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Effects of Different Illumination Intensity and Photoperiod on Growth
and Ergot and Ergot Alkaloids Concentrations of Symbiont
of Epichloé gansuensis-Achnatherum inebrians Seedling
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(State Key Laboratory of Grassland Agro-ecosystems, College of Pastoral Agriculture Science and Technology, lLanzhou
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Abstract: We conducted a study to investigate morphological indicators, chlorophyll, soluble sugar, ergine
and ergonovine contents under different photoperiods (8, 12, 14 and 16 h » d”') and illumination intensi-
ties (1 500, 2 500 and 3 500 lux), to explore the optimum conditions for the growth of the symbiotic Ach-
natherum inebrians seedling and the accumulation of alkaloids. it was found that: (1) the plant height,
chlorophyll and soluble sugar content of symbiotic A. inebrians seeding were increased with the prolonging
of photoperiod, which were significantly (P<C0. 05) lower than that of other three treatments under 16 h -

d™ ', but the root length, tiller amount per plant and biomass per plant were increased first and then de-
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creaseds, which had a peak value under 14 h « d'.

(2) The plant four morphological indicators, chloro-

phyll and soluble sugar content of symbiotic A. inebrians seedling were increased with the illumination in-

tensity increased that had a peak value under 3 500 lux. (3) With the prolonging of treatment time, the

content of ergine and ergonovine were increased in different photoperiods. The contents of ergine and ergo-
novine were significantly (P<C0. 05) higher than that of other treatments under 12 h « d™* and 2 500 lux,

which had a peak value at 15 days. It can be seen that the appropriate light environment can significantly

promote the growth of symbiont of Epichloé gansuensis-Achnatherum inebrians seedling and the accumula-

tion of alkaloids, and the most suitable condition for the accumulation of ergine and ergonovine were 12 h

«d !and 2 500 lux.
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1,21 #F#bEEgE Pk 2 m fl B OFF R 10 3 i i
EA TR T2 300 ¢ A MR ZEA R (D1
15 cm, K2 10 em, ¥R 12 em) 1, B 45 10 ki, 76 24 M
KFmh s XA e E DAY 12 h e a2 h -
dDRECIED CLEMRE 120 pmol » m 7 -
sV JNEEFRG . B E S BER#E 200 mL Hoagland
iR

1.2.2 >tPEHAE FFMERGEAEKS S ik
J& AR R 5 AR A 4 A IREE SRR
ANEEFEAE S AL IR 22 CL G IRBR BN
2 500 lux, Y& J& 143 % & B K 8 h R /16 h
B8 hed .12 helE/12 h BBEE (12 h - d™') .14
hyEME/10 h w14 h« d DM 16 h HIE/8 h
W16 he d™ D) A0 5 WK, &3 4T
— e SR IEA S 3 d.6 d.9 d.12 d F1 15 d
3 0 B R P A R A A 4y ARG R A A T
MM E . AT 15 d J5 .40 900 i D BT
Az EL A AR 4 AR S TR O A 3 A0 B B bR AR
o I BEEL AR W o DA B SR AT A A
1.2.3 tHREEAE RS EERKS S H
W5 B AEAEE) 5 AR RS A 3 AN IR IR A
BB 5 A IRE YR 22 C BRI 12
d/12n, MR B 43 5 5 1 500,2 500 F1 3 500
lux, BEAAEPE 5 WH . M 3 d AT — IRFE R
£ 7EA PG 3 d.6 d.9 d.12 d F1 15 d 4> BIER T
RPN AR TR A A Ay R 0 G 2 A TR e R A2 £ T
o, AEBE 15 d S S R N AR R S AR
PRSI B AEAS ) O6 JE 5 3 Ah BT 1) A o AR G L 43 BE
B R W f D B SR ATV

1.3 MELIRRF X

1.3.1 &R AR DR N A I AR
BT AR R RIAR A SR FH I 3 L BBk 4 1 A BEBCR
TR | BRPR &) A o 00 R AR B

1.3.2 MEREE RN BED W5 ot
RO, BUMEHEY M R BR AL R TS Y . LR
K S R . R BB R R R B A O 2 gL A BIEBR
I B BERD MR BR By B 3 mL 95 % £ B W A 2
WM EE 10 mL kS 0F B BH LA, FE 3
~5 min, HOELC 1 K& T2, FH 2 B, IR
P AR O A T 2, JE MR & 100 mL AR A 55
S A T vl R BB A R B T BOR , B
Jei 3 [ g s — A B A T v . R A T 2 L
RN R MR IR AR LA BT . H 2R

B ICek o 1k, fJa H OB E 2 2 100 mL
AT, B SR 8 R SR U AE K Ry 652,654 F
665 nm T E WG Agss « Agsi 1 Agss » LA 952 4
B Ay 25 X R
B B i = (Ags, /34.5) X (V/1 000 W)
A W oBHE R BV O RBOR AR

1.3.3 FIBEMEEEE R BRI n]
W&, PRICEERE 0.1 g i A P I z8 18K 5
mL, B T oK PR T h, SRR I 2 25 mL
AR, AR R BB RE I ER B2 E . W
AP 0. 2 mL, im A b, BRI Z& 1K 2.3
mL, $557, B 5 A A BE I AR R 6. 5
mL, 37 BIFE5T B i 48 e A 2 S DLV i A
LR A ZE 0 UK 1 25 A VR X IR AR 620 nm K Ak
I 2 W ' BE AL $ 22 i AR VA e S b o it 4, D5 °F
DA T4 RO TV PR & i PRUEIR R T Ry
=0.111x+0.013 8,R*=0. 988,

1.3.4 ZRABRERMEZAFHRISE (DX ALY
ERE B A (N 1) B A SRR (v & |
B Ly A AEE N 20 CRYVKAER R 12 h SR G T
THLA —60 CHAFT T4 24 h, B 3T WFek b iF
JEE OB A . FRICHCRY 50 mg 3T 1.5 mL [ eppen-
dorf B0, iInA 1 mL $2 O (=AW ke HBE
CEUK=T75+:252), WIENRA . ERBRAET
. JE% 15 'C.10 000 r » min ' & TFE L 5
min, T3l XUE o R SR R =T S B0
A 0.75 mL B B = UG LE (1 2) 0 0. 25 mL
1) 25 mmol « L~ £ R, Wi 51 1E 51 5 » T 25 0 Bl
(Beckman, Germany) 1 7E 21 ‘C .12 000 r » min~'
ZAFF B0 5 min, L EIE W 0.5 mL o A HLAH
PCX(Bond ElutPlexa PCX, 60 mg, 3 mL, 50/pk)
HEGRFTH 2 mL B EEE AL L ] 1 mL 4l oK o
Ve iJE A 1 mL 9500 HEEFN 500 1 2 K IR A IL
RS AR 2 0. 22 pm FLAR B9 PLAE i ik B4
WEE 15 mL R A EERL R T 4 CUkAE TR
(2) & f AW A F eyl 2 R T & 1 EbL
J7 ¥, i Ailent 1100series /= 3% A8 (4.41% £ 46 (Agi-
lent, USA) . Eclipse XDB-C18 JZ #H (250 mm X 4. 6
mm,5 pm) %A S A (A 0.1 mol « L7
NH,OAc,B R #2180 C 5 min A AT HE
M 95%~85% .5~ 10 min A ¥ AU FE M 85% ~
80%.10~15 min A WA BEM 8026 ~90% 15~
20 min A YRR BE DN 90 Y6 ~ 95 Yo A6 B R B 5 4G
PR (Ex) 2 312 nm, & K (Em) 24 427 nm., i
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A 1.0 mL/min, JERE RN 20 oL, 22 A T i RN
22 1187 B8CbR R 23 0 B B 22 0. 375,0. 75,1, 5 il 3
mg/ kg, % WO [ e BE BB B (1) 2 R AR AR IR & 5 LA AR
RS AR SCHRUE By R . 3 e i B T Sl Ak
{4 (Chem Station for L C. Rev. A. 10. 01, USA) ¥
D) I 00 2 e (R T AR AR A A DG Ty R A R R
S B8 THIAAE S v 2 B 2R e v
1.4 #iEse

B 3 g6 A 1Y g8 3t R A A 4 R T M-
crosoft Excel 2010 F1 SPSS 22. 0 4t i1 43 # 3k A4
#H17 .
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2.1 REAPMABEENBEIENEERLLENRK
DEEKHZIG

HH 22 1 Al A B 2 ' BB R] i) S 4, e 5 2 AR
TR A R Ay T R R R T G 1 e I AR OB JE
W1 16 hoe d ' 4Pk A B iR ORME . B3 (P
<0.05)E T 8hed ' 12 hed'JEHRAFE;[F
A S A A &0y 00 B bR S BERCRN B bR A= ) i Y BE B
't B [ 1 2 4 T 52 5t 1 I IS A i ke #, O A
JEREEAH 14 h o« d B Ik B e K AE, O H ¥ W3 (P
<<0. 05) i T HAth 3 4~ Ab B H 2, Sh A R 4 1 AR
KEAFRMLHBEE T TR EEZS., F14E
71N« Bl A O RE R BE A 3G 0, T D RE A T AR 1R 4
BRR R ARG 43 BE AR ) i B 5 R 0 £
FEIAE G RRER Ay 3 500 lux WK B KA. Hrp,
3500 lux 4b B A 4 A= KA bR 2 I 25 /& FAH R 1 500

lux 4b 3, H 3 500 lux 43T 4 T Bk & BBk A4 )
A =T 2 500 lux A0S, AT DL 38 B O
RO BRI 32 R b 35 418 1 i 2 o A L S A AR 4
AR
2.2 AR EBEENBIENEERFELEK
HEMREFMATAERESENE M
2 Won Bl A ' BR A ] 9 4 K i B RE P AR

B A A 4 A Ik 2R AT 3 AR R 3 3 R 11
BOIEAENC TN 16 hoo d I IE B KM, B %
o T Al 3 AL B ARG 14 hoe d RS A
MagE SRR ERT 8 he d " AbB, Hnl i o
FZEEHT8hed 'MI12hed "AHOEE N 12 h e
d el aE SRR ER T Sh d 4B, [H
B i ' JR5HR B (1 185 o I R R AR TR AL AR RS
B 2R A] L R R e R
HIEOCIBR AN 3 500 lux I3k B KM L IF B7E %
AL 2 6] 25 S 5 2 (P<C0. 05) 5 111 41 1 AT v v
RSO R A B > ) G B ARk, R,
T 2 B0 O RS [ RO R SR A R T e D R AR
B A AR A i I 2R AT R R R
2.3 AN REBEENBIENEERFEL LK
hEEREMESENEMN
2.3.1 REAPWNERABEMNEZAFASENTMNE

i 2% 3 AJ 1, Bl Ak B[] fY) SE K LD N AR
PR A AR 4 v 22 A T RS2 A R R RS TG
WAL R ¥ R LR AR 15 KA F
e KAE B R 2 1 3505 T At b BB 0] 5 78 b 34 6~
15 d B[R] P9 &) 1 22 I e A 22 R OB B 7 o 2 LA

R1 ARAEPMAREBELETERIEYEAS MR DEMENENTL

Table 1 The plant height, root length, tiller amount and biomass of A. inebrians seedlings under different
photoperiod and illumination intensity conditions
Ab 3 R liESN bk oy BEEL bk A W) i
Treatment Plant height/cm Root length/cm Tiller amount per plant  Biomass per plant/g

8 40.5240.47¢ 19.03+1.02a 2.80+0. 25b 0.1340.003d

sl [ . 66+0. 24 .42+0. 3.36+0. .15+0.
fﬁ}:]gﬁ § 12 42.6640. 24b 19.42=+0.17a 3.36+0.16b 0.15740. 009¢
Photoperiod/h + d™) 14 46.67+0. 98a 19. 96-£0. 32a 4.20+0. 25a 0.29-+0. 006a
16 47.8440. 31a 19.16+1.12a 2.60740.29b 0.20+0.006b
1500 35.45+1.07c 16.99+1. 24b 2.10=£0. 40b 0.1140.002¢

S IR B
. JI,[““‘,"E‘E . 2 500 42.6640. 24b 19.4240. 17ab 3.3640. 16a 0.1540.009b
Illumination intensity/lux

3 500 44,9940. 55a 20.2740.59a 3.90+0. 29a 0.237£0.012a

W PR A SRR (n=5) s [ F A [F] 52 B e m A0 FR A 46 0. 05 K AEFE B 25 57 (P<T0.05); T [H

Note: Data are present as mean +SE(n=25) ; The different lower case letters within the same column mean significant difference at 0. 05

level; The same as below
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[N A N 7/ B S

3T E

JEE 12 h e d b MR IR 2 B TR
HAbSE AL, b b3 15 d BB 12 h .
d™ A FR AR T (250, 01 mg » kg™ ') A2 5T 0
(263.08 mg » kg ) FwIEAH[FDG A WAL B 3 d 1)
(11.01 F196.65 mg » kg "D 22. 71 f5F0 2. 72 4%
SR 15 d LGSR 16 hoe d A B A TR A A2
FA BT A 38 B 1K 43 )2 A RO R BT AR R 3 d
1Y 2. 32 450 1. 62 1%, B TE 4 /> 6 A 3 4k B vb 3 fin
R B /N, AR R RS . S A, 7E AH (R Ak B A ]
DAL R TR0 ' S 1 A 3 &0y 8 2 o O e i R AW B
FAH N 22 A I . AT UL 38 R O A B AR
] ] 5 6 2 4 328 &0 1 22 AR B B R 22 A e AR R
IELL 12 hoe d G JEIAL B AR AE

R2 AEAXBAHIABEELETHIESHHEZEM
AAMESENTL
Table 2 The contents of chlorophyll and soluble sugar in
A. inebrians seedlings under different photoperiod

and illumination intensity conditions

4R IRRe i
i
T s 7 Chlorophyll Soluble sugar
reatment , 1 1
/(mg+g 1) /(mge+g 1)
8 3.9840.09¢ 0.017+0.0003¢
6 12 4.4340.17b  0.01740.0007¢
Photoperiod
JChed ™D 14 4.5540.05b 0.02140.0004b
16 5.74+0. 14a 0.02540.0009a

‘ 1500  3.35%0.1lc  0.020%0.001a
Ot 3 5

Illumination
intensity/lux

2 500 4.4340.17b 0.025%0.001a

3 500 4.9940. 11a 0.02640.002a

2.3.2 ABEENEZABGEMZAFTEIENR
M 4 Al ZEDG RS EE Oy 2 500 lux i, [R5
DA A LA R A AR i A A T e AR R i A B
[) %) FE 4 52 KM b T e, H A B ] 22 8] K £ 2
Sl A G S AR AL B 15 d B A B A KA
JF I8 2 v T A At P A i A 3, 43 5] 2 1500
F1 3 500 lux AbFH(Y) 8. 84 Fi1 9. 54 £, 7E 1 500 lux
JGOREREE T L A & A B S s A PEAE 9— 15 d B
WBETEEEL 9 d. 12 d f1 15 d [\ 2R B
FTEOGIREE Ky 3 500 lux W), &) 1 22 ff B i & =
Wit Ab R ) A 9 K 5 0 T T IS R OE B, JR TR Ab
HI2dAFRKEARERT 3d.6 dM15d4ik
BN W BN g ) e T R T

[Fi] Fsf o I o A 3L (] ) S 4 o o e N 2 L
A= R By T 22 A7 R B AE £SO RS BE R SR &
THRy S e B 15 d Bk B R KMl L ) BE
T H A b 3B (8] 5 76 AH [F) Ak B ) Y, Horb, &)1 22
B =LA 2 500 lux IR B AL B i o L R R £
3 TR H A o Rk B T HG 4y (] 0 Ak L fR] 22
SLZABE, Hp kb3 15 d i, 2 500 lux YR58
JE b 3 4y 1 22 A7 B8 B 43 12 1 500 3 500 lux
AL 1047 A1 84 £ 40 B 15 d B, 2 500 A1 3 500
Tux S B 2 b 3 40y 5 22 £ 8 0 25 40 1) A [R]D'G fR
AbEE 3 ARG 2. 72 F5 A 1L 48 f . R FE A [RGB
S IR AL B (6] L &) 22 FOR s s B R 20 v T
AH I 22 A Tk B & 2 (3% 4D . AT L 305 B ) % IR i B Ak
PR I ] B 0 25 1 2 &) 17 22 £ 07 BORD 22 £ Tk il AR
IR 2 500 lux s HE 5 3 Ab PR fe

R3 FARAEPLETERIESHEZABRNEZATHIENEWL

Table 3

The ergine and ergnovine contents in A. inebrians seedlings under different photoperiod conditions

Qb [A] Treatment time/d

9 12 15

25.63741. 04bcC
70.55+4. 83aC
31.61%1.23bB

22.0541.42¢BC

38.6440.08bB
152.08417. 50aB
44.4240. 62bA

27.624+2.79bAB

44.79+2. 26bA
250.01£9. 33aA
47.96£3.53bA

31.4745.37bA

b
2 S 2 9 Tre&ZtIr%ent
Ergot alkaloids .
/Ched™ 1) 3 6
8 20.3740.50aD 21.9940. 54abCD
x0T & 12 11. 0142, 94cD 24. 9542, 94aD
Ergine content
/(mg * kg™ 1) 14 13.064-0. 71bcC 17.90=41. 45bC
16 13.55+0.93bC 18.6240. 37bBC
8 89.3541.43aC 90. 4743. 70cC
SR 12 96. 65+7. 44aD 147. 6343, 27aC
Ergnovine content
/(mg + kg™1) 14 58.7643.71bB 115.50412. 54bA
16 62.49+1.31bB 84.0345. 18cAB

95.0446.17¢C
208. 685, 56aB
124.94£5. 19bA

91. 9445, 88cAB

116.71+0. 56bcB
215.67£9.50aB
136.99+3. 41bA

98.07+9.19cA

144.66+12. 65bA
263.08£19. 67aA
141.45416. 71bA

101. 09419. 58bA

L RAT AR RS 8RR AL BRI ] 2 [ 78 0. 05 K AA7E B F P2 5 T R

Note: The different capital letters within same row indicate significant difference among times at 0. 05 level; The same as below
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The ergine and ergnovine contents in A. inebrians seedlings under different illumination intensity conditions

Kb PR} E] Treatment time/d

6

9

12

15

13.14%1. 04aB
24.9542.94aD
24.7646.23aB

28.8941.11bA
70.5544. 83aC

32.8043.12bAB

27.4941.96bA

152.08£17.50aB

40.7343.11bA

28.2942. 08bA
250.01+£9. 33aA
26.2042.45bB

98.7446.39bB

112.01£6. 28bB

101. 3542. 80bB

178.73411. 86bA

147.63£3.27aC
107. 2745, 44bBC

208. 68+5. 56aB 215.67+£9.50aB  263.08E£19.67aA

123.97+1.88bAB 121.91+5. 63bAB 142.87+11. 74bA

Table 4
: - Ak 7
Eiﬁl ?ﬁf’?lﬁ(}fds Treatment
) /(lux) 3
. 1500 14, 60+1. 27bB
A SR BN O ik
Ergine content 2 500 11.01+£0. 30bD
/(mg * kg™ 1)
3 500 23.35%+3.04aB
. 1500 68. 1542, 59bC
2 S B
Ergnovine content 2 500 96. 65+ 7. 44aD
/(mg *» kg™ 1)
3 500 96.62+7.15aC
» N
ST 2 I 7

3.1 A AR EESHIENEETEAEL
BHEKWXER

SR AT LS 0 AE 4 0 06 A W A 7 L 32 Ry
Bl R A R K — AN L LA T
DIATT Y W A K 2 F 00, w3 3538 2 5 i A
Py A A AR R R T R gl AR T AR BRI
SR MR AR 4 EE AN AR A R A R A
KBWMEZEIER. AR R, R E Y RS
SRR ] IR 25 K B R 25 DY 1 iR
SRR 16,12 F1 24 h » d ', AIE T W E L
JEV ST A S8 000 o e R D A L R A A A v v R
B FEC AW R 16 h o« d Ik B A R
HRAC L BERI A B bk A= Wy s B AEOC R 14 h -
d IR B S A L K R PR R ' R [ e e — 3
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