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Abstract . Litter is an important component of terrestrial ecosystems and plays significant role in nutrient cycles. The
accumulation of litter (or litter density) on the soil surface depends on the balance of the process of litter input and
decomposition. Theoretically, any factors influencing the processes of litter input or decomposition will affect the
accumulation of litter. Therefore, the accurate assessment of litter density is important in illustrating the ecosystem response

of carbon (C) and nitrogen (N) cycles to global climate change. However, to date in China, spatial patterns of litter
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density and their influencing factors have not been reported. In this study, we collected the litter density data of forests and
grasslands in China, published from 2000 to 2014 ; the data of 1864 sampling sites, including litter density, mean annual
precipitation, mean annual temperature, climate, soil, and productivity, were obtained to explore the spatial patterns of
litter density and their main controlling factors. In addition, we estimated the C and N storages of litter at different scales
and the total C and N contents of forests and grasslands in China. Our results showed that the litter density in the forests and
grasslands of China exhibited weak latitudinal and longitudinal distribution patterns; however, after the division with a
different latitudinal and longitudinal interval , it showed significant spatial distribution. Litter density in the forests increased
with increasing latitude and longitude and was mainly controlled by temperature. Litter density in the grasslands increased
with increasing longitude ; the main controlling factor of spatial patterns was precipitation. Apparent variations in the litter
density were observed at the local or regional scale for forests and grasslands, which attenuated the expected spatial patterns
of litter density. The total estimated amount of litter in the forests was 1135.56 Tg, and the C and N storages were 517.93
TgC and 15.33 TgN, respectively. The total amount of litter in the grasslands was 119.63 Tg, with 47.11 TgC and 1.59 TgN.
To the best of our knowledge, this is the first study to evaluating the spatial patterns and C and N storages of litter in the
forests and grasslands of China, which provide important information on the significance of litter in ecosystem nutrient

cycles, especially for the accurate estimation of C and N storages in terrestrial ecosystems at the national scale.

Key Words: litter; carbon storage; nitrogen storage; spatial analysis; path analysis
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Fig.1 The distribution of samples for litter density in Chinese forests and grasslands
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Fig.2 Frequency distribution of litter density in Chinese forests and grasslands
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Fig.3 Changes in litter density with latitude and longitude in Chinese forests and grasslands
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Table 1 Path coefficients of main factors controlling litter density in Chinese forests

W R [A] 42230 42 R B (A 4EAEF ) Indirect path coefficient (indirect effect)
AT HAEER . , bR + I .
i ( h WL/ % AE IR/ b B A it
Factors Path coefficient . #/(/hm?) 2/ (t/hm?)
. Silt MAT ; Total effect
(direct effect) AGB Soil N storage
Frki Silt /% -0.161 """ - 0.000 -0.007 -0.011 -0.018
AEHIR MAT /C -0.162 *** 0.000 - -0.009 0.008 -0.001
i F AR AGB/ (t/hm?) -0.060 = -0.019 -0.026 - 0.003 -0.042
TR
HA R 0.090 *** 0.019 -0.014 -0.003 - 0.002

Soil N storage/ (t/hm?)
MAT . 4335 mean annual temperature;AGB;ﬂﬁJ:d?%ﬁ above—ground biomass; * ; P<0.05; * * * ,P<0.001;+, -BFRXTY BIIERAER]

222 HIMFVEYIA RN FEFER

M T IR 1 S R i b AR i SRR I MR K (3R 2) b AR
BEEAR RBOAT] 0.348 X VE Dy A7 B W] R IE 0V AR K B R TR 95 PR 1 A AN
{FL B3 A Al PR 2 X U V% 9 LA 1 TR B0 AR R K, B8O, 0,088, 47 I A R /K il ok b7 49 it Xof
JHVE Y IRAE B A (R AR R BGRE) T 0.072, i [ K 568 75 Py B4 0 B AR A 0,170, T 398 5 % 5 b
PR V5 D IAE L 0 DTBRAE XT8N o R X I8 Vi P A et ) ELEAE R i, LR R/ FH AR X N
2.3 I RROMORT A v P BT R AR R R A
231 FRMCORIEE M () V5 ) A A B

PGSR, v AR 7 W) IUAF S 2900 1135.56 Tg (3% 3) , Mo, AU IX Sk A 7 Wy BUAF Bt 0 9 8 e R
(5947 g/m2) , RV R 2)R 360.25 Tg, HEH XHUE S BURZ 0 460 A, 1117 98 X HURE sS850 /b A 49 4>, 0
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IR VE Y BAE i BRI, 430 450.18 g/m*H1 491.69 g/m*, PHLIX  ASETT X AR R X AR BRI 75 1
PUAF 2 ARG T AR /N B 451 R 28.42 Tg 27.02 Tg F126.41 Tg, BEAM, % 3 R BIA [ LXK P Y
ARMYE v D BT AL SR WK AR R RO T 0.52—1.63,
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Table 2 Path coefficients of main factors controlling litter density in Chinese grasslands

LY (Al A8 R B ([A4EAE ) Indirect path coefficient (indirect effect)
Ly A iu“ n;‘»
I Factors (EEAER) — WEEY BRI ek o Kk At
Path coefficient i/ (g/m?) %/ (t/hm?)
. . MAP Clay Total effect
(direct effect) AGB Soil N storage
M EA M AGB/ (g/m?) 0.348 *** - 0.016 0.017 -0.004 0.029
AR
.2%63)%1 " ) 0.142*** 0.038 - 0.019 0.012 0.069
Soil N storage/ (t/hm*)
47K MAP/mm 0.082 " 0.072 0.032 - -0.016 0.088
Kk Clay/% -0.146*** 0.009 -0.012 0.009 - 0.006

MAP ; 4ER&7K mean annual precipitation; AGB . Hb_I- =) above—ground biomass; * ;P<0.05; * * * .P<0.001;+ —5F/nR%F Y WIEHAEM
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Table 3 Statistics of litter density for Chinese forests in different zones

e/MA/ FRAE/ ¥ifE/ Tl . AR X
4K o O L o, T
Zone ’ g/m g/m g/m a_ E_l CV 1 Total
Min Max Mean deviation Forest area

ZALIX Northeast 160 6.00 5947.00 950.03 1049.11 1.10 37.92 360.25
A1 X Middle China 460 3.00 2934.00 491.69 396.18 0.81 50.06 246.14
TR X Qinghai—tibet 49 31.00 2560.00 450.18 472.40 1.05 44.70 201.23
4]t IX North China 165 6.00 3647.00 931.58 831.47 0.89 20.31 189.20
PERGIX. Southwest 60 29.00 1410.00 462.47 240.14 0.52 12.30 56.88
PEILIX Northwest 145 4.00 3660.00 456.92 742.92 1.63 6.22 28.42
M52 X Inner Mongolia 91 10.00 3412.00 698.15 934.53 1.34 3.87 27.02
AERF X South China 195 17.00 1914.00 608.50 376.23 0.62 4.34 26.41

CV . ZE S 2B coefficient of variation , /A [F] b X R AT AL 1100 J5 FE AR A e (1)

Hh [ B R P WA R 290 119.63 Te( 3R 4) o o 75 8 iy J52 2 b I I ) IR AF 1t () T 24 %5 5 50.3 o/
m’ 208 70.93 Te, NS IR VS D I0AF 5 () T35 % Bl 58.78 o/m” W27 28.77 Tg, BLAF, 4L
FIPYIC X RS i ) ] P MY BRAF BE 2 5.44 Tg H1 4.25 Tg, SRS, B3t (4 U8 v W) BRAF B AR AN [R] X B AL A7 A
e RIS B 5 5748 0.49—1.16 (£ 4),

F4 FRRSEMESRFEAZYRFERRESIT

Table 4 Descriptive statistics of litter density for different zones of grassland ecosystem

Ie/MAE/ e KAE/ ¥ifE/ RfE . HHE Y .
e NO (X 2 (1 2) (¢/m*) jf nﬁd%d ERERE o) AL/ T
Zone o g/m g/m g/m - a‘ é CV na Total
Min Max Mean deviation Grass area

T IX. Qinghai—tibet 125 1.00 216.00 50.30 48.082 0.96 141.02 70.93

5215 X Inner Mongolia 342 1.00 430.00 58.78 59.86 1.02 48.94 28.77
ZR4LIX. Northeast 20 7.00 295.00 71.70 83.43 1.16 14.29 10.25
A&Jt X North China 47 11.00 228.00 80.77 46.12 0.57 6.73 5.44
PELIX Northwest 5 9.00 25.00 13.40 6.58 0.49 31.69 4.25

CV :ZE 5 R HL coefficient of variation , /A [F] 1 X B ML ET AR 1100 J7 A8 9 ]

2.3.2  FRMORN S HB R P BRAE B ke U A R
FIH 224 1S 3RAS T I8 75 W 8L F R AL & i, ARAR V& W BRAE = Bl L & 00 30l o0 45.61% 11 1.35%
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Fig.4 Litter and their C and N density and storage in Chinese forests and grasslands
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il SR i R A AR b v T 7 BB ) SR 2 i A R SRR B 5 SR v I R AMAORI e
TEPIBRI 278 0.56 PeC, W R E B ARIE W45 T M, AN , 8 SO i [ AR AOR 2 b A 7 1) LA
S SR AFAE — 8 B8 T AT 5 A2 AR SR I ST B 7 DA S il s 2 B4 4E - 1) AS [R5 38 X6 ] 9% 0 1 B
B S RN AR 225 52) ZRAAOR o 1 T ARUAS B2 B 2000 4F 22 A7 ke P (ke , 1:100 JT kw0 )
i LA AR i B S A A il G T I AR B 28 55 3) M LASRIBOA [R] b A U 7 Wy BRAE R AL S e, B
RER FA BRAE SR IR A TAG S . 4) B AE S [R) 73 A b R4 — 1 | J0 R A P X BB 8 & R 2
WS XGRS AR B R A SEm . TR, 2 1 R4S rh MR 5 ] Vi 1 A i S Bl R RO A TP A
AN T B G — W R (9 77 1%, A 4 ) RUBE HEA T BB R

4 #Hig

[ ERAAE S RGN TS D IRAT AR A D AFAERS Jm | B A 20 25 3 W B i T s 5 b B AR S R S5
P IRAE i RAE P L AEAERG R, Bl 28 B T o 8 o A 4 I RUBE 52 e AR AR 7 4 B0LA 3t 20 A A )
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