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Abstract

Aims Streams are widely distributed in alpine forests, and litter decomposition in which is an important compo-
nent of material cycling across the forest landscape. The leaching and fragmenting effects as well as the unique
environmental factors in streams may have significant impacts on lignin degradation during litter decomposition,
but studies on this are lacking.

Methods Using litterbag methods, we investigated the dynamics of lignin mass remaining and concentration
(percent litter mass, %) during the decomposition of four foliar litters, which varied significantly in the initial lit-
ter chemical traits, from the dominant species of Salix paraplesia, Rhododendron lapponicum, Sabina saltuaria,
and Larix mastersiana under different habitats (forest floor, stream, and riparian zone) in the upper reaches of the
Minjiang River.

Important findings After two year’s incubation, litter lignin mass remaining for a specific litter species varied
significantly (p < 0.05) among habitats, with an order of stream < riparian zone < forest floor. Lignin was de-
graded substantially in the early stage of litter decomposition process, and the lignin concentration first decreased
and then increased with the proceeding of litter decomposition, but varied significantly (p < 0.05) among different
litter species. Lignin mass showed a general trend of decrease across the 2-year decomposition course. In addition,
habitat type, decomposition period and microenvironmental factors (e.g., temperature, pH value and nutrient
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availability) showed substantial influences on lignin degradation rate. These results suggest that the traditional
view that lignin was relatively recalcitrant with an increase of concentration in the early stage of litter decomposi-
tion is challenged, but the loss of lignin in the early phrase is in line with recent findings about the fate of lignin
during litter decomposition. Moreover, the significant differences of lignin degradation rates among different de-
composition period and habitat types indicated that local-scale environmental factors can play a significant role in

litter decomposition and lignin degradation processes.
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(local-scale environmental factor) £ &% 4 7 fifid e
L EIAN T ZALE/E H (Bradford et al., 2016), A<
BRI At TR A PT fE 52 21 F AN [R) AR B AR I A B [
TR,

U - 30 = 2E AR AR B ML (=5 RS, 3R
BEA PR A ZETMIE R B an TRl IR
RE PR FE 1T 2 2 o, HAEA RS N 2 R R
(5K )114%, 2015). [AItL, DAURYT b e SERMONAT AL
X8, R FH R 9 SR i 9 i X A b 3 H )46 o
AR N, RIEEENI(Salix paraplesia).
f5 L #+ BY (Rhododendron lapponicum) « 5 A% #A
(Sabina saltuaria) & VU I £I. 4% (Larix mastersiana),
FEREI ST R TR R B AR AR, N T
B b A 73 I A0S TV P AR S5 2R B A PR S, AT
X ECHIEAE 73X AR & i AE AR (FE AR A 35 ) Ay
FRAT (NAEEHD, AR B KA AR B 23 R R R R
RINNARHE BT IARIE, BAME: ()ATTE
Boe fifp 2 2 W P R AR S5 I S 2 S, FLE VR I P P i
PR (2)FE IR V& 23 AT AR Jot 2R B A W) R P fie,
L AR AR 258 5% 4 sl B AR [ 338 e AR 58 TR -1 R 4%
AW LU A i — 2P R V& HHE R 2 L R
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SIS 7R R T DU )1 48 BT ek i IE Ik 1B V6 M B L 1)
fan L AR AR A 2 &R G e 0 7T 9k (102.53°-102.57° E,
31.14°-31.19° N, #F$k2 458-4 619 m)ik1T. HWFFLuk
ATE TR S B ARARYP X, HAb 5 s S AR 4 5 DU
b R 5 o 1 X AP SR 3 °C, IR e
FEIh-18-23 'C, #:[%/K 5850 mm. Hff 5% X I K AR AR
TR B AR A B S AR O BT R AS AR e €5t mt
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1.3 HmAE5SHh

FET AT AR O F St o XIS BT Al 78

L BT R MR PR T RHECT 3 AR HE 2, n = 90)

AR R, AT — TR 73 A5 BT I, B
% 454913 (pre-freezing period, PP). 1% 4% 1(freezing
period, FP). Flfk¥i(thawing period, TP). EKZ=y
(growing season, GS)F14:K:Z=75 )5 #i(late growing
season, LGS), #f7& 581K 4L 73l T4~ Iy BA A 3t
ITo BRUCREA R AT 3a A RV V%
RERGBHix 3FEE), LU FFEHLIE VA LS iR
FERHE, JEE SR B R4 ME (Yue et al., 2016; %
1)o BRI V& A s 0] S5 % J AR TS,
N 25 R VR I 2R T YR VD AR S5, 165 CF
AR E DL E R R R . R R
J (PR v A B I 60 B 0, FH LA 8 Aot 3R
AR 0T 2 1R I R FH ek (R BRI vk AT . Il
T3 V20 5 1 4143 B0 2 B PR R v B K 3R (Klason
lignin)sX 82 A7 14 2H 43 (acid unhydrolyzable residue,
AUR), EAKE 771400 B8 W He % (2016) . 7%t
WITHAENLCE B R H AN HENE, 2E(N)FK
R E LR E Z0EI e, PR Bt
I 5E (Zhu et al., 2012)(%2).

BEUCRAFEIN, RIS I0 3300 R VAT 2 77 7K A4 () pH
fE(pH 320, WTW GmbH, Weilheim, Germany)fliii#
(Martin Marten Z30, Current-meter, Barcelona, Spain).
[EI, 2R 0 SRR AR AN IR AT j2 717 A
MIKAE, i A1 586 % fa S FHO.7 umFLAR 1) B 3 4
4EJE A% (GF/F glass fibre filter; Whatman International,
Florham Park, USA)it €, F LA 2 KA (1) E 7748
Fro SRHAXFE 7RI AL 2 HCOs 1 & &, 24k
43966 FE 1 (UV-2600, Unico Instruments, L)l
SE PO I & &, B ¥ {11 (1CS-90, Dionex Corp.,
Sunnyvale, USA)ll & NH, FINO; [ & e ({5 fib 45,
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Table 1 Characteristics of environmental conditions of different habitats during the process of foliar litter decomposition (mean + SD, n = 90)

A4:3% Habitat AT (C) C(g-kg™) N (g-kg™) P (g-kg™) pH

MR Forest floor 20+52 126 + 26 58+1.1 12402 6.6+ 0.02

1% Habitat AT (°C) HCO; (mg-L) NH, (mg-L™?) NOs(mg-L?) PO, (ug-L™) pH FV (m:s™)
ZJE Stream 5126 139+ 1.96 0.10 £ 0.05 0.29 £0.07 7.85+0.38 6.6+ 0.4 0.53+0.15
ST Riparian zone 48+34 19.7+1.33 0.04 +0.02 0.34+0.08 7.84+0.41 6.9+0.3 0.05 +0.01

AT, FVEWRIFENRE, C, ALK FV, W&, N, 2%, P, &#f. KPEd maE-FHMH.
AT, average temperature of litter bag; C, organic carbon; FV, flow velocity; N, total nitrogen; P, total phosphorus. VValues are the means across the two-year experiment.
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F2 FEENN. ELALRS . TR ) ZLAS I AR R RHE (P B R HE R ZE, n = 9)
Table 2 Initial chemical properties of Salix paraplesia, Rhododendron lapponicum, Sabina saltuaria, and Larix mastersiana foliar litters (mean + SD, n = 9)

PyFf Species C (%) N (%) P (%) AFRZE Lignin (%) C:N C:P N:P Lignin:N

HESEMD S, paraplesia 348+09° 264+0.15 0.17£0.01° 247+13° 13.2+0.8"  207+19.7° 157+1.7°  9.38+0.8°
BillALEY R. lapponicum  38.6+11° 069+0.10° 0.10+0.02° 29.8+0.8° 57.2+102° 375+536* 675+15° 44383
JikiM S, saltuaria 469+18 1.05+006° 0.15+001° 28.1+0.8° 451+39" 304+126° 679+0.7° 269+18
PUNIZIAS L. mastersiana  37.5+05°  1.59+0.11° 0.12+0.01° 37.8+1.0° 236+18  320+246" 136+08" 30.1+21°

C, AW N, 2%, P, &8t [ ARNG FEE R AR F—fabsZ 57 8. (p < 0.05).
C, total organic carbon; N, total nitrogen; P, total phosphorus. Different lower case letters in the same column indicate significant (p < 0.05) differences among

different litter species for a given index.

D¢ (%) = (Lea—Ly) / ATLg x 100%, 3L AL 5
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cago, USA)5E ..
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Bt R I (4 2 A, K TR 2R Bk B R A S
T BRI SS, EAREYIR . A SRS i HA 2 TR
FAERZE (p < 0.05)Z 5 (B1). #iESEmE, &1
WA R VA T A B 2R TR R VR D B R, T
W2, WTRERAG P, B uEyE AR &=
R IR % (BEILA), T L RS T4 AR 2
Pk KX 202 (BI1B), TR AR R Rk A RS
I SE MIAHABL(BEILC), 1 PY )1 £TAZ 8 3 K o 3= 03 i
Wb B2, H 3 B PR VR A T
2 PAE B0, DU )1 Z0AZ R 95 oK o 255 B e A
WI3.78 giik/>$1.64-2.26 g (KI1D). {EEFEN
&, AR o il i AR B T 3 )
R
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22 AKRRZFREFHE

TEJHTE N o Rk v, R IR E AR RN
Je RBERE L TE, (HR2PR . AR BTR S A I
520 (p < 0.05) (E12). [Fl—¥FhavE A R A58 T
AR5 2R VR I UV P i 20 UL AL 1) Bl S AR AE
ROLE S A3 N BT e i o AN A AT &
FREEMN e AL B AN T B AR R VA AR B SR IR TR
L AR A L(BE2AL 2B 2C), TPy Ik
5 W AE 3 Ak P e A BT U (VR 5 40 ) AR Joit 3R Ak 3 4
#(p < 0.05) MR, TMiJEkahhRIMHE S EFHE
#(K2D).
23 ARRZEBRBEREZWEZR

LSRR, TR R ER IR T
m IR A2, AR R Fh 2 [AAEAE 22 e, R
SEMNS T BRa> DY )N 20AZ > AL RS (B13) . B &
Ti NI R, P, AR BTS00 A AT
HAERBIEZ(p < 0.001)520m 1 & ¥E M A AR &R 1)
Feffe(3R3). [F—AEBEKAE N, ARPMREE A
JR PR RIL T IR0 2 5 (E3). B R 5 iR
AT &, JAVE AR ORI R TR S5 0 P A e
MG AN RIRE FE 3l EAEST 40 B T 67

eI R B N SR el NN 9 R Sk Y/ LN Sb w1 g A B[O 0=
D75 7 A

Table 3 Repeated-measure ANOVA analysis on the effects of litter species,
habitat type, and decomposition period on lignin degradation rate during
litter decomposition process

LIS i eh F P
Influence factor Degree of freedom

Wik Species 3 165.753  <0.001
A4 Habitat 2 75.197  <0.001
A Period 9 504.141  <0.001
Prfhx4: 855 Species x habitat 6 40.353  <0.001
Y= Species x period 27 17.003  <0.001
AR xE 3] Habitat x period 18 18.317  <0.001
Yo A B xinf 3 54 12.020  <0.001

Species x habitat x period
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bR E 22, n = 9)e AFINGFRERIRE — 73 N R — PRI AEAN R AR 58N A5 215k B o 8 22 57 12 % (p < 0.05).

Fig. 1 Dynamics of lignin mass remaining (g) in the decomposing foliar litter of Salix paraplesia (A), Rhododendron lapponicum
(B), Sabina saltuaria (C), and Larix mastersiana (D) under different habitat conditions (mean = SD, n = 9). Different lowercase let-
ters indicate significant (p < 0.05) differences of lignin mass remaining for a given litter species in a specific decomposition period
under different habitat conditions.

A AVEM AR BT A SRR (%) ) S HI06 5 S KE A8 B3 53 A

Table 4 Stepwise regression analysis between lignin degradation rate (%/month) of the 2 years and foliar litter initial chemical properties

AE1% Habitat [H38 Regression model
ap Xy aXp X3 Xy
T Forest floor 7=0.424 -0.017 C:N (0.353) +0.042 C (0.607)
& Stream $=1.602 -0.031 Lignin:N (0.785) +13.231 P (0.874)
45 Riparianzone  p=-7.311 +0.032 Lignin (0.783) +20.108 P (0.888) +0.164 N:P (0.932) +0.090 C (0.940)

C. AHLEG N, %P, &0 a0, ML ay, ay, as, ag TR Xy, Xo, Xa, Xalt H i (WA ARHR) . 36 S BB Rom g RE(RY); n = 36,
C, total organic carbon; N, total nitrogen; P, total phosphorus; ao, intercept; ai, a,, as, a4 show regression coefficient; X, Xz, Xs, X4 show independent variable
(litter initial chemical traits). Data in parentheses represents coefficients of determination (R?); n = 36.

E%H%F BRI, FEVEMHRIa R ERERE  ACRBUNERRST A>T, X 5EATHIR AR5
FH ROV AR R B R (GRA), THAFAE M. ARFERRERBARERID G TR LT,

7

?%K%WEWﬁ%VI¥&KHﬁEm%WTK AR IR R R PR S, HARBURRE
JER ) B A 3 (R 5) o FEARAEAF o RN R DL T B A2 R . IR LEE,
3 e SR 5 T 2R WA U E S 2 N v i R B A ) B

i, 53— J7 TR WA 5 R ARV 0 A Al S

KB TCRIUAR TR E T YR T BT 7 R B, 1T v FE AR AR M VR A g7 3 0t
BRI, AR R AR WM OR[EABE R T e R R R R I R A R
IR R R, HAEAFAES TARBREMEE R, k25 5 1 75 3L 5
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Fig. 2 Dynamics of lignin concentration (percent litter mass, %) during Salix paraplesia (A), Rhododendron lapponicum (B), Sa-
bina saltuaria (C), and Larix mastersiana (D) foliar litter decomposition (p < 0.05) under different habitat conditions (mean + SD, n =
9). Different lowercase letters indicate significant (p < 0.05) differences of lignin concentration among different decomposition peri-
ods for a given litter species incubated in a specific type of habitat. FP, freezing period; GS, growing season; IV, initial value; LGS,

late growing season; PP, pre-freezing period; TP, thawing period; 1, first year; 2, second year.
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(Bradford et al., 2014; 2016). V&M A RIEZRI
R A B bR, IXRT BRI IR SR R A A O,
TR 78 A F KA SR B E IR 808 FR o &= 1y
[FEIREORIUE 15 R 5T 2% PR AR AH 50 BT A WD v AN S )
(Ferreira et al., 2016). AHT 7T B FAIIREE KT
[ S 5 2 ) RV P A e R A I 2 ) PR
FE G RN NI T R 5T 2 2 UM R R 28 4y,
WRIEELEJITE T o e iy IR IR AR 2, T 08 7% 14 i
T 0 Jo1 = 0 % 32 S el ] MR A g3 1 Y 2R T B
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(Berg & McClaugherty, 2014). SR 1A 78 2% 1A,

A B AE PR TR o R A RE O R AR, TS R
il 2B T A, PR S5 RV T I EC Y B
%YM 5% (Klotzbiicher et al., 2011). AHF 5t KN,
R 5T B B O B R AR 5 3 A PR A U 9 v ) it i 31 1)
R NI, SRR SR TR IR VR o0 A B B A S gk AT
TR R, AR R M A LE 3 2
X511 A SG A 2 B AR AR 1R AT 9 45 SR A — 2
AN R R 46 P PEC Y BV 22 5 T e 2 S 3R
[FEYF T R B R PR 2 R i) R . B
AT R, RBTR MRS RE Y YI6A
MICEEREMG, HS5REEM R TRMILSE
THEILRIH TR EH KR (KL BREE
il fa ), ARPTR MR T R, SEH RERRT
KRR REBEMEZRN, RBERKRERI AT . b
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# T Forest floor {2 Stream {7 /747 Riparian zone #F Forest floor R Stream i /54447 Riparian zone
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Y Blre: Brer [ ]TPI |gs1 EEELGS! ZArr2 [ Fr2 BRATP2 N GS2 NN LGs?2
E3 REZAS T BEEMA). ELAES(B). JTAAA(C) TUJILLAZ (D) T4 3 fif e R v A 5T 3 A 2R (Y%l H ) I Bh 2845 1E (T 1)

HFRER 22, n = 9)o ANFVNG FRERIR R — PR T A [R)— AR 855N ANIR] 3 i I JUIAC o 3% i 2 22 5 (2. 3 (p < 0.05). FP,
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Fig. 3 Dynamics of lignin degradation rate (%/month) during Salix paraplesia (A), Rhododendron lapponicum (B), Sabina saltu-
aria (C), and Larix mastersiana (D) foliar litter decomposition (p < 0.05) under different habitat conditions (mean + SD, n = 9). Dif-
ferent lowercase letters indicate significant (p < 0.05) differences of lignin degradation rate among different decomposition periods
for a given litter species incubated in a specific type of habitat. FP, freezing period; GS, growing season; 1V, initial value; LGS, late

growing season; PP, pre-freezing period; TP, thawing period; 1, first year; 2, second year.

FRVET R, RIRR SRR TR TREF R
8V P v T 1 C B A U VR IR AT BRI
B8 (A R B, A 2k B o 2 78 4 5l B 3
KT E— N0, B = PR 2k, Xl
RE 5 FRATTIN 5 AT 2R 1 7 V5 % . BRPEVESIVE I
SE M AR Al R TR 2R, 1 A2 B AR v s i A8 AR
ZEAURK — R4y, HES T 2 BN &R,
WE R . R R 41 4E IR A Mk (lignocellulose) Fll AR
Jii Z I (Berg & McClaugherty, 2014). 4R 140
I, AUR 1K B2 2 75 5 98 7% 90 16 53 fif %55 U0 AE ¢
(Berg et al., 2015), fij [ fif 28 & 30y 4 £ ] fig =& [
R TR W AE 43 A T AR H A A T 3R AU ) AR AT
SEUN, IS RT A HROE (He et al., 2016; Li et
al., 2016).

BRI TR I, o FE RS RGP A =) R o 3
S0 I8 43 A R (T R SE, 2013; R R AR,
2015b). A FLFEIRE KD, BEAS R AR BERUAS [ 47 fif
I T AR A B PRGN Y 2 5 ) 1 R v i o3 o
ORI ER PR . RT3 1 PR MR R AE AN [R] 23 g
WMEREE, HZIEA SIS 1 1% (E5) .
ANTE) oy g bt B, PR U PR 3 EL AR R AR R R
f13%5 & (Garcia-Palacios et al., 20160)F17# 7% H Rk
A=W 45 M R 4 (Garcia-Palacios et al., 2016a),
T 28 8 9 P 8 2 il B AR o 2 () B o T AN [R] A=
S5 il I B3 Bl R FE 1 22 S R Pl e A 51 AR
JE PR 2 R R R . a0, BT KIREE R g2,
S TN -2 o N 2 Y 2 S N 1l b 2 N (=
FRIIMERE, BRA IR ANV PEAS 21 T RAIE(Martinez
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5 AFES TR R AR R R 2% ) S E T 1A 58T 1 FE
Table 5 F-value for the regression analysis between lignin degradation rate (%/month) and environmental factors under different habitats during foliar litter

decomposition

T Forest floor AT c N P pH

HEEM Salix paraplesia 26.925 35.094 1.987 0.340 6.194

i liALA% Rhododendron lapponicum 16.022"" 0.064 5.700 17.816™" 2.431

J5KiH Sabina saltuaria 10.134™ 1.037 23.348™" 23.681™" 8.314™

PUIZIAS Larix mastersiana 30.336™" 7.748" 32560 10.076™ 13.489™"

U Stream AT HCO5™ NH,* NOs™ PO pH FV
HEEMI Salix paraplesia 0.001 0.572 2.692 13.248%** 0.522 6.208* 0.385
iLliALAEY Rhododendron lapponicum 1.286 1.722 6.088" 8.832" 1.612 1.652 1.590
JiKiHA Sabinasaltuaria 1.245 4.809" 7579 8.964™ 0.001 6.454" 0.103
PUJI£T4% Larix mastersiana 2815 2179 4.681" 11.866™ 0.063 5.504" 0.053
VA Riparian zone AT HCO3- NH4+ NO3- PO43- pH FV
HEEMI Salix paraplesia 35.148%** 5.748* 12.267** 0.256 1.305 16.431%** 2.540
i 1li#LAY Rhododendron lapponicum 3.702 2.822 2.029 1.369 0.001 7.300" 5.752"
JiKiH Sabina saltuaria 1.564 4.024" 6.775" 4.609" 0.115 3.545 6.232"
PUJI4C4% Larix mastersiana 36.978"" 15.189" 19.985"" 4.305" 0.055 0.371 11.602™

AT, PHTR; C, BHATHLIE FV, Ul N, BHESRE; P, £H4ARE. n=90;* p<0.05;** p<0.01;***, p<0.00L.
AT, average air temperature; C, soil organic carbon; FV, flow velocity; N, soil total nitrogen; P, soil total phosphorus. n = 90; *, p < 0.05; **, p < 0.01; ***,p <

0.001.

et al., 2014), Xt & & AT 2 TE IR P AR X
BARMATRE SRR . 5 — 7, AFEASE R E
fiR3 T8 37 70 2 (1T R A [R5 R 0 25 1) P e
FYIMER . AR RS RN S A A YD VR S5 4
PEZ S, FTis 8 R n R WA, Mo %
Mo A 5T 25 16 B i A1 7= A2 AN TR 19 52 1 (Berg: &
McClaugherty, 2014), X 7E¥ R 0 70 75 2k —
WK, XL R, T2 EDT
B ek MR, XL X AR B R 1
Rt BT BB RE A, 17 E A [ AR B RS [R] 4 ik B
WIFTARER B IAEE IR 7 22 53 X6 AT 25 PR AR R s i R
FEORR .

gE DATR, R RERRARIR I ik T RVE R
R IR AR . SART E, EA R A SN R B AR
RIREH BRI TG BT ra s, mikm =%k E
Ji B REAR R I T B a5, A R B R 2R A VR
o3 fif (AN R BRAAAE B R 22 57, B2 R AlAR
RVE T WILE IR R R E M. S55E50 N
FHTE, AT Tt 45 F 3 B A 0T 22 R BEAE JR T8 3 ]
WA R Z2UI Mm%, mEREN TR, x5
I B IR VA R o 2R B A RHAE (A 72 45 3 (Klotz-
blcher et al., 2010)fH—%t. 5 —J7 1, RETEEAD
[F) AR B BSOAS (] 3 AR T SR 2R 300 222 i ¥ 8 ) P o .
B, AR B SS AL B A I A AR 11 X e P PR 15 A
TR TE o R R OR R AR R
M, L = T g i R AR B S R U R 1A Ak
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IR . A RN NG WA VE R 45 R R
A5 3R A FR 2 AT s i3t — PR T . ASHE TR
NANRTE I AEAN R R85 0 I R P A 35 1) B
RS L S LA B R it T € IR i

E&£mB R B ARAHF & 4£(31270498. 31570445
#231500358) A= & F F At & AL & £ A A 4
(20135103110002).
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