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Abstract

Ammopiptanthus nanus is an endangered evergreen shrub endemic to the desert
regions of Central Asia, possessing extremely strong cold and drought resistance.
It serves as a model species for investigating plant adaptation mechanisms to
extreme environments and is a key focus of research on desert biodiversity conser-
vation. This study investigated the germination and viability of newly harvested
seeds and seeds subjected to three storage methods, using black and green col-
ored seeds of Ammopiptanthus nanus as research materials. The results showed
that the germination rate of newly harvested seeds increased with rising incu-
bation temperature, and the viability of newly harvested seeds reached 100%.
Significant differences in germination were observed between the two seed col-
ors under dry-cold and dry-heat storage conditions, with green seeds showing
significantly higher germination rates than black seeds (P < 0.05); however,
no significant difference was found under wet-cold storage. Wet-cold storage
promoted seed germination, whereas dry-cold and dry-heat storage inhibited
germination. The three storage methods had minimal impact on the viability
of both seed colors, with post-storage viability exceeding 95%. Temperature
and humidity are important ecological factors affecting seed germination and
viability in Ammopiptanthus nanus. Differences in seed germination represent
an evolutionary strategy for adapting to harsh habitats, which is beneficial for
enhancing its survival and reproductive capacity. Wet-cold storage effectively
improved seed germination rates and maintained viability, providing technical
guidance for germplasm resource conservation and nursery breeding.
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Abstract

Ammopiptanthus nanus is an endangered evergreen shrub endemic to the desert
regions of Central Asia. It exhibits strong cold and drought resistance, serves
as a model species for investigating plant adaptation mechanisms to extreme
environments, and is a key focus of desert biodiversity conservation research.
This study examined black and green seeds of Ammopiptanthus nanus to inves-
tigate germination and viability of newly harvested seeds and seeds after three
storage methods. The results showed that the germination rate of newly har-
vested seeds increased with increasing culture temperature, and the viability of
newly harvested seeds reached 100%. Seeds of the two colors showed signifi-
cant differences in germination under dry-cold and dry-hot storage conditions,
with green seeds exhibiting significantly higher germination rates compared with
black seeds (P<0.05). However, no significant difference was observed under
wet-cold storage. Wet-cold storage promoted seed germination, whereas dry-
cold and dry-hot storage inhibited it. The three storage methods had minimal
impact on the viability of either seed color, with viability after storage reaching
above 95%. Temperature and humidity are important ecological factors affect-
ing seed germination and viability in Ammopiptanthus nanus. The difference
in seed germination represents an evolutionary strategy for adapting to harsh
habitats, which is conducive to enhancing its survival and reproductive capac-
ity. Wet-cold storage effectively improves seed germination rates and maintains
viability, providing valuable technical guidance for germplasm resource conser-
vation and nursery breeding.

Keywords: Ammopiptanthus nanus; seed germination; seed viability; storage
method

Introduction

Seed germination and viability are critical factors for plant population repro-
duction and renewal. Seeds with high viability and germination rates possess

chinarxiv.org/items/chinaxiv-202507.00170 Machine Translation


https://chinarxiv.org/items/chinaxiv-202507.00170

ChinaRxiv [$X]

significant growth advantages, indicating strong survival and reproductive ca-
pacity of plant populations [1,2]. For endangered plants, seed germination rates
and viability are often insufficient, with only a tiny fraction of seeds successfully
germinating and developing into healthy adult plants in natural environments,
which limits population survival and self-renewal [3,4].

Seed storage is a key method for protecting species germplasm resources [5], and
storage conditions and methods significantly affect seed viability and germina-
tion rates [6,7]. Among these, storage temperature and humidity are impor-
tant factors influencing seed viability and germination [8,9]. Appropriate low-
temperature storage can reduce seed metabolic activity, decrease material con-
sumption, thereby slowing viability decline and effectively extending longevity
[10,11]. Storage humidity is also crucial, as both excessively high and low hu-
midity are detrimental to seed germination and viability maintenance [12,13].
High humidity reduces seed viability and increases susceptibility to mold, while
excessively low humidity causes seeds to become overly dehydrated, inhibit-
ing metabolic activity and thus reducing seed viability and germination rates
[14,18]. Therefore, temperature and humidity during storage significantly affect
seed quality and life activities [19,20]. However, different seeds respond differ-
ently to storage methods [21]. For example, Carezx comosa seeds exhibited the
highest germination rate and viability after wet-cold storage, while dry-cold stor-
age resulted in the lowest viability [22]; Salsola arbuscula seeds showed decay
after short-term indoor and field storage, leading to loss of germination abil-
ity and viability [23]. Thus, selecting scientifically reasonable storage methods
is crucial for long-term seed preservation, not only effectively extending seed
longevity but also ensuring seeds maintain high viability and germination rates
at planting time [24,25].

Numerous studies have reported on the effects of environmental temperature
and humidity on seed germination and viability of endangered plants, including
Rhododendron changii [26], Castanopsis kawakamii [27], Horsfieldia hainanen-
sis [28], and Castanopsis sclerophylla [29]. These studies reveal the importance
of environmental factors for endangered plant seed germination and viability.
Investigating the effects of external environmental conditions on seed germina-
tion and viability of endangered plants can provide theoretical foundations for
selecting appropriate storage methods, artificial propagation, and population
restoration [30,31].

Ammopiptanthus nanus is a rare relict species belonging to the Fabaceae family
[32] and an ancient species originating from the Tertiary period Mediterranean
coast [33].  Ammopiptanthus nanus is not only a valuable plant resource
for landscaping but also serves functions in maintaining desert ecological
balance, windbreak and sand fixation, and soil and water conservation
[34]. Additionally, it has medicinal value for treating chronic rheumatoid
arthritis [35]. Due to its small population size, Ammopiptanthus nanus has
been included in the “Xinjiang National Key Protected Wild Plant List”
(http://www.forestry.gov.cn/main,/146,/20220329/110510176303775.html). Pre-
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vious studies on Ammopiptanthus nanus seed germination and viability have
shown that concentrated sulfuric acid corrosion can break physical dormancy
and promote germination [36]; seed water content and storage temperature sig-
nificantly affect germination rates [37]; and low salt concentrations significantly
affect seed viability [38]. Notably, correlations between seed coat color and seed
viability have been reported in legumes. For example, germination rate and
viability of Astragalus membranaceus seeds increase with darker seed coat color,
while the opposite is true for Glycyrrhiza uralensis [39,40]. Ammopiptanthus
nanus seeds exhibit black and green phenotypes, but systematic comparative
studies on viability differences between the two color types are rare.

Seeds of desert plants in northwestern China typically mature in summer and au-
tumn. Since direct germination makes it difficult to survive winter, seeds often
require storage until spring to ensure successful growth [41]. Ammopiptanthus
nanus inhabits harsh environments and faces severe survival challenges, with
extremely low germination rates under natural conditions and difficult natural
population renewal, leading to extinction risk [42]. Ex-situ conservation and es-
tablishment of germplasm resource banks are effective measures for population
restoration of Ammopiptanthus nanus. However, research is urgently needed on
which storage methods can promote germination and maintain seed viability.
With long winters in Xinjiang, if Ammopiptanthus nanus seeds are planned for
spring sowing, they require 4-5 months of storage. Based on Xinjiang’s win-
ter regional characteristics, this study employed three economical and practical
storage methods: wet-cold storage simulating field conditions, dry-cold storage
simulating unheated cold rooms, and dry-hot storage simulating heated indoor
environments. Based on this background, this study aimed to answer the fol-
lowing questions: What are the differences in germination rates and viability
between different colored seeds of Ammopiptanthus nanus? What are the dif-
ferences in germination rates and viability between the two seed colors under
different storage methods? How can storage conditions be optimized to main-
tain seed viability and improve germination rates? This study explored effective
storage methods to enhance germination rates and viability of Ammopiptanthus
nanus seeds, providing technical support for artificial propagation and popula-
tion restoration of this species [43].

1.1 Seed Collection Site Overview

Seeds of Ammopiptanthus nanus were collected in September 2019 from natural
distribution communities in Wugia County, Kizilsu Kirghiz Autonomous Pre-
fecture, Xinjiang (39°28 ~39°49 N, 74°54 ~75°35 E). Wugia County is located at
the western end of the southern Tianshan Mountains in the north and adjacent
to the Pamir Plateau and northern Kunlun Mountains in the south, with an
elevation of 2032~2434 m [44]. The region belongs to a temperate arid climate
zone, with an average annual temperature of 7.3°C, extreme maximum tem-
perature of 34.7°C, extreme minimum temperature of -29.9°C, average annual
precipitation of 172 mm, average annual sunshine duration of 2797.2 h, and
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frost-free period of 135 d [45].

1.2.1 Seed Morphological Characteristics

One hundred seeds of different sizes were randomly selected for each color type.
Visual observation was used to assess seed size, shape, and color characteristics,
and seeds were classified using a balance and vernier caliper. A 1/10,000 balance
measured the weight of each seed type, with 10 replicates of 100 seeds each to
calculate average values. Vernier calipers measured length, width, and thickness,
with average values calculated.

1.2.2 Water Absorption Rate Measurement of Newly Harvested Seeds

Water absorption rate was measured following the method of Ren Yongxia et
al. [46]: Two filter papers were placed in a 100 mm diameter petri dish, moist-
ened with distilled water, and maintained at room temperature (25$+$2)°C.
One hundred intact seeds were selected, with three replicates of 30 seeds each
for each color. Seeds were placed in the petri dish, and water absorption rate
was measured at 2 h intervals until seed germination began. During weighing,
surface water was first absorbed with filter paper before weighing on a 1/10,000
electronic balance. After each weighing, appropriate water was added to main-
tain filter paper moisture. Water absorption rate was calculated as: Water
absorption rate (%) = [(mass after absorption - mass before absorption) / mass
before absorption] x 100%.

1.3 Germination Test of Newly Harvested Seeds at Different Temper-
atures

In September 2019, seeds were collected from 10 Ammopiptanthus nanus plants
in natural communities and thoroughly mixed. Collected seeds were air-dried
indoors in a well-ventilated area for one week. After drying, healthy and plump
seeds were selected and stored in kraft paper bags at room temperature in a
dry environment. Germination experiments were conducted on black and green
seeds one week after natural drying. All germination experiments used three
replicates of 50 seeds each. Seeds were placed in 90 mm petri dishes lined with
two layers of filter paper. Temperature treatments referenced the monthly av-
erage maximum temperature during the growing season in the native habitat,
with three gradients selected: 15/5°C, 20/10°C, and 25/15°C. Seeds were ger-
minated in an intelligent illumination incubator (12 h dark/12 h light, light
intensity 8000 1x). During germination, filter paper was kept moist, and ger-
mination was defined as radicle emergence of 2 mm. Germinated seeds were
counted daily for 4 weeks. After the experiment, ungerminated seeds were dis-
sected with a scalpel to observe embryo color. Embryos showing red coloration
were recorded as viable, and seed germination rate and viability were calculated:
Germination rate = (number of germinated seeds / total seeds tested) x 100%;
Seed viability = (number of viable seeds / total seeds tested) x 100%.
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1.4 Effects of Storage Methods on Seed Germination and Viability

Storage treatments: In early November 2019, seeds of both colors were placed
in nylon mesh bags, 200 seeds per bag, with 18 bags per color. The experi-
ment consisted of three treatment groups, each with six bags (three black, three
green). Group 1 was stored in a heated laboratory at Xinjiang Normal Univer-
sity, with environmental conditions approximating commonly used warehouses
in production practice. This treatment served as dry-hot storage (15~25°C).
Group 2 was placed in an empty iron-sheet warehouse on Taoshan at Xin-
jiang Normal University without heating supply, serving as dry-cold storage
(-26~9°C). Group 3 was buried 2.5 cm deep in the soil of an experimental field
at Xinjiang Normal University (with relatively consistent soil matrix and no
surrounding vegetation) within a 50 cm x 50 cm square iron mesh frame (con-
nected with wooden strips around the perimeter to prevent wind displacement),
receiving natural snowfall until snow melted the following spring. This treat-
ment served as outdoor wet-cold storage (-7~19°C). DS1923 button temperature
loggers recorded environmental temperature for dry-hot and dry-cold storage,
while TMS94246305 instruments recorded temperature for wet-cold storage.

Germination experiments: In early March 2020, stored seeds were retrieved
for germination experiments. All experiments used three replicates of 50 seeds
each. Seeds were placed in 90 mm petri dishes with two layers of filter paper,
maintaining moisture. Three temperatures were set: 15/5°C, 20/10°C, and
25/15°C (12 h dark/12 h light, light intensity 8000 1x). Germination experiments
were conducted in an intelligent illumination incubator, checked daily, with filter
paper kept moist. Germination was defined as radicle emergence of 2 mm, with
germinated seeds removed. FExperiments lasted 4 weeks. After completion,
ungerminated seeds were cut open. Based on previous TTC viability testing
and embryo color observation, red embryos were considered viable, while black,
brown, or rotten embryos were considered dead. Viable and dead seeds were
counted to calculate germination rate and viability.

1.5 Statistical Analysis

Original data were preliminarily organized and integrated using Microsoft Ex-
cel 2021, and statistical analysis was performed using SPSS 26.0. Germination
experiment results are expressed as mean values (+ standard error). One-way
analysis and independent samples t-tests were used to evaluate significant dif-
ferences in seed germination and viability among different seed coat colors,
temperatures, and storage methods. Multivariate analysis of variance was also
conducted to assess significant differences in germination rates due to seed coat
color, temperature, and storage method and their interactions. Origin 2021
software was used for data plotting.
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2.1 Seed Morphology and Water Absorption Rate

Based on morphological characteristics including color, size, and weight, Am-
mopiptanthus nanus seeds were classified into black and green phenotypes. Sta-
tistical analysis of harvested seeds showed that black seeds accounted for approx-
imately 60%. Both color types were flat and reniform with leathery, smooth
seed coats. Black seeds were larger, without patterning, with length, width,
and thickness of 6.14 mm, 4.96 mm, and 1.81 mm, respectively, and a 1000-seed
weight of 3.87 g. Green seeds were smaller, with patterning, with length, width,
and thickness of 5.42 mm, 4.20 mm, and 1.77 mm, respectively, and a 1000-seed
weight of 3.12 g (Table 1). Water absorption experiments showed that seeds
began germinating 12 h after placement in petri dishes. Water absorption rate
increased with time during 0~12 h, with green seeds showing higher water ab-
sorption rates than black seeds, reaching 1.5 times the final absorption rate of
black seeds (Fig. 2).

2.2 Germination Rate and Viability of Newly Harvested
Seeds at Different Temperatures

Newly harvested seeds of both colors had a relatively wide suitable germination
temperature range, germinating under all three temperature conditions. Black
seed germination rates ranged from 11% to 79%, while green seed germination
rates ranged from 17% to 75%. Culture temperature (i.e., germination tem-
perature) significantly affected germination of both newly harvested seed colors
(P<0.05), with germination rates increasing as culture temperature increased.
The optimal germination temperature was 25/15°C, where germination rates
exceeded 75% for both colors. Culture temperature and seed color had no sig-
nificant effect on viability of newly harvested seeds (P>0.05), with viability
maintained at 100% (Table 2).

2.3.1 Effects of Different Storage Methods on Seed Germination Rate

At the same culture temperature, germination rates of Ammopiptanthus nanus
seeds under wet-cold storage were significantly different from those under dry-
cold and dry-hot storage (P<0.05). Across the three temperatures, germina-
tion rates under wet-cold storage were generally high, mostly exceeding 70%,
while germination rates under dry-hot and dry-cold storage were relatively low,
at 11%~54% and 11%~39%, respectively. For seeds under dry-hot and dry-
cold storage, the two colors showed significant differences in germination rate
(P<0.05). Under dry-hot storage at 20/10°C and 25/15°C, green seed germina-
tion rates were significantly higher than black seed germination rates (P<0.05),
being 54% and 39% higher, respectively. Under dry-cold storage at 15/5°C and
20/10°C, green seed germination rates were significantly higher than black seed
germination rates (P<0.05), being 17% and 21% higher, respectively. However,
under wet-cold storage, the difference in germination rate between the two col-
ors was not significant (P>0.05). Additionally, compared with newly harvested

chinarxiv.org/items/chinaxiv-202507.00170 Machine Translation


https://chinarxiv.org/items/chinaxiv-202507.00170

ChinaRxiv [$X]

seed germination rates at the same culture temperature, germination rates un-
der dry-hot and dry-cold storage were lower, while those under wet-cold storage
were higher (Fig. 3).

Multivariate analysis of variance showed that seed coat color, temperature, stor-
age method, and their pairwise interactions had significant effects on Ammopip-
tanthus nanus seed germination rate (P<0.001), but the three-way interaction
had no significant effect (P=0.320>0.05) (Table 3).

2.3.2 Effects of Different Storage Methods on Seed Viability

Short-term storage (4-5 months) had little effect on Ammopiptanthus nanus
seed viability, with neither culture temperature nor storage method significantly
affecting viability (P>0.05). Both dry-hot and dry-cold storage maintained seed
viability above 95%. In contrast, wet-cold storage caused a slight decrease in
viability, but still maintained high levels above 90%. As culture temperature
increased, viability of wet-cold stored seeds gradually decreased. At the same
culture temperature and storage method, no significant difference in viability
was observed between the two seed colors (P>0.05) (Fig. 4).

3 Discussion

This study found that germination rates of newly harvested Ammopiptanthus
nanus seeds increased with increasing culture temperature. At higher tempera-
tures (25/15°C), enhanced cellular metabolism and enzyme activity promoted
rapid and extensive germination [47]. This is consistent with studies by Yang
Qihe et al. [36] and Ma Miao et al. [37], both indicating that higher tempera-
tures promote Ammopiptanthus nanus seed germination. At lower temperatures
(15/5°C), newly harvested seeds showed lower germination rates, possibly due
to insufficient accumulated heat for germination [48]. Research indicates that
seeds of temperate species typically require higher accumulated temperatures
for successful germination to avoid premature germination during brief warm
periods that could lead to subsequent seedling mortality [49]. Therefore, appro-
priate germination temperature is crucial for newly harvested Ammopiptanthus
nanus seeds.

Significant differences in germination rates between the two seed colors were
observed after dry-cold and dry-hot storage, with green seeds showing signifi-
cantly higher germination rates than black seeds (Fig. 3). This may be due
to changes in seed coat hardness during these storage processes. Under both
storage methods, seeds dehydrated in dry environments, increasing seed coat
hardness [50]. Black seeds have harder seed coats with lower water permeabil-
ity, severely hindering imbibition and reducing germination rates [51]. However,
green seeds have softer seed coats, where small amounts of moisture can trig-
ger imbibition, softening the seed coat while the waxy layer gradually thins
or detaches, thereby increasing permeability and promoting germination [52].
Additionally, the two seed colors may differ in sensitivity to storage conditions
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(temperature, humidity, etc.), leading to germination rate differences [14,45].
Due to different environmental sensitivities and adaptabilities, the two seed col-
ors adopted a “bet-hedging” germination strategy after storage [6,45]. Green
seeds employed an “opportunistic” strategy, being less sensitive to environmen-
tal conditions and maintaining relatively high germination rates across a wide
temperature range and different storage methods. Black seeds adopted a “cau-
tious” strategy, being more sensitive to environmental conditions with deeper
dormancy, forming persistent seed banks under unfavorable conditions to reduce
germination and benefit population renewal and reproduction [6,45,47].

However, under wet-cold storage, no significant difference in germination rate
was observed between the two seed colors. This may result from adequate mois-
ture provided by spring temperature rise and snowmelt. Although black seeds
have harder seed coats that hinder germination to some extent, they can ab-
sorb sufficient moisture to soften the seed coat, allowing the embryo to break
through constraints [15,21]. Simultaneously, rising temperatures enhance seed
respiration and metabolism, providing sufficient energy for germination and ef-
fectively increasing germination rates [53]. Green seeds, with softer seed coats
and better permeability, more easily imbibe and soften, promoting embryo de-
velopment and achieving higher germination rates [14,43]. Under wet-cold stor-
age, the combined effects of adequate moisture, suitable temperature, and seed
characteristics enabled both seed colors to obtain resources needed for germina-
tion, overcoming obstacles to successful germination. Therefore, no significant
difference in germination rate existed between the two colors under wet-cold
storage.

Wet-cold storage was more favorable for Ammopiptanthus nanus seed germina-
tion. In addition to appropriate low-temperature storage, environmental mois-
ture content during storage is an important factor affecting germination [14,56].
Compared with dry-cold and dry-hot storage, wet-cold storage provided condi-
tions closer to the natural field environment for Ammopiptanthus nanus seeds,
including higher moisture content. Seeds under wet-cold storage entered dor-
mancy after experiencing extreme winter low temperatures and snow cover.
Spring snowmelt and frozen soil thawing provided adequate moisture. Am-
mopiptanthus nanus seeds absorbed sufficient moisture to soften seed coats for
rapid germination and completed seedling growth before the arrival of dry sum-
mer conditions, which helps improve seedling survival rates [14,46]. In contrast,
seeds under dry-cold and dry-hot storage lacked snow cover, remaining in dry
environments prone to dehydration and increased seed coat hardness, thereby
hindering germination [54].

This study showed that viability of both seed colors remained at high levels be-
fore and after short-term storage. Previous research indicates that legume seeds
in China’s arid regions typically have high viability [57], consistent with our
findings. Additionally, Jiao Peipei [42] reported that short-term storage had lit-
tle effect on Ammopiptanthus seed viability, which could be maintained at high
levels, matching our results. The insignificant effect of short-term storage on
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seed viability and the ability to maintain high viability have also been demon-
strated in other desert plants. For example, Bassia dasyphylla and Ceratoides
latens maintained viability unaffected after 4-5 months of snow storage, while
Plantago minuta and Camelina sativa seeds retained their viability [58]. For 13
desert plant species from the Gurbantunggut Desert, short-term dry storage had
minimal impact on viability, which remained as high as 90% [59]. Wang Juhong
et al. [14] reported that wet-cold storage effectively promoted seed germination
while dry-hot storage inhibited it in eight desert plant species. Liu Liping et
al. [60] reached similar conclusions in their study on Lycium ruthenicum seeds,
finding that wet-cold storage benefited germination while dry-cold storage had
the opposite effect. Collectively, these results confirm that wet-cold storage
promotes Ammopiptanthus nanus seed germination, while dry-cold and dry-hot
storage inhibit it.

The results indicate that appropriate short-term storage conditions can effec-
tively maintain seed viability, which is significant for seed preservation and
subsequent germination. Among the three storage methods, wet-cold storage
caused a slight decrease in viability but still maintained levels above 90%. Dur-
ing wet-cold storage, snowmelt, temperature fluctuations, and microbial activ-
ity may soften seed coats, reduce defense against external damage, and damage
membrane structures, leading to decreased viability and mold in a small num-
ber of seeds [14,52]. Additionally, black seeds showed higher viability under
wet-cold storage, possibly due to genetic characteristics such as larger mass and
lower water absorption rate that enable them to maintain higher viability un-
der stress [14,47]. Overall, differences in seed viability among the three storage
treatments were minor, all effectively maintaining viability and playing positive
roles in germplasm resource conservation.

Compared with newly harvested seed germination, wet-cold storage promoted
Ammopiptanthus nanus seed germination, while dry-cold and dry-hot storage
inhibited it, indicating that suitable moisture and low-temperature storage con-
ditions can promote germination. This may be because temperature and humid-
ity in the storage environment significantly affect seed germination [14,53]. The
main difference between dry-cold and wet-cold storage regarding low tempera-
ture is snow cover. Without snow cover in dry-cold storage, seeds suffer damage
from thermal expansion and contraction due to dramatic temperature changes,
prompting seed coat hardening to resist external damage but hindering imbibi-
tion and embryo breakthrough [54]. Wang Juhong et al. [14] also reported that
wet-cold storage effectively promoted seed germination while dry-hot storage
inhibited it in eight desert plant species. Liu Liping et al. [60] reached similar
conclusions in their study on Lycium ruthenicum seeds.

In species conservation and reproduction work, control of seed storage and germi-
nation conditions is crucial. For Ammopiptanthus nanus seeds, wet-cold storage
demonstrates unique advantages compared with dry-hot and dry-cold storage
methods. After wet-cold storage, no significant difference in germination rate
existed between the two seed colors, a characteristic that simplifies sowing pro-
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cedures without requiring additional time and effort to select seeds, greatly
improving operational convenience. Additionally, given the precious and scarce
seed resources of Ammopiptanthus nanus, wet-cold storage can effectively main-
tain viability and improve germination rates, ensuring maximum utilization of
seed resources and reducing waste. However, wet-cold storage is only suitable for
short-term seed preservation; long-term wet-cold storage may increase risks of
mold and decay due to high humidity from spring snowmelt, thereby reducing
seed viability and longevity. Therefore, in conservation efforts for Ammopip-
tanthus nanus, short-term wet-cold storage is recommended, with temperature
conditions controlled during the high germination phase to ensure effective uti-
lization of seed resources and promote species preservation and sustainable re-
production.

4 Conclusion

Analysis of the effects of different colors and storage methods on germination and
viability of Ammopiptanthus nanus seeds yielded the following main conclusions:

1) Germination rates of newly harvested Ammopiptanthus nanus seeds in-
creased with increasing culture temperature, and viability of all newly
harvested seeds reached 100%.

2) After storage, green seeds under dry-cold and dry-hot storage showed sig-
nificantly higher germination rates than black seeds, while no significant
difference in germination rate existed between the two colors under wet-
cold storage. Seed viability remained at high levels under all three storage
methods.

3) Storage methods differentially affected seed germination: wet-cold storage
promoted germination, while dry-cold and dry-hot storage inhibited it.

Therefore, in conservation efforts for Ammopiptanthus nanus, short-term wet-
cold storage followed by germination at 25/15°C in the following spring is rec-
ommended to effectively maintain high seed viability and improve germination
rates, promoting species preservation and sustainable reproduction.
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