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Effects of Planting Depth of Apple Dwarfing Rootstock on Root Growth,
Hormone Content, Fruit Yields and Quality

REN Xue-fei, LIBing-zhi', ZHANG Lin-sen, HAN Ming-yu, and LI Xue-wei
(College of Horticulture, Northwest A & F University, Yangling, Shaanxi 712100, China)

Abstract: In the present study, three-year old ‘Changfu 2’ apple trees grafted on dwarfing interstock
(M,) were respectively planted with different planting depth in Yangling, combined with the
investigation of Fengxiang, Yongshou and Pucheng, Shaanxi Province. Then these trees were used to
investigate the effects of the planting depth on root system growth, root hormone, fruit yields and quality.
The results showed that, in the treatment with 15 cm planting depth of dwarfing interstock, fine roots
(< 2 mm) mainly distributed in the soil layer of 0 - 40 cm, and the number of fine roots was 13.6% -
41.5% more than other treatments, total roots number was 18.2% - 33.3% more than other treatments, the
root dry weight was 11.2% - 68.4% of that in other treatments. Moreover, 15 cm treatment showed more
competitive advantage, i.e., the quantity of fruit yields, single fruit weight, soluble solid contents, fruit

hardness, fruit coloring and the titratable acid. Furthermore, the 15 cm planting depth had highest level of

R B/ 2013 - 06 -28; fEEIAM: 2013 - 09 - 03

HEWH: EFRIRA A HARERER A EINH (CARS-28); BEPGHFHITE KRBT H (2011KTZB02-02-05); B4 Sk &
Ti (2011-2012)
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IAA, ZR and GA contents, but the contents of ABA was at the lowest level. the ratio of (TAA + GA + ZR )/ ABA
was at the peak, which helps to stimulate the growth of roots. These results indicate that 15 cm planting
depth of dwarfing interstock can promote the growth of root, increase fine and total root numbers so that
apple trees obtain more nutrition by root and have good fruit quality.

Key words: apple; interstock; planting depth; distribution of root system; hormone; yield; quality

SESLRAL AR B OO I R RE T 1) o SRR ARG R A S0 30 AR AL AR 1 d T IR 4%
(ZFRERA AR, 20065 ZENE 55, 20100 o R4 RIAGA BN VR0 BB AR B 2,
VI 2 BB 1) 5 WA sl B 59 30 5 08 A0 R R R A VR BE AN A 0%, il N T3k, 4 AR K
N, WA, PREAL, AR PIEEA L, AR B, BT R R E, H
Jo IR AR b, R SR T (R 2, 20065 AT 5, 2007) o FrAWESUELL A AN
TIREEX RBAR R A0 AR AR O BRI 5 W TR RE T, 6 ST SRR A Ak R B A
=

MR A B A B SRR IR 28 B, i AR R IO AE BRI 6L P2 4R (< 2 mm) 5%
Ji% (Johnson etal., 2001; Schenk, 2005; Yuffi[E A7, 2006; H H=R/x3CIK, 2008). K,
MFEOE TR A KR B EE . 58 04 (2002b) WFST K BIUEARE: & M R 3 H A 14k
HAE0~60cm 2, HHRARLEM 96%LL F, WARFEX DM T 20 ~40 cm L2, B S
70%LL Fo 4 Mg fEP IR, AL 15 om FERAN EARLG, R REFR T prssg i, P~ 25es.
BARAAE (1991) WFFT T B0 )RS RO 9 SR (R RN, i HA v Tl A A e 5 v SR AR R B A rh
SYATE A8 B, BHAR 0~ 5 mm AIAR T SRS I T s . S RAE (20100 AFFUICH AR
HE RGN T, R N B R G AR, A D oA BT RGN ISR, A Mo B
At RS, SURBCTWIE . Bk, — MR SRR e Bl 5 ~ 10 em 4,
F e . T, NS R AR T R AL P RS AR AR T T, TR IR A R TR AS RN iR
2 T) R 0T L RRR SR S5 7 e T S A I U A, R R A P TR A TR N - IR 0 SR AR R = 1
BT D (XIEZ %, 2007; BB 45, 2012)

AR LL Kw 25 FERGERM, W E BRI ARG Mag AN RN LV AL G iy
SEHD MRRAK A AR FR TR R SR S i ST R R, DU I A TR N R
MR BRI R AR S T %

1R

1.1 REEER

G T 2011 42 9 H—2012 4 11 HikAT, i 3 B AE B 161X K %€ 2 TR B KR R
FOEARE FR R, N34° 18", E108° 02/, ¥4k 525 m, ¥4 2 150 h, JofEH 210d. 0~
60 cm TIEFEREFE> Bk AN 1513 g- kg, BRARA 67.83 mg - kg, WAUHE 15.37 mg - kg,
W 179.1 mg - kg, I pH 7.5,

PUBAE R ARG AN R A RAEER B KE 2 57 SRR, Bl FraE e A [Malus sieversii
(Ledeb) Roem], BALHEAG A My, AN IE 30 ecm, A RERESAE, BHACPR & . R5H
LRVIE
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®1 BEREEXER

Table 1 Basic situations of the orchards

FRER < AT/ (m x m) FEWIR/C )

5 ) R fi/mm " ER o] P

) Plant spacing x . Annual average .

Location . Rainfall Soil type Tree age
Row spacing temperature

#¥% Yangling 2.0 x 4.0 635.1 12.9 MY+ Dark loessial soils 3

JAFH Fengxiang 2.0x35 601.6 11.5 $51% + Yellow earths 7

7k 7 Youshou 2.0 x 4.0 600.0 10.8 Y+ Dark loessial soils 10

Y Pucheng 2.0 x 4.0 541.7 13.2 Wi+ Cultivated loessial soils 8

1.2 AEAH*E

EMBGEATFIN LVEE, HR— N LR E KRS b, 3t 5 NG, B iEmk A
TR 5. 10 15 204 30 cm, FEAPACFE S RER, FRREX 3 k. TR K.
Ik S P R A L, B Al dE 5. 15, 30 em A EVRSERRAE, BT LUHEA 3 AN AEE, AN b
PESIREHE, HIKEH 3 K.
13 WRESHHAE

SHFRTE (20060 J7ik, FBHAESTIR R T . RSN RE BN (B T
F¥E 60 cm) Ab, TEE TATIIZE 60 ecm. 1 120 cm. 5% 60 cm [FJ3EE04, B SE VR A # 1r) 1 15
FTHH B, BN LRI 20 em x 20 em (MRS, I EAARRBAR D A 3 J, Geih i EAEAN M
WNEAN <2mm. 2~5mm. > 5mm REE; £ 0~20, 20~40 F140~60 1), HIrEREL
AR PR SR R ) 20, 40, 60 cm 4042 20 cm x 20 cm x 20 em [ BB, B RS, #b
VeI G Gt 2% 12 AR AR R BRI T 0 E
14 WREPEZES=ENE

2012 4E 7—10 AX B syu il h A 40M (< 2 mm) B H KA 1R, EBUE K ST R
B 1) A AR A Ay 8 25 0 5 PR A

KAL) IYFE 17 8: 00—11: 00, 43 HIRESALEE 0 ~ 20, 20 ~ 40 F1 40 ~ 60 cm /=214 K
220 g, FEMACFLARK S IREE . FREE B NSRS, K& Rt =, WwidEE T -70 C
VKA AT, TR B 50 % 20 1 )71 (ELISA) MIEHR R ABA. IAA. ZR. GA & (ARFRZE 4%,
20060, BT R KRG 2 5206 s e, R RS CANRE VR e, MU M i 56
SR R R N 5 2%

15 RELTERRIPE

2012 4 10 A 18 HiAAY, MAEACFERE R R AL 4 D710, RERRBEALEL 4 A5, AEALFRALEL
20 ANHSE, 32 ]S E I s B ST NOFOR B R R TR U bR RO R sE N REAR; ] GS-15 Y
KSR JTHb 3 BT A 5 SRS J2 7 (PR s B YTF-J TR 6 0 vl s v [ TR & s FH R0 o
VEISE AT e R s FH HAS CR-400 74 H S €6, 0, 22 vl s SR (0 9 RN 2 ki e .
1.6 #HiFEE

A2 Excel #H 5, KA SPSS17.0 kA 34T 4511 77 2290 #7
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21 BUPEMARANLRENRMRAERS HRIF N

M 2 B, Bails X A AR R 50 R E, B < 2 mm R EE5A07E 0 ~40 cm +
24, 1 H AT S AR 80% LA B, 5 AL ERAN AL S H K F N IHEBT A R RS RV 150 20, 5.
10 F1 30 cm, REBEALH )RS N IR E A 15 F1 20 em BHAR R AR 45 2 - AIFEINER 2 B2
MRLSHERELE, SRR DE R R B NHZI Y b EsE AN 1 150 57 200 10, 30 cm,
At 15 em A BEAR R A EL AN £ 5. 104 20 A1 30 cm 40P L 18.2%. 30%- 19.5%F1 33.3%.

TERGR . 7K FF AR g, SR PR R 2 A 0~ 40 em 12, FAT < 2 mm 40 R4
dS R R 80%LA b FEIX 3 AN A AL (AR R e W, AR N T 15 em B4R 2O S AR 2
BIRT L5 7130 eme SRR B G LIREEN 15 ~ 20 om AR TR R AEK, R
WEEI,  ATA R T RAAORCE 5, RIERMAERKE

*2 BRTFEEBELPEAMTRAALRERFEESHRLR

Table 2 The difference of vertical distribution of root system with different planting depth of

dwarfing rootstock in Yangling, Shaanxi

R H 48 /mm AN VR B /em ANJF) A )220 Number of root of different soil layer TR
. Number of total
Roots diameter Depth 0~20cm 20~ 40 cm 40 ~ 60 cm roots
<2 5 33.00 + 4.50 be 35.00 + 4.04 ab 9.00+ 1.08 b 77.00+3.51b
10 27.00+2.67 ¢ 31.00+£2.83 b 14.00+0.81 a 72.00 £ 5.62 be
15 47.00+3.32a 36.00  1.84 a 9.00+121b 92 .00£4.16 a
20 34.00+1.05b 34.00 + 1.25 ab 13.00+0.54 a 81.00+4.02 b
30 33.00 +3.82 be 22.00+2.62 ¢ 10.00+0.81 b 65.00 £4.81 ¢
2~5 5 4.00+0.51 a 3.00+0.46 b 2.00+0.54 a 9.00+0.64 a
10 1.00+0.33 ¢ 1.00+0.33 ¢ 1.00+0.33 b 3.00+0.53 ¢
15 2.00+0.33b 4.00+0.38 a 1.00+0.33 b 7.00+0.47b
20 1.00+0.33 ¢ 1.00+0.33 ¢ 1.00+0.33 b 3.00£0.52 ¢
30 2.00£0.33b 4.00+027 2 2.00+0.58 a 8.00 + 0.55 ab
>5 5 0.00 £ 0.00 ¢ 1.00+£0.33 b 1.00+0.33 b 2.00 £ 0.66 b
10 1.00+0.33b 2.00 £ 0.66 a 2.00+0.66 a 5.00+0.58 a
15 2.00 £ 0.66 a 2.00+0332 1.00+£0.33 b 5.00+0.33a
20 0.00 £ 0.00 ¢ 2.00 £ 0.66 a 1.00+0.33 b 3.00+0.57b
30 2.00+033a 2.00+0.66 a 1.00+0.33 b 5.00+0.88a
1l Total 5 37.00+3.43b 39.00+2.14b 12.00+£0.62 b 88.00+2.31b
10 29.00+2.51 ¢ 3400+ 125¢ 17.00+1.73 a 80.00+3.24 ¢
15 51.00+2.74 a 42.00 £ 0.69 a 11.00 £ 1.06 b 104.00 £3.43 a
20 35.00+£1.35b 37.00+1.55b 15.00 + 0.62 a 87.00£2.71 b
30 37.00£2.49b 28.00+1.31d 13.00+1.27b 78.00 +3.43 ¢

Ve ANFNEG T BE R A R L2 A R AR P I G AN N R 2 THIFE 0.05 KP- 2257 4

Note: Different lowercase letters means significant at 0.05 level in different planting depth of apple dwarfing on the same soil layer and root

diameter.

MF 3 FTLUE B il XA [R] AR BE A 4 23 AR R B AR R i, 7E 0 ~40 em 12 4
KL 40 ~60 cm 125 0~40 em T2 AH L 2Dl H; BIUAR R R 2L 5 A07E 0 ~40 em 12
R 3 v UG H, S A FRAN [F] 1 AR 2R B AR A S 6t R 2/ B FES U 4 v TR Rd N 1 15,
5.20. 30, 10 cm, PG L 15 em BRAL AR T BT 5> A A 1 54 104 204 30 em 7R 11.2%.

68.4%- 22%*H 45.3%.
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FERH S KR AT A e DR R AR B, R )Rl N b 15 om AR BEFRASAR R KT B Bk T
At 5 H130 em A, AR S WA I X A — S, BEHTRA TP IRIAE AN R 15 em I REY]
WA R AR M A K KT .

%3 BUABEAHTRALEESELRRATREEZER
Table 3 The difference of dry weight of roots in each layer of earth with different dwarfing rootstock planting depth

ARATERATFHE (mg-em™)

BT AR fem Dry weight of different soil layer &t/ (mg-cm™)
Location Depth Total
0~20cm 20~40cm 40 ~ 60 cm
Wk 5 0.184 + 0.025 ab 0.244+0.031 a 0.116 + 0.016 ab 0.545 +0.037 ab
Yangling 10 0.091 +0.013 ¢ 0.148 £ 0.045 b 0.122 +0.042 ab 0.360 £ 0.024 ¢
15 0.238+0.036 a 0.217+0.013 a 0.151+0.035a 0.606 = 0.033 a
20 0.191 +0.023 ab 0.215 +0.036 ab 0.090 +0.024 b 0.496 = 0.052 b
30 0.161 £0.016 b 0.169 +0.023 b 0.087 £ 0.031 ab 0.417 + 0.047 be
K 5 0.197+0.013 b 1.672£0.152b 0.725+0.031 ¢ 2.594+£0.485b
Fengxiang 15 0.245+0.021 a 1.924+0.014a 0.986 +0.041 a 3.155+0.068 a
30 0.103+0.035 ¢ 1.581+0.032 b 0.839+0.012b 2.523+0.039 b
IKAF 5 1.017£0.038 b 1.283+0.041 ¢ 0.371+0.014 b 2.671+£0.035¢
Yongshou 15 1.325+0.037 a 1.615+0.025a 0.955+0.042 a 3.895+0.015a
30 1.330 £ 0.051 a 1.465+0.036 b 0.295 +0.049 ¢ 3.090 = 0.036 b
T 5 0.927 +0.046 ¢ 0.924+0.071b 0.413+0.065 b 2.264+0.031 ¢
Pucheng 15 1.293+0.012a 1.578 £0.055 a 0.903 +0.042 a 3.774+0.044 a
30 1.152+0.026 b 0.955+0.037 b 0.376 £0.023 b 2483 +0.061 b

e ARNE PR R 2 T AR R Z ITE 0.05 /KFZ257 3

Note: Different lowercase letters means significant at 0.05 level in different planting depth of apple dwarfing on the same soil layer.

22 BUPEHEIARAALREMRMRANRIZSSHFN
221 STRAHRERNBRAESETAT A

% 4 v LUEH, PSRRI FRES AR R ABA fREREE, /7 H, 0~20cm +
S, AR T 5 em AE PR R ABA B Edm, HOOZA T 15 em; 75 20 ~40 A1 40 ~ 60 cm 1222,
At 15 cm 4B ABA SE/NTF AL 5 A 30em AbBE. 7E8 AR 9 H, 0~20 F120~40cm 1),
At 15 em AEFEIAR &2 ABA S E/NT AL 5 A130 cm 4B, £E 10 H, 0~20 f140 ~ 60 cm 12,
Hrlalei At 15 cm AEFEIAR R ABA S 8E/NT AL 5 F130 cm (I4ALEE. Bk L, Arlamh N HIRE N
15cm I, HRFE ABA F&/N TGN TZRER 5 F130 cm FALEE,

E7—10 H, WA IAA SRS NS (R4, 7£7H, 0~20cm HEWRER, THEBIANT S
cm ALBRI TAA &, HUOEA T 15 em ALEE, 7F 20 ~40 F1 40 ~60 cm 12, A1 15cm 4b
PR TAA S EAKTAL 5 M 30cm 47, 8. 9. 10 H, & HEANT 15ecm R AN TAA &5 .

AR R FIR R GA S EEFEE, 7. 9+ 10 A, FHZ2HP A+ 15 em AbH
RAM GA FH KT AL S Fl30 cm 42 758 H, 0~20 F120~40 cm 1), At 30 cm AbEE PR
AGAEERTALSM15ecm 4B, £40~60cm 2, AL 5ecm R GA SEEK (£ 4.

ETH, 0~20cm 12, At 5 em HEWIRAR ZR S EHEN 711 ng - ¢ FW, HKEA L
15 cm AbFE, £F 20 ~ 40 fil 40 ~60 cm /2, A+ 15cem ) ZR & 8EH G 768 A, 0~20 F1 40 ~ 60 cm
+2, ANt 15 em A FER) ZR SE AT AL 5 130 cm 4FE. 7 9 HA1 10 H, 0~20 120 ~ 40 cm
T2, AL 15em 4FE ZR SEE S (R 4).

RIS, 7 7—10 H, 1R R A KM E IAA. GA. ZR FEAEPRREGIA L 15 cm P&,
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HE A K2 ABA SR G. B4, ABA. TAA. ZR S EfE A LIREER N, A %

fRrka%s, (H GA & EARX LB E, 7E 20 ~40 cm L2 IR AR

P =N
SRR

F4 BERHUXELPEABTRAALRESTIRARNNEIRSE

Table 4 The concentration of original hormone of roots in different layer of earth with different dwarfing rootstock planting depth

i

JER AL ABA/ (ng- g'FW)

IAA/ (ng - g'FW)

GA/ (ng- g'FW)

ZR/ (ng-g'FW)

Month I;c/;tr;: 0~20cm  20~40cm 40~60cm  0~20cm  20~40cm 40~60cm  0~20cm  20~40cm 40~60cm  0~20cm 20~40cm  40~60cm
7 5 90.81a 89.45a 73.53a 14588a 10698c 88.12b  6.11c 551c 49c 7.11a 591c  4.09¢c
July 15 83.93b 61.02¢c 6497b 14584a 15579a 13790a 7.72a 1033a 9.15a 652b 677a 597a
30 64.60c 68.03b 7433a 86.97b 111.76b 81.14c  6.86b 647b 647b 620c  6.06b 556b
8 5 6487b 7775a 7l.1la 8931c 7023b 6575b 736¢ 834b 838a 437b  6.73a 5320
Aug. 15 63.44b 54.60c 56.81b 98.67a 9097a 70.0la 7.86b 650c 6.32c 6.69a 547c¢ 9.08a
30 76.64a 61.23b 49.72¢ 90.02b 33.52c¢ 25.64c B840a 1023a 7420 430b 573b 4.17c
9 5 8543a 69.15a 67.95b 59.58b  2539c¢ 3001b 733D 592¢ 6.21b 620b 451b 56la
Step. 15 67.73b  6550c  58.90c¢ 6287a 3573a 6985a 7.62a 884a 7.07a 7.88a  6.26a 3.55c
30 68.57b 66.15b 84.26a 25.18¢c  3027b 2685c 6.82¢ 732b 498c 433¢c  457b 530D
10 5 7821a 6827b 50.48Db 4542b 2439c 2852b 6.52a 8.84b 593b 578b  3.82¢c  3.62¢c
Oct. 15 67.06c 69.52a 38.18c¢ 49.82a 30.75a 3038a 6.6la 923a 6.13a 599a 580a 4.10b
30 69.82b 6735c 58.17a 2323c  2582b 22.19¢c 6.34b 725¢ 5.02¢ 376c  492b 4.76a

T ANEVNG PR A R I IAR ] 2 P A RN IR (5 emy 15 emy 30 ecm) 2 [AJAE 0.05 /K22 57 8. 2% .

Note: Different lowercase letters means significant at 0.05 level in different planting depth (5 cm, 15 cm, 30 cm)of apple dwarfing on the same

month and soil layer.

222 % (IAA+GA+ZR) /ABA A8 TAL8h &k

5 B, 7—10 H& L2401 (JAA+ GA+ZR) /ABA H{E 5 N, B hi A [H
N VR AT R) 25 5 B2 . TR As Nt 15 cm AAFRAO4IME T (TAA+ GA+ ZR) /ABA HAH B 5
At 5 H130 cm 4P, (TAA + GA + ZR) /ABA HAE KA R FAEHERE R A K, Uil b Al fli N L i
H 15 em BAR R A KARBUBE N LR BE R 5 R 30 em AbBE (147

F5 HRMXEXFODUEFEAALRESZRLBHER (JAA+GA+ZR ) /ABA [LE
Table5 The ratioof (IAA+ GA+ZR) and ABA of fine roots in different layer of earth with different
dwarfing rootstock planting depth

Aty AN TR /em (IAA+GA+ZR ) /ABA
Month Depth 0~20cm 20 ~ 40 cm 40 ~ 60 cm
7 5 1.750 £ 0.012 b 1.320+ 0.003 ¢ 1.320+0.002 b
July 15 1.910 £ 0.003 a 2.830+0.005 a 2360+ 0.002 a
30 1.550 = 0.008 ¢ 1.840£0.016 b 1.250 + 0.004 ¢
8 5 1.560 = 0.021 b 1.100 = 0.008 b 1.120£0.015b
Aug. 15 1.780 £ 0.021 a 1.890+0.012a 1.500 + 0.006 a
30 1.340 = 0.003 ¢ 0.810+0.021 ¢ 0.750 + 0.004 ¢
9 5 0.860 +0.013 b 0.520 +0.007 ¢ 0.620 + 0.005 b
Step. 15 1.160 = 0.003 a 0.780 + 0.009 a 1.370 £ 0.005 a
30 0.530+0.016 ¢ 0.640 = 0.005 b 0.440 + 0.002 ¢
10 5 0.740 + 0.009 b 0.540 + 0.002 ¢ 0.750+0.011 b
Oct. 15 0.930 + 0.007 a 0.660 + 0.005 a 1.060 + 0.004 a
30 0.480 + 0.008 ¢ 0.560 = 0.004 b 0.550 +0.001 ¢

e ANFEVNG PR R R AR R 2 A R R (5 emy 15 emy 30 em) 2 [AJAE 0.05 /K22 57 3% .

Note: Different lowercase letters means significant at 0.05 level in different planting depth (5 cm, 15 cm, 30 cm) of apple dwarfing on the same

month and soil layer.
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23 BUHEEARALREMNRI"EMRRMEN
23.1 MHREFZHA

0 B0 DX AN [R] Ah BEOGE S BB bk 7 i LR 6, TR R N L 15 om AR BRI SRR SR, BT S
10, 20, 30 cm AP0 5075 1.820 1.97. 1.264 2.04 kgo £E XM 7K AH AR it 2 A 1 15 cm
Ak ) BB B i
232 XRERRGF R

M6 HRTLUEH, fEMEREX, ANFAEZ W REEREE R AR Bh e A+
WREAFRPER P i EA BE 7, HREVNMUHETIR AR A, A1 15 em, 20 em. 10 cm. 30 cm,
5cm, At 15 ecm AR FEILA L S cmy 10 em. 20 cm. 30 cm 435K 60.01. 38.59. 37.6
562 go (ERGH. KFFRHIRAIEIX, # AR RIBIREE R W ARE, A1 15 em B T
B Ko XULBH TGN FIRIE N 15 ~20 em B, MRS 2 7= ERSAERK R

M 6 LT LLE Y, A il X 55 b BE IR SR S8 nl s R R ) & AR R 2 e AN . A 1S
cm A0 PR AT E IR 7 o Wl E AR T AL B . AR R KA AR R e, R AN 1 15 em (R SR SE
R, AP D & e, Al e RS .

i

F6 BULHEBARANLREXNRE~=ENRR N
Table 6 The impact of different dwarfing rootstock planting depth on yield and on fruit quality

B )\+/7r< L PR H@éﬁy‘;?/l AL /% ﬁir&j“n’a’@/% Wbk B kg
Location Bem Single weight LF: ngth to (kg - em™) Sol‘uble Tlfratable Yield/ Tree
Depth diameter Hardness solid conten acid content
LR 5 21270+ 6.18 ¢ 0.87+0.021 a 6.53+0.51a 15.70+£0.36 a 0.44 £0.003 a 507+0.13 ¢
Yangling 10 234.12+7.26b 0.79+£0.023 b 6.57+0.56 a 15.80+£0.42a 0.38 £0.007 ¢ 4.92+0.17cd
15 27271+631a 0.83+£0.028 a 735+£0.62a 15.53+0.31a 0.33+£0.013d 6.89+£0.08 a
20 235.11+5.25b 0.83+£0.024 a 6.52+0.41a 1590+£0.47 a 0.41£0.011 b 5.63+0.16 b
30 216.51+6.48 ¢ 0.82+£0.022 b 6.70£0.73 a 15.52+0.51 a 0.40£0.015 be 4.85+0.05d
R 5 262.00+4.31b 0.87+£0.054 a 637+0.48a 13.78 £0.34b 0.46 £0.013 ab 89.00+£0.73 ¢
Fengxiang 15 275.00+£521a 0.85+0.014a 6.42+0.53a 1472 +0.15a 0.45+0.002 b 106.00 £ 0.86 a
30 265.00£4.04b 0.76 £ 0.065 a 6.23+0.36a 13.96£0.21 b 0.47+0.003 a 93.00£0.57b
KA 5 243.00+£5.13b 0.77£0.026 b 7.12+0.13b 14.93+£0.33 ¢ 0.42+0.012a 72.00+0.87 ¢
Yongshou 15 256.00£5.52a 0.88+£0.031 a 7.69+0.25a 16.29+0.27 a 0.39+0.011 b 87.00+0.93 a
30 231.00+4.71 ¢ 0.82+£0.024 b 725+0.16b 15.81+0.11b 0.41+0.002 a 76.00 £ 0.48 b
biiie) 5 249.00+5.27b 0.81£0.041 ab 631+£0.21a 13.91+£045¢ 0.45+0.003 b 84.00+0.89 ¢
Pucheng 15 268.00£6.18 a 0.85+0.017 a 6.46+£0.52a 15.02+0.23 a 0.44 £ 0.005 ¢ 95.00+£0.98 a
30 253.00+£532ab  0.79+0.031b 629+0.45a 14.57+0.12b 0.47+0.016 a 86.00+£0.53 b

e ANEVNG FRERAH R b (G AN RN LR 2 [ 0.05 /K7 7 3
Note: Different lowercase letters in some column means significant at 0.05 level in different planting depth of apple dwarfing on the same

location.

W i [ AN [ Ak P 3 R €0 F8E PR S £h1 2 7 7T L, LB R INEERBU g, A F 20 em 5 ems
30cm. 15cem. 10em, HFIAL 20 om # LB N 59.48, HAbAEE L2 AR . b{HIK
ANHEBIGR S, A 20 ems 5 ems 30 cms 10 cms 15 cm, A1 20 em [£) b Bk 22.23, HiAh
REBE D ME 2 AR . a (RSN A, A+ 15cem. 30 cm. 10 cm. 20 cm. 5cm, A+t 15
cm [ a (i KN 14.04, JABKCEE a (2t AN BE . 6 R AKEMGIN, At 15 om (KRS0
OEF HAb AL BE . BB R A RS N VR BEAE 15 ~ 20 em B, ] DL 3 G5 R B (0 8, 389 n SR SE i 3
WHEE, HREABRE,
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R7 BUHEABTRAALREMNREGENZMW
Table 7 The impact of different dwarfing rootstock planting depth on fruit chromaticity

Hb A A TR /em L o b’

Location Depth

Wik Yangling 5 56.92+1.12 ab 12.87+0.54b 21.71+0.53 ab
10 55.69+1.38b 13.24+0.42 ab 20.68 +0.94 b
15 56.32+2.33 ab 14.04+039a 19.73+1.02b
20 5948+ 1.52a 13.11+042b 2223+0.03a
30 56.61 + 1.86 ab 13.63 £ 0.55 ab 20.76 +0.82 b

JA I Fengxiang 5 48.53+1.53b 32.01£021b 13.21+043 b
15 50.56 £ 0.40 a 33.22+0.71a 14.81+0.53 a
30 47.95+0.99b 31.03+091b 12.67+0.48 b

JK7F Yongshou 5 52.57+1.32b 33.41+041b 12.54+0.64 ¢
15 55.12+0.54 a 3550+ 047 a 1544+037 a
30 51.76+1.49b 3229+037¢ 13.99+0.38 b

73 Pucheng 5 46.63£0.43b 30.01+£0.31b 12.43+0.54b
15 4933+0.87a 33.53+0.65a 14.05+0.46 a
30 45.49+0.55¢ 32.72+0.75a 12.94+0.52b

T ANENE T BER R A M A P AN L L R 2 [T 0.05 K72 57 i3

Note: Different lowercase letters means significant at 0.05 level in different planting depth of apple dwarfing on the same location.

3 e

MR R BT AT A Wk, e FS R E R T, ERMNAERKEE T
EAE AR EEER (BB T #8255, 2003). AL RS TN LR, HEZW MR R 1
AT AK . BRESCEE (2002a) SEFFURE, SERBRM AR, AR (< 2 mm) FEZEHALE 0~40 cm
T2, BAbEAEAN T 15 em, RWARAERERZ, SREEE, THRRK. AW RIEE
TR BIRAE (1991) F5 H (A1 R AR B8R o R AR R AR b A e 1338 B2, A% 0~ 5 mm
(AR AR IR A R sy, i B ARG R AR S, 2 2 SRR ARG T LA ZERR . BRI,
AL AN LR BN 15 em I, WRFREER 2 BT R K, HIOE AN TIREN 20 cm. 7R
(R P R A AN N LR B HE N 3 b (el 2B AR, T (R ARG AR RAIEAEAR R ER R
BASKE, BT AE N RS 15 ~ 20 om, AEAHL NPT AR IR B O S, TSR Ky
i ALBR B AR R A KR T RAFII 4, WOWARIARAE M 2 KA, HE—D AR T A At
FEAEKKRE, RGO R AERE T KRR A, I SRR AT 4. 3%
e N iR, At 30 em, EHEEAMEZE, RS, FRE T AR A KRS i e,
BT CAAIAR A K R %

R R WIARR . AR F . MM R FZFNIEEEN GRS E, RN E B
Ht, SURAEE N IAEEI, AR S T M EEIEH (EmWEE %%, 2002; FEE %, 2008;).
BN IR TAA R ZR IR FER R T AR 40, SR AE KA Rt e, i HL U TAA e e it )
PR A S 2E K T8 3 (Pagnussat et al., 2003; E4&4F 4%, 2005; JEYIRAEH, 2008;
KK &, 20100 o ARG PR 6—7 M 90—11 HIFERMAR R kA K m i1 T R BURE I
SEMMEAML . A, B EaEA L 15 em, BHABN FEEE, 5 710 ISR R A4 K10
FIAA. GA. ZR FE8E, WHEKREE ABA FEHRAIG,  (JAA + GA+ ZR) /ABA WH
K. 74h, ABA. TAA. ZR BT AN PRGN, & s IR &, nrRgt i1 8.
9. 10 AMidt N TWZE, HIERS/KERN, SECERM AR ABA S & T, 0 GA &S
BERE, 720 ~40 cm L2 MR PS5 BER F . X2 RN E IR RAEK L H I IAA. GA.
ZR SR HABA T 2, TAEIR R AR K ABA & A AL B/, T LU T (RGN R



11 3] AR AEAE: SRR )Rl A R R A 2B A R L RN RS A ) 2135

15 em S RECRMAR R4 K .. FEHE% (2010) #F50IAN, BEB (JAA + GA+ZR) /ABA b
AR TR AR AR . AWFE IR P RS N 2 E R 15 cm B (JAA + GA+ ZR) /ABA Lt
IR, EAR TSR R M A K . AR R RS N 1 AR 5 AR & i 181k )
IR R T4 G I 5T

B8 0% (2002a) AR, AL IERE A L 15 em BOR N L R Sz R BB, Al E
YidEm, ARG, RRERE, FrEE. AR, BRI EN 15 om, FER PR
T TR Y. A ORSEIMBIE R RGN LR e, RSO, nIE R
BN, Pe L, R TR T AL AR ] . TT AR B B ARG N IR BN 15 em B S em AT 10 em
A, — 5 4R TR R ARG, AR AR R LSRR RV SR AR, BRI, i
O AR BRI SR, PR R I . i HAR RGN IR 15 om BRWAR R, ATLL L
e e R TR K Sy, RBHA AN TR 7, SR T R RO E R, RS RIREE
%, BRRFEIN AR .

gELRTIR, SERERARE B P AN RN IR R BR R IR SR, IR R KRR ST
(R0 S22 o AL AN I B N T IR B S B AR R AR B, 7R R A TP R BN IR
IR 2R RSk BHE KR, SRR R . ARBFFOA B TRl N L VR 0 15 om 3 SRR
KM GAL TAA. ZR 5K %, (IAA+GA+ZR) /ABA U K. Bibriams N IR K 15 ~20
em, RMAMREEZ, TR LMTRI KRR, RS ah Bl
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