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Provenance variation of growth rhythm for Dalbergia odorifera seedlings

Zhao Handi'?, Xu Daping', Liu Xiaojin', Cui Zhiyi', Zhang Ningnan', Su Yu’, Hong Zhou'
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Abstract: [Objective] To investigate the genetic variation in growth rhythm of Dalbergia odorifera seedlings from different
provenances, so as to provide a theoretical basis for superior provenance selection and efficient seedling cultivation. [ Methods] One-
year-old seedlings from nine provenances in Hainan were regularly measured for height and ground diameter. The annual growth
process was fitted using the Logistic growth curve, and key growth parameters including maximum growth rate (MGR), rapid growth
rate (RGR), growth increment during the rapid growth period (RIG), and the proportion of rapid growth period (PRT) were calculated.
Correlation and cluster analyses were conducted in combination with geographical and climatic factors. The genetic parameters such
as heritability were estimated by the ASReml-R 3.0. [Result] The Logistic model showed a good fit for both height and ground
diameter growth (R* > 0.98), with seedling growth following a typical “S”-shaped curve, which could be divided into initial, rapid, and
late growth phases. Significant differences were observed among provenances in both phenological and growth parameters. The rapid
growth period of ground diameter occurred earlier than that of height, with average starting times of day 47 and day 117, respectively.
MGR, RGR, and RIG were significantly positively correlated with annual precipitation of the provenances, indicating that moisture is
an important environmental factor affecting growth rate. Cluster analysis grouped the nine provenances into two categories based on
geographical structure. With the exception of PRT, significant differences in growth rhythm parameters were observed between groups.
Genetic analysis revealed that heritability was generally higher for ground diameter than for height, and growth rhythm traits exhibited
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moderate heritability with low coefficients of genetic variation, indicating that these traits are mainly under genetic control and have

high potential for genetic improvement. [ Conclusion] The growth thythm of D. odorifera seedlings exhibits clear differences among

provenances and geographic variations. Annual precipitation is an important environmental factor influencing growth rate. The Logistic

model can accurately predict growth processes, providing a reliable basis for scientific seedling cultivation, provenance selection and

genetic improvement, the results of this study offer important theoretical and technical support for superior breeding and efficient

cultivation of D. odorifera.

Keywords: Dalbergia odorifera T. Chen; seedling; provenance; growth rhythm; genetic variation
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Table 1 Geographical and climatic conditions of the provenance for D. odorifera

7 ATl

TR

= SE A A= R
P 235 2 Average Average ﬁzﬁf;i(a? Ai;ﬁ;zﬁ .
Provenance Longitude (E) Latitude (N) temperature in temperature in S g
July /C January /'C precipitation /mm  temperature /'C
H¥> BS 109°26'51" 19°13'35" 27.3 17.6 1341 234
1 FU% BW 109°08'24" 19°04'12" 25.7 16.4 1495 21.9
%77 DF 108°37'48" 19°06'36" 29.3 19.1 1515 24.9
#1 HK 110°19'52" 20°02'04" 28.7 17.3 1790 24.1
R JF 108°52'48" 18°42'18" 27.8 19.1 1310 242
i QH 110°27'22" 19°14'06" 27.3 19.0 2041 234
XE WC 110°44'18" 19°37'30" 28.6 18.2 1777 243
JiT WN 110°23"24" 18°49'30" 28.8 20.0 1826 252
Tiigil WZS 109°39'18” 18°52'12" 24.6 16.2 1395 21.2

AR R BRI IR 1 E R RRR AR G, 8 2000—2020 4 ETIE.

All meteorological data sources are derived from the National Meteorological Science Data Center, representing climate averages from 2000 to 2020.
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Fig.1 Simulated curve of seedling height (A) and ground diameter (B) of D. odorifera
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Table 2 Logistic regression curve parameters of seedling growth in height and ground diameter of D. odorifera provenances

FhyE T 7 Seedling height 142 Ground diameter
Provenance k/em a b R’ k /em a b R’
H¥b BS 94.65+1.89b 3.62+0.16 a 0.19+0.004 a 0.992 7.26+043 a 2.07£0.06 abc  0.16%0.02 ab 0.982
# LIk BW 93.27+597b 3494021 a 0.2040.004 a 0.989 5.78%+0.15b 2.01£0.05 be 0.19+0.01 ab 0.989
%77 DF 105.03£5.09 ab 3.46%0.02a 0.2140.008 a 0.989 6.284+0.68ab 2.04%£0.19abc  0.16%£0.01 ab 0.994
0 HK 115.78+15.97 ab 3712031 a 0.2040.005 a 0.989 7.61£042a 2.2440.09abc  0.1620.01 ab 0.986
2RI JF 9091x£1191b 3.62%+0.14a 0.194+0.013 a 0.986 6.4940.20 ab 2.3610.22 ab 021%+0.02a 0.993
B QH 123.60+3.11 a 3.56+0.12 a 0.19+0.007 a 0.989 6.57+0.12ab  2.084+0.01 abc 0.15+£0.01 b 0.991
XE wWC 113.69+9.60 ab 3.82+0.11a 0.19+0.005 a 0.989 7.06+0.67ab  2.19+0.04 abc  0.17+0.01 ab 0.991
JiTt WN 122.21+6.57 a 3.61+0.10a 0.21£0.006 a 0.988 731+023 a 2.46+0.11a 0.20+0.02 a 0.990
Tiigil WZS 92.61+2.06 b 3.4440.04a 0.1940.008 a 0.990 6.2110.45 ab 1.91+0.21¢ 0.1840.02 ab 0.992
¥4 Mean 105.75+3.36 3.59+0.05 0.19+0.008 a 0.990 6.73£0.16 2.1540.05 0.1840.01 0.991
T B R NG PRSI 22 5 23 (P <0.05) , T

Means with different lowercase letters within a column indicate significant differences at P << 0.05 among different provenances, the same below.
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Table 3 Phenological and growth parameters of seedling height and ground diameter for different provenances of D. odorifera

T%:ﬁs proit?f{nce fo/d 6 /d t/d Rip/d Mg /em-d")  Rg/em  Rglemd')  Py/%
[17) BS 18744.10abc 118+4.41ab 255+5.70abc  137+6.12a 4.58+0.13a 54.65+£1.09b 4.01+0.12a 67.37+0.61a
BT BW 174£361c  107£6.06b 239+£2.03c  132+5.13a 4.66+0.18a 53.85+3.44b 4.08+0.15a 6586+0.22a
%J7 DF  1774£348bc 110£2.08ab 2444491 ¢ 134+296a 5.13£031a 60.64£2.94ab 4.50+027a 66.07+1.12a
WITHK  197+3.67a 126+8.69a 268+2.03a 142+10.6a 5.52+1.08a 66.85+£9.22ab 4.84+0.94a 67.97+£2.29a
W RIEJF 187+6.11abc 11946.66ab 255+6.33abc  136+291a 441+0.64a 52.49+688b 3.87+056a 66.93+1.22a
SEZ?glﬁig Biff QH  188+5.17abc 1184491 ab 258+593abc  140+426a 5.83+022a 71.36+£1.79a 51140192 65.62+0.43a
YE WC 1844841 abe 121+7.02ab 248+10.02bc  127+3.61a 58740342 65.64+555ab 5.15+£0.30a 65.61£0.90 a
JiTWN  193+4.10ab 1224328ab 263+6.17ab 14145132 5.70+0.13a 70.55+3.79a 5.00+0.12a 66.0240.45a
TifEil WZS 17442.08c  107+120b  240+371c  133+2.85a 4.59+0.18a 53.46+1.19b 4.0240.15a 65940422
FHMean  184+2.03 1174197 2524244 1354173 5144017 61.05£1.94 4514015 66374033
F1¥BS 13248742 48+1.20abc 217+16.58ab 169+£16.07ab 0.28+0.02ab 4.19+0.25a 0.25+0.02 ab 71.40+1.71 ab
T BW 108+3.00b 37+1.53bc  178+6.17c 141+6.36ab 027+0.01b 3.34+0.09b 023+0.01b 73.23£0.77a
%J7 DF  125+586ab 43+£9.70abc 207+4.67abc 163+£9.94ab 026+0.04b 3.63£039ab 023£0.04b 67.27+1.71b
WITHK  136+£7.51a  56+643a 217+£8.67ab 161+2.67ab 0.31£0.02ab 4.3940.24a 0.27-+0.01 ab 69.58+3.18 ab
WAE g JF 11843.00ab S0£5.61ab 185+11.79be 135+17.35ab 0.33+0.04ab 3.75+0.12ab 0.29+0.04 ab 69.09+ 1.06 ab
f;;‘;?fr Biff QH  138+8.72a 50+328ab 226+13.59a 176+1039a 025+0.02b 3.79+0.07ab 02240.02b 71.11+1.64 ab
YE WC  128+48lab 51+3.06ab 205+7.69abec 154+5.93ab 0.30+£0.02ab 4.08+£0.39ab 0.26+£0.02ab 67.65+0.97 b
JiTWN  122+921ab  56+4.18a 188+1596bc 132413.58b 0.37+0.03a 4.2240.13a 032+0.02a 66.17+£1.30b
Tifgil WZS 107+£0.67b  31+7.88c  1834+737bc 152+15.25ab 0.28+£0.04ab 3.59+£0.26ab 0.25+£0.04ab 73.12+1.13a
¥ Mean 1244273 474218 2014442 1544430 0304001  3.89+0.09 0264001  69.85+0.65

T ofon i s

KR Pt Kot PR KB B A KRS 8 DA R PR A R % A KRR S I A e TR
ty, ), th, Rop, Mg, Rar, Rig and Ppy denote key rapid-growth time points, the start time of the rapid growth phase, the end time of the rapid growth phase, the rapid
growth duration of seedlings, the maximum growth rate during the rapid growth stage, the rapid growth rate, the total increment of growth traits during the rapid
growth stage, and the percentage of rapid growth amount to the total increase of growth traits, respectively. The same below.
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X R EKSE (Mg R A1 R 7l
25 A6V e R B X AR 13.07%- 18.11% A1 13.03%,
1M Prr 57 R ACTRIEATIRIX 0.37%. HiAZR AR 1,
JEFRIR X DS (s 1, A 1) BT 556
FREIX, A PoEAEKI (Rgp) 45T M AR X ;
B B X H AR A K S H (Mg Rig B Prp) 43
5] B B 5 Ah YR XK 10.40%- 9.72% F1 1.42%, 1M
Ry Ry ALEFIIRIX 7.81%.

R4 BEFTEVEREKSHEMFHIZSIEEFREXE '

Table 4 Correlation analysis of phenological and growth parameters with geographical and climatic factors of the

provenances for D. odorifera

AR Traits FEx Index t f, t Rep My Rin Ry Pur
ZIE 0.62 0.67* 0.57 0.24 0.80% 0.78%* 0.80% -0.12
A 0.41 0.48 0.37 0.09 0.51 0.43 0.51 0.39
i 7 HF R EE 0.60 0.67* 0.57 0.25 0.56 0.58 0.57 0.24
Seedling height 1 H P 0.48 0.47 0.48 0.34 0.46 0.54 0.46 -0.13
K E 0.50 0.49 0.50 0.34 0.94%* 0.96%* 0.94%* -0.28
TR 0.61 0.66* 0.59 0.29 0.51 0.55 0.52 0.18
ZJE 0.51 0.60 0.39 0.11 0.39 0.75% 0.38 -0.27
29553 0.63 0.39 0.65 0.53 -0.17 0.55 -0.20 -0.07
Gi’@@d 7 AP 0.69% 0.81% 051 0.10 0.36 0.64 035 -0.91%%
roun
diameter 1 AP 0.49 0.68* 0.29 -0.07 0.41 0.37 0.42 -0.82*
K E 0.79%* 0.61 0.74% 0.50 -0.02 0.57 -0.05 -0.26
ET IR 0.60 0.82% 0.38 -0.05 0.49 0.62 0.49 -0.96%*
TR R S IR ORA S KT N P < 0.05 FTP < 0.01. FIAl.
* and ** indicate significance at the P << 0.05 and P << 0.01 levels, respectively. The same below.
¥WHOHK — (A A7 DF (B)
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Fig. 2 Cluster of 9 provenances of seedling height(A) and ground diameter(B) for D. odorifera
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Table 5 Phenological and growth parameters of seedlings for different provenance regions of D. odorifera
Ptk TR IX FE 5 Index
Trai Provenance
raits regions t, /d t,/d t,/d Ryp/d Mg /(ecm-d")  Rgg/em R /(cm-d™) Py 1%

. AL 1874£2.97 1204277  253+£3.58  133£232  6.124£023  69.61£249 53740.19  66.66=0.45
Seedling  HPHELHE 1754611 1122534 2374771 1254531 5324043  57.00+4.45 4672038 66.91+0.77

height Fil 10.60%* 6.01% 12.10%* 6.52% 9.60% 21.30%* 9.60** 0.27

Hi % i 1324540  50+4.72  214%853  165+£832  0.28+0.03 4.02+£031 025+0.02 69.4+1.91
Ground B[l 114+7.41 44+115 1844420 1404883  031£0.05 3.73+£037 027£0.04 70.4+3.42
Rl F A4 34.43%* 12.55%* 29.25%* 16.82%* 3.96* 7.00%* 3.96* 1.90

25 MEMERKTESHNERER

ARKTESHEMBA TR RZRBESRMUAER
RENE 6 FiR. 14 DMESE (on s & M
Reyp) ™, WimMfkZR R/t (cry SHRA
BRFE (CVy 5 70 A~ 2.13% ~ 3.47% Al
14.52% ~ 21.81%, ERKT HU AR AHRLFR bR A2 S5
Ko HUARGE S B FRIRE A T T 0.53 ~ 0.77
D) A AR A DD T AR, (H AR
WIFFUERE ) (o) REAERFEEH (Rep) ML 77
BR, 20909 0.18 1022, A KA R (Me-
Reps Rig 1 Pppd Y38 A% 7738 3 IS T4 1% 2 44
Hor b 12 1 s AL 71 ABTE N 0.41 (P % 0.56
(Mgg) > T 2 2 BRI 238 4% 11 29°8 0.40.

*6 BREREVEMEKTHESEIEETR

Table 6 Genetic variation in phenological and growth
rhythm parameters of D. odorifera
_ BEAR T R R .
PR I i
Traits Index - - n
CV, 1% CVp 1%
t,/d 3.47 15.81 0.601+0.24
t, /d 2.22 21.81 0.18%0.13
t,/d 3.46 14.52 0.64%0.16
L] Rep /d 2.13 1838  0.22+0.13
Seedling !
height Mo ((cmd™) 6.90 36.68  0.38+0.27
Ry (cm) 8.99 36.32 0.540.27
Ry /(emd™) 6.91 36.69  0.38+0.37
Py % 1.09 5.63 0.37%0.36
t,/d 8.00 21.99 0.77%0.13
t,/d 12.69 37.29 0.65+0.21
t,/d 7.21 22.98 0.72%0.16
URES Ry /d 6.51 2884 0534028
Ground .
diameter  Mor /(cmd™) 10.05 3127 0.56+0.26
Rz (cm) 6.81 25.15 0.53+0.28
Ry /(cm.d™) 10.05 3127 0.56+0.26
Prr 1% 2.40 11.40 0.4140.36

2.6 ERTEMREANEREHEXE
B A BB A v 0 v R SRR AR R S 4

N

LRIWBAFRBAME M (R« BREAREKE
AN, B EAH AR A K E S AEK RS
BIRIEm L, BAEmME, mamEtkEs
ARSI E R E EMEX, SEKEREH. &
RAKEZE, PR A Kl & Ll A K ES 2]
TEIEMEX. tms, HEEKESRKE
KR HIL ] (7)) 2RZFIEMHEKL, S5EKHER
WE O AR (1) BORAKIEHER
P A AR J P A K R AR IEAE G
304 g

12 & & 1 A Bl B R AR K 2 4 ek
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75 B, R i e i A KA AL A SR A K S
B, AL A T A R 7 A [ 5 DR A ) AR KR
S NAERAEE, 0 T AR AR R e 1 22 S o e Rt A
(3 MRAR BT FE i, AT AR A A AR & P2 R 5T
K Logistic 77 F&XJ A [7] M il B 2 2548 1) %)) v 2F
KT G, SREVEEE FAEY N E
AR AR R “S” JElZE, H Logistic &%
BEEREWHEME, %4 RS54 52K Taxus
wallichiana var. mairei™ 1 41 ¥§ Toona ciliata™ %5
Bom Mt g R — 8. EAEKYIEL, 9
MR AN L A W W F: o A S RO i ) D g, H G
MEBERFR D mA R USCF Y E K, Kb
MAEKE NGNS, BEEEKEREPEK, 2HEiR
RIZWRIE, MR BES N, e A
PREB UL 78 2 75 75 R, AT HAM B A 28 DL &
AIIEEpa RSS2 PG A 7 e 1 T P = i
NEAEM. EAEKE, fimAERKEmEES
f5 ik, MR AR K BIRA PSR, A ORFFRREE
B
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Table 7 Genetic correlations among growth parameters for seedling height and ground diameter
PEAR FERKE
Traits k t t, t, Rgp M Rar Ry Pry Annual
growth
k 0.53%* 0.55 0.94%%* 0.62%* -0.26 0.65* -0.28 -0.35 0.99%*
ty 0.66%* 0.99%** 0.99%* 0.97%%* 0.32 0.53* 0.32 0.66* 0.46
t, 0.91%* 0.862%* 0.98** 0.94%* 0.34 0.55* 0.34 0.90%* 0.46
t 0.48 0.97** 0.71%* 0.98** 0.32 0.54* 0.32 0.57* 0.47
Rep 0.07 0.76** 0.32 0.89%* 0.35 0.81%* 0.35 0.35 0.56*
Mgy 0.71%%* 0.01 0.52% -0.22 -0.64* 0.94%%* 0.753* -0.36 0.94%%*
R -0.79** 0.66* 0.91%* 0.48 0.07 0.71%* 0.94%* -0.35 0.99%*
Ry 0.71%%* 0.01 0.52* -0.22 -0.64% 0.11 0.71%%* -0.36 0.94%%*
Prr -0.73%* -0.42 -0.76%* -0.21 0.19 -0.65%* -0.73%* -0.65%* -0.41
FERE 0.98#* 0.62* 0.91** 0.42 0.01 0.74%* 0.98#* 0.74%* -0.81%*

Annual growth

O E R R, AL A MR . Above the diagonal is the seedling height; below the diagonal is the ground diameter.
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