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Abstract. Germination behaviour plays an important role for seedling regeneration and the sustainable 

development of population in arid and semiarid areas. The objectives of the study were to explore 

germination characteristics of Anabasis aphylla and Haloxylon ammodendron under low temperature 

conditions and their ecological significance in Junggar basin of China. We combined the Logistic 

function and the thermal time equation, and used non-linear regression to estimate the base temperature 

and the thermal time for germination of both species. Germination experiments were carried out in the 

illumination incubators with 6 temperature gradients (20/15 °C, 15/10 °C, 10/5 °C, 5/2 °C, 2 °C and 2/-

3 °C) for 15 days. Final germination percentages of the two species were not obviously different and were 

higher than 90% in different temperature treatments, and low temperature only inhibited germination 

speed. Moreover, germination percentages of the two species surpassed 50% in the eighth day under low 
temperature conditions. The base temperature and thermal time of A. aphylla was 0.54 °C and 9.89 °C,  

while H. ammodendron was 0.79 °C and 7.26 °C, respectively. The results showed that the two desert 

species adapted to the low temperature habitat and took advantage of humid soil conditions to grow in the 

snow-melting period. 

Keywords: seed germination, desert plant, snow-melting, base temperature, thermal time model, harsh 

habitats 

Introduction 

Germination is a crucial stage in the life cycle of plants, however, this stage is highly 

unpredictable over space and time (Tlig et al., 2008). In germination experiments, 

temperature is an important and determining factor regarding the time of germination 

(Khan and Ungar, 1998). In general, it is thought that germination starts above 10 °C 

(Huang et al., 2003; Tobe et al., 2000). However, several researchers suggested that 

some species could germinate under low temperature conditions (Sun, 2015; Han et al., 

2011; Körner, 2003; Shimono and Kudo, 2005; Zhang, 2010). For example, Shimono 

and Kudo (2005) actually observed that seedlings of Peucedanum multivittatum had 

already emerged at the time of snow-melting in the snow-bed habitat. However, limited 

information is available for seed germination at low temperature (Huang et al., 2003). 

So, it is significative for desert seeds to germinate during snowmelt period. 

As a result of long-term adaptation to the environment, the majority of plant seeds 

have a specific requirement of base temperature (Tb) and thermal temperature value for 

triggering germination (Steadman et al., 2004). When the ambient temperature reaches 

the base germination temperature, seeds can become receptive to the thermal 

temperature, once the thermal temperature reaches the specific value for a given species, 

the seeds can germinate (Steinmaus et al., 2000). Depending on the accumulation 

process of environmental temperature during seed germination, the thermal time model 
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can quantify the influence of external environment on seed germination in a certain 

degree (Liu et al., 2011). The process of seed germination is related to the accumulation 

of environment temperature, only the thermal time accumulated to a certain extent can 

promote seed germination, thermal time is generally considered to be accumulated 

when the environment temperature exceeds the base temperature of seed germination, 

and for seeds of the same species the base temperature is constant (Dahal et al., 1990). 

Thermal time models were derived for germination and shoot emergence using a range 

of sub-optimal and optimal temperatures (≤ 20 °C) for each provenance, this 

temperature range was selected as these models assume that there are linear 

relationships between rate and temperature (Finch-Savage and Whalley, 2006). 

Haloxylon ammodendron and Anabasis aphylla are two shrubs of Chenopodiaceae, 

mainly distributed in northwest of China. H. ammodendron has many characteristics of 

adapting to drought, salinity, poor nutrition, strong wind, sand movement, and high light 

intensity (Huang et al., 2003). As an important component of old Mediterranean flora, it 

widely spread in Junggar basin, northeast of the Tarim basin and other desert areas on a 

range of soils and is a representative psammophytic species (Wang et al., 2014). H. 

ammodendron is a precious biological resource in the arid desert region. Besides its 

ecological value, H. ammodendron also has great economic value. A. aphylla population 

mainly distributes in diluvial fan, lowland among dunes, Gobi and hillside, and presents 

staggered distribution with H. ammodendron population in the desert–oasis ecotone 

(Wang et al., 2015). Several investigations have been conducted on germination and 

community traits of H. ammodendron and A. aphylla (Huang et al., 2003; Wang et al., 

2014, 2015; Chu et al., 2014a, b). A. aphylla plays an important role in saline-alkali 

land, rehabilitated fissure and windbreak and sand fixation in the desert area, and has a 

certain significance for maintaining the water and soil safety of the alluvial fan in the 

foreland. It has a good application for the follow-up industrial development of returning 

farmland to forestry prospect. In Junggar basin, the habitats are harsh, coupled with 

improper human exploitation, so the habitats are further destroyed, and the seedlings of 

various plants are naturally difficult to be regenerated. H. ammodendron and A. aphylla 

are the dominant species in this area and can survive in this harsh environment. Studies 

have shown that temperature of Junggar basin increased in early April, resulting in the 

rapid drying of the shallow layer of soil, which is not conducive to the growth of H. 

ammodendron seedlings (Huang et al., 2008). In the field, our observations show that a 

large number of H. ammodendron and A. aphylla seedlings germinate during the snow-

melting period in March. Therefore, studying the adaptability of desert plants at low 

temperatures is of great significance to ecological construction. 

The objective of this study was to explore the characteristics and ecological 

adaptation of seed germination under low temperature conditions. It is necessary to 

understand seed germination in adaption to harsh environment, and also to study the 

evolution of plant life history. 

Materials and methods 

Experimental materials and habitat conditions 

Fresh and matured seeds of H. ammodendron and A. aphylla were collected in the 

desert on the southern edge of the Junggar basin in Xinjiang (45°22′43.4″N, 

84°50′32.5″E; altitude is 843 m). The annual mean temperature varies from 5 to 9 °C, 

and minimum winter temperature varies from -30 to -41 °C and maximum summer 
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temperatures are 30–40 °C. Snow-melting appears at the end of winter, together with 

the rainfall that occurs in summer and annual precipitation amounts from 100 mm to 

250 mm. Annual potential evaporation is greater than 2000 mm (Wang et al., 2014). In 

Junggar basin, the snow-melting period is about 10 days in March, the average daytime 

temperature is higher than 0 °C and the maximum temperature is basically maintained at 

7-14 °C, while the minimum temperature is below 0 °C. So, during the snow-melting 

period, the surface of the soil is repeatedly frozen and thawed (Fig. 1). 

 

 

Figure 1. Temperature conditions of the snow-melting period in the study area 

 

 

The seeds of both species are similar in shape and have perianth segments. The seed 

of H. ammodendron is larger than A. aphylla, and both seed is gray or black (Fig. 2). Its 

average diameter is 2.13 mm and 1.88 mm, while thousand seed weight is 1.90 g and 

1.45 g, respectively. It was found through preliminary experiments that seeds of both 

species could germinate at 2 °C (Fig. 3). 

 

 

Figure 2. The pictures of two desert plant seeds morphology (H. ammodendron seed on the left 

and A. aphylla on the right) 
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Figure 3. The pictures of two desert plant seeds germinated at 2 °C (H. ammodendron seed on 

the left and A. aphylla on the right) 

 

 

Experimental methods 

Experimental design of germination under different temperatures 

Germination experiments were carried out in Petri dishes (9 cm in diameter) on two 

layers of filter paper (GB/T1914-93, Hangzhou Xinhua Paper Ltd., China) moistened 

with 10 ml of distilled solution. The variable temperatures of day and night were in 

control of 20/15 °C, 15/10 °C, 10/5 °C, 5/2 °C, 2 °C and 2/-3 °C individually. All Petri 

dishes were kept in an illumination incubator with 12 h photoperiod (LRH-250-G 

Illuminating Incubator, Guangdong Medicine Apparatus Manufactory, Guangdong, 

China) and freeze temperature were conducted in Ronshen Refrigerator (BCD-

232YMB/X1). For all treatments (6 temperature gradients), four replicates of 40 seeds 

each were used in the experiment. Germinated seeds were recorded daily for 15 days. 

Seed was considered to have germinated with the emergence of the radicle (Chu et al., 

2014b). 

 

Experimental design of thermal temperature model 

Based on the thermal time model standard, 5 constant temperature gradients were set 

up experimentally. For all treatments, four replicates of 40 seeds each were used for 

testing. Germination trials were carried out in Petri dishes with two layers of filter 

paper, the number of seed germination was recorded every 12 h. In the process of seed 

germination, the thermal time (θT(g)) needed for the germination percentage of g is 

calculated by the following formula (Eq. 1): 

 

 gbgT tTT )()(   (Eq.1) 

 

T is temperature of the experiment, Tb is the base temperature of seed germination, Tg is 

the number of days required to accumulate the germination percentage of g. 

By using the Logistic function (Eq. 2) curve fitting, the relevant parameters m, k, b 

and the base temperature (Tb) of seed germination can be obtained. 
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By using the thermal time to achieve the germination percentage of g to estimate the 

thermal time value of seed germination, θT(50%) was calculated by Equation 3 and fitting 

results m, k, b and g = 50%. 

 

 )ln(
1

)(
gm

g
b

k
gT


  (Eq.3) 

 

Data analysis 

Excel 2016 was used to analyze the experimental data. SPSS 19.0 software was used 

to make significant variance analysis of germination index, and non-linear fitting 

Logistic function to get the parameters of thermal temperature, and utilize Origin 8.5 to 

draw the graph. 

Results 

Seed germination characteristics of two desert species 

As a whole, with the decrease of temperature, germination speed of H. ammodendron 

and A. aphylla seed increased slowly. Germination periods of high temperatures 

(20/15 °C and 15/10 °C) were less than 7 days while low temperatures (5/2 °C, 2 °C and 

2/-3 °C) were more than 11 days. The experiment ended on the 15th day, the 

germination percentage of both species tended to be stable at a certain level, and the low 

temperatures slowed down the seed germination speed (Fig. 4). The initial germination 

time of H. ammodendron and A. aphylla increased with the decrease of temperature, 

and the germination index decreased gradually, but the final germination percentage 

was over 90% with no significant difference (Table 1). 
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Figure 4. Seed germination percentages of A. aphylla and H. ammodendron 

 

 

Thermal temperature model analysis of two desert species germination 

The parameter estimates m, k, b, Tb (±standard error) obtained by fitting the Logistic 

equation (Eq. 2) are shown in Table 2. According to the above formula (Eq. 3), the 

relationship between cumulative germination percentage and thermal temperature of H. 

ammodendron was obtained, which is )
85.0

ln18.6(
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 . A. aphylla is 
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 . When the cumulative germination percentage g = 0.5, the thermal 

temperature of H. ammodendron is 7.26 °C, A. aphylla is 9.89 °C. The base temperature 

of both species is low, both at about 0 °C. The determination coefficient R
2
 is 0.94 

(Table 2). 

 
Table 1. Seed germination characteristics of A. aphylla and H. ammodendron (p < 0.05) 

Treatment 

(°C) 

Final germination 

percentage (%) 

Initiate germination time 

(h) 
Germination index 

Species1 Species2 Species1 Species2 Species1 Species2 

20/15 °C 95±2 a 99±2 a 2±1 b 12±1 b 16±3 a 14±1 a 

15/10 °C 95±3 a 98±2 a 4±3 b 12±1 b 13±2 b 11±1 b 

10/5 °C 95±2 a 97±3 a 26±7 a 24±12 ab 8±1 c 9±1 c 

5/2 °C 90±8 a 96±6 a 26±6 a 37±22 a 6±1 d 7±2 d 

2 °C 91±5 a 98±3 a 32±14 a 45±17 a 6±1 d  6±1 de 

2/-3 °C 90±7 a 95±2 a 38±22 a 48±6 a 5±1 d 6±1 e 

Means within a column at each treatment with the same letter are not significantly different. Species1 is 
A. aphylla and Species2 is H. ammodendron 

 

 
Table 2. Non-linear regression analysis results and the average value of thermal time 

θT(50%) 

Species m±SE k±SE b±SE Tb±SE (°C) θT(50%) (°C d) R
2
 

H. ammodendron 0.85±0.012 0.90±0.117 6.18±0.775 0.79±0.065 7.26 0.94 

A. aphylla 0.87±0.013 0.37±0.040 3.36±0.340 0.54±0.114 9.89 0.94 

m, k, b and Tb are the values of parameter estimates. m: the approximate final germination percentage; k: 

the rate of increase in germination percentage; b: the value related to the lag in germination; Tb: the base 

or minimum temperature for germination; θT(50%): the median thermal temperature. R2 and SE are the 

coefficient of determination and standard error of parameter respectively 

Discussion 

The research indicates that the majority of seeds germinated optimally in the 

temperature range of 10–20 °C, in this temperature range, seeds have a high 

germination percentage, short initial germination time and high germination index 

(Table 1). But soil humidity was not suitable for seed germination of both species when 

soil surface temperature surpassed 10 °C in the field (Huang et al., 2008). In Junggar 

basin, the most of desert species can utilize snow-melting water that is available to 

better germination and seedling survival before the desiccation of early spring (Huang 

et al., 2009). In the short snow-melting period (12–15 days), air temperature usually is 

under 15 °C and the soil surface temperature is less than 5 °C (Sun, 2015). Therefore, 

germination under the low temperature condition has important ecological implications 

in plant adaptation to drought stress in arid and semi-arid zones. Meanwhile, both 

species have a lot of seeds germinated in snow-melting period. 

In Junggar basin, the research of Han et al. (2011) showed that the snow melted in 

early spring, during which the maximum air temperature was maintained at 0–15 °C and 

the relative humidity was 50–60%, and the seeds of Anabasis elatio germinated on the 
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mother plants and developed into viviparous seedling. Similarly, Suaeda physophora 

can germinate at 10 °C and even at 0 °C from field observation (Li and Zhang, 2007). 

The phenomenon was consistent with the results from Huang et al. (2003). The results 

of Zhang et al. (2010) showed germination percentage of H. ammodendron and 

Haloxylon persicum was over 80% under 2 °C. In addition, Sun (2015) suggested desert 

seeds started to germinate only two days when snow melted at the average daily 

temperature (day/night) of 3.5 °C (6.7/-0.5 °C) and a soil volumetric water content of 

24.2%. Therefore, seed germination under low temperatures was a common behaviour 

for desert plants. 

Junggar basin is one of the driest regions of the Eurasian continent. The annual 

evaporation is 10 times greater than the annual precipitation in the region (Song et al., 

2006). The soil may dry up quickly after short periods of rainfall or snowmelt, resulting 

in a substantial rise in the mortality rate of desert plant seedlings (Huang et al., 2009). 

So, early germination is of significant importance. Low temperatures only slowed down 

germination speed in the snow-melting period, and weak salt and high humidity 

conditions were favourable to desert plant germination in early spring (Chu et al., 

2014). Compared with the time of seed germination of different species, seed of early 

germination was found to provide the advantage for seedling emergency. The seedlings 

with a longer growth period were as better competitors, gained more nutrition and had a 

higher precompetitive survival than those with shorter growth period (Körner, 2003; 

Shimono and Kudo, 2005; Huang et al., 2008; Gornish et al., 2015). 

The base temperature of seed germination may be an adaptive feature of plants, and 

species germinated under low temperatures have a relatively low base temperature (Tb) 

(Steinmaus et al., 2000). In previous studies, the Tb of temperate species is between 0-

4 °C (Angus et al., 1980; Hur and Nelson, 1984; Moot et al., 2000). In this study, A. 

aphylla and H. ammodendron are temperate species, and their base temperature was 

0.54 °C and 0.79 °C, respectively. This is consistent with previous studies. In the same 

temperature conditions, species with low base temperature can quickly germinate (Ross 

and Harper, 1972). Trudgill (2005) showed that germination adapted to low temperature 

environment requires higher thermal temperature and lower Tb than those adapted to 

warm environment. Liu et al. (2011) studied the base temperature and thermal 

temperatures of 12 Compositae species in the Qinghai–Tibet plateau, the base 

temperatures of the 12 Compositae species ranged from -1.4 to 1.5 °C with an average 

around 0 °C, and the average thermal temperature was 94.5 °C. Similarly, Larsen (2005) 

showed that the base temperature for Danish Festuca rubra was 2.7 °C and the thermal 

temperature was 60 °C. In this study, the base temperature of both species was about 

0 °C, thermal temperature was 9.89 °C and 7.26 °C, respectively, compared with the 

previous results. The thermal temperature of the two species was lower than the thermal 

temperature of other species when the base temperature was similar, indicating that the 

species in this study not only could germinate at a low temperature, but also thermal 

temperature was low. In the early spring short snow-melting conditions, plant seeds will 

quickly germinate and occupy the habitat, with the time and space advantages, this is 

the result of long-term adaptation to environmental conditions. Therefore, with a 

consistent water supply in early spring, the seed can tolerate low temperatures to 

germinate, because of the available water from the melting snow, more heat and 

nutrients accumulated that are essential for the survival of the seedlings at later stages. 
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Conclusions 

The final germination percentage of both species had no significant difference in 6 

temperature gradients, and low temperature only slowed down germination speed. The 

base temperature and thermal temperature of both species were low. Therefore, seed 

germination of H. ammodendron and A. aphylla requires less energy, and this is 

conducive to early germinate for desert seed. The two species have opportunistic 

strategies for germination, and they can germinate quickly with short-term low 

temperature and snow water conditions. 

Prospect 

Seed germination is a crucial stage of plant life cycle, which directly determines 

establishment and regeneration of plant population. In arid and semi-arid areas desert 

species have formed some peculiar strategies of germination adapted to the harsh 

habitat. We found that desert species represented by H. ammodendron and A. aphylla 

have the characteristic of germination during snowmelt period. At present, there have 

been a lot of research studies on the physiological and ecological aspects of both species 

at low temperatures. However, few research studies have been done on the molecular 

level. Therefore, we are also carrying out molecular study. This study is expected not 

only to explore the anti-freezing pathway and mechanisms of the two species, but also 

to find some new anti-freezing substances, which will provide some ideas for gene 

engineering research of anti-freezing for desert plants. 
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