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Effects of long-term application of cattle manure on soil fertility
and corn yield of saline-sodic soil in western Songnen Plain

YU Fei,ZHAO Shuo,ZHAO Ying, WANG Yong,FAN Yikai, MENG Qingfeng
(College of Resources and Environments, Northeast Agricultural University, Harbin, Hetlongjiang 150030, China)

Abstract; Based on the number of years of cattle manure application, four different treatments were set in this
study. The treatments included 13 years (13A), 19 years (19A) and 24 years (24A) of applying cattle manure,
and the saline-sodic soil without applying cattle manure was used as control (CK). Soil samples of 0~20 c¢m and 20
~40 cm in each treatment were collected to determine soil nutrients, physical properties and saline-sodic properties
to explore the fertility of saline-sodic soil and the mechanism of increasing corn yield under long-term application of
cattle manure. The results showed as follows: Compared with CK, cattle manure application significantly increased
the contents of soil organic matter, total nitrogen, available nutrients and soil field water capacity in 0~20 cm and
20~40 cm layers (P<0.05) and significantly decreased the soil bulk density and soil density ( P<0.05) as well as
significantly increased the soil porosity in 0~20 cm layer (P<0.05). In 0~20 cm soil layer, soil organic matter
and total nitrogen were the highest under 19A treatment, reaching 39.31 g - kg™'and 1.30 g -+ kg™', respectively.
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The content of available nitrogen, available phosphorus and available potassium reached the highest at 24A | which
increased by 89.31%, 81.07% and 107.64% compared with CK. The content of soil porosity reached the highest at
24A, which increased by 54.56% when compared with CK. The average decrease rate of soil bulk density and soil
density of each treatment was 31.91% and 6.29% compared with CK, however, there were no significant
differences between treatments. At the same time, the soil pH, electrical conductivity (EC) and alkalinity ( ESP)
of all treatments were significantly lower than those of CK (P<0.05). In 0~20 cm soil layer, the soil pH value was
the lowest at 24A, which was 24.45% lower than that of CK. The EC and ESP were the lowest in 19A treatment,
which decreased to 0.14 dS - m™" and 2.52%, respectively. The improvement effect of organic fertilizer on soil
physical and chemical properties was more obvious with the increase of application years. The corn yield of treat-
ment for 24A was the highest, reaching 13 780 kg + hm™, which was increased by 58.57% compared with CK,
and significant difference was found among all treatments ( P<0.05). The corn yield of CK was the lowest (8 690
kg - hm™). The results of structural equation model analysis showed that after long-term application of cattle ma-
nure fertilizer, soil field capacity, total nitrogen content, and soil organic matter content were increased, soil bulk

density was decreased, and soil pH value was changed. As a result, the corn yield was increased. The decrease of

soil bulk density and the increase of field water holding capacity were the key factors affecting corn yield.

Keywords: saline-sodic soils; cattle manure; corn yield; physical and chemical properties of soil ; structural

equation model
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Table 1 Basic physical and chemical properties of soil prior to reclamation

H (i EC SP AL B A A KR
Il')l | /(d8 o ) ;07 Organic matter Total-N Available N Available P Available K
value S+ m o _ _ _ _ -
b Mgrkg)  /gekg)  /(mgokg!)  /(mgekg)  /(mgekg)
9.50 6.23 32.03 10.95 0.37 39.11 12.06 125.18

T EC TSR (dS - m™') s ESP Ry HIERALIE (%) , TR, IR AT K SEAMESL A 2 i BURE S5 O B (E 715

Note: EC is soil electrical conductivity(dS - m™") , ESP is exchange sodium percentage( %) , the same below. The basic general situation of the test

area before cultivation was the average value obtained after multi—point sampling.
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HAHUE 19 a(19A) Tt HA LI 24 a(24A) , LA
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AMOS 21.0 FE5HG T RERERL (SEM) 4R F - e AL I
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Note: Different lowercase letters indicate significant
differences between treatments in the same soil layer ( P<0.05).
The same below.

1 AELEMTEFIREE

Fig.1  Soil organic matter under different treatments

R2 ARLEMTRERSSE

Table 2  Nutrient contents under different treatments

T2 b3 e R A AL
Soil layer/cm  Treatment Total N/ (g« kg™") Available N/(mg « kg™") Available P/(mg - kg™") Available K/ (mg - kg™")

CK 0.63+0.08¢ 48.07+4.28b 32.28+1.28b 132.47+19.62b
13A 1.68+0.11a 76.07+12.33ab 18.24+1.65¢ 165.74+6.02ab

0~20 19A 1.77+0.22a 68.13+19.01ab 33.12+8.25b 176.39+7.06ab
24A 1.30+0.04b 91.00+35.41a 58.45+8.84a 275.06+109.77a
CK 0.34+0.03b 19.13+0.40b 18.15+4.96h 145.28+4.24h
13A 1.21£0.12a 59.97+21.52a 8.42+0.63b 111.34+8.88¢

20~40 19A 1.38+0.21a 69.77+13.01a 23.04+3.91b 135.96+3.32h
24A 1.40+0.16a 50.87+23.10ab 42.88+15.85a 186.37+14.13a

AR NG FHREFROR R — 2 R4 B 22 55 8.3 (P<0.05) KU 3 IE I +hRifE22 PRI, T 1A,

Note: Different lowercase letters indicate significant differences between treatments in the same soil layer ( P<0.05). Values are the mean of three

replicates + standard deviation. The same below.
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Table 3  Saline-alkaline properties under different treatments
TRRE 4k B " EC
P /(dS - m™)
CK 10.55+0.09a 0.63+0.02a 58.15+13.61a

Soil layer/em  Treatment ESP/ %

13A 8.44+0.05b  0.17+0.0lc  5.31+1.09b
0~20 19A 8.33+0.08b  0.14+0.00c  2.52+1.10b
24A 7.97£0.34c  0.36+0.11b  10.94+2.14b
CK 10.68+0.01a 2.56+0.57a 51.06+3.12a
20~40 13A 8.68+0.13b  0.22+0.04b  16.63+8.29b
19A 8.30+£0.08¢  0.15+0.01b  3.10+0.66¢

24A 8.40+0.19¢  0.31+0.04b 13.50+6.65hc

F4 TR TR IBMER
Table 4  Physical properties under different treatments
Bulk density  Soil density
/(geem™) /(g-em™)

TIRRE fb 3

Soil layer/cm  Treatment

FLBREE
Total porosity/ %

CK  1.6420.05a 2.54%0.03a 35.52x1.83b

134 L1420.07b  2.39:0.03b 52.35:3.42a
0~20 oA  1.13:0.05b 2.38:0.07b 52.35+3.35a

24A 1.08+0.15b  2.39+0.07b 54.90+6.27a

CK  1.59:0.05a  2.5:0.03a 36.42:2.86a

134 1.4x0.10b  2.45:0.03ab 42.77:4.21a
20~ 40

19A 1.38+0.10b
24A 1.39+0.07b

2.4+0.02bc  42.77+4.06a
2.39+0.03¢  41.55+3.38a

HH & 2 AT, 5 CK A B, Bifi 25 it T A LA 4 FR
R, AR K 2 T i A PR
J5,0~20 em + )21 H A RF K& & T 20~40 em +
JFo T£0~20 em )2, AR H A FFK S
CK (18.22% ) L3 & 36.55% ~42.35% Z 7], kb
PR 24A ) HI (A4 7K iR B e = 1 42.35% ;7 20~ 40
em 1R A ALBRR HE R KBS CK A g THE
FRITE 23.74% ~38.54% 2 [8] , J5 2200 Wras R4, 7
0~20 cm F120~40 em )2 v, 4540 H % H ] 57K
5 CK M 2R 3% (P<0.05) .

2.5 HERAEVIEXEXFE ST

F A 0 ) K = 25 5 (1 3) W LA
PR it A A B A S [ X6 T K 38 7 s8R G S A 22
S R T —E W, BDALFE 24A > 19A >
13A>CK, 24 R T, A 13A 194 [ 24A
5 CK Z 548 8.3 (P<0.05) , 2019 453045 i mf b
PR 24A YRR EIAE] T 13 780 kg - hm™> 8 E K
7 8690 kg - hm [ AL R CK AH LR & T
58.57% , F A Rt A AL IE A BIR (38 =t 2> . 3%
P,

2.6 TIEBAMEHFIZEE

T B A T A HLIE S 4 3R Ty % £ ok
PRSI G M HE SEM KM HT 0~20 em +)E
(BHER) B9 AL 57257 ERTRAE bR W R o

o540 3

« 007 00~20cm
= b020~40 cm
=50 a a a
S
£ 40
!‘j a
[5) a a
=307 b b
1
2 20¢
iﬁ
= 10}
EE 0 1 1 1
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Ab ¥ Treatment

2 AELERTERERKE
Fig.2  Soil field capacity under different treatments
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Fig.3 Corn yield in 2019 under different treatments

7% 1 Corn yield/(k

BT

Organic matter

~ (0.74
097 S\

1] 55 7 i A
Field capacity Bulk density
\
0.08
—0.69N
Ak FE o
ACEE 10,03 pHIl ER A
EXC;‘:r'l%itS:gde‘“m pH value Total nitrogen Available K
N 0.36
—0.64N -
\ 0.34
5P s ¥
Cornyield

TE AN SR AR AN AN Sk b B o AR ER AR R B
K SFEEARRIEA G BRI,

Note: The thickness of each arrow and the value on the arrow re-
present the path coefficient and its size, the solid line represents the
positive correlation, and the dashed line represents the negative corre-

lation.

B4 HEEREMEZN AR IZEE (SEM) S
Fig.4 SEM analysis of influencing factors of soil
physical and chemical properties
XK= LR A N, WLIE 4, SEM USSR R .
P=0.94, WS ESEE(GFI) = 0.89, ¥ 7 iR 22
(RMSEA)=0.00, Ui B35 Bl R 4, BERUfgRE T
TR B U 5 e PR 3R AN R ME— B SRR
303 it A MUIE I 45 3 LT, DT 52 0] 1 325
I B K B DA B 4 4 ROk R oK i, H
ML H [RD R 7K e R 38 4 R0 52 MR AR B A
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RN, HEEEAR R B0 A 0.98 F1 0.97 ; X 25 {4
PR SN, AR R A -0.74, HIEFKES
1 pH 2 A CE R (7 RECH -0.69) M5
i oK 7= 5, + 48 pH {55 + 56 LTt 2 R ¢
KR (R RBON-0.24) , HAE LB /N FEE |52
) - S Ak RN 2 T S, 1 4 R R
FrE X FORFE A A T B AR R, AR R
5314 0.36 F10.34, Z5 b, HIEA LT AT o il
- HELt R - A R AR A BB PR RO, O HAE L
BRI 25 (1) RARK | P TR0 ) v B % oK
PR K2 RN R AN EZERNE,

2.7 TEBUERMEXES T

X AL M TR T AR O A T, SRR
THEAWUR S E RS pH (SR ik
S R R OC (P<0.01) |, 5 4 38 [ ja) 3 K
LB R B W A E (P<0.01) , - HEmkf#
RE AR R B EAMHE(P<0.05), T HEH
S AR S A HLT R IR B S A K, H3EH
47K i 5 1 pH (6 S5 Bk B 20 i 35 1
FHIE(P<0.01) , THEZSTE 5+ pH (H 5% B
TR B B2 EAE (P<0.01) , 5 4R A 2
etk 2 ARG (P<0.01)

x5 BRI EERZENEXRY

Table 5  Correlation coefficient among indexes of saline-sodic soil

- ﬁi‘}LE‘i Ei ﬁ)ﬁkﬁ?% ﬁﬁiﬁ?ﬁ i%é?ﬂl'qu I:Hl‘lﬂ%ﬂ(% AN j:%ﬁfﬁ FLBEE
Indicator Organic Total Available  Available  Available pH EC ESP Field Bulk Soil Total
matter N N P K capacity  density density  porosity
Orgfff ;Etter 100
L Toal N 09577 100
A 0.44* 0.28 1.00
Available N
RS 0.07 0.18 0.42 1.00
Available P
TR 047 0.21 0.34 0.68" 1.00
Available K
pH -095"* -0.83"" -0.61" -031 -0.62" 1.00
EC -098** -091** -0.55 -0.09 -0.43 097" 1.00
ESP -095** -090"* -046 -0.02 -0.35 091" 09"~ 1.00
M ek 074" 0.68" 0.59" 031 0.43 -0.79"*  -076"* -0.67"" 1.00
Field capacity
T -090** -081"* -075** -023 -0.45 095" 094" 088" -087"" 1.00
Bulk density
Ry -085"* -078" " -044 -0.24 -0.58"* 086" 081"° 075"" -0.58" 0.74" " 1.00
Soil density
FLps 085** 076" 078** 023 0.40 -091** -091"* -085"" 087"" -099° -0.65" 1.00
Total porosity

o ARERTE P<0.05 /K- LR EHISE, # « RERTE P<0.01 /K- AR R EHI5E,

Note: * means significant correlation at P<0.05 level, * * means extremely significant correlation at P<0.01 level.
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