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Abstract In order to provide scientific reference for the improvement of rooting ability of Pinus elliottii,
the changes of anatomical structure and endogenous hormone levels of cuttings in adventitious root induction
were analyzed by cutting. The results showed that there was no latent root primordium in P. elliottii. Adventitious
root primordium was generated after 20 days of induction. Adventitious root was formed after 45 days of
induction. After 45 days of rooting induction, compared with rooted cuttings, root-free cutting had root primordia,
but a lot of lipid substances that accumulated in parenchyma cells surrounding root primordia. Adventitious root
development was blocked. Endogenous TAA, ABA and GAs were closely related to adventitious root induction,
while ZR did not significantly affected. The pattern of hormone levels during rooting showed that IAA decreased
first and then increased, and ABA increased linearly, and GAs increased first and then decreased. There were no
significant differences in IAA, ABA and ZR levels between root and rootless cuttings after 45 days of adventitious
root induction, and GAs in rootless cuttings was significantly higher than that in root cuttings. After 20 days of
rooting induction, spraying needles with 50 mg/L PBZ,which was a GAs biosynthesis inhibitor, could significantly

increase the rooting rate and root number of cuttings. It was suggested that the adventitious roots of P. elliottii
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should be induced by two-step rooting method. In the early stage (cutting 0-20 days), a combined growth regulator

composed of IAA, GAs and ABA should be used to promote the formation of root primordia, and in the later stage

(cutting 21-45 days), PBZ can be added to speed up the development of adventitious roots.
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duction time: E , 0 day (RO); F, 20 days (R20); G, 45 days (R45 with roots); H, 45 days (R45 without roots); I~L, microscopic
anatomical structure of root and stem from different rooting induction time using oil immersion lens: I , 0 day (R0); J, 20 days
(R20); K, 45 days (R45 with roots); L, 45 days (R45 without roots). Scale bars: A~D, 1cm; E~H, 200 um; I~L, 50 pm.

B 1 AR AR ERERIT R R EHEETUL

Fig.1 Rooting process and variations for anatomical structure of adventitious root in Pinus elliottii
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Note: different lowercase letters indicate significant differences in endogenous hormone levels among different rooting time at

a=0.05.
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Fig.2 Endogenous hormone levels during adventitious rooting in Pinus elliottii
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Note: different small lowercase letters indicate significant differences in rooting rate or root number per explant among PBZ treat-

ments at a =0.05.
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Fig.3 Promotive effects of PBZ on adventitious root development in Pinus elliottii

H AR B 3 AT, MR it FH PBZ Xt
M 4b 22 (0 mg/L PBZ ), Jiti H 50 mg/L PBZ fg #
R A R R SR R, AR AR R A
B BIEINT 63.0% F190.6%, 1H it Hk & PBZ
(100 mg/L ) FXRERFAK T 20.5% 1 62.5%. UiH,
PBZ A2 THE A TR AR AR AR AR ), HAT BRI
AR, (UG FH o o 4 i A — 3 Y L

3 &S
AR G TS OISR 5 SRR, 1R HA TC Ve IRAR
e, A HGE S ISR E AR R F I . T
TR AR SRR SR AT ) AR AR R A DG B T I Y BT
R, YN ERRZETHER 2", 75
YA TE WL TR T HBAA G A N AR R AR R U
MAEY AT e E, 4R TE L= 4 M 4 2534k
REH, HvAT. e U MAR I o 45
KA, WHAAAER TR 20 K, TE4EEIE L
JEiFR A T B U G A A B AN AR G
B, Z)5, eI 45 KaREE A E AR R 2L 20
Wit — 2503 2o A K B A ER . 5 H R
P. massoniana . %tk Juglans regia. T 4% Popu-
lus tomentosa 55 XEAE M ARAAL YA L1, W HBAA A
SEAMR A ALARAL M AR A A MRS JOAR T
BRI T REE S AE AR A A, A
TR B K J2 Ko B B A rh AR R T K IR
Ji, M AT REIE B T —Fh AL PE B A, BHAS TR
SRS A i — 2 R BN AEM . XU, 4
J M M AA S 28 MR AR AN E MR R A (R R R0

F) 5 (RFEEREF ) WAW BT % &,
JEH G B B AR R AR

A G0 8 M A A A ARG FE v JAA . ABA.
ZR F1 GAs 4 F N IR LR K 1R E, 1AA.
ABA Fll GAs 51 HIAAAS AR S8 VAR G, Horp
GAs SRR T . MY AR R B E 2
THTF, MEEANERGET PR SCHEEER 7,
I /T TAA . ABA Fll GAs 7K-FAEIR A A [ A=
HRE S AR Ak, BB A - i Fz It PN U35 2R 7R VR A
NERFAFREH. T IAA TS, LTHEEL
FHAR A B K O TAA B FARFOLE S, 1
FKF TAA BEEEAE MR A H 5 ABA HZ
I E KR ABA B TR A EAR Y
B GAsSE LTHE N, UM GAs 7EREHLAA N
FEAR TR v R B UE R AR BRI A, H S
AR TAERIE R, 760 b A 4R ip A7 78 R AR
FH, miEARANHE 45 RICH T E7K TR GAs i
N T GAs SHBHIAAAS AR & B I EM ST, R
ML GAs TEIRHIAS AN EAR & B T IER, A
K — I )12 [l B9 GAs A28 i il 77 234
wg (PBZ) "M, 7EE T AR IS
R R Z R . RIEIEE R, £F 50 mg/L
PBZ /EH TR 4 4F A B R fl A MR AIAR 2%
B R, Uil GAs TEIRHIAAAS ER E T
EAMHIE, SMNEYE PBZ GEHeFHE HbAAE MR HE

gi ik, g A AS AR T ORI
Huk, B (FFE 0~20 K ) AHREEFE AT i
HERER. IREE R AN R AL —Fh &2 A RN



Fo A% MR ERIT T T NI R OK R 101

A IR

e (HF46 21~45 K ) i35l

P22 AR LITESCHRAGE, AR A AR AE 1 A7
& 3 135 1 B AR FRAR IR RN Y R
TR A A 700 e B AR S A R IR (RP IR, K
F. RMER ) SRR (Al e ) BEAT
FE R PR

(1]

(2]

(8]

Sk

SR, B, TAT, S Wb A B R AT JE T R
BB S — 5 B R R AR, Mol 5FREEREE,
2020, 36(4): 1-7.

FERERE, Vb, ZRieHes. WEHAA B 2454 AR AR e B
R[], WiHLMOL RN, 2011(5): 11-14+46.

R WARR TN BIH S TRVE R F M. Ml R,
1986, 22(3): 280-290.

FALIE, ER, PR, 55, AT B0 AR 1R AL
W N AT S SOR (0], WHTT AR SR B3k, 1999(4):
341-345.

Wi, XMRAC, BADE. FAZEEHHAE TorE R I A7 TE 1Y
Wik S SR B AR[T]. MolkE 2R, 2009, 34(2): 127-
130.

FUKAKI H, TASAKA M. Hormone interactions during
lateral root formation[J]. Plant Molecular Biology, 2009,
69(4): 437-449.

HUANG Y, JI K S, ZHAI J R. Relationship between
rooting ability and endogenous phytohormone changes in
successive continuous generation cuttings of Buxussinica
var. parvifolia, an endangered woody species in China[J].
Forestry Studies in China, 2007, 9(3): 189-197.

Wi e, Wi, 226, % WA R E R ARVR ).
Rkl R, 2018, 46(4): 10-14.

RIEE, FHERIY. SRR Rk W SRR Y AR R
RSB AAELI]. B MOl R E 4 (E ARR AR, 2003(2):
65-68.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

FoR. R ZEFM R KA DA NEER
MRA 225 I0HT[D]. 2 INARAOI R, 2016.
MINOCHA R, JAIN S M. Tissue culture of woody plants
and its relavance to molectular biology[M]. Netherlands:
Kluwer Academic Publishers, 2000: 125-128.
TIHR, 25, BIRE, & B A e IR LU=
T[], PEALAEYI AR, 2006, 26(4): 719-724.
Fandh, EF. BB~ 2 AR A R E
KE WML, dbatpol K2z2# 47, 1987, 9(3): 249-
256.
BALLESTER A, SAN-JOSE M C, IDAL NV, et al. Ana-
tomical and biochemical events during in vitro rooting of
microcuttings from juvenile and mature phases of chest-
nut[J]. Annals of Botany, 1999, 83: 619-629.
VILLORDON Q A, LA-BONTE R D, FIRON N, et al.
Characterization of adventitious root development in
sweetpotato[J]. HortScience, 2009, 44(3): 651-655.
MA J, ALONI R, VILLLORDON A, et al. Adventitious
root primordia formation and development in stem nodes
of ‘Georgia Jet’ sweetpotato, I[pomoea batatas[J].
American Journal of Botany, 2015, 102(7): 1040-1049.
AREND M, FROMM J. Ultrastructural changes in cam-
bial cell derivatives during xylem differentiation in pop-
lar[J]. Plant Biology, 2003, 5: 255-264.
Wi Fe, F L. RS T AN B B AN E MR AR 5
W], ] PEAES, 2016, 36(11): 1282-1287.
WATSON G. Effect of transplanting and paclobutrazol
on root growth of ‘Green Column’ black maple and
‘Summit’green ash[J]. Journal of Environmental Horti-
culture, 2004, 22(4): 209-212.
KAMRAN M, WENNAN S, AHMAD I, et al. Applica-
tion of paclobutrazol affect maize grain yield by regulat-
ing root morphological and physiological characteristics
under a semi-arid region[J]. Scientific Reports, 2018,
8(1): 4818-4832.
Wk ¥y, EJRL, =Y. DRI A OGR4y
M0, a4, 2016, 36(11): 1288-1294;1375.



