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Effects of litter addition on soil humification during freeze-thaw cycles in a

subalpine forest

WEI Xinyu, YANG Wanqin, ZHANG Li, TAN Bo, CHEN Ya, DONG Yuliang, WU Fuzhong "
Provincial Key Laboratory of Ecological Forestry Engineering, Institute of Ecology and Forestry, Sichuan Agricultural University, Chengdu 611130, China

Abstract: Humus is a complex polymer which decomposes and synthesizes animal and plant residues under the action of
microorganisms and is the main component of soil organic matter. Litter nutrient input is one of the main sources of soil
humus. However, in subalpine forests, frequent freeze-thaw cycles impact the process of soil humification and litter
decomposition. The relationship between litter and soil humification in subalpine forests is fundamental to understand the
dynamic process of forest soil organic matter, which is affected by seasonal freeze-thaw cycles, litter decomposition
processes, and soil properties. However, there is limited information in this regard. Therefore, based on the pre-recognition
of sub-alpine litter humification and seasonal freeze-thaw cycles, taking typical coniferous, coniferous-broadleaf, and
broadleaf forest soil in the sub-alpine region of western Sichuan, we controlled the freeze-thaw environment and litter
addition, and analyzed the tone coefficient ( Alogk ), optical density value (E4/E6), and A600/C value, which can
accurately reflect the degree of soil humification by extractable humus color. The results showed that the freeze-thaw cycles,

litter additions, and their interactions all significantly affected the soil humification, but were controlled by the
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characteristics of litter and soil types. In the early freeze-thaw environment, the addition of litter can promote soil
humification processes and improve soil humification. With prolonged freeze-thaw cycles and the continuous decomposition of
litter, the broad-leaf litter can promote soil humification, whereas needle litter inhibits soil humification. Moreover, in
freeze-thaw environments, soil humus is still relatively young, even though soil humification is increased, which shows that
freeze-thaw cycles can improve soil humus quality to a certain extent and help maintain soil fertility. These results show that
changes in freeze-thaw cycles under climate change will significantly affect the relationship between litter and soil humus,

which provide a scientific basis for better understanding soil organic matter dynamics in subalpine forests.

Key Words:; freeze-thaw cycles; humification; tone coefficient; optical density value
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1 #MREFE

L1 AR5 X

IR DX DU 148 P, 4 BH T X B B ) A SRR IX(32°49'—33°02" N, 103°55'—104°10’
E) 54K 2300—4980 m , HAE 7 8 o J— DU 1| 23t 9 aed 90 My | O T3 L — A~ T U . 32 Z2 KUY
SR 7 X TR 2 5] W ARFR K R 801—825 mm, FEAETE 5—8 H ., AR E N 1.5—2.9C,7
2 12.7°C 1 A0 6.1°C, RIEFWHEGRRBIHKGES 5—6 DA . WF5E XN T AN IRITIL 12
(Abies faxoniana) )| V82 4% ( Picea balfouriana) . FARE( Betula platyphylla) \ZLHE ( Betula albo-sinensis) %5 , i 3
FEAR R R E M ( Salix paraplesia) &5 11 FEES ( Rhododendron lapponicum ) 55 | + 3 A FIRE b33
1.2 FERCRES AR

2017 4£ 5 1 10 H 7 E W E R A RGP IX RS AR B TR S AR L R b 23Sl e B 3 A3 1 3¢
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B DIBRAR R FNALSE 4 2 mm B, AR AR A T 00 BEAPE BT (3 1) o [ B X 7 AT S8 45l ) 41 7
A TRT 00 8 i BRAR A I (R 2)

F1 ZMHRREBTENBREAS SECEHELRMERZE n=3)
Table 1 Initial concentrations of organic carbon ( OC) , total nitrogen (TN), total phosphorus ( TP), bulk density, C/N and C/P of three

forest soil types (mean+SD, n=3)

U EERIRS 2R B0 R
ARbRZEA! .
Forest t Organic carbon/ Total nitrogen/  Total phosphorus/  Bulk density/ C/N C/p
ores| e
* (#/k) (#/ke) (#/ke) (¢/cm’)
[ARUR
. 57.77+2.63b 3.88+0.16a 1.18+0.04a 0.74+0.11a 14.92+1.23¢ 48.96+3.70a
Coniferous forest
N VE 2R
[fﬂ@{tb)aﬂi 36.25+3.95¢ 1.75+£0.07b 0.96+0.01b 0.79+0.13a 20.82+2.69a 37.78+4.00¢
Coniferous-broadleaf forest
i@ bR
62.89+1.63a 3.96+0.08a 1.35+0.01a 0.93+0.15a 15.87+0.23b 46.75+1.61b

Broadleaf forest
[FIZA R ING R R IR 45 PRl 2 0] 25 7 i 3 (P<0.05)

1.3 =N

TS PRI 250 g b OB fif A T 350 mL G FREESD . S TR IR SRR BRI - S E K S8
—JHTT S 60% HIRIREK & o S 1 A U 6 b T 1 S8 JB 7 A0 82 B (R S e, g — IS AR 4 S DS R U % AL o
PRTE I A AS RV ARER 8 7 P8 o e A0 4 R 0 201 i U9 T 12 e X 4% PP 28 TR 0 % A7 R % A R A
THE 2 DXL TETRR - F) S B ] 9 U 9 | DR A0 5% 7 88 1 o A I PO i T P P R I 8 14 9 %
-5t B Ry SRR VR A, 2 R AT AR A I TE T 1.63 ¢, EFRETR ISR I IR 5 1.24 o, W IbK 4 1
AINJATENT 0.86 g, FETFHIH Wu SR ULIN A G sh AR B8 VRALIE B 56 AN VRES DL K 5 4
REE 3 MRFEAEE VRRAMGEFRLFE R -5°C 535 12 h,5°C 537 12 h; 52 NGREE S22 VRS A0 B3 31k 5°C F
—SCIERBTFE KA TRVRE PN 19 22 Bk LA S 0 I8V ik - 498 43 1) B % 1 AN [R] 10 0l B8 8 A0, T) i P R ff A
ARG FRHE DB 1 AR BT g A DR B LA/ INL PR IS SR RE N Ah 28 SOl . JF a0 BIERG FR 4
0.5.10,20,40 80 KELH 55 F=HEN G AHOCHE AR . 0 T 3k G lBURE Xof 15 5 D PR B8 1 3R, B R BB 1 15 R FEAS
PR Ik SRR FE AL ERREE 3 AN, T 324 ARG IR,
1.4 F5bRIE

WRRERS B Sk -3 1o A A 7 it S AR L PR S R v ) S L AT MRS 5 0.25 mm B
FRBUAT#E 5 0.500 ¢ BT 150 mL #EEH, A 0.1 mol/L NaOH+0.1 mol/L Na,P,0, - 10 H,0 JR & #2 B
100 mL, JNZEPR 10 min, B/KIE | h, FRAEF 08, TR0t 0.45 pm BRI, B8R A B ) 2R Ah T Il
DG ST (TU-1901, Puxi, Beijing, China) il € WG, I35 008 2280 (AlogK) DGR EE(E (E4/E6) .
fdi 1] TOC (multi N/C 2100, Analytic Jena, Thiiringen, Germany ) Il 5E 242 A HLER & &, 1155 A600/C,

R2 ZWEBBEMHMBASEECTYE AR ER2 n=3)
Table 2 Initial concentrations of organic carbon ( OC) , total nitrogen (TN), total phosphorus ( TP), bulk density, C/N and C/P of three

litter types (mean+SD, n=3)

A Bk Eoe e
JAVEMZEI Litter type Organic carbon/ Total nitrogen/ Total phosphorus/ C/N C/P
(&/kg) (g’kg) (&/kg)
AR5 Needle litter 348.00+6.10a 2.23+0.03¢ 0.76+0.02¢ 155.79+5.03a 456.76+14.37a
TRASHRIFIE N Mixed leaf litter 342.86+14.35a 3.19+0.14b 1.13£0.11b 107.83+7.49b 306.53+23.36b
[ AR 7% 1 Broad-leaf litter 452.25+19.01a 4.37+0.04a 1.47£0.02a 103.49+5.12¢ 307.57+10.41b

[EIFIA )/ NG TR R A5 PR 2 [ 22 57 8.3 (P<0.05)
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1.5 Hdigeit 50
(a3 25 (AlogK) JEHE(E (E4/E6) LUK A600/C YT Ik in T,

AlogK=1log( A 50/ Agy)
E4/E6=A s/ Ags

FH, Ay Ao +Augs +Ages T FEIRTE 400,600,465 665 nm Kb FIWEIEHEE , A600/C H1 C FnfE 1 mL IZ I &
2/ mg AWk,

AR ] SPSS 20.0 (IBM SPSS Statistics, Chicago, IL, USA) #4777 22504 M &4, ] Origin Pro 9.0
(OriginLab, Northampton, MA, USA)%:[&, Ff/N i3 25 79 (Least significant difference, LSD) K56 ¥ il 4
PRI X AN [) 85 FR PR A A [RI AR R 1 33 1 AlogK \E4/E6 Fi1 A600/C {H 1Y 25 57 i 2 1 s I 22 1 28 7 2243 B ( Multi-
way ANOVA ) 5 5 A [RI AR AL 4 SFE/E AN [R] R Rl ER B2 T AS I A 7 1% 12 9% AlogK \E4/E6 Fl A600/C {E [ 5],
KA P=0.05,

2 HREH

2.1 Alogk

TEVRRIEFRPREE B 1557 80 d Jm , Ui v& M 500 1 3 MR A AlogK fE(P<0.01,3%3), i,
ST AS IR T 5T A AR L AlogK (i, HLURSS BRI T
AlogK {EL IS ST IR (18] 1) s BREIAIAIAEE N A a6 80 d J& , #H R S AR 1181 AlogK {EL2. 3

AR T o8 e AN UREE IR, U 478 30 R 245

S (EANGREE DL SR EE AL 25 R ARl . SRR

Table 3 Three-factor analysis of variance for the effect of environment, litter addition different soil types and their interactions on AlogK .E4/

E6 and A600/C value

H 23

oL

R3 ORFBEIR M AE ARBIXT T 1 AlogK \E4/E6 LI R A600/C EH=ZEEFENH

MRS , FER R PR LA S IR 4530

SR HF H0R ERN %510 K 520 K %40 K %80 KX
Optical characteristic ~ Factor Day 0 Day 5 Day 10 Day 20 Day 40 Day 80
AlogK URAAEER 0.00 1.99 0.48 0.85 3.473% 1.93
P 7& TR 0.00 10.80** 8.56"" 0.51 1.70 0.94
Y 2.57 12.07** 33.77** 94.15**  191.06 ** 40.45**
VR BUAE B < J 3& -5 0.00 0.92 1.07 0.66 2.31 0.05
RTINS ir 0.00 2.55 0.75 0.14 0.93 9.66**
T IR < bR TR 0.00 2.24 0.21 1.44 1.22 28.12%*
IR RER > 4 J I T8 < AR 0.00 2.02 0.20 1.26 1.84 16.5%*
E4/E6 RGP 0.00 0.24 1.17 0.39 1.20 1.86
A 7& TR 0.00 9.32%* 6.25" 0.38 1.72 0.40
Y 0.13 4.49* 13.48** 17.53**  49.53"* 7.74%*
VR BUAE ER < 3 -5 0.00 0.13 1.79 0.21 0.45 0.60
RGP < bR 0.00 0.39 1.13 0.02 0.43 1.42
8 9 I o < AR 0.00 0.79 1.31 1.04 1.53 9.70**
R R B0 < 8] 9 5 i< bk L 0.00 0.58 0.47 0.67 1.22 6.76 "
A600/C ViREIEIEAN 0.00 1.84 0.94 0.62 2.02 2.83
PR vEM-A 0.00 10.58 ** 8.18** 1.25 6.90" 0.10
PRAEL 5.94** 494" 16.75* 41.67*"  12.28*" 8.01**
R RIE PR < 8 9 I8 o 0.00 0.57 0.75 0.70 2.11 2.08
R LG PR xR 0.00 1.73 2.77* 375" 271" 2.20
JRTE TR PR 0.00 3.16 1.04 0.14 1.44 10.09 **
IR RE PR > 8 3 I T < AR 0.00 2.99* 0.66 2.11 0.84 8.08 "
x, P<0.05, **, P<0.01. n=>54.
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B35 80 d J5 , U 75 I FA T R bk Y AlogK {8, ELTEZRZ5 FREE T 35 3% 19 W bR 1238 AlogK {8114
FREEAAE IR E (K 1), FERFRINEE 5 KA 10 K, B8 75 i X3 3 Flobksd + 38 AlogK (B 452 1 35 A i)
W3 (P<0.01,% 3)  [RINFd I 1 ol ZESE IR0 5—10 K, ARG FEIRES R A9 38 AlogK {8 HH 3R R,
AR IR 7 I i 55X — A8 Al R AT R R SR 1056 0—5 K,
2.2 E4/E6

55 AlogK {EAH R, 7EZRAME A IREE T 4555 80 d J& , S InJAYE X} 3 Fobk AL+ 5811 E4/E6 (EIAA R W35 1
M (P<0.01,3 3) , AHIXT T 58 ANUREEIAET ARG 2R L SR &5 90 858 T U In i J& i35 3% 80 d J , & 1 m
TEFAREHER) E4/E6 {E , HURZEIAEE T E4/E6 {E IR A H T N 25 (3R 3) s A0 T 78 AN IR ES FIZR 25 34
B REVE PR EREE R IS IR 9 A 4T MR A AR L B4/E6 (4 L TF AR T AT AR E R TR A bR 1 0 R
TEIRIREE T U P51 5% 80 d Ji , R Ak 4% E4/E6 (HIRAR (£ 2) . 5 AlogK {HARIR , TERF TR M55 5 KA
5510 K, AP vE N R E4/E6 PR AR B (P<0.01, 3% 3) B # (P<0.05,% 3) 20, At dy & 2 Af
B FRINES 5—10 K, R FRIREE T A9 138 E4/E6 {5 H BT BERa 3w a8 in 8 3 - 4645 + 3 F4/E6 {4
TR,

—a— ERA%T —— ARt

085 . 085 i 085
BTREAR-R LA IR R4S
0.80 | 0.80 | 0.80 |
a
0.754] , a 0754, a . 0751
a a a a
070 | 070 | 0.70 |
am * a b a, @ a R
065+, , . 065t , , 065L , ,
0510 20 40 30 0510 20 40 80 0510 20 40 80
085 0.85 0.85
£ RRTR SE AR5 B 2R ARG; W
0.80 a a 0380 a 0.80 | a a
y 2 a a y g a g 4 aa a
S 075 a 0.75 KA/ a 075 NI/~ y
< a b a a a
a aa a
070 ¥ 0.70 070 | a
0655, . | , L 065k , , 0655, , ,
0510 20 40 80 0510 20 40 80 0510 20 40 80
085 N N 085 . 0.85
a ] bk BTG ER . N
0.80 | 0.80 |
075 L 0.75
- r
070 } 070 }
065+, . . ) 065+ , ) 065% . , ,
0510 20 40 30 0510 20 40 80 0510 20 40 80

JEFEM} ) Incubation days/d

1 AEVRBINETHRM/ EZRAZETA=FMAKE 11 Alogk &
Fig.1 AlogK values of three kinds of forest soil with litters added/removed with different environments

ARG TR TS T AR BE AR A/ B 8 P A B 2 ) 22 53 W3 (P<0.05) . P o I (H R AR 22 (n=3)

2.3 A600/C

ANFE I ZRAIAEE 2 A I8 75 %5 3 bk 13509 A600/ C {EA 3 (P<0.01, 3 3) Btk i 3520 ( P<
0.01,383) o RFFEFHAR LI DO T AN URES FIRGS PREE (R VR BB PR EREE T 5532 1055 40—80 KX, ds i #5 nt
i T 3 A600/C {E YT B, AR A I8 7 i (R At it AR 1338 A600/ C BN PREFH R K F o AR T AN R4,
FIRGEIAEE L VR A PR EREE T 5555 80 d J5 TS NI ¥4 IR AC AR £+ 48 600/C fH B 35 I, X T8 AR RS
IRBE USRI 7 1) ] i AR - SR R R I LA AR G5 R T 8597 40 d )5, A600/C fB 3 3 LTt HAEUREE 36
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B R R IR AR 3 A600/C (B AT I 3, FERGIRAUEE 5 KA 10 K, 034 7% ik Xt -+ e
A600/C {HA i F R0 (P<0.01, % 3) , 13 A600/C {HAEE;FR 06 5—10 K B FH#a A, H & v nhff
53 13 A600/C {E 1Y I T S48

—— ERWH —a— A

Tt Bl mibk- R B OE 2R Tr RS Tr U
a
6 r 6 6 r
a a a a
A2 a a a a Aaga a
5 I N 5 PRGN : 5+ .
a
a : b b at a a b aa a b
4 L 4 L 4 L
0510 20 40 80 0510 20 40 80 0510 20 40 80
Ty 1 MR S K- A 2R 7t ARG 7r Bk
a a
a a a
¥ 6 ra a 6 a a 65 a a Ji
= 4 a 4 i a
5 a T &y 2 a
5 a a 5 a a s HIN/ 2 a
R aa a
aa a
4 7 ey N N N 4 L L L L 4 7 L 1 1 1
0510 20 40 80 0510 20 40 80 0510 20 40 80
a v Eih 4
7} iR bk - U R R 7} R 7t Vi
a @
6 L 6 L a a 1
a a
5 5taa b
4 = 4 = L X X ) 4 =
0510 20 40 80 0510 20 40 80 0510 20 40 80

153% W] Incubation days/d

2 AREVRREINE T AR/ ERIEEM =Mk E + 1% E4/E6 &
Fig.2 E4/E6 values of three kinds of forest soil with litters added/removed with different environments

ANR)/INE FRERIR L S SEACRE BEAE TR N/ 25 SR 7 1AL B2 [A] A9 22 53 1. 35 (P<0.05) o B R Bl A P BB e bR 2 (n=3)

3 WiRESR

S A T A I B (EAE— S R b i T A I SR RE ) B AlogK BAI , U6 W I B IS5 v 05 7 A2 )i
TR N O AT AR B 2 I [F] 42 2 W] L S ) SR R AL R B e 1 )| I, AlogK {H
55 E4/E6 {HIEAHDE, T 5 A600/C (IR GAHKIC R ABFFE 45 AR WY, MIME 70 20 URRA FRERSE T, +
SR AL R — AL T B R (BN R AR 4 - 3 2 A7 R Y 25 57 R AT IS, S oA v
ML T 3 BRI - SR B S A SR RIPR I A AR AL VR RO B 1 , AR I 4 o o ook b - S ) JE 9 A AT
SEFEAEHT, T AR LS R TR AR L S i S SR A R AT AR T

BEFR0I , 32 JA v P A RS, N0 4 s A I AL AR B, BRI VE I SR AlogK
I E4/E6 [EAERT IR 5—10 KT FE, A600/C {EL_E T, 158 W75 32 1 5] - 398 1) J8 A A A JEE 8 v T 4 0 08 % ot
A5 eI TR AL R ARG IR 20 0—5 KA I, X R IALERIRWIY], % it P OWHSE BER 25 5 0 i)
SR PRI A ), S B b B A R TR (3R 48, A A P A TR R [] U 8 I 5 U o A
L R E IR SR AR SO RS I A B O A B AR R A M R RS AE T LA
TR RS LI 4 BE 0 3 5, 3ot 3 D e A0 55 194 R R L O B8 0 ) Bl 2 0 B9 9 1, 5 morley I
schadt SR FELR 02 JAFE M 5y o0 i A BLY AR 5 d AR S I, BB B 43 i 20 53 1R T AR B
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S TIME T PR T L0 i G, 3P I SR S ) 6 B AT /N T o g 3R, S PR I L AU AR JEE T AR A
B TRE .
—o— BB —a— W

027 ¢ B 027 ¢ 027 ¢
EF- 5 LA 2R N
0.24 ¢ a 024
021 L2\ a ] a 021}
D b
0.18 P @ 0.18 F
a a
a
0.15 | 0.15 |
0510 20 40 80 0510 20 40 80
027 - e 027 - ) 027 ¢
& VR A ARk AR ER AR Uik
024 | 0.24
~ a
S 021 | 021 | a
ﬁ a g g a
0.18 0.18 N a
Y TNG Ta % b i
015ty a 1 a 015},
L L a a L > a
0510 20 40 80 0510 20 40 80 0510 20 40 80
027 ¢ B 027 - ) 027 -
I K- R TR B TRk
0.24 b 0.24 | 024 |
0.21 021 fa 021
a
0.18 0.18 a 0.18
a a
T a
0.15 015 . 0.15
1., . . t.. 2 b a . .
0510 20 40 80 0510 20 40 80 0510 20 40 80

1%} A Incubation days/d

3 FRERREIME TR/ ERIEEH =M E 11 A600/C &
Fig.3 A600/C values of three kinds of forest soil with litters added/removed with different environments

ANF/ING FREFRIR T BT AR BE AR G/ B 7 AL B 22 [ ) 22 53 W38 (P<0.05) ; B R 58l A P BB e b 22 (n=3)

B 5 355 S ) ) ) B (] s 7 A0 A R O A LA B iR B I IR VR T, O 95 b Hp R I 28 46 X 0 0 T 1Y)
SERPEREIR T Al R Y PRV AR R RS X R S A A AR R A W R, A X 3 Fhbk
14 AlogK \E4/E6 LA A600/C {E[ 53 BT, 45 R 2B, VR AR PR AL 2 80 d J& , AN Il v (s 45 ] b A 1 S8 /55
B AR 2R 0 B ORITR S AR - S R A AL AR BE AT 3 U8 WIS ] o 288 %) 8 7 P 200 - 98 1Y) 9 A R B 7
AR, B AR DA S T TR S8 A 8 8 3 A R S BRI, — D i 2 el LS i PR 95 v b C/N B A
AN SRR (R L) RERSEE L, 800 BB R D R V5 18 5 [T ) o i 9 i g 2
W S5 RN 2S00 o s, o T IR R JE 5 ), R T - S A B A A R, DT 0 o] 9 A 5 3
Pad B s 55— T, A0 A0 R RO B 1T RE A R RT3 0T I I ) AR B B T TSR 2 | B 2 B I AR AT
TR AR+ S FE A AR B (RIS . S5 AR 8 5 kS ) sl A R O 2 T i N AR, C/N RGBT LA
IV P08 o 80 7 40 4 i o R BB ) Ay - M A A i RE SR B T LR R G R ER B T A0 R 9 - )
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