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R, SN IR T AN PRHCR BRI (2246
85, 2014), S AT IR, K
SRIRE 2 4% (Procko etal., 2014 ); =it /RGE W2
PEREUR T T IR 4R EH H Y 2 £5( Koini
et al., 2009; Franklin et al., 2011; Proveniers & van
Zanten, 2013 ); ST &K & m e A G KA
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Nz, L0564k PHY B 2GR n, hARHk
G Pr Ak g A BTG BRAY Plr, Jf 4 BTiERS 2
A%, (EANAZ 5 PIFS 254, fRfd PIFS Bz
1k F& % ( Kircher et al., 1999; Ieivar et al., 2008;

Jeong & Choi, 2014 ), PIFs &—% bHLH # KT,

Rl (3RS PRI ML IR T441 . YUCS/9 3R
iR, AR SR IT R TAA A
R Bl AR ( Mashiguchi et al., 2011; Sun et al.,
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PIFs 7E40 A% AL R 38 A0 (Halliday & Davis,
2016; Jungetal., 2016 ).

AR HBTC A R EICT T IR AL S 4
i ( Srivastava et al., 2015; Pedmale et al., 2016;
Zheng et al., 2016), {HEAWFIE EEE PRGN
TR A A A R ) 0 K B — PR PR A
I GRSy T NUIN-RE 2 S e T E A
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RH 3T REM, RSB E, b
T OCHRR T KB @ H st i F3 F RAh H
R R N . IR E AN . = REE
VERON, WIRAAE T AN TRl AR B B R 4 DG
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12 It

e UL — B Al 7 (BLAR > 1.5 mm ), 28
CHRAMEZE, AR K 1 mm 5, #7502
120 g el 2908 A REWTEELE (K x 58 x &=19
emx 13 emx 7.5 em), #&FPEIEE N 2 em, FE&FEF
IO 40 8L, R SEHE S BT 30 g KR < 2 mm [
g, FFLATERE R A 77 = PEHE 1/2 Hoagland 5 5%
150 mL, BT A TARAE N, 25 “CHHIRET 7 36 ho

i e, TR G RESR T JOE IR
BiEHF =W EZ WA IESS RS (£ 1), JGlER
B 58, 250 wmol + m™ - 575 5996, 60 pmol -
m” 8T TR w28 C o IR, 21 €. BiE
e WiB, 015 MPa; fiki&, -0.05 MPa; k&4
HF4 /5 58%E 172 Hoagland 5 #7200 mL,
B AL BEBEE S 14% PEG6000 £ 1/2 x Hoagland £
FEIL 200 mL.
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&1 XWiET

e R _— g BES
pmol *m™~ +s C MPa
MOt x miE x =% (HHH) - 250 28 -0.15
Ot x mi x K% (HHL) 250 28 -0.05
6 x i x 78 (HLH) 250 21 -0.15
G x Il x K& (HLL) 250 21 -0.05
59t x iR x @B (LHH) 60 28 -0.15
86 x wiE x 8 (LHL) 60 28 -0.05
86 x R x &% (LLH) 60 21 -0.15
g0t x MG x %% (LLL) 60 21 -0.05
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R2 ARRE. RREERSEDNEEBR TR EKER 0

R fom - 47!

i}
1d 2d 3d 4d 5d 6d 7d 8d

HHH 031+0.03DE 0.10x0.01EF 0.13+0.01C 0.07+0.01B  0.04+001F 0.04 £0.01BC  0.04+0.01B 0.01 £0.01 A
HHL 0.44+0.03CD 0.14+0.02E 0.11+0.00 C 009+0.01B 0.09+002CD 0.05+0.01BC 0.02+0.00B 0.01 £0.01 A
HLH 0.10+£0.04 E 0.06 £0.00 ¥ 0.05 +0.00 D 0.04+0.01B 0.03+001F 0.02+0.01C 0.02+0.01B 0.01 £0.01 A
HLL 0.27+0.06 DE  0.07+0.02F 0.05 +0.00 D 005+0.01B  0.05+000EF 0.05+0.03BC 0.03+0.01B 0.01 £0.01 A
LHH 0.66+0.03B 0.55+0.01 B 0.39 £ 0.08 A 0.17+0.02B  0.11+0.01 BC  0.10+0.01 A 0.08 £0.02 A 0.01 £0.01 A
LHL  1.13+0.08 A 0.62+0.02 A 0.48 £0.03 A 035+0.10A  0.15+0.10 A 0.10 £0.04 A 0.08 £0.01 A 0.02+0.01 A
LLH 051+0.12BC  0.34+0.03C 029+0.01 B 0.18+0.08B  0.08+0.01 DE  0.07+0.01 AB  0.06+0.01 A 0.03 £0.01 A
LLL  0.67+0.04B 0.27+£0.02D 027+0.01 B 0.18+0.01B  0.14+0.01AB  0.10+0.01 A 0.08 £0.02 A 0.03 £0.01 A

T R RSB EAFRE PR 2250 B (P < 0.01), T
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LB B 2T R I A i 4 T B A

FKF (P <0000 1), DOCREGREETHRE, 59
JEAR PR AR IR, TR IR B A
ARFRIENN 1.39 em; IR HTORE, miEAET
JAR A B LU ARG IR Ak B 2 25 100 0.59 em; M IR
WBERITHORE, KB W2 IR
BEBAIN 0.39 emo BT UL, S RS8R B X5 15T AR

A P e A5 B S o IR RIS A S, R
W T IR ) EROAEE R
222 ZRHEZAESH WMFEATH, GRERE x
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ST IR 0 28 B AE YA B B E KO,
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FHEMIRE x BES (P=0.0044), RBE x BE
#(P=0.0024) MHAER

FEOG IR R B R B B AERLN [ —BEER
JEE R TS U X 3 1 3T R B 1 R i) 2k )
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#x 3 HINLEBX TR ESEMNERE TS . o N s
FEHE 60 pmol - m” -5 289 A 1.39 <0.000 1 RS S BN NSRBI & S U A TS |
HE 230 el e 100 0.53 cm; ZERRICHEFIZRPET, I ILHE IR
e zo 039 <0001 i 004 em. 2RI AR HEE 15 T IRHN
BiE  -0.05 MPa 239 A 0.39 < 0.0001 i, FESEARITE MR UH ..

# _0.15MPa 200B T N 37 $5) 28 B AE 38 B e 3 7K,
F4 WML EAZTHRMBRKNOZEZEEST
i H K- R B fem BN/ em PAH
SERERRE x IR 60 wmol * m™” - s 28 °C 332A 0.53 < 0.000 1
21 C 2478
250 pmol * m™ - s 28 C 1.66 C
21 C 134D
FCHRERIE x BB 60 pmol * m™ s -0.05 MPa 3.16 A 0.29 0.004 4
-0.15 MPa 263B
250 pmol * m” + 5™ —0.05 MPa 1.62C
—0.15 MPa 138D
B x BB 28 —0.05 MPa 276 A 0.31 0.002 4
—0.15 MPa 2228
21 <C —0.05 MPa 202C
—0.15 MPa 1.79D
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BONAE R 0.31 em. (MR AKIS A0 B 1550 11356 T IR
B B B S TR B A, FEARR AT,
B AR IRl 2 K 0.23 em; 1T 7E = il 2%
PR, KB R T IR0 2 K 0.54 em. £
B e T RE R 5 1 B0 30 128 T IR A (i it
YEH .
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JARI B 25 S aA M Bl K. TESDERITRAE T,
BT A B B RN E A 0.87 em, T E S
FEARIE S T ALK 0.18 em, VLR ANS B #HH
VERONA 8.2, JR R IRA K BESE 0 0.69 em. 7E
SROESAE T, R ARE Y e T R i
K, st iR RE AT, ARSIl T R
KR 0.21 em; FESRIGARIRSRAF T, K
BT IR BRI 0.26 em, 3 22 R IKF)
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IR EI K
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AR R, A e R IR Rl LAy
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231 ERE LA TR T RR K T R
H, JRLEE . OGRS KB B SR (B R N AR
K HCRBEARMT AL (% 6). 76 S1, S2. S34H, ot
PR, BT JU Bt fofr - 3 6 1 5 i ) 3K B A b K
s RS BT IR R ) s e S AR
S1., S2 WK BIb W /K. 25 b, SGIESR A Y
M3 12 Rl AR R A RO R 7, HoY

WK RUESDEAIE T, RERBESE WAL ST, S2., S3 HIRIATIN B2 /KF-.

£S5 HWLEBRTHREAKN=EREESH

i H IKF- FIREHH E fom RNl /em Py
JEREERE x R 60 pmol * m” - s 28 C —0.05 MPa 375A 0.87 0.000 8
B x BiEH -0.15 MPa 2.88 B
21°C -0.05 MPa 256 C 0.18
-0.15 MPa 238C
250 wmol * m™ - ™" 28 °C -0.05 MPa 1.76 D 0.21
—0.15 MPa 155E
21°C ~0.05 MPa 147 0.26
-0.15 MPa 121F
F 6 ML EAZ THRMHIERNERINERF o
5 K % em -+ A7 Boviti/em + 47 P1H
S1 2 S3 S1 2 S3 S1 2 S3
JEMEIEE 60 wmol +m” ¢ s 0.74 A 033 A 0.083A 046 025 0.043 < 0.000 1 0.000 7 0.000 7
250 wmol * m™ + s 0.28 B 0.08 B 0.040 B
T 28 °C 0.63 A 0.26 A 0.065A 024 012 0007 < 0.000 1 0.106 1 05156
21 °C 0.39B 0.14B 0.058 A
BB -0.05 MPa 0.63 A 022 A 0067A 023 003 0010 < 0.0001 0.069 6 0.334 1
-0.15 MPa 0.40 B 0.19B 0.057 A
232 ZAFEMAESA OGHMURE x RE. LR 15 RE M 2 B ST S2 WY IR Tl A T 2R

SR x B W x BEHHE H T R
AR R BN AR —E B AR, o isR
B il HARRONIA B B F K (R 7).

TESROCARNE T, A RER 25 B e S2 01 R IRl
R
JEIRIRIE x BEFRY BAERONAE S1 k%]

FCHRBRE x IR EAERON AR S2 WA EIH
ZOKE, BNAE R 014 em - A7 TESSEEMT,

BRI 12 S2 3, ARIE X IR I AR 1Y
P m RS C A B IS K5 7 s34,
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T x BB EAERN X ST S2 I T
JARBAR SH AR A MR R A3 T A b 2 KT 7 ST,
(S T AT S T = L LR T S S= =i i
TS S5 T 1T IRl A e 28 o kil (b 3
K AE S2 W1, B A REAR 35 58 & S AR 1
(0 IRE R T  AE S3 30, IR I R A

I, XHREE RSN AU

233 ZRFZAESH RE x LHERE x BiE
PAFTE—E HAERON, (£ 8). FEmIRANT,
IRIBRENL B4R = ST RN S2 A58 (3% T IRdli e K
MR (AEGRAET, AR E ARSI 3%
Ko TESRIEFRAMT, B EHEAEX ST,
S2. S3 AT iR S A S MR U AR B 3
Ko

Fx7 EWEEAXTHRMBERKERN _EZEIESH
5 KT iR fem - d”! At /em - 7! P{H
s1 2 S3 S1 2 S3 S1 2 S3
TR x R 60 wmol * m™ - s 28 °C. 090A 043A 009A 013 014 0.14 03505 00007 0.7437
21 C 059B 024B  0.08A
250 pmol *m”+ s 28C 037C  0.10C  0.05B
21 C 0.19C 005D 0.04B
FEHGRIE x BBEH 60 pmol - m” s -0.05MPa  090A 036A 0.09A 016 005 005 00109 0.1016 0.7437
-0.15MPa  0.59B  030B  0.08 A
250 wmol *m™>+ s -005MPa 036C 0.08C 0.05B
-0.15MPa 021D 007C 0.03B
W x BB 28 C -0.05MPa  079A 030A 007A 015 006 006 00870 00696 1.0000
-0.15MPa  048B  023B  0.06A
21 C -0.05MPa  047B  0.15C  0.06A
-0.15MPa  031C  0.14C  0.05A
*8 ML EBEAX THMEIKERN=EEEIEN
WiH KE K fem -+ 7 Boviti/em + 47 Pl
S1 2 S3 S1 9 0S3 S1 S2 S3
JEMEGEE x ¥ 60 pmol *m”+s! 28°C  -005MPa  1.14A  048A 0.09A 048 0.1 0.01 0.0350 0.1459 0.7437
FE x BiEH -0.15MPa  0.66B  037B 0.08 AB
21°C -0.05MPa  0.67B  024C 0.09 A 0.16 001 001
-0.15MPa  0.51BC  023C 0.08 AB
250 wmol *m™ s 28°C  -0.05MPa  044CD 0.1D 0.04BC 013 001 001
-0.15MPa  031DE 010D 0.03C
21°C -0.05MPa 027DE 005D 0.05BC 017 0 0.17
-0.15MPa  0.10E 005D 0.04 BC

LS

IR B A IE S Y R A,
i g el v A Y B SR bR, FEghi A K
PR 5 52 i il . 550G M A A S A TR (1Y) 5
s G B (de Wit et al., 2014; Pedmale
etal., 2016 ),

Py A Y UL SN T3] NN S5 N S B
NS G SN EWIE R Rl Ar A (fRM%5E 5,
2002; EHOL 5, 2007; TR SE, 2009; JH A
— 50 —

&5, 2010 ), HBFIEAIETER, TEIRA T WG
K76 T IR B TP s o, R s
HOWEIHEARR S Ak #2500k
B, 5506, mik . AR E ST IR 2
M) = SR o SO R N AR, X
BRI I R . gl il 05 1 d TR
R ERR, ZEMKHRIE N, E2~4d
BRI, (AR SKF, 5~8
d ALK S R 1A, T BRI B AN ] B
X 5 a1 AR 45 R —3 ( Gendreau et al., 1997;
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Paque et al., 2014 ),

J2E#AE (2010) HFFERD], EOGHNEIERI S
HTFEN MK EER R, BI9tERFNT
(0T IR i ) 2 e T A 3 . 7RIS OGS
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Y EER

SE K
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Interaction of Temperature, Light Intensity and Osmotic Potential on Brassica
campestris L. ssp. chinensis ( L.) Makino var. communis Tsen et Lee Hypocotyl

Elongation
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Abstract: This experiment took Brassica campestris L.ssp.chinensis ( L.) Makino var.communis Tsen et

Lee ‘Cuibai No.3’ as material and investigated the effect of temperature, light intensity and osmotic potential on

the length and elongation rate of hypocotyl. The paper also analyzed the influential effect of single environmental

factor and its interaction with compound environmental factor. The results indicated that there existed extreme

significant differences in length and elongation rate of hypocotyl, and the length and elongation rate reached

maximum under the treatment of high temperature, low light and low permeability, and it was minimum under

the treatment of low temperature, high light and high permeability. Illumination intensity could regulate Brassica

campestris L.ssp.chinensis ( L.) Makino var.communis Tsen et Lee hypocotyl elongation significantly in the

stages of rapid elongation, gentle elongation and lag growth, while temperature and osmotic potential only had

significant effect in the stage of rapid elongation. Interactions were existed among the 3 environmental factors.

The interaction existed among different environment factors. The interaction between temperature X Illumination

intensity, and Illumination intensity x osmotic potential reaced significant level in the stage of gentle and

rapid elongation period, respectively. The interaction effects of illumination intensity X temperature X osmotic

potential reached significant level in rapid elongation stage. In conclusion, illumination intensity was the major

environment factor for hypocotyl elongation, and had certain interaction with temperature and osmotic potential .

This interaction had significant effect in rapid and gentle elongation stages.

Key words: Brassica campestris L.ssp.chinensis ( L.) Makino var.communis Tsen et Lee; Hypocotyl;

Environmental fact; Interaction



