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Effects of Branch Bending Angle on Physiological Characteristics and Fruit
Quality of Fuji Apple

HAN Ming-yu", LI Yong-wu, FAN Chong-hui, and ZHAO Cai-ping
( College of Horticulture, Northwest A & F University, Yangling, Shaanxi 712100, China)

Abstract: The effects of branch bending angle on physiological characteristics and fruit quality of Fuji
apple were studied. The results showed that except the content of fruit total acid, most of the items increased
with the increase of branch bending angle, arrived to the highest point when the angle of branch was 110°,
and then decreased. Leaf photosynthetic rate and fruit vitamin C content in 110° were markedly higher than
that of the other angles; Leaf stomata conductance, leaf thickness, fruit mass and fruit pectin content in 110°
were significantly higher than those of 70° and 55°; Leaf total sugar content and thickness of the foliar epider-
mis in 110° were markedly higher than those of 90°, 70° and 55°; There were no significant differences in leaf
intercellular CO, concentration, leaf total nitrogen content, stockade cell length, fruit shape index, hardness
and total sugar content between the different treatments of branch bending angle. The content of fruit total acid
reduced with the increase of branch bending angle, and arrived its lowest point when the angle of branch was
110°, and then increased. The angle of bending branch also affected the quantity and types of shoots, and
when the angle of bending branch was 90° and 110°, shoots were mainly located in 30 — 120 cm from the
trunk and the length of most branches was 5 — 30 cm. So when bending angle is 110°, Fuji tree is easy to form
flower bud and improve fruit quality.
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PR EE R ERANTE, IRENEERARMEETTREMR (RAHF %,
2000; BENLE %, 2003; HURE, 2004; VFEME 4, 2004; EiE, 2004), ETEANNEAESR
wEERMERR, MREERE” EEANRBYEY . SEESEWNE, E8MAE—RTE S0° ~
90°Z 8], fRAAKTF 90° (BKEHE, 1995). AR, BAMEITH R E], ZRBAMAELE S ~
120°, HALARGHIE, MiEEZER (BHE %, 2005), BAX—fRA0r ki ERERT., M.
WP —HE LRGBS SE LEANA (ESRMAEEE, 1999), ARMBRT EL3¥E
RAACHER P, 1R & A RN A XS B 3 R A B AR SE M R M HEAT THF5E, DU
— PR 2 MR RIS R R

RSk

L1 AW EHR

ABAEFBTAUBE R F XA RE#T, ZRE 1998 FL8H, ERGH B4, &
Braofh CWERD, EAS CTFERS, PEET CM26°, WERSEE, HTE2.5mx4.2m, WY
—, AR, UEL, EENA,

L2 RWigit5H%

T 2003 FERHAITHAALE, WHEAEKS . RERER-BE LRI 25 %, ESHRKIFE
—Irfr. F—mEERERHANE Y, PR AME N ERER—NIX, #ITARRMAE (55°,
70°, 90°, 110°, 120°) FIEiALER, BAALEES ko

2005 4, FERRFFHELAEKE, BULRGE T8 EEAFMAE. KEEAHRMFTHTESE6.
7. 8 SEREHI A, EALEE 10 MR, FAEBETFKMYE3 K, F 105 CHAEH 30 min, BT
75 CHAEHL 24 h ZIEE, B, HERENEEBATAREBRYENSE, AYWE RN
HERBAMN F AEERYEN S &, AR ERM A, £ PR P O0. 8 em x0.5 em it
R, BAEPIR, RAEILR 10 B, F FAA B RMSEE, SY8ETEREBK, —HEEH,
35 CHAREE, difsei, B . MABHSPRUE, AROCESNSR, BEHA. BTE
£ Motic DM BS B8 PRI M R, WHEASVEE, BHRALEE, MREHARKE,
b TR R A 0 MR A

2005 AFFERSEAAY, HEABMEMREIRT, WEPHAREE, RERE. B, WTEH
BUEY . BMEF (EEE) . BB (RBMISYAREE) . BAK (SDHRE G250 %) . RK (Hm
) . BER (SABRMBEE, 1982), 4K C (HBHKAE) MCatE (TERBEK).
FAFRER 3K, BOFHE. BREEM LG, TR HES AR EMEEA R TSRIT.

2006 4F 7. 8. 9 H oy AL B A E—F A AR IR BB R, RAIEE LI-6400
EECEWE EFE S EER, SR 5 ok, LH25 Hit,

L3 BESH
FIAT DPS B4 Xt S SRR EAR HEAT I7 22 400 A0 | E MR S

2 HER550Hh

2.1 HEAEXMMHALESENERYRIBARM

MEVATLES, ERBEAEIRERAAELELE, TR0 EaER, SILSEE 110°
BARIR R . ME COMBERARMERARE, NAMEMHAARERNEWADE, MEES
BREENAA KT LA, MR ER 110°5 AR5 R,
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%1 HHEBENHEREBENERYESROME
Table 1 Influence of branch bending angle to the photosynthetic characteristic and nutrients content of leaf

. MR ER SHSE/ HaIE] CO, ¥R/ MR BRER Ligepst: vy
ﬁﬁeﬁg/ (mmol + m~2 - s7}) (mmol -m~%-s7") (mmol - mol ™*) ) (mg'g'\) (mg-g™")
Net photosynthetic rate Stomata conductance Intercellular CO, concentration Total nitrogen content  Total sugar content

55 8.71dC 1.41cC 356.03a 21.77a 58. 34¢C

70 9.71¢BC 2.15bB 355.03a 22.73a 59.92¢BC

90 10. 65bB 2. 29bAB 352.97a 21.22a 61. 99beBC

110 11.75aA 2.84aA 351.17a 20.09a 69. 16aA

120 9.45¢C 2.26bAB 352.29a 20.17a 65.36abAB

T FAEREART SR EREE UNEERP<0.05, KERRP<0.01), TR
Note: Different small and capital Jetters within the same column indicate significant difference at P <0.05 and P <0.01 levels. The same
below.

2.2 AR ARSI
W2 B, B ERRG R AR AR, WAE AT . AR
B R AR, TR AR KA A 110 TR EIRK . A A K 4 AL
ERFRE.
®2 HEfERR R A SENEE

Table 2 Influence of branch bending angle to leaf dissection structure

RS am EAGSUER um MR pm L REEE pm TREEE pn gl e

Eik:d

BEC iji?k;;? Stockade organization Sponge organization Stockade Up epidermis Down epidermis  Stockade
Angle thickness thickness cell length thickness thickness cell layer
55 237.598¢B 95.827¢cB 80. 68bcB 38.073a 15.007b 8.011cB 2.5bB
70 247.455bcB  103. 009beB 88. 83bcB 39.125a 16. 067ab 8.424bcB 2.9aAB
90 259.975abAB  108. 454bAB 85. 75bAB 40. 409a 16. 425ab 8.937bB 3.0aAB
110 278.245aA 117. 390aA 93. 66aA 40. 390a 16.795a 10. 010aA 3.1aA
120 249. 885bcAB  106.417¢B 78. 68cB 38.906a 15. 954ab 9.928aA 2. 8abAB

2.3 RREAEMEERRORE

2.3.1 BEINZA
M%3ﬂuﬁﬁ,Exﬁﬁﬁﬁﬁﬁﬂ¢,%i%%%ﬁ%\%éﬁﬁﬁﬁﬁﬁﬂmﬁﬁﬁo

IR S R A B R I R E R AR B E

%3 mEMENELRINMERENTE
Table 3 Influence of branch bending angle to fruit exterior quality

hB Mo BRGR/g LS & @/ (omol - g7")
Angle Fruit mass Fruit shape index Colored pigment
55 234.34cB 0.873a 3.824bB
70 234.69cB 0.881a 4. 636abAB
90 250. 34bcAB 0.899a 4. 694abAB
110 295.47aA 0. 884a 5.588aA
120 273. 48abAB 0. 920a 3. 890bB

2.3.2 REALERK

ME4TUBE, BHH&ZSFRMAERMLRE, REBE, BRSESLANEZR AT
%oﬂ%ﬁﬁﬁw\ﬁéﬁc\%&ﬁ%éﬁ@%ﬁﬁﬁﬁﬁumwﬁg,mﬁ@ﬁﬁﬁuwwﬁ
&, BTESBEEE R AT,
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F4 HBAENRIAERRRSSENYE

Table 4 Influence of branch bending angle to fruit inherent quality and the content of calcium

b R AEEERY, B §sY. % HFHERC/ R HEB/ 5/
MBS (kgeem™?) (mg-g™h) (mg-g™') (mg-g”') (mg-g7") (mg-g™') (mg-g™') (pg-g")
Angle  Hardness Soluble solid Total sugar Total acid Vitamin C Pectin Protein Calcium
55 6.256a 117. 8b 92. 16a 3.93bAB 0. 029bB 4.269bB 2. 287bAB 104. 51bcB
70 6.346a 117.4b 92.10a 3.23¢BC 0.031bB 4.412bB 2.216bB 102. 20cB
90 6.376a 125. 0ab 92.24a 3.06¢C 0.031bB 5.504aA 2.319bAB 106. 83bB
110 6.512a 135. 8a 92.54a 2.82¢cC 0. 044aA 6.070aA 2.677aA 112. 18aA
120 6. 460a 126. 0ab 92.31a 4.55aA 0.030bB 5.872aA 2.443abAB 113. 06aA

2.4 HERAEMMESZFHEERMEEARNIE
241 BAEBAFRIEAESMARENKE

MNE 1 BEY, EHERESEAFMAERNAAHETG, FABRRRAREEMEESEERR,
55901 T0°ALFRR) T A% F AR RS FEAE DA 60 cm LI FAATEL, 90°4b3E MY AR F A AR &
BEADIEREANBE, 1104 H E4 B R RIEARSHAE/NT 120 em DR A EL, 120°4 B8R
FAE B AR BSR TEETTE 30 ~90 em MIRLEL,

055
T 70°
90°
m110°
120°

HEHE
Branch quantity

90--120

8 4 R FE A8 B om
The length to the base of treated branch

Bl EAESEEMAREEREFTNOYS
Fig. 1 The quantity of shoot with different distances from the base of treated branch

242 FRRAKREHENHHKFE

ME2EN, BELERFELEAFAECIEG, MAERAKEARR, 554K E8 g%
EZL>15 em P ERRKBONE, 70BN FAIARB L EELL >S5 em WP KA 32, 90043 3
BB EERE, BRPEHRHFIES ., 110°4 P 4 EHAEBAEELLS ~30 om I EF
KR E, THEEATRE, 120040800 34 ERERSKL > 15 om KN E, ARERD,

14{

12t

510 - o550

g Z m 70°

EE Z L

® g ‘5; B110°

- ;‘i @ 120°
.

=5 5~15 15~30 =320
FREKIE /em Shoot length
2 SEE FARKEHNER
Fig. 2 The quantity of different length shoot among the treated branches


http://www.cqvip.com

P 000 http://www.cqvip.com]

93 HHI TS R E LR A PR AR S B BRI IR 1349

3 e

ERBAESNMLE, BUETREERGECRE, RS T THREAET AL REE, ¥
MTHEFYNRE, AR TXEMARLRBEMER. XER (1994) kK, il (BHEEK,
IR, T, HARSEERE) TR TR, MIMEISS T DU E, #8405 T ARBHR, BRIk
FEAE A B ZAMM B HK, HAIMRRBRLE, MNEABREZER S mEE, HaERE, 4K
. FEESERED, sHEHAHEREFRBAOTEKL S Y S EXHENES (ZREMET
B, 2006) . HREAAAEARR, ZUEMITCEUEENERBAR, HAREEN TR BA
, JFRMEDNENE, e BEEEDY, SMEAFRIRPNHEES, BAFR. FTHIEA
BR, BRAERML A @&, bk, 4R, MARFKRNKEREFRE. FTHER/M—
g, ERHPTREMGE R, PRSP EIHEFLSARAELELE, WA A ERHE R A EN
RTINS, S BRI, REMREREZRS. BRI R, v REH TR A
B, HAOLEEE, SEESEMRETREE TR, #—BiETRIAMNS R,

HYHFENESEHRE S HAMGRAAERKMERYAEN G, ERIRESHENEET,
R TEASS E R R T R RN, ARG E RIFEH RN RIS . B HR&Z
AEAELEE, HRARHRSEEETEE, TRERR ARSI A NS R, BARBRGREt
BORB™E, ftamh B SERNTYERUK S ERMTEZME, ARk EwINEREL, DT
M R RIREISE . ABTR Y, BEENRAEREA, R RE, MRASEER, ARTHRE
HEE, LEEEBRE, XSHILILE (2005) WHEBCRFEA AL R 6 A RS S R AE BT
FEE R, ATREH T 452X EREAGHIIR, — M nt BB s b, B oz v A o P 4
MR m AR R, MM CO, E 5t AR A M RALIBAL, Bt SR A, M EAE R IR
(Blanke, 1987; Nesterov & Shipota, 1988)

WEHRIES (2004) YOAMAERMH TR LIRS, MIERBESRARENIEK, TAMERY
RIRGRAT IR . KR, RS MTIHBE BRI F (1994) UOHRBut il oK L&
B BCEE ER IR I, 7E £ E —PINBSE WA LA R TR A R . EAIEARK
HZH, Bt E, FREHBNS, MAEYEYNHENREERYREEHERETE
R, BEERD. AMRSYE L FBMPRAEAR, AR KK HR B AR, EER
MERER, AR TFEEPEREN P, WHEEMNRE,

HBCEN B— KRN, RHEXAENLE, BHHRAEL. WiEES, BREEL TR
i FEAL TR LU B INsR 3R R SR 7 RO AR KB TR, A RER B KA B RIR I K A0 .
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