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Responses of five bamboos leaf, branch and culm stoichiometric to growth stages

and elevations in Wuyi Mountain
SUN Jun', WANG Mantang”, YUAN Jingxi’, CHENG Lin®, LU Min', CHEN Xiaoping', ZHONG Quanlin'"*,

CHENG Dongliang"**

1 Fwjian Provincial Key Laboratory of Plant Ecophysiology, Fujian Normal University, Fuzhou 350007, China
2 School of City and Civil Engineering , Zaozhuang University, Zaozhuang 277160, China

3 Administrative Bureau of Jiangxi Wuyishan National Nature Reserve, Shangrao 334500, China

4 Institute of Geography, Fujian Normal University, Fuzhou 350007, China

Abstract; It is essential to understand the physiological and ecological responses and life-history strategies adjustment by
investigating the stoichiometric characteristics of bamboos in different elevation and growth stages. The contents of carbon
(C), nitrogen (N), and phosphorus (P) of five bamboos leaf, branch, and culm, as well as the homeostatic index ( H)
were measured in two growth stages in Wuyi Mountain, respectively. The results show that although the N :P of bamboos

branch does not change with different growth stages, the coefficient of variation of N and P content of each organ is
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significantly larger than that of C. The coefficient of variation of N and P content for culm is significantly larger than leaf and
branch. The contents of branch N and P in April and leaf N and P in August of Phyllostachys edulis decrease with the
increase of elevation. For Indocalamus tessellatus, the contents of leaves N and P show significantly increased with the
elevation. The response of culm N content in bamboos increases considerably due to the interactions between elevation and
growth stages. The homeostatic regulation mechanisms of N in leaf, N, and P in culm have been showing at different growth
stages, but not for the bamboo branch. In a word, on the one hand, the results indicate that the five bamboos are preferring
to maintain the stoichiometric homeostasis mechanism of leaf N. On the other hand, the bamboo adjusting by the content of

N and P in culm to cope with the variations on nutrient utilization strategies during the elevation and growth stage changes.

Key Words; bamboos; elevation gradient; interaction; nutrient content; stoichiometric homeostasis
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BB T T I0ATJE B9 AR R R TRRED , 2002 1740m 2 BB T IWAT (Yushania hirticaulis) 1 2100m
AR FE AT (Yushania wuyishanensis) . BT HATF Wi MRS 2% B S RRIE 22 0K, 2% 1T AR
(14 05 E R ARG PP R 15 S R AR AR T AR SORE B AT A AR AT AR R B 3 4 10 mx 10 m /1N
B AT BRI AR L R AT AR B 3 A S mxS m AO/INEED Y B WL 1,

F1 RRUAREHEIMTFRUERL

Table 1 The characteristics of five bamboos sample sites along elevation gradients in Wuyi Mountain

o wy o FE s we o DRRER LR "
Species Altitude/ m ensity/ Height/ m DBH/em Soil mitrogen ol phosphorus i
(/) content/ (me/)  coment/ (me/)
EN P.edulis 840 0.39 + 0.05 16.26 = 0.40 10.13 + 0.37 5.74 + 0.40 0.42 + 0.03 4.88 £ 0.10
1040 0.61 + 0.06 17.13 + 0.61 10.83 + 0.36 5.88 £ 0.93 0.45 £ 0.03 4.52 +0.12
1240 0.43 + 0.05 14.77 + 0.39 9.17 £ 0.24 5.76 + 0.11 0.49 + 0.02 4.82 £ 0.06
5 DHEAT 0. oedogonatum ™ 1100 5.48 +0.57 4.83 £ 0.12 1.25 + 0.05 5.79 £ 0.25 0.46 + 0.03 4.59 +0.05
1200 4.76 + 0.14 5.74 + 0.32 1.49 + 0.11 3.02 £ 0.27 0.46 + 0.02 4.49 £ 0.13
1400 4.48 +0.33 3.90 + 0.25 1.08 + 0.09 3.70 + 0.09 0.56 + 0.02 4.51 £ 0.01
BN L. tessellatus * 1040 9.21 £ 0.59 1.69 + 0.13 - 3.56 + 0.72 0.48 + 0.02 4.48 £ 0.02
1440 8.48 + 0.83 1.56 £ 0.10 - 3.47 £ 0.49 0.51 £0.03 4.47 £0.01
1840 7.63 + 0.16 1.57 £ 0.10 - 3.70 + 0.45 0.60 £0.03 4.31 £0.03
BEFIAT Y. hirticaulis* 1740 8.00 + 1.15 1.49 £ 0.04 - 6.46 + 0.48 0.60 £0.04 5.46 £0.07
RAWEMAT 2100 21.00 + 2.52 0.92 + 0.02 - 5.43 £ 0.80 0.68 +£0.05 5.18 £0.16

Y. wuyishanensis

PR % SRR T 2 BT R, DBH 42, Diameter at breast height, BRI e hm R
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S AR I 3y I (TR BT R AT (Elemental Analyzer Vario EL T, ) W M H AL FFFI
TR BB R A AR, S E R B R B RR - = AR A, TIES R b
(San ++,SKALAR, Netherlands) &,

http ; //www.ecologica.cn



53 MR A BRI TR I B AT B R 2 T B 0T A R B BORIE B4 7 i 7 1857
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N Fl P i AR 5 RECEEY AP R, 2% B FIAS [R5 b [a] E@%%’,%Fﬁ%%ﬁ%ﬁ*ﬁ%ﬁ,ﬁ%ﬁnikm&ﬁﬁ

FAFZER C NP FEAZEEZMN, RHANRSER BT R NRE RS, y = exit f
85 TR 21 [] B RO (o B2 A+ Togy = loge + %Ing o Hrp y (REMPIES BRI e E & m v (UE I

RIS TR TEE At e AW EGH %JM%Z?‘.&%%& TER N AR SRS Z 1, Bl 2848 Pearson A
KBk, R AE R s )5 (P<0.05) FRXHH AT 5% 705 47 1% W 3R 20 (8] N AR 25 56 AR O UL
AT 72545 B 9740 B RS H5 5, T Origin 9.0 &MMEF%L

2 HBROH

2.1 WA C N P & S s R

4 AT HEATRSEY C &R0 491.61 mg/g,489.05 mg/g,508.76 mg/g; N &1 /3 K 24.63 mg/g,
6.02 mg/g,2.97 mg/g;P &K 1.28 mg/g,0.42 mg/g,0.25 mg/g;8 HABMAEF A C &334 502.80 mg/g,
497.79 mg/g,498.83 mg/g; N &40l 23.52 mg/g,7.75 mg/g,2.91 mg/g; P il 1.37 mg/g,0.44 mg/g,
0.24 mg/g (F2), TR T4 ABMEAFHIFE C NP {5552 384:19:1 1164:14:1 2035:12:1;8 H {5
I3 367:17:1 (1131:18:1,2078:12: 1, A A A K B BOR BUBFTF Y N P (B, & B B9 N Fl P 5 5 19728 55y
13.85%—34.02%& 19.67%—44.22% Y& T C FEAY 2.93%—4.94% (£2) . B TYF LI 4 A0 HATE

e ], C N AP 8 A28 57 R A T SR A IR T R ) BT B 22 7 (R 3) .
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Table 2 The mean values and coefficient of variation for carbon content ( C), nitrogen content (N) and phosphorus content (P) among the

leaf, branch and culm of five bamboo species in Wuyi mountain

4 Ay April

8 Hip August

i wH - — - — ——
Species Organs et i A B et A B
C/ (mg/g) N/ (mg/g) P/ (mg/g) C/ (mg/g) N/ (mg/g) P/ (mg/g)
BT P.edulis i 505.39 (4.31%)" 27.99 (8.24%)* 1.67 (23.71%)" 519.19 (2.33%)™* 26.78 (10.59%)"*  1.59 (14.81%)*
(53 487.59 (2.57%)%  5.66 (13.53%)€ 0.49 (22.41%)™ 504.41 (2.32%)* 7.35 (14.29%)*" 0.47 (16.72%)"
in 516.28 (0.85%)" 3.36 (10.77%)®¢0.25 (30.20%)" 505.18 (2.12%)* 3.09 (22.12%)®  0.21 (29.18%)°
B15 D FEAT 0. 0edogonatum i 495.77 (3.58%)*P 23.49 (11.41%)¢ 1.07 (15.91%)° 503.47 (3.22%)" 22.88 (12.82)¢ 1.11 (8.20%) ¢
(53 500.50 (1.49%)" 5.12 (11.00%)" 0.37 (12.02%)" 505.12 (1.65%)*" 7.62 (22.15%)"*  0.42 (27.01%)°
r 512.47 (1.20%)%  1.82 (39.28%)° 0.14 (32.10%)¢ 496.29 (3.91)%  1.92 (21.21%)¢  0.15 (40.61%)"
ZEHT 1. tessellatus it 481.51 (3.96%) " 22.13 (14.07%) ¢ 1.07 (28.76% )" 49539 (2.38%)5¢20.83 (13.49%)"  1.40 (15.36%)"
53 481.26 (3.14%)5¢ 6.61 (10.34%)° 0.39 (15.39%)5 485.31 (2.83%)5¢ 8.24 (8.89%)*  0.42 (21.21%)°
FF 507.84 (1.07%)°  3.13 (30.06% ) 0.32 (30.49%)" 501.48 (2.72%)"" 3.23 (32.15%)®  0.31 (40.35%)"
BEFWA Y. hirticaulis i 468.48 (2.63%)" 26.02 (6.12%)5 1.24 (7.34%)" 470.28 (2.75%)" 22.48 (6.12%)° 1.18 (6.36%)°
(53 475.33 (2.80%)¢  6.04 (6.66%)¢ 0.34 (1.32%)"% 483.67 (2.14%)C 7.02 (7.33%)®  0.37 (14.43%)"
r 500.51 (2.43%)°  3.92 (16.79%)* 0.26 (24.76%)"® 493.87(2.47%)5¢ 3.15 (27.99%)%  0.24 (24.67%) ¢
RFELFELAT it 491.24 (1.26% )% 24.07 (5.50%) B¢ 1.45 (14.45%)* 506.39 (6.03%)" 24.77 (13.33%)®  1.53 (8.16%)*
Y.wuyishanensis (53 496.12 (1.40% )% 8.01 (5.99%)" 0.52 (16.74%)* 507.55 (1.11%)**® 8.67 (6.53%)*  0.57 (17.85%)*
F 486.07 (1.21%)"  3.78 (9.87%)"" 0.33 (17.05% )" 484.39 (1.78%)¢ 4.10 (11.67%)*  0.37 (21.40%)*
IR All i 491.61 (4.34%)" 24.63 (13.85%)* 1.28 (29.80%)* 502.80 (4.09%)* 23.52 (15.23%)*  1.37 (19.27%)*
(53 489.05 (2.97%)"  6.02 (17.50%)" 0.42 (23.09%)" 497.79 (2.93%)"> 7.75 (15.68%)"  0.44 (23.35%)"
#F 508.76 (2.07%)*  2.97 (33.85%)¢ 0.25 (41.18%)° 498.83 (3.07%)%" 2.91 (34.02%)¢  0.24 (46.22%)°

KEFHFIRE— B AR TRIERZE S (P<0.05) , NG FRFRER BT T35 E B 225 (P<0.05)
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2.2 BRABE S RAEYIRN BN KB B 728 1 b A AR

AFETRA, BT A C N FIP S T [ R R B R AL, W AT EAT AL B
AT A NP & SRR T BT AR I BT (K 2) o BEE KA, Aied K BBy Aefe, B4
KPR C &5 S5 SO0F B EFLMEM KRR (K 1) (H2E4 AREBIFTRNP(E 1) &8 AH AN P&
TR RN L R A (1) BT DRI C S REE 4 AFN 8 H 4 AR NP & 8 AT
F9 N P55 i 2 B A T T AR A BB AT oA NP S A 4 ) A8 ) S BT g i (BRPIET 1, BfS
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x3 FAREKMBEEMAHC NP EETRRABMBEREFENN

Table 3 The One-way ANOVA analysis for the coefficient of variation to C, N and P contents of five bamboo species in different growth stages

B3] KB B M ¥1J5 P P

Type Growth stages df Mean squares

Y Species 4 Hy 4 107.36 1.009 0.414
8 H i 4 67.371 0.572 0.684

AFZE Organs 4 A6y 2 274.495 2.787 0.073
8 H i 2 451.441 4.652 0.015

kA B CNP 4 Ay 2 1145.23 20.083 <0.001
8 H 1 2 1258.068 21.459 <0.001
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Fig.1 The characteristics of C, N and P content for P.edulis leaf, branch and culm in different growth stages along the elevation gradients
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Yl AR B BES AT TR C N P S A L 22 50k BRI BRATRL FFEY C S EAL,
PR AR B C N A1 P & 384 R AR K B BOW AL B € N R P B FFY C e
i (% 4,P<0.01) fHARBUEFFR NP S (FK4,P=0.27 1 P=0.43) ;7T C SRR F LR ELS
(F£4,P=0.56) , MiPFMAERKHEBNLEAERMIR CP &AL C N M P &= R g, fk
B BRI 18] A9 58 A FH S8 AR R T I RRZ A NP A B RPN i (R 4) . MRV NIRER IR LA & =% 2
[ RCFF Y C N ORI P S 38 0= 2 S AR

R4 W EKMEMEETFHEFH C NP SENXEHN

Table 4 The mutual effect analysis among the species, growth stages and altitudes on C, N and P contents for bamboo’'s leaf branch and culm

WiH ¥ M7 Leaf #¢ Branch F Culm
Project Parameter C N P C N P C N P
Y Species F 58.46 117.41 181.67 0.05 21.74 12.23 1.03 8.30 66.29
P <0.001 <0.001 <0.001 0.83 <0.001 0.001 0.31 0.004 <0.001
KB B Gs F 20.29 13.059 11.484  43.38 353.44 9.90 34.08 1.21 0.62
P <0.001 <0.001 0.001  <0.001 <0.001 0.002  <0.001 0.27 0.43
4K Altitude F 5.56 17.94 38.31 18.63 19.10 9.13 0.81 8.86 22.28
P <0.001 <0.001 0.001  <0.001 <0.001 <0.001 0.56 <0.001 <0.001
Py KB Be F 4.34 2.24 44.33 8.22 24.92 32.55 2.46 0.04 1.72
SpeciesXGs P 0.04 0.14 <0.001 0.005 <0.001 <0.001 0.12 0.85 0.19
A Be ik F 1.57 4.12 7.80 0.57 26.20 10.34 1.07 3.03 1.70
GsxAltitude P 0.16 0.001 <0.001 0.76 <0.001 <0.001 0.38 0.008 0.12

Gs HEKBYB, Growth stages

2.3 AFAEKBAE S BIEAE TR R OCR AT RE

4 A0, B3 C N SRS A N P RIFFA N SREREEMEER (£5), HEP 5K
N &2 EFIEMCCR, M5 FCSEEREMMHILR, 4 AP XM FAHENN P TE
SEEWEIEANRE  WE S AN, M N 5H N, HHEP SRS P SEYREEFEEME (£5),
LR FRI AT, R PRI AR B B, i A FFAO SR IR SRR IE R BUARTR], 4 A4y, i N FF N /)
INFaPEFE R H 75k 4.35 F111.89;8 A HF, it N FF P AN AR PEFE £ 1 A 1, 4051000 3.85 FiT1.08 (K 2) {0
AR K AT R EA B AR ERE

£S5 TRERKMRIFEREREHSES T ERERAIERANEXRY

Table 5 The correlation coefficients among the bamboos organ C N.P and soil C.N.P at different growth stages

P, o 4 Ay April 8 > August
Organs Index THEC EHR O O LBHENEGE BHEP &R e BENSE BMPORE
Soil C Soil N Soil P Soil C Soil N Soil P
M A Leaf C 0.14 0.05 -0.40" 0.22 0.11 -0.44""
N 0.48** 0.53** -0.12 0.60** 0.54** -0.12
p 0.36" 0.38" -0.12 0.41* 0.16 -0.05
% Branch C -0.08 0.10 -0.16 -0.01 0.22 -0.27
N 0.21 -0.01 0.65"" 0.33 0.18 0.03
P 0.13 0.09 -0.05 0.35* 0.32 0.06
FF Culm C -0.15 -0.12 -0.75"" 0.18 0.08 -0.27
N 0.54"" 0.46"* 0.26 0.28 0.17 0.28
p 0.29 0.05 0.21 0.25 0.05 0.37"

# x FIRTE 0.01 K ERFMK, = FRTE 0.05 K L REHK
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Fig.2 The homeostasis characteristics of the stoichiometry of different bamboo organs
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Appendix fig.1 The characteristics of C, N and P content for O.oedogonatum leaf, branch and culm in different growth stages

along the elevation gradients
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Appendix fig.2 The characteristics of C, N and P content for I. tessellatus leaf, branch and culm in different growth stages
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