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Effects of agricultural measures on soil profile physical properties of winter
wheat field in Weibei highland, China
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Abstract: [ Objectives ] This study aimed to compare the effects of long-term different fertilization and
mulching methods on physical properties in 0—40 cm soil layer of winter wheat field in arid farming area of
Loess Plateau, to provide the guideline for maintaining good soil physical properties and seeking for suitable
and sustainable development agricultural measures of the Weibei Highland. [ Methods ] A 15-years' winter
wheat field experiment, started in 2002 and located in Weibei Highland, was used in this study. Six treatments
were setup, NP (N 150 kg/hm® + P 75 kg/hm?), NPK (NP + K 30 kg/hm?*), NPB (NP + biochar14.0 t/hm*), NPFFT
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(NP + film mulching during summer fallow period), NPFGT (NP + film mulching during growth period) and
NPFWT (NP + whole year film mulching). After winter wheat harvested in 2017, samples were collected in
0-10 cm, 10-20 cm, 20-30 c¢cm, and 30—40 cm soil profiles, and the soil moisture, bulk density, saturated
hydraulic conductivity (SHC) and water-stable aggregate contents were determined. [ Results ] Compared with
NP treatment, NPK treatment decreased the 0—20 cm soil bulk density, increased the 0-20 c¢m soil total porosity
and the > 2 mm size water-stable aggregate content in 0—40 cm profiles. The > 2 mm size water-stable
aggregate content in 0—10 cm layer increased by 1.3 times (P < 0.05). NPB treatment decreased the soil bulk
density, increased the soil total porosity, but decreased the SHC significantly by 27.9% in 0—20 cm layer. Both
water content and > 2 mm size water-stable aggregate contents increased in the profile, and the > 2 mm size
water-stable aggregate contents in the surface layer increased by 1.0 times significantly. NPFFT reduced the
water content in the profile, but increased the soil bulk density and decreased the soil total porosity of tillage
layer at harvest time. NPFGT reduced the water content of the profile, increased the soil bulk density but
reduced the soil total porosity of tillage layer, meanwhile reduced the SHC of the profile, among which
especially in the surface layer it was reduced by 60.2% significantly. NPFWT increased soil bulk density but
decreased the total soil porosity of tillage layer, decreased the SHC in surface layer, but increased it in 10-40
cm layers by an average of 57.5%, meanwhile the water content, > 2 mm size water-stable aggregates content,
MWD and GMD of profile were all increased. Affected by the local traditional tillage depth, the effects of
different fertilization and mulch measures on soil bulk density, saturated hydraulic conductivity and porosity
were mainly concentrated in 0—20 cm soil layer, while little effect had in the 20-40 cm soil layer.

[ Conclusions ] Based on the combination of N and P fertilizations, the application of potash, biochar and film
mulching around whole year could effectively improve soil physical properties. From the perspective of economic
input and degree of improvement in soil physical properties, the addition of potash and whole year film mulching
were effective measures to maintain the good physical properties of soil profile in Weibei Highland.

Key words: fertilization; mulching; soil bulk density; saturated hydraulic conductivity; water-stable aggregates
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Table 1 Details of experimental treatments

i A3 PHEAE R
Code Treatment Tillage management
NP N150 kg/hm?+ P 75 kg/hm? E/NZEABFIHT S WOR S 2 BIFE— U, LR 20 om, TCEITE, BFHTEA . BEIC/ERLAC

Twice 20-cm-plough before sowing and after harvest of winter wheat, basal applying N 150

kg/hm? and P 75 kg/hm?
FERifiE N 150 kg/hm?, P 75 kg/hm?, K 30 kg/hm?

NPK NP +K 30 kg/hm?

Basal applying N 150 kg/hm?, P 75 kg/hm? and K30 kg/hm?

NPB NP + A=Y
NP + biochar 14.0 t/hm?

NPFFT NP + Wb 5 PRI 35
NP + fallow period film mulching

FEf N 150 kg/hm?, P 75 kg/hm?, ZEH)7% 14.0 t/hm?

Basal applying N 150 kg/hm?, P 75 kg/hm? and biochar 14.0 t/hm?

WO BRI PR AT A S M, RO D R B A 58, R/ N2 RITTE Bk
JIE, L N 150 kg/hm?, P 75 kg/hm?

After harvest, whole soil area mulched with plastic film during summer fallow, allowing rainfall

entered soil through film gaps. Clearing film before sowing and basal applying N 150 kg/hm?, P 75

kg/hm?
NPFGT NP + b5tk E 15 %

F5)ifi N 150 kg/hm?, P 75 kg/hm?, SR 2FE iR, STHLRA/NE , oK n] DL it fLigE
NP + growing seasonfilm mulching A -3, W35 1B i f5

Basal applying N 150 kg/hm?, P 75 kg/hm?, whole plot mulched with plastic film during growth

season, wheat planted into drilled holes, and rainfall entering soil through holes. Film cleared

away after harvest

NPFWT NP + Ml 453 55
NP + whole year film mulching

SEji N 150 kg/hm?, P 75 kg/hm?, /L H 1% LR NPFGT 403, KR B NPFFT b3
Basal applying N 150 kg/hm?, P 75 kg/hm?, the management during growing period was the same

as NPFGT treatment, and summer fallow was the same as NPFFT treatment
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Fig. 1 Soil water content in each layer under different fertilization and mulching measures at harvest
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Different letters above the bars indicate significant difference among treatments for the same soil layer at 0.05 level.]
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Fig. 2 Soil bulk density in each layer under different fertilization and mulching measures at harvest



73 EX, A TEAC TR BT A /N2 M - S T B A R 1101

AHLE, NPK A1 NPB 2R Z (0—20 cm) + 14 H
Ay IR T 1.3% M1 8.5%; NPFFT. NPFGT A
NPFWT 4b B = Ffr 7 JI55 Ak B fef 4 )2 - 98 25 43 31 B4
T 47%. 5.5% F17.3%.

£ 0—10 cm 1)z, 5 NP AHAH L, NPK Al
NPB 4k #f - 3 S LB EE 43 B3 1 0.7% 1 7.3%,
NPB 4b 5 B #) i & 7K F (P < 0.01), NPFFT,
NPFGT 1 NPFWT #b B + 1 51 FL B 3 43 1) {2 B AIK
T 5.1%. 4.9% F1 6.7%, NPFWT &b AR B K
S (P<0.01), 7£10—20 cm )2, 5 NP AbHAH
L, NPK I NPB b #H 43 S AL /3 T 1.4%
M1 6.6%, NPFFT, NPFGT il NPFWT Ab B 448 &AL
B RE AR BIFRAR T 2.7% . 4.2% F1 4.8%, {HIAILF)
BEKF (R 2).
2.3 FRERIABIFUREA T IR BRI S K R A S0

AN [ it S 7 i e %o 50 T - AR RN K R A —
FERIFEI (3% 3). 5 NP ALFEAH L, NPK AbBE 131
I KFETE 0—10 cm B EFEAL 29.5%; NPB ZbHE+
HEA A S KR TE 0—10 cm W EREAL 27.9%, 1F

10—40 cm I E 31.2%, HESATZHRIET
25 W EKF; NPFGT AbFRAE 0—40 cm -1 FN
SIKRFYIEAE 32.0%, HAE 0—10 cm & 35 &M%
60.2%, JFIRBIRE KT (P<0.01), HE1T)EY
RIRF B FEKF; NPFWT AbFE -+ 3Eip fi ok R, 78
0—10 cm FFF21.0%, 25 AKREHEEKF, 7
10—40 cm P 57.5%, H 10—20 cm A5 2
Z/KF (P<0.01),

2.4 FEACIBITYIR EA T 1B KRR M F BRI 20

2.4.1 KREVERIRIK M AFEEACE w51 T
L A R AR oA 2 B U R (& 3), TE4%
A1 B A B R AR EZAL P AE 2~0.25 mm Fll <
0.053 mm, H >2 mm FFRIAEE HEHEAK. 7 0—40
em 12, 5 NP AHAHLIL, NPK. NPB
NPFWT Ab 3 > 2 mm B9 P RAR S 53 B33 1
45.9%. 59.5% F192.1%, M1 NPK il NPB 4b i 7E
0—10 cm 270 W Em T 1.3 581 1.0 1%,
NPFWT AbFEFE 20—30 cm £l 30—40 cm 124371 &
FE T 2.4 58 1.0 /%, NPFWT AbFEFE 0—10

%2 TREMEMESHEGRRASECMBILEE (%)

Table 2 Soil porosity in each layer under different fertilization and mulching measures at harvest

QLB Treatment 0—10 cm 10—20 cm 20—30 cm 30—40 cm
NP 56.75 £ 0.96 bB 53.99 + 1.00 abAB 44.84+0.17 bcAB 45.26 +1.69 abA
NPK 57.12+ 1.45 bB 54.75 +3.72 abAB 44.98 £0.91 bcAB 44.26 £ 0.79 abcA
NPB 60.91£0.70 aA 57.54+1.11 aA 45.14+0.26 abcAB 43.49 +1.05 bcA
NPFFT 53.88 +1.70 ¢BC 52.54+2.92 bB 44,01 +1.04 cB 43.64 £ 1.41 abcA
NPFGT 53.95+ 1.68 ¢BC 51.70 £ 0.97 bB 45.51 £ 0.49 abAB 45.89 £ 0.69 aA
NPFWT 52.94 £ 1.65 cC 51.40 £ 1.16 bB 46.30 £0.75 aA 42.85+1.17 cA

TE (Note) : [AIFVEHR G ARG FRERIR S F-RE30 3R A R G AL A S 55 i 2 18] L3 S LBREEAE 0.05 ZK-F-A 0.01 /K- 255 35

Different small and capital letters after values in a column are significant differences among treatments at 5% and 1% levels, respectively.

3 T EHEABE S YR BRI E IR FKE (cm/d)

Table 3 Soil saturated hydraulic conductivity of profile under different fertilization and mulching measures at harvest

AbFE Treatment 0—10 cm 10—20 cm 20—30 cm 30—40 cm
NP 791 £0.32 aA 5.04 £ 0.84 beB 543 +£0.73 aA 4.36+0.18 bcAB
NPK 5.58 £0.38 bAB 9.38+1.15 abAB 5.32+£0.53 aA 7.47 +1.60 aA
NPB 5.70 £ 0.92 bAB 5.85+1.45 bcAB 7.09 £ 0.48 aA 6.84 £ 1.26 abAB
NPFFT 6.82 £ 0.55 abA 6.34 £ 1.59 bcAB 6.63 £0.39 aA 2.63+0.76 cB
NPFGT 3.15+0.88cB 4.85+0.39 cB 3.77£0.44 aA 291+0.53 cB
NPFWT 6.25 £2.02 abA 11.61 +£3.02 aA 6.31 £1.33 aA 5.51 £0.47 abcAB

TE (Note ) - [AZIEEE A /NG T BERICS T8 7350 278 A Rl i A 41 3545 Tt ) - 98 S FLBRBEAE 0.05 JK-F-A1 0.01 JK-F-22 5% 3%

Different small and capital letters after values in a column are significant differences among treatments at 5% and 1% levels, respectively.
p g g
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Fig. 3 Water-stable aggregates distribution of profile under different fertilization and mulching measures at harvest
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Different letters above the bars indicate significant difference among treatments at 0.05 level.]
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Fig. 4 Mean weight diameter (MWD) and geometric mean diameter (GMD) of water-stable aggregates in each layer under
different fertilization and mulching measures at harvest
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Different letters right by the bars indicate significant difference among treatments at 0.05 level.]
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HE/NZ B 7= AR A S IR R H A
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FOCHEGE BoR, A9 o (it F o DA 3 B AIG £
e TR, M EHESALBRE, & UK A B
J1, SN R G2 ARG & B
WG 0—10 ecm AT SRR T, IREEH T4
Yy Wit e 38 2 RAN, SEIE T KALRR,
PR T 2k = HERFLBR B, 38 rh/INFLBR 9 5
WO LRI IR T oK ME R RE S, S8
TR TR KRR, 10—40 cm 45 )2 13540 AN
FAKREE NP A HS RIS, (HEARIER] K
Vo, BT AL R, A 2 B
T HEBFLBEIER, EAB T 10—40 cm 452
B FLBR R NP AR ERI R, (HE R IR R
K
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RO AR e, SRR RZE L
R ALBR B RLE K PEREAR, A 1 B AR - AR R oK
RO A R B X — R, #E 0—10 cm
JZ, NPFET. NPFGT HI NPFWT =77 [l kb 3 5
TN S K F 3 BIREAR 13.8% . 60.2% F121.0%, H
NPFGT AbFETE 10—40 cm + 210 F1 5k R FEAK
SR, (EAIRIE T, NPFWT 4B T 10—40
em HIERT KR BB A R R AT g 4
A s R T A /N3 A K T PR A R AR R 43 T
Y, BT AL S Y, (H R AR R AR
ERIEERZE, DM EE SR T 10—40 cm 121
FIFAKRIE
3.4 A RIEERBETEIBERELIEKIZE M EF R &
A

AWEFTH, NPK AL 0—40 cm £+ )2 > 2
mm [ R AR R A 438, BBk 10—20 cm +)2H
A HJZH MWD A1 GMD {E438 00 . 158 BB AR Ay i i
AT 9 A SRR B T B 1 K e 1 A 2R
AR E M . AT ECSE RIS R, AR A T B T
B2 LIS AMA LR & &S, AU 28
AR AN AR 0 S 38 O R 25 390, T i i 4= 458
P RAR I TE 1

WnAEYIR G, 0—40 cm & )2 > 2 mm KA
BAREG R, HIE 10—20 cm 4, HAe+2W
MWD F1 GMD {E 35381, i5d B i in A= 4 7 o] 412 i+
e K AR AR TR T3 I K AR e 1k R R AR
EME. Glaser FFFE A B, =95 BA (e 1+ 1 W
K - e A AR A HLIEHLER AR 1ER , A
REfE TR = LA R e . — I TAEY A
B RO FE5H, tREARRR, ARG MER
YERT, REAE I 3 v A1 3R AR 1) 5 A 1T 2R A R 1] 2R Ak
Befbro Sy —Jr i, HHERAE YRS 4 WK N 4 4
R S, Mo EY s, HEANURE
s meY, n] AR A K R E RIS W
FEAEE,

RBFLACA M2, 0—40cm £ 12 >2
mm ) RARBIES & . MWD Hil GMD {HI535 ., 3+
AF b 5 4 4 5 P2 0 4 398 vp K P R AR I B AN
HoKRE e B RUE e R o TSI B
7N, MR 35 AT 0—10 em 1398 A B ARG & 1 5T
A RURANEE LU NEWNZIE 20N (A o YS P
b RS 55 T AP R R, R R AR R
B, SRR Z R EE T, R A R A R A
TERL, B INIRE .

A ST K B0, N ()it A 7 6 5 it X A
- 1 R FL B R RTAR A K R B R A 0—20
cm )2, X 20—40 cm + 2N, XARERERZ
)Y B AE T R, — M BEE TR A 20
cm LN, REHHESEZMIEYR A T, REBR R
ST EESAE LE A, T2 AR
A ORFI T GE SRR R, K 2
BB, WL, DB R 5 4 385w 2 A
PR R ST o eAh, 3N ) KT 1R 45 = 7 2
O YL AR R R, AR SO 3
Wy B S TR MY TR RO M XA R, AR
NI e Tz X I B e A e =
JEHEIZEAIIIE, AT PEUAS R4S RS i RS5O
4 Zhig

U AT Bt ) SE At L B RE A Y e, REAEREAIR
WCHIHBZ RIS, B S R AL, 2
R HER A RAIARTE L, 5% GERK PR IL R 2
HIEEAITOKR, BE TR RS KSR, [
YR &G HRANBR, AR TRIAEH] . AL &
b 5% DRI o S PR AT - SRk, 3 2 g
R, FRACHEZE R TLBR R . EEIE A A
17 25 RENS B I - SRR, (H SRS Ak E
AE, BEARHE R RALB R, BRI iR
TR

P U RE LG ) SE Ak S RE A AT, BE SRR R
PINBE DI, WIS RS, e
IR R K. ZUEIE FC A HiB5E 4 47 7 35 e 18
P - BER PRI i, 38 oKk fe e Pk A SRR R e
PR, R R IERK M, HABASIE S 10—30 cm 4
(RIS ) S S TR N B Ee g VR P S i = 3
b DXL AR R A A 39 T A B IR 1) A SR i
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