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ABSTRACT

Halopyrum mucronatum (L.) Stapf. (Poaceae) is a perennial halophyte grass dominating the coastal dune vegetation
along Arabian sea coasts. This stoloniferous grass produces black and brown seeds (caryopses) during summer and
winter, respectively. This study examined germination characteristics and sensitivity of two seed morphs to salinity
(0,150 and 300 mM NaCl), thermoperiods (10/20, 15/25, 20/30 and 25/35°C) and photoperiod (12-h photoperiod and
24-h dark) environments. Both seed morphs lacked innate dormancy and germinated maximally in distilled water.
Cooler thermoperiod (10/20 °C) was most inhibitory for the germination of both seed morphs and their optimal
germination occurred at warmer thermoperiod (25/35 °C). Under moderate to warmer thermoperiods, germination of
both seed types decreased only in high (300 mM NaCl) salinity. Whereas at cooler thermoperiod, salinity increment led
to a gradual decline in germination of both summer and winter seeds. In general, summer seeds were more tolerant to
salinity than the winter seeds. Summer seeds also germinated to relatively higher percentage in dark under high salinity
compared to winter seeds. In addition, summer seeds showed substantially lesser mean germination time under cooler
thermoperiod than the brown seeds. This study unveils many similarities and differences in the germination
characteristics and sensitivity patterns of two seed morphs.

Keywords: Coastal Dune, Dimorphic Seeds, Germination, Halophyte, Salinity, Thermoperiod.

Abbreviations:
MFG (Mean final germination), GR (Germination rate), MGT (Mean germination time), Sl (Sensitivity index light), Slp
(Sensitivity index dark).

INTRODUCTION

Many plants of stressful and heterogenous habitats produce morpho-physiologically different or heteromorphic
seeds, which vary in size, shape, color, texture/structure and germination/dormancy responses (Imbert, 2002; Liu et
al., 2018; Rasheed et al., 2019). As a result, chances of their survival are maximized under fluctuating/unpredictable
stressful conditions (Venable, 1985; Telenius, 1992; Imbert, 2002: Nisar et al., 2019). At present, seed
heteromorphism is known in about 292 species from 26 families with relatively higher abundance in dicots
compared to monocots (Imbert, 2002; Wang et al., 2010; Rasheed et al., 2019).

A number of halophytes also produce heteromorphic seeds, which often vary in dormancy and germination
responses (Wang et al., 2008; Nisar et al., 2019). For instance, brown seeds of Suaeda aralocaspica were non-
dormant, while black seeds had non-deep physiological dormancy (Wang et al., 2017). Similarly, heteromorphic
seeds of Atriplex centralasiatica (Li et al., 2008) and Cakile edentula (Zhang, 1993) varied in final germination
percentage. A significant variation in sensitivity of heteromorphic seeds to environmental stress may also be
observed. For instance, brown compared to black seeds of S. aralocaspica had substantially higher salinity tolerance
(Wang et al., 2008). Likewise, heteromorphic seeds may also display differential germination responses to
variations in temperature and photoperiod (Rasheed et al., 2019; Nisar et al., 2019). Owing to these differences in
germination and sensitivity to various environmental factors production of heteromorphic seeds might be
advantageous under varying habitat conditions (Bder 1996; Khan and Gul, 1998).

Often seed heteromorphism of color is reported among halophytes (Wang et al., 2008; Gul et al., 2013; Rasheed
et al., 2019). For example, Arthrocnemum macrostachyum (Nisar et al., 2019), Chenopodium album (Yao et al.,
2010), S. aralocaspica (Wang et al., 2008), S. salsa (Song and Wang, 2014), and Atriplex canescens (Bhatt and
Santo, 2016) produce black and brown colored seeds. Seed heteromorphism of color results from differential
chemical composition of the testa/seed coast (Rasheed et al., 2019). In many cases, black seeds contain higher
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contents of phenolic compounds and hence show differential germination patterns in comparison to their brown
counter-parts (Khan and Ungar, 1986; Wang et al., 2008; Siddiqui and Khan, 2011; Gul et al., 2013; Rasheed et al.,
2019). Bulk of this information is based on the data from the dicots and generally there is a dearth of such
knowledge about monocots.

Halopyrum mucronatum (L.) Stapf. (Poaceae) is a perennial halophyte grass, commonly found on the sand
dunes along Arabian Sea coast (Khan and Qaiser, 2006). This stoloniferous grass could be an excellent candidate for
bioethanol production as its lignocellulosic biomass is composed of 37% cellulose, 28% hemicellulose and 5%
lignin. Since H. mucronatum is one of the few plants growing on coastal dune, it can also be used as sand dune
binder to check land erosion and for carbon sequestration purposes. It can endure as high as 360 mM NaCl
equivalent salinity during mature vegetative stage (Khan et al., 1999) and produces two types of seeds in two
seasons (Noor and Khan, 1995). Seeds with black color are produced during the summer, while brown colored seeds
are formed during the winter season (Noor and Khan, 1995). Whether or not following the definition of seed
heteromorphism in sensu stricto (Imbert, 2002; Liu et al., 2018; Rasheed et al., 2019) as they are produced in two
seasons, the two seed morphs differ in weight, temperature requirements and salinity tolerance (Khan and Ungar,
2001; Khan and Gulzar, 2003; Siddiqui and Khan, 2011). According to Siddiqui and Khan (2011) the differential
phenolic composition could be responsible for differences in morphology and germination responses of the two
morphs of H. mucronatum seeds. However, a number of germination characteristics such as mean germination time
(MGT) and sensitivity-index (SI) have not been determined. This study was hence carried out to fill aforementioned
gaps in knowledge. This study is based on following questions: 1) What are the similarities and differences in the
germination characteristics of two seed morphs of test species, and 2) Are there differences in sensitivity of two seed
morphs to variations in salinity, temperature and photoperiod?

MATERIALS AND METHODS

Seed collection site and collection

Mature brown and black seeds (caryopses) of Halopyrum mucronatum (L.) Stapf. were collected from the
Hawks bay coast, Karachi during successive winter (November/ December, 2014) and summer (June/July 2015)
seasons, respectively (Fig. 1). Seeds were handpicked randomly from large humber of plants and later scrub-cleaned
in the laboratory to get rid of inflorescence husk. Cleaned seeds were then surface-sterilized using 1% (v/v)
commercial bleach solution as detailed in Rasool et al. (2017). Sterilized seeds were used in experiments within six
weeks of their collection.

Seed Germination Experiment

Germination was carried out in sterilized clear-lid plastic petri-plates filled with 5-mL of the test solutions.
Three concentrations (0, 150 and 300 mM) of NaCl were used as salinity treatments with four replicates of 25 seeds
each for every treatment. Germination experiment was conducted in programmed germination chambers set at four
different 12h night/12h day thermoperiods (10/20, 15/25, 20/30 and 25/35 °C). Light source in the chambers were
Phillips cool-white fluorescent tubes (~25 pmol Intensity). Percent germination (i.e. embryo protrusion; sensu
Bewley and Black, 1994) across different salinity treatments from all 12h night/12h day thermoperiods was noted on
every alternate day for 20 days. A modified Timson Index of Germination Velocity (Khan and Ungar, 1984) given
below was used to calculate germination rate:

Rate of Germination (Timson Index) = G/t

Where G is the seed germination percentage on alternate days and t is the total germination period. Mean

germination time (MGT) (Ellis and Roberts, 1981) was also calculated by using following formula:
MGT (Days)= > Dn/>n

Where, D is number of days counted from the beginning of germination and n is the number of germinated

seeds on day D. In addition, sensitivity index (SI) was calculated according to the following expression:
Sl = [ 100 x (MFG NaCl — MFG Control)] I MFG Control

Where, MFG is the mean final germination either in any NaCl solution or non-saline control. This index is more
negative when sensitivity to salinity increases (Ghars et al., 2008).

One additional set of petri-plates was wrapped in dark-photographic envelops to impose 24h darkness under
above mentioned salinity and thermoperiod conditions. Germination of this set was noted once on 20" day.

Statistical analysis
Analyses of variance (ANOVA) was used to assess if grouping factors such as morphs, salinity, temperatures,
photoperiods affected germination parameters significantly. A Bonferroni test (p < 0.05) was used to compare
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individual means. SPSS (version 16) and Sigma Plot (version 11) were used for all statistical analyses and graph
preparation respectively.

RESULTS AND DISCUSSION

A four-way ANOVA indicated significant effects of seed morphology, thermoperiod, salinity but not of
photoperiod on mean final germination (MFG) of H. mucronatum seeds (Table 1). Under 12 h photoperiod, both
seed morphs displayed maximum germination (~ 100%) at all temperatures except at 10/20 °C which was inhibitory
(Fig. 2). In contrast, Khan and Ungar (2001) reported that optimal thermoperiod for the germination of winter seeds
of H. mucronatum was 20/30 °C, while that for summer seeds was 25/35 °C. Whereas, similar to our finding
heteromorphic seeds of Atriplex centralasiatica (Li et al., 2008) and Suaeda splendens (Redondo-Gomez et al.,
2008) also showed similar thermoperiod optimum for the germination.

Under moderate to warmer thermoperiods germination of both seed types of H. mucronatum decreased only in
high (300 mM NaCl) salinity (Fig. 2), while at cooler thermoperiod salinity increment led to a gradual decline in
germination of both summer and winter seeds. However, summer seeds of H. mucronatum were generally more
tolerant to salinity than the winter seeds, as they showed relatively higher MFG and germination rate with lower
Sensitivity Index (Fig. 3). Likewise, a number of studies have showed differential salinity tolerance in
heteromorphic seeds such as those of Arthrocnemum macrostachyum (Nisar et al., 2019), Suaeda salsa (Li et al.,
2005) and S. moquinii (Khan et al., 2001). In contrast, heteromorphic seeds of Atriplex rosea (Khan et al., 2004)
showed similar salinity tolerance. Hence, responses of heteromorphic seeds to salinity increments could be species-
specific.

Table 1. Analysis of Variance (ANOVA) indicating effects of morph, temperature, salinity and photoperiod on mean
final germination (MFG), germination rate (GR), mean germination time (MGT), sensitivity index in light (SI,) and
dark (Slp) of brown and black seed morphs of Halopyrum mucronatum.

Factors MFG GR MGT S Slp
Morph 7.523** 1.263™ 4.002* 72.844%** 23.778***
Temperature 2557.395*** 465.365*** 4.597** 57.492%** 17.397***
Salinity 8344.922*** 2535.915%** 9.444%** 2854.689*** 204.638***
Photoperiod 34.617*** - - - -

Morph * Temperature 7.437%** 16.515*** 28.098***  20.248*** 8.896%**
Morph * Salinity 53.138*** 37.968*** 2.732* 922" 4.026*
Morph * Photoperiod 421" - - - -
Temperature * Salinity 523.568*** 107.969*** 10.801***  64.835** 55.799***
Temperature * Photoperiod 127.103*** - - - -

Salinity * Photoperiod 138.579*** - - - -

Morph * Temperature * Salinity 15.294*** 6.573*** 1.247™ 16.794** 4.501**
Morph * Temperature * Photoperiod 1.672™ - - - -

Morph * Salinity * Photoperiod 12.161*** - - - -
Temperature * Salinity * Photoperiod 44.724*** - - - -

Morph * Temperature * Salinity * 10.639%** ) ) ) )
Photoperiod

Numbers are F- values. Where, ns = Non-significant, * = p<0.05, ** = p<0.01 and *** = p<0.001

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOG 16 (4): 915-923, 2019.




918 SHAZIA ANJUM QADRI ET AL.,

= Winter 10/20 °C 15/25 °C
100 o == Summer a ;
s0d T %
£ 60 o %
=) a ] /
—1 40 + /
§ 20 - % R % b
~ C
S o0 =7 % L
b= a a a a 20/30 °C a a 25/35 °C
g 100 - 7 7 7
o 80 +
O 60 -
40 -
; =%,
0 150 300 0 300
NaCl (mM)

Fig. 2. Effects of salinity (0, 150 and 300 mM NacCl) on final germination percentages of summer (black) and winter (brown)
seeds of Halopyrum mucronatum under different thermoperiods (10/20, 15/25, 20/30 and 25/35°C) and 12-h photoperiod. Bars
represent mean + standard error. Same letters across similar bars are not significantly different from each other (Bonferroni test;
p<0.05).
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Fig. 3. Effects of salinity (150 and 300 mM NaCl) on sensitivity index of summer (black) and winter (brown) seeds of
Halopyrum mucronatum under different thermoperiods (10/20, 15/25, 20/30 and 25/35°C) and 12-h photoperiod. Bars represent
mean * standard error. Same letters across similar bars are not significantly different from each other (Bonferroni test; p<0.05).
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Fig. 4. Effects of salinity (0, 150 and 300 mM NaCl) on rate of germination of summer (black) and winter (brown) seeds of
Halopyrum mucronatum under different thermoperiods (10/20, 15/25, 20/30 and 25/35°C) and 12-h photoperiod. Bars represent
mean * standard error. Same letters across similar bars are not significantly different from each other (Bonferroni test; p<0.05).
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Fig. 5. Effects of salinity (0, 150 and 300 mM NaCl) on mean germination time of summer (black) and winter (brown) seeds of
Halopyrum mucronatum under different thermoperiods (10/20, 15/25, 20/30 and 25/35°C) and 12-h photoperiod. Bars represent
mean * standard error. Same letters across similar bars are not significantly different from each other (Bonferroni test; p<0.05).
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Fig. 6. Effects of salinity (0, 150 and 300 mM NacCl) on final germination percentages of summer (black) and winter (brown)
seeds of Halopyrum mucronatum under different thermoperiods (10/20, 15/25, 20/30 and 25/35°C) and 24-h dark period. Bars
represent mean + standard error. Same letters across similar bars are not significantly different from each other (Bonferroni test;

p<0.05).
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Fig. 7. Effects of salinity (150 and 300 mM NaCl) on sensitivity index of summer (black) and winter (brown) seeds of
Halopyrum mucronatum under different thermoperiods (10/20, 15/25, 20/30 and 25/35°C) and 24-h dark period. Bars represent
mean + standard error. Same letters across similar bars are not significantly different from each other (Bonferroni test; p<0.05).

Under non-saline controls, rate of germination of summer seeds of H. mucronatum was lesser than the winter
seeds at moderate to warm thermoperiods (Fig. 4), as they required relatively higher mean germination time (MGT)
than the later described morph (Fig. 5). Similarly, heteromorphic seeds of Arthrochnemum macrostachyum and A.
indicum also showed differences in rate of germination (Nisar et al., 2019). In addition, despite comparable
germination in control and 150 mM NaCl at most thermoperiods, germination rate of heteromorphic seeds of H.
mucronatum was lower (Fig. 4) alongside higher MGT (Fig. 5) in 150 mM NaCl compared to controls. (Zia and
Khan (2004) also highlighted that rate of germination is more sensitive to salinity increments compared to MFG.
They showed that despite comparable to control germination of Limonium stocksii seeds in up to 200 mM Nacl,
there was a gradual decline in rate germination under salinity increments.

Under moderate to warmer thermoperiods, germination of either seed type of H. mucronatum in dark was
comparable to that under 12h photoperiod (Fig. 6). In contrary, seed germination of most other co-occurring
monocot species such as Cyperus conglomeratus (Jeelani et al., 2018), Phragmites karka, Dichanthium annulatum
and Eragrostis ciliaris (Zehra et al., 2012) is substantially inhibited in dark compared to light. This contrasting
germination response of H. mucronatum to dark might be linked to the relatively larger seed size compared to
aforementioned species. A number of researchers have shown that the seedlings of large-seeded species can emerge
after burial in deeper soil or litter layers due to large amount of seed reserves (Seiwa et al., 2002; Xia et al., 2016),
hence their germination is not or weakly dependent on light. In many cases, interaction of a factor with others may
intensify its effects on germination (Gul et al., 2013). For example, at 10/20 °C dark led to a substantial reduction in
germination of both seed morphs of H. mucronatum across all salinity treatments including distilled water control
compared to 12-h photoperiod (Fig. 6). Furthermore, summer seeds of H. mucronatum germinated to relatively
higher percentage in dark under high salinity compared to winter seeds (Fig. 6), which was supported by Sl values
(Fig. 7). Likewise, black but not brown seeds of Suaeda corniculata required light for germination (Cao et al.,
2012).
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Conclusions

Both summer and winter seeds of H. mucronatum were non-dormant and germinated maximally in distilled
water. Cooler thermoperiod (10/20 °C) was most inhibitory and optimal germination of two seed morphs occurred at
warmer thermoperiod (25/35 °C). Under moderate to warmer thermoperiods germination of either seed type
decreased only in high (300 mM NaCl) salinity. In contrast, at cooler thermoperiod, increases in salinity resulted in
a gradual decline in germination of both seed morphs. Summer seeds were generally more tolerant to salinity
compared to winter seeds. Summer seeds also germinated better in dark under high salinity in comparison to winter
seeds. Hence, summer seeds appear to be more tolerant to salinity and dark compared to brown seeds, whereas both
seed morphs share similar thermoperiod niche during germination.

REFERENCES

Bewley, J.D. and M. Black (1994). Seeds. Seeds. Springer, Boston, pp. 1-33.

Bhatt, A. and A. Santo (2016). Germination and recovery of heteromorphic seeds of Atriplex canescens
(Amaranthaceae) under increasing salinity. Plant Ecology, 217: 1069-1079.

Boer, B. (1996). Plants as soil indicators along the Saudi coast of the Arabian Gulf. Journal of Arid Environment,
33:417-423.

Cao, D., C.C. Baskin, J.M. Baskin, F. Yang and Z. Huang (2012). Comparison of germination and seed bank
dynamics of dimorphic seeds of the cold desert halophyte Suaeda corniculata subsp. mongolica. Annals of
Botany, 110: 1545-1558.

Ellis, R.H. and E.H. Roberts (1981). The quantification of aging and survival in orthodox seeds. Seed Science and
Technology, 9: 373-409.

Ghars, M.A., E. Parre and A. Debez, M. Bordenave, L. Richard, L. Leport, A. Bouchereau, A. Savouré, and C.
Abdelly (2008). Comparative salt tolerance analysis between Arabidopsis thaliana and Thellungiella halophila
with special emphasis on K*/Na* selectivity and proline accumulation. Journal of plant Physiology, 165: 588—
599.

Gul, B., R. Ansari, T.J. Flowers and M.A. Khan (2013). Germination strategies of halophyte seeds under salinity.
Environmental and Experimental Botany, 92: 4-18.

Imbert, E. (2002). Ecological consequences and ontogeny of seed heteromorphism. Perspectives in Plant Ecology,
Evolution and Systematics, 5: 13-36.

Jeelani, S., A. Hameed, B. Gul and M.A. Khan (2018). Light influence seed germination responses of Cyperus
conglomeratus under both saline and non-saline conditions. International Journal of Biology and
Biotechnology, 15: 505-512.

Khan, M.A. and S. Gulzar (2003). Light, salinity and temperature effects on the seed germination of perennial
grasses. American Journal of Botany, 90: 131-134.

Khan, M.A. and B. Gul (1998). High salt tolerance in germinating dimorphic seeds of Arthrocnemum indicum.
International Journal of Plant Sciences, 159: 826-832.

Khan, M.A. and I.A. Ungar (2001). Alleviation of salinity stress and the response to temperature in two seed morphs
of Halopyrum mucronatum (Poaceae). Australian Journal of Botany, 49: 777-783.

Khan, M.A., I. A. Ungar (1984). The effect of salinity and temperature on the germination of polymorphic seeds and
growth of Atriplex triangularis Willd. American Journal of Botany, 71: 481-489.

Khan, M.A. and I.A. Ungar (1986). Inhibition of germination in Atriplex triangularis seeds by application of
phenols reversal of inhibition by growth regulators. Botanical Gazzette, 147: 148-151.

Khan, M.A. and M. Qaiser (2006). Halophytes of Pakistan: Characteristics, distribution and potential economic
usages. In: Sabkha Ecosystems. Tasks for Vegetation Science, 42: (M.A. Khan, B. Béer, G.S. Kust, H.J. Barth
Eds.). Springer, Dordrecht, pp. 129-153.

Khan, M.A., B. Gul and D.J. Weber (2001). Germination of dimorphic seeds of Suaeda moquinii under high salinity
stress. Australian Journal of Botany, 49: 185-192.

Khan, M.A., B.Gul and D.J. Weber (2004). Temperature and high salinity effects in germinating dimorphic seeds of
Atriplex rosea. Western North American Naturalist, 64: 193-201.

Khan, M.A., LA, Ungar and A.M. Showalter (1999). The effect of salinity on growth, ion content, and osmotic
relations in Halopyrum mucronatum (L.) Stapf. Journal of Plant Nutrition, 22: 191-204.

Li, W., X. Liu, M.A. Khan and S. Yamaguchi (2005). The effect of plant growth regulators, nitric oxide, nitrate,
nitrite and light on the germination of dimorphic seeds of Suaeda salsa under saline conditions. Journal of Plant
Research, 118: 207-14.

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOG 16 (4): 915-923, 2019.




GERMINATION PATTERN OF SUMMER AND WINTER SEEDS OF H. MUCRONATUM 923

Li, W., P. An, X. Liu, M.A. Khan, W. Tsuji and K. Tanaka (2008). The effect of light, temperature and bracteoles on
germination of polymorphic seeds of Atriplex centralasiatica Iljin under saline conditions. Seed Science and
Technology, 36: 325-338.

Liu, R., L. Wang, M. Tanveer and J. Song (2018). Seed Heteromorphism: An Important Adaptation of Halophytes
for Habitat Heterogeneity. Frontier in Plant Science. doi: 10.3389/fpls.01515.

Nisar, F., B. Gul, M.A. Khan and A. Hameed (2019). Germination and recovery responses of heteromorphic seeds
of two co-occurring Arthrocnemum species to salinity, temperature and light. South African Journal of Botany,
121:143-151.

Noor, M. and M.A. Khan (1995). Factors affecting germination of summer and winter seeds of Halopyrum
mucronatum under salt stress. In: Biology of salt tolerant plants, (M.A. Khan and I. A. Ungar Eds.). University
of Karachi. pp. 51-58.

Rasheed, A., F. Nisar, B. Gul, M. A. Khan and A. Hameed (2019). Ecophysiology of seed heteromorphism in
halophytes: an overview. In: Halophytes and Climate Change: Adaptive Mechanisms and Potential Use (M.
Hasanuzzaman, S. Shabala and M. Fujita Eds.). CABI pp. 104-114.

Rasool, S.G., A. Hameed, M.A. Khan and B. Gul (2017). Seeds of Halopeplis perfoliata display plastic responses
to various abiotic factors during germination. Flora, 236: 76-83.

Saadallah, K.J. and A. Chedly (2001). Nodulation and nodular growth in bean Phaseolus vulgaris under salt stress.
Agronomy, 21: 627-634.

Seiwa, K. (2000). Effects of seed size and emergence time on tree seedling establishment: importance of
developmental constraints. Oecologia, 123: 208-215.

Siddiqui, Z.S. and M.A. Khan (2011). The role of enzyme amylase in two germinating seed morphs of Halopyrum
mucronatum (L.) Stapf. in saline and non-saline environment. Acta Physiologiae Plantarum, 33: 1185-1197.
Siddiqui, Z.S. and M.A. Khan (2011). The role of enzyme amylase in two germinating seed morphs of Halopyrum
mucronatum (L.) Stapf. in saline and non-saline environment, Acta Physiologiae Plantarum, 33:1185-1197.
Siddiqui. Z.S., and M.A. Khan (2013). Some physiological attributes of dimorphic seeds of Halopyrum mucronatum

(L.) Stapf. Pakistan Journal of Botany, 45: 1975-1979.

Song, J. and B. Wang (2014). Using euhalophytes to understand salt tolerance and to develop saline agriculture:
Suaeda salsa as a promising model. Annals of Botany, 115: 541-553.

Telenius. A. (1992). Seed heteromorphism in a population of Spergularia media in relation to the ambient vegetation
density. Acta Botanica Neerlandica, 41: 305-318.

Venable, D.L. (1985). The evolutionary ecology of seed heteromorphism. The American Naturalist, 126: 577-595.

Wang, H.L., C.Y. Tian and L. Wang (2017). Germination of dimorphic seeds of Suaeda aralocaspica in response to
light and salinity conditions during and after cold stratification. The Journal of Life and Environmental
Sciences, doi: 10.7717/3671.

Wang, L., Z. Huang, C.C. Baskin, J.M. Baskin and M. Dong (2008). Germination of dimorphic seeds of the desert
annual halophyte Suaeda aralocaspica (Chenopodiaceae), a C, plant without Kranz anatomy. Annals of Botany,
102: 757-7609.

Wang. L., M. Dong and H.Z. Ying (2010). Review of research on seed heteromorphism and its ecological
significance. Journal of Plant Ecology, 34: 578-590.

Xia, Q., M. Ando and K. Seiwa (2016). Interaction of seed size with light quality and temperature regimes as
germination cues in 10 temperate pioneer tree species. Functional Ecology, 30: 866-874.

Yao, S.X., H.Y. Lan and F.C. Zhang (2010). Variation of seed heteromorphism in Chenopodium album 6 and the
effect of salinity stress on the descendants. Annals of Botany, 105:1015-1025.

Zehra, A., F. Shaikh, R. Ansari, B. Gul and M. A. Khan (2012). Effect of ascorbic acid on seed germination of three
halophytic grass species under saline conditions. Grass and Forage Science. doi: 10.1111/j.1365-
2494.2012.00899.x.

Zhang, J. (1993). Seed dimorphism in relation to germination and growth of Cakile edentula. Canadian Journal of
Botany, 71: 1231-1235.

Zia, S. and M.A. Khan (2004). Effect of light salinity, and temperature on seed germination of Limonium stocksii.
Canadian Journal of Botany, 82: 151-157.

(Accepted for publication August 2019)

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOG 16 (4): 915-923, 2019.



https://www.cabi.org/environmentalimpact/ebook/20193071934
https://www.cabi.org/environmentalimpact/ebook/20193071934
https://www.researchgate.net/journal/0556-3321_Pakistan_Journal_of_Botany
http://natuurtijdschriften.nl/search?author=Anders%20Telenius&smode=simple&rmode=none&style=&portal=natuur
https://www.researchgate.net/journal/0044-5983_Acta_Botanica_Neerlandica
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Huang+ZhenYing%22

