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Ecological adaptation strategies of seed germination in Primula alpicola, an

endemic alpine species in the southeastern Xizang Plateau

CHEN Na', QIN Ying-bo', PENG De-li"*
1. School of Life Science, Yunnan Normal University, Kunming 650500, China; 2. Engineering Research Center of Sustainable

Development and Ulilization of Biomass Energy, Ministry of Education, Yunnan Normal University, Kunming 650500, China

Abstract: This study investigated the seed dormancy and germination ecology of Primula alpicola, an endemic
alpine species from southeastern Xizang, to understand its adaptive strategies in alpine environments. The scientific
problem addressed was the germination constraints faced by seeds in cold climates with short growing seasons. We
aimed to determine the type of seed dormancy and evaluate how environmental factors such as temperature, light,
gibberellin (GA;) , dry after-ripening, and cold stratification affect dormancy release and germination. Experiments
tested the effects of exogenous GA,, dry after-ripening, and cold stratification on breaking dormancy, along with
germination responses under various temperature regimes (constant: 1, 5, 10, 15, 20, 25, and 30 °C; alternating:
5°C/1°C, 15°C/5°C, 25 °C/15 °C) and light conditions (12 hours light/12 hours dark vs. continuous darkness).
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Results showed that fresh seeds exhibited non-deep physiological dormancy (type 2), requiring temperatures above
20 °C for germination, which was strongly light-dependent, especially at low temperatures. GA; significantly
promoted germination, both dry after-ripening and cold stratification alleviated dormancy, with cold stratification
being more effective. As dormancy was released, the germination temperature range widened (5—30 °C), the base
germination temperature (T,) decreased from —2.092 °C (after 3 months cold stratification) to —4. 035 °C (after 6
months) , while the optimal (T,) and ceiling (T.) temperatures remained unchanged, and light dependence
diminished. These findings indicate that P. a/lpicola seeds initially rely on high temperatures for germination, with
unfavorable conditions inducing conditional dormancy. Overwintering dormancy loss enables germination at lower
temperatures, facilitating rapid seedling establishment after snowmelt. This strategy prolongs the growth period and
enhances survival, representing a key adaptation to short alpine growing seasons.
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Fig. 1 Effect of temperatures on cumulative germination percentage for fresh seeds of P. alpicola under light conditions
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Fig. 2 Effect of gibberellin (GA;) and light condition on final germination percentage of fresh seeds
AN R 7 3R 6 R A N 2R 83 MR L 1] 22 57 1 35 (P<C0.05) , AN [RI/ING 5 B 32 7R JR I A 0 20 25 3R R 2 1] 22 e 1 35 (P<C0.05) , A 7] o8 5 R ik I
T RN A DG IR AR F] 25 5 B2 (P<<0.05) ,ns X/Rn LW E P2 5. Different capital letters indicate significant differences among gibberellin
concentrations (P<C0.05) under the light conditions. Different lowercase letters indicate significant differences among gibberellin concentrations (P<C
0.05) under the dark conditions. For the same gibberellin concentration, significant differences between light conditions are indicated by * (P<20.05) ,

while no significant difference is denoted as ns. 0 /R ZAL P A W % , T [F. 0 indicates that the treatment did not germinate, the same below.
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Fig. 3 Effects of dry after-ripening (DAR) and cold stratification (CS) on final germination percentage under constant/
alternating temperatures and light/dark conditions

CK: 6 Ff - XF B8 41 Fresh seeds (control group) ; C,, Cg: FF 78 1 CREE 21T 20 5% )2 BL3 1 6 4~ H Seeds cold-stratified at 1 °C for 3 and 6
months under dark condition, respectively; D, Dy: Ff 776 = i 544 T 409 T4 S5 24 3 1 6 /I\H Seeds dry after-ripened at room temperature for 3 and 6
months, respectively. T [i] The same below. /A [i] K 5 5= 1 % /x # [\ 15 B T R 6] 4b B399 49 8 % %6 2% 5% & 3% (P<<0.05) . Different capital letters

indicate significant differences (P<C0.05) in final germination percentage among different treatments at the same temperature.
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Fig. 4 Effects of dry after-ripening (DAR) and cold stratification (CS) on mean germination time (MGT) under constant/

alternating temperatures (light conditions)

AN /NG B R R A G ISR AR ) IR BE AN () Ak 3 300 A S 2 85 & i A 22 5 R 3 (P<<0.05) . Different lowercase letters indicate significant

differences (P<C0.05) in mean germination time among different treatment periods at the same temperature under light conditions. |~ 3 £& 1 4% % {Y 8 7R

IR R B KA L A1 Sy B Ak 30 3 T S8 (AR R 25 TR L 20 R o AR A RO e T R 0 ) TE vk W B T )T SCER MR T 0 R 1 B H R KL
o HoHh 510 °C Y & R T T & R A 0, O ¥ & i) T8k 31 5 . Generalized linear model data are shown only for light conditions, as the

requirement for uninterrupted darkness until the final count precluded daily monitoring and calculation of MGT. For fresh seeds at 5 and 10 °C, where

germination was 0, MGT is not applicable.

F1 KBEGH AREBRLERESTEEANFZEHRENFEERSTERETHRAEZ WA L& IEER S
Table 1 Generalized linear model analysis of the effects of light condition, dormancy-breaking treatments, and their

interactions on the final germination percentage of P. alpicola under constant and alternating temperature regimes

75 5 K R {ii i Constant temperature 7% & Alternating temperature
Source of variation dar P df P
618 &1 Light condition 1 <<0. 000 1 <<0. 000
i JZ B Cold stratification 2 <<0. 000 2 <20. 000
T4 J5 # Dry after-ripening 2 <0.000 2 <0.000
IR S X+ 8 )5 24 Light condition X dry after-ripening 2 0.001 2 <<0. 000
AR 2% 1 X AR I )2 B Light condition X cold stratification 2 <<0. 000 2 0.001

SRR T A IR (1.5.10,15,20.,25 .30 “C)FHTAT A2 (5 °C/1°C, 15 °C/5 °C, 25 (C/15 “C) A lF I B L LA 50 4% P 3 7 A [l 24 10 3k 38 B 5%
TE‘J%W&&WJO T,
Note: The analysis integrated data from all constant temperatures (1, 5, 10, 15, 20, 25, 30 °C) and all alternating temperatures (5 °‘C/1°C, 15°C/5C,

T

25 °C/15 °C) to test the overall effects of each factor across different temperature regimes. The same below.

2.4 RIRMREEPRTFHASRBENERKRETWL
T T8 5 BT RER 3T 8 G B, 4 PR e A5 Y %) o] S, AT 58 AR AR AR IR 2 BUR AP F 85 & 1) = BUR A A (&



55 35 5 7

Tl 224 2026 4F 171

IR B 3 IR R e R ) (R 5) . IR )2 A3
U6 AN H a1 5 R R T BE 54T 4 M ol
U, 7 R A BRR R R 25 ORI E IR AT
Pl B & 8 R 5 0 kIR B A W AR M IE M G A
e S o S e - R S ) e A G
iSO < (A = AN 1 BT SO e s - 3
(T,) B Wi AR, N —2.092 “C(C,, 3 A )K=
—4.035°C(6 1 H ) AH & el i B (T,) Fl i e i
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3.1 AFagtkmEA

A B S UE 52, 44 60 b i R I BT G R T 2 TR
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Table 2 Generalized linear model analysis of the effects of dry
after-ripening and cold stratification on the mean germination
time of P. alpicola under constant and alternating temperature

regimes (in light)

A S R ik Constant  7ZE i Alternating
Source of variation temperature temperature
df P df P
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T4 J5 ¥4 Dry after-ripening 2 0.118 2 <<0. 000
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