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Influence of apical dominance on the ecological stoichiometry of C, N, and P in

Helianthus tuberosus
GAO Kai“, ZHU Giexia, Liu Hui, Wang Lin

Engineering Research Center of Forage Crops of Inner Mongolia Autonomous, Inner Mongolia Tongliao 028043, China

Abstract: To better understand the influence of apical dominance on the ecological stoichiometry of C, N, and P in
Helianthus tuberosus L., we removed the apical meristems of plants at different growth stages and measured the C, N, and P
contents of different organs (root, stem, leaf, flower, and tuber), as well as the corresponding C :N, C :P, and N :P
ratios. Removing the apical meristem had no effect on the C content of any of the organs but did affect the contents of N and
P. The C content of the stems, tubers, and branches was improved by removing apical dominance, and the C content of the
leaves was reduced expect the last removing apical dominance. Meanwhile, the N content of the roots, stems, and tubers
was decreased, and the N content of the branches and flowers was increased, whereas the P content was only increased in
the leaves and tubers. The C :N, C:P, and N :P ratios ranged from 24.15 to 153.75, from 118.87 to 2265.72, and from
2.46 to 24.05, respectively. The mean N :P (10.67) indicated that the growth of H. tuberosus was mainly limited by

nitrogen availability.
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Table 1 Carbon, nitrogen, phosphorus contents in each organ

H #R Root 2% Stem - Leaf 1 Flower HeZE Tube 43 A Branch
C &kt 7—15 42.86+1.41A 54.16+4.75A 34.97+1.27B 39.04+1.78A 39.98+2.44B 47.84+2.48B
% 7—22 41.66+4.10A 47.03£3.01AB  35.88+2.03B 41.12£2.33A 44.15£1.74A 48.13£2.59B
7—29 42.80£1.73A 43.66 +0.52B 35.57 =1.10B 42.26+1.34A 36.77+7.78B 52.62+7.13A
8—5 45.10£1.29A 52.20 +4.22A 36.51+1.03B 41.82+1.17A 41.95£0.94A 52.39+4.16A
8—12 45.61£3.45A 53.34 +2.79A 38.86+4.55A 39.22+6.63A 41.32£0.77B 47.70£1.36B
CK 42.87+1.88A 45.17 +1.26B 37.87 £3.93B 40.29 +3.04A 39.83+1.32B 47.20+0.64B

FH{E 43.49 49.26 36.61 40.63 40.67 49.31
N & 7—I15 1.60+0.08B 0.97+0.08B 0.81+0.10C 1.63+0.16A 0.69+0.16C 0.37+0.14B
% 7—22 1.48+0.27B 0.89+0.11B 0.98+0.05B 1.18+0.34B 0.74+0.12B 0.32+0.07B
7—29 1.35+0.25B 0.86+0.09B 0.91 £0.06B 1.41+0.36B 0.78+0.11B 0.38+0.12B
8—5 1.45+0.27B 1.03+0.29B 0.77+0.07D 1.24+0.24B 0.86+0.07B 0.42+0.02B
8—12 1.31£0.08B 0.77 +0.10B 1.06+0.03A 1.16+0.16B 0.95+0.08A 0.50+0.04A
CK 1.74+0.14A 1.13 £0.25A 0.94+0.09B 1.15+0.45B 0.95+0.17A 0.31+0.02B

- {E 1.49 0.94 0.91 1.29 0.82 0.38
P &t 7—15 0.09+0.03B 0.07£0.02C 0.29+0.04B 0.17+0.02B 0.28+0.02A 0.03+0.01B
% 7—22 0.10+0.01B 0.04+0.01C 0.34+0.03A 0.34+0.03A 0.26+0.03B 0.02+0.01B
7—29 0.10£0.01B 0.05£0.01C 0.05+0.01D 0.34x0.02A 0.25+0.02B 0.03+0.01B
8—>5 0.11+0.02A 0.19+0.03A 0.04+0.01D 0.33+0.03A 0.25+0.02B 0.03+0.00B
8—12 0.08+0.02C 0.11+0.04B 0.15+0.02C 0.33+0.04A 0.23+0.01B 0.02+0.00B
CK 0.11+0.03A 0.05+0.01C 0.17+0.03C 0.16+0.01B 0.24+0.02B 0.04+0.01A

FH{E 0.10 0.08 0.17 0.28 0.25 0.03

RIFKE TR B B AR E AR 76 0.05 KT A 0F T 22 503 s RIRVNG AR W F AR AR RS B AR 7E 0.05 AP A% PR T 22
CEES
AR A BN RIS B 2 ) C:NHUAELHEA TS LU AT DU B, 04 C:N LU e AR AR ANAE €N LU fELAH
XA, W HAAS AR E Y C 2N BRI PR 25 TOURR ] AS ] i R B AR R/ DGR

F2 ETAEXNFFERE C:N M
Table 2 The effects of removing apical dominance on C :N ratios in each organ

H ) Date #R Root 2% Stem I Leaf 1€ Flower HZE Tube /34 Branch
7—15 26.86+1.50B 55.95+7.43B 43.42+4.28B 24.15£2.14C 60.49+14.52A 142.09+49.64B
7—22 28.58+2.61B 53.08+5.61C 36.57+1.32B 38.41x17.17A 61.11£9.03A 153.75+35.25A
7—29 32.43+5.92B 50.90+5.34C 39.46+3.88B 31.07+5.84B 48.87+14.81B 151.15£51.51A

8—5 31.99+6.81B 53.26+13.16C 47.64+4.68A 35.05+8.36B 49.28+4.16B 123.98+4.23B

8—12 34.68+1.17A 70.14+7.60A 36.80+5.25B 35.31+9.42B 43.90+4.01B 96.70+6.53B
CK 24.79+2.75C 41.46+8.19C 40.57+6.83B 40.16+17.82A 43.04+7.80B 152.62+11.99A

2.3 TR E C P RS

A% 3 T, m A L BR A i T AR AR R0 C <P LUAE, FRAIR T3R5 C:P FUf, XF25 MHRIFE C 2P b
(B P R TR (R AS [E] T e B R TR s ma B . o 8 H 12 H AT FE A T AR R ABZE) C P H(E 3%
15 TR BRI A Ab 38 (P<0.05) 37 H 15 H T s L # S BRAC BRA 434 C P LU 5 X IR Z [l e A b 25 22
S, B AR T HA L AR (P<0.05)
2.4 T EBRIT AR E N P A5

Tt e 422 o 35 4 e 1404 NP FUfE L8 A 12 H 25T N« P i ey, B0 35 i T H A A BRAN XS BE (P
<0.05); 77 H 15 HF7 A 22 H) LTigbP R EREAL T+ N:P i, 7 H29 H 8 5 HAM8 A 12 H
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ETRAEFRSAE TR NP A TX R b 7 H 29 B8 A 5 H B TAHR(P<0.05) ;025 N:P It
{66 2= TOURSS R) SE 3R 2 B i g AS bk 3, Hodb 8 H 12 H 2 TAIX R N P e E &, ¥ 8 3 T Hilh
FALFE(P<0.05),7 J 15 H LTS NP IWERAR, W EF IR T H A AIXN ] (P<0.05) ; 25#F N :P [L{H S
PRZE R B AR e g SRR (7 A 1S H 7 H 22 HAT7 A 29 H)N:P FfEm TR LA (8 A 5
HHS A 12 H), HEF W E(P<0.05) W BZEFFHY NP HfEfR R, &5 TAFE(P<0.05) ;AR MR N :
P IWES S EIAE 7 A 15 H A B3 w5 T A IR A B (P<0.05) .

R3 EMAEXNHFFEHRE C:PHIHM

Table 3 The effect of removing apical dominance on C P in each organ

H 9] Date # Root 2 Stem W Leaf £ Flower HeZE Tube 53 Branch
7—15 492.62+92.34B 886.55+£92.37A 122.66+17.15C 236.64+17.16A 142.65+5.60C 1636.41+521.02C
7—22 439.22+48.18B 1124.72£175.01A 105.52+9.30C 122.90+12.64B 171.62+£12.28B 2265.72+270.62A
7—29 419.91+28.23B 884.96+£161.69A 689.77+81.56B 123.80+7.45B 146.94+40.24B 1956.36+468.27B
8—5 404.53+56.08B 282.26+36.57B 942.41+238.08A 128.92+9.59B 171.15£17.78B 2085.99+458.79B
8—12 581.09+135.65A 563.83+121.46B 263.52+18.39C 118.87+22.64B 178.00+4.99A 2251.20+£367.70A
CK 409.16+82.82B 967.76+£97.94A 231.53+54.25C 252.46+35.09A 163.27+9.41B 1394.43+281.41C

x4 ETLEWNFFERE NP HZMN
Table 4 The effect of removing apical dominance on N :P in each organ

H 3% Date # Root 2% Stem I Leaf £ Flower He2E Tube 43¢ Branch

7—I15 18.28+4.41A 15.69+4.45B 2.87+0.63C 9.88+1.29A 2.46+0.56C 12.91+6.12B

7—22 15.56+3.03B 21.51+4.94B 2.88+0.19C 3.54x1.11C 2.84+0.30B 15.27+6.50B

7—29 13.21+1.99B 17.46+3.06B 17.49+1.45A 4.14+1.10C 3.06+0.42B 13.03+3.01B

8—5 13.00+2.84B 5.63+1.99C 20.23+6.62A 3.84+0.95C 3.48+0.33B 16.76+3.23B

8—12 16.85+4.47B 7.97+2.91C 7.26+1.02B 3.47+0.64C 4.08+0.43A 23.28+3.39A

CK 16.39+3.52B 24.05+£5.23A 5.72+1.09B 7.15+2.67B 3.91+0.89A 9.26+2.41C

2.5 FHCHESHT

S WAL kS E S A SRS &2 M2 MAAHKCR, Hrh 58 8 2 AR %, SikA
Eb BB b AN U Eb 22 ] 2 B E A 5 R, Ho b 55 00 0 b Rl 1L 22 [RD A S A 2.3 (P<0.01) , 5 & Bk L 2
[ AR OGP 2 (P<0.05) s A S i 5B i BIIEAR DGR (R 3 S L Bl b A U L 22 1a] 22 3 4
K2 Horh SR L FREE LA e 6 B B 3 (P<0.01) s B & 5 SRR A L BB be AN AU L 22 1] 347 52 3
e 535 17 AH G 2R (P<0.01) 5 B U R L =22 ] 2 B 1 38 TE AR G 6 2R (P<0.01) Bkl L AN Ui 1L 22 ] 52
AR 5 IEAHOC G R (P<0.01)

x5 HXESW
Table 5 Correlation analysis
C N P AL Ttk Lt WLk

C 1

N -0.325 1

p -0.520"" 0.283 1
A 0.575* -0.841*" -0.483 1
et L 0.607 ** -0.642** -0.768 ** 0.831"" 1
AL 0.359 -0.007 -0.863 ** 0.180 0.653 ** 1

3 iFig

AL AR AR Elser 55 ATE 2000 4R JRES G A5 AR AL M) BloA S5 AR OB, A 524
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<10 B, YRR Z N WRRH N :P>20, 52 P SCRMBRE], FEWE ZHE, AYRGBRS NP LAR
W, ENWASE N, MR N :P<14 RAFEEZ S N SuRZRGIER; KT 16 B, %2 P SRR
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