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Effects of exogenous hormones on flower bud differentiation
and endogenous substances of Pinus massoniana

CHEN Ting-Qiao, ZHAO Yang™ , QIN Xue, ZHU Ya-Yan, WANG Xiu-Rong
( College of Foresiry, Guizhou University, Guiyang 550225, China )

Abstract ; In order to investigate the relationship between the formation of Pinus massoniana cones plant hormone levels,
This paper carried out a series of hormone treatments by means of injecting IAA, IBA, GA,, BAP, etc. to the 11 years
old P. massoniana in Duyun P. massoniana Clonal Seed Orchard, and then the changes of soluble protein and the con-
tent of soluble sugar were measured under different concentrations of different hormones using Coomassie Brilliant Blue
G-250 staining and anthrone method respectively. And the bloom of the test branches was investigated in the second

year. The experimental results were as follows: Firstly, in August to November, the BAP with 500 mg + L was condu-
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cive to the formation of male and female cones of P. massoniana. Secondly, the GA, with 100 mg - L' was conducive to

the formation of female cones of P. massoniana. Thirdly, both GA; with 250 mg - L' and GA, with 500 mg - L™ were

conducive to the formation of male cones of P. massoniana. Fourthly, the TAA with 250 mg - L' was conducive to in-

crease the number of male and female cone with the same branch. Finally, treating the masson by injecting BAP, IAA

and GA, with 500 mg - L' respectively in October and November could have a significant impact on the changes of pro-

tein content in needles of P. massoniana. Finally, In October, using the concentration of BAP 100 mg + L of the bran-

ches to process their soluble sugar content and soluble protein content could reach a significant level. Respectively in Au-

gust and October, with a concentration of 100 mg + L' IBA and concentration of IBA 250 mg - 1" processed soluble pro-

tein content and its control was in a very significant difference, In November, using the concentration of 100 mg - L

GA, processed soluble protein content and its control was in a very significant difference. While in November using the

concentration of IBA 500 mg + L', soluble protein content and the control difference were significant.

Key words: Pinus manssoniana, exogenous hormones, male and female cones differentiation, endogenous substances

I, B FA ( Pinus massoniana ) J& 3R EREA Y £ +
R AR ) & 2, AR R 4 Flob A 9 Tl Ji
B B EEMLT N EMAE SO E (T SRS,
2006 ; Z& [E 2 F 75 78, 2012) |, PRI %324 b % BF
GO FHT H R 7 B4 A AR 1R B A v ] g
M BRI A A LR TP AR A B
A AR A (AR AF,2010) , T AR YK
RSHEYALZF 5L B B B VI E R (Kong et al,
2012) , XA 9 1 FF AL 25 2 A 45 o 28 i 7 = A
M. 125 R1E FEMYMERE SAMEE T A T F
SRR AN TR BE GA S 35 52 Ml R DAY A6
B L] INAECRE LA S AR LB T 1 4 GAL (100 X
10° mg « L) X RRPOR MEFEECH $2 = VE H ( A,
2010) ,AMEIE R E AR B 2R, W1 GA,,, TR A, AT
DAFS 5 0 W B 48 ZF 0 Ak (E VD A, 1992) 5 X
(2007) A AIF 55 2 B, 38 o X 3 i B A 2E 17 08 it
GA,., .6-BA [CCC, GA,, % Ik i 35k 48 = £ 34 A FH &%
SR, AN [V B A 35 38 WA 0 ik AR i 22 5
0 R MEER AL 0 SR 3E VB Ol 500 mg - L R
TEBRAE B B9 He B L 1 000 mg - LAY RS i i
LAl Kong et al(2015) XF MG FH GA,,, Fl TDZ X
RN ZF AL 2 E 4T T WF5E . Fukuda et al
(2016) XF &1 5 it FH oI5 5 3 % 88 4% 2 1 A6 19 5% 1) 2
I TR,

TE L EFATT T, B ARAF (1999) WF 58 & BL GA, X
Ly R INEERAE BUAEAT — 2 (AR HEVE T, 38 FH A5
ENG s ABA LI K H M PR E 40 B J7 A I RE B
Pt I 2 A ME K AE B AE . B8 AR SE (2000) 38 & B
ABA X} I BRAE T2 Bt A R 2 4E FH, GA| L GA, TR
FH,GA, .GA TR AT NAA 34 7] DA ik e/ Ik 2R 46 59

TS, TKB AR I (2000) % B BAP HI CCC %t
LRI AESS S 0 2 AR SRR, JF Refe itk 5 2
PAAEIASE R, 7EFP Tl T BAP AT LA 5 R AR &5
SR [RIBERT, ELABEE M Fh 7 i, AR R R A
st A ol [ 5 R R AR e o AR b i SRR, Bl
Mk, BRTE AR E 2GR 2 L RE R R,
SR T Th SRR i S A R A6 1 42 1) EL AR R b 2 L I L
TR B PR S AT LA B = o8 il X 5 2
PAHEATAN[RIFR S KA [ e 5 i 28 A 34, s 3 0
RTINS KT s B AR AR, RS AR T IR
R IR A5 AL B R AT I A, B AR IR S
PABRAETE B SR AT R | R Sy itk — 25
PR 5 AN 0 AR LS S AR T BB A 1) AL TR B
HRAES

1 MR E 7%

1.1 56 Hu AT

RN g L VAR ROl KR S R R T AN Y INES P
LR RE ol 5 % PR X (107°617 N, 26°24" E) |
B R SR AR A 15.8 C, AR R
H-6.9 C A FHREKE R 1 423 mm, IR
1 000 m, 3B 10°~25°, B+ BEE IR K,
B L b B AR, + 2R R 40~ 60 em, +3 pH
M 5.03~5.2, B/ T,
1.2 #F4b B Fn S A

2013 4F 7 AR, 725 AN R el o ik 5 W] —JC
PERPARK R oW E KBS En 12
F B AN Kb T R PR 100 AN 4%, FFHE B R A AR
i, DA FE IR (SR 1) . N8 1 HIFIR AL B,
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fEo N THIRFITRET i 35 0 & RS E , SRR
(B3 %~ F4F9:30-10.30, F 2014 4F 3-4 H##&
RIS AL DL

R1 ARKEHELE

Table 1 Different concentration of hormone treatments
o R PR
EREES Treating concentration (mg + L) o BE
Hormone o
e CK
P 1 2 3
BAP 100 250 500 =
Lacunae
GA, 100 250 500
IBA 100 250 500
TAA 100 250 500

1.3 EFYRHONE

PRSP B 1 5 S R T A M 0 5 3 1R
FHK S 42 B4 05 (2007 ) 19 % D25 W G-250 Yt
R, Hod SRR T 3 IRE R E S5,
BOFMAE
1.4 HFELIBS S

T 96 RH Excell F0FH I35 1 BRI HE,
SRJT R SPSS V 17.0 H1 DPS V 7.05 Hi 4%l 2 %k
i T AT PR AL BN 7 22 50407

2 HERH4M

2.1 SN RSB X B AL BRI B RN

I FR A B ME BR AR i 78 XS 4 R A T 5 A
MEBRAE R A T30, ELME IR [l A, (HAMNR B & Ak
PR T Y AEECE R I BRAE & TR A2 P | AR
SEMEERIRCE, B 2 0 MR LIS BRI
TETE DL A S5 R WA 2, R 2 ATRLA T, 28 500
mg « L' BAP Kb 35 | MEERAE SR X IR 1.75
i MEBRAE BT IR 1 4.3 4% 15680 500 mg - L)
BAP KA 1) T+ B Jrg A7 W 35K A I Bk AR 1 TR 05 22
100 mg « L% GA A3 MEBRAE BBCH X R 2.6
B, DR RE 1 GA AT ) T B R A MEERAE AU 1

25250 F1500 mg - L' (JEIJE 500 mg - L) Y GA,
AP HEERAE W] B3 2 UL SR EE Y GA, b A
FT L5 AR AR A BT 1 T 28 250 mg « L' BAP
GA, 250 mg + L' IBA 500 mg - Ll TAA 250 mg -
L' FR S, b B BT /D i 0 A R A R R A 1
e, g TAA 250 mg - L' AR FRA SRR £, U
W] TAA 250 mg - L7 XFZh FR A % e A 3K A 1] A 7 5
A PR A A TR B A RS M A
BRAC B 5 0 B T (2 25001
22 SNEHERENEF S UTREREFTYREE
HI=
221 SR AR E ST ES TR NE
LA EH, 5 7 A REE RN ET LR G
RIL, ZEHWE N 500 mg - LAY BAP ZbFE | Ab 34
AU IR 5 it LA, 3K U0 BH v Wk B 1Y BAP Ab
PG X B PR PR B B AN —E A S
HEAE 11 Oy s 8 e R fE . MifR TAA 100 mg -
L oh  HABAS [F] 383 AN ) e B2 b L5 Ak B 2H 55 0k
HRZ P MEE  & EE HR2 A 11 A A B R K
B, 19 H A 10 H AbBRAL 5 X} B 4L ] i b 2
HHEA S ES o AR 10 AX DB iEfT
BAP [IBA TAA GA &b B X b B2 A 4t i iy AT i P A
T AR To W R, XU 11 A Oy 2 AR
FAPEIE 0 S RAMEZF e AE K AEXT T 8 A .9
HF1 10 A AR
222 M RMFERESTEREEOLS TN EH
Fe A3 %E S AL FNIG G 1) 2 B Ll 2 A
AR AT B A v RS A BRI, i
XPEAE AT AT BAR RN & 2, A 2 AT VB Y &
ANTRIEER B AN [) e B2 (g A B, A FEZH TAA 100 mg -
L' TAA 500 mg - L' GA, 250 mg - L™ 5 HXJ BR4H v]
PER IR & A AAIE] 122 BAP 500 mg - L' 4b
PEfS 10 H 4y ATt A & S A B E 28 TAA 500
mg + L' GA, 500 mg - L'AbFRE 11 HH I nl e
ek Bl KA, hsbudBA7E 10 A0 A1 A5
XTI RBARIEAT 500 mg + L' BA TAA (GA AbEEXT T
FEANE I R B S A
2.3 SNEHEREFTEST

RN T fRSNRBR S BRAEIE G R P )
JoT 5 S RE I X A [ 33 2R A [i) A BB e A [ >R
FEI ] 50 AT I 22 04 (K 3,46 4) . K3 W]
DIF Y G R A PR 5 T AN BT I v i T i R
% BAP 100 mg - L5 BAP 250 mg - L"7£ 10 J]
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Table 2 Flowering investigation after hormone treatments
WA {@Iﬁmﬁ _ WERRAE RS HERRAEA R W R AE R R 8 TRk AR
Hormone type  [Fealing concentration Number of Number of Number of female Number of
(mg- L") female strobili male strobili and male strobili no strobili
BAP 100 6 60 0 34
X CK 9 85 0 6
250 29 64 3 4
X} IR CK 28 35 0 37
500 63 26 0 11
X} HE CK 36 6 0 58
GA, 100 89 2 0 9
X} A& CK 34 47 0 19
250 8 82 2 8
X HE CK 10 61 0 29
500 0 98 0 2
Xt I CK 6 67 0 27
IBA 100 28 70 0 2
X} IR CK 12 13 0 75
250 15 81 0 4
X} IR CK 15 32 0 53
500 13 17 1 69
X} IR CK 62 23 0 15
IAA 100 7 10 0 83
X} HE CK 55 43 0 2
250 24 26 11 39
X} HE CK 27 28 0 34
500 18 55 3 22
X HE CK 14 51 0 35

3 Bsf Aub P 5 JHG Xof R 22 S 4 S Ak T A B 3 OK O (P<
0.01) Flig Z /K- (P <0.05) , LA K IBA 100 mg - L
5 IBA 500 mg - L'7E 11 H i b #5 FHOXT A 2% 5
b T 1 K- (P<0.05) A, A ER & R 25 %
AR S [ i Ak 3055 O 2 S 4R b 35 (P>0.05)
MREXTER 4 BB T T A, SR AL B
JE Y B R R A it v Rl R S B BR BAP 100
mg « L'7E 10 F £ 4 3 55 00 6 25 S5 4 14
JKF(P<0.01) ,GA, 100 mg - L' 7E 11 A3 iHab 35
X R 2 A3 AL TR E 7K F- (P<0.01) , LA IBA
100 mg « L' 5 IBA 250 mg - L' 735l7E 8 H 435 10 A
1y AP AL FHE5 X R 2 S Ah T Bk 2 K P (P<0.01 )
IBA 500 mg - L'7E 11 H Gy ab 3 5 %) Bl 22 4 T
BEIKF-(P<0.05) A, HAMBER MR FE 451 RAE I

[B] S AR PR H X R R PR .2 (P>0.05)
3 W5 HE®

3.1 itig

YR S F R A EEDIN
R e, S KT o 2R AR AL 1 PR R
RIEMIZE 0 e U KMHEM R TR A&
FEAEF, B KT I G MELE 25 534k s AERHIRZK T 1Y
AR ATREA B T8 3l A0 BT 75 W Jo 5 It Vs R A1
TP B E T FI2E (A0 28008 PPy, ) AT REXS 2R 8 K ™
AFEBUER , T I EFE 28 1 404k (38185 45
2015 ; AR AE 1 2008) , & T AMEBEER X H AN
TELE IR | T % (1998) i 1 X 4 4FEA4= TCAE S
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Fig. 1 Effects of different concentrations of different hormone treatments on the soluble sugar content
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Fig. 2 Effects of different concentrations of different hormone treatments on the soluble protein content

() 5 AN WA it FH AM IR R 5 K B GA L, F1 GA, ,
XfE | BREERAE B8 O A e SO0, AR
b AN [F] i 28 R vk B B R AL BRS R B GA 250
mg * L' \GA, 500 mg - LA FEA B T2 R A A
BB ;100 mg - LAY GA, A B T2 & 5 B AR
WEAE P 1) B i, X 5 A8 45 (1998) 1Y BiF 5% 45 R AH
Bl SRTFHMEFE X T AL 2F 0 Ak i 5, BB
PIAE(2014) 026} 20 AF A4 A9 S AN IR TR B 0
9250 mg - L' 500 mg - L' Al 1 000 mg + L'
IAA \IBA (GA, BAP S5 2 b 35 2 B[] iy Ak 28
EXTAS EEA B BRI RN KEE, 5
L1 Ry ik sk 0 0 AR, B 3 U6k 5 T T 95 P W i
Mg 3 10 A S ) 35 B W AE 5 T 46 328 6
L RS (2000 ) B 5T & B, 7246 2 b G TR s, 28
FI BTG 20 . EARTR S P 2 AR EA

[i] e J3E e 5 AL B, I 100 mg - LAY TAA AL BRAD
FIVSPERELE 11 7 0y B35 3K 80 f KAE ; Ab B2 TAA
100 mg - L JAA 500 mg - L' \GA, 250 mg - L' 51
Xof REZH AT 5 MR R 1 BT Y B AR A WD T 28 BAP
500 mg - LARBRSE 10 H 0y vl M 2 1 1% i A 3 i
KAl ;28 TAA 500 mg - L' [GA, 500 mg - L' 4b ¥ )5
11 A TEEE A S &R R KE, X580
HIAE(2014) IAFFEAE A A, AT B2 A0 #5454k
PR [E] DA R AR BRTCHE RN TS, it AR ER
B B AR PR A5 B ) T MR R m] s R A
iGN IR A 2 2 5, T AR S AL B ik Ak B
AR G

TEZE e — A ARl F | bR A EE 2 i
JE R G IAE SN (K 4, 20065 8 A AR 4
2010; THAEEE ) 2014) , SEMRAEZE40 4k i P PRt gk
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Table 3 Significant level of soluble sugar of treatment combination and control after

different concentrations of different hormone treatments

— . RERRE KA ] Sampling time
Hormone type reating concentration
(mg - L7) 8 J1 Aug. 9 H Sept. 10 A Oct. 11 A Nov.
BAP 100 0.359 4 0.860 0 0.002 4 0.116 9
250 0.488 3 0.549 0 0.046 3 0.072 6
500 0.840 6 0.914 1 0.259 2 0.198 7
GA, 100 0.697 9 0.128 4 0.8555 0.197 4
250 0.443 3 0.648 2 0.898 0 0.329 2
500 0.879 8 0.850 2 0.570 2 0.938 7
IBA 100 0.785 8 0.486 1 0.302 3 0.0150
250 0.600 3 0.792 9 0.3713 0.734 4
500 0.187 2 0.5200 0.916 7 0.047 8
T1AA 100 0.5713 0.626 9 0.523 1 0.620 3
250 0.491 5 0.649 2 0.619 0 0.305 9
500 0.458 3 0.282 4 0.727 5 0.415 1
TE: P<0.05 RREF B, P<0.01 FRERWEBE, TH,
Note: P<0.05 Showing significant difference , P<0.01 Showing extremely significant difference. The same below.
x4 ARAREATRHZEARALERESRAEHNEZ KT
Table 4  Significant level of soluble protein of treatment combination and control after
different concentrations of different hormone treatments
LK - ﬁ}ﬁﬂ(;{(fg y KL [E] Sampling time
Hormone type reating concentration
(mg - L7) 8 J1 Aug. 9 J Sept. 10 A Oct. 11 A Nov.
BAP 100 0.314 6 0.206 6 0.001 1 0.089 1
250 0.497 9 0.310 4 0.447 6 0.744 8
500 0.859 1 0.496 3 0.341 3 0.430 8
GA, 100 0.873 7 0.444 3 0.035 2 0.000 2
250 0.868 7 0.787 6 0.705 5 0.492 8
500 0.097 3 0.230 8 0.281 4 0.142 0
IBA 100 0.000 1 0.325 1 0.049 5 0.930 8
250 0.5215 0.689 7 0.000 9 0.346 5
500 0.888 8 0.107 5 0.181 2 0.033 7
TAA 100 0.796 7 0.312 8 0.847 3 0.504 3
250 0.209 5 0.136 6 0.775 6 0.553 5
500 0.142 7 0.592 5 0.9713 0.128 3

WS o 3R o R AE 2 AL R SER | R AR 2E
PR OG5, e PR 3R T8 R AE 2R Ak B i A2 (S I
1987) . BERY BAEA ) A A R 4B 25 20 A i v
AR AR AR 4 S e 1 A A U AE 2R o A R R A (3205
55,2011) o AEZF AL AR P AR | DN TR - A A
RO K AH B[] B9 4E H A 25 5% (lain & Dennis,

2006 ; SR A BR XL, 2011) |, MERE BRI 0k S R &
i ) AR ], AS [ T 28 MEER A6 2 AR it ) -t AR T] | ] —
PREERS b PRI 5 b 1) 25 A A6 AN [V MEAE 28 Tk i
MEBFREWAR, KBAF MRS D EERIE R E
LU A 55 A 25 L (AR AR S RN T B A4S , 1989 ; il 87 %
FIMRAE S, 1981) AL 2E -t o AL i W SRS AR AR &
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THMA —E LR (GTHTZ,1964) , 54 g i
T el 5 AN FF AR 25 S, B P d b T, 420
HRYEAEZE AR K B 0 B 1, 3 B3 vk A T R A
PR A M P A R R it
3.2 £ig

(1)500 mg - L' BAP AbERAT | T o FE #5 i Bk
TEFIEERAEHOTE I GA, 100 mg - L7 AL ¥4 F) T 5
FEAN M BRAE I JE 1 ; GA, 250 mg - L™ Fl GA, 500
mg - L ACHA R T B B A HEER AL TR 5 TAA 250
mg « L7 RS MERERRTE R A i Bl A B = VE
(2) ZW R 1Y S RANET i AT PR
% BAP 100 mg - L5 BAP 250 mg - L7 10 A5
I Ao L X R 2 S 3 31V AL T A 5 /KT R S K
SF- IBA 100 mg - L5 IBA 500 mg - L 7E 11 H 43
b P OO IR 28 S A F 8 3 KA A R A4
VR P A SRR IS () i A B X R 22 S R i 3
CIEY & 0EL Y el R DY /N A i e A o e S By
5% BAP 100 mg « L' 7E 10 A 1 i &b 2 5 Hoxt 1]
P SEAE T L E K (P<0.01) ,GA, 100 mg - L'7E
11 7 07 B Ak 24 55 JEE T 1 2 S 4 ol Ak A b 27K
(P<0.01), IBA 100 mg + L5 IBA 250 mg - L'/}
SIAE 8 H AR5 10 H 17 il b 25 X i 22 S 4 T AR
L E K (P<0.01) ,IBA 500 mg - L'7E 11 A 4yt
Qb B O R 25 S Ak T i 2K F (P<0.05) A1, HiAh
PR A VR FE A SR I ] i A 3L 5 00T R 2 S 1y
A (P>0.05)

SR
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