#30% 3
2014 4 2 H

& L %
Transactions of the Chinese Society of Agricultural Engineering

Vol.30 No.3
Feb. 2014 43

T2 S SRR A A SE 7L FE R
s g F 4% L é?—ﬁ'{)’;??, 2. = 3

(L. fE ANy TR BN RS, T M 510225; 2. fEmRdb K%k, M 510642;
3. AR AR MY R 7 AR MV UM 5 %% £ BB AR A L B B T A SE G =, )M 510642)

1 E. EVCERHTIE BN T, ARG B R ARG R e B T R KGN N ARl e
FITE BN . A2 DORRIG R B 3 A AR R —— R SR PR 4, SRR LR
ARIGEALIPEHAT T 15301 S AE ISR B S UG PR A R R A R B e M ) ¥ A8 5 A 5 AT 00 ==
Fml b, R RGBT ARG A A K S AR PRSI TS, W TR A K PR S MR, &5
GINERE G T EER: A ARFT FLAE b i 3 285 BE 08 S R T Mt AN gk G b N B, P i e i ARG L AR
KA 75°, T LRWTE T IEAHEG R G, RIS MR ARESLAE R 45°~75°m, HLUUIETH
JIRIEE SRS A G %, VB RGAIT AL A 4> 5k 45°, 50°. 55°. 60°. 62°. 65°}% 70°, AT T e tfg
S, RIGEERRM: UEARIELARE N 60°RT, FEARARBERE L REE, RSP EEEL R S, &
R e, BLGHEET N s Rl ik 91%.

KR A8, RPN RIS FRE; AURAEHEE, TMF4HE; BEAA

doi: 10.3969/j.issn.1002-6819.2014.03.006

hESES: S233.74; S606.9 XHEFRERD: A

OHE, FiBfE, £RE, F FRHERERMEABLAENBEN]. KU TiEFIR, 2014, 30(3): 43—49.
Ma Zhiyu, Wei Hongyu, Mu Yinghui, et al. Determination of insertion angle of hole-insertion grafting method by
grafting machine[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2014,

XEHS: 1002-6819(2014)-03-0043-07

30(3): 43—49. (in Chinese with English abstract)

0 51 F

Bt B AR b (R PR AT, BRI T
e YN S SR S LA AN S HAANE: (1 ¢ S sV
T35 G SR I A R RSB EER
A R T, e A 7 S AT A )
AR DT AN SRR IR L R AR
SR DRI AR S T SE AR e WU A 2
(RIS 5 R 25 R 9 1 7 A

TSR R kAT LR, KA AT A
QAR SR SEECRIVEAS, JF AT At vr
LB T e L THZF R 0 A A i
TorE A EY) . VIS5 5%, 2 H e IR
W e LR K g e,

HI 7 TR G e AR 7 b i I R I oA

WA H . 2013-06-27  #&iTH): 2013-12-23

FEETH: | R RN RIS - R AL N TR
I SRYE (2013 4F)

TEF T BHRESE (1974—), & (PO, LT, FIFHR, i, 3
RN TR ] RA M E AL TR 2B ML HL 2% Be, 510225,
Email: mazhiyu2002@hotmail.com

KIMAEER: 5 4 (1963—), B (B0, 7&K, #d#, WAAER0,
FEEMNHFIACE PR/ IL . M R AR K2R TR b,
510642, Email: sug666@sina.com

KA TR BRGNS RS . JRRER K
B HAAAE LU R IE: — 2l R 5 AN IRl &
R ZEAL BRI Rl AN kAl A 7 o 1) 47 A
B, — B R R b B AR,
RE R R I R I R AR, UK
W DRI ORAUE T SR A A 12 1 T, AR TR A
B TR K A P ok — A G PR R 320, R
IR D A T2 AR 4 0 o R v il A 4 L A 3 A
JE, e BRI B RE v, 8 el 8 4
1N 87N e N R = A N TPV TSN 4 PN T i
G TR,

AE AR SCH B X T 25 R 4 3 R R ol A 4 AL A
JEREAT TRTTE M. 1 SEA I B R 7 rBoA R IS
H R AR SRR B AN LA 25 RO Sl AR A=
KRR LT S KA T TR ST, AR EA A
BT RRE G AR G, DAR IR R R &H 1 S50t
o AEANFIEALA BE T XTI RHR G P RE AT T
WETLIIMT, IR BT SRR 2 5 4

1 SMERFEZS R N ARRER= 45 0 A

1.1 MR EEZE
BRI b A B Dl 2R 15 1 B e AR
) ¥ 25 B RS R TR R R I Ukt 50 5 4%



44 Rk TFE24R

2014 4F

T ol by ok BH 2 3 S0 A b = BB A B 2 =] fR 7 IR
CRAE D) Az (3 35) o

AR E W K KT R RA R g R BT
50~55°C (/K HiE i 12 h, SR )5 s K vEd 1
LM, Z G TBON 28°C HITE IR AR I 25 . #5Fh
THK A 0.5~1 cm INFEM T 72 AL AN, K
ANTABEEHENEITER. N LAEEHEN
B R B IR 24°, JGEINE Ay 8:00~
18:00, JGHE AN 10 h.

PREE T AR E T, (AR RTR
M 1 AN AR

TRE AR R 2 b, W 2 i
UM, BRI S A TS 1 BU NI R 2
IR A E B o AT R A IS
W) BOREA FERI R (bR . IR et
5 P RN B FE AT T IR /0 b, JRE BOGE MR
SO 3 S X s A T R A S RS B R ) Rl
AR IR A L Z G ) 5 T S AT 1O

b. S R A
b. Cucurbita ficifolia B.

a. PR I I A

a. Cucurbita moschata

1.2 #ER59H

i 1 (la. 1b) FIZE 1 w40, ZEXFRIIUFIA
KT B I JUR At B 0 PR A G R AR TR0 (1) 6
SEBEAR R 21~2.8 mm, KAPEREAN 2.8~
3.8 mm; HURFIIRHREET AR VUL (K 10
KPR EE R 1.469 mm, KU FIKEE 1.73 mm;
PR R SRS BT T AR (B 1d) MR KAl
SF34174 2.008 mm FEHIPFIAMESN 1.4 mm. f1ER 1 0] %0
i AT 15 P P48l 73~83 mm, 156 51
BIER 26~31 mm. 18 KGR SERHE G
o, O TREREARAAC i LR, TR AR
rotaEEt, FEHMORR R e, DT
ATREARFTFLAIRERE R VMY, IR AR R A 45
P RS EARIERE . T RV il e S TR e vt
PSR . SRS R 26~51 mm, bRtk
iz K 0.2~0.3 mm, §hFREZE EE G MR L
Al ST 2253, AEICREN U I AR T 205 e
(RBAL BAT— e otk A A

c. BN d. P
d. Watermelon

c. Cucumber

B 1 44 W e i 2MALE B
Fig.1 Cross section microscope images of grafting seedlings
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Table 1  Structure parameters of grafting seedlings

HfE 5 H4 Structure of hypocotyl cavity

Tt T KL AR EK T 2 ABhR
B Hypocotyl e p ZN ax
X M RS Cotyledon/mm diameter/mm BIEATRE oo point Growth point A=K A5
; Axis Hypocotyl Lipixel 2pixel T A
Days/ Height/mm . ; pixe pixe 15 K A
height/mm K T cavity a
‘ #51 % Fetus long Fetus Short  01amete” X, Y X, Angle/(®)
Span Width  Fetus long Fetus Shor mm 1 1 2 2 g
axis axis
RN
Bk Cucurbita 20 89.05+1.31 73.43+1.18 83.47+£1.27 26.34+0.53 3.76£0.04 2.82+0.03 0.80+0.17 24.63 -96.41 -21.24 -103.30 75.32
ficifolia B.
RO I
stock X
Cucubita 20 78.98+1.08 68.11+1.02 72.94+1.56 30.75+0.53 2.8+0.043 2.12+0.03 0.42+0.01 17.16 -89.24 -18.50 -85.48 78.46
moschata
HR 14 72.41+0.94 62.16+0.94 51.61+1.22 15.06+0.33 1.73+0.02 1.47+0.02
%  Cucumber
Scion PR 14 8140414 81404145 26.22+0.79 9.70£0.24 2.0140.04 140002
Watermelon

e £RRhRAEZE; AR AR LARE TR T A it

Note: + means standard deviation; The origin of coordinates is the peak of pumpkin hypocotyl cavity.
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Fig.2 Growing point cross section of rootstock
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Fig.3 Internal structure of rootstock growing point
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Fig.4 Hole-insertion grafting method
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Fig.5 Hole-insertion grafting machine
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Fig.6 Morphological structure of grafted plants
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Table 2 Operation test data of hole-insertion grafting mechanism
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o 4 A Hole length 4 Cutting angle  Cutting length  cavity point to o, rafting/%
©) diameter  cavity diameter diameter stability/%
/mm /mm /mm hole/mm
/mm /mm /mm
45 3.21+0.16 8.18+0.43 0.93+0.04 85 100
50 3.85+0.17 6.35+0.20 0.69+0.05 80 100
55 4.10+0.15 6.83+0.17 0.45+0.047 80 100
4.58+0.07 1.22+0.04 2.25+0.06 15.29+0.77
60 3.92+0.18 7.30£0.13 0.52+0.05 100 100
65 4.23+0.19 7.07£0.15 0.41 +0.06 90 76
70 5.34+0.12 6.50+0.21 0.09 £0.02 100 10
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Abstract: Hole-insertion grafting method is widely used for cucurbit crops. The method establishes a very strong
graft union without grafting clips. The key of successful grafting is to make hole at an optimal angle in the
removed bud region so that the edge where the tool comes out through hypocotyls was below the opposite
cotyledon. So during the hole-insertion grafting, the insertion angle is an important factor for the quality and
survival of grafting plants, and mechanical stability. This study aimed to assess common rootstock and scion
grafting cultivation in pumpkin, cucumber and watermelon, and investigated the effect of the insertion angle on
the grafting mechanize. To achieve the objectives, structure parameters of rootstock and scion were measured,
internal structure of hypocotyl growing point was analyzed by image analysis technique. The model was
developed. The maximal insertion angle (75°) was determined by the grafting requirement that the insertion
should avoid damaging cotyledon and entering hypocotyl cavity.
The results showed that the insertion angle of perforate stick was not more than 75° for avoiding the insertion into
the hypocotyls cavity. The aim of this study was to develop the semi-automatic grafting mechanism for grafted
seedling on the basis of the hole-insertion grafting method and the insertion angle, which the grafting mechanism
was adjustable in the range of 45°-75°. The experiment was carried out for researching the insertion angle of
pumpkin and cucumber seedling using the grafting mechanism. In this experiment, the insertion angles were
respectively set at 45°, 50°, 55°, 60°, 62°, 65°, 70°. In this grafting processing, the rootstock seedling and scion
seedling were placed respectively in the rootstock clamping device and scion clamping device by operator, the
grafting mechanism automatically completed clamping, punching, cutting and inserting. This report investigated
shaping position and matching between the scion and the rootstock base on the structure for grafted seedlings by
using image analysis technique. In this grafting method, grafted cuttings will be rooted and inserted in a new tray
containing well watered medium, and healed at the same time inside a healing chamber. It is important to keep
grafting seedling in a high moisture environment during the formation of the grafting union and healing period. In
this experiment, grafted seedlings were placed in 95% humidity, temperature 26-28°C during day and 19-21°C
during night, and complete darkness for initial 3 days. After 3 days of darkness, light was added. The experiment
results showed that the rate of scion inserted into the rootstock cavity was low with the insertion angle of 60°, the
successful ratio of grafting mechanism was high, and grafting survival rate was 91%. This method was effective
in the view of punching, cutting and grafting process.
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