00% /1 1 = [ ! P=0.001 |
1 14 2 1
1 & & 1
1 1 <R : OF 1
! 1 § =1 1
1 1 e
I 1 H 22t o |
1 1IN S ] 1
1 | .H% o |
| : S| BN S i ] !
I e 35 7 0 B o
It [6] Time/a
Fmmmm e e Mo
1 JEARRL N SOM 0.13%ft TN 4.34%| TP 3.04%| TK 1.62%) ’.9)
| 4—6a AN 626%) AP 25.02%) AK 0.77%) TSS 27.93% 7 %7 .
SWC 39.06% z
: SOM 1421%1 SOM 12.16%| TN 1527%} TP 9.42%) TK 8.47%]} >~ ‘?7”\?
1 7—9% TN 1496% | AN 924%| AP 34.65%) AK 15.70%) TSS 42.02%} 0.47 \0’@7”
5 ‘0,
| TP 10.06%} SOM 23.33%]} TN 22.00%} TP 15.58%) TK 13.12%] >,’ S

AR

110—12a TK 820%} AN 23.16%) AP 46.62%} AK 28.46%) TSS 50.77%} -1.8

1 0 <

] QE 317551702? ‘Zé/f SOM 2.48%t TN 19.04%) TP 7.71%) TK —
"13—15a . AN 24.13%) AP 53.66%) AK 26.88%) TSS 33.49%) -2.0
I AK 18.60%)

' TSS 42.53% £

SOM 43.68%) TN 23.51%| TP — TK —
116202 pH 1.29%f B AN — AP 1827%) AK 37.22%) TSS 62.82%

B 5 WHREIEFRSWMILEEHMMLTRETE
Fig.5 Response of topsoil nutrients to continuous cropping in gravel-sand mulched field
F 255715393 Overall score; B W75 1 A7 b RARBA &I 73 DI F R AR RS 2R )2 1357 PR S ) R AR LB R i R A 25 2000, UL A 2
SO 2 83 K 4 BOBHIL 206 B QIR TR 0 R4S SRR RS bR S B AT AL A A R 3 A IR AR ( P<0.05)
B R (0 S I 2 )RR AR X AR A S8 SR AN S 25 ) KR8 2808, (P>0.05)

SR (EAR R R R , 10 FH 3R 2 3R 20 X A 1) EL AR i W AL i) -3 7 B AR sl i s PR 7 402 L R
HEARAERRT S 2 ST A SRR 4—6 4E 1 3 SOM MRS AR AN 0.13% (P>0.05, 4 5) .
H5Z MUY, 148 TP TK A1 AK & F 4—6 4 AT AR LR (-3.04% . —1.62% .0.77% ) IR TG . 3% 25 5%
(P>0.05) . BRANEDATHAL A AR Ah 3 7R I8 R F < B A— 1387 RGPk on R AR kR BRER
T e 1 R Bk 76 3 2 K0 TR AR R IR R R RIS A S, (N B (P) B (K) (85 ( Ca)
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EREICE M (Fe) Hi(Mn) BI(B) i Se) i m R NP BT £ HERZFE M H iy
T ARG R P U i — 2D s L A R ISR IR A — e AR R N B W o el s, A AR R B N Y
BTN AN 5 S AR AR A 7 (8 (—4.34% —6.26% , P<0.05) (HHFEIRIIAE T 5.00% 247 5 TR BN
AJCEEEOA I = 1 pH W] RE 2 T8 L1 AP 5 S AR X AR IR B ) S A (-25.02% , P<0.05) , iXJEHH,
P Xt e b2 IR A AU a3 S ) pH Sy (AT R PR ROEIA AL A, TS T AR s
I 4 I S B2, HE TN TP TK AN AP AK & & FE T 10—12 4E I 15 K& w2 (-22.00% .
-15.58% .~23.16% .~ 13.12% .~46.62% .—28.46% ,P<0.05) , [ iR B A E A5 S bR A A M A 7= 52 B 45 31 i3k —
RELY ) BRORE R R R L SOM & B R AL T 5 BOR A AR 1—6 4 [ ¥ RS MR R34 8 K
S TS 53 R HEFR A FEE AR (SOM TP\ TK ,AK) 1) 75 ik 72 U A7 7 2 i B s 30007 , &8 10— 12 AR b H 3R
JZ 48 4t KO B8R A AR B AR A R

Wil 45 78 15 )2 TP R A o LR IBTIR D | ST R R Sk B AR, LA | R B R e i R ik % O kT
Rl TR, T RR A Z AR , b R T e LA AR R I AR BB AR R AR K R R RB KSR
A BR T AE TR0y (AT A AR oy 7 sk kA, 3 TN TP 8 2 X F 38 ) P41 119 G B4
FRE2 | HAR 7 T 24978 A o3 L R RS 34 (~0.011 g kg™ a™' . —0.009 g kg ™' a™', P<0.05) ;4—20 4Ef1) 415
P ) 3 A 1—3 ARk 14.96% F1 10.06% ( P<0.05) , X [R] ATERFFEARAF 0214200 0 if— A 4 ki
€ TN TP (%) 55 it T2 i AERT 1 (P<0.01, 18] 5) FrdleE . A, TN X SWC 54w L R AiE TR A A BH $2 ( P<
0.05) o FEHIFA K 53R B0 BEAE 38 4o AR T A= W T Ve A1 o 82 R 0 8 4R 30 i i A E TS ) N )5 L
FEFIAERR ) TP WX pH BAS A A RURS SR, 155 pH SRR P 10 38 J3E £6 B 100 200 A i ek 2% el I 5 1 1) 67 i
SR (P<0.05) ,iX 5 P 7EtEREE T AU MRRE A 2 i R TK & 2 A AP AR BR8] A4 ANt 38 IE AR 56 56
R (P>0.05) , W] B HAEA 25 1t 194 B AN 28 i 48 S B s, RS Gtk , 4—20 4F Y TK & s 45 7]
B 1—3 40 8.20% (P<0.05)

D I ( Citrullus lanatus ) 2 AP HLAE 40 A0 XA E B A FAEY 2 — . Hor, 77 A 1LV WAl I
(7= X, BUA P IR BURRIT 6.67x10° hm™ ) | [RIIL, 78 +596A 303 048 h5 7 T, AN (AP AK [A]BE 5 VEAR PR
BB EAMHIEIKR(-0.797 mg kg™ a™' . —0.498 mg kg™ a™' —-3.981 mg kg™ a”',P<0.05) , FFEEARL I VHFE
“AK #c % AN IR, AP /07 PG RS0 TR LA 4—20 AERY 4 AN AP AK &85l &8 1—3 40
1> 15.87% 37.01% 1 18.60% ( P<0.05) . SWC 1E K 1385 F7 S0 R G FIY) BT e 2 38 e (1) 5 2 A TR ZI 5
HERW R P AT AY R KUt H 28 0 R HEK i — 4 S5 AP AU RRSEIEE (P<0.05, 181 5) , i
ACHR PRI A -4 AK A9 SEBRELE 430 XK Mol 2 A o 7 B AR, oA A IR B R 5 i - 39 AKC W B AR
[ A 3 o AP 3 A 1) F2 BB | P (P<0.05)

MO T PP T X A R LE A R B BB R R . ORI R R AR 7 AR S, W B AT
KA B AEAERRAT TR 11 AFRE, B PR (TOC) BB LA (TON) EE A n & B E 5 i, AT
BREE R 5 A0 A 25 5 VRN IR — 2D ESE | 1—15 AFEAP B 3R 2 357 70 255 800 1 1R AL R AT 36 0.326/a,
10 54247 ] BRI S (R 3R i B IRAS (R 5) o BRI, FE S PRl A p= e Rt v, 2D B SRR AR 10—12 4R,
o7 308 o 1 R AN IR 43 (A R A B A RO, LA AR TR MR A A I D M RE AR L R
3.2 10 HRZE A LRI R R X 4 1 1 e 1 AL ]

A 78 5 R T L < KGE T RN BGE T A0 B A R T IR LA D R P e R A
R AR RIS R I RK MR REAEE A 3—S5 AR R BLRAE  H B 5 3 1R AT BR (0 3 i, 7 55 2
o3 LU RR R IR T WP R R R K MR R R SR A RIS 2R R B AR R 2 B K R T R, TR
AN | Meta Z0HT OSSR 7E—E S, + 8 SWC 5 2 B R R 4F PR AY SE 4 17 5% TR (-0.283 g g
a’',P<0.05) ,4—20 4Ef) SWC MR RLE 1—3 4E4508 39.06% ( P<0.05, 181 5) , Wb A &5 K AR 1 e 1B Ak ™ 5
PRt , AT 3 SR BBORS B A ion) (o AR BRAGEE | T RE 72 8t 2k 1 3R Ak b F R4 7 SRRl b 1) =, DA B 9 LA
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PEfE IERKIhREHMG T,

W0 H 39 Eh 5338 85 557K 4332 SRR A A, 0T < 2R B K 3 B4 R 28 Pk o Y (P<0.05, 1B 5) o fsi K A
FEL BB A Y R AR A R HGA B I A A B B OR TR 1 7 o 2 A5 R e T
HEAVERD A JER ER RN 52k & AR 1 SR ANTE TR, SR, PR TR0 B 38 g R T A R R T R
Wy BRI R ) B T R AR — R A BR P9 ATE T i R R A R UR, 2 - R R AN 1 A LA B
P AR ST AL SRR, 1 TSS 55 o bl 7 47 PR S BB A R 2T U6 R, 4—20 AF ) L HE TSS &
A 1—3 A RIRREAL 42.53% (P<0.05, & 5) . ek, R4 12 4F DLJE A9 18 TSS W BB AR IS 3 (P<
0.05) , fHIHAF 13—15 4FF1 16—20 4F (A RS S5 v #8 1—3 k2> 33.49% ( P>0.05) 5 62.82% ( P<0.05)

SRR B M R R SR A IR AIE RN B R AR, AT R EVERD R R - pH B
B ], HAE XN 2 1 25 [R]85 A DR T S A DR 3R (-2 3 o 2 R TR 45 ) TR AL IR (#F
VERS e MR AE PR P 7 =055 LR G 1ER . Meta 3 HT B9 285 SR Wk — 2D E S, 4—20 4F a9 734 L 58 pH {H R
8.70, NI 4% 1—3 AFR& R4 Tt 1.29% (P<0.05) , — 0 BF A A BURELE S Won ) 10 [ Bt e rp i Eh vk s+
AT R (Ca®™ Mg™ K™ \Na® \Cl”,SOY ) , Mkt 2 7% &2 (COT \HCO; ) W4 Hh BUAR R AL N , 05k A1 7 26 X
e A3 AN ] nl 0K Bh A X R 22 AU E— A AE IR gES, BN 2 W EEAE 20 F N A B
TNERAEN  E A AR AE S | A i L A [P R DU AN 25 2400

4 g

(1) B EZE KA (SWC) FIFEr (SOM TN TP AN AP AK ) #5 J3 147 £ Fifs feb A 47 FR 179 22 < 1717 S 5 e
i (P<0.05) , -3 pH F11 TK fZ 2RI B (P>0.05) . 5 1—3 EAH L, 4—6 4F 133 SOM TP | TK . AK
SR AR AL A 3 (P>0.05) , +3% SOM TN TP \TK AN AP AK T % F 10—12 FEIFIh K2k (P<
0.05) .

(2) RV IAEENE 12 4R N B B3 R ERSUR 12 45 DUG 19362 38 TSS & 8 T i 52 308 i 834 (P<
0.05) ;4—20 4Fff) 3 pH B{RAE 1—3 4F i F 4T 1.29% (P<0.05)

(3) FEAEAEFR = EEXTRD 3R )2 18 TN TP A1 AK A8 5 & 4% o 25 i B 23K 3l 3% ( P<0.05) 5 SWC NI FE £+
6 SOM AP H1 TSS fy i 25 o e e 21 G B Y BL#2 1E /B (P<0.01)

(4) BYHFEAE 10 2247 B AT BB 8 19 37 43 RS ) 2 13—15 4FRT, 382 3857 00 2k o A )
FRIZ, 1—15 4R0 HH 3R)2 T 5857 70 255 R0 1Y R 3 8T 3K 0.326/a,

“BRA— TR —REY VR — AU R & SR IT AR BARAE B AR 43 B Rl AL, SR, BT
AHOCHEASERAE (19 2K DA S B W8 i Ry B P | S8 18 R 25 SR 3R 28 T 3B 3R ( BT Hb 5540 25 5 K/ AL
BRAREPE REERON ) R ICER | ARG M A W TR S A Ak B 5T RN D A B A DR 3R R 3 AR 14 e 1 gk
o B, RSPt B ALY IR S A A L 2 ool ny HIEIE PR e bs LUk — 2
KB Meta 43 B4 5 04 BRIE o M | T SE 1 FEf 4
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