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VEHUE R RIFZE . W KR et R
HAANHE, &t 4 FHE 4 KFIECRE (£1),
TSCEH IBA 5 NAA WREE# T 5 mg-L™ B 4 NG
PERB IO, SO R 1~4 mg-L™", JL
FRIGHG TR AL B, C. D it F s g3k
Al IBAVKEE . NAAWREE . TR 44MHE, 1.
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Table 1 Factors and levels for orthogonal design
- PRI )
s e B ERA Hormone concentration/(mg-L™") RREES
Treatment Experiment combined Medium type clone
IBA NAA
T1 A,B4C4D4 1/2MS 1 1 EC262
T2 A;B,C,D, 1/2MS 2 2 EC264
T3 A4B;C3D; 1/2MS 3 3 EC269
T4 A.B4,C,D4 1/2MS 4 4 EC272
T5 A;BC,D; KEITCER 1 2 EC269
T6 A2B2C1D4 RETLHR 2 1 EC272
T7 A2B3C4D4 KETTH 3 4 EC262
T8 AzB4C3D, KETLHR 4 3 EC264
T9 A;B,C3D, N6 1 3 EC272
T10 A;3B,C4D3 N6 2 4 EC269
T11 A;B;C,D, N6 3 1 EC264
T12 A3B,C,D4 N6 4 2 EC262
T13 A,B,C4D, WPM 1 4 EC264
T14 A,B,C3Dy4 WPM 2 3 EC262
T15 A,B;C,D, WPM 3 2 EC272
T16 A,B,C1D; WPM 4 1 EC269
1.3 EFEBRE N6 35 7R AL SEmli B R Ak, RESTRIEIRILN T S

PEHR 1/2 MS Bi3R3k | Koo REFEIE . WPM,

MR R Rt AR S BROE I Ty o BE IR TP R
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hn 15 g-L7" k. 0.5 mg-L™" A eaE i & 7 gL
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The example of rooting trait scoring

Fig. 1
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86%, AHXIIT, AL A RARA K
R (B 1C), A AR AR AR 38 AR &
BEIMES, WRAENY R, SRR
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([ 2C); (4)15~30d , AEMRKE B
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T A R 7d; B, P 10d; C. #F15d; D. #F30d
Notes: A. days after inoculation; B.10 days after inoculation; C.15
days after inoculation; D.30 days after inoculation
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Fig.2 The formation of adventitious roots of E.
urophylla x grandis
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Table 2 Effects of different treatments on rooting of E. urophylla x E.grandis
WRKE
R4 4  Hzsixm  Hormone " AR PR AL TR AR K AEARPEIR PP %
Experiment Medium  concentration/ KR rooting Average number  Mean root Longest root Root effective
combined type (mg'L™) clone rate/% of rooting length/cm length/cm traits score/%
IBA  NAA
T1 ABCD;  1/2MS 1 1 EC262 40.0+£8.16%™  3.00 + 1.50"%  2.90 + 0.995°* 360 + 0.74°°=F¢ 5781 + 1.56°0%
T2 AB,C,D,  1/2MS 2 2 EC264 55.0+£577"* 290%1.57*% 3.11+£0.950% 323+ (.74 6023 + 1,140
T3 AB3CsD;  1/2MS 3 3 EC269 7.5+500% 1.30+0.57 1.95+0.39™  2.18+0.04% 27.78 £ 4.81%"
T4 AB,CD,  1/2MS 4 4  EC272 20.0 +8.16°°% 2,00 1.075°° 2.96 + 0.965°°! 355 + 0.89°PEF® 52 08 + 1.80°F°
T5 ABC,D; KEILH 1 2 EC269 27.5+5.008° 255+ 1135 392 +1.23%%® 547 +0.625%°  69.70 + 5.25%%®
T6 A,B,C:D, KEILEH 2 1 EC272 55.0£12.90" 3.27+1.67*  3.96+ 1.48%® 505+ 1.15"% 553 + 0.665°*°
T7 ABsCD;  KRETLR 3 4  EC262 30.0+8.16%°° 267+143® 502+167 662+1.35% 7500+ 2.08"
T8 AB,C3D, KRELK 4 3 EC264 10.0+8.165  1.75+0.96°°° 2.50+0.75°°¢ 290 + 0.34°5" £8.75 + 6.25%%
T9 A3B4C3Dy N6 1 3 EC272 27.5+5008°%° 245+ 1.04%° 3.95+1.13%C® 42940850 7575+ 1.31%
T10 A3B,C,Ds N6 2 4  EC269 7.5%5.00% 1.00" 2.24 £0.32°> 225+ 0.32% 69.44 + 4.81480
T11 A3BsCiD, N6 3 1 EC264 40.0+8.16%  275+£1.44%  490+1.74"%  7.03+224% 73.44 £ 270"
T12 A3B4C,D; N6 4 2  EC262 27.5%500%%° 327+1.49%  4.44:1.76%° 529+ 154"  70.45 + 455
T13 A4BC,D; wpm 1 4 EC264 10.0+8.16%  1.50+0.58°® 210066  229+0.755  31.2516.25%"
T14 A,B,C3D, wpm 2 3  EC262 17.5+9.57°PF 200 +0.825">* 231 +0.53°° 261 +0.305%" 34,52 + 2.065"
T15 A4BsC,D, wpm 3 2 EC272 125%500%¢ 1.80%0.84°¢ 1.95%0.61% 244 +0.245 3667 + 2.89%"
T16 A4B4CD; wpm 4 1 EC269 7.5£500%  1.33+0.58™ 202+0.33™@  2.17x0.15% 27.78 £ 4.81%"

T RPEIBIREARRE ERERE 0.0UKF LAEEREELER, FANSTFRER 005 KF LIEAEDELER, W
Notes: In the table, different uppercase letters after each column of data indicate highly significant differences at the 0.01 level, and lowercase

letters indicate significant differences at the 0.05 level. The same below
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221 R EAMIE Y ERERF BRI Z 54T
E AN REMIERNARR (£3) LT
WRB2E A (R 4) R, JobkR A2 52X
FRAEARRCR I B 822 5ok i, Hidr, B AR
IR 22 3 AT 25 S mT UL, JEE 2R % AR ) 5 3 KT

HA 3R ZE, Hik2:ziks] 24,5, Wit4 3 FH
RIWE 7~8 Z )5 BLAb, X 4 FpH R AEAL K
e B 22 5, Hovh, TCrERMY 4 Mk
) K3 (EC269) HyA:AAE (3.5) FEt i E /K FAIK
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Table 3 Range analysis of the rooting rate of rooting for E. urophylla x E. grandis
ras) A IR dERTY B IBAIKEE C NAAIK % D &%
Experiment Medium type IBA concentration/(mg-L™") NAA concentration/(mg-L™") clonal line
K1 12.25% 10.50"8%° 14.25% 11.50%
K2 12.25% 13.50% 12.25%82 28.00%
K3 10.25%82 9.007B 6.25%° 3.50%°
K4 4.75% 6.50% 6.755%° 11.50%
%z R 7.50 7.00 8.00 24.50

Vi KREAFLLER4N K, TR
Notes: K represents the four levels of different treatments.

The same below
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Table 4 Range analysis of the mean number of rooting for E. urophylla x E. grandis
R A FEFRIERTY B IBAVK ¥ C NAAJK ¥ D EtE#&
Experiment Medium type IBA concentration/(mg-L™") NAA concentration/(mg-L™") clonal line
K1 7.83% 8.50* 8.83" 9.75%
K2 9.25% 9.08* 8.75"% 7.50°
K3 8.08" 7.33% 7.83% 6.25°
K4 7.08% 7.33% 6.835¢% 8.75%
% R 217 1.75 2.00 3.50

SEIHRECR LR R R R 22 B BT, 22
TWLE 1.75~3.50 [A] . MZE R otk R 152
AR (3.50), HREREFRFEIA (2.17) K& NAA
W (2.00), LAk, HEFRFLIEA | NAA WK
RIF AL FAKSE R AETE 0.01 K F il %R, T
PER B FFTE 0.05 /KT B 35 25 5, IBA £ 4b B [i]
MIEEE2ES
222 REmRAZEGHPFHRK. RKRKEZ AR
PARIE S FME A X 4 PMREEHICH R IR
K (£5), ERE (£6) MAERMRIESR
(R7) MRESIEEREY, Ira R R mEs
KRB B E A R KT, AR RNEZE SR
R OPEIRREUT AR AR, SEIR K R 2SS R
N, BEFRBLEANE R K R K, 2

7.15, HAbPE K2 ( KEIGE ) K K3 (N6) 7EMK
WK FY s T HAAL R, Wi ER . NAA KK
FE . IBA MR B B 22 43 51 455, 3.07 Fil 2.20,
HEAPERUGEN; R, fEFRErt, BRIER
[T 22 hh, HRWAM B E 25

X RAARK, &R R R/ R 5
MEKMHFE (F£6), WRERFILBRERE K,
W2k 906, HMBK2(KEILE) K
K3 (N6) [ F-ME 53 54 18.48 i1 18.75, #
EoE FH A, MR . NAAKRE |
IBA ¥ 5 1% 2240 5k 7.26. 5.09 f1 3.17, T
PEAR UGB I,

AERMARIER (£ 7) WRHEHMRR L
BIEZER . W22 e L, B AAlR

*5 RERERFHRKBEST
Table 5 Range analysis of the longest root length of rooting for E. urophylla x E. grandis
RS A iR HERAY B IBAIKE C NAA & D Ttk &
Experiment Medium type IBA concentration/(mg-L™") NAA concentration/(mg-L™") clonal line
K1 10.92% 12.87% 13.78% 14.68°
K2 15.42% 11.64% 13.43/8a0 12.62°
K3 15.53% 13.84% 10.71%° 10.13°
K4 8.38% 11.91°%° 12.33% 12.82°
W% R 7.15 2.20 3.07 4.55
* 6 EEREKIRKREST
Table 6 Range analysis of the longest root length of rooting for E. urophylla x E. grandis
A A IR HERAY B IBAIKE C NAAIK & D &
Experiment Medium type IBA concentration/(mg-L™") NAA concentration/(mg-L™") clonal line
K1 12.75% 14.83°5° 16.81% 18.21%
K2 18.48" 13.69%° 16.88% 15.43%
K3 18.75% 16.68" 11.79% 10.95%°
K4 9.69% 14.46% 14.18% 15.08%82
HZ R 9.06 3.17 5.09 7.26
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Table 7 Range analysis of the root effective traits rate of rooting for E. urophylla x E. grandis

[ ras) A FEFRILRTY B IBAJK C NAAIK D Ttk &
Experiment Medium type IBA concentration/(mg-L™") NAA concentration/(mg-L™") clonal line
K1 1.98% 2.35% 2.25° 2.38°
K2 279" 2.30° 2.37° 2.34°
K3 2.89" 2.13% 2.07% 1.95%
K4 1.3% 2.19% 2.28° 2.30°
R 1.59 0.22 0.30 0.43

FERXAN T e R E 2, Hl2:h 1.59, &
FERT MR 0.43, NAAHJE 0.30. IBA ¥
JERY 0.22, 4 HZFEF, AU FRILEA A 1Y 22 5
REI R E KT, HALR RN A2 RN,
3 it
31 ARBEEMEE#RERIEMNZMN

MW ARERARE, TR, AR
TR R b5 R I A S X AR AR v IR AN
ZERHIE T XILF R EN 4 R MICE R4 B
AARRCR AN, 25 R, MR ARSI B B i
FEGZM A AN, EAERYIGI B, F2EmE
HE (HRREIZER) o HARZESR, MERR
EEMIREN B, HEEHE (REFRESA) 1sgm
it TR AR, KRR S
RN B 550, ERTImscs T, Jo
AERER. A RHE SR EIRE (5 mgL™) 14
KR MM M EZ L SERERAELVER, 50—
W A0 A 2R M AL 53 2R B R AR ) A AR T i ik
R, AR, A KRR AR R
A RSB H R R AR AR 52 /N T 0 R a9
FA, WP AP, 4 MREEMOHE R AR K
RS R B R B 3R L IE NS R, 1~4 mg-L!
AR TR EE I 4 FhbE IR LR B T A AR AR
%, AR NI A ALK, A
HRAE 10 d Ze A7 WS A6 K AN EARGIAR 4%
VLU A 5 B A W T s - e P R
B E AT,
3.2 AEREHRITEZIEE

TS R Pl G A N IR R . (B9 1%,
AR =R K-, T8 =) SR et e o ik
g, dEmyEhlmamEs2e, ¥R
Mo e, DASksgmfE AR R AR, bk

B, 4K IAA (Indole acetic acid ) 5 H.3ZAE
1 TIR1/AFB ( Transport Inhibitor Response
1/Auxin SignalingF-Box ) /2 ARF (AuxinResponse
Factor ) HAE, FEITTHPIARER Az X K/ Ko 4
IR RGHRTE BB B, &5 T Wk ok 3 A £ R U2,
ARF it Z: 5 #5244 #E 5 PIN ( PIN-
FORMED ) (i PEP, 2 8 3 1k i 1 42 i i A2
MR A KRB 1m0, S 50 A KR
ia W) B 3% S ¥ PLT ( PLETHORA) ,
SHR ( Short-Root) } SCR ( SCARECROW ),
[FRE RS UE SEAE S IR AR A 7228, 4 200 1 2 K R
ST R HEEBAR RO, AR, AR K
WRECZ B e R AR, Hitk, JCEARMN
R P B A 56 A1 428 1) A RS R 7 A ) RS il A A
A AL B f st B, DATITRELASH S 22 IR AR A E
o HEAL, NAA TELEAR BT B2 i R T BRIC P &
SMHARINER, BRI 4 R koK
SEFIE S I B S 3 PIN K LR A K &
HMHEAA LR 3G S R A e St A2 Ak, TR I A=
KRIMEMA R RTERRM 7340 LRI A K R
WP A 3 4 AR A3 A L B TR PR R/ NET281, D)t
HEM, AARAZBHATRE S AE KRR a sl 5 A KR
B M KA JLFFE SR PIN, PLT. SHR. SCR
EAK, INEAINAIML 3 HERAE— e R FoRkbhist
R B, (HAMEE A RR
3.3 AERZELEZWER

TE G SRR SAAARPRAR T T 5 28 4l 1
RHE T, KR ICEE TR L N6 55 IR 3 T
GREMARK, X4 SRR R A, K
JCRIGTFRHE S N6 HEFR AN Ko R KH,PO,
THEMREFREEL 345, HEITE MnSO,-4H,0
J ZnSO, THO F =L T HE M AN E I L 4 £,

W FNBR R AR A K o AR R AT b ) EE )
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P HWFR R . BB R ST (Arabidopsis
thaliana (L.) Heynh.) %] 4 42 (1) A 4 H A 9 il /E
FH, TixkAE ( Oryza sativa L.) K%l ( Solanum
lycopersicum Mill ) A4 A= i A= K 21A R E4EH -
GRAS % Jji% . i DELLA } SCARECROW-LIKE
3 (SCL3) HJPESLAE T IRl AAR A i v 45
AR R, DELLA Al i3 ) e i (o X 1Ak
[A-F ( Phytochrome-Interacting Factors, PIF) %
T =F B BH 1k PIF #8 3% PR (74 3 308 SFe 40 il T IR il fif
KPP JRd it 2 51 GA-GID1-DELLA i 1%
Z 5HIR AR AL KR, itz S 800
I 0 % 5 % (Gibberellin, GA) /K F T %, GA-
DELLA {55 4% .0 DELLA EH 2/, #t—4
5 B LA G ) S PG S KOV K AR A AR
1k, SR TR EARAE K, e F T, R
R AR R A TARBE IR BE iR AR AE A, i
GA - PRO ( PRO M7 jifith DELLA ZHEM I ) &
5 R R AR e 1 F iR Wi = B R PR B AR Y, T
PIVE- 37O S 2 S WA e IR N DT NG RE - - o A
B, PEERERE T ) AR A B0

AN, REE RS ERA R T AR 434 41 21
PMIAR B &2, % 8 R A AR AR K A5 Dy T R A &
FER AR, SMEMGEH GA FT#EmMR (LR) 4
FAY, K* k= [AFE 9945 GA {5 % Al DELLAs
FHOCHE S P45 LR A B3 ARBRSEHfEl, K
R I N6 15573 78 J2 B B SRk vl
A 1 R B R T 3 19 GA-DELLA %48 M4 7
R, s RERARNER,

PFRR . TERSEZ PIEOL T, KRR AEGEIR
I S AR A A A P B T A A T A
28l B 4 PN RSBk UE S 3 2 BEAIK PIN ZE L 7E AR
JER TR R 2 220 SRS 1 AR R N I LA A K 2R Y
B Hi, FF LA RS A A R ) A B A i 3 A P
I I G R e A2 1 T AR I B, 150 B 2 4
PIREXT AR B AR A — g, X A 58
H, BRI Z AR R AEAR R AR
S —EHIE S %, L5 LR, BB EAE
4N REFTCHE R R B SR T R W 2R
FH, v BE B BERRAR BRI B 1, Rk B A AR
WRETHBEEE G 4 NREEFMTCHE R A E R
(7= AE, IXEVE 5 2R EE 2R RO 4 pA B A e A A ]
TR DI REAH G

4

FREMRERKEG N 4 B 0~7d, 2%
R NI BT s 7~10 d, A ZH 2
PR A 10~15d, /MR SRWHE K B AR AT
Hm; 15~30d, RNERKEPEmEK, B
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Effects of Different Medium and Hormone Concentration on the
Rooting of Eucalyptus urophylla x E. grandis Clones

HUANG An-ying', CHEN Ming-qiu?, LIN Yan', LU Wan-hong',
WANG Chu-biao', YAN Qing®, LUO Jian-zhong'

(1. Research Institute of Fast-growing Trees, Chinese Academy of Forestry, Zhanjiang 524300, Guangdong, China; 2.
Southwest Forestry University, Kunming 650224, Yunnan, China; 3. Zhanjiang Experimental Station, Chinese Academy of
Tropical Agricultural Sciences, Zhanjiang 524013, Guangdong, China)

Abstract: [Objective] To understand the influence of various factors on the rooting rate of Eucalyptus uro-
phylla x E. grandis, by using different types of culture media and different concentrations of hormones
treated with four E. urophylla x E. grandis clones and to provide the theoretical support for the rapid
propagation and cultivation of E.urophylla x E. grandis. [Method] In this study, based on the four clones
(EC262, EC264, EC269 and EC272) of E.urophylla x E. grandis from the same parents but with different
rooting , the experiment with 4 factors and 4 levels having total 16 treatments was designed. Rooting rate,
rooting number, average root length, longest root length were investigated on 30 days. the rooting traits
were evaluated and the rooting effect of each treatment combination was analyzed using the range analys-
is method. [Results] The type and concentration of plant growth regulators, the type of culture medium and
the clones all had a significant impact on the rooting effect. The four clones were all able to take root un-
der different treatments. The rooting rates ranged from 7.5% to 55%; average number of roots ranged from
1 to 3.27; average root length ranged from 1.95 to 5.02 cm; average root length ranged from 2.18 to 7.03
cm; and the rooting traits score ranged from 27.78 to 75.75%. In addition, range analysis showed that the
root rate and root number, representing the root generation ability in the early rooting stage, were mainly
affected by clones, while the average root length, the longest root length and the evaluation of rooting traits
representing the quality of the subsequent root system, the role of the medium More than the clones
played a more important role. [Conclusion] In the initial stage of rooting of the four clones of Eucalyptus
urophylla x E. grandis, genetic factors are the dominant factor in the rooting differences, while in the sub-
sequent stages of root development, environmental factors have a greater influence than genetic factors.
The results of this study can provide theoretical support and technical reference for the optimization of the
tissue culture propagation technology system of Eucalyptus and other trees.

Keywords: Eucalyptus urophylla x E. grandis; tissue culture; clone; rooting rate; root morphology
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