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Cutting propagation and regression planting of
endangered plant Begonia gulingingensis
LI Jingxiu, CUI Weihua, HU Xiaojian, KONG Fancai

(' Kunming Institute of Botany, Chinese Academy of Sciences, Kunming 650201, China )

Abstract;: We made a orthogonal test based on the theoretical basis of biostatistics, and listed four main factors of cut-
ting slips level, cutting medium, growth hormone and shading rate affecting the rooting seedling rate of Begonia gulingin-
gensis. Each factor was set to three different levels, according to L,(3") orthogonal test, nine level combination of four

factors orthogonal test at three level. Through L,(3*) orthogonal test, we obtained the best solution for breeding leaf cut-
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ting of B. gulingingensis endangered plant; keeping cutting bed temperature 22-28 °C, cutting medium temperature 18—

22 °C, humidity 60%—75%, shading rate 70%—75%, as the cuttings in leaves and cutting medium in the perlites, 100

mg - L' rhodofix to deal with cuttings, to give sufficient water during cutting management and its rooting rate 74%. Nor-

mally, cutting to adventitious roots needed 20-25 d and cutting to a new plant needed 7085 d. The regenerated plants

were planted in the natural distribution area be in progress reintroduction contrast test. The results showed that average

preservation rate of native forest ecological group was 57.6%, the flowering rate 40% , the seed setting rate 36.6% , and

seed regeneration rate 36.1%. Regression planting can reproduce the natural vegetation in the habitat of B. gulingingen-

sis, and it is a feasible method of ecological restoration.

Key words: endangered plants, Begonia gulingingensis, cutting propagation, regression planting
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E. Plant of regression planting with bear fruit; F. Self

PR T vy o Bk T 3 B I A 28

Plate I Begonia gulingingensis and its primary habitat

s C. JFAE8E, D, JFEA: kA R B
EE5IFER AR B BUESI RSS90k F. 35 | FHAR S 7R .

Note: A. Leaves with dapple; B. Blossom plant; C. Primary habitat; D. Cutting plant of regression planting in primary habitat;

renewing plant seedlings of regression planting.

S5 RV BETR [0S | AR AR

, plants of regression planting in primary habitat

1 EXHKBEERKER

Table 1  Factors and levels of orthogonal test

K £ Factor
IKE Level A B C D
Ei ERR I MR LR
Cutting slip Cutting medium Hormone treatment Shading rate
1 A, (— kAT B (B C,(ZE LML NAA) D,(50%)
Part of the leaf with primary vein) Perlite)
2 A, ( MR B,(JE5 + C,o(2,4- AL 2,4-D) D,(70%~75% )
Part of the leaf without primary vein) Humus)
3 A (AR B, (B BRAE X JE A 1 C,( A4 D,(80% ~85%)
Part of the leaf with petiole ) Perlite X Humus) No treatment)
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Jr e B AR 1) D A AR AR A 25 R A T
ekt RS AT 2 AR 3 H A Y Rl 5
PR LIS 2 AL BRI 100 m?* iR RAE DT, B4
AbBEASCBE 3 AN, & E AN 30 mPAHOR/N X,
#EAE 30 R R
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P Z AR KR 1 KBRS (1 K2
LR 2 K 70% ~T75% , S A R IKFHETLZ A,
B, C, D,, Ktk 7E R FFHFH IR IR B 22 ~28 C,
B 18 ~22 °C iR 1Y 25 AR X BE 60% ~
T5% W R 5E 55 F T o SR AT A M R AR D 4 Bl A
BERAE AT 100 mg - L7282 B Ab ¥
I FF AR IR B R 70% ~ 75 % S i MR Bk 34T
AR M RETE(E2,E 1),

T 9 MR A A, B, C, D, IXEERY K
FEC, LA AR I 4 S 40 B L B2 3R A 1R O 4T 4 A
i 100 mg - L' ZR R ALY 1 LR 70% ~
75% W PR 2 7K S 20 4 TR O I I 56 45 S 4T 4 A
MR 74% | 3F— 258 57 T 7 MROE BRI ST 16
O AT R A A, JF UL E SRAE R ZHOKF
Ry LRl AR AR A R Y s R I 4 i
#4777 50,100,150 ,200 250 mg - L™ AHS BE IR |
SER LW 100 F1 150 mg - L™ A0fdi Fi e 2 24 RE 3R
5 709% F1 729% AR B K
2.2 EIFSI MK E RS 5

[l 5 A s Xof Bk G 5 SR R B R AR AR bR AR
A TE R ] H 5] oA bR E A 2 SRS I O R
94.4% ,EAH 7 A H 5 W R AR A2 6 AR AE R 77.9%,
SERE 16 D H IS AERR IR A3 58.8% ,18 I H J5 11
FEARIRAT R 57.6% , FFAE R 40% , 45 52K 36.6%
SEAE 36 1 H I I AEBR PR A3 19.9% , T5 T U 3
36.1% (3 3,18 2) ; IR FF B AL s BEMAE B R
TEE AR L 14 35 RS2 98.9% , i AH 7 A H R B MR AT

W RAT 3R 47.3% , 5 M 16 A~ A J5 1Y 1 bk IR 77 3%
7.9% ,18 A JG B A AR R AT R 6.7% , TCIFAE 45 5
flbE, EHE 36 I H JE AR R A3 5.6% , TT& T
BUHTAEAR (2 3,181 2) o 2 A4~ al I3 J& B A bR AR A
B T K45 N 1,05 = 4.30<T=4.60<t,,, =9.93, 2%
S SR T AR AR T=19.3>1,,,=9.93,
ZSW R E ., UL FEAE R A 2 NN R T B
THEAR S, 385 B Y UR A T 208 AR AR BT 1Y) 52 il A
Ko ABAERE O 5 TE A SR 2340 i i PR A7 38,2 4> [l
H R B W2 25 5 PSS S0 25 il e 25, o iy
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H A EL ( Lauraceae ) f5J& ( Cinnamomum L.) A
LT JE (Litsea Lam.) , K %l ( Magnoliaceae ) Il H.
K 2% J& ( Parakmeria Hu et Cheng) , 5¢ 3} #l ( Fa-
gaceae ) A1 8kJ& ( Lithocarpus Bl.) .7 X J& ( Cyclobal-
anopsis Oerst.) , HE AR Bl ( Betulaceae ) #2 A J& ( Alnus
L.) , #i#}( Ulmaceae) #iJ& ( Ulmus L.) , &%} ( Mora-
ceae ) V5 J& ( Ficus L.) , %€ & Bl ( Polygalaceae ) it i3
J& ( Polygala 1.) , 7§ ¥ Bl ( Rubiaceae ) JH T # J&
( Luculia Sweet.) , B4 F1 8} ( Melastomataceae ) 4= 47
& ( Osbeckia L.) , 7% ¥ Bl ( Cyatheaceae ) 75 #%
( Gymnosphaera denticulata ) , 2% Bl ( Zingiberaceae )
S JE (Amomum L.) , R F} ( Urticaceae ) 12 7K £
J& ( Pilea Lindl.) , 7% ¥ B} ( Cyperaceae ) ¥/ & J&
( Cyperus L.) , Bk ¥ %2 B} ( Begoniaceae ) Bk i 5 &
( Begonia L.) S5 M W) BETE 4 A, Mo HOAE 9 % 2% A
PATJRE K 2 A G 1 T 1 i 2 AR AR A A5 3 B A )
Tty R RO R A AR R R OR AT, S ol AR B 5
B35 A A2 85 5 HE K B ( Betulaceae ) JEAS A (Alnus
ferdinandicoburgii) , A *% Bl ( Magnoliaceae ) il # 1
A % J& ( Parakmeria Hu et Cheng) , /\ffi [FIF& %} (11-
liciaceae ) /\ i ( Hllicium verum) , ¥ F} ( Eucommi-
aceae) ¥t ( Eucommia ulmoides) , 2 F} ( Zingiber-
aceae) ¥ (Amomum tsao-ko) , 2 2 Fl ( Caprifoli-
aceae ) L& J& (Lonicera L.) 3B A ( Sambucus wil-
liamsii) \J&3% ( Viburnum amplifolium) , #7258} ( Mal-
vaceae ) UKL ( Urena lobata) , 25F}( Theaceae ) 12 )&
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Table 2 1,(3"*) orthogonal test and statistical analysis results
K 2 7K F- Factors levels
5 o
Test number A B C D WL A5 b
g FT4 B 5T WRL SIS/ L1ES S
Cutting slip Cutting medium Hormone treatment Shading rate Planting rate ( %)
1 1(— ket H(BkA L(ZEZ) 1(50%) 71
Part of the leaf with primary vein) Perlite )
2 1 (—ZR BRI 2()@% L 2(2,4-D) 2(70% ~75%) 2
Part of the leaf with primary vein) Humus)
3 L(— Gkt 3(BIRAEXIET L 3( Ak 3(80% ~85%) 7
Part of the leaf with primary vein) Perlite X Humus) No treatment )
4 2( Gk T (BEks 2(2,4-D) 3(80% ~85% ) 10
Part of the leaf without primary vein) Perlite )
5 2( ZZR KB it 2( )7 1 3(RALTE 1(50%) 5
Part of the leaf without primary vein) Humus) No treatment)
6 2( LRk IE (BHen B L 1(FEZ/R) 2(70% ~75%) 57
Part of the leaf without primary vein)  Perlite X Humus)
7 3R 1(BERE 3(ARLbE 2(70% ~T75%) 43
Part of the leaf withpetiole) Perlite) No treatment )
8 3w 2(Bm L 1(ZEZR) 3(80% ~85%) 69
Part of the leaf withpetiole) Humus)
9 3R (B HRAEEM L 2(2,4-D) 1(50%) 16
Part of the leaf withpetiole) Perlite X Humus)
K, 80 124 197 92
K, 72 76 28 102
K, 128 80 55 86
K Fo4 26.7 41.3 65.7 30.7
Average value
K, VA6 24 25.3 9.3 34
Average value
Ko FH6E 42.7 26.7 18.3 38.7
Average value
Ry 18.7 16.0 56.4 8

T (1) AR R (K) = AR B R AMA K< 100% 5 K, (K, (K B #5810 1.2 3 KPR AE ARSI R 51 R RN 2R (K,
SEIE KM K F AP R OR B R /DME) o (2) 1-9 SR AR AR 408 30, B 3 3 KF B ECA xR 1 FR Bk
HAEGE ARG C R 12 KPR [ E I 100 mg - L, U0 HHR R 07 BT

Note: (1) Planting percent (K)= Total number of rooted cuttings / Total number of cuttings X 100% ; K, was total of rooting rate in each

column of Level 1 and so forth K,, K, ;R, = Range (Difference between the maximum and the minimum on between K, , K, and K, average

values). (2) Numbers of cuttings from test 1-9 are all 30. Mixing ratio of perlite and humus is 1 : 1 on Factor B Level 3; Factor C Levels 1,

2 of hormone concentrations are 100 mg - L, incision dipped in the hormone solution immediately cuttings.

( Eurya Thunb.) , Bk ZE #H # ( Pteridophyta ) A 2 &t
( Pteris multifida ) 55 , 5§ Bt ( Compositae ) 28 25 % 2=
( Eupatorium adenophornm) , KASFE} ( Gramineae ) 4>
)& ( Eulalia Kunth.) 7 J& ( Erianthus Michaux ) %
LAY R AT e b Al e SRR AR 25 e 9, S AR B
Hi gt ISP RE /0N Ol IR i Y BRI AN ) iy bR
RIS A K R M A SR AT

3w s EN

3 HBREENRBEEN THEN TSN EE
R B IR

rb [ B2 B B B AR 9 BT 9 BT AR 9 e K IR
JE AR W o T DR AR AT FE b T 1998 4F M A= b 5 | Fb
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Fig. 1 Average rooting rate of each factor level

PR ARL R P AT AR PR A I, 45 2R 3 W AR K
i 35 1A R L R A 22 A S AT SR AR
b2k [ 45 B R A AR O S AN BEAE TR AR, MR
FI AR I3 A DRSS 118 368 A A= 358 R R 37 47 UL 445 i 1) 3
RGPk 5 3 YT | A b BE T B A A AT
WO IEH IF AL, RIEAn LA T4 B 52 8 20 A BE &5
o AR K ST A A A DT SRR ER, LA
A B A B DR AT AR R I R D 4 BREOR DR, R Y
W R AR M R R AT R PR A2 AT A A,
R I S PRI DR 3 R [ 5| el 25 st O 3
dr P T — A SR, PR KT H R 5 BT AR
RRIEFSERP BRI, (ER, bR R I 2 Y 7 A

x3 MASIMRERERERRLFAESR

Table 3  Investigation of growth status and preservation rate of regression planting
e S
EM2 T ERLT T st 16 41 s 1841 SEH 36 1
After 2 After 7 X X bR A
After 16 months After 18 months After 36 months
weeks months R . . Number of blades
£ olanti £ olanti of planting of planting of planting
b3 T of planting ot planting
Treatment Repetition -
LS AR = THER (3= SER RIFR FEFHE HAe B
Survival Preservation  Preservation  Flowering Preservation Seed setting ~ Preservation Seed Dic 'i N lg
rate rate rate rate rate rate rate regeneration 1(dme)er FE";T
(%) (%) (%) (%) (%) (%) (%) rate (%) o
JEfE 1 1 100 36.7 7.3 0 6.7 0 3.3 0
Population 1
Il 96.7 55.2 6.3 0 3.4 0 3.4 0
| 100 50 10 0 10 0 10 0
e 98.9 47.3 7.9 0 6.7 0 5.6 0 2.5/2.1 6
Average
JEHE 2 1 100 76.7 66.7 45 66.7 40 26.7 25
Population 2
Il 90 96.3 66.7 33.3 66.7 33.3 222 50
I 93.3 60.7 42.9 41.7 39.3 36.4 10.7 33.3
Ty 6.3/7.5 12
94.4 77.9 58.8 40 57.6 36.6 19.9 36.1
Average

T A 1 YRR RO AR S T A 2 R AR AR S E R, T,

Note: Population 1. Ecological population of secondary forest of Eucommia ulmoides and Amomum tsaoko ; Population 2. Ecological population

of primeval forest. The same below.

Yyog WA K B S5 AR OB Rl AT 78 200k — 2 ek, oAy
AR ST A S BT IR A S R AT BRI SR
32 HEMAAFARALESHEMNEUERH
BHEERE

M PR K T 2 1) B O A 4 R AT DL 2 A B
SN B IR I3 A1 A R BN 22 0 R AN UL T R 5
A0 DR A AR MR 9% b, I AE BT BT R /A A

e SROBR i B YA AR DX LTS [ 09 5] b
5 A AEL R A 15 PR A7 3 ) AR B s 17 A [ B &5 2R
FEL) 0 ol K 44 s 00 90 1) P DR 2 A B B RE I YR
A5 BT Wb 4 AR 3 0 5 58 4 RE T R B, A1 IR 2
NGB IR 9 Bt 3 B A B8 B A2 %
DA A 25 A 35 S il 28 A A5, 0 T DR 2 5 b e 2k
IR AR UL, FhET RS S R R
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L2 FE R, 2. 7T D ARTER,; 3016 A RTER,
4. 18 MAMRER,; 5. 36 MHRMER,; 6. X,
7. GESR 8. KT TR,

Note: 1. Survival rate of after 2 weeks of planting; 2. Preservation
rate of after 7 months of planting; 3. Preservation rate of after
16 months of planting; 4. Preservation rate of after 18 months

of planting; 5. Preservation rate of after 36 months of
planting; 6. Flowering rate; 7. Seed setting rate;

8. Seed regeneration rate.

B2 [ 5] R A S A R BRI
Fig. 2 Growth status and preservation

rate of regression planting

F 4 [EESIMEKRM FERRKR

Table 4  Leaf growth of plants of regression planting

4b 3 e st -z I g
Treatment Blade length Blade width Number of
e (em) (em) blades

JEHE 4.2 4.6 3
Population 1

JEHE 2 6.1 75 13
Population 2

ZW A R A B U7 7% ((Conan, 1998 ; Griffith et
al, 1989 ; Pavlik et al, 1993) . ¥ Z Wi a9 Fh 1Y Wi &
B R A F 5% 45 R B, NG sh A H SRR E
SO s R B TR K R AR B B B E AR
TR A PR 2R 3O A 1 D 28 AR A (B A
2008) iy AR Bk I S M e AR R R O R B A
RENHEFTER , AAERETELARRE, KA
Y A1 P 5236 % R 2R AT I 60% LA 7E
SRR RAF A BB (%24 ,2007) . i Ak
R A 1) B AR A RO T UL A AR AR U

HYAE PR BE % 1E 5 JT 4B 45 55, JF 76 45 56 09 B0 A R
S BEve AT R R R ARk, SEOr B E
PR RK T SR WA A 118 2 2 PR AR AR U ) L A
RAEIRTF BIF RN RS T
33 FIMREFESHMERPEESEMRTIFEREP
HBEREREZ

PR R SR E AR I A O Bl bR
WAk EJRTRARTE B\ A AL AR R T
R FT R K AT E S, FW IS H T
FAER B AR £ PR Sy B R o A
M, IF B IF AR A BT IR, & R 2 B A i
AR5 B8 T 2 5 W I 46 55 %) oy AR R TR 3 T LR A
27 JE H 4 5t 35 3 R A7 1R 38 78 T BE Y 5 v
LS, TEFT 1 B 3R 15 02l i R A A
T AR B ) HE A bR T A SR AR A Y A AR
PRIELA B KIS R 8 52 52 AR SIS ) E
FAR DR DX HE AT g 3tb R 37, 5247 3 L DR A7 5 3 3
PRAP 25 B 15 i A BE EL TE A RO DR 3 AR AE ol AR
K I S 10 35 A5 o BT B U
34 DEYEERESNENERP AEM, 5RO
B MEXHARRMBEERENE

PR BT Y A A B IR I TR AR AR AR
P RE R, HLRA AR 26 5 S P 2 0 L e 2 XL A
A R ARAMAE I RE TR o e 1A ) 0 % 2 e
TE IR R A 25 BB I vy bR S K O SR it L AR A7 1Y
SR AN % AT, R b DR A7 00 20 LUAE W) Vi B A A
BEr PR S B al o Bl A FR R R A2 AR, AR A Y
JEREAAERE 1 & A28 Ak, PR Dy X BR 55 1 28 Ak
W A W) 19 A= K T 4B (Horvitz & Schemske,
1995 ; Damman & Cain, 1998 ; Endels et al,2005; Le-
htila et al,2006) . )] A= 25 30 5 19 1B 1k + 43
SR T LR Vi 100 52 5 1 LG T 7 VA S 108 R O A M R
L PURRE A P AR A A3 B HE S R AR
FEL ) 5 5 P BE AR 52 1E A0 5¢ ( Hans et al,2002)
T B A 0] U1 51 Ao 3536 20 45 400 26 ) 2, [l 0 A ke
FOATE Y BEATT | 35t 1% W BT S AR R ) R 1P 4
REMR S 3h 25 5 B4k SR AWFIE )R 53 SCHalE , JF
fi vy A PR A 1 A 2R BORT B ok [l ) 5] A
PYEENL i e ) S AV NICINE R F 5N W SRS Al
AR B S 3L T B
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