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Abstract To explore the optimal Fenlong tillage depth for increasing yield and improving quality of maize in arid
regions of Northwest China, a field experiment was conducted in 2023 at Nuanquan Farm,in Ningxia. Taking
maize variety ‘Tianci 19’ as the experimental material, four deep tillage treatments with depths of 30 (FL30),
40 (FL40), 50 (FL50), and 60 cm (FL60) were set up, with traditional rotary tillage15 cm as the control (CK).
By continuously monitored the changing trends of biomass indicators such as maize plant height, stem diameter,
root activity, yield components, and dry matter accumulation, the influence law of different deep tillage depths
on maize growth dynamics and final yield was obtained. Based on the actual water consumption and vyield,
combined with the simulation of canopy coverage and dry matter distribution by the AquaCrop model, the water
use efficiency of maize under deep tillage conditions was further calculated. The results showed that: FL60
increased plant height by 9. 4% (285.6 + 12. 3 cm) at tasseling stage compared to CK, while FL40 exhibited
the highest stem diameter increment (6. 76%). FL60 enhanced root activity by 65. 86% (P<<0.05) at the seedling
stage, and FL40 showed superior root vitality ,with a 24. 31%- 47. 28% increase from tasseling to maturity. FL60
achieved optimal yield components, including ear length (19.83 + 2. 05 cm), 100-grain weight (32.07 = 2.26 @),
and grain yield (15.73 £ 0. 80 t/hm*), with a 57. 14% yield increase over CK. FL60 also demonstrated the highest
WUE (59.62 kg/hm?-mm) , representing a 101. 42% improvement compared to CK. AquaCrop simulations
indicated that FL60 achieved the highest canopy coverage (88%) and dry matter accumulation (224.80 +
15. 78 g/plant), with high model accuracy (R°=0. 89, NRMSE<{8. 52%). In summary, the optimal recommended

smashing-ridging depth for achieving increased yield and improved quality of maize under the experimental

2026 4F 55 31 %

conditions is 50 to 60 cm in arid region of Ningxia.

Keywords Fenlong cultivation; maize; production; water use efficiency; AquaCrop model
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Fig. 1 Monthly precipitation and air temperature in test site
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Table 1 Initial physicochemical soil properties

TR /em
Ei=E 7N Soil depth
Index
0—20 =>20—40 =>40—60

W4 & K F/ % Water content 10.51 12.07 12.68
5 /(g/cm®) Bulk density 1.38 1.39 1.37
424/ (g/kg) Total nitrogen 0.76 0.47 0.28
Tl i &0/ (mg/kg) Alkaline nitrogen 37.65 30. 23 28.50
HEHE /(mg/kg) Quick-acting phosphorus 17. 34 15.52 15. 30
LT /(mg/kg) Quick-acting potassium 100. 03 95.74 85. 60
HHLFT/(g/kg) Organic matter 19. 32 17.43 12.07
IKEEMEEL /(g/kg) Water-soluble salt 0.83 0.81 0.91
pH 9.02 8.67 8. 64
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Table 2 AquaCrop model crop module parameters
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Fig. 2 The changes in maize plant height under different Fenlong cultivation depth treatments
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Fig. 3 The changes in maize stem diameter under different Fenlong cultivation depth treatments
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Fig. 4 The change of maize root activity under different Fenlong tillage depths treatments
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Table 3 The changes in maize growth characteristics under different Fenlong depth treatments

FEAT /em
Panicle position

FPHL KR/ %

W ater content of maize

bt 38 i B
Treatment Number of blade
CK 8.38+1.10°
FL30 11.81+1. 27°
FL40 12.14+1.08"
FL50 9.97+0.63"
FL60 10.1740. 54

88.34+6.21° 59.70435.91"
99.90+11. 70" 70.09+18. 57
103.45410. 55" 70.04420. 23°
91.24+15.46° 78.3046.61"
96.8348.67" 74.9942.09"
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7.30% o B FLAO (Y REAT B0 2 (R T HoAth i 21, HoAth
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& K N FL60>FL50>FL40>FL30>CK,FL60 [
TFRAE P CKIAN42. 66% . L38KHE &k 2
Ab B ARA TR R R AR R R

FAAGHHELIL(CK, A= 238 T B8 T. it
Ah T AR 2 A B B TR RR B R AR B
PETE, A P 5 A B 7= e, 1 R TR G E AL FE
2.2 AEMZEHEREXEX TR BRI
H 115 AT, 2% 4y 28 B0 A A 32 W 35 52 ) oK
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R D, JE K K A FL40 (133.94%) | FL60
(64.96%) M FL50(51.31%) ; FL30 5 FL40 .FL60
YA W25, H B3 T FL50 A CK. ml w1
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FL50€20.92%),FL50 5 FL40 25 5% g & . fh i,
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Table 4 The maize yield and yield components of maize under different Fenlong depth treatments
b K /em FEOHL/cm AT HL 17 kL EL /g
Treatment Spike length Spike thickness Number of row Number of grain in a row Spike weight
CK 16.46+1. 31" 41.11+1.81° 14.89+1. 05 33.2244.55° 136. 14+ 28. 33"
FL30 17.42+1.24 44.11+3.33 14.89+1.45° 38.44+2.24® 170.84+29. 13"
FL40 17.66+1.47 41.44+1.51° 13.33+1.00° 37.3345.00" 151.77+39. 06
FL50 19.43+0. 85 44.44+2.60 15.33+1.00° 40. 44+2. 96" 200. 80+ 36. 79"
FL60 19.83=+2.05° 46.83+2. 04 15.67=+1.51° 41.83+4.62° 224.80+15.78"
b PR MR /g HRLTE /g FERL ™ 4 /t/hm? R 7 4 /1/hm?
Treatment Grain weight Hundred grain weight Seed yield Mowing yield
CK 116. 63+25. 96" 24.59+1.17¢ 10.01+1. 12° 45.26+8.03"
FL30 150. 24+ 25. 35" 28.68+1.32" 10.89+0. 76" 48.56+2.51°
FL40 138.51+34.02% 27.80+3. 34" 10.00£0. 29° 52.36+7.62"
FL50 174.35+34.61° 28.93+1.99" 11.5640. 25 52.6545. 60"
FL60 199.15+11.71° 32.07=2. 26" 15.73=+0. 80" 64.5744.53"
21000 - a bbba
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Fig. 5 The change of dry matter accumulation under different Fenlong depth treatments
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Table 5 The changes in water use efficiency of maize under different Fenlong depth treatments

¥ i £ 2 GERER Gl W AR Je 4

b o K i /mm . FEIK B /mm oK g R/
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Fig. 6 The change in maize canopy coverage under different Fenlong depth treatments

oML RS S 2 R A L, 6—7 A & )2 3
K g PR A s 3BT, BRSSO e R A K A R
T B R S — E IR S AR
6—8 H FL30.FL40 Ay 7t J2% 4 55 & 19 52 /& F
REIE , 7—9 H FL50 . FL60 &k 3 5 )22 5 2 i (1 A
AE = T 52 {E , CK Ay B2 HE 5 52 0 (6 L 48
M . CK.FL30.FL40.FL50 1 FL60 #% K & J2
6 B S 4 0 R 729 779 .83 % .88 % F188%%
N Fl MSE \NRMSE | R* fll NSE % 45 3 i 17 37 7 15
#| AquaCrop # # i CK . FL30, FL40, FL50 Fl
FL60 f K 5ef )2 8 o5 B B 3008 43 90 R 71%0 . 75% .
80% .90% #190% .
2.4.2 T KA HM

i 7 1A, CKUFL30 . FL40 . FL50 #1 FL60 5

o= i 4y ok 12,9, 15001, 16.32, 17.33 Al
23.58 kg/hm?, & I 7= & 73 %l 24 12.2. 20.62,
21.43.22.68 1 22.97 kg/hm*. bl # Ky 28 I & 14
I, K ORFRL S 77 4 A 10. 01 t/hm? (FL30) &
T E 15. 73 t/hm*(FL60) , H: i FL60 % CK #4 7~
82.91% , F IR M 28 60 con (FL60) i 38 77 250 1 i I
Fo BEE KM BRI, T R R R
e FL60 fif S AR 0L 4 3 248 S 349 Oy f i, 0l ol
18. 71 F1121. 22 t/hm*, # CK F+ 5 14. 5% , & B IR H
BN A R R R R R AR R A L G
R, &b 2B R YR E S T ERME
(CK),FL505 FL60 22 %A i 3 (P<<0.05) .
2.4.3 KA A R F AL

Y 3% 6 AT, 2 K 43 R A3 (WUED Bk



TR TR A W 2B A L oK A K Bl 2 KoK 43 R R 1 5 ik 43 BT 5 AR B 46 E 21

(a) F= 4 Production

Production

7=/ (kg/hm?)

m 520 Measured

30 1 30 - (b) T#5 Dry matter
A Simulated
a
25 | a a a o5 25t
a g k] a a
2% a u il
20 | b < E 20t ab b b ab
b b = g .
a b 5
5 78 EE g5t
i E b
]a
10 | 48 10}
5 1 1 1 1 5 1 1 1 1
CK FL30  FL40  FL50  FL60 CK FL30  FL40  FL50  FL60

AbHH Treatment

KbHH Treatment

7T AEBMEMERELEHERTENTYRETN
Fig. 7 The change in maize yield and dry matter under different Fenlong depth treatments
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Table 6 The change in water use efficiency of maize under different Fenlong depth treatments

JK AR RCR /(L (hm*»mm) ) WUE

b

Trentment Sz FE 4 R* EF RNSE/%
Measured Simulated

CK 29. 60 23.89 0.873 0.886 9.230

FL30 35.21 44.06 0.876 0.894 8.520

FL40 31.75 52.63 0.884 0.898 8. 140

FL50 40. 33 51.57 0.895 0.996 6.810

FL60 59.62 58. 02 0.89%4 0.981 6. 754
WA L2 VAR OGN 2 AR T R B, A ZE A T L
3T I8 o AR P 25 T A T ) G A S, AT 2R AT
3.1 AEAMEMERENERERKFTERTEN RO, SCEAE Y B AR T A Ry BB X TAE )
A1) R B R R RO . BB R B

PR 15 7 0003 4 R 5 5 Bk 1 A [
LA R AR P 00 A R B Y MR A K R
(9 08 45 R 7 B R /IS 2 s e A A 4 it T A 4 5 e £
FEEIEAR S B B HEE X B K A R R R
3 2 T K R H5OR ROk T A A R R
BRI ARSI R R R BRI S
SR K PR M B A A, R R 60 em
(FL60) Ay FFRL 7= 55 CK i 57. 14 % (P<<0. 05) , 1%
5 URZ BN HE AR R R L 5 AR 4 WO RE T Y AR

¥y ZEBEVE AT LA 25 42 T 52 5 5 A0 A5 1R T AR fe A
B S R B R RIS R L M A B
BEAE 22 BE1E T AR R 06 0 W35 3 m AR &R P
TFacHe it WER N, AU M BB R O
TH i 8 3R 0 A ORI iR R 2 —
AR B2, A WE I b TRl - AU F1L40
MM 20 T8 CK 5 24.31%~106. 67 % , 25 L 8¢
CK #4 fn 6.76% , Jy et , 3 W1 v 45 3K J& Hy 28
(40 cm) 7E oK A= B o e 30 06 fl ik 80 08 K A a0 1



22 0 LN ES I Y NS S 4

2026 4F 55 31 %

Yy e a8 B CBEAE T o X — 25 RS 4 RUAEY
e AL 50 4 3 57 I B A M DXCFE AT A TR A B X 0 45
R—2o WP R T IRIRR R aER , A F T
AT KIS B, X R AR R R R
HA RS I 0 AR & B, FL6O (1 7™ %O
W, ATREIH T R IR )R LR K RE T i
Th, EARAE WS A B, BB A LR 22 0 (Y 18 m
25 by ZB AR PR e KR B LB | R
T A RO B AT T N, fE % S B 7 4 i AL
o BRI RSEYIE A WAL )T P TR A ) b 2 R
JE B S FLBR 25 0 e B, AT R BB L B 2B TR
B AT AR T A TR LA 2O 9 4k A = 4k AL
BRECE o Ry B P S AL RE A E B ORAB AR 9 A 1, )
P TR A — E AR, B 2B TR E 2 50 em
I, HR A o W

735N, 2SR b BRI R I R
(T) SALFEE GO G (PO #R G AR TH
X5 R B 5 SRR T R R T B —E R R
—EFERE B AT DR T R MO G RCR . P T
FEAVRYIAE— % A= 77 U] N AT LA O 2 198 JR W o
HEIMAEW B 7 i B TR 0
3.2 AEMEHERENERKSFARENZ N

Wei ™ (g B FEUE S, By B AEFE TR [ 2148 1)
(1 20 Z FpAAEY) BN HIRCR B3 B E 2 EEK
PEM 7= DXCHE T I o I B AR A UREAE A 3 £ A
M LT BEVE D) 3 77 10%0~30% &b B #2115 %0,
EREN T ORKBE ISR T 15 B 2B IR B X
7K 73 R T80 B4 3 W) 2 B A B LA R LA T T,
e,y 2B AR G O e A R R BRI A
ST, e SRR RE T L K R TE RS
PR I [1) 5 % 8 T BF AR L 5, AT RE % 4 JIE BF
T8 K 0 A 0T AR R 0 R K 4 g A R AR
BX S BE B0 B M T SR 8 R B e Ok DL K
Fr 28 HARTE R < U TE M 09 & K BE T, AR T2 IR
FIGR 2 UK B0 5 K AR K B B 2 g2 71 7
AR v, 2% A B K B — B AL T A BB
TR AR AR IR oK 7 AT ARG e FL60 1
FE K B 23 R ZCRHR B A R AE R ROR (R D),
A LADR D K o B 26 R FTHLR 35 R = B AE Dk
ML 78 S AR BE IR 23 1 AR X R B 2 1 HL AR
PR R T E R b R R AN AL R
A K BE T, B RS AR IR A K A i

HAEfmfam PR AT S THLMAESE 5 T
AR KT IR 23 B0 WM R AT AR T A 0 9 R UK
T AR FE K I BEAR I DT, B R T 5 A 4R
By, T K BT AR A+ HE PR BT A AT DLR A — 2 19K 70 LA
TRIEE KRG AE R R T, 2 bl Bes +
S A 3 9 PR AN CRE 7, AT i e b M A £R K R
FRCR R BRR K, T UG IEVE B 9 AR ™
WL TF T AP K 3 FI 0% . X 5 2 3k vk 45
BT TS SR A

ARk, N4 A IR W VE S5 AR AL AR IR
P I A 2 0 5 V7 45 422 9l oy 2B i R AR 0 2 K A TR A
AR L SR B EOR SR R, UE S
TEA M P R5 252 A e v 9 32 L A5 R JEE K

4 % it

SR CCKOM L, By 2B B AT 5 2 ok s 7
BT R IX F R ARk S A R b, ook B IR
BE 60 em (FL60) R0 e 4 o FF b 7= 5 8 CK T &
20.33%, FL60 7= #& ik 1.05 t/667 m’, H§ I
S57T.14% s TR REHM S CKERREE, H
RRCLLNEE GIERE b3 R AR 4 A P I T
¥y ZE AR RE 4R T 25 /K e 1 5K 43 R AR FL60 4b
FRFE K 58 CK s /D 22. 51 %, KAy FI R e 8 17
101.42% . &5 b E T E T R X KoKk A 7= i
R B BAE G LA 50—60 cm R H .

S Z Tk References

(1] 230, WER, REZE, FHT. TEEXFUMIRIMEZRI]. #F, 2009,
28(9): 104-106
Li X, XuZ B,She KJ,Luo X N. Status and development of maize industry
in Ningxia Province[J]. Seed, 2009,28(9): 104-106 (in Chinese)

[2] Mgtk, M&E, T, THE, TG, THEE, WREC, F&. REREH
EMEMERERRERFENZMI]. FREMRRUHR, 2015,33(5):
41-45,95
Zheng HB, ZhengJ Y, Luo Y, LiR P, Wang H, LiW T, Liu W R, Qi H.
Effects of different tillage layer structures on growth and yield of maize in
cropland zone in northeast of China[J]. Agricultural Research in the Arid
Areas, 2015,33(5): 41-45,95 (in Chinese)

[3] HAME. RiEWMEHERATRERI]. FERLBZE, 2010,43(20):
4330-4330
Wei B H. Research report on the cultivation technology of dry land crops in
powder ridges[J]. Scientia Agricultura Sinica, 2010,43(20) : 4330-4330 Cin
Chinese)

[4] WeiBH, Zhang Y S, Zhou J. Initial exploration on effect of saline-alkali land
rebuilding and utilization by Fenlong cultivation[J]. Agricultural Science &

Technology, 2017, 18(12): 2396-2400



2 3]

TR TR A W 2B A L oK A K Bl 2 KoK 43 R R 1 5 ik 43 BT 5 AR B 46 E

23

[5]

[6]

[7]

[8]

[10]

[11]

fgts, AEl, X%, DI5iE, HiE, HES, EEH, FER. BEH
fER BN B X TR RYEBERMZMI]. FRBXRLERSR, 2023, 41(3):
195-201,228

HeJY, ShiWY, LiuFY, MaQM,Yang Y,Yang J H,Cui X W,Chen Y
Y. Effects of Fenlong cultivation on soil key physical properties in arid areas
[J]. Agricultural Research in the Arid Areas, 2023,41(3): 195-201,228 (in
Chinese)

%3, 18, B, D, BB, B, 3, A0 HEHE
BEHXMERERRFRBHRMI]. RUBZHG, 2024, 45(1): 44-49
MaLF, WangJ, ChenP, MaW L, XieYL, HeMM, BaoJW, GuC S.
Effects of residual impacts of smash-ridging tillage on corn growth and yield
[J]. Journal of Agricultural Sciences, 2024, 45(1) : 44-49 (in Chinese)
BUEF G E KT E A ARE . SHEEXX BT TEB T EMRES
5xkF280%mI]. Rl TEZH, 2025,41(6):98-106

EJF,Yang S Q,Zhang W F,Chen N,Gu Q Y. Effects of tillage mode on
structural stability and maize yield in soda saline alkali soils[J]. Transactions
of the Chinese Society of Agricultural Engineering,2025,41(6) :98-106(in
Chinese)

EAE BEE . BE AWM. FRMER AT TR A5+ wB A
REEKRF=ERFMI]. IHRLRZE,2024,52(10):247-253

Wang B L,Zhou C S,Hai Z,Lou Y X. Effects of different tillage methods on
soil physicochemical properties and maize yield in the saline-alkali land of the
Songliao plaiu[J]. Jiangsu Agricultural Sciences,2024,52(10) : 247-253 (in
Chinese)

K. AESR. AquaCrop BB AR EBREM TR F I E K EKED
BERMEEMI]. ToKEE, 2024(1D:10-17

Zhang M, Tian J C. Effects of different irrigation quotas on the growth of
silage maize in saline-alkali land and evaluation of the applicability of
AquaCrop model[ J]. Water Saving Irrigation ,2024(11) :10-17 (in Chinese)
KRG EBW.FER. MEMENERIERSRERNEMI]. FE
REFIEIR ,2024,40(35):43-48

Zhang T C.Li S X, Chen Y Y. Effects of smash ridging tillage on soil
nutrients and growth of astragalus membranaceus[J]. Chinese Agricultural
Science Bulletin 2024 ,40(35) :43-48 (in Chinese)
EELOER KPR RIIM, Z8E. FRMEEATINEERBEESR
TEFSTUAELT]. AER L KRFFR,2015,49(4):429-437

Wang Q,Wang J,Zhang X L,Zhao Y L,Li C H. Change characteristics of
wheat and maize anniversary production and soil nutrient content under
different rotation tillage patterns [J]. Journal of Henan Agricultural

University,2015,49(4) :429-437 (in Chinese)

[12] 2=, BE®, T8N, FXF, B, S, RRE, F2mW. HEH

EREIHEFSENMHRH#HRETAARTNRSREI]. EVEF
5IEREIR, 2021, 27(2): 204-214

LiH, HuangJL, LiZG,Wei BH, Chen X R, Han SJ, Liang X Y, LiSL.
Fenlong tillage increase soil nutrient availability, and benefit vascular tissue
structure and nutrient absorption of sugarcanelJ]. Journal of Plant Nutrition
and Fertilizers, 2021, 27(2): 204-214 (in Chinese)

S . ARPHEREXN TH|EN, kS REVERBZMD]. RII: T8
X #,2021

Miao F F. Effects of soil structure, water and crop growth under different

tillage depths[D]. Yinchuan: Ningxia University, 2021 (in Chinese)

[14] BEEX, ZAE, &K, TE, E—1B. EF AquaCropREMEXRFE 5K

SR R[], Bk S AR R (RED, 2024, 22 (6): 1224-1238
Tang BW, Meng F X, Meng B, Wang J, Fan Y M. Simulation of maize yield
and water use efficiency based on the AquaCrop model[J]. South-to-North

Water Transfers and Water Science & Technology, 2024, 22 (6): 1224-1238

[15

[16]

[17]

[18]

—
©

[20]

[21]

[22]

[23]

[24]

[25]

(in Chinese)

s, 376, D, B, R E R ET KB A X i 1 R ok
BrEENRET]. FRERRLHSR, 2023, 41(1): 121-127

HelJ Y, Liu FY, Ma B, Wang B. Effects of different irrigation conditions
on soil physicochemical properties and rice yield[J]. Agricultural Research
in the Arid Areas, 2023, 41(1): 121-127 (in Chinese)

AN, AxE, FEE, AT, FER . HESEW L HEELERMK
BERKRFEHFMI]. IHERUFRZE, 2023, 51(1): 232-238

ShiW Y, HeWS, LiHX, HeJY, Chen Y Y. Effects of silt ridge tillage
on soil physicochemical properties and rice growth, and yield[J]. Jiangsu
Agricultural Sciences, 2023, 51(1); 232-238 (in Chinese)

MR, ME, WEFE, KRR, BER, TER, $4XE. TESIEERY
ZHEMERERMFmENZMOI]. RURFFR, 2013, 34(D: 50-53
Jin XM, DulJ, ShenRZ, ShenZR, Xie YL, Wang Y M, Wei B H. The
effection of sumash-ridging cultivation technology on the growth and yield
of corn in Yellow River irrigation district of Ningxia [J]. Journal of
Agricultural Sciences, 2013, 34(1): 50-53 (in Chinese)

FXME, RER, BE, ARZE, 8, KE. HEZHELRBFEBBREN
(1], L8, 2020,52(4): 699-703

Wei BH, ShenZY, ZhouJ, Zhou L Z, Hu B, Zhang X. Study on effect and
mechanism of improving saline-alkali soil by Fenlong tillage[ J]. Soils, 2020,
52(4): 699-703 (in Chinese)

Wi BEREN SR T EERE MRS RERNOEMARI(D]. B
W ARERLKRE, 2020

Yang B. Effects of smash ridging on soil properties in saline alka land and the
growth of saline alkali tolerant sorghum [D]. Hohhot: Inner Mongolia
Agricultural University, 2020 (in Chinese)

MER, FER, T¥E, ERB. HEMENERBRRFANRMI]. T
H&E, 2021, 55(2): 17-18

Tao X A, Chen Y'Y, LiM L, Xia W Y. Effects of Fenlong cultivation on the
vitality of corn root systems[J]. Guangdong Sericulture, 2021, 55(2): 17-
18 (in Chinese)

RER, FKIE, BAL, LR, Exh. FEMEAXNMLIEEREE
KERBFIMIFARLT]. EEFREFH, 2010, 19(4): 945-950

LiangJF, QiQZ, JiaX H, Gong SJ, Huang Y F. Effects of different tillage
managements on soil properties and corn growth [J]. Ecology and
Environmental Sciences, 2010, 19(4) . 945-950 (in Chinese)

HEE, AT, AGEL. BG5S, GiEWN FER AR BFER. HEHE
Xt + SR REE ML ] PERLRFSZE, 2024, 29 (12): 237-253.
YangJH, HeJY, ShiW Y, YangQQ, YangHL, LiW C, HeJ Q, Chen
Y Y. Effects of Fenlong cultivation on soil nutrients and enzyme activities[ J].
Journal of China Agricultural University, 2024, 29 (12) : 237-253 (in
Chinese)

8, BRF, FF, FEE, REE, Sl RATETIARRENZ
HHEXKBERRFEHRMI ). PEREREL, 2023 (9): 11-16
WangJ, MaLF, Chen P, Luo Y Y, KangJ H, Ma W L. Effects of different
depths of powder ridge tillage on rice characters and yield under saline soil[J].
South-Central Agricultural Science and Technology, 2023 (9): 11-16 (in
Chinese)

BEG, TRE, KW, TES, Bl KO8, &%, HE. FRAHER
X H M H R AL IR AR R[], P E RS, 2023,(9): 12-19
Sheng Y C, Wang S W, Zhang S, Wang J H, Chang C, Zhang H X, Huang
J'S, Gan L. Effects of different depths of Fenlong tillage on the soil pore
structure in sugarcane field[J]. Soil and Fertilizer Sciences in China, 2023,
(9): 12-19 (in Chinese)

B, FEE, DRF, XRAHE, T8, 0%, HHE. FABEREMNE



24

0 LN ES I Y NS S 4

2026 4F 55 31 %

[27]

[28]

[29

[30]

FRbTEB AR R RO ] TERARE, 2024,65(9): 60-62,66
ChenP, LuoYY, MaLF, AiFW, WangJ, BaoJ W, Xie J B. Effects of
powder ridge ploughing on physic-chemical properties and yield of perennial
rice field[J],
Technology, 2024,65(9): 60-62,66 (in Chinese)

EEFA, AEF, KRB BERENHBTREGEBSERFENHmI].
I ER AR SR, 2022, 24(1): 148-156
Wang Z D, LiuJ L,

Journal of Ningzia Agriculture and Forestry Science and

Wu N. Effects of fenlong tillage cultivation on the
photosynthetic physiological characteristics and yield of sweet sorghum[J].
Journal of Agricultural Science and Technology, 2022, 24(1): 148-156 (in
Chinese)

=M, A#tE, BHE, TRE, FX, TEW, IRk REMEFTXNL
BKSREREREFHMI]. FERBZ, 2009, 17(6): 76-78,81
LiX, Yan HK, CaoMJ, WangJH, LiM, YuH Q, Wang X G. Effects of
different tillage managements on soil moisture and maize growth and
development of maize[J]. Journal of Maize Sciences, 2009, 17(6): 76-78,
81 (in Chinese)

ERW, BER, FAF, RRE, AN, T8, T=ER. BEHRENH
ERAEEEHERFERRNEMI]. BHEEMREER, 2021, 42(3): 726-731
LiSL, HuangJ L, Wei BH, Liang XY, LuRJ, Wang L Q, LiZ G. The

effects of fenlong tillage on photosynthetic and photosynthetic physiological

characteristics and yield and quality of sugarcane[J]. Chinese Journal of

Tropical Crops, 2021, 42(3): 726-731 (in Chinese)

Wei B H. Discussion on green development of Fenlong for yield increase,
quality enhancing, water retaining and multiple use of natural resources[J].
Agricultural Science & Technology, 2017,18(9): 1631-1637

HiE, BB, INEE, GE, T, NE, KNE, TRIE. HEHED
EREX it IR R BB KR, 2020, 39(8): 52-59

YangB. QuZY, Sun HH, Yang W, Wang L P, Liu X, Zhang R X, Wang

F—IEEEN:

WINEEE A
SR
AAFER TR,

WA o

[31]

[32]

[33] %

[34]

iy E 57, T e, 7 B B R S5 OKOR TR 24 B
YIS, P E KRR R R S B 5 Be /7 R AR 2R B T B B A e, AT T B AR R
EFN KA T AR LML Heg: TAR 5 AR 0lk K - 3R
TR R AR K A SRR TUE | RO TR 2R (T R AR5 ) (R A F 4) 55
ARIEIC 20, 18 2 ZUORAT I SN T Z 1l 136 DX 5Dl

QY.
in hetao irrigation district[J]. Journal of Irrigation and Drainage, 2020,
39(8): 52-59 (in Chinese)

AR, AL, KEE, KA, FAE, BekE, HE. T AMKHENZSRE
MAEA X T D IEALBRSET R[], R ERFFHR, 2024, 31(6): 221-229
Zhang S,Wang S,Zhang Y,Zhang H X, Wei B H,Huang J S,Gan L. Changes

The effect of smash-ridging cultivation on Properties of saline-alkali soil

in soil pore characteristics under powder ridge tillage and rotary tillage in
sugarcane field in guangxi region [J]. Research of Soil and Water
Conservation , 2024, 31(6) : 221-229 (in Chinese)

BB . BEHEN D EEBA MR ER KBERNOEMWID]. R
K=, 2022

TE

Shi W Y. Effects of fenlong tillage on soil physical and chemical properties
and growth of maize and rice[D]. Yinchuan: Ningxia University, 2022 (in
Chinese)

A, EHOK, ERE, EER, BEE, THIE . RERBHEE
sk REERFH T MRBIERREMERNFMmM ] FEREFRZE, 2013,
46(16): 3401-3412
Yang X, Pang H C, Li Y B, Ren T Z, Dong G H,Guo Z H, Wang X J.
Effects of deep rotary sub-soiling tillage on the physical propertiesand crop
growth of the sticky loamy soil North China[J]. Scientia Agricultura Sinica,
2013,46(16): 3401-3412 (in Chinese)

FHok, MM, BT, TEX, FE, EXEF, EER, BRIE. BRHE
X EEFILM RS REFABERGZMI]. £EFE, 2013, 33(23):
7478-7486

LiYB, PangHC, Yang X, LiYY, LiH, Ren T Z, Dong G H, Guo L H.
Effects of deep vertically rotary tillage on soil water and water use efficiency
in northern China’s Huang-Huai-Hai Region [J]. Acta Ecologica Sinica,
2013, 33(23): 7478-7486 (in Chinese)

FAL A B et

BAEW, THER¥E T ARSKA TRESBKA TR LML, 258K E SV
K H (2021YFD1900601-02-04) Al E 48 A S8R} 24 FE 4301 H (U2243601-02-04) , 75 27 VU JiR “ 1R 4E bR 4
[ K 2 A Al K R TR B AR 56 &b BB I3 K 98 P 3k A5

EX S

A AR 00 A 0 S TR M

AT T g . EFFENZ



