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A BEATAR AR AR  SRTHR A FOHTAR I ) fe Ak
G, DR SRR SR AR SR Rt
FHAE

1 RIA R

PERE R E MO B 5 BT MOl 53 Fir g g
USR5ty i PR ) 2 A A A AR S AR A A R o
O 25 59 A R, EIRE N HRR IS . L
32 fL M A (LA 60 mm x 60 mm x 115
mm) KMFFEAES, mO A (1:3) N
Fef, AR RN AR (1AA)., 4
2 (NAA) g A A RAYRHCARAF
2 HER T
2.1 KT 5iAEERE

PITAAWEE (A). NAA HJE (B) FIiR it
] (C) MR EHNIT L (4°) IEZZIALE,
REHE 4NKFE (£ 1), RAMILX AR5
T, 16 AL, RASAREE 32 AR, RE 4 K
HE,

2020 4F 5 H, AL . Joe BUE A ETOR
oRAERIS, BIAE 20 om KAYAHFHEHRR,  FimoF
YI, TFuatd). HERERH 0.1% M2 RKE
WORHIE R, R RSB T4 4 . F746
J& . 7 5 VB R RGEE W, A 7~ 10 d fif
0.1% M Z B8 ROKEWIEE 1 IR, [FIERbFEIK 53D
PREFREFIRIE, 25 SANHE R ERTE 70%~80%.

*1 BREHEFBREZKEZTHERFKE
Table 1 Orthogonal factors and levels of D. odorifera
cutting propagation

156K 2 Experiment factor

K ; .
Level AAWKRIE (A) NAAKE (B) BT ()
Concentration of Concentration of Soaking time
IAA/(mg- L") NAA/(mg-L™) g
1 0 0 10s
2 250 250 1 min
3 500 500 30 min
4 750 750 1h

22 AREEKIERAE

5 R 7 d SRR AR, FAIEIE SRR R
FUHAS & B AR . FFH 80 d J5 Ge it A iR A R 4K
TSR LR BCRB RS A Ml AR . ek

B . BTN . AR AL [ LA-
S IR RFL ( Bl @A RAR ) e
WRESKE., BHE. REBAEE, THRAERE,
SRR A A K

AR = LA AR S AL < 100%

SRR K= AR KA R

SRS K= EHTARS KAERE BL
2.3 GEitoh

FH AW 25 (83 i A (] PR 3R 6 45 A AR 48 s 1 5
e, MR2E(E (R) B, FRWIZH iR
KU P& ARPRIEAT F 500, G B TTIRR
B RO A SR eR B R A A FR AR
RAHAE A B HATLATENTT, He— TR rRE
PREET T AR -

UX) = (X; — Xjmin) KXjmax = Xjmin)

Xb: U S s s m sl e, X, i3
JIIE  Xnin N Kmax 7301 A 3 8053 1) B /IMEL N i
KAE

{ifi Ff] IBM SPSS Statistics 25 #1 Microsoft Excel
2016 AT BRI T GE b, XA L 2= R

EH5i#E4T Duncan’s ZH L (a=0.05).

3 FRE0H

3.1 REEEEFEEREMEEEETRE

IR A [ IR A 2R,
e, S8 A B AR AR R o S A AR R Y 52.81%
(K 1a), SEam @O H 2RISR L 0.94%
([ 1b), SR B ERAI A O 2 U AR AR & R AR
HRE 7 46.25% (18] 1c) o Xof [ 7 v HEL A Ao S5 A et
FRHEAT WA K FH4 10 d J5, i EEIEHRE) A 4b
RITF IR L b B 2140 (1 2a), [AIIS 4R RE L

T a. BEABAEARAL b ALV AR,; o IR AR
Notes: a. Roots were induced from the bark; b. Roots were induced from

callus tissue; c. Roots were induced from the bark and callus tissue.

1 [EEEETHERER
Fig. 1 The rooting types of D. odorifera
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WG EE 2 (1 2b); #4620 d 5, FF5ridpEE
R, MmN T a8V E KB, IFTERS)
R BE ik A4 2 (8 2¢), MRy
AR (& 2d); 4146 30d 5, AEAE
WAk LA K I AW 2 (K 2e. £); #F
g0 d )5, MACKLESEHIFAWERK (K 2g),
SRRk S K (8 2h),

TE: a T4 10 d R AL b, T4 10 d FFIRHIZE; c. #7460 20 d 78
SRR AR, EROHR R AR R EAR s d. T4 20 d BT
I UL e T4 30 d AERRIEI; £ 34 30 d FTARLEE K g
A 80 d AT ATELILMG h. T4 80 d Fradksi 1<,

Notes: a. callus tissue came into being 10 days after cutting; b. buds
vegetated 10 days after cutting; c. callus tissue increased for some cuttings,
while adventitious roots began to originate for others 20 days after cutting; d.
shoots began to spread 20 days after cutting; e. adventitious roots continued
to increase 30 days after cutting; f. shoots continued to grow 30 days after

cutting; h. shoots continued to grow 80 days after cutting.

B2 REEEETEERTENIMNBFSRFE
Fig.2 The morphologic character of D. odorifera rooting
3.2 KBEEEETHRERSE
32,1 FHAHAARE F2FRW. fFHE0dE, &
AEFE A IRARAA,, HAEMRRIH N 60%, Hrdr,
A 10 ML PRAAR RB T 90%, AbHE 16 [FF 4
AR (97.66% ), HRGEA B 11 Ff1 kb 2 2
(96.88% ), ALFE 4 4R FHRAL (64.85% ).
ZoRrai R (R2) R 3 NMKBRHEEST, B
WAL A R{E & K (117.97), HIK N TAA ¥k &
(10.35), HJ5 A NAAMRE (8.01), IR
ik PR X 3 A B AR A7 A AR R A s e e K
TZERMEER (£3) R IAARERE
1] DL % TAA WREE S NAA MR BE RS B 00 WA= AR %
MR 2 (P <0.001), NAA DL IAA
W B 55 152 Y IR ] 58 T 2500 % A R 3R 1Y) 5 i i ik
(P<0.01), X 3NHEMKKFHITZE LK
ST, AR (R 4) R JAAWKE . NAA WK
FITIR Y [R] A7 X AR AR R A Z M VR FH R/ INa3 31

F2 AELETHREHEEFBRERENRESRER

Table 2 Rooting percentage and range analysis of D.
odorifera cutting propagation under different treatments

156 K 25 7K 7 Experiment factor level

R : SR
No. IAA%%JE(A) NAA%QE(B) B C) Rooting .
Concentration Concentration Sorhir i percentage/%
of IAA of NAA

1 1 1 1 84.38+2.21 cd
2 1 2 2 96.88 + 1.28 ab
3 1 3 3 89.85+3.22 abc
4 1 4 4 64.85+7.48 f
5 2 1 2 96.10 + 1.50 ab
6 2 2 1 92.19 + 1.56 abc
7 2 3 4 70.32 +£5.18 ef
8 2 4 3 78.13 +£4.60 de
9 3 1 3 96.10 +1.97 ab
10 3 2 4 85.94 +5.78 bed
11 3 3 1 96.88 + 1.28 ab
12 3 4 2 96.10 +0.78 ab
13 4 1 4 92.19 £2.02 abe
14 4 2 3 91.41 +2.34 abc
15 4 3 2 96.10 +1.97 ab
16 4 4 1 97.66 £2.34 a
T, 83.99 92.19 92.78
T, 84.18 91.60 96.29
T 93.75 88.28 88.87
T 94.34 84.18 78.32
R 10.35 8.01 17.97

e Ti (1=1,23,4) FREEFAMPAKEFHPEME, RARKS
NP RABUE P IME + drdE%: RSAR/NE FRERR
A E R RE (P<0.05), FHE.

Notes: T7i(i=1,2,3,4) showed the mean values under each factor level,
R was the distance between maximum and minimum level. The values in the
table were showed as means + standard deviation. Different lowercase letters
meant significant difference from each other (P < 0.05), the same followed
below.

H: Ay>A;>A,>A,. B;>B,>B;>B,. C,>C,>
Cs > Cyo HIBLTTDABRRE , MR AL B G
} AB,Cyo

322 MRERXF HESWER (£3) K.
IAA M WL (P <0.05) SRR, &AW
K ARBACERE, RE2E (P<0.01) %
RRFHBAAER; NAAWRERH (P<0.05) i
M AR K AR R EHAR, WEE (P<0.01) Wit
A, RAZHBAEE,; RfpEEE (P<
0.05) SZM SR AP, g (P<0.01)
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Table 3 Variance analysis of different factors on D. odorifera cutting propagation
25 RS R & K B fa#rRoots growth indices
Variance source RP LR LLR NR MLR RDM DRS SRS VRS

0.000"" 0.016" 0.014" 0.018" 0.030" 0.062 0.807 0.006™ 0.007™

B 0.006™ 0.025" 0.340 0.000™" 0.440 0.136 0.044" 0.002" 0.001"

C 0.000"" 0.048" 0.587 0.000"" 0.016 0.008"™ 0.006™ 0.000"" 0.000™"

AxB 0.000"" 0.002" 0.381 0.000"" 0.028" 0.003™ 0.035° 0.000"" 0.000""

AxC 0.001" 0.001" 0.280 0.000"" 0.221 0.016" 0.131 0.000™" 0.000""

W o RORRIR R RAEP < 0.001 L2 RT3, *+FRRBEREPL <001 EERWEE, *FRRBHERAEPL<0.05 LR EE; RP.AERE;

LR. SR LLR. AR NR. A% MLR. PR RDM. iR F)fis; DRS. iR B SRS. R RZEMHA;

VRS.

WAEH . TR

Notes: *** indicated that the experimental factors were extremely significant at the P < 0.001 level, ** indicated that the experimental factors were great
significant at the P < 0.01 level, * indicated that the experimental factors were significant at the P < 0.05 level. RP. Rooting percentage; LR. Length of roots;
LLR. Length of longest root; NR. Number of roots; MLR. Mean length of roots; RDM. Root dry mass; DRS. Diameter of root system; SRS. Surface of root
system; VRS. Volume of root system. The same followed below.

%4 FRATTRESEFELERRLTRERSELBER

Table 4 Multiple comparative and roots growth analysis of different levels on D. odorifera cutting propagation

1R & K B faFrRoots growth indices

HE AP
Factors Levels
RP/% LR/cm LLR/cm NR/% MLR/cm RDM/g DRS/mm SRS/cm’ VRS/cm®
1 83.99+3.62b 9626+8.75¢ 10.40+0.68ab 17.39+1.31¢c 6.09+0.73ab 0.02+0.00a 0.51+0.02a 14.13+1.40b 0.25+0.03 bc

2 84.18+3.14b

125.00 + 13.12 ab

11.45+0.66 a

1831 +1.86bc 7.47+0.73 a

0.04+0.01a 0.50+0.02a

18.70£2.41a 0.35+0.06a

A 3 9375+1.83a 130.66+10.78a 12.15+0.60a 2091+147a 6.46+0.56ab 0.03+0.00a 0.50+0.02a 18.85+1.92a 0.33+0.04 ab
4 9434+1.18a 101.63+933bc 9.44+047b 2035+0.89ab 496+0.45b 0.02+0.00a 049+0.02a 13.98+1.20b 0.23+£0.02¢
I 9219+151a 93.68£9.07b 10.77+0.70a 1534+0.99b 6.88+0.97a 0.02+0.00a 046=+0.01b 12.17£1.32b 0.19+0.02b
2 91.60+1.78a 107.29+12.19ab 10.69+0.69a 1994+190a 5.79+0.60a 0.03+0.00a 0.51+0.02a 16.70+1.97a 0.31+0.05a

B 3 8828+3.13ab 123.81£13.70a 10.23+0.66a 20.56+1.30a 5.78+049a 0.04+0.01a 0.51+0.02a 18.67+2.35a 0.35+0.06a
4 84.18+405b 128.76+631a 11.76+0.52a 21.13£0.99a 6.53+046a 0.03+0.00a 0.52+0.01a 18.19+1.21a 031£0.02a
1 9278+ 1.61ab 108.07+9.08b 10.86+0.58a 16.83+1.11c 7.20+0.73a 0.02+0.00b 0.46+0.01c 14.18+1.38b 0.22+0.02b
2 9629+0.65a 10645+9.58b 11.00+0.84a 1536+1.04c 7.22+0.72a 0.02+0.00b 0.48+0.02bc 14.65+1.49b 0.25+0.03 b

¢ 3 88.87+223b 103.87+£9.68b 1021+049a 1996+0.81b 5.14+0.33b 0.03+0.00b 0.51£0.02ab 1539+1.32b 0.27+0.03 b
4 7832+378c¢ 135.15+14.10a 11.37+0.66a 2481+148a 542+0.63b 0.04+0.0la 0.54+0.02a 21.50+2.48a 0.42+0.06a

M AR AR RAR B AR
REL TAAWRIE S NAAWRESL BN BE (P<
WE YR K MR R ER, EBE (P<
M EART . TR EARE. RAREm

0.05)
0.01)

SRR RO RS REBE . RRE
. MARIRAARER, HEFRT C (&
RHBRSR ) o

W HTER (2 5) KU AMRE, RTJ%

FURUARE; TAA VR SR i R 28 BV 2 (P <
0.05) MM T &, Wi (P<0.01) 0
MR AMRE, AR R SRTEFAAT . X 25 55 10 3 1)
SARF T2 E I, 4R (£ 4) FRYW: AR
FER) TAA AbEE R, A I ERE . SORIRK . AR
BEMAFmMBARL, HEERT A, (BRAREK
KR40 ) AR NAA 3, B, B9 S K
AR, ARBEARREARK, HEERT
B, (KRS ) s AFEBRMEE T, C 1y

. RARER. R RR BRI i ]
) RAEF R B RARA A TR 2 TAA MR
B RAEE K ; HA BREKIE NAA WK R Hix
Ko BRE . SRR AR AL B4 S
H A3B4Cy, MRARMFRAERAEAIRH G0 A3B;Cy,
R o AR R AR A S R B B34 A,B;Cy,
IR K A B B A ALBIC,, IRABERER
BAEA A AN AB,C, (25).
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Table 5 Range analysis of different factors on
D. odorifera cutting propagation

) R{H Range value Y
Ifdti IAATKEE NAAWKE BN E iii Optimal lg;vel
Concentrati Concentrati  Soaking combination
on of JAA on of NAA  time
LR 34.40 35.08 3129 B>A>C A;B4Cy
LLR 2.70 1.53 .16 A>B>C A3B4Cy
NR 3.53 5.79 945 C>B>A A3B4Cy
MLR 2.51 1.11 208 A>C>B AyB,C,y
RDM 0.01 0.01 0.02 C>A=B AyB;Cy
DRS 0.02 0.06 0.08 C>B>A AB,Cy
SRS 4.81 6.50 732 C>B>A A;3B;Cy
VRS 0.12 0.16 020 C>B>A AyB;Cy
NS 0.21 0.41 054 C>B>A AyB,C,
LLS 2.76 2.01 1.8 A>B>C A;3B,Cy
MLS 1.87 1.84 198 C>A>B A;B,Cy
SDM 0.10 0.04 0.06 A>C>B A;B;Cy

i NSOGB EG LLS. SR MLS. FEIHiii; SDM.
WHEE. TRE.

Notes: NS. Number of shoots; LLS. Length of longest shoot; MLS.
Mean length of shoots; SDM. Shoot dry mass. The same followed below.

3.3 BEHETEFIHELSISTE

T2 R (2 6) £ TAA WREEXTHR K
B FVEAS T2 2 2 (P <0.05); NAA
VR B85 R YRL ST () X BT A7 B A i A 10 5 T 240 A8 I 2

(P>0.05); IAAMRE S NAA R0 28 B0
FITAA M B 5515 0 B 0] 78 58 B 358 1oy 349 %o e K37 A
K. PR A TR RN T E (P<
0.05), XfZ&EFBENLKTEHITZEILE, 4
(£7) %M. REIWE IAA LFEP, Ay K
B FEAE TR R, BT A Ay

&6 AREARMEEEEITHEENTESN
Table 6 Variance analysis of different factors on D.
odorifera cutting propagation

A R B Fa#% Shoots growth indices

Variance source NS LLS MLS SDM
A 0.775 0.027 0.187 0.012°

B 0.351 0.251 0.179 0.557

C 0.135 0.396 0.227 0.260

AxB 0.441 0.014° 0.036" 0.015"
AxC 0.670 0.010° 0.031" 0.025"

XF A 80 d Je BT AN K T 48 bR HEAT 22 4y
Br, &R (3 5) RW: B BORRF RO IR
LN E] ) R (B R 5 S OB A MU A 1 B
TAA RERY R fEEFR . F R AL B &0
ABC,y, E KRBT M EAL B 508 A3B,Cy,
K R BRAEAL B B AsByCy, BT T

I EAEN PR AN AsByCy (2 5),

®7 FEKETRELUTREATEEBIERR S S REE

Table 7 Multiple comparative and shoots growth analysis of different levels on D. odorifera cutting propagation

i & B FahrShoots growth indices

e 7K
Factors Levels NS/ LLS/em MLS/cm SDM/g
1 240+0.16a 15.77£0.75 b 12.81£0.68 a 0.31+0.02 be
2 261+0.14a 17.09 £ 0.71 ab 13.77£062a 0.35+0.02 ab
A 3 25940182 18.15+ 094 a 1429+ 1.00a 038+0.03a
4 2594016 1539+ 0.69 b 12.42+0.57 0.28+0.02¢
1 27840132 15504054 a 12.05+049 a 031£0.02a
2 250+0.18a 17.60 £ 0.79 a 13.8740.69a 0.34+003a
5 3 255+0.14a 16.63+093 a 13.49+ 0381 a 035+0.02a
4 236+0.19a 16.59+0.91 a 13.89+0.89 03240032
1 25140152 1578 £ 0.64 a 1232£0.58a 031£0.02a
2 286+0.19a 1642+ 1.01a 1321+ 1.00a 032£003a
¢ 3 24940142 1674047 a 13454046 a 032+0.02a
4 233+0.13a 17.46+ 1.00 a 1431£0.80a 0.37+0.04a
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34 BEEFEFBREENEIRSSTREERY
BEEEEH

Xof B A BRI IS AR R FBAN & B &5 fehn ittt T
FERGT M, SR (F8) £ MR BERTTR =
85% B 7 AT (10 = 4> 5 A, TTERFR S 51K
50.991%. 16.116%. 11.065%. 5.748% Fil 4.870%,
ERITTHCR N 88.790%, ML, RIBEH 5 4 FAsr
o 2 W B BB O AR SRR . 5 1 B i
R ERSY, FRAE ) fr A B N AR R
L ARRAEFRFLEMAS s 265 2 R far B R i o
SEIARK L BB R KR . 45 R R R
XH:

Fy=021X,+0.36X,+0.27X; +0.17X, + 0.32.X5 +
0.22X, + 038X, + 0.37X; — 0.10X, + 030X, +
0.29X;, + 0.33X,

Fy, = — 049X, + 0.35X; + 0.54X, — 0.29X, —
0.10Xg + 0.42X, — 0.10X,, + 0.23.X,

Fy=0.18X, +0.14X, + 0.16X5+ 0.34X, + 0.19X, +
0.21.X; + 0.48X, — 0.46X,, — 0.54X,,

F, = — 023X, - 020X, — 0.39X; — 0.39X, +
0.20X5 + 0.14X, + 0.56X, + 0.37X,, + 0.18X;, +

®8 BEHRETHEERSBERNERS SN

Table 8 Principal component analysis of cutting
propagation indexes of D. odorifera

D%y ./ TR AT
I RFAIEAE o .
rincipal Eicenvalue Contribution Accumulative
component g rate/% contribution rate/%
PC1 6.119 50.991 50.991
PC2 1.934 16.116 67.107
PC3 1.328 11.065 78.172
PC4 0.690 5.748 83.920
PC5 0.584 4.870 88.790
0.23X;,

Fs = — 0.39X; — 0.20X; + 0.39X, — 0.17X; +
0.72X, — 0.14X, + 0.14X;, — 0.21X,,

R X, MAERE, X, BERK, X; MK
WA, X, PR, X5 MR TR, X MR
HAR, X IRAFWA, X MR ARE, X, M
R, X M RBFME, X, W EHHREK,
Xip A Tk

SR BRI b SR sR O, BRI PR A
T AEARFA DG 5 A F RSy, X 16 NFTFHfAL B
AR R MU RS & B An b AT SR8 i g(d (U) 7

®9 BREREFELESSTN

Table 9 Comprehensive evaluation of D. odorifera cuttings propagation

HRAANHAS K 18 br e e 4

3 % B 4 AT AN
" e%‘;im Stt J%EI?;? ff}%?ji Subordinate function values of root and shoot development Co m]ﬁéﬁ f; s%gj;\?ag;:il on of [ﬁf nze
U, U, Us U, U U cuttings propagation
1 0.60 0.13 0.78 0.31 0.74 0.84 0.35 0.47 13
2 0.98 0.06 0.61 0.00 1.00 0.76 0.25 0.61 5
3 0.76 0.19 0.37 0.25 0.79 0.58 0.29 0.53 11
4 0.00 0.24 0.15 0.45 0.63 0.27 0.28 0.14 16
5 0.95 0.22 1.00 0.30 0.68 1.00 0.44 0.70 3
6 0.83 0.00 0.67 0.10 0.94 0.83 0.24 0.54 10
7 0.17 1.00 0.12 1.00 0.00 0.27 0.74 0.45 14
8 0.40 0.36 0.34 0.50 0.57 0.39 0.39 0.40 15
9 0.95 0.10 0.40 0.13 0.90 0.53 0.23 0.59 7
10 0.64 0.76 0.00 0.81 0.20 0.00 0.55 0.60 6
11 0.98 0.32 0.52 0.46 0.59 0.56 0.40 0.69 4
12 0.95 0.62 0.67 0.60 0.32 0.72 0.61 0.78 1
13 0.83 0.01 0.34 0.18 0.94 0.48 0.17 0.50 12
14 0.81 0.26 0.17 0.35 0.72 0.38 0.29 0.55 9
15 0.95 0.01 0.30 0.30 0.90 0.47 0.18 0.57 8
16 1.00 0.47 0.33 0.55 0.43 0.43 0.45 0.72 2
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Influence of IAA and NAA on Cutting Propagation
of Dalbergia odorifera

XU Shan-shan, LIU Xiao-jin, XU Da-ping, HONG Zhou, GUO Jun-yu, YANG Zeng-jiang

(Research Institute of Tropical Forestry, Chinese Academy of Forestry, Guangzhou 510520, Guangdong, China)

Abstract: [Objective] To identify the influence of IAA and NAA on the rooting and shooting ability of Dalbergia
odorifera, and provide theoretical and technical support for the rapid propagation and cultivation of D. odorifera.
[Method] Semi-lignified branches from 2-year-old D. odorifera seedlings were collected as the propagation materi-
als. An orthogonal experiment was designed according to the concentrations of IAA and NAA and the soaking time.
The effects of 16 treatments on rooting and shooting parameters of D. odorifera were investigated 80 days after cut-
ting, and the subordinate function values method and principal component analysis were applied to comprehensively
evaluate the rooting effects. [Result] The concentrations of IAA and NAA, the soaking time, the interaction between
IAA and NAA concentration, and the interactions between IAA concentration and soaking time showed great im-
pacts on rooting percentage, and statistical differences were also observed in terms of length of roots, amount of
roots, surface and volume of root system. Under certain concentration range, the rooting percentage increased as the
concentration of IAA increased, while decreased as the concentration of NAA increased. The principal component
analysis and subordinate function values were used to comprehensively evaluated the cutting propagation perform-
ance. It is showed that the corresponding rooting percentages of the top 4 treatments were 96.10%, 97.66%, 96.10%
and 96.88%, respectively. [Conclusion] Considering the rooting percentage, root and shoot development synthetic-
ally, it is suggested to apply 500 mg-L™"' IAA + 750 mg-L™' NAA + 1-minute soaking or 750 mg-L ' IAA + 750
mg-L™' NAA + 10-second soaking or 250 mg-L ' IAA + 1-minute soaking or 500 mg-L ' IAA + 500 mg-L™' NAA +
10-second soaking in production practice to carry out cutting propagation of D. odorifera.

Keywords: Dalbergia odorifera; cutting propagation; plant growth regulator; rooting percentage; roots and shoots

development
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