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Effects of plant growth regulators on Phoebe bournei
cutting propagation
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Abstract: [ Objective] This study investigated the effects of plant growth regulators on rooting,
growth, physiology and biochemistry of Phoebe bournei cutting seedlings and analyzed related mechanisms.
[Method] Using the orthogonal experimental design,the effects of different plant growth regulators with
different concentrations and treatment durations on rooting rate,growth and physiological and biochemical
indexes of Phoebe bournei cuttings were measured. [Result] The best treatment for rooting of cuttings and
growth of seedlings was NAA solution at 400 mg/L solution for 6 h. The hormone type had the largest
effects on Phoebe bournei cuttings and seedlings. The most important indexes for rooting were IAAQO en-
zyme activity,stem weight and MDA content. The most important indexes for seedling growth were prima-
ry root length, MDA content and PPO enzyme activity. [Conclusion] Selecting cuttings with high stem
weight, soaking cuttings with 400 mg/I. NAA solution for 6 h,and improving TAAQO activities are sugges-
ted to improve rooting rate, protect cell vitality, and promote growth of primary root and new shoots of
Phoebe bournei cuttings seedling.
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Table 1  Orthogonal experimental design levels of plant growth regulators on Phoebe bournei cuttings
- A HE AR TR 0 A 2 A HE AR R R BT R/ (mg + LTD) Ak TR ] /Ty
K3 . . . . .
Type of plant growth regulator Concentration of plant growth regulator Treatment time
Level .
A B C
1 NAA 200 1
2 IBA 300 3
3 GGR 400 6

®2 BEABERKIEIZIT

Table 2 Orthogonal experimental design of plant growth regulators on Phoebe bournei cuttings

kb g Z K Factor and level b 7 Z JKFE Factor and level
Treatment A B C Treatment A B C
1 1 1 1 6 2 2
1 2 2 7 3 1 2
3 1 3 3 8 3 2 3
4 2 1 3 9 3 3 1
5 2 2 1 CK — — —

1.4 HEEHRLE
(1) PR, 2016 4F 4 A, F4FHiRi 5~10

7 HUE /D HEE T (R Y b oE & R, IR T
80 em, 4 600 cm, TR L HEFH 50U ZH R 1 000 1%
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A SR LR B2 A L B P R X R A AR 90 60 A A s
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ML 5E [ (root-shoot ratio, R/S, Bl #b T #B 43 i i
5 b 1 43 6 R Y LLAED Y
1.5.2 AzAIEARag a2 K BORE A B Y ol
WAEW A P AFEE 0.5 ¢ MR 2 2 mL 5 10
mL B0 b 0 B R R i B R 0 A% AR
HAALAR AR, AT ¥ PR & i (soluble sugar con-
tent of leave, SSCL) F1 M J& ¥ & 12 (starch content
of leave, SCL) 2R FH J i £ R £ Mg L fa 3607 il /& AR
i3 ALY B (peroxidase, POD) 7% 1 3% F A 2 AR By 1
o0 2, M £l 4 4L % (polyphenol oxidase,
PPO) Fi | Wk Z, 8 %8 4L B (indoleacetic acid oxidase,
TAAO) I PR R FHAB K I L €2 360 I 2 AR 1L
Yy 17 Ak B (superoxide dismutase, SOD) i P4 % F &
W5 Y S Ak a8 T g . AR Y % (malondialde-
hyde, MDA) & & % AR T bE %2 2 LE 00,325 000 7 L AR
Z 1% J1 (root activity, RA) S TTC gl &,
1.6 HFEHHT

K SPSS 19. 0 e 170 B #3156 R 4 2R 17
7= 50 24 43 1 . Duncan £ 5 HC 8 FIAR 22 43 #7 L 3
1253 A1 S 3B 25 81 A 73

2 RS0
2.1 EWEKATAMEBTESERNERKN
21

A TR A A9 A A 9 7 7 Ak L ) A 4 v A AR A
KA R RIS 3.

R3 TEEVEKATHLERDHEFREERMERPLR

Table 3 Effects of different plant growth regulators on rooting and growth of Phoebe bournei cutting seedlings
poEil AR/ % BB /em — AR FE /em THMRKE/ em
Treatment RT SL PRL SRL
1 69.05+6.87 aAB 5.90+0. 10 bedBC 1.2340.05 cA 2.257+0. 20 e[DE
2 54.6941. 38 bBC 5.27%0.06 cdBCD 0.6540.17 dB 1.89+0. 10 {EF
3 72.0840.37 aA 7.80+0. 60 aA 1.30+0. 12 abcA 3.60+0.05 cC
4 39.9742.79 ¢dCD 6.20+0.20 beBC 1.4740.08 aA 5.77+0.22 aA
> 42.35+5.27 ¢CD 4. 85%+0. 65 deCD 0.2540.14 eB 2.8740.02 dCD
6 16.13£3.81 eE 4,10%£0.01 eD 1.37+0. 04 abcA 2.34=£0.15 eDE
7 39.7244.56 ¢dCD 2.53+0.23 {E 0.5940.05 dB 4,5040.17 bB
8 44,26+1.94 ¢CD 1.3040.90 gE 0.2140.12 eB 3.19+0. 20 dCD
9 33.7743.69 dD 4.10£0.70 eD 1.43+0. 04 abA 1.27+0.10 gF
CK 34.7443.56 dD 6.70+1.49 abAB 1.27+0. 13 bcA 3.18%£0.53 dCD

T - 5 90 B 5 AR A ) /NS 5 R 3R 28 5 i 3 (P<20. 05) W R R ) KB 5 B 30R 22 S i 3% (P<<0. 0D, R 4~6 [F].

Note: Different small letters indicate significant difference(P<C0. 05),and different capital letters indicate extremely significant difference

(P<C0.01). The same for Table 4—6.



1L

R B 45 < S [ A 4 A 87 50 X (] A4 75 i 57

HY 2% 3 AT AN R 0 A 9 4 550 Ak 24X [ Al
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A B . AP 3 H RS KR T CKL R
R TAFE 1.2 F4~9, 43 1.2 F14~9 B/ T

CK: b # 4 1) —FAR A g e KK
2.2 HYWAEKBATHNEAHRTEHEEYENZN
HI 3% 4 AL, S R AR ) A A U T R Ak 3R [ A
-4 0 P T o 2R AR T o MR LA I s
WEEM R, AL 2 4 o R KT I Ak
PLAEFE 1.3 F15~9 /T CK, AbRE 3 2K & e K
WeFE1~5.8~9 K fis KT CK, b 6~7 /NT
CK. AbPE 1 F0 2 AR BT il i & R TA0 3 3~9, HoR
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Table 4 Effects of different plant growth regulators on biomass of Phoebe bournei cutting seedlings

m (g bk (g e f /(g fE
Trfﬁ:em “fﬁﬁi/{f\g)v L7 D) £V EA/S(‘%] L7 *ﬁﬁﬁa/ﬁ\gv B W R/S
1 0.41+£0.03 efDE 0.61740.04 beB 0.8140.02 bA 0.7940.05 aA
2 0.85+0.01 aAB 0.64+0.07 beB 0.8940.01 aA 0.60+0.05 bB
3 0.56+0.08 cCDE 0.9440.06 aA 0.32+0.00 gDE 0.22+0.03 dD
4 0.91%+0.00 aA 0.7640.07 bAB 0.46+0.01 eC 0.28+0.02 ¢dCD
5 0.61+0.12 cCD 0.572+0.05 cBC 0.70740.02 cB 0.62+0.16 bB
6 0.35+0.03 {E 0.50+0.05 cB 0.25+0.05 hE 0.29+0.09 ¢dCD
7 0.54+0.00 ¢cdCDE 0.5140.02 cB 0.64+0.04 dB 0.61+0.05 bB
8 0.46+0.02 deDE 0.7340.03 bAB 0.47%£0.03 eC 0.39%£0.04 cC
9 0.56=+£0.01 cCDE 0.64=+0.07 beB 0.37%£0.01 fCD 0.3140.03 cdCD
CK 0.70+0.05 bC 0.56+0.11 cB 0.24+0.01 hE 0.19+0.02 dD

2.3 EYMAEKATHEETESEEERNR
g
2% 5 a1, AN R AR 9 A 4 I8 79 500 Ak ) ] AR
FFfm AR SR R TR MR ARTE A
B R E R . T A B R AR AT 4 A Rl A

PEE SRR T CKOH P DA 6 fe k. Ab3HE 2~
3.6 MHJEM R E R T 1.4~5.7~9, HK
F CKH A DA B 2 v JEf & ek, Ab3E 4.6 1
THRAWE YK T CK AP 1~3.5.8~9 RGN
B/NF CKLb 3 7 ARG S K,

RS TREEHEKATHLER ARG EERERNILER

Table 5 Effects of different plant growth regulators on physiological indexes of Phoebe bournei cutting seedlings
pig ) R A/ (mg - kg™ D) M JER E i/ (mg + kg™ ) WRWET/ (pg e g™
Treatment SSCL SCL RA
1 251.25479. 39 eDE 734.50+2.81 gEF 4,0740.05 ¢cdABC
2 420.31£33.38 cBC 2 629.25+118.21 aA 3.927£0.03 eCD
3 473.75+0.00 c¢B 1659.94+51.13 cC 4,05+0.02 cdABC
4 315.6340.00 dCD 1 028.63+41. 28 eDE 4.11£0.03 bcAB
5 257.8149. 20 eDE 1261.81+£81.15 dD 4,0440.01 dABC
6 684.3840. 00 aA 2 197.81479. 28 bB 4.1640.00 abAB
7 530.0040.00 bB 799.50+76.93 fgEF 4.1940.03 aA
8 211.46+435.42 eDE 975.81491. 47 efDE 3.8140.08 {D
9 135.3146.68 {E 457.44+145.89 hF 4,0340.00 dBC
CK 129.38435.72 {E 1613.63+80.68 cC 4.0840.02 cdAB

2.4 HEYPEKATAMEBmTEGSELEROY

i

H 2% 6 AT LLE A [FAE 9 A < I8 1 700 A 3 %)
] 47 45 7 IAAO, POD, PPO, SOD i # &% MDA
A 0 B B R AN TR A A K R R Ak
) A7 T TR 0 TAAO 36 PE£E 8. 41 ~ 10. 49
pg/(g e b Hp b B 1 A 7 () TAAO I o 5 3% 8l
MR ERTUPE 2~6.8~9, 407 1~3.6~9 ¥k

F CKL, b3 4~5 B/hF CK., A A HE Y A Ky
7R A2 3L o8] Al FF 47 745 AR ) POD & £ AE 4. 17 ~45. 83
U/g, 4b 3 9 1) POD 36 M e K, HKF CKL AL B 1~
8 B/NF CK. AN R AH 9 Az 1 18 45 750 4 341 Je] g 4F- 4
B MR PPO JEMEAE 1 043.25~1 434.75 U/g, ab P
8 [ PPO &M fe K, A B 1.7 ~9 4145 1 AR 1 PPO
B RT CK B 2~6 B /hF CK, A[FAHEY)
Az K ) A BT A 7 A9 AR SOD 3% Pk AE 3. 53 ~



58 PE JEAMB R 722 4R CB AR B 4 O

548

31.58 U/g. fr A7 4L BEAT 4 i 19 SOD 3% 13 K F
CKLAREE 9 (5 SOD i Phfie Ko AN R A 9 28 A R
FAL B FT OB R R MDA R AE 0. 42 ~ 1. 46

pmol/g, A B 8 ) MDA 5 i KL AL HH 1.6.8.9 Y
FH@ T MDA 8 ¥ K F CK A B 2~5.7 ¥/hF
CK,
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Table 6 Effects of different plant growth regulators on biochemical indexes of Phoebe bournei cutting seedlings

b ¥R

Treatment

TAAO i/
(/Lg . g’l «h™ 1)

TAAOQO activity

POD 51/
(U+g™H
POD activity

PPO i ¥/
(Usg™H
PPO activity

SOD &%/

(U+sgH

SOD activity

MDA & &/

(,Lmol . g’l )
MDA content

1 10.4940. 25 aA 8.3320. 00 deCD 1 160.25+£3.90 dCD 19.73£1. 05 bB 0.8540. 00 cC

2 9.2240. 35 deBCD 12.50=£0. 00 cC 1 143.50+13. 14 deCD 12.57=20. 39 dDE 0.54=40.01 {E

3 9.4740.16 ¢dBCD 6.25+1.20 efCD 1 116.75+6.50 eCDE 12.8740.74 dCDE 0.4240.02 hF

4 8.80+0.15 {DE 8.3340. 00 deCD 1 043.25+£5.63 gE 10.2540. 00 eE 0.5040.01 fgEF
5 8.4140.11 gE 10.424£1. 20 ¢dCD 1 081.00£15.40 {DE 10.2240. 21 ¢E 0.49720.01 gEF
6 9.6740. 14 ¢BC 4,1740.00 fD 1 134.00+48.50 deCD 12.84=+1.48 dDE 1.44+0.01 aA

7 10.0240. 23 bAB 6.25+1.20 efCD 1 255.50+£5.20 bB 18.89=+1. 24 bBC 0.7040.04 eD

8 9.3540. 11 ¢dBCD 6.25%1.20 efCD 1434.75£22.95 aA 15.76=£1. 45 ¢CD 1.46=40.06 aA

9 9.59+0. 08 cBCD 45.83£4. 81 aA 1193.2549.09 cBC 31.5820. 00 aA 1.1320.01 bB
CK 9.0040. 06 efCDE 37.5040.00 bB 1 150.50+13. 33 deCD 3.53+1.10 fF 0.8040.01 dCD

2.5 HEAEESMERZSEARBESN
DL A T4 2B AR A A K B AR i Y
PLH R (X)) R (X)) R (X)) — R K
JECXO) MR K B (X)) R E (XD B RS K
(X)) JAAO JEPE (X)) MDA & (X,) . SOD 3% 1
(X0 AT P i (X ) VSR A (X)) R
36 1 (X05) JPPO G M (X,,) (POD i (X 5) Fl4E
MR (X)) o H A 5 4738 A [BH 23 B 3R AR AR 3R
mH )R Y =1. 962+ 0. 256X, + 0. 165X, —
0.339X, —0. 729X, (EH KR $ R=0. 85, P <
0.01) . FK W Z &t . IAAO 3G Pk MDA & & K &
6 IR BT 52 ) ) AR A B A AR R R . RS
RYK BE Ay a9 7 B2l Y = 56. 923 + 1. 755X, +
0.633Xs5—4.663X, —10. 254X,, —0. 008X,, (E
®7

KRB R=0.89,P<<0.01), FW —HMEK A,
IAAO P MDA & & R &R G J1 & PPO i PE#E A
S ] R A R A A KR R

AR ST AR (e TR 4 A5 0 ) g 4T 46 B
Az AR R 1Y FE B bR 0T A R R LA TR ORI R
MDA &8 (| —0.744[)> TAAO 1% 0. 612) >H#
NG J7 (] —0.509 ) > 28 it & (0. 232) , [A] $ BT #k K
IME W R TAAO 3% M (] — 0. 392 |) > Z i &
(0.250) &~ M &7 /1 (— 0. 253) ~ MDA & &
(0.238), XA #l % H # 5T mk K H b 1E 200 /Y 2
TAAO (G HERMZETT & . XA AR 36 B2 s ik ok 5 o 17
BN Y2 MDA 5 FIAR R T . R Bf A AR R 5 28
Ji B W EA G, 5 MDA & 2R 8 #E AU
X,

BT AEERERNERENERRY

Table 7 Path coefficients between main characteristics and rooting rate of Phoebe bournei cutting seedlings

|6 $ Z2 %% Indirect path coefficient

LEPE Y1 HiERH
T ) ; i o e ; - o 2 [¥] 2 255 A RO
Factor (,orrellgtl()n DlreCF path EYie IAAO (ﬁﬁ MDA & & RATET) Comprehensive
coefficient coefficient SW TAAOQO activity MDA content RA offect
i SW 0.482" 0.232 —0.098 0. 194 0. 154 0. 250
IAAO i . ) ;
) — _ ) _ _
TAAO activity 0.221 0.612 0.037 0.224 0.130 0.392
MDA & - . - ) - - .
MDA content 0.506 0. 744 0. 060 0.185 0.114 0.238
WEIWE T RA —0. 256 —0.509 —0.070 0.157 0. 166 0.253

e o FR BFA O (P<C0.05), » » FoRik i FAHK(P<L0.0D) ., £ 8[H.

Note: * represents significant correlation at 0. 05, % * represents highly significant correlation at 0. 01. The same for Table 8.

M 8 LU .5 A 52 i 1) Al 4T 46 1 BT A <
JE B S SR AR R A R BE By B4 5Tk ORI
MDA & (| —0. 891D >R I (| —0.624[)>
— AR K BE (0. 449) >PPO 3 1 (| —0. 444 |) >
TAAO 1§ PE 0. 205) , ] 4% BTk K /AMR IR AR & 16 )

(0.690) >TAAO % % (| —0. 486 | ) > PPO i
(| —0.393[)> MDA & & (| —0.077) >—HM K
BECI—0.034 ), XA B A 4% o1k K H oF IE AL
MR — AR K B TAAO JEM. XA K E H
FETTIR K H R 5800 192 MDA & & i R 1E 1 M
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IEAH G, 5 MDA & & fil PPO 35 P 5 i) 2 3% i Al
%3
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Table 8 Path coefficients between main characteristics and shoot length of Phoebe bournei cutting seedlings

[8] 422 Z2 %X Indirect path coefficient

BT HERK - = - - —
ﬁEF)EH % Correlation Direct path — R TAAO 7t MDA & it RGN PPO 74 @Tﬁ%ﬁ’%flm
actor coefficient coefficient PRL IAA() MDA RA PP(') Comprehensive
activity content activity effect
—H MK E PRL 0.519"* 0. 449 0.033 0.012 —0.298 0.218 —0.034
TIAAO %% - - - - - B
TAAO activity 0. 150 0.205 0.073 0.269 0.160 0.130 0.486
MDA % i - . - - ’ - -
MDA content 0.621 0.891 0. 006 0.062 0. 140 0.272 0.077
R AR T RA 0.222 —0.624 0.214 0.052 0.199 0.224 0. 690
Y
PPO i 1k —0.723* " —0. 444 —0.221 0. 060 —0. 546 0.315 —0.393

PPO activity

2.6 AREEYEKETHSEN BETHEXEE
RE R ZE o 1

FHEL 531 325 23 Bt A [ i 49y 2 4 37 5 Ak 2 %o
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Table 9 Range analysis on effects of plant growth regulators on key indexes of Phoebe bournei cutting seedlings
- %M % R {i Range value He
R A B C Rank
HRE RT 32.46 2.48 15. 26 A>C>B
WA E SL 3.68 1.53 1. 14 A>B>C
MDA % f MDA content 1.48 0. 94 0. 30 A>B>C
TAAO % PE TAAO activity 2.30 2.33 1.28 Ax~B>C
PPO % P PPO activity 625. 25 215. 25 160. 25 A>B>C
W EREIEH RA 0. 27 0.61 0. 30 B>A=C
— MWK PRL 0.95 2.98 0. 38 B>A>C
i E SW 0. 37 0.19 0.77 C>A>B
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