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K:0 90 kg/hm®) . FP+M (5 HLAEIE+A HUAE9 000 ke/hm®) . FP+S (7 HLAEAE+FEAF 9 000 ke/hm®) . Z5 R A, %
%6 a FEATE B A A MIEEH, B AR LY pH, AL 2B AR, FHAIE+A AIE 000 ke/hm> 2L 22 %
HAEREAFEFF 9 000 kg/hm® 4L 22 3 i HAR 4% 5 A BH PAERE R E 3 m T 55.67% . 75.98%, B M6+ AL
FE9 000 kg/hm® 4L 325 X 3E 4 A5 R AK A R A RCRAR T F M REAFEFF 9 000 kg/hm? AL 22 ; B AW A TR W
HLAN H 3 A 3.10% ., 29.80%, EF HAEIEAHA AL 000 ke/hm’ 2L 3289 i A M F 25 4 F % &, i472.73 melkg,
B HARNE AL PRI 5 30.48%, AAERT LB FEARE BAYEE, F AL A HIE 000 kg/hm®, i ik
JE+FEFF 9 000 kg/hm’® 4 32 49 E AAFA = S EF ALAEIEH 713 = 20.70% . 18.52%, EAMREHIEGWAR, 4L,
AL E e g AEEI) AR T AN TR R ERALIEN 5 2R F R BHEARABEX, 2§ e Ie+A
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BENBRL, FEFFIL X 55 0 H T4 FH o
ORI, CYETHEIE A MU 2 Sk 770 B sh iR
(R H AR KA, A DG A B BT BRI 1Y)
Mo, Hikm A2 R 3 a LAY 15 150,
sk DA S e A 3Rk 2R AR 5 A8 Ree ARk, A
R EER TRt | OESLEHHE R, £
X HEUR 1 S RER BN B3R R R OB =, LI
BT HEGIEHEX X R T RO A
PRIAN ARG, MR AR . AN
XIS AT, SRR A HLAE Bt 500
AR EZES . R, L&l TAa LR E
B OS5I R AP SR 9wk DL B A M 2 T b
i . AHURE = . FRorPrReae 759 R + .
Hit, FF6 a KR, AR RE R
an A MU, R GRS A IA EE R AL T it
Uit PE AR A RS, B B R S A T A L AR
Py i SRIRHIL , AT B 5| DX A R
A r A SERIES S e s i s s X 3
1 #HR5H*
1.1 XA

ENIRITF A T 2018 4F, M s A7 T 7 5 [nlji%
H A X by U = A (106°11'35" E, 38°
0726" N), 2T H 51 #HE X MO XS, %X
J WAL RBP4 1 100 m, 3
5 a - AEREKE R 180 mm, 224 M 1400 mm,
FHNREER 8.9 C, 2T BIN165d, FF1
TR A3 900 Co HIEEHHERIREEZ 023 em, T
FAUMEIR A, FIAERIACH K FEe 1R, RSBy
—F—2, 0~20 cm BHE LHES A LT 12.14 glkg.
4%.0.86 glkg. 4M0.69 o/kg. HAA 60.58 mg/kg.
AL W 17.42 mg/kg. A 142 mg/kg, pH A
8.31, % 1.36 g/kg, HHENES /K%, AR
HYEY R EoK
1.2 fEXAH

2023 FEFAHAEYI N F K, FE7R oK SRR 5
F 1225, MRS BRI A IRA R A
AR HE ., A MUIE R E3E (BN 16.3 gke.
P 154 g/kg. K 8.5 g/kg. A ML 455.0 ghkg), BT
B 52 BAR A e A R A ) A 7=, iR R
(N=46%) RS L Ak Tl A FRA R A
77, B HEIRES (P.0=46%) M= =HbTAH
FRA A, BRERE (K.0=50%) i [ 552

AR A BR DT AR
1.3 Rkt

RIS 40P, 435100 CK Ot FH AR
B . FP CEMGAT) . FP+M (B I+ HLAE
9000 kg/hm*) . FP+S (CHHUHENE+EFTF9 000 kg/hm®) 5
HHFP, FP+M, FP+S &b B H B AL A 5354 N
240 kg/hm®, P,05 90 kg/hm®, K,O 90 kg/hm®, %
FEHLIXZHEES, /NXHEFL108.0 m* (7.2 mXx15.0 m),
3R, T5H 16 HEER, 9H 28 HIGE, Fifikk
TR 60 emx20 ecm, T REAEFWHEK 2K, 75
J6H20H . 7TH25H, BRRHEEKZ1 800 m/hm,
KA B MR, HaX w4 G —
WA T BEAL . BRAE . A HLIE DL 50% &
E, 2% 5S0% A NEF R B sGE IEiE A (6 H
19 H) o FEFF R B RO Je K R 71 FH ) 790 5
25~10 em /N, BEHBEBIRIA H . A/NXZ AT H
S AE I T U AT R SR PR 25, Sl AR R
60 cm, P Ib#5/NXZEIERKERIE, &/NX R E
A HIMPEK T, FORAEF W K . 254k
FHUA= 75 1A ) T () o3 0 R e A S 4y e T4 b i
EIIEAT
1.4 MEIHET E
141 REMWRE=8 T E KRB/ XL
RATRE, St g, RIBUREE S, JfitE
SRBESP- W fif o, o7 4 i R R I 20 S SRABEAE N
AT I SEE0 2, KT JE RT3 KR RL AT
R KE ", P 14% KBRS R, |
KSR AN BEALIE B IS B 108k, 70
FEFFRUFFRL, 105 CA T 20 min, 70 CHLTE1E
&, AT AR " TR eI
ARET I s, B R B HOR =, FPROE T IS FR
A EORE, FEFPRFRRIE TS, $2086.7 T kf/hm?
Pk 2 BT
142 RS BRBGRE, R/NXiER “ST
TE 5 SR, i AR A 0~20 em BF)2 L4,
W R SRA G a2y, —6rid 2.00 mm
I S5 AR AT, T I A S A Wy et e T AT
PEA LR & it 53— TS J5 4 0.15 mm i,
FHFE A P . B E A AT DILAsR R At 2 Ak
Fabr . EHEAHUBR A AR PR S (R
PRB A LRI E (A ) >R 4% R 5 — A0 i A2
FE U R PR R 0.5 mol/L KoSO. 12
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Pl Vo R EEZK AR B T AT A L
(DOC) 2 FH i H: TOC-VCPH A LR 43 B AL I 52
rh B2 25 5 R FEZE R R DOC 1Y 24 (H 15 LLFE Ak R %K
0.45 T UE Y E IR (MBC) 5 & Ak H
0.333 mol/L ) KMnO, Ak - He il 2 ',
1.5 HKIELAE

BEAL R FH Excel 2016 #4017 50 A0 BRI
YERE, FHDPSEHRA L R Gt T 22T M= 5
FHALLS, VEFF Duncan iAW TR T2 E HLEL
2 HREHW
2.1 ARREA T AR EAMAR G0

mE LA LLAEE, pHLLFP AR, N
8.48; FP+M. FP+SAbFE50h 830, 8.26, ki
FETCK., FPALH (P<0.05), +iELILEHEDL
FP+M AbBEE , A 1.01 ghkg, S FPALEEE SRR
% BEETF CK, FP+SAH (P <0.05), &
CK. FPALFHHIMEAN12.46% . 9.78%; FP+SAbBH
J90.97 ghkg, 5 CK, FPAEHERAREE (P>
0.05), ¥ FPALFIENN5.43%, WIEAP R, K7l
K BRI RRS o 45 Ah H Al Y T B R 2
5 (P>0.05), N0.65~0.72 g/kg, FLJiti JEAbFH 4>

ab

CK FP FP+M  FP+S Tk FP FP+M  FP+S
B pisi

o

CK FP FP+M  FP+S CK FP FP+M  FP+S
A i)

E1 AREGER T EEAREBLER

WS IR T CK. A & D) FP+S AN =,
19.85 mg/kg, SFP+MAMHZEF ARE, BERHT
CK. FPAHE, 73054 CK. FPALHHE /N 105.27% .
75.98%; FP+MALFEHm, 4 17.56 mg/kg, 5 FP
2R ARE, BEHTCK, 7458 CK, FP
REPRIEAN81.59% . 55.67%.
22 ARERAEINIEREHESH YW

R TR IERE T R 7= Y 1) E 2L
BHRILR ", REIVLUEH, AL B AT
PR I ARA . AR, A, MEYE
A, EFESE (P<0.05), H¥LIFP+MALBIRR
. MHE T FPALFE, FP+MACHE +HEE SR .
A A . BAA & & 50 1R R 68.48% .
168.84% . 46.90% (P < 0.05), Tij FP+S4bFHAL 43
R 28.20% . 21.79% . 7.90%. L IEn[MEAHL
R LLFP+ M LB AR, 4 1.80 mgrkg, 70 4%
CK. FPAbFEFAAR 41.75% . 39.80%; FP+Sib¥ig
%, H 1.87 mgke, 43 5)% CK. FP &b F BF K
39.48% ., 37.46% . £%iti ATAL B[] + e i A ) R
SRELBFEES (P>0.05), B CKHEE10.63%~
21.74%., FP. FP+M. FP+S &h¥f i) 18 4 & & &
T FEEZES (P>0.05), H}0.98~1.06 ghkg, ¥
BEHTCK (P<0.05),
23 AR LIEA LS R

A A B 2H o3 2 A i NS T RN A 7 R
IEZ b Y RE2WLIE I, £ BEY
Al R A Lk . R R . BURA L
e, WA R, RS A DR & 5 H
H, IR LR S L FP+S A FE R, 9 12.98
g/kg, % CK W EWM35.77% (P<0.05); 254
FP, FP+M Ab BE 3% fin 29.80% . 25.90% (P >
0.05); FP+MAbHEE R, }10.31 o/kg, #CKIEHN
7.84% (P < 0.05); % FP AL N 3.10% (P >

x1 AELEHIERERS'

fh PSR AR RPN s WA G MEAIASE WEYRASE SRR
/ (mg/kg) / (mg/kg) / (mglkg) / (mg/kg) / (mg/kg) !/ (g/kg)

CK 2.36x0.76 ¢ 3.68+0.40 b 9.81x1.51b 3.09+0.28 a 6.21+£0.85 a 0.81+£0.03 b

FP 422+1.12b 4.59+1.38 b 10.00+£0.13 b 2.99+1.23 ab 6.87+0.72 a 0.98+0.04 a

FP+M 7.11£0.47 a 12.34+1.61 a 14.69+0.86 a 1.80+0.13 b 7.56x1.76 a 1.06+0.09 a

FP+S 5.41+1.35ab 5.59+2.60 b 10.79+0.39 a 1.87+0.13 ab 7.26x1.70 a 1.05+0.08 a

ORIV 5 AR NS R A B 22 5 35 (P<0.05), R,
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0.05) . THERAEY iR & DL FP+M AL B 5,
1K 72.73 mglkg, % FP AL BREE NN 30.48% ; FP+S Ak
PG E ., 4 60.66 mg/kg, % FP Ab I N 8.83% ,
EZFYABE (P>0.05), HHEEmMMAA LS
i LA FP+M AL FREAR, 4 19.82 mg/kg, %% FP AL
R 34.52% (P> 0.05); FP+SAbBREAE, A
20.23 mg/kg, B FPARFREAL33.17% (P> 0.05) .
+ 358 5 S AL DLk & A5 AL B R 22 S 4O I 2
(P>0.05), LAFP+MAbERE S, H2.97 g/kg, #KFP
SEFRIHN64.09%; FP+SACIRATE, H2.88 o/kg,
FP AL BTN 59.12% . - 480k AT LA 5 & A ot
MR & 3 DL FP+S A B A s, 43 7.20,
9.80 g/kg, 43 B %L FP AL P & 2 14 0 87.99%
21.59% (P < 0.05); FP+M B, 2051k
4.15. 8.86 gkg, 43 ul 4L FP 4b BE 5 fin 8.36% .
9.93%, ZSFAEE (P>0.05),
24 RREAFENERFZHFHA

MNFE3IFLLE M, AFEAL A3 6E 2 5
FORMR S . BRI, EORLE . AR OF R
# (P<0.05), HFP, FP+M, FP+S kb [a] £ K
i BRI, ERE . B RNESADE
(P>0.05), Hrr, TRHRELIFPAEE S, A
314.33 cm, JF9EE FP+M, FP+S ZbFEHE /11 2.06% |
420%, FRFEREL, FP+M AP, 4 692.67
i, BFPANFENEAN8.12% (P> 0.05); FP+S kb
s, J661.67 KL, % FPALBEIE AN 3.28% (P>
0.05). AR ELIFPANE S, 43354 ¢, il
FP+M. FP+SAbFRIENN2.29% . 3.74%., T KFEAFT
e LA FP+S A B i i, O 14 568.31 kg/hm®, #K

FP 4b ¥ 14 /i1 5.08% (P > 0.05) ; FP+M 4b P45
W, N 14 543.63 kg/hm®, % FP 40 B8 i 4.90%
(P> 0.05), FRFFR™ 5 DL FP+M Ab 3 fie 5
413 108.45 kg/hm?,  # FP AL HL I 25 14 /i 20.70%
(P<0.05); FP+SAPHEHLE, h12 871.69 kg/hm’,
AL FP AL 5 E 11 18.52% (P < 0.05),
3 WHitE4Eie

TS DCHE I S m mR A SRS A R
i AR, #2526 a b HUEHE (N 240 kg/hm?,
P,0s5 90 kg/hm’, K,0 90 kg/hm*) +F5FF 9 000 kg/hm?
AL BRANH BIAAE (N 240 kg/hm?®, P,0s 90 kg/hm?,
K>0 90 kg/hm®) +AHLAE 9 000 kg/hm? (RIAEFE LA 45 %+
WAt FH AE AL S 3 BRI T 438 pHL, RS AT 68 i ol A
rh P A AR - 1A LR AT rh R g v Y Bl PR AR
B, RIS T SRR T py B B (A
Ca™), DHMRERSCRAL TAHLIL =, skE A =Y
R, AU R A BB T B 13 pH, 5
ARG R B AT, 5EMELE (N
240 kg/hm*, P,0s5 90 kg/hm?, K,0 90 kg/hm*) b
A, B IE -+ HLAE 9 000 kg/hm? ., 5 KLt IE +
FEFF 9 000 kg/hm? &b HH %) 4 338 R R Ml 75 12 o0 1) S
BN 55.67% . 75.98% . X AFEFF ol R A
BLIR P i I v s PR 0, P27t T S RS
PE; AHUE R LMA Y1 B 5 8254
B %o Nan%§ ™ BYBFSEIRIAEIEN] , RS FFI4 H T
MR FROR B E L TR —AHUEECE, 54
FEER—8, AR AE K, 5H Bt b #EAH
b, & R AC +45 HLAE 9 000 ke/hm? &b B AG £ S A
HARE S B B E T 68.48% . 168.84%, ¥If

K2 AELEHTEEIBRAS

fhm AP E R BUEYRERS R RMEA RS R SRR E R BRA RS R 0B Pk
!/ (glkg) / (mg/kg) / (mg/kg) / (g/kg) / (glkg) / (glkg)
CK 9.56+0.20 b 46.16+7.66 b 33.24+5.81 a 2.25+0.63 a 3.42+0.50 b 7.71£0.42 b
FP 10.00+0.32 b 55.74+20.78 ab 30.27+10.30 ab 1.81£0.54 a 3.83£1.410b 8.06x1.16 b
FP+M  10.31+0.94 b 72.73+3.98 a 19.82+0.99 b 2.97+0.17 a 4.15+1.20 b 8.86+0.60 ab
FP+S  12.98+1.27 a 60.66+8.32 ab 20.23+0.47 b 2.88+0.83 a 7.20£1.69 a 9.80+0.53 a
#®3 ARLEBERFTEHERINFTE
Lk = ﬁ*ﬁ}w JER VAN T ; AT AN iz
/em JZA /g / (kg/hm®) / (kg/hm®)
CK 256.33+0.06 b 434.33+42.06 b 22.75+2.06 b 9411.26£415.12 b 6197.17£919.02 ¢
FP 314.33+0.09 a 640.67+£16.04 a 33.54+0.69 a 13 864.02+142.34 a 10 860.36+1179.27 b
FP+M 308.00+0.17 a 692.67+£57.54 a 32.79+1.59 a 14 543.63+881.24 a 13 108.45+1244.32 a
FP+S 301.67+0.06 a 661.67+8.76 a 32.33x1.52 a 14 568.31+1476.57 a 12 871.69+581.16 a
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TE B +FSFE 9 000 kg/hm® AEFE ., H R TAHL
HE R o A 1k, BERF SR AR 5
TR A1 B8 A A0 303 Al A 0 2 R MR A - S A R
THEAR, B “BWREE” AR . AL
M%E%&%iﬁﬁ%ﬁﬁﬁmﬁ ﬁLﬁ%%

[ ﬁ%%%%% BRI T %%ﬂﬂ
KU, X S5HE w#wﬁﬁ — 2

SASET, ié* 6 a i FUitE A +45 HLAE 9 000 kg/hm .
W B A +F5FF 9 000 ke/hm* &b BRI REA R0 5 7
BB X R - IR T, B PR T
Rk AR G HP RS AT A X SO Y
TR TS, A MR Bt D) 42 25 A 2 L
ARy T B2

A WU L 53 R 1 e M R A o 0
B Ak PE D RE A% O R b . ARBFSE T, H L
JE (N 240 kg/hm®, P05 90 kg/hm®, K,0 90 kg/hm?) +
FEFF 9 000 kg/hm? &b # 6 338 A8 HLAR 5 B 42 1 B
Jite A Ak B 1 Rt HE + 45 HILAE 9 000 kg/hm® b B 43
IR 29.80% . 25.90% . FEFFHARER . 4%
EXEREM A Y 2, TR RS s A PLIE 28 T e
NEJE i J5 2y B A A AL KA 2R 2, TPk 4 7
ST RIRE R B, R AT S5 ME R A AT LR i B2
RN 8 LT A ML . H Rt IR + 7 ML AR
9 000 kg/hm® b B A FUAE ) ik 7 13k 72.73 me/kg,
B HEAE AL BT 30.48% , W& e T HUMEAE + 7
19 000kg/hm* b BE . Ji A& A HLAE RE N A= P 42
PEX M E TR, (RN G . RS e, W
FEAFRR AL &, TR A 0 A o A R AR 32 3
o] =¥, BeAh, R RRAL T AT A P
i, WK R, SRTHIRIEREE, X5
WREEL P RS —E,

FEETI, HRUEAE A HLAE 9 000 keg/hm®,
FUEAC+FEFF 9 000 kg/hm? ZhBE AP 45 R0
it HE AL B0 S0 86 7 20.70% . 18.52% , 1% 51405
A DRSS IARAT, A AL R A 1 AL 1 4
AR . MCESRA N, BERIEE A K
FEEIE A H IR +FEFE 9 000 ke/hm? 2 BRHAL B
LA LR B ST &, REE 2 FORAE2E 1k A
FIAMBE R TR H B IE +4 HLAE 9 000 kg/hm’
LﬁW@PW@Mﬁ%1ﬁﬁﬁ%%ﬁi%i%,
HEKRDEFIRMEE B R . i, WG
Hmﬁﬂﬂﬁﬁ@um%m%ﬁmﬁﬁ%%mmﬁ
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Effects of Combined Application of Straw and Organic Fertilizer on Soil
Nutrients, Organic Carbon Fractions, and Maize Yields in the Siltation Soil of
the Yellow River Irrigation Areas

GAO Zongyuan ', HE Jingjing ', LI Hong >, MA Jun Hua *, YUE Xiang >, LIANG Xiangyu *>, MA Cheng *,
WU Changrong °, WANG Rui ', LIU Ruliang *°
(1. College of Agriculture, Ningxia University, Yinchuan Ningxia 750021, China; 2. Agricultural Environmental Protection Monitoring
Station of Ningxia Hui Autonomous Region, Yinchuan Ningxia 750002, China; 3. Ningxia Wochuan Agricultural Science and
Technology Development Co., Ltd., Lingwu Ningxia 750400, China; 4. Institute of Resources and Environment, Ningxia Academy of
Agriculture and Forestry Sciences, Yinchuan Ningxia 750002, China; 5. Yinchuan Field Scientific Observation and Research Station
of the Ministry of Agriculture and Rural Affairs, Yinchuan Ningxia750002, China)

Abstract: To address the issues of low fertility and poor stability of the organic carbon pool in the irrigation silt soil of the Yel-
low River Irrigation Areas in Ningxia, a long—term fixed field experiment was conducted to investigate the effects of continuous straw
returning and organic fertilizer application on soil physical and chemical properties, organic carbon fractions, and maize yields. This
study aimed to provide theoretical support for the improvement of irrigation silt soil and the development of sustainable green agricul -
ture in the Yellow River irrigation area of Ningxia. 4 treatments were set up: CK (no fertilizer application), FP (conventional fertiliza-
tion with N 240 kg/ha, P,0Os 90 kg/ha, and K,O 90 kg/ha), FP + M (conventional fertilization + 9 000 kg/ha organic fertilizer), and FP +
S (conventional fertilization + 9 000 kg/ha straw). Results showed that continuous 6—year straw returning and organic fertilizer applica-
tion could both reduce soil pH and optimize the soil acid-base environment. Compared with the conventional fertilization treatment,
the soil available phosphorus content in the FP + M and FP + S treatments increased by 55.67% and 75.98%, respectively. Moreover,
the FP + M treatment had a better effect on increasing soil ammonium nitrogen and nitrate nitrogen than the FP + S treatment. Both
the FP + M and FP + S treatments significantly increased the total soil organic carbon content by 3.10% and 29.80%, respectively,
compared with the conventional fertilization treatment. The FP + M treatment had the highest microbial biomass carbon content, reach-
ing 72.73 mg/kg, which was 30.48% higher than that of the conventional fertilization treatment, effectively enhancing the soil carbon
pool function and microbial activity. In terms of yield performance, the maize grain yield in the FP + M and FP + S treatments in-
creased by 20.70% and 18.52%, respectively, compared with the conventional fertilization treatment, and the number of grains per ear
also increased significantly. In conclusion, both straw returning and organic fertilizer application are effective technical models for im-
proving the fertility of irrigation silt soil and maize yield in the Yellow River Irrigation Area of Ningxia. Among them, the conventional
fertilization + 9 000 kg/ha organic fertilizer treatment had the best comprehensive effect and could be used as a preferred technical so-
lution for sustainable agricultural development in this region.

Key words: Straw returning; Organic fertilizer application; Yellow River Irrigation Area; Siltation soil; Organic carbon frac-
tion; Maize;Yield



