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Dynamics in foliar litter decomposition for Pinus koraiensis and Quercus mongolica in a
snow-depth manipulation experiment

WU Qi-Qian and WANG Chuan-K uan’
Center for Ecological Research, Northeast Forestry University, Harbin 150040, China

Abstract

Aims Changes in snowpack induced by climate change may alter water and heat regimes at the ground surface,
thus influencing activities of decomposers and litter decomposition in snow-covered regions. However, effects of
snow-depth changes on litter decomposition are unclear. Our objective was to characterize the decomposition dy-
namics of two contrasting tree species—Korean pine (Pinus koraiensis) and Mongolian oak (Quercus mongolica)
in a snow-depth manipulation experiment.

Methods The snow-depth manipulation experiment that included three treatments (i.e., snow-addition,
snow-removal, and control) was conducted in a temperate Korean pine plantation in the Maoershan Forest
Ecosystem Research Station, Northeast China. Air-dried foliar litter of the pine or oak (10 g litter per bag) was
sealed in a nylon litterbag (15 cm x 20 cm). A total of 648 litterbags (3 plots x 3 treatments x 2 tree species x 3
replicates x 12 sampling dates) were placed evenly on the forest floor in October 2014. Three replicate litterbags
per species were buried in each treatment plot and sampled 12 times (i.e., freezing onset stage, deep freezing
stage, thawing stage, early, middle and late snow-free seasons) during the two-year period (2014—2016) to
determine the tempora variation of the decomposition rate. Associated factors (i.e., mean temperature at litter
layer, freeze-thaw cycle, available nitrogen and phosphorus at the organic layer) were measured simultaneously.
Important findings Tree species, snow-depth treatment, decomposition stage, and the measured associated fac-
tors all influenced the decomposition rates of the foliar litter. The litter mass loss was 52.1%-54.5% for the pine,
and 53.9%-59.1% for the oak during the two-year period. The decomposition coefficients for the litter of the two
species were the highest in the snow-addition plot, and the lowest in the snow-remova plot. Moreover, the
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snow-depth manipulation dramatically changed the relative contribution of the mass loss (R ratio) during the
snow-covered or snow-free seasons to the yearly total loss. Compared with the control, the snow-addition treat-
ment increased the R ratio during the snow-covered season by 9.1% for the pine and 10.4% for the oak, while the
snow-removal treatment increased the R ratio during the snow-free season by 10.4% and 12.7%, respectively. In
conclusion, changes in snowpack induced by climate change may significantly affect the foliar decomposition in
temperate forests, and aso alter the relative contribution of the litter decomposition in the snow-covered and

snow-free seasons to the yearly decomposition.

Key words snow-depth manipulation; temperate forest; foliar litter decomposition; climate change;

snow-covered season; snow-free season
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Fig. 1 Dynamics in snow-depth in different treatment plots (mean £ SD, n = 15). *, p < 0.05.
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Fig. 2 Dynamicsin air temperature and the temperatures at the litter layer in different treatment plots (mean, n = 3). A, average air
temperature and temperature at the litter layer under the control (CK). B, difference in the temperature between the snow-addition
(SA) or snow-removal treatment (SR) and the control. Positive value indicates increased temperature after the treatment, while nega-
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Tablel Theinitia quality of thefoliar litter of Pinus koraiensis and Quercus mongolica (mean + SD, n=5)

P Fh A HLBE £t T IR Tl R KIF qhR  KEERE

Tree species Organic carbon Total nitrogen Tota phosphorus CIN CIP N/P Lignin Cellulose  Lignin/N
(g-kg™) (g-kg™) (g-kg™) (%) (%)

AR 489.6+1.4° 45+01° 055+0.01° 107.0+12*° 8935+6.1%® 8105 298+03" 146+04% 66.8+02°

Pinus koraiensis

Eiy s 4588+ 5.1° 6.5+0.1% 1.30 + 0.05° 711+06° 351.7+135° 49+02° 161+01° 129+01° 250+06°

Quercus mongolica

AN FRFRIR 27 RE(p <0.05).

Different letters indicate a significant difference for the same variable between the two species (p < 0.05).

W RSN JE AT, 515 cm x 20 cm,
U421 mm. 2014510 H 25 H K 73 il 48Pl TR FE
Jih, FHAR SRR AR EF2 embh BRIaIEE, DLk
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Table2 Sampling stages, dates and decomposition days across the decomposition process of the foliar litter
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HURENRF Sampling order R B Sampling stage HURE H 3 Sampling date

iK% Decomposing days

1 USRI 1st year freezing onset stage 2014-12-02
2 H—AEREI st year deep freezing stage 2015-03-18
3 BB—4ERML 1st year thawing stage 2015-04-18
4 PEELTHIW 1t year early snow-free season 2015-06-20
5 H—4ELHE T 1st year mid snow-free season 2015-08-20
6 F—FELEARY 1st year |late snow-free season 2015-10-20
7 TGRS 2nd year freezing onset stage 2015-12-25
8 S AEIRYRIA 2nd year deep freezing stage 2016-03-25
9 B AERIMEW 2nd year thawing stage 2016-04-22
10 B AELTZHIW 2nd year early snow-free season 2016-06-20
1n %I T ] 2nd year mid snow-free season 2016-08-22
12 FAELT AN 2nd year late snow-free season 2016-10-24

49
145
176
239
300
366
407
516

603
666
732

3 A FISCE R IR R BRI CP £ 22, n = 3)

Table3 Characteristics of environmental conditions in different treatment plots during the decomposition process of the foliar litter (mean + SD, n = 3)

AbEE FEYE FEYE AIERAIER  ANESR AVEEBE  AHERIE GHUEREE AYLE R
Treatment SERIR VRLEEN Organic carbon  Total nitrogen Tota phosphorus C/INin C/Pin N/Pin

Average Freeze-thaw cycle  in organic layer in organic in organic organic layer organiclayer organic layer

inli (gkg™) layer layer
temperature in litter layer (kg (kg
inlitter layer (°C) gkg gg

W 44+0.3 58+ 1° 81.4+22° 74+02° 1.3+0.1% 10.9+0.2° 62.4+0.3° 55+0.2°
Snow-addition
pai 38+02° 70+1° 754+ 11° 6.6+0.3" 09+02° 11.2+02° 839+04° 72+01°
Control
5355 27+05° 84+ 22 72.6+0.6° 6.1+0.1° 0.7+0.1° 120+0.3* 104.3+0.6" 8.7+0.3"
Snow-removal

R Bl AP T IME, AR T REROR AR R % Z 57 (p < 0.05).

The values are the means across the two-year experiment; different letters indicate a significant difference for the same variable among the treatments (p < 0.05).
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Germany) Fill e E M AIEILUEM 2R S SR,
SRRIEBRI TR A Pk e, R 22 VI i PR P A
JR #4275 & (Vanderbilt et al., 2008).
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SPSS 20.0 (SPSS, Chicago, USA) 5t .
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Fig. 3 Comparisons and dynamics in the foliar litter decomposition rates of the two tree species under different treatments (mean +
D, n=3). * and different |etters indicate significant differences among the treatments (p < 0.05).

A AR T LRI SRR A AL DR ALK PE RHURD) H A (tos) FIO5% I 1F] (to os)
Table 4 The decomposition model, decomposition coefficient (k), determination coefficient (R?), time of 50% and 95% decomposition of the foliar litter of
Pinus koraiensis and Quercus mongolica under different trestments

Wil Treespecies 4b¥H Treatment [E]J9 772 Regression model k R AT RINA] tos(month)  95%73 IRt E] to,05 (Month)
EARIN T Snow-addition y=99.691e %" 0.030 0982 23.00 99.75
Pinus koraiensi
INUSKOrAIENSS  54me Control y = 101398692 0029 0979 2438 103.78
K% Snow-removal y = 102.545¢ %" 0.027  0.965 26.60 111.88
EY 3 4% Snow-addition y = 100.026e %" 0.037 0984 18.74 80.97
Quercus mongolica X} Control y = 100.342¢70%34 0034 0973 20.49 88.21
&% Snow-removal y=103.359¢ "= 0031 0955 23.42 97.70

T BT 4y fRAE L R pfE 35/ T70.01,
The p vaues of al the decomposition modelsin the table are less than 0.01. t 5 time of 50% decomposition; to.gs, time of 95% decomposition.
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R ol 978 9 T 2 3 il RN 95% 7 i i [] 43 73l ZE K 1 2.22
HAN8.10H (£1.#4) % 2.93H F119.49 H (52 i #K) -
22 FEMSBENEINER
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0.05; #5). H—SHpESEIASHTERH, BIAFHE
H-H7) 46 Jo B AR B3 (K] 7 2 2 B R T R, (B

RS TR SRR, F IR R B T 2
Table 5 Repeated-measures ANOVA analysis on effects of tree species,
snow-depth and decomposition stage on the decomposition rate of the foliar
litter

¥ Factor df F p

FF Tree species 12 859 <0.001

EHI Snow-depth 2/12 528 <0.001

43 fR B Decomposition stage 11/48 3371.1 <0.001

WRxF R Tree species x Snow-depth 2/12 433 0014

. IN GBI

PRI T B » 1148 215 <0.001
Tree species x Decomposition stage

RO R B 2048 358 0028

Snow-depth x Decomposition stage

S R 5 R x 3 AR B
Tree species x Snow-depth x Decomposition stage

22/48 3.16 0.045

6 JHVEN I AR SR RTINS R TR B [ A 5

EWEE-S S G P OsE ARVITE g AR Ay (o PO )

b HR A 2 S R PR AN [ (3R.6) 1 S5 Ak B
JHTE W 2 2 JTE IE A WL & &2 TR E
SIS R AR AR B A ) R R
(RP = 0.571); xtHar, £ 553 5 N 7 9l v it
WITEA NS B VITACIN. V&Y 215 A
HHZARE S (R = 0.697); 1Mk ab 38 b U Ay ¥
HHHIEE MRS & VIR RS E. WEDE
TR . HHUE SRR 45 (R = 0.404).
23 EHHSEESHEEM S RREER

A R R B, R PR I R
B, RS OO A R O R R
BR 7 24.1%0 |, A2 ERTTER 1 25.2%0L F(&l4).
2555 O T AN R R VA S A AR TG S A I 4
B 250 0 DTk 2R B S R N R, RS
WA DTRR R B T R IO PR . I AR S T
Bl B0 R V& Ay AR TTER, T RIS T RS A T
WRo AR, BREALERFRAR T 55 4 0 VR i o A 1
TR, R TS B R DTk SRR AR L, 3
25 A FRAS LA N 52 T AR IR S B A0 A DT R 4y )
15 1 9.19%F1110.4%; [ 35 kb BRA% TG 55 1 DTk R 0 )
P25 7 10.4%F112.7%.

Table6 Step-wise regression analysis on the relationship between the decomposition rate and initial quality of the foliar litter and environmental factors

AbEE Treatment [5)977F2 Regression model R p

4= Snow-addition y = 107.012 — 0.139C + 0.237AT + 0.014FTC + 1.276TP 0.571 0.02
%} Control y = 98.152 — 0.114C — 7.263C/N + 0.209AT + 1.482TP 0.697 <0.01
B+ Snow-removal y =102.834 —0.107C — 7.074Lignin +0.384AT + 0.195TN + 1.425TP 0.404 0.03

C, WVEMFIEA NS . CIN, FEMHYIGEHRIA . Lignin, JRMATGEARR & 8. AT, BEWETHEE. FTC, REMEHR. TN, AHUZ &% E

B, TP, GILEEHSE. n=72,

C, foliar litter initial organic carbon concentration. C/N, foliar litter initial C/N ratio. Lignin, foliar litter initial lignin content. AT, average temperature in litter
layer. FTC, freeze-thaw cycle. TN, total N concentration in organic layer. TP, total P concentration in organic layer. n = 72.
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Fig. 4 Relative contribution of litter loss during the snow-covered and snow-free seasons to the total annual litter loss for the two

tree species under different treatments (mean, n = 3).
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ALFRGEK: T AR AR IA) . 3 50 B 1 55 AL BR A TR
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AR LT LT RS (DT R 7 iR shas .
T4 R A R AARE T DL T N IR (R 2) AR
FE(Ayres et al., 2010), IR ST FE (B2). &
5553 R B A AN IR S WA S5 4 e S T A
URAIE AR 5 A B AR AL, HOEME . R S5
ZFEVETS LA (Brooks & Williams, 1999; Bokhorst
et al., 2013). 1 F& S5 4b B T BUH A Y =3 588
(Comerford et al., 2013; Shibata et al., 2013), i 5% 1%
WMo R A B PR N K E AT (Templer
et al., 2012). IXFh o ifE BhAS (A8 S 2 1 A7 fid
ZRMFEEFR . QS SCRHEEE. WIEH o
fREATEERAMLEEAER, BRE A ™5 13
BAHE R BB R HIEMEM R IER )
SO, R I CRIR D, BHAS T R & 4
flRERE AL, 1B NS 5087 o) il (0 5 20, et
YeRlE. JUT AR RS, HUR A S R
JiE B 5L I AF 9% 5% & (Fioretto et al., 2000; Criquet
et al., 2004). [Flith, 3835 R B o e i AL AR R
e TR REE, (REE T R o MR, BRE
Qb R A 43 i ok RS2 BB A . (3)1 T R VA
M. SR ABEA b, 6 b T A R 1) B ARk
WA FH (R4S« 38 55) AT DL Bl R 8 7 1 (1 4 38
ghKy, HOIR R TAR, B o R AR
BN, [FIRINE AR PAERMART RS
47y B 4R (Groffman et al., 2001), 1R 3%
a5~ BRI VER I A AR A AL WS RS54 53 56 T Rk
RANE YL, (bR V& 7 ik (Berg & McClaug-
herty, 2014).

AT, A S B CIN. KRR S E5H
UG T SR bR A R0 2 AR 2R ) B B 1 550
HRAR LG, 3825 A3 7 R 2R OZ W AR A HLB & 5
Wi, RIS A IR A SIS E R TR 4y
fifk, DRLILG R A P R 9 DU A LB 7 2 22
I3 ARFRAR S ) U R (SR 81 2555, 2006) . 50} HEAH
bb, RSB o iR R IR S YIRS 5 W
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FHOE, X2 T B E Ab HE S ) B AR AR T
A 250 FR I 00 P, AT R TR S B AR, [
RVE 7% > i % (Berg & McClaugherty, 2014). E 4R
A SR AT TR 5 RN iAo A SO i 1 3
F, HESREZ AR, 55 B v
W43 i I S2 K TS 4% 2% 4 (Bradford et al., 2016),
RWFFCLRFCA 4518, IR AR AR AL Ay id sh 1) 3=
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B HILJTE B 40 it 3 23 03 B 35 P TP v T i Bk (Hornsby
et al., 1995). 455 L3 IR TE ) 2 R RE A 5 40
R E EA O, X2 R N5 HER R 55 A A L,
32 b B R S PR U (3R 2), R AT AT U
TR (PIRBRAA'E RS 12 A0 B HP 520 2 R 2R (1) SRR A
iR F(Wu et al., 2010). =357 5 X T& H- 43 fidd 1
FOMAANT] 240, P8 TE AR A TR 75 00 A R e 1) 13
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BRI, RFTANE RS B SRR iR
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(3 #55, 2015), AREE PR . FIL SNAHLEL,
TAE 0 5 X A SR PLASH A L FE IS 7R
R(FREIZFEE, 2006), IS PR % X I 7% 57 fif
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