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Effects of warming and yak excreta addition on enzyme activity of marsh soil
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Abstract; In this study, the effects of warming (13°C, 19°C and 25°C) and yak excreta (feces, urine) addition on soil
properties and enzyme activity of marsh soil were studied by laboratory incubation experiment. The results showed that: (1)
Warming induced an overall reduction in pH of marsh soil (P<0.05). The inorganic nitrogen content of marsh soil was
decreased at 19°C (P<0.05), but there was no significant difference among temperature treatments of other soil properties
(P>0.05). The effects of warming on soil enzyme activity with different excreta treatments were various significantly. (2)
The effects of excreta addition on the physicochemical properties of marsh soil were different significantly ( P<0.05). Yak
feces addition significantly increased water content, pH, TOC and available phosphorus content ( P<0.05) , but decreased
nitrate nitrogen content of marsh soil (P<0.05). Yak urine significantly increased water content and inorganic nitrogen
content of marsh soil (P<0.05). Yak feces addition significantly promoted the activities of sucrase, urease and catalase
(P<0.05). In contrast, Yak urine significantly promoted urease activity (P<0.05) , but had no significant effect on other

enzyme activities (P>0.05). (3) The interaction of warming and excreta addition had significant effects on TOC ( P<
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0.05), pH, inorganic nitrogen content ( P<0.01), sucrase ( P<0.05), urease, acid phosphatase and catalase ( P<0.01)
activities. This study illuminated the effects of warming, yak excreta addition and interaction on the physicochemical
characteristic and enzyme activity of marsh soil, which provided theoretical basis for study of the effect of grazing

disturbance on wetland ecosystem with the climate warming.
Key Words: warming; yak excreta; soil enzyme activity; soil physiochemical properties
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Table 1 Physicochemical properties of yak excreta and marsh soil

— FSEERIRT B R SR §5-) RABE
BIKE . . -
Total organic Ammonium Nitrate Total Total
Water pH . . .
content/% carbon/ nitrogen/ nitrogen/ nitrogen/ phosphorus/
(g/kg) (mg/kg) (mg/kg) (g/kg) (mg/kg)
FEA 208 Yak feces 80.53+0.16 7.99+0.01 483.6+5.15 86.10+2.07 5.06+0.45 24.1+£2.07 3.93+0.23
FE4 PRI Yak urine — 8.67 =031  170.2+ 4.65  59.76+ 1.84  48.94x 10.19 8.7x1.30 3.0020.13
VA 14 Marsh soil — 5.13+0.15 103.1+1.25 — — 6.62+1.27 0.80+0.14

R EUE N I E AR DR 2 (n=3)

1.3 Lk

3 KRR R E R E |, 398 pH (B DY B FL AR (STARTER 300, _EV) W% (LK 1:5, W/V),+
SRS E R 1 mol/L KCLIZ4R 1 (LK 1:10, W/V) | 1245 W Al 2 22 37 3h 0 B A ( SKALAR
SAN-++, faf 22) I5E , +HEABHERH 0.5 mol/L NaHCO, 12 #E-AR8A T L kil & | + 34 %R H H,S0,-H,0,
A THAEBCR AR s AT AU 22 |, + 38 S A HLEK ( Total organic carbon, TOC) & H B A HLEK 73 BT ( Vario,
TEEICER) W, FEREERH 3,5- S KA R Eb k0 | TR R FH i B b € 2 0, T P 1l e R P
PR A L I 5 | 3 SR Ak SR o e R B i s v

2 HiEAE

B R A Excel K SPSS 20.0 A TANEE | X £ 35 BRAV M o A g6 P25 40 2047 0L IR 2 Ty 22 0, i 1 A e
H SigmaPlot 10.0 7EEl, H Canoco 4.5 X R Ak 14 57 FN 1= SR PR HEA T IUR 4047 .

3 HBREHS

3.1 BETERIHE S AR PR S B A I A S

W 2 R BEE T CK 38 /K 00 B 35 ( P<0.05) , 280K 2 7K 2 [ 15 BE 04 v T A A1 5 34 3R %1
Yt ANARFEAY K RN 35 (P>0.05) , B8R XF CK AHE M kb B+ 38 pH A5 0 R B R 139C >25°C >
19°C , HEIEXT CK FIHEM Py A 38 + A MLk 2R A A0S a2 AN 235 (P>0.05) (B HE ) b 30 -+ e e
A RFE AR & BRI B (P<0.05)

13°C 1 25°C AR, HEM i AT £ HE B /KA BE T2 (P<0.05) , AR EEALFE T, HEMH A 35 5%
145 pH 520 B3 (P<0.05) , ANFHREALFE T HHESA VLK &R R A F>CK>U, B F B35 T CK fil U
AbFE(P<0.05) , HEMEDy A AL BEXT 1498 B85 B0 B E 5 (P>0.05) , AR EALEE T 30 300 & =3
K F AR E ST CK A U(P<0.05) . U AbFE I 000+ 385 S 205 &, 13°C M 19°C AR BE N, R3S
R ERIN USF>CK,(H F Al CK TCRE 25 25C AT, HEES R S EHRIN N USCK>F, 1M F Al CK 22
SN2 RUTHRE Y A SR 5 A S BAE R HE Y A IR AR A B R P 3 (P<0.05)
ANEELEE A T H3RBk USCK>F,
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Table 2 Effects of warming and yak excreta addition on soil physicochemical properties

TKE A AR AR AL £
REE/C b3 Soil Water Ammonium Nitrate Available Total organic Total
Temperature ~ Treatment content oft nitrogen/ nitrogen/ phosphorus/ carbon/ nitrogen/
/% (mg/kg) (mg/kg) (mg/kg) (g/kg) (g/kg)

13 CK 39.58(0.16) Ac 5.70(0.14)Ab  45.18(9.29)Bb  212.39(16.37)Ab  4.99(0.13)Ab  94.98(3.83) Ab 7.36(0.41) Aab

F 60.38(0.14)Aa 6.55(0.05)Aa  117.15(53.90)Ab  34.16(1.90) Ac ~ 22.64(0.77)Aa  112.68(1.50) Aa 7.88(0.31) Aa

U 44.68(0.05)Ab  5.99(0.16) Ab 1302.10(11.34) Aa 254.02(9.28)Ca  3.53(0.29)Bb  91.87(2.20) Ab 6.47(0.29) Ab

19 CK 38.61(0.27)Ba  5.22(0.01)Bb  17.52(1.48)Bb 245.88(3.97)Ab  5.26(0.91)Ab  97.47(2.98) Ab 7.68(1.74) Aa

F 53.00(7.28)Aa 6.28(0.03)Ba  19.86(0.71)Ab  21.96(0.61)Bc  23.66(3.29)Aa  117.09(4.02) Aa 6.98(0.83) Aa

U 47.20(2.93)Aa 4.87(0.04)Cc  336.51(16.02)Ca 313.40(2.03)Aa  5.12(1.16)ABb  94.90(2.01) Ab 7.10(0.15) Aa

25 CK 37.66(0.30)Cc  5.34(0.01)Bb  120.97(14.46) Ab 211.41(14.55)Ab  4.55(0.44)Ab  90.32(1.41) Ab 6.61(0.70) Aa

F 61.82(1.74)Aa  6.44(0.06)Aa  43.78(8.53)Ab  30.49(1.66)Ac  20.96(2.53)Aa  117.53(1.44)Aa 7.59(0.82) Aa

U 43.48(0.10)Ab  5.31(0.13)Bb  704.66(111.90) Ba290.84(2.32)Ba  8.25(1.35)Ab  88.80(0.71) Ab 6.75(0.35) Aa

[fl =5 th , K5 FRERRE 95% B AR KT AN AD B 2 5 W 24 /NG TR s N R H i P A 38 ) 2 5 0 28 5 K A A 38 Control s F o ZE{HARRE Feces
treatment ; U W% AR IR Urine treatment
AL XU R J7 28 70 A v R0, M T pH RS A S AT iR 2 (P<0.01)  HEME Y AR
FIEE AR pH BB A A EA HLAR & M O 25 (P<0.01) o SR ANHEHE Y S A 0238 HA T R X
158 TOC 520 .3 (P<0.05) , %F 38 pH B8R & s FEE A & a2 il oh B2 (P<0.01) (£ 3),

®3 HEMHEEWEAI LEBAERHNNEZRTES(P H)

Table 3 Two-way ANOVA ( P-values) of effects of warming and yak excreta addition on soil physicochemical properties

Ep &S AR MER AR ISEERiIRS o
Soil water pH Ammonium Nitrate Available Total organic .
. . Total nitrogen

content nitrogen nitrogen phosphorus carbon
#RJE Temperature 0.666 <0.001 " 0.001 ** 0.003 "~ 0.714 0.823 0.890
HEME) Excrement <0.001** <0.001** <0.001 ** <0.001 ** <0.001** <0.001 ** 0.535
yE gV 3
I B> 91 0.203 0.002 " <0.001 ** 0.003 ** 0.271 0.026 " 0.766

TemperatureXExcrement

* FRERBE, ¢ « PRERWDE
3.2 HEIRANHE Y AR PR A HEEE P A R
3.2.1  HEUR  HEREE T A

FER AT CK A B AR R W R Il T35 R S0 (. 25 ( P<0.05) |, S PE 6 IH K 25°C > 13°C > 19°C , Bk
TR it 7% 2 B0 Ay T 0 88 P 2 T 5 5 BT T A A JOR I A ot Ak SO TS PR R T J 3 ( P<0.05) |, JIR B PR
I EAL S B E RN 13°C >25°C > 19°C 3 B HR X U Ak TH A 192 7 e 1922 G AR o 41 0 I 075 M 52 i) 3% (P <
0.05) , BRE Bl A 05 2 Pt 005 82 P P v T ARG, o 28U A b SRS MR B 13°C >25°C >19°C
3.2.2  HeM g AT S EEE : AG

F PR S T R ENRES | RERERG S o S SR TS M (P<0.05) . 5 CK M E, F ARFETE 13C 19C |
25°C N REME BRSPS PR R T 1.06 4% .2.53 £5.0.56 %, KB P53 $E i T 7.48 £ .4.69 £ .5.36 i, il A
A g T 3.61 f5.1.67 £5.2.10 £, 13°CALHT | F AbPE i 25 2 = e PE B R 5 M4 ( P<0.05) , 117 25°C
T F b b 2 AR P W R Wl 1 1 % ( P<0.05)

U Ab# + S EEE PEASZI /N T FACEE, 5 CK A EL, U Ab B - S8 A 52 i R 2 2 (P>0.05) ; U 4b
P B AR v SRS P (P<0.05) , 7E 13°C (19°C \25°C FAr o425 2.54 1% .2.93 % 1.86 15 ; U AbBEX} + ¢
P A Tl A i T 1 52 T DR JRL B AN R TTTAS [) L 76 13°C AR PR i 25 48 PR R W IR TG 12k ( P<0.05) ,25°C b BT &
TR IR M W TR T T35 1 (P < 0.05) , 19°C Ah B X A 498 % 14 ol 19 TG 06 14 52 W AS I8 3% (P>0.05) 5 13°C b R
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U b3 B4 ot A8 AL AU 1 7 ( P<0.05) , 199C Fll 25°C Zb R U Ab 3 % o 484k &0 i 0% MR SE i A 238 (P>

0.05) .

o CK =z A F e REHMALE U

60 7
Aa
L osof 2a Aa ~
Ton 2 A " 5 Apa
wZ 40  Aa % % o 2 %
£% 7 Ab o2 7
=3 Ab £g 4
Z g 30r T &8 b
=25 e § 3 Ab Al
g Z 0| ABb[/ Ab 77 § k=
>3 Bb 0 Ab ) 2 %%
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@z 8¢ A% ABa W 250 7 7
o 5 ABa a2 Ba
£ 3 Aab Aa % Ab o EZ g9 ?
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£ TP 2 d i
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8qE 4f s
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22 2 2 ost 7
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B 1 RS R Y\ 3T L R M A 2 R
Fig.1 The effects of warming and yak excreta addition on soil enzyme activities

KEFHERIRTE 95% EAR /KT AL AL B Y 22 57 B 34, /NG 7R A () T 4 b B ] Y 22 S 2 35

A U 2R T 22 534l A, SR S A S R A R O 25 (P<0.01 ), HEHE ) By AT BERE I | i il
e A S R B2 W R R S8 (P<0.01) 3 TN HEE A9y i A S TG FH St 25 5 i M RS 7 ( P<0.05) , XAk

il A WA TR ol 1 i 4R S TG P T B2 R R A (235 (P<0.01) (3R 4)

R4 EEMESHSEMAA LIEEFES MO RNERTEST(PH)

Table 4 Two-way ANOVA ( P-values) of effects of warming and yak excreta addition on soil enzyme activities

e W R e
Sucrase Urease Acid phosphatase Catalase
W3 JE Temperature 0.126 0.157 0.346 0.001 **
HEM) Excrement <0.001 ** <0.001 ** 0.239 <0.001 **
N {gﬁx ¥
1 B i) 0.048 " 0.006 " 0.001 " 0.001 "

Temperature X Excrement

* RORFERLAE, « o+ FRORERME

3.3 HEEANHEEY A AR R AR I SRR TR A O R

WAl 2, #4870 70 H1 ( Redundancy analysis, RDA) 5347 il 1, il — i B B 98.2% , e PHEE — i IR 45 AR it
SESMR T IERHE P F AR . LR G A RS S RS KR pH | A R L I ALK |
SAGFEBIEMCKR, 5 S B R OISR OB S LIS K A pH | A R0 & 5 LA K+

SEATHURR S R ARG, 5 B A RN A A R A O ; TSR PERE IR 5 e BIAL R I 3 A G AR
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Acid phosphatase

4.1 BEEAHE Y A 3L I R )

HER T IS A A A S R I B Kl T
H L I A B Al B 75 - e 25 IR
AR SR AR BT 4 pH S 3
JR PRl R T e, RV R ) vk B AR AT A2 4 BH
BT kA SRR A pH

HEME Yy A T3 5 K3 pH GH A A A Sk Urease.
SRR B S5 RA C B E  APFSHERR TR R -10
TG B AE N 2R B, 46 - HE P T IAVE A MR S A A -12 1 e 108350 12
BB A AT i3t + g B fh MR an 4 sy 1 38 5 oKkoR
pH | HHEA & AP S = R B2 tREUERSHEENTRIN
i;ié /Ei\7j( Kﬂfg % jq tlf% L_,: }77'( {Tﬁ 5&}@ j\j{ﬁ MK ﬁu’ )\ ’ { D'ﬁ%lﬁ j: Fig.2 Redundancy analysis between soil physicochemical
T K AR T B R A 2 S AR = IR S il
iR, FEARSEALIRG FR R T LR % Ammonium nitrogen; NO3-N: &% Nitrate nitrogen; AP fi%(
pH, JRPAAT = AT T O S A WL 2o % Available phosphorus; TOC ; & 47 #LE% Total organic carbon; TN
AN E AL N 2R ST E HY 6 Total nitrogen
HITHAE , NI+ pH sy ; — U2 4% pH 2552 3K 53
FAFRISENR P AR 2 A AT I AR T, D B AR TR R, TE 2 A PR B T AR LR 3B
48 pH T 0 SRR AR A S pH A (7.99) , AT HR A R AR A A pH(5.13) T IO HE B DR
NS PR R, T AR L PRI B AE 39 pH Fhim 7 4B FSEAN AR T LI WA & &, 2 T
TR E R A A RS 8 pH B2 B AR B pH R R R L AL, B E
RS RS AR & s, FAEA- 38 i A 5 pH FHE 3 6.5 Zefy , A ifoe R, -4 pH R 6.5 /2
it B A A R A 2 MR IRAC TR pH B, i f e A5 mUR i B
4.2 HORAHE A L RS M A 5

T e ER AR R AR Bl AL B G P R R R A 2 R Ay, R I AT £ 1 A R 20K
fif, I AR IS5 S A AL TR R R AE LA R LN R B 5 AR A
SEIEAJCOC R IR G ] S A MLBE LS W00 o fife , 80 - 3388 3 e By Vs PR R W 0 5 2 AR fb Ui ] R A1F - 18
B B PR B RN AT ML R B i 0

B 5 T () T e, S M B - S T Wl R il T R SR T T, ol e R R v, LR R S T TR
FROB B BTG R A e - e R AR IR, (A WLBE L A R g% T o S R R e R Ak S
MIZRILA 139C >25C >19°C , 3R WIHEWRFE R AR IR B At 8010 S i 006 M il B IS A VUL G ik, =
A S T Ak B R LR SRR R BRad AL AN, X - ST M A 5 AN B T REAEAE
WA SRR — R B SR AN A | 3 R 2k AT IR A W G 2, B AR A AR W 0 PR AR b R
B I RA Y G O R B R i DA - ST PR 2% A8 T P i oy A A AR o A S %) 0 R R
R, B i Razavi B ST 53 26 WA A S5 M 76 (R R 18 Slae bl o, 7 20 o R B I L MUK R
1%, AR S50 P 35 G SRR B A T A RGP IR SRR A X [R] T DA SRR B AR A S ma /N i
SRV B R I T R UR T AR T A E R EE R R A T R R 1 S ) R R I T
Y B T, b g Ak 3 XoT e M Wt e il 0% 1S e /N

Htt i A6 TEEWE G DR A S A SR RS i Ry 2 FR O R AR 2SR A B 2 T

Sucrase

#h2 Axis 2 (1.3%)

properties and enzyme activities

SWC . T4 7K Soil water content; pH: PR NHX—N; s
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AUBR S A LB SR YR RN (e SR R B T, S e R
R R A ELRR AR HEI A A AR R T MK K S R T IR SRR R,
oA Pl P 5
4.3 HETRAIHE Y AL FEE SR I M OC AR A

S AN HEME ) 52 ELAE NS SRR A O PR e | SR T S EA R IO R K AR
P A A U A A AR PRI A S AR S TR - S PR P o RN 5 4 . ASBIF S ¢ B M5 K % pH A
RO S AT BB L SR o S SR SR RS /N R IEAOCOC AR K RS R
FAP AR 5, TR (9 12 s L S I | b A BILBRR S 1 R TS , T L 5
WEPEBYIADG . TR S B pH YU (— ik 4.0—8.0) 7 RIE FUIRLEE IXCIR] , 7838 B DX [H] P 3 P 23 Bl
pH YR TMIE K

5 #ig

(1) 8 L2 0 Y e - S PR AR T AN I 1, SRR I 8 pHL it R s T 22 AR AR A, AR 3 UL
(19°C) 1035 W AR - T Ay B A S A A8 S e A S T P 5 o M L R 2 ( 25°C ) Xof - SR B4R A o i it
I TERZ A 2

(2) B 2 22 3 v K I 5 4 pH TOC A RO 75 1, 5 WA A 0 1, 5 fle MR I L R
il |3k 4R SR P 5 PR A DR A S 25 B 8 S IR S 0 & RS RIS 1 B HEH Y i A
SN TR A BRI

(3) 3R ANHEM ) S T A R EI S 1 58 R o HE M Ay S P T - BB A ST A B2 M, 1155 1 HE ) A
PR - SRR DR i 1 o 4 A S0 R A S0, iR 1 X SR M A A P 075 P PO R )
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