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Effects of simulated acid rain and straw amendment on microbial respiration and enzyme activities of
farmland soil
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Abstract: In order to investigate the effects of simulated acid rain (SAR) and straw amendment on soil microbial respiration (SMR) and the
enzyme activities of farmland, an indoor incubation experiment was performed. Four SAR treatments were set up with different pH values of
6.7, 4.0, 3.0, and 2.0. Furthermore, there were four straw amendment treatments for each SAR treatment. The dynamic changes of SMR
were measured. The invertase activities, catalase activities, and pH of the soil for different treatments were also measured after the

incubation experiment. The results showed that the pH values under the different SAR and straw amendment treatments were significantly

(P<0.05) and linearly correlated with SMR. Two—way ANOVA showed that SAR and straw amendment significantly (P<0.001) influenced
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SMR, whereas these two factors had no significant combined impacts on SMR (P>0.05). The invertase and catalase activilies were

positively correlated with the amounts of the amended straw. A simple linear regression model could explain the relationship between SMR

and catalase activity (P<0.001) and that between SMR and invertase activity (P=0.028). A binary linear regression model (P<0.001, R* =

0.955) based on invertase and catalase activities was better able to explain the variations in SMR than the simple linear regression model.

It can be concluded that short—term SAR reduced SMR and catalase activity, suggesting that short—term acid rain may inhibit the processes

of soil matter cycling and has negative impacts on agroecosystems.

Keywords : farmland; soil microbial respiration; simulated acid rain; straw; enzyme activity; yellow brown soil

8RR L B 4 3R PRI ) i 2 — 111, JHE X i s A
SHRGM N ESHBREA - RINEEL W, BF5E
W], B2 T A S BON ) 2 N IR AL, iR S Xk
HEBRGAGA 2 2 m . R ERRKE, K
AP AR RS A R RS T . FRE R AR A 2 104140
FEFF, SR 177, Fod G R 1/5 (RS #1958 R A%
B FERFBE R AR R I R AR (AR 55
AT 2 T 4 BRER W 15 40, BRT, AT &R 0L
AR A BRI, A AT A Ak AL B DL
BIRILER, AT N GE 5 IR 40 B 3R A FF A AT
PASCE -3 Wb 2E et RS

- 458 W I il b AR S R G v Y kO 2R 0
PP, HL R AR T 4 K i s SR 246 7 71 (GPP) 1
f G, L RN S5 SR (R 2R PR )
5 R IR0 (A PR ), Horp - S A Wy g 1
A MUK ARV 0 o3 # A 1Y) COLHE G 21, o
BRI R B 1Y 52,196, 02 - S A W) A Al s Y
HEARE, IR — B e A R A
358 E VR AL S5 DL S i R R T A A
+ R — AR e AR R R G T R E B
BBy, TR AR | A R IS PR G
PR, S5 AL (Invertase ) & —FIUK iR 1 , & REW
Vg v B DR G 3 e S 2 RN SR L DT SR
BECE R AL R 43 5 1 B S A S (Catalase) J&—
Fofr 55 L AR DG 10340 Ji it , e 3 3 A ok AU A 000 Al DA
A A 1 100 Jo e 2 Ak oy A T 3 sl g M/ N
Jl, WESE A AR A R | - S A AL RN A
it 15 P X T IR AGA TR - S e AU PR A E 08

] PN A0 G T i T RS A B - 3 e U106 A 3k
T 4] 5 M) ROGT - 3B 0 5 ) 2 R F 9« R AT
it 25 42 vep e Al | 2o S Th SRS 1k DA S L
A gy I WG TSRO R TR R vy, X T T 1)
P A FH BRI s R RN 23 X0 A - 3 i A= W I i = A
S, AH L5 i S 9F R B e (b 3 5%
M )10 Sk BEAIF 5 J2 AR T 7R B R X A )

1% WHART]

e R 2 TRt P YT 52 ), 2R 1 P Sk JSE RIS A3 T Y
S8 A PR S A W R s el 7 H AT
A ULARGE o ASBESEE A A N R IR, B AN [F] 5
ARSI W p HFARS AT S i, A9F S8 A 4D 1R T RS A
SIS S A P R Gl A 0 e R £ 52 ) WL B HE
TEALAD , LAY BEPEAL AR BRI H 45 M E i 00 T AR
FH - SRR A7 20 ) 28 S i R ALEA T 5 B R S AT 3 R
HEEEARE

1 #MEETE

1.1 it i

Ok EHEOR A M RE B TR KSR LK
i (32.16°N, 118.86°E ) , iz il & A S 74 /N3 (W22
195)-KEO\HA DR, 18R SR OKS
&) ALY :0~20 cm L 3EpH M 6.3, -
AN 2R T BN 194 ¢ kg FI 115 ¢+
kg™, HAI K 4R 25.6% . 1% 4F 3476 R 15.6 °C,
AEREZK A 1100 mm , 4[5 7K pH A 4.92, AF R W & 2E
W% 389% , R TR S AUk “ i — il PRI & B P, 2014
9 H /M TR L BRI 0~20 em AbAY £
B E T 0 A R gRAs v BT B T AL 3 SRR
T, FAWFER B AR5 3 2 mm 0, A B BH4E T BHR AT
. B IR AR AN —EEZ 195, F
2014 4F 6 J1 4 /N 22 WOk e 4 R A i T, B 6 0.5~
1.0 em HR G 5] A B B4 % B4 .
1.2 3R

DL TR R 568 B 1) BB 2 B LA A B T 51222, VAR
UL R 588 3 — MR B A pH 4.0~2.0 22 7] . % B 4 M
PIER TN 3R , FH n(H,S0,) Al n(HNOs ) 4% 4.5: 1 Fie il pH
1.0 A TR W BE VR, PR 35 o 25 5 1 /K R TR BV TR
A EL A pH 2 pH=6.7 (2 B 7K CK) .pH=4.0(A1) |
pH=3.0(A2) .pH=2.0(A3) (AL IR’ (630 . B4
B2 Y pH T & 4 AP (0.0.6.1.2.1.8
g), 16 N Ab B B2 B T K+ 85 FF (CK-0.CK-0.6
CK-1.2.CK-1.8) .pH 4.0+F5FF (A1-0.A1-0.6 . Al-



SR, 25 ASHULR TR RS AN X R P SRR A Wy I 0 il 175 1 14 52 ) 825

1.2.A1-1.8) .pH 3.0+ #F (A2-0,A2-0.6 . A2-1.2,
A2-1.8) .pH 2.0+F5FF (A3-0,A3-0.6 . A3-1.2, A3-
1.8), FAMFREEE 3ANEL

4315 489 mL ) 5 I A 60 ¢ T+,
EBF7K10.6 mL, P A EOKE N 15%. TERG
FR UG, TSR I T 7 d R M AHRIE K
GyZE KRR, F A H R 16:00 SR FHAREUT & 19 7
PR 2 B KA RIEEOKE . BERS RRS AR
I ) 5 T R AT T — R AL R, B RN
oM 10 mL, T 20 CHURE R TR B G55 . JiRi
] F 5 H 5 16: 00 R BRI & 1) 75 75 43 501 6
o7 AR HDL R W 11T 3 K i AR RS K AR
TS, 55 RS W8 A8 R, LA 3kE B BRI Tk xoF -+
SRR W TR 7 A A P )3 R
1.3 3G A Y P AR i3 2R A 7E

i FF v R0 43 1 I 48 3 30 d W G 3R 45 58 424y
fiff P, RO g B AR R B OR B 31 de TR i
A5 1.2.3.5.7.10,14.20.27 .31 d# E4-9:00f#
SoilBox—FMS ( 115 CO, HEif il it R 48 , Miller 23 v ,
I ED W AE 1- 33 COHEH A, M E 109K,
1.4 13 pH HL B R IT U SERRNE

B S Ie 45 5 , K pH it (Starter 2100, Sarto-
rius 23 A, fEE ) E -3 pHOK L R 2.5:1) 5 R H
3, 5-AH K AR b g i s A R AL S PR R
v o o 0 R 2 o A A S B
1.5 #EsHh

55 I AL 22 R A 05 4% Ak PR AR - S AR )
WP (31 d - BECE W wF e B i) ot 5CH 1
Excel 2019 #E 17497 2 & BER1 2 il /& 26 , fif I SPSS 25
WA HATGE o e D5 22530

2 HERE5HH

2.1 BT K& FEFRMIT 18 pH A9 =20

FEAH R RS ARSI AN [ BSHURR R pHAE T, 55
IR 45 R 5 1 398 pH BEA IR T pH ) B A1 17 4
5 s ZEAH RV B BR N pH AR R RS RS AR R, 4%
AEFRXT AN IR 1) 2% e S AFAE 22 = (B 1) .

Htia 00 16 pH 6.3, CK-0 &b P 7E 228 7K
YEAN 4 pH gL ETF. 5 CK-0AH L, A1-0 . A2-0
A A3-0 40 F 4- 3 pH 43 51 T F% 0.27.0.33.0.34 1~ L
fi7 ,CK-0.6 .CK-1.2 .CK-1.8 + % pH 43 5| FF#0.23
0.35.0.21 A B4 5 76 AR HULR TR FNRS #1448 I &2 & 76
T, 1 pH A T 5.69~5.92 2 i), LA b45 R0,

617 5 0 g FEFF Straw

-0 0.6 g FFF Straw
- 1.2 g F4#F Straw

= 64y -O- 1.8 g F4FF Straw
=
= 6.1
g,
®
H
5.8¢
5.5

2 3 4 6.7
FEABEZ T pH Simulated acid rain pH
1 AEAME L1 pH
Figure 1 Soil pH under different treatments

LR W ARG A ) 2 B 3% pH, JF AR R
52 A A PR G H— Kb PR ) 145 pH BRI B R
2.2 TIERIAE YR A R T R

FEAS [R)S A S I it FASE UL BR TR pH 4518 T, &4k
P ZR AN - B A W W A I s AR ) Y S K T
T i, AL s 8 W R AT, 2R T e i ) 4
A Py W i 3 T 0T (L 2) o FE AR RIS AR s
TR, R A BRI S I A RS ADL R RN pH A D
ANTTE/IN AN [R] LI H A Y R - S Ak A e et 2
SRR B B K (P<0.001) . A2 AH [R5 30 R 1 pH
T ASTRIRS A 02 A B A SRR b R A T A
TEM 2. 35 22 5 (P<0.001) , CK—1.8 4b Bt B AH 1 HEfi
A= I I i K, A3—0 &b B At SRAR - R A IR
/N,
23 TEREYER SEMEBRT pH REFRMEN
E3A

BARR T pH 5 31 d 1Y RS P IF I i O
F AT — ooty R AR (&1 3) , H PAE YR 5 18 2%
K- (P<0.05). 0.0.6.1.2.1.8 gFEFFUS IR T 2R+
5 A 1 R W S 43 31 R 0.063~0.204, 0.092~0.232
0.108~0.206.,0.127~0.301 mg-g'. 1.8 g Fl FF s 0 &
TR ES pH 5 R P A L 1] I AR
BRI R, RALE 1.8 o FEFFIRINE A0 1 e
W W 5 X6} A1 TR RRT 78 S5 140 Wi oy R 3 e A

FEFFAS N 5 31 d By SR AR L S 2R W i ) G
FA AT — Ik A (K 4) , H PEX RS
FIKF-(P<0.05) . CK. A1 A2 FITA3 54T B+
Tl A W I W 43 i R 0.204~0.301, 0.113~0.186 ,
0.074~0.151.,0.063~0.127 mg-g'c CK-1.8 Zb H () £
TR Wy O B v, CK—0 &b Ty - 338 Ak 2 Wy e i
EE T A1-1.8 . A2-1.8 Fl A3-1.8 1% 3 b3, R HA7E

WWW.QEs.0r9.CN




NEG2°

VAR RR Y 405 E 45
] 0367
~ 0367 kg - O A1-0
- A CK-0.6 & . ﬁirg
e gg7} O Lkol2 o 5 Bs 0277 gar-13
™ = 0O CK-1.8 5 = g .
== ] g =
=5 = 8
2 F o8 g S Foas - 4
= o 3 o]
®E % 5 =2 T g % 5
HE 009 g HE009F gg 8
£ 5 £ 8
N e
0 10 20 30 40 0 020 30 40
153215} 8] Incubation time/d K5 FEWI ] Incubation time/d
= 037 0420 = 0361 5 A3-0
5 A A2-0.6 > AA3-0.6
E O A2-12 £ O A3-12
E L i E I
ﬂg?o: 0.27 O A2-1.8 g\g 0.27 0 A3-1.8
ﬁ % 0.18 ﬁ % 0.18
E 5 © ¢ L 2
HE 0097 g 5 % % H £ 0.09F g § §
= 88 5 E 83% 5 o o O
P B . . . 7 ,lBBC " | | |
0 10 20 30 40 0 10 20 30 40

B4 FE0F 8] Incubation time/d

B FEB5} 8] Incubation time/d

B2 TEREMTRRN TSRS

Figure 2 Temporal variability in the soil microbial respiration

BFAR W RS RPN B2 T A AR FR X = 1
A W A 3 A P TR A okt SR e
W AR VR P BIASEABL R R RIRS A8 0 28 7 FH 2 B
S A - S PR

F T AREALL AR N pH FIRS FF 04 % - S8 A= v
W 35 S 25 5 ) i AR ALRR R pH () B R AF8
11t (oo )V R 722 £ 3 B OO 32 P i () /Y
A, G RW, y 5 Fl w5 R AT AT 5
iR -

¥y = 0.033x,+0.043x, - 0.018(R*=0.985,P<0.001)

A HE 3 TR FOU R TR pHAIRS AT 75 D10 A BAL PR 25 40
GO RN R W R R B R v Y i
P (98.5%) .

MR F 20 as REW (F 1), AR BLER
i pH(F=26.544,P<0.001) FIFEFF Ui (F=111.069,
P<0.001) Zb 3T A+ HEfd AR Py np e ) HoAG R i 25 22 57
E PR 5 19 52 B AR I RE b B 4 AR ) W 1R T I 3 5% Tkl
(F=0.457,P=0.892).,
24 HIEFAETENSEEE

HE 20 0L, A1-0,A2-0,A3-0 X 3~ 4b PR 1k
il 3% P 43 91 e CK-0 ' 2 (P<0.05) 4% /& 1 23.09% .
124.09% .100.33% , A2 5 J3Z 1% 12 FRI Xof 2 A K it 3% 2 1) 412

1% WHART]

EVE s o S AT 0255 G AR TS 1 2 B 3 AR A
X (P<0.05),CK-0.6 .CK—1.2 .CK—1.8 3% 3 b F A% Ak,
fitd 15 P 4> W) b CK-0 #2 & T 75.08%. 228.41% .
366.78% . AR BLIURR I REFF SN BALER B
MFEFFE AL B0 REER 5 T - e AL 1 1, X e
FE BTG PR B A S

5 CK-0 4b 3 5o S0 Ak Ul 5 M AH T, A2-0.A3-0
WA A 43 ) B 2 (P<0.05) FEAR T 3.1%.4.4%, T
A1-0 40 FEJC 3 2 520 5 CK-0.6 .CK-1.2 . CK-1.8 iX 3
ASKAE BT BB T 2.12% .5.78% . 10.38% , F% AT I8 N
5 o S ARG T L R IE A O (P<0.05) o LA
T, J 30 R B ASLADL R T (AL A2) S 25 0 o] 4 e
AL A M AR BRI RR Y (A3) JC i 2 5 0 5
FEUS I AEADLR T B A FF U I 0o A 5 T 2 AL A
it 1% 1, o) ek AR Tl A T A R R VR
25 TIEMAYMERS HIERFEENXR

FHIF AR R pH 2514 T, &40 131 d By R+
SRR A R A AR T P 2 R Y 56 R AT — Tt
Lk R IR E L G MW T A ARt T PR 1
IR O R B AP AE 22 57 (5) o CKORN A2 5140 T i AL T
TG PE 5 - U W MR A A i 2R DG G &R (P<0.05) 6
Xt T T A REHOLR S AL B, A SR Ak W O W AL Tl T



SR, 25 ASHULR TR RS AN X R P SRR A Wy I 0 il 175 1 14 52 ) 827

= 0321 0 g F5#F Straw

o

o

B
T

¥=0.029 5x-0.005
R*=0.986, P=0.007

= 0.08 [

- B A O
Soil microbial respiration/(mg
=)
>

(=]

03211 2 g #4#F Straw

0241

¥=0.030 8x+0.038
R*=0.966, P=0.017

0.08 1

A A Wy
Soil microbial respiration/(mg-g™)
=)
>

pH

"

e
)
=

TIEBLE Y
<)
>

Soil microbial respiration/(mg+ g

o
=)
oo

(=]

0321

0.24

=N
H

Soil microbial respiration/(mg-g™)
(=)
N

B P

ol
7

3%

0.08

(=]

0321

0.6 g F#FT Straw

¥=0.029 4x+0.020
R=0.963, P=0.019

o
S}
A~
=
o0

1.8 gf#H#T Straw

- ¥=0.035 5x+0.049
R’=0.994,P=0.003

o
)
~
=N
©

3 TEMAEYTFRSEIELT pH B X &
Figure 3 Relationship between SMR and pH of SAR

I

@

=)}
|

CK

=

(3]

~
T

¥=0.053x+0.201
R’=0.991, P=0.004

0.09

A W
Soil microbial respiration/(mg-g™)
o
>

0.5 1.0 1.5 2.0
FEFFI NN & Straw amendments amount/g

(=]
(=]

o

N

N
]

A2
0271

¥=0.044x+0.076
R’=0.987,P=0.007

0.09x

AP
Soil microbial respiration/(mg-g™)
o
)

0.5 1.0 1.5 2.0
FEFFUN I &L Straw amendments amount/g

(=]

(=]

0.36

e
o
3

I A T A
Soil microbial respiration/(mg-g™)
o =
=) —
NS )

(=]

e
(98]
=N

0.27

= 0.09

TIEGUEYITI
Soil microbial respiration/(mg-g™)
(=]
>

(=]

Al

¥=0.039 8x+0.105

3 R’=0.991, P=0.045
[©)

0.5 1.0 1.5 2.0
FEFFER N & Straw amendments amount/g

(=]

A3

¥=0.034 8x+0.066
L R=0.981,P=0.010

0.5 1.0 1.5 2.0
FEFFUS I Straw amendments amount/g

o

4 TIRBEYERSHEFRIMENXR
Figure 4 Relationship between SMR and straw amendments amount

FRIFEAURR R pH 25 1F T, 31 d 9 SRR 1 e A
Py p il 5 3 S A SR PR R ] — oo ety R i i

PEZ 18] 56 R AP —Jegke iy fediiid , e P (a5 3|

B (P<0.05) (K 6) .

WWW.Qes.019.CN




URETR Rt Y F 405 E 45

nlElsMia

xR 1 ERIERR pH FEFHRMEN TIEREY TR WA W E R EDH
Table I Two—way ANOVA for analyzing the effects of the pH of SAR and amended straw on SMR

122U Source V77 Fl Sum of squares Y47 Mean square FA{Y F-ratio P
B Y pH 0.040 0.013 26.544 <0.001
FEAT IR 0.167 0.056 111.069 <0.001
BEALN R TR p HA A1 78 i 0.002 <0.001 0.457 0.892
W2 0.016 0.001
R2 AR ER T IEEEFME(mL-¢")
Table 2 Soil enzyme activities under different treatments(mL-g™")
|- HE il LA FEFF A Straw amendments
Soil enzyme Simulated acid rain 0g 0.6g 12g 18g
AL A3 12.06+0.63ABc 11.36+1.12B¢ 24.83+0.65Ab 39.41=1.71Aa
A2 13.49+3.20Ab 16.81=1.71Ab 24.41+0.80Aa 27.16+1.21Ba
Al 7.41+1.42Bb 10.460.90Bb 23.54+1.21Aa 25.32+1.43Ba
CK 6.02+0.90Cd 10.54+1.74Bc 19.77+0.44Bb 28.10+0.86Ba
T S AL R A3 8.11+0.31Bd 8.35+0.32Bc¢ 8.67+0.34Bb 9.19+0.85Ba
A2 8.22+0.48Bd 8.61+0.38Ac 8.76+0.40Bb 9.26+0.43ABa
Al 8.48+0.23Ac 8.66+0.64Ac 9.02+0.84Ab 9.43+0.37Aa
CK 8.48+0.30Ad 8.66+0.35Ac¢ 8.97+0.64Ab 9.36+0.45ABa

TE ARG B R AN RIS AT B0 i 05 1] — B R T pH 7] 22 57 2. 35 (P<0.05) , AN [ RS B 3 AR RIS AT A ek 2648 AN [l BB 400 2
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Note: Different lowercase letters indicate significant differences of the same pH of SAR under different straw amendments (P<0.05) , different capital
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