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Chemical composition of litters from main forests in Qinling Mountains

BAI Long-long'*,LI Yin*, HOU Lin'*,LUO Chun-lin'*,
GENG Zeng-chao" ,CHENG Hong-fei’
(1 a College of Forestry,b College of Natural Resources and Environment , Northwest A&F University
Yangling , Shaanxi 712100,China;2 State Key Laboratory of Vegetation and Environmental
Change, Institute of Botany ,Chinese Academy of Sciences,Beijing 100093, China;

3 Longcaoping Forestry Administration ,Yangling s Shaanxi 712100, China)

Abstract: [Objective] The study analyzed chemical composition of litters from main forests in Qinling
Mountains to provide necessary parameters for the application of Yasso07 soil carbon model to estimate and
predict forest soil organic carbon dynamics. [Method] Litters were collected from common forests Pinus
armandi , Pinus tablulae formis , Picea asperata ,Larix principis-rup prechtii ,Quercus aliena var. acuteser-

rata and Betula albo-sinensis in Qinling Mountains and main chemical components including ethanol soluble
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compounds (ESC) , water soluble compounds (WSC) ,acid soluble compounds (ASC) and non-soluble com-
pounds (NSC) were detected by alcohol extraction method as well as acid and alkali washing method. [Re-
sult) (1) Compounds of litters from different forests had significant differences (P<C0. 05). The concentra-
tions of compounds in coniferous litter were (78.23439.51) — (102. 11 +40. 48) g/kg (ESC), (106. 43+
36.66) — (144, 25 £ 60. 02) g/kg (WSC), (482. 09 == 73. 01) — (507. 09 = 56. 58) g/kg (ASC), and
(277.424+25. 13) — (314. 03 £ 16. 08) g/kg (NSC), while those in broad-leaf litters were (111. 63 =&
68.24)—(129.99439.10) g/kg (ESC), (158. 64£70. 36) — (184. 96 £51. 20) g/kg (WSC), (452. 28+
51.95)—(489.56+52.39) g/kg (ASC),and (232. 77+44. 44) — (240. 17+ 94. 81) g/kg (NSC), respec-
tively. (2) Concentrations of compounds among litter types differed significantly. The concentrations of
compounds in non-woody, fine and coarse woody litters were (21. 27 +4. 12) — (175. 77+ 24. 30) g/kg
(ESC),(53.3042.40) — (237. 10+ 29. 73) g/kg (WSC), (404, 23 +15. 79) — (597. 45+ 4. 88) g/kg
(ASC) ,and (166.11£69.77)—(327.98+4.91) g/kg (NSC),respectively. (3) Clustering analysis showed
that the litters of main forests in Qinling Mountains can be divided into two main categories, one with
P.armandi, P. tablulae formis, P. asperata and L. principisrupprechtii while one with Q. aliena var.

acuteserrata and B. albo-sinensis. [Conclusion) Parameters in Yasso07 manual cannot be used directly when

the model is applied in different forest areas.

Key words:litter ; chemical component; Yasso07 soil carbon model;carbon emission; Qinling Mountains
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Table 1  Chemical components of non-woody litters of six main species in Qinling Mountains g/kg

R Al

By ESC

Kt WSC

. IH-
Tree species [

iR i 2R

Leaf Fine root Leaf Fine root
WK P.armandi 124.96+4.09 a 120.27+4.57 a 153.0946.44 a 141.70+£2.35 b
WA P. tabulae formis 122.23+5.48 a 118.73+1.52 a 150.70£6.23 a 129.50+2.10 a
=k P.asperata 160.23+5.51 b 122.70+2.16 ab 228.934+3.94 b 136.97+5.36 b
AEALIE AN L. principis 152.97+2.64 b 118.87=+6.72 a 153.77£5.99 a 157.70£7.31 b
21K B. albo-sinensis 182.314+11.95 ¢ 143.97+7.76 be 252.40410.34 ¢ 211.93+10.54 d
B HE Q. aliena var. acuteserrata 198.88+3.96 d 153.97+2.86 ¢ 252.21+4.20 ¢ 187.40+8.54 ¢

i W P ASC RHRPE NSC
Tree species nt .é’[IH‘E it .?I]H‘E

Leaf Fine root Leaf Fine root
e 11 ¥y P. armandi 433.36+3.20d 477.37£2.91 cd 288.60+6.28 e 260.674+7.07 b
WA P. tabulae formis 417.82+4.94 ¢ 475.70+2.05 cd 309.24+10.78 f 276.07+3.16 b
= P.asperata 378.164+7.29 a 483.50+7.41 e 232.68+1.54 ¢ 256.074+3.93 b
AEALIE AN L. principis 448.33+4.56 ¢ 451.57+9.98 be 244.93+6.39 d 271.874+13.15 b
ZILHE B. albo-sinensis 387.36+7.56 b 414.40+16.53 a 177.934+12.43 b 229.70+9.20 a
B HE Q. aliena var. acuteserrata 444.86+5.05 e 429.40+8.55 ab 104.06+1.90 a 229.23+14.67 a

T R B TR S AR E 2R R SN BR J5 A5 A ) /NG - B3 R 22 57 .3 (P<<0. 05) . T[],

Note: The date in table are “mean= standard derivation (SD)”. Different lowercase letters indicate significant difference between treatments

at P<C0. 05 level by LSD. The same below.
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WSC b 9% H- 44 19 ASC LIS B9 NSC 5 & e i .
x2
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A4 KB SRR EE(P<0.05) MRS
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Table 2 Chemical components of fine woody litters of six main species in Qinling Mountains

g/kg

B FE ESC

KEME WSC

Tre Zﬁjje cles e AR B LR
Branch Coarse root Branch Coarse root
LIS P. armandi 86.914+4.03d 73.00+2.26 b 87.51+3.61b 91.00+3.01 a
WS P. tabulae formis 60.87+5.56 ¢ 71.97+3.50 b 96.93+5.27 ¢ 85.30+4.12 a
= k2 P.asperata 50.54+4.38 b 63.70+0.78 a 115.76+3.01d 127.204+0. 66 be
AL IE MRS L. principis 90.1942.70 d 87.30+1.59 ¢ 92.5642.33 be 75.63%5.14 a
21 HE B. albo-sinensis 109.84+5.54 e 108.437+0.64 d 92.6142.81 be 118.27+5.23 b
B KR Q. aliena var. acuteserrata 37.84+2.44 a 110.9043.04 d 80.6648.19 a 138.53+13.09 ¢
gy R e ASC AHEE NSC
Tree species 52 HIAR 5 HAR
Branch Coarse root Branch Coarse root
EIKS P.armandi 524.91+2.71 b 530.4041. 87 be 300.67+5.49 b 305.60+4. 16 ab
WS P. tabulae formis 522.82+4.87b 523.9744. 04 be 320.58+5.06 ¢ 318.77£5.99 b

525.57+4.12 b
510.77+£3.22 ¢

=k P.asperata
LJLIEN R L. principis

2T #E B. albo-sinensis 485.71+£16.60 ¢
B KR Q. aliena var. acuteserrata 561.82+5.07 a

503.1040. 80 ab
554.404+1.57 ¢
481.831£35.67 a
472.67+7.05 a

308.13+5.05 b 306.00+0. 96 ab
306.49+3.39 b 282.67+2.11 ab
242.53+17.68 a 291.47+3.70 ab
319.68+9.93 ¢ 277.90+6.69 a
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P& 3 ] M, 21 MR R A O BB R 5T OE Y5
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FAHLA U8 7% 9 v ASC & 0] 2. 3% (P<<0. 05)

o T LLME RS B, £0HER T R0 B0 AR B B
ESC.WSC, 4 L #A B4~ F ik #5445 A v 19 ASC, 3 #4
B A LA B F A NSC 3 5 5 5 B0 14 BRORL AR
) i NSC LA g ESC Fl WSC & & 5
T (P<C0. 05) 2L M, 1 L ME# 1 Hh i) ESC Fil WSC,
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Table 3 Chemical components of coarse woody litters of six main species in Qinling Mountains g/kg
o B ESC KIEE WSC
Trew cies TEE T TEE i
Stem Stump Stem Stump
LK P.armandi 26.43+2.21 a 28.87+1.20 a 49.5+2.43 a 66.03+3.09 b
S P. tabulae formis 18.67+1.10 a 23.87+4.57 a 51.33+1.12 a 55.27+1.25 a
=2 P.asperata 40.774+2.23 b 56.77+5.13 b 68.13+4.60 b 76.17+2.91b
AL IE RS L. principis 39.43£0.55 b 46.004+2.57 b 86.33+2.71 ¢ 75.17+£4.50 b
1M B. albo-sinensis 86.33+1.81d 84.67+8.89 ¢ 144.67+10.01 e 131.80+4.61 ¢
BN EE Q. aliena var. acuteserrata 53.67+7.46 ¢ 87.60+1.90 ¢ 123.03+8.13 d 138.87+5.25 ¢
e R E ASC AP NSC
Tre o cies TS R TEE R
Stem Stump Stem Stump
LK P.armandi 603.00+0. 66 ¢ 571.60+2.43 ¢ 321.07+0.57 ¢ 333.50+3.73 d
S P. tabulae formis 600.13+5.61 ¢ 594.77+2.49d 329.87+0.57 ¢ 326.10+4.92 d
=A% P.asperata 568.23+6.01 b 554.93+7.02 ¢ 322.87+4.48 ¢ 312.13+1.34 ¢
AL IE MRS L. principis 593.37+4.82 ¢ 594.27+3.53d 280.87+3.35b 284.57+4.91 a
Z1HE B. albo-sinensis 519.13+6.93 a 488.27+10.18 b 249.87+10.42 a 295.27+1.96 b
B MR Q. aliena var. acuteserrata 504.43+7.65 a 469.03+10.12 a 318.87+2.91 ¢ 304.50+4. 31 be
3.4 BB UMFEMMARLKEBAEZEYWHLFEAR 0.0, KA 3 FRBEEY b 4 RUGY & &2

SHER

Xt % o AN Ti] 2 78 308 9 0 v [ 2R AR 2 21 4 1
REFIT ML LR CGE O LW, KD IR
ALy fr A BE R . AR R TRTE D)
BRAIA T 50 AR T 1] ASC &2 5 A W% (P>
0.05) 4k, Hody 3 ALY b 4 KRG W) & 2
SR (P<C0.05) ; AR 3 FhIH 75 4 25 A vh 4
KA YER2EFHEFE(P<0.05); s ZREY
FRaiA BT 5 A AR BT ESC & & 22 R AW & (P>

S 5 (P<C0. 05) s AL & IEFA Y 3 Fh I 95 4 2K
Hirh ESC, WSC l ASC & ZR B FH (P<
0.05) , HAMA T SHIAT R NSC & Z R AR
FH(P>0.05) ; £LHE 3 i # Py 2 B ESCLASC
GRER R E(P<0.05), 41K K58 A K
WSC.NSC & 22 57 8 3% (P>>0. 05) ; Bt 14 £k 41
AR 5 H AT H] ESC.,WSC.NSC & # 2 3R R
F(P>0.05), HA47 ASC & iAE 3 Fh I8 7% 4 25 7 )
%5 (P<<0.05),

4 FRLMANTEMMARLBBAZYHLFHES

Table 4 Chemical component in different litters of six main species in Qinling Mountains g/kg
T il UGRE2 7B =St i 5 1 K PR v AL
Tree species Litter types ESC WSC ASC NSC
JE A Jf Non-woody litter 123.2044.79 ¢ 143.42+2.91 ¢ 456.08+23.68 a 277.30%19.28 a
P_Tr'fifidl, K Ji Fine woody litter 80.25+8.07 b 90.384+2.20 b 527.72+3.51 b 301.65+5.36 b
Hl A it Coarse woody litter 27.6542.08 a 57.77%9.39 a 587.30+17.27b  327.284+7.22 ¢
. JE K i Non-woody litter 119.9244.49 ¢ 137.72£9.45 ¢ 448.02+30.70 a 294.35+20.14 a
P Zu/)i?a%i})rmis A K i Fine woody litter 68.20+6.13 b 91.10%6.99 b 523.95+2.75 b 316.75+4.82 b
HLA i Coarse woody litter 21.27+4.12 a 53.30+2.40 a 597.45+4.88 ¢ 327.98+4.91 ¢
) JE A i Non-woody litter 140.93420.17 b 182.25+49.73 ¢ 432.68+55.96 a 244.13+14.13 a
. Zj/frm A R Fine woody litter 58.6846.38a  123.0744.66 b  512.85411.38 b  305.40+2.07 b
MLA T Coarse woody litter 48.7749.45 a 72.1545.59 a 561.58+9.34 ¢ 317.50+6.58 ¢
JE AR JFi Non-woody litter 135.274+18.51 ¢ 154.354+7.81 ¢ 450.07+7.76 a 260.32+16.31 a
ﬁé:frﬁ?jjjﬁ A JF Fine woody litter 87.80+1.19 b 84.98410.81 b 532.57+23.95 b 294.65+13.22 b
ML Fi Coarse woody litter 42.7243.97 a 80.75£6.96 a 593.82+3.81 ¢ 282.72+4.27 b
o1 HE JE AR JFi Non-woody litter 158.58422.01 ¢ 237.10+29.73 b 404, 23+15.79 a 200.08+33.78 a
B. albo- K JF Fine woody litter 110.134+3.07 b 138.90+22.85 a 478.70+26.23 b 272.27+33.36 b
sinensis FAK i Coarse woody litter 85.5045.81 a 138.23£9.92 a 503.70+18.61 ¢ 272.57+25.76 b
£ i B JE A Ji Non-woody litter 175.77424.30 b 220.10+£36.47 b 438.02+11.16 a 166.11469.77 a
Q. aliena var. A A JFi Fine woody litter 73.58+40.95 a 110.424+32.84 a 515.30+£47.00 ¢ 300.70+25.67 b
acuteserrata KA B Coarse woody litter 70.63+19.21a  130.954+10.62a  486.73+20.99 b  311.6848.53 b
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Table 5 Chemical components in litters of main species in Qinling Mountains g/kg
LR L oK RV P R
Tree species ESC WSC ASC NSC
1211 ¥y P. armandi 88.42+36. 33 107.004+38. 22 505.72457. 62 298.86+19.73
WS P. tabulae formis 78.23+39.51 106. 43436. 66 501.65466.02 314.03+16.08
=A% P.asperata 91.63+£50. 74 144, 25460, 02 482.09+73.01 282.03+37.00
AL IE RS L. principis 102. 11440. 48 113.384+35.17 507.09456. 58 277.42+25.13
ZIHE B. albo-sinensis 129.99439. 10 184.96+51. 20 452.28+51.95 232.77+44. 44
B HE Q. aliena var. acuteserrata 111.63468. 24 158. 64470. 36 489.56+52. 39 240.17+94. 81
3.6 RIGWMFEMMBAZNMUZASHEL  HMBIEBRX 2 Fhla b mF Ry -2, 58— KK
o L AR IS AR FI AR AL TR AN S — 28 B2 By

N7 B LLG X 208 1 M R AR Al 3 AR AR Il RS R AR DL Vg R b A LR A
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BOEXT AT RERE . R (- DRWLZE RIEGWNF LA E LA 410 BAR L X 7] 58 5 R
U iy 3t 32 ZE R AR s A R e D R AR IR il RRES AR SR T PR G .

P AL TR AN N 5 423X 4 FhEF IR R R Ol — 26, 41
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Fig.1 Clustering analysis results of litters of six main tree species in Qinling Mountains
TN SR U i 0 A 2 L 43 4 e AN TR AR R U K g o
(9 4 Ak o i 22 S K IR R] — A s 9 B
41 TEBRMHAENLEASNES Rl HCOR T 2 03 R W AR . DA
BRI E Y 0 R A5/ 0L &Y Yy R BRI 5 ¥ (Pinus sylvestris )ESC )& (5
TEA R e i 25 510 B il T A B mE ) 2080h I FR A (Pinus pinaster) ) 10. 79 5 7
AP AR AR S ERED LR H S EA KA (Pinus pinea) 1) 8. 56 47 BE 5 #t (Pinus
7%, YassoO7 KRB AR B ch 8ty T 384 BK banksiana) (9 7. 24 £% WK P B4R (Pinus nigra)
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6. 34 £ BN (Pinus resinosa ) {J 3. 38 135 . 1B o #d
(Pinus elliottii) B 2. 99 5 FldL £ TR (Pinus stro-
bus)f) 2. 76 %5 ; B2 = %2 (Picea mariana ) W8 &4
th ESC & 1 N B = 42 (Picea abies) [ 1. 73 %5
A% ME(Betula papyrifera) M 7% Y+ ESC W&
B M (Betula lutea) ¥ 2. 01 f£324

Sariyildiz %" #1 Valachovic 21 43 9898 T
3 AT H ARG 0 WO R (Quercus robur ) Fl &
] 4930 X 74 50 8 AN AR (Queercus garryana) 1 4 ¥
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BT CHAR BT &) 1 63. 29 %, NSC & & K it
CAEAR BT & DD I 1,99 F5°0,
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