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Effects of straw mulching and organic fertilizer on the stoichiometry of soil
extracellular enzymes in eroded slope farmland

WANG Pei-huan', ZHANG Qing-wen'*, SHI Yu-long', LI Meng-ni', LI Xue-liang', HUANG Xin-jun’
( 1 Institution of Environment and Sustainable Development in Agriculture, Beijing 100101, China;
2 Henan University of Technology, Zhengzhou, Henan 450001, China )

Abstract: [ Objectives ] Soil extracellular enzyme stoichiometry reflects nutrient availability and nutrient
limitation. We explored the effect of organic materials on the characteristics of soil enzyme activity to understand
soil nutrient migration and transformation in cultivated land affected by erosion. [ Methods ] The experiment
was based on a 8-year runoff observation experiment in Southwest China. The four treatments on the field were no
straw and organic fertilizer control (CK), 20% nitrogen substituted by organic fertilizer (OM), 20% nitrogen
substituted by straw (SW), 20% nitrogen substituted by straw and organic fertilizer (OMSW). Soil samples were
collected from 0—20 cm plough layer in erosion and deposition section of each treatment, respectively. Soil
enzyme activity, particle composition, and content of C, N and P were measured. The stoichiometric characteristics
of soil extracellular enzyme activity, and correlation of soil nutrient stoichiometric ratio and soil erodibility factors
were analyzed. [ Results ] The activities of soil B-glucosidase (BG), B-glucosaminnidase (NAG), L-leucine
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aminopeptidase (LAP) and phosphatase (AKP) in the deposition section of each treatment were 52.31%, 50.60%,
16.97% and 13.11% higher than those in the erosion section, respectively. The soil extracellular enzyme activity
ratio was 1 : 0.79 : 1.13. The soil enzyme activities of the four treatments were SW>OMSW>CK>OM. The
vector angles of the four treatments were all represented as erosion area>deposition area (P<0.05), and the vector
length was represented as erosion area<deposition area (P<0.05). All the vector angles of the four treatments were
greater than 45°, and the vector lengths were above the 1 : 1 line. The sloping farmland was generally limited by
P (nutrient) and energy (carbon). [ Conclusions ] Erosion accelerated the turnover rate of soil carbon, nitrogen
and phosphorus in the sloping farmland. The activity of soil extracellular enzymes was significantly higher in
deposition section than that in eroded section. The sloping farmland was generally nutrient-limited (P-limited) and
energy-limited (C-limited), and the soil extracellular enzyme activity ratio deviated from 1 : 1 : 1. The nutrient
limitation (P-limited) was more serious in erosion section while the power limitation (C-limited) was more serious
in the deposition section. Straw mulch with organic fertilizer can alleviate the stoichiometric imbalance of soil
extracellular enzyme activities, while straw mulching can significantly increase soil enzyme activity, alleviate soil

phosphorus limitation, and promote soil nutrient cycling.
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Table 1 Abbreviations, functions and corresponding substrates of soil extracellular enzymes

=2 ] g JEY
Enzyme Abbreviation Function Substrate
B- B T BG LR IR 4-HI A B B-D- I HE A
B-glucosidase Cellulose degradation 4-MUB-B-D-glucoside
Vi SR NAG JUT JRA 4-FI I B-N- £ Tt 3 - B-D- ML I A A W
B-glucosaminnidase Chitin degradation 4-MUB-N-acetyl-p-D-glucosaminide
A PR AL LAP LTHERIEMR RRAR-T-8 -4 THF LR
L-leucine aminopeptidase Cellulose degradation L-Leucine-T-amino-4-methylcoumarin
BRPERERR TG AKP APLBEIT L 4- WA - L

Phosphatase

Organic P mineralization 4-MUB-phosphate
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Fig. 1 Characteristics of soil enzyme activity in sloping farmland
TE: BG—P-L4-FIE M HT; NAG—B-1,4-N-ZBEZILH B MFHE; LAP—IC &R EILNA ; AKP—TlM: MR, CK—ATEREFT A 0L
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AAIEI AL BE P A DRI 25 5 2, ANJR)/ING A (8] XA TR b B 22 1) 25 57 2. 3% (P<0.05).
Note: BG—f-1,4-glucosidase; NAG—-1,4-N-acetylglucosidase; LAP—L-leucine aminopeptidase; AKP—Alkaline phosphatase. CK—No straw and
organic fertilizer; OM—20% nitrogen substituted by organic fertilizer; SW—20% nitrogen substituted by straw; OMSW—20% nitrogen substituted

by organic fertilizer and straw. Different capital letters above the bars indicate significant difference among sections under the same treatment, and

different lowercase letters above the bars indicate significant difference among treatments in the same section (P<0.05).
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Fig. 2 Stoichiometric ratio, vector length and angle of soil extracellular enzyme activities
TE: BG—B-14-H A ; NAG—P-1,4-N-Z BREIEH A B ; LAP—R &R AL ; AKP—IRVERERARE . CK— ARSI HL
s OM—AHLALEAR 20% FLAL A ; SW—HREFFERI 20% (LALA s OMSW—A HLAL AN FHR &8 20% fALE . K—3Em i K
To HLEARIRE FRERANFE B X E 225 35, ARG FRER R R XA R 2 2 22 6] 25 5 2. 3% (P<0.05).
Note: BG—f-1,4-glucosidase; NAG—f-1,4-N-acetylglucosidase; LAP—L-leucine aminopeptidase; AKP—Alkaline phosphatase. CK—No straw and
organic fertilizer; OM—20% nitrogen substituted by organic fertilizer; SW—20% nitrogen substituted by straw; OMSW—20% nitrogen substituted

by organic fertilizer and straw. K—Soil erodibility K. Different capital letters above the bars indicate significant difference between the two

experimental sections under the same treatment, and different lowercase letters above the bars indicate significant difference among treatments in the

same section (P<0.05).
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Table 3 Two-way ANOVA of interaction between erosion-deposition and straw mulching and organic fertilizer (P value)

B M-I
Significance Erosion-deposition effect

In(BG) : In(NAG +LAP) 0.014*
In(BG) : In(AKP) 0.020*

JKAE K Vector L 0.001***
RIEHE Vector A 0.003%++
TP 0.001***
AP 0.001***
TOC/TN 0.086
TOC/TP 0.006%**
pH 0.006%**

K 0.008***

poseil IR Ak 2L
Treatment Erosion-deposition xTreatment
0.020* 0.717
0.017* 0.04*
0.001*** 0.775
0.015* 0.717
0.001*** 0.08
0.012%** 0.488
0.094 0.902
0.008*** 0.696
0.001%** 0.001***
0.033* 0.145

TE: BG—B-LA-FAMFHT; NAG—P-1,4-N-Z LB A LAP— 22 MEEIKAT; AKP—I{MERNT; TOC—HHEEA LIk,
TP—+ el AP—HHEAHWE; TN—HR%,; K—Hn KN T, *—P<0.05; **—P<0.01; *—P<0.05,

Note: BG—f-1,4-glucosidase; NAG—f-1,4-N-acetylglucosidase; LAP—L-leucine aminopeptidase; AKP—Alkaline phosphatase; TOC—Total
organic C of soil; TP—Total P of soil; AP—Available P of soil; TN—Total N of soil; K—Soil erodibility K. ***—pP<0.001; **—P<0.01;

*—P<0.05.

FERR R P TR F G RS e L R, R
AT DX Al PR A EC A Db DX, e R A A /2

TORMATEE R, A B G P S Ho
A7 3 AL RR I i IR (1 4) MUIED 4 HpoR] T
Xof - M i A Tl 3 1 B LT B B — el R
49.8%, MR 32.1%, AR K
(F=4.1, P=0.012). pH (F=6.5, P=0.014) %} {2k Wik
PR i 1wt BIR A 35 52 ) (P<0.05), HUfig e 2 29 il
H15.9%. 17.3%. Alflttk K 75 VL 2 83 A
Ko AT 25 DX PR I R RN A B8 A5 A %)
SRS PEAE S AR X DT, AR SR HEAT T O 2500 i
0T BEHIR, S GEURRN A 5 S AR A BT 43 i)
H17.30% F124.32%, 5 ILFEMERERY LU R 45.57%
(& 4),

3 ifie

3.1 TEFDBREERMMAT=E S
TR R — R R R, RIS
ol A HL s IR ORGSR PR IX AL
PRI R R M A PIANEE 2 T, R MIX 4 e 20
K> o HERIAROIR . FR 0 E o B i s DIRIX
PRI 2, ARTE BB ABE A AT, 98D
WAk . T AR N IR R TR, &
BUR MR R )R LR F R APFTELRE

By, PURIX ALK (TOC), 2% (TN), 2
(TP) F B m TR IX £ TOC, TN, TP %
H, Lal'? 2005 ERYBFSCINE, THESRImd i = i A
Wiz R AEDURAE I, D e DURR X 1 39857 0 AR 6 T
RiMX EE, USRS, 15 TOC. TN 1 TP
—BALREE PRV R, TR R )2 4 9 AR ok i A )
TR MFR IS, BMEHEAE R LT 20 cm,
RSN R WA HLT e, RS A
it A5 HLAE T LS 2 oAt IR A Rk, AR S
Hila—3 7 OM., SW. OMSW 4b¥ K +3% TOC,
NO, . AP B# T CK ALFE, B Kaffosit A
FERIA MILAE 10 S5 5 R AR T DA S 2 10 00 - ik i ),
A RS I HL R B T8 i el 3R A e
BRI AR DR VE T, LA R S PR R R R e
PRSI HT TOC ff&E, 1 NO, . AP TEVRIA ML R
ARFRR 52 I nT B8 U5 R A AL SR A3 R SR
BRI R
3.2 TEMEEAEANEIHRhIE i - 1EEEE
T B2 M

- RS AR b AR DR R AR X 2
MR EEER, ZRDEESIRN, 4 DB
HAE TR ) N RIS NAG 5 LAP, kR4
K BG. WEEG AKP ¥ 5 3 & TR A A6 b i) £
HERE . AL RS Boerner S5IFE K R H



34

EIFR, S AR AECHEA UL (R s it 1 N S NR A~ T HRERIE ) 2

467

¢
FOS TS

H - [=

pH

AN

||

0.56 | sk .

TOC

0.34] 0.52 | 0.52 | sk

TN

TP 0.53

C/N 0.69

c/p —0.38

—0.33] * kK

N/P

0.41 0.44

AP

(~0.66/ 0.70 | 0.60 | 0.68 0.29]

MBC

0.45] 0.47 | 0.44 0.46[-0.44

MBN

—0.38(~0.43/-0.46 0.60

MBC/MBN

—0.81-0.43(-0.48,

K

—0.60)

{~0.56| 0. 0.52 ] 0.60 —0.66

BG

-0.35] 0.73 | 0.52 0.47 |-0.31{-0.50

NAG

0.32] 0. —0.53-0.42

LAP

0.46 0.48 0.45 0.54

AKP

-0.35] 0.420.76 | 0.75 1-0.32

In(BG)/In(NAG+LAP)

{~0.57| 0. 0.56 | 0.62 —0.64

In(BG)/In(AKP)

0.44 1 0.85

0.70 | 0.

—0.44] 0.31]0.52 1 0.48 0.41

VA

-0.38] 2 [-0.41-0.68; 5 1-0.39

[~0.46 0.61 | 0.79 | 0.75 | 0.48 |-0.47| 0.71

VL

0.84

0.41 0.80 | 0.42 0.83

B3 IR IREEIE M AR AR AR K S A
Fig. 3 Correlation of soil physical and chemical properties and soil enzyme activity
T AN—HA; TOC—HHEEA P MBC—HU/EYITRR; MBN—RUEYIE; BG—B-14-MHMEH A ; NAG—B-1,4-N-Z a3
TG LAP—se s MR KA ; AKP—BERERRAG; TP—1 32wk, AP—L3EARRE; TN—LER%; K—I3n it K

VA—RuME; VL—REKE,

Note: AN—Available N of soil; TOC—Soil organic matter; MBC—Microbial C; MBN—Microbial N; BG—f-1,4-glucosidase; NAG—-1,4-N-
acetylglucosidase; LAP—L-leucine aminopeptidase; AKP—Alkaline phosphatase; TP—Total P of soil; AP—Auvailable P of soil; TN—Total N of

soil; K—Soil erodibility K; VA—Vector angle; VL—Vector length.
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Fig. 4 Redundancy analysis of soil physical and chemical properties and soil enzyme activity
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Note: CK—No straw and organic fertilizer; OM—20% nitrogen substituted by organic fertilizer; SW—20% nitrogen substituted by straw;
OMSW—20% nitrogen substituted by organic fertilizer and straw. AN—Available N of soil; TOC—Soil organic matter; MBC—Microbial C;
MBN—DMicrobial N; BG—f-1,4-glucosidase; NAG—f-1,4-N-acetylglucosidase; LAP—L-leucine aminopeptidase; AKP—Alkaline phosphatase;
TP—Total P of soil; AP—Auvailable P of soil; TN—Total N of soil; K—Soil erodibility K; VA—Vector angle; VL—Vector length. The red arrows

represent physical and chemical factors and microbial biomass factors, while the blue arrows represent the extracellular enzyme activities and their

stoichiometric ratios.
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