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Annual growth rhythm of Melia azedarach seedlings
from different seed sources

CAI Jinfeng, YU Wanwen, WANG Guibin, CAO Fuliang

( Co-Innovation Center for Sustainable Forestry in Southern China, Nanjing Forestry University, Nanjing 210037, China )

Abstract: Melia azedarach is widely distributed in China and has a wide range of genetic variation. In order to study the
growth characters of one-year-old seedlings of M. azedarach from different seed sources, the growth characters of seedling
height, ground diameter, compound leaf growth and biomass accumulation of M. azedarach seedlings from 15 seed
sources were observed, and the growth rhythm was fitted by logistic equation. The results were as follows: (1) There
were significant differences between seedling height and ground diameter ( P<0.05) , and significant differences between
root biomass, stem biomass and compound leaf (P<0.01). (2) The growth of seedling height and ground diameter
showed a slow-fast-slow growth pattern with type S. Compared with the emergence time of seedling height growth peak,
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the emergence time of ground diameter growth peak was later. (3) The R’ of logistic fitting equation was 0.976—0.994,

which reached the extremely significant correlation level, indicating that the growth rhythm of M. azedarach can be fitted

by logistic equation. (4) According to theoretical calculation and practical observation, the duration of fast-growing stage

of ground diameter was generally 20-30 d longer than that of high-speed growth stage of seedling. The time of seedling

height and ground diameter entering fast-growing stage and ending fast-growing stage in northern locality was earlier than

that in southern locality. (5) All though traits were negatively correlated with latitude, seedling height, biomass and leaf

area were positively correlated with longitude, while other traits were negatively correlated with longitude. In general

M. azadarach begongs to full-time growth type with significant differences in growth traits among seed sources. The

growth was regulated by both latitude and longitude, mainly by latitude.

Key words: Melia azedarach, seedling stage, Logistic equation, growth rhythm, growth trait
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Table 1 Location and climatic conditions of Melia azedarach seed collection sites

AR 1 A ¥R TH¥E AR R e
7 Y s 513 Annual Average Average Annual SR
LS =R

. . . Atitude average temperature temperature average Frost-free
Seed source Longitude Latitude (m) temperature in Jan. in Jul. precipitation S?t;(;n
(C) (C) (C) (mm)

JSNI 118°49' 32°05’ 12~20 15.4 2.0 28.8 1106 237
JSPZ 117°59’ 34°21’ 18~32 14.2 -4.1 31.6 868 210
SDDM 115°01' 35°16' 54~65 13.7 -2.8 30.8 630 215
JSTX 120°03’ 32°17' 3~6 14.5 2.1 27.6 991 215
JXNC 115°52' 28°40' 55~112 17.6 6.4 29.4 1 458 271
HNXY 114°01’ 31°49’ 60~ 150 15.3 2.2 27.4 1 100 225
AHHF 117°9’ 31°50' 45~88 15.7 2.1 28.3 1 000 228
SDDY 118°34’ 37°25' 3~5 12.8 -2.6 26.8 556 206
GDST 116°39’ 23°19' 5~10 20.0 13.1 28.3 1 600 350
GXNN 108°24' 22°47' 95~122 21.6 12.8 28.3 1310 340
HNCS 112°55' 28°11' 88~180 17.2 4.7 29.3 1 361 275
HBJZ 112°10’ 30°22' 30~55 15.9 4.1 28.0 1250 255
ZJLA 119°42' 30°15’ 35~160 16.0 4.3 28.4 1614 237
ZJYQ 120°41' 27°57' 38~128 18.5 8.0 28.0 1717 305
IXJGS 115°02' 27°06' 66~225 17.6 6.4 29.4 1 458 277

. JSNJ. VLIRm %5 JSPZ. YT AR ; SDDM. ILHZR ZR B ; JSTX. VL ZE2%; JXNC. L7 & ; HNXY. /W H{ZF; AHHF. %
4B, SDDY. WA ; GDST. I Ziilisk; GXNN. J" PR T ; HNCS. K70 ; HBJZ. LM ; ZILA. #iLIE % ; ZJYQ. #i
TLART 3 IXIGS. TP IFM i, R,

Note: JSNJ. Nanjing, Jiangsu; JSPZ. Pizhou, Jiangsu; SDDM. Dongming, Shandong; JSTX. Taixing, Jiangsu; JXNC. Nanchang,
Jiangxi; HNXY. Xinyang, Henan; AHHF. Hefei, Anhui; SDDY. Dongying, Shandong; GDST. Shantou, Guangdong; GXNN. Nanning,
Guangxi; HNCS. Changsha, Hunan; HBJZ. Jingzhou, Hubei; ZJLA. Lin’an, Zhejiang; ZJYQ. Yueqing, Zhejiang; JXJGS.

Jinggangshan, Jiangxi. The same below.
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10 47, 46 Fh 5 B R B A0 PH I PRV, 4 H 25 H A MR 2017 48 9 i), iR AE K IR AR
A KB R F R 2 e R, TR R B RASE R A b TTRECE 4 h k28 5 k&t
BLRFT, KZFERNE RN, FFRE R 10 em  AFEISER S BN EE K Er5 iHE K

Fe A UEAT AL, BRI 15~20 em, B L, I Pl A% Ak B 000 2 A v AR (T ST R S

1.4 BN E T % 2012) . REF=HL RS /INKORAE 5 O B AT A
Wi AR A AR AN X BEALE B 10 1.5 BiEAE

PRI, 35 30 BRI A IEATHE R, 1 Ay 11 5 000 % , DA SR i R JBE 305 6t 4 8 s 0 52 5090 147 1E

2017 4E 5 H 15 HAZ 2 2017 4F 11 A 20 Hifi KA Bk, &k AHLKK N ( Pauta criterion , XK
KA kb, P RO bR RO s fI AR, 3o HENN) SR AR 7E S 8 8 1Y BN FE i 1) o 4 5 75
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Kot (SR MESE 2014 ) . FH SPSS 23.0 GE it SRR X
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Table 2 Analysis on growth traits of Melia azedarach seedlings
- ] 0 wam stk guks SRR
i e Bami SkmR BRI [ ki o HO
7 b . - - o Compound Compound Compound
Seedling Ground Biomass Biomass Ratio of . .
Seed . . leaf leaf leaf
height diameter of root of stem shoot to . o
source (em) (mm) () (o) rool length width area
. (em) (em) (em™)
JSNJ 160.49+ 12.28+ 28.98+ 31.16% 1.07+ 25.52+ 16.23+ 137.94+
8.78bc 1.04bcdef 4.92BCD 5.31CD 0.18BCD 4.57TEFG 2.84CD 39.95E
JSPZ 147.07+ 12.59+ 31.23+ 23.82+ 0.76+ 23.33+ 14.59+ 124.66+
15.66¢d 2.51bedef 5.31BCD 3.65DE 0.13DEF 3.37G 2.34D 40.52E
SDDM 148.34+ 11.34+ 24.62+ 16.85+ 0.68+ 24.06+ 15.17+ 149.4+
15.85¢d 1.38ef 4.19CDE 2.93EF 0.12FG 5.18FG 2.42D 67.54DE
JSTX 164.81+ 11.55+ 17.24+ 23.47+ 1.36+ 26.39+ 16.78+ 160.89+
21.23bc 3.08def 2.93E 3.34DE 0.23AB 5.91EFG 3.84CD 51.23CDE
JXNC 148.67+ 12.92+ 37.23+ 28.91+ 0.78+ 31.39+ 18.14+ 202.44+
16.36¢d 2.52bcdef 6.34B 4.22CD 0.13DEF 2.93BCD 1.58ABCD 33.75BC
HNXY 134.06+ 10.25+ 24.82+ 10.49+ 0.42+ 25.68+ 15.42+ 140.43+
16.66d 0.90f 4.22CDE 2.32F 0.07G 2.78EFG 1.54CD 30.44E
AHHF 144.33+ 12.91+ 35.32+ 25.46+ 0.72+ 28.78+ 19.3+ 148.82+
12.26¢d 0.86bcdef 6.01BC 5.55CDE 0.12EF 2.99CDEF 2.35ABC 68.34DE
SDDY 145.95+ 10.45+ 14.09+ 15.21+ 1.08+ 22.31+ 14.94+ 130.24+
14.64cd 1.97f 2.40E 4.21EF 0.18BCD 3.54G 3.30D 41.67E
GDST 195.23+ 15.59+ 48.62+ 49.89+ 1.03+ 32.98+ 19.23+ 195.13+
13.38a 4.15ab 8.27A 9.88A 0.17CDE 7.46BC 1.82ABC 70.70BCD
GXNN 178.22+ 14.46+ 31.95+ 44.36+ 1.39+ 26.82+ 18.41+ 114.48+
11.44ab 1.23abed 5.44BCD 7.84AB 0.24A 5.07DEFG 4.20ABCD 18.06E
HNCS 144.34+ 14.32+ 36.77+ 41.89+ 1.14x 33.67+ 21.90+ 198.51+
5.28cd 2.82abcde 6.26B 4.25AB 0.19ABC 4.13B 2.41A 51.16BCD
HBJZ 147.51+ 12.08+ 21.45+ 22.35% 1.04+ 25.04+ 1521+ 130.38+
3.58cd 0.99cdef 3.65DE 3.26DE 0.18CD 2.91FG 1.54D 19.99E
ZJLA 160.07+ 16.12+ 55.58+ 47.25+ 0.85+ 33.33+ 17.75+ 217.98+
7.51be 3.59a 9.46A 8.25A 0.14CDEF 8.17BC 3.08BCD 78.20B
ZJYQ 163.49+ 13.02+ 33.83+ 35.58+ 1.05+ 30.2+ 16.63+ 167.94+
14.50bc 1.06bcdef 5.77BC 6.78BC 0.18CD 2.51bCDE 2.03CD 11.46BCDE
JXJGS 157.53+ 14.87+ 50.29+ 4781+ 0.94+ 42.12+ 21.01+ 274.39+
5.84bc 1.21abe 8.68A 8.54A 0.16CDEF 10.58A 1.40AB 116.04A
J{H Mean 150.11 12.98 32.85 30.96 0.95 28.77 17.38 166.24
EEES 13.22 21.73 39.61 44.01 33.06 25.05 19.44 40.67
Variation
coefficient
(CV, %)
FAE F value 5.51° 3.91° 22,275 15.36™ 7.077" 13.213™ 4.168™ 7.607

TE: R BRI E AR R . [FF PRV NS FREAR S T8 3 IR TE 0.05 F10.01 KT 22 B2, M 2 BIRRTE

0.05 3% 0.01 KFF 2R EE,

Note; Data in the table are x+ s. Different small letters and capital letters in the same columns indicate significant differences at the levels of

0.05 and 0.01 respectively; “ and ™

2.4 ERMERMEXED T

HIER S Al B B S5 AR SRAY
RN ZE AR W 2 (AR DG R 2 3k B AR 3 KOF (P<
0.01) , £ & MR S RAEY & EEYEY
I B B R AR O, T S AR AR
K TE B G i FRURE DG AN T 1 B R 1
AR Al o R R AR B B R A K
R AS B

indicate significant differences at the levels of 0.05 and 0.01 respectively.

BARAEARAFLE) 2 R AR 57 | 2 X 46705 S )
BR T AR F B s A MR A A i b ) e B A
FMFURE R T, 3R 6 Al RO
WA S A S B IEAR DG, T HAR AR bR 22
JEGURSE ; 2R AR5 46 B U OGS AF Ul
1 ¥ AR 2 3 A I R A B LA O, DA
ARSI 1 H Pl A, J0RR IR AR
DX, AR MR A AR R AR YR IR R Z
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JSNJ. VL# R 50 JSPZ. VL35 A5 M ; SDDM. 17 % M ; B3 s E K 2
JSTX. V19528 2%; JXNC. VI.V4 7§ 5 ; HNXY. ¥ 515 Pl ; Fig. 3 Net growth curve of heights of
AHHF. 85 IL; SDDY. WA K E; GDST. J” A&l 3k ; Melia azedarach seedlings
GXNN. J" 757 ; HNCS. MR Kb HBJZ. #dLHI I ;
ZILA. WL ; ZIYQ. WrilikiE ; JIXIGS. ILVE X 1L,
. S T
JSNJ. Nanjing, Jiangsu; JSPZ. Pizhou, Jiangsu; SDDM. ,:E: = §OM = gﬂjl\{%s
Dongming, Shandong; JSTX. Taixing, Jiangsu; JXNC. T 20F T IX)EN%(;:}’ = pAN(oN
o) - e
Nanchang, Jiangxi; HNXY. Xinyang, Henan; AHHF. Hefei, g -~
Anhui; SDDY. Dongying, Shandong; GDST. Shantou, £ 15r
Guangdong; GXNN. Nanning, Guangxi; HNCS. Changsha, g
Hunan; HBJZ. Jingzhou, Hubei; ZJLA. Lin’an, Zhejiang; (% L0
ZJYQ. Yueqing, Zhejiang; JXJGS. Jinggangshan, Jiangxi. The & 05
same below. g0
0.0

BT bR R KR
Fig. 1 Accumulated growth curve of heights of

Melia azedarach seedlings
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K2 bl Ae RAUVE KL
Fig. 2 Accumulated growth curve of ground diameters

of Melia azedarach seedlings

3 w4

FUR, v B AR - 950 O T 22 8550 05 5, A ik

05-15  06-15 07-15 08-15 09-15 10-15 11-15
05-30 06-30 07-30 08-30 09-30 10-30
H#1 (H-H) Date (MM-DD)
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Fig. 4 Net growth curve of ground diameters of

Melia azedarach seedlings
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S o B A e, AR S TR [R) — 1
R, H N T B — 2, A X fh 22 = 3
BT R 7 S SR S A B s AE 25 R i
BCHY Uk B B AR st AL e RV T

A FE 45 R WY, v R 41 IR R R AR AR K
P 2 AR R 0, BRI 31 38 e e 1Y B ]
MBS, IR s A K AR T a4 K
A 3X 5 [ R P R BR ( Chukrasia tabularis) (211
2013) 145 ( Toona ciliata) ( ZERE4,2017) HE K
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Table 3  Logistics regression of heights and ground diameters of Melia azedarach seedlings
W% Seedling height 172 Ground diameter
7 Hb
Seed source Logistic J5 7% R? Logistic J7 & R’
Logistic model R-value Logistic model R-value
JSNJ y=166.091/( 1+29.772¢ %) 0.976 y=13.800/( 1+11.681¢™") 0.978
JSPZ y=152.706/( 1+24.172¢ %) 0.994 y=13.652/(1+11.489¢ ™) 0.992
SDDM y=152.777/(1+32.343¢ %) 0.988 y=12.098/(1+10.426¢ ") 0.987
JSTX y=168.916/(1+23.906¢ ") 0.992 y=12.372/(1+16.469¢ %) 0.987
JXNC y=154.458/(1+20.683¢ %) 0.976 y=13.782/(1+12.277¢ %) 0.983
HNXY y=139.273/(1+20.203¢ %) 0.995 y=10.432/(1+14.814¢7) 0.991
AHHF y=149.087/(1+18.547¢ %) 0.987 y=13.909/(1+13.058¢ ") 0.976
SDDY y=150.096/( 1+22.257¢ %) 0.985 y=11.049/(1+7.939¢ ") 0.988
GDST y=201.714/(1+28.586¢ ") 0.978 y=16.870/(1+15.597¢™) 0.989
GXNN y=184.879/(1+35.130¢ %) 0.987 y=15.499/(1+14.874¢™ ") 0.992
HNCS y=150.421/(1+19.460e ") 0.991 y=15.504/(1+13.604¢ ") 0.985
HBJZ y=153.793/(1+22.651¢ *%") 0.985 y=12.876/(1+11.246¢ ") 0.977
ZJLA y=164.221/(1+35.632¢*%"™) 0.992 y=17.895/(1+12.085¢%™) 0.986
ZJIYQ y=167.952/(1+42.985¢"%™) 0.987 y=14.264/(1+13.659¢ ") 0.982
JXJGS y=163.857/(1+32.717¢ %) 0.993 y=16.104/(1+13.994¢™ ) 0.976

AL, I 5 ¥ 3% K ( Pistacia chinensis) ( 5 Tt
2009) . T ‘B Ml ( Cyclocarya paliurus) (¥ 7 &,
2013 ) A5 HATALL R B, 4% 7™ Ml o BRI g M AR
ARG EIE -8 S BRI L, Logistic 75 24U
A NE OC ZR B KT, B AT Logistic 77 &
X HAE R AT 05 20 B, 5 BRI B 45 (2014)
MZERE AR (2017) WEFESE R —50, BRI 4 &5
B O8I 43 BT 92 B, G R A AR AR 8T R 43 SR
B AR AT S B 3 A B, b ) A A
B B 1 5 22 ) [R] A7 AE 35 25 v VIR, L
T3 7 M v R b AR R AR A U R 46 T A 1 Y e
B B KL/ 07 7 Hb 5 R PR ( Quercus acutissima )
(R ,2010) EEA (BREETH, 2009) BF 52 45 2R
Flo 7oA R I G Y R T R 32 5 R R DG
WA G, 5 rg J5 7 H AR LG 36 J7 77 b A 000 IR B2
(2SR AR, i AR 4 AR B % T ARl Sk A
PO 7 A5 1 I BT 77 b v AR b 7R G AT Y
B DX, AR R T P H R AR A T 25 SiE 4K A

M, 5 a3 IO, DA A 9 248 AR

AP AR R PRE R T B AR E
o ML AR D 2 ) K A R ELEE R AR Bt
A £ AR 0T A A DA A B (B —
2020) , DL A e F H bR BT A 0 AR KR
YRR EEAR S ARG (TR % ,2014) , R4 HE
% (2013) BF 5% 45, B K a8 KR E
( Manglietia insignis) T = A1 42 e A= 4 8 43 1) 5
AR A K1 58.90% ~ 69.34% Fl 67.43% ~
71.49% , A [GFP IR 8 3 AR, 7EAF] 70 d 1Y
HAM HERERAEARKERSH2FELEKERN
60% (BrkEFH,2009) , A4k 50 45 A s, 7F 6—9
AR, T WK e 2, B BFE 5, 7B & Al
BEBAERKE S B AR R 60%, Ui I # 4k
ST PN A R R b AR A R R R A R S AR K
AR B AR A K Y S B I 0 7R 3 — B D
AL AR T3 43 B HE R, DL S 1 B R B P AR
e, AR KA I 458 1 it A RT s 0 HEBE L DR T K
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Table 4 Phenological phase and growth parameters of heights and ground diameters for Melia azedarach seedlings

AR A ARKEY
Seedling stage Fast growing stage Late growth stage

L i

Seed Tmit  AvERE EAE RIEE SR EKE R REE BEKE %

Net growth Percentage Starting Duration ~ Net growth Percentage Starting  Net growth Percentage
(em) (%) time (d) (cem) (%) time (cem) (%)

JSNI T 26.89 17.66 7.10 61 95.89 62.97 8.31 29.50 19.37
JSPZ Sfl‘;?;}ft'g 25.45 18.15 6.27 63 88.16 62.86 8.29 26.63 18.99
SDDM 23.13 17.01 6.22 61 86.08 63.31 8.23 26.75 19.67
JSTX 27.46 17.54 6.26 61 97.52 62.29 8.26 31.59 20.18
JXNC 23.98 17.13 6.25 66 89.18 63.70 8.30 26.85 19.18
HNXY 21.63 17.13 6.25 66 80.41 63.69 8.30 24.22 19.18
AHHF 26.74 18.73 6.29 58 88.21 61.77 8.26 27.85 19.50
SDDY 25.16 18.05 6.23 60 86.66 62.17 8.22 27.57 19.78
GDST 35.08 18.69 7.20 64 116.46  62.05 9.40 36.14 19.26
GXNN 32.22 18.80 7.60 63 106.74  62.29 9.70 32.41 18.91
HNCS 23.34 17.17 6.25 67 86.85 63.91 8.31 25.71 18.92
HBJZ 24.73 17.70 6.26 65 88.79 63.54 8.30 26.22 18.76
ZJLA 28.37 18.45 7.10 56 94.81 61.67 8.26 30.55 19.87
ZJYQ 26.95 17.39 7.40 57 96.97 62.58 8.30 31.03 20.03
IXJGS 28.41 18.78 7.20 60 94.60 62.52 8.31 28.30 18.70
JSNJ iz 1.70 14.67 6.22 91 7.97 68.77 9.21 1.92 16.57
JSPZ d?:;g:gr 1.66 14.61 6.20 88 7.88 69.37 9.16 1.82 16.02
SDDM 1.54 14.92 6.16 85 6.98 67.64 9.90 1.80 17.44
JSTX 1.73 16.23 6.27 80 7.14 66.98 9.15 1.79 16.79
JXNC 1.93 16.16 6.21 85 7.96 66.67 9.14 2.05 17.17
HNXY 1.62 17.22 6.22 75 6.02 63.97 9.50 1.77 18.81
AHHF 2.17 17.87 6.24 88 8.03 66.14 9.20 1.94 15.98
SDDY 1.10 11.93 6.10 89 6.38 69.20 9.70 1.74 18.87
GDST 2.25 15.76 6.30 88 9.74 68.21 9.26 2.29 16.04
GXNN 2.40 17.66 6.27 85 8.95 65.86 9.20 2.24 16.48
HNCS 2.30 17.27 6.26 87 8.95 67.19 9.21 2.07 15.54
HBJZ 1.70 15.37 6.18 85 7.43 67.18 9.11 1.93 17.45
ZJLA 2.80 18.49 6.26 98 10.33 68.23 10.20 2.01 13.28
ZJYQ 2.11 17.41 6.27 91 8.24 67.99 9.26 1.77 14.60
JXJGS 2.52 18.01 6.27 87 9.30 66.48 9.22 2.17 15.51

Betr AR S ik, AR AT, )R
Wk VYR T WL 2 VAR PR
AT 5 5 5 7 e v A 7 3k A 300 1 v R M A8 v 2
RAR PR B, AH 2R Sk A0 P4 R T
ARTESRIR AT VR 3 2R TR e A 36 3 B 0 3 AR
A OLSE T RV IG 42 W7 VLR VLV S X L AL
TR X 4 DX AT R A E

DY

(AN

O3 DT AR A PR 3 52 B O W] B 5 2% 1
P18 52 W) R e A1 52 3t ) IR A A P AS [ 0 A4 1] 7 4%
R VN o a2 R I i o C A S NI R U R i e
AHIF B PR B J5 1T, 0 SR 25 7 A ' 1 P2 S
(B 158 BH ORI 2L B8 3R, 2005) S [\ Bl R 46 4k B
( Sorbus pohuashanensis) ( FS a5 ,2012) FNLZLAE (2=
BRA 2017) VAR R VAR Y 52 25 i R 8 B XU 4
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Table 5 Correlation analysis among growth traits of different seed sources of Melia azedarach seedlings
. P e e = £ AL AU -RuE
I i 5 R e S e S oA o RS O ok
PER . - . Ratio of Compound Compound Compound
. Seedling Ground Biomass Biomass
Trait . . . shoot leaf leaf leaf
height diameter of root of stem .
to root length width area
s 1
Seedling height
Az 0.615" 1
Ground diameter
AR Ayt 0.388 0.892 1
Biomass of root
YR} 0.688 " 0.967 " 0.830 1
Biomass of stem
ZEMR 0.579" 0.285 -0.135 0.423 1
Ratio of shoot to root
CALEN 0.272 0.732" 0.830" 0.769" 0.042 1
Compound leaf length
S0t 5E 0.274 0.700" 0.658" 0.7437 0.240 0.837" 1
Compound leaf width
52T AR 0.159 0.605" 0.761 " 0.621" -0.069 0.939™ 0.691 " 1
Compound leaf area
xo6 TREHEKERSHMBEBSERFHEXESHT
Table 6  Correlation analysis between growth traits of seedlings and geography-climatic factors
R R F R D CF W 1T —
etk 235y S WK Annual Average Average Annual ¥ *tﬁf/
Trait Longitude Latitude Atitude average temperature temperature average ros ) ree
temperature in Jan. in Jul. precipitation season
T 0.042 -0.654"" -0.084 0.673™ 0.722" -0.075 0.475 0.731™
Seedling height
A -0.074 -0.713™ 0.333 0.670™" 0.650™ 0.351 0.735™ 0.639"
Ground diameter
Ay 0.028 -0.605" 0.460 0.536" 0.521° 0.386 0.734" 0.493
Biomass of root
EXR/ -0.091  -0.783"  0.380 0.752" 0.742" 0.263 0.770" 0.737"
Biomass of stem
ZEMRLL -0.064 -0.335 -0.091 0.370 0.408 -0.188 0.165 0.401
Ratio of shoot to root
LIRS -0.031  -0.614"  0.686" 0.514 0.551" 0.214 0.720" 0.490
Compound leaf length
258 -0.243  -0.651"  0.554" 0.584" 0.582" 0.171 0.554" 0.539"
Compound leaf width
=audingil 0.148 -0.389 0.625" 0.261 0.334 0.195 0.584" 0.269

Compound leaf area

i, 208 LA BE T o Ry o, B P AR S P G A
A A TR B T A B TR AR RO A AR S ke R
BAEM . [ ( Phoebe bournei ) ¥ o A K 5 22 NI
GEHE AL E ML, R K SRE L EN
MG, 5 PR W A OGO R (I S A,
2019) , AT R R MO A R A

KETYFRMBHSEERMBERME, 54
JE AR SCHE AR B (2, 5 R o8 15 55 (2008 ) 1B A 55
(2015) WFgE 45— %k, B MR 5 46 B i A 56
PESZ R E 5 A R 0 T RE A R & TG R
B IEAR DG , A 56 2 M e B T ok — o5, R W IR
JEH AR K BB E L /T SC A R T B
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SR BRI, D fol A 5 205 2R T A o B A ik
— Y ICRAE L, R I T FH ] 22 6 3 AR
PEAT HE AR R R R A O 0B 00 5 A 5T

SE .

CHEN JY, DENG LX, CHEN JY,et al.,2013. A study on the
annual growth dynamics of Manglietia insignis seedlings from
different provenances [ J]. Chin Agric Sci Bull, 29(31) . 8-
14. [WRagte, ARIEF5, Brattl, 45, 2013, RREIFPIRZLAE
AGE A A R KR AT ST [J]. b A 5l
29(31) . 8-14.]

CHEN LJ, LIU MQ, LIAO BY, et al., 2014. Growth traits and
growth rhythm of Melia azedarach seedlings from different
provenances [ J]. Guangdong Agric Sci, 34(4): 1-7. [ B&
WA, XU, BIREE, 4, 2014, 7 BAS [ Fh s i 01 AR
KAHRAVERATHRATTE [J]. RO 224, 34(4) -
1-7.]

CHEN LJ, LIU MQ, LIAO BY, et al., 2018. Growth traits from
different provenances of Melia azedarach at seedling stage
[J]. Guangdong Agric Sci, 45(5) : 30-35. [ BEEEAE , X1
o, BT, G5, 2018, AR R R A PR AR
WS [J]. AR, 45(5) : 30-35.]

CHEN LS, 2009. The researches on seed quality and seedling
growth characteristics of Pistacia chinensis Bunge from
different provenances [ D ]. Nanjing: Nanjing Forestry
University; 27-40. [ REEF, 2009. AS[w]F i 5 & A+
At TS A RRPERE ST (D], B AT B atARll 2.
27-40.]

CHEN XD, CHEN LG, QUE MW, et al., 2008. Preliminary
study on the provenance test of Melia azedarach at young
forest stage [ J]. J Fujian Coll For, 28(1): 23-26. [ P
s, BErlot, BRESC, 45, 2008. AR A MO
WILSE [J]. fRabheibeidik,, 28(1) : 23-26.]

CHEN XY, SHEN XH, 2005. Forest breeding [ M]. Beijing:
Higher Education Press: 51 —70. [ B B8 FH, ¥k B2 3R,
2005. MAFRRE: [M]. b5t mEEHE HREL: 51-70.]

CHENG SM, 2005. Study on genetic diversity of multitudinous
populations and construction of core germplasm in Melia
Azedarach [ D]. Beijing: Chinese Academy of Forestry:1-
16 . [FERFI], 2005, FBRR & E IS % 2 FEVERT ST 5 1%

OFETGE [D]. dbnt: hEMEREDFERE: 1-16.]

CHENG SM, GU WC, 2005. The phenological division of
distribution area in China for Melia azedarach [J]. Sci Silv
Sin, 41(3) . 186-191. [ F2iFFHH, T 4, 2005. ¥4 H [
AT XM R [J]. Mok, 41(3) : 186-191.]

CHENG SM, GU WC, 2006. Studies on filial generation
seedling growth rhythm of different Melia azedarach
populations [ J]. J Zhejiang For Sci Technol, 26 (2): 1-
4. [RRVEI, BUTHR, 2006. iR 2R BE T AR A K1
W5 [J]. Wiplb R, 26(2) : 1-4.]

CUI YD, FU ZX, WANG JH, et al., 1994. Study on
provenance trials of Melia azedarach [J]. ] Henan For Sci
Technol, 44(2) ; 14-16. [ B4R, [HIKFE, gk,
1994, SBRFH RIS B 5T [ ]. I ra MOl B8, 44(2)
14-16.]

DENG B, FANG SZ, YANG WX, et al., 2014. Provenance
variation in growth and wood properties of juvenile
Cyclocarya paliurus [J]. New For, 45(5) ; 625-639.

HE X, LV ZH, LIAO BY, et al., 2018. Adaptability and early
selection of different provenances of Melia azedarach
introduced to Guangdong Province [ J]. J Centr S Univ For
Technol, 38(3): 44-50. [, HF2%, BMA, %,
2018, wr BN RIRI IR LE ] AR A= R i o 2 R % R 30 e
[T]. Rl BH R =2, 38(3) : 44-50. ]

JIAO ZY, YANG X, HE KY, 2015. Selection of superior
individuals of Melia azedarach L. for high toosendanin
content [ J]. J Jiangsu For Sci Technol, 42(5) : 10-13. [ #{
ML, B, TIFER, 2015, R A R AL R LR
WL (1], okl 42(5) . 10-13.]

KUANG L, DENG XM, CHEN S, et al., 2014. Growth rhythm
of Zenia insignis seedlings from four provenances [J]. J S
Chin Agric Univ, 35(5): 98-101. [JB&, XB/ME, BRIE,
A, 2014, 4 MEE AR E AR HIESE [1]. 2
Folb K2F2E4, 35(5) : 98-101. ]

LI P, KAN QM, WU LY, et al., 2017. Growth rhythms of
Toona ciliata seedlings from different provenances [J]. J S
Chin Agric Univ, 38(1): 96-102. [ 2585, BFH L, RAk
HE, 45, 2017. 204 A [ Fh 60 v 400 A Y A E
(1], Al K244, 38(1) : 96-102.]

LIAO BY, 2015. Studies on geographic variation and genetic
diversity of Chinese populations of Melia azedarach 1.
germplasm resources [ D ]. Guangzhou; South China
Agricultural University; 31-56. [ BIH153, 2015. ¥t AR
SREAEZREERITE [D]. )M ARl R 31-56.]

LIN QF, 2004. Study on salt tolerant plants [ M ]. Beijing:
Science Press: 284-286. [ BiAii XL, 2004. ifif &k 8 %) B 5%
[M]. JEnt: Bheg i hivet . 284-286. ]

LIU ZL, 2010. A study on provenance selection and key

silviculture techniques of fuelwood plantations of Quercus



1028 I 7

42 3

acutissima [ D]. Nanjing: Nanjing Forestry University: 20—
75. [ XU, 2010 JRRAR A HARFR IR 5 5 OGBS B 4
ARWBFFE [D]. BIHL: Rl 20-75.]

MA WX, CHEN MS, SONG SW, et al., 2010. Seedling growth
traits in one-years-old seedlings of half-sib families of Melia
azedarach 1.. [J]. J Shandong Agric Univ ( Nat Sci Ed),
41(1): 27-30. [ HITHR, FREA:, RS, 4%, 2010.
BR R R WA R R BT [T, AR AR K2
M HARREEM) , 41(1) : 27-30.]

TAN W], LI J, LIN JY, et al., 2019. Geographic variation of
seeding growth traits for Phoebe bournei among different
provenances [ J]. For Environ Sci, 35(2): 52-58. [ i3
W5, 208, AREESS, 4F, 2019. TR B A Mtk
HARSERTSE (1], Mol S3R5ER, 35(2) « 52-58. ]

WU C, 2013. Genetic diversity of germplasm resources of
Chukrasia tabularis A. Juss. [ D]. Beijing: Chinese Academy
of Forestry; 23-54. [ #nlt, 2013, FRBIR T IR AL 2 kE
PERFSE [D]. dbat: EMEREERE : 23-54.]

YANG WX, 2013. Variation in seedling growth and its contents
of leaf medicinal compositions in different Cyclocarya
paliurus  provenances [ D ]. Nanjing: Nanjing Forestry
University: 13-28. [ #7785, 2013. AS[a)F 5 £ i 1)
A K e 2 I 5 e B 22 S PERTSE [ D). B At B AT
Ml Rz 13-28.]

YU SC, ZHANG XS, JI LS, 2012. A method for leaf area

measurement of plant based on photoshop CS; software

[J]. Hubei Agric Sci, 51(15): 3340-3342. [ F5F#f, 5K
FE, FPIE, 2012, £ T photoshop CS, B FEH) - T AL
SETTE (1], WHEARMARN S, 51(15) « 3340-3342.]

ZHAI MP, MA LY, 2020. Silviculture [ M]. 4th ed. Beijing:
China Forestry Publishing House: 137-203. [ 2, D@
—, 2020. FRARKEE 2 [M]. 4 B dest, P EMoll R
it 137-203.]

ZHANG H, DONG LM, ZENG YR, et al., 2014. Phenotypic
variation on fresh nuts, seeds and seedlings traits among open-
pollinated families of Carya cathayensis from natural
population [ J]. Chin For Sci Technol , 28(3) ;: 93-95. [ 5K#%,
NG, AN, 4F, 2014, INEEBRRIRTFIA R S DS RIL)
HPEIRAE ST [J]. MBI &, 28(3) : 93-95.]

ZHENG J, HU ZH, ZHENG YQ, et al., 2012. Analysis on

of  Sorbus
pohuashanensis among different provenances [ J]. J Plant
Resourc Environ, 21(3): 50-56. [ A4, #IH#%E, S H
A, A, 2012, FEARCRY i T 3 Y 1R ) b B S S O3 A
(1], WIS S 3244, 21(3) « 50-56. ]

ZHENG WJ, 2004. Sylva Sinica: Vol. IV [ M]. Beijing: China
Forestry Publishing House: 4128-4129. [ XRJ74, 2004.
RO, S (M. deat. d E ROl bt
4128-4129.]

geographic  variation of phenotypic traits

(HRfERE F #)



