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Mass loss and element release of litter in the subalpine forest over one freeze-thaw

season
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Abstract: As one of the most important forest ecosystem processes, litter decomposition is controlled by integrated biotic
and abiotic factors such as climate change, species composition, litter quality, soil temperature and moisture, as a
consequence of which more attentions have been given to the decomposition process of litters in different forest ecosystems
and their relations with biotic and abiotic factors over the past decades. As yet, numerous experiments on litter
decomposition were carried out at 3 —25 °C, far less information is available on mass loss and element releases in litters of
the subalpine forest during a freezing-thawing season. A simple experiment on leaf litter decomposition was therefore carried
out in fir (Abies faxoniana Rehder & E. H. Wilson) and birch ( Betula platyphylla Sukaczev) forests in order to character
the litter decomposition process during a freezing-thawing season and their ecological significance. Litter bags were put on
the forest floor and in 10 cm soil layer beneath fir and birch forests before soil freezing in October 2006, and sampled after
thawing in April and October 2007. Rates of litter decomposition and releases of carbon and nutrients were measured in

different soil depths and forest stands during a freezing and following season. Over one freeze-thaw season, (19.4 +2.0) %
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and (21.5 +£3.5)% leaf litters were decomposed in fir and birch forests, and accounted for 64.5% and 65.6% of the
annual mass loss of the corresponding litters, respectively, implying that litter decomposition was influenced significantly by
seasonal freeze-thaw cycle in the subalpine forest. During the freeze-thaw period, (15.0 £1.0) % of C, (34.1+3.6) %
of N, (17.0£0.9) % of P, (22.8 £5.9) % of K, (20.1£0.1) % of Ca and (36.3 £2.1) % of Mg were released
from fir needle litter, and (20.7 £0.1)% of C, (29.4 +3.4) % of N, (15.7x1.3) % of P, (16.8 £5.1) % of K,
(21.3%1.8) % of Ca and (20.5 £2.8) % of Mg released from birch leaf litter, respectively. Consequently, calculated
by the leaf litter production in the corresponding forest, fresh leaf litter released (10.17 +1.14) kg hm > and (5.61 =
1.12) kg hm ™ of N, (0.68 £0.08) kg hm > and (0.34 £0.07) kg hm * of P, (4.08 £0.46) kg hm > and (1.21
0.24) kg hm ™ of K, (0.46 £0.05) kg hm ™ and (0.300 £0.059) kg hm > of Ca, and (0.09 £0.01) kg hm > and
(0.051 £0.010) kg hm ™ of Mg into soil in fir and birch forests over one freeze-thaw season, respectively. Nutrients
released from litters during soil freeze-thaw period are favorable for plant nutrition and growth in the next growing season,

which are of ecological importance for maintaining the subalpine forest ecosystem process.

Key Words: seasonal freeze-thaw; litter decomposition ; element release; subalpine forest
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m), ¥R 2.9C , BFEFHFENE 801 mm AR b 4, IR, 2R, LA B, K2 LA VR
T 'RE . BHE(Bewla platyphylla Sukaczev) 4ibk ( BF) {if F -1 ¥F I, 3k 17 F3f BE 43 51| & NS120° F1 40° (4K
2540m) , FIIRK 3.2°C , B FHIFEM R 801 mm 453, Bk, LERE, RELEAIESES. AXH
HE R T A A0 - S B R STk
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R1 AEHK(FF) E#EHK(BF) HEZEDS BB TERE (gks™)
Table 1 Imitial concentrations (means + SD, n=3) of carbon and nutrients in leaf litters of fir (Abies faxoniana Rehder & E. H. Wilson, FF)
and birch ( Betula platyphylla Sukaczev, BF) forests

FEHY Sites C N P K Ca Mg
FF 515.6 £5.5a 9.19 +0.22a 1.33 £0.06a 5.52 +0.22a 0.712 £0.014a 0.086 +0.019a
BF 472.2 £0.9b 11.13 £0.35b 1.39 £0.03a 3.49 £0.18b 0. 827 +£0.059b 0.152 +0.005b

s — AR ARHE N EFMRRA N RS 2 B 2E TR T BE (T, P<0.05); TR = Different superscript within a column indicate

denote the significant differences among different stands ( T test, P <0.05) ; FF, The Fir Forest, BF, The Birch Forest; the same below
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R (g) , My AT R4S N R R R & () o

TCRBBRITE AT

E=[ (e, -¢)/e,] x100%

KL E H—NET AR ITTRERRE (%) e H—NFTH GBI REDHFTRSE(g) e I
EWVIIETR T & (8)

BB B8 A SPSS 12. 0 #7443 47, T MBS 2k 36 AN [ AR RY  + R Z R 2 R
2 %R
2.1 VRERIIE] R B R R AR R

3 2 iR AR SRR VR I TE— T MR R R M IR B R R, R 2 BUR, — R

xR2 —ANFWHRBBERIZHK(FF) MB#A(BF) HAZEYHNRERKE
Table 2 Mass loss rates (means + SD, n=5) of fir (Abies faxoniana Rehder & E. H. Wilson, FF) and birch ( Betula platyphylla Sukaczev, BF)

litters over one freeze-thaw season

FEHY Sites BB Location JEE 125 # Mass loss rate (% )
FF FRbRHL R AG 18.9 +1.0%
132 BG (10cm) 19.8 2.8
-3 Average 19.4 2.0
BF FRbRHL R AG 20.2 £3.1%
+42 BG (10cm) 22.6 £2.7%
-3 Average 21.5£3.5%

* G—REPRE 1 _E AR ZRAEEE Z 0 GE— 178 MAF LR Z R GEAFR) WEFHEREBE (TRE, P<0.05). AGE
INHLRTEY), BG FKRHL T 10em +3E)Z 7% %), TRl * Different superscripts within a column denote the significant differences among different
stands (the first letter) and soil layers (the second letter) (7 test, P <0.05) ; AG indicates aboveground litter; BG indicates 10cm belowground litter; the

same below
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R IE] , ¥ AZ MR I AERR B IR 3 ) BRSPS R B AR SR 0 51 O 19. 4% F1 21. 5% o EARERKI I ¥ 40 9 i L4 2
RT RN EARERUIFARE (P >0.05) . [FA—Hks A, FRFRBRZ K RE Y 8 RERA /DT LRE,
HEZFMEALZE(P>0.05) o XRW,ZETTVERBLYI[A], I8 % ) 5 5 08 28 5% B2 Xk I & 40 7 gk R 2 i - A
B#

3 AL, —FI PRI (2006 4F 10 A F )2 2007 454 H AT A)) R AZHRAT I HEAR 3 3R A -8 %
PIRYREE R 519 (18.9 £1.1) % F1(20.2 £2.3) % , 23 0 —F W) 10K 64. 5% 1 65. 6% , BE = T
HRFTARREY O EER, XRW, FPERRXT S LR E Y R EA 0 BERRE, X 5%
T PEVR RS E] , 979 R B B A M) T R BRI B A BRI A K

R3 FPERRAENERSETNRZHK(FF) MA#HK(BF) HRZEWHRERKR

Table 3 Mass loss rates (means + SD, n=5) of fir (Abies faxoniana Rehder & E. H. Wilson, FF) and birch ( Betula platyphylla Sukaczev, BF)

litters over one freeze-thaw season and one growing season

HEH TR I ] YT R R RHER
Sites Sampling time Dry weight of residual litter (g) Mass loss rate (% )
FF 4 H April 24.322 +0.167 18.9+1.1
10 H October 21.220 £1.454 29.3+1.2
BF 4 H April 15.958 +0.612 20.2+2.3
10 H October 13.835 £0.744 30.8+0.6

2.2 FATHERRX R E YT R WK R
x4 Bn, B3 —NFN GG , R A2 B R R TR ER AN C>N>K>P > Ca>
Mg, SHIRITRWEML(ER 1), BHEAREY + K BB T 30.6% ,N KM BEEREMR T 10.5% ;24K
&Y Ca FIMKBEREAR T 36.7% , T N IMKBEREAR T 17.6% . C.P 1 Mg F¥RBENI TE Il A2 fk . XKW
T PEGRREXS I Y R OTR W R AR R R, B2 B IERE RN (B R URELE B
Y K BRI R E A R IRABTIE
F*d4 —NERBIEES A (FF) 1 S HH (BF) AEMRITRRE (s-ke™')

Table 4 Element concentrations (means = SD, n=5) in litters of fir (Abies faxoniana Rehder & E. H. Wilson, FF) and birch ( Betula platyphylla

Sukaczev, BF) forests after one freeze-thaw season

iﬁg %ﬂi% C N P K Ca Mg
FF AG 543.4£1.9*®  7.86+0.31* 1.35+0.02*®  5.62£0.45*  0.518 £0.041**  0.075 +0.000*
BG 552.6 +3.0% 7.28 £0.10%8 1.40 £0.05* 5.05£0.44®  0.524 +0.059*®  0.058 £0.000%®
BF AG 467.4 +4.0"®  10.15 0. 06" 1.48+0.04"® 4,79 £0.07°*  0.789 +0.027*®  0.155 +0. 005"
BG 483.6 +4.6% 9.78 £0.31® 1.52 +0. 044 4.34£0.29"®  0.912 £0.040**  0.153 +0. 0058
2.3 VREREE YRR B
1B, — W HERR R, R AR EE Y CONP.K Ca F1 Mg BB /3510 (15.0 £+1.0) % |

(34.1£3.6)% (17.0+0.9)% .(22.8 £5.9)% .(20.1 +0.1)% F1(36.3 £2.1) % , i =H ¥4 5] Jg (20. 7
+0.1)% .(29.4+3.4) % (15.7+1.3) % .(16.8 £5.1) % .(21.3 £1.8) % F(20.5£2.8) %, &4
Yang 2517 " i 2% KA ] ) BT ANEE i (Y A2 BRI ALK ) B I3 9 0 72 B TT AT Y Y A PR ) i - R 9 4
FE—NZ M U il 0 R B 3] £ 4 ) N PLK Ca Mg 43428 (10. 17 = 1. 14) kg-hm ™, (0. 68 0. 08)
kg-hm ™ (4.08 £0.46) kg-hm >.(0.46 £0.05) kg-hm >, (0.09 +0.01) kg-hm >, GH#EHK2 51K (5.61 =
1.12) kg-hm ™ _,(0.34 +0.07) kg-hm >, (1.21 +0.24) kg+hm > (0.300 +£0.059) kg-hm>,(0.051
0.010) kg-hm_zc>
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Fig. 1 Release rates of carbon and nutrients in litters of fir ( Abies faxoniana Rehder & E. H. Wilson, FF) and birch ( Betula platyphylla Sukaczev,

BF) forests over one seasonal freeze-thaw period

Bi&F a2 Bars indicate standard error (SD)
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&Y RS R IR R AE R AROR B B A K RS RGEFR MBI Bobk il 2B 7 T -4 55 J T e
EHAEBENERY . BT, AXRERFHHREYHTERRSISMRE L™ B X R
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