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Effects of soil fauna on winter litter humification along an altitudinal gradient in

cold ecosystems in western Sichuan
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Abstract ; Foliar litter humification is one of the main mechanisms of carbon sequestration, and is essential in forming soil
organic matter from foliar litter. Soil fauna is a type of decomposer that can influence litter humification. It was previously
believed that soil fauna were dormant during the winter in cold biomes, and thus their activities were not considered to affect
litter humification. However, recent studies have documented that some cold tolerant soil fauna remain active during the
winter. However, little is known about the effects of soil fauna on litter humification during the winter in cold biomes.
Therefore, a field experiment with different sizes of litterbags was conducted on three cold biomes along different altitudinal
gradients in the eastern Tibet Plateau. Two species were selected to study litter decomposition at each of the three biomes .
Betula albo—sinensis and Abies faxoniana in the subalpine forest at 3000 m, Sabina saltuaria and Salix paraplesia in the

alpine forest at 3600m, and Ajania nubigena and Carex airofusca in the alpine meadow at 4000 m. Litterbags were placed
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before the soil completely froze in November, 2013. Litterbags were sampled at the onset of three stages—freezing, deep
freezing, and thawing—from 2013 to 2014. Tone coefficient ( AlogK) and optical density value (E,/E;) were analyzed to
determine the litter humification levels. The results showed that soil fauna promoted leaf litter humification as the
temperature decreased, and suppressed leaf litter humification as the temperature increased during the winter in cold
ecosystems. The effects of soil fauna on the process of leaf litter were regulated by altitude and litter species. The effect of
soil fauna on leaf litter humification decreased as the altitude increased. Soil fauna increased litter humification at 3000m
during the deep freezing stage and at 3600m at the onset of the freezing stage. However, soil fauna inhibited litter
humification at 4000m during the thawing stage. Furthermore, soil fauna did not affect litter humification at other altitudes
and sampling stages. The effects of soil fauna on litter humification rate at the onset of freezing stage were higher than those
of the deep freezing stage and thawing stage, and humification rate peaked during the deep freezing stage. These results
suggest that the activities of soil animals could promote humus formation from litter as the temperature decreases, indicating
a possible increase in soil carbon sequestration. Together, these data provide a new understanding of soil organic matter

formation and the carbon budget in cold ecosystems.
Key Words; humification; soil fauna; leaf litter; tone coefficient; optical density value
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WF5E DI TAIFSE DA, T35 e J AR 2 5 WO 1 b as JE DO 1[4 BT S O T 19 9 ) B LR 20 ) R
X, FATEEE T 3000m 3600m A1 4000m Ky SRS . E$R 3000m FEHE (102.53°— 102.57° E, 31.
14°— 31.19° N) 453 3.6 °C, Fe i il 24.8 °C, AR - 15.8 °C 4EH RN E 2 850 mm, &H4E 10
HZUAE 4 F 9 Z= 5 PEORR ], Rl VE F I 2. A ol 2R B TR R JZ A A A IR VTY2 A2 (Abies faxoniana) \ZLHE
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Table 1 Average temperature ( AT), average daytime temperature ( ADT), average nighttime temperature ( ANT), positive accumulated

temperature (PAT) , negative accumulated temperature (NAT) , number of freeze-thaw cycles (NFTC) in different altitudes at various stages

Tk kg b H 343 IES S T4 i IERUR FR R AT PR 0K
Altitudes Time AT/C ADT/C ANT/C PAT/C NAT/C NFTC
[SEFRN OF -3.10 0.33 -8.60 42.00 -169.04 32
Alpine forest 3000m DF -3.45 -1.00 -5.60 0.67 -266.50 49
TS 2.22 5.30 -1.60 126.23 -24.25 41
FTS -4.33 4.63 -15.80 168.90 -459.79 122
iR FERRMR OF -3.68 -2.16 -5.63 27.67 -178.38 23
Alpine forest 3600m DF -3.25 -1.80 -5.28 22.99 -273.38 42
TS 3.97 7.79 1.29 184.90 -2.29 10
FTS -2.96 3.83 -9.61 235.55 -454.04 75
e L1 ) OF -1.78 0.97 -7.62 33.63 -108.96 30
Alpine meadow 4000m DF -3.81 -7.29 -6.35 6.04 -299.21 43
TS 4.03 -1.89 -1.54 192.83 -8.17 28
FTS -1.56 -8.21 -15.51 232.49 -416.33 101

OF, RZEWIHH Onset of freezing stage; DF, IR Deep freezing stage; TS, Igiai] Thawing stage; FTS, Z= 4 PER B Freezing thawing stage

[ AR Y SR TRV E A ST o  ZEREIE DCREAE 10 H BIRAE 4 A Z ek miigl . 7 2013
117 13 H R E AR I 2 0.5m IRIAEL E& A 1| Al dn=CR B C st 8 5 HABUE g 2 /i
Haldsk—I, FLSKRIFE I P A8 M 2s Soh iR 45 9110 (2013.11.22—2013.12.22) % (2013.12.23—
2014.3.9) |Flfk I (2014.3.10—2014.4.22) () H ~F- 2413 B ( Average temperature, AT) /&-F 3 & ( Average
daytime temperature, ADT) #-F 4 & ( Average nighttime temperature, ANT) | 1F FR i ( Positive accumulated
temperature, PAT) i B ( Negative accumulated temperature, NAT) |k @7 3R K 24 ( Number of freeze —thaw
cycles, NFTC) .
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BB g JH S Ah T 63 93 AT A BT AL (TU ’mel The daily average temperature of letter- bags in three cold
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ecosystems with different altitudes in the freeze- thaw season

AlogK =log( A,/ Ag)
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A Ay A A B 5K 400 600 465 .65 I HITE e
Bl R SPSS 20.0 (IBM SPSS Statistics Inc., Chicago, IL, USA) HEATH:56 20 B A1 7 2238  Origin Pro8.
6(Origin Lab, Northampton, MA, USA) #1724 K, iz T R 30 P ECXTFEA T K25 ( Paired—Samples T Test) 43+
PSR FLAR A BT - S Sh W) U 7 S srL A R A8 2 i B H 2 S 351 s T2 IR T 22 0 AR 0 A [ O B
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AlogK fH 152 HAT IR A 22 53 (F=14.17,P<0.001) (W35 2) o ZEA R - 3EZhHxt 3600m #7% i Alogk
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PEHE T I B TE 1) AlogK {H2Z4h X HABLIAE VA2 55 TR IV A W3 52, RV, I shyxt
SANERISA YRR 5 1Y AlogK {E#T A 2 52
22 E,/EJ4

X E,/EJER T i&%zﬁ%ﬁﬂmn_ﬂﬁ%ﬁ 3000m F1 3600m PUFH 75 11 E,/E 8, TH] T8k
4000m PIFHJHIEIT 1 E,/E B (WLE 3) o W4k 3000m 2 ZEA ] S EE A + 3 8h W xR RIS R FP 9 £,/
E AE AT RS (F=3.64, P<0.05) (W3 2) , AN LIEgh Wt v it E,/E G R7E A
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Fig.2 AlogK values and soil fauna individual numbers of six litters at different critical stages in various altitudes
OF, VRZEWII Onset of freezing stage; DF, TR Deep freezing stage; TS, flifb Thawing stage; &l H « F/R Al — P FlA Jo e sh ¥ Z [ i
EFLFEC* P < 0.05; ™ P <0.01; 7 P <0.001), EIPEGRATHMEIEIREE (n=3)

T B,/ E (8, EX B0 BT 28 AR AE & B =R VR Y B,/ EEIA W50, miiki], 5650
S RRAG T 24 B RN A A PR TE T 1Y) B,/ B (E, X AR AP & 19 B,/ E (83 A B & EH(LE 3) .
2.3 RFEAES R G SRR s AL VR ]

5 S xR P A AR I AR B VE FFEAS RN AR R Fp 2 A — e I 22 S, SRR 22000
W, - R xt A T RS B Ak 1 FH Bt Vi A 3G, 2 TR 4 1 S el i 2 ek, FE TR 3600m 15 FE FR AR
ERRG P IS YI BE IR T AlogK B ( F=18.484,P<0.001) , 7 H B EW T E,/E {E (F=4.662,
P<0.05) ., FEMFHK 4000m & LA A SRS IR W EL W T E,/E(E(F=4.836, P<0.05) (L% 2), +

* 2 AEEHETERNY (Soil fauna) A F ( Litter) , X2 ATHA ( Time) 3t Alogk #1 E,/E,M=FEEFE D
Table 2 Three-factor analysis of variance of AlogK and E,/E to soil fauna, litter and time at various altitudes

3523

i 3000m 3600m 4000m
7 Altitude
Factor A R AlogK E4/E6 AlogK E4/E6 AlogK E4/E6
df FAH FAH FiE FE F{E FAH
+IEEhY) Soil fauna 1 0.46 0.21 18.48 *** 4.66 " 0.01 4.83"
IR Litter 1 188.18 *** 8.58"  763.63***  308.21*** 775.05*** 70.86***
K] Time 2 2.6 16.11***  26.33*** 8.76 " 9.39 *** 0.93
T3S (PF) Soil fauna( Litter) 1 424" 0.24 2.73 2.86 0.01 4.94"
55y (4 Soil fauna( Time) 2 1.34 15.25*** 2.11 0.61 1.16 0.09
Y (AW Litter( Time) 2 1.98 9.04***  14.17*** 532" 7.16 0.61
i.*%?%( %ﬁ) (OREERD) 2 0.47 3.64" 0.73 1.25 0.71 0.16
Soil ( Litter) ( Time)

* P <0.05; " P <0.01; " P <0.00l. n=12
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Fig.3 E,/Eg values and soil fauna individual numbers of six litters at different critical stages
OF , 459030 Onset of freezing stage; DF, 4] Deep freezing stage; TS, Fli{tl] Thawing stage; [ + /R [Fl—#Fh A7 JC L4 8h W 2 Al (Y
ERBEE(* P <0.05; ** P <0.0l; *** P < 0.001), &P A IMBARES (n=3)

HESHPIRHESR 3000m Y E5SEREMA: 25 RGEHY AlogK I E,/E (A B E0IHM, 7ER—4 5 REHH T
AEYIFIRS AlogK {HF1 E,/E EARR I R W E 1920, ISP 4k 3000m A YR AlogK {EA .
FE(F=4.24, P<0.05) , [d]f 53500 T HEK 4000m (4 E,/EfH( F=4.94, P<0.05), 7EA [ SCHEm 1 1
HEBN ) R0 TR 3000m [ E,/EfEH (F=15.25,P<0.001) , P57 2 W72 VR 45 00 391 4% Fl 0 2 U 550
5 E,/EH2 B E M IEMEK R (P<0.05) .

3 gL

EHES AR A T A — B D A b R O L R e s i s AL e
LI (L4550 SR A B B 0 0 ) sl A DA 20 X 0 8 I £ 5 S RS AL B4 O AT BB A
FPY S ARBIRTE K IRA T AN [R) S SR S Iy 0 S (19894 0 9% B Al o R 14 5 W0 255 R [R), EL B L
FRRAR , LB sh YR B (L HER TS MR P AL R IR (DLIRT 2) SRS 28 SR — Ty T SR WY BB A Z R I At 44
T, ey al BEI PR v Py e A HLB A AL (2 2E SRR [ 5 5 o5 —J7 Tt 156 Bt 8 A A A1 mT e 41 o)
T RIS YIRS B, N 1Ok 7 A T AR R A

A2 e JEARARTE T AR RN ZN 10" 52 IR 2 VAR R 0 5 W A9 R AR 8 0 7 v i A s
PEEZ DRI ARSI PR 7RI AlogK {EEIA A%, AL ARXT I TH(ILIE 2) , FEUREERTIY, 383
XHEESA 3600m T3 A BRE E A 7 i 1) 8 G A o A HAT 3 A S R AR T, AR SR O B M oAT — 7 i i R A
FEEA S (WL 3)  TEVRES OISR I ) e D U], DA (A0l o A v - S b 3 O 8
AT SR M B RN T R, R PAE A AR TR e v DA e R S5 0 3 B AR W 3
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