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Effect of Long—Term Different Fertilization on Water Retention of Brown Soil
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Abstract: In order to evaluate the effects of long—term different fertilization on the physical properties and water retention of
brown soil, in this study, based on the brown soil farmland in the long-term fixed—point positioning experiment of nitrogen
phosphorus fertilizer and organic fertilizer combined application conducted by the National Field Scientific Observation and
Research Station of Shouyang Dryland Agricultural Ecosystem in Shanxi Province, soil bulk density, porosity, compactness,
saturated water conductivity, and soil water characteristic curve under the treatments of no fertilization(CK), single application of
nitrogen and phosphorus fertilizer(NP), combined application of nitrogen and phosphorus fertilizer with organic fertilizer(NPM),
and single application of high amount of organic fertilizer(M) were analyzed and determined. The results showed that compared
with CK treatment, NPM and M treatments significantly reduced soil bulk density and compactness, improved soil porosity and
saturated water conductivity, and increased the cumulative water infiltration by 20.00% and 47.62% , respectively. The soil
water characteristic curve showed that soil water holding capacity from high to low fertilization treatment was M>NPM>NP>
CK. The fitting results of Van Genuchten model showed that the treatment M had the highest saturated water content(fs) and
residual water content(0r), and CK had the lowest ones. Compared with CK, the field water holding capacity of NPM and M
increased by 11.97% and 40.27%, and the effective soil water content increased by 15.11% and 21.35%, respectively. In
conclusion, long—term application of high amount of organic fertilizer (M) and combined application of nitrogen and phosphorus
fertilizer with organic fertilizer(NPM) could improve soil water holding capacity, which was a more suitable fertilization measure
in brown soil area.
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Tab.1 The amount of fertilization of different

T 4 A SRR A Ak K0 R — treatments from 1992 to 2021 kg/hm’
SRR R T LB L KA PR S AR i N P,0; FALE
L B . ) . Treatment Organic fertilizer
%[PHB@EF@%I% Ti%ﬂg*#7kﬁg DJQ @Wyl\i%ﬁﬂ: CK 0 0 0
g% kB, K A il v B A L IE 5 E A it E A BE AR L NP 120 75 0
W RER AR RS A e NPM 120 37.5 22 500
HEE KA X R IR B Y & v 0 0 135 000
F2 192H5FFMINTEEO0~ 20 cm B FEMR
Tab.2 Basic chemical properties of 0-20 cm soil tested in the spring of 1992
AL/ (g/kg) 2%/ (g/kg) 2/ (g/kg) 4/ (g/kg)  HRA/(mg/kg)  HRHE/ (mg/kg) A/ (mg/kg)

Organic matter Total Nitrogen Total phosphorus Total potassium Available nitrogen Available phosphorus Quick available potassium

23.8 1.05 0.755 23.7

106.4 4.84 100 8.3

®3 1992 FFMHIX L0~ 20 cm ¥R
Tab.3 Physical properties of 0-20 cm soil tested in the spring of 1992

R fem R/ LB/ % + ek AR A /% Soil particle size distribution A &
> NS P .
Soil depth (g/cm?®) Porosity < 0.00] 0.001~ 0.005~  0.01~0.05 005 Wilting hu- Field water
) Bulk density ) : MM 5 6505 mm 0.01 mm mm -Uo mm midity holding capacity
0~10 1.18 55.5 8.0 12.5 10.5 23.5 45.5 5.1 25.7
10~20 1.24 53.2 8.0 10.0 11.0 26.5 44.5 6.1 24.8
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1.3.4  BdE/rFr H Excel 2010 F1 SPSS 23.0 % %4
P AT L1140 B, Origin Lab 2020 #1754 #2145 A
1R .

2 HR54H

2.1 AEMEELENTEBLERILE

1992—2021 4 30 a [a] , A [W) i AT 4b 3 (%) O~
20 ecm #F 2 LA NI S R AE R EFEM2E R (R
4) , ANjite FE Ak B (CK) 4 384 LR 75 & 5 A%, 1 00
NE 5 A HLAE B i A8 BE(NPM) 0] LA 23 & 4
B2 A MURK & &, & it A LIS Ak 2 (M)
T HEH LK & 5 s, 18 F) 27.78 g/kg, B CK 4 5
T121.5%.

R4 2021 EAEMHEARAIERN TIEELER

Tab.4 Physical and chemical properties of soil treated with different fertilization treatments in 2021

Jib 2 LK/ (g/kg)  #T/(g/em®)  FLBRIE/% BREE/ 0 BREE/ 0 PR R/ Y% REE SR /kPa
Treatment Organic carbon Bulk density Porosity Clay content ~ Powder content  Sand content  Soil compactness
CK 12.54 ¢ 1.26 b 52.51¢ 6.56 b 32.13a 61.30 a 733.00 a
NP 14.66 be 1.38 a 47.92d 9.63 a 33.71a 56.63 b 752.33 a
NPM 15.78 b 1.17 ¢ 55.65b 6.05 be 35.28a 58.65b 600.67 b
M 27.78 a 1.02d 61.56 a 541c¢ 28.95b 65.64 a 634.33b

T A /NG TR R R 28 5 125 (P<C0.05) . £ 5.6,

Note: Different lowercase letters indicated a significant difference(P<C0.05). The same as Tab.5-6.

AN ] i A Ak B ) 4 38 75 o A7 AE 1 3 25 S (P<
0.05). 5 CKA#L ,NPM M &b B () + 1 2% & 43 5
BEAIK T 7.14% F119.05% , it 20 8 AE A BEL(NP) +
BERy A EAR S T 9.52% , 15 B < 10 Bt 0 R T
o3 1 L A E, A ALAE AT DL AR - A
P o AN [ it FES A ER 2 ) ) - S L BB 22 5 B 2 (P<<
0.05), 5 CK &b B AH o , M #l NPM &b B 4 £ 152 FL i

.30.

FE 43 38 T 17.23% F15.98% , i NP 4k B ) + 3
LB EE B T 8.74% . 5 CK.NP .NPM 4k ¥ 4
b, M Ak B 4 3 L B RS 43 A 3 o T 17.23% .
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21.59 mm/h. /A [R] il R Ak 34 iy - 38 1R T S oK RAR
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E1 AEMBELETLIEENSKE
Fig.1 Soil saturated water conductivity under
different fertilization treatments
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Fig.2 Changes of cumulative water infiltration over
time under different fertilization treatments

2.4 A[E e AR AL 3B i £ 8 0k 43 HFAE #h 2R EL IR
AN [7) i AIE Ak BT 7K 23 4 i i 2 22 Al B0 A 4 A
SHR .

60

—4CK -oNP -4&NPM -+M

B W
= =

HIEEEKE em’
=

\Soil volumetric moisture content

[\S1
=
T

0 2 4 6 8 10 12 14 16 18
+ 5K F1/ % 10° Pa

Soil water suction

B3 AEMAELETKSISEHMETLME
Fig.3 The variation law of water characteristic curve
under different fertilization treatments
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HIEMEZNPESH
Tab.5 Fitting parameters of 0—10 cm soil water charac-
teristic curve under different fertilization treatments

pipi

Treatment Or Os a n RMSE
CK 0.120a 0.48la 0.012b 148la 0.006a
NP 0.129a 0.523a 0.015b 1.497a 0.005a

NPM 0.140a 0.530a 0.012b 1.521a 0.006a
M 0.141a 0.56la 0.060a 1.244b 0.005a

25 AEIHEAEALIE A K BRI R

A BOK S R OK VG IR ) — A
fabr o M 60 LUAE KA [ JE 4b 3 0~
10 em £ 2 A A KR TS KB KB,
M Ab B 11 4 38 0 A 3508 KR B B T CK, U B 3
Jiti A5 HLAE BE 3G i 4= B SOK 1 R R e R
Bk PERE . NPALFE 5 CK M, A3 & KR 2 5
AR F., 5 CKAHME,NP NPM 1 M 4b B + 4
R K MR T 6.09% . 15.11% F121.35% 5
NP . NPM FI M &b # %) -+ 38 [ 8] 35 7K R 43 51 $2 5
T 3.40% .11.97 % F140.27 % s Hovb, M &b B (%) H (7]
FrK R ik 32.22% , 5 HoAfth 4k BELAH F 25 52 B 3
(P<<0.05) o 32056 45 2 1 B 4 101t FH A ML AE 4k 22
A 1 A KR OR 2K fE T 3 5, T R Kt
A L.

*x6 AEEIELETO~10cmtEHKSEE

Tab.6 Water constants of 0—10 cm soil layer under different fertilization treatments

VA \ “ ] 43 7K %/ EEBATKE/) S BB KRS
b W wagmRy  HERACR BREBRE AR gy, HRERRA
. . o . Field water holding Capillary fracture o - Effective water
Treatment Fitting equation Fitting coefficient . Wilting coefficient
capacity water content content
CK y=17.4162""%% 0.996" 22.97¢c 18.08a 9.34b 13.63¢
NP y=18.1062 2118 0.986™ 23.75¢ 17.92a 9.29b 14.46bc
NPM y=17.2672 "% 0.989" 25.72b 18.06a 10.03b 15.69ab
M y=25.8152""1% 0.998"™ 32.22a 18.32a 15.68a 16.54a

e A3 ) R 22 5 3 (P<C0.05) A 3 (P<0.01) .
Note: * and ** indicated significant(P<C0.05) and extremely significant(P<C0.01) differences, respectively.
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Fig.4 Correlation analysis of different physicochemical properties and fitting parameters
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REEREFRER T AARE DR &R, + 1
KALBRE Z AR T Be 45 5y R 7K, T E 3 X 10" Pa
PLJG , Bt 2 W T B4 388 i, A T) i AES Ak 288 ] 2 7K 32k i
W%, A VLIS 0 A B T A, DT R
T - HEMFEK BE
AW LM, 5 CKAH L, NPM &k B 1 M Ab 3
.33.



W PG 4l Bl2F 2024 AR5 52 4455 2 1

2B T OH )RR K R A R A K R (P<
0.05) , # 4= H [|] 47 7K 2 43 5l $& & 1 11.97% 1
40.27% , My A RCE K F 0 T 15.11%
21.35% 3% 5 EE0S FESFODR R A5 R — 8. X2
Jits F A ML AT LAk 4 + H gk b 3R T R
KA A TR K BE 7, i i A+ 58 b A oK &
M. AHEIE A K B, R [ it AT A PR A £ A& H 4
TRLRT 5 K i (0,) 5 A BB 5 A% W 3 LE A G OC
R, 3 Uk B Bt 5 A AL RE B4 A A R R AR N K
R E, WM S S R KEE T X 55
SUEN BB EYE I — 8.

0t FH A HLAE W] DL R AR A = A I )2 4 1
ZEH A R S P R AL BR R i i
JIE 4 g A M 2 R R SRR AR LB
5 CKAM L , NP A + e w4 & 1 9.52%, 1
NPM. M 4b # + 58 %5 & 45 5 B AR 17 7.14% .
19.05% . 5 CK.NP .NPM &b # A Lt , M &b 2 19 +
SEFLBR B 4> BN T 17.23% .28.46 % F110.62%

K 0 it FH A AL AIE AT D G 2 4 e 4 - A A
IKFERK I NBRE 1,5 CK A EL , NPM Al M 4k B
() A 54 AT K R o ) B S R R T 27.34% M
55.91% (P<<0.05) , £ 60 min N , 4% &b 3 4 3 23t
A B KN i M>NPM>CK>NP,

K0t FH A HLAE DA B ZCBE IR 5 A HILAE e 45 it
FA AT LG e A SRR K BB O, R RS
K B FE B AW T3 3E Bl o M>NPM>NP>CK,
Van Genuchten & 7 451 & 45 52 3 B K 4] i AE Ak 2
[i] 0 T 55 7K B (0,) FH AR Ax & K B (0 AFFE 22 57, 1
FI N M AP, CK . 5 CKA L, NPM
M b 8 A 240 AN 5 K i (0) 43 B T 10.42%
16.88%% , 4 18 FH u] #35 7K 2843 5 42 & 1 11.97% F
40.27 %0 AR K5 54 v 1 15.11% M 21.35% .
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