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SEE W BB I RS2 . D) Lha 39 (Malus domestica Borkh cv. Red Fuji) 41115 —4F 48 & 45 il bt 78
I3 A IR ) W 2 0 T 8 AR 4 {2 T R AR £ R AT T AR AL BT U A 1/2 A 1/3) , DL R AL B O ol TR o 4 SR AL 3 S 1Y
—AE AR WA % SR T IS B FE A 500 mL KRR LB T GZX BB MR FRAE (25 C(HX)/20
‘C (W )16 h /8 h BAWE S ) i b 474 2F Ab 3, FE AR B JS 45 0,3,6,9, 12 FRBUKE , T 5 A3 2% A [l 35 47 1) T 5 44
B TE R OB RO AT M AR L AT R AL B —AE AR A R R AR VRS R S s, (4 RY 8 LR
— A A A A AN [ AN T T LA S LA B T M R Y A A B A R R N — AR A A TR 1 T, X
HR R 2% AR TR 0 T M 2 PR 93,9 mg/g BWTFEE] 61,9 mg/g. VER &R 72. 6 mg/g FMWiFET] 37. 7 mg/g. Kb
i\ 166.5 mg/g BHiFFEE] 99. 6 mg/g. i ZEALBRAT (AL FE 0 d) A 5B 1T VEAE L TE A OB BE S i T . i
TERL B S OR BT EBR RUE SR A AR A BE RO 5 B AR L R BT 24 AT M L OB R T P i B
AR T 38.1%,31. 6 Y0 f1 15. 4% e & 38N T 17. 4 %0 i 3 L B8 =Y R & R A2 L iR B &,
AL PR AR A A 1 B RS SR R 00 A A A L R R A B A A X R R AR A E R RN SR AN RS H
X} BEAN AL 4 - 3 KT & S AR AR T 45 D9 1 - 2 T U R LT AR DL R R A R R o A PR A AR
B LA 1 SR 0 AR T TR A (850 ) AR A R — AR AR A A B B R USSR B A A
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Effect of cutting back on carbon and nitrogen nutrients of apple
shoots during the germination period

AISAJAN Mamat, MEI Chuang,ZHANG Xiao-li, YAN Peng

(1 Research Institute of Horticultural Crops,Xinjiang Academy of

Agricultural Sciences \Urumqi » Xinjiang 830091 ,China)

Abstract: [Objective)] This study investigated the effects of different cutting methods on carbon and
nitrogen nutrients of apple shoots during germination period to better understand the physiology of branch-
ing patterns and pruning responses,[Method)] From dormancy release to germination, Young ‘Fuji’ (Ma-
lus domestica Borkh. ) apple annual shoots were used to study the effects of cutting back on quantitative
changes of carbon and nitrogen nutrients caused by artificial dormancy breaking process. The shoots were

pruned at different lengths (Control: cutting off the flabby apex, cutting off 1/3 length of the shoot, and
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cutting off 1/2 length of the shoot. ) before being transferred to a GZX type cultivation box with illumina-
tion for 0,3,6,9,and 12 days in an upright position with bases in water. The growing conditions were; tem-
perature 25 C /20 C (day/night),and 16 h/8 h (illumination/darkness) photoperiod. Then contents of sol-
uble sugar,starch and protein at different parts were measured to investigate the effects on carbon and ni-
trogen nutrients of shoots. [Result] There were significant differences in nutrient contents at different po-
sitions of apple annual shoots. In xylem,contents of soluble sugar,total sugar and starch were the highest
in apex (93.9,166.5,and 72. 6 mg/g) while the lowest (61.9,99. 6,and 37.7 mg/g) were in proximal seg-
ment. Before the bud forcing treatment (0 d), xylem soluble sugar, starch and total sugar contents were
higher than that of phloem. Total sugar,soluble sugar and soluble protein decreased by 31. 6% ,38.1% and
15. 4% when shoots were forced to bud break. In contrast, starch content increased by 17. 4% after treat-
ment. Cutting back treatment had little effect on carbohydrates in different parts of shoot,indicating that
cutting back treatment failed to change the intrinsic distribution gradient of carbohydrates. But cutting
back treatment significantly decreased average carbohydrates (total carbohydrate,soluble sugar,starch and
soluble protein) of the whole shoots. [Conclusion) Cutting back treatment did not change the intrinsic dis-

tribution gradient of carbohydrates in different parts of branches which gradually reduced from top to base.

Key words: apple;cutting back;dormancy release;carbon and nitrogen nutrients
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L1 # M

I F 2010— 2013 4F7E v & Ak K2 b3k
Wy AT . R 2009 4F 4 A BA)EAE TR E A
AR 2 B IR B 3 0 B A S R (Malus Domestica
Borkh cv. Red Fuji) , ifi A Sk \ 8 1 3 (Malus robus-
ta Rehd) , BE1T7HE 0.8 mX1.25 m, M3, w90
B, Ny A A e 0 R] T R A R SORE AR
AR B A bR — AR RS R =
PEAT 4% 30 A B AR R AR B I A2
1.2 REeaE

T 2010 4E)AE ] — AR E 87 AR [F] L4 SR
B3 (EE) K H 90~100 cm ) —4FEAER 4 3
R A T RUE R 1/2,1 BORAR 1/3, 1 RO A O
MO, BAMER 3 R, BAHEL 10 MRS, 3 150
RAY . 2010-01-28 , 4 ¢ 22 oK Ab P )5 1 — 4F A A\
IR L R A NN i % 5 2 1 U G vy @
BEAT 500 mL KB R B, E T GZX BOGIEL R 46
(25 C(HR)/20 C (M) .16 h YElE/8 h FAmwE 4
PO AT HEZFAL IR, B 2 d #e 1 OK, R T i 2~ 3
mm, # R o BIAE AL PSR 5 0,.3,6,9,
12 REFE, B R B A B A B 10 DA A, B R EURE
A3 U A BT b R R AR A B 10 em B
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AR 10 em P, B AL 4% 1/2 &b R 10 em . F
T KL S B3 ) 10 em . $) R 3B G ) IR
JEFR A BT 1 em /R B URES VEERE, —80 C AR
o

1.3 HEARBLK.FREFYRSEHNNE
1.3.1 “Taw#Ess SHCH[8 M Jrik, R
0.3 g BEFEHLA 20 mL R4 b, SR 5 im0 10 mL 7518
K, YERL I B F S B K 7 30 min (3 YK, FH B 4K
HIEA 50 mL BRI, kR ER. RIFEW
BB 1 mL(FEE 2 %O F 20 mL Z) B L4
ZEK 1 mLCWHB AN 2 mL 2548 7K) L B 2, 1% 2. g
W 0.5 mL ¥R (H,SO,)5 mL, #4345 % . 7 B
W U A W K R AR R T min, BUH R A R
BWHEZEE,F 630 nm FHAMNE, ELZ 3 KIF
BIAE,

1.3.2 mH4s FRIBGTEEELGNRE. B
A 50 mL Z B, i 20 mL SAZER K, i Ak K
WAk 15 min. FHTA 9. 2 mol/L & &2 2 mL
P15 min, B HFIRA), HUE 40T g IF 28 180K
SEZY R 50 mL, DS #RAE [ AT M0 0 I

1.3.3 EB#E4E ZSHUB[8IM AL, A 3,5-=
it 35 7K A% R HE (56 76 540 nm Ab 608, 00 52 S0 5 &
1.3.4 TuErnxastzs HMHESHLE G250 %
W5 B 1 B SR A 6B VA 7E 595 nm Ab LE
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Table 1 Influence of cutting back on soluble sugar contents of annual shoots of Fuji apple mg/g
e b 3 HURE I Ab # 5 BF ] /d Days after treatment
Tissue Treatment Sampling part 0 3 6 9 12
TS Apex 93.9 a 51.9 a 36.4 a 34.9 a 35.1a
18 2% Distal 85.7 b 44.7 b 29.0 b 26.5 b 29.5 b
Control FiER Middle 75.5 ¢ 38.7¢ 25.1¢ 24.5 ¢ 27.1c¢
) F# Proximal 61.9 d 31.1d 19.7d 19.2d 20.5d
7)';?1‘;:6:13 ik 1/3 I3 Distal 86.0 a 46.9 a 30.3 a 27.8 a 28.7 a
(:uttiig ha;:k 1/3 HE Middle 75.3 b 40.6 b 24.7 b 25.4 b 26.1b
N Proximal 63.0 ¢ 32.8 ¢ 19.8 ¢ 21.0 ¢ 18.5 ¢
ik 1/2 1358 Middle 76.0 a 41.5 a 24.1 a 24.8 a 27.3 a
Cutting back 1/2 F# Proximal 63.5b 33.8b 21.4 b 19.0b 20.4 b
TR Apex 87.5 a 80.6 a 69.2 a 61.8 a 74.5 a
o % Distal 82.8 b 75.1b 63.0 b 55.2 b 68.5 b
Control B Middle 77.1¢ 70.3 ¢ 57.9 ¢ 19.6 ¢ 63.7 ¢
T# Proximal 69.1d 63.8 d 52.5d 43.8 d 57.1d
l?i%jii i 13 - #B Distal 81.5 a 77.3 a 64.2 a 56.9 a 70.5 a
Cutt;g ba/ck 1/3 FrE Middle 76.6 b 68.2 b 60.9 b 50.5 b 65.1b
N #B Proximal 70.8 ¢ 63.3 ¢ 53.5 ¢ 43.2 ¢ 55.7 ¢
R 1/2 138 Middle 77.6 a 71.5 a 59.4 a 48.5 a 60.0 a
Cutting back 1/2 T # Proximal 70.9 b 64.3 b 53.8 b 43.5 b 54.2 b

T« RSB 1 /NE T8 o M 22 2 IR A5 2R AR OR IR/ 5B R 22 5k B3 K P (P<C0.05) . KA.

Note: Values followed by the same letter are significantly different according to Duncan’s multiple range test at P<C0. 05. The same below.



% 8 3

SEUDAT. « SERAR A5 AO0H T S 2 B 25 i U A8 4 A [ 3 A6 Btk 0 3R 9 52 T 143

Xt BEASB A 2 KT L AR BRI T A
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Table 2 Influence of cutting back on starch contents of annual shoots of Fuji apple mg/g
4 b 3 URE 3 57 Kb B S EFTE] /d Days after treatment
Tissue Treatment Sampling part 0 3 6 9 12
THR Apex 72.6 a 66.1 a 55.3 a 71.7 a 79.3 a
i - %6 Distal 57.8 b 55.9 b 47.2 b 61.9 b 65.8 b
Control 138 Middle 45.1 ¢ 44.0 ¢ 43.1 ¢ 54.1c 58.8 ¢
T ¥ Proximal 37.7d 34.4 d 32.1d 44.0d 46.6 d
A ¥ Distal 56.7 a 54.1 a 46.9 a 59.6 a 65.2 a
Xylcm é‘]qé:&‘ 1/'3
L p F1 38 Middle 44.5 b 44.2 b 43.1b 52.3 b 55.7 b
Cutting back 1/3
T & Proximal 37.0 ¢ 35.8 ¢ 32.9 ¢ 41.4 ¢ 45.3 ¢
K 1/2 FiER Middle 46.8 a 45.4 a 43.1a 51.0 a 58.2 a
Cutting back 1/2 T # Proximal 37.4 b 34.2 b 32.9 b 12.7 b 16.0 b
TS Apex 50.6 a 55.4 a 64.6 a 57.4 a 54.0 a
pogiczt %8 Distal 46.7 b 50.2 b 58.1b 49.3 b 47.4 b
Control H 8 Middle 35.9 ¢ 39.2 ¢ 52.7 ¢ 43.9 ¢ 11.2 ¢
N #B Proximal 28.6 d 34.4 d 43.6 d 40.2 d 32.1d
o1
B R I3 Distal 45.4 a 50.4 a 57.2 a 52.8 a 45.5 a
Phloem AR 1/3 i
Cutting back 1/3 H13 Middle 37.2 b 40.3 b 52.5 b 45.5 b 38.3 b
T %8 Proximal 26.1 c 35.2 ¢ 41.7 ¢ 38.0 ¢ 32.8 ¢
K% 1/2 F 3 Middle 36.3 a 40.8 a 52.2 a 45.3 a 40.4 a
Cutting back 1/2 T #B Proximal 28.9 b 35.5 b 12.9 b 39.3 b 34.2 b
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% N AR T W AR b ) B 3 Rl 5 e A i
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S0 o A rP ) Bz OB R TR BT, A HE ) S A
ZR AR PR R O AL B 6 KRR R AR, 2
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Table 3 Influence of cutting back on total sugar contents of annual shoots Fuji apple mg/g
2R b 31 HURE 3 o7 Qb PR )5 BF1E] /d Days after treatment
Tissue Treatment Sampling part 0 3 6 9 12
TS Apex 166.5 a 118.0 a 91.7 a 106.5 a 114.4 a
popitzt -8 Distal 143.5 b 100.7 b 76.2 b 88.4 b 95.3 b
Control FEg Middle 120.7 ¢ 82.7 ¢ 68.2 ¢ 78.6 ¢ 85.9 ¢
F#¢ Proximal 99.6 d 65.6 d 51.8 d 63.2d 67.2 d
AR BB I e .
%6 Distal 142.6 a 101.0 a 77.2 a 87.4 a 94.0 a
e # 1/3 i Middl b b b b b
Cutting back 1/3 His Middle 119. 8 84.8 67.8 77.7 81.8
F# Proximal 100.0 ¢ 68.6 ¢ 52.8 ¢ 62.4 ¢ 63.8 ¢
ik 1/2 F13#8 Middle 122.9 a 87.0 a 67.2 a 75.7 a 85.5 a
Cutting back 1/2 T # Proximal 100.9 b 68.1b 54.3b 61.7 b 66.4 b
T Apex 138.1 a 136.0 a 133.8 a 119.3 a 128.5 a
it B 8 Distal 129.5 b 125.3 b 121.0 b 104.5 b 115.8 b
Control F138 Middle 113.0 ¢ 109.5 ¢ 110.6 ¢ 93.5 ¢ 104.9 cv
F#F Proximal 97.7d 98.3 d 96.0 d 83.9d 89.2 d
e %8 Distal 126.9 a 127.7 a 121.4 a 109.6 a 116.0 a
Phloem iuﬁ ]//3
AL iy H C
Cutting back 1/3 F13#8 Middle 113.8 b 108.6 b 113.3 b 96.0 b 103.3 b
N #B Proximal 96.9 ¢ 98.4 ¢ 95.2 ¢ 81.2 ¢ 88.5 ¢
EE /2 H13 Middle 113.9 a 112.3 a 111.5 a 93.8 a 100.4 a
Cutting back 1/2 F # Proximal 99.8 b 99.9 b 96.7 b 82.8 b 88.4 b

2.4 EEMNETER—FLEHETAEESSEN
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Table 4 Influence of cutting back on soluble protein contents of annual shoots Fuji apple mg/g
4 b 3 URE 3 57 Ak 3R J5 iF ] /d Days after treatment
Tissue Treatment Sampling part 0 3 6 9 12
T3 Apex 1.85a 1.25a 1.04 a 1.08 a 1.22 a
%f B ¥ Distal 1L14b 0.99 b 0.85 b 0.87 b 0.91b
Control T Middle 0.96 ¢ 0.91 ¢ 0.72 ¢ 0.77 ¢ 0.83 ¢
T # Proximal 0.82 d 0.79 d 0.67 ¢ 0.63d 0.78d
AT 3% Distal 1.07 a 1.02 a 0.76 a 0.84 a 0.89 a
Xylem j\fnézk 1//3
L /. F138 Middle 0.94 b 0.94 b 0.64 b 0.76 ab 0. 84 ab
Cutting back 1/3
N #B Proximal 0.67 ¢ 0.92 b 0.61b 0.69 b 0.76 b
EE /2 Hi3 Middle 0.89 a 0.84 a 0.69 a 0.76 a 0.82 a
Cutting back 1/2 F# Proximal 0.73 b 0.83 a 0.64 a 0.64 b 0.63 b
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&R 4 Continued table 4
Hal Kb HURE I 57 Kb IS FTE] /d Days after treatment
Tissue Treatment Sampling part 0 3 6 9 12
T5 3 Apex 4.25 a 3.78 a 3.27 a 3.42 a 3.68 a
g ¥ Distal 3.78 b 3.32 b 2.87 b 3.13 b 3.22 b
Control t# Middle 3.50 ¢ 3.10 ¢ 2.56 ¢ 2.79 ¢ 2.89 ¢
F#F Proximal 3.14 d 2.80 d 2.16 d 2.51d 2.59d
fﬂl)ﬁiﬁiﬁ ) - #F Distal 3.85 a 2.98 a 2.57 a 3.18 a 3.66 a
oem K 1/3 T # Middle 3.45 b 2.62 b 2.30 b 2.89 b 3.33 b
Cutting back 1/3 o : o . v
N #B Proximal 3.09 ¢ 2.40 ¢ 2.00 ¢ 2.46 ¢ 2.97 ¢
mak1/2 F1EE Middle 3.44 a 3.16 a 2.55a 3.06 a 3.16 a
Cutting back 1/2 F # Proximal 3.17 b 2.84 b 2.11 b 2.79 b 2.94 b
SRMIXTHFEARSRT & B B REAR TR A, S EANAE LI 6 d 5. 9K MEm & mIF
AN TEEA SR, SRAMSNTEE BT MRS & 2GR m., HIFEK g
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BAATEEE A& BRI, X AR 4
PR EE A SRR E & TR AL EEE
B4 N7 23 0 B B TR AL AR B L DT R A 1 R 4R
b BRAL S5 N IS Bl s R . AL BT A
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ZFALTR 12 d 5 REAEAL R TR A5 B B A B R
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