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2 FIT MO ARSI IR B R TR % KD 410004

3 Wi SRR AP E R BRI T, 231F] 418307
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N.P SRR E e R B K, 2050 (527.60+15.07) . (10.55£1.89) . (2.13+0.31) g/kg;fij C:N.C:P N:P AY4EF-1
(IR MIRAR , 735108 (78.12412.54) (619.46+48.23) | (7.13+3.57) s R[4 B BUAE C N <P HEF MRS A > I, I FIAR Y
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Seasonal dynamics and allometric growth relationships of C, N, and P

stoichiometry in the organs of Cunninghamia lanceolata from Huitong
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Abstract: Organ-specific comparisons of carbon (C), nitrogen (N), and phosphorus (P) stoichiometrics and allometrics
reflected the interfaces of the functional differentiation of plant tissues and the influence of environmental constraints. Here,
we explored the seasonal constraints of organ-specific C, N, and P stoichiometrics and allometrics in a 25-year-old
Cunninghamia lanceolata stand in Huitong, which located in subtropical China. Leaves, branches, and roots of trees
covering a wide topographical gradient were collected at different seasons ( January, April, July, October). We analyzed

the seasonal dynamics of C, N, P content and C :N :P ecological stoichiometry in leaf, branch and root, and then revealed
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the variation ,variation sources and allometric relationship of nutrient elements with different organs and months. The results
showed that the C, N, and P contents and stoichiometries of the C. lanceolata varied in different organs and changed with
seasons, reflecting a plastic seasonal variation and strong ontogenetic self—regulation. In all organs, the annual average N :P
ratios (<14) were much lower than the average level in China (16.3), suggesting that the growth of C. lanceolata in this
region is relatively limited by N. The maximum C contents were observed in April for all organs, which was likely due to the
increment of temperature in the growing season. The maximum C :N ratios were observed in July in all cases, indicating a
relatively higher utilization rate of N in summer. In addition, the coefficients of variation (CVs) for N, P, C:N, C:P, and
N :P were all higher than 30% , and the CVs for the P content and the N :P ratio in the branch were 65.04% and 62.41% ,
respectively. N and P of leaves, branches, and roots showed a positive correlation and an extremely significant allometric
growth relationship between them( P<0.001) , with allometric exponents of 0.539, 0.617, and 0.721, respectively. This
result demonstrated that growth rate changes significantly with an increase in nutrient concentration. The leaves and branches
showed the highest N and P contents in October, which is possibly because of a temperature effect. The C :P ratios were the
highest in winter. The changing trend of P showed an initial increase, followed by a decrease and then another increase. The
highest N :P ratios in the leaves and roots were found in spring. The changing trends of C, N, and N :P were an initial
increase, followed by a decrease and then another increase. By contrast, the C :N ratio changing trend was an initial
decrease followed by an increase and then another decrease. C, N, and C : N showed extremely significant positive
correlations (P<0.001), and the N :P ratio showed a significantly positive correlation with leaves and roots. C and N were
positively correlated, with a similar slope and significant allometric growth relationships ( P<0.05) , which can be attributed
to a difference in the environment of the leaves and roots. The highest annual average C, N, and P contents were measured
in the leaves, with a mean value of (527.60 + 15.07), (10.55 + 1.89), and (2.13 + 0.31) g/kg, respectively. The
greatest CVS for N, P, and N :P were found in the branches, proving that the absorption of N and P varies with seasons.
The highest annual average C :N, C:P, and N :P were in the roots, with a mean value at (78.12 + 12.54), (619.46%
48.23), and (7.13 £ 3.57), respectively. The roots showed the highest CVs of C:N and C :P, indicating that the growth
rate and nutrient use efficiency of the roots are strongly influenced by seasonal changes. Organ and season had an extremely
significant effect on C content (P<0.001), N, P, and N:P (P<0.001). Furthermore, the influence of season for C :N
reached an extremely significant level (P<0.001), and the main effect of organ and the interaction between organ and
month showed extremely significant effects for the C :P ratio (P<0.001). The C and N contents in C. lanceolata changed
with seasons, which is likely due to the change of temperature and precipitation in different seasons. The main influencing
factor of C:P and N :P was organs, reflecting a different demand of N and P in each organ. Finally, the main influencing
source of P and C :N was month, indicating that there are very different demands for these elements at different growth

stages.

Key Words: Cunninghamia lanceolata; plant organs; stoichiometry characteristics; coefficient of variation; allometric

growth relationships
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P22 . WA TC R M az i o3 IO AR P R AT LOE S Sl A KOG FOR e, —SEtFFe 3R] HE )
RN C NP & Z A0 55 U E KOOSR R BE A CHE, N B C 254K, P B C & 3/4 FH8 80
KM HAT A T RS RGBS R T T ARAEEE FIRE AR C N P S AR S
PHERRIE ™ SEF R AR R3S B %53 70 28 8] A AR VR RG> e 22 53 0 RV 48, 4590 B3 1o A5 (1 L 7
XS A AR IR RS2 R AFAE R M AT AR BRI

A ((Cunninghamia lanceolata ) J2 g J 1 IX 5 85 22 A B A= AR BB, B AR PR PR 708 22 BF I (B |
AREEH X S, AR R R FEMOl A B i dl T E S A, ARSI A T 25 AR AR
FE Y C NP & b H A A T AT SRR, 2 MT A2 AR 88 B IR 20 DT R AE A [R5 e A7~ 728 S 1
FHIE SRR S S AR KOG R R T IZARA R & B SR 200 R AR O R A RO X2 AR A B R 4L
FROTEP B VR LB P T2 B AT B 5 S A R T TR 0 BE 8 A R ST A2 AR B S5 A IO SR ] e, 25
AT G T BB, JE LR ASRARAZ AR A= Wy e 5 B A e 4 (IR S . AR BT A AL
PR A2 AR N TARRY 228 1 A PR (B S 4

1 #MR57EE

L1 AR5 XA

TR0 b e BRAE ) P 2 [R) A2 AOMR ] 58 A i P AR} 2 LI i 5 i 15 4R K X, M 3L 5 8 109°45'E,26°507
N, WK 300—500 m, AFFFERT i 1100—1400 mm  Ja& AT R U X, AR P4 S0 16.8°C, st AR i o
SEFRHT LR R AR, 2 DR T 2 5 i B ) RV R 3 S O A v L P b B, HERR AR BT ISR Y T
PSR A S BEIEN . WS 8K IXE 1987 AR5 L& S R A9 AZ AR ZlpK, bR pa ) £ 2
AR ( Vernicia fordii) A& (llex purpurea) F:Z5111( Maesa japonica) F8 ¥ ( Smilax china) ERTEHE ( Dicranopteris
linearis) fEFG IR ( Cyclosorus parasiticus) JiE Bk ( Woodwardia japonica) %5 . F2ABRG; B FEANE i S H: 1 1 5
AEPERT I3 I L 1 IR 2,

R1 EEMAKRSHFAE

Table 1 Characteristics of the stands of Cunninghamia lanceolata plantations

W sl T T Ikt
Stand density/ ( #£/hm?) Canopy density Average DBH/c¢m Average height/m Litter biomass/ (g/m?)
1975 0.8 15.4 13.4 410

F2 B tEEAER

Table 2 The physical and chemistry properties of soil of Cunninghamia lanceolata plantations

Ay BRI % HH/(g/em’) pH fH TR/ C
Month Moisture content Bulk density pH Value Temperature
1 17.13 1.37 4.94 7.3
4 14.65 1.29 5.16 15.7
7 11.81 1.31 5.07 25.8
10 8.96 1.37 5.10 19.7

1.2 LRI SRR

M54 KIX i B R AR E 9 8 20 mx20 m (WEEFE T, BFANRFET 2014 4F 1 H 4 .7 A 10 A
HEAT , F B AT SURBEAZ AR RN i (A &, R R T B AL B 3 BRAZ AR . (1) FE S B B bR A2 AR R (IR
R FoRARWAEAE R, 4 i R R T 53 B3 73 )2k 48 5 SRAR T IEAZ AR I AR ( B4R <2 mm , A2 R AR i3k
B ) i B AR BUS 43 i B A AE JE A Il 52 e =5 (2) MR LT 2 E i HET 5 AR LR 1
i T C NP S RIE,
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1.3 @ ik S EdRE
1.3.1 WEH %

AR (LD6172) (IR ProCheck T4z 2 Dy RE 1278 LA B 24 70 HURE 200 5 A Hb 9 AR o B A2 | 1
S TR B R D) e 35 (0—15,15—30,30—45 em) o 3% pH (B pH A HT 4000 5E o 4 He [ e R D7 Y LA
S BUFYSTRE 1 mx1 m [ 3 BIE RIS YIEER , B 0 RIS L8 - B8 35 Py 1] S B0 == E AT PR R,
EFIMRIRE Y R E A PR E A R AN #GR I e | 4 F0CR PR 8 ZUE I 2 |, 0 R H 6
- 1o SR T & - B L O B I R
1.3.2  FdEadr

i Excel 2010 1 SPSS 19.0 X4l #1748 11 5 5347, R A One-Way ANOVA Xf it B2 AR C N P it
i e T 22 BRI R HH Pearson 43T 0 MR Z (0] C N P M it HE AR G W SigmaPlot 12.0 2 il
C NP iDLt iy 2= s AR B bRl =50 C R B (A SPSS 19.0 X&' C:N P A k21t
ARG 3T, 72 5 BB (coefficient of variation, CV) = 100% by 22/ FHEIFEAG I R AR
T5 2253 M AT AR SRR AT . SR SPSS19.0 M faT 20 4 mIH AT A KB C NP KR,
C NP & LU B 9250 7 i (2/kg) 28 ,C:N .C:P N :P C:N:P R,
2 ZR500r
2.1 AFZREW C NP & it ) 15 s RHE

MR 3 AT, C N P & i AR I R B K, 43 1 R (527.60+15.07) L (10.55+1.89) ((2.13+
0.31) g/kg; i C:N C:P N:P BAFF-IE i KA MSEM, 4358 (78.12+12.54)  (619.46+48.23) . (7.13+
3.57) . #4E C:N:P R/NHEPRIUAR > EE > MR Y C NP iK% 450:7:1, Mt ARAY N C:N N:P ¥ HA
M2 R (P<0.05) , M) C.P &l S5k RSN, S EZEM C P EAZESM,

®3 MAKEEWHRE C.NPEERITELNEFIE

Table 3 The annual average value of various organs C, N, P contents and stoichiometric ratio of Cunninghamia lanceolata

wE . . . N
C/(g/kg) N/ (g/kg) P/ (g/kg) C:N C:P N:P C:N:P

Organs

it Leaf 527.60+15.07a 10.55+1.89a 2.13+0.31a 58.03+9.68a 273.34+38.29a 4.92+2.46a 248 :5:1

% Branch 504.30+£12.94b 8.97+1.74ab 1.55+0.54b 69.63+14.50ab  445.37+114.15b 7.02+3.51ab 325:6:1

2 Root 501.24+17.34b 7.64x1.17b 1.11+0.12b 78.12+£12.54b  619.46+48.23¢ 7.13+3.57b 450:7:1

INE TR A E Z B 22 e, Fer BAT AR R R 22 R AR 3 (P>0.05)

M kB AREY C NP SR E T EARE LR 1, AZARM B RE C N P S EEARZEY A% B2
R, A B C S R (EY R 4 A0y, 5300 (564.99+8.32) | (542.68+10.92) . (530.08+6.65) g/
kg, M AR C & AL RIS R STt i 5 BRI i s i B N & 5 7E 10 Ay dsersi, 705l (15.39+0.53) |
(13.76£0.23) g/kg MAE 4 H 3, }9(10.90+0.34) g/kg, MR 1% 2= 55 728 1k 52 B 1 e T v /s AR R
FEaR e AR PSR RME B 10 A3, 0518 (2.98+0.13) L (3.15+0.21) g/ke, MRimh 1 A, H
(1.45+0.31) g/kg, Mt AR RSN Se Tt 5 AR T AR SR I B T ey 2= 28 b, Rl —28 A
[F AR C N P & B E e AR 0 22 Sk ot AR C & 7E 4 A5 7 A i B
N EHZEREKRAEIN T AM 10 A ;&850 P S5 1 MR 10 AhZESiKR,

BASE C:N e KAE N 7 A6y, /0518 (76.28+8.87) . (106.27+13.18) . (109.23+22.11) , fi & =5 28
b, it AR C N RIS SE RN T+ BRI R A2 (a3 B2 B e TR R BRI sh S g, b ki
C:PIETE 1 Ay i, 730 (368.92+39.41) . (724.41+56.67) ,MAE 4 6y, (691.02+139.52) . M
B N :P {ERI N 4 A ER, 20310 (5.56+0.33) |, (13.66+2.53) , B iysm KRG 1 A6y, (12.81+1.80) ,
N :PTER: MR S 8 A ] ) AR Ak 4 10 2R e T i Ja B AR P s FER BB R . A B AEAS TR A0 Y
A2 AR A [RI R R (0 25 St ok By €N 22 S de R 7 A 5 10 A 6y ik B ¢ <P 7
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Fig.1 Seasonal dynamics of C, N, P contents and C :N, C:P, N :P mass ratios in different organs

RE TR il — S B LA 5 i 22 54, Ferh BATAR TR 5 1) 2m 22 VA 135 (P>0.05)

2.2 EARKHWE C:iN:P ASETRE A R AR SARAE AR SR I AT

M 4 T LIE 588 C N P .C:N C:P fl N :P ¥R B IEMEER  HHS5RM C N .C:N
FELER I 2 IEAR DG OC R MR N P 230 i 28 TEAH DG OC R BORIAR 1 C N HoA R o 25 IE AR CPE . Rl #%
BN C oA S 2B/, BT 9%, R >k, &858 N SRR R T 35%, HF k>
>, P& T RECYE T 30%, £ 4% B 22 5 R BCHET ko> > i H S i 48 5 R B0R 6 65.04% .,
EARNTMEGE C:N AR REE T 42% ,HF R SE S HARE C N 285 R8G5 54.26%, AR H
WA EE C:P WS REHT 5 C N AHF, Y& T 34%, AR A G NP AR T 025 RZEBU/NT
30% , BRR A8 S5 R B KT 60%

ARG E AT A Oy R R XA BEAEFXAZA C N P & & SO e isg m & A MR (2 5) , ¥oh B
FKF(P<0.05) , Hrp 28 F  H X C A2 ik 2 2 KF- (P<0.001) ,#8F A M A B 5 H M s |
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FEHIXE N P N :P Y380 A 355400 ( P<0.001) , H AR XF C :N B2 Al 2 3% K F- (P<0.001) , #8 F (48 B
S5 AW SZEAERR C P B2 2 (P<0.001) . MWK 5 AT LIFE AR C &&M N & EEZ2F
SO X C P AR S BRI ) B, O A 3 P i C N AR SRR R E R IR A 3, N P AR
) =282 B A8 B pyse )  HOR 288 5 5 A g BAE- .

F4 TRBEESUFTEFENEXXEZNERER

Table 4 The correlation and variation situation of ecological stoichiometry characteristics in different organs

- C N p C:N C:p N:P
##E Organ
CcC CV/% cc CV/% cC CV/% CcC CV/% CcC CV/% cc CV/%
M Leaf ab** 6.40 ab ™" 36.50 a™" 30.40 a*” 42.49 a** 3481 a* b= 29.11
A% Branch a™” 8.24 a™" 41.78 a™” 65.04 a*" 50.68 a*” 49.47 a™” 62.41
#2 Root b** 8.40 b** 35.95 b 58.97 a*” 54.26 b 56.11 b* 60.86

CC: HRARE, W MR T RPN AR S B REAMRLR, «  BEMK(P<0.05) 5 * = MBEMK(P<0.01) ;CV. AL 57 REL

*5 EAALEZEE CN.PRERETERMNEXRTRKES T
Table 5 The effect of variation from different organs, month and both interactions on C, N, P, and C :N, C :P, N :P mass ratios in

Cunninghamia lanceolate

FF H C N P C:N C:Pp N:P

Factors d MS sS Ms sS MS 8 MS SS MS sS MS sS
A¥H Organs(S) 2 748127 1496253 75987 151.95 9.35" 18.69 3662357 TR470 107820201 215640401 110487 22094
J13 Month(M) 3 20531.50*%  61594.50 19771 393.12 6.90 2071 1282616 3847848 18636893+ 53910679  7891°* 23672
BRI SxM 6 2246.10 1347661 45037 210.19 3 29 1888.70+ 1133220 209601.94 " 1257611.66 ~ 93.46**  560.77
IYETHIB S-emor % 910.05 87365.21 428 411.25 023 21.69 811.9 TIA829 462116 442763166 9.64 925.00

SS: BEEHRINS, BJ7, + ¢ HEE(P<0.05) 5+ = . IBLEE (P<0.001)

23 AFEEHE C NP HREAERKXER

SR S T A AR B R 2 T B A K R B AR AR W ANy = a3
a b YRRy RAEYEYE, FIOEYIE C NP &, SEPRAFSE i 5 A KOG R RO 210 F X0
TR FR log(y) = blog(x) + log(a) , 3 b MIZHLMAIR, B A KAg8™ . K 2 gk 6 &, it 4R
M) C 5N EFRAAAIEMHCK R, HARMAL, I A B E Rl AKER (N-C7,P=0.008; N-C*7*, P=
0.002) , 451 C 5 N RHUERKICRENBE  ZARELGE C.P BRI B M 5K IR i B AR
N P &t RO IEARDCHE ¥ BA 0 3 1 s AR KOG (NP P=0.000; N-P*"" [P = 0.001;N-P*™' P=
0.001) , H AR B M APRHALL,

x6 EALTERFE CNPIENREEKXR

Table 6 The allometric relationship of C, N, and P contents of different organs in Cunninghamia lanceolate

log Y vs. log X #4E Organs b 95 %Cl1 n R? P
log N vs. log C it 2.777 [0.774, 4.780] 36 0.189 0.008 *
54 0.837 [-1.490, 3.164] 36 0.015 0.470
R 2.574 [0.977, 4.171] 36 0.240 0.002 *
log P vs. log C i 0.869 [-0.864, 2.601] 36 0.030 0.315
b5 -0.009 [-2.462, 2.444] 36 0.000 0.994
Ui -0.187 [-2.628, 2.254] 36 0.001 0.877
log P vs. log N it 0.539 [0.338, 0.741] 36 0.465 0.000 **
54 0.617 [0.254, 0.979] 36 0.260 0.001**
Uit 0.721 [0.337, 1.104] 36 0.307 0.001**

# B3 (P<0.05), + * M3 (P<0.05)
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Fig.2 Standardized major axis (SMA) relationships of C, N, and P contents of different organs in Cunninghamia lanceolate

3 5t

31 EAARFRE CN P& &SR T SR

SRR L ) C SRR ERNFEFZEIEN, A 4 AR B, X 5 W4 XL gt
PAEFIE C BB R IE S5 AR, R R R AR KRR T & A SRR, it A AR R R TR Z
B C; IR, C & AR 10 A XIFLREITE X5 Herbert 251 fUBFFT 45 SRARRL, R Y N P & e R B A X 45
o, S A0 AR R A T AR N MR BEAE 9—10 H G R [k, P & B30 ka e T oe 45 SR AH I, JRA
TR A X A IR B A2 AR 2 A A I B W ORI A7 NP A5 B SR T B AR & AR e A
A7, AL C S AL AR IUN ST R G B, R N P S 7E 7 H XK, 10 A (A4, 5
FICH S RS aE R AT, 25 AR AR IR A K8 E BT Ak b PR B AR R BOARAS 4G
5575 =5 AU AR I ST 45 AR, SIS SRR, M5 K KA AR A AR N 2T
T A N A ) P A T REAAR Y, Wik ARAY P R B E R AR R P AR

MFIREAS CoNLC:P 78 7 AO AT 1 A 42 i, 5 40 A9 i 20 o BT 7 25 e S XS [l A 0 A9 C:N
C:PES AL, 32 T I 7 AR ) N 2 P Z R FPRAR SR, ARTE 4 H A1 10 A C :P AT
&, UEARTEAE ) AE K 200 P R AR 8 R, AR R W FEAE I A K fR v N i P<14 R B N FR
il ,N:P>16 2 P Bl , 14<N :P<16,24 N P IRl 8944 50 AR oe 45 1%, RE Y N P SF-357KF
163, RIS AT, if R AR N P AR 4.92—7.13 Z0H] BN T 14, i il F IR
FE YK, 5 KRB WA AR S RG IR TGRS 45 AT, 0 25 AFAE AR AE K E L2125 N
JCEMFRA, B i) NP 78 10 A ARG, X 5 R G55 ST E IR 3 Fh ARSI A N P fb2F
TR AT FT A AR, 5 B2 J5 R R AU A ) AR K B AR (50, BT W B8 32 e R e B S LA 28 7, A
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M T NP &R,
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