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Table 1

Contents of C, N and P in leaves of 1-year-old Ph. violascens with different nitrogen concentrations

-1

gkg

JLE I KR & Low concentration N

ik i 2 Medium concentration N

1= ¥ E % High concentration N

Element Time/d

4R 244 4R 4R/ 144 24F/E

C 3 332.60+5.36 BaA 353.75+£13.76 AaA 345.47+5.14 ABaA  332.90+11.25 AaA 349.16£10.07 AbA  344.05+7.42 AaA
6 340.85+7.48 BaA 345.34+8.83 ABaA 352.05+10.71 ABaA 334.51+7.61 BaA 365.91£7.45 AaA 355.49+£11.59 AaA
9 341.71£11.16 BaA  331.36+14.48 AaA 347.48+15.45 ABaA 329.91£9.35 AaA 367.86+7.47 AaA 349.01+£10.19 AaA

N 3 25.57+0.62 BaA 22.65+1.44 AaB 25.88+0.20 BaA 23.28+0.16 AaB 27.33£1.07 AaA 24.02+1.33 AaB
6 25.67£1.15 BaA 23.09+0.40 BaB 26.08+0.46 ABaA 23.42+0.20 BaB 27.44+0.56 AaA 24.82+0.47 AaB
9 24.73+0.29 BaA 22.24+1.33 BaB 25.53+0.21 ABaA 23.54+0.42 ABaB 26.56+0.93 AaA 24.25+1.09 AaB

P 3 0.96+0.08 AaA 0.84+0.01 AaB 0.92+0.08 AaA 0.94+0.04 AaA 1.00+0.06 AaA 0.97+0.13 AaA
6 0.90+0.05 AaA 0.86+0.02 AaA 0.86+0.08 AaA 0.86+0.03 AaA 0.94:+0.08 AaA 0.92+0.07 AaA
9 0.90+0.10 AaA 0.83+0.25 BaA 0.91+0.07 AaA 0.95+0.08 AaA 0.98+0.05 AaA 0.93+0.03 AaA

= [FAT AT —ANANIE RS 5B s A [ A B [0 3 AR (R4 6% 7 ) 22 53 8 3, 5 — AN RIK'S - BE R 5] — A AR R) I [8) AN () €% 57 77 ) 22
FRE, FFIANF/NG F R IR [ — AL BN F ] (1) AR 745 5 5247 A 22 57 825 (P<0.05) . R IR,

Notes: The former different capital letters within a row indicate significant differences between different treatments with the same bamboo age at the same
time, the later different capital letters indicate significant differences among different bamboo ages with the same treatment at the same time, and different
lowercase letters in a column indicate significant differences among same bamboo ages with the same treatment at different time at P<0.05 level. The same

below.
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Table 2 Contents of C, N and P in leaves of 2-year-old Ph. violascens with different nitrogen concentrations gkg’!

& & % Low concentration N

ik £ A Medium concentration N

15 ¥4 ¥ % High concentration N

AE M
El t  Time/s
ement  Time/d 2 2UEH 1 2k 1 2tk
C 3 363.62+6.95 AaA 359.45+8.03 AaA 350.41+£11.90 AabA 351.48+2.69 AaA 357.91+£8.50 AaA 358.80+£10.01 AaA

6 375.82+5.28 AaA

9 365.13+£6.46 AaA

330.81+7.26 CbB

353.63+1.02 BaB

336.39+10.89 BbA

358.57£7.99 AaA

346.86+5.95 BaA

329.94+5.57 CbB

362.80+4.91 AaA

367.24+7.90 AaA

363.09+7.30 AaA

369.39+7.61 AaA

N 3 24.39+0.98 AaA 25.61+0.61 AaA 24.20+1.08 AaA 25.49+0.54 AaA 24.75+0.86 AaB 26.25+0.30 AaA
6 25.31+0.67 AaA 25.57+0.62 BaA 25.17+1.10 AaA 26.14+0.49 ABaA 25.18+0.77 AaB 26.88+0.53 AaA
9 25.56+0.43 AaA 25.04+1.09 BaA 24.98+0.75 AaA 25.54+0.50 ABaA 24.48+0.57 AaB 26.96+0.65 AaA

P 3 0.99+0.80 AaA 0.99+0.09 AaA 0.98+0.04 AaA 0.84+0.02 BaB 1.00+£0.05 AaA 0.91+0.08 ABaA
6 0.96+0.08 AaA 0.97+0.06 AaA 0.94+0.04 AaA 0.8440.07 BaA 0.97+£0.04 AaA 0.94+0.03 ABaA
9 0.95+0.07 AaA 0.92+0.09 AaA 0.98+0.09 AaA 0.90+0.04 AaA 0.96+£0.05 AaA 0.94+0.08 AaA

R®3 FRARKRRETHLE 1 FEFMILMAMA C.N.P HEFEITELL
Table3 C, N and P stoichiometric in leaves of 1-year-old Ph. violascens with different nitrogen concentrations

A I ] {34 % Low concentration N

R B % Medium concentration N

=V % % High concentration N

Stoichiometry  Time/d 14 26 144 26 144 2EH
CN 3 13.0120.41 AaB  15.63£0.40 AaA 13352011 AaB  14.29:0.46 BaA  12.784027 AbB  14.35+0.63 BaA
6 1330£0.67 AaB  14.96£0.41 AaA  13.5040.19 AaB  14.28+0.34 BaA  13.340.52 AabB  14.3240.21 BaA
9 13.8240.60 AaB 14912032 AaA  13.6140.52 AaA  14.0120.15BaA  13.860.62 AaA  14.40£0.53 ABaA
c/p 3 347.53432.87 AaB  421.83422.02 AaA  375.05:24.04 AaA 357.05424.62 BaA  350.57+26.95 AaA  359.73+47.78 BaA
6 379.78+30.85 AaA  401.7516.32 AaA  409.85:47.85 AaA 389.24+13.27 AaA  389.07+24.77 AaA  388.71%17.74 AaA
9 380.86+30.70 AaA  400.04+12.48 AaA  382.83+14.26 AaA  350.06+29.13 BaA  374.92421.79 AaA 375.78+19.27 ABaA
N/P 3 26714232 AaA  27.01£2.07 AaA  28.1142.02 AaA  24.96:1.13 AaA  27.4241.74 AaA  25.0142.18 AaA
6 28.5741.87 AsA  26.85:1.00 AaA  30.3443.10 AsA 27274126 AaA  29.2142.57 AsA  27.16£1.65 AaA
9 27.6543.30 AaA  26.84£0.98 AaA  28.1942.02 AaA  24.9812.06 AaA  27.030.43 AaA  26.09+1.05 AaA

FS, M A C/N, C/P. N/PEALFE)S 3. 6. 9d
AN[E e BEAL BRIR) 25 SR YR B35 5 MY 2 AR AT AT
H R C/NL C/P SR FARUREE N ARF W & T ik
JEN. BB NACEE, i N/P Rl &R Ab Bk
JERI R TC BE 78k, BEE AL PRI R SE G, A [A]
REWMBEAHM VA | 29 £ 74 R ON,
C/P. N/P Gk FARBIA B3 WG AR APk
JERIE R, 2T R ONTELIS 3. 6d
B8R m T 1 ARSI AT, C/P FEARVRE N AbHRI
SRS T VFEESAT, EREWE NABE 14
AL 2FEAESITHZERARE; NP5 LAEETAT
ToREZES, R IL, 1 AFEE AT AN A R
ALFEXE 2 AEAEST AT B C/NL C/P 4R & A 12 ik
YER, (B4R R R A PRI ()35 B b B Ao (]
YA TS5 o

MR 4 SHTAT R 2 AEA ST AT AR TR R R Tk B Ab
HE, VA 2 BT B ON BR AR
WE, PWREE N, S N AR 2 F A4 AT
A C/NFEALHS 9 d B g IR F 1 ARAESIAT; A
REWELHIS 3. 6. 9diF, 144, 244
it C/P ¥R AR, HiXF AR AR S
] ) SE R T T 0 AR Ak, R EE NOAR R 2 4R
ST B RE ST VAT, HERFE AR
M) 1ARA L 2 ARAEIAT I R R E 2 ARIAE
b PR B RIS [ AL BT (B S5 1 ARAE ST AT B N/P 25
SRR, 2EE VTS 3.0 6 dEF kA
N Ab 3 25 TR N ALER, = ALHE 9 d AR
AR R WAL PR T 2= 5. b AR AT
[BARER:, 14EAE | 2 4EAESEAT I B N/P AR AL
AR, BT WL, 2 4R TR R AR BEXT 1 4R
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Table4 C, N and P stoichiometric in leaves of 2-year-old Ph. violascens with different nitrogen concentrations

¥ & Low concentration N

iR E % Medium concentration N

RV B % High concentration N

R I
Stoichi try Time/d
oiciometry” 2ume 148 28 1 24EE 1R 2
C/N 14.93+0.87 AaA 14.05+£0.64 AaA 14.50+0.91 AaA 13.79+0.38 AaA 14.47+0.50 AaA 13.66+0.24 AaA
14.86+0.22 AaA 12.94+0.52 AbB 13.39+0.81 BaA 13.28+0.46 AabA 14.42+0.41 ABaA 13.51+0.53 AaA
14.29+0.44 AaA 14.14+0.63 AaA 14.36+0.23 AaA 12.92+0.43 BbB 15.01£0.47 AaA 13.71+0.60 ABaB
C/P 367.61£30.00 AaA  363.40+35.36 AaA 360.05+£29.33 AaB  416.89+9.87 AaA 357.72+17.80 AaA  395.384+39.76 AaA
393.57+£31.31 AaA 343.144+25.97 BaA 359.20+8.80 AaB 415.25+30.64 AaA 373.11+£15.07 AaA  387.75+22.08 ABaA
384.15£19.95 AaA 387.19+36.66 AaA 368.50+39.87 AaA  365.77+15.57 AbA 382.16+25.98 AaA 394.38+39.67 AaA
N/P 24.69+2.63 AaA 25.90+2.60 BaA 24.82+1.18 AaB 30.22+0.25 AaA 24.71+0.40 AaB 28.93+2.66 ABaA

26.51+2.43 AaA

26.93+2.21 AaA

26.49+1.03 BaA

27.35£1.46 AaA

26.92+2.27 AaA 31.32+2.84 AaA

25.70+3.11 AaA 28.33£1.65 AaA

25.87+0.37 AaB

25.46+1.40 AaA

28.69+0.73 ABaA

28.71£1.72 AaA

NG P BRI TR B3R A et A, fEX Rl
AR I B 0 2 e FEE P 8 D B Ak B ISP T] B9 3 £
TR, [RINREE 1 4R | 2 ARA S AT A N/P Y

FARIARSE o
2.3
XE

ML SATRIE N 1 FAEFTRZLAME, &,

x5

HEEMTHR C.N.P EERAEUFITEE

VARAESLAT M | C &

w5 N fa BT B
(P<0.01) , SHEM 2 AT N & &
BB ITEAE (P<0.01) , TS5 P &=, N/P L

N2 ARSI R CL P & E M C/N, C/P, N/P A

KYEARZE; VAR A N &85 2 4 AT

M NE&EEEEEEMRX (P<0.05), M5 PF

AREREMRERMIELMHF C.N.P EEREZFIT=LRIHEXE

C/P LA St 2 4 A NE AT | €. P& 1 C/N

Table 5 Correlations of C, N, P contents and stoichiometric in leaves of Ph. violascens treated with nitrogen addition at

different ages

s iH 1A 24
Agefa ltem € N P CN c/p N/P @ N P C/N C/P N/P
14EA C 1.000 0.047 0.024 — —  —0.005 0.030 0.027 0.461°  0.003 —0.400° —0.462°
0.502" 1.000 —0.275 — 0.260 — -0.262  —0.105 0.183  —0.160 —0281  —0.244
P 0.215 0.293 1.000 0.207 — — 0.042 0217 0353 —0.118 -0281  —0.234
C/N — — -0.071 1.000 0208 —0.468" — — 0.219 0.135  —0.098  —0.180
C/P — —0.045 — 0.295 1.000  0.765™ — =019 — 0.092 0.018  —0.050
N/P 0.034 — — -0.171  0.890"  1.000  —0.175 — — 0.017 0.075 0.056
264 0.259 0.372 0373  —0.122 —0.227 —0.175 1.000 0.300 0.012 0.713"  0.434 0.098
N 0.514™ 0.401° 0.290 0.103 —-0.048 —0.093 0.576"  1.000 0226 —0.455" —0.073 0.161
P 0.207 0.140  —0.026 0.053 0.118 0.094 0.101 0.596"  1.000 -0.149 —0.892" -0.919"
C/N  —0.347 -0.111 0.013  —0232 —0.154 —0.054 — — —0.585"  1.000 0.454"  —0.033
C/P —0.110 0.041 0212 —0.142 —0.248 —0.186 — -0.278 = 0.681"  1.000 0.875™
N/P 0.096 0.127 0263  —0.023 —0211 —0.201 0.308 — — 0.244 0.876”  1.000

AR AN VAR SEAT B 3R A B 5 HE O 124 A5 SEAT R] T 28U Pearson Al R P, A5 b A N2 4R AR SEAT R R AL -5 AR EE ) LR AR SEAT TRl T S 40
Pearsonffl 1t o *FRINAHFNE B3 (P<0.05), **FRIRAHIGHEM T (P<0.01) . “— RINAFEIE AR R, A EFEATAHINME T
Notes: The lower left corner is the Pearson correlation of measurement parameters between the 1-year-old bamboo treated with nitrogen and the connected
2-year-old bamboo, The upper right corner is the Pearson correlation of measurement parameters between the 2-year-old bamboo treated with nitrogen and the

connected 1-year-old bamboo. * indicates a significant correlation (P<0.05), and ** indicates a extremely significant correlation (P< 0.01). “—

is an autocorrelation relationship, so it is not suitable for correlation analysis.

” means that there
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C/P. N/PAHRMEAR R 1AL A P& &
5 C/N DL 2 AN Pt e €0 N P& &A1 C/N,
C/P. N/P MBI R E . 2 FEATH R C &
HE NEFEEWREBEEMX (P<001) , M5
P&E. NPHXHEARE, NFESPTEER
WBEIEME (P<0.01) , 5 C/PHKMEALEE,
P &ty O/N 2B E A (P<0.01) , CONY
C/P. C/P 5 N/P ¥R B FIEMIE (P<0.01)
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Effect of Ramet Age on Nitrogen Clonal Integration of Phyllostachys
violascens Based on Stoichiometric Characteristics of C, N and P

ZHANG Chao'?, GU Rui', CHEN Shuang-lin', SHI Jun-shuai', GUO Zi-wu', LIU Jun®, HE Qi-jiang®

(1. Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou 311400, Zhejiang, China; 2. Nanjing Forestry
University, Nanjing 210037, Jiangsu, China; 3. Yuhang District Bamboo Industry Association, Hangzhou 311100, Zhejiang, China;
4. Hangzhou Academy of Forestry, Hangzhou 310016, Zhejiang, China)

Abstract: [Objective] To study the response mechanism of carbon (C), nitrogen (N) and phosphorus (P) stoi-
chiometric characteristics of different age ramets of Phyllostachys violascens to nitrogen clonal integration, and to ex-
plore the suitable age of bamboo for fertilization, so as to provide references for precise and reduced fertilization in
Ph. violascens forest. [Method] The clonal integration unit consisting of 1-year-old and 2-year-old ramets of Ph. vi-
olascens was studied. Three nitrogen addition levels (4.07 mol N-L™'; 8.13 mol N-L™'; 12.20 mol N-L™") were set up
by injecting "NH,'°NOj; into the bamboo cavity of different age ramets. The contents of C, N and P in leaves of 1-2-
year-old bamboo were measured on time gradient, and the differences of N integration direction and transmission ef-
ficiency among ramets of different ages were discussed. [Result] Clonal ramets of Ph. violascens showed strong N
conduction function. 1-year-old bamboo partly transmitted N to 2-year-old bamboo, while 2-year-old bamboo trans-
ferred N to 1-year-old bamboo as much as possible. Therefore, the N transmission capacity of 2-year-old bamboo was
significantly stronger than that of 1-year-old bamboo. In addition, it showed time effect and N concentration effect to
some extent. Low or high N concentration weakened the N transmission capacity. The middle N concentration in the
experiment showed an "inflection point" of significant changes in the integration function. Nitrogen treatment of 1-
year-old and 2-year-old bamboo could improve the nutrient utilization efficiency of N and P in the leaves of connec-
ted ramets, and weakened with the increase of N concentration and treatment time, but both of them could maintain
relatively stable N/P and regulate the contents of C, N and P in leaves and their stoichiometric ratios adaptively.
[Conclusion] Nitrogen clonal integration of Ph. violascens has obvious ramet age effect. It is advisable to select 2-
year-old bamboo for plant-hole fertilization, which can greatly improve the fertilizer utilization rate and significantly
reduce the amount of fertilizer used.

Keywords: Phyllostachys violascens; clonal integration; ecological stoichiometry; nitrogen concentration; ramet

age
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