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F). 0.050 0. 0.010 0. 0.0050. 0.001 0. 0.0005mg L], st LMh AT EREK, LoEE, LOBBUR
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Effects of exogenous BR on physiological characteristics of
Phyllostachys edulis seedlings

LI Qicheng, YU Xuejun
(State Key Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] This research aims to study the effects of exogenous brassinolide (BR) on physiological
characteristics of Phyllostachys edulis, and to provide theoretical basis and technical reference for future
cultivation and management of Ph. edulis. [Method] The seedlings of Ph. edulis were used as test materials,
and 6 kinds of brassinolide solutions with different concentrations[0(ck), 0.050 0, 0.010 0, 0.005 0, 0.001 0,
0.000 5 mg+ L] were set up through hydroponic culture experiment to compare the differences in the growth
characteristics, photosynthetic pigment, photosynthetic characteristics and antioxidant system of the seedlings.
[Result] On the whole, compared with ck, brassinolide with different mass concentrations could promote the
growth and development of Ph. edulis seedlings to varying degrees, improve the quality of photosynthetic
pigments and photosynthetic capacity, and promote the synthesis of osmotic adjustment substances. Compared
with ck, when the mass concentration of brassinolide was 0.005 0 and 0.001 0 mg-L™', the superoxide
dismutase activity of bamboo seedlings increased by 6.7% and 6.1%, respectively, oxidase activity increased by
14.6% and 13.7%, and catalase activity increased by 8.2% and 14.6%, respectively. The mass fraction of soluble
protein increased by 31.5% and 31.2%, and the mass fraction of starch increased by 17.3% and 16.9%,
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respectively. However, compared with 0.005 0 and 0.001 0 mg+L™" treatment, brassinolide treated with mass
concentration of 0.050 0, 0.010 0 and 0.000 5 mg+L™" had no significant effect on antioxidant capacity and
osmotic adjustment ability of Ph. edulis seedlings. [Conclusion] Brassinolide can improve the photosynthetic
capacity and stress resistance of Ph. edulis seedlings, and promote nutrient growth. The best concentration of
brassinolide is 0.005 0—-0.001 0 mg-L™".[Ch, 5 tab. 42 ref.]

Key words: Phyllostachys edulis; brassinolide; nutrient growth; photosynthesis; antioxidant system

FEAT Phyllostachys edulis N KA F} Gramineae 17V Fl Bambusoideae N7 J& Phyllostachys 715, Hi&
7z, RS R R B ELGER . 55E BATH R S S PR MRS R A B R Ay, BAT
ST RAME . BT 5 MR, eE4dr= Lz M. SR K NEE (brassinosteroid, BR) &— 2k
RIT3h P H BESEBCER  RAR =Y, FE APV 2 5 mT IO R 0 1 A R Ok B R 31 0 3 A IR T AR
WU R AERR AER. AR RER . BER. OMZIERES KA AR T . MITCHELL
PRI Brassica napus 1683 &G 2 R, K AR & A TE M, BES LK & Phaseolus
vulgaris TR . . MFFAERK RN . PR L WRENES S 2R A A KN
R, MEYHAERKEE . CERHE . Prite . g0 E RS0 BT K R S T TG SR T
AER, BT, &TAHMEISEER NERXT BAT AR R i A R . A A BAT A AL, Wi
AN 7] B VA B (R SR R N R, SR SIS 2 N BT BT S AR Ve A BRI s e, DU R B 8 BAT
T AL FRS A

1 MoK E 7%

1.1 #F#

BRI PR A IR XA T )1 BN AL R BATR T a0 A WA BN 7 1 28 DV TR
MR 2E 5 B S Bl % M (30°23'N, 119°72'E), AR HESR/AAI IR A (23.042.0) °C/(17.0£2.0) C,
FHRIRIE S 45%~70% . 2% 24 h )5 & TE IR S5 740 0 S0RHG % & N 55 R 1R 28 2 20 KO R b1
KRG, KSR A EMAE 1/2 SR Yoshida 535 h5329, FRiiK 2 =m0 5 FF G
Wit 0. 0.050 0, 0.010 0, 0.0050. 0.001 0, 0.000 5 mg-L™"' FHIZE X NERIE R, 185N ck, E,. E,.
E;. E4. Es. BRACHES 30 #%, B& 15 d 03 1R, Wi AR 7 1 F R A ARE . F 2018 4F
3 AW RAL RS2 8 AKX, T 9 HWIRFEN 45 A0 R BAT S0 A 1 A5 A B A fb d s
1.2 MESHFE
1.2.1 A& AENE  E LA 8:30-11:30 A 7TillE , R FBEICK S —B BT AN, e
PR EFRES 3 A DG AR, AT EKE 6 KHBCF A, {XAR R LI-COR 6800 JGA1%, W 5E A1y
FIXHEE R 60%, —EALBREE /R 73BN 400 umol-mol ™, Yok i A 800 umol- m 25", & F5 b5 0 45 15
HAHR, RALRE . R AR IR BN ZE I %

122 #MaAEHmEMNLT T 9H 10 HECESEG, ERELIKHE BN BMLATEE 8, #
S TR B SRR, ROk FIWOK AR TART S SR, P B e B U MRS A IR R K
FE, BIARA s B 50 Mk = AR 1) AT S AR M M e T 5, W ST B 7 S A 1 5 Ry
YIFF, JA 105 °C AR T 30 min, SRR AR 2 70 °C, FAEMAL T2, e HH F S
R AR T R . [RBEAS B B BAT AR W R & 3 i, BUERR LRSS 3 e, 2 E P
YCFR R A i A

123 MHAAZIEAFMNE T 9H 10 HIEERSAB KA BT LA S S, MBUE Ak L
3, SR SRR O M e 4 2% o f o AT [ IR 5 Ak 3 R 35— B AT SE AR B 4% 8 Bk, K
MR EFREE 3 Bt VeI RBRE KSR S AR R PSRN S S AR, A 50 mL #5008 F-80 C
B ARAERRI . BAT AW I Al E AL A (CAT) SRR A e e B e b AT e ™ o 48 Ak ) il
(POD) R A G AR Bk AT E s 8 AL s AL (SOD) K F e i i A= ¥ T RR 9 T iR ik A 7
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2 HERGAHH

21 ARREREHEZNELENEMLEGEERKERHZM

M 1 AT BV N R B Ve AR, BTSSR bR s . ARERTH AR 23U E S TR R
R M9 3R R T R R AE 0.001 0 mge L1 AT S A T AR s B (P<<0.05), B ck EE T
11.0%, 0.005 0 mg-L' b FRAF ck #2781 9.2%. 0.001 0 mg- L' &b BRAS ck, HAR KGN T 13.4%,
0.005 0 A1 0.000 5 mg-L™" Zb BEAR 4 135 % F ck, {HAKTF 0.001 0 mg-L™"' AbH . B& 0.050 0 mg-L™" &b 2
Ah, HAx 4 RIS ok 4R WG I BAT A W T AR (P<<0.05), Hir1 0.005 0 mg- L™ AbFHAS ok AR
o s mad R I SE R R, A0S ck AHEL, 0.010 0. 0.005 0 1 0.001 0 mg-L™'3 F kb HifiE
N AT A W kR T R R (P<<0.05), HiHLL 0.005 0 F10.001 0 mg- L™ AbBE M FAE, 251 ck
BEINY 25.3% F126.8% . AERRML 1510 45T 0T i X BE TS 2R PR BT DR B AR A O TS TR R
B, HAHE ok YA ARFEARRESR T, Hdb 0.005 0 mg- L &8 ck % Rk b 384> T B & 5t ok B3
(P<<0.05), 0.001 0 mg- L' ZbFRAL ck XHAF AR T #8501 B s 42 0N B3 (P<<0.05). ZhMEIHSREER W ERAL
HAHS ck AHLL, BIREEARFIRRE FRAREAT SR L, SO BT WM 3 S A K
RERS, s,

£1 AERRREHFEEAEDRE R HE RIS

Table 1 Effect of different concentration BR on growth index of Ph. edulis seedlings

Ab 3 P /em R /em I em? ETRBdg M EE TR HURES TR SR
ck 27.69£1.39 ¢ 29.83+0.85 ¢ 11.58+0.22 ¢ 1.38+0.09 ¢ 0.91£0.09 ¢ 0.47+0.03 b 0.52+0.07 a
E, 29.93+1.78ab  29.07+1.22 ¢ 11.98+0.30 be 1.50+0.12 be 1.03+0.11 be 0.48+0.04 b 0.47+0.06 ab
E, 30.19£1.48 ab  29.81£0.74 ¢ 13.394+0.57 a 1.71£0.21 a 1.20+0.19 ab 0.51+0.03 ab 0.43+0.05 b
E; 30.24+1.95ab  30.21+1.13 be 13.68+0.27 a 1.73£0.15 a 1.22+0.15 a 0.50+0.05 ab 0.42+0.08 b
E, 30.60+1.88 a 33.84+1.20 a 13.32+0.71 a 1.74+0.20 a 1.21+0.18 ab 0.54+0.04 a 0.45+0.07 ab
E;s 28.51£1.45bc  31.10+1.24 b 12.88+0.42 ab 1.64+0.18 ab 1.11£0.19 ab 0.52+0.03 a 0.49+0.11 ab

UEAA: [FIFN A, R [R SRR Ab B IR 22 57 B 3 (P<<0.05), AHIRIFE4E 2R AL B F] 25 5K (5.3 (P>0.05)

22 ARABREREHBEZNELENEMLEE LS FEZNE

HIE 2 Al AT: A A0 EES) ok AH ELIRE B E N BAT I A W 4R K a 434K, (AL 0.005 0 mg- L™
AhBRM AR E a B BN IR K, FE ok R 11.6%. B% 0.010 0 mg- L' ZbFEM28 K b i /- =R A BE
Hh, HAAEFREE ck 25 F B E (P<0.05), {H 0.005 0 F10.001 0 mg- L™ 4b FH 5 73 5 i T Hofts b B,
5 VR B R N ERAL BRI S SR R A A D R R E R AR, (AR T ok, 2R
F 2 F K (P<0.05), Y E N 0.005 0 mg- L™ B, A4 28 o Bom T b B, R
0.001 0 mg-L™'; T 0.001 0 mg-L ™" KAbFE T A b H i /0 4om THAWAL I .l R . SMBEHESER N
FieAb B AT LA R BAT S AR WA R KF, WAk YRR, Mg stk A ae .

HIE 3 MIHT: B TSR 2 N R B VR B R AIG, ot AR | SALTE L M) A Ak B R 43 45ORn
ZR M ORI RIS TR BRI A, AT AR EE, 0.005 0 F10.001 0 mg- L™ AR BEXT LA 3 5 |
AALTHE . iR AR AR B IR A BRI 28 18 TR (Y52 M 38 ok 22 575 i 3% (P<<0.05): 0.005 0 mg- L™ 4b#
3 SR TE 26.7% . 59.9%. 14.1% F1 28.9%; 0.001 0 mg-L™' &b B 4> 511 $& T} 22.7% . 50.8%. 16.1% il
21.9%. ULBIAMEIMSE R NEEXT BTSSR WOGA R BA R HEERT,  HLBE % I 5 28 PN R o o vk B ) el AR
P B & A AR
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Table 2  Effect of different concentration BR on photosynthetic pigment content of Ph. edulis seedlings

Kb 4t Fa/(mg- g ) M4 &b/(mg- g ) £ E (mg- g ™) ZiHE N R/(mg-g )
ck 2.28+0.08 ¢ 0.88+0.04 b 3.17+0.12 b 0.92+0.04 b
E, 2.50+0.08 ab 1.01£0.06 a 3.51+0.14 a 1.06+0.04 a
E, 2.41+0.11 b 0.96+0.08 ab 3.37£0.19 a 1.01£0.06 a
E; 2.55+0.08 a 1.03+0.06 a 3.58+0.14 a 1.05+0.07 a
E, 2.5040.10 ab 1.03£0.07 a 3.53+0.17 a 1.07+0.05 a
E;s 2.5040.08 ab 1.00£0.06 a 3.51+0.14 a 1.06+0.04 a

VL. RIS LA, ASIR) TR R AL BRI 22 57 10 35 (P<0.05), AIF) - RESR A HE W) 22531 1. 3 (P> 0.05)

K3 AREREREHREZNELEEMNIEHLEGSH

Table 3  Effect of different concentration BR on photosynthetic parameters of Ph. edulis seedlings

AhE AOEAHR/(umol- m s

SALSE /(mol-m 257"

Jfa ) — A AR RE 2R 7355/ (ol - mol )

785 4% /(mmol- m 2+ s7")

ck 6.87+0.21 ¢ 0.051+0.005 d 211.47+15.86 ¢ 1.36+0.08 ¢
E,| 7.07£0.21 ¢ 0.069+0.005 ¢ 231.57£13.77 ab 1.48+0.13 be
E, 7.53+0.32 b 0.074+0.005 be 223.91+17.69 be 1.56+0.16 b
E; 8.70+0.33 a 0.082+0.004 a 241.37+10.34 ab 1.75+0.08 a
E, 8.42+0.33 a 0.077+0.003 ab 245.53+9.62 a 1.66+0.13 ab
Es 7.49£0.41b 0.074+0.006 bc 234.66+11.15 ab 1.5940.15 ab

P [N EL, AR R AL PR 24 5 35 (P<<0.05), AR [A S EE 38 A 35 E] 22 F A B 35 (P>0.05)

23 AEREREHEZENELENEMLESHTAMEAR. TAEEMEHRES BN ME

P 4 T AR T ok, Hifth 4 o g vk FE AR B AG B AT S AR 1 I B AT VA 2R R B R A AR TR 3
25 BEKT- (P<0.05), B Wit s vk B A REAR, nIva R (B R80T LTS FRERYESS, H7E 0.005 0
F110.001 0 mg- L™ AbF iR B KA. MIHWIHE ST, R 0.010 0 F110.001 0 mg- L™ 22 F AW EAHh, H
b PR ck AH HG Al VAP0 o1 70 H4 ik B 25K F- (P<<0.05), b 0.050 0 5 0.000 5 mg- L™ Ab B2 []
ZSFOREE, 1M 0.0050 mg- L AR5 ck B IR K (P<0.05), AT 10.9%. Bl %2 PRk
FERIREAR, BT S B VE R T o Bt R A TS TR #, 0.005 0 A1 0.001 0 mg- L™ Kb FHER ck 22
Sk K (P<<0.05), 200340 17.3% 1 16.9%. Ui BH AN 28 N BRI T AR BATIAE W RN
BEFETYRA R, AR THEEEFEEREE .

x4 ARBREREHEZNELEEMSEHATAEEAR. TAERENERRESE
Table 4 Effect of different concentration BR on soluble protein,soluble sugar and amylum content of Ph. edulis seedlings

W VAR AR (mg g ) TR (me- g ) TEM(me-g) || A WIVAETER AR/ (mg-g ) W (me-g ) TEM/(mg-g™)

ck 4.02+0.20d 5.08+0.11 ¢ 1.37+0.03 ¢ E; 5.29+0.14 a 5.64+0.15a 1.61+0.06 a
E, 4.21+0.06 ¢ 5.32+0.13 b 1.52+0.08 a E, 5.28+0.13 ab 5.17+0.20 be 1.60+0.07 a
E, 4.26=0.06 ¢ 5.04+0.20 ¢ 1.51+0.02 ab Es 5.10+0.08 ab 5.35+0.20 b 1.42+0.02 b

VEAH . [RIF e, RSBk FoR A I 22 5 B35 (P<<0.05), M [FIEEE /R A FE 25 5 AR B35 (P> 0.05)

24 ARREREHMFEENELENEMLE BRSBTS

A1 5 R R AR A Ab R I 4R T SR 1 B i 52 2 PN T o v B AR R B TG R ka4
MR BEAE 0.001 0~0.005 0 mg- L' B, A Ak M S Ay ARt 0% k38 3 B KB, Hirh 0.005 0 mg- L' Ak
PHARRET ok $EMRERR, 5T 6.7%; 1A AL BHE M NIAE 0.005 0 F110.001 0 mg- L™ AbH ik BIEA(E, &
VrSEA T B B A TR BTSSR N R T R R R T Eka s, MR E 0.000 5 mg- L™
B, AR SR Al PR AR R ok 22 5738 B 2 KOF (P<<0.05), AKIKJE 0.005 0 1 0.001 0 mg-L™", X b4k
R BATIA M 7 P B R 2 SR SR 2R N R TR R B, 3 R AR VR BT S R R AT
DI S P AR BEG T, SRR
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Table 5 Effect of different concentration BR on antioxidant enzyme activities of bamboo seedlings

4 e/ buk =R i A A 4 ARG buk =R i A
W (x16.67 nkat-g ™) (x16.67nkat'g')  (x16.67nkat-g') || # (x16.67 nkat-g') (x16.67nkat'g)  (x16.67 nkat-g )

ck 3018.58+80.60 bc 43 031.1142231.96 ¢ 46.81+1.47 ¢ E; 3219.58+106.30a 49 306.67+1 573.26 ab 50.67+0.73 ab
E; 2978.00+102.19 ¢ 46 871.11+1 625.14b 46.96+2.57 ¢ E4 3202.99+99.55a 48 937.7842 994.76 ab 53.63+£2.00 a
E, 3159.32+111.30 ab 46 404.44+1 779.30 b 48.44+0.73 be Es 3187.05+118.30a 51 733.33+2538.05a 46.37+091 ¢

B SIS, AR TR RN A EIA 22 R B35 (P<0.05), MR RAC TR 22 2R B2 (P>0.05)
3 W54

MYV EFRARKRRR . 22, EEERSEMNAR, Py & B 2= 2] LU Wb P 0 4 K1
o WRRNERREAY SN ER AT B EE A KNIEN, AU EYI S . KT
B R H RS R . 9 3 R N ER XN K Setaria italica™ . K K Zea mays'™. ¥ N Cucumis
sativus'"™ FIH L Glycyrrhiza uralensis'® SEAH YA (e S AE R BIMER o AR, I TS it A ) Jo o VA
MM R NEE, AEAS AR B b BAT S AR A KB R, HALL 0.001 0~0.005 0 mg- L™ BT vk JiE Ay fie
FEo MIMSER AR R N 0.050 0~0.010 0 mg- L™ i, BATSZ2E i 380 A K AR A HhBlAE K
RIS, (HiZ i B PR AR R KA /N T X R R 3, mTBEAY e DR R Fr 2 i T i MR B TS R
R AL IR RE S AR RN M G, 3 BURR IR T A #Aqte 2 , E T4 i AR &R A7, 0.001 0 mg- L™
SRR NERXS BATSAE R R A K A TEIERCR, BV e A e (e g BTSN R A K, X
SRR SE TE/NE Triticum aestivum WBFFEEESRARRL, MM R A BEAR RAEME MR BT 54K
RRMBEAWERN . AR FZWRE SIS 35 SRR S S AL sk R i A, BIICHR B fe k
AR, BB AR FEARBIFE AT, I BT R B S R I B A B O T AT S AR Y
PR, R TR AR, X 5EFATEMNE Nicotiana tabacum®" FITK ¥ Spartina patens™ 153 f 57
AL, UEBHAE A 4K AT RS SR 2R TR A (e a4 L 2R R AN S RSN A OE

AR EVERROCRe o A B G ST TE AL &Y, L, J6A VR 058 B R S AR
YIS 1P, BEE TSR N ER TR B RRAR, BATSAE A ER . AL T S ] AR R EE IR
Oy B RIS THE R A%, ELTE 0.001 0~0.005 0 mg- L™ SAZIHe A, Wi BT vk B Il 28 % P i T
DL PSS, o AR A R AR YR, ISR BT AEWOCERE S . X SIS MR
TE = 5 Sorghum bicolor™® FUH W AL L AR 45 RARRL . 1M YU 555 8. Y= 3= N R AL 3/ 8
JRG G S AL T BE TN ZE W R4 v, BB ] — A A B R B e i Ak, AL R AR RILE R
] REAR SRR THEUNYNE G RE R, X SAMRMLERAAFE . & FE R LM WEE
W EEXS AR Cinnamomum camphora W4t R & L RBREARE WA RIEER . MEZEFEC N W
RNBRACPIRESE = EoRI AR &g, RTDCEER, (MR NERDEE R8I THIFA R E G0
GRS, TR I AR A I ] i A A R N I R S . BRAUN 50U IF 5T B0« W3R MR T LA
SR N R B, (R OCEEN . TEARME S, BT A A 0 R AR R T
SRS A ITE 0.001 0~0.005 0 mg- L™ ik B KME, X ATREZ MR R NERRE BN AR E
B B R IR B T A B S R A 0 G SR AR O A R A DY, SRS YDG A BIRACE
e AW EME DY, SR SR NERERSE T I Lycopersicum esculentum var. cerasiforme™ i
WS} RSP} Paeonia ostii “Fengdan’ B2V | A5 AL, (HARYFN 2Z (0] 4 W) P AF E— B 2 5,
345 X A [1) Jo e Ve Y S R N R B BB FE AR TR . B BRAL AN, Al BATSCA MG 2 [l Ml L 5 1R 3
ST REZERIFAKR, (HM3HEE BT EE AR 0.001 0~0.005 0 mg- L™ B, BATSA B ek T AR
HABA PR A BB 4T . UERHBEE YEA BRI MBESR, ISR N BRRRAE UEA AR T B BLERDY D2
HETEANERKE

AN SN R NERAE BT S G T PR 0T . LA MR SR S, R A
YA . o A ALY A A S A 3 AT AR B TG M, DA TR B Al Aok 4R A T 200 5 2R 2 ) 4
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15, BESRAEYIPTRERT, BRI, 7€ 0.001 0~0.005 0 mg- L™ (IS E N BRALHE T, P (LB 1 A1
B 1) BB i A3 B DR TE R = AT, U I B R B S R IR, T BB R IR N AT
AT ) 5 IR A AH DG BE TR O S 5 R, RIS PR R G, IR A G A, 4ERri )
PRIE S A B, IR A, PRIFRE R AN IR E 254, (W] AERR AN B P, 1o A A O
IKINEERT, X —Z5 R 581 ATEKFE Oryza sativa™ . & Solanum lycopersicum™ . ¥E#eF Avena nuda™
ERIBFFEASRAR DL, MMRPUAMK R R, AR AR R R, R T BT A B SRR K AT
FEAEREN] : YK N 0.001 0~0.005 0 mg- L™ B, 2R N ERFESLAL I AR AS A i BAT I AE WA N B
BITYBA R, SEEPUA LR, SRS FPURRE ) B RE B E R T MO S R BT
e ERES), S TR R, WY, IRBMESEBAT AR B E AR KR IACR
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