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Response of litter decomposition of zonal vegetation to simulated nitrogen

deposition in central Yunnan, China

ZHANG Yujian, WANG Keqin,SONG Yali * ,ZHENG Xingrui,PAN Yu,SU Mengbai, LI Xiaolong
College of Ecology and Environment, Southwest Forestry University, Kunming 650224, China

Abstract; The effects of simulated nitrogen (N) deposition on litter decomposition are of great significance for studying the
inner mechanism of material cycle in forest ecosystem response to atmospheric N deposition and coping with the globalization
of N deposition. From February 2018 to January 2019, a field experiment of simulated N deposition was conducted in two
zonal vegetation (Evergreen broad-leaf forest and Quercus semecarpifolia forest) in central Yunnan province. The litterbag
method was used for the litter (leaf and twig) in situ decomposition experiment in two forest types. Four treatment levels of
N deposition were applied, i.e., control check(CK, 0 g N m™a™"), low nitrogen(LN, 5 g Nm™ a™'), medium nitrogen
(MN, 15 g Nm™7a™"), and high nitrogen( HN, 30 g N m™>a™'). The results indicated that the decomposition rates of leaf
and twig in Evergreen broad-leaf forest were 44.84% and 21.96% , respectively, which were higher than 35.97% (leaf)
and 17.51% (twig) of Quercus semecarpifolia forest. Under N deposition, the time of 95% mass loss (T, ) of leaf and twig

in two forest types increased to a certain extent based on the control, and the most significant one was in HN treatment.
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After one year's decomposition, the degradation of cellulose and lignin in leaf and twig litter were inhibited by N deposition.
There was significantly positive correlation among litter mass remaining, cellulose and lignin remaining in two forest types.
As for the two zonal vegetation in central Yunnan, the response direction of litter decomposition to N deposition mainly

depended on the litter substrate, especially cellulose and lignin were important factors.

Key Words: nitrogen deposition; cellulose; lignin; litter decomposition; Evergreen broad-leaf forest; Quercus

semecarpifolia forest

A Ve M DAy AR AT L A8 T B A o, L o R R AR MR 25 R e W) TR B A B U 8 A9 T
FEIRAR | IR) A Ay kL e R e A B I B AR G AR AR S R G T R R AR A O B R
SCRT S BRI A A3 SR A JR VR U IR KA A P IS S I RN T AL A G e Ak AR AR
b 2 4 2 A S B S PRV 0 e S A A 21 43, YR TR 0 A A B R A Sh AR AE B B

R (N) LR FREEE AR g 43k AR A — 8853, T i b A= 25 ZR G4 M 1 A e A Wy ek 2
GRS T ) | [ 5 | R AR R ME R AR ARbR 3R AL | 130535 20 e A 55— R A AR A ) L, B 2%
AR Y I, E N AMEE G E ARG T — R AL N O 2R 75 243 i R0 52 1)
MBS > R TR S IS D B S 5 TR SR TR, 5 380 N TR R 5 0 o e A 5 B T AR E A
B ICEE M 3 FREE RO PRI R — O B A A A AR AR W R R R R R R SR R e T
G PR T N TR L Y Y ZERLBE A AT Rt — bR R . EET, EAMA O N TR AE PR T T
WoE 201 TAME N 5HME €O, B () 11 ek ) A5 U8 v 4 53 114 38 FLAE FH K LA 48 A0 AR 43 it o F
FERTG )T WEAMERSE N YIRS T 52 0 95 ) 43 ek ) 2 R 3R 2 B AT — A OGR4, A Cornwell 251
K AT A %S 42 BRI R ) 081 7 00 0 il A0 5 0080 8 5 o3 A e WL U 75 0 1 B R P 080 9 00 ik v R 1 PR 3R
Chen %50 LR 9 AP 2R M 75 0 IF 5 0 38 I EE SR ANIR N AR D00 AT LA 2 0 % 400 1) 4 ek R (P e 2 B e
FURVE Y BT i 5 11T Zho 5521 BIF5 9 AR PGS AL A R 7 0 40 AR A U0 & B N 70 = e ol B i R v 4 o
MES PRI (AR JBUER A ) B4 LG A9 400 1 35 i 0 1 o0 A, a3 — 20 150 W U s 0 R I I e A L O e o AR P R TR
(B Z2 5058 28 AP U 756 I 53 A 640 5 Wi DL 38 40 D S0 A, TS 38 s 00 e G 20 0 (B P s ) 0 ik A 52 i) S G
L PRTE T DR S AR 25 S NS4 A A 6 N TR (Y BIF 5 IX B 22 4 v 1 RO R 56 S5 TR IX S22,
FEXF G X2 LABR— M3 A 211 [ A AR S F 5 D) 2 4 i A1 o A DX a0 A o I A Y v g YA X
S [) BR AR 25 2R 8 M AN R i B U 7 0 3 AR ALE KT N SR i) 17 A8 1 5 O et A 410

P PR T g L DX, T 2 Bt Dt 8 v SRR BT L b = ) K 3t B DA 45 45 AR A6, L LA
PEH gk i AR = AR SC L% X B R 48 [ AR ( Evergreen broad-leaf forest ) 11 L AR K ( Quercus
semecarpifolia forest) PIFPFRAIEHU IS G, R A& 53 i 42005 | 8 3 5400 N RS AR A 43 ik e, A5
N CRE G ar ot 15 b BRAR S Y 8 7 ) e o e M 2 44 3% AR S5 3R B AR ™ A 5 | B A R IF 9002 X AR bR A 25
RGTE N PUREFELIE A 23K A 1078 5T R0 AR HE BB HRE

1 HARMBEFE

1.1 5T IXHENL

WX AL T = B A B3 81 B 45 1L AR AR 2 R 4 [ 58 o7 DN F 9 3 (23°46718"—23°5434"N,
101°16'06"—101°16"12"E) , ik 1260.0—2614.4 m, %X A7 T 2 5 W BT D03 55 3 3R 3 350 A0 10 it
P X, ELA RN M SRR, IR AR RR 15°C , omide s i oh 33.0°C, il B AR o —2.2°C , AR 4Bk
4 1050 mm , [k FEERTE 5—10 H, B =420 4+ A T 2 s 20 3 Rk
Hi XA B R DX L LR R R R O 32 R T R 8 86% , /AT AT 1R S MW M B B ( Reevesia
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pubescens) N ( Phoebe chinensis) 51825 ( Camellia assamica) WER ( Arthropteris palisotii) %5 98 Bl 137 J& 324
Tt APPSR B VA A 1) T e 22 B S 9 3 L0 A PR, 3280045 1 ZRAR ISR A W7 AT 8 S I P S #4ay o i
BERRTR AR EH I AR ORI R LU AR A HG ot i AR A 28 8 32 2 O KA ( Castanopsis carlesii ) | G AR
( Lithocarpus mairei ) . K& 2 Mt ( Betula wtilis ) . 5 22 ¥t B% ( Rhododendron delavayi) . 2F fifi 5% ( Dichotomanthes
tristaniicarpa ) 55 , e 2 60% A KA

1.2 W55

121 it

2017 4 11 H 3 5 WSeiR w2t il it SRR S L AR i fif 0 9 | O Y B (AR AR AR S5 B R T8 R
T CEERE SRR AN R R /NRIAS ARG (Y 3—5 mm BYARL SRR ELH) | 7l —HR o i UiV 4 8 531 5T
AT, A BIERR AR E AR 10 g J5 2 AKR/NHR 20 emx20 em A7 f4E (53 ff 4% 1 F R M FLFLZE R 1 mmx
1 mm)

2018 4 1 H 7R 8 LM A 25 FR G0 15 G0 A WEI AIF DX sl P 43 0) i BEOEL A AR M 1 0 ol it AR OR 15
LLARARAR ST, 25 B 3 1> 20 mx20 m AYFEHE, FEHBEI IR B KT 3 m BYZE Pl . FERR I HEHL P BE AL & 4 4>
3 mx3 m /NFETT (BPEERP AR MRS AL A3 5 B 12 A/ IMETT  JH T 4 Bl N TCRE AT AR B £ Ab PEEE 3 i A5 A
T5) MEIT Z IR T 10 my, K BTS2 4 (0 U8 7 W) AR X0 ST OB IR A8 R DT vh &R DT 7% I 36 4%, Ui 7%
ke 36 42 (oL TSI 432 48 PR VSR 432 48) | JF XS &R D7 G I I P NH, NOS I TR (B8 N T
BE) . ZBREMRDT E AL S0 Bl MORIFR A P R X AR XA N DTRE AL B A R0 15 | 2 TR P R
M DX, A D1 FE P 2 2 R AR AR B PR AN A M AT N TR R KO S i X A SR T RE Y N TR
BRI E N ULFFEALFE 5 4 47K . %F IR CK( Control check, 0 g N m™a™") iK%l LN(Low nitrogen, 5 g N
m~” a™") % MN(Medium nitrogen, 15 ¢ N m™ a™") Fl# %0 HN( High nitrogen, 30 g N m™a™") , 57K 3 4>
A XN 3 ANEEAETT B AR R A 12 By, A 2018 4F 1 2 2018 4 12 A, AR W I A 4
AIRPXF R DT AT E B N DTRRAL IR X REZE AR [l S 7K - Bt B[Rl oh  Hop R i O — 2
1.2.2 FRARREE S E

H 2018 4F 2 A £ 2019 45 1 A, FHREH A AIxt 2k a3 4 R Ak B T m iy i ¥ ik A0 0 v RS A BORE , 45 A
BT TR 3 48 JHTE AL 3 4%, AR N ARIH 3 Yk
STURE (X 3 ATESLRETT ) BORE RO 14 1K, gt
I 12 YBRE , BURI A4S I5 TR RRIZ A RYAR 2R |
Fetb W EEA RS, TR R iR %

AP 5 0 RE 28 65°C JE T 5 40 1 MY 0 iy P
it 100 A HETR=IMGE . WY b e s & ok & preN K;? Rk
S5 R - S I AABT R AL AL 7 (LY/T 1237—1999) W 5 5 e —

PR T PR30 —

R R O L R AU (LY/T 1269—1999) ] T2 R —
SRR L4 2R B M VE U AT 4k L A —Ple— i
Vi 20 R VRV R T AL TR AN 9 R MV R 2T 4 4L 95 | s
LFYE R AR R AEER R FE 2R 729 BRI K At )5 27 4 ¥

), Z . =]} 25 = LR Jinl;.
FHO R (BRI i) BT AR RGERR AL ; 5 AR BB
5 e AL S AR 2, B F RE R R (AR g G
i), SR 1, v
1.2.3  FEAb bR

VA5 TR R B M T R A SR A

M B 1 BMEREERE
R = —x K X 100% Fig.1 The process of acid detergent fiber method
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o, R HPAE IR B 2R (%) K o M S A0 T3 (40 32 800 M R ) o B TR HE T4 ot J ks Ry A
EYR G AT E R,
Sof Y 7% 0 1) S A 2k AT Olson TS BRI &34 .
y=ae
K,y HBERE R (%) ;0 WG SEGE RETHRE (kg kg™ a™') ;¢ AHFE],
PTED) 538 50% ( Ty, ) 1 95% ( Tos, ) Bt BTN BO 5 05 05 M Y
Ty == In(1 = 0.50) /k
Ty, == In(1 = 0.95) /k
PRI P LT AE R R TTR FHRVEVR R AE g . 4% W Be i 7% 0 21 4 3R 5% 7 %% (lignin remain, LR) 1t
B R
LR = (C, xM,) /(C, x M) x K x 100
K, C 0 o BFRIAFAER & i (mg/g) s M, ¢ B HETHE S E i 5 C oM IR AR R 2 & i (mg/g) s M h A Tk
HRT R E R, RERITE ISR,
FIH Excel 2010 F1 SPSS 22.0 X4 # T8 BEAGE 71341, SRS R 7 22 0 H1 1k (One-way ANOVA)
HR /N 3 25 50 (LSD) #EAT 5 223 W M2 T HUAR (0= 0.05) |, 1 FH L TR0 AH G20 B i HEAT AR DGPR3 47 . R
Excel 2010 Z: &, K H R R P BB R fEIR 2E . ASHESE i Ao R AL I8 v it LR Y B B A 2 PE T N 1,

R1 AMHREUERMN BB AEERCPEARERZE, n=3)

Table 1 Initial chemical properties of leaf and twig of two forest types ( mean+SE, n=3)

T sy G N R 173 A

ﬁj:;ﬁ%e Litter Cellulose/ Lignin/ Cc/ N/ ﬁfifjjfkl\lllj
component (mg/g) (mg/g) (mg/g) (mg/g)

HERIEMAR(C) nt 230.8+4.6 420.1£1.2 451.342.2 8.4+0.5 53.7+0.6

Evergreen broad-leaf forest 751 321.122.3 411.2%3.5 483.2+8.2 4.210.1 115.0+2.5

e LIBRAR (G) nt 220.3+5.2 451.9+4.4 472.5+3.3 7.24¢1.3 65.6x1.5

Quercus semecarpifolia forest 33 310.4+6.8 463.6+6.7 481.2+2.9 3.9+0.4 123.4+2.6

2 HREHS

2.1 N U T WA AR AL JR 75 0 5 45 2 RRAE

"B L% ] AR B LI AR AR YA 5 P IOt 2 B 4 A ) ] P 388 T 2 sl N A (L 2) o 43 1 AR I T A% B R4y
I (55.16+0.77) % H1 (64.03£1.72) %, 385 Olson $& Kie YA AU AL 401 45 SR AT 1 5 &k 7 I K A % 0 i
50% F1 95% Fr ] 7351 K 1.291 .5.579 4F | @ IIARAK 2> 518 1,733 .7.489 4E (£ 2) .

2 TR, H R I R T AR S 4—12 A IE, 24 N TR AL R A T B A% R B T IR (CK)
(P<0.05), TE4rf# 1 4FJ5 LN MN Fl HN 2% 4b U V& i o7 1 5% B R AT T CK 40l 32 5 17 0.75% (3.15% Fil
6.03% ., e LM 7 I o 5 BA SR AE A A B B3 R B LN MN Fi HN £ 403155 T CK, H 2 DL HN 1
FHEGE (K 2) (P<0.05) . FEAME 1 ARG, o LIARAR I 7 i 5t i 5% B4 6 4F LN \MN Fl HN &40 3R &8 CK 4351
P T 3.58% .1.57%H1 6.34%

25 N UTREADFE T R P it o et 5k B S 1 15 40 g ol ) S A S AR BOC R (R 2) (P<0.01) , AR¥E
Olson FEER R4 45 A5 H 4 R I AR YR 7% 0 95% T I AJ7E 5.579 4F (CK) fYEEAE 36 Hn T 0.754 4F
(LN)—0.933 4% (HN) ; ifif = LA AR YA 7% 153 95% JIT i 1) 18] 0 £ 7.489 4F: ( CK) A EAE 34N T 0.353 4%
(MN)—0.997 4£(HN)
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2 BAEHSBIEPRERBETLCFIIEAMERE, n=9)
Fig.2 Variation of mass remaining during decomposition of leaf litter (mean+SE, n=9)
C: W4 RNk Evergreen broad-leaf forest; G ; & LI BE#K Quercus semecarpifolia forest. CK: %f B& Control check ; LN: it %& Low nitrogen; MN; /1 %
Medium nitrogen ; HN : {5 { High nitrogen. £ HURERT[A] & 9 LN MN F1 HN /R iz 40 315 % 16 ( CK) 25 57 .3 ( P<0.05)

x2 RAEMSBREREXZEHENEREERTE

Table 2 Models (y=ae™) for the relationship between mass remaining (y, %) of leaf litter and time (¢, a)

e ] JeiE 7K Vi XY 53 fi% 50%}[a fi# 95% [t [i
ype reatment equation Coeffi:ient coeffic_ijsnt_ 1 decomposTtlon deconlpus'1t10n
R k/ (kg kg™ a™h) Ts00./a Tosq./a
C CK y=89.47¢70! 0.961"* 0.537 1.291 5.579
LN y=91.20e 47" 0.986** 0.473 1.465 6.333
MN y=92.61e 0470 0.969 ** 0.470 1.475 6.374
HN y=94.18¢ 460! 0.978** 0.460 1.507 6.512
G CK y=94.28¢ 0401 0.976** 0.400 1.733 7.489
LN y=97.04¢ 0367 0.975 ** 0.367 1.889 8.163
MN y=96.27¢03% 0.974** 0.382 1.815 7.842
HN y=99.55¢ 0353 0.993 ** 0.353 1.964 8.486

C . ¥ - [E MK Evergreen broad-leaf forest; G : & LUARAK Quercus semecarpifolia forest. CK: X} B& Control check ; LN {X%&( Low nitrogen; MN ; H1 %

Medium nitrogen ; HN ; % High nitrogen. * * P<0.01
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2.2 N LR T WA AR PR T4 A B 40 2 RRAE

B g ] P AR 3 LR AR 5 Al [ A ot A ST ) ) 398 a2 o /s (TR 3) |, {EL 5 0 94 0 A L, 0 R
S (K 2) o Arff | AR5 SRR MR VR R 5k B R R (78.06+1.36) %, = LLIBR MR R (82.49£0.66) %, Olson
F8 BORE A IR AD) 25 T W /R B 2 ) AR V% R 201 509% 1 959% B It 1R 23 311 24 4 3.851 F11 16.643 4F | &1L
BEARAY 20K 5.134 22.191 4E($£ 3)

100 Hy SRR AR
95
90
85
N
% 80
£
=
<
£
[}
: 75 1 1 1 1 1 1 1 1 1 1 1 J
§ 0 1 2 3 4 5 6 7 8 9 10 11 12
w100 .
» 75 LAk
&
i
=S
95
90
85
80 L L L L 1 1 1 L L L L J

435} [H] Decomposing time/months

B3 BAEESBIBPRERBERTN(CTHHbRERE, n=9)
Fig.3 Variation of mass remaining during decomposition of twig litter ( mean+SE, n=9)

A URERT ] 55 A LN MN A1 HN R %A Bl 5 %) 8 (CK) 225 8 3 ( P<0.05)

R3 BAERSBRERERENENEREIESE

Table 3 Models (y=ae™) for the relationship between mass remaining (y, %) of twig litter and time (¢, a)

. i TR S AR 53 fif 50%HFA] I3t 95%H5F 1A
*ﬁ?jiiﬂ ﬁff;i Il{ﬁliizj;i;n Deterr.rjir'lati()n De(:()mP().sition Time of }'l'c.llf Time of 9'5.%
ype reatment equation coeﬁlzlent coefflc_lent_ decomposition decomposition
R k/(kgkg'a™l) Tso0/a Tysq,/ a
C CK y=92.21e01%" 0.967 ** 0.180 3.851 16.643
LN y=92.64e 017 0.991** 0.159 4.359 18.841
MN ¥=92.79¢ 017! 0.987** 0.157 4.415 19.081
HN y=93.00e 15! 0.997 ** 0.151 4.590 19.839
G CK y=93.34¢ 13 0.970** 0.135 5.134 22.191
LN ¥=93.76e 012" 0.933"" 0.120 5.776 24.964
MN y=94.15¢701% 0.963** 0.109 6.359 27.484
HN y=94.85¢ 107t 0.944 ** 0.107 6.478 27.997
*%  P<0.01
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Bl 3 S, ok I ORI =7 LR AR R I B FE 45 0 ik B B S8 3 B0 45 N TR A BT 1) o it 7k B8 3 o 1 X
HR(CK) . 43 1AFJG B 2R AR LN MN T HIN 454 2 E 75 4 5 2 5% B8 SR AT T CK 5l T 1.57%
(LN)—2.13% (HN) ; = LLBR I 43 3088 %5 T 1.47% (LN) —3.36% (HN) ,

25 N LR A B Stk R % A I 3% B SR 5 A sF [ 2 A 3 SRFR B R (£ 3) (P<0.01) . Olson #8
BB 25 SR WAL N TR (it 3 S ] MR R 9 A3 50 95% Fin s B [RIE. CK(16.643 47 ) By LAl 3G 1
2.198(1LN) .2.438(MN) .3.196 ( HN ) 4F; /= I ARAK U 7E CK (22.191 4F) By FERE 34N T 2.773 (LN) .5.293
(MN) .5.806( HN) 4F,

2.3 N ULRE T PRARELR 7 it R 4 2 R BT R S RHE

B L ] AR R L AR AR YR P8 e A A el AR | LT Y R AR T R Ak BR R B A 342 SR BN B e e [ 384
T (B 4) , Hor R SR ARTE S 6—12 A v TR 21 4E R R R 5% B R AE 24 N U HE T
FERTAR(CK) (P<0.05) . 20 1 AFJS , H SRR ARV 78 CK LN MN Al HN Ab B 27 2 28 F1R T K 4%
BRI RN CK<LN<MN<HN, & 4 %R, m IBRAR I I% 21 2 3 UK B & 43 5IAE 3—12 M 7—12 A,
BRI HRAE LA N DU R B35 5 TXF I (CK) (P<0.05) o 43# 1 4E )5, & IAR AR 9% 176 CK LN \MN FI
HN AbFH T 21 4 2 FUK B Z 48 90 CK<MN<LN<HN,

B Lk VA T AR R TR BTE Sl AR v LT 24 3R R S50 25 8 B 3 I e A 3 300y o 3 At EF ) 7 38 o v ik />
(ES), HEFAERMAT RS 5—12 AR 4—12 A JREEREZ A N UIFEALH T 5828 5 X B (CK)
(P<0.05) , TEAM# | 4F )5 H LR RE AR V5 B fE CK LN MN Fll HN 4R 254k 2 5% 84 R 55 8 CK<LN<MN<
HN ;s AR E 5% B 50050 CK<MN<LN<HN, (5 LA ARYR 75 4 78 o0 fiff sl At v | JHLET 4 R T3 3 5% B % LA
AR 8 AT LN Ush .8 AJEaisi/ b (E5) , e 6—12 A, & ILARMIR R AT 4 R AR T R 5%
B SRIGHE A N UUREALFE R 3855 T4 IR (CK) (P<0.05) . 250 1 4F )5 = LI BRAR R 95 B07E CK LN  MN Al
HN Zh 3T 27 2 3 FIAR 5T 25 5% B %6458 CK<LN<MN<HN,,

PR PR (R iR B RS AR A RN T AR B R A T R DG AT S5 R BN (R 4) TR BRI
IR R 7 I BT e R PR R S T A FOFIOR ST 3 5k B R R T AS B i Ak P AR A A 3 R B AR ] A S T AT O
KR (P<0.01) ; BRIAHE A BT 258 B 25 PV B A 4 R 5% B8 R 0 W AH G OC R AN (P>0.05) |, HAR &3 43 0] 1)
FETE R E IEA KR (P<0.05)

35 WoR, TEE IR RIS B ik B R AR 4R R R B R T K ik A R = 3 ) R I iR B R
SRR T B R R B IE A R (P<0.01) 5 THTERE T3k B R S R yE AT e ZE AR TR Z 5%
FE D EIEAICKER (P<0.05) ; J% it R I3 A LT 4k R 5k B R A 522 2 IEAHOCOC R (P<0.05) 5 i P A% ot it ke
B TR AR R R AR B R = H R B IE A K R (P<0.05) .

R4 HEAMKEET(K) RERBRSAEENARERBENLR

Table 4 The correlation between the mass remaining of leaf or twig litter and the mass remaining of cellulose and lignin in Evergreen broad-

leaved forest

JjiH Project Y YX YM Z 7ZX M
Y 1 0.929 ** 0.920** 0.982° 0.855* 0.716*
YX 1 0.810" 0.923* 0.782* 0.698 *
YM 1 0.889* 0.657 0.738*
Z 1 0.857"* 0.764
7X 1 0.801"
M 1

Y . P& 5% B3 & The mass remaining of leaf litter; YX: P& 254 22 5% B4 2 The cellulose remaining of leaf litter; YM . JHVE A R Z 5% B 2 The
lignin remaining of leaf litter;Z;Uﬁf@ﬁﬁﬁ?ﬁ F4 % The mass remaining of twig litter; ZX . TH Y5 R 41 4 22 5% B3 % The cellulose remaining of twig litter;
ZM . V&R A i Z 5% B R The lignin remaining of twig litter; ** ,P<0.01; * ,P<0.05
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LY EFRE 2 Cellulose remaining/%

AR EELEHE Lignin remaining/%

L EFREE Cellulose remaining/%
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Fig.4 Variations of mass remaining of cellulose and lignin of leaf litter during decomposition ( mean+SE, n=3)
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Table 5 The correlation between the mass remaining of leaf or twig litter and the mass remaining of cellulose and lignin in Quercus

semecarpifolia forest

I H Project Y YX YM Z 7X M
Y 1 0.958 ** 0.934"* 0.951** 0.684 0.389
YX 1 0.932** 0.909 * 0.713* 0.449
YM 1 0.854 " 0.734 0.492
v/ 1 0.682 " 0.752*
ZX 1 0.446 "
M 1

% P<0.01; = ,P<0.05
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