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Effect of environmental factors and grafting methods on
grafting success rate of rapeseed ( Brassica napus) seedling
FAN Yong - hai® ,CHANG Wei® ,ZHAO Bin - yan, WEI Si — yu, DUAN Hui - chun, LI Jia - na, LU Kun "
(College of Agronomy and Biotechnology, Southwest University/Academy of Agricultural Sciences ,

Southwest University/ Rapeseed Engineering & Technology Research Center, Chongqing 400715, China)

Abstract ; Orthogonal test and quadratic orthogonal regression experiment were used to analyze the effect of en-
vironmental factors on seedling grafting of Brassica napus. The condition included moisture, shading, day time,
cotyledon removal or not, temperature, relative air humidity, with Zhongshuang 11 as the grafting material ( stock
and scion). Three different stages of rapeseed seedlings were grafted by flat, splice, hole insertion, side, approach
method, respectively. The best grafting method for each stage was comprehensively evaluated. Results indicated
that among those environmental factors, the moisture had the greatest significant effect on grafting success rate, fol-
lowed by shading. However, day time and cotyledon kept or not had little effect on success rate. Quadratic orthogo-
nal regression analysis of temperature and humidity showed that the optimal temperature for healing wound was
24.4°C and relative air humidity was about 88% . Grafted seedlings were easy to develop adventitious roots on the
wound healing of scion under high air humidity, and reducing air humidity appropriately could inhibit adventitious
root. The success rates were more than 85% among the 5 grafting methods when the seedlings were grafted at 10 d.
For 20 — day seedlings, the success rate reached 93.3% using the approach grafting, while the flat and splice was
56.7% and 46.7% , respectively. The success rates of 40 — day seedlings were significantly decreased under the
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5 grafting methods. Success rates of approach, hole insertion and side method were 45% , 35% and 23.3% , re-

spectively, while the flat and splice were only 13.3% and 10% respectively.

Key words : Brassica napus; grafting; environmental factors; success rate
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Table 1 Two —level orthogonal array with 4 factors for
comparison of different environmental factors

WA B B2 BW3 A4
Experiment group  factor 1 factor 2 factor 3 factor 4

1 Al B1 Cl D1

2 Al Bl C2 D2

3 Al B2 Cl D2

4 Al B2 Cc2 D1

5 A2 B1 Cl D1

6 A2 Bl C2 D2

7 A2 B2 Cl D2

8 A2 B2 Cc2 D1

AR TOBRKAD) AL RKOBRR, A2 DGR A8 5 2 GEDBAL ),
BI R, B2 O 8 i 3( 7L W) ,CL AL T, C2: 70t
At 4 (JRIBAME) DL AR, D2 R, T [

Note ; Factor 1( day time) , Al :long — day(16h) ; A2:short — day(8h).
Factor 2 (shading) , Bl :no shading, B2 :shading. Factor 3 ( cotyledon re-
moval or reservation) , Cl :cotyledon reservation, C2:cotyledon removal.
Factor 4 ( moisturizing condition) , D1 :no moisturizing, D2 : moisturizing.
Same as below
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Table 2 Quadratic orthogonal regression experimental design for temperature and relative humidity

R KT K] R KT X T R R
Experiment group Temperature level Humidity level Temperature/°C Humidity/ %
1 1 1 26 90
2 1 -1 26 50
3 -1 1 18 90
4 -1 -1 18 50
5 -1.458 1 0 16(16.167 6) 70
6 1.452 4 0 28(27.81) 70
7 0 —-1.459 8 22 40(40.804)
8 0 1.468 2 22 100(99.364)
9 0 0 22 55

AR S P E NIRRT St T b JCE 8 R A B2 A 0 16 h B8 S F 3 i A ) R HU B
Note ; Reference values in the experimental design were in the brackets. Due to the fact that this condition could not be precisely controlled as the experi-
mental design, close parameters were used in this study
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Table 1 and Table 2, respectively
E1 FREFEERIEZIRENIE S E IR RER IR
Fig. 1 Grafting success rates affected by combinations of
different environmental factors in orthogonal experiment
and orthogonal regression experiment
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Table 3 Range analysis of grating success rate affected by different environmental factors

Th K1 ¥ YN B B R T R
Variation Level 1 Level 2 Minimum Maximum Range R Adjust R
A 0.630 5 0.622 5 0.607 0 0.689 1 0.057 0 0.082 6

B 0.5812 0.666 8 0.5812 0.697 0 0.085 6 0.125 5
AxB 0.573 4 0.674 2 0.620 3 0.676 1 0.063 0 0.090 6
C 0.6122 0.614 4 0.641 1 0.661 1 0.019 8 0.027 8
AxC 0.6359 0.639 8 0.630 4 0.671 6 0.023 0 0.0339
D 0.4349 0.824 1 0.470 5 0.771 0 0.359 3 0.5217

2.2 BEMEIEENFKETERNZNE

TE 2. 15 3 AbFE (KIEHR/ M/ AN i/ £
W) MRS R, TR IR BE N 25 AR R B X &) 1 1
BRI . R 1 IEAS IR HAE 1,
AR PR & 8 (22°C/100% ) T M) H b iy
KN T 88.3% ;MR I A 4 (18°C/55% ) T 1K)
R, B 33.3% o f ot o] WL, 552 AN B ) i
EARL NI RIS AL N,

SHARGEAE A H W TR I R I T R I R
MBE A, X T KAE A [ 4 A AT Rk 2 30X (]
PG o 4B 2, 0L 15 R P8 %ok o i 5% T
FIEE (X)) AR R (X,) 1 el )3 88 780 Jy i X
Y=0.8385+0.0778 0X, +0. 165 8X, —0. 095 3X,,
—0.111 9X,, +0. 040 OX, X, . 435X} i B FE B 3F
TR R 7O (B 2) AR BAE A (1 3) , A
HH R BT x — y TR LLE Y I3 8
SR RN A A X ) Y R ), LI B X B o

ST B s O, AL 38 A7 7 e R B A 4 il X ]
TREETE 0(22°C) 3 0.4 (23. 6°C) X [i] B T o i
M TE 0.5 (80% ) F| 0. 8 (86% ) 72 47 )i Uy K fix.
B, ORI A5 90% L F (K 2) . RUH T HAE
SyBT R 3) |, B2 56 bl 4 ek B R0 B 1) e [
AR RAAR , P TS R 2K SF-_E A B, % ity 6
BIKFEM o [F]— BN 2R R 22 A AN [ 2K A T
IR AR A X [R] , B I B (MR ) A2 e —KOF I,
A ZAMRRE CIREE ) X Rz DX 8] 44 B[] — 7K~ b 8
DR (1 3) o B LR, W B AR TR X ) 1Y)
JCE A B SRR T 1E X 1], R ol B R ek 1) 3L A
MRERATEIE X 0], P 7 3 M 2 0, 24
(X)) A2 AL IX A 55 T 0. 619 8 1B (X,) 55T
0.887 2 (i 24.479 2°C i 87. 744 0% ) I}, i
TRk F] 98.62% . HhFiX — 4 IR AR i (oK
TE 12 AR 36 P, A B TE I oA 435 SR 0 AT S,
BB IR 24°C IR 90% 156 2H X 43 b 45 SR 64T 36



520

P E R R AR

2018,40(4)

HEIRS , B AIH T 95% Jid .

¥ M
0.8 1

3

&

8 0.6 - —o— it ¥ Temperature

&

R P2 Humidity

B 04

®
X T T T n-” T T T
-2.0 -1.5 -1.0 -0.5 0 0.5 1.0 1.5

2.0

T AL X R AR BS Be AR Ak B 283l 5 i R RSE B0 22°C BB IX ] 4°C 5 28 AT E 2K BER 70% , A8 AL IX A R 20% .

Note : The range of variation is the variation of experimental design fluctuating at zero level; the zero level of temperature is set as 22°C , and the variation

range is 4°C ; the zero level of air relative humidity is set as 70% and the variation range is 20%

E2 BEME

BRI R BE TR X - Y & E
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Fig.3 Contour map of grafting success rate affected by interaction between temperature and humidity

2.3 FEEHATEEER ENFEFERNIM
HEF 2.1 F12.2 ek 10d 2 A5 HEER SR S)
P IRIRER T4 SR TR Rl 5 5 A 1 3 ol
JE£(24°C) IR BE (90% ) FE 25T, XEANA] A i
IS4l 1 (AT 20d 7K 85, 20d J5 RS R BN AL 4 £
) 73 590 LA U0 AN [ 69 904 T3 TR EAT AL 0 AT, A
WA AN [ 303 40 7 PR B AR H T v o WSS R 3R]
([&14),10d ZEAT A E (1 ~2 B0 78 TR
7 HP A R I U 5 R R A e ik
B 90% LA L, R A H R ) 12 A Sy 85%
ZEAio 20d ZEATI AT (3 ~ 4 H ) PRI RHE
THE IR E AR (1 — test, Py =0.002 5 Py,
=0.005 5) , AHXS T 10d B ERAR T 40% ZiAq s

L SRR (£ — test, Py, =0.028 6) A0S 10d 1
HTFEAR T 7% 2247 5 100 53 Ah = RG22 7 1 i 1l %
LA K AR FE I FAT50 90% L) Fo Xf 40d 1Y
SRR (6 ~8 FEM) , IR E R N 1 B
EREAR (1 - test, Pyy =0.001 5. Py, = 0.002 9,
Py =0.008 1 Py =0.000 4 Hl Py =0.004 1),
PRt 50% - M ARHE R 21 % 20% LUK, il
ARG 2 B AR5 23. 3% M1 35% , i w L KA
45% o 3R 3 AN B T Y v S A B R )
LEAE AT M 2RI, Bl TSR 08 A I Ik i P 2R
FETRE, TR S D m G ae ) FIEA K. Al —if
AN [R) P B 42 7 3 6T 18 ) 238 A T Sk P9 2 i, LR 1
8 7 S e Y



AR MR IR A AR Ty ik B A R 4 G R R0 e 521
10 104 M 20d [ 40d
B i =
g 08 u
g 06
= EE
n
¥ 04
—S\ L
=
0.2 i ok m
LlMm [k [N TS N
S P i kS T
Flat Splice Hole insertion Side Approach

NIF 645 7T ¥+ Different grafting methods

T FRBEAKE, = = TR B E KL

Note: * represents the significant level, * #* represents the highly significant level

& 4

TR IR 77 R X H R B i SR A B Bt A 4 v S AR A T R R R0

Fig.4 Grafting success rate affected by 5 grafting methods in different B. napus seedling stages

3 i
MG N 2R I R E 2 T7 H Y, iR AR
BERBI AN ) S B A A TG ) PR R D R R
PR AR SR b R 2R BN Al R A
WLEEEENUE S SEN IS S DIk N T o &
Gy o AWFIER OB 1T AR RE, HERR
TSR JE RGN 20E  h TH R
SN —AEAAEY) R TE v 0 A= i 6 i [ P
WAHRER 1 il A5 B B A= Ay 16 7 X I B i) Y
A

Marsch — Martinez %' ZEA5 2 490 401 1 O 16 42
WFFEH, A B H IR R T I R R A L 5Bt
MR HAR I 208 T T AR . ADFFE T
1 ~2 JE 0 H iR SR IR A T4, B 25 T I R I v
JLIHZMEAR T 1 e v AH P 22 0N 2, i
B P2 B OO B I S 4 LR R R /N, T
ABIE i T TR il S 4 v ik L S B SR
JBT, MRS I 7~ I & AR 52 5 B B i, PR 2
P I B IR A5 R M /N o ASHIESE PO IR O
R BSR4 I 3 A I U R A R, B
H R A H BT & A A T e DA G, X
T RE SNSRI HE 1 55k 24h (1 SRS b 1S | 75 S5
1158 Z2 651 FB R L 1 0 o LAARE 39 Je e 495 11
A4, 5 Marsch — Martinez 25" [ 2536 R R, i 5
Ostendorp 2 45 SFARL, 76400 RE T A 15 12 P40
TSR I T R A0 SR I R AR I B 3 Y
PR R b S R T Ak 3 B B T A 2 T 1 K
Pyt ARSI R T IR BT U S5 12 )
i HAE TR AT T I8 U R IR A e R TR

7K X TR I A O A R T AR A
CH A ) o (E7E B A e A, kg
PRAR AT BE 23 78 55 42 B0 20 A 1K 4 i A
HRE2T o AT T sk XA X R 4 B, IR B A R
TEARRRIE 100% LRI 24h J5 , 38 25 B AR 0 8 2
REA IS 2 MR A=, (H X — AL B Al AN T A
(v o AT A 3, o) J6 e v R A7 PR IR A P BE 4 v
IR A )8 X AT RS H TR AR A 32 2404
J& , 38 2 AT R A P R AEO' BRI R A ) A A
QAR TR A A BT AR ST . it
HbAE—E Y0 PN 24 B e T A R T R A 4
A R ( Cucumis sativus) T 7E 20 ~
25°C g4t JaE T B (Solanum lycopersicum)
TEAIRAEE 26°C, B AERR 16°C A 1) T 15 52 i 10 i
AL ARG T R Y B DR R0 43 B 2 T (
2) , H #EBIMSRAE 22 ~ 24°C I, B A T IR T A
AR A G . B ThREMREAEEFECR,
Xof LRG3 ATIN 30 1V 2% B R X 068 4 B B R R 5
M) o 3ER 3 o 3l B8 AR B AR - B 3 A R T, 2R
J¥24.4°C JRJE 87. 7% W I A de ey, IR 3 1
95% VAL, Btk i (IR N 24°C 1R 90% #E4T
) AR T A A B P

TERN P T B AR 2RI 3 ik b, Y B 1N
REOK VI8 CF8) MBREEZRM&E . Yin
A2 Turnbull B 78 ZE A1 4 32 BOR BEAT T 8k
HE, 38 OB RN 7 % 20T R R T i
PRI LI 4 = 3 80% US4 v 01, I U0 45 L B
Fe AR JBAR Z5 4 =0 7 B 0 AN [ AR K A 4
A, R RZEHAAE 0.5 ~ Tem PIHE UE b m , 18
F 65% ;T ZEHAE 1 ~2em BFEE TR Ry, i85



522

P E R R AR

2018,40(4)

60% o A [H] 1 B 42 Uy ok R BE R 9T T o
10 PG R ( Citrullus lanatus ) ™ 35355k
AP e fieh AHFST R, XS 3 AR )
A H R TR ) 05 2 AT e, Hovp, 10d 2
AILIHIAE S R TT 58 T YA B i R 36, 3R W]
XA I 4 i S 2 4 T B ) B iR 5 20d 28 A Y
YHT, R Bl e P 83K 5] 90% LA |, {H -4
FVRHEHREA AT, X 02 1 T e A AR TE T B AN
AR R A T B R R, M R T RS AT R
BHAR LA 40d J5 Yl S AR LR g 3 7 s
IR AR, F ISR BE A B i g, i S iy A
Phte )1 AR TFNERR A SR A ) W RRAR miis Y
MEZ R =, 75 8 > 4l > 4% > RHE > P8
BRI SRR 8 I R S 2R G o, R LA
A2 2 45 SR AR i R e s AR K 3
AW, RAEEE R ERK— AU B
B, R A HCRAANR B0 o TEAS A 1 e e 4% 5
TG IR T REA RO = G H L R

4 %

T B P L VEE R B R I A 15 A A 1 i 22
SR, 2 SR BB AN, X0 O s e A il
KA A% e R 2R VAL BE 24h REfE U 1 & 4
QUERK . HIERGMAAED AR N (2 M) dRead
F R (BB R O3 AR A D S e )
W TR LRETE, BIAPAN(L ~2 FEM) [
A PR BRSO 53 e (3 ~4
FLIFY]) A0, SR G 1235 s B BLAR R s —
A H &I R R R R BN T

S 3K

[1] Tsaballa A, Athanasiadis C,Pasentsis K, et al. Molecular
studies of inheritable grafting induced changes in pepper
( Capsicum annuum) fruit shape[ J]. Scientia Horticultu-
rae,2013,149.2 - 8.

[2] Rouphael Y, Schwarz D, Krumbein A, et al. Impact of

grafting on product quality of fruit vegetables[ J]. Scien-
tia Horticulturae,2010,127(2) :172 - 179.

[3] Josefa L M, Alberto G,Francisco P A et al. Grafting is an
efficient alternative to shading screens to alleviate thermal
stress in greenhouse — grown sweet pepper|[ ] ]. Scientia
Horticulturae ,2013,149 .39 - 46.

[4] Consuelo P,Sergio G N,Ana Q,et al. Some rootstocks im-
prove pepper tolerance to mild salinity through ionic regu-
lation|[ J]. Plant Sci,2015,230:12 -22.

[5] Tsukaya H,Naito S,Redei G P,et al. A new class of mu-

(6]

(7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

(17]

[18]

[19]

tations in Arabidopsis thaliana, acaulisl , affecting the de-
velopment of both inflorescences and leaves[ J ]. Develop-
ment, 1993 ,118(3) ;751 - 764.
Rhee S Y, Somerville C R. Flat — surface grafting in Arabi-
dopsis thaliana[ J]. Plant Mol Biol Rep,1995,13(2) ;118
-123.
Nisar N, Verma S, Pogson B ], et al. Inflorescence stem
grafting made easy in Arabidopsis [ J]. Plant Methods,
2012,8(1) :50.
Turnbull C G N,Booker J P,Leyser H M O. Micrografting
techniques for testing long — distance signalling in Arabi-
dopsis[ J]. Plant J,2002,32(2) :255 - 262.
Huang C,Yu T S. A pin — fasten grafting method provides
a non — sterile and highly efficient method for grafting Ar-
abidopsis at diverse developmental stages[ J]. Plant Meth-
ods,2015,11,38.
Marsch — Martinez N, Jphn F,Karla L G A, et al. An ef-
ficient flat — surface collar free grafting method for Arabi-
dopsis thaliana seedlings[ ] ]. Plant Methods, 2013, 9.
14.
Hassell R L, Memmott I, Liere D G. Grafting methods for
watermelon production [ J ]. Hortscience,2008,43 (6) ;
1677 -1 679.
Abu M D, Abraham A, Julius Y, et al. Genotypic effect of
rootstock and scion on grafting success and growth of ko-
la ( Cola nitida) seedlings[ J]. Am J Plant Sci,2014,5;
3 873 -3 879.
Filek M, Biesaga — Koscelniak J, Marcinska I, et al. The
effects of electric current on flowering of grafted scions of
non — vernalized winter rape [ J ]. Biolohia Plantarum,
2003,46(4) .625 - 628.
(EE A NS O R N i R | B e
S A R MR BT ] R 2441, 2006, 32
(8):1244 -1 247.
Ostendorp A, Pahlow S, Deke J, et al. Protocol ; optimisa-
tion of a grafting protocol for oilseed rape ( Brassica na-
pus) for studying long — distance signaling [ J]. Plant
Methods,2016,12:22.
YRRt , ST A, X AT, A5 W TR o o ) A L
e oo A K R B R [ ] b e E ) o7
4%,2009,31(2) . 185 - 189.
SRHE . SR A2 7 5 01 5 AN TR) H 28 il i 2k TR 7Y
R ZEFALHI LD ] . BB A gl R ,2007.
Giavalisco P, Kapitza K, Kolasa A, et al. Towards the
proteome of Brassica napus phloem sap[ J]. Proteomics,
2006,6:896 —909.
Pant B D,Buhtz A,Kehr J, et al. MicroRNA399 is a long
— distance signal for the regulation of plant phosphate

homeostasis[ J]. Plant J,2008,53.731 —738.



TE AR IRBL B A Ao 7y i 2 A ok R 4 AR R A e

523

[20]

[21]

[22]

(23]

(24]

[25]

[26]

[27]

[28]

[29]

Buhtz A, Pieritz J, Springer F, et al. Phloem small
RNAs, nutrient stress responses, and systemic mobility
[J].BMC Plant Biol,2010,10:64.
RJA S, WG, DPS i b BRS¢ - L st Seit
OIWT RAEAZ IR M ] b 5T Bk i hieat:,2007.
Erturk Y, Ercisli S, Haznedar A, et al. Effects of plant
growth promoting rhizobacteria ( PGPR) on rooting and
root growth of kiwifruit (Actinidia deliciosa) stem cut-
tings[ J]. Biol Res,2010,43(1) :91 —98.
R, TR AL SF MW IR BRI Y
PERLT]. YR ,2012,33(5) 1962 - 967.
Mun B, Jang Y, Goto E, et al. Measurement system of
whole — canopy carbon dioxide exchange rates in grafted
cucumber transplants in which scions were exposed to
different water regimes using a semi — open multi —
chamber|[ J |. Scientia Horticulturae, 2011, 130: 607 —
614.
XV P, R, B AR ) Tk i R T 5 L ) 4
FEHERELT ] W TLAMROR 55 4k, 2018, 35 (3) : 552 —
561.
Yin H, Yan B,Sum J, et al. Graft — union development:
a delicate process that involves cell — cell communication
between scion and stock for local auxin accumulation
[J].J Exp Botany,2012,63:4 219 —4 232.
X URIH. 5 PR R %o Al R 2R SR I
FHER D], Junt: o EAOL R B, 2015,
WRIFl 5 , 2 AH 6D , P , 25 D8P 5] % 35 TR XU AR
IR TR R [ ] R, 2015(9) 39 -43.
Vu N T,Xu Z H,Kim Y S, et al. Effect of nursery envi-

ronmental condition and different cultivars on survival

ts

rate of grafted tomato seedling[ J]. Acta Horticulturae,

[30]

[31]

[32]

(33]

(34]

(35]

[36]

[37]

[38]

2011,1037.765 —770.

M AR X AR ORI R R
[D]. M . MK ,2006.

R R Y18 1) SRR 1k AR S0 ) I 3 1 X il T
ARAE R D ] HM T R Ak K2, 2008.
hIbeate, ) 2 D AN [v) ik B2 A B X 068 4 B N4y e A B
R me [ 1], Ak T /2240, 2008,24 (2) : 219 -
226.

RRIHIN, I, i DS B 5B 8 I
BRI [T ]. PUIL R o7 4k, 2015,35 (3) 1 493 -
499.

WA« AN TR 4 T 12 o GG i i 23 % A BRSE ) LE
BB D] HER : PY R R ,2010.

Leea ] M, Kubotab C,Tsaoc S J, et al. Current status of
vegetable grafting. diffusion, grafting techniques, auto-
mation[ J|. Scientia Horticulturae ,2010,127 ;93 - 105.
Ranjith K, Victor J, Ilango R. Impact of grafting meth-
ods, scion materials and number of scions on graft suc-
cess, vigour and flowering of top worked plants in tea
(Camellia spp .) [ J]. Scientia Horticulturae, 2017,
220139 - 146.

Parlak S. Clonal propagation of mastic tree ( Pistacia len-
tiscus var. chia Duham. ) in outdoor beds using different
rootstock and grafting techniques [ J ]. J Forest Res,
2018,29(4) :1 061 —1 067.

Yuan H W, Zhao L.,Chen ] J, et al. Identification and ex-
pression profiling of the Aux/IAA gene family in Chinese
hickory ( Carya cathayensis Sarg. ) during the grafting
process[ J]. Plant Physiol Bioch,2018,127 .55 - 63.

(PTG Fh722)



