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Effects of Fenlong cultivation on soil key
physical properties in arid areas

HE Jinyu'*?, SHI Weiye*, LIU Feiyang', MA Qiaomei',
YANG Yan', YANG Jiahe', CUI Xuanwei', CHEN Yanyun’
(1.School of Civil and Hydraulic Engineering, Ningxia University, Yinchuan, Ningxia 750021, China;

2. Ningxia Water Saving Irrigation and Water Resource Regulation Engineering Technology Research
Center, Yinchuan, Ningxia 750021, China; 3.Engineering Research Center of Efficient Utilization of Modern
Agricultural Water Resources in Arid Areas, Ministry of Education, Yinchuan, Ningxia 750021, China;
4.School of Agriculture, Ningxia University, Yinchuan, Ningxia 750021, China;
5.School of Life Sciences, Ningxia University, Yinchuan, Ningxia 750021, China)

Abstract: To solve problems of serious soil compaction and shallow plow layer depth in arid areas, a field ex-
periment was carried out in Nuanquan Farm of Ningxia in 2021. The traditional rotary tillage was used as the control
(CK). Different Fenlong cultivation depths of 30 em (FL30), 40 cm (F1L40), 50 cm (FL50) and 60 ecm ( FL60)
were set to explore the effects of Fenlong cultivation on key physical properties of maize soil. The results showed that
compared with traditional rotary tillage, Fenlong cultivation effectively reduced soil bulk density and improve soil
porosity. The bulk density of surface soil (0~20 ¢cm) in FL50 treatment decreased by 11.55%, and the porosity in-
creased by 12.17%. The bulk density of middle soil (20~40 cm) in FLAO treatment decreased by 8.57% , and the
porosity increased by 9.14%. The bulk density of deep soil (40~60 cm) in FL60 treatment decreased by 11.61%,
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and the porosity increased by 12.75%. Fenlong cultivation had a significant indigenous effect on soil water storage at

different growth stages of maize. Soil water storage FLAQ treatment increased by 24.86% , and the number of soils

mechanically stable aggregates (0.25 ~5 mm) increased by 9.63%. Compared with traditional rotary tillage,

Fenlong cultivation achieved the effect of loosening soil and improved soil water storage and soil moisture retention

capacity. Fenlong cultivation increased grain yield by improving the growth conditions and soil environment of
maize ,in which the FL60, FL50 and FL30 treatment increased the yield by 57.14%, 15.48% and 8.79% respec-

tively, compared with the CK treatment. The conclusion of this study provides a theoretical basis for improving the

years of soil compaction and the sustainable utilization of water and soil resources in arid areas.

Keywords: Fenlong cultivation; soil bulk density; soil porosity; soil water storage; soil agglomerates
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Table 1  Physical and chemical properties of initial soil
TERE %3 BD S5 TN B AHN  AEBE AP UK AK AL OM JKIEPEER SS i
Soil depth/em /(g + em™) /(g kg!) /(mg-kg™') /(mg-kg!) /(mg-kg) /(g-kg") /(g kg P
0~20 1.38 0.76 37.65 17.34 100.03 19.32 0.83 9.02
20~40 1.39 0.47 30.23 15.52 95.74 17.43 0.81 8.67
40~ 60 1.37 0.28 28.50 15.30 85.60 12.07 0.91 8.64




53

A 45 OB ZE B TR o 5 DX S SC B W BV T3 4 52 ) 197

R RIEE K 2 ITERHERT B R R AR
T IO BB g ) T el R T i g K
A LR E KR, RIEE KRR AR
LU

W =H x 10ab (1)
X H %2 HERIRIE (em) ;0 i TR (g
cem”) 3b R HIERTREKE (%) .

K A ERWORIA N B/ XCRAE 10 1
FORRITHATE N M, ol BRI R
L P B OK YRS RO B T C AT
B AT, PRI R K BRPARL A T 25, 554
FEAFRLECR 200 ROFFRLAY BT L, 82 X L6550 F
(1] 5% 8 A A A R OKF PR
1.5 #HiEE

XI5 % H Microsoft Excel 2016 #E47%04E 57
Hr5 i, SPSS 25.0 #4755 2434, KR H Duncan 7%
PEAT BE T

2 ZER5550r

2.1 MZEHHMEREX HIERENZIT

W ZEHHES 0~60 em A BHHEZ P 1
25 0 AR A AN [RR 2B B R TR B AL B DL BT
HE AR B oK 4 Az B A S AS [ VR B 25 7 19 52 1
Wz 2 firos, 7] LA Y, FLAO (FL50 5 FL60 Ab BRAH
X CK AFIFE A F W ,0~20 em T2 REALF

TERFMEZER FI40 5 FL50 AbFAE +3% 0~ 40 cm
TR BB AR T CK AR PR AE T KA [R] st 39 245 77 7
WEMEE S (HFE I 40~ 60 em TR P, F1A40
Al FL50 AbFRARXT T CK Ak PR 1 1 2L K mil w11 4
P E 255 LA T RE 2 T3 P A B 4 o
SEHIKF FBE 40~60 em + )23 BRFTE, FL4O
Ab FRASEAS - SFEAE RO 0T R TS0l |
IR 0~20 em T EAHE 30 T 18.95% |
10.53% .15.04% . 17.24% F111.30% ,20 ~40 cm + )2
HEWMDT 9.63% .10.20% .6.97% 6.75%F18.57% ,
40~60 em L)ZEEW A T 3.54% . 7.20% .5.64% |
7.91%F1 6.87% ,FL50 Kb FRAFi 5 11 0~20 cm +)Z
HREP DT 19.70% . 13.95% 17.79%  14.29% Fi
11.55%,20 ~ 40 ecm +J2W /> T 5.43%.8.21%,
3.73% .3.75% F1 7.86%,40 ~ 60 cm + )2 /> T
3.54% 8.44% 8.33% .6.47% 1 11.61% , FL60 &b 3
fifs 5 0~20 cm 2R EIKAD T 18.45%
15.00% 11.28% .14.53% F112.04% ,20 ~40 cm 1 )2
WL T 10.86% 6.22% \7.71% 2.75% Al 14.52% ,40
~60 em )2 T 7.07% .5.21% 10.05% .10.07%
F11.61%, 4R L 3 B4 L 225 /D
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Table 2 Effect of different milling tillage depths on soil bulk density

TR b HB W] Growth period
Soil depth . tment w30 LR A A )
/em Seedling period  Jointing and tasseling period  Tasseling period Milking period Harvesting period
CK 1.34+0.00a 1.27+£0.03a 1.33+0.03a 1.35£0.01a 1.36+0.03a
FL30 1.14+0.01b 1.16+0.04b 1.13+£0.02be 1.17£0.04b 1.26+0.06b
0~20 FL40 1.08+0.01c¢ 1.13+0.05b 1.13£0.03bc 1.12+0.04b 1.20+0.08b
FL50 1.07+0.00¢ 1.09+0.05b 1.09+0.03c 1.16+0.04b 1.20+0.04b
FL60 1.09+0.01c 1.08+0.03b 1.18+0.01b 1.16+0.02b 1.19+0.01b
CK 1.35+0.04a 1.34+0.06a 1.34+0.01a 1.33+0.01a 1.40+0.02a
FL30 1.21+0.02¢ 1.23+0.05b 1.25+0.02¢ 1.29+0.03b 1.29+0.02b
20~40 FL40 1.22+0.01bc 1.2+0.03b 1.25+0.02¢ 1.24+0.01¢ 1.28+0.11b
FL50 1.28+0.03b 1.23+0.03b 1.29+0.02b 1.28+0.02bc 1.29+0.00b
FL60 1.20+0.03¢ 1.26+0.02b 1.24+0.02¢ 1.30+0.03ab 1.20+0.02b
CK 1.32+0.01a 1.34+0.02a 1.36+0.01a 1.39+0.02a 1.41+0.04a
FL30 1.30+0.02ab 1.24+0.07a 1.31+0.02ab 1.26+0.05b 1.37+0.04ab
40~60 FL40 1.27+0.09ab 1.25+0.10a 1.28+0.06bc 1.28+0.00b 1.31+0.05be
FL50 1.27+0.01ab 1.23+0.06a 1.25+0.05bc 1.30+0.03b 1.24+0.04c
FL60 1.23+0.02b 1.27+0.04a 1.22+0.04c 1.25+0.03b 1.24+0.03¢

T R AP RUE Y P B AR 22 BUER B/ NS 50K P<0.05 REKF, T,

Note: The values in the table are mean * standard deviation, the lowercase letters after the values represent P <0.05 significant level. The

same below.
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Table 3  Effect of different milling tillage depths on soil porosity

LHERIY

HFH W Growth period

L Ab B . " - -
Soil depth " o WO CT0] N W A
/em Seedling period  Jointing and tasseling period  Tasseling period Milking period Harvesting period
CK 49.54+0.23¢ 52.11£1.23b 49.83+1.05¢ 48.91+0.51b 48.81x1.13b
FL30 57.18+0.75b 56.43+1.36a 57.48+0.56ab 55.85+1.49a 52.68+2.10a
0~20 FL40 59.02+0.89a 57.28+2.02a 57.41+2.26ab 57.80x1.45a 54.62+2.79a
FL50 59.41£0.27a 58.83+2.1a 58.67«1.17a 56.21«1.51a 54.75+1.30a
FL60 58.79+0.60a 59.41£1.17a 55.48+0.34b 56.28+0.58a 54.94+0.07a
CK 49.05+1.76¢ 49.47+2.11b 49.43+0.33¢ 49.74+0.35¢ 47.32+0.70b
FL30 54.52+0.68a 53.66x1.74a 52.85+0.69a 51.48+1.00b 51.44+0.45a
20~40 FL40 53.83+0.44ab 54.52+1.03a 52.91+0.82a 53.13+0.28a 51.64+4.28a
FL50 51.82x1.15b 53.49+1.00a 51.29+0.49b 51.62+0.81ab 51.42+0.10a
FL60 54.50x1.07a 52.60+0.77a 53.29+0.77a 51.04£1.00bc 54.86+0.58a
CK 50.19+0.29b 49.26+0.57a 48.59+0.40¢ 47.42+0.80b 47.03+1.38¢
FL30 50.78+0.67ab 53.13£2.54a 50.5+0.61bc 52.27+1.94a 48.2+1.30bc
40~60 FL40 52.05+3.27ab 53.03+3.88a 51.64+2.00ab 51.71£0.16a 50.54+1.90ab
FL50 51.87+0.24ab 53.62+2.25a 52.97+1.67ab 50.96+1.00a 53.10x1.51a
FL60 53.69+0.64a 51.97+1.33a 53.78+1.42a 52.88+0.99a 53.03x1.08a
_ : - T o o E A=)
. 07 ek mrs0 i [FLso [(FL6o FEXF 0.25~5 mm - SEHLAREE AE 14 141 5 44 1) 52 i e
5 a . KA F CK 7E 0~20 em + 2 M T T22.11%,
< -
5 400 . 20~40 em 1JZNHRTFT 4.38%,40~60 em +JEA
5 2 oo
5 ol a @ T T 2.39% s Hk ly FL30 2 FE . fHXF T 0~20 cm
£ 350} 2a ab X
- b r N LIRMAT S mm (OHLHEE P8P, CK ALK
v
c &
ol z ’ Toa TR BB AL PR, 7E 20 ~ 40 cm 5 40 ~ 60 cm JL[H
| I I P, FLG0 Ab SAH X T CK 4275 K, 40 537+ T
o5l 4 4 4 18.93% 11 10.78%,
Hi ) UL fili 2t 4 VEE 3 34 i 7 e A My e B o By
Seedling Jointingand  Tasseling I\’/Iilking Harvesting 2.5 Mgﬁ#ﬂzﬂkgxﬂ-iﬂt}ui N a&ﬂl'ﬂ]
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/NG FBHRER P<0.05 BEIKF,

Note: Lowercase letters represent P<0.05 significant level.
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Fig.1 Effect of different milling tillage depths on soil

water storage at various fertility stages of maize
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Fig.2 Effect of different milling tillage depths on the

particle size distribution of soil agglomerates
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Table 4  Effect of different milling tillage depths on yield of maize

s K ik . b i AR FHE R
Spike length  Spike diameter - Kernel number Ear weight Grain weight 100-seed Grain yield

Treatment Kernel rows . . >
/cm /cm per row /g per spike/g weight/g /(t+hm™)
CK 16.46+1.31b  41.11x1.81c 14.89+1.05a 33.22+4.55¢  136.14+28.33d 116.63+25.96d 24.59x1.17¢ 10.01£1.12¢

FL30 17.42+1.24b  44.11+3.33b 14.89+1.45a 38.44+2.24ab 170.84+29.13bc 150.24+25.35bc  28.68+1.32b 10.89+0.76bc

FL40 17.66+1.47b  41.44x1.51c 13.33+£1.00b  37.33+£5.00b  151.77+39.06cd 138.51+£34.02cd  27.80+3.34b 10.00£0.29¢
FL50 19.43+0.85a 44.44+2.60b 15.33+1.00a 40.44+2.96ab  200.80+36.79ab 174.35+34.61ab 28.93+1.99b 11.56+0.25b
FL60 19.83+2.05a 46.83+2.04a 15.67+1.51a 41.83+4.62a  224.80+15.78a 199.15x11.71a  32.07+2.26a 15.73+0.80a
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