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Effects of cyclanilide on growth and branching characteristics of 1-year-

old apple plants

SUN Yiting, LIU Fuyun, MA Juanjuan, CHEN Hao, XIE Lingling, ZHAO Caiping’

(College of Horticulture/Yangling Subsidiary Center Project of the National Apple Improvement Center, Northwest Agriculture & Forest-
ry University, Yangling 712100, Shaanxi, China)

Abstract: [Objective]This study investigated the effects of cyclanilide (Cyc) on growth and branching
characteristics of the annual grafted apple plants with different scion-rootstock combinations. [Meth-
ods] In the experiment, one year old apple trees of four scion-rootstock combinations were used includ-
ing Nagafu No.2/M26/Malus prunifolia Borkh., Qincui/M26/M. prunifolia Borkh., Qincui/M26 and
Qincui/T337. The axillary buds of these plants were sprayed with 0.2 g- L' Cyc added with 1% DMSO
for dissolution. Pinching was carried out 3 days before Cyc spraying treatment in Nagafu No.2/M26/M.
prunifolia Borkh., and spraying 1% DMSO 3 days after pinching was used as the control. The Cyc treat-
ment in Qincui/M26/M. prunifolia Borkh., Qincui/M26 and Qincui/T337 was carried out 4 d after
pinching (pinching 4 d + treatment). After elongation growth of the plants had stopped, the related mor-
phological indexes such as branching angle, average number of branches, average length of branches,
height of the plant and the thickness of the stem were statistically analyzed. In the case of Qincui/M26/
Malus prunifolia Borkh. Cyc, the different treatments were divided into two main groups including
pinching + regulator treatments and non-pinching + regulator treatments. There are 4 pinching + regula-
tor treatments, including NPA spray 4 days after pinching (pinching 4 d + NPA), Cyc spray 4 days after
pinching (pinching 4 d + Cyc), 6-BA spray on the day of pinching and Cyc spray 4 days later (pinching
+6-BA 4 d + Cyc) , and Cyc spray on the same day of pinching (pinching + Cyc). The concentrations
of the regulators used were 0.2 g-L", 2.9 ¢-L"', and 1.1 g-L" for Cyc, NPA and 6-BA, respectively, all
added with 1% DMSO. Again pinching +1% DMSO served as the control. The non-pinching treat-
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ments included sprays with Cyc, 6-BA, and Cyc+6-BA at the concentrations above mentioned, and add-
ed with 1% DMSO. After the plants stopped growing, the relevant morphological indexes such as
branch angle, average branch number, average branch length, plant height and stem thickness were re-
corded. [Results] The results showed that Cyc significantly increased the average branch number and
branch angle in Nagafu No.2/M26/M. prunifolia Borkh., and that Cyc significantly increased the aver-
age branch number but had no significant effect on the branch angle in the other three scion-rootstock
combinations. Cyc had no significant effect on the average branch length in Nagafu No.2/M26/M.
prunifolia Borkh. and the other three scion-rootstock combinations and showed different degrees of in-
hibition on plant height and stem thickness. Stem thickness in Qincui/M26/M. prunifolia Borkh. was
most significantly inhibited. In Qincui/M26/M. prunifolia Borkh., the treatments of pinching 4 d + Cyc
and pinching+6-BA 4 d + Cyc, pinching + Cyc increased the average number of branches compared
with the control and pinching 4 d + NPA, but the plant height and stem thickness were reduced at dif-
ferent degrees, and their influence on average branch length and branch angle was not significant. The
mean effective branches length in pinching + Cyc was the lowest and significantly lower than the con-
trol. The comprehensive performance of pinching 4 d + Cyc was the best. In the non-pinching treat-
ments in Qincui/M26/M. prunifolia (wild) Borkh., the inhibitory effect of Cyc treatment on plant
height was stronger than that of 6-BA. The average branch number, average effective branch number
and average effective branch rate of the plants treated with Cyc and Cyc+6-BA were significantly high-
er than those treated by 6-BA. There was no significant difference in stem thickness, branch angle and
branch length among the treatments. Comparatively, Cyc had the best overall performance. [Conclu-
sion] Cyc is effective to promote branching and increase the branching angle in Nagafu No.2/M26/M.
prunifolia Borkh., and has a potential application in nurseries. Moreover, Cyc has an inhibitory effect
on stem thickening and shoot elongation. These results provide valuable reference for the application
of Cyc in regulation of apple branches.
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Table 1 Different scion-rootstock combinations and
treatment

Kb ZIfE/M26/ )\ Beifgse  FRMEM26 e/ T337
- Qincui/M26/Malus Qincui/ Qincui/

Treaments prunifolia(wild.)Borkh M26 T337

2:T5+1% DMSO vV vV vV
Pinching+1% DMSO

2154 d+Cyc
Pinching 4 d+Cyc

£Tji+6-BA 4 d+Cyc
Pinching+6-BA+Cyc

2:154 d+NPA
Pinching 4 d+NPA

6-BA

vV

Cyc

£ Ti+Cyc
Pinching+Cyc

6-BA+Cyc VvV

<L < < <L

FE RV FRRHAT M RLAL o

Note: “V/” in the table indicates corresponding treatment.



9

PG, 4 - SRR R — A AR S R AR 5 70 B 5 R 1471

FH 500 mL W% a7 %of 25 T i (AR AR AL AR A T CAS
A0 B B AR SO 1) R AR R 10 AN AL IR
FHbric s AL TR 3 i R TR T00 (AN & A2 K
RO TFUE TR K YRS 10 A5 A7 (10 BR02F 5 158 28 i 2
RIREPAT . R0 A A BT 24 750 #4017

1.2 MEERSHZE

20194E 6 H 20 HIF46 (0 d) , X XU H 1 K& 2
5/M26/ )\ K% 543 T 042913980 110 d #E4T 1y
RIS TE o B A e B 3 8 AR Tod o (14 BR
HoH 1 mKARRBATIE. 7£ 110 dBEP 2019 4
10 A 7 HEARJUFAF K AT AR B 5
BAE CEA B K E RS WA
P A g 2 11 DL _E 10 om AR ARSI A R Rk
AT W 5 73 K B0 A 3 B Y CLO A2 1 70 A 5
H 5 408 B2 BP0 b 5 ot T R 9/ F P
st AT &, BT 6 R (2 T+ 1% DMSO AbHED 7=
AR E A 1~2 A4S, R R Gt wp e T T OR L
A 2D BUR B9 2 AN AL o0 B A B s P38 3K
3 A% K FE R 43 A5k 3 1 T o 1) R B (=15 em) , H
50 em K B RGEAT I &

2019 4F 6 H 22 HIF 46 (0 d)%F 22 fifs 3 Fl b #E21
T 0.10.20.40.90 d BT AR E E IS, St
7R E. 90 d(20194E9 H 22 FD AL
KB AT W ACKLBE 0 B B0 P O B K T
T Gt iR b A B BE R Gk Y R A T
g CANEL 5 Tt ) LA R 5N TR 70 A
1.3 #Eaeig

TR H 4w A2 B F K H Excel . SPSS . Adobe Pho-
toshop CC 2020 Origin 2017 258443 il 1T 5 42
T BT (p<0.05) 5 R HI1E

2 AR5

2.1 CycHAREMBEESERFENFMN

2.1.1 CycxtK'g25/M6/ Bl E ¥ A& EAng
AL AR50 K IRAGEEY Cyc AbBE I B A & AR
HR RIS RS 18 I, Horh 80 d AT AR MR AE K HL
PR, 80 d JE MR A KIRZE L5, I & R = 1Y
7E 160 cm LA _E (B 1-A) , Cyc Ab 3 X} 1 A = 2 A
i X P AR R JE 3 52 m (B 1-BD o

212 Cycrx &3 AbabdEm b Ad AL o A4
Fag#h RS Cyc AL A = E AR AL
HFAR—FL, Cye M Z M 3 Fhfili FELH A 1 A =1 FE IR 52

—o— 2Tl 3 d+Cyc Pingching 3 d+Cyc
220 [ —x— J:Tfj 3 d+1% DMSO Pinching 3 d+1% DMSO
210 |
200 |
190 |
180 |
70
160 |
150 |
140 |
130 |
120

HA R
Plant height/cm

0 29 39 80 110
KL PRI (] Treament times/d
16 r
14 r
12 ¢
10 ¢
08
06
04
02
0.0

A
Plant roughness/cm

2T 3 d+1% DMSO
Pinching 3 d+1% DMSO

2T 3 d+Cyc
Pinching 3 d+Cyc

1 CycXMHKE 2 2/M26//\IGEBEEARSE
FE A E RS0
Fig. 1 Effects of Cyc on seedling height and seedling
thickness of Nagafu No.2/M26/ Malus prunifolia Borkh.
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A HH 1] Treament time/d Qincui/M26  Qincui/T337  Qincui/M26/M.
prunifolia Borkh.

A~C Fr il Z//M26 2 i/ T337 FIZEHia/M26/ )\ Mg 5 T AR m . AR E R 2 R R E KR p < 0.05. FE.
A-C shows the plant height of Qincui / M26, Qincui / T337 and Qincui / M26 / Malus prunifolia Borkh. In the histogram, the significant level of
difference was p << 0.05. The same below.
2 Cyc & 3 MBS EASENE REENEM
Fig. 2 Effects of Cyc on seedling height and seedling thickness in Qincui grafted on three rootstock
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The scale 1 =5 cm in the phenotypic figure of Figure A.
3 Cyc MK E 2 S/M26//\IEE SRR F N
Fig. 3 Effects of Cyc on branching characteristics of Nagafu No.2/M26/M. prunifolia Borkh.
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Qincui/M26  Qincui/T337 Qincui/M26/M. Qincui/M26  Qincui/T337 Qincui/M26/M.
prunifolia Borkh. ! prunifolia Borkh.

A-C 3R G/ T337  Z2 ME/M26  Z2 IfE/M26/ )\ b g F U AH DR HR A% s L9 =5 cm.
A-C shows the relevant indicators of Qincui/T337, Qincui/M26 and Qincui/M26/M. prunifolia Borkh. respectively; Scale = 5 cm.
4 Cyc MFhe 3 MTEES D BRI

Fig. 4 Effects of Cyc on branching characteristics in Qincui grufted on three rootstock
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In the histogram, the significant level of difference was p << 0.05. The same below.

5 Cyc FRIACIBHGIRIM/M26//\IRiBREEARSE S B ARHEEZE
Fig. 5 Effects of different treatment combinations with Cyc on seedling height and seedling
thickness in Qincui/M26/M. prunifolia Borkh.

2.3.2 Cyc I~ Bl 3 1A & 32 48 & 5t & 6 /M26/ A\ 4 i
EoRBWEH R S Cyc -ELF T AMIEL § &
B, AR 218 (A R R 2 T T4 d+
1% DMSO 12T 4 d+NPA AL FE (& 6-A) . £ T+
Cye Ab 3 (1) P AR 73 A3 A 5 i 285 1K1 0 1 S FL A Ak
B, M £ T4 d+Cye M1 Tii+6-BA 4 d+Cyc AL EEX 1
AR5 A A FE W e 3 52 (B 6-B) o JLFR AL BE 2
A, £ 4 d+Cyc A AR I3 H MOt K
IEB K, T 5 T+Cyc AR P24 R0 F K B B
FNT X R K HAh AL (B 6-C) o 75 Cyc AbFR T
AR 350 53 A BORF 3596 2800 BBCRR 2 3 KT £ T
4 d+1% DMSO M2 17 4 d-+NPA kb F , {H 2454 205>
B % PR (B 6-D) , 44/ R I LA X T 4d+Cye
Ao

233 RME/M26/\H#EHE F Cyc b 6-BA A R 1t
3 10~20 d,6-BA Ab B 1) A w5 P 3G TR AR
1M1 20~40 d, Cyc 5 6-BA+Cyc 2 fih 4b 3 () 15 A 5
K M TR T 6-BA, 40 d 2 J& Cyc I 18 A &
HE AR ARG, 3 ol A HL 1) P A B 2% 5 B HAITE 160 em
DL B, Horbr, 6-BA Ab 38 1) B R 5 5 ) 578 175 em,
Cyc &b FEIR 2, Cyc+6-BA A PR ik . AR H, 1
K i R AR A R BN 6-BA Ab 3 >Cyc ib B >
Cyc+6-BA AT 7-A) o 3 FhAbFH 3 15 AR 1 5
i 22 e AN i 3 (B 7-BD .

6-BA.Cyc+6-BA. Cyc iX 3 Fii b 3 1) 73 £ 2E K
T JE R UORZE (B 8-A) , Cyc 5 Cyc+6-BA Kb FH [
B R B R 2 5 T 6-BA AL ; Cyc+6-BA 4bFE
(T35 U A R B2 T R 2 P AL 3, Cyce A3



5934 M, 5 . FRTIRRE I — 4P A S R B AR K S 20 R R PR AR R I 1475

0d 10d 20d 40d
B
A 60
315 4 d+1% DMSO 0 | a a b B A
Pinching 4 d+1% DMSO 3 £ ) ] =
40 L
. é 30 |
€5
He 20
F: 10 4 d+Cyc &g
Pinching 4 d+Cyc @ 10 -
0 1 1 1 1 J
2T 4 d+1% DMSO  %Tii 4 d+NPA 2:Ti+Cyce

Pinching 4 d+1% DMSO Pinching 4 d+NPA  Pinching+Cyc

£ 4 d+Cyc £ Thi+6-BA 4 d+Cyc

2T 4 d+NPA Pinching 4 d+Cyc Pinching+6-BA 4 d+Cyc

Pinching 4 d+NPA ¢ 0 -
a ab
3B r ab ab
—1 —— b
% Tfi+6-BA 4 d+Cye 25 E
e =25
Pinching+6-BA 4 d+Cyc P
R o 52 |
=52
w255 |
=] 15
7 g g
) B = L
FTfi+Cyc TETW
Pinching+Cyc 5T
0 1 1 1 1 )
£ 4d+1% DMSO  £Tii 4 d+NPA £ Ti+Cyc
Pinching 4 d+1% DMSO Pinching 4 d+NPA  Pinching+Cyc
2T 4 d+Cyc 2 Thi+6-BA 4 d+Cyc
Pinching 4 d+Cyc  Pinching+6-BA 4 d+Cyc
D 0 2751 4 d+1% DMSO Pinching 4 d+1%DMSO 8- Tl 4 d+Cyc Pinching 4 d+Cyc
12 B %7 4 d+NPA Pinching 4 d+NPA @ J:Tii+6-BA 4 d+Cyc Pinching+6-BA 4 d+Cyc

10 | ® J:Tii+Cyc Pinching+Cyc

a
b

2 st b
S
- 6
= d

AT =

2 +

O R —_ —_

P35 B T B RESESEI G TS
Mean number of branchs Mean number of effective branchs Mean effective branching rate

A BIREBEH A ROY 5 em.
The scale=5 cm in the phenotypic figure of Figure A.
6 Cyc FREETAIRES TR Ae/M26//\1RiE R D KAFREI I
Fig. 6 Effects of different pinching treatment combinations with Cyc on branching characteristics in
Qincui/M26/M. prunifolia Borkh.
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Fig. 8 Effects of different treatment combinations with Cyc on branching characteristics in
Qincui/M26/M. prunifolia Borkh.
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