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Effects of litter addition and simulated nitrogen and phosphorus deposition on

lignin degradation and carbon release from Korean pine litter

GUO Qiwen, DUAN Wenbiao, LIU Yuping, CHEN Lixin ", LI Changzhun, YU Yingying, LI Shaoran,LI Yifei
College of Forestry, Northeast Forestry University, Harbin 150040, China

Abstract; Broad-leaved Pinus koraiensis forest and Pinus koraiensis plantation were used as objects to carry out in-situ
culture experiment through litter treatment and simulated nitrogen and phosphorus deposition. Litter treatments were divided
into three treatments: no litter (original group), adding litter ( double group) and removing litter ( removal group). The
simulated nitrogen and phosphorus deposition were as follows: Control CK (0 g Nm™ a™, 0 g P m™ a™'), low
concentration N and P (5 g N mZa',5 g P m~>a’'), medium concentration N and P (15 g N m’Za’', 10g P m?>al)
and high concentration N and P (30 g Nm™a™', 20 g P m ™ a™"), respectively. The purpose of the experiment was to study
the effects of the increase of litter mass, nitrogen and phosphorus deposition and the coupling effect of the two treatments on
the decomposition and release of carbon (C) and lignin. The results showed that in the early stage of the experiment
(June) , the addition of litter inhibited the C release of L layer and promoted the C release of H layer of plantation, while in
the later stage of the experiment ( October) , it promoted the C release of L layer of plantation, but inhibited the C release of
H layer. The addition of litter promoted the release of C from L layer of natural forest in the early stage ( June) , but had an

inhibitory effect in the later stage ( October). In contrast to the L layer, the addition of litter continued to promote the
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release of C from the H layer of the natural forest. Low and middle nitrogen and phosphorus deposition significantly promoted
C release and lignin degradation in L. and H layers of plantation and natural forest, but high concentration of nitrogen and

phosphorus could inhibit C release and lignin degradation. There is no interaction between the two treatments.

Key Words: litter; lignin; carbon release; Pinus koraiensis; nitrogen and phosphorus deposition; litter addition
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AR LTRSS ARAY 43 AT TG, T B 5 i 2T A TR S PRIV X, 2 TR ) b 1 TR A 5 2 78

R1 MR THRE RS

Table 1 Basic Survey of Broad-leaved Pinus koraiensis Forest and Pinus koraiensis Plantation in the sample plots

B K Topographical Factors M4 F Forest stand survey factors
R FEdtn W it . - TN MR WROERE HRFAT
. Wil %73 ) . .
Forest types Sample plot Slope Slope Slope/(°)  Elevation/ M/ a Average Average tree Stand density/  Canopy
aspect position ope evationsm DBH/cem height/m (#k/hm?) closure
ATk ATH1 R a3 T 15 415 65 19.91 17.71 983 0.75
Plantation AT 2 BAuE rhf 9 430 65 22.91 19.55 950 0.8
ATAH3 DA %1 7 435 65 20.95 18.53 867 0.7
AL/ KM - B i 10 499 230 18.26 10.48 783 0.7
Korean pine forest KM 2 L[4 Rl 10 485 230 13.57 8.22 750 0.65
RIEM3 R T 10 471 230 16.05 9.98 550 0.5

1.2 Rt
121 gk SiE

2017 4£ 9 J  AEBUK EI 9 A AR X HA AR AR QR A [ I LLAAARFIZLAS A TTAR D 2300 4 BR A o7
(B3 RS RT R 3 ) T 3 B (20mx30m) FLIA] R 20m 9 [ 2 B A ( LU R FRAEHL ) . 7R AR — Bkt Py
X B WA =2em BURRIAA PR WAe A SRR AR AT IC AN E IR EEMARIC . [R) IR E I SR
HURE TR ST SR AL AEHE R I B (B4 5 LIS N DM AR, 2R R LA &
B 5 TR 92.4%  HAMBRI TR b5 LR 7.6% [ L RA MR DAZEAA Sy AR ASHR, A A 22 i L ) o 4
WM (Tilia amurensis) MM ( Tilia mandshurica) MRKE ( Betula costata) .52 15 1k ( Quercus mongolica) . K1
( Populus ussuriensis) S 4i ( Ulmus laclnlata ) F1H fA B (Acer mono ) 55, Hirp R EA A LA & Bl 5 HE
78.7% , AW 5 HR 21.3%
1.2.2 FEM /IR D5 B0 A P4 Ak 2
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PRV 5 55 O—12 KT B 5—8 FETT ZBRAYIIVE YA U INE) 9—12 75 N (LR AR g X% ) L 15
SRR TT A PR T L IR 72 ANRETT (2 CMRRL) <3 (REML) x 12 (FET7) ) o 1B Ar 22 1] 0
380 d,7E 2017 4F 10 A 2018 4F 6 A .8 A .10 A3k 4 YCREM KWL . R UCRERS, 15 Jo e AL AR
R BT (2mx2m) N BENLEEHE—A~/IMETT (20emx20em ) , 73 LORZME)Z , o B EE 08 v 48, PR 55
A BIERAY L, B A ShRIC RIS ) (F (R Z W08 BN B, 2 8vE B 2
e iR LR S ) H (B Z , EARRERERIEIE ) = MR UCRERIEY), B UCRE 144 HIREY)
(20BKT) x3 (BEHL) x8 (KETT) x3 (JAT5HIZ%0) ) ,2017 4F 10 A—2018 4F 10 A IR E MK 576 4. #%)2
PATE ) 73 ) PR I S 2 5, 78 65°C HEAR LT 2 1E o, LA s L o 57K o o T A U8 75 0k
P 4 0.25mm G A B EASh ORA7E 25 T, 20 T00E B PLEK (TOC) KRBT R & 2 48 hn, LM AT
AR 2,
1.2.3  BHLABRICFIER
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al 10 gPm”a™ ) FIEREEBE (30gNm™a' 20gPm™?a™), BAKFRE3ANEL, 7E2018 4F 5—9
H i A A EARRERT I B, SRt N IR 75 PR 8IS FEAE ] 2 L meas >R N T3 &) Wi i J7 Uk A7 45240
RBEUURER
1.3 YRS mE Ltk
1.3.1 P75 3 iyl E
FAIEY) C & & F A 01 ( Elementar, Vario EL cube, Germany )% , #8754 A 5t 2 K FH 85085 TR A1 —
R IV K s e
1.3.2  J7&Y) C 5k i BcR T
(1) K S R A (k) T
ky=w, / w, (1)
K w, (g) /METWNIRTEPIIRE w,(g) «/DETT NI IS YT H
()HEFNMEDTE(G, g/m®) 5.
G=a, x (1) (2)
Kb s FRREET N LLUF H 2 VR YR &
(3) % hm’L [F \H JZ 7Y T 5 (DG, kg/hm*) HY3H5 .

DG = (2) x 10/0.04 (3)
(4) % hm® JIEY BT H (TG, kg/hm?) [T
TG = DG, + DG, + DG, (4)

K, 76 2 L .F HZWAEYTELAM, DG, Fm hm’ L ZIH7EY T8, DG, F/nF: hmF Z V&Y T, DG,
FR % hm®H JZAEY) T &
(5) BATEY C WAF & (ZX , kg/hm®) BT
ZX(kg/hm®) = (4) x C% (5)
K, C% FHN C FiE(mg/g)
(6)L.F H JZ C Bjits S(kg/hm”) A5,
S = B,(JIE Y 2t — Bt i fe B &) - B, (Wl H ) (6)
AR LF HJZ CIEE (kg/hm?) o #5 S>0, LR R Rz, LRI,
(7) % hm’C BiE ZS (kg/hm®) Fi15 .
ZS =S, +8, + S, (7)
1.4 Zdabi
K Microsoft Excel 2013 #{4-F1 Origin 2017 XA 21 T AL B A2 ] 2R FH SPSS 19.0 GEit 73 A R A4 %5 A
[FIARELJA 75 4 TOC AT 2R 5 F e 43l o A2 v A 5 i) PR 28 6 A 7 B IR 25 5 22 3BT (one-way ANOVA) il 25 5 I 3
PERIS (LSD 5, a=0.05) 7% Py Ab 38 RIS AL 08 7 10 53k i B vh X TOC IR J5T 28 19 52 1) FH XUERL 3R
Z2530T (two-way ANOVA)
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Fig.1 Change characteristics of C release under double treatment from June to October
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Fig.2 Change characteristics of lignin degradation under double treatment from June to October
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Table 2 C release of plantation and natural forest under different simulated nitrogen and phosphorus deposition

B o
G e L o i
N Tk 6 H 2.53+0.05Bb 2.38+0.58Ba 1.92+0.68Ca 2.71£0.42Aa
Plantation 8 A 3.63+0.95Aa -0.23+0.07Bb 0.80+0.07Bb -0.63+0.04Bb
10 A -4.55+0.52Bc -1.06+0.07Ac -1.06+0.10Ac -0.61+0.06Ab
KIH 6 A 2.92+0.48Ba 2.31+0.06Ca 2.90+0.06Ba 3.93+0.09Aa
Natural forest 8 A -0.25+0.05Ab -0.80+0.05Bb -0.08+0.01Ab -2.36+0.12Cc
10 A -1.64+0.06Cc -0.86+0.07Bb -1.50+0.06Cc -0.22+0.07Ab

HRPET S0, AR <0, WBHG RS FRZIRF — H B AR A B2 [0 8922 5, /NG TR 3278 R — b B R 1] — MR B[R] H 4 =22 1l B9

E5

2.4 AU V%) 2 A T & BRI
mE 3 s ,6 A, NTAREREA L H 2R ZE S E7E R P A IR B2 T CK Mgk
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Fig.3 Change characteristics of lignin content of artificial forest and natural forest under simulated subsidence in June
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Fig.4 Change characteristics of lignin content of artificial forest and natural forest under simulated subsidence in August

I, A AR, HRATCR S RAEAR P R 3 R BRI PR AR TRIR A ANTAROR
R LR ARTUER & AU R DU AL BT R/ IVIRUCA - AR > iR e B > Fh e JBE > CKG FZ O - IR > CK>
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RO L F H JZARBUR &R 7E 3 B 2T BT MR T X IRZ . RIS L H JEA
JER G AR 3 R A B TUREAL BN S48 T X IRZH | F R AR BT ER & R IR AR BE > CK> v B2 > TRk JEE
2.5 EBEUIRE S RVE YA T AT R A R3S AR

MR ZRIT220 MR (£ 3) .6 H B A BRI B A M) C ORBUR & B9 B3, 10 A,
TSP AL Y B 2R C S R R R & i, (LR 7 ) A B S AL U e Ak B ) JC AR AR T

K3 AEUARRBBRARZESENEEHTES(P<0.05)
Table 3 Two-way ANOVA of the contents of carbon and lignin of litter in different months( P<0.05)
BT C F(P) AJTE Lignin
Factor 6 1 June 8 H August 10 H October 6 H June 8 H August 10 H October
JRVEYI AL B Litter treatment 0.75(0.39) 1.00(0.32) 3.91(0.04) * 0.43(0.51) 1.52(0.22) 6.93(0.01) *
B N & P deposition 1.85(0.04) ©  0.50(0.69) 1.07(0.37) 1.01(0.03) *  2.45(0.06) 1.58(0.19)
A YA SR UL 0.85(0.47) 0.23(0.88) 0.14(0.94) 0.08(0.97) 2.21(0.09) 0.77(0.51)

Litter treatmentXxN & P deposition
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Fig.5 Change characteristics of lignin content of artificial forest and natural forest under simulated subsidence in October
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