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Effect of light, temperature, and drought stresses on seed germination of Tibetan
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Abstract: Objective To explore the effects of light, temperature and drought stress on the seed germination of the Tibetan medicine
Tanacetum tatsienense. Methods Under five different temperatures (15, 20, 25, 30, 35 “C), two light conditions (light 12 h/darkness 12 h,
continuous darkness 24 h) and five polyethylene glycol (PEG) concentrations (0, 5%, 10%, 15%, 20%) were set to conduct germination
experiments on the seeds of T. tatsienense. The seed germination rate, average germination time, germination index, young leaf length,
hypocotyl length and radicle length were statistically analyzed. Results Light, temperature and drought stress had significant effects on the
seed germination of T. tatsienense (P < 0.05). At the same temperature, the germination rate and germination index of the seeds under light
conditions were higher than those under dark conditions, and the average germination time increased under dark conditions. Light has no
significant effect on the germination rate and average germination time of seeds at 20 and 25 ‘C (P > 0.05), while continuous dark
environment inhibited significantly the germination rate (the lowest germination rate was only 6.0%) and the average germination time of
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seeds at 15, 30 and 35 ‘C (P < 0.05). With the increase of PEG concentration at 15, 20 and 25 °C, the seed germination rate and
germination index decreased and the average germination time increased, the shortest time was only 3.4 d, and the longest time was 10.6 d.
At 30 and 35 °C, the germination rate and germination index under low concentration PEG (< 10%) stress were significantly higher than the
control (P < 0.05), the highest germination rate can reach 85.5%. The length of young leaves and hypocotyls decreased with the increase of
PEG concentration at all temperatures, and the length of radicle increased first and then decreased with the increase of PEG concentration at
all temperatures except 15 “C, and decreased at 15 “C. The final germination rate of the recovered seeds had no significant difference with
the control at 15, 20 and 25 ‘C (P_> 0.05), but decreased significantly at 30 and 35 ‘C (P < 0.05). Conclusion Research and analysis
found that temperature changes can affect the adaptability of T. tatsienense seeds under light and drought stress. Temperature is the main
factor to regulate its germination process, while light is not the necessary condition for its germination. In addition, the tolerance threshold to
drought stress is 20%. Under mild stress (PEG concentration 0%—10%), the seeds germinated best at 20—30 ‘C, and the seedlings grow
better at 20—25 C. Therefore, this study can provide a reference for artificial seeding culivation of Tanacetum tatsienense.
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Table 1 Two factor ANOVA of seed germination rate, average germination time and germination index of T. tatsienense

under different temperatures and light conditions

% R E S5 R [a] W RIREL
H F P HHE F P H A F P
BE A 4 104.73 0.000 40.07 0.000 4 145.23 0.000
K (B) 1 92.24 0.000 47.04 0.000 1 139.31 0.000
AXB 4 8.26 0.000 15.61 0.000 4 19.22 0.000
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*x2 TREBEFABEGTIIANEEMFHNELER. LIIHELMBEFBELZER (Xts,n=4)
Table 2 Germination rate, average germination time and germination index of T. tatsienense under different temperatures
and light conditions (X +s, n=4)

O WK % 12 A TE)/d L&
L/D D L/D D L/D D
15 66.00+5.42Ab 49.00+4.76Bc 5.48+0.46Aa 5.77+0.12Ab 6.381.00Ab 4.38+0.46Bc
20 67.50£8.23Aab  60.00t4.32Ab 5.61+0.59Aa 5.75+0.21Ab 6.73+1.23Ab 5.81+0.38Bb
25 76.50+7.90Aa 72.50+4.73Aa 4.641+0.32Ab 4.42+029Ad  1155+0.42Aa  10.53+0.69Ba
30 68.50+£5.97Aab 43.50+4.43Bc 3.38+0.17Bc 5.06+0.39Ac  11.28+1.32Aa 4.73+0.64Bc
35 36.50+3.79Ac 6.00+3.65Bd 511+0.38Bab  7.25+0.50Aa 4.13+0.22Ac 0.43+0.28Bd

L/D F7rthf 12 b/ 12 h A28 56 F, D RoRESe BG4I ARNSFRATRE TR HIFR R SIAT (HAN) ZRE#F (P<0.05)
L/D is the alternating condition of light 12 h/darkness 12 h, and D is the continuous darkness condition; Different lowercase letters and uppercase letters
indicate significant differences in columns and rows (within groups) (P < 0.05)

&3 mEM PEG EHTEME TR NEFMFIELE. THYELMNEMALIERNONERSESH
Table 3 Two factor ANOVA of seed germination rate, average germination time and germination index of T. tatsienense

under simulated drought stress by temperature and PEG
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AXB 16 1.85 0.039 16 377  0.000 16 1114  0.000
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Fig. 1 Effects of PEG at different temperatures and concentrations on seed germination and seedling growth of T. tatsienense
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A-relative persecution rate of PEG to seeds at different temperatures B-seed germination percentage under temperature and PEG stress C-final
germination percentage of seed after recovery test D-recovery rate of seed in distilled water. The capital letters in the figure represent the significant

differences between different temperatures at the same PEG concentration, and the lower letters represent the significant differences between different

PEG concentrations at the same temperature (P < 0.05)
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Fig. 3 Response surface diagrams of seed germination and seedling growth of T. tatsienense
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Z W H T8 4 % E Ligularia lamarum  (Diels)
Chang. #1lI&:%E L. tsangchanensis (Franch.) Hand.
-Mazz.. #iM-253% Saussurea obvallata (DC.) Edgew. .
SEREMT B Senecio raphanifolius Wall. Ex DC.f#
FHIHAR o 1K il P A IR 2 il
TR LT v 55 A0 v P B PTG 936 1D i 6 S, ik B
772 2 2R W T BBl AR AR AR KA 2 T AE A
AR, EREMT EMIEEIRE TR, LK)
B AEKTEA RIS S RS2 b, A5
RPN TGN AR TR =i % (=30 C) R
JRIN A S5 4R, 1K AT BE AR F TR X v e T g

T A TE R SR U T IR KT DTS R R AR AR 28T
4.2 SEBT)IH /)N AR A R SR T
Je ATl A A AR ke B R AR RS R
2, MRABRFh RN TE RANE 7308 3 Py
51 RPh TR TR EOCR,  ToGRR ISR H K
AR, EIFROEAL: 5 2 AT R 2 ih
SRFEARER, BIS6RY; 25 3 BT R A2
BRI F ik, B AR, gy
IHERIE Rumex crispus L. (157 J& T 75 e B4R8, vbiz
Agriophyllum squarrosum (L.) Mog.fi#f & T =%
A7, f2 7 fi# Marsdenia tenacissima (Roxb.) Moon
(PRI T PR YR8, (BRI 5 R AR -5
FR TR 75 S 2 i o UL PS5 ) SR T 5, i o L
FHE, R AERIR I N OGRS S m Feh 1 i
RE, ABAE myilm P T G R ] () 1 K R
R, DB EAh T R TG B AS e PR 8,
AHFFRIL, (EHEEEHRN 20 CHI25 CH, Ll 5
Xof TG /) 3 5 1 FR) 1 A S5 0~ S5 8 Kk 1] 52 0 AN
P, BGOSR )T /N 35 4 M1 1 R 1R 2 TR
%, Mronderh R HEEERER SR, fERE
4 15, 30, 35 CHF, 4 BIEALS U] 52 )
TR ZE AT B R TR], Rl fE S 35 C
M IR 6.0%, WL AR . AT
FUH IR AN SRR R NI B R A R,
BLE SR PRI S M1 R R RK, XF
R En LAY MR R RS S BRI M2
FCAF ST IREA &, G HAE H S IR L T A
RGBSR FL M AR TR AR, TAE 20~
25 °C B B VG P, JGRRAN S )1 P /) 2 5
TR AR e LR A R s S R 2R SR T
7175 2R 58 RS (1) N — B B i
4.3 PEG XJ)I|F/NEFMF AL SN 2R BRI
T 5 Jolp A2 ) 240 75 R s ot X AR ) A A Y
KZ. PEG &2 —FhmaBi@En, RAmEKE,
AN [EJA FE R AL BE P ALAD T AN [R) - SR B8 52, H
A&RE G0/, WTH TR KB B
i 5 A 7T 20900, - 5 Bl T R SR BlA ORI Y
AFHEFFIEATAE, DO SRR, XK
FIHEAREBER). A, SRE%, TiES
Ty IR B, DTV A i [ PR A 2 1
R0, B, AR EEEE A H AR SR 1B R
gt W 10% PEG ALE /N EFIT-HIBE K S
O SH m T IRBY, Sk BB IE A B
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T R RN 4 A K B AR P B R AR AR AT
o, PEG X1 VG /1N 2 o R (1 52 e 3R B0 HR ARG
TP, SRR RS ER . 78 15, 20, 25 C
i PEG AU F s 75 5 T 33 A ik,
b PEG ¥R EE [, MhT 1 K ZEAHE R TR E0R /N,
I8 RE IR EK: ; #E 30 ‘C A1 35 CH IR PEG
(<10%) Wil AR R AIHG R B H0R 3 KT .
IR PEG (<10%) il 7EARIR T ik Fh 1 8 &
HIMFIERARE, 7Emii FMetdragk, mbl
AN /INEE S IR B V2 il B A — 5 1)
i 5214, DS AE S Bl P R VS i nT OS5 5
B, (Y EAN 2887, AR THESMTE.

35 CH)ITE /N 55 Fh 102 & i JUk, &
PEG 2N 20%I0) 5 & 52 21" BN, 504
K AR R, 72 <25 CHEE FIRLIIRE S
o R TG I 25 M 22 5, T E 30 ‘C AN 35 T R4
WE PEG Wl J5 HIFP T B £ Rk 4 [ WU 4
PLIA B3 BEKF, 1% U6 B S X PEG Ab3 41 2 i
BAEHAE — R R, AN B I B 2 bk
PEG a3 e, X Fhag BAEH TS 80k 1-4E
RO, NI RELZHA A1) PEARHT R R R i
BRI W AR AR 15 PEG Fivié i e, X AT A
FEUNTEIX PN A 46 1F T ol s Fh -7 1 AR LRI AL
1], 2 1 AH G TS 14 I sl W UG e R ) AL ) R A5 4%
M T35 J IR 7 i A R R, A
NPENFEZ R TEEEERE FEXRETEE
Jei, TR ZKECHERE A RIS GG, Fh7 i K fe
JIAT LMK R BI0Ia6 K, WA B i@ &E.
5 Zhip

ASZIG I A TR R L R AT S )1
NS R PRI, R B R TR T R T R
R B R, R R S5 ma 1| PG /)3 4
TG RN R e i UB M, =R (35 CO) AR
TR RS RT AR RRAE 1 PG /N2
FhFRAR L BER 22, 20 CHI 25 “CINGHR 575 0)
Pl B0 R R B BB RIS BT SR
BRI R W A, NP /NS 2 %) 42 B P
BTN SRR . R, N DM BGESRE 20~
30 CIRLEE FHEAT I/ NP7 B, FEIE 4 it
TR (PEG<10%) ISR ZE, shihk
BE P HIEEAE 20~25 °C, Al KA R T
NGNS IR o B AR 3 BREA 5E
FEAEBE IR Ko el NIFE/ N5 M1

WY AR E I, SRTT,  BRULZAh, P AT

FASE L T (RN 7 QAR R R Y S R AT

H R BT ARG, Al B BRI AR X . SRAE

T LA B oM A oet TS /NS4 HEAT N

THMWER FB0It, D) /s gg N T

FEOKF, SO B3 R R A5 ) R
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