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Abstract:  Objective This paper is oriented to study rational application of pig manure and its effect on soil fertility in upland

red soil. Method A 3-year stationary field experiment on application of pig manure was carried out for the study. The
experiment was designed to have 5 different application rates for pig manure, that is, 0, 7.5, 15, 30 and 45 t-hm 2. Samples of the
soils and the crops, i.e. spinach and maize were collected from the plots with different manure application rate for analysis
biomass of the shoots, relevant soil physico chemical properties, and activity of the enzymes involved in C, N and P recycling
with the microplate flurimetric assay method.  Result Results showed that soil organic matter, total N, P and K, readily
available P and K and biomass of spinach and maize shoots all increased linearly with increasing pig manure application rate. In
the plot applied with 45 thm ™ of pig manure, the highest average biomass of shoots reached 11.48 and 20.84 t-hm™ in spinach
and maize, respectively, organic matter, total nitrogen, total phosphorus rose up to 14.6, 1.07 and 0.73 g'kg™' and available
nitrogen, alkalyzable phosphorus and readily available potassium did up to 85.47, 106.9 and 411.7 mg-kg™', respectively; But
there was no significant differences in soil nutrient elements contents between 15, 30 thm™ of pig manure treatments and 45 t-hm™
of pig manure treatment. Moreover, activities of the 6 kinds of soil enzymes involved in C, N and P cycling (-1, 4-Glucosidase,
BG; B-1, 4-Xylosidase, BX; Cellobiohydrolase, CBH; Leucine amino peptidase, LAP; B-1, 4-N-Acetyl-glucosaminidase, NAG;
Acid phosphatase, AP) were linearly related with pig manure application rate, especially in the plots applied with 30 or 45 t-hm™>
and remarkablely or extreamly remarkablely and positively related to contents of soil organic matter and soil nutrients. In the plot
applied with 45 thm™ of pig manure, BG, X, CBH, LAP, NAG and AP enzymes reached up to 105.3, 17.49, 36.63, 47.76, 55.31
and 77.38 nmol-g "-h™!, respectively. C/N did not vary much in plots applied with different rates of pig manure, PG/(NAG+LAP)
decreased with increasing application rate of pig manure, while (NAG+LAP)/AP exhibited a reverse trend. ~ Conclusion Soil
organic matter, nutrient content and enzyme activity of the soil increase with application rate of pig manure in the red upland soil,
and crop yield does linearly. Attention must be paid to problems, such as increased nitrogen and phosphorus loss, as a result of
excessive available nutrients in the soil.

Key words: Pig manure; Shoot biomass; Microplate flurimetric assay method; Soil physicochemical properties; Enzyme activity
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1.1 HAREXER

RIS X7 T B 4 P ELRR B A0 Al B Al
PRET W S ue vk Y ((112°44'147E, 28°57'11"N ), fiF
TE X 3B T AT X, SRR, JERE
FoH B TSI AR AR 17°C 4 H BBRHE 1 722~
1816 h, 4FHFFEME 1400 mm, IEHT HFERA T
e A : pH 6.4, AHLE 198 gkg'. &K
1.11 gkg'. 2% 0.50 gkg'. 24 14.6 gkg'. B
fit A 72.10 mgkg™ . AR 3.84 mgkg . HAH
246.7 mg'kg ', CEC 15.30 cmol-kg ™.
1.2 RIiEit

REG/NXTF 2013 AEFFIR AR, 2014 FHFGaFp
HAEY . W& S, ARSI 0. 7.5,
15, 30, 45 thm?, At AL, K56 2 ECA
Sk A BRI Y, T4 4 A IR,
FAEJF BRI EREARE, HTEE 10 AA+
e, MR AEEE T, R EA LT 779.5 gkg '
A(N)28.20 gkg ' #( P,05)36.61 gkg™' . #1(K,0)
14.70 gkg'o RE/DXBEPLIX HHES, HEA/NX T
B21m?®, EHE 3K, FHEIEY TR
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Table 1 Names, functions, EC numbers, and substrates of the test enzymes in soil in this study
it ] Tk EC %ifith it/
Enzyme Abbreviation Function EC number Substrate
KA AR IR JRVE B-D-Hi AR AL, B
B-1,4-7 B 15T ) ) 4-MUB-p-D-#j # # I
BG Jilt B-D-F B, X B-D-HI KA 3.2.1.21
B-1,4-Glucosidase 4-MUB-B-D-glucoside
1Z YRR
KA 1,4-B-D-ARFRNE, fEILER 2R
B-1,4-A M i 4-MUB- Al
pX MR ESL Y D- AR, A — 3.2.1.37
B-1,4-Xylosidase 4-MUB-B-D-xyloside
B 7K A
‘ KL e 3 AT L DM 9 1,4-B-D-H \
ZF Y —EIK A 4-MUB-£7- 4 — W1
CBH L, EERGARE SRR SR AL 27 4 3.2.1.91
Cellobiohydrolase i 4-MUB-B-D-cellobioside
YERIT IR, Al a-22E (35 ) SR,
AIRERR SR () Ik, FRtkh. N _
- LS5 R MR-7-HRFE R
L-58 AR Z A5 H3 Leucine M . AR R B R A )
LAP 3.4.11.1 L-Leucine-7-amino-4-me-thyl
amino peptidase TR, AL L-BOK AR, (R _
coumarin
(FE) Fks&me (H) IRTCIER], #E
& IR R
4-MUB-B-D-Z B 3 2 HE A
B-1,4-N-Z Bt L AR 4 0 HEALSE B CRUADE S e ) 0 —
%)
JiFEfE B-1, 4-N-Acetyl- NAG WA A A s 9 AR TR SR 2- 2 Bt S -2- 3.2.1.30
4-MUB-N-acetyl-p-D-glu-cos
glucosa-minidase 15t 4 - B-D - 45 W o ik
aminide
MEALTERR SRR AR, AEHI T, AR A
Wk AR Acid 4-MUB- B2 g
AP B BRI, Frmdh) iz, WARILBEmR I 3.1.3.2
phosphatase 4-MUB-phosphate

iy

1) 4-MUB, 4-H3AJEEARE ( 4-methylumbelliferyl )

KH Excel 2007 AbEEEHEIFH%, RAH DPS
15.10 X AHSEEHE EAT B8 2 7 2408 . A4y
Mr, RH LSD #4722 5 3o .

2 4 R

2.1 FEEHEFEXEEME K EEEYE R0
FEAR IS ZETE A 0~45 thm? JEEN,
P (ZEN) My IR AR FOR CRPRIHRSAT ) M
T A R A R R o T A s
(2 2), (A [ AF B2 [a] g3 L ¥ A ) o 22 S 50K
117 R M b P8 A W 2 S /) o AR X B0 ] g

R M AR AR YR S 2 R, T LR
56 30T )V L S 4% A o A 0 e A
KEAWT 4G

W y1=0.146 4x + 4.751 4  R*=0.692 0**

FEk: y,=02813x+9.0564 R>=0.876 1**

K,y AR . B FEAEYE, x h
WA thm®, R® RHERE, *F£R P<0.05
WEMIE, **FIR P<0.01 W FH5E .
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HA RIS R, PIRERE 2S5 0 38 i 33

http://pedologica.issas.ac.cn



34 W/ INAR S« 8 20T P X S 5 R AP T Pl A1 P 2 1 743

R2 TEBEEREMNERMERM LBEMENTIT

Table 2 Effect of pig manure application rate on shoot biomass of spinach and maize

WS A
Jiti P
Shoot biomass of spinach/ ( thm™?)
Application rate

TR M AR A

Shoot biomass of maize/ ( t-hm™)

. ¥y iy
/ (thm™) 2014 2015 2016 2017 2014 2015 2016
Average Average
0 3.69¢ 6.72b 2.08¢c 2.55b 3.76¢ 7.86¢ 8.11c 9.18¢c 8.38d
7.5 4.5bc 12.7ab 3.33¢ 5.55ab 6.52bc 9.67¢ 9.56¢ 10.45¢ 9.89d
15 5.96bc 13.93ab 6.59b 5.79ab 8.06b 15.37b 16.11b 15.39b 15.62¢
30 6.45ab 11.21ab 10.84a 4.35b 8.21b 17.49ab 18.45b 18.5a 18.15b
45 8.87a 18.11a 10.37a 8.57a 11.48a 19.88a 21.08a 21.57a 20.84a

1 IR E R R R 257 B3 (P<0.05), T[F. Note: Different letters in the same column mean significant difference between

treatments at 0.05 level. The same below.

BT, 245 2606 F 35 45 thm 2 i) 5 300 T 330
EEYE, HAE 7.5~30 thm 2 JEHEN, 25
AN W E KM R AR, R 3
7.5~45 thm > 5 Bl P 25 7] 3k 3 KK | X i
B s 2t T B R R S AR B AR, H
FE it FH A 25 10 S W) JLAF N AT S AR ™ H A .
22 BEBASI HEBA SR

S S 3 AR, B S

THEAHL . R, e, WA ARmE . HA
PR AR N BN, L ER A A L R] 2 Sk )
KA, fHXF 45 pH BRI A R (% 3),

J7 FH BT US40 87 5 95 AT AR A 4% 28t = 5+
BAWET . 2R . SR A . AR AL
BRI A TR, K IH AR 5 5 2% it
ARG, JF AT M L R y=axtb ik
(£4),

R3 FRBEEERAEXN DIRERBLIEROFM

Table 3 Effects of pig manure application rate on soil physicochemical propertities

HHLE ‘ o A
it FH B 7 Exil B AR
Organic Readily
Application rate/ pH Total N/ Total P/ Total K/ Alkalyzable N/ Available P/
matter/ available K/
(t-hm™) (gkg™) (gkg") (gkg™) (gkg™) (gkg")
(gke!) (gkeg!)
0 6.65 11.47b 0.80b 0.39d 15.63a 64.00b 7.74b 251.0b
7.5 6.45 11.77b 0.84b 0.44cd 15.73a 65.00b 18.20b 280.7b
15 6.36 13.60ab 0.93ab 0.55bc 15.00a 77.30ab 32.80b 326.7ab
30 6.37 13.20ab 0.95ab 0.58b 15.73a 75.07ab 51.03b 327.3ab
45 6.58 14.60a 1.07a 0.73a 13.57a 85.47a 106.9a 411.7a
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Table 4 Relationships between soil physicochemical properties and pig manure application rate

T H B mlEpp .

Item Equation of liner regression .
FHLFT Organic matter y=0.065 1x + 11.658 0.424 8**
2% Total N ¥=0.005 9x + 0.803 2 0.623 0**
4f§ Total P ¥=0.007 2x + 0.397 4 0.736 7**

241 Total K y=—0.038 3x + 15.880 0.197 9

AL Alkalyzable N y=0.453 4x + 64.524 0.443 4%
3w Available P y=2.102 7x +2.325 4 0.701 1%*
HR4H Readily available K =3.219 9x + 256.68 0.426 7**

AL, FELLHEIX AR AT, BR
TSN, B FEI R, A LR &
IR P R BN A VBRI B E, Bl nA B
Tt T 06 i e £ e vy A R ERIOR
2.3 FEFEERAEN L IREEE LRI

e SRR R BEIREA A SCHY 6 Rl A I P X

B 20t P R g S g, AN [ Ak ) gk
I EKF (K 5),

[FIRE M, W2 [T UR 73 BT 5 35 R SRAG 4 26 it P 42
5 6 M IEREEEZ B A ESC R, KB 6 RhERY
P SR i T R A PR O, IF AT y=ax+b J7
FERp (£6).

x5 TREERRAEX LIREEEHRME

Table 5 Effects of pig manure application rate on soil enzyme activities

it FH HEG P Enzyme activity/ ( nmol-g'-h™)
Application rate
BG X CBH LAP NAG AP
/ (thm?)
0 55.03¢ 3.22b 10.92b 10.81c 18.68c 53.31c
7.5 67.30bc 6.70ab 15.33ab 16.79bc 25.57¢ 57.30bc
15 80.82abc 10.03ab 21.33ab 20.74bc 33.53bc 68.35bc
30 100.2ab 10.64ab 26.11ab 35.32ab 44.11ab 90.61a
45 105.3a 17.49a 36.63a 47.76a 55.31a 77.38ab
xo LTEMEMTHSHEERMBEWHEEXAR
Table 6 Rlationships between soil enzyme activities and pig manure application rate
it H A7 ,
Item Equation of liner regression f
BG y=1.143 3x +59.429 0.535 3**
BX y=0.283 8x +4.066 9 0.423 4%*
CBH y=0.548 8x + 11.346 0.579 4%*
LAP y=0.830 1x + 10.098 0.596 6**
NAG y=0.806 3x +19.708 0.737 8**
AP y=0.681 9x + 56.093 0.433 7%*
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M 6 MTLIEH: ISR 0~45 thm”
TN, 215 5 Rk R E A G Y I P B 2
Jit R 3G I R LI K, BTk 3] EH K
KV, Ud B A ILAE X g - S PR A B sk
B, AT LU0 A i e U A R A IR A A
2.4 ¥FEHAEX L C/N REEEEHETLER

A

e 2R 7.5~45 thm? ATEEIN, +iE
C/N 4EF5TE 8: 1~8.5: 13uffl, MBS BG/
( NAG+LAP ) s 2% it FH & i35 i ReAI%, 446 3

Jiti FH A 2 30 thm ™ B E AL, 2 )5 Bl 2t
RN FL(E AR SR AR . BG/AP Fifi R 260t HH 2 i 38
InEE s, BRI E . (NAGHLAP ) /AP
Wif 5 2% it FH 2 A B84 i o, EL S 2 Gk
45 thm > B IR B B FRKFE (£ 7) .
2.5 TEBAMRSEEENEXE

B TR A 2 3 KA HLER IR S P
FEoy, WOMTEERY), BT RES A — S RE
F e+ HEAR F1As Ak, PR BE X EETE PE S A LT . FR4
AT T (K 8) .

R7 AEEEBHBENTIE C/N REEMHEX LE N

Table 7 Effects of pig manure application rate on C/N and relative ratios of soil enzyme activities

it A
C/N BG/ (NAG+LAP) BG/AP (NAG+LAP ) /AP
Application rate/ ( thm™?)
0 8.37a 1.89 a 1.05a 0.56b
7.5 8.16a 1.59ab 1.18a 0.75b
15 8.51a 1.51abc 1.18a 0.80b
30 8.03a 1.26bc 1.10a 0.87b
45 8.11a 1.04c 1.35a 1.30a
8 LTIREABUMRSEGEMERY
Table 8 Correlations between soil basic physicochemical propertities and soil enzyme activities (n=3)
it 1 AL Eoe= o gl Bl EER I A
Item Organic matter Total N Total P Total K Alkalyzable N Available P Readily available K
BG 0.868 4** 0.550 7* 0.890 0** -0.571 3* 0.871 2%* 0.863 5%* 0.834 5%*
BX 0.932 0** 04137 0.908 5** —0.723 2%* 0.888 5** 0.920 7** 0.907 5**
CBH 0.894 3** 0.621 8* 0.920 7** —0.763 1** 0.942 3** 0.913 8** 0.916 8**
LAP 0.869 8** 0.533 5% 0.896 9** —0.607 4* 0.856 0** 0.931 2%* 0.892 1**
NAG 0.877 7** 0.657 3%* 0.972 4** —0.668 6** 0.889 2%* 0.950 6** 0.886 7**
AP 0.718 5%* 0.362 0* 0.752 2* -0.3599 0.685 5** 0.707 9** 0.642 6**
xS, 6 PG HANLR . e ARE VIXAR
ABEH & R R R B EMC, B X, HAR s
S SR G R E AR EG, AP, 3 T iR
AR5 FhG S AP R U A O, Horp,
BG H&a®ifE, pX. AP SHAMLFE &R, CBHY 3.1 BEBASX TEEAERAIIE

B R S, LAP SR & A e R . A
RIS, 6 FEEEYE S APLB . Ff 00 & BAFEE &

B2 WIS AR LW, b A YU AT ] R 4% &
HEA WL R R 55 4 o 2 T R e
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St AN, MAEE AT TR IER, 5
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ZREAE P B £ RN R (H AR A AR
AR, XlaeEh T ISMm AN RS &
bR S/ RBOEE, Wik R —Jrim e
Vb 1A= 4y 488 (45 R g Kl
I — 7 THI & LT 00 B0 22 A0 W B R R A, R
Sy B KRR o X T BE S B W W SR F A S R
WA, LR o3 O ik B R 218 5t FH 1 i Sk 3 4
IR NS A REA IR S X FEE Mt
Y, A B3 R A K I M T [ s 2
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T 64%. 1281%, HARERMGIES B ER S AR
O 1 W (BN VRS 5= 43100 wpu N L R US| il 9 Y L I D
o 8 JIC B T U
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