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Ecological Stoichiometry of Soil Carbon, Nitrogen,
and Phosphorus within Soil Aggregates of Four Plantations
in Different Cunninghamia lanceolata Stand Types

ZHANG Qianchun, WANG Shengqgiang, HUANG Yongzhen,
YAO Xianyu, HE Xinxin, YE Shaoming”

(College of Forestry, Guangxi University, Nanning 530004, China)

Abstract: We analyzed soil samples from the plantation of Mixed plantation of Cumninghamia lanceolata
and Mytilaria laosensis; C. lanceolata and Michelia macclurei and pure plantation of C. lanceolata in
the Experimental Center of Tropical Forestry, Chinese Academy of Forestry. The soil aggregates were
classified into 2 mm, 0.25—2 mm, and <{0. 25 mm {ractions by a dry-sieving procedure. Soil organic
carbon (SOC), total nitrogen (TN) and total phosphorus (TP) contents, and their stoichiometric ratios
were calculated, and to examine the ecological stoichiometric characteristics of C, N and P within soil ag-
gregates. The results showed that the coefficients of variation of SOC, TN and TP were 21.37%, 21.00%
and 21.46%, respectively in the 0—10 cm soil layer and were 20.35%, 16.51% and 17.82% , respective-
ly in the 10—20 cm soil layer. The spatial variation of TN was lower than that of SOC and TP but there

were significant positive correlations among them. SOC and TN were distributed in the micro-aggregates
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and among of them had the greatest values in the C. lanceolata and M. macclurei plantation, however,

the distribution of TP was relatively uniform among aggregates and ages. The coefficients of variation of
C/N, C/P and N/P were 14.09%, 19.75% and 22. 24 %, respectively in the 0—10 cm soil layer and were
19.56%, 21.28% and 24.49% , respectively in the 10—20 cm soil layer. Variation of C/N was lower than
that of C/P and N/P. Averaged C/P and N/P values in the macro-aggregates were higher than that in ag-
gregates of other sizes. C/N, C/P and N/P had good indication for SOC storage. The results showed that

there was a lack of phosphorus in the mixed forest of C. lanceolata and M. macclurei. It was suggested

that P should be supplemented in time to avoid the limitation of phosphorus on the sustainable utilization of soil.

Key words: Chinese fir plantation; soil aggregate; carbon, nitrogen, phosphorus; ecological stoichiometry
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7803t 4y M. R F B & (one-way ANOVA) Al
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Pearson ¥ Xf A [A] ¥k 73 FUAS [\ ki 42 SOC, TN Fil TP
S A LM, B SigmaPlot 12. 5 A1 Excel
2010 il L P oo BB 2 0 S A AR i 2=

2 ZER 550

2.1 TEHAREEK CN.PEETHIFA
2.1.1 TERABRKEHNHKSOOSESH mE

3 AT, R IEA R R SOC F#7E 0~10 em F1 10~
20 cm FifRL AR B US/IN TG I R L P 2858 LA 5 R 8. 20
~17.59 M1 7.64~14.15 g« kg " AR+ EER R
By A 21,37 % F1 20, 35% . ARIMKRAFEB T, >
2 mm Al 1~0. 25 mm $if& H AR SOC & 5 % M)
FARA T > 1 >, 7E<<0. 25 mm kife A B FE 0
bRl | IR =0 a7 s ol I | T 7 N o B 1 | A
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Table 1  Soil chemical characteristics in the different stand types
= - = )
S()ijl:Eyer ;ﬁﬁ;&:y%g ()rgﬁﬂlffjlk)on Total%ﬁ\rgflgcn Total ﬁ?fg};orus C/N c/pP N/P
c /(g kg ) /(g kg ) /(g kg )

1 13.80+0. 16B 1.0340.01B 0.55+0.02A 13.46+0. 23A 25.40+1.11AB 1.8840.05A
0~10 I 15.204+0. 11A 1.124+0.01A 0.58£0.04A 13.594£0. 15A 26.82+1. 64A 1.974+0. 11A
1T 10.10+0. 12C 0.86+0.03C 0.45+0.01B 11.76+0. 14B 22.55%+0. 85B 1.9240. 08A
1 9.97+0.06B 0.89-+0.02B 0.5040.01AB 11.17+0.17B 20.0840.43B 1.8040. 05A
10~20 I 13.07+0.09A 0.97+0.02A 0.52+0.02A 13.48+0. 28A 25.464+1.18A 1.8940. 10A
I 9.44+0.12C 0.81%0.02C 0.4540.02B 11.71+0. 36B 21.20+0. 88B 1.8240.13A

T T EAKEHHRZEN: T AR K IR W A ARSA T, [FFIRS T b R 6] — 2 AR TR AR 28 80 22 52 W %% (P<<0. 05)

Note: I . Mixed plantation of Cumninghamia lanceolata and Mytilaria laosensis; 1I. Mixed plantation of C. lanceolata and M. mac-

clurei ; lll. Pure plantation of C. lanceolata ; The same as below. The difference of stand types in the same soil layer in the same column capital

letters is significant at 0. 05 level

xR2

AEFZARMS KB T EFARE D HEFE

Table 2 Distribution of different soil aggregates in different stand types

+ B BRI K, Composition of soil aggregates/ %

+Jz o327
Soil layer/em Stand type =2 mm 2~0.25 mm <20. 25 mm
1 45.0141.77Ba 31.1741.52Bb 23.8241.89Bc
0~10 1 51.9441.33Aa 33.2941.95Ab 14.77+2.03Cc
i 32.3641.36Ca 31.8440.89Ca 35.81+2.23Aa
1 33.0941.19Bb 27.88+0. 86Bc 39.03=%1.23Ba
10~20 il 49.1840. 63Aa 31.50+1.50Ab 19.32+1. 94Cc
Il 29.7341.56Bb 24.814+1.28Bb 45,46+ 1. 94Aa

T« AT H08 5 AN [ /ING =7 Bk 38 7R S TR 428 P 3R 44 1) 22 53 1 35 K P (P <20, 05) , R 9 R B 57 B R Rl — 12 AN [F) bk 43 28 0 2% 7 1R 35 (P

<<0.05); F A

Note: Different normal letters in each column indicated significant difference among different particle size soil aggregates and there were

significant differences among different stand types in the same soil layer at 0. 05 level. The same as below
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2.1.2 TERABRKEE(TNEENH HE4 AT
AN, A R AR TN B 5 78 N [R)R A2 AT SR 44 bR 43
FKARIP AR S SOC B i AR AR L, 76 A [ R A% A
Rk, R TR TN B 5 BB AR 14 38/ 11 T =
<C0.25 mm R AR TN & it fe . 78 [ bhosy 25
WL TN fr g 7E AR A 288 1T A v, L RO bRy 25
T ARG 2B AL e, HHh7E 0~10 F110~20 em +
J2 P AR A R4 1) 0. 77~1. 31 F1 0. 67~1. 14
g+ kg ESERBHHN 21.00% H1 16.51% .

2.1.3 TEARKEB(ITPHEES®H HESA
A R RAK TP & & 4F 0~10 F1 10~20 cm 1
JZF- 4 A8 Ak 3 B 43 J& 0. 43 ~0. 64 il 0. 33~

0.54 g = kg '. B 5 R BTN N 21, 46% HI
17.82% . AFAAEAREF AE 0~10 em L2 .45
Wife 2z (B JC 3 25 5 M AE 10~20 em + )2, b0 2
B H,1~0. 25 mm #1<C0. 25 mm $ifE5>2 mm
KR REAA W E %R, EARMKSEBT, +
e RAK TP & i Moy 2880 11 e, R E MR 26
BT bRy S I B/l o W 76 0~10 em 12, >2
mm F<20. 25 mm R, A2 A 1T B2 & AR
ARA s 7E 10~20 em £J2,>2 mm k& H,
Sy T AR AL,

2.1.4 TEBARKCNPHMEXE HE 10
A ASTRAZ AR RG34 AR A R AR C NP FETE R i 3

K3 FRAEAKSEETBEAREENRCOOZENSH

Table 3 Soil aggregate organic carbon content in different stand types/(g « kg ')

+ 3 WAk 42 Particle size of soil aggregates/mm

+)Z LA
Soil layer/cm Stand type ~9 90,25 <0.25
1 12.67+0. 12Bc 13.604+019Bb 16.23+0. 19Ba
0~10 Il 14.26+0. 12Ac 15.60+0.17Ab 17.59+0.10Aa
I 8.20%0. 13Cc 10.56+0. 16Cb 11.40+0. 12Ca
1 8.30+0.09Bc 10.12+0. 18Bb 11.30+0. 23Ba
10~20 il 12.64+0.15Ab 13.05+0. 30Ab 14.15+0. 19Aa
I 7.64+0.15Cc 8.70£0.19Chb 11.05%0. 16Ba
R4 FAEARSEBRITZARFLZE(TNRENSH
Table 4 Soil aggregate total nitrogen content in different stand types/(g * kg ')
T By e + e A4 ki 42 Particle size of soil aggregates/mm
Soil layer/cm Stand type ~9 9025 <0.25
1 0.7740.17Ab 1.08+0. 02Aab 1.1340.02Ba
0~10 I 1.0640. 01 Ac 1.1340.01Ab 1.3140.03Aa
Il 0.77£0.01Ac 0.860.02Bb 0.93%£0.01Ca
1 0.79+0. 02Bb 0.88=+0.03Bb 1.0040. 05Ba
10~20 il 0.8740.02Ac 1.01+0. 04Ab 1.14=+0. 04Aa
Il 0.6720.03Cb 0.8240.02Ba 0.90+£0. 03Ba
5 FAAEAMSEXRLTEAREKLB(TD EENSH
Table 5 Soil aggregate total phosphorus content in different stand types/(g * kg™ ')
T By e + A AR R AL Particle size of soil aggregates/mm
Soil layer/cm Stand type ~9 90,95 <0. 95
1 0.51£0.03ABa 0.544+0.06Aa 0.63+0.05Aa
0~10 Il 0.56+0.04Aa 0.56+0.04Aa 0.64+0.05Aa
Il 0.43-+0. 04Ba 0.487+0.04Aa 0.44-+0.03Ba
1 0.4640.03Aa 0.5140.03Aa 0.5240.02Aa
10~20 il 0.51740.02Aa 0.53740.03Aa 0.54+0.02Aa
I 0.33%+0.05Bb 0.45740.01Aa 0.47+0.04Aa
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Organic carbon/(g * kg ')
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Bl 1 A AT SR L R AR CONLP B AE S (r =90)
Fig. 1 The correlations between C,N, P and each stand types (n=290)

6 ARNEFELTHERAREME CNPIHEXESFR
Table 6 The correlations between C,N, P and each

aggregate fraction

o,
Particl?i?ze/mm CN CP N-P
>2 0.496"" 0.625"" 0. 347
2~0.25 0.871"" 0.336 0.294

<0. 25 0.853"" 0.649 0.630"

MR B 005 KT R, MR 0,01 KF 1 i
#(n=30)
Note: ~ The significant correlation coefficient at 0. 05 level. "

The significant correlation coefficient at 0. 01 level (n=30)

I IEASE K R (P<C0. 01, Horpr C AT N 22 1] 52 2R 1
FHOG, AL AR AR, C AP K& N FI P 22 (8] Y 2k P
PIERERM, P EHREMAASET C M N, fi£
6 A HIAS ) SR fRoR A2 o C AN A7 76 A 2 35 19 IE
MR (P<<0.0D);P 5 C7E>2 mm M<C0. 25
mm RS A A S W2 s P 5 N 7E<<0. 25 mm i
(BN P X AT E

2.2 HIEAREK C NP ESLFTERT

2.2.1 C/N [HE 2 fix, R A C/NFE 0~
10 F1 10~20 em 4 2P ¥ A8 fb 7 Bl 43591 /2 10. 61
~14.36 F110.59~14. 50,48 5 R K594 9. 32%
F112.85% . AFMFZEBALE 0~10 cm 1JEH C/
N HGAE bR 3 26 30 11 e i s FEOR SR AR AR 268 T, Ak
YRR fe /s AR 2R I 5 101 25 5 &8 3 (P <
0.05), [AHf,10~20 ecm )2 C/N H{H 48 1k B A
5 0~10 cm FA1L,

2.2.2 C/P K 3R, LEARK C/PIE 0~
10 F1 10~20 cm 4 27 B A8 fh 3 BBl 4302 20. 04
~28. 73 Fl 18. 22 ~ 26. 53, % [ K 4 9 K
19.75% F1 21. 28 %, + 4 C/P 78 A [ Ki42 Z A 6
W25 (P >0.05) , FEAFIM A 2B, C/P Ry pk

] =1 zz]||
161 0~10cm Aa . Aa 10~20 cm
Aa Aa | Aab
Aa Aa | al Ab
BbEB. =, | LABIL | Abag
12f s B 2] | Baf |5, Ba
Z Z |
o i
8r i
1
I
!
4 :
>2 2~025 <0.25 >2 2~025 <0.25

#11% Particle size/mm
B 2 OR[EAZ K bR 2 70 + 38 A R Ak v C/N 43 A

Fig. 2 Distribution of C/N ratios in different stand types

] =10 m
401 0~10 cm ! 10~20 cm
I
1
| Aa Aa ! Aa Aa
32 Aa Aa AaTAa i Aa Aa AaTAa
Aa | Aa
o Aa : Aa
So24f Aa : Aa
:
161 |
1
i
8 1
>2  2~025 <0.25 >2  2~0.25 <0.25

4% Particle size/mm
B3 AN AR 2R + 3 I Rk C/P W) oA

Fig. 3 Distribution of C/P ratios in different stand types

Pa =il |15 P N i B B N i ||
AN MRS Z ) T R

2.2.3 N/P W4 PR, LHERREK N/P E 0~
10 F1 10~20 cm 4 2 F B8 A8 Ak [ 43 1) & 1. 55
~2.16 F1 1.73~2. 35, 5 RE5r 5 R 22. 24 5 Fl
24.49% ., 0~10 cm £ 2, N/P 7£ bR 53 [6] Uk A% [H]
¥R FEZER(P >0.05), 10~20 cm +JZ. AR
[ AR 267 N/P R B R R4 25 AL 11 Fe i R
JEMAT AL | SR fe /. b, <<0. 25 mm
R e Y SVl | TR R s B B || IR
R R[] 22 5 R .3 (P =>>0.05)
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| /|1l ZZ]|
2871 0~10cm ! 10~20 cm
1
Aa Aa ! Aa Aa
agha TAR, AdT ! Aa  ABg
2.1F Aa Aa i Aa AgLAa
=9 ! Aal a Ba
: a
1.4} i
1
1
:
1
0.7 L
>2  2~025 <0.25 >2  2~025 <0.25

$i1% Particle size/mm

K4 KRR ARGy 80 L RIER b N/P i oAl

Fig. 4 Distribution of N/P ratios in different stand types
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3.1 THEFAREK C NP ESETHEE

N T bR 3 PR o 2 B AN [ O 9 0 30 L I i
Hoor sl R, 5 808 9% 00 %K )+ 800 19 55
i AR X 4 SRR I A5 RS A T g R
B RER A T VE W UE O e 2 v T AT R bR HOR [
B A8 V5 W o i R A AR B B 25 5L VR ) i UH iR
R IR AR L C N &85 Tl
AR AR R S R S R E S 2 RS
K IR AE e m S & ik TAZ RSk, WA, H
B C N Z R, HHERZREY ™ &
FOlE R TE R A RT3 CON LR A
AL HEEHERAE HELZO0~10 cm)FmT T
JZ2(10~20 cm), X 5 /7 ABF 58 25 0 — 5, ik
AN B TE RS2 76 A TR AZ Kb 3 A o, 4 192 ]
B CON B i3 i 25 0 A2 0 /N 522 38 348 s s Ak
Hrp oM e s & ®E<< 0,25 mm B AZRE
R h B E T > 0,25 mm R B BRI 2+
A8 PR A4 X 3% 43 110 W B R ) 5 AT R R P R R R
oo [ BB 24 & F /RIS R AR L ARl
- B G Wl o e R A R B . DT ) N R A T 2R
RBLEYT B AR o — X T REE T e
18 Sk R AF X A58 [ R R B 5 i A2 AR R R L
T B B AE i A A5 4 5 L L ARG X
P IS . b 5 R R AR A A AR AR
FIF S 38 A8 R — DX S i o B AR — 8L Wk,
AT 5T AN [R)AZ AR 53 28 BRI [ RE A% A SR 44 rh £
BRI N —. SR TR R AR R
PUBE B = 2 K R 5 AT 5 i — 2D iR S8 B 7E +
HE i B A BN

AR, C N ZHAFERERG LR,
T TN (9510 1 5 4 HUBR B A — B0k, B %

FHEPE B B K (P <0, 0D) . X &2 T 1 4%
TN 2k R TR ) 3R AR S5 il 5 6 BT B 1 A L
i, << 0.25 mm RAEFIRMAK TN &8585, XA
Z 3| £ HE SOC & &8 W 52w, 5 /R 4% AR R X
NH, ~ B0 B 6E I il A7 o< L i AR Rl Ak 4 28+
A RAE TP B2 5 /NF SOC #1 TN, FZ i F
R R — RO L A R AR R R AR
% {EL 5 BLBR 4 2802 KSR 7 AE W S 35 1 A
KFEFR (P <0.0D),
3.2 TIEFABEME C NP ESKFEITERET

43 C/N.C/P il N/P &4 ML uk H Al A 4 v
C.N.P G5 i 0y A A& 4 3 A HL 5T 21 Bl AN BT 2 1Y
HEEIR 22—, FL 4 I i 58 5% 43 1 R A1 1 O DA &
-+ HE PR EURR G PR RRAE Y . 3 C/N W R R
i A WL R R DL K R E W Rk
F L AR AR E L3 B AR N T8 C/N
8 S-S5 0EL 3 530 R A2 R KT TR 28 > 42 AR & HETR
MR AR G, ¥ T o E C/N #F ¥ {H (10. 1
~12. P 3 ] 2 B R V% 0 5 R [ SOl oy
fifp R R 22 5 AR RO B 9T K B VR TR W) o i
REAEDVILGE 0 E NP & I,
AR IE X3 B2 AR K A NP A e, Al
RE A K 7 1l 81 7 00 G il AR TR

13 C/P 1 N/P By 23 0] 28 8 C/N KL ixX
FEEMT C.P 5 NP AN SMHAR -5 X
5T g 45 AR A2 AR TR 38 AR 4
HoRLARH AR R C/P FI N/P 8 T A2 R4k, R
DR 7E T 36 TR A2 PR At 38 DA B 4% ki 4% AT SR AR R L
B VAR 2R O e 250 AN [R) R B %) T o Tl ) R T
AT [ 52 T TR 22 MR C/P il N/P A X 48
BE A AR B 2T R A P % NP s 2R B[] £k W e F ]
FHEA ARG L DR i A 8 58 4 98 (A R K C/P
N/P (A8 SERERE

e NP 2R YA KT S 3R
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