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Relationships between litter substrate quality and soil nutrients in different-aged

Pinus massoniana stands
GE Xiaogai, XIAO Wenfa" , ZENG Lixiong, HUANG Zhilin, FU Tian, FENG Xiaohui

Key Laboratory of Forest Ecology and Environment, the State Forestry Administration; Research Institute of Forest Ecology, Environment and Protection

Chinese Academy of Forestry, Beijing 100091, China

Abstract: The quality and quantity of litter and its decomposition rate represent, to some extent, the nutritional status of
the soil. In order to accurately estimate the contribution of litter decomposition to the annual net return of soil carbon pool
and understand the biochemistry of litter-soil continuum, the relationships between litter substrate quality and soil nutrients
were studied for different-aged Pinus massoniana stands. The results showed that C, C/N ratio, C/P ratio, lignin/N ratio,
lignin/P ratio of litter substrate collected from three different-aged P. massoniana stands were significantly different. The
lignin/N ratio of leaf litter in nearly-mature P. massoniana stand was 33.65% and 39.24% higher than that in middle-
aged and mature stands, respectively. However, N, P, K and lignin contents of litter substrate did not differ among the
different-aged stands. The contents of N, P, and K varied with tissue types showing bark <branches<leaf<debris, but the

contents of C/N ratio and C/P ratio followed an opposite trend showing bark>branches>leaf>debris. The contents of organic
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matter, total nitrogen, available phosphorus in 0—20 cm soil layer tended to increase from the nearly-mature, to the
middle-aged, and mature stands and to decrease from 0—5 cm soil layer, to 5—10 c¢m, and 10—20 cm soil layer. The
total phosphorus was lowest in the middle-aged stands and largest in the mature stand. The soil pH value varied from
4.55—5. 55 showing middle-aged stand <mature stand <nearly-mature stand. Redundancy analysis ( RDA) between litter
substrate quality and soil nutrients indicated that the leaf litter substrate quality was significantly correlated with soil
nutrients. The effects of litter nitrogen, phosphorus, cellulose, hemicellulose, lignin, lignin/N ratio, and C/N ratio on soil
nutrients in different-aged P. massoniana stands were significant. Litter nitrogen content was significantly correlated with
total soil nitrogen content. Soil pH, bulk density, and N content were significantly negatively correlated with litter C/N
ratio, but positively correlated with lignin/N ratio. Soil surface organic matter, N and P contents were found to depend on

nutrients contents in litter substrate. High litter substrate quality resulted in great soil nutrient contents.

Key Words: Three Gorges Reservoir Area; litter; substrate quality; soil nutrients
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F1 WHEREMER CPRHARERE n=10)
Table 1 General situation of experimental sample sites ( means+SD, n=10)
ey SREZN IR R
Stands Middle-aged stand Nearly-mature stand Mature stand
34K Elevation/m 964 357 987
iy Age/a 20 30 46
J#i#% DBH/cm 16.1 25.3 33.1
Y Slope/(°) 20 25 15
Pl Aspect PR3 R FH 3
ABHIEE Canopy density 0.60 0.95 0.85
1R Soil depth/cm 70—100 60—80 70—100
A7 Standing crop/ (t-hm™2a™!) 9.35+5. 14 9.26+2.97 14.05+6.40
JAVEYIAE = & Litter biomass/ (t-hm=2%a™") 3.38+0.72 4.69=0.20 5.60+0.23
PTEYZ IR Litter layer depth/cm 4.03+1.59 5.77+0.85 6.34+1.99
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Fig. 1 Litter substrate quality of different-aged P. massoniana stands organs ( means+SD, n=3)
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IR 33.65% 39.24% . ARJRE/P TS RK, 5T PRS2k 22 5 8 2% . FEY & HESR B %
th@J{Eé Jii , ISR 2k C TR 2R B3 C/N T AWK, IR Z , Pl bR/, 22 55 3N
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00l = gEA% 700 ¢ IR
S EZD JRMIE AR 650 | bHE
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Fig. 2 The proportion of annual litter on substrate quality of different-aged P. massoniana stands organs ( A), mixed in proportion of

litter substrate quality (B)

F2 AEHRDERREYHERREER

Table 2 Indicators of leaf litter substrate quality in different-aged P. massoniana stands

i 4> Stands

Variable T3 Ak Middle-aged stand  JTBUbk Nearly-mature stand AR Mature stand
AEE Lignin/% 34.27+1.31a 34.31+0.42a 34.24+0. 16a
LT Cellulose/% 8.6820.12a 8.17+1.65a 6.70+0.51b
LY R Hemicellulose/ % 23.18+1.06b 24.20+0.39a 23.19+0.75b
ARJFZE/N I Lignin/N ratio 34.89+3.19b 46.63+5.23a 33.49+9.96¢
ARRZE/P H Lignin/P ratio 1038.15+115. 03¢ 936.54£51.01ab 978.55+86.32a
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Fig. 3 Organic matter and Total nitrogen in 0—20 cm soil layer of different-aged P. massoniana stands
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Fig. 4 Total phosphorus and available phosphorus in 0—20 cm soil layer of different-aged P. massoniana stands
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Fig. 5 Bulk density and pH in 0—20 cm soil layer of different-aged P. massoniana stands
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Table 3 Correlation coefficient between litter substrate quality and soil nutrients contents in P. massoniana stands

A5t AL B R fou ey

Variable Organic matter Total nitrogen Total phosphorus Bulk density pH

C Carbon 0.329 0.290 0.112 -0.311 -0.296

N Nitrogen 0.392* 0.430" 0.025 -0.594 " -0.382"
P Phosphorus 0.234 0.179 0.270 0.137 -0.248
AR E Lignin 0.073 0.174 0.434* 0.305 -0.221
FYEE Cellulose -0.359 -0.362 -0.351 0.164 0.494
L 4EZ Hemicellulose -0.472" -0.565** -0.375 0.329 0.533 "
C/N . C/N ratio -0.393 " -0.341 -0.027 0.643 0.414 "
AKJFZE /N F Lignin/N ratio —0.404 -0.335 0.015 0.677** 0.397*
AKJRZ/P I Lignin/P ratio -0.202 -0.133 -0.178 -0.107 0.183

# FRBHEMK(P<0.05), " " FR L F I (P<0.01)

T i AR R 5 L FE A R T W 2H 20 B U R B B o £ 19 22 S AR KRR S b el ) B st A% e 1k R 2 B 45
FPEE . Mendonca 5720 BF5T 3¢ BH U V4 1 5 I T rh 3% 40 BECHAS S5 906 N P K & & R IEMSE, 5 C/N 1,
AFEZE/N H C/P HAFRFARN, Jensen 552 5T 32 B A Vi 40 356 0 J00 0k i 75 40 R IO DR, 1 266 i ok M1 95
RS, DRI IRTE DA% LR A R SE i T A €L C/N H C/P o ORJRER/N ORI ER/P 2 57 B3, A
AN [ ARIS B AN AT W 72 0 B 5 € .C/N L .C/P b RRER /N KRR /P LS H A, BT PR <k
B < IR, — B R B g R A R BRI B 3 IS AR S P I 2 P 1 384 in PR T 2 TS R R A ik L
TR VA I T AR (U A — ﬁ%%%ﬁﬁﬁiﬁ%%i&i%ﬂﬁj} FIA BILFE 53 B A5 R o e
TIEFRZEFR T C/N B C/P HRE  IESM AP VE R IG N P B LB N T ORI bR D A 1R
JZFR51 C/N HE AP MR R (13.53) , IESWRIRAK (12.69)  C/P HEIR AR R (104. 26 ) , I AR AR (37.
95) , Ui BT bR 3% 7 AT REAS A TV W BB B i v NP IR, X 5 R 8 N P 3R = E iR
& —%k; Aert 5 ST B4k 2255 ( Carex diandra ) JRARELEE ( Carex rostrata) B2 %5 ( Carex lasiocarpa) 4 22
Hi( Carex acutiformis ) BIBFFE R I A K AETORT 1300 22 R0 A7 M it Lo 2B KAE 19855 0 F & B2 VR Wy 33
R - SFETR 308 8] Vi 40 ik I S5 ek 5 R SR 300 Jol g 1) s i O 2R 5 i — 28 AT

Ohrui 55" HF 5T R PE YR i1y C/N 5 HHERT b2 FAOE, B C/N IR, EUBSHICHR ; 9474 56 5
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RARAR 1 13, m] BEAFI T BRI SR 23, DR IH IC T8 IAIE g s 2 R Hls W7 TR, H e AR ISR 2 57
Mo AR T BbR . I BUPRAR ™ i L v e b i, A v ) V2 PR B L R AR (BB A, JA % R % (0. 51)
R AR (0.36) , LA PUR B B A RS L P AR, Al BE DR Dy il S0bR s B2 R T LR, 5 4
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B AMT IR AR , SRR RAZE R 15700, U8 v Py T A X
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Table 4 Mainly nutrient return per year through litterfall and turnover coefficient in different-aged P. massoniana stands
FEIFRMEFE R/ ( kg+hm~ 2971 )

Mot Mainly nutrient return BELES N
Stand Turnover coefficient
N P K
T Ak Middle-aged stand 36.09+6.09b 1.54+0.29b 4.95+0.50a 0.36b
IR YN Nearly-mature stand 32.42+1.79b 1.72+0.17b 4.58+0.13a 0.51a
B Mature stand 47.12+3.99a 2.53+0.32a 5.90+2.04a 0.40b
4.3 e

AR SCWFFEAEF R S BN IE Y b 2 22 ¢ SRR R E N P K SRR K <<t <229,
C/N . C/P HLAEA R E T AL R AW < <BE < Bz, 45 %0 B 6 0 0 6 22 53 vl [ B 19 38045 1 AN A i 225 4 e
R HNRA S ISR R E C.C/N b .C/P L KRFER/N KRZ/P HESFRFE NP K AFEER
TEERANEE B AN FARES S R RTE IR B g 5 ¢ .C/N [ . C/P Lt KRBTER/N KETE/P A
X%, —ERE LU T TSR R P

PATE AR S5 TR TUAR AT (RDA ) 2 B . AS [ ARHA T J2 Wi U V% 40 26 500 ot 2 D 4 498 3% 40 A1 LA
I BRMNAEDSE TR TR N P AR PG RE AREER ARTE/N C/N AN+ 5505 )
KO ARTE (C/N B AR A T oG MR ATE AL, H 337 B B A e . H eSS R I i PR Y5 W e
IR IR I FR 0 S R R, (EAS RIS 2 R s R V% 4 35 o o A AL A - 3R 40 06 R % HLAE
TR R R — 2, B 38R0, 600 e 95 00 1 s AR, R 30 AL i S A e, B,
P75 ) - - S5 A 0 b AR AT R AR AR A B, AR ELVE FHAC R B2 4, A 3 0ot AR B8 B O i BE R T 5 H B B R O U
VEY) E B AR AL R A5 55 T A R AS UR V5 W el A A B VR SN AR AR A2 4% T
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