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Litter amount and its nutrient storage and water holding characteristics under

different coniferous forest types in Xiaolong Mountain, Gansu Province

CHANG Yajun,CHEN Qi,CAO Jing" ,LU Haiyan, WANG Wei
Key Laboratory of Arid and Grassland Ecology ,School of Life Science , Lanzhou University , Lanzhou 730000

Abstract; Litterfall layer is the key interface between substance cycling and energy transformation, and also it plays a
significant hydro-ecological role in forest ecosystems. This study was conducted at Shaba Forest Experimental Station of the
West Qinling Mountain located in Xiaolong Mountain, Gansu Province. Based on the field investigation and controlled
environments , the storage of litter and water holding characteristics and nutrient element storages of the litter layer under
different stand types of coniferous forest were surveyed after clear-cutting a primary forest in the arid region of the north-
west. The results showed that the annual storages of litter ranged from 2.96 t-hm™a™' to 4.23 t-hm™a™" in the coniferous
forest stands of Xiaolong Mountains. The storages of litter under different stands of coniferous forest decreased by order of
spruce forest > pinus forest > larch forest. Under the same stands of coniferous forest the litterfall in the un-decomposed
layer (U layer) accounted for 6% —19% , which was the least among different decomposed layers , whereas the total litterfall
in the semi-decomposed and decomposed layers accounted for more than 80% . The water holding capacity of the litter in the
semi-decomposed layer was greater than that in the decomposed layer under the same stand of coniferous forest. The
maximum water holding rate, max interception rate and modified interception rate of the litter under stands of different
coniferous forests were ranked in order larch stand> pinus stand > spruce stand,but the capacity of maximum interception
and the modified interception were opposite as compared to the former order. The accumulation of nutrients in the litter layer
under the same stand of coniferous forest showed an order of un-decomposed layer (U layer) < semi-decomposed layer (S
layer) < decomposed layer(D layer). The nutrient element storages under different stands of coniferous forest were ranked
in order spruce forest > pinus forest > larch forest. The property of litter with the different tree species and forest

management practices had significant effect on the decomposition rates of litter layers; the decomposition rate of forest litter
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increased by an order of larch forest > pinus forest > spruce forest. The average storage of nutrient elements in the litter
layer with different species was ranked in order Ca>N>Fe>Mg>K>P. The storage of litter is closely related to nutrient
element storages in litterfall layer. There was a significantly positive correlation among the capacity of maximum water
holding, the litter storage and nutrient element storages in litter layers. The study provides an important basic theories that
can be used for breeding and management of forests in the Qinling Western Mountain regions and improving the

understanding of hydro-ecological effects in these forestss.

Key Words: coniferous forest; litter ; water holding characteristics ;nutrient element storage ; Xiaolong Mountain

FRARIAVE Y R FRAA S R G AR F AT, H B R B K FNHE K AE 77, 78 BRAR S B 37 7K
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S, R T2 R K MR RE SR A S A e 22 5 i H A /SRR L DX 7 SRR AR MR RS , TR IR K
TR Tk 3% 5| E A B WAL ( Pinus rigida Mill) (2830 V% 1 ( Larixprincipis ruprechtii Mayr) | H 45 7% I #3
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H A /INGE LD 3T kb A Z2 0 T 5 L M, A7 T 4R 48 105°30'—106°30", Jb 4 34°00'—34°40" , 13K = 700—
2500m , FHXS 5 2% 500—1000m , 2 DX @ Wz i B 2% 5 A0 oy 19 2o 3 by | AR B VR T, Ja T g iy —
TELHE A HE I A f e 2 KU 2R R W o e e ST 39. 12 °C, B i e IR AR - 22 40 °C L AR SR 7. 10—
12. 10°C , =10°C A5 %R 2484°C . 4AEFE I i 560—800mm ( EHFE /K8 757 mm) |, FEFAE 4345 T 7—9 H 5,
— AR AR IR I 70% —80% , KK A AR BRASAL R, AR F- 325 & it 1012, 2mm , P FH X EE 78% ;
AR H BRI 15530, JToRE I 120—218d, ikt i A TZ WS DAL, LA s + o0 3 + 2R 30—
60cm, T3EFHLZ NI+ 53+

FE VARSI /NG L DT I AR TR 4301 B 1 SR 25 A B 6l 1, MHR 32 1 S7 b 2 1 MR o TR F e AR —
AR BTG SRR 6 A A B ARAE A IR ST o5 (AR AR 2 A, mAE R 2 A, AR 2
A FFEXT G N TR, HAEBTE R A= B8 45 ( Quercus aliena var. acuteserrata) BRI 138 15 1 AL, 2 1
SIS X AR ST RRAE S Y 57
2 WHRAZE
2.1 JAEYAELEE I E

2007 4F 5—7 A FEWFFE X M58 S0emxS50em FIFETT 8 4>, & ARAMRIZ (U, B St 7% P 4, 17
FRIRA LA, B AR LN B 5, ol A | SR T0 A IR E ) )2 (S, B B AR B i JE S8 B i A
R, ZHATE Y CREE ) A ERIZE (D, W5 i AUREJE B A EAS REFERURE ) 3 2 IR A0 JZ BURE , 23 510 < 4%
JRIERE  JFARBUEEE , SR 545 2 VS I 7E 80°C BT Zfr 18, I T 545 2 B Y5 0 (R it i L B KR DA K
MO ITE Y B
2.2 AERVEYENINE

2006 4F 11 H 22007 4F 11 H7EIR SR e 5 25 A —BUN RRAF s AR i B AR A
FERRAS BURRE H DY BE LA B 8 S URVE AR 28 (1mx 1mx 0. 25m ) , WO 28 @ e I 1kl B, JFS 1) B b 1 24
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Table 1 General characteristics of experimental stands

yA A I pF BRpF 7. A 7S SZ Ak B
ot toms el Dot/ Moot Ve S R )
stands ages/a degree (#/hm*) /em height/m orientation Gradient/ (%) Main understory
Sl 18—20 0.80 1800 12.3 9 NW64 33 ARAF} Gramineae
2 12—15 0.85 2700 10.4 7 NE40 25 RAF} Gramineae
S3 31—34 0.88 2605 16.5 9.5 NE42 11.5 BE
S4 30—32 0.80 2500 19.8 14 SF44 3 g
S5 32—34 0.70 450 23.0 18 NE46 12.6 RAF} Gramineae
S6 30—33 0.72 525 38.7 20 NW15 5 L C. siderosticta

S 1A MAA ( Pinus tabulaeformis Carr) 5 S 2 HRIH ( Pinus rigida Mill) 5 S 3 ALK 42 ( Picea asperate Mast) ; S 4 FEKI z AZ (Picea abies) 3 S5H
[E=S g7 a0 /N ( Larixprincipis ruprechtii Mayr) 5 S 67 H ASy& H-F4 (Larix kaempferi Carr)

2.3 SR BORD JE e st ] B 2
PRI () SARHE IRV i (Xr) R LU AR B .
Kr=t/(Xr)
2 Kr I ATE I AR R R BT UM VRS2 RV 0 00 A3 Ak R T SR IS ) 4 A 95 %
JIt R [ Ry et
Tyos=3/(K)
2.4 JAIEYEKERE R
PAE 80°C 1k 7 1 T (1 I V& W alRE JICAE W 7K IR 0 240 JE FRER, T L3 AR Sk i R KR i
KK E AP EFRMAMEE R, ITEAL R ),
R,=(G,=G,)/G,x100%
Rh, =(G,—Gd)/Gdx100%
Rh' . =Rh, xM
R =Rh, R,
Wsv=(0.85Rh,, —R,)xM
KRy Ry R AT AR KR B KFFKRGRKIEER (%) ,RE  HAEY N ERRKFK R,
Go Gy G, HIRTEW A SRR T B JATE WL T it J =K 24h 5 i (o), Wev HIRTEYIA 32 E & (v
hm?) ;M &I (/hm®) ,0. 85 AR E 28,
2.5 AR b
2 C-N 53#71{X ( Thermo JARRELL Ash) I 22 ; 209 FH AU 4H 25 LU 874 00 E K Ca Mg Fe JTCE HJE+
WIS oSG B E
2.6 Hdinibre
K H spss13.0 for Windows GEi X8 647 AL BEAI 4347, 28 K-S K56, 25 RAEEHE Y IR IE 255017
BRI Pearson #H2¢ REGHATHH S0 HT
3 £R551%
3.1 JRTEY))Z 0 it e N o R L
ZE U PGS L T AR 95 40 BT B S R M2 (U) B0 Z (S) FIE M2 (D) 24548, BUF A 7%
P YJEBEAE 3.5—7. 0cm Z (8] 1T H D J2EJE, ¥ Tem, 3R 2 ATH1, BRSBTS iR/ NI
A =2 (29. 811/hm® ) SERPH 42 (26. 17 t/hm*) >KIFA (22. 85 /hm® ) >THAL (16. 93t/hm’ ) > H A& 1}
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P (13.30t/hm? ) >AEAUTE A (8. 46 v/hm? ) , RIR[RIBRS U8 7% P 16 BRAE B R /NITUT AT « 25 AR S AR S T 1 A8
T[] — AR A TR i A R JR PSR R I . U J2<S J2<D 2, DI iR E B (I R GRS
0 0 0.13—0.35t-hm™a™ ' M NATEY) 0% 95% Fr T BB A1 R0 AE 10a DL B (3R 2) , JRTE 9053 it ol i 45
18 (2 2 B2 R BORIR T 153 f8 95 % BT AIISHIE] ] LG HY . AN [P 20 S AR U8 9% 0 40 fifk ) DL I
¥R A RS IR S TE AR

K2 TRFMLEAZENERSBEEY

Table 2 Amounts and decomposition constant of litterfall of different tree species( mean+SE)

=
oy TRERORD mpwn spmmeis wbR ENEBR SMekem REE
Forest <mi5§fi; o Storage of  MMEEAYTISML  Total storage/  Annual litter/  Decomposition Tumover
stands Jitter/cm) litter in everzy Percentage/ % (t/hm?) (t-hm™2a™") constant rate/a
layer/ (t/hm”)
s U (1.0) 1.50+0.22 8.86
$(2.0) 6.710.56 40.22 16.93 3.09+0.05 0.18 16.7
D (4.0) 8.72+0.74 51.51
2 U (1.0) 2.450.05 10.73
$(2.0) 8.65+1.67 37.86 22.85 3.69+0. 16 0.16 18.8
D (3.0) 11.75£0.95 51.42
s3 U (0.5) 2.95%0.59 9.90
S (1.0) 11.75%2.13 39.42 29.81 4.2320.21 0.14 21.4
D (3.0) 15. 14151 50.79
4 U (0.5) 1.6120.15 6.15
S (1.0) 10.230.45 39.09 26.17 3.60+0.43 0.13 23.1
D (2.0) 14.3321.24 54.76
$5 U (0.5) 1.6120.15 19.05
S (1.0) 3.220.06 38.06 8.46 2.96+0.25 0.35 8.57
D (2.0) 3.630.33 42.91
s6 U (1.0) 1.9520.10 14.66
S (1.0) 4.97+0.38 37.37 13.30 3.39:0.18 0.26 11.5
D (1.0) 6.38+0.61 47.97

U BRI IZ S B2, D A i)z gt =U+S+D

3.2 JIEMZRRKRE

FRARIE 75 90 J2 K BE 7 U P B RS AR SR IR s ) — MR 9 4 (9 BUA7 A | 57K R
5, HOK IR IR DI REARLS " . 76 6 FbRsR 28l ch SR 2 URVE T o5 L BN, 290 6% —19% , K53 fif )2
FUo3 AR JZ B o7 ) U A, 3K 3 8090 LA B (32 2) , FRIERT - 70 il J2= 0 it /22 ) V5 W0 35 /K R PR EA T E 5, A
AN I P 0 2 O KRR

FE 3 TR MR P ) o it 2 O B R R K B O ) (BORTE 3 B CF) RMEAE & B O ) KTt =
B, VLI BT I e AR MR B A v W 20 2 RO R K BE ) LU iR ik P L st Ie] — AR T 5 AR 9 Wy
figp A B X R AR A R

TER]— 3R R | OB RIARI R 5 M B3R KR P R B (36 3) AEAN[RI AR 2B | 270 i 2 R 73 fife J 2
8 B KA KA/ MY BEAT S B — R AR HE PP 455 5 00t 2 AN 0 2 IR R R I R R A
AR E R RN 24 0y ARG AL > H AT I FA S RITFA SRR S BRI 2242 > ML = AZ | BN I FA RS FA bR>
TIOR3 R B B ORE E R KNI < B = A2 S LB A2 > WIS Tl > B A F - > 48 b
VEIEAL , RV AZ RS HAMR S V& AR, S R B8 02 Hh e K2 3 R A 5 P W 0 B R 3RAT TS [R] AR 20 %
IR BATHEN - AZPRS MRS T AR, R DL, 8 9% 0 (0 BRAT R 0 e R B R RIS 1 BRGE VR
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HRFFKOR () M R E R () — M RE R WA T3 92 i RE7K B8 1 KN, AN g S WXt SEBR R 7K i 422
DL, — R A S E A B VG Y X B T A S PR B R O IRl — A2 R IR AR 4 R 0 A
B (3R 3) R B 2 DR 5 W A RO i 0 K/NIT AL = 2 8 K (34, 77v/hm? ) BRI = 22
(29.86t/hm?) , J&MHA Fie /N (22. 24t/hm? ) o 43 J22 U ¥ 400 PO A 20042 38 ot 1) /NI [R) R A LR 5 A2 e R
(26.59v/hm*) BRI B2 Z(22. 991/ hm? ) AL FE A /N (12. 47/ hm? ) o SRS U8 7% 10 J2 0T 96 W9 1) 3 8
E I, SRR AR IIIR = V5 AR X5 R KK e R & A A 2 R EA R 1Y
MR HERI R R INBUF AR, PR AR B R i KRR | AR B K R S Vs I IAE R 2R B VE 25 51

#3 FEHKKIEENE GRS
Table 3 Water holding characteristics of litter for different forest types

PSS

o)z

" : &Pl KRRk AREKR BAPEER RAEER GHEEER  AREER
A (BB Max water . .
X Storage Max water . Natural Max Max Modified Modified
Forest Layer . . Holding . . . . . . . . .
K of litter holding rate . moisture interception  interception  interception interception
stands  (Thickness) ) capacity ) )
/(t/hm”) /% 5 /% rate/ % /(t/hm”) Rate/ % /(t/hm”)
/cm /(t/hm*)
S1 S (2.0) 6.7120.56 426.82 26.89 30.97 395.75 26.55 331.83 22.67
D (4.0) 8.72+0.74 344.07 30.27 119.57 228.50 19.93 172.89 15.08
S2 S (2.0) 8.65+1.67 439.52 38.12 30.62 408.90 35.37 342.97 23.49
D (3.0) 11.75+0.95 353.48 41.54 126.61 226.87 26.65 173.85 20.43
S3 S (1.0) 11.75£2.13 384.67 44.36 31.07 353.60 41.55 295.90 34.77
D (3.0) 15.14+1.51 316.77 52.50 99.63 219.14 33.78 171.62 26.59
4 S (1.0) 10.23+0.45 378.78 38.37 30.12 348.66 35.67 291.84 29.86
D (2.0) 14.33+1.24 265.19 38.00 65.01 200. 18 31.55 160.40 22.99
S5 S (1.0) 3.22+0.06 862.69 27.78 42.67 820.02 26.40 690. 62 22.24
D (2.0) 3.63+0.33 525.36 19.07 103. 15 422.21 15.33 343.41 12.47
S6 S (1.0) 4.97+0.38 726.32 36.01 60.91 665.41 33.07 556. 46 27.66
D (1.0) 6.38+0.61 461.12 29.42 146.22 314.90 20.09 245.73 15.68

3.3 JiEY)REIRCR i el

ZRUG VU LU AT I ARAR JR VR M AN 2 (B R TR P O 0, AT A P ) B A 22, S ECHMRR
YRSt R . R 4 AR R — MR B[R] 20 i 2 U8 v )2 TP R R 0 Y /NI A
U JZ<S JZ<D 2, UL i DXCET I ARSR I3 R IR R AE 0 i 2 (D) "R et i 2 h i s AR T oK
B SRILR , nl fedt i T80 S8 2 R I ) AR BE T3 0 FRZK A B2 3 R (3 3) T Ay, IR %
A SEIE R T (B B2 75 ) SO R K YR, 3 BCH IR BERN K ) R 2B B I P0RE o eoh,
WA AR E D)2 P AV E SR OCR A (D+S+U) A 22 5% (HAS B FROUR U 2R B . MR
MRSTE NI, L] Z ALK TE )2 00 ik et AR, T IR PR Al B P ST P 5 08 % 10 1) BRLA i % )
VRPN TR K B R 7 AR A — 2

WRYE VR T b2 B IR U R AL 2 il Z AP FE B 26 Sk THIR R MR = (U) 50 R )= (S) |, ~F o fig
JZ(S) HEMR)Z (D) ZIRIFFAER 225, I LIS 2 hou R A 22 (R (-5 HAR AR | — 20 Bl 2 oAk
NHEFTCRBHOR . NS 4 WAL FER BRI B ST R R R I U J2<S J2<D )2, Wi %
JEZIEEFRIUR M 22 HS ENTHE IR UR MR HCR N UE X I A FR BT IS FROC R AR, T2
FRICER MY RETIE BB E
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x4 FRRMNEBFAENEREFTEEEFE

Table 4 Nutrient element storages in litterfall layers of different forest types

sy 53z N p K Ca Mg Fe
Forest stands Layers /(kg/hm?) /(kg/hm?) /(kg/hm?*) /(kg/hm?) /(kg/hm?) /(kg/hm?)

S1 U 13.69 1.28 1.57 13.57 2.40 1.91
S 62.72 5.58 2.18 63.03 10.06 4.51

D 93.17 7.46 19.17 103.28 29.20 66.02

U+S+D 169. 58 14.32 22.93 179.90 41.65 72.44

S2 U 9.93 1.01 1.63 10. 88 2.20 1.95
S 44.39 3.92 2.75 53.21 8.87 6.86

D 96.04 8.18 28.20 112.51 42.30 99.58

U+S+D 150. 36 13.10 32.57 176. 60 53.37 108.39

S3 U 17.55 3.02 3.40 29.33 3.69 1.59
S 119.78 12.58 11.04 254.38 18.80 16.45

D 149. 87 18. 11 42.39 350. 07 80.23 196. 42

U+S+D 287.19 33.69 56.53 633.78 102.72 214.45

S4 U 22.79 1.59 4.40 56.42 4.53 7.76
S 73.87 4.99 8.93 284.13 16.37 19.44

D 128.38 13.69 34.39 522.76 43.35 92.43

U+S+D 225.04 20.27 47.72 863.31 64.24 119.63

S5 U 7.79 0.92 1.61 11.29 3.06 1.20
S 39.41 3.68 2.37 43.84 7.88 5.55

D 35.28 3.95 8.35 64.89 15.97 28.68

U+S+D 82.48 8.55 12.33 120.02 26.92 35.43

S6 U 16.98 1.43 1.84 16.53 3.11 1.61
S 55.88 3.66 2.20 53.96 7.71 6.22

D 66.79 5.48 15.64 102.13 25.53 56.81

U+S+D 139. 64 1056 19.68 172.62 36.35 64.64

K5 RBEMENFOEESFOKFENEXSHT

Table 5 Correlation between Storage of litter , different element storages and water holding characteristics

N fififF it P it K fififE Ca fififF it Mg fifi 7 Fe fififE PRk

N storage P storage K storage Ca storage Mg storage Fe storage Litter storages
JRVE YA 0.92%* 0.87"" 0.81* 0.82%* 0.77** 0.71** 1.00
HRRFEK -0.69 " -0.62" -0.65" -0.61" -0.59" -0.54 -0.81**
RFK 0.77 ** 0.73** 0.59* 0.58 0.64* 0.59* 0.84*
BRPEE R -0.68* -0.60 " -0.72** -0.55 -0.65" -0.63" -0.76 "
BRREERE 0.42 0.39 0.03 0.44 0.07 -0.02 0.53
APEER -0.67" -0.60" -0.73** -0.53 -0.66" -0.64" -0.75**
EE RT3 0.38 0.35 -0.05 0.39 0.01 -0.08 0.43

#P <0.05 WEHIKFE; + « P <0.01 P EFHAF

3.4 JiEYE SRR SRR ER R

P& )2 SR AR A 25 ZR GE ) TR B0 R P J50 1) B A T, AR R v 00 0 D JE RS JE B BRI A L2
FARMRIRIZ 1 HESR I 1 B R BORIE TR 75 )2 K A % i Z TR RS e iR

H1ZE 5 n] UL, AV IE P A OU Rk B S TS Wy it 2 ) S AR R IE AR SR (P < 0..01) , Wb Py A 7%
PrE B SOURMIEVING . ORI CR R & R ABEE R GHEYE S iR s ife
(] 1 5 U SE R AR, P S U it i Z AR B R 38 50 & 5 MR K FK R Y Fe JUR A7 Z 0] Fe K4~
BARMA R E R Ca TLRMAFEZ IO N . BR Ca SCRMEAF RSN, S KK -5 YRS Ou R il i
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FIA 7% Y it i 2 1) 5t 4 25 P TE AR DG SRR W IR e i 2 KK e Tk, e K E A A & i
HIR S IRTE Y B 2 A G MR B3 (HIE R A 55 B IE A DG OG R |, AT BEJE: 52 A [RI R ALK 40 18 15 40 1) S5
i HAR B WRKEES AR BURR  A 5E

4 Z5itie

Hb /NP LB AR R ISR AE TS AT 2.96 t-hm™%a” ' F14.23 t-hm > a ' 220, = A2
MIE R B IAMRIR 2, T A MR IR /N, X T[] — R3340 0 2R 4 6 2 BT o 0 B B B /s, 2928 6% —
19% , 43 2 R0 00 et 2 R TE D T o 1 LA, 3 i 81 80% DA b X2 i T30 SR A2 BRARUR 75 400 o ik 114
FRHF, X—GER MR ARRIMARSLERNA Y, 76 W — SRR T 2GR 3k

WFFEIX 6 Fhbk T 2EBLPA 5 W21 o0 i 2 R B Ok o (3R (RO & i () A R & 1 () B R T
fif 2 0, BB DX T AR P8 3 01 0 2 R KRR D tL o )2 1k, S AR I TE G, 456 2o 2 F
IR IZ KR K OR) R E & () M2 E 1 CR) WA AR Y 2 N I KRR R E
A B R AEA R AR A3 2B TR A KNI 2 - 7% I RARS A RS mAZ AR, X AT RS i T = AR V% ¢
T RAMRE & A 20 G IR AR LR R P K = 4 T HE R M, R B WRE R K 4 . e KPR E B A
BB B R/NIT R 2 2 A2 MRS HSRS P85 IERAAR, 3% 5 LR KRR 3R | i K2 5 AU 2 & R A A R AR
A IAIR KNP AR o PN R4 8 e R R B R G5 A AT W B 304 1T R TR A3 7 9 14
MAEEA . RS IABRSTE AR, BT LA 35 0 1 B S 0 e KL i /N T e R, i A &5 i
B RFIKE  AREGACK LA E DI 5 SR EE R . RILnT DA 72 Rl — AR A | AR R 3
FAFNS | FEFR WIS 2 (8] A PR 25 42 F0 5 | R RO 2 42 2 [RI P R K R 1 0 R B B B 25 501, AR 5%
W R R S B RSB O 15 5 R MG RANE YT

[Fi] — MR A3 AN [F) i A B ) DRV 0 2 Th 35 4B et R K/ MU A < U J2 <S J2<D 2 FEAS [RI AR 43 2 78 v 45 A
BRITENMERIIRIME . MRS TE IR, SRS D2 00 i B 18, B ARIR =2, T EAA PR 43 fift B
P, e —S M, AT Y A R R R R 2 BRB IR K R AN, i858 B0 B B, P43 BT A
lia] , PR AEE S H e | A A 0 BR R AT G . AR ST S5 S SRk T i T DX AR ¥ 400 1) e fit TR 55 4
FhERVEEUIAROC , KA B e B 1 = AR AR T 25 A — A A b Rl oFn 5 | 1 (H 25 7 V& ) o0 i il 3 1
BARKZER,

WY E R 58 TR B UG S KRK & 524 J0 R it i R V& P it i 2 1h) 2 35 1 1
FHOCPE £ e R it i 5 AT WIREK BE 1 B T U8 5 W) BAF 2 1) O 22 1 EL AT (142 A B 3R | Bt 1) (1) 58 7% R R 7K 9
%5, VR 2K AN SR PR TE Y A A R TR IR 45 00 R T RS R4k X SE eI T 3R 54 7S
SN 5T A 382 1 AR W BOR
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