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Effects of a ‘six—aspect integrated’ pattern on dynamic changes in soil water and
salt contents, quality of cultivated land, and silage maize productivity in saline—
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Abstract: Single technologies have limited effectiveness in remediating saline-alkali soil and improving the low forage

productivity in the Ningxia Yellow River Irrigation District. To address this issue, we explored the effectiveness of a
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combined strategy of ‘soil improvement for crop adaptation’ and ‘crop adaptation to soil conditions’. Focusing on
six strategic technical aspects (i. e. , soil amendments, fertilization, seed selection, tillage practices, irrigation, and
drainage/salt management) , we established a novel ‘six-aspect integrated’ comprehensive saline-alkali soil remediation
pattern. This pattern was compared with conventional practices to evaluate its effects on soil water-salt dynamics,
the soil quality grade, and silage maize ( Zea mays) productivity. The results show that, after 2 consecutive years of
implementation, the ‘six-aspect integrated’ pattern achieved the following advantages compared with conventional
practices. The volumetric water content in the 0— 15 c¢m soil layer was decreased by 3. 05% while that in the 15— 30
em layer was increased by 3.01%. The total salt content in the 0—30 c¢m soil layer was decreased by 30.42%,
although there was a 12.36% increase in groundwater mineralization. The soil bulk density was significantly
decreased by 6.34% , soil organic matter was increased by 12.41%, and available phosphorus was increased by
70.33%, elevating soil quality by 0.56 grades in 2024. The combined treatment also enhanced silage maize
performance: plant height was increased by 5.67% , dry matter yield was increased by 21.93%, and starch content
was increased by 3.46%, alongside reductions in neutral detergent fiber by 5.73% and acid detergent fiber by
11.03%. The annual yields were increased by 12.52% in 2023 and 25. 28% in 2024, with a net profit increase of
2279.4 Yuan-ha ' and improvement in the cost-benefit ratio by 13.04% in 2024. These findings demonstrate that
the ‘six-aspect integrated’ pattern significantly suppresses soil salinity, improves soil quality, and enhances crop
productivity, making it a promising approach for practical use on a large scale in agricultural production.

Key words: saline-alkali land; ‘six-aspect integrated’ pattern; water-salt dynamics; cultivated land quality grades;

silage maize; production capacity

EL AR o 3 S A B B UL A R IT R R AR B AR G R R A E R Y R ARk,
TGP DX e A TR R A A2 50 R e, IR R R A BB T AR 1. 77107 hm?, o 4 DR 3 AR A
13. 796", ER IR fb B Hb e S AR (Y R 5 2 SRR WO R L TR AL AEM T REA R W A R R I A
PR AR HE R T R it A 07 32 LA R 98 R A, SR, A6 S BR AR o R I AR B — |, R E R BE R B
WL, S BRI A AR ™ 7 R R B 2 A S A AR T

ML A , AR 2 25 38 X AN [R) X4 1 B bt 2 1 TR N A B A R AR R A e R TR AL R L
TP R A OB ROR T BT 5 S A 20 A 25 A AR, o ) AR B A AT R R BRI s BOR R T
BT AR AL, R P AR R A A S TS X R TR T BUR TS A O N T K (Zea mays) 5 H FE
(Medicago sativa) B 7= 1 s M A S5 L FHC 55 52 1 9 A 25 FR 0 P18 X 55 5 7K R TR e T 66 4 4 4 B XA
it 22 Ml DT 8 R T AR T, A5 8 H0Rs 8 0 4 =B JZ LAR 2t 1 4R B BE B T 4R T B B 2 5 R AR A
T ol 5 Al BTG P FR 5 AR BTG XA ¢ 5 DR B XU 43 B I AR o 4 24 A K R B A S, T LR
IKER ST B RCR BB — R BEER 2 AR R R RO ROR 5 A WO A E R AL A OT S5 X 4R S BE (Leymus chinensis)
Fo A T AR RS AL 32 25 RGE AW ZHEE R I, 5B AR 77 22 DR R0AE RO A 1Y s 22 AR 57 DR IR b X AR i K
M A 5 (Elytrigia elongata) * 35 Fafy " A6 A AT 5K b e 1R 00 00 55 8k 11, 3 ] 04 A 25 5 e, £ 4 A 25 3R
B ok R AF T EE AR B Y A ) AR S VR AR T 5 AR A T b DX A BT A R R B R
A R R K B ROR R AR ) A R o A R e AR IR A G o

DAL e B A 7 K B R 2 R A ) A A A o B DRI R R R e R 5 TR B R
ROR IR T M DX A S A O K B IR T R R A T A R R BE RS LB . T AR
5T VAT BB 25 B N BESE S5 A, T 4545 F BB A0 0 10 405 56 B 4 B L 15 S R B VR B b B Eh RS METE T
THE DR S, B T T S M X B 3 BN — A RS Dy R — P B R A B A A B S B
SRR, DL I R OK N B /s AR, i 5 2 4F o0 M iz i 2Ok - 30K R B 2578 Al Bk Hb o i A G T I K AR
AR S, LAY D R T AR ) 8 E R S A



70 ACTA PRATACULTURAE SINICA (2026) Vol. 35,No. 3

1 MRE5FE
1.1 HREMAL

2023— 2024 4F A T H VB B PR F A A B UEX (39, 0676 N, 106. 7259° E) , i X i 4% 1097 m,
B A BT VE R AR BEE ) R B b R A Y A ER RN L M4 grem (R Do EREFMNT
PR 18,5 °C L AR H R 2% 2956 ho il b AL 2 A I 1A i X B - 18 pH P 2o 8. 87, ek i R 5. 29
grkg B RO R A AR A R S R S A AR U O WL R AR AL T 5 AR KO A
RO AL T 3G LA b KOE T & AT 1O R K (R 2) .

F1 TEYEHER
Table 1 Soil physical properties

TR + HEHLAK 2H i Soil mechanical composition (%) TR Faais FH [f] 45 7K
Soil depth ¥ Sand ok Silt Fiki Clay Soil texture Bulk density Field capacity
—3
(em)  (2.00~0.02mm)  (0.020~0.002 mm)  (<<0.002 mm) (grem ) %)
0~30 21.97 45.54 32.51 W (1) B3 + Silty (sandy) clay loam 1.44 28.54

F2 LTEUAFMHR

Table 2 Soil chemical properties

TG E pH A HLBT A AR Y il AL

Soil depth Total salt Organic matter ~ Available nitrogen  Available phosphorus ~ Available potassium  Exchangeable sodium
(cm) (g-kg ") (g-kg ") (mg-kg ") (mg-kg ") (mg-kg ") percentage (%)
0~30 5.29 8.87 8.17 59.53 14.75 207.68 18. 34

1.2 Xkt

I LLE B X B (CK) | R oS — R B0 (T) Fe B 7%, 356 ) 300 ok 2 4, 48 B it — 3% S v —
PRV T B Fh BE G HET R T & BRI 3. A R B 2 R 82500 A% - hm 7, SR FH AR I [R] #E —
PRESHEEBMEAR ., SR ER 10K, 1T 20~ KX, AKX EAL0. 33 hm”, 211 6. 6 hm’,
1.3 MEZAB A%
1.3.1 - B SEAC T A 4 o i ERFACET (4 A 10 B) 503K )5 (9 A 15 H) ¥ £ LRl E I &2 , R 3
J1 8 LT3 (105 °C) I E + 345 5 5 1 fa] $5 i, [, SRAEBFZ (0~30 em) HHERE A, 134N K IX BB 34N 4,
A B LARES T 604 5, 20 N FE AL o RBRANEE M AR 2 )5 A AR KT BFEE I, — #6433 2 mm L
I A - LA AL R 5 5 — 4343 5 1,00 5 0. 25 mm G T I E EAL S T, Hirh, 3 pH fEK L I
2.5 1 VRS S 5 H 4 H pH T (pHS-3C, i 1 ) I 5 R H A3 AL (DDS-11, i [F _Fifg ) il i &%, 45
BT R y=3.00232+0. 1456 H , y FKon LA (g-kg ), 2 F#m 25 CF L SR a4 57",
- A ML B I A A A s R B A RO T R A R P e R A I 4R — B B EE £ vk T
S SR I TR A T TRV R — OB BE TR I S 5 2 e A ) R B — SR AR BN S e — KM O R R T
FEN PHE T A v 2R A i D s iR A B = (S e M AN/ BH S T a8 B i) X100 %6 AT w2 TR R
- A BB L e
1.3.2 HEESACR S EENE 20244 N LK B S B, Bk R 2 10 8K RS I
M 58 (RH-S11, [ HRHE) | IR BR P4 K X e 18, it 2248 108, %% + 243120 15.30.45.60.75.90 cm, R
LT )2 ARG KRS 23 & 5.
1.3.3 Mo R KR w0 2024 4F ] fif 225 ER LWL T IR, FE B OK I [ BR 10 d SR A ROK A 3
(JK50, 1 [ b 50 ) 0 7 R 7K R 5 2R FH 48 1 BBO/K % R 4 Ml /KRR b, R T HL %A (DDS-11, v [ 11 )
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Table 3 Mode management measures and cost accounting

AR FEARZ N (=g ik iy A F Cost accounting
Technical Technical essential Management measure (Yuan-hm )
type LR RAYIASS N 32 SR DA N S
Conventional pattern “Six-aspect integrated” pattern Convention-  “Six-aspect inte-

al pattemn grated” pattern

AHEREAR 7 R Agent” : Im- / A 4500 kg+hm ™ *(3jifi) A: 4500 kg-ha ' 0 750
Personali-  prover to reduce obstacles (basal application)
ty technol™ <>, & 45 AU A SR M0 Fertiliz- IR 15000 kg- B: 11250 kg+hm *(J&jiti )+ R % : 375 kg~ 7500 7500
ogy er’: Carbon fixation, fertilization and ~hm *(JEE £ 1: 1)+ hm *(FEjE) +C: 600 kg-hm *GEJE )+ it

nutrition application JRF : 375kg-hm *GE AL : EIEMKEAL 3. 75 kg-hm *+ IR

A ) Mixed fertilizer: ZUBP 1. 5 kg hm ™ *(500 1% Fis BEWE ) B«
15000 kg+ha ' (base 11250 kg+ha ' (basal)+urea: 375 kg-ha '
to topdressing ratio 1:  (basal) +C: 600 kg+ha ' (topdressing) - foli-

1)-turea: 375 kg- ar fertilizer: amino acid water-soluble fertilizer
ha ' (topdressing) 3.75 kg-ha '4potassium dihydrogen phos-
phate 1. 5 kg+ha ' (500 times diluted spraying)

ST R SRR RGO  Spe- BRI 305 AFATHE 60 cm JE K 1225; 9T (FEAT 70 em JAE AT 40 cm) 1500 1500
cies” : Salt-tolerant varieties and high ~ Qiangsheng 30; equal ~ Xianyu 1225; wide-narrow row (wide row 70
light efficiency planting row spacing was 60 cm  cm, narrow row 40 cm)
CBET TR KR BERE T BEBF: 20 em M 30 em+BERE: 20 em+-rh#f: 10 em 1500 1800
age’ : Deep plowing broken board and ~ Rotary tillage: 20 cm  Deep tillage: 30 cm+rotary tillage: 20 cm—+
intertillage squat seedlings intertillage: 10 cm
CPET AWE R A FRRORS B Irri- BEJE: 6300 m’-hm 7 FHFREFHIERE : 5040 m®hm T’ 750 600
gation” : Sowing after spring irrigation  Border irrigation: 6300  Spring plowing and sowing, border irrigation:
and precision irrigation m’-ha ! 5040 m*+ha '
CHE” A HEAK /R R i SR HE 154 Subsurface pipe 15 4 -+ W17 Subsurface pipe drainage+open 0 150
‘Drainage’ : Subsurface pipe drainage/ drainage ditch

salt and open ditch forced drainage

AR 6 HE A Pest control AT A 24 S BR B 5895 58 i Sealing medicine before sowing, 750 750

Generic weeding after seedling, and overall prevention

technology 4| s #51 5 3% Mechanical damage re- 38 B3k Timely harvest 750 750
duction harvest

A7 B AR Total cost per season (Yuan+hm ™) 12750 14175

IE: BRI N—P,0,—K,0=26—12—12, 810,126 ; $5 2= i R ( 32 B 5o A o W R 85 L ik o 1 0% AL B R IRR B IR LB ) , 77 SR 2 RHAIF A1 BA
B O T A FROR 5 i BRIE T AR A HUIE (2 B 3 A= W BT e 0 A 2 NS DR A R0 o o [ 2 B i R ST T T LR T B RO
2B BT BN A B T B 7R s SRR A= e 05 IE iy 7 EOR A REF T BA A AT L C &R o

Note: The compound fertilizer has an N—P,0,—K,O ratio of 26—12—12 and SiO, contains==12%. The calcium-based soil conditioner, developed by
Ningxia University, comprises mainly of reactive phosphate rock, diatomaceous earth, activated humic acid, and ferrous sulfate, expressed by A; The
high-carbon functional bio-organic fertilizer, jointly developed by the Institute of Soil Science, Chinese Academy of Sciences, Ningxia University, and
Institute Agricultural Resources and Environment, Ningxia Academy of Agriculture and Forestry Sciences is primarily composed of biochar, composted
livestock manure, and microbial inoculants, expressed by B; The controlled-release and growth-promoting formula fertilizer was independently developed

by the research team of Ningxia University, expressed by C.

OGR4 G R [y=0.7692x; H , y R b T K0 LB (g L), R/R 25 CF L3 33,0, 7692 WM H
BB e,

1.3.4 ERAKIERME 2024 48R HIR @R AE A R IXBRIC 6 Bk E K, 43 SI7E |5 30 dJ& , ) F 10 d il
SEEOK B AR R E AR SRR AR S i T R iy S R e B 3 e b, SR i 2K S A
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(TSY-B, H EATIH )M 5 9 55 R LTk Fr ™
1.3.5  ERFW™ & M ol B H I B R VEM S5 T & s 30 % B d ik (5 100 d) , K
X R H66. 7 m* Bty 92U, B Jm il i A 2 [ y=150x; Horp y N4 hm’ P28 (t-hm *) ,2 8 66. 7 m k£ )5 P2 & (t-hm *),
150 FHe 5 24 35 hm? 7 5 o R, B R X BEHLR AL 3Pk EoKRBAJE 4% i M0 gn %, & T 105 CHUAE R
30 minJ5 T 60 ‘CHE T 2, By it 0. 5 mm By ¥ . R H B 2l IR ZAX Gifi Bk SKD-100, A [ 11 ) I L8 A
B R AR 4 M AL (XF 2860, H ) i ) 5 Hp P v VA £F 4 IR P U VA 4 A 1 5 R R B 2 95 T S 4%
BEAR HORLAG 7 25 2 SR U — B IR L € 75 I 52 AT s PR K Ak A S T R
1.3.6 LIEFESFIIHR - 9 5 S AR A (R b T AR ) ST b A F ) MR BB K L R
{9 | Al 1 ity T O AR A R B BT B G A SRR B b B AR A aE SR B R y=1/[1+a(u—c)
PSRRI IE B a R R B« R SEME e IARHETS A o B JE R BTk A I S PR BT B 25
HAREC AW

IQI=>(Q, X C,)
A2 IQI(integrated quality index) 78 T Bk b7 5 25 5 16 80 Q R A5 i DIFIM N R 191570 CRAR S iR
HAEGINE, S50 042 K1 SRR E LTI A G RS — D IEM Roc 2 S 18 5 E (3R 4) .
1.3.7 &4 IHHE B EK ™ E S LA
(20235 2024 4FF- 24 4 540 6 -t DRIRBU 23 R4 TROBREBFLUD
Fgﬁ ( yuan- hm %) ,ﬁ:% . Eﬁ[ E?ﬂ] N *Jr \*ﬁ'ﬂfﬁ{% B Table 4 Soil cultivated land grades quality classification

9% P TR BA (yuan-hm *), Zepf ety PORRIEEL BRI BRSSP

, Sl 3 ., Cultivated land LZEA TR Cultivated land AR
A H\Jﬁﬁj\jd‘: & )&ﬁ ( yuan: hm ). quality grades 1QI quality grades 1IQI

# 2 = N

L4 BRHATE R 1 =0. 8401 6 0.7221~0. 7461

R Excel 2003 £ fF 58 SR i 46 209 L A 2 0. 8181~0. 8401 7 0. 6981~0. 7221
SPSS Statistics 17.0 #t 4 3 A XU 5% Jy 22 41 4 3 0.7941~0. 8181 8 0. 6741~0. 6981
(ANOVA) LA [ Ak HRF i B 34 i 3 77 4 22 4 0. 7701~0. 7941 9 0. 6500~0. 6741
Sy B /b B MK % (least significant difference, . 0. 74610, 7701 10 0. 6500

1.SD) ,Duncan #i & #% 2z 1 (simple sequential ranks,
SSR) HEAT 22 5 8 3 A5 85 (P<<0. 05) 5 R A Sufer
WA ) 1 S K R 5 AR S A AL A R Origin 21 224 7 4 408 181

2 HRESH

2.1 “SNAE—ARVBEX AT H BN LEARES KRG YR

2024 4F 75 or — R AR K 23 52 ) - A E T A AR B K R ZE T I R OR 3R T — R Wl (s i s 25~
40 d), ISR BT 0~15 em + 2R TS K S AH Lo F B A B AR, S 20k 2. 4896 A in T 15~90
em F T )2 H R BRSOk G 1. 49 %0 (& 1a) s 75 07 F K R W W E 399 — il A 197 (B i )5 41~55 ), “ 7S i —
BT 0~15 em + )2 + HEAR B & K A0 LB FLRE R AIR 5. 9406, 15~30 em + )2 + HEAR B3 K 2238 fin
8.42% ,30~90 cm 4 )2 + HER TR & 7K Rt SEH 0 0. 69 % (K 1b) 5 T 7 F K 4l M 3 — it 22 399 (1 i )5 56~70 d)
0~15 cm + J2 AR B & K A e ML 0 T 2.00% (&l 1c) , 1 ik 22 89 — L8 (i R 71~90 d) K 3L 3
B — BB (WS 91~110d) 0~15 em £ 2 R TS 7K R AH HH R 4 B FEAR T 2. 46 %0 F12. 07 %, 1 X
15~90 cm Ab £ HEARBL S KRB R K, RN O 8 22 5 (B 1d Al e) o LA T A, “ S — 1R 7B 2CAH L &
AR LT i 0~15 em £ 2 IR B & KR & &P SRR K 3. 05 %, EAT5 40 F H Al 57K 5 (28. 54 %) 1 75% Ze 4+ AE
P32 B AN AR
2.2 “SNE—RTEX B EELSAL ST YR

2024 4 3 1 0 T I KRB A2 T 4 e 4k O e ST W, A B N A — A AR X R S A I R R A
TR A AR . HoP  EIR Y I — KW O3, 0~30 em 2 4 Eh & OE AR 16. 50 % , i B AN 5 T 4 5 4

IQI: Cultivated land integrted quality index .
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Fig. 1 Effect of ‘six-aspect integrated’ pattern on the dynamic changes of soil volumetric moisture content in saline-alkali land
a~e 43 AR AR W] — R WU D) (R iR 25~40 d) LMW 9] — il e 303 iR 05 41~55 d) A3 — ik 22391 CH R 56~70 d) ik 22 4] — ZL2A 0
(HHE 71~90 d) (LA — A ()5 91~110d), FIal. a—e represent jointing stage-big flare stage (25—40 days after seedling) , big flare
stage-tasseling stage (41—55 days after seedling) , tasseling stage-silking stage (56— 70 days after seedling) , silking stage-milk ripening stage (71—90

days after seedling) , milk ripening stage-maturity stage (91— 110 days after seedling) , respectively. The same below.

AR HREAL T 13, 53% (K 2a) 5 KWW — Sh B (i fS 41~55 ), “ S — & "B 0~30 em )2 2 #h
A B RS S B AIC 36. 2890, 30~60 cm b - 4 Ak A B 1 i 11. 88 %0, B AN T A A AR S T SRR T
13.50% (1# 2b) ; gl ke ) — bk 22 9] (LB 1 J5 56~70 d)“ 75— & 781K 0~30 cm:l:}:'é iR LR A SRR AR
31.24% (& 2¢) s ZE T I Tk mk 22 ) — ZLA (B R 71~90 d) (FLY — s ] CH 5 91~110 d) 4 38350 i Y
A ORI P BEAR TS AL — R BT A O R IR B K, 0~30 em 2 AR B A LR R S 43 S B
iR T 27.66% .30.33% ([l 2d Fl e) o L5 AR, “ 7S 0 — & "B A o H BT AT 0~30 em )2 28 & &7
FEAIG 30. 42 %6 X AEAR R AR BE LA Bh T 00 4% 4 198 4 50 0 Al PR AR 3R i T AR dEAE P Mg e A K
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Fig. 2 Effect of ‘six-aspect integrated’ pattern on the dynamic changes of soil total salt content in saline-alkali land

2.3 AR ARV X TR T RIZIR B A AL R

2024 4F 38 5 bR AU S 8] B 10 d W & B, AR A S R K IR AR S — 1R 5 AL T A ZE AR,
HHEVRESHE E N 117 em, X B8 FREMER T TH T KA. 7EREFG 30 d P9 T /K HE R 7 38 K, (A =X )
TR EMZF(P>0.05), 14 4 158. 24 e, & FlE 40 d BEIR AR, B2t TR0 b BFE I S 80, Hob o —
A B 2CAH B RS 2 b T 7K SRR A I B, 5 DXL AT B S U VR T (2 e 0 S 6 — A R U A 20 %6 ) 5 4% ol
J5 50~110 d H# R A H R AR AR fb 85 K, S 2 R S 18376 em, HL S — 1K 7 2 5 M0 =X ] O B 25 R
(P>0.05, & 3a) . i R AL 3T 7K, 20 0 Ho™ 6 25t ZERE A O d T K9 A B 7 3 ML R o 2173
mg- L1 AN AL — R GA ] 2975 mg- L', E N 36. 91 % ; 7E3E AR 0~30 d P 3 T /K B 4k BE 52 F 2 18
B, Bk 31 4589 mge L ZERE RIS 40 d MR KT Ak BE SR | 43 BT T DR AT R Sy a2 B S0 EAR RS, B S B R K
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Fig. 3 Effect of ‘six-aspect integrated’ pattern on groundwater depth and total dissolved solids
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Table 5 Effect of ‘six-aspect integrated’ pattern on soil physico-chemical properties and groundwater depth

My AbI Treat- % Bulk density 47 HLJJi Organic matter 47 4% Available phos-  HAUH#F Available po- M F/AKER AR L)ZEE

Year ments (grem ™) (mg-kg ") phorus (mg-kg™") tassium (mg-kg™") GWD (m) EST (cm)
2023 CK 1.42+0.02 8.5540.44 20.49+2.83 188.7846. 25 1.76+£0.06 80.66+20. 33
T 1.3440.01 8.7240.40 25.29+2.76 200.08+5.78 1.8540.09 80.66+20. 33
2024 CK 1.42+0.02 8.3040. 54 19.7242. 26 197.8246. 24 1.83+0.10 80.66+20. 33
T 1.3340.03 9.334+1.01 33.59+4.26 217.444+9.02 1.8040.07 80.66+20. 33
QbR Treatments * ns * ns ns ns
PR Year ns ns ns ns ns ns
22 H. Interaction ns ns ns ns ns ns

T+ RR 2R B35 (P<<0.05) ,ns #/RZFARE(P>0.05). T,
Note: GWD: Groundwater depth; EST: Effective soil thickness. * represent significant differences (P<<0.05), ns indicated that the difference was not
significant (P>>0.05). The same below.
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Fig. 5 Effect of ‘six-aspect integrated’ pattern on forage trait of silage maize in 2024
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Fig. 6 Effect of ‘six-aspect integrated’ pattern on quality of silage maize
WSC: Water soluble carbohydrate; CP: Crude protein; CF: Crude fat; NDF : Neutral detergent fiber; ADF: Acid detergent fiber.
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Table 6 Effect of ‘six-aspect integrated’ pattern on economic benefit

Ay b ¥ SV H #A ol a PR
Year Treatments  Economic output (yuan-hm *) Inputs (yuan-hm™*) Net profit (yuan+hm™?) Output-inputs ratio
2023 CK 13179.6+309. 18 12750 429.6+309. 18 1.03+0.02
T 14830. 2+249. 89 14175 655.2+249.89 1.05+0.02
2024 CK 14655. 6+274. 86 12750 1905. 64-274. 86 1.15+0.02
T 18360. 0+357.42 14175 4185.0+357.42 1.3040.03
A3 Treatments * ns * *
AEBR Year * ns * *
38 H. Interaction * ns * *
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