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Abstract

:

Little mallow (Malva parviflora L.) is a notorious weed that causes substantial yield losses in winter crops. For effective weed management and seed testing, a deeper understanding of seed dormancy, germination behavior, and dormancy-breaking methods is necessary. Experiments were conducted to determine the effect of seed treatments, i.e., mechanical scarification, acid scarification, hot water treatment, and different germinating temperatures, i.e., 15 °C, 20 °C, or alternating 15–20 °C (16/8 h), on the seed dormancy in M.parviflora. A large proportion of M. parviflora seeds were physically dormant, with just 10.90% germination. Seed treatments had a significant influence on seed germination, seedling dry weight, vigor index, and water absorption (p ≤ 0.01). Among the various treatments, mechanical scarification enhanced germination by 32%, the vigor index by 487% and water uptake by 34%, and decreased percent hard seeds by 34%. Among the various germination temperatures, alternating 15–20 °C temperatures (16/8 h) gave the most significant result for germination and the lowest percent hard seeds. The findings of this study will serve as a valuable reference for seed testing and the development of suitable weed control strategies for M. parviflora.
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1. Introduction


Malva parviflora L. is a member of the Malvaceae family, which includes at least 243 genera and about 4225 species [1]. It is a popular annual or perennial herb with a decumbent or erect habit and is widely naturalized across Africa, Asia, and Europe. This species is a notorious weed in winter crops like wheat, causing substantial yield losses [2]. M. parviflora is also a medicinal plant reported to have diverse therapeutic potential, including antibacterial, antidiabetic, antifungal, hepatoprotective, neuroprotective, anti-irritant, antioxidant, anti-ulcerogenic, and analgesic properties [3].



Seed dormancy, a well-known adaptive mechanism that ensures the survival of plants by delaying germination until environmental conditions are favorable, is very common in the Malvaceae family [4]. Among the principal reasons for dormancy, seed-coat-imposed physical dormancy is most common in M. parviflora [5]. It is mainly caused by hydrophobic substances, like lignin and wax, which lead to hardness and impermeability to water and oxygen, and consequently result in low germination in several Malvaceae species [6,7,8]. Apart from the seed-coat-imposed physical dormancy, some members of Malvaceae can be non-dormant or have a combination of physiological and physical dormancy [9,10]. Several techniques have been developed to break seed-coat-imposed dormancy. These techniques include mechanical scarification, acid scarification, hot water, enzymes, high atmospheric pressures, dry heat, and high temperatures [11].



Mechanical scarification involves creating a scar on the seed coat with a scalpel or sandpaper. This technique is effective in many species with physical dormancy, including M. parviflora. [12]. One of the advantages of mechanical scarification is that there is minimal damage to the seeds compared to acid and hot water treatments [13]. Mechanical scarification can be laborious, but special machines are available that can automate the process [14].



Likewise, sulfuric acid (H2SO4) can also be used to enhance seed coat permeability, which is beneficial in promoting seed germination in cases of physical dormancy or hard seed coatedness. However, prolonged exposure to H2SO4 can damage seeds, increase seed mortality, and lead to the development of abnormal seedlings [13]. Scarification with H2SO4 was identified as the most effective method for breaking seed dormancy in freshly harvested seeds of Malva sylvestris [15].



Additionally, hot water treatment is frequently used to overcome dormancy in seeds with hard seed coats. Usually, seeds are soaked in hot water at temperatures ranging from 40 to 100 °C for a specific duration, depending on the species and the thickness of the seed coat [16]. Hot water treatment softens the hard seed coat, enabling the entry of water and air into the seed. The effectiveness of hot water in breaking seed dormancy varies from species to species [17,18]. Wang et al. [14] reported that soaking wild Vigna species seeds for 3 to 6 min in 80 °C water was effective in breaking the seed coat dormancy. Tadros et al. [16] observed that soaking Leucaena leucocephala (Lam.) seeds in 70 °C water for 20 min was effective in breaking seed dormancy.



In the current study, we investigated the effect of various physical and chemical pretreatments, as well as different temperature regimes, on dormancy, seed vigor, and water uptake patterns in the seeds of M. parviflora. Information on the nature and the conditions that alleviate seed dormancy in M. parviflora seeds is limited. Unlike previous studies in M. parviflora, we used freshly harvested seeds for seed dormancy studies. It is well known that storage often reduces dormancy in many species [19]. Furthermore, there are limited reports on the optimal temperature for breaking dormancy in M. parviflora. Apart from being a weed, M. parviflora has medical value. For the conservation of M. parviflora germplasm, the protocol for seed dormancy breaking is not given in the International Seed Testing Association [20] guidelines, which are followed by several gene banks, including those in India [21]. Our study findings will help in seed testing and conservation and designing effective weed control strategies to control M. parviflora infestation in field crops.




2. Materials and Methods


2.1. Seeds Source


Seeds of M. parviflora were harvested in May 2022 from 15 to 20 mature plants growing in wheat fields on the Research Farm of ICAR-IARI, New Delhi, situated at latitude 28°4′ N, longitude 77°12′ E, and 228.6 m altitude. Around 100 capsules were harvested from different plants (Figure 1a). These were dried in the sun for two days. The seeds were separated manually from each capsule. The seeds obtained were mixed to form one composite sample (Figure 1b,c). Seeds were immediately used for dormancy studies (Table 1).




2.2. Seed-Dormancy-Breaking Treatments


The freshly harvested seeds of M. parviflora were subjected to various dormancy-breaking treatments (Table 2). Mechanical scarification was carried out using sandpaper. Seeds were gently abraded between two sheets of fine sandpaper in an area opposite the embryo until the cotyledon was exposed.



Acid scarification was performed as previously described by Botsheleng et al. [22]. From the seed lot, three batches of 150 seeds each were counted. The seeds were then put into three 100 mL heat-resistant, non-corrosive glass beakers, and concentrated sulfuric acid (95%) was slowly added into the beakers to a level where all seeds were covered (about 50 mL). The seeds were treated for 5, 10, and 15 min with constant stirring at regular intervals to ensure equal exposure. After each soaking period, the sulfuric acid was drained off, and the seeds were repeatedly rinsed in running tap water until they were considered safe to handle. After treatment, the seeds were thoroughly washed with running water. In the same manner, for the hot water treatment, 300 seeds were counted from the seed lot and then divided into batches of 150 seeds. The seeds were then put into three 100 mL heat-resistant glass beakers, and 100 mL of distilled water was added. The glass beaker was immersed in a hot water bath set at 80 °C for 30 or 60 min.




2.3. Seed Germination Procedure


After treatment (Table 2), seeds were subjected to a germination test with replicates (n = 3). Fifty seeds were placed in plastic Petri plates (diameter 11 cm) containing two Whatman No. 1 filter papers. Filter papers were moistened with 10 mL of distilled water. These Petri plates were incubated at 15 °C, 15–20 °C (16/8 h), and 20 °C. The seeds were considered germinated when the radicle was 1 mm or longer. The number of normal seedlings, hard seeds, and dead seeds was recorded after 21 days.




2.4. Water Uptake Studies


Water imbibition experiments were performed on both scarified and non-scarified seeds. The acid-scarified seeds were washed in running water to remove any trace of acid and then dried at room temperature (25 ± 2 °C) for 48 h before being tested for water imbibition. To determine water uptake capacity during seed imbibition, three sets of 50 scarified and non-scarified seeds were weighed using an analytical balance with an accuracy of 0.01 mg and then placed in Petri dishes on two discs of filter paper moistened with 10 mL of distilled water at room temperature (25 ± 2 °C). After each imbibition period (from 0 to 8 h), seeds were surface-dried with filter paper, reweighed, and returned to the Petri dish. The percentage of water uptake (mean value ± standard error) was calculated as the amount of water taken up relative to the initial seed mass.




2.5. Hard Seeds


At the end of the germination test, i.e., 21 days, the seeds that remained ungerminated, firm, and had not absorbed water were categorized as hard seeds.




2.6. Determination of 1000-Seed Weight


Eight replicates of 100 seeds were weighed and used to calculate the mean 1000-seed weight as per [20]. The average moisture content of seeds was 7.2% at the time of the 1000-seed weight determination.




2.7. Determination of Seed Physical Characteristics


The seed physical characteristics, i.e., length and breadth, were measured digitally using Image J software version 1.54 b (https://imagej.nih.gov/ij/index.html (accessed on 11 May 2023). Seed length and seed width were calculated based on the average of 100 randomly selected seeds. The length-to-width ratio was calculated by dividing the length and width.




2.8. Seed Vigor Indices


Seed vigor was calculated as per Abdul-baki and Anderson, 1973 [23]. On the 21st day, ten normal seedlings were chosen randomly. The seedlings were then dried at 50 °C ± 1 until they reached a constant weight. The seedling vigor index was calculated by multiplying the percentage of germination with the average weight of the ten selected seedlings, measured in milligrams.




2.9. Tetrazolium Staining (TZ)


The TZ test was conducted twice, before and after seed treatment. The initial TZ test was carried out to assess the percentage of viable seeds in the seed lot. In the post-treatment TZ test, only the seeds that did not germinate were examined to assess whether the seed treatments resulted in seed mortality. For the initial TZ test, ten seeds per treatment were longitudinally cut through the fruit and seed coat, followed by the removal of the seed coat and endosperm to expose the embryo. The embryos were soaked in a 1% 2, 3, 5-triphenyl tetrazolium chloride solution at 30 °C in the dark for 18 h. After the staining period, the seeds were washed with water and assessed based on the intensity and consistency of tissue color. The seeds were then categorized as viable or non-viable based on the staining pattern in vital parts of the embryo [24].




2.10. Statistical Analysis


Experiments were conducted using a completely randomized design. Each Petri plate containing 50 seeds was considered as a single unit. Experimental data were recorded, and averages were plotted using GRAPES software Version 1.0.0 developed by Kerala Agriculture University [25]. The effect of seed treatment and temperature regime on germination %, seedling dry weight, seed vigor index, and water uptake were investigated using ANOVA. The mean comparisons of all experiments were calculated based on Tukey’s (honestly significant difference) at the 0.05 level of probability.





3. Results


3.1. Effect of Seed Treatments on Germination Percent


Data on the germination of M. parviflora as influenced by seed treatment and temperature are presented in Table 3 and Figure 2 and Figure 3. The initial seed viability of the seeds was assessed using the TZ test based on the staining pattern of the seeds in the vital parts as per ISTA guidelines, 2003. The germination potential of the seeds was found to be 70%. Among different seed treatments, the highest rate of germination (43.78%) was found in seeds subjected to mechanical scarification. Conversely, no germination was recorded after a 60 min hot water treatment (Figure 3). The temperature had a significant (p ≤ 0.01) effect on germination. The highest rate of germination (26.19%) was found at 15–20 °C. The lowest rate of germination (17.05%) was observed at 20 °C. The interaction effect of seed treatment and germination temperature was significant (p ≤ 0.01). The highest rate of germination (58.67%) was found with a combination of mechanical scarification and 15–20 °C temperature, which was statistically similar to the combination of mechanical scarification and 15 °C temperature and a combination of 15 min acid treatment and 20 °C temperature.




3.2. Effect of Seed Treatments on Seedling Dry Weight


The seedling dry weight (SDW) after seed treatments is presented in Table 4. The seed treatment had a significant (p ≤ 0.01) effect on SDW. The highest SDW (0.34 g) was observed in 10 min acid scarification; however, no statistically significant difference in the SDW was observed among the acid treatment and mechanical scarification. No seedling dry weight was recorded due to the absence of germination for both the 30 min hot water treatment at 15 and 20 °C, as well as the 60 min hot water treatment. The temperature had no significant effect on SDW. The interaction effect of seed treatment and germination temperature remained non-significant.




3.3. Effect of Seed Treatments on Vigor Index


The seed treatments had a significant (p ≤ 0.01) effect on the vigor index (Table 4). Among the different treatments, mechanical scarification recorded a significantly higher vigor index (14.74), which was statistically similar to the 15 min acid treatment. No vigor index was recorded due to the absence of germination for both the 30 min hot water treatment at 15 °C and 20 °C, as well as the 60 min hot water treatment. The interaction effect of seed treatment and germination temperature was significant (p ≤ 0.05). The highest vigor index (20.6) was found with a combination of mechanical scarification and a 15–20 °C temperature, which was statistically similar to the combination of mechanical scarification and a 15 °C temperature and a combination of 15 min acid treatment and a 20 °C temperature.




3.4. Effect of Seed Treatment on Water Absorption %


The imbibition pattern showed an increase in mass with time, which was higher in scarified seeds than in non-scarified seeds (Figure 4). Seed treatment had a significant effect on the percent water absorption of seeds (p ≤ 0.01). Among the different treatments, mechanical scarification recorded a significant percent water uptake (48.29%), and the lowest water uptake was recorded in intact seeds (15.32%). The germination temperature and the interaction effect were non-significant.




3.5. Effect of Seed Treatments on Hard Seeds


The seed treatments had a significant (p ≤ 0.01) effect on percent hard seeds (Table 5). Among the different seed treatments, the lowest percent of hard seeds was recorded in the mechanical scarification (23.56%), which was statistically similar to the 10 min acid treatment, 15 min acid treatment, and hot water treatment for 30 and 60 min. The highest percent hard seeds was recorded in the control (57.56%), which was statistically similar to the 5 min acid treatment. The germination temperature and the interaction effect were non-significant.





4. Discussion


Physical dormancy occurs in 15 families of angiosperms, 14 of which are eudicots and 1 a commelinids monocot [26]. Once physical dormancy is broken, seeds either germinate or rot [11], unless physiological dormancy is also present (combinational dormancy). Successful dormancy-breaking treatment must provide significant improvement in germination over the initial germination potential of a seed lot. The germination potential can be assessed by observing the staining pattern in the vital parts of the seed. Though the seeds were freshly harvested, the TZ test showed that the germination potential of the seed lot used in the present study was 70% (Figure 2). Several previous studies on M. parviflora have shown a germination rate of more than 90% [10]. The discrepancy may be due to the ecotype and climatic conditions the mother plant experienced at the time of harvest [27].



Previous studies have shown that the seeds of the Malvaceae family are non-dormant, physically dormant, or have a combinational dormancy of physical and physiological dormancy [9,10]. This suggests that a combination of different scarification treatments and temperatures can effectively break the dormancy in M. parviflora. Freshly harvested seeds of M. parviflora were treated with different scarification treatments along with different germination temperatures, which can effectively break the seed dormancy. The results reveal that seeds of little mallow are unlikely to germinate in the field unless scarified. The ecological role of seed dormancy is not just to prevent seed germination under unfavorable conditions but also to prevent the germination of seeds if the probability of survival is low [28,29]. In the present study, in the control group, 10.89% of seeds germinated. The results are also in agreement with previous studies in M. parviflora, Malva neglecta, and Malva sylvestris, where untreated seeds had 2–5% germination [12,30]. Seeds of round-leaved mallow and little mallow were impermeable to water, exhibiting low germination unless they underwent scarification [30,31]



Several methods are used to break the hard seed coat and increase the permeability of the seed coat, including mechanical (sandpaper) and chemical (acid) scarification and seed soaking in hot water [13,14,17]. Mechanical scarification (sandpaper) and chemical scarification (sulfuric acid for 5, 10, and 15 min) treatments gave a significantly (p ≤ 0.01) higher germination percentage, seedling dry weight, and seed vigor index over the control. The highest germination percentage, seedling dry weight, and seed vigor index were found under mechanical scarification. This increase in germination due to scarification could be due to increased imbibition (Figure 4). Mechanical scarification cracks the hard seed coat, which is the barrier to water uptake and gas exchange and allows germination to proceed [32,33].



Acid treatment improved the germination linearly with the increase in the duration of exposure, and a maximum germination of 37.56% was recorded. The improvement in germination was low compared to mechanical scarification. Lower seed germination in acid scarification can be linked to damage caused by sulfuric acid to the embryo, seed coat, and food reserves [13]. Alternatively, the duration of exposure to acid may not be adequate. However, several studies have shown that exposure to sulfuric acid for longer durations may also damage the seeds, increase seed mortality, and result in the development of abnormal seedlings [34,35].



Hot water treatment did not significantly improve the germination; treatment resulted in the mortality of the seeds (Table 3, Figure 3). Hot water scarification techniques generally have a positive effect on the germination rate. Dada et al. [36] also reported that hot water treatment did not break dormancy in M. parviflora. Rincon et al. [37] reported that soaking the seeds in hot water induced seed germination; however, increasing the contact time of the seeds with hot water decreased the seed germination percentage. McDonnell et al. [18] treated Kankakee mallow seeds (Malvaceae) at 80 °C for 10–60 s. Exposure beyond 20 s led to a decline in seed germination. This indicates that M. parviflora seeds are susceptible to high temperatures; however, a detailed study is required to find the optimum temperature and duration for M. parviflora seeds. It may be concluded that the seeds of M. parviflora are more sensitive to wet heat treatment, which can lead to up to 100% seed mortality. This information will help in developing weed control strategies like soil solarization in M. parviflora, a difficult-to-control weed that is not susceptible to selective herbicides [38].



Once physical and physiological dormancy was released, M. parviflora seeds germinated over a wide range of temperatures, a common response of species with physical dormancy [11,39]. In comparison to 20 °C, higher germination was seen at lower temperatures, i.e., 15 °C, and the optimum temperature for germination was alternating temperatures of 15–20 °C (16/8 h) (Table 3). In India, M. parviflora is mainly associated with winter wheat. Which is sown in November, during which the average temperature ranges from 13 to 27 °C (Supplementary Materials, Table S1). The results are also in agreement with the study [10] on M. parviflora under Mediterranean conditions.



The absorption of water by seeds varied significantly due to treatments. Mechanical scarification led to the highest water absorption compared to acid scarification, hot water treatment, and the control treatment (Table 5), resulting in increased water uptake. This may have contributed to higher germination in mechanically scarified seeds. It has been reported previously that mechanical pretreatments directly scarify the seed testa and allow rapid water imbibition, whereas boiling water pretreatments are thought to primarily breach the strophiole, resulting in much slower water penetration [40]. These findings are supported by the results of [41] in Malvella sherardiana. They found that mechanical-scarification-treated seeds had greater uptake of water due to the scarification of the seed, which led to cracks in the hard seed coat that promoted the permeability of water and gases into the seed. Gupta et al. [42] also observed that scarified seeds absorbed more water in sunflower seeds compared to a control.




5. Conclusions


The present study confirms that mechanical and acid scarification stimulates germination in M. parviflora, indicating that the inhibition of germination in this species is primarily due to the seed coat. Higher germination rates were observed at alternating temperatures of 15–20 °C (16/8 h), which correspond to the prevailing conditions during winter wheat sowing in Northern India. This suggests that this weed is well adapted to the winter cropping system of the Indo-Gangetic Plains, although further field experiments under diverse tillage and crop establishment systems and under varied agro-ecological conditions are necessary to test this hypothesis. The findings from our study will be valuable for the development of weed control strategies for winter-season crops like wheat, chickpea, mustard, and barley.
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Figure 1. (a) Little mallow (Malva parviflora L.) seed capsule, scale bar = 0.1 cm; (b) seeds of little mallow, scale bar = 1 cm; (c) magnified image of a single seed, scale bar = 0.1 cm. 
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Figure 2. 2, 3, 5-triphenyl tetrazolium chloride-stained seeds of little mallow (Malva parviflora L.) in the control group depicting viable (unmarked) and (D) non-viable seeds as per ISTA (2003). Scale bar = 1 cm. 
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Figure 3. 2, 3, 5-triphenyl tetrazolium chloride-stained seeds of little mallow (Malva parviflora L.) depicting non-viable seeds after 60 min hot water treatment as per ISTA (2003). Scale bar = 1 cm. 
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Figure 4. Time course for an increase in seed mass in little mallow (Malva parviflora L.) due to water absorption at ambient laboratory conditions (25 ± 2 °C). MS—mechanical scarification; A5Min—H2SO4 treatment for 5 min; A10 min—H2SO4 treatment for 10 min; A15 min—H2SO4 treatment for 15 min; HW30—hot water treatment for 30 min; HW60—hot water treatment for 60 min. 
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Table 1. Physical characteristics of mellow seeds.






Table 1. Physical characteristics of mellow seeds.












	
	1000-Seed Weight (g)
	Length (mm)
	Width (mm)
	Length-to-Width Ratio





	Average
	0.83 ± 0.02
	0.156 ± 0.014
	0.138 ± 0.016
	1.144 ± 0.168



	Range
	0.73
	0.064
	0.072
	0.80







The average value is expressed as the means ± standard deviation (n = 100).













 





Table 2. Treatment details.
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Treatments

	
Note






	
Mechanical scarification

	
# 80 wood sandpaper




	
Acid treatment 5 min

	
95% sulfuric acid (H2SO4)




	
Acid treatment 10 min




	
Acid treatment 15 min




	
Hot water treatment for 30 min

	
Seeds immersed in distilled water at 80 °C




	
Hot water treatment 60 min




	
Intact seed

	











 





Table 3. Effect of different dormancy-breaking treatments on the germination of little mallow (Malva parviflora L.) seeds.
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Treatments

	
Germination (%)




	

	
15 °C

	
15–20 °C

	
20 °C

	
Mean Treatments






	
Mechanical scarification

	
40.67 (39.52) ab #

	
58.67 (50.01) a

	
32.00 (34.40) bc

	
43.78 (41.31) A




	
Acid 5 min

	
23.33 (28.83) cde

	
28.67 (32.35) bcd

	
21.33 (27.44) cde

	
24.44 (29.54) B




	
Acid 10 min

	
27.33 (31.51) bcd

	
37.33 (37.63) bc

	
22.67 (28.29) cde

	
29.11 (32.48) B




	
Acid 15 min

	
30.67 (33.58) bc

	
44.67 (41.93) ab

	
37.33 (37.65) bc

	
37.56 (37.72) A




	
HW 30 min

	
0.00 (0.02) h

	
1.33 (3.86) gh

	
0.00 (0.02) h

	
0.44 (1.30) F




	
HW 60 min

	
0.00 (0.02) h

	
0.00 (0.02) h

	
0.00 (0.02) h

	
0.00 (0.02) F




	
Intact seed

	
14.00 (21.94) def

	
12.67 (20.48) ef

	
6.00 (13.84) fg

	
10.89 (18.75) E




	
Mean temperature

	
19.43 (22.20) B

	
26.19 (26.61) A

	
17.05 (20.24) B

	




	
Factor

	

	

	

	




	
Factor A

(Seed treatment)

	
4.49 ***

	

	

	




	
Factor B (Temperature)

	
2.94 ***

	

	

	




	
Factor (A × B)

	
7.78 **

	

	

	








# Different letters indicate significant differences between treatments at p < 0.05; capital letters are used for the main effect and small letters for interaction between treatments and germination temperature. Significance codes: *** p < 0.001; ** p < 0.01. The values in the parenthesis are arcsine-transformed values.













 





Table 4. Effect of different dormancy-breaking treatments on the seedling dry weight and seed vigor index of little mallow (Malva parviflora L.) seeds.
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Treatment

	
Seedling Dry Weight (g)

	
Seed Vigor Index




	

	
15 °C

	
15–20 °C

	
20 °C

	
Mean Treatments

	
15 °C

	
15–20 °C

	
20 °C

	
Mean Treatments






	
Mechanical scarification

	
0.34 #

	
0.35

	
0.31

	
0.33 A

	
13.82 ab

	
20.60 a

	
9.79 bc

	
14.74 A




	
Acid 5 min

	
0.34

	
0.23

	
0.31

	
0.29 A

	
7.76 bcde

	
6.81 bcde

	
6.70 bcde

	
7.09 B




	
Acid 10 min

	
0.36

	
0.35

	
0.32

	
0.34 A

	
9.72 bcd

	
13.24 ab

	
7.54 bcde

	
10.17 B




	
Acid 15 min

	
0.36

	
0.24

	
0.34

	
0.31 A

	
10.99 b

	
10.24 bc

	
12.54 ab

	
11.26 AB




	
HW 30 min

	
NA

	
0.07

	
NA

	
0.02 B

	
NA

	
0.26

	
NA

	
0.09 C




	
HW 60 min

	
NA

	
NA

	
NA

	
0.00 B

	
NA

	
NA

	
NA

	
0.00 C




	
Intact seed

	
0.36

	
0.21

	
0.17

	
0.24 A

	
4.98 bcde

	
1.87 cde

	
0.67 de

	
2.51 C




	
Mean temperature

	
0.25 A

	
0.21 A

	
0.21 A

	

	
6.75 A

	
7.57 A

	
5.32 A

	




	
Factor

	

	

	

	

	

	

	

	




	
Factor A

(Seed treatment)

	
0.08 ***

	

	

	

	
2.74 ***

	

	

	




	
Factor B (Temperature)

	
NS

	

	

	

	
NS

	

	

	




	
Factor (A × B)

	
NS

	

	

	

	
4.80 **

	

	

	








# Different letters indicate significant differences between treatments at p < 0.05; capital letters for the main effect and small letters for interaction between treatments and germination temperature. Significance codes: *** p < 0.001; ** p < 0.01; NS, non-significant. NA, not available due to no germination.













 





Table 5. Effect of different seed-dormancy-breaking treatments on percent hard seeds in little mallow (Malva parviflora L.).
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Treatments

	
Percent Hard Seeds




	

	
15 °C

	
15–20 °C

	
20 °C

	
Mean Treatments






	
Mechanical scarification

	
28.00 (31.79) abcd #

	
12.00 (20.15) d

	
30.67 (33.55) abcd

	
23.56 (28.50) C




	
Acid 5 min

	
40.00 (39.32) abcd

	
48.66 (44.23) abc

	
44.00 (41.51) abcd

	
44.22 (41.66) AB




	
Acid 10 min

	
54.00 (47.67) abc

	
32.67 (34.68) abcd

	
30.67 (33.44) abcd

	
39.11 (38.49) BC




	
Acid 15 min

	
40.67 (39.32) abcd

	
21.33 (27.41) cd

	
22.67 (28.30) bcd

	
28.22 (31.68) BC




	
HW 30 min

	
29.33 (32.72) abcd

	
35.33 (36.40) abcd

	
38.00 (37.99) abcd

	
34.22 (35.71) BC




	
HW 60 min

	
24.67 (29.58) abcd

	
35.33 (36.46) abcd

	
32.00 (34.37) abcd

	
30.67 (33.47) BC




	
Intact seed

	
58.00 (49.60) ab

	
54.67 (48.56) abc

	
60.00 (50.94) a

	
57.56 (49.70) A




	
Mean temperature

	
39.24 (38.52) A

	
34.28 (37.16) A

	
36.86 35.41) A

	




	
Factor

	

	

	

	




	
Factor A

