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Effects of cutting back and branch-bending on
photosynthetic characteristics of new shoots

MAIMAITI Aishajiang, MUMINI Abuduwaili, WANG Jing-jing, LIU Guo-jie”
(College of Agronomy and Biotechnology, China Agricultural University, Beijing 100193, China)

Abstract Young ‘Fuji’ ( Malus X Domestica Borkh.) apple plants were used to study the effects of various pruning
methods(Cutting back and bending) on the photosynthetic characteristics of new shoots. The results showed that branch
bending significantly increased the leaf chlorophyll content and blade thickness. The cutting back treatment significantly
increased the leaf P,,E and G, but reduced the C,.Bending treatment, on the other hand, increased the leaf C;,but
decreased P, and E, G, basically the same with control group. Leaf ®psy and gP of cutting back treatment was
significantly higher than that of other treatment in the whole experimental process. Little difference was found in leaf
®ps and gP between control group and bending treatment. These results indicated that leaf photosynthetic electron
transport activity of PSTI was higher in cutting back treatment. More energy was used for CO, assimilation. The energy
used by heat dissipation was relatively small. In contrast, leaf photosynthetic electron transport activity of PST was
lower in branch bending treatment. More energy was used by heat dissipation, The energy for CO, assimilationwas
relatively small.

Key words  Malus X Domestica Borkh; cutting back; branch bending; new shoot; photosynthesis; chlorophyll

fluorescence
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shoot manipulations
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Fig. 2

Influence of cutting back and bending on net photosynthetic rate

and gas exchange parameters of new shoot leaves
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Table 1 Influence of cutting back and bending on chlorophyll contents of new shoot leaves mg/g
i 5 MEE o MR b WEE ath ——
Treatments Chlorophyll a Chlorophyll b Chlorophyll a+b Chlorophyll a/b
%t B8 Control 1.26 b 0.44 ¢ 1.70 b 2.88 a
HiALE 90° Bending 1.37 a 0.54 a 1.91 a 2.55b
4 # 1/2 Cutting back 1.29 b 0.48 b 1.77 b 2.70 ab

T — S8 5 B B 2 2 i 22 5 o NS FREROR P<C0. 05 BEKF. R

Note: Values followed by the same letter are not significantly different according to Duncan’s multiple range test at

P<0. 05. The same below.



5 6 9]

SEVDIL « SERHRAE B 3 R RO 2 4 A TR I Dl R Y R R 129

B RLE AL B Rt R a/b ERAK. BT 1/2 kb3
5 A A B 2 (B A 2 5.

kL i 5 (Specific leaf weight, SLW) , 24§ 8 {3
AR A T R A OB SR RE R — A
S8, B ECRR b te M FR (Specific leaf area,
SLA) . B5M R BO6E1EM, it m AR 48 8 i A iy
KRB MR . TE R — AR SETE P R 320680 i
o TN AR Cem® /) B R |4 1) — AR Sy i 38 B 2
MFE B . N3 2 BT LLE W8 RS i A i i T

BRI B2 JBE AN [ b B 22 ) 22 5 8 =5 i A AR B0
RENTE 2SS PN NS RO R E TR S 0Bz PO Es]
PR AL B R 22 AN R RORCAL B
TR TR BE R B AL R Y R B IR T
Xof BECRIRLAS AL BRI Fr A9 JE R o AN [R] A B H ) 5T A
R L R LG I T AR SR 25 S L R RCAL B A B
B A K LR O A AL BRI AL X B e e
/N o AR S X B2 B i T BR R O LU Ol R 1A
R REAS AL BRI A HE i T AR B

R2 FEMARIEMN ARSI

Table 2 Influence of cutting back and bending on morphological characteristics of new shoot leaves
ik HE R/ em®  MRJEE/pm O E/(mg/cm®) I TE L/ (em® /mg)
Treatments Leaf area Thickness Specific leafl weight Specific leaf area
Xt B8 Control 44.6 b 244.0 b 9.39 a 0.109 a
B 90° Bending 43.2 b 261.2 a 9.58 a 0.104 a
4% 1/2 Cutting back 58.7 a 235.9 ¢ 9.42 a 0.107 a
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Fig. 3

Effects of cutting back and branch bending on chlorophyll fluorescent differences of new shoot leaves



190 LR N

2013 4F 55 18 %

PSILAE S Ab 247 K R B0 B R B2k PSTT R 2%
0 2 WU DG REAS RE FH 06 & H 715 38 1T LA AR 1 T2
XFERU TSy . B e —Fh A AT HLE X R
Gile — & AR E .

HE 2(b) ~ (DAl LE W, R Pesy «qP
NPQ Fifi - % (4 386 il A 32 47 484 o i 4, 31 35 1Y 22 18 A=
KW Bl M B 2B MR R @y TR R T
B, NIRRT AS I A @esy vqP FI NPQ 22
S ARAL R = T R Dpsy B P BEAR TR
F NPQ, i AL B | Desy Al g P 7E#E A IR 50 10 7
i T A b B R 5 A ) B A Ak BE R
Dpsyp T 155 T X BEAL L B 00 %) B85 R R Ak B
Gpsy WA ZEF . MELAHE M R NPQ #8415
i o B3 IR T HG A Ak 3, ) BR ZH 5 90° 4k B 0
NPQ WA 5. XEEERERH LM 7 PS1
G B FIERE ERR BRZ R A F CO, [H
Ak s 1 T AR B RE R X A . KR B A A
BEE R PSS A H 7 1% 36 T R 4510 - ARG L
MBE M X Z i T CO, [RfLRE R .

3 3 i

J6AME R ALY A K T R 6 Y B i
fili o PR OGRS SR G I AR T AR L . SRR R
Il T AR AR Ak — BRI I ) R R At
L ot A SRR B A K e G R
W 5 8 T B ¥ £ o 8 B v 4 R — B [ B
H L G ORI E— BB NS R
BYAR BB e A mt . AR 25 R R
BE R A Ot A R AR L AR O G R
I, e Bk SRR A ) bt A 2K e A R a0
AL R P, E R G, TR  C RO R [
T A e 7R Ak P PR O A B T 8 0 A R T RE R TR
FL B A 38 B L CO, (10 17 38 B 36 2 AN T Rk
BRI C F R, 540 kb Hnt f LS
JE PSIL Al gP %25 & T %) B8 R0 A 4 3, 1 NPQ
I T BRI R R AL B, 4E Iglesias SETY A
Zhou L IE L SR S A W) PR S TR E IS 0
REDEAHRMN A, T EREs T ERELS S
O ORI A & R T R S USSR
F A= A e W i 5 B L s xR A AR R
20 53 2 AN TCHILE IR B 3 e, DT A7 B 0 R Y
T R AL 5 B BT AR R AT LA/ 3 P L (H
2 22 AT AR A 41K T A5 BT AR R Y 5 e X R

TR et T LA A B R AR R N X B RO 5 VR T
#HE N Zhou S AR LM BRI R, LBk
90 Yot AL B L i i O G ORI T 45. 600
FLBUG A RSB A AR K BOK AL S R
W EIR L R A T AR R SR RO A
R R 1 S AT RE S LU R BT R LA SR
B O U8 T I BRI TR IR LG 3 R A B B
W Fr A7 GG 7 ) i s i H AR > 50k B AR &R
) 20 JH0 LR FNTC AL 37 1Y 3 4 5 DT A7 B I
BOLE RS 7o — AR R RS
APERD R & 1~3 DR B BUAc H AL T
PR AR AR KRR FRMHAEZ . TR /DI H
SR GG TR A B D i A RRIAR A B
Z PR E AL TOUHCIRZS T = G i .
PLRCREAT B 16 & 7 W i B 2kt B 1) T 7
BELEDCE T E I MK LT RE
PR T Al A A 2 B B 2, KB v A A
Z ORI R B R R B G B AR AR
C s Bt vl B bk ab B Y[R 4 CO, 1 58 1 78
TR T A A E B CO, g TR R G B
Fho X FHEAPRIESS R — 3. Hd A A R R E
B S L B R A R G R SRR A
I . AEARIE T LT AR R L BB WL EE B ' 4 il
PR EAES . BB TR Oesy - ATRERH T
PLAL AL B R4 4 1 i i A2 L [R) AR BB O T B 3L
F F, 71 3 5 B A R T B . NPQ R T FAKE AR
R A HE PSS ik 5 i — 4
FEARSY . RLAAL F i NPQ #5 s ud B i i i
IO RER 2 M T T BB . R VL 1) L A Ak B 25T
MR AL FE G, Pesy ~qP BHIL T HEH AL,
M C A NPQ 355 TR b [ i 1R
St Rt A AE FIREARS o AT AR RS 4 # e T
B R A 7 1 DA 2 A 1) 3 i o ARG 3 o 75 X6 [
AW 5 SR AR /)N 5 3t i HG A R i e BRI S 2o
A MERIREAR 2 . S Ah Rk . ik B i 4540 &
AT R B AR A A A M AR A T R R i A
R 2 2R i L T BB S DR O A A AR B AR Y
0 8 ™ L S A% P 7 M VR R B U T s i HL R
FEDG AR R B R A R a8 B B R R A
B IR0 B K AR A ) R SR R L B
PEag 8 B AR K W) BRI K o3 s i 32 B
B i B K AL & 9 0z i DLBCT 52 0 i R i
FIGERG Y S A A SR AR A A B R L i b T AR



5 6 9]

SEVDIL « SERHRAE B 3 R RO 2 4 A TR I Dl R Y R R 131

7 AR T T R CABAD P R I A AR T

Li BT AL B R PSTTEDEE H T 15id
EPEEOR . B EZ e T CO, [k, Wi f T A4 FE
HURRE AR A . AU kM A e i R e S
AT RER Y TR ok 4B A AR O SR A BE /DN EL ST
T REB% 657 W) B B D Shis A EBCHHR o %
w2 AR E AL TUVBCIR S T $2 mie & R . A
B 40 BRI B J PS T 09 0 A v 7 1% 38 375 P 52
%0 T HAERC BE R AR X B 2 . T T CO, [Al Ak
REEE A D o BLBCAE 73 AT W Y Dt DA AT RE S 3
I AR 2R A IR AR DT L AR O R R A 7 50 5R
18 % 52 BHL 6 A7 W 0 i e 52 2R 2 DR LG ) A A
TR 3 RS TR DG A AR . B
R ARSI A I R Dl A T B R 4 S G P DR e 2 )
956 2 il 2t — 2T

2 % x #t

[1] Jackson J E. Light interception and utilization by orchard
systems[ J]. Hortic Rev,1986(2):208-267

[2] Palmer J N. The effects of row orientation, tree height time of
year and latitude on light interception and distribution in model
apple hedgerow canopy[J]. Heretic,1989,64(2) :137-145

[3] Lakso A N,Robinson T L,Carpenter S G. The palmate leader:
A tree design for improved light distribution light[]]. Hort
Science,1989,24(2) :271-275

[4] Robinson T C, Lakso A N, Ren 1 B. Modifying apple tree
canopies for improved production efficiency[ J]. Hort Science,
1991,26(8):1005-1012

[5] Warrington I J, Stomley C J, Tustin D S. Light transmission,
yield distribution,and fruit quality in six tree canopy forms of
¢ Granny Smith’apple[ J]. Tree Fruit Production,1996(1) :27-54

[6] Rom C R. E 7516 57 i 31 0 58 B X &l 48 Bk vt v 56 A& 7 1 L ke
PE AN T S AFIE Ay 52 [0 Bel 202 3O 1985

[7] Ferree D C, Scurlock D M, Schmid ] C. Root pruning reduces
photosynthesis transpiration, growth,and fruiting of container-
grown French-American hybrid grape vines[ ]J]. Hort Science,
1999,34(6) :1064-1067

[8] Harrell D C, Williams L E. Effect of trunk girdling and
gibberellins(GS3) application on leaf net CO, assimilation rate
of two grape rieties [J]. Plant Physiology
(Supplement) ,1985,77(4) ;61

[9] Harrell D C,Williams, L E. Net CO; assimilation rate of grape

seadlings

leaves in response to trunk girdling and gibberellic acid
application[ J . Plant Physiology,1987,83(3) :457-459

[10] BREAE. ¥R 0T R A LML AN - 00 g B i iiat , 1995

(1] SR r. SEE4F 7 AR B E A f ol [T ], &
= S A% . 2005(5) :61-62

[12] E4 R, AEZEME. SR 5625 B OE 2 3 K 5 F 7= AR
LI, Vg RH,1999(3) :2-12

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

HSCSE L E A BRAR . BB AN ] A A AR AR R A5 A
LM LT 1. WV AR A B 4, 1996, 13(2) 1 123-129

T L 2Kk S S L A5 RIS R X o R A R
RS S B sE )] el 252 4R . 2008, 35(9) :1345-1350
Genty B,Briantais J] M, Baker N R. The relationship between
quantum yield of photosynthetic electron transport and
quenching of chlorophyll fluorescence [ J ]. Biochim Biophys
Acta,1989,990.:87-92

Demmig-Adams B, William W. Adams III. Xanthophyll cycle
and light stress in nature: Uniform response to excess direct
sunlight among higher plant species[ J]. Planta,1996,198:460-
470

AR AE ) A A S T VL. b st v A s iR L 2000
191

B E AR JURE RS R R R LT ] @ 224
1986,13(3):157-162

Taylor B H. B 6 59 % 32 R 4 WO A 15 A8 4R T 3 &%
T AR R R L. Bl 254 308k . 1981(3) 1 43-46

AR B G AR EL L AL A (G O R R S X i B A A SR 92 A
KRRt & ER B )] R Rl k% 24 4Rk, 2002, 33
(2):148-153
Iglesias D J, Lliso I, Tadeo

photosynthesis through source: Sink imbalance in citrus is

F R, et al. Regulation of
mediated by carbohydrate content in leaves[ ] ]. Physiol Plant,
2002,116:63-572

Zhou R, Quebedeaux B. Changes

carbohydrate metabolism in mature apple leaves in response to

in photosynthesis and

whole plant source-sink manipulation[[J]. J] Amer Soc Hort
Sci,2003,128(1):113-119

Wareing P F, Khalifa M M, Treharne K J. Rate-limiting
processes in photosynthesis at saturating light intensities[]].
Nature,1968,220:453-457

Urban L, Alphonsout L. Girdling decreases photosynthetic
electron fluxes and induces sustained photo protection in
mango leaves[ J]. Tree Physiol,2007,27:345-352

Ivanov B, Edwards G. Influence of ascorbate and the Mehler
peroxidase reaction on non-photochemical quenching of
chlorophyll fluorescence in maize mesophyll chloroplasts[]].
Planta,2000,210.765-774

Neales T F,Incoll L. D. The control of leaf photosynthesis rate
by the level of assimilate concentration in the leaf: Are view of
the hypothesis[ J]. Bot Rev,1968,34:107-125
Roper T R, Williams L E. Net CO,

carbohydrate partitioning of grapevine leaves in response to

assimilation and

trunk girdling and gibberellic acid application [ J ]. Plant

Physiol ,1989,89:1136-1140

LA L 200 AN TR 7 K ST SR B R B R TR A TR

Al B[], 2006,39(2) :361-367

Brenner M L. The

partitioning and seed filling[ M ] // Davies P J . Plant Hormones

and Their Role

Martinus Nijihoff Publishers, 1987

77 LIS QT B W s S DO e e v LR &= el )

s [T, vl 2F4% , 2011,20(7) :123-126
FAEGE . LR

Y%

role of hormones in photosynthate

in Plant Growth Development. Boston:



