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FEE . T 2009-2016 F4-F 12 A F 8) , xF 2008 AR A £ R IR F AR RE” Ak B 4 AE R 364 4
BRI 3R 50 AP TR FR 1740 ARARK 69 B2 B A K AT T RIZWM 2016 F 12 A RN AB T 2 THEAEE 2T oK,
AH A A 2 AE A A AP R ARIEAT T, T 54T T AR A KRR T FH LA 364 AR R
BAG R E I 8 N EARG R SHRIEEEETT oM, F oA AR AFBA R A RIEHRITT SHFEGRE, EEABT
AIEA 3 3 X AY TR F R R A 5 AR A TR Ao R BIRIE, SFREREN, TURBEARKRGE A K EHF KRG
364 R IR LT RR] 2R 3 AN KB ARKAGRA (2B <50 cm) PR (2B AL 50 ~60 cm) AR (ZE >60 cm) ,
AP 8 FAMZELAEKRTTIHA52.88 cm, TG A 41. 50 ~64. 00 cm; 1% A IE A 47. 49 cm, T 1§ A 40. 50 ~49. 75 cm; F
18] A 35 45 A 54. 02 cm, T @A 50.00 ~59.75 em;ik AR YIE A 61.07 cm, THé A 60.00 ~64. 00 cm; ik AR 5 418 B 2 |4 344
£ 13.58 em, WEFARE LA, BKR ERA PRI & AREFFN T FRBEEREIRAKEA 10.87% ~25.81% .10.20% ~
26.89% .9.32% ~25.62% 8.64% ~20.78% , W&t ¥n 3 EBIREFA KT EF P AR SH BI B AR KIS HIK
WA HFAmEESFIHRABAT | R, A RAEI ~4 FAZNE AR MBI ARG -, FENZELEKTMHL
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(1.713) > A oA (1.222) >MAda 4 (1. 192) > ME 4 A (1.079) > £ Fi@ A F (1.032) > £ F 5483 (0.991) >0l
BAPE(0.579) , % HAGAFRAE S MBI B R, RELSREAN, RARN—BROHARIFSRE—AIILA 4 AR R R
RERABRABMORIFEREG LR LA BHE ERZPERBEATE EHRTHAMLZF, % LT, B ARGFOHRIK
I A R 8 AR E FARE AR K, AR R, EERAT TR BN R A AR (e 2 ) BAT K
A AR KRS (o 4 S5 ) BT A T RS P 7 i AR AR KR T AR R H IR R R R A A
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The Variation Analysis of Growth and Stem Form Quality Traits from
Wickham Germplasm Resources of Hevea brasiliensis
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YANG Tian,ZHE Guo-xiong, NI Shu-bang, WU Yu
(Yunnan Institute of Tropical Crops,Yunnan Province , Jinghong 666100)

Abstract: In every mid-December of 2009 to 2016, the annual growth of diameter circumference of 1740 ra-
mets in 364 samples of Wickham germplasm resources from four countries preserved in 2008 by the Germplasm Re-
pository of Rubber Tree ( Hevea spp. ) Jing Hong City , Ministry of Agriculture , was made a tracing observation. Be-

sides ,the height under branch , trunk straightness, stem branching, lateral branch wheel ,lateral branch thickness, lat-
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eral branch angle and lateral branch stretch were also observed by the end of December 2016. The diameter circum-
ference annual growth rule and variation were analyzed based on investigating data from the samples of 364 Wick-
ham germplasm resources,and the genetic diversity of eight indexes was calculated and multi-index comprehensive
clustering was analyzed from the prospective of genetypes and countries respectively. The research was to provide a
theoretical basis for revealing their genetic diversity and reasonable protection and utilization. According to the diam-
eter circumference ,364 Wickham germplasm resources samples could be divided into 3 groups,they were slow-grow-
ing type (diameter circumference <50 cm) ,middle-growing type (in the range of 50 cm and 60 ¢m ) and fast-grow-
ing type ( >60 c¢m ) ,respectively ,among which the total growth averaged in 52. 88 cm at the age of 8 with an am-
plitude of variation from 41. 50 to 64. 00 cm. The average total growth in slow-growing type was 47.49 c¢m and the
amplitude of variation was 40. 50 to 49. 75 cm, it was 54.02 c¢m at variation amplitude of 50. 00 to 59.75 cm for
middle-growing type and 61. 07 c¢m at variation amplitude of 60. 00 to 64. 00 c¢m for fast-growing type. The differ-
ence of average value was 13. 58 c¢cm between the fast-growing type and slow-growing type. From the degree of varia-
tion, the amplitude of annual variation coefficients were 10. 87% -25. 81% , 10.20% -26. 89% , 9. 32% -25. 62%
and 8. 64% -20. 78% for total , slow-growing , middle-growing and fast-growing, respectively. With the forest getting
old, the annual increment and annual average growth of three groups all showed a trend of increasing first and then
decreasing, and both intersected only once at the time of 3-4a during the eight years, the fast-growing type inter-
sected more lately. Correlation analysis of diameter circumference annual growth showed that there was an ex-
tremely significant positive correlation between slow and middle group ( excepted the la and 8a from middle
group ) . That of fast-growing group also reached an exiremely significant positive correlation at the age of 3. Eight
indexes of genetic diversity were orderly from large to small; height under branch( 1. 835) > diameter circumfer-
ence growth(1.713) > lateral branch wheel(1.222) > lateral branch thickness(1. 192) > lateral branch angle
(1.079) > trunk straightness( 1.032) > stem branching(0.991) > lateral branch stretch (0.579). Most ge-
netic diversity indexes were comparatively smaller. Clustering results showed that germplasm from the same coun-
try were mostly gathered in a group or several groups. Indonesia and Malaysia had the closest relations in four
countries , the second was Indonesia and China,and Sri Lanka was farther. In conclusion, the variation of eight in-
dexes from Wickham germplasm resources which preserved in China was not significant, and the abundance of ge-
netic diversity was low. In the very early selection, it was recommended that eliminating choice at smaller forest
age (such as the age of 2) , and fast-growing resource option at larger forest age (such as the age of 4). Seven
samples from fast-growing type germplasm resources can be used for cultivating the latex/timber clone or hybridi-
zing as parent materials.

Key words: Hevea brasiliensis; Wickham germplasm resources; genetic variation; distribution of diameter

grade; genetic diversity index
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B2 REEH M 22 M AR FRIER 12 1y, 2006 4F 9
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600 m, TIEZ4 ], &AF R, PSR 18.6 ~
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Table 1 The test criteria of stem traits and branch indexes for Wickham germplasm resources

PEAR Traits 155 /251 Sign/Type #5318 Description
& A 1 E 2 AR bR
Stem straightness 2.4 1 AR
3. EAEE 1 ~2 /N i
4. 0H Tl
FT5L 1.4 2 PR B 172 LURE 2 AL RS
Stem divergence 2.6 1 Wi 172 LR 43R 2 4
3 JCAH B 172 BUF JE4M
G 1 ASHR IR OIS, A 2 AE F T R, LA T A
Lateral branch wheel 2. AR RIS, SR 2 AE TR, 3B TR
3.5 BUT SECARIEL FEH N, 220 5 UVT AR K TR
455 E BRI RIERK, ZES LT
WA 40 gl A2 L E MR EAR > 4RI EFEAEN 2/3
Lateral branch thickness 2. Kl AR L MBI BAR AR T AR 1/2 8] 2/3 Z [H
340 A2 DL MR BRI £ T EAR 1/3 ) 1/2 Z 8]
ERNIE AL E MR B < 4BE =T HAK 1/3
A 53 f 1:/h M HEB 5 £ F I iy <30°
Lateral branch angle 2.5/ A B340 5 S F e f7E 30° 5 45° 2 0]
3K MR HEAR 5 £ T M 1E 45° 5 60° 22 [H]
4. 55K WAL FEFR 5 3 T M 78 60° 5 90° 2 [H]
A A e 1] bRt e FH A3 1) EABURE, A S T A/ T 60°
Lateral branch stretch 2.V IR B A A S KT A M 5 3 T e F 7 60° 5 90° =2 i
3. Fa W5 o A R R K, A 5 = T e KT 90°

2 FHRE5HMH

2.1 EERBEEKANESHT

X} 364 9 B s DUFP BT B R 2 A AR 8 AR A I
MR B A2 B AR K AR B R A AT T ST
(K1), WTRVE 2 AR 8 AR A B AROR 42 By
R A B R AR A A, B L B AR R 2 AR
AR ELL 8 AR AR B R, R AR AR, HAR R
i 8 AFEAZEL LY 2 AR AE TR MROR 43 AL AR B T
AN AR BRAR B TE B AR E (£ Bl =50 cm) ,7 4F
AR BN I EI RS HER A 111 63 (15 30.49% ) , %
MR AERANE R, 8 FABERAEKRE/NT
50 em A 74 13 (15 20.33% ), X340 R A K
BN H R G208 B A5 3k B T bR U A 290
(15 79.67% ), Hh A 25 5 (2945 7% ) # it
59 cm, H o HARUBE AR Ay 265 43 )5 A v (] A
HER, EASHE A0 FE sl AR BUBE IR R oA 7
6 4B R KR D4 T E AR
(50 em) ,7 AR E A K BB 55 em, X
A3 T R R 35 AR B A I AR e AL R S AE
AT S 7 o B M AS ) B (R
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A :The frequency distribution diagram of diameter circumference
from 2-years old trees,B:The frequency distribution diagram of
diameter circumference from 8-years old trees
B1 BREXHMRBFEZEHFESHE
Fig.1 The frequency distribution diagram of diameter

circumference from Wickham germplasm resources
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X 3 BB BG T T AR R A K AR
THOL(F2) . T2 ias R TSR 364 hElvi
DR PR IR AR AR B E K 25 38R B B /KT
(P <0.01) , M RN RUREAAR 1 ~ 5 AR AR R

AR 25 R IR B R K- (P <0.01) ,6 ~8 4FA: 22
SARIEFNBEIKF-(P >0.05) , WA RIRHA 1 ~2 44
AR RS AE R B2 Sk 31 i 3 KF (P <0.05) , HAR 4
EREAVEREZRHARE(P>0.05),

R2 BEIMRREEEEEKETRER
Table 2 Variations of annual growth in diameter circumference from Wickham germplasm resources
JEREN GGl e [ 2 A A

P Total population Slow-growing type Middle-growing type Fast-growing type
Year ¥iE gﬁ ez kg HfH gﬁ e i ¥iE }EE W2 ikt ¥l ﬂ{ﬁ W2 i

(em) Y4 (em) ez (em) EXie (om) W2 (em) E i (em) W2 (om) EX (em) W2

¥ (%) P (%) ¥ (%) R (%) ¥ (%) R (%) Y (%) P (%)
cv RR cv RR cv RR cv RR

2009(1) 6.28™ 25.81 5.8 91.46 5.89* 26.89 540 91.62 6.40" 25.62 586 91.49 6.50* 20.78 4.40 67.67
2010(2) 14.55™ 18.30 11.78 80.44 13.72* 19.08 7.60 55.41 14.90* 17.84 11.60 77.83 15.38* 17.70 9.50 61.75
2011(3) 22.83* 14.66 14.42 63.17 21.23™ 15.17 10.12 47.66 23.22** 14.05 13.62 58.67 24.79 12.77 6.82 27.51
2012(4) 30.04™ 12.26 15.28 50.86 27.66* 12.34 11.03 39.87 30.50* 11.37 13.65 44.76 33.10 10.06 5.91 17.86
2013(5) 36.63™ 11.36 18.47 50.43 33.45* 11.59 12.17 36.38 37.26* 10.01 12.87 34.55 40.65 9.03 8.92 21.94
2014(6) 42.93* 10.90 19.35 45.07 39.08 10.74 11.75 30.07 43.69 9.36 12.38 28.33 48.25 9.02 7.75 16.06
2015(7) 48.10™ 10.90 21.62 44.95 43.65 10.25 11.87 27.20 49.06 9.31 11.30 23.03 54.51 8.68 9.58 17.58
2016(8) 52.88™ 10.87 23.50 42.55 47.49 1020 9.25 16.84 54.02 9.32  9.75 18.05 61.07 8.64 4.00 6.55

5 ABUEFRRARIE ; * FRTE 0. 05 K F E2RREZE ;" FRTE0.01 KV LEREE, TR

X:Mean, CV; Variation coefficients, R: Range, RR : Relatively range. The value in brackets indicates the age of the tree, * the mean difference is significant

at the 0. 05 level, ™ the mean differenceis significant at the 0. 01 level ,the same as below

8 AFA I AR A K (B R 52. 88 em , AR
40.50 ~ 64.00 cm; 218 B (A 47.49 cm, A5 1§ H
40.50 ~ 49.75 cm; "] B (A 54.02 cm, ZE F A
50.00 ~ 59.75 cm; @ AE RUBE S 61,07 em, 28§
60. 00 ~ 64. 00 cm, ¥ A= AU 5 5% 12 HY 2 [8] ¥4 {H 40 22
13.58 em, XFFHARAERKET T, S48 R R A5 2
AEFNER 3 APORRE— PR AR R | 5 BN SR , 3]
55 8 AEM430 4 3. 84 em H14. 96 em , FEI I KA
T A AR B 3 AR AR IR B AF R R, (H 35S S
AR ESR A K8 1,8 4E2ERER 6. 56 em, it T
SARIME 4.78 em, I 2 W50, 8 4FIH] |3 RBEAFNL
Ut A A K R ST A KBS RAET 1 IR
22, FURAHAE BRI A TN [ s 24 AR A e ) B AH
EAE 3 ~4 AFH 2 (8] 5 3 A RURER A G AE J5 & 4 4F A=
i, A28 2 I T R R A A K i — B T4
AR TN SR N R UG L RS RS E DN &
£ 113 04 20V = %2)\% e Ay N SR8 1w s A )

WA SRR RE (R 2) , MK G2 A rha] A
WA AU AR B ] AE SRR B0 IR AR I 10.87% ~
25.81% . 10.20% ~ 26.89% . 9.32% ~ 25.62% .
8.64% ~20.78% , HBEMEE 34 Iz 48 T ke, Horh 22
PR TR /N TR R R (R AR S R BT I
1M HJE &R, Ui AU AR E K b ™, A

XHR 25 FR 25 R N AR o A8 S AR B B (A A |
Hh ) Y S A R AR BE () R O AR 22 09 AR I K IR
42.55% ~ 91.46% . 16.84% ~ 91.62% . 18.05% ~
91.49% .6.55% ~67.67% , 25 FEARHF X 2 LA [H]
3 SRR RS, TGRS 4 AETFHR T e 2
WD M3 5h 3 SEREA, B4 T BRI 32 22 57 AR L
R Ut TS 30 AT X A 22 ke S S A 8 A i 15 100
SIS T A AL BE D i R
2.2 FERBEEKEHEXMESN

LA 9 o I 8 8 1 4 TR A A i B4 1 R AR
SRR 4 FERERIEAT T AF BE A G 73BT (3R 3) 6
AT LLF HE R AR A8 BT (A% 45 T2 TR A DG M 25 35 3]
THEETEMAE(P <0.01) 1 a] BUREA 1 44
5 8 AEEAR A B 2 AR ARy B3R B4 2 35 1
(P <0.01)  HARIEEA 1 4545 7 4224 8 4F
AMCHER B3 2 AR 8 AEAAM A B,
ARAEG AR DG X 38 3 i 25 B i 3 IR ARG MUEA
FHOCHERTE 1 4EA4 5 5 4R 6 44 7 4R K 8 4F
A BIAHDC R B R AR, BB 1 4F A2 B AR MU
AP AR L A R TN ACR T RE AN BRARL 17 X ok A 7
PR LR, BN 4 R4 TFIR, 5 S 4R 6 4R T
MEA 8 AR AR Z IR AH OC RECA LR R KR
0. 835.0. 741 0. 646 0. 506 ,
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—— FEFEAKE Annual

—— SE¥A KB Annual average growth
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Fig.2 Annual growth curve of diameter circumference for Wickham germplasm resources
x3 BARNMRAFRFEEZELSERKERXE

Table 3 The correlation of diameter circumference total growth between years from Wickham germplasm resources

2

MR (4F) Age

Pl B2 AY RS (4F)
Germplasm types Age 1 2 3 4 5 6 7
B 2 0.738
Total

3 0. 650 ** 0. 862 **

4 0.520* 0.719** 0. 885 **

5 0. 407 * 0. 603 ** 0.753** 0. 886 **

6 0.331* 0. 506 ** 0. 667 ** 0. 820 ** 0.921 **

7 0.284** 0.431 " 0.597 ™ 0. 747 0.862 " 0. 948 **

8 0.219** 0.350 " 0.516 " 0.674 0.797 " 0. 891 ** 0.954 "
LR 2 0.730 **
Slow-growing type 3 0.602 0.841

4 0. 503 ** 0.746 ** 0. 895 **

5 0.399 ** 0. 630 ** 0.732** 0.874**

6 0.375™ 0.567 ** 0.651 " 0.792** 0. 908 **

7 0.345* 0.512** 0. 564 ** 0. 698 ** 0. 815 0.914*

8 0.301 * 0. 444 ** 0. 508 ** 0. 649 ** 0. 746 ** 0.843 0. 940 **
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®3(%)
i (4F) Age

T B2 Y A (4F)
Germplasm types Age 1 ) 3 4 5 6 7
] A 2 0.719*
Middle-growing type 3 0. 654 ** 0. 857 **

4 0.515™ 0.692 ™ 0.863 ™

5 0.383 ™ 0.552 ™ 0.681 " 0.824 ™

6 0.290 ™ 0.423 ™ 0.580 ™ 0.735™ 0.857 ™

7 0.235™ 0.316 ™ 0. 467 ™ 0.610 ™ 0.738 0.887 ™

8 0. 106 0.177 ™ 0.317 ™ 0.464 ™ 0.611™ 0.772 0.894 ™
AR 2 0.881 ™
Fast-growing type 3 0.727 * 0. 842 ™

4 0.575™ 0.671 ™ 0.828 ™

5 0.352™ 0.490 ™ 0.683 ™ 0.835™

6 0.270 " 0.389 ™ 0.564 = 0.741 ™ 0.875 ™

7 0. 151 0.270 " 0.472 0. 646 ™ 0.828 ™" 0.922*

8 0.073 0.171 0.340 ™ 0.506 ™" 0.700 ™" 0.835™ 0.926 ™

2.3 ARERMRFARERSEEERSH RE- AR [T A A R A A 5%, RIVASUI ) 3 ik 3 3

I 4 AT R A SR P AR R A Kde LD DR BORL 2 0 T SR 52 PR B R
P, HUOR R 22 R 2E, BOh BT E FUBIN  RE AT
JE T AR A4 AR 2E AR X

F4 FREERHETIUHRAREK SRR &R

Table 4 The statistical result of growth and stem form quality traits from Wickham germplasm resources of different countries

T oy B R DR A fif e
‘ I (cm) " krmEEE ETAR X ) i
Kl (cm) Lateral Lateral Lateral Lateral
Diameter Stem Stem
Source Under branch branch branch branch branch
circumference straightness divergence

height wheel thickness angle stretch
] 53.01 3.07 3.28 2.25 2.71 2.02 2.67 1.26
China
ENJEJEVE 52.80 3.25 3.24 2.61 3.32 2.15 2.49 1.02
Indonesia
W 2R 51.98 3.12 3.21 2.93 4.17 2.38 3.14 1.24
Sri Lanka
TRV 53.47 3.13 3.20 2.57 3.40 2.23 2.74 1.20
Malaysia

2.4 BESHEE#ESITSH BRI (1. 835) W T & (1.713)
X} 364 A3 AR A B s DURP BT 5 R 1) A 4 S A FAE R TR A SRR RO

T4 8 MARFEFR AR A0 M RIRALZREVE 40 DR S0 £ B RS it R 25 6 A R bR A
FEEGHAT T A0 (R 5) o MOK 8 AE2ERT 2 ML B9 IR A (B A AR Yy, Hdh £ T
R PR SRS RE(15.58% ) Bm TR EUSAEE (Y 46.565% ) Fil E (5 39.695% )
ARERAE R RZ50(10.87% ) , MR M fE 2 REvE b3, B A A 1. 018% , A2 W & T L o
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88 ARG AR 7 G BT R AS KPR | DR 4345 3]
R, R R R R N 3 F B 10 A2 L BN,
PR BIMRA LA A 5 B B ( 7 68.43% ) IR I
W A K — B s 18] i 3l 25 B i — A A X [T 5 ) I3
3% S A I 2R R, 25 5 W 2F HA KRR B
BN , SRR AR A 22 LASE AR 20 A 5 TR 4043 Ak
BRI A RER Y (|5 27, 249% ) AL R —4 A
— A AR KA (AR M 2R B R TE A ) | T
PR B AL T AL 32, ] 3= A =
AR — A= | 2 v 2 B 3 o0 A 22 (A AR 43
R AN H o A3 B2 /I, A AR At A A o %)
4.580% , te KL 5 B 20.226%, P & 35
24.806% , 1M Ab T v []AR 25 A9 2 Fh 28 AU 4t |5 5
75. 193% , (AL A4 KL A 2 5% i A 42 161 114 A4

®S5 BRENHRAFRERRERMEKEESHEELR

T, X F LA & A O 32 22 B AR 22 7843 7% 18
XMk, A A B AR R R A
IR £ B R AE 300 ~ 60° Z JA], B 5 B B N
82.698% , KT 60° 1) i 16.031% , /T 30° Y /5
1.272% SR K/ NEBURE R £ 09 EZRRZ
— SRS B R ARG T 758, A S A £ 2 A A
orEe ARSI TSR AR K, KR
FRERR A 2% A 1] L R (5 3] 80. 916% ) , MRA AL A
e e B i AR AR FH 243 [0 9 0 3 IBORR P IS o 2
PO 35 55 114 i

H1 3¢ 4 AT, £k AL AR PR B0 Bk
0.579 ~1. 835, “FH4H 1. 205, Hodh 2 FlAE KR FIACF
FEAREER R IR 2 R R dse N, 5 PtRast
TR BN B NHE PR B R 5 (1. 835) >
RREIARKE (1. 713) > MR R4 (1.222) > AL
HLAH(1.192) > AR (1.079) > 513 1
(1.032) > FET4HH2(0.991) > A FE(0.579)
2 ANECEPRIR B % ZREPERSBGE & T 6 ANk
R, U B IR AR M A, SR B AT RE T/

Table 5 The genetic diversity index of growth and stem form quality traits from Wickham germplasm resources

ok e 2 b R (% ) Frequency distribution
Traits I 1 2 3 4 5 6 7 8 9 10
R K 1.713 0.226  1.129 5.869 16.479 28.442 30.248 10.384 5.869 1.129 0.226
Diameter circumference growth
B 1. 835 — 2.545 6.361 14.504 31.807 23.155 12.468 5.089  2.290 1.781
Under branch height
Tl 1.032 1.018 12.723 46.565 39.695 — — — — — —
Stem straightness
ET4 0.991 9.270 32.570 58.160 — — — — — — —
Stem divergence
kA R 1,222 27.240  4.330 31.680 36.750 — — — — — —
Lateral branch wheel
kAL 1192 20.226 42.967 32.226 4.580  — — — — — —
Lateral branch thickness
kS A3 ff 1,079  1.272 42.494 40.204 16.031  — — — — — —
Lateral branch angle
Bk 0.579  80.916 15.522 3.562  — — — — — — —
Lateral branch stretch

2.5 ZAMREBESHT AAEE B AP EEVE R . HE T 364 (B e DU

AN 7 HEAGRRY o J5T B AIARL PR AT B v
DU R G IR AHR 732 397 HL 22 (PR JE PUIE. | TR
PHIE. | H A5 LA B 5 32 400 A= AR LS 2 28 /Y

FEIR 8 A MR AR B A K AT 2555 8
IRAE R E B, MRS Euclidean distance
AT R (K 3) . RAELEREN, K REH
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Fig.3 The cluster figure of individual comprehensive traits from Wickham germplasm resources
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Fig.4 The cluster figure of comprehensive traits of

Wickham germplasm resources from different countries
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