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Effects of combined application of swine manure compost fermented by
different methods with chemical fertilizer on soil physicochemical properties and
NH; volatilization of summer maize

WANG Mingteng', ZENG Chong', LI Shuai', CAI Jiaming', CHU Jingya', ZHOU Mingyuan', WANG Yilun',
MIAO Yuhong', LI Gang’, LIU Xuefeng'”, LI Lantao' "~
(1. College of Resources and Environment, Henan Agricultural University, Zhengzhou 450046, China; 2. College of Mechanical & Electrical

Engineering, Henan Agricultural University, Zhengzhou 450046, China; 3. Agriculture and Rural Bureau of Dancheng, Dancheng 477150,
China)

Abstract: This study investigated the effects of swine manure composts from different fermentation methods combined with chemic-
al fertilizers on summer maize yield, fertilizer use rate, soil physicochemical properties, aggregate stability, enzymes activities, and
NH; volatilization loss, with the aim of providing theoretical support for rational fertilization and soil fertility improvement in maize
fields of the North China Plain. In 2023, a field experiment using swine manure composts fermented with different methods com-
bined with chemical fertilizers (organic fertilizer : chemical fertilizer = 25% : 75%) was conducted in maize field at the Science &
Education Park of the Henan Agricultural University in Yuanyang County, Henan Province. Six treatments were established: no fertil-
iztion (CK), single application of chemical fertilizer (T1), natural composting + chemical fertilizer (T2), water-regulated trough com-
posting + chemical fertilizer (T3), acid-regulated trough composting + chemical fertilizer (T4), and trough composting + chemical fer-
tilizer (T5). Soil samples from 0—20 cm depth were collected at five growth stages of maize: pre-sowing, jointing, bell mouth, filling,
and maturity. The analysed indexes included soil pH, contents of ammonium N, nitrate N, available P, available K, organic matter, as
well as soil bulk density, enzymes (urease, acid phosphatase, and dehydrogenase) activities, aggregate distribution characterstics and
C/N ratio, and NH; flux dynamics. Maize yield and fertilizer use rate were determined at maturity. The results showed that, compared
with CK and T1, compost-chemical fertilizer combinations increased maize yield, with T4 showing the highest yield (39.90% and
15.71% increase, respectively). All compost treatments enhanced soil available nutrients and organic matter contents while reducing
pH and bulk density, with T4 exhibiting optimal effects. Compared to T1, T4 increased 0.25-2 mm and =2 mm aggregates propor-
tions by 45.40% and 67.11%, respectively, with 26.47% higher aggregate C/N ratio at maturity. Soil enzymes activities peaked in T4,
showing 26.77%, 24.89%, and 26.15% increases in urease, acid phosphatase and dehydrogenase activities versus T1. Compost treat-
ments reduced the peak NH; flux and cumulative emissions, with T4 showing the maximum reduction (29.66% and 40.18% lower
than T1). T4 improved N, P, and K use rates by 17.28%, 56.64%, and 25.19%, respectively, compared with T1. In conclusion, applic-
ation of acid-regulated trough compost combined with chemical fertilizers at a 25 : 75 ratio effectively enhanced maize productivity,
soil nutrients contents, aggregates structure and C/N ratio, and enzymes activities. It also reduced N loss and improved fertilizer use
rate. The results provide both theoretical and practical guidance for sustainable intensification of cropland in the North China Plain.

Keywords: summer maize; swine manure composting; fermentation method; combined application of swine manure compost and

chemical fertilizer; soil physicochemical properties; aggregates; enzyme activity; NH; volatilization
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Fig. 1 Temperature and rainfall during the growth period of
summer maize in the study area
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Table 1 Physical and chemical properties of fresh swine manure and wheat straws used for compost

JEORE - o) B Exil PR AHLE
Material P Total N /% Total P /% Total K /% Moisture content /% Organic matter /%
3% Swine manure 7.92 0.97 1.02 1.51 75.36 72.65
/NFEFEFF Wheat straw 6.74 0.65 0.04 2.24 12.28 91.21
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Table 2 Physical and chemical properties of swine manure composts fermented with different methods

YA YIEN £ o ol FKER A LB

Fermentation method pH Total N /%  TotalP/%  Total K/%  Moisture content /% Organic matter /%
4 SRHEAL Natural composting 7.91 1.00 0.90 2.10 43.63 36.79
JKIE R CHEAE Water-regulated trough composting — 7.68 1.04 1.00 3.00 3421 32.88
FRIEE R HEAE Acid-regulated trough composting ~ 7.43 1.10 1.88 3.09 34.13 32.04
T HEAL Trough composting 7.81 1.02 1.16 2.77 32.59 34.56
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Fig. 2 Effects of combined application of swine manure com-
posts fermented by different methods with chemical fertilizer
on grain yield of summer maize"”
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Table 3 Effects of combined application of swine manure composts fermented by different methods with chemical fertilizer on soil
pH and nutrients contents

HE W iSi %isfi ﬁﬁé‘ﬁ JE;W& ﬁ&lz%ﬁi A mﬁ
Growth stage Treatment pH Ammomugﬂ N Nitrate }\IT AvallablgP Avallablf:K Organic n}‘atter
/(mg'kg ) Nmgkg ) /(mgkg ) /(mgkg ) Ngkg )
AT CK 8.40+0.04a 6.44+0.53b 5.77+0.89d 24.57+2.63¢ 106.60+15.57b 16.33+1.10c
Jointing stage T1 7.68+0.08¢ 8.72+0.88a 19.51+3.50bc 31.02:2.50ab 131.88=17.21ab 17.1620.54bc
Vo) ™ 7.90+0.11bc 8.66+1.24a 22.03+2.95b 34,2442 66a 140.27+22.57a 18.32+1.01ab
T3 7.92+0.23bc 8.70+0.57a 21.24+2.90b 32.6845.41ab 135.45+5.25a 18.40+1.26ab
T4 7.7620.06bc 9.04+1.01a 27.05+2.06a 37.2442.70a 149.85+6.30a 18.98+0.82a
T5 8.00+0.23b 8.15+0.57a 15.5242.92¢ 26.76+3.34bc 121.66+14.89ab 17.56+0.58abc
P LN EE CK 8.65+0.03a 7.56+1.02¢ 9.53+0.61d 20.77+3.48¢ 99.88+10.33¢ 16.56+0.48¢c
Bell mouth stage Tl 8.26+0.18¢ 10.24+0.76ab 20.03+1.97bc 29.78+3.43bc 119.99+4.71ab 17.14+1.08bc
(V12) ™ 8.46:£0.02b 10.4620.50ab  22.1143.19bc  34.25£5.45ab  124.02+18.11ab  18.62£0.41ab
T3 8.430.07bc 10.17+1.24ab 23.5242.84b 35.95+6.88ab 130.80+7.99a 18.78+1.39a
T4 8.39::0.09bc 12.12+1.46a 28.96+3.03a 39.23+4.25a 138.1948.70a 19.15+0.27a
T5 8.41£0.07bc 8.96+1.40bc 18.52+1.97¢ 29.24+4.76bc 108.50+5.34bc 18.05+0.53abc
I CK 8.67+0.07a 6.01£0.61bc 10.31+0.87d 15.84+1.62¢ 86.4343.55¢ 14.16+0.63¢
Filling stage T1 8.370.11c 6.55+0.56ab 15.94+0.95¢ 30.88+3.32b 107.23+19.01bc 17.71£0.28b
®R3) ™ 8.56:£0.08ab 6.7120.52ab  19.32+2.34b 30.052.04b 105.89::4.65bc 18.61+0.79ab
T3 8.60::0.09ab 6.35+0.59abc  18.34+1.62bc 30.2142.50bc 110.53+15.10a 18.51£0.93ab
T4 8.47:£0.08bc 7.15+0.21a 22.54+1.82a 38.18+4.62a 117.3745.73a 19.25+0.25a
T5 8.55+0.13abc 5.50+0.67¢c 15.61+1.21¢ 22.77+2.14bc 95.16+12.18bc 17.95+0.65b
AL CK 8.46+0.04a 4.32+0.66b 14.25+1.31d 7.69+1.14c¢ 89.40+2.60c 16.02+0.64b
Maturity stage Tl 8.25+0.28a 4.96:0.90ab 19.35+1.85bc 14.632.40b 109.67+6.39a 16.89+0.75ab
R6) ™ 8.3340.25a 527+0.42ab  22.02+0.5% 12.8122.02b 109.85+4.04a 18.33+1.15a
T3 8.39+0.19a 5.48+0.38ab 19.762.61bc 19.05+1.33a 116.15+8.91ab 18.57+0.78a
T4 8.18+0.03a 5.96+0.53a 26.12+1.74a 22.1242.75a 119.04+4.25a 19.12+1.65a
T5 8.45+0.11a 4.68+0.79b 18.51+0.59¢ 14.71+0.82b 93.76+17.24bc 17.74+0.84ab

CK: ANJEAL; T1: BAHE; T2: HARHERE AL T3: /K JEEAE AL HILAL; T4: FRRHEREAIEAL AL, T5: HEMEREHEAL . [RISIF—E & AR
INE FRE IR AL PR ] 25 57 1 35 (P<0.05) . CK: no fertilization; T1: single application of chemical fertilizer; T2: natural composting + chemical fertilizer; T3:
water-regulated trough composting + chemical fertilizer; T4: acid-regulated trough composting + chemical fertilizer; T5: trough composting + chemical

fertilizer. Different lowercase letters in the same column for the same growth stage mean significant differences among treatments at P<0.05 at level.

BA (NO; -N) it 2 E LGS . 75 Re I,
T1 + # NH,-NFl NO,-N & & & CK % %l & &
14.81% #1 35.79%; 1 5 T1 # b, T2-T4 + 3% NH,'-N
FINO, -N & 3 i 53514 6.25%~20.16% il 2.11%~
34.99%, T5 W43 51 T F% 0.28 mg-kg ' 1 0.84 mg-kg '
5 CK AH L, i A AT £ w5 + 18 3308 (AP). &K
B (AK) F1A HLT (SOM) & & . 7€ R6 1, 5 CK #
Ho, T1 20 %I AP, AK F1 SOM & & 2 7 90.24% .
22.67% Hl 5.43%, T2-T5 W 43 5] fifi L 42 = 66.58%~
187.65%. 4.88%~33.15% Fl 10.74%~19.35%; 7 5
T1 AH b, 6 25 HE A I it £6 I8 4k 1+ 3 AP (T3-T5).
AK (T2-T4) 1 SOM F & (T2-T5) 53 %l #& = 0.55%~
51.20%. 0.16%~8.54% Fil 5.03%~13.20%. Ab 3 ] L
T4 R £ 2, NH, "N, NO,-N, AP, AK fil SOM
SRk F 5.96 mgkg!. 26.12 mgkg'. 22.12
mgkg . 119.04 mg-kg ' fil 19.12 g'kg ', Bk SOM 1Y
28 T CK AN, Hofh 48 45 ¥ B 3 & F CK Ml TS
(P<0.05),

23 AEEEBANBEHEBEBLENS TIESEN

=21

- 3878 T B KA B I AR R AR (] 3),
2% M I 5 0 A T i Ak B 4 9 75 R S R R A A, 0
A 25 ORI 2. B WIS A A0, 5 CKAH
L, it A Ah B A A B8 45 o [ R R 0.69%~13.08%; 5
T1AH b, T2-T5 4b B 4 38 25 & B 0R (Br R3 1)
0.17%~11.63% - ¥ 3% 3 JIEL fict it £k A Ak 281 [) 4 {4 LA
T4 ZFE b, $H (V). Rmiwlmi (vi2), #E%H
B (R3) Fl A 2 11 (R6) 43 51l R 1.50, 1.46. 1.41 Fll
1.28 g-em >, H R6 . F KT CK (P<0.05).
2.4 AEREETT 2 I AL e L BE 3T T 18k A2t

| 3B 1 53 7 45 1 B 52 Ml

& 4 AT AR FE L 0.053~0.25 mm i A1
TRk At B A, 0.25~2 mm KA BIEK Z, <
0.053 mm #5 Z ki A1 =2 mm K B BAK 5 A,
B 2 EOK A B I E, CKORT T1 B9 =2 mm #8 K A 5
PRI 0.25~2 mm K AR A H S 1A R R

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

1498 AR S RO 24 (R 3EC) 2025 % 33 %

20 1 S CK Tl ==T2 sm T3 mm T4 mm TS 0.053~0.25 mm i A 5 1K F11 <<0.053 mm #53 B ki 5 e

z g;aaaa {{aaaaa aal. @ g, ab SRS IS B T2-T5 A, H =2 mm 8 KA R 1K
CEEE ) I AR 1 0.25~2 mm Sk [ 5 A bE S0 RS 3, 0053~
E g . 0.25 mm f A1 B AR <0.053 mm By B AL & HE 2 R AT
A & L TR (R6), 55 T1 A EL, 5 263k JE B it 1k
gm 0.5 HE AL FE (T2-T5) =2 mm # K H R K FD 0.25~2 mm K
7 P 5 (5 FE 4 301 259 360 48.03% F1 37.69%, ifii 0.053~
0 0.25 mm F3§ A1 B K F11 <<0.053 mm #3 bRz 23 51 5 27 %

A\ V12 R3 R6
= E I Growth stage

CK: AHAL; T1: SUAAL; T2: HAAMENL AL T3: K 42 2
NE+EHE; T4: BR AR AT +EAT; T5: A CRACHRAT . Ve: 3515 1;
V12: KU R3: JEH); R6: U ) — A B IR /NG 58
Zeon b BLE] 24 7 B 3% (P<0.05). CK: no fertilization; T1: single applica-
tion of chemical fertilizer; T2: natural composting + chemical fertilizer; T3:
water-regulated trough composting + chemical fertilizer; T4: acid-regulated
trough composting + chemical fertilizer; TS: trough composting + chemical
fertilizer. V6: jointing stage; V12: bell mouth stage; R3: filling stage; R6:
maturity stage. Different lowercase letters for the same growth stage mean

significant differences among different treatments at P<0.05 level.

B3 FAEKREBAXELEMREELEXN T EFENFMN
Fig. 3 Effects of combined application of swine manure com-
posts fermented by different methods with chemical fertilizer
on soil bulk density

Bl <0.053 mm Bl 0.053~0.25 mm 1 0.25~2 mm [ =2 mm
100 [ EHdEddE

b

I

80

60

40

20

15K 5 Lt Aggregate proportion /%

CKTIT2T3T4T5 CKTIT2T3T4T5 CKTIT2T3T4T5 CKTIT2T3T4TS

V6 Vi2 R3 R6
Qb 3/ F ) Treatment /growth stage

CK: ANHEAL; T1: BpEALAL; T2: HARMENE-+ILAL; T3: K I dapl =0k
AEHEAE; T4: FRVA RS X HEAS A TS: A CHERRHRAE . Ve6: 371,
V12: K BIWUE 5 R3: ES I R6: LA . CK: no fertilization; T1:
single application of chemical fertilizer; T2: natural composting+ chemical
fertilizer; T3: water-regulated trough composting + chemical fertilizer; T4:
acid-regulated trough composting + chemical fertilizer; TS: trough compost-
ing + chemical fertilizer. V6: jointing stage; V12: bell mouth stage; R3:
filling stage; R6: maturity stage.

B4 FEREEF % 2 B AL hE 4L AB X 1 3k ARtk A 3R
K5 T IERI R0
Fig. 4 Effects of combined application of swine manure com-
posts fermented by different methods with chemical fertilizer
on the distribution characteristics of soil water-stable aggreg-
ates

I 15.67% Fi1 49.14%; H.rfr, T4 4b# =2 mm # K A
RARFN 0.25~2 mm K AR EL T1 43 5138 0 67.11%
1 45.40%, 0.053~0.25 mm f3f A1 R & F1<<0.053 mm #}
FRLAT B FEAR 24.89% F1 48.97%. T4 N 4 Fljk ek
JIES Pl A Ak R v g 555 -S98R R A b 25 4 1 I 3
Qb3

2.5 ANEZEETT 5 2 HE BB AL e 1k BE X & o 2% + 158

Eif-2nN TR A )

3% R IR 5 Ak I8 A mT DL R e 4 HE AR A
(Fl5)e TERE EK 4 A EF W, 45 A0 325 R 9 AT 3R Ak
AR A LT LA 0.25~2 mm K R IR e o 76 Y]
(R6), 5 T1 AH H, % F& M A 5 0 A8 BC e Ak BE (T2-T5)
P2 5 A kL g A 3 AR ik A HE, <<0.053 mm By B R .
0.053~0.25 mm ff A1 R K . 0.25~2 mm KA RiEK, =
2 mm 8 K A B B AL 4 T 3 R 11.95% .
14.19%. 21.51% H1 12.42%; LA T4 BUREAL, <0.053
mm ¥ Z6 R . 0.053~0.25 mm A AR . 0.25~2 mm
KA R AR =2 mm 8 K A 54 A 5k L EE T 23 iR
H 26.47%; T4 4b B AL H A2 AL B (T2, T3, T5) <
0.053 mm B3 Fikz . 0.053~0.25 mm A BAEK . 0.25~2
mm K A RN =2 mm #8 K AR AR Bk A L343
WEA> 9 M 13.23%., 26.92%. 5.38% Fi19.13%.

2.6 NEZRBETT S 2 HE DAL e 0 BE X + R B A
=pA

DRI | TR ol R Al RO R S 1 A2 it A Ak
FEZ M 2 (K 4). ALFRIA], T4 1 b 3R 4 S HETE 1k A
o 5 CKAHLL, T1 MRS . W2 1k o R il 0 it g
T P 2 B 16 I 42.98%~67.59% . 21.37%~70.35% Al
12.87%~96.62%. 1fi AH kb F T1, T2-T5 1 4 fiff 7% 1
SR HE— 25 4R T, e DL T4 A B AR X fe e, B
R 6.55%~49.00% . 11.39%~39.97% Fi1 22.90%~
28.49%, -5 WG N 26.77% . 24.89% Fil 26.15%
2.7 AE%RBEH R IEEMERMEMLEST 11 NH, 1#

ZHRm

WK 6 T 7n, AS[R] b B NH, 4% % 38 19 728 1k #

PR — B, it AL AL B NH, #5384 T8 K
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5 8 1] T A5 R [ & 1 2R S AT I AL M X 5T K BRI R S NHL 488 5 i i 5T 1499

[CJCK EZaT1 T2 EIT3 EET4 EETS

20 ¢
(a) V6 (b) V12
a
15 a;aa a
% 10 }
5
0 L
5 [or3
a a
a a
a
a a 1
10 . aaaa a aa
g s )
5

<0.053 0.053~0.25 0.25~2 =2 <0.053 0.053~0.25 0.25~2 =2
RIKIFE Aggregate particle size /mm

CK: AHEAL; T1: Bt fblIE; T2: A SAMEREHABAE; T3: /K AR A = I+ ; T4: FR IR F A sCHE NE -+ ; T5: M NS +LIIE . ve: 35 H1; vi2:
KHIWUE ;5 R3: HESIY; R6: sl o [RPR AR AN ) /NG SRk 3R Ab 31 H] 22 57 @ 3 (P<0.05).  CK: no fertilization; T1: single application of chemical fer-
tilizer; T2: natural composting + chemical fertilizer; T3: water-regulated trough composting + chemical fertilizer; T4: acid-regulated trough composting + chem-
ical fertilizer; T5: trough composting + chemical fertilizer. V6: jointing stage; V12: bell mouth stage; R3: filling stage; R6: maturity stage. Different lowercase

letters for the same particle size mean significant differences among different treatments at P<0.05 level.

B 5 AR%EE XML EHELIEX T Sk AR AL (C/N) B2
Fig. 5 Effects of combined application of swine manure composts fermented by different methods with chemical fertilizer on the
carbon to nitrogen ratios (C/N) of soil water-stable aggregates

F4 TEEEAXEIEHEREEL R R

Table 4 Effect of combined application of swine manure composts fermented by different methods with chemical fertilizer on soil

enzymes activities u-L*
H:F ] Growth stage Ab3E Treatment Ik Urease FRPERERAES Acid phosphatase i £ Dehydrogenase

AT CK 444.65+23.89d 26.25+1.38d 24.28+3.06¢
Jointing stage T1 745.18+34.11c 41.97+2.11c 47.7442.59¢

(V6) T2 758.74+34.58¢ 44.78+2.26¢ 52.82+3.34bc

T3 881.05+38.61b 48.86+2.49ab 56.42+3.52ab
T4 1110.24+46.36a 51.64+2.64a 61.3443.77a
T5 875.74+38.44b 45.85+2.30bc 41.27+2.78d
PGV CK 591.51+17.31¢c 34.57+0.60c 47.24+0.67d
Bell mouth stage Tl 845.72+20.61b 41.96:0.44b 53.32+2.79¢
(V12) T2 815.814+28.94b 42.48+0.57b 58.67+1.26b
T3 852.85+25.86b 42.45+0.66b 63.89+1.02a
T4 901.18+23.64a 46.74+2.33a 65.54+1.54a
T5 817.05+7.79b 42.2+0.88b 59.80+2.17b
TS CK 683.38+28.70d 21.28+0.97d 42.81+1.68d
Filling stage Tl 986.15+93.72¢ 36.25+0.70c 49.95+1.21c
(R3) T2 1089.23+18.24b 37.54+0.59¢ 57.14+1.44b

T3 1157.04+34.97ab 44.36+0.42b 59.14+2.93ab
T4 1230.14+18.94a 50.74+2.71a 63.5743.10a
T5 917.48+24.80c 45.48+1.01b 51.73+4.29¢

CK: RHtifIe; T1: BptfbiE; T2: B ARMENEHRAE; T3: /KR 2CHENEHRIE; T4: MRV 2 NE B IE; T5: A =RHEIEHRIE . [FFR—4 WA
INE AR R AL BRIA] 24 57 1 25 (P<0.05).  CK: no fertilization; T1: single application of chemical fertilizer; T2: natural composting + chemical fertilizer; T3:
water-regulated trough composting + chemical fertilizer; T4: acid-regulated trough composting + chemical fertilizer; T5: trough composting + chemical
fertilizer. Different lowercase letters in the same column for the same growth stage mean significant differences among different treatments at P<0.05 level.
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1500 AR RO 24k (R 3E3C) 2025

8

NH, # %3 i NH, volatilization fux
/(kg-hm2-d)

07-04 07-05 07-06 07-08 07-10 07-12 07-14

-{3-CK ——T1 ~ALD=T2 --/- T3 —Hk-T4 -<|- T5

% 33%
0.08
0.06
0.04
0.02 +
0 |

07-17 07-20 07-24 07-27 08-03 08-10 08-17

H ] (H-H) Date (month-day)
CK: AHAL; T1: B L AL ; T2: B AR MEAL+IL AL ; T3: 7K P8 45 Al =CHE AL +FR AT ; T4: FR P8 35 A X HE AR AL A ; T5: A XHEAR+fE AL . CK: no fertiliza-

tion; T1: single application of chemical fertilizer; T2: natural composting + chemical fertilizer; T3: water-regulated trough composting + chemical fertilizer; T4:

acid-regulated trough composting + chemical fertilizer; T5: trough composting + chemical fertilizer.
B o6 ARABEANBEHMICEMELEX T NH, ELBEMNM

Fig. 6 Effects of combined application of swine manure composts fermented by different methods with chemical fertilizer on soil
NH; volatilization flux

CK. T1H NH,# A& i# & 4 4 & 0.020~0.223 Al
0.008~6.021 kg-hm *-d', % 2% HE A 55 1k A ic il Ak 24
(T2-T5) ) NH, 4% % i 4 0.005~4.992 kg-hm >-d ",
L T4 i NH, #8 % 98808 B A, #5854 0.001~
4.230 kg-hm >-d ™o 45 Ab BH 0 (E 35 B0 7 it IR )5 56 3
K (7T H 5 H), it JE &b 35 v W {8 5 =5 B9 A T1(6.021
kg-hm >-d™"), F K1)~ T4 (4.230 kg-hm >-d ™), I} 4%
J 3% M B e £ S Ak B A 4 398 NHL 4% & 5 T
FEAIK 16.68%~29.66%. M55 4 K (7 H 6 H) I IR, %
Ab 3 NH, # kil i 2 TR, 58 R (7H 10 H)
T B R g7 R S R PR R R, S 1S K (T A
17 H) NH, #4 & 38 5 PR B RN [ 22 IR, 45 A0 258 1
f£ 0.020 kg:-hm >d ' LI R, B 5 7E 5 18 K (7 H
20 H) PR & 2 ok, B 440 B NH, 44 4 3
it P A B IR S R AT R A Y, T4 1Y NH,
7 30 0y 2T T At it AT Ak 3L

55 it Ab AR AR B (T1) AH e, % 26 3 AR B it £k A
Ab B (T2-TS) B35 FEAR T NH, 35 % B (AAN),
FE 7% 35 B (ED) Mt 2 4 T (EF) (P<0.05) (% 5). 5
T1 AH e, T2-T5 4b B AAN FEAIK 26.12%~40.18%; LA
T4 SR B, 55 T1 R 6.26 kg-hm °, [1iE A 40.18%.
% 28 M P I it AL B 4B B (T2-T5) % EI. EF f5% 00 5
NH, 5% ZEUEHMIE . 5 T1 AL, T2-T5 & NH, #
R BE RS G TR R I 430 Ry 29.70%~48.48% Al
27.80%~42.70%, ¥ 3 HE I L it A A Ak 2 rp DL T4 19
EI. EF &A1, 4394 0.85 kgt ', 3.73%.

*5 AREEEBAFABEIEMEEELIEI L NH, 2L 15
KN
Table 5 Effects of combined application of swine manure
composts fermented by different methods with chemical fertil-
izer on soil NHj; volatilization loss

¥R S YRR R PRIMK R F

sz . I o S
Cumulative volatilization ~ Volatilization = Volatilization loss
Treatment = . . a1

/(kg-hm ) intensity /(kg-t ) factor /%
CK 0.94+0.05d 0.12+0.00d
Tl 15.58+1.34a 1.65+0.15a 6.51£0.59a
T2 11.51+0.63b 1.11£0.05b 4.70+0.28b
T3 11.28+0.14b 1.07+0.09b 4.60+0.06b
T4 9.32+0.24c 0.85+0.06¢ 3.73£0.11¢
TS 11.42+0.55b 1.16+0.11b 4.66+0.24b

CK: AHEAL; T1: BREALAL; T2: HARHEACHLAL; T3: /K PR =
NEHRIE; T4: BRI RE A HENEHEIE; TS: MCHEAEHEIE . RFIATE S
R RRAC B 22 53 1. 35 (P<0.05). CK: no fertilization; T1: single
application of chemical fertilizer; T2: natural composting + chemical
fertilizer; T3: water-regulated trough composting + chemical fertilizer; T4:
acid-regulated trough composting + chemical fertilizer; T5: trough
composting + chemical fertilizer. Different lowercase letters in the same
column mean significant differences among different treatments at P<0.05
level.

2.8 N[E% BT 5 2 HE BB A e 4 BE X3 B K AR Y

T AR

2 M TSt T T A R v R OKR AL B
BRAERLA R (R 6). 5 T1 AL, 4 2% Mk AR i Jiti 1L
JEAb B (T2-T5) WAL, 8 . BFIE I H 3 5 i 42
2.50%~17.28%. 19.51%~56.64%. 12.72%~25.19%;
Horr DL T4 ORI e, AL, B BRI 3R 500 8%
T1 /B 17.28%. 56.64%. 25.19%.
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5 8 3]

08 [l 45 AN TR) K e 2O 2 AT C At A A X BT oK AL R B NH, 45k 52 T T Y 1501

*6 AREZEANBEMPRELIENEEXKIERF A
Ed=ap Al
Table 6 Effects of combined application of swine manure
composts fermented by different methods with chemical fertil-
izer on fertilizers utilization rates of summer maize %

b3 ENv RS IR BRI

Treatment N fertilizer use rate P fertilizer use rate K fertilizer use rate

T1 30.44+1.85b 14.31+2.30b 44.42+7.90a
T2 33.43+3.78ab 18.24+2.53ab 50.07+8.39a
T3 33.75+2.55ab 21.03£3.69a 53.18+6.87a
T4 35.70+1.16a 22.40+0.24a 55.61+11.70a
T5 31.20+2.86ab 17.09+4.52ab 50.48+8.18a

T1: HEAIL; T2: A AMENEHRAL; T3: KPPl 2L T4:
PRV PR CHEAEHIEAE; T5: HE=OEAEHAE . RFIARNG FRF0R 4t
HjE] 22 5+ B 3 (P<0.05), T1: single application of chemical fertilizer; T2:
natural composting + chemical fertilizer; T3: water-regulated trough
composting + chemical fertilizer; T4: acid-regulated trough composting +
chemical fertilizer; T5: trough composting + chemical fertilizer. Different
lowercase letters in the same column mean significant differences among
different treatments at P<0.05 level.

3 itit

A LKL AT 38 o £ v A2 b ) ol 3% - SR o
AL AT AT R TR 4 o S AR BT[] A
Al R AR B, U E Y AR KRR . AR
BN, 5L IEAR b, AT & B 7 =05 2 I8 B At
LR RERE & L3R S mAEY = 5. RS R 5%
A b 250 Fon) i 2 5D BIF R S5 e A — B AALIE
Jite FH I 38 R AL 32 B AR B AR P U I — R E
AP B FRITR (A B, 8 W 1k B
FEARTY TSRO R4 R A B v R B A LR
(AN W% . JBEFEFR) TG fb b e BB R AR . 4
HRETYAFS . WA AWM ARREEY KL
A PLAJE, #m NH,-N 5 NO; -N &=, Ml as
MRS (R RE U7, K EDC VR Y T AR A +
B8 pH & i S RS4RI F 8RR R ERE D A K
AR BN, 5 CK AL, iABALPE (T1-T5) FIREAK
T - 458 pH, o - S R R i 1) v, it A Ak R ) R
WAEBLT T T MR RR, T4 R o X5 E4k5
U ARG 2 AR . AR R A R R A
gt o LIEESE . ABERR. FrKiE
Vs AT RS R AE LA K I B R e 1 35 g s ™
ZE RS B 5 SR AT ALY RHA F T S 3 R E 4
o, ARMESE R EHE L S A0 T At 5 P Ak T - 48
HETHREL 7.65% (). X T iR + 8T8 47,
FEIEHENE 5 1b N it Ak B[R] 257 D T4 R e fE, HOXT
V7 A B TR P R iR B {E (11 041 kg-hm %), SR AT
B8 R 8 218 T T o R A o T T2 o2 (KR JIES pHL, 4 i ik 2>
Y B e B3 o A0 2, 44 v A 0 o R S 2, R AT
FLY R o fift, e 55 JHC A 8 28 HE A 5 1 S T it Ak 24

Pt 4 48 pH B AR IR B 5 R, B S I R
BEAh, 34 BILIR o 4 vm AT O AL 1 n - Rk
IR o W VA 45 R A 3 R Ak VR FH B4 6 AL 3R 4,
HASMRZIEER . R R Ak K k8-
) E AR R0, I )R T < R A A -0 (2 AR -1 2L
PP RIBLE] . AWFE Bon A EREE E oK
A 5 DR F, X AT RE 5 SR AE ET R HE K S BTN A
K, HEWEAK . K HEE R BN - 8 A 254, 5K 4
1L, T BOBURLIE] A T R, 4 48 B SR R, 2 i
SR A EEA.

PH 3 A2+ LA PAT, S - HEAE 7 5 2454 .
ARICLEREoR, 5 T1 M L, AR &7 % 2
Pic it £ B K58 431 45 T 38 i T £ 38 =0.25 mm 415K
R & T, BEAR T <0.25 mm FIRIK S, X 55K FR
Mg AE R — 8, AP AR AR R
BRI T, HA NS & & AU, T 5 1 g ok
(G5 77, AR aE/INAT R AR 1) ST SR AR A Ak, 348 43 =
0.25 mm PSR AA 5 L, o8 H IS5 . A, it A AT
HUIE BE4R o - S Wi . A0 TR 40 I 0 0 L1 T 24
(ERES 91, BT R R AR o ga e ", A
Fo T DAz e 8 55 S04 R A HLR REE, WA R —
ANEES IR, IR RS (R
WA A 35 ) B AL e S Y AR R IR
AP IR 43 i NH, Fil CO,, Fo e + 3L fE /1 +
e Ve W R 1 ne A Ak 1 A LBk, 2P A
W 25 A= W Ak 1) 5500 B A 46 b - 9 A B R S
e - AR T PR R ) BE 2 R B FE B AR . AR
ZERWIR, T2-T5 HA 2 i & R AR B AL LE, 2
e DR L TR P Tl R R S P AR, X
ST NG S5 ARl AR R A L R
A ML i, RS A XTI, B 4T A
TR =Y [ B A HUIE AT k3 - e A L A, Y
T G 1 B 3R s . E EORAE MR ASF} (Gramineae)
YEYD, 42 i BB L A DL A R i, 51 e
A=W BETE T R E B AE, A HLICHL L it 7T 7E $2 AL
PREETEALA R (14 R st 3 ok | 4 s i TG
PEYR TN AT HLFE 5> T R AR, TR E EOR AR
Ko FEAEHENE 55 Ak A P it Ak 2 )t ve P R AR L L
BT P AR A T4 0O e i 3, B DR vl B A I R A
T 5 W FE O R AR, ol T 4 25 rh o2l R, B
PRI A= W RE T BRI VR o RIS, R VT g g
HEHE RS B B R O RS R) Ak, H R 456
ST R, AR TR REIE . 556, A
Be ] REA I th HLAT S AU R R T U E P AT 4 R
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A . VAU, PE R A PUBT I FE Ak, I 550 5 22
SNRE Y, Wik A R AR e

38 ATkt A4 H 5 233 3 NH; ¥k . s ik
YER AR R, TR FP 2 252 ) NH, #5 & 1 512
RS, AR EIR, 5 LR AR e, R IR & B
J7 AR 2 HE AT 5 A0 BB it T B AIG NH, % & 3 5
5% SR, X 5T AW 45 R —3, AVLUIR R
B (25% = 75%) fig B A% NH, # & 8 L & 33.35%~
52.94%, FREZE WA I, 7EIREEVE R 43 16A
NH,", — 534 T AR WL B, o) — 5 3tk A+
WS R AL A5 DL NH; 0% & A WL oo
AHLAEN T 3 A 825 NH, # k7,
[] ) A AL 4 e 2 7 A2 G AILIR R R 3 5T, 410 i) NH,
R o DA, A HLICHLECE PT35I 4 845K &, FEAR
IRV R NH, e B, DT R AIG NH, #8010k . AR SC
rfURG 26 HE A 5 10 A FC it b B DL T4 B NH, 4% % 5%
Wt e, TR S T4 8 HE AR i AR v 0f AR S L
pH (6.7~7.3), {f {8025 Wy A 3 B 193 Bl PR, Al R Bk
Y L 5 3t R - v 3 A A LT o 1B, MR T A
208 A Tt £ A Ak H B S 6 - S AL AR 5K i
2R H 1R A NH, 4 0 1% W B [ g 7, D
/b NH, 5 & BB R LR Bt A0, fE 2T
55 AN T it mT B e MERL AR P 2 S I it A 1
AL TE - ENREG . WEEREE TS TR, SR e Ak, fE
P KA R W g A TR o HE FEHE T i TR T
AbFRIE) LA T4 SOR FA, T AT 58 S PR A 015 54
Ti5F E KRR WAL E -, i — LG bR
MEEVEFR A1, T2 UM R TR W - 5750 1 0] SO BF
BAK pH 38 (5 T2, T3. TS #HEL) #0% H-ATP fi§
T 1, 9K 3 A 40 JE RS T 2, TV B IS B P A 2 o
PRHET NH, . K55 FH 2 30 o 38 38 8 = 2 T o

FAREMEA . A PURSEY R, 2 A D 5 E
R ENE K . SR OR B R A NH, 45K 55
KR R . A 2 A 7 0T B BUfEAK pH T,
G NH; K5 %, i R, [R] R0  f2E 4
IR A 5 i ] S 0D S HE MR IR T I, TGkl o
i 2% T ST 2, TS B0 A S A R R
A ET R E o B R e I pH #R A
i AR, BA =M IHMED". Wang 55
e AR AE ZEHENE S W ad e vp s il 41 A A= W) SR
Yol vl NH, A 2 SUBHE . Yuan 5557 0 A0E
HE A e LA Sk P S I R A HT A 80 D NH,
HE, 3 w2 AR oy A i . AR T ROEAE il

REVR N 2 mol- L™ B R I 47 o M AL 1L A2, A5 A
JHA AL 555 TR IS R 4 2 SR AL, REWEIE T AN )
1% 75 28 2 HE T C e A IS X B 6K T3 AR M 1
SR, e BUAF 5 T 2o M O I A 1 SR HENE, PR 4
AL 55 AT IC T mT B 40 ] 9 NH, 35 A K,
BESREEG VR, S IR S B, O E R i
Pt R ap AMERREG, PR B 6K 7 i 5 R A 3
B o HEAESCHAL R S AR EOR, & B I
Jilh A A T J2 sl A PR 458 75 L R B I 98 ) = 24 i 2
— o XTHEALSRUF, 2R nT LS A Ak B T B
AT i 800 v O M T A T, 4 S S A T A
R A, W HAT R A9 2635 A BRER, AN AUAT T BR
TG KRS, 3 n] S v R R R IR R GE . AR
5 o A ARSI 2 —4F, HAT “A LR —pH—
AWy RE— SR I3 T (oA R A SR IBRAIL A 14 A 753
FE HAE, T TR A P2 5 2 AL X M JUA AR W
TR SRR IR0 75— PR

4 it

55 it A0 R AH B, I IR VA R R 2 HE A 5 Ak
NEFE 25% = 75% e i AT £ w5 1 855 43 /K7 Kol i 1,
Rt R I T, 455 =0.25 mm PR AR 5 4%
R 2% AT SR A L, ) U DA NH, B U R 4k
M F KPR 15.71%, 254 0, w45
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