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Effects of dairy cattle slurry and chemical fertilizer on the soil phosphorus balance of spring maize fields in
northeast China

JIANG Baiwen', LIU Lihong', LIU Junhui', YU Shiyuan', LIANG Yuan', SHEN Haifeng?, SHAO Hui'

(1. College of Resources and Environment, Northeast Agricultural University, Harbin 150030, China; 2. Beijing Danqingnuohe Technology
Co., Ltd., Beijing 100193, China)

Abstract: To investigate the effects of dairy cattle slurry combined with chemical fertilizer on maize yield, plant nutrient uptake, soil
phosphorus leaching, and phosphorus loss, six treatments were set up under the following field conditions : N 200 kg + hm™, P,Os 100 kg -
hm™, and KO 80 kg« hm™ were the total nutrient input, including no fertilizer (CK), conventional fertilizer application (F), and combined
fertilizer and dairy cattle slurry applications of 30, 60, 90 t-hm™, and 120 t- hm™ (hereinafter abbreviated as FL30, FL60, FL90, FL120),
according to the different amounts of cattle slurry. Results showed that compared with F treatment, the maize yield under the FL.120
treatment was the highest, reaching 14.72 t + hm™, with an increase of 32.14%. The soil phosphorus accumulation under the FL120
treatment was the highest, reaching 129.40 kg - hm™, indicating that a high proportion of dairy cattle slurry application could improve crop
yield and soil available phosphorus content. The phosphorus content and phosphorus accumulation of corn treated with FL.60 were the

highest, indicating that the combination of dairy cattle slurry and chemical fertilizer could promote the absorption of phosphorus and
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improve the nutrient utilization efficiency of crops. According to the relationship between soil Olsen—P and CaCl,-P, the critical value of

soil phosphorus leaching was 48.99 mg - kg™', and the content of Olsen—P in the FL90 and FL120 soil exceeded the critical value of

phosphorus leaching, indicating that a large amount of dairy cattle slurry would aggravate phosphorus leaching; this would result in

phosphorus loss and potential environmental harm. Therefore, when combining dairy cattle slurry with chemical fertilizer, the recommended

amount of cattle slurry should be controlled within 90 t-hm™.

Keywords: dairy cattle slurry; soil phosphorus deficit; Olsen—P; CaCl,—P; maize
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F1 AEHERAEFRSENER (kg-hm™)

Table 1 Nutrient inputs in different fertilization treatments (kg-hm™)

Kb WM LE 22 Dairy cattle slurry ALAE Chemical fertilizer JEF54) Total nutrient

Treatment N P05 K0 N P05 K0 N P05 K0

CK 0 0 0 0 0 0 0 0 0

F 0 0 0 200 100 80 200 100 80
FL30 49.5 19.2 75 150.5 80.8 5 200 100 80
FL60 99.0 38.4 150 101.0 61.6 0 200 100 150
FL90 148.5 57.6 225 51.5 42.4 0 200 100 225
FL120 198.0 76.8 300 2.0 23.2 0 200 100 300
gt 7S st

B HEEREZATCER

WA T R SRR /NI RR ] A7 1R 45 R
15T A4, B8 0~100 em, 52 20 em, Pk 1+
FEZR T, 2 1 mm 05 KT, W2 45 )2 1338 Olsen—P Al
CaCL-P & . 15 Olsen—P Jf1 0.5 mol - L' NaHCO;
(K& HH20: 1) 1242, 4% 30 min, 13 CaCL-P H]
0.01 mol - L' CaCL(/K - Lb A 10: 1) 248, #%3% 15 min,
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Figure 1 Characteristics of capsule for slurry storage and anaerobic fermentation
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A RE 5 9 A 2 25 Pt T ARG B R R AR ™ i
A FL120 4038 £ oK i ey, M 1472 t-hm”, 5 F
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k2 U IH R AT ALt ) A LA B RO
22 AEEIEA B EHBEREIZ 5 R RN
2 PR, 2 A8 E B & 7€ FL6O &b 3
K B i R, B S R RERL Y BT kR R B e L
49.73% ., WK 3 firos, At B iR R 2 TG
FOFL30 AR BRI R B R e R F AR T
41.79% , . B Ak N el 9081 2 2 e 8 42 F R oK
(AR YR N R S i YER T RS TR S R 07
TS A B i K AE , Horp FL6O b BB 25 i FL 2
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= 161 {
= b b 1
< 12t b b
-
b=
o
5 8
ﬂﬂ’ii
=
0K F  FI30 FL60 FL90 FLI120

Kb Treatment
AN ING FEEF R AL PR 22 53 12 2% (P<0.05)

Different lowercase letters indicate significant differences among
treatments( P<0.05)

B2 7 HEAR AR IR X T R AT R B R
Figure 2 Effects of different fertilization treatments on maize

grain yield
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B EEE  FL60 Ab L EOK B B R i s B F Ak
PRAE R 1 9.44%, 25 b ALIEELHG 60 t-hm™ B AR
FERB AL AL FOREER T A L], e F A B e
X B 25 1A IR SCBORS , 38 kR B 3 AR R, U
26 5 A0 N T it B A1 F KXl 2R A IR
2.3 AEIHERAE TEBE R TR

T3 AT LLE bl A AR AR 25 5t B A ) 3
L EMEANEZ FLI0OA B ERARE N
27.56 kg+hm?, 4 F AL FEIE TN T 22.05% ; FL30 . FL60
FL9O &b 3 W 2% 21 4% 43 71 4 16.44 1527 ,20.85 kg -
hm?, 5 F &b FAR tE 43 5 B IR T 27.19% . 32.37% .
7.67% ; FL120 4t 3 + 3 Olsen—P A 725 fk f i K,

)
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(=
(=]

| O A
= O =F B A Ed B
Fosofmut 3 I C
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v s
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CK F FL30 FL60
AP Treatment
AR ING B F R AN b BR W] — 21 2 1 T 22 53 W Rl K S b
R Ak HR ) SRR JR 0 22 53 i 25 (P<0.05)

Different lowercase letters indicate significant differences in tissues and

FL90 FL120

organs among treatments, different uppercase letters indicate significant

differences in total phosphorus accumulation among treatments ( P<0.05)
E3 AEBRLGENERESFEERRESENZ N
Figure 3 Effects of different fertilization treatments on

phosphorus accumulation in maize organs

R2 AR HEALALZE X F K BER IR R FEiE B %M

Table 2 Effects of different fertilization treatments on phosphorus uptake and transport in maize

M F Leaf Z5FF Stem FFRL Grain
A3 o 2 e B [ S E Wit R E
Treatment P concentration/ P remobilization P concentration/ P remobilization P concentration/ P remobilization
(g-kg™") efficiency/% (g-kg™) efficiency/% (g-kg™) efficiency/%
CK 1.53d 58.40ab 0.98¢ 32.24a 2.75b 39.23b
F 2.51ab 61.69a 1.64ab 29.63a 3.66a 46.74ab
FL30 2.52ab 46.41b 1.47b 38.83a 3.74a 39.04b
FL60 2.75a 49.73ab 1.84a 39.10a 3.83a 49.73a
FL90 2.36bc 51.88ab 1.66ab 37.21a 3.37a 43.25ab
FL120 2.13¢ 57.28ab 1.46b 39.26a 3.49a 44.81ab

T ANEINE PR FOR Ab B R 25 57 18 25 (P<0.05) . A

Note: Different lowercase letters indicate significant differences among treatments (P<0.05). The same below.
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15.13 mg kg™, & F AL FE ) 6.97 £ ; AT UL 3 2 e Jith W2
A A= 2 ] DU 3 6 K O il 28 0 W A O IR AR R 2
A%, T i A6 6 ot P VR A 2 26 25 1 Il R T LR
KRENHERB RS FEOERE L EPR R, hE
2 A AL, Jita FH 90 t+ hm > YA 2 28 T DA AR AR
KX R TR, SRS B i,
24 AEFERAENE LT EBZERNZm

JNFE 4] LATE H 45 it A Ak 3 o o 25k il g A B
FE T HRZ 38 (0~20 em) , 35X S iy T - Bl EL AT I
BRFVE AT, BRI 20 em DU 45 40 38 4 3 30 Tl 35 i 34 2
Jil R B FLI20 Ab PR 2 s XA R im0 F
A HEAN T 28.92% , 5B FLOO LA AR A HoAth b 3 22 57
i 2 (P<0.05) . L4 7] 1, BL2 U FL120 4k #E 7R
80~100 cm 1 2 Olsen—P 1% £ 4 14.74 mg-kg ™', AHHLF
22 AR T 6.20% , 0] Uk it R iR - 35 4 T8
BERMIRZ LIS I L P RER A,

I 4 B, A R Ak B R AS TR A= B 410 - 3% Olsen—
Pl CaCL-P & i 5 HIEWRE Z M C R BRI AEH
AHRLAG 43, 0 ~ 40 em £ )2 Olsen—P £l CaCl,-P 1% &t
Bifl )2 R B A S 2 T B L 40 em 12 DL B4R
POEZE 5 CKAPRM L, Br 32 )2 3P Olsen—P i
ERRE AL, HoAh )2 AR AR AN 10 BH it IE Be % 12 S #F
J2 15811 Olsen-P & it . 5 FARFAHLL , FL30 . FL60 .,
FL90 . FL120 %2 1 4% Olsen—P 7 2 1 345 5 , B F 4b

FEIETIN T 24.80%~38.40% , it B Jite FH T 1A A 28 B 2 3%
JnT £ 3 Olsen—P 7% 1 ; 7F 80~100 em - 4 1] i
Olsen—P % 4t b 19 I, & W Wl R AE LI P RS AT
B8 E 100 em )2, HAE 5] b bl % 1A 4 25t
S (R IS8 38 0 o XoF B i 22 300 D s 4% £ 2
Olsen—P & &P, 45 A PRAE 0~40 em (1Y) Olsen—P & &
Biti 5 A 7 0T B BE S R B 7 40~100 em B A=
B UEL 2B AN R E B3N, 32 e TR
B2 55 53 B9 W 05 DA R 8 2% 1) O 2% - B3R 0k & B0
XF Ll 22 B AR )2 CaCl-P 3 it R B, 454k
PR CaCl—P & i Il A 7 W E 471 B S R A%, JHerp
FLOO 4b L Fl FL120 Ab ¥ 2 J2 B AR MR B2 i K, 43 310k
T 54.79% F14.17% , Ut B Ot W 1R A 2 R A VR
XS B, Rt 1 A T A R
25 TEBMERKIERENHE

WP s B, FH 26 ] 05 A 7Y i 38 Olsen—P 5
CaCl,—P Z ] () 3¢ £ (R>=0.964 , n=83, P<0.05) , % ¥
ZIAAAAE S A Ok, RS BAR %5k CaCl-P R E
Olsen—P P3G I, 76353 sS40 XS B Y Olsen—P % 2
RISA A gl 22 bk DR A I (A . I B 48.99 mg -
kg™, Xt W ) CaCl,—P A 1.24 mg kg™, ElmFELT,
[ Olsen—P 31l CaCL—P M4 #4422 5 , Olsen—P
BT mg- kg B, CaClL—P {3 J11 0.016 mg- kg™, BT
Olsen—P A5 LT Bl M 6.55~48.99 mg kg™, CaCL—P fiY

F3 AELGEEMHTHEBERARKIR(0~20 cm)

Table 3 Soil P surplus under different treatment conditions (0~20 ¢cm)

fib 3 A Vet i TR L EHEAT 30 Soil Olsen—P/(mg-kg™)
Treatment P input/(kg-hm™) P removal/(kg-hm™) P surplus/(kg-hm™)  $EFf Before planting  HKJF After harvest  Z5{k 4t Variation
CK 0 52.13 -52.13 42.64 30.40 -12.24
F 100 77.42 22.58 42.64 44.81 2.17
FL30 100 83.56 16.44 42.64 45.34 2.71
FL60 100 84.73 15.27 42.64 47.26 4.62
FL90 100 79.15 20.85 42.64 54.35 11.71
FL120 100 72.44 27.56 42.64 57.77 15.13
x4 RAEFEELELIEOlsen-PFREEMR (kg-hm™)
Table 4 Accumulation of Olsen—P in soils of different depths (kg+hm™)
+ 2R Soil depth/cm CK F FL30 FL60 FL90 FL120
0~20 68.09¢ 100.37b 101.57b 105.85b 121.74ab 129.40a
20~40 30.14b 38.76a 38.57a 38.02ab 42.12a 20.83¢
40~60 14.24h 21.98ab 19.54ab 20.67ab 29.16ab 33.51a
60~80 19.05b 21.06b 32.20a 34.60a 37.15a 36.16a
80~100 27.90b 29.06ab 30.95ab 33.66ab 36.71a 37.15a

1% WHART]



FAESC, %  RAAF 3 5 AR B RE R AR LA TR A H Ml 3P 1 B

2237

it 221 Olsen—P & & Olsen—P content
at silking stage/(mg-kg™")
0 10 20 30 40 50 60 70 80 90

20

R FE Soil depth/cm
[*))
(=)

100 =

it} 22 1] CaCl~P 7 i CaCl.—P content
at silking stage/(mg-kg™)
0 1 2 3 4 5

N P [\~
S S (=)
T T T

3R Soil depth/em

o0
(=]
T

100 -
-+ CK -+ F

- FL30 -O- FL60

- FL90

J{Z 3] Olsen—P & 4 Olsen—P content
at maturing stage/( mg-* kg’l )
0 10 20 30 40 50 60 70

20

40+

60

R Soil depth/em

100 -

JREAH] CaCl-P 75 CaCl—P content
at maturing stage/(mg-kg™")
0 05 1.0 1.5 20 25 3.0

[=)) B 3%}
S (=] (=]
T T T

A HERIE Soil depth/cm

oo}
(=]
T

100 =
<> FL120

B4 nt£ 815 p A EAEI T 1328 Olsen—P #1 CaCL,-P R B XL I1EMR

Figure 4 Changes of Olsen—P and CaCl,—P contents in soil profile at silking and maturing stages
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