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WE: AR 3 PRI WA KM, X1 a2 KIEMUIRIE(Cornus florida). A IUIRAE(C. hongkongensis)Fl %= 7 7 &
#£(C. hongkongensis subsp. tonkinensis)4i & i) 4F A AT ERPEAT T M 747 o SRR W], MRS/ Logistic 77 B A G (R2>
0.98, P<0.01), AJ¥s 3 FhVUHELE TN o A AR AR A K HERE RN M AE KA AR AR K 3 AN Horp, B K
TR T e R AR P AR K2 3 15 424 1K) 55.23% ~59.06%F11 59.46%~60.71%. KAEVURRIEHIFEA KL RIGKT 2 FhAR K
WERVUIRAE, T DU R TR AN AR T DU HE AR ) T e AHAT AR AARARL s KA DU RETE 1) A AT AN A= K B 1) R 3 i) ) B T 2 F R
TR PUHRAE, (HFFSER A . 3 Fh 1 a A= PUBAR R i s A AR AR K R B 18- DA A KT, FFE s il Kk, B
AR R e RO R AR K IR . XAV R HE L SIFP IR T B IR o

REEE: PURELE: AERKTEL AR ALK
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Annual Growth Rhythm of 1-year-old Seedlings of Three Cornus Species

YANG Ling?, DU Wen-ting?, LU Qiang®, YUAN Jia-giu!, FU Xiang-xiang*”
(1. Southern Modern Forestry Collaborative Innovation Centre, College of Forestry, Nanjing Forestry University, Nanjing 210037, China; 2. College of

Forestry, Jiangsu Vocational College of Agriculture and Forestry, Zhenjiang 212400, Jiangsu, China)

Abstract: In order to reveal the growth rhythm of Cornus, the height and ground diameter of one-year-old
seedlings for C. florida, C. hongkongensis and C. hongkongensis subsp. tonkinensis were observed. According to
the fitting analysis using Logistic equation for three Cornus seedlings (R?>0.98, P<0.01), the seedling growing
process of both height and ground diameter could be divided into 3 stages, including initial stage, fast stage and
later stage. Among three stages, the seedling growth of height and ground diameter at fast stage accounted for
55.23%-59.06% and 59.46%—60.71%, respectively. The annual growth accumulation of C. florida were larger
than the other two evergreen Cornus species, while the seedling growth patterns of height and ground
diameter for C. hongkongensis and C. hongkongensis subsp. tonkinensis were similar. The starting time of
initial and grow fasting stages of C. florida were earlier than that of two evergreen others, but the duration of
two stages of C. florida were also shorter than that of evergreen ones. In conclusion, the growth rhythms of
height and ground diameter of one-year-old seedlings of three Cornus showed the similar pattern of
“slow-fast-slow”, according with “S” shape. Moreover, the growth of height and ground diameter of Cornus
seedlings was allometric. So, these would provide the theoretical foundation for cultivation promotion,
introduction and domestication of Cornus.

Key words: Cornus; Growth rhythms; Growth curve; Allometric growth
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VY HEFE )& (Cornus) HEL 4 9 111 2K 84 B} (Cornaceae)
WEREE M NEREGEAR, A AR, B, o
T FER A FEGM. YRR RO
WAEN R, HARFHE . RIELSE, R R
FRT S Z MR, ghah, EATERHAESRSR
W RS R A SR

VY RRAEA 3 AT T 25 W01 - 0 DY R PR A 43 A T
JEEKBE AL DU HRAE 2 AN RS, 7R DU IR A
KRBT E A TR [H O, A4 Xiang S48, 7R
VY REAEIRAFELHE 5 Bl 2 il R (B) U REAE(C.
angustata) . <R P B 4¥ (C. capitata). PU[E1E (C.
kousa subsp. chinensis). 2 Jik Y #84£(C. multinervosa)
FI#HEVU B AL (C. hongkongensis). FLrf, ZkPUIE
AT 6 N, A THLARE. [LFErE. 1
FARTLALK AR TR PU)IL SN, mRSEE X,

YIRS B, R IY BB1E(C. hongkongensis subsp.

tonkinensis) N Fhz —, AT DI, i
N ZRSEFA XE, b3 VYRR A FE AR
1€(C. florida). & pP4aFIYREAE(C. urbaniana)FIoK-F
PEVUREAE(C. nuttallii);  KAE DY RE A DRTHC AR o AR 5%
WA, EIBIETIZ AR, BN AR SEAL S L 75 1 W
B Rz —,

H ] AR I DY AR SR 1) 3 00 A X, A
o A6 SE DY HRTE Je Hok B AP 0 0E B 5 Ak X,
JCH 2 H ] 1 0 FAery Hh X 00T, [ % AR T PY B AR
AR 5T 4R & B TR AR bR AR B2 BRYRANME
R ORAREOGE . S T DU REAER B A
TIRRIETUEUD, ARIE TR Y B RS [ Y
IE7%.(C. kousa subsp. chinensis)*, Z< 3V PU HE7¢ ¥
KA A SE DY BB TE RS S AP i 5 Fpal AL, 75 ST
PeeE AU Py g e S ISR RE € 4 A3 il w1 E DS e e S
VR S PRI TR R B, A RIFR ) A K
BT Rh IR G R Sk R R . R, ASHE
FUALIE I X AN R AR P RAE DU I AL . A kDY
HEAEANZR 3 DU REAE — 4 A P AR ) o BRI, FF%
RBCAARAT NG, VIE T M RSE I R A K
I, NHOREEHET . I AR S A b T A 1
AT R AR IR A -

1 B5G i EL

R0 B AETT 5 A T IR AR AR B B R
FBEN, Hikk 31914'~32°37' N 11822'~119°14' E.

Z 8 T ARG R AR X, B R RS
BFFAE, TR, WUZE08; 130 15.2°C,
H-F¥SEET 10°CrsmA K 226 d, @ FUR
4 859°C; JoREH 229 d, EXJPAE 1 058.8 mm, 4
Bl 2157 hy &4 6 H AR 7 A S EIER

1.
2 FARLFNTT s

2.1 BMEE

H i ALY IELE (Cornus florida) il T E 25
% 5 W 22 A0 (292-33°N, 89=-94°W), FisIUIEAE
(C. hongkongensis) A& 7k ¢ VU 8 #£(C. hongkongensis
subsp. tonkinensis) ¥~k HYLIRE /K TG AR SR DU HEAE
bel(119°2'53" N, 31°3522" E). #h7F 500 mg/L 7%
HREMW3I dJE, SBREM TS FRERL
391 1 3)HEAFAGIE(0C ~5°C) A 60 d. 2018 4F 3
28 ¥ 58 B M AT AR, SRR A 4 (b
THAEE N8 em. E12cmBH: B IR
YRR MR =530 2, WIIEE L.

2.2 HE

HE RN E  FEAEKIN2018 4 5
H 4 H-11 H 29 H)&:Fh DY #8760 BUAE K AR —
U 72 BRI, B 10 d FARAS RO T R A
bR RN & A%

HAEKHMEBRMETFE  Logistic 22
F TR AR 28 (3L A 0417, 2 (U5 T
e y=k/[1+eC@ ], Arh, y HEKE: x HE
KB E; kOERKANRE; a. b AR EHE . X
Logistic /7 FER—Wr S & #331% HAE K E 27 7%
dy/dt=abke b/(L+ae D2, K5 f%: d2y/dE=abk
e P(1-aeP)/(1+ae)?, 4 d?/dt?=0, KR{F&EHAE
KB BRI A: t=(Ina)/b. %FiEE H A K& i Z 7
FESR =B 2, AT DA H AR AR AR ok il 4%
M40 Rt A 43 it ta~to BT AE 04, 4=
In(a/3.733205) /b, t,=In(a/0.26795)/b, t F ik F 2k
KBRS, t, b 2% H A K E R ER R
28, s o BIE RIS AR KT S AR K
I3t R RAE B 5 2 KR I o0 It

2.3 HA/AT
FIFH MATLAB ] Curve Fitting % 3 FJUliE{¢
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H B S A AR A K i R AT LS
3 RSy

3.1 HimAEKIE

FEEKFFHE  CFEMNS5 H 4 HIFE, F
11 H 29 HER N1k RAEDURRAE . A HEDUREIERIZR
FPUIRAE T =90 N 21~43.17~45 F117~45 cm,
PR 31, 27 F127 em. FERE, KW
KBRS 6 H BATFE, meEKIrsmk, 7

AR Blm g, e A KRB RIC, B3 8
9 AvImAE KA %, 11 HRAKEFIE. 37
VU FEAE B P v A R 2 S B L 2 - RS B A A
RAEVUIRAERT 1 a A A KR KT 2 Fh 4 DU
A T A HE DU IEAEATAR SO IR AE A 2R EEARBL(E 1)
FIFH MATLAB X 3 FUIEAE 1w A AT 05
(B11, & 1), AT, 3 FhDUBRTER v e AR B
HAH AR B4 a3 o DU IRAESIENI T 5 Logistic 7572
S R BE R, 5 R Il AR 56 24 0 A 25 KT
(P<0.01), AIFLSE S WRIU REAE R v v S B A A AR

351
FAEPUERAE C. florida
30+
TRl PUBRAE C. hongkongensis
:_-: Bk '/-
2 20t
=]
L
2
az 15
H
10+
N — {UA{E Measured value
’ / «  SFIE Fitted value
25 I 1 I 1 1
50 100 150 200 250
JAL Day
1 PumsETE A KR Logistic 04 HiZk
Fig. 1 Logistic fitting curves of height growth of Cornus seedlings
13 FhPURETE TS 2 KA Logistic 77 12
Table 1 Logistic equations of height of three Cornus seedlings
) Species R? 758 Equation F p
KIEPUIETE C. florida 0.997 y=31.32/ (1 +3569-0.03621x) 4991.311 4 0.000
FHIUHETE C. hongkongensis 0.984 y=28.34/ (1 +g3324-0.02924x) 1107.9385 0.000
AR VQHEAE C. hongkongensis subsp. tonkinensis 0.990 y=27.78/ (1 +g3503-0.0296x) 1775.953 3 0.000
BRAEKBERRXS  fidibE, KRN H 20 B 2R 5 DY HEAE B B0 AR 4 R AR 2 R

16/ t=98, t1=62, t,=135; AIGVUIEIER) t=114,
t1=69, t,=152; AR PYHETE t=118, t1=74, t,=163.
DA 3 H 28 HHEF NGRS i, RAE DY AL v = 2E
K ER AR U AT A AE 2L 54y ) 5 H 30 HAN 8
H 10 H, HAMFEEREN 73 d, EHAKER
KEHI N7 H 4 HER 2); BRI ISHEA
RS A A& S R 6 A 6 HAIS A 27 H, i
ARSI EN 83 d, EHAKERKWHE N T

v 6 H 11 HA9 H 7 H, A IS (5]
89d, EHAKERKWHIIN T H 24 H. KIEN
MEAE AR T 2 RO AR e, o A S f 8
IS B DU A T fE P

AR R 7 RN AT RSO Sl s, R4
WA SR> . R4 Logistic ik, PUIEAE
BT R A R AT R A KA AR AT
ARG 3 MBTBLU(ER 2). TTIL, KAEDUIRAEH) B A4
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Table 2 Height growth of three Cornus seedlings

L) KB i Date FELLAFIR] Duration time A KR Net growth (cm)
Species Growth stage (M/D) F# Day % KB Growth %
KAEVYHETE Y1 Initial 4/26-5/29 34 13.82 4.32 13.91
C. florida I Fast 5/30-8/10 73 29.67 18.13 58.34
J5# Later 8/11-11/16 98 45.12 6.37 20.49
HHET HIH Initial 4/26-6/05 41 16.67 3.90 14.05
C. hongkongensis B Fast 6/06-8/27 83 33.74 1533 55.23
J5# Later 8/29-11/29 94 38.21 6.39 23.02
N lieia HI Initial 4/26-6/10 46 18.70 4.10 15.09
C. hongkongensis siibsp. B Fast 6/11-9/07 89 36.18 16.04 59.06
tonkinensis
Ja# Later 9/08-11/29 83 33.74 5.23 19.25

Kellar, HIARKER 3 ML HRR), &
31 cm. KRAE VUL TR B i 4 (34 d), (HH i
AR E R K AR A AR S ) — LG, A
KRB AT AN IRIEA R A, K
FEDY BEAEHE N 2B ) A B HLRP i [A) i, (HLH
AR R BB AEAM A UL KR
AOFF SR R A A KB AT . W AREANAE K S IR,
e B g A5 AL, B BORTE DY B4 3R
I [B) dp 5, A s DY BTG FT ZR it DY R T 285 BRI [ A
[ o AL A AT YA ST 45 S N B 4 9 K AE DY A E <
A N IETE <75t DURRAE, UiR 2 b 2R 0 Te A
FAFLEIN RT3 (AL DU TR AE

3.2 MiBRRIAEKIER
EEKFIBMEES HARCEN6 H 12
HH4E, B2 11 H 29 HAEKSE R N1k, Kielyia

Te 75 s DU BRI 7R 3 DU HEATE 1 b A% 43 ) 2.5~
6.0. 2.0~5.0 f12.0~5.0 mm, P4 K &5 5]
45, 40 f135 mm. HRAERLAERZEAM, 5 H
g LU, R KT nt: 7 A BA) s,
IR A K EIZFHRN, HF 8 HEad K%,
AL, AR AR ST B -8 i AR T A ()
2). \FIH MATLAB #4112 4 K & Logistic 2E
Kk (& 2, £ 3)al W, 3 FhPUMEAE AR KAy
HRIE AL A b . T RRAE 42 404 1
Logistic J7 2 [ [a] V=46 56 34775 4 2 3 7K 7 (P < 0.01),
YR Logistic 4004 £k 5 Sz 18] i 7 A R
B, AT ELSI B DY A I b AR S R AR K A
AKHrB RIS RYE Logistic B2k U
TR A KR8 3 AP B B ERIAAN S A .
KAC VU &L M 42 2E K 0 B0 3 AR L R AT R AR 2%
M5 A 14 HA8 H 22 H, A= 74 101 d,

KAEDUIAIE C. florida

50

a5t . -
E 40F ’
= g
5 : . . : T PUREAE C. hongkongensis
5 35F B
= . .
o .
&= : :
E ; -
2
&}
jofal

— FUA{H Measured value
SZMME Fitted value
0.5 1 | 1 1
50 100 150 200 250
FHL Day

K 2 3 MU EMIARAE IR Y Logistic 1014 28

Fig. 2 Logistic fitting curves of ground diameter for three Cornus seedlings
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% 33 F UL A2 4 (KA Logistic #AL M

Table 3 Logistic equations of ground diameter for three Cornus seedlings

14 Species R? 777 Equation F P
RAEPTUHEAE C. florida 0.995 y=4.53/ (1 +g2541-00265) 1737.6475 0.000
FHEIUIRAE C. hongkongensis 0.990 y=3.7/ (1 + g 2597-002609) 1483.252 1 0.000
A VUHRAE C. hongkongensis subsp. tonkinensi 0.995 y=3.466/ (1 +g2262-002173x) 799.579 1 0.000

2 43 T U AR AR A= A PR 20 B AR A AR e LA

Table 4 Ground diameter growth of three Cornus seedlings

it KB 5 ] Date FE4ER (] Duration days 1A K& Net growth (mm)

Species Growth stage (M/D) KH Day % A K& Growth %
pesalliia HIH Initial 4/26-5/13 18 7.32 0.31 6.98
C. florida I Fast 5/14-8/22 101 4106 2.65 59.53
JEi Later 8/23-11/29 99 40.24 0.85 19.03
HHEI A HIH Initial 4/26-5/15 20 8.13 0.27 7.44
C. hongkongensis WY Fast 5/16-8/25 102 4146 2.15 50.46
Ja# Later 8/26-11/29 96 39.02 0.70 19.41
AR VUHELE HIHA Initial 4/26-5/10 15 6.10 0.17 5.12
g'n'l‘(‘i’[:‘egnksoing"”“s subsp. B Fast 5/11-9/17 122 4959 2.01 60.71
JEi Later 9/18-11/29 81 32.93 0.58 17.37

HAEKEHRANTH 2 H; FHNBIEAEISEA
R R AE & S 5 H 16 HA1 8 H 25 H,
WA HARELE 102d, HAEKERAKNTHSH: &K
VY HECLE (1) 2 10 T A R 4R ORI AR 28 B il 5
H 11 HM9 H 17 H, #ANRZ: 122d, HAEK
HRANNTHI0H. NF40TH, 3MITRIET
A KW R SR () AN AR KB AT s AR DY R AR
BAKEINFRSR RE. AKERK, FHEN
HEAE B R 5t DU BB A K i MR R N R) i 20 d, {H
AKEMIE.

4 ZERAITT IR

4.1 DMURRTERMFRRIFEEKRR R

FR4#E Logistic #4434, 3 Fh 1 a A= PUREAEHI
E AR A K I RS Rt 2k, R 12 1h-
& I AT AR BT 2 W BESIA f5 9 o
R A KR AMN 5 (7] 1) - DY B A6 A0 o [ Y
HEAE B AT — B4, 5 22 e ) P ) 4
AR HEAEL, W75 1 (Pteroceltis tatarinowii)28l,
A (Pistacia chinensis)o1%; — Seg i N =
Fg¥A(Pinus yunnanensis) F1 754 (P. densiflora) s H il
TR AT R 021,

TR W il 2 AT, RAEPUIEAE B A K AR
R T ARLEMN 2 MpPUIRAE, HIFEAK A

FHXT AR o — J7 THRAE DUREAE S TR A A, AR
3 e 56 (B 2% S W22 A, J 0 A 2R KU VR X
5, AKBEIE, R, H— &R
F1(202~290 cm?) %) 2 78 T 2K () 2K 3¢ DY e HE (42~
62 cm?)i 5 fi5, HIH A EZE[7.5 umol/(m? s)]
FE R TIUIEAELS umol/(m? 8] 1.5 5 (R k%), #]
DLRAEDY HRTE A R R B s

PUREAE R NTRAR, SFAERKER RS — M/
A KB AL, W48 & 2% (Magnolia liliflora, & &
24 cm. HifF 7.5 mm). J\FZifE5E(Malus robusta,
75 45 cm). = %7k (Lagerstroemia intermedia, Wy
{51 28 cm. HifE 6.0 mm), {HE K T AR FIRTRR,
¥ H (Populus nigra, i 330~400 cm. 4% 30~
40 mmy), i BA PO REFEAS 2 AR B

4.2 FHAESMMEKTRIER

A —HhIX, P& IR A K B AN 4 R A A
T SRR R RN [R] AR BT R R S A DA GERRAE K
Sy A A A TE BN, T R R R IR R
TR FH 2R 230, X 7E DY B AL SR ARl 45 2R 47 1
IGUE, BPYEM 2RIV RRAE AR K e s B R T 4
A7 P DU AL R AR B DU HRAE s X R I At LA
% - il K (Tectona grandis) A1 & k4 (Camptotheca
acuminata) I, iX 2 P fEKRAEKE R E TR, 1M
[]) — B 3 35 44 2K e 48 (Mayodendron igeum) 1754 552
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43 REEKSEHREHE

A Logistic AT R AR LI A KA
AR, AKERRD, HAKEHAEKE S
K EN 50%LL E . PURRTE R RIH AU A=K
IR, AR A R I ) 2 AN AR KA T
29.67%~36.18%, A K A K E ) 55.23% ~
59.09%; Hb A% A= K Bk TR 22 N [H] 5 3SR K Y
41.06%~49.59%, K& 7 59.46%~60.7%.

— PR i 1) AR A B R I L v AR K e
TR A K RUEERS), (5 3 FPPUREAE 1 a AESAE T
ARKBHYRI B A ERK S SRR, 4R
IR, FremE, RO HREAEKIR. XRHT
U R A %07 1 1 A2 A R N A K B B P B i) 1
f, HURA KRR, B AR IAEX 221, K
Bt P ARAEAS [F B A AN A )« ARy, BLORIIE
BT E ST, BOR & 2% (35 AR K 2T,
e S By NS SRR ) b SINE 2 G L B O
HR v AR A R A P R SR T TR b AR B, AR
1 AR R B R, T LA P 8 S A X 2% 1 200
Xif K H-#k (Castanopsis fissa). #%#4 (Populus spp.)%%
B AT TR R, v AR T A S R R R I
5] EE A2 FA) 46 20~ 30 df28-29),  AHIF 7Tt AT AR ABLG 2R
KA, e DU RECHE A Hh [ DY R R 0 A ) Y
AR

PR AR KA LB R e SR 25 A IE
LR, AR TR, BT DURYE AR AR
KRR A F I A KR AT R A2 B, Nk
REARAHEO, PY R A AT TR /N Pradi i 22,
IR 5 A K IR BE(4—5 ) BRI Y e AE
B e AR R AR AR AR G E T, T AR AR
WE T iR TR EZE, FIFHEEmRAK, B,
FAb s H AR R A A AN A T R — AN
B, DRI 25K B A B AR 1) B 3E 24 ZE K (6-9 A);
10-11 A FRIPYREAEE N A S 1A, s DY R e A
FREAH, R A Ae, Ko R
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