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1.1 IR

REARAR R E: DLl ARl K3 1 T
O R \EEAE SE B [E % (Malus pumila Mill. cv.
Ralls) 5 52(M. sp.) A58 A4 1 1) 24 AR 2% ik
Ak, T 201345 H R A AT R A T46 . FH46 S5
60 d, Gt i 1) s 2, IR 2 A 2 HRGSA.

PR VR I I R BL20134E 0 2k H B AS S AR
GSAAR[F IHE £ 13-20, 13-10F17-25 () 244 4 4%
Z R B, F201445 A R A 3T WA T4 .
ST FAEG0. 8 16, 248132 A4 HIELEE
YRR FE ity BE N LA B 7 AR 4 A, 75 /K Ab 8 3 H 20 A
BET1%, TRONVK S (R S50 5, I3 ] A A 50
1 emyts [l P I 39) 52 350, VA J5 20 N3, IR R G
F—70°CHBARIRIKFE IRAT, & -

1.2 iR ER

A FEI S S ARG (46 R 7R 1L AR
MoK 2 el 25 B A e 1 AT . i R A
MALE MR E M, 551.2 m, K50 m. MR — 2
10 em /A5 (P i el idesr e avb, 12410 em /A4
B IR H SO T 4, AR TR ER H 3)
W E R E A E W T, FAERT2 d, SRAHS0% %
B R TR R 800 R AT W 5, FF G M H R IE
K, FE ST .

WO 4 A AR R T (a0 Bk 3w 25 2% B, FF
fAHT40 d, FERE60 min®i %55 min, PREFSSIREAE
90% LA I=; 40 dJ, Y/ mi K v EL, BIAERE 120 minls
%10 min. fHEEEKEANRGE, RS HE—X 2
B 7 8005 »

1.3 S RIFAIMN S GSAH T

FH60 dJi5, FPARFARE DGR BT 46 v 76 AR
R HEREER, RS R4, &N
MR EE, AT A ERGSAS T Git
1.4 HEREBSNE

K FH T8] 4 1t 6 M 425 (Enzyme-Linked Immu-
noSorbent Assay, ELISA)ll & A @i k4K B ik #2
R B2 AL, WS E RO KR EEY)
ez =L, 2 BRI G| Wk 2, % (indoleacetic acid,

IAA). GA;. ABA. £ KZEH% 1 (zeatin riboside,
ZR)FI 7 I, fi FE B P2 4 (isopentenyladenine, iPA) &
&, TE YD BECE BN E T7 12 R & A A
UL BT, 3SIRE R .
L5 B

R 5 F s % A Microsoft Excel 2003 f1SPSS
17.073 #3543 A Ab 22

2 SLIGZER

2.1 FEARIEETERGSAS A

P IRFF G — A E R GSATIA A, #3553
H ARG WA 2 N3, R TFTR: 30°<GSA<60°
A E MR ELATIAS /N T-50%, H.GSA<30°HIAS EAR EL
112K T GSA>60° 1) L 1) ARG, J& T IR JZ AR 2
(deep root type, DRT); 30°<<GSA<<60°[{J AN EMR EL
BIAS /N TF50%, HGSA<30° M)A & LT
GSA>60°1f Ll (1) F AR A, J& T+ (A i A (interme-
diate root type, IRT); GSA>60° {4 & i EL A A /)N
F50%, H30°<GSA<60°H)AER |k T-GSA<
30036 [l Y B LG B AR RS, & TR Z R B (shallow
root type, SRT).

W2 7R, 13-22H113-207E30° <X<<60°3 [#
) — A E iR BB R I 50%, HX<30°76 [ 4
— AN E MR LK T X>60°30 Bl N i EL A, TR T
IR, 725, 10-18111-743 4 2300 < X< 60°75
Bl (1) — G AN 78 AR B AR K T-50%, HX<30°Y5H A
— AN E ML LA/ T X>60°58 FBL N ER A, R T
AR 8-24. 13-13F113-107EX>60°5 [ 4 —
A E AR EL AT K F50%, H30°<X<<60°7E [Hl
— AN E LA A K T X<30°38 BBl I EL 4, R T
RERAL,

F1 SR G R — BAER A SRR C R
Table 1 Relationship between adventitious root distributions

and root architecture of apple self-rootstock

—PANEMGSA
_— RN TE R
X<30° 30°<X<<60° X>60°
RERE Y<<20% Y=50% 50%>Y>20%
Hp R AR 2 50%>Y>20% Y=50% Y<<20%
REFRAY Y=50% 50%>Y>20% Y<20%

XFRIR —PAEM G ARV TT 18 A, YRR — % AT M
PR o T 4 o MR BB 221
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2 SERMAITHE — HAERGSA

Table 2 GSAs of adventitious roots of apple rootstock cutting seedlings

X<30° 30°<X<60° X>60°
ATERRFE MR SR
R LbA51l/% i LE451/% i b 451/%
RIERAY 13-22 57 12 21.05 43 75.44 2 3.51
T EE A 53 13 24.53 36 67.92 4 7.55
13-20 35 10 28.57 20 57.14 5 14.29
TR c L) (53] -3 2 54 6 11.11 36 66.67 12 22.22
7-25 42 2 476 24 57.14 16 38.10
10-1 41 2 4.88 23 56.10 16 39.02
11-7 41 3 7.32 23 56.10 15 36.59
WA 8-24 35 1 2.86 15 42.86 19 54.29
13-13 48 2 4.17 20 41.67 26 54.17
13-10 36 4 11.11 12 33.33 20 55.56

V&% M. hupehensis var. mengshanensis; B35 M. prunifolia var. ringo.
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H ) AR 28 JE AR A 1 3 SR AR Al R A R T 4
A TEMGSATE i 72 IR N IR IR 1 3l & A8 1k,
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AR TR S TR AR SO T e A AR i A
T NIAA G BRI SR WE L FTR. Bk
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16 dN, IAA G ERFELTH =), fE4T4d 16 dINTAA S &
. EFFAL6 dJn, TAA S BB RS, IRZEHRAY
13204 R W IRTIAA S B FRICIR UK . #1432 d
I3 AR FHIA A & AR 2 MR 13-10 [46.09 ng g™
(FW)]>H[a] R #7-25 [53.93 ng-g" (FW)]>IEZ IR
£113-20 [57.58 ng-g' (FW)], BB % GSA/, fHfH
HIAA S &k .

100 p

i\ —s = 7-25
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~ ’ri\
—4 RAERNAN ——13-10
S

IAAE B/ng-g! (FW)

TR [)/d

Bl T EIAA S B35k

Fig.1 Changes in [AA content in softwood cuttings

222 ABAZETTk

R (S SRR RO A TS AR AR AR R, d
P IRABA & & AR 2 T A (E2). BN E
R R AR, I EART13-204@ R N JHABA & &
FEFHARO. 8. 16, 32 dfm T HAt A b () P I
ABAZ & . REHA13-105EFE N JFABA 2 &8 R 7F
HRIFIE FIE~16 )& B R AK[92.81 ngg” (FW)],
145 16~24 d, ABAF SIS HYTH s, FH4dif524 di,
HAREN101.71 ng g (FW). e fE A 7-254F FE
ABAS B fG24~32 d TR, 32 dinf& & 5
1€, H73.90 ng-g" (FW). IXEHIHAEH) A JHABA
BB IEANAE LI S T4 T AN 2 BRI GSA
223 AN HRZRFMIPAZET L
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Fig.2 Changes in ABA content in softwood cuttings



486 YA 2

RN EESHEEEMBEIRE. ARE KL
B—FE RN R, BIEE A &S I ZRANT 5 &1
iPA, DM EAII 2R & B ST EHEA ER
KA RAEHRGSATE % &

ZRAT A A AR R AR . B3R
o, WOBHTEAIYI0~8 d), FAENIAEIFREC T, ZR
A 97 B 2 2 D BB, L bl T 3 ARLD) 101 Ah 41 2R 41 B
it o AL A @A L R, ZRAE T IHAEIRAS, ZRE
BN, 25, WA S E3 T ZRIE g, b
FHHFERT K, ZRE BN, BAEFFGE16 dik
B, RZMRA13-20, A RAR AL 7-25 1 2R
T13-104G [ ZR & &4 51 910.99, 14.50 A
10.94 ng-g"' (FW). M ZRE &8 % T4
O d)H 1 2%~9%. 16 dJ, HffEhZR )& &
FHE T IR ER RS R EoR, 1320104
S MR A B B B OK T A4 1, i fE24 d2 )5,
13-203@ A8 R ZR & & i T HARARAR . Bk HEWT, ZR
FEANER SRR P RIS —ENER .

WE3 R, 24 dfE, WER AL 13-204
Bl P EAR L 7-2 SAA BERT v R AR 2R 13- 104 Rl 1y
JRZRE RS PR, FHE A B ARGSA/N P,
EFFIE 16 diFZR & . X R B 3 AR A Py IR
ZROT Rl I 5 A K T AR A8 TN, S [RDE
R AR L5

PR TR ) S S A IS T A R A A
HIPA S RUE4AFTR . RZERE13-107EFF AT iR
I (0 d), 4R iPA S B [12.85 ng-g” (FW)]& T 4
fhd e, FF4550~16 d, H &8 T %, 16~24 d iPAF
A ETF, 7524~32 dFFR N FE; AR 8 7-254
FEAPA B B AR AT AR, PR Z AR AL 13-204
FEPAEFT A 5 8~32 A28 TR, FT4632 ditf, ¥

[
S
'

—~ — - 7-25
Z - 1320
~ 15
: P —a— 1310
;:g o e N
=
o 10
N

5 L A i 3

0 8 16 24 32
4 [E)/d

K3 IR ZR & AR Al

Fig.3 Changes in ZR content in softwood cuttings
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Fig.4 Changes in iPA content in softwood cuttings

JEMAI3-10, Hh R)HR AR 7-25 FR R AR 7Y 13-204d K
HiPA 2 B4 51 99.07. 8.89F119.47 ng g (FW).

X EE A, 3P S A IOR 3F i 4 A o b
Jf1 73 24 25 (ZRANPA) (1) & & AR ZE T L, Bt m] I, 78
S ARG T R AR AR R R, AR A I ZRATPATH]
W AEAE, HR RS & B IR
224 GAEETK

KT GALEF 4 B HE A 7 MR kA T A2 A2 4
IR AN — B A6 3 5 B AR A O T 4 A=
RIS FE P GA & BT sh A BRELAT 7T, 45 R unkEs
FioRo B aIAR Y 7-2540 f b GAL & B 0 AR 1k
HRHEBVIE, REMRE13-20f17% Z R 2
13- 10948 ka4 RV . R4 )5 24~32 d, GA,
TR NEZ R AL 13-20> 1 8] R 7 7-25> 7% )2 HR 7Y
13-10, RIGSA/NHJHfHE GA & & &, XMIAAE
RIS -
2.3 EREREERITERIRERELLET L
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Fig.5 Changes in GA; content in softwood cuttings
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0~8 d, IffEHIAA/GA, LLIEZENS Tt 7E4T4fi8~16
d, #HEEHTAA/GAHE B BT, I8 FIg(E .
1, RERAY 13- 104 TAA/GA, ELH A $15.67,
FLURE G E AR AL 132001 b [ R 84 7-2 59 Fll A 11 EE
B4 WIN12.06519.52, FF4di16~32 d, ffHFEHIAA/
GALLEBTF I TR XTHREL JAAS 2 ED
1)FN5 (GA & BN v 1, fifEHIAA/GA,
LAl S4ARE P TAA S & 1R b a4 — 2, v DU
T RTAAN B &2 G P TAA/GA LA
Z A ZE 5

AL, FEFFHf524~32 d, TR N IRIAA/GAS L
E R ERAL13-10>H (A FR Y 7-25> V8 JZ MR A2 13-
20, EIGSAME/N, i N JRIAA/GA /)N, X Fli%
I B A GAL & & 1 S ARG A R (OB B iR A
AR K, GA, T B NIRZR AL 13-20> rh [A] i A4
7-25>R EMAN13-10). dLHERT, ASERGSAK
TV BT REAN A b A R IR ER P A K
2.3.2 TAA/ZREL{ETS 4L,

PR AL S B R Al S AT A AR AR R
T NTAA/ZR HUAE BN AR A 45 A E TR R
AEMR KA RS, FWERA 132036 IAA/ZR
PO 2 BT N RS, HIAA/ZR HUAR 1%
E.(7.93) N BLAEFTHE S5 16 AN E MR AR SR I 5300
AR A 7-2 53 FE A A/ZR LG 2 I« EF- T
R B TR B IR DU A 3, U { (8.3 1M17.23) 73 il AE
FFid 58124 d; Tk E MR AL GEAR 13- 10 2 2248 FF+
. EFFIE24~32 d, EEEPYRIAA/ZR LU A7
JEARA13-10> 1 [E] FR AL 7-25 R JZ AR 784 13-20, HP
GSAHVIN, TAA/ZREUAE BN . X HEIE L JAA S & 3)
A3 (ZR & BN AT 1, fdiARHIAA/ZR
E Al SRR IAA & R AL 3 — 3

0 8 16 24 32
Fr g l/d

K6 TAA/GA, LA AL,
Fig.6 Changes in IAA/GA; ratio
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Fig.7 Changes in IAA/ZR ratio

2.3.3 TAA/PALLETS X

PR B S SR R SO A AR AR T R
AR N IAA/IPA LLE 3 52 b 45 R an K8
BARSKAE, SRR AL E A TP IA A/iPA LU A 35 52T -
NS, A ISR S 16 d, HRJE R A
13-10, AR AL 7-25 FI9R JZ MR 1 13-20 ) U6 43
FIN6.72, 7.50F18.93., 7EFF4632 diYf, IAA/IPALL
B LIRS AR AL 13-20<r [ AR Y 7-25< 3% MR 7Y
13-10, HIGSAi#E /)N, IAA/IPA LLAE#E/)N, X S5TAA/
ZREVAE HI 50 A2 — 2L
3 Wit

TN GS A R i o7 25 77 3038 1) e & AR
S o E AR B ) PR JBSZ S EAR el /N A AT i,
T P 2 308 67 A AR IX, Rk, 3 o i) 75 22 00
S AL, KR IAA)G S &% B 2 4 2
A 37 2H 24 () B )15 5 (Sato552015; Fin iy <5
2012), A KRR FH 2 2 i fE AR ) 2 28K
BEBSN ARG, AR EREERAEEKER
TR L P R e S AN 5 b B S B E (AR 2l s

0. — - 725
g —m- 1320
m 8 RN -~ 1310
X
<
>
<
<
2

F4EE [E)/d

K8 TAA/PALLAEAE 1L,
Fig.8 Changes in IAA/iPA ratio
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A THE2013). CAED A KRR A
A INZER IR 118 1, A 175 240 23730 ik P
Bh. AR, IR B ARG AT 4 B AR T4 5 32
dif, HifE T TAA S BRI NFE ZRA113-20<
[ MR AL 7-25<3% EAR 7 13-10, EIGSAE/)S, #HfH
IAAF S/ (1), XA A8 BT A TR ZEAR
RI13-10A1 b (A FR L 7-25 (3 1 E AR, IR 2 AR 7Y
132037 5 B AR Al 2E A4 AR AR B o g i rp 285
P A I TA AR 22 Hi I8 Ok 8 22 4t 1) v [ 3 i (acro-
petal transport)ig LM, IFER A EE. 3
AN 58 R 52 B 3 T, R e A AR A 2K ] 1)
B g, It eis i BRI X B ], fEAR
AR IX P AR K 2Rl ) 2 376 R ) P 3R P 6
PRAFAR IR A N A K (R 152007), ‘FEUA EHRGSA
I8/ o

AR F AN Ay R I 5 2R A8 BV 3
) VA 1R & 1 ) A K (Lavenus®52016). E
KRB I8 i AR R I AR K R IR A AR (AUXY
LAXHE F Z5) A K R H #0R (PIN R F 25 A
ABCD/PGD# H FK )+ 5 58 i) (Swarup i Ben-
nett 2014; Peer%52011). W77 38, AR [7) & /7%
AR R A KR H EAPIN3 . PINAFIPINT
F ik K (Roychoudhry242017): 5GSAHEIT90°
(B K B AR AR B, GSA /N (i 3 B 1 I AR
PIN4FIPIN7 ik F i, PIN3%IA T . Simaskova
(2015 F R B, 4H s R 5 i CRFs 5 FPIN
#ik, BICRF2FICRF 6% 5% [K - 1E i 5 PIN 7 Al
PINI[JRIA, M ISR REM (0 F . AKE
AAKT7 A, Rl R EIMER FREK T ). &
R, P46 532 di, ddhfEHTAA/ZR (B FA
TAA/IPA AR Y R I N IR JZ AR AL 13-20<r [A] R 1Y
7-25<¥% EAR13-10, EIGSA#E/)N, TAA/ZR ELAE AN
TAA/iPA LU AE /N (B 7H08), 3% ] B 2 i T o
KR RAERM AR EZ R, KR g
oy R g I 2 AR A BAE L SRR R A E AR
RN SRR e o8 S (202 B8 S E )i 1R - g
A EAEH B, & 7 T2 7.

AR R IE A E IR GSAIR 2, (H
A K F B i 1 7 2 AR K R IR H E A PINFO-
RMED (PIN) S [ AN X 5 43 A1 5 B (Grunewald
AlFriml 2010). CAWTEERM, ERKEZMAFRE KA

VA5 BT EPINZE (1) 7347, Lofke55(2013) 07T
R, mIR L N8 2 2 8T 2 I PIN 3 AT 5 i i
b, SR, RIKEE RS R S EPINE H AL .
AkIeh, FF6E/E32 dibF, FEEE N IRIAA/GASEUE
RN E R AL 13-10> 0 B M2 A 7-25> 9% )2 AR 7Y
13-20([&16), FHULI R GA 1) & 245 1F AH [ (4
EMGSA/N, TAA/GA,HLE#CK; K5). BT
DLHIWTTAA/GA; I B4k & HIAA ) B4k
IR . 7B 2 AT R T B B PINGE A
AT R AN E MR GS AR, T 5 H & ' 5%,

ABAE—FR FARHR i v K R A it s o
2 KA 5 (B 201 5), #8243 =
MR 1l 770, R AR R el ). R Z WA
RO, YA T 5 e 2R, LN JRABA S,
B E LI, R R IR E R . A
I, SRR AW TG AR AR R, S R
ABAE B AR R T RS (K2), B3R A5
A WAL, X AT RS T AR N JHABA
RSN ERGSAZ AIANEEH B HIHIEL R,

g5 b ATIR, SR E ARG AR AR I ) E
A K SRR IR R E VI 7EFFAEL6 d)F,
AEIRGSAME/N, FHFE T ITAA S Bill/b, ZRA
GA, S E#%Z, IAA/GA,. TAA/ZRHITAA/iPA I
e ARKRESSAERGSATE B £ EHEE,
ARKRMNERFA RO EE SR, A&
RO 2R A AR, FEFEE A 2 RGSA
RITE L o
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Variance analysis of endogenous hormones in self-rooted rootstock
cuttings of apple with different adventitious root gravitropic setpoint
angles
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!College of Resources and Environment, Shandong Agricultural University, Taian, Shandong 271018, China
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Biology, Taian, Shandong 271018, China

Abstract: To provide theoretical basis for the regulation of adventitious root gravitropic setpoint angle (GSA)
by endogenous hormones, dynamic changes in endogenous hormone contents in cuttings of different adventi-
tious root GSA, during rooting of softwood cuttings, was studied. The annual shoots of eight years hybrid seed-
lings of Malus pumila ‘Ralls’ and M. sp. were used as experimental materials, and softwood cutting was carried
out in mid-May. Different strains of adventitious root GSA were screened and shoot cuttings were carried out
again the following year. The cuttings were randomly selected at 0, 8, 16, 24 and 32 d after cutting, and the en-
dogenous hormones contents of cutting bases were measured. The results show that: (1) according to the differ-
ence of adventitious root GSA of cutting seedlings, the seedlings of apple rootstock were divided into 3 groups.
Rootstocks with the ratio of adventitious root (30°<<GSA <<60°) not less than 50% and the ratio of adventitious
root (GSA<30°) more than the adventitious root (GSA>60°) ratio belong to the deep root type (DRT). Root-
stocks with the ratio of adventitious root (30°<<GSA<<60°) not less than 50% and the ratio of adventitious root
(GSA<30°) less than the adventitious root (GSA>60°) ratio belong to the intermediate root type (IRT). Root-
stocks with the ratio of adventitious root (GSA>60°) not less than 50% and the adventitious root
(30°<GSA=<60°) ratio more than the ratio of adventitious root (GSA<30°) belongs to the shallow root type
(SRT). (2) In the rooting process of apple rootstock softwood cuttings, changes in endogenous hormone con-
tents in the 3 root types were as follows: indoleacetic acid (IAA) contents showed “inverted V” shape, abscisic
acid (ABA) and isopentenyladenine (iPA) contents decreased continuously, and zeatin riboside (ZR) contents
showed a trend of “falling-rising-falling”. As for gibberellin (GA;) content, the change trend of the IRT cuttings
was “inverted V” shape, and the DRT and SRT cuttings showed “V” shape. At 16 d after cutting, the smaller the
adventitious root GSA was, the less IAA content, the more ZR and GA, content, and the smaller the ratio of
IAA/GA,;, TAA/ZR and TAA/iPA were. Auxin is the major hormone involved in the formation of adventitious
root GSA. In the auxin polar transport process from the stem tip to the adventitious root, auxin and cytokinin
interact to regulate the formation of adventitious root GSA.

Key words: self-rooted rootstock; gravitropic setpoint angle; softwood cuttings; endogenous hormones
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