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Litter carbon, nitrogen, and phosphorus stoichiometric characteristics and their
influencing factors of Pinus massoniana plantation with different age groups in
karst region of southwestern China

Wu Yan' LiXinyu' Zhang Yiting® Ding Bo' Zhang Yunlin' Fu Yuhong' Liu Xun'
(1. Department of Biological Sciences, Key Laboratory of Forest Fire Ecology and Management of Guizhou Province, Guizhou
Normal University, Guiyang 550018, Guizhou, China;
2. Department of Biological Engineering, Daqing Normal University, Daqing 163712, Heilongjiang, China)

Abstract: [Objective] In this study, the stoichiometric characteristics of litter and its response to stand
characteristics, topographic factors and species diversity will be revealed in Pinus massoniana plantations in
karst areas. [Method] Middle-aged forest, near mature forest and over mature forest of P. massoniana

plantation were used as research objects, organic carbon (OC), total nitrogen (TN), total phosphorus (TP),
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the stoichiometric characteristics and influencing factors were analyzed through the combination of field
investigation and laboratory test. [Result] (1) The average contents of OC, TN and TP in the litter of P.
massoniana plantation in the study area were 346.92, 11.22 and 0.21 g/kg, respectively, and the average
values of C/N, C/P and N/P were 31.31, 4 296.96 and 148.73, respectively. (2) There was no significant
difference in OC, TN content and C/N of litter among different age groups (p > 0.05), and the content of TP
increased first and then decreased with the growth of forest age (p < 0.05). The C/P and N/P of middle-aged
forest were significantly higher than those of near mature forest and over mature forest (p < 0.05).
(3) Significant positive and linear correlations were found between TN and TP (p < 0.001), significant linear
correlations were observed between C/N and OC content, C/N and TN content, but significant power
relationship was observed between C/P and TP content, N/P and TP content. (4) The TP content of litter was
mainly affected by the Simpson index of shrubs and arborous layers, N/P and C/P were mainly influenced by
Simpson index, Margalef index, Pielou index of shrubs and the density of plantation. [Conclusion] The TP
content, C/P and N/P of the litter are significantly different among varied age groups of P. massoniana

plantations, and the diversity of arborous and shrubs is the main factor affecting OC, TN, TP and their

546 4

stoichiometric ratio of the litter of P. massoniana plantation in the karst area of southwestern China.

Key words: karst; Pinus massoniana plantation; litter; chemometrics; influencing factor
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Tab. 1 Sample plot overview
5 A . . Kili4 , b} iy . e
wa LSRR e i s e W g M cnm
. . o . 4
Age group plot No. age/year Altitude/m Aspect Slope position  Slope/(°) density DBH/cm height/m Density/(tree-ha ™)
1 20 883 Vi West I Upper 23 0.90 11.374 9.075 2729.86
ERICZIN -
Middle-aged forest 2 20 883 7 West I+ Upper 23 0.90 11.374 9.075 2729.86
3 14 779 it Northwest H' Middle 18 0.70 14226  16.454 1455.00
4 26 786 74 West 1 Middle 12 0.85 11.810  11.390 1620.00
5 26 770 i West 1 Middle 5 0.60 16.040  13.550 1290.00
BT 27N 6 27 678 T South _F Upper 7 0.75 14950 12.710 1275.00
Near mature forest
7 26 797 Vi West 71 I~ Upper-middle 16 0.56 14.810 14.540 1619.92
8 25 897 PiFd Southwest 1 Middle 45 0.60 18.080  14.340 1499.93
9 31 912 F4 South I Upper 15 0.75 15.800  16.990 1799.91
PSR 10 32 894 # South I Upper 13 0.67 16.530  19.870 1589.92
Over mature forest
11 70 960 T South ' Middle 11 0.70 25720  16.630 719.96
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2.1 BEMAIREEDFD RFITEHE

2 BoR: B R N T HUR 7 P OC. TN,
TP V¥ & & 5 J N 346.92. 11.22. 0.21 g/kg, C/N,
N/P. C/P [JF- #4118 43 5 A 31.31. 4 296.96. 148.73,
Fiv& ) TN & 2 10748 5 R E0m N (14.99%), FH ik 2
OC &8 (21.46%). C/N(22.97%), = Y& T §54¢
S (<25%). 1fi TP & & C/P F N/P ()45 57 R 5y
5N 68.01%. 144.38% F1 167.57%, Y@ T 450l L
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Tab.2 OC, TP and TN contents and stoichiometric ratio of litter in Pinus massoniana plantation

2% Y IR s SRR EX
Pafameter Organic carbon Total nitrogen content ~ Total phosphorus content ~ C/N C/P N/P
content (OC)/(g'kg ") (TN)/g'kg™") (TP)/(g'kg™")
P 1418 Mean value 346.92 1122 0.21 3131 4296.96 148.73
FR#E Standard error 10.53 0.24 0.02 1.02 877.34 35.25
B/ME Min. value 168.10 8.26 0.01 16.20 439.74 22.20
B KA8 Max. value 513.84 15.11 0.45 4887 3543510 1501.77
45 53 2% Variation coefficient/% 21.46 14.99 68.01 22.97 144.38 167.57
400 . a 14 - 035 - .
a
0L & T . 12t a a 030 |
7o 300 F ~10F ~ 0251 b
i, 2 8t 2020}
2 207 2 2 0.5
&) | Zz 0 =
S 200 E 4l Eo0l0F .
150 - 2+ 0.05 | |—T—|
100 1 1 0 1 1 0 1 1
M N 6} M N 6} M N 0
40 600 - 2 18 000
a
a a 500 | 15000 F 2
30 |
400 12 000 |
& L IS L
% 20 | S 300 S 9000
200 | b 6 000 |- b
10 |
100 | b I—LI 3000 |- b ﬁ
0 1 1 0 1 I—__| 1 0 1 |;| 1
M N o M N e} M N 0

M. IR N IE#AK; O Bk A FRNE RIS ) S AR AE AR 21 18] 22 5 12 2% (p < 0.05) . M, middle-aged forest; N, near mature
forest, O, over mature forest. Different small letters indicate that there are significant differences at indexes of litter among different age groups (p <
0.05).

B AFRHDS RN THETEY OC, TN, TP & & MLt it &

Fig. 1 Contents and stoichiometry of OC, TN and TP in the litter of Pinus massoniana plantation in different age groups

FERHE KRGS, HINRAZE OCFEER  AVEY C/PN/P JRE/NHING T3 e Ak > pliid
AR (p>0.05); AFREHSRIANTHETEY B0 > T8, H i dk C/Py N/P I w5 110 2k

TN SRR EZER(p>0.05), BHIEHELE 1099 ~  FRIE#HR(p <0.05),

11.35 g/kg 2 [6); FVEH) TP S BAAMIEE N 0053~ 23 DEMAIKEE® OC.IN.TP EERHES
0.298 g/kg, & &8 M KEBVNRINGT AT 20k > gt 2 It ERERNEXX R

P> S AR, 3 NI Z IAIRE VA ) TP & &7 10 . 3 8B GREMATHEYFES TN S5 TP 2

FHER(p<0.05); MivEY) C/N R AFE D AR ES 5] A7 7E B 5 2 26 M 2 R (R* = 0.62, p < 0.001), i
IR IZ T A, ARV 29.10 ~ 32.52, 1 &%) TN & 2B TP & = 38 hn w38 K, A 7% 4
fH531.31, 3 MR Z 0] CON EREZEF(p>0.05);  OCLH TN, OC 5 TP Z M A B E MK KR &

&3 HEWOC, TN, TP SERESHFTEREHNZEMAMESKER
Tab.3 Optimal fitting relationship between OC, TN, TP content and stoichiometric ratio in litter

PR A H 7 # Independent variable(x)
Dependent variable(y) oc N TP
TN »=10.006x +9.09CR* = 0.07, p > 0.05)
TP »=-0.000 3x + 0.31(R*=0.02, p > 0.05) y=0.076x +4.85(R* = 0.62, p < 0.001)
C/N »=0.076x +4.85(R*=0.62, p<0.001)  y=-1.55x+48.69(R*=0.14, p<0.05) y=-4.92x+32.34(R*=0.01, p > 0.05)
N/P »=-0.17x +207.76(R* = 0.003, p > 0.05) y =40.98x —310.94(R*=0.077, p > 0.05) y=10.95x"*"(R*=0.98, p <0.001)

c/P y=4.53x+2 7243(R* = 0.003, p > 0.05) y=890.99x — 5 698.1(R2=0.06, p > 0.05) y =339.13x *(R* = 0.94, p < 0.001)




2 i

HESE: G T I TR XA R 2 5 R N MR 7 Wk U A 2 T BRI e B[R]

91

IR E R ON 53749 OC FE(R*=0.62)
J TN &8 (R = 0. 1D ¥ AR R E R R, N/P
(R*=0.98) & C/P(R* = 0.90) 5 ki&E¥ 7= 7 TP & &
BIFEAEN R R RO R .
24 WMOFHE MR T EH XY OC. TN TP &
HEUFi S ERN T

F 4 BoR: EWATEY OC Kl F ERN K 2T
KEFEEHRE(D), HF OC =367.70 + 95.33 x
Dz — 56.30 X Dy gz — 3.05 x W& +0.06 x % J&
(R*=0.33); sk 25 F LR TR EANEF
BRI, 20K KEAN, TN =138 -0.10 x
Dy ez (R = 0.13); S2MRE &) TP (K 72 EARZ

H 2

MR BRI ERE (O, ZIAAK KRN, TP =
0.69 — 1.90 x Cyji gz — 0.21 x Cppm(R* = 0.49); 5
Wi A4k % 40 N/P R C/P B 1~ 34 B 36 WE R R AR 35
F w8 E RIS ERR B (ORI B, 2 T
FKFK RN, N/P = —439.03 + 681.20 x Cyp 4oz +
37.06 X Dy e +222.44 X Ty, +0.04 x TR =
0.49), C/P = 101 674 + 164 567.55 x Cy oz +
8 785.66 X Dy jojz + 48 226.05 X JIy . +9.49x H[E
(R*=0.54), HIILAT W, 5200 OC. TN, TP K H AL
THEARFIE 9 2 R T R 2 R R, O
I3 B, B TE R 1 oh A 3 BE X R 75 ) OC A i
FH R o

R4 MO, WEAMFSEMEX OC, TN, TP REAFITEHMEREMm

Tab. 4 Effects of stand characteristics, topography and species diversity on OC, TN, TP and their stoichiometric characteristics

[R AR & ' E&i%ﬂﬁi 3 SE Pt R 2 _ , » R
Independent variables Dependent variables and constant Standard coefficient

# & Constant 367.70 70.77 520  <0.001
Dsj 95.33 26.52 0.57 3.60  <0.001

ocC Dy k2 —56.30 20.30 -0.47 -277  <0.01 0.33
3% Slope -3.05 0.90 —0.44 -338  <0.001
¥ Density 0.06 0.02 0.42 269 <001

N # & Constant 1.38 0.10 1425  <0.001 013
Dy )z -0.10 0.04 -0.36 -2.69 <001 :
‘i & Constant 0.69 0.07 9.41  <0.001

TP Cip gz -1.90 0.39 -0.55 488  <0.001 049
Crkjz -0.21 0.09 -0.28 246  <0.05
% & Constant —439.03 115.71 -3.79  <0.001
Cip gz 681.20 168.02 1.14 4.05  <0.001

N/P Dy )z 37.06 9.67 0.91 383 <0001 (49
Tk 222.44 77.04 0.70 2.89 <001
2 ¥ Density 0.04 0.01 0.69 513 <0.001
& Constant —-101 674.87 27 675.36 -3.67  <0.001
Ciuhz 164 567.55 40 188.93 1.08 410  <0.001

cp Dy oz 8 785.66 2313.12 0.85 380 <0.001 (54
21 Density 9.49 1.68 0.72 567  <0.001
Tk 48226.05 18 426.41 0.60 262  <0.05

VE: C. Simpsonf#4 E485L; D. Margalef=F & E 154 J'. Pielouy %] JE 454 . Notes: C, Simpson dominance index; D, Margalef richness index; J',

Pielou evenness index.
3 ®
30 EHFHRIEMAIAREEY OC. TN,
TP SEERENFIT 24T

s B BEVE N AR S B A (R 2E e 3 FH 2
Feor, EIC R TR A S R G R G h R 5 2
TERWL, MiASVEWIVE NS RGFR A, AR
ARG ER G SR — AN BB AR . O
AW TR, HAREKFTTR 70% ~ 90% 1755 K B
RV R0 ARBEFE R, 3 MRS A N AR
Fi7EY) OC & 8- F¥IME N 346.92 g/kg, TN 7 &3
B4 11.22 g/kg, TP & &=-F¥H N 021 g/kg. 5 HH

ABh b 35 4R A5 PR A P b i R AR AR R VR D IR
=(C, 396.2 g/kg: N, 12.7 g/kg; P, 0.9 g/kg) Fl %
W H R AR AR () R Va0 77 4 & PG, 379.48 glkg;
N, 12.40g/kg; P, 0.70 g/kg) AL, AHF 7+ AN T
MAGTEY) OC. TN, TP & EAHXHWAK . AWFFTH, A
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