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ABSTRACT 

The uti l izat ion of indigenou forage species to replace the exotic ones could help in saving 

large amounts of water. The indigenous forage grasses Lasiurus scindicus and Panicum 

turgidum ha e been ranked among the plants that could tolerate drought during vegetative 

and reproduct ive stages and are current ly  being successful ly  used as fodders under 

e peri mental condit ions in the UAE and in some parts of the world .  However, there are no 

enough information about their dormancy and the environmental factors affect ing their seed 

gern1inat ion.  In this study, the innate dormancy, l ight and temperature requirements, drought 

and sal i n i ty tolerances and the i mpact of dormancy regulat ing chemicals on seed germination 

of the two spec ies were assessed. In add it ion ,  the impact of storage and maternal habitats on 

the dormancy and germ ination requirements of the two species were assessed. 

Fresh seeds of L. scindicus were col lected during M ay 2007 from natural populations 

around AI-Ain  and from an experimental field stat ion in  Al -Dhaid on Apri l 2004. Seeds of P. 

turgidlllll were col lected from the Zarani k  nature protection area in the eastern part of Lake 

Bardawi l Egypt .  Seeds were tested for germ ination after col l ection ( fresh )  and after different 

periods and condi t ions of storage. Seeds were also tested in d ifferent concentrat ions of 

sal i n i ty and polyethylene glycol 6000 ( P EG-6000) that produced d ifferent levels  of osmotic 

pressures. M ost of the germ ination experiments had been done at d ifferent temperatures and 

l i gh t  condi tions.  

Seeds of P. turgidum showed great innate dormancy. No germination occurred for the 

fresh harvested seeds of P. turgidum .  The abi l i ty of a considerable fraction of P. turgidum 

seeds to maintain dormancy ensures the bui ldup and persistence of a soi l seed bank which is 

considered v i ta l  for a species in  the unpredictable environments of deserts. Germ ination of 

seeds stored for five years was sign ificantly greater in  dark than in l i ght at 1 5-25°C, but the 



rever e wa true at the h igher temperatures (35  and 40°C).  Sal in i ty significant ly reduced 

germ ination at 1 00 mM aCI and completely inhibi ted i t  a t  200 m M .  Optimum germ ination 

wa ach ieved at 30°C . Seed germ ination of P. turgidUlll was most sal i n i ty tolerant at 35°C. 

S imi larly, germination rate decreased with the increase in  sal in i ty, but increased with the 

increa e in  temperature. 

Fresh eeds of L. scindicus didn't show great innate dormancy and attained fast 

germ ination. Non-sal ine treated seeds of L.  scindicus germinated wel l in  a wide range of 

temperatures and in both l ight and dark. 

Even though there was no germ ination occurred for P. turgidum seeds treated i n  

h igher a l in i t ies (200 m M  NaCI and more) s igni ficant proportions of the seeds recovered 

their germination (about 30%) when transferred to dist i l led water. Overa l l  opt imal recovery 

germination was at moderate temperatures, compared to both lower and h igher temperatures. 

The recovery germination from d ifferent sal i ne solut ions depended on temperature of 

i ncubation .  

Seed germ i nation of L. scindicus decreased with the increase in  NaCI  concentrations. 

Tolerance to sal i n i ty during germ ination i s  dependent on temperature; sal in i ty tolerance was 

greater at the moderate temperatures (20-30°C), compared to both lower and h igher 

temperatures. Germ ination rate decreased wi th the increase in sal i n i ty, but increased with the 

i ncrease in temperatures. Recovery germ ination decreased with the increase in  temperature, 

but decreased wi th the i ncrease in sal i n i ty. Germination rate of the recovered seeds was much 

faster compared to sal ine or non-sa l ine treated seeds. 

A l l  of the studied chemicals except thiourea, did not succeed to improve germination 

of non-sa l i ne treated seeds of both L. scindicus and P. turgidum, compared to the control .  The 

sal in i ty- induced germ ination reduction in  P. turgidum was completely a l lev iated by the 

2 



appl ication of Gibbere l l i c  Acid (G 3) part ia l ly  a l lev iated by the appl ication of fusicoccin, 

k inetin and th iourea, but not affected by n i trate. I n  L. cindicus, the gennination inhibit ion 

wa complete ly  al leviated by fusicocc in  GA3, n i trate and thiourea, but part ial ly al leviated by 

k inet in .  Gennination was complete ly  inh ibi ted by the appl ication of ethephon in the two 

pecle . 

Seeds of L. scindicus were more drought tolerant than those of P. turgidum. Seeds of 

L.  scindiclls germ inated to 30% in -0 . 7  M Pa, whi le  those of P. turgidum completely inhibi ted 

in -0.5 M Pa. This indicates that the tox ic i ty effect would be the main cause of sal in ity 

intolerance in L.  scindicus. The lower recovery genn i nation in  the seeds of this spec ies, 

compared to that of P. turgidum, further supports this hypothesis .  

Seeds of L.  scindicl/s from natural habitats genninated to h igher level and rate, 

compared to those col lected from plants grown in experimental condit ions and received more 

watering.  Seeds of the natural habitats have l i ght  brown or dark brown colors . Donnancy and 

gennination requirements differ between the two colors. 

The temperature requirements during genn ination differed among P. turgidum seeds 

stored for d ifferent periods. 

Seeds of L.  scindicus stored for three months germinated sign ificantly greater at 

h igher (20-3 5°C), than at  lower temperature ( 1 5°C). However, after 2 years of storage, there 

was no d ifference i n  final  gennination between a l l  temperatures. 
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CHAPTER 1 

INTRODUCTION 



1. INTRODUCTION 

En i ronmental abiotic tress condi t ion, especia l ly drought and sal in ity, are the major 

factor that reduce crop yields worldwide. Sal i n i ty is an increasing problem affect ing 

20% of the world s cult ivated land and nearly hal f of the area under i rrigation (Sosa et at. , 

2005) .  This problem i more acute in  arid and semi -arid regions (Sandro et aI. , 2006).  

bout 9.5 b i l l ion hectares of the world's soi l  are sal ine, not including large areas of 

econdari l y  sal i n ized soi l in  cult ivated land. In addit ion, freshwater resources are 

becoming i ncreasing ly  l i mi ted ( L i  et al. , 2005) .  It has become imperat ive under these 

condi t ions to look for p lants with economic value that can grow under sal ine conditions 

(Zhao et al. ,  2002), such as much of the Arabian pen insula ecosystems.  

The Arabian Peninsula,  i nc luding the U ni ted Arab Emirates (UAE), experiences some of 

the most extreme c l imatic condit ions found on the Earth .  I t  is characterized by low, 

erratic rainfa l l ,  h igh evaporation rates and amongst the h ighest temperatures on Earth 

( Boer, 1 997 ·  Zahran, 1 997;  Ghazanfar & F isher, 1 998) .  In addi t ion, h igh rate of 

evaporat ion is increasing soi l  sal i n ity. Over the centuries these extreme conditions have 

appl ied stringent evolutionary select ion pressures resu l t ing in a uniquely p lants adapted to 

extreme environmental ( Peacock et al. , 2003) .  

1 . 1 .  1m po rta n ce of I n d ige n o u s  Pla n ts 

A susta inable use of the natural resource of the UAE deserts requires a sustainable 

system for the production of cheap fodder. I n  the Arabian Peninsula, exotic species are 

now being grown for fodder, however these use large volumes of i rrigation water, and the 

practice is not sustainable.  The main fodder crops are a lfa lfa (Medicago sativa) and 

Rhodes grass (Chloris gayana). These species are not adapted to the prevai l i ng condit ions 
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of drought temperature and sal in i ty. They require ast quantit ies of water, which is often 

derived from nonrenewable ground-water sources ( Peacock et at. 2003 ).  Apart from 

being unsu tainable production of these forages has resul ted in many areas having to be 

abandoned due to problems of sal i n i ty. One approach to the conservation of biological 

d i  er ity and the promotion of sustainable animal production is the conservation and 

uti l izat ion of the indigenous plant species.  Ind igenous p lants are wel l adapted to harsh 

weather condi t ions and can grow with l it t le use of water. By replacing the 'th i rsty', exot ic 

fodder species with indigenous, adapted species, i t  may be possible to produce fodder i n  a 

more ustainable manner. This would also reduce the grazing pressure on the rangelands 

and thereby protect ing the del icate environment of the deserts and its valuable 

biodiversity. I n  addi t ion to fodder production, indigenous forages may be used to enhance 

the product ivi ty of rangelands through ei ther restoration (plant ing or reseeding with 

indigenous grasses, shrubs and trees) or rehabi l itation (planting or reseeding with both 

exotic and ind igenous grasses, shrubs and trees) ( Peacock et al. , 2003) .  

Peacock et al. (2003 ) have priori t ized Arabian Peninsula desert species, which 

have potent ia l  to be used ei ther for fodder production or for rehab i l i tation and restoration 

through the col l ect ion of indigenous knowledge, discussions with Bedouin  farmers, local 

botanists, and publ i shed floras of the Arabian Pen i nsula and i nternational consul tants on 

rangeland development. They have selected both Lasiurus scindicus and Panicum 

turgidum to be among a l ist of h igh-priority spec ies both i n  the UAE and in the northern 

part of the Sultanate of Oman. 

Panicum turgidum Forssk ( Poaceae) is a perennia l  grass with a widely distributed 

in most deserts of the M iddle East and i t's common and widespread in sand and gravel 
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habitat of the Arabian de ert including the UAE.  This species has been considered 

economical l y  important becau e of i t  use : a)  as  a sand binder, b)  as  a forage plant in  arid 

area , and c) as a ource of grains.  The grains were used to be roasted for human 

con umption in t ime of drought and it also used as wound dressing ( Batanouny, 2002). 

W i l l iam and Farias ( 1 972) ha e indicated that the grains of P. turgidum are eaten at the 

pre ent t ime by the inhabitants of the Western Sahara. In addit ion,  chemical analysis of 

the indigenou forages showed that P. turgidum has a lmost the same nutri t ive value as 

those for irr igated Rhodes grass. This was true for crude protein ,  neutral detergent fiber 

(which provide an indication of dry matter intake), acid detergent fiber, acid detergent 

insoluble n i trogen and ash (AI  Hadramy et al. , 2000). P. turgidum is a remarkable 

drought-re i tant C4 species.  Estab l i shed plants may survive for several years without 

ra in .  I n  addi t ion i t  exhibits h igh growth rates in late spring and summer months 

( Batanouny, 2002). 

Lasiurus scindicus i s  a highly nutri t ive, drought tolerant grass (Chowdhury, et ai. , 

2009). This warm-season grass can tolerate prolonged droughts, growing in areas with 

annual rainfa l l  below 1 50 mm ( Khan and frost, 200 1 ) . L. scindicus has a h igh nutri t ive 

value and i s  preferent ia l ly  consumed by catt le i n  the desert . I t  p lays an important role i n  

the development of good rangeland and i n  stab i l iz ing the blowing sand dunes and 

expanding desert ( Khan, 200 l' Chauhan, 2003) .  Furthermore Lasiurus scindicus has 

a lready been successful ly used in major reseeding programs in desert harsh ecosystems i n  

northern India  and Pak i stan ( Mohammad, 1 984; Yadav, 1 997; Yadav & Rajora, 1 999). In  

most of the desert rangelands, P. turgidum i s  usual ly  found in  assoc iation with 

L. Scindicus (Bokhari et ai. , 1 990) . 

6 



1.2. Effects of L i g h t  a n d Te m pe ra t u re on G e rm i n a ti o n  

I t  ha  been hypothesized that temperature is one of  the most important environmental 

cue that stimulate seeds to gem1 inate at the appropriate t ime, which enhance seedl ing 

e tabl ishment and urv ival ( Probert, 2000) .  The gem1ination i s  more l i kely to occur at  a 

t ime that w i l l  favor seedl ing urv ival (Grappin et aI. , 2000) .  Summer annuals usual ly 

require h igh temperature for gem1 ination, which is usual ly  s imi lar to that preva i l ing 

during the fa orable period for seed l i ng estab l i shment and surv ival (spring and early 

summer). However, at regions that have summer rainfa l l ,  most winter annuals protect 

their eeds from germ i nation during summer by requiring lower temperatures which are 

more l ikely not provided during summer. For example, the protection from late summer 

rains in  the Austra l ian winter annual capweed (Arctotheca calendula) i s  i nsured by the 

i nab i l ity of seeds to germinate at temperature more than 30DC and through a relatively 

s low rate of germi nation ( Dunbabin and Cocks, 1999). 

Light i s  another important environmental regulatory s ignals that interact with 

temperature to regulate seed germ ination in  many plant species (E I- Keblawy and Al  

Rawai ,  2005, EI -K eblawy et  al., 2007, EI-Keblawy and Al Shamsi, 2008) .  I t  i s  genera l ly  

regarded that a l igh t  requirement prevents gem1ination of seeds buried too deep for 

seed l ing to emerge because physiological l y  active l ight flux densit ies rare ly penetrate 

more than a few m i l l i meters into soi l ( Pons, 1992) .  Seeds could use the absence of l ight to 

indicate buria l  at some depth whi le  l ight would indicate location on or near the soi l  

surface ( M i lberg e t  al., 2000) .  Hence, seeds requir ing l ight wi l l  not gem1inate when they 

are buried under soi l or leaf l i tter, but w i l l  gem1inate when exposed on the soil surface. 

M i lberg et al. (2000) have concluded that a l ight requirement for gem1ination is more 

l i kely in smal l than i n  large-seeded species and that its l ikely ecological role is to sense 
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depth of bur ia l .  On the other hand seedl ings from large seeds can emerge successful l y  

from much greater depth than l ight can penetrate (e.g.  Del Arco et al. , 1995) .  Therefore, 

l ight would not be an appropriate gennination cue for such species. 

1 .3.  Effects of Sa l i n i ty a nd d ro u g h t  on Germ i n a tion 

Seed germ inat ion and early seed l ing growth are critical stages for the establ ishment of 

plant  popUlations under sal ine condi t ions of arid regions ( Khan and GuIzar, 2003) .  

I ncreasing sal i n i ty l eads to reduction and or delay i n  germ ination of both halophyte  and 

glycophyte  eeds (T l ig  et  al. ,  2008) .  I n  addi tion, exposure to  h igh sal in i ty may lead to  the 

pnmmg or e en the death of seeds before gemlination (Gorai and Neffati, 2007) .  

Halophyte seeds can remain viable for long  periods under extremely h igh sal in ity and 

germi nate at a later t ime when the osmotic potential of the medium is ra i sed ( Boorman, 

1968; M acke and U ngar 197 1 ;  Ungar 1978, 1995; Naidoo and Naicker, 1992) .  

Glycophyt ic  spec ies, however, show great reduction in  germination under h igher levels of 

sal i n ity. For example, no germination was recorded at NaCI concentrations higher than 

125 mM in the annual Zygophyllum simplex ( Khan and Ungar, 1996) .  Simi larly, the 

annual glycophyte Diplotaxis harra germinat ion was greatly reduced in  150 mM NaCl 

and completely inh ib i ted at 200 mM NaCI (Tl ig  et al. 2008) .  

Grasses are usua l ly  not very h igh ly  tolerant to sa l i n i ty at germination ( Khan and 

Ungar, 200 1 a), and the germination is usual l y  inhibi ted at concentrat ions ranging from 

250 to 350 m M  aCI ( Lombardi et al. , 1998) .  For example, i t  was reported that grasses 

l ike Panicum coloratum ( Perez et al. , 1998) and P. hemitimon ( Hester et al., 1998) 

germinate wel l i n  aC I concentrations up to 200 mM,  but halophyt ic grasses l ike 

Sporobolus virginicus ( Breen et al. ,  1997) and Hordeum vulgare ( Badger and Ungar, 
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1989) germinate under al t  concentrat ion up to 350 mM. In the Arabian ea Coast of 

Pak istan, halophytic gra es are relat ively less tolerant to h igh NaCI levels during 

germination. Halopyrul1l mucronatum and Sporobolus arabicus were found to germinate 

in up to 200 mM NaCI (Noor and Khan, J 995; Khan and Ungar, 200 1 a). In addition, 

Khan and Guizar (2003) tudied a l in ity tolerance during germination in four grasses and 

found that few seeds of Halopyrum I'nucronatum germinated above 300 mM NaCI ,  whi le 

eed of A eluropus /agopoides, Sporobolus ioclados, and Urochondra setulosa 

germinated i n  up to 500 m M  NaCI .  I n  addi t ion sal in ity tolerance was low in  five species 

of the UAE desert. Low proportions of the seeds of Dichanthium annulatum (5%) ,  

Cellchrus ciliaris ( 12%) and Pennisetum divisum (20%) were germ inated in  100 mM 

NaCI ( E I-Keblawy, 2006) .  I n  addi t ion, Seeds of  Sporobolus arabicus and L. scindicus 

germinated to 5 and 10%, respectively, i n  200 mM NaCI (E I -Keblawy, 2006) .  

Despi te most of the stud ies have examined sal in i ty tolerance for halophytic 

grasses of the arid land few studies tested the germination behavior of glycophyt ic 

desert grasses. S uch studies are important as big parts of the deserts are suffering from the 

sal i n i ty i ncrease. I n  addi tion, some of the native grasses could  be useful in  reseeding the 

degraded arid lands, espec ia l ly  those affected by h igher sal i n ity, or to replace exotic 

p lants that are current ly used as fodder for animals .  

I t  has been documented that sal i n ity tolerance during germ ination depends on 

temperature i n  many halophyt ic  spec ies. A lthough h igher sal i n i ty decreases germination, 

the detrimental effect of sal in ity i s  genera l ly  less severe at moderate temperatures in 

some pec ies, such as A triplex triangularis ( Khan and Unger, 1984) Crambe abyssinica, 

( Fowler, 199 1),  Zygophyllum simplex ( Khan and Ungar, 1996),  Urochondra setulosa 

(Guizar et al. , 200 1),  Salsola imbricata ( EI -Keblawy et af. , 2007), Haloxylon 

salicornicum (E I -Keblawy and AI -Shamsi, 2008). However, sal i n i ty to lerance was 
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recorded to be lo\: er ( i .e .  germination in a l ine solution is low) at cooler temperatures in 

many halophytes of Great Ba i n  desert (e.g. ,  Salicornia pacifica, Khan and Weber, 1 986; 

A llellrolfea accidentali , Gul and Weber, ] 999; Salicornia rubra, Khan et al. , 2000; 

Suaeda moquinii, Khan et al. ,  200 1 a), but the reverse was true in other halophytes of 

ubtropical mari t ime deserts of Pak istan (Atriplex grifJithii, Khan and Riz iv i ,  1 994; 

Haloxylol1 recurvum and Suaeda jruticosa, Khan and Ungar, 1 996; Arthrocnemum 

macrosfachyum Gul and Khan 1 998) .  Sti l l  no studies have assessed the interactive effect 

of a l in i ty and temperature on germ ination of glycophytes. Interaction between l ight and 

temperature under sal ine conditions also affects the germ ination of halophytic grasses 

( M yers and M organ ] 989; Khan and GuIzar, 2003) .  

Drought has been defined as a period o f  below normal precipitation that l imi ts 

p lant product ivity in  a natural or agricul tural system ( Boyer, 1 982) .  I t  is environmental 

tresses that adversely affect p lant  growth and crop. P lant responses to drought stress at 

the molecular, b iochemical and physiological levels that have been studied extensively 

( M unns 2002; Verdoy et al. ,  2004; Barnabas et al. , 2008) .  The response depends on the 

species and genotype, the length and severity of water loss, the age and stage of 

development, the organ and cell type and sub-cel lular compartment (Battagl i a  et al. ,2007; 

Barnabas et af. , 2008).  I n  add it ion, the response of seeds to drought could be an indicator 

of the tolerance of p lants for the later stages of development. Therefore, there have been 

attempts at germi nat ing seeds under variab le stress condit ions to ident ify the populations 

which adapt to dryness. Polyethylene gl ycol 6000 solutions are frequently used for 

produc ing a range of water potentials,  as they are relatively non-toxic to seeds. Seed 

treated with PEG 6000 inh ib i t  germ ination due to osmotic effect (Emmerich and 

Hardegree, 1 990) .  
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1.4. Recov e ry G e r m i n a tion fro m Sa l i n e So l u tion 

Genera l ly  sal i n i ty inh ibi ts germination of  both glycophytes and halophytes ( Bask in  and 

Ba k in ,  1 998) .  It is es ential  for seeds that are unable to germ inate at h igh sal in ity to 

urvive duri ng expo ure and maintain the abi l i ty to germinate later, when sal in ity may 

decrea e due to various envi ronmental event . In many species of sal ine habitats, 

germ ination occur when alt  content of the habi tat reaches its lowest level , e.g., toward 

the end of or after the rainy period ( Ismai l ,  1 990; Khan and Ungar, 1 996; EI-Keblawy, 

2004). U nder experimental conditions, seeds of several halophytes can recover the 

capacity to germi nate after exposure to salt stress that i nh ib i ts their germination 

(Woodel l ,  1 985 ;  E I -Keblawy 2004; E I -Keblawy and AI -Rawai ,  2005 ; E I -Keblawy and 

Al  Sham i , 2008) . 

I t  has been reported that seeds of several halophytes treated with h igher sal in i ties 

recovered their germ ination fol lowing their transfer to dist i l led water and the recovery 

percentage depended on species and temperature of incubation ( Khan and Ungar, 1 997a; 

Pujo l  et al., 2000; Khan et al. , 200 1 b, E I -Keblawy and AI -Rawai 2005, E l -Keblawy et 

al., 2007 E l-Keblawy and A l  Shamsi ,  2008).  For example, seeds of Limonium stocksii 

germinated to only 5% at 500mM NaCI but to nearly 1 00% after they were transferred to 

dist i l led water (Zia and Khan, 2004).  I n  the halophytic Haloxylon salicornicum from the 

UAE deserts, about 47% of the seeds presoaked in  700 mM NaCl recovered their 

germination at 1 5°C after transfer to dist i l led water (E I -Keblawy AI-Shamsi, 2008) .  In 

addit ion, SalsoLa imbricata, another halophyt ic  p lant of the UAE, about 75% seeds 

presoaked in 400 m M  NaCI recovered their germination at 1 5°C (E I -Keblawy et al. , 

2007) .  
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1 .5. eed Do r m a n cy a n d Germ i n a t i o n  tage 

In the l i fe cyc le  of p lant , seeds have the h ighest resistance to extreme environmental 

tre se , whereas seedl ing are most su cept ib le, and this is especia l ly true for desert 

plant (Gutterman 1 992 Kitaj ima and Fenner 2000) . Seed dormancy and germ ination 

are complex developmental processe that are regulated by a variety of endogenous and 

environmental s ignals .  

Successful  estab l i shment of plants largely  depends on gennination, which greatly 

varies over space and t i me, espec ia l ly  i n  the unpredictable heterogeneous deserts of arid 

region ( E I - Keblawy, 2003a) .  Gennination bed, which is the top soi l ,  shows wide 

ea onal and dai l y  fluctuat ions of temperature, h igh soi l moisture tension and sometime 

h igh alt  content ( E I - Keblawy, 2004) .  In  the top soi l ,  dormancy reduces the risk of 

seedl ing mortal ity, when moisture is l im i ted and sal i n i ty i s  increased (e .g. ,  during 

summer) . Consequent ly, t ime of geml inat ion determi nes the environment in  which the 

plant w i l l  develop, and eventua l ly  i t's fitness. 

Seed dormancy is  a temporary fai l ure or block of a viable seed to complete 

germ inat ion under favourable physical conditions ( Bask in  and Baskin,  2004) . A dormant 

seed does not have the abi l i ty to germinate in a spec ified period of t ime under any 

combinat ion of nomlal physical environmental factors that are otherwise favourable  for 

its germ inat ion.  Dormant seeds can define the environmental condit ions in  which they are 

able to genn inate. For example, i n  the desert annual Zygophyllum simplex, geml ination 

cou ld  occur only when temperature and sal in i ty were reduced, but this could  happen 

e i ther during winter or after monsoon rain  ( Khan and Ungar, 1 997b). 

The donnancy status is influenced by both the seed maturat ion environment and 

the ambient environmental condi t ions fo l lowing their shedding in the soi l ( Baskin  and 
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Ba k in ,  2004) .  Through dormancy germination i s  timed to avoid unfavourable weather 

for ubsequent plant establ i shment and reproductive growth (F inch-Savage and Leubner

Metzger 2006) .  On the other hand, a completely non-dormant seed has the capaci ty to 

germinate over the widest range of normal physical environmental factors possible for the 

genotype ( Bask in  and Ba k in ,  2004). 

1 .6. I m pacts of Dorm a n cy Reg u l a t i n g  C h e m ica ls 

ccording to the revised hormone-balance hypothesis of seed dormancy ( Karssen and 

Layka, 1986), absci i c  acid (A BA) and gibbere l l ic acid (GA3) act at d ifferent t imes and 

i tes during 1 1  eed l i fe" .  ABA i nduces dormancy during maturation and GA3 plays a key 

role  in  the promotion of geml inat ion ( Leubner- Metzger, 2003) .  There is  considerable 

evidence that ABA i s  an important posi t ive regulator of both the induction of dormancy 

and the maintenance of the dormant state in imbibed seeds fol lowing shedding. Whi le  

dormancy maintenance also depends on h igh ABA :GA3 rat ios, dormancy release i nvolves 

a net sh ift to i ncreased GA3 b iosynthesis and ABA degradat ion result ing in low ABA:GA 

ratios (A l i -Rachedi et al. ,  2004; Cadman et al., 2006; Finch-Savage and Leubner

M etzger, 2006) .  

H igh salt concentrations are known to induce dormancy i n  seeds of many species 

( Ungar, 1978) .  Such dormancy could be explained by internal factors in  the seeds such as 

the permeab i l i ty of the integuments to water or oxygen, presence of inhibitors , or 

physiological maturity of the embryo ( Khan, 1977) .  For examp1e, geml ination inhibi t ion 

after exposing seeds to h igh sal i n i ty may be caused by changes in the balance of various 

growth regulators due to h igh concentrations of several ions in seeds .  Sal in i ty stress 

usual ly  resul ts in imbalance 10 growth regulators causing an increased level of 
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endogenous BA and other germination inhibi tor and a decrease in endogenous growth 

promoter ( Bewley and Black 1 994) . A dec l in  in cytokin in  and gibbere l l i c  acid (GA)) 

conc ntrat ions, which can induce change in membrane permeab i l i ty and seed water 

relation , has been reported to be associated with sal in i ty stress ( Kabar and Bal tepe, 

1 9  9). 

Fusicoccin ,  a d i terpene glycoside and major phytotoxic substance in cul ture 

fi l trate of the p lant pathogen Fusicoccin. amygdale, markedly stimulates germ ination, 

growth, and everal physiological processes in p lant t issues (Marre, 1 979; Bal l io and 

calorbi ,  1 98 1 ) . Fusicoccin reproduces the effect of cytok inins on cel l  enlargement on 

the extrusion of hydrogen ions, and on the trans-membrane potential in isolated 

cotyledons ( Marre et al. ,  1 974) .  Fusicoccin acts l i ke cytokin ins and gibbere l l ins in their 

effects on seed germi nation ( BaHio and Scalorb i ,  1 98 1 ) . In  addit ion, n i trogenous 

compounds l i ke n i trate and thiourea are also reported to st imulate germ ination of d ifferent 

species ( Bewley and B lack, 1 994). Physiological l y, th iourea offsets the effect of ABA 

and decreases the level of cytokine i n  plant t issues exposed to  water stress due to  drought, 

sal in i ty or supra optimal temperature ( Kabar & Baltepe, 1 989) .  N itrate is also known to 

st imulate the germination of seeds, and i t  received considerable attention as possible 

regu lator of seed germ ination i n  the soi l  ( Egley, 1995) .  The mixture of n i trate and 

ethephon st imulated germination of Chen.opodium album seeds ( Karssen, 1 976) .  

Kabar ( 1987) suggested that endogenous hormone level i s  affected by  many 

environmental stresses ' however, external appl ication of appropriate growth regulator 

optimizes physical metabol ic  condi t ions for gernl i nation. The role of various germination 

regulat ing chemicals such as prol ine, betaine, gibbere l l in ,  k inet in ,  n i trate, thiourea and 
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ethephon in reduc ing the inh ibitory effects of sal in i ty on gemlination ha been reported 

for everal halophyte (Kabar, 1 9  7; Bewley and Black, 1 994; Pyler and Proseus 1 996' 

Gul and Weber, 1 998;  Khan and Ungar 1 997b, 2000, 2001 a, b, c, 2002) .  Different 

regulatory role are suggested for these chemicals in breaking seed dormancy In  

halophytes. The are thought to  al leviate sal in i ty effects on the germination by: I )  

ub t i tut ing for l i ght and temperature ( Khan and Weber, 1 986; Bewley and B lack, 1 994; 

Sutc l i ffe and Whitehead, 1 995) ,  2) acting as an osmoregulator or osmoprotectants of 

protein in  the cytoplasm ( Polj akoff-Mayber et al. ,  1 994; Gorham, 1 995) and 3) 

counteract ing the effect of reduced promoter (cytok inins and gibbere l l ins) and increased 

inh ibitor substances such as abscis ic acid in seeds under h igh sal in i ty ( Kabar and 

Baltepe, 1 990). 

I t  has been reported that the sal in i ty effect on the seed germinat ion of subtropical 

halophytes i s  not a l l ev iated by many chemicals .  For example, l i tt le or no effect of the 

germinat ion regulat ing chemicals in al lev iating germination inhibit ion, caused by h igh 

sal i n i ty, have been observed in Halopyrum l1lucronatum, Haloxylon stocksii, Salsola 

imbricata, Sporobolous ioclados, Suaeda fruticosa and Urochondra setulosa (see 

references reviewed in Khan and Gul ,  2006).  However, most chemicals had some effects 

on al leviat ing sal i n i ty i nduced dormancy on the germination of Atriplex stocksii and 

Zygophyllwn simplex. General l y, th iourea, ethephon and fusicoccin were most effective 

in  al leviating the sal i n i ty effects on germination, fol lowed by GA3, k inetin and n itrate 

( Khan and Gul ,  2006) .  

Desp i te most o f  t h e  studies have examined sal i n i ty tolerance and impact of 

dormancy regu lat ing chemicals on halophytic grasses of the aridlands, few studies did 
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that with g lycophyt ic  de ert grasses (E I-Keblawy 2008) .  El-Keblaw (200 ) studied the 

effect of dormancy regu lat ing chemicals on the a l leviat ion of sal in ity induced dormancy 

in five gra es of the UAE deserts and found igni ficant d ifference in the effect of the 

d ifferent chem icals  and the response of the d ifferent species. 

Genera l ly, the di fferent chemicals had l i tt le or no effect on a l leviating germination 

inh ibit ion in  Cenlropodia forsskalii and Pennisetum divisum, but s igJl ificantly a l leviated 

it in Tragus racemosus Sporobolus spicatus and Eragrostis barrelieri. The response of 

the d ifferent pec ies d i ffered for the d ifferent substances. Part ial  a l leviation was observed 

in ] 00 m M  NaCl by fus icocci n  in C. brevifolium, by GA3 and Kineti n in P. divisum and 

by GA3, k inet in and th iourea in  C. fo rsska Iii. GA3 was the most effective in  a l leviat ing 

the germination inh ibi t ion E. barrelieri. Ni trate was the most effective in  S. spicatus, 

fol lowed by fusicocc in  and GA3 (E l -Keblawy, 2008) .  

1 .7. M a te rn a l  effects o n  G e r m i n a ti o n  

The condi tions under which seeds mature on  the mother plant can determ ine subsequent 

dormancy and responses of germination to envi ronmental conditions, and consequent ly 

the fate of the next generat ion ( Roach and Wulff, 1987; Baskin and Baskin ,  1998) .  It has 

been documented that seed dormancy and gernl ination responses vary great ly  depending 

on maternal habi tat and t ime of seed development and maturat ion on mother p lants. 

Several studies have demonstrated that seed germination varies between populations of 

d ifferent species (E l -Keblawy and AI-Ansari , 2000; El-Keblawy and AI-Rawai 2006; EI

Keblawy et  at. , 2009) .  I n  addit ion, several other studies have documented that 
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en i ronmental cond it ion experienced by maternal plants during the growing season play 

a ign i ficant role  in  determ in ing subsequent germination rate and responses in  seeds of 

many specie , such a Artemisia tridentata ( Meyer and Monsen, 199 1 ), Spergularia 

marilla ( Ungar, 198 ) , Portulaca oleracea (E I - Keblawy and AI-Ansari, 2000),  Eruca 

ve icaria (P i ta V i l l ami l  et al. , 2002) and Campanula americana (Galloway, 2002) .  

1 .8. I m pact  of Seed Sto ra ge o n  G e r m i n at ion  

Primary ( innate) dormancy is  imposed genetica l ly  during seed maturation on  the mother 

p lant .  As a general rule, at the t ime of natural d ispersal from mother plants, innate 

dormancy w i l l  be expressed and germ i nation requirements wi l l  be h ighly  specific.  In this 

case, environmental factors during storage w i l l  program the seeds to germinate under 

certain environmental cues so that germination occurs at the appropriate t ime (Probert, 

2000) .  I n  many grass spec ies, the dormancy level is reduced after-ripening (dry and warm 

storage) and strat ification (cold treatment) (Schutz et aZ. , 2002, Li et al. , 2005) .  Non

dormant seeds germinate upon water uptake if they are exposed to favorable 

environmental condit ions.  Seed after-ripen ing is  a common method used to release 

dormancy ( Kucera et al . ,  2007 ' Bair et al. , 2006) .  Genera l ly, after-ripening decreases the 

ABA concentration and sensi t iv i ty and i ncreases in GA3 sensi t iv i ty or loss of GA3 

requirement ( L i  et al. , 2005, Kucera et al. , 2007) .  In  addi tion, after-ripened seeds lose 

species-specific  germ ination requirements, which are required for fresh harvested seeds, 

such as n i trate and l i ght  (Orozco-Segovia et az' , 2000, EI-Keblawy and Al Rawai, 2006) .  
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Temperature during after-ripen ing has great effect on dormancy releasing and this 

depend on the t ime of seed shedding.  I n  summer annuals in  general,  low winter 

temperature release dormancy \ hereas h igh summer temperature induce it, wh i le in  

winter annuals the  rever e i s  true ( Probert, 2000) .  I n  many species of arid and semi -arid 

region , after-ripen ing  at h igh temperatures during dry storage increased seed germination 

in e eral winter pecie  that shed their seed at spring. For example, h igh temperature 

during dry torage had increased the germination percentages in eight of n ine annual 

winter species from the M oj ave and Sonoran Deserts of North America (Capon and Van 

A dal l  1 967) .  S im i larly, in the Negev desert h ighlands, no germination occurred short ly  

after seed maturat ion of several desert annuals .  Dry storage of  the seeds a t  h igh 

temperature, s imi lar to that prevai l ing i n  the Negev desert during summer, significant ly 

i ncreased the germination percentages of Hordeum spontaneum (Guttem1an et aI. ,  J 996), 

Shismus arabicus (Gutterman, 1 996), and Plantago coronopus (Gutterman et al. , 1 998) .  

1 .9.  O bj ect ives of t h e  S t u dy 

The economic importance of Lasiurus scindicus and Panicum turgidum as fodders 

and as potent ia l  p lants for reseeding the degraded deserts necessitate more data col lection 

especia l ly  on factors affect ing germination and reducing its requirements. Such studies 

are part icularly important because of the lack or scarc i ty of the important factors affect ing 

dormancy and germination of the two species, such as l ight, sal in ity and temperature and 

the interact ion between these factors. The aims of present study for L. scindicus and P. 

turgidum were to:  

( 1 )  Define the k ind and level of innate dormancy and determine the most appropriate 

methods for breaking th is  donnancy. 
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(2) Define the mo t appropriate temperature and l ight conditions for the germination 

tage. 

( 3 )  Evaluate the a l in ity and drought tolerances for seeds during germination stage. 

(4) Determine the effects of some successful dormancy regulating compounds 

(gibbere l l i c  acid,  k inet in,  thiourea n itrate, ethophon and fusicoccin) in a l leviat ing 

germination inhib i tion induced by h igher sal in i ty levels .  

(5) Assess the effects of storage conditions and periods on germination behavior and 

dormancy loss.  
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CHAPTER 2 

MATERIALS &. METHODS 



2 .  MATERIALS AND MET HODS 

2 . 1 .  T h e  t u d y  A rea 

The UAE co er an area of about 83, 000 km2 lying at the Southwestern tip of the Arabian 

Pen in  ula betv"een 22°50' and 26°N and 5 1  ° and 56°E to the west l ies the Arabian Gulf and 

Qatar; to the north an enclave of Oman facing the Strait of Hormuz; to the east the Gulf of 

Oman and the Su l tanate of Oman' and to the south the Rub al Khal i ,  or Empty Quarter of 

Arabia (Western, 1 989) .  Seeds of the present study were col lected from both AI-Ain 

(24°44 'N, 55°46'E and 3 06 m a.s . l . )  and A I-Dhaid (25° 16'  N,  55°53' E) .  

2.2.  C l i m a te of the U A E  

The Arabian Peni nsula, inc luding the UAE, i s  predominated by a dry hot c l imate . Genera l ly  

the  c l imate of the  UAE is  c lassified as  hyperarid.  Wi th in  the country, there are d ifferent 

biocl imatic zones. In the north-eastern areas (where AI -Dhaid is located), there are h igher 

mean precip i tation, and lower temperatures, in comparison with the central (where AI-Ain i s  

located), southern and the western region, which are characterized by low mean precip i tation 

(Boer, 1 997) .  

A long a narrow coastal strip, c l imatic condit ions are s l ight ly l ess extreme, especia l ly  

towards the north-east. Ar id to semi-arid conditions occur in the Hajar Mountains in the far 

east of the country. Genera l ly, the temperature i n  the UAE is very h igh dur ing the summer 

( M ay to October), it varies between 4 1  and SO°C . Winter are cooler (around 1 3°C), but even 

at n ight,  temperature below SoC are uncommon ( Brown & Sakkir 2004) .  M ean annual 

temperature i s  about 27°C ( Boer, \ 997) .  
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H umidity i igni ficantly ariable from place to place, but i t  is general ly h igher in 

coa tal area . erage max imum humidity i s  97% and the average minimum is 20.6% 

(Cl imatological Data, 1 993) .  

Rainfa l l  varies con iderably throughout the Emirates, but the long-term annual mean 

about 90 mm for most of the area. S l ight ly  h igher prec ip i tation amounts are received 

towards the mountain in tbe east, with a mean of about 1 00 mm in AI-Ain (Boer, 1 997; 

Jorgensena and Al -Tik i ri t i ,  2003 ) .  Rainfa l l  occurs mainly in  the winter months, but is 

possible at any t ime of the year. 

2.3.  C l i m a te of t h e  Egy p t  

Seeds of P. turgidum were col lected from the Zaranik nature protection area in  the eastern 

part of Lake Bardawi l  ( 3 1 °03' N 3 3°30' E) ,  on the Mediterranean coast of the S inai 

Peninsula, Egypt .  The landscape is  broken by huge sand dunes and salt marshes. The Lake 

Bardawi l  c l imate i s  arid, accord ing to Emberger's degree of arid i ty (Shaheen, 1 998) .  The 

rainy season extends from October to M ay and the average amount of precip i tation is  82 

mm/yr, but i t  i s  h igh ly variable (Zahran & W i l l is, 1 992). The mean temperature is  1 4°C in 

winter and 3 2°C i n  summer. Monthly mean relat ive humidity varies between 68% and 74% 

wi th an annual mean of 72%. 

2 1  



2.4 .  tud ied S pecies 

2A. l La iuru ScilldicliS 

Lasiuru Scindicus Henrard i perennial  grass of the fami ly  of Poaceae; loca l ly  know as 

·'dtiayy". I t  i native to many regions a l l over the world such as Africa India Pak istan and , " 

the rabian Peninsula. In  the UAE,  L. scindicus is widely distributed in  low dunes of 

northern emirates as wel l  as around the road-sides in the in land deserts of A l  Ain (Jongbloed, 

2003) .  L. scindicus has woody base with si ngle or branched stems, grows up to 1 00cm tal l .  

Leaves are few rol led o r  flat, l i near o r  hair- l i ke, with rim o f  hairs a t  insert ion. Inflorescence 

o l i tary, terminal  spike reach to I cm, 2 flowered in pairs or trios, hairy ( Batanouny, 2002) .  

L.  scindicus i s  flowering in  February to  June. The young leaves and shoots are very palatable; 

even in  the dry tate i t ;  i s  sti l l  eaten by camels and goats (Batanouny, 2002) .  

2A.2 Pallicum Turgidum 

P. turgidum Forssk i another member of the fami ly  Poaceae. It i s  a perenn ial grass with 

woody deep fibrous root system and reaches a height of 1 00- \ SOcm. "Thamam" is the local 

name for P. turgidum in  the UAE (Jongbloed, 2003) .  Leaves of P. turgidul11 are l inear to 

lance-shaped, flat with pointed tip, rim of fine hairs at insert ion. The vegetat ion growth is 

very rapid .  With in  a few weeks fol lowing preci pitation, i t  produces abundant, palatable 

biomass. Duri ng the reproductive period, the spikelets on older branches mature and seed is 

scattered by the desert wind,  whi le younger branches conti nue producing spikelets. Flowering 

is variable, usua l ly  from February to June ( Batanouny, 2002) .  
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Due to i t  palatab i l ity and the h igh nutrient and protein contents the graIns of P. 

turgidum were roa ted for human consumption in  t ime of drought and are used as wound 

dres ing ( 1- Hadramy et al., 2000, Batanouny, 2002) .  1n addit ion, this species i s  one of the 

mo t important range p lants in  the UAE because of i ts palatabi l i ty and the h igh nutrient and 

protein content (AI -H adramy, 2000). 

P. turgidum i s  a drought-resi stant C4 plant, which exhibits h igh growth rates in  late 

pring and summer months (Batanouny, 2002) .  In addit ion, E l -Keblawy (2003b) i ndicated 

that P. turgidw71 is graz ing tolerant as buds on the rh izomes under the soi l  surface are 

protected from grazers. 

2.5. Seed Col lectio n s  

Fresh seeds o f  L .  scindicus were col lected during May 2007 from natural populations growing 

around the s ides of A I-A i n-Dubai h ighway of the UAE. In  addit ion,  seeds of L. scindicus were 

col l ected from an experimental field station in A I-Dhaid on Apri l 2004. Seeds of P. turgidul11, 

however, were hard to col lect from natural habitats of the UAE because of overgrazing. 

Consequent ly, seeds of th is  species were col lected from the Zarani k  nature protection area in 

the eastern part of Lake Bardawi l  (3 1 °03 ' N, 33°30' E), on the M edi terranean coast of the S inai 

Peninsula, Egypt during Ju ly 2002 and 2006. 

Spikes were threshed to separate caryopses (hereafter termed seeds) by using a hand

made rubber thresher. Seeds were randomly col lected from the whole population to represent 

the genetic divers i ty of the popu lat ion. Seeds of the two species were dry stored in brown paper 

bags at room temperature unt i l  their use in the germination. 
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2.6. G e r m i n a tion E x pe ri m e n t  

Germination wa conducted using 90 m m  plastic Petri dishes contain ing one disk o f  Whatman 

0. 1 fi l ter paper moi tened with 1 0  ml dist i l led water or tested sal in i ty levels. For each 

treatment, four repl icate each with 20-25 seeds, were used. In the sal in i ty, dormancy 

rel ieving ub tances and drought experiments, each dish was placed in  a larger plastic Petri 

di h and then wrapped by Para fi lm stripes as an added precaution against loss of water by 

evaporation. Radical emergence was the criterion for germ ination. Germinated seedl ings were 

counted and removed every second day for 20 days fol lowing seeds sowing. Dishes wrapped 

in aluminum foi l  (during dark treatment) were opened after 20 days (at the end of the 

e periment). 

2.7. E ffec ts of L i g h t, Tem pe ra t u re a n d  Sa l i n i ty 

To evaluate the effects of l ight and temperature requirement on germ ination of Panicum 

turgidun1 and Lasiurus scindicus, their seeds were germinated in s ix incubators set at 1 5 , 20, 

25  30, 35 and 40°C in both continuous l ight  and darkness. The dishes were wrapped 111 

aluminum foi l  to prevent any exposure to l i ght (during dark treatment). 

In order to evaluate sal i n i ty tolerance and the interaction between sal in i ty tolerance 

and both l i ght  and temperature of incubation, seeds of the two species germinated in d ifferent 

aC I concentrations solutions in the above-mentioned temperatures in both continuous l ight 

and in  darkness. The sal ine solutions were ° (dist i l led water), 1 00, 200, 300 and 400 mM 

aCl for P. turgidum and 0, 50, 1 00, 1 50 and 200 mM NaCI for L. scindicus. The sal in ity 

levels were selected based on a pre l iminary experiment tested the sal in i ty tolerance of the two 
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studied pec ies. Seed of L. scindicus used in this experiment were stored for one month but 

eeds of P. lurgidum were stored for five years. 

A fter 14 days, ungerminated seeds were transferred to disti l led water in order to test 

their abi l i ty to retai n  iabi l i ty under sal ine condit ions. Germ inated seed l ings were counted 

and removed e ery a l ternative day for 1 0  days. The germination recovery index was 

calculated as reported by Khan et ai. , (2000):  

Recovery percen tage = (a-b)/( c-b)* 1 00 

where "a" is the total number of seeds germ inated after being transferred to disti l led water, 

"b" is the total number of seeds germinated in sal ine solution, and "c" is the total number of 

seeds. 

2.8. E ffects of D o r ma n cy R eg u la t i n g  C h e m icals  

The effects of i x  d ifferent dormancy regulat ing chemicals ( D RC) on the innate dormancy as 

wel l as sal i n i ty i nduced dormancy of the two studied species were assessed by using s ix  DRS 

and the abovementioned concentrat ions of N aCI .  The studied DRC were fusicocc in (5  11M ), 

gibbere l l ic acid (3  m M ), k inetin (0 .5  m M ), n i trate (20 mM ), thiourea ( 1 0  mM) and ethephon 

( 1 0  m M ). Seeds were germi nated in a growth chambers set at the most appropriate temperature 

for each species (25 and 30°C, for L. scindicus and P. turgidum, respectively) under 

cont inuous l ight condit ion.  
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2.9.  Effect of Fru i t  Color a n d  M a te r n a l  H a bitat  on G e r m i nat ion of 

La iuru scindicliS 

eed of L. cindicus which were col lected from natural habitat of AI -Ain,  were separated 

according to their color into l ight brown and dark brown seeds. However, seeds of the same 

pecies col lected from AI Dhaid had only the l ight brown color. In order to assess the impact 

of eed color on both l ight and temperature requirements, seeds of the two colors from the 

AI-Ain natural population were germi nated in six incubators set at 1 5  20 25 30 35 and , , , , 

40°C in  both cont inuou l ight and darkness. S imi larly, the impacts of maternal habitat on 

l ight and temperature requi rements were assessed by germinating seeds from the AI-Ain 

natural population and AI Dhaid experimental fie ld station under the above mentioned 

condi tions.  

2 . 1 0. E ffect of Seed S to rage 

Seeds of L. scindicus col lected from Al  Ain natural populat ion were divided into five groups. 

Seeds of one group were germi nated immediately after col lect ion (with in  2- 1 0  days, wi l l  be 

referred to as fresh seeds). Seeds of the other four groups were put into 4cm x 6 em mesh 

bags. The bags were stored ( 1 )  in room temperature, (2)  at freezer (-4°C, hereafter wi l l  be 

cal led cold storage), (3 )  i n  oven adjusted at 40°C (±2°C), hereafter wi l l  be cal led warm 

storage and (4) on soi l surface of a field s i te, which is s imi lar to the place of seed storage in  

the  fie ld ,  as  seeds are retained ins ide their spikes. 

Seeds of the d i fferent storage condit ions were tested for germination after 4, 7 and 1 2  

months of storage, except seeds of the fie ld storage tested only after 4 and 7 months. Seeds 

were germinated in an i ncubators adj usted at 30°C and continuous l ight .  In order to assess the 
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impact of storage on temperature requirement seeds stored for two years at room 

temperatures were germinated i n  5 i ncubators adjusted at 1 5 , 20, 25,  30 and 35°C In  

continuou l ight .  There w re no enough seed to  test the  impact of l ight requirement. I n  

addit ion there were n o  eed avai lable to d o  the same test o n  seeds stored at the other 

condit ion . 

eed of P. turgidum col lected from the Egyptian population in  July 2006 were 

tested for germ ination immediately after col l ection and after one and two years. In order to 

as es the impacts of storage on l i ght and temperature of incubation, germination was tested 

in 6 incubator adj usted at 1 5, 20, 25 , 30, 35  and 40°C in continuous l ight and in darkness. 

2. 1 1 . D ro u g h t  e x p e ri m e n t  

The impact o f  drought o n  seed germ ination was assessed b y  using d ifferent concentrations of 

polyethylene glycol 6000 ( PEG-6000) that produced d ifferent levels of osmotic pressures. 

The osmotic  pressures that used for P. turgidum were 0, -0.2 and -0.5 M Pa and those that 

used for L. scindicus were 0, -0.2,  -0 .5 ,  -0 .7 and - 1 .0 M Pa ( Michel and Kaufman, 1 973) .  

Seeds were germi nated at 25°C i n  continuous l ight. 

2. 1 2. C a l c u lat ions  a n d  Statist ica l A n a lysis 

2. 1 2. 1 .  Calculat ion of germ i nat ion rate 

The rate of germ i nation was estimated using a modified Timson index of gemlination veloc i ty 

= IG/t, where "G" is the percentage of seed germinat ion at 2d intervals and "t" is the total 

germination period ( Khan and Ungar, 1 984). The max imum value possible using this index 
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\ i th my data was 1000120=50. The h igher the index value the more rapid was the 

germ inat ion.  

2 . 1 2.2.  Stati  t ical  a n a ly 

A thre -way analys is  of variance CANOY A)  was carried out to demonstrate the effects of the 

main factors (sal i n ity, l ight, temperature) and their interactions on the final germination 

percentage of the two species. The same test was carried out to examine the effects of fruit 

color on l i gh t  and temperature and their in teractions on the final germination percentage of L. 

cindicus. Three-way A OVA was also carried out to demonstrate the effects of maternal 

habitat, temperature and l ight and thei r interactions on final germination percentage of 

Lasilln�s scindicus. In addition three-way ANOY A was performed to assess the impact of 

storage period, and temperature and l ight of incubat ion and their in teractions on final 

germination of P. tllrgidwl1 seeds. 

Two-way A OV As were performed to evaluate the effect of sal i n i ty and temperature 

on germi nation rate and the effect of l i ght  and temperature on germination percentage of non

sal i ne treated seeds of the two spec ies. The same test was performed to evaluate the effect of 

fruit  color and temperature of incubat ion and their interactions on germination rate of L.  

scindicus seeds. Two-way ANOYA was used also to  evaluate the effects of maternal habitat 

and temperature of i ncubation on germination rate of L.  scindicus seeds. In  addit ion, Two

way ANOYAs were performed to evaluate the effect of sal i n i ty and dormancy regulating 

chemicals on fina l  germi nation and germination rate of the two species. Furthermore, two

way ANOYA was performed to assess the impact of storage period and temperature of 

incubation and their interactions on final germination of P. turgidum seeds. The same test was 
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u ed to evaluate the impact of torage period and storage condit ion on final germ ination and 

germ Inat ion rate of L. cindicu eed . 

One-way ANOV s were performed at each sal in i ty treatment to assess both the effect 

of the concentrat ions of the d ifferent O RCs and the d ifference between the four ORCs. The 

same test wa done when igni ficant i nteract ion between factors were found. Tukey least 

s igni ficant range ( LSR)  test were used to determine the s ign ificance between the means at 

probab i l i ty Ie el equal 0 .05. The germination percentages were arcsine transformed to meet 

the a sumptions of ANOV A. Th i s  transformation improved normal ity of the distribution of 

the data. A l l  the stat ist ical methods were performed using SYSTA T, vers ion 1 1 . 
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3.  RESULTS 

3. 1. Effect of Sa l i n i ty, Te m pe ra t u re a n d Light  on F i n a l  Germ i n ation 

P e rcen tage of P. turgidum 

3. 1 . 1  Effect on fi n a l  germinat ion 

Non sal ine treated seeds of P. turgidum germi nated wel l  in a wide range of temperatures 

and in both l ight and dark. The germination of these seeds was signi ficantly lower at 

extreme temperatures ( 1 5 , 35 and 40°C) ,  compared to moderate temperatures (20-30°C).  

Germination i n  dark was sign ificantly greater than in  l ight at 1 5-25°C, but the reverse 

\Va true at the h igher temperatures (35  and 40°C) (F igure 1 ) . 

Resu l ts of three-way ANOV A indicated that the effects of the three main factors 

(sal in i ty, temperature and l ight of i ncubat ion) s ign ificant ly affected final germination 

percentage of P. turgidum seeds ( P<O.OO I ,  Table 1 ) . Genera l ly  sal in i ty s ign ificant ly 

reduced germi nation in  1 00 mM NaCI and completely inhibi ted i t  in  200 mM. The 

geml ination decreased from 52 .3% in non-sa l ine treated seeds to on ly 1 7% in 1 00 mM 

aCl .  Opt imum germ ination was ach ieved a t  30°C (2 1 .9%) and germination decreased 

with the i ncrease or decrease from that temperature. The lowest germination was at both 

1 5  and 40°C ( 5 . 8  and 5 . 5%, respectively). Overa l l  germ ination i n  dark ( 1 5 . 7%) was 

sign i ficant ly  greater than it i n  l ight ( 1 2 .3%,  Table 2) .  

The interaction between sal i n i ty and temperature was signi ficant, i ndicating that 

sal i n i ty tolerance depended on temperature ( P<O.OO 1 ,  Table I ) . Seed germination of P. 

turgidum was most sal in i ty tolerant at 3 5°C . This was evident by comparing the final 

germ inat ions in non-sal ine treated seeds (contro l )  and in 1 00 mM NaCI at the various 
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temperature . For example, at 1 5°C , geml ination was 28 .8% in control ,  but completely 

inh ibited in  1 00 mM a I .  S imi larly, the germination in  the control was greater than in  

1 00 m M  NaCI by 270% 2 1 0%, 1 80% and 690% at  20 ,  25 ,  30 ,  and 40°C, respect i e ly, but 

on ly  by 3 0% at 3 5°C (Table 2, F igure 1 ) . 

Three-way A OVA indicated that the interaction between sal in i ty, l ight and 

temperature of the incubation was signi ficant ( P<O.OO 1 ,  Table  1 ) . In control ,  despi te 

germ ination in  dark was igni ficantly greater than in  l ight at the lower temperatures 

( J S-25°C), the reverse was true at h igher temperatures (35  and 40°C).  For example, the 

germinat ion in  dark was greater than in  l ight by 42%, 47 .6%, 45 .7% at 1 5 , 20 and 25°C, 

respect ively but germination in  l ight was greater than in  dark by 22.2% and 1 00% at 35  

and 40°C. I n  J 00  m M  N aCI ,  however, germ ination in  dark was greater than in  l ight a t  a l l  

the  temperatures, so the d ifference were lower at  h igher temperatures (Table 2 and 

F igure 1 ). 

3. 1 . 2.  E ffects o n  germ i n ation ra te 

Sal i n ity and temperature has s ign i ficant effects on germination rate of Panicum turgidum 

seeds ( P<0.00 1 ,  Table 3) .  General ly, germi nation rate decreased with the i ncrease in  

sal i n i ty.  Germination rate index decreased from 35 .9  for non-sa l ine treated seeds to  30 .7 

in 1 00 mM NaCI .  Germ ination rate increased with the increase i n  temperature for non

sal ine treated seeds. In 1 00 mM NaCI ,  however, germi nation rate index decreased at 

40°C, compared to that at lower temperatures (20-3 5°C) (Table 4, F igure 2). 
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Table I :  Re u l ts of three-way ANOV showing the effects of sal in i ty, temperature, l ight 

and their interactions on final  germ ination percentages in of Panicum turgidum 

seeds. 

Source of variation df M S  F-ratio P 

Sal i n i ty (S)  4 3 .049 250 1 .94 <0.00 1 

Temperature (T) 5 0.267 2 1 8 . 89 <0.00 1 

Light ( L) 0. 1 26 1 03 .52 <0.00 1 

S*T 20 0. 1 55 1 26.8 1  <0.00 1 

S * L  4 0.044 3 6.295 <0.00 1 

T* L 5 0.033 26.68 <0.00 1 

S *T* L 20 0.022 1 8 .08 <0.00 1 

Error 1 80 0.00 1 
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Table  2 :  Effect of a l in ity, temperature and l ight of incubation on final germination 

a l in i ty 

Control 

1 00 

200 

300 

400 

percentag (mean ± standard error) of Panicum turgidum seeds 

Light TemQerature 
Overa l l  

1 5  20 25 30 35  40 

L ight 23 . 8  ± 1 .3 5 8 . 8  ± 1 .3 57 .5  ± 1 .4 75 .0  ± 2.0 4 1 . 3 ± 5 . 5  32 .5  ± 2 . 5  48 . 1 ± 3 . 8  

Dark 3 3 .  ± 3 .  6 .3  ± 1 .3 8 3 . 8  ± 2.4 85.0 ± 2.0 3 3 . 8  ± 2.4 1 6. 3  ± 3 . 1  65 . 5  ± 6. 1 

Overa l l  2 . 8  ± 2 . 6  72 .5  ± 5 . 3  70.6 ± 5 . 1  80.0 ± 2 .3  37 .5 ± 3. 1  24.4 ± 3 . 6  52 .3  ± 3 .6 

Light o.o ± o.o 1 2 .5 ± 1 .4 1 7 .5 ± 1 .4 2 1 .3 ±  1 .3 25 .0 ± 2.0 2 . 5 ± 1 .4 1 3 . 1  ± 2 .0 

Dark 0.0 ± 0.0 26.3  ± 3 . 8  27.5  ± 1 .4 3 5 .0 ± 2 . 0  32.5 ± 1 .4 3 . 8  ± 1 . 3 20.8 ± 3 . 5  

Overa l l O.O ± O.O 1 9 .4 ± 3 .2 22.5 ± 2. 1  28 . 1 ± 2 .8  2 8 . 8 ± 1 .8 3 . 1 ± 0.9 1 7 .0 ± 1 .9 

Light 0.0 ± 0 .0  0 .0 ± 0 .0  0.0 ± 0 .0  0.0 ± 0 .0  0.0 ± 0.0 0.0 ± 0.0 0 .0  ± 0.0 

Dark 0.0 ± 0.0 0.0 ± 0.0 1 .3 ± 1 .3 2 . 5  ± 1 .4 2 . 5  ± 1 .4 0.0 ± 0.0 1 .0 ± 0.4 

Overa l l  0.0  ± 0.0 0.0 ± 0.0 0.6 ± 0.6 1 .3 ± 0 .8  1 .3 ± 0 .8  0.0 ± 0.0 0.5 ± 0.2 

Light 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 

Dark 0.0  ± 0.0 1 .3 ± 1 .3 0 .0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.2 ± 0.2 

Overa l l  0.0 ± 0.0 0.6 ± 0.6 0.0 ± 0.0 0 .0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0. 1 ± 0. 1 

Light  0 . 0  ± 0 .0 0.0 ± 0 .0 0.0 ± 0.0 0 .0  ± 0.0 0 .0 ± 0.0 0.0 ± 0.0 0 .0 ± 0 .0 

Dark 0.0 ± 0.0 0 .0  ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 

Overa l l  0.0 ± 0.0 0 .0 ± 0.0 0 .0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 

L ight 4 . 8 ± 2.2 1 4 .3 ± 5 . 2  1 5 .0 ± 5 . 1  \ 9 .3 ± 6.7 1 3 .3 ± 4.0 7 .0 ± 3 .0 1 2 .3 ± 1 .9 

Overa l l  Dark 6.8 ± 3 . 2  22 .8 ± 7.7  22 .5 ± 7.4 24.5 ± 7 .6 1 3 .8 ± 3 . 7  4 .0 ± 1 .6 1 5 .7 ± 2 .4 

Overa l l  5 . 8  ± 1 .9 1 8 . 5  ± 4 . 6  1 8 . 8  ± 4 .5  2 1 .9 ± 5 .0 1 3 .5  ± 2 .7  5 . 5  ± 1 . 7 
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Figure 1 :  Effects of sal in i ty, temperature (Oe) and l ight of incubation on final 

germ inat ion percentage ( mean ± standard error) of Fanicum turgidum seeds 
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Table 3 :  Two-way OV showing the effects of sal in ity and temperature of incubat ion 

on germ ination rate index of Panicum turgidum seeds 

Source of 
ariation 

Sal in i ty 

Temperature 

Error 

df 

5 

3 2  

Mean-Square F-ratio 

0.62 1 1 7 .955 

0.426 1 2 . 3 1 3  

0 .03 5 

p 

<0.00 1 

<0.00 1 

Table 4: Effects of sal in i ty and temperature of incubation on germination rate index 

(mean ± standard error) of Panicum turgidum seeds 

Sal in i ty 
Temperature 

Overal l  

1 5  20 25 30 3 5  40 

Control 
2 1 . 1  ± 0.7  29.7 ± l . 5 38 .9  ± 1 . 1  4 1 . 2 ± 0.6 4 1 . 8 ± 0.9 42.6 ± 3 . 1 3 5 .9 ± l . 7 

1 00 O .O ± 0.0 2 3 . 5  ± 3 .4 28 .6  ± 0.0 34 . 1 ± 3 . l  39 .8  ± l .3 2 1 A ± 7 . 1  30 .7  ± 2 .3  

200 0.0 ± 0.0 0 .0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 

3 00 0.0 ± 0.0 0 .0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 

400 0.0 ± 0 .0 O.O ± 0.0 0 .0 ± 0.0 0 .0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 

Overa l l  2 1 . 1 ± 0.7  26.6 ± 2. 1  36 .8  ± 2 .2  37 .6  ± 2 .0 40.8 ± 0 .8  3 5 . 5  ± 5 .2  3 3 .9 ± l A  
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F igure 2 :  Effects of sal i n i ty and temperature (OC) o f  incubat ion o n  germinat ion rate index 

(mean ± standard error) of Panicum turgidum seeds 
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3.2.  Effect of Sa l i n i ty ,  Tem pe ra t u re a n d  L i g h t  o n  Recovery 

G e r m i n a ti o n  of P. turgidum 

3.2. 1 .  Effect on fi na l  germi nat ion 

fter tran ferring non-germinated seed to di t i l led water, sa l i n i ty, temperature and l i ght 

and their i nteraction had s ign i ficant effects on recovery germ ination of P. turgidum seeds 

( P<O.OO 1 ,  Table  5 ) .  No recovery occurred for non-sa l ine treated seeds. Despite there was 

no germination occurred for seeds treated in h igher sal i n i t ies (200 mM NaCI and more), 

signi ficant proportions of these seeds recovered when transferred to dist i l led water. 

o eral l optimal recovery germ ination was at 20°C and the lowest recovery was at low 

( 1  5°C)  as wel l as h igh (40°C) temperatures. Recovery germ inat ion decreased from 38 .3% 

at 20°C to 2 1 . 1 %  and 1 2 .4% at 1 5  and 40°C, respectively. Overa l l  recovery germination in 

dark (33 .4%) was s ign i fi cantly greater than i t  i n  L ight (24.6%, Table 6). 

The i nteraction between sal i n i ty and temperature was sign i ficant ( P<O.OO 1 ,  Table 

5)  i ndicating  that the recovery of P. turgidum seeds from d ifferent sal ine solution 

depended on temperature of i ncubation.  Recovery germination was about two folds 

greater i n  1 00 m M  NaCI at 1 5°C compared to h igher sal i n i t ies (200, 300 and 400 mM 

aCI) .  However, a t  al l other temperatures (20--40°C), there were no significant d ifferences 

in germinat ion recovery between the di fferent sal i n i t ies (Table 6 and F igure 3) .  

The i n teraction between l ight and temperature on recovery germ ination was 

signi ficant ( P<O.OO l ,  Table 5) ,  indicating that the response of recovery germination at the 

d ifferen t  temperatures of incubation depended on l ight of incubat ion.  Recovery 

germ inat ion in dark was greater than in l ight at a l l  temperatures, except at 40°C, where the 

reverse was true. The recovery geml ination in  dark was greater than in  l ight by 65 %, 50 
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%, 43 %, 34 % and 23% at 1 5 , 20, 25, 30 and 35°C, respective ly, but recovery germination 

in l i ght wa greater than i n  dark by, 19 % at 40°C (Table 6) .  

The interaction between sal in i ty, temperature and l i ght was s ign ificant ( P<O.OO I ,  

Table 5 ) .  In  1 00- 300 mM NaC l ,  germination in  dark was greater than i t  in l ight at a l l  

temperature , except a t  40°C, a the  reverse was true. I n  400 mM NaCI ,  however, 

germination in dark was greater than in l ight at a l l  temperatures (Table 6, F igure 3) .  

3.2.2.  E ffects on germination rate 

There was no effect of sal i n i ty on recovery geml ination rate ( P>0.05) .The effect of 

temperature, however, was h igh l y  s ign ificant ( P<O.OO I ,  Table 7) .  At all sa l i nity levels,  

recovery germination was s ign i ficantly lower at 1 5°C, compared to the other h igher 

temperatures (20- 40°C, Table 8 Figure 4). 
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Table 5 :  Results of three-way ANOYA showing the effects of sal i n ity, temperature, l ight 

and their interactions on germination recovery of Panicum turgidum seeds 

Source of variation df Mean-Square F-ratio  P 

Sal i n i ty (S )  4 0 .85 1 4 1 5 . 263 <0.00 1 

Temperature (T) 5 0 .28 1 1 36 .9 1 3  <0.00 ] 

L ight ( L) 0 .339 1 65 .329 <0.00 ] 

S*T  20 0.030 1 4 .572 <0.00 1 

S * L  4 0.022 1 0.678 <0.00 1 

T * L  5 0.027 1 3 .224 <0.00 1 

S * T * L  20 0.006 2 .783 <0.05 

Error 1 80 0.002 
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Table  6 :  Effect of a l in ity, temperature and l ight of incubat ion on recovery 

germination percentage (mean ± standard error) of Panicwn turgidum seeds 

pre iou ly imbibed in various concentrat ions of NaCI and then transferred to 

di  t i l l ed water 

a l in ity Light 
TemEerature 

Overal l  
1 5  20 25 30 35 40 

L igh t  2 7 . S  ± 3 . 2  2 8 . 7  ± 2 . 7  2 S . 7  ± 2 . 9  30. 1 ± 2 . 8  30.3 ± 4 . 2  1 2 . 8 ± I .S 2S.9 ± 1 . 7 

1 00 Dark 42.S  ± 1 .4 49.3 ± 3 .0  43 . 1 ± 3 . 2  3 8 . 7  ± 3 . 7  2 7 . 6  ± 3 . 0  9. 1 ± 1 . 3  3 S .0 ± 3 .0 

Overa l l  3 S .0 ± 3 . 3  3 9 . 0  ± 4 . 3  34.4 ± 3 . 8  34.4 ± 2 . 7  29.0 ± 2 .4 1 1 .0 ± 1 .2 30.S ± 1 . 8 

L ight 1 3 . 8  ± 2 .4 32 .S  ± 2 . S  2 8 . 8  ± 2.4 27 .S ± I .4 27 .S  ± 2 .S  1 6. 3  ± 1 . 3 24.4 ± 1 .6 

200 Dark 22 .S ± I .4 4 1 .3 ± 3 . 1  40.S ± 2. 1 39 .8  ± 2 .7  40 .9  ± 2.4 1 0 .0 ± 2.0 32.S ± 2.7 

Overa l l  1 8 . 1  ± 2 . 1 36.9 ± 2 . S  3 4 . 6  ± 2 . 7  3 3 . 7  ± 2 . 7  34.2 ± 3 .0 1 3 . 1  ± 1 . 6 28 .4 ± 1 . 7 

L ight  1 3 . 8  ± 2 .4 30.0 ± 2 .0 3 1 .3 ± 2.4 30.0 ± 2 .0 3 1 . 3 ± 2.4 I S .0 ± 2.0 2S.2 ± 1 . 8 

300 Dark 20.0 ± 2.0 4S .6  ± 2 . 1 42.S ± 1 .4 40.0 ± 2.0 40.0 ± 2 .0 1 1 . 3  ± 1 . 3 33 . 2 ± 2 .8  

Overa l l 1 6.9 ± 1 .9 3 7 . 8  ± 3 . 2  36.9 ± 2 . S  3 S .0 ± 2 . 3  3 S . 6  ± 2 .2  1 3 . 1  ± 1 . 3 29.2 ± 1 . 7 

L ight 8.8 ± 1 . 3 3 1 . 3 ± 3 . 8  3 1 . 3 ± 1 .3 28 .8  ± 2.4 28 .8  ± 2.4 1 0.0 ± 2.0 23 . 1  ± 2.2 

400 Dark 20.0 ± 2 .0  47 .S  ± 1 .4 4 1 .3 ± 3 . 1  3 7 . S  ± 1 .4 36 .3  ± 2.4 I S .0 ± 2.0 32 .9  ± 2 .S  

Overa l l  1 4.4 ± 2.4 39.4 ± 3 .6 36.3  ± 2 . S  33 . 1 ± 2 . 1  3 2 . S  ± 2 . 1 1 2. S  ± 1 .6 28.0 ± 1 . 8 

Light I S . 9 ± 2. 1  30.6 ± 1 . 3 29.2 ± 1 . 2 29. 1 ± 1 .0 29.4 ± 1 .4 1 3 . S ± 1 .0  24. 6  ± 0.9 

Overa l l  Dark 26.3 ± 2 . 6  4 S . 9  ± 1 .4 4 1 . 8 ± 1 . 2 39.0 ± 1 .2 36.2 ± 1 . 8 1 1 . 3 ± 1 .0 3 3 .4 ± 1 . 3 

Overa l l  2 1 . 1 ± 1 . 9 3 8 . 3  ± 1 . 7 3 S . S ± 1 .4  34 .0  ± 1 . 2 3 2 . 8  ± 1 . 3 1 2. 4 ± 0.7 
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Tab le 7 :  Three- ay A 0 A showing the effects of sal in i ty and temperature of 

incubation on recovery germination rate index of Panicu111 turgidwn seeds. 

Source of 
df Mean-Square F -rat io P 

variat ion 

Sal i n i ty 3 0 .0 1 1 1 .99 ns 

Temperature 5 0 .260 49 .2 <0.00 1 

Error 85  0.005 

ns = ins ign ificant ly d ifference at p� 0.05 

Table : Effects of sal i n ity and temperature on recovery germinat ion rate index (mean 

± standard error) of Panicum turgidum seeds 

Sal in ity 
Temperature 

Overal l  
1 5 20 25 30 35 40 

1 00 3 3 . 1 ± 2 . 3  48 .6  ± 0 . 7  4 7 . 7  ± 1 .6 49.4 ± 0.6 46.4 ± 1 .6 40.8 ± 6. 1 44 . 5  ± 1 .5 

200 3 1 .2 ± 2 . 1 4 8 . 1 ± 0 . 3  27. 1 ± 2 . 1 49.6 ± 0.4 44.4 ± 1 . 1  42.4 ± 5 .9  4 1 . 7 ± 2 .0 

300 2 5 . 9  ± 0 .9  49.0 ± 0 .6  4 3 . 8  ± 3 . 2  4 9 . 7  ± 0 . 3  4 7 . 9  ± 0 . 6  48 .8  ± 1 .3 45.0 ± 1 . 8 

400 25 .0 ± 0.0 48 .2  ± 0 .5  32 .5  ± 1 5 . 8  49.0 ± 0.4 48. 1 ± 0.8 50.0 ± 0.0 44.8 ± 2 .2  

Overal l  2 9 . 6  ± 1 . 3 4 8 . 5  ± 0 . 3  40. 1 ± 3 . 5  49.4 ± 0 . 2  4 6 . 7  ± 0 . 6  45 .8  ± 2 . 1 4 3 .4 ± 0.9 
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Figure 3 :  Effects o f  sal i n ity, temperature (OC), and l i ght  of incubation on recovery 

genni nation percentage mean ± standard error) of Panicum turgidum seeds 

previously imbibed in various concentrat ions of NaCI and then transferred to 

dist i l led water 
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3.3. Effects of a l i n i ty,  Tem pe ra t u re a n d  Lig h t  on Tota l G e r m i n a tion 

Perc e n ta ge of P. turgidum 

The effect of the main factors (sa l in i ty, temperature and l ight) and their interact ions were 

ign i ficant for total germination percentages (germination during salt treatment + 

recovery i n  d is t i l led water) at P<0.05 (Table 9) .  Genera l ly, total germ ination of non

a l ine treated seeds was ignificant ly greater than that in  1 00 mM NaCl and both attained 

ign ificantl y  greater values than in the h igher sal in i t ies .  Total genll ination was 

ign ificant ly  lower at both I S  and 40°C, compared to the medium temperatures (20-

3 5°C) .  Regarding l ight effect, dark germination was s ign i ficantly greater than l ight  

germ ination (Table 1 0, F igure 5) .  

Total germinat ion was sign i ficant ly  greater at  moderate temperatures (20-30°C), 

especia l ly  for non-sal ine treated seeds in dark . The variation in total geml ination at the 

d ifferent temperatures was noteworthy in  the d ifferent sal in i t ies in  the l ight when 

compared to the dark (Table 1 0, F igure 5) .  
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Table  9 :  Re ult  of three-way A OVA showing the effects of sal in i ty, temperature l ight 

and their interaction on total gemlination percentage ( i .e .  in sal ine solution plus 

recovery, mean (standard error) of Panicwn turgidum seeds 

Source of variat ion 

Sal in i ty (S )  

Temperature (T) 

Light ( L) 

S*T  

S*L  

T* L 

*T* L 

Error 

df 

4 

5 

20 

4 

5 

20 

1 80 

Mean-Square 

0. 807 

0.94 1 

0 .774 

0.085 

0.008 

0. 1 0 1  

0 .0 1 7  

0.003 

45 

F-ratio 

268.9 1 2  

3 1 3 .645 

257 .86 1 

28 .457 

2 .805 

33 .707 

5 . 566 

p 

<0.00 1 

<0.00 1 

<0.00 1 

<0.00 1 

<0.05 

<0.00 1 

<0.00 1 



Table 1 0 : Effects of a l in i ty l i ght and temperature of incubat ion on total germination 

percentage ( i .e . ,  in  al ine solution plu recovery, mean ± standard error) of 

Panicum turgidulll seed 

a l in i ty 

Control 

L ight TemEerature 
Overa l l  

1 5  20 25 30 35  40 
L ight 2 3 . 8  ± 1 . 3 5 8 .  ± 1 . 3 57 .5  ± 1 .4 75 .0  ± 2 .0 4 1 . 3 ± 5 .5  32 .5  ± 2 .5  48 .2  ± 3 .8  

Dark 3 3 . 8  ± 3 . 8  6 . 3  ± 1 .3 83 . 8  ± 2.4 85.0 ± 2 .0 33 .8  ± 2 .4 1 6 .3 ± 3 . 1  56 .5  ± 6 . 1 

Overa l l  28 . 8  ± 2 .6  72 .5  ± 5 . 3  70.6 ± 5 . 1  80.0 ± 2 .3  37 . 5  ± 3 . 1 24.4 ± 3 .6  52 .3  ± 3 .6 

L ight 27 . 5  ± 3 .2 37 . 5  ± 3 .2 38 . 8  ± 2.4 45 .0 ± 2 .0 47.5 ± 4.3 1 5 .0 ± 2 .0 35 . 2  ± 2 . 5  

1 00 Dark 42 .5  ± 1 .4 62 .5  ± 3 . 2  58 . 8  ± 2.4 60.0 ± 3 . 5  5 1 . 3 ± 1 .3 1 2 . 5  ± 1 .4 47.9 ± 3 . 7  

Overa l l  3 5 .0 ± 3 . 3  5 0 . 0  ± 5 . 2  4 8 . 8  ± 4 . 1 52 .5  ± 3 .4 49.4 ± 2 .2  1 3 . 8  ± 1 .3 4 1 .6 ± 2 .4 

Light  1 3 . 8  ± 2 .4 32 .5  ± 2 .5  28 .8  ± 2.4 27 .5  ± 1 .4 27 .5  ± 2 .5  1 6 .3  ± 1 . 3 24.4 ± 1 .6 

200 Dark 22 .5  ± 1 .4 4 1 . 3 ± 3 . 1 4 1 . 3 ± 2 .4 4 1 . 3 ± 3 . 1 42 .5  ± 1 .4 1 0 .0 ± 2 .0 3 3 . 1 ± 2 .7  

Overa l l  1 8 . 1 ± 2 . 1  36 .6 ± 2 . 5  3 5 .0 ± 2. 8  34.4 ± 3 . 1  3 5 .0 ± 3 . 1  1 3 . 1 ± 1 .6 28 .8 ± 1 . 7  

L ight 1 3 . 8  ± 2 .4 30 .0 ± 2 .0  3 1 .3 ± 2 .4 30.0 ± 2 .0 3 1 .3 ± 2.4 1 5 .0 ± 2 .0 25 .2  ± 1 . 8 

300 Dark 20.0 ± 2 .0  46.3 ± 2.4 42.5 ± 1 .4 40.0 ± 2.0 40.0 ± 2 .0 1 1 .3 ± 1 .3 33 .3 ± 2 .8 

400 

Overa l l  

Overa l l  1 6 .9 ± 1 .9 3 8 . 1 ± 3 .4 3 6 . 9  ± 2 .5  35 .0  ± 2 . 3  35 .6  ± 2 .2  1 3 . 1  ± 1 . 3 29.3 ± 1 .7 

L ight  8 . 8  ± 1 . 3 3 1 . 3 ± 3 . 8  3 1 . 3 ± 1 . 3 28 .8  ± 2.4 28.8 ± 2 .4 1 0 .0 ± 2 .0 23 . 1  ± 2 .2  

Dark 20.0 ± 2 .0  47 .5  ± 1 .4 4 1 . 3 ± 3 . 1  37 . 5  ± 1 .4 36 .3  ± 2 .4 1 5 .0 ± 2 .0 32 .9 ± 2 .5  

Overa l l  1 4 .4 ± 2 . 4  39 .4 ± 3 .6  36 . 3  ± 2 .5  33 . 1 ± 2 . 1  32 .5  ± 2 . 1 1 2 .5 ± 1 .6 28 .0 ± 1 . 8 

L ight 1 7 . 5  ± 1 . 8 38 .0  ± 2 . 7  37 .5  ± 2 .6  4 1 . 3 ± 4.2 35 . 3  ± 2 .3  1 7 . 8  ± 1 .9 3 1 .2 ± 1 .4 

Dark 27 .8  ± 2 . 3  56 .8  ± 3 .9 53 . 5  ± 3 .9  52 .8  ± 4 .3  40.8 ± 1 .6 1 3 .0 ± 1 .0 40.8 ± 1 .9 

Overa l l  22 .6  ± 1 . 7 47 .4 ± 2 . 8  4 5 . 5  ± 2 .6  47.0 ± 3 . 1 3 8 .0  ± 1 . 5 1 5 .4 ± 1 . 1  
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Figure 5: Effects of sal i n i ty, l ight and temperature (OC) of incubation on total germ ination 

percentage ( i .e . ,  in  sal ine solution p lus recovery, mean ± standard error) of Panicum 

turgidum seeds 
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3.4.  Effect of a l i n i ty ,  Te m pe ra t u re a n d  L i g h t  o n  F i n a l  Germ i na tion 

Pe rcen tage of L asiurus scindicus 

3.4. 1 .  Effect on fina l  ger m i nat ion 

on- al ine treated seed of L. Scindicus germinated wel l in a wide range of temperatures 

and und r both l ight and dark conditions. The germination of these seeds sign i ficant ly 

decrea ed at  40°C, compared to other lower temperatures ( I S-35°C) .  There was no 

signi ficant d ifference between dark and l ight temperature of non-sal ine treated seeds at a l l  

temperatures, except a t  3 5  and 40°C, a t  which germination under l ight was sign ificant ly 

greater than under dark condit ion (Table 1 2  and F igure 6) .  

L ight, temperature and sal in ity a l l  had signi ficant effects on final gemlination 

percentage of L.  scindiclis seeds (Table 1 1 ) .  General ly, seed germination decreased with 

the increase in NaCI concentrations. F inal germ ination decreased from 64.5% in  non-

a l i ne treated seeds (contro l )  to 45 .2%, 29 .5%, 23 . 1 %  and 9.3% in 50, 1 00, 1 50 and 200 

m M  aCl ,  respectively.  The optimal germination occurred a t  temperatures ranged 

between 20 and 30°C, where fi nal germination was s ign ificant ly greater than at both 

lower ( 1 5°C) and h igher (35  and 40°C) temperatures. Final germination was 49 .5 ,  47.3 

and 4 1 . 8% at 20, 25 ,  and 30°C respectively, compared to 27 .5% 29.9% and 1 0% at 1 5 , 

35  and 40 °C, respectively (Table 1 2) .  

Tolerance to sal in ity during germ ination i s  dependent on temperature ( P< 0.00 1 ,  

Table 1 1 ) . F inal  germ ination i n  non-sa l ine treated seeds was greater than for treated seeds 

at a l l  temperatures. There was no s ignificant d ifference between the geml ination of non

sal ine treated seeds at temperatures between 1 5  and 35°C. Germination in 200 mM NaCl 

was completely inh ibi ted at 1 5  and 35°C but attained considerable proportions at 20, 25 

and 30°C (Table 1 2 ). 
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Th intera l ion between temperature and l ight was sign ificant indicat ing that the 

re pon e of final germ ination on temperature depended on whether seeds germ inated in 

l i ght or in  dark. Whereas 0 era l l  dark germ ination was greater than l ight germination at 

lower temperature ( 1 5-25° ), the reverse was true at higher temperature (35-40°C) .  

o era l l  fina l  geml ination was greater in  dark than in  l ight by  1 1 4%, 1 6 .3% and 1 8 .5% at 

1 5  20 and 2 5°C, respecti e ly, but l ight gemlination was greater than dark geml ination by 

1 33% and 32 % at 40 and 35°C, respectively (Table 1 2) .  

Th interaction between sal in i ty, l i ght and temperature was significant on final 

germ ination of L.  scindicus ( P< 0.00 1 ,  Table 1 1 ) .  Germination response to 1 5  and 40°C 

temperature depended on both sal in i ty level and l ight condit ion.  In l ight germination at 

1 5°C was ignificant ly  reduced in  50 m M  NaCI ,  compared to non-sa l ine treated seeds 

and comp lete ly inh ibi ted in h igher sal i n i t ies ( 1 00-200 mM NaCl).  In dark, however, there 

were s ign i ficant d ifferences between germ ination at 1 5°C and most of the other 

temperatures in both 50 and 1 00 mM NaCl .  S ign ificant proportion of the seeds (22 .5  %) 

germinated at 1 5°C in 1 50 m M  aCI .  A t  1 5°C in  l ight, germination was reduced by 68%, 

compared to control ,  in 50 mM NaCI and completely inhibi ted in  the h igher sal in i ties, but 

germination under dark condi t ions reduced by 27%, 37% and 68% in 50, 1 00 and 1 50 

mM NaCl, respecti vely. Germ ination at 40°C, however, attained an opposi te trends to that 

observed at 1 5°C. I n  50 m M  NaCI ,  whereas dark, germ ination almost inhibi ted ( 1 . 3% 

germination) a t  40°C, l ight  germination atta ined 1 8 .8% (Table 1 2  and Figure 6) .  
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3.4.2.  Effect o n  ger m ination rate 

Both temperature and sal i n i ty affected the germination rate index of L. scindicus 

( P<O.OO I ,  Table  1 3 ) .  Genera l ly, germination rate index was sign ificant ly greater in non

a l in  treated seeds, compared to other sal in i t ies .  Germination rate index was 

ign i fi antly s lower at 1 5°C in both non-sal ine treated seeds and 50 mM NaCI but the 

d ifference was s ign i ficant in  50 mM NaCI .  In  non-sa l ine treated seeds, germination rate at 

1 5°C wa slower, compared to the h igher temperatures (20- 40°C), by 1 2 .2% and 20.8%. 

In 50 mM NaCl, however, the rate at 1 5°C was slower by 59.4% and 65 .5% (Table 1 4  and 

Figure 7) .  

50 



Table 1 1 : Three-way ANOYA showing the effects of sal in i ty, temperature, l ight and their 
interactions on final germination percentages of Lasillrus scindicus seeds 

ource of variation df M ean-Sguare F-rat io P 
a l in i ty (S )  4 2 .807 460.93 <0.00 1 

Temperature (T) 5 1 .073 1 76. 1 7  <0.00 1 

L ight ( L) 1 0.052 8 .6 1 <0.0 1 

S*T  20 0.057 9 .36 <0.00 1 

S * L  4 0.063 1 0 .38  <0.00 1 

T* L 5 0 . 1 43 23 .45 <0.00 1 

S *T* L 20 0.057 9 .38  <0.00 1 

Error 1 80 0.006 
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Table 1 2 : Effects of a l in ity temperature, and l ight on final germination percentage 

a l in ity 

Control 

50 

1 00 

(mean ± standard error) of Lasiurus scindicus seeds 

Light 
Temperature 

Overa l l  
1 5  20 25 30 35 40 

Light 66.3 ± 3 . 1  75 .0 ± 4. 1  76.3 ± 4 .3  67.5 ± 4.3 70.0 ± 3 .5 50.0 ± 2.0 67.5 ± 2.2 

Dark 70.0 ± 3 . 5  5 6 . 3  ± 4 .7  8 3 .  ± 4 .3  78 .8  ± 3 . 8  5 3 . 8  ± 1 0.3  26 .3  ± 1 .3 6 1 .5 ± 4.4 

Overa l l 68. 1 ± 2 . 3  65 . 6  ± 4 . 6  80.0 ± 3 . 1  73 . 1 ± 3 .4  6 1 .9 ± 5 . 9  3 8 . 1 ± 4 .6 64.5  ± 2 .5  

Light 2 1 .3 ± 3 . 1  5 3 . 8 ± 3 . 1  5 8 . 8  ± 5 . 2  6 1 .3 ± 3 . 8  40.0 ± 2 . 9  1 8 .8  ± 1 .3 42.3 ± 3 . 8  

Dark 5 1 . 3 ± 3 . 8  70.0 ± 2.0 62 .5  ± 4 . 3  5 8 . 8  ± 1 . 3 45.0 ± 2.9 1 . 3 ± 1 .3 48 . 1 ± 4 . 8  

Overa l l  36 .3  ± 6. 1 6 1 .9 ± 3 . 5  60.6 ± 3 . 2  60.0 ± 1 .9 42.5  ± 2 . 1 1 0.0 ± 3 . 4  45 .2  ± 3 .0  

l ight 0.0 ± 0.0 5 5 .0 ± 2.9 47.5 ± 3 . 2  43 .8  ± 2 .4 40.0 ± 2.0 1 . 3 ± 1 . 3 3 1 .3 ± 4 .7  

dark 4 3 . 8  ± 3 . 8  56 .3  ± 4 .3  27 .5 ± 1 .4 1 7 .5 ± 3 . 2  1 8 . 8  ± 1 .3 2 .5  ± 1 .4 27.7 ± 3 . 8  

overa l l  2 1 .9 ± 8 . 4  5 5 .6 ± 2 .4 3 7 . 5 ± 4. 1  30.6 ± 5 . 3  29.4 ± 4 . 2  1 .9 ± 0.9 29.5 ± 3 .0  

Light  0.0  ± 0 . 0  32 .5  ± 1 .4 25 .0  ± 2 . 0  3 5 .0 ± 3 . 5  1 8 .8  ± 2 . 4  0 . 0  ± 0.0 1 8 .5  ± 3 .0 

1 50 Dark 22.5  ± 2.5 5 7 . 5  ± 2.5 46.3 ± 2.4 28 .8  ± 4.3 1 1 . 3 ± 1 . 3 0 .0 ± 0.0 27.7 ± 4.2 

200 

Overa l l  

Overa l l  1 1 . 3  ± 4 .4 45 .0  ± 4 .9 3 5 .6 ± 4 . 3  3 1 .9 ± 2 . 8  1 5 .0 ± 1 .9 0.0 ± 0.0 23 . 1  ± 2 .6  

Light O.O ± 0 .0  1 2 .5  ± 2 .5  8 . 8  ± 2 .4 1 1 .3 ± 1 .3 1 . 3 ± 1 .3 0.0 ± 0.0 5.6 ± 1 .3 

Dark 0.0 ± 0.0 26.3 ± 3 . 8  36.3  ± 2 .4 1 5 .0 ± 3 . 5  0 . 0  ± 0.0 0.0 ± 0.0 1 2 .9 ± 3 . 1  

Overa l l  0 . 0  ± 0.0 1 9.4 ± 3. 3  2 2 . 5  ± 5 .4 1 3 . 1  ± 1 . 9 0.6 ± 0.6 0.0 ± 0.0 9.3 ± 1 .7 

Ligh t  1 7. 5 ± 6.0 45 .8  ± 5 .0 4 3 . 3  ± 5 . 7  4 3 . 8  ± 4 . 8  3 4 . 0  ± 5 .4 1 4.0 ± 4 .5  33 . 1 ± 2.4 

Dark 3 7 . 5  ± 5 . 7  5 3 . 3  ± 3 . 6  5 1 . 3 ± 4 . 8  3 9 . 8  ± 5 . 9  25 .8 ± 5 . 1  6 .0 ± 2.4 35 .6 ± 2.4 

Overa l l  2 7 . 5  ± 4.4 49.5 ± 3 . 1  47.3  ± 3 . 7  4 1 . 8 ± 3 . 7  29.9 ± 3 . 7  1 0. 0  ± 2 . 6  
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Figure 6 :  Effects of sal in i ty, temperature (OC) and l ight of incubation on fina l  genn ination 

percentages (mean ± standard error) of Lasiurlls scindicus seeds 
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Table  1 3 : Two-way A OV howing the effect of sal in i ty and temperature on 

germi nation rate percentages of La iw'us scindicus seeds 

ource of 
df 

variation Mean-Square F-ratio P 

Sal i n i ty 4 0 .534 1 7 . 1 27 <0.00 1 
Temperature 5 0 .668 2 1 .4 1 3  <0.00 1 

Error 84 0.03 1 

Table 1 4 :  Effects of sal i n i ty and temperature on germination rate (mean ± standard error) 

of Lasiurus scindicus seeds 

Temperature 
Sal in i ty Overa l l  

1 5  20 25 30 35 40 

Control 37 .4  ± 0 .7  42 .6 ± 1 .5 44.5 ± 1 .0 47.2 ± 0.8 45 .2  ± 0 .7  44 .9 ± 0 .7  43 .7  ± 0 .7  

50 1 4 .9 ± 0.6 36.7 ± 1 . 5 42 .6 ± 0 .9 43 .2  ± 0 .6 42 .0 ± 1 .6 42.9 ± 2 .7  37 .0  ± 2 .2  

1 00 0 .0 ± 0 .0 32 .2  ± 2 .8  34.4 ± 1 . 8 39 .5  ± 1 . 3 36 .3  ± 1 .4 28 .6 ± 0.0 35 . 2 ± 1 . 1  

1 50 O .O ± 0 .0 2 3 . 7  ± 0 .9 34.4 ± 2 .2 37 .6 ± 1 . 3 4 1 .4 ± 2 .8  0.0 ± 0.0 34.3 ± 1 . 9 

200 0.0 ± 0 .0 23 . 7  ± 3 . 8  3 1 . 5 ± 2 . 5  35 .4 ± 2 . 9  35 . 7  ± 0.0 0.0 ± 0.0 30.6 ± 2 . 1 

Overa l l  26 .2  ± 4 .3  3 1 . 8 ± 1 . 9 37 . 5  ± 1 .4 40.6 ± 1 . 2 40.9 ± 1 . 1  42 .2 ± 2 . 1 37 .0  ± 0.9 
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F igure 7 :  Effects of sal in i ty and temperature (OC) of incubat ion on germination rate index 

(mean ± standard error) of Lasiurus Scindicus seeds 
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3.5.  Effects of Sa l i n i ty,  Te m pe ratu re a n d  Light  on Recove ry 

G e r m i n a t i o n  of L. cindicus 

3.5. 1 .  Effect on fi nal  germ i n at ion 

Recovery germinat ion percentage after transfer of non-germinated seeds of L. scindicus at 

d ifferent concentration of sal in ity to dist i l led water is shown in Table 1 6  and Figure 8. 

Sal in i ty and temperature and the interaction between the two, a l l  had sign i ficant effects 

on recovery germ i nation ( P<O.OO 1 ). The interactions between l ight and temperature and 

between l i ght, sa l in i ty and temperature had also s ign i ficant effects ( P<O.O 1 ,  Table 1 5) .  

H owe er, l ight and the interact ion between l ight and sal in i ty had insign ificant effect 

( ( P>0.05,  Table 1 5 ) .  Recovery germ ination decreased with the increase in temperature. 

Recovery germ ination at 1 5°C ( 5 3 . 6%) was s ign ificantly greater than it at 20, 25 and 30°C 

(37 .6%, 32 .2% and 28 .3%,  respect ively) and a l l  were significantly greater values than at 

3 5  and 40°C ( 1 3 .6% and 2 .8%, respectively) .  On the other hand, recovery germ ination 

decreased with the i ncrease in  sal in i ty. It was signi ficantly greater in 50 1 00 and 1 50 mM 

aCI  (29.4%, 34.9% and 28 .5%, respectively) than in  200 mM NaCl ( 1 9 .3%, Table 1 6). 

The s ign ificant sal i n i ty and temperature interaction further indicate that sal in ity 

tolerance of L. scindicus seeds depended on temperature. Recovery germination was 

sign i ficantly greater i n  sal i n i t ies 50- I SO m M  NaCI at 1 5°C, compared to it at the other 

temperatures. In 200 m M  NaCI, however, there was no significant d ifference between 

recoveries at temperatures I S-30°C. Recovery germ i nation at 1 5°C was greater than it at 

200C by 39.2%, 69.6% and 50.4% in 50 1 00 and I SO mM NaCl ,  respectively, but by only 

5 . 5% in  200 mM NaCI ( Figure 8c). 
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The interact ion between sal in i ty, temperature and l ight was sign ificant indicating 

that a l in i ty tolerance of L. cindicLi seeds depended not on ly  on temperature, but also on 

l ight of incubat ion.  The greatest recovery was recorded at 1 5°C in darkness in both 1 00 

and 1 50 mM NaCI .  In  both 1 00 and 1 50 mM NaCI ,  for example, whereas there was no 

igni ficant d i fference between recovery gemli nation in  l ight at 1 5 -30°C, recovery 

geml ination i n  dark \i as ign i ficant ly greater at 1 5°C, compared to at the other 

temperatures (Table 1 6  and Figure 8) .  

3.5.2.  E ffects o n  germination rate 

Germi nation rate index of the recovered seeds was much greater than it  in  sal ine 

treated seeds.  Only temperature had significant effect on recovery germ ination rate of L. 

scindicus seeds ( P>O.OO 1 ,  Table 1 7) .  Recovery germination was sign ificantly greater at 

30 and 3 5°C, compared to the other h igher (40°C) and lower ( 1 5  and 20°C) temperatures 

(Table 1 8  and F igure 9) .  
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Table 1 5 : Three-way ANOV A howing the effects of sal in i ty, temperature, l ight and their 

interact ions on germ ination recovery of Lasiurus scindicus seeds. 

Source of variation df Mean-Sguare F-rat io P 
Sal i n i ty (S )  4 1 .032 1 5 1 . 7 1  <0.00 1 

Temperature (T) 5 0.994 1 46. 1 9  <0.00 1 

L ight ( L) 0.008 1 . 1 49 ns 

S * T  20 0.090 1 3 . 1 8  <0.00 1 

S * L  4 0.0 1 0  l A.3  ns  

T* L 5 0.025 3 .65 <0.0 1 

S * T * L  20 0.042 6 .24 <0.00 1 

Error 1 80 0.007 

ns = i nsignificant at P:S 0.05 
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Table  1 6 : Effect of a l in ity temperature, and l ight on recovery germinat ion percentage 

(mean ± tandard error) of Lasiurus scindicus seeds 

a l in i ty Light 
1 5  20 

Teml2erature 
Overal l  25  30 

50 

1 00 

35  40 

Light 52 .4  ± 3 . 5  26 .5  ± 3 . 4  3 0 . 5  ± 1 .0 29.4 ± 2 .6  1 8 .4 ± 3 . 3  6 .2  ± 2 .6 27 .2 ± 3 . 1  

Dark 54 .2  ± 4 .6  50. 1 ± 6 .0 3 1 . 8 ± 6.4 30.6 ± 4.0 20.4 ± 1 . 7 2 . 5  ± 1 .4 3 1 .6 ± 4.0 

Overa l l  53 .3  ± 2 .7  3 8 .3 ± 5 . 5  3 1 . 1 ± 3 .0 30.0 ± 2 . 2  1 9 .4 ± 1 . 8 4 .3 ± 1 . 5 29.4 ± 2 . 5  

Light 57 . 5  ± 4 .8  5 3 . 1 ± 5 . 1 45 . 7  ± 3 . 5  44.5  ± 3 .4 20.9 ± 4 .3 2 .5  ± 2 . 5  37 .4 ± 4 .3  

Dark 3 . 3  ± 7 .6  29 .8  ± 5 . 3  29.4 ± 3 . 5  28 .6  ± 3 .2  1 5 .4 ± 1 .9 7 .6 ± 3 .3 32 .4 ± 5 .3 

Overa l l  70 .4 ± 6.4 4 1 . 5 ± 5 . 6  3 7.5 ± 3 .8  36 .5 ± 3 . 7  1 8 .2 ± 2 .4  5 . 1 ± 2. 1  34.9 ± 3 .4 

L ight 46 .3  ± 3 . 8  3 7 .0 ± 2 . 5  36 .9  ± 2 . 7  28 .7  ± 2 .6 1 5 . 7  ± 4 .3  0.0 ± 0.0 27.4 ± 3 .4 

1 50 Dark 62 .9 ± 2 .6  3 5 . 7  ± 5 . 1  32 .2  ± 5 .2 33 . 1 ± 3 . 7  1 1 .4 ± 4.0 2 . 5  ± 1 .4 26.6 ± 4 .3  

Overa l l  54 .6  ± 3 . 8  36 .3  ± 2 . 7  34 .5  ± 2 . 9  30.9 ± 2 .3  1 3 . 5  ± 2 . 8  1 .3 ± 0.8 28 .5  ± 2 .7  

L ight 42 .5  ± 1 .4 32 . 8  ± 0.5 1 9 .2 ± 2 . 8  1 2 . 7  ± 1 .3 6 .4 ± 1 .4 l . 3 ± l .3 1 9 . 1  ± 3 . 1 

200 Dark 30 .0 ± 2 .0  36 .0 ± 2 .9  32 . 1 ± 7.3 1 9 . 3  ± 3 .2 0.0 ± 0.0 0.0 ± 0.0 1 9 .6 ± 3 . 3  

Overa l l  36 . 3  ± 2 .6  34 .4  ± 1 . 5 25 .6  ± 4 .4 1 6 .0 ± 2 . 1 3 . 2 ± 1 .4 0.6 ± 0.6 1 9 . 3  ± 2 .2  

L ight 49 .7  ± 2 . 2  37 . 3  ± 2 .9  3 3 .0 ± 2 . 8  28 .8  ± 3 . 1 1 5 . 3  ± 2 . 1 2 . 5  ± l .0 27 .8  ± 1 . 8 

Overa l l  Dark 57 .6  ± 5 .4 3 7 .9  ± 2.9 3 1 .4 ± 2.6 27.9 ± 2. l 1 1 . 8  ± 2 .2  3 .2  ± 1 . 1  28 .3  ± 2 .2  

Overa l l  5 3 .6 ± 2 .9  37 .6  ± 2 .0 32 .2  ± 1 .9 28 .3± l .9 1 3 .6  ± l . 5 2 .8  ± 0 .8  
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Table 1 7 : Three-way OV A showing the effects of a l in i ty, temperature and l ight on 

reco ery germ ination rate of La iurus scindiclls seeds. 

ource of 
df 

ariation 

a l in i ty 4 

Temperature 5 

L ight 

Error 1 52 

ns - insigni ficant at P:S 0.05 

Mean-Square F-rat io 

0.044 2 .44 

0.290 22.95 

0.0 1 3  1 .05 

0.0 1 3  

P 

ns 

<0.00 1 

ns 

Table  1 8 : Effects of sal i n i ty, temperature and l ight on recovery germ ination rate (mean ± 
standard error) of Lasiurus scindicus seeds 

Sal in i ty 
Temperature 

Overa l l  
1 5  20 25 30 35  40 

50 4 1 . 5 ± 0.9 4 1 . 7 ± 0.0 38.9 ± 2 .8  44.4  ± 2 .0  50 .0  ± 0.0 4 J . 7 ± 0.0 42.9 ± 1 .0 

1 00 39 .8  ± 1 . 1  4 1 . 7 ± 0.0 4 1 . 7 ± 0.0 45 . 1  ± 2 . 1 49. 1 ± 0.9 36.3 ± 1 .3 42 .5  ± 0.9 

1 50 37 .9  ± 2 .0  4 1 . 7 ± 0 .0  4 1 . 7 ± 0.0 43 . 8  ± 2 . 1 49.0 ± 1 .0 27 .6  ± 2 .6 40.7 ± 1 . 3 

200 33 .0 ± 5 . 1  4 1 . 3 ± 0 .3  4 1 . 7 ± 0.0 44.4 ± 2 .8  50.0 ± 0.0 37 . 1 ± J .0 40.6 ± 1 .6 

Overa l l  3 8 .0 ± 1 . 5 4 1 .6 ± 0. 1 4 1 .0 ± 0.7  44.4 ± 1 .0 49.5 ± 0.3 34.2 ± 1 . 7 4 1 . 5 ± 0.6 
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Figure 8 :  Effects of sal i n i ty, temperature (OC) and l i ght on recovery germination 

percentage (mean ± standard error) of Lasiurus scindicus seeds 
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Figure 9 :  Effects of sal in i ty, temperature (OC) and l ight on recovery germination rate 

index (mean ± standard error) of Lasiurus scindicus seeds 
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3.6. E ffec ts of Sa l i n i ty ,  Tem pera t u re a n d  Light  on Tota l Germ i n a t ion 

Perc e n ta ge of L. cindicus 

The effect of a l in i ty, temperature and their interaction on total germ ination (germination 

during alt treatment + recovery in  dist i l led water) were h ighly significant ( P<O.OO I ,  

Tabl , \ 9) .  General ly  total germination in  dist i l led water, 50 and 1 00 mM NaCI was 

signi ficant l y  greater than i n  1 50 mM NaC I ,  and al l  attained signi ficant ly greater values 

than in 200 m M  N aCI .  Total germ ination was sign ificantly greater at temperatures of 1 5-

30°C than at h igher temperatures (35  and 40°C).  Total germination i n  darkness did not 

d iffer s ign ificant l y  from that in l ight. Germination at 1 5°C was s ign ificantly greater in  

dark than i n  l i ght  i n  a l l  sal in i t ies, except in 200 mM NaCI .  On the other hand, 

germ ination at 40°C was sign ificantly greater in l ight, compared to in darkness at a and 

50 mM NaCl .  No or l i t t le germ ination was observed at 40°C in both l ight and dark at 

sal in i t ies between 1 00 and 200 mM NaCl ,  (Table 20 and F igure 1 0) .  
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Table  1 9 : Three-way A OVA showing the effects of sal in i ty, temperature, l ight and their 

interact ions on total germination percentage (germ ination dur ing salt treatment 

+ reco ery in dist i l led water, mean ± standard error) of LasiurLlS scindicLls 

e ds. 

Source of variation df 
Sal i n ity (S )  4 

Temperature (T) 5 

L ight ( L) 

S *T 20 

S * L  4 

T * L  5 

S * T * L  20 

Error 1 80 

ns = i ns ign ificant at P:'S 0.05 

Mean-Square F-ratio P 
1 . 545 1 63 .67 <0.00 1 

2 .242 237 .38  <0.00 1 

0.022 2 .30 ns  

0.078 8.24 <0.00 1 

0.064 6 .77 <0.00 1 

0. 1 3 1  1 3 . 87  <0.00 1 

0.087 9 .2 1 <0.00 1 

0.009 
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Table 20: Effects of a l i n i ty, temperature and l ight on total germination percentage 

(germination during a l t  treatment + recovery in dist i l led water, mean ± 
tandard error) of La iurus scindicus seeds 

a l in i ty L ight TemI2erature 
Overal l  

1 5  20 25 30 35  40 
L ight 66.3 ± 3 . 1  75 .0 ± 4. L  76.3 ± 4 .3  67.5  ± 4 .3  70.0 ± 3 .5  50 .0  ± 2 .0 67.5 ± 2.2 

Contro l  Dark 70.0 ± 3 . 5  5 6 . 3  ± 4.7 83.8 ± 4.3 78.8 ± 3 . 8  5 3 . 8 ± 1 0 .3  26.3 ± 1 .3 6 1 . 5 ± 4.4 

Overa l l  68. 1 ± 2 . 3  6 5 . 6  ± 4 .6 80.0 ± 3 . 1  73 . 1 ± 3 .4 6 1 .9 ± 5 .9 3 8 . 1 ± 4.6 64.5 ± 2.5 

Light 62.5 ± 3 . 2  6 6 . 3  ± 1 .3 7 1 .3 ± 3 . 8  72 .5  ± 3 .2 5 1 .3 ± 1 .3 2 3 . 8  ± 2 .4 57 .9  ± 3 .6 

50 Dark 77 .5  ± 3 . 2  8 5 . 0  ± 2 .0  7 3 . 8  ± 5 . 2  7 1 .3 ± 2 .4 56.3 ± 2.4 3.8 ± 1 .3 6 1 .3 ± 5 . 8  

Overa l l  70.0 ± 3 . 5  7 5 . 6  ± 3 . 7  7 2 . 5  ± 3 . 0  7 1 .9 ± 1 .9 5 3 . 8  ± 1 .6 1 3 . 8  ± 4.0 59.5 ± 3 .4 

Light 5 7 . 5  ± 4 .8  7 8 . 8  ± 3 . 1  7 1 . 3 ± 3 . 1  6 8 . 8  ± 2.4 52.5 ± 3.2 3.8 ± 2.4 5 5 .4 ± 5.3 

1 00 Dark 90.0 ± 4 . 6  68 .8  ± 5 . 2  4 8 . 8 ± 3 . 1  4 1 .3 ± 2 .4 3 1 . 3 ± 2 .4 1 0 .0 ± 2 .9 48.3 ± 5.5 

Overa l l  7 3 . 8  ± 6 . 9  7 3 . 8  ± 3 . 4  60.0 ± 4 . 7  5 5 . 0  ± 5 .4 4 1 .9 ± 4.4 6.9 ± 2. 1 5 1 .9 ± 3 . 8  

Light 46.3 ± 3 . 8  5 7 . 5  ± 1 .4 5 2 . 5  ± 3 .2 5 3 . 8  ± 2.4 3 1 . 3 ± 5.2 0.0 ± 0.0 40.2 ± 4 .3  

1 50 Dark 7 1 .3 ± 2 .4 72 .5  ± 3 .2 63 .8  ± 2.4 52.5 ± 3 .2 2 1 .3 ± 4 . 3  2 . 5  ± 1 .4 47.3  ± 5 .6  

Overa l l  5 8 . 8  ± 5 . 2  65 .0 ± 3 . 3  5 8 . 1 ± 2 . 8  5 3 . 1 ± 1 .9 26.3 ± 3 .6  1 .3 ± 0.8 43.8 ± 3.5 

Light  4 2 . 5  ± 1 .4 4 1 . 3 ± 1 .3 26.3 ± 3 . 1  22.5 ± 1 .4 7.5 ± 2.5 1 .3 ± 1 .3 23 .5  ± 3 . 3  

200 Dark 30.0 ± 2 . 0  52 .5  ± 4 .3  56 .3  ± 6 .3  3 1 . 3 ± 4 .7  0.0 ± 0 .0 0 .0 ± 0 .0 28.3  ± 4 .8  

Overa l l  36.3  ± 2 .6  46.9 ± 3 .0 4 1 .3 ± 6 .5  26.9 ± 2 .8  3 . 8  ± 1 . 8 0.6 ± 0.6 25 .9  ± 2.9 

Light 5 5 . 0  ± 2 . 5  6 3 . 8  ± 3 . 2  59 .5  ± 4 .5  57 .0 ± 4 .4  42.5 ± 5 . 1 1 5 . 8  ± 4.5 48.9 ± 2 .2  

Overa l l  Dark 67.8  ± 4 . 8  67.0 ± 3 . 1  65 .3  ± 3 .4 5 5 .0 ± 4 .3  3 2 . 5  ± 5 . 2  8 . 5  ± 2 .3  49.3 ± 2.6 

Overa l l  6 1 .4 ± 2 .9  65.4 ± 2 . 2  62.4 ± 2 .8  56.0 ± 3 . 0  37 .5  ± 3 . 7  1 2 . 1 ± 2 .5 
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3.7.  Effects Dorm a n cy Reg u la t i n g  C h e m ica ls of I n n a te a n d  Sa l i n i ty

I n d u ced Do r m a n cy of Panicum turgidum 

3.7. 1 .  Effects on i n n a te d o r m a n cy 

For non- a l ine treated seeds only thiourea signi ficantly increased final germ ination, 

compared to that of the control ( i .e .  d ist i l led water) . However, there was no sign i ficant 

d ifference between final germ ination of seeds treated with fusicoccin,  GA3 and n i trate 

and those of the contro l .  Furthermore, ethephon and k inet in  resul ted in s ign i ficant 

decrea es of the fi nal germ inat ion.  F inal germination of ethephon and k inetin was lower 

than that of the control by about 92% and 28%, respectively (Table 2 1 ,  F igure 1 1 ) .  

H owe er, al l  D RC s ign i ficantly enhanced germination rate, compared to control (Table 

22 F igure 1 2) .  

3.7.2.  E ffec ts on sa l i n i ty i n d u ced d o r m a n cy 

Both sal i n ity and dormancy rel ieving chemicals ( D RC) and their interact ion had 

sign ificant effects ( P<O.OO 1, Table 23)  on both final germination percentage and 

germination rate of Panicum turgidum seeds ( P<O.OO I ,  Table  23) .  Overa l l  final 

germination and germ i nation rate i n  dist i l led water (0 mM NaCI)  was significant ly greater 

than in 1 00 m M  N aCI .  Overa l l  final  germ i nation decreased from 57% in 0 NaCI to 3 1 .4% 

in 1 00 mM NaCl  (Table 2 1 ,  F igure 1 1 ) . Germ ination was almost i nhibited in 200 and 300 

m M  aCI .  S im i larly germ ination rate decreased from 4 1 . 2 to 34.9 (Table 22, F igure 1 2). 
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For non-treated seed final germ ination wa s ign ificantly reduced in 1 00 mM and 

completely inh ib i ted in 200 and 300 mM aCI .  The reduction in 1 00 mM aCI was 

completely a i le  iated by the appl ication of GA3, part ia l ly  a l leviated by the appl ication of 

fu icocc in ,  k inetin and thiourea, but not affected by n i trate and completely inhib ited by 

th appl ication of ethephon . Final germination of non-treated seeds reduced from 65% in 

o aCI to 20% in  1 00 m M  NaCI ,  but increa ed again to 65%, 46%, 40% and 32% for 

eed treated with GA3, thiourea, k inet in and fusicoccin ,  respectively. Final  germination 

in 1 00 mM NaCl did not differ signi ficantly between control and seeds treated with 

n i trate, but i t  was completely inhibi ted for seeds treated with ethephon.  In 200 NaCI ,  l i tt le 

germination took p lace in seeds treated with GA3 (8%), fusicocc in  (3%) and n i trate (3%, 

Table  2 1 ,  F igure 1 1 ) . 

The response of gennination rate to d ifferent sal in i ties and DRC differ from that of final 

germ ination. In 1 00 mM NaCl, there was no s ign i ficant d ifference in  germination rate 

between non-treated seeds and those treated with n i trate and thiourea. Seeds treated with 

fusicoccin,  GA3 and k inet in germ ination was faster than non-treated seeds. There was no 

sign ificant d ifference i n  genn i nation rate between seeds treated with fus icoccin and those 

treated wi th GA3 in 200 m M  N aCI .  Both attained sign i ficantly h igher values than seeds 

treated with th iourea (Table 22, F igure 1 2). 
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Tabl 2 1 :  Effects of dormancy regulating chemicals ( ORC) and NaCI concentration on 

final germ ination percentages (mean ± tandard error) of Panicum turgiduln 

eed 

DRS 
NaCI conc.(  mM ) 

0 1 00 200 300 Overa l l  

Control 65 .0  ± 3 .4 20.0 ± 5 .4 0.0 ± 0.0 0.0 ± 0.0 2 1 . 3 ± 7.0 

Ethephon 5 .0  ± 1 .0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 1 .3 ± 0.6 

Fusicoccin  67 .0 ± 1 . 9 32 .0  ± 2 .3  3 .0  ± 1 .0 0.0 ± 0.0 25.5 ± 7.0 

GA3 7 l .0 ± 3 . 8  65 .0 ± 2 .5  8 .0 ± 1 .6 0.0 ± 0.0 36.0 ± 8.4 

K inetine 47 .0 ± 3 .0  40.0 ± 1 .6 0.0 ± 0.0 0.0 ± 0.0 2 1 . 8 ± 5 . 7  

i trate 70.0 ± 2 .0  1 7 .0 ± 1 .9 0.0 ± 0.0 0.0 ± 0.0 2 1 . 8 ± 7.4 

Thiourea 74.0 ± 1 . 2 46.0 ± 2 .6  3 .0  ± 1 .0 0.0 ± 0.0 30.8 ± 8 .0 

Overal l 57 .0  ± 4 .5  3 1 .4 ± 3 .9  2 .0  ± 0 .6  0 .0  ± 0.0 

Table  22: Effects of dormancy regulating chemicals ( ORC) and NaCl concentration on 

germi nation rate (mean ± standard error) of Panicum turgidum seed 

NaCI conc.(  mM ) 
DRS 

0 1 00 200 300 Overa l l  

Control 4 1 . 2 ± 0.6 34.9 ± 3 . 3  0 . 0  ± 0.0 0.0 ± 0.0 1 9.0 ± 5 .0 

Ethephon 46.4 ± 2 . ] 0 .0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 1 1 .6 ± 5 .2 

Fusicocci n  48 .3  ± 0.6 40.4 ± 1 . 1  30.4 ± 1 0 .3  0.0 ± 0 .0  29.8 ± 5 . 3  

GA3 49.4 ± 0.2 43 .9  ± 0.4 34.8 ± 0.9 0.0 ± 0.0 32.0 ± 5 .0 

K inetin 47.9 ± 0.5 44.0 ± 0.7 0.0 ± 0.0 0.0 ± 0.0 23 .0  ± 5 .9  

itrate 45 .7  ± 1 . 3 39.0 ± 2. 1  0 .0 ± 0.0 0.0 ± 0.0 2 1 .2 ± 5 . 5  

Th iourea 48 .9 ± 0.3 38 . 8  ± 1 .0 1 7 .9  ± 6 .2 0.0 ± 0.0 26.4 ± 5 . 1 

Overal l 46 .8  ± 0 .6 34.4 ± 2 .8  1 1 .9 ± 3 .2  0 .0  ± 0.0 
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Table  23 : T o-way ANOYA showing the effect of aCI concentrations and dormancy 

regu lation chemical ( ORC) on final germ ination percentage and germinat ion 

rate of Panicul7l turgidum and Lasiurus scindiclIs seeds 

Source of variation df Mean-Square F-ratio p 

Panicum turgidum 
A :  Final  germination percentage 

Sal in i ty 

ORC 

Sal in i ty * O RC 

Error 

B: Germ ination rate 

Sal in i ty 

D RC 

Sal i n i ty * D RC 

Error 

3 2 .46 

6 0.23 1 

1 8  0.099 

84 0.002 

3 86.863 

6 6 .25 

1 8  3 . 878  

84 0.2 1 5  

Lasiurus scindicus 

A :  Final  germ ination percentage 

Sal i n i ty 

D RC 

Sal in i ty * D RC 

Error 

B: Germination rate 

Sal in i ty 

ORC 

Sal in i ty * DRC 

Error 

4 0.965 

6 0.632 

24 0.05 

1 05 0.006 

4 0 .347 

6 0. 1 75 

24 0.0 1 7  

1 02 0.0 1 

70 

1 1 83 .432 <0.00 1 

1 1 0.924 <0.00 1 

47.635 <0.00 ] 

404. 1 29 

29.08 

1 8 .04 1 

<0.00 1 

<0.00 1 

<0.00 1 

1 60 .77 1 <0.00 1 

1 05 . 365 <0.00 1 

8 . 387  <0.00 1 

36.438 

1 8 .40 1 

1 . 737 

<0.00 1 

<0.00 1 

<0.05 
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3.8. Effects Do rma n cy Reg u la ti ng Chem ica ls o n  I n n a te a n d  Sa l i n i ty

I n d u ced Do r m a n cy of Lasiurus scindicus 

3.8. 1 . Effect on i n nate dorma ncy 

The final germ ination of L. cindicus did not differ s ign ificantly between control (water) 

and fi ve of the O RCs ( fusicoccin ,  GA3, k inetin, n i trate and thiourea), but s ign ificant ly 

reduced for eeds treated with ethephon ( P<O.OO 1 ) . This indicates that none of the O RCs 

a i le  iated the lower innate dormancy of L. scindicus seeds (Table 24, Figure 1 3 ) .  The 

same showed a lso that a l l  O RCs enhanced the germ ination rate compared to the control 

(Table  25 Figure 1 4) .  

3.8.2. E ffects on sa l in i ty i n d uced dorma ncy 

Both aCI concentration and D RC and their interact ion affected final germ ination and 

germination rate of L.  scindicus seeds ( P<O.O l ,  Table 23). Overa l l  final germ ination and 

gem1 ination rate did not d iffer s ign i ficant ly between 0, 50 and 1 00 mM NaCI and a l l  

attained s ignificant ly  h igher values than i n  1 50 and 200 mM NaC I .  Final germination was 

sign ificant l y  greater in 1 50 than in 200 mM NaCI,  but germ ination rate did not di ffer 

between these two sal i n i t ies (Tables 24 and 25 ,  and F igures 1 3  and 1 4) .  

The in teraction between NaCI concentration and O RC was h ighly s ign i ficant for 

final  germination percentage ( P<O.OO I ,  Table 23) .  For non-treated seeds there was a 

gradual decease i n  final  germination with the increase in  NaCI concentrations. A l l  final 

germination values differed significant ly from each other at the d ifferent concentrat ions. 

H owever, there was no s ign i ficant d ifference in final germination between 0, 50 and 1 00 

m M  aCI for seeds treated with fusicoccin, GA3, n itrate and thiourea. These ORCs 

completely al leviated sal i n i ty i nduced dormancy in L. scindicus. For seeds treated with 
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the arne O RC , final germination in  1 50 and 200 rnM aCI were significantly lower than 

that in  0, 50 and 1 00 mM aCI .  These ORCs part ia l ly succeeded in al leviating sal i n i ty 

induced dormancy at h igher sal in i t ies.  For seeds treated with k inetin ,  final gemlination 

did not di ffer in  igni ficantly between eeds treated in  0 and 50 mM NaCI ,  and it  was 

ign i ficantly greater in the e a l in i t ies than in 1 00, 1 50 and 200 mM NaCl .  The 

a i le  iat ion in sal i n i ty induced dormancy by k inetin was complete in 50 rnM,  but was 

part ial  in 1 00, I SO and I SO NaCI .  Appl ication of ethephon resul ted in sign ificant 

reduct ion in final  germ ination of L. scindicus in all sal in i t ies including the control (Table 

24, Figure 1 3 ) .  

There was a s ignificant effect of the interaction between NaCI concentration and 

D RC on geml ination rate of percentage of L. scindicus ( P<0.05 ,  Table 23) .  Whereas 

germination rate was s ignificantly reduced i n  1 00,  ] 50 and 200 mM NaCI ,  compared with 

o and 50  m M  N aCI ,  for control ,  i t  d id not s ignificant ly reduced i n  1 00 and 1 50 mM NaCI 

for seeds for seeds treated with fusicoccin ,  k inetin and thiourea and in  1 00 mM NaCI for 

seeds treated with GA], n i trate and ethephon (Table 25 ,  F igure 1 4). 
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Table  24:  Effect of donnancy regulating chemicals (ORC) and aCI on final 

genn ination percentages (mean ± standard error) of Lasiurus scindicus seed 

ORC o 50  

NaCI conc.(  mM ) 

1 00 1 50 200 Overal l  

Control 76.3 ± 4 .3  58 . 8  ± 5.2 47.5 ± 3.2 25 .0 ± 2 .0 8 .8  ± 2 .4 43 .3  ± 5 . 7  

Ethephon 2 6 . 3  ± 1 . 3 1 5 .0 ± 2 . 0  1 1 .3  ± 3 . 1  2 .5  ± 1 .4 3 . 8  ± 1 .3 1 1 . 8 ± 2 . 1 

Fu icocc in  70.0 ± 2 .0  66.3 ± 2.4 65 .0 ± 4 .6  48 .8  ± 2.4 43 .8  ± 4 .3  58 .7  ± 2 .7  

GA3 65 .0  ± 2 .9  72 .5  ± 4 .8  68 .8  ± 3 .8  47 .5  ± 1 .4 1 7 . 5  ± 1 .4 54 .3 ± 4 .8  

K inetine 68.8 ± 2 .4 68.8 ± 3 . 8  52 . 5  ± 1 .4 4 1 . 3 ± 1 . 3 38 . 8  ± 3.8 54.0 ± 3 .2  

i trate 68 .8  ± 2.4 6 1 . 3 ± 2.4 66.3 ± 3 . 7  36 .3  ± 3 . 1 1 0.0  ± 2 .0 48 .5  ± 5 . 3  

Thiourea 62 .5  ± 3 . 2  5 5 .0 ± 2 . 9  6 5 . 0  ± 5 .0  5 3 . 8  ± 2.4 42.5 ± 4 .3  5 5 . 8  ± 2 .3  

o era l l  62 .5  ± 3 . 1 56 .8  ± 3 . 6  5 3 . 7  ± 3 . 8  36 .4 ± 3 .2  23 .6  ± 3 . 3  

Table 2 5 :  Effects of donnancy regulat ing chemicals (ORC) and NaCI o n  genn ination rate 

(mean ± standard error) of Lasiurus scindicus seed 

NaCI conc.(  mM ) 
DRS 

0 50  1 00 1 50 200 Overa l l  

Contro l  44. 5  ± 1 .0 42 .6 ± 0 .9 34.4 ± 1 . 8 34.4 ± 2 .2  3 1 . 5 ± 2 .5  37 . 5  ± 1 .4 

Ethephon 49. 3  ± 0.4 49. 1 ± 0.9  46 .4  ± 2 . 1 1 9 .6 ± 1 2 .2  32 . 1 ± 1 1 . 8  3 9 . 3  ± 4. 1 

Fusicocci n  49. 7  ± 0 . 3  49.2 ± 0 . 3  4 7 . 5  ± 1 . 1  44.4 ± 1 . 7 40.9 ± 0.8 46.3 ± 0.9 

GA3 47 .7  ± 0.8 43 .4  ± 1 . 3 4 l .6 ± 1 . 3 38 .6  ± 1 . 8 28 .9 ± 1 . 7 40.0 ± 1 .6 

K i netine 49. 7 ± 0. 1  49.7 ± 0. 1 48 .3  ± 0 .3 48.2 ± 0 .8  44 .4 ± 1 . 3 48. 1 ± 0 .5 

i trate 49.6 ± 0 .3  47 .5  ± 0 .5  43 .5  ± 0 .9  38 .3  ± 2 .5  35 .4 ± 3 .4 42.9 ± 1 . 5 

Thiourea 49.4 ± 0 .5  49. 7  ± 0 .3  49.2 ± 0 .6 4 1 .3 ± 2 .8  40 .5  ± 2 .3  46.0 ± 1 . 2 

Overa l l  48 .6  ± 0.4 47.3 ± 0.6 44.4 ± 1 .0 37 . 8  ± 2 .3  36 .3  ± 1 . 9 
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3.9.  Effect of F r u i t  Colo r o n  G e r m i n a tion of Lasiuru scindicus 

3.9. 1 .  E ffect on fi na l  germin ation 

Fru i t  color affected l ight and temperature requirements during germ ination of L. scindicus 

eeds col le  ted from Al-Ain region. The effects of the interaction between fru it  color and 

both l ight and temperature of incubat ion on the final germ ination were sign ificant 

( P<O.O I ,  Table 26) .  L ight brown seeds germ i nated significantly greater than dark brown 

seeds. S im i l arly, germination in l ight was significantly greater than in dark . The opt imum 

temperature for germination is present at 25°C .  Germi nation at 20, 25 and 30°C was 

sign i ficant ly  greater than it at 1 5  and 3 5°C and al l  attained greater germination than at 

40°C. 

The in teract ion between the fru i t  color, l i ght and temperature of incubation was 

s ign ificant,  i ndicat ing that l i ght brown and dark brown seeds responded different ly  to 

both l ight and temperature of the incubat ion.  Light brown seeds germ inated better at 

h igher temperatures (35  and 40°C) than at lower temperature ( I  SOC) in l i ght .  Dark brown 

seeds, however, germi nated better at lower temperatures than at 40°C in both l ight and 

darkness. In l ight condi tion,  dark brown seeds germinated greater than l i ght  brown seeds 

by 26 .3% at 1 5°C , but l ight brown seeds germinated greater than dark brown seeds by 

66.6% at 40°C . In darkness however, dark brown and l ight brown seeds atta ined almost a 

s imi lar germinat ion level at 1 5°C, but l ight brown seeds germinated greater than dark 

brown seeds by 5 3 .8% at 40°C (Table 27 and F igure 1 5 ) .  

Opt imum temperature for gem1ination of  the dark brown and l i ght brown seeds 

d iffered accord ing to both l ight and temperature of incubat ion. For l ight brown seeds 

there was no s ign i ficant d ifference between the temperatures ranged between 20-40°C in  

l ight, but  opti mum germ ination was at  20 ,  25  and 30°C in darkness. For dark brown 
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eed there wa no igni ficant d ifference between 1 5  and 3 5°C in l igh t, but optimum 

germination was 25 and 30°C . Th is  result indicates that l ight brown seeds germinated 

better at v. armer temperatures than at cooler temperatures under l ight condit ion, but the 

r verse wa true for dark brown seeds. In  darkness, both dark brown and l ight brown 

fru i t  gem1 inated better a t  a range of temperatures between 1 5  and 30°C, than at  h igher 

temperatures ( 3 5  and 40°C) (Table 27 and Figure 1 5) .  
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Table  26 :  Three-way A OVA howing the effects of fru it color, temperature and l ight 

and their interaction on final germ ination percentage of Lasiurus scindicus 

eeds col l ected from natural habitats of AI-Ain region 

ouree of variation df Mean-Sguare F-ratio P 
Frui t  color ( FC)  0.07 1 5 .23 <0.05 

L ight (L )  0. 1 50 1 1 . 1 2  <0.0 1 

Temperature (T) 5 0.228 1 6 . 86 <0.00 1 

FC * L  0. 1 2 1  8 .97 <0.0 1 

FC*T 5 0. 1 03 7 .6 1 <0.00 1 

L*T 5 0 . 1 20 8 .89 <0.00 ] 

FC* L* T  5 0.03 5 2 .6 1 <0.05 

Error 72 0.0 1 4  
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Table  27 :  Effects of fru it color, maternal habitat, temperature and l ight of incubation on 

final germ ination percentage (mean ± standard error) of Lasiurus scindicus 

seed 

Fruit Fruit 
Temperature 

Light Overall ongm color 1 5  20 25 30 35  40 

Light 52.5 ± 1 .4 75.0 ± 2.0 8 1 .3 ± 1 .3 78.8 ± 3 .8  82 .5  ± 6.0 8 1 .3 ± 5.5 75 .2  ± 2.6 
Light 

brown Dark 67.5 ± 1 .4 73 .8  ± 1 .3 76.3 ± 4.7 63.8 ± 3 . 1  6 1 .3 ± 4.3 50.0 ± 6.8 65.4 ± 2 .3 

o erall 60.0 ± 3 .0 74.4 ± 1 . 1  78.8 ± 2 .5  7 1 .3 ± 3 .6 7 1 .9 ± 5.3 65.6 ± 7.2 70.3 ± 1 .9 

Light 66.3 ± 2.4 75 .0 ± 2.0 76.3 ± 4 .3 67.5 ± 4.3 70.0 ± 3 .5 48.8 ± 2.4 67.3 ± 2.2 c:: 
'';: Dark , 

brown Dark 70.0 ± 3 .5  73 .8  ± 2.4 83.8 ± 4.3 78 .8 ± 3.8 53.8 ± 3.8 32.5 ± 4.3 65.4 ± 3 .9 � 
Overall 68. 1 ± 2 . 1  74.4 ± 1 .5 80.0 ± 3 . 1 73 . 1 ± 3 .4 6 1 .9 ± 3.9 40.6 ± 3 .8  66.4 ± 2 .2 

Light 59.4 ± 2.9 75.0 ± 1 .3 78.8 ± 2.3 73 . 1 ± 3 .4 76.2 ± 4 65.0 ± 6.7 7 1 .3 ± 1 .8 
Overall Dark 68.8 ± 1 .8 73 .8 ± 1 .3 80.0 ± 3 .3  7 1 .3 ± 3 .6 57 .5  ± 3 4 1 .3 ± 5  65.4 ± 2 .2  

Overall 64. 1  ± 2 .0  74 .4 ± 0 .9  79 .3  ± 1 .9 72.2 ± 2.4 66.9 ± 3 .4 53 . 1 ± 5 . 1  68.3 ± 1 .4 

� Light 22.5 ± 2 .5 33 .8  ± 3 . 1  2 1 . 3 ± 3 . 1  1 3 .8 ± 1 .3 7 .5 ± 1 .4 3 .8  ± 2.4 1 7 . 1  ± 2.3 
� Light ...c:: 

0 brown Dark 33 .8  ± 3 . 8  22 . 5  ± 1 .4 1 3 . 8  ± 2.4 5 .0  ± O.O 1 . 3 ± 1 . 3 J . 3 ± J .3 1 2 .9 ± 2.9 , 
� 

Overall 28 . 1 ± 3 .0  28. 1 ± 2 .7  1 7. 5  ± 2 .3 9 .4 ± 1 .8 4.4 ± 1 . 5 2 .5 ± 1 .3 1 5  ± 1 . 7 
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3.9.2 E ffect on germ i n ation rate i n dex 

Two-\ ay A 0 A indicated that temperature of incubat ion but not frui t  color and the 

interaction between frui t  color and temperature had sign i ficant effects on germ ination 

rat inde of L .  scindicus eed ( P<O.OO 1 ,  Table 28). Gem1ination was ignificantly 

10\ er at 1 5°C than at the other temperatures (20-40°C) (F igure 1 6, Table 29). 
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Table 2 Three-\ ay A OVA showing the effects of fruit color and temperature of 

incubat ion and their interactions on germination rate index of LasiurliS 

cindicus seed col l ected from natural habitats of AI-A in region 

Source of  variation df M ean-Sguare F-ratio P 
Fruit color ( FC) 0.004 2 .385 ns 

Light ( L) 47094.459 3 1 745 .585 <0.00 1 

Temperature (T) 5 0.08 1 50.05 <0.00 1 

FC * L  8.775 5 .9 1 5  <0.05 

FC*T 5 0.004 2 .34 ns 

L*T 5 70.9 1 8  47.804 <0.00 1 

FC * L * T  5 3 .5 90 2 .420 <0.05 

Error 3 6  0.002 

ns = ins igni ficant at p� 0.05 

Table 29 :  Effects of frui t  color, maternal habitat, temperature and l ight on  germination 

rate index (mean ± standard error) of Lasiunls scindicus seeds 

Temperature 

Fruit origin 
Fruit 

Overall 
color 

1 5  20 25 30 35 40 

Light 32 .8  ± 1 . 1  43 .3  ± 0.6 45.2 ± 0.9 49. 1 ± 0.3 49.4 ± 0.2 46.7 ± 1 .2 44.9 ± 1 .0 
brown 

Al-Ain 
Dark 37 .4 ± 0.3 42.6 ± 1 .3 

brown 
44.5 ± 1 .0 47.2 ± 0.8 45 .2 ± 0.7 45.2 ± 0.9 43 .7 ± 0.7 

Overall 36 .6  ± 0.6 43 .0 ± 0.7 44.8 ± 0.7  48.2 ± 0.5  47.3 ± 0.9 45.9 ± 0.8 45 .7 ± 1 .0 

Al-Dhaid 
Light 39.2 ± 1 . 5 42 .3 ± 1 .0 48.5 ± 0 .5  50 .0 ± 0.0 46.4 ± 2 . 1 50.0 ± 0.0 45.7 ± 1 .0 

brown 
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Figure 1 6 : Effects of fru it  color (dark brown and l i ght brown fruits) and temperature on 

germination rate index (mean ± standard error) of Lasiurus scindicus seeds 
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3. 1 0 . Effects of M a te r n a l  H a b i ta t  on G e rm i n at ion of Lasiurus scindicus 

3. 1 0 . 1 .  Effect on fi n a l  germinat ion 

There was igni ficant effect of maternal habitat, l ight and temperature of incubation on 

final germ ination of L. scindicus seeds ( P<O.OO I ) . The effects of the interact ions between 

thes factors were also s ign i ficant ( P<O.O 1 ,  Table 30). Seeds of natural population of AI-

i n  germ inated s ign i ficant ly greater ( 70 .3%) than those matured under experimental 

condi t ions in Al-Dhaid ( 1 5%, (F igure 1 7 )). 

The opt i mum temperature for germination of Al-Ain seeds was at 20 and 2ye, 

but wa at 1 5  and 200e for seeds of A l -Dhaid (F igure 1 7) .  

S i m i lar ly, the s ign i ficant in teraction between maternal habi tat, temperature and 

l i ght  of incubation i nd icates that the l ight and temperature requirements d iffered for the 

two seed lots. For A l-Ain  seeds, there was no s ign i ficant d ifference between 20-40oe in  

l i ght ,  but optim um germ inat ion was a t  20 ,  25 and 300e i n  darkness. For Al-Dhaid seeds, 

opt imum germi nation was at 200e in l i ght,  but was at 1 5°e in dark. L i tt le germination 

occurred at h i gher temperatures, espec ia l ly  in darkness (F igure 1 7) .  

3. 1 0.2.  E ffec ts on germ i n a t ion rate i n dex 

Two-way A OVA i nd icated that temperature of incubation and the interaction between 

maternal habi tat and temperature, but not maternal habitat, had s ign i ficant effect on 

germination rate i ndex of L. scindicus seeds (P<0.05,  Table  3 1 ) . Germ ination was 

s ign ificant ly slower at 1 5  and 200e than at the other temperatures (25-400e ) (F igure 1 8 , 

Table 32) .  
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Table 30 :  Three-way A OYA showing effect of maternal habitat, temperature and l ight 

on final gennination percentage of Lasiuru scindicus seeds 

ource of variation df Mean-Square F-rat io P 

M aternal habi tat e M )  1 0 .0 1 8  1 1 0 1 . 58  <0.00 1 

L ight ( L) 0.222 24.37  <0.00 1 

Temperature (T) 5 0.072 7 .87  <0.00 1 

M * L  0.070 7 . 73 <0.0 1  

M*T 5 0. 1 03 1 1 . 3 1 <0.00 1 

L*T 5 0.077 8 .49 <0.00 1 

M * L*T 5 0.042 4 .67 <0.0 1 

Error 72 0.009 

Tabl e  3 1 :  Three-way ANOY A showing effects of maternal habitat and temperature of 

i ncubation on germination rate index of Lasiurus scindicus. 

Source of variat ion df Mean-Square F-ratio  P 

M aternal habi tat ( M )  0.008 3 .49 ns 

Temperature (T) 5 0.088 37 .9 1 <0.00 1 

M * L  5 0.007 3 . 1 6  <0.05 

M * L  34 0.002 

Error 

ns = i nsignificant at P:S 0 .05 

86 



Table  3 2 :  Effects of fruit color, origin,  temperature and l ight on germination rate index (mean 

± tandard error) of Lasillrus scindicus seeds 

Temperature 

Fruit 
Fruit color Overall 

origin 

1 5  20 25 30 35 40 

Light 32 .8  ± 1 . 1  43.3 ± 0.6 45.2 ± 0.9 49. 1 ± 0.3 49.4 ± 0.2 46.7 ± 1 .2 44.9 ± 1 .0 

Al-Ain Dark 37 .4 ± 0.3 42.6 ± 1 .3 44.5 ± 1 .0 47.2 ± 0.8  45.2 ± 0.7 45 .2 ± 0.9 43.7 ± 0.7 

Overall 36.6 ± 0.6 43 .0 ± 0.7 44.8 ± 0.7 48.2 ± 0.5 47.3 ± 0.9 45.9 ± 0.8 45.7 ± 1 .0 

Al-Dbaid Light 39.2 ± 1 . 5 42.3 ± 1 .0 48.5 ± 0.5 50.0 ± 0.0 46.4 ± 2 . 1 50.0 ± 0.0 45.7 ± 1 .0 
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A :  Frui t  matured in  natural habi tats of AI-Ain 
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Figure 1 7 : Effects of maternal habitat on temperature and l ight requirements during 

germination of Lasiurus scindicus seeds (mean ± standard error) of final 

germi nation percentage 
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3. 1 1 .  E ffect of Seed Storage i n  Lasiurus scindicus 

Fre h eed of L. cindicus didn't show great innate donnancy and attained fast 

germination. Final  genn ination and the Timson index of gennination rate of fresh seeds 

were 66.7% and 40.3 ,  respectively. 

The effect of storage for 4, 7 and 1 2  months didn't affect final gennination 

p rcentage ( P>0.05) but led to significant i ncrease in gennination rate ( P<O.O 1 ) . Final 

gem1 ination of seeds stored for 4, 7 and 1 2  months was 62 .8  62.7 and 69.7%, 

re pecti  e ly, which was comparable to that of the fresh seeds (66.7%). However, Timson 

gem1 ination rate inde for seeds stored at the same periods i ncreased over that of the 

fre h seeds by 1 3% 1 9 .3% and 1 7%, respect ively ( Figure 1 9) .  

D ifferent storage conditions d id not  affect significantly ei ther fina l  gennination 

percentage or germination rate ( P>0.05) .  F inal germination of seeds stored in  cold, field, 

room temperatures and warm were 69.2%, 62 .9% 63% and 62.4% respectively, 

compared to 66.7% for the fresh seeds. S imi larly, germination rate i ndex of seeds stored 

i n  cold, fie ld  room temperatures and wann were 46. 5 ,  46. 5 ,  46 .6 and 47 respectively, 

compared to 40 for the fresh seeds (F igure 1 9) .  
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The temperature requirement wa assessed for eeds stored in  room temperatures 

for three month and two years. Two-way ANOYA showed sign ificant effects for storage 

period and temperature of incubation and their interaction on final germination 

p rc ntage of L. scindicus seeds ( P<O.O I ) . General ly storage for two years resul ted in 

igni ficant reduction in  final germination. This was c lear at a l l  temperatures except at 

1 5°C . where there wa no ign i ficant effect between the two storage periods. At 20, 25 ,  30 

and 3 5°C. germination of 3-months stored seeds was greater than that of 2-years stored 

seed by 73 .2% 87 .7%, 70.2% and 1 06%, respect ively (F igure 20a). This indicates that 

the h igh temperature and l ight requirement for 3 -months stored seeds was lost after 2 

years of seed torage. 

There was s ign i ficant effects of storage period and temperature of incubat ion and 

their interaction on germination rate index of L. scindicus seeds ( P<O.O I ) . Germ ination at 

lower temperatures ( 1 5  and 20°C) was signi ficantly s lower than it at h igher temperatures 

(30 and 3 5°C) .  Germi nation of 2 -years stored seeds was sign ificantly faster than that of 3 -

months stored seeds a t  1 5°C, but not a t  the other temperatures. Germination rate index of 

2-years stored seeds was greater than that of 3-months stored seeds by 20.4% at 1 5°C, but 

by 1 1 . 8%, 7 . 1 %  2% and 1 . 2% at 20, 25 , 30 and 35°C, respectively ( Figure 20 b). 
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3. 1 2 . E ffect of Seed S to rage i n  Panicum turgidum 

3 . 1 2. 1 .  Effect on fi na l  germ ination 

Fr h eed of P. turgidum did not germinate at al l .  Germination increased with the 

increa e of time of storage. Three-way A OVA showed s ign i ficant effects for storage 

period, temperature of i ncubat ion, the interaction between them and the interaction 

between temperature and l ight ( P<O.OO I < Table 3 3 )  on final germination percentage of P. 

lurgidllm seeds. The overa l l  germination increased from 1 4 .2% after I -year of storage to 

23 .4% after 2-years of storage. Germination at 1 5°C was sign ificant ly lower than that of 

the other h igher temperatures. Whi le  there were no significant d ifferences between final 

germ ination after one- and two-years seeds at both low ( 1 5°C) and h igh (40°C).  F inal 

germination was s ign i ficant ly  greater for two-years compared to one-year seeds at the 

other temperatures (Table 34 and F igure 2 1 ) . 

The i nteraction between l ight and temperature of incubation was sign ificant 

( P<O.OO l ,  Table  3 3) ,  i nd icat ing that the response of germ ination at d ifferent temperatures 

depended on l ight of incubat ion.  At 1 5°C, final germ ination was very low and there was 

no s ign ificant d ifference between l ight and dark germ ination (7 .5% and 5 .0%, 

respectively). At 20 and 25°C, germi nation was greater in dark than in l ight, so the 

d i fference was sign ificant only at 20°C. Germ inat ion in dark was greater than in  l ight by 

240% at 20°C, but by 49. 5 %  at 25°C. At h igher temperatures (30-40°C), germ ination in 

l ight was greater, compared to in  dark, so the d ifference was sign ificant only at 40°C . 

Germination in  l ight was greater than in  dark by 246% at 40°C, but by 1 8% and 43% at 

30°C and 3 5°C, respectively (Table 34). 

The interaction between storage period and temperature was signi ficant, indicating 

that the response of the final germ ination to temperature of incubat ion depended on 
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torage period. At 1 5°e final gennination was very low and was sign i ficantly greater for 

I -year tored eed ( 1 0 .6%), compared to 2-years seeds ( 1 .9%). At 20-30oe, genni nation 

for 2-year stored seeds \Va greater than I -year stored seeds so the d ifference was 

in igni ficant at 20°e . Final  gennination at 20oe, 25°e, 300e and 3 5°e was 1 8 . 8%, 1 2 .5% 

1 3 . % and 8 .  % re pect ively, for I -year stored seeds, and was 26.3%, 34.4%, 3 1 .3% and 

26.3%, re pect ively for 2-years stored seeds. At 40oe, there was insign ificant d ifference 

between final genninat ion of I -year stored seeds (20.6%) and 2-years stored seeds 

(20.0%).  The overa l l  result  indicates that opt imum gennination for 2-years seeds was at 

moderate temperatures (20-35°e), but there was no obvious trend for optimum 

genl1ination of I -year stored seeds (Table 34 and Figure 2 1 ) . 

3 . 1 2.2.  E ffects o n  germi n ation rate 

There was s ign i ficant effects for storage period ( P<0.05) and temperature of incubation 

( P<O.O 1 ), but not for their i nteract ion ( P>0.05) on Timson i ndex of genn ination rate 

(Table 35) .  Genn ination was faster for seeds stored for two years, compared to it for 

seeds stored for one year (germ ination rate index was 45 .6 and 44. 1 ,  respective ly). I n  

addit ion germi nation speed i ncrease wi th  the  i ncrease in  temperature of  incubation 

(F igure 22, Table  34).  Genn ination rate i ndex was 4 1 . 5 ,  43.7, 43 .9, 46. 5 ,  46. 5  and 45 . 8  

for seeds genn inated a t  1 5 , 20, 25 ,  30, 3 5  and 40oe, respective ly. 
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Table  3 3 :  Three-way ANOV A te t ing the effects of storage period, and temperature and l ight 

of incubation on final germination percentage (mean ± standard error) of Panicurn 

turgidum seed 

Source of variation df Mean-Square F-ratio P 
torage period (S)  I 0 .2 1 5  63AO <0.00 1 

Temperature (T) 5 0.07 1 20.86 <0.00 1 
L ight ( L) 0.002 0.56 ns 

S*T 5 0.06 1 1 7 .92 <0.00 1 
S * L  1 0.004 1 .3 1  ns 
T* L 5 0. 1 1 7 34 .37 <0.00 1 

S*T* L 5 0.008 2 .26 ns 
Error 72 0.003 

ns - in ign i ficant at p� 0.05 

Table  34 :  E ffects of storage period, and l ight and temperature of  incubation on  final 

germ ination percentage and germination rate index (mean ± standard error) of 

Pan icurn turgidum seeds 

Storage Temperature F inal Germination (%) Germination 
period L ight Dark Overa l l  rate 

I -year 1 5  8 . 8+ 1 .3 1 2 . 5± l A  1 0 .6± 1 . 1  40.6±0.6 
20 7 . 5±2 .5  30.0±3 .5  1 8 . 8±4.7 42 .5± I A  
25  7. 5±2.5  1 7 . 5±3 .2  1 2 .5±2.7 42.5±2.9 

30 1 3 . 8±2A 1 3 . 8±3 . 1 1 3 . 8± 1 . 8 46.3± 1 . 3 

3 5  1 2 . 5±2 .5  5 .0±2.0  8 .8±2. 1 47 .9± 1 . 3 

40 36 .3±4.3 5 .0±3 . 5  20.6±6A 44 .6± 1 .0 

Overa l l  1 4A±2.3  1 4. 0±2. 1 1 4.2±2. 2  44. 1 ±0.7 

2-year 1 5  1 . 3± l .3 2 . 5±2 . 5  1 .9± 1 . 3 4S .0±0.0 

20 1 1 .3±2A 4 1 .3±3 . 1 26.3±6.0 44.6±OA 

25  30.0±2.0  38 . 8±3 . 8  34A±2.6 4S .0±0.0 

30 3 5 .0±3 . 5  27 .5± I A  3 1 .3±2 .3  46.7±0.2 

3 5  28 . 8±2A 23 . 8±4.3 26. 3±2 . 5  45 . 1 ±0 .8  

40 27 . 5±3 .2  1 2 .5± 1 .4 20.0±3 .3  47.0±0.8  

Overa l l  22 . 3±2 .7  24A±3 .0 23 A±2.9 45 .6±0.3 
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Table 3 5 :  Two-way ANOVA te t ing the effects of storage period and temperature of 

incubation on germination rate of Panicum turgidum seeds 

Source df Mean-Square F-ratio P 

Storage period (S)  0.0 1 2  5 .467 <0.05 

Temperature (T) 5 0.008 3 . 7 1 6  <0.0 1 

S*T  5 0.005 2 .200 ns 

Error 3 1  0 .002 

ns = ins ign ificant at P:S 0.05 

97 



A :  Gennination in l ight 

5 0 r-
--'---�----'---'---�--�--� 

� 4 0  

r: 
0 

.. 3 0  1\1 
r: 
'E ... 
41 2 0  en 
i 
r: 
ii: 1 0  

1 5  2 0  2 5  3 0  3 5  4 0  
T e m p e ra t u re (OC ) 

B :  Gennination in  dark 

5 0  I I I I 

- 4 0  � 
r: 

I- � � -

0 
.. 3 0  1\1 
r: 
'E ... 
41 2 0  en 

I-
rt 

-

� I- -

i 
r: 
ii: 1 0  

0 

I-

�� 
-

� I 
1 5  2 0  2 5  3 0  3 5  4 0  

T e m p e ra t u re (OC ) 

C :  Overa l l  genni nation in  l ight and dark 

5 0  I I I I 

� 4 0  
� 
r: 
0 

:: 3 0  1\1 
r: 
E ... 
41 2 0  en 
i 

I- -

I- � � � -

M I- -

c 
ii: 1 0  

0 

l- I 
-

I-t, 
1 5  2 0  2 5  3 0  3 5  4 0  

T e m  p e ra t u r e (OC ) 

• 1 y e a r  
2 y e a r s  

• 1 y e a r  
2 y e a r s  

• 1 y e a r  
2 y e a rs 

Figure 2 I :  Effects of storage period, and l ight and temperature of incubation on final 

genn ination percentage (mean ± standard error) of Panicum turgidum seeds 
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3. 13.  Effect of Polyethylene  Osm otic Press u re on Fi n a l  G e r m i n ation a n d  

G e r m i n a ti o n  Rate o f  Lasiuru scindicus a n d  Panicum turgidum 

ecds 

There wa_ igni ficant effects for polyethylene osmotic pressure on both final germ ination 

and germi nation rate of L. scindiclls seeds ( P<O.O l ) . Final germ i nation increased from 

8 1 .3 %  in di t i l led water to 90% in -0.2 M Pa and then further decreased to 45% and 30% 

i n  -0.5 and -0 .7 M Pa respectively. F inal  germination was completely inh ibi ted in - 1 .0 

M Pa (Tab le 36 and F igure 23) .  I n  addit ion,  Timson germination rate i ndex decreased 

from 48 .7  i n  d is t i l led water to 47. 1 ,  39 .3 ,  27 .5  and 0 i n  -0.2, -0 . 5 ,  -0.7 and - 1 .0 PMa, 

re pecti ely (Tab le  3 6  and F igure 23) .  

There was s igni ficant effects for polyethylene osmotic pressure on both final germ ination 

and gem1i nation rate of P. lurgidu1I1 seeds ( P<O.0 1 ) . General ly, seeds of P. turgidum were 

Ie drought tolerant than those of L.  scindiclls. Seeds of L. scindicus germinated to 30% 

1 0  -0 .7 P fa ,  whi le  those of P. tllrgidum were completely inh ib i ted at -0.5 M Pa. In  

addit ion,  on ly  1 .3 %  of the seeds germi nated in  -0 .2  M Pa. Germ ination speed of P. 

turgidum eeds was greatly reduced in -0.2 M Pa (Table 36 and F igure 24). 
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Table 36 :  Effect of Polyethylene osmotic pressure on final germination and germination 

rate i ndex (mean ± standard error) of Lasiurus scindicus and Panicum turgidum 

eeds 

Final 

Species 
o motic pressure 

germination Germination rate 
( M Pa) 

Mean S E  Mean S E  

Lasiurus scindiclls 0 8 1 . 3 3 . 1 48 .7  0. 1 

-0.2 90 4. 1 47. 1 1 . 2 

-0 . 5  45 4 . 1 39 .3 0 .7 

-0 .7 30 5 27 .5  0.9 

- 1  0 0 0 0 

Pan icum tlirgidlllll 0 48 .8  4 .7  43 . 1  0 .7 

-0.2 1 . 3 1 .3 7 . 5  7 . 5  

-0 .5 1 .3 1 . 3 0 0 

1 0 1  
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CHAPTER 4 

DISCUSSION 



4. DISCUSSION 

4. 1. I m pacts of Tem pe ra t u re a nd Ligh t of I nc u bation 

Ba k in  and Bask in ,  ( 1 998) surveyed the  l i ght and temperature requirements for 

germ inat ion of 9 1  halophyte of salt marshes and salt deserts and found that l ight 

requirements for gem1 ination were reported for 23 species:  four required l ight for 

germination, four germ inated to h igher percentages i n  l ight than i n  dark, 1 3  germinated 

equa l ly  wel l in l ight and dark, and two germi nated to h igher percentages in dark than in  

l i ght .  I n  addit ion,  absence of l ight almost completely inhibi ted seed germination of 

Triglochin maritima ( Khan and Ungar, 1 999) and Sporobolus indicus (Andrews 1 997), 

part ia l ly  inhibited germ ination in  Apium graveolens (Garcia et al. , 1 995),  Allium 

staticiforme, Brassica tournefortii, Cakile maritima, and Onanthus maritimus (Thanos et 

al., 1 99 1 ) . H owever, germination i n  A triplex stocksii was not affected by the absence of 

l ight ( Khan and Rizvi ,  1 994) .  I n  the present study, the response to l ight during 

germination of non-sal ine treated seeds of both L. scindicus and P. turgidum was 

depended on temperature of incubation.  Seeds of L. scindicus are not sensit ive to l ight at 

temperature up to 3 0°C (seeds germinated equal ly  wel l in l ight and dark), but were 

sensit ive to l ight at h igher temperatures (35  and 40°C) as germination in l ight was greater 

than in dark. S imi lar resul ts were recorded in the i nvasive Prosopis juliflora in the UAE 

deserts; there was  no-significant d ifference between l ight and dark germination a t  1 5 °C 

and 25°C, but germ ination in l ight was sign ificant ly  greater than in  darkness at 40°C (E l 

Keblawy and  AI- Rawai 2006). r n  P. turgidum, germination in  dark was significant ly 

greater than i n  I ight  at the lower temperatures ( 1 5-25°C), but the reverse was true at 

h igher temperatures ( 3 5  and 40°C). 
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Light i one of the environmental factors that regulate germinat ion. Seeds 

requir ing l ight w i l l  not germinate when they are buried under soi l or leaf l i tter, but wi l l  

germ inate when they fal l  on the soi l surface. I t  i s  genera l ly  noted that a l ight requirement 

prevents germination of seeds bur i ed too deep for seed l ing to emerge because 

phy iological l y  act ive l ight flux densi t ies rarely penetrate more than a few mi l l imeters 

i nto soi l  ( Pons, 1 992) .  The present tudy showed that the l ight requirement for non-sal ine 

treated seeds depended on temperature of the i ncubat ion. In  both P. turgidum and 

L. cindicus, germination in  l ight was greater than i n  dark at h igher temperatures (35 and 

40°C),  but the reverse was true at the lowest temperature ( 1 5°C).  This result has a 

s ign i ficant adaptat ion for spec ies inhabit ing the subtropical deserts of the UAE. The 

greater dark requirement at h igher temperatures would prevent most of the seeds of the 

two species to emergence from the surface l ayer of the soi l after an effect ive rainfa l l  

precip i tat ion at the  end of the growing  season (Apri l-May), when the average 

temperatures are h igh (35 -40°C, M i nistry of Communications, Dept. of Meteorology, 

UAE,  1 996).  Emerged seedl i ngs from the surface layer at that t ime would be at greater 

risk as that layer is rapid ly drying at the h igh temperatures because of h igh evaporative 

rate. On the other hand, greater germ ination in  l ight at lower temperatures would enable 

seed l i ng emergence from the surface soi l during winter. At the t ime, soi ls could be 

saturated with water for several days, providing greater chance for seedl ing survival 

(E l -Keblawy et ai., 2009) .  

A l ight requirement for germination i s  one of the main determinants of the abi l i ty 

of spec ies to accumulate a persi stent soi l  seed bank ( Pons, 1 99 1 ;  M i lberg et ai. , 2000). 

Seeds of some species have an in i t ia l  l ight requirement for germination (Grime et al. ,  

1 98 1 ), whi le  those of other species seem to acquire a l ight requirement only after burial in 
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the o i l  ( We on and Wareing, 1 969; Scopel et al. 1 99 1 ;  Derkx and Kar sen 1 993;  

oronha et at. 1 997).  In  both P. turgidum and L.  scindictls, the germ ination was greater 

in l i ght than in dark at h igher temperatures (35  and 40°C) ,  and the reverse at the lowest 

temperature ( 1 5°C) .  This re ult  has a s ign ificant adaptation for C4 grasses inhabit ing the 

ubtropical de erts of the UAE.  The optimum growth and reproduction of the two species 

are tak ing place main ly  dur ing early summer, when the maximum temperatures reach 

more than 40°C. 

4.2.  Sa l i n i ty E ffects o n  G e r m i n at ion  a n d  Dorma n cy 

M ax i mum halophyte seed gem1 inat ion occurs in  dist i l led water or under reduced sal in ity 

stress ( Khan et aI . ,  200 1 a '  E I -Keblawy, 2004). However, some halophytes can germinate 

in very h igh concentrations of NaCI ( Khan and Weber, 1 986;  Khan et al. 2000; Khan et 

al., 200 1 c; H uang et al. , 2003 ; E l -Keblawy et al. , 2007 ; E I -Keblawy and Al Shamsi, 

2008).  Seed germination of halophytic grasses i s  usua l ly  inhibi ted at concentrat ions 

ranging from 200 to 500 mM NaCI ,  indicating that they are not very highly tolerant to 

sal i ni ty during germi nation, compared to other halophytic species ( Lombardi et al., 1 998; 

Khan and Ungar, 200 1 b) .  For examples, the l imi t  of tolerance were 200 mM NaCI in 

Halopyrum m ucronatum and Sporobolus arabicus (GuIzar et al. , 200 I ), 344 mM in 

Puccinellia nuttalliana (Macke and Ungar, 1 97 1 ) , 400 mM in  Diplachnefusca ( Morgan 

and M yers, 1 989), 344 m M  i n  Hordeum vulgare ( Badger and Ungar, 1 989), 3 1 0 mM in  

Briza maxima ( Lombardi et  at., 1 998),  3 1 0  mM in  Typha latiJolia ( Lombardi et  at. , 

1 997),  and 500 mM NaCI i n  Urochondra setutosa seeds (GuIzar et al. , 200 I ) . Resul ts of 

the present study indicated that seed germination of the two desert grasses L. scindiclls 
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and P. turgidwn i even Ie  s tolerant, compared to most of the other studied gras e . The 

fir t was more tolerant than the latter· about 9% of L. scindiclls seeds germinated in 200 

mM aCI ,  but 1 7% of P. turgidum seeds germinated in 1 00 mM NaC I .  However, L .  

cindicll and P. turgidwn are more salt  tolerant, compared to other grasses growing the 

ubtropical de ert of the UAE,  such as Dichanthium annulatum Cenchrus ciliaris and 

Pennisetum divisum (E I -Keblawy, 2006) .  It is interest ing to note that seeds of P. turgidum 

col l ected from Egyptian populat ion (the present study) are less tolerant to sal in ity during 

germination than those of UAE population (E I -Keblawy, 2004) and seeds of both 

populations are less tolerant than those of Saudi Arabi a  population (AI-Khateeb, 2006). 

Whereas germ ination was inh ib i ted in  200 mM NaCI at all temperatures in  the seeds of 

Egypt whi le  about 3 0% of the UAE seeds germinated in  200 mM NaCl (none seeds 

germinated in 300 m M  NaCl,  E I -Keblawy 2004),  and about 3 7% and 4% of the Saudi 

Arabia seeds germi nated in 200 and 400 mM NaCl ,  respective ly (AI-Khateeb, 2006).  

Seed germ ination of desert species I S  regulated by factors such as water, 

temperature, l i ght,  soi l  sal in i ty, and their i nteract ions; however, each species responds to 

the abiotic environment i n  a un ique manner ( Bask in  and Baskin,  1 998;  Khan and Guizar, 

2003) .  The abi l i ty of seeds to germinate at increased levels of sal i n i ty is part ly dependent 

on the temperature of i ncubation.  In a number of halophyt ic  grass spec ies, inc luding 

Hordeum jubatum (Badger and Ungar, 1 989), Iva annua (Ungar and Hogan, 1 970), 

Diplachne fusca ( Myers and Morgan, 1 989), and Briza maxima ( Lombardi et al., 1 998), 

Aeluropus Zagopoides (GuIzar and Khan, 200 1 ), Aeluropus Zagopo ides , Sporobolus 

ioclados and Urochondra setulosa (GuIzar et aZ., 200 1 )  germination percentages of seeds 

incubated at h igh sal in i ty levels i ncreased at the optimal temperature and decreased when 
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temperature wa further increased or decreased. The result of the present study are in 

l i ne " i th these finding . a l in ity tolerance was greatest at moderate temperatures in both 

L. cindicus and P. turgidunr no germination occurred at 1 5°C, 35  and 40°C in higher 

sal i n i t ies .  A I-Khateeb (2006) arrived to a s imi lar result in P. turgidum seeds of Saudi 

rabia .  The optimum temperature for seed germination in  sal ine solution was I S-25°C 

fol lowed by 20-30°C . Seed germination was significant ly lower under extreme 

temperature of 1 0-20°C and 25-35°C (AI -Khateeb, 2006). 

L ight and a l in i ty interact during gem1 ination in a number of plants. For example 

an i ncrease in NaCl concentration may inhibi t  seed germ ination more in  dark than in  l i ght 

in several species such as Triglochin maritima ( Khan and Ungar, 1 999) and Sporobolus 

indicus (Andrews, 1 997) ,  Apium graveolens (Garcia et al. , 1 995) Limonium stocksii (Zia 

& Khan, 2004) and Prosopis juliflora ( E I- Keblawy and Al -Rawai ,  2005) .  In four grasses 

of Subtropical deserts of Pakistan, absence of l ight had no effect on the seed germination 

of Urochondra setulosa and Halopyrum mucronatum, but germination in dark was 

substant ia l l y  i nh ibi ted in A elllropus lagopoides and Sporobolus ioclados ( Khan and 

GuIzar, 2003) .  In our tudy however, dark germination of P. turgidum seeds was 

sign ificant ly  greater than l ight germ ination in sal ine solut ions at a l l  temperatures. Under 

natural habitats, dark condit ion required for germination in sal t-affected soi l s  would be 

ava i lable on ly  during rainy days of winter or for buried seeds. Both conditions secure 

enough moisture for non-dormant seeds to germi nate and sal i n i ty-induced dormant seeds 

to recover their germination . I n  L. scindicus, dark germination in most of the sal ine 

solut ions was depended on temperature of incubation. I t  was signi ficantly greater than 

l ight germination at lower temperatures ( 1 5  and 20°C), but the reverse was true at h igher 

temperature ( 3 5  and 40°C).  This indicates that germi nation in salt-affected soi l s  would 
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happen in  the absence of l i ght when temperatures are low ( i .e . ,  during rainy days of 

winter or for buried eeds) or in  the presence of l ight when temperature are h igh ( i .e . ,  

after mon oon rain  of summer). 

4.3.  Recove ry G e r m i n a t ion fro m Sa l i ne Sol u t ion 

eed of halophytes could  be disti nguished from those of glycophytes by their abi l i ty to 

maintain eed viabi l i ty after exposure to hyper-sa l ine condit ions and then in it iate 

germination when sal in ity stress is reduced (Woodel l ,  1 985 ·  Keiffer and Ungar, 1 995 ;  

Pujo l  et  al. , 2000). Ha lophytic species show a range of responses from part ial  to  complete 

germ ination recovery when sal in i ty stress is al leviated. Recovery germination from 

h igher al i n i t ies was ery low in some species (e .g . ,  Zygophyllum simplex, Khan and 

Ungar, 1 997a; Halogeton glomeratus, Khan et al., 200 1 c ; Sporobolus ioclades, Khan and 

GuIzar, 2003) .  However, h igh sal in i ty did not permanently injure seeds and germ ination 

ful ly  recovered when seeds were transferred to dist i l led water in several other halophytes, 

i nc luding A triplex patula ( Ungar, 1 996), Suaeda fruticosa ( Khan and Unger, 1 997a), 

A rthrocnemum macrostach} um, Sarcocorniafruticosa and Salicornia ramoissim ( Pujol et 

at. , 2000) Salicornia rubra ( Khan et at. ,  2000). Resul ts of the present study indicated that 

about 30% of P. turgidum seeds recovered their germ ination, when transferred from 

d ifferen t  sal i n it ies ( J  00-400 m M  NaCI) to dist i l led water. I n  addit ion, s igni ficant 

proportions of L. scindicus sal i n ity-induced dormant seeds recovered germ ination ( 1 9-

35%) when transferred from different sal in i t ies (50-200 m M  NaCl)  to dist i l led water. 

The variation in recovery responses was attributed to d ifferences in the 

temperature regime to which they are exposed (GuIzar et al. , 200 1 ;  EI-Keblawy et ai. , 
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2007 ). Greater abi l i ty to recover germination has been reported at cooler temperatures for 

orne pec le (e .g . ,  Suaeda jrllticosa, Khan and Ungar, 1 997a' Salsola imbricata 

EI-Keblawy et al. , 2007; Haloxyloll alicornicum, EI-Keblawy and AI Shamsi , 2008), but 

at arrner temperature in other spec ies (e .g . ,  Aeluropus lagop 0 ides , GuIzar and Khan, 

200 1 ;  Halogeton glomera/us, Khan et al. , 200 I c). Our results showed that the recovery 

germination in L. scindicus was h igher at cooler, compared to at h igher temperatures. 

o era l l  gem1 ination recovery was 53 .6% at 1 5°C, compared to 37 .6%, 32 .2%, 28.3%, 

1 3 .6% and 2 . 8% at 20, 25 ,  30, 35  and 40°C respectively. [n P. turgidum, optimum 

recovery germination was at the moderate temperatures (20-25°C).  and decreased at both 

low and h igh temperatures ( 1 5  and 40°C).  Recovery germi nation decreased from 3 8 .3%, 

3 5 .5%, 34 .0%, and 32 .8% at 20, 25, 30 and 35°C, respectively, to 2 1 . 1  % and 1 2 .4% at 1 5  

and 40°C, re pectively. 

Seeds of both P. turgidum and L. scindicus incubated under h igh temperatures 

wi th h igh NaCI concentration seemed to be subj ected to more envi ronmental stress, 

which is indicated by reduced gem1 ination percentages and delayed germ inat ion.  Under 

such condi t ions, changes in the i ncubat ion temperature part icularly under h igh salt 

concentrat ion may result  in mal functioning of enzymatic systems. This s i tuation would 

lead to l im i tations in many physiological processes v i tal to seed germi nat ion. S imi lar 

resu l ts have been documented in other halophytes, including Haloxyloll recurvum ( Khan 

and Ungar, 1 996), and some A triplex species ( Khan and Ungar, 1 984; Aiazzi et al. , 2002). 

The detrimental effect of NaCI at h igher temperatures has been attributed to tox ic ity of 

N a+ that usua l ly  causes i rreversible damage ( Bewley and Black, 1 994; Khan and Ungar, 

1 996) .  
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The succe s of halophyt ic  p lants under warm and dry condit ions of sUbtropical 

arid de ert , l i ke that of the U E, i s  primari ly dependent on optimal conditions for 

germ ination and recmi tment ( Khan and Ungar, 200 1 c; Khan and Guizar, 2003 , El

Keblawy 2004). ( n  many specie of sal ine habitats, germination occurs when salt content 

of the habitat reaches it lowest level ,  e .g . ,  toward the end of or after the rainy period 

( l  mai l ,  1 990 Khan and Ungar, 1 996). The abi l i ty of P. turgidum and L. scindicus seeds 

to g rm inate and to recover the ir  germ ination after exposure to h igher concentrations of 

sal in i t ie  suggests that these seed could able  to germinate under the salt affected 

agricul tural lands after effective rainfa l l s  of winter. U nder natural habitats of the UAE, 

eed germ ination of the two species would occur in  the sal ine habitats during seasons of 

h igh prec ipitat ion, when soi l sa l in i ty levels are usual ly  reduced (Ungar, 1 995 ;  

E I -Keblawy, 2004 ' E I -Keblawy and AI -Rawai 2005) .  

Two processes mediate germination reduction i n  seeds experience h igher levels of 

sal i n i ty :  osmotic effects due to decl in ing soi l solute potential  creating a water stress for 

the plant,  and ion ic effects due to seed or seed l ing ion uptake and/or accumulation 

( Waisel ,  1 972 ;  Ungar, 1 99 1 ) . Ionic effects may be distinguished from osmotic effects by 

comparing  the effect of salt solutions and isotonic solut ions of an i nert osmotic medium 

such PEG (polyethylene g lycol) that cannot penetrate into the cel l wal l .  Inhibi t ion of 

germ i nation in P EG-treated seeds i s  attributed to osmotic effects, and any difference i n  

germ i nation of salt-treated re lat ive to P EG-treated seeds is attributed to ion ic effects. The 

general lack of ion toxici ty for halophytes has been al ternat ively confi rmed by almost 

complete recovery of germination potential after salt-treated seeds are rerurned to fresh 

water (Ungar, 1 996; Egan et 01 . ,  1 997).  In the present study, the osmotic effect would be 

the main cause of sal in i ty intolerance i n  solutions with 1 00mM or more in P. turgidum; 

greater proport ion of ungerm inated seeds in 400mM NaCI were able to recover their 
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gern1ination \: hen they tran ferred to dist i l led water (32 .9% in  the dark). In addit ion, 

eed were unable to germinate in -0.5 M Pa PEG 6000. On the other hand, the tox icity 

effect would be the main cause of sal in i ty intolerance in L. scindicus; ungerminated seeds 

i n  200 m M  NaCI were recovered their germination part ia l ly when they transferred to 

di t i l led water ( 1 9 .6%). In addit ion, about 42% of seeds were able to germ inate in -0.5 

M Pa PEG 6000. The tox icity effect of sal in i ty compromise enzyme function and disrupt 

metabol ic  proce ses resul t ing in seed or seed l ing death ( Baldwin et aI. , 1 996). 

Sa l in i ty- induced dec l ines in germ ination are usual ly due to only osmotic effects 

for halophytes, whereas g lycophytes are more l i kely to exhibit  addit ional ion toxic i ty 

( Havward and Bern tein ,  1 958 '  Ungar and Hogan 1 970; Macke and Ungar, 1 97 1 ;  Cluff 

et af. , 1 98 3 '  Romo and Haferkamp 1 987;  but see Dodd and Donovan, 1 999). The 

explanation of sal in i ty i ntolerance to osmotic effects in P. turgidum indicates that seeds of 

this species are among salt tolerant grasses. H owever, the explanation of sal i n ity 

intolerance to ionic  toxic i ty in L. scindicus seeds indicates that seeds of this species are 

among g lycophyte species.  

o motic seed priming (osmopriming) is used to increase germination efficiency. 

Osmopriming is  a cheap seed physiological enhancement techn ique used to enhance 

speed of seedl ings emergence and protect seedl ings establ ishment and growth under the 

changeable  environments of the deserts, which are characterized by h igh temperatures 

and rap id soi l  drying seedbeds ( Halmer, 2004). Under priming condit ions, seeds are 

part ial ly  hydrated and begin the processes of germinat ion, but emergence does not occur, 

and the seeds are subsequently dried. Priming has several effects on the physiology of 

seeds, inc luding developmental advancement, decreased membrane permeabi l i ty, 

dormancy breaking, and the induction of DNA and protein synthesis ( Hudson et al., 

2007). In  our study, osmopriming of P. turgidum and L.  scindicus seeds resul ted in 
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germination enhancement. Up to 47% of P. tllrgidum seeds recovered their germination 

with in two days when they were transferred to dist i l led water at 200e in dark ; Timson 

index of germination rate was 48 .2  (max imum value for this index is 50) . In addit ion, 

42 .5% of L. scindicus eeds recovered their germination at 1 5°e in l ight, but rate of the 

reco ery wa lower, compared to the case of P. turgidum; Timson i ndex of germination 

rate \i a 3 3 .  A s imi lar rapid response to decrease i n  soil  osmotic potent ial  after seeds 

wer expo ed to low water potent ials has been reported in many halophytic and 

glycophyt ic  p lants (Katembe et al. , 1 998; Gul and Weber, 1 999; Zia and Khan, 2004; EI

Keblawy et al . ,  2007; E I -Keblawy and AI  Shamsi ,  2008). For example, osmotic pre

treatment i gn ificant l y  st imulated germination recovery of seeds of two A triplex species, 

and their germ ination was 90% 2 days after transfer to dist i l led water ( Katembe et al. , 

1 998) .  Such rap id  response, which was recorded in  the present study for P. turgidum is an 

important adaptat ion.  It would ensure that ungerm inated seeds exposed to sal ine 

condi tions could germ inate during periods of prec ipi tation when stress was temporari l y  

a l lev iated. This i s  part icularly important in  the unpredictable heterogeneous deserts of 

arid regions. In such environment germination bed are characterized by wide seasonal and 

dai l y  fl uctuations of temperature, h igh soi l moisture tension and sometime h igh salt 

content ( E I- Keblawy, 2004). 
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4.4.  I m pa c t  of Do r m a n cy Regu l a ti n g  Su bsta nces on Sa l i n i ty- I nd uced 

Do r m a n cy 

The re u l t  of the pre ent  study indicated that the role of dormancy regu lating chemicals 

in  a i l e  iating sal i n i ty-i nduced germination inhibit ion was greater in  L. scindicus, 

compared to it i n  P. turgidum. The dormancy regulating chemicals a l leviated sal in i ty 

i nduced inh ibi t ion in  1 00mM NaCI in  P. turgidum, but a l leviated i t  h igher sal in i t ies 

(200mM NaC I )  in  L. scindicus. This resul t  suggests greater role for dormancy regulating 

chemicals when tox ic i ty effects are responsible for germination inh ibit ion in h igher 

a l in it ie  ( i .e. in L. scindicus) ,  compared to its effect when osmotic effects are 

respon ib le  for the inh ib i tion ( i .e . ,  in P. turgidum) .  This further i ndicates that the role  of 

dormancy regulat ing chemicals is greater in glycophytes, compared to its role in 

halophyte . Further studies are needed to confirm this in other halophytes and 

glycophytes . 

Seed dormancy and germination are complex developmental processes that are 

regulated by a variety of endogenous and environmental s ignals .  P lant growth regulators 

such as gibbere l l i c  acid  (GA3), abscis ic acid  (ABA), k inetin and ethylene are known to 

influence the dormancy status of seeds ( Karssen, 1 995) .  Khan and Gul (2006) reviewed 

the effect of various germination regulat ing chemicals l ike pro l ine, betaine, gibberel l ic 

acid k inet in,  fusicocc in ,  ethephon, thiourea and n i trate on the innate dormancy of a 

number of sub-tropical  and Great Bas in halophytes. They found that geml ination 

regulat ing chemicals had ei ther no effect or a negat ive effect on i nnate dormancy on seeds 

of sub-tropical perennial  species, uch as Aeluropus /agopoides, Halopyrum mucronatum, 

Limoniurn stocksii, Salsola imbricata, Sporobolous ioclados, and Urochondra setulosa 

( Khan and Gul ,  2006). S im i larly, innate dormancy of Prosopis juliflora in the UAE was 
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not affected by GA3, k inetin ,  thiourea or fu icoccin  (E I -Keblawy et al . ,  2005) .  In other 

pecie , l i t t le effect ha been recorded for betaine, gibberel l ic  acid  and fusicoccin  on 

Arthrocnemum macro tachywn for betaine and gibbere l l ic acid on Haloxylon stocks ii, 

and for fusicoccin ,  ethephon, thiourea and n i trate on Sporobolous arabicus ( Khan and 

Gul ,  2006). In the present study, a l l  of the studied dormancy regulating chemicals, except 

th iourea, d id not succeed to improve germination of non-sa l ine treated seeds of both L. 

scindicus and P. turgidum,  compared to the contro l .  In addit ion, negative impact on the 

germ ination was observed for ethephon and k inetin on seeds of P. turgidum and for 

ethephon and GA3 on seeds of L. scindicus. It seems that other factors, such as l ight and 

temperature of the i ncubation would be important than dormancy regulat ing chemicals in  

regulat ing dormancy of stored seeds of these spec ies. Seed of L. scindicus stored for one 

month germi nated to 8 3 . 8% at 25°C in  dark and seeds of P. turgidum stored for five year 

germi nated to 85% i n  dark at 30°C . 

Kabar ( 1 987)  suggested that endogenous hormone level i s  affected by many 

environmental stresses, such as sal i nity. According to the growth regulator theory, the 

control of dormancy has been attributed to various growth regulators - inhibi tors, such as 

ABA,  and promoters, such as gibbere l l ins, cytoki nins and ethylene. Consequent ly, 

dormancy is  maintained (or induced) by inh ib i tors such as ABA, and i t  can be released 

only when the i nh ib i tors are removed or when promoters overcome it (Bewley and Black, 

1 994). In  the present study, GA3, fusicoccin, k i netin and th iourea were able  to a l leviate, 

part ia l ly or completely, germ ination inh ibit ion in 1 00 mM NaCI in P. turgidum. In  

addit ion,  fusicocc in ,  k inet in and thiourea a l l eviated the inhibi t ion of 200 mM NaCI in L.  

scindicus. Germ i nation under sal ine condi tions is stimulated by applying dormancy

rel ieving compounds, which would counteract the negative change in growth regulator 

balance in seeds when they are exposed to salt stress ( Khan and QuI ,  2006). 
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Dormancy regulat ing chemicals are thought to a l leviate sal in ity effect on the 

germ ination by act ing as an osmoregulator or osmoprotectants of proteins In the 

cytopla m ( Poljakoff-Mayber el ai., 1 994; Gorham, 1 995) and/or counteracting the effect 

of reduced promoter (cytok in ins and gibbere l l i ns) and increased inhibi tor substances, 

uch as ab ci ic acid in seeds under h igh sal in i ty ( Kabar and Baltepe, 1 990). Kabar 

( 1 987)  sugge ted that endogenous hormone level is affected by many environmental 

stresse , but external  appl ication of appropriate growth regulator opt imizes physical 

metabol ic  condit ion for germ ination. In  our study, GA3 p layed a greater role, compared 

to the other substances, i n  a l leviating germinat ion inh ibition in  P. turgidum compared to 

i t  i n  L.  scindicus. Seeds of P. turgidum inhibi ted in  1 00 mM NaCI whi le ,  germ inated to 

6S% when GA3 was added but to 46%, 40% and 32% when thiourea, k inetin and 

fusicoccin ,  re pect ive ly were added . However, seeds of L. scindicus inhibi ted in 200 mM 

NaCl whi le,  germ inated to 1 7 .S% when were added GA3, but to 44%, 42.S% and 3 8 .S% 

\ hen treated with fusicoccin ,  k inetin and thiourea respectively. This resul t  indicates that 

GA3 m ight p lay greater role  in seeds with physical dormancy than it in  seeds have low 

dormancy. Fresh seeds of L. scindicus didn't show great innate dormancy; final 

germi nation was 66.7% but fresh seeds of P. turgidum, which have physical dormancy 

because of their  hard coat, d id  not germi nate at a l l ,  even after one year of storage at room 

temperatures. I t  has been reported that GA3 increases the growth potential  of the embryo 

and i t  is necessary to overcome the mechanical restraint conferred by the seed-covering 

layers by weakening of the t issues surround ing the radicle ( Kucera et ai. , 2007). 

i trogenous compounds, such as th iourea and ni trate, are known to counteract the 

inh ib itory effect of ABA and the dec l i ne in  cytokin in  concentration associated with 

sal i n i ty stress, and consequent ly al leviates sal i n ity i nduced inhibit ion of germ ination 

(Esashi et al., 1 979) .  Several studies have shown the abi l i ty of N itrogenous compounds to 
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al leviate a l in i ty induced dormancy in many specie . N itrate and th iourea were able to 

counteract the inhibi t ion produced by sal i n i ty treatments in Allenrolfea oeeidentalis, 

al though they were relat i  e ly less effective, compared to other chemicals such as 

fu icocc in  and ethephon (Gul and Weber, 1 998) .  Thiourea was effective in  al leviating 

a l in i ty induced donnancy in sal tgrass (Shahba et al. , 2008), Triglochin maritime ( Khan 

and ngar, 200 1 b), Sporobolus arabieus ( Khan and Ungar, 200 1 a) and Aeluropus 

lagopoides (GuIzar and Khan, 2002) .  Compared to other five dormancy regulating 

chemical n i trate was the most effective in  Sporobolus spieatus (E I-Keblawy, 2008). In 

our tudy, thiourea successful ly  al lev iated germination inhibi t ion in both L. scindicus and 

P. turgidum,  but n i trate not. In a review for Khan and Gul (2006) on the effect of d ifferent 

donnancy regulat ing chemicals on sal i n i ty induced dormancy, n i trate a l lev iated the 

germinat ion inh ib i t ion in Zygophyllum simplex and Sporobolus arabieus out of 1 2  

examined species of the subtropical halophytes and in  Halogeton glomeratus and Suaeda 

moquillii out of 1 0  examined species of the Great Basin halophytes. 

In many spec ies of sal ine habitats, genn ination occurs when salt content of the 

habitat reaches i ts lowest level, e .g . ,  toward the end of or after the rainy period (Ismai l ,  

1 990, Khan and U ngar, 1 996). H owever, h igh evaporation rate in  the subtropical deserts 

would return back the h igh sal in i ty l evel short ly after the rainy period. This further 

support the i mportance of the genni nation stage as the most cri t ical stage in the l i fe cycle  

of the plan ts and once i t  passed p lants would able to  establ ish themselves. I n  our study, 

genn ination inhib i tion in salty solutions was a l lev iated, part ia l ly or completely by 

fusicoccin ,  k i net in and thiourea i n  L. scindicLls and by fusicocc in,  k inetin and thiourea 

and GA3 in P. turgidum .  This result  indicates that seeds of the two species could 

germ inate and hence estab l i sh themselves in  soi l s  with such sal in i ty levels, when they 

pre-treated w ith these dormancy regulat ing chemicals.  It has been reported that sal in i ty 
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toleranc i greater 1 0  to 1 00 t imes in mature plants than at the germination tage of 

dev lopment ( Mayer and Poljakoff-Mayber, 1 975) .  

4.5. Seed Do r m a n cy of Panicul11 turgidum and Lasiurus scindicus 

Seed dormancy is hypothe ized to be a risk-spreading strategy that maxImIzes plant 

fitne s .  Many spec ies produce seeds that do not germinate short ly  after dispersal and 

require a period of species-speci fic after-ripen ing through dry storage ( Bewley and Black, 

1 982;  S impson, 1 990; Baskin  and Baskin,  1 998) .  The seeds of most Mediterranean and 

desert pecies have dormancy characteristics or structural propert ies that prevent 

immediate germi nation of at least a proportion of the seeds (Gutterman, 1 994' Bel l et al., 

1 995) .  In the present study, fresh seeds of L. scindicus didn't show great innate dormancy 

and attained fast germination. Final  germination and Timson index of germination rate of 

fresh harvested seeds were 66.7% and 40.3 ,  respectively, indicating that about one-third 

of the seeds reta i ned dormancy. Seeds of P. turgidum, however, showed great innate 

dormancy. No germ inat ion occurred for the fresh harvested seeds and 1 4 .2% and 23 .3% 

of the seeds germinated after one and two years of storage respectively. Another seed lot 

of P. turgidum germi nated to about 84% at 25°C in  darkness after 5 years of dry storage. 

The abi l i ty of a considerable fract ion of seeds to maintain dormancy ensures the bui ldup 

and pers istence of a soi l  seed bank which is considered vital for species in unpredictable 

env i ronments of deserts ( Venable and Lawlor, J 980). 

Seed dormancy is  thought to have evolved In response to environmental 

unpred ictable  environmental variab i l ity and uncertainty ( Evans and Cabin,  1 995) .  In  the 

desert habitats, the favorable  conditions for germination and completion of plants l i fe 
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cyc le  are unpredictable  over pace and t ime. Seed dormancy is thus thought to have 

evol ed to lead to the exi  tence of seed banks ( Mandujano et ai. , 1 997).  In a survey 

including 1 05 central Austral ian spec ies Jurado & Westoby ( 1 992) found that for 1 03 of 

them, at least 20% of their eed were sti l l  ungermi nated after 1 0  days. S ince seeds of al l  

te ted spec ie  were after-ripened in their  survey, the dormant fract ion of fresh matured 

eed i probably much h igher in many spec ies. The low dormancy of fresh harvested 

eeds observed in Lasiurus scindicus is thus not common in desert p lants. In the present 

tudy, germ ination was performed on naked seeds ( i .e . ,  structures surrounding the seeds 

were removed). The remo al of the surrounding structures around the seeds would be the 

main reason for lower dormancy observed in L. scindicus. Non-dormant seeds are also 

found in some desert species of A triplex, but they are prevented from germinat ion by h igh 

contents of germ ination- inhibi t ing chloride in  the bracteols ( Beadle, 1 952) .  Innate 

dormancy produced by the presence of endogenous inhibi tory compounds has been 

reported in bracts or other tructures enclosing the seeds in some species (wheat and rye, 

Trethowan et a!. ,  1 993; Atriplex halimus and Salsola vermiculata, Osman and Ghassa l i ,  

1 997) .  

4.6. M ate r n a l E ffec ts o n  Seed Dorm a n cy a n d  G e r m i n a tion 

I t  has been proposed that the  envi ronmental cond it ions under which plants are grown can 

affect seed germi nation by affecting their chem ical composi tion and seed provisioning 

(e .g . ,  mineral photosynthet ic and phytohormone resources) throughout the growing 

season (Roach and Wulff, 1 987, Baskin and Baskin, 1 988, Sul tan, 1 996). I n  addit ion, 

several studies documented that water addit ion in  the maternal environment caused a 
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ign i ficant decrea e i n  germination percentage and rate of several species, such as Sinapis 

arvensis (Wright et al., 1 999; Luzuriaga et aI. ,  2006) Malva parviflora ( M ichael et al., 

2006), For example, seed of Malva parviflora from areas of low rainfal l  were more 

re pon i ve to fluctu at ing temperatures, releasing physical dormancy earl ier than those 

from area of h igh rainfa l l  ( M ichael et al. 2006) .  The results of the present study are in  

l ine wi th  the e findings.  Seeds of Lasiurus scindicus from natural habitats germinated to 

h igher level and rate compared to those col lected from plants grown in experimental 

condit ions and received more water. Wright et al. ( 1 999) proposed that adequate moisture 

during seed formation is expected to resul t  i n  the production of more dormant seeds than 

in drier condi t ions, probably because better developed seeds are produced. 

The effect of maternal environment on the dormancy level and germ ination rate 

and t ime has been attributed to several mechanisms, including the quant i ty and/or qual i ty 

of the resources suppl ied ( Roach and Wulff, 1 987 ;  Baskin and Baskin ,  1 998; Gal loway, 

2002) ,  the structure and thickness of the seed coat ( Lacey et aI. , 1 997; Luzuriaga et aI. , 

2006), and the levels of hormones, enzymes, etc. Furthermore, color of surrounding 

t issues can affect the l ight qual i ty that reaches the seeds during development and hence 

the status of phytochrome present as the seeds dry out during maturation, which would 

affect dormancy level (Zheng et aI. , 2005) .  I n  the present study, seeds of L. scindicus 

produced under natural condit ions of Al-Ain s i te have l ight brown and dark brown colors .  

Dormancy and germ i nation requirements d iffer between the two colors . Light brown 

seeds germi nated better at h igher temperatures (35  and 40°C) than at lower temperature 

( 1 5°C) in  l ight. Dark brown seeds, however, germinated better at lower temperatures than 

at 40°C in both l ight and darkness. Variation in seed dormancy can be an important factor 

for increasing genetic di versity in populations of this pecies, enabl ing it to respond to 
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environmental changes. In add it ion, p last icity of seed gennination may spread 

genn ination over t ime and thu reduce the risk to species survival (E l -Keblawy, 2003a) .  

4.7. I m pact of Seed Sto ra ge 

Genera l ly, after-ripen ing decreases the ABA concentrat ion and sensi t iv i ty and increases 

i n  GA3 ensi t iv ity or loss of GA3 requirement. Consequent ly, after-ripened seeds lose 

pecie -spec ific genn ination requirements which are required for fresh harvested seeds, 

uch a n i trate and l i gh t  ( Li et al. , 200S;  Kucera et at., 2007) .  I n  addit ion, after-ripening 

widen the temperature range for gennination for seeds of many species. For example, 

seeds of the desert herb Plantago coronopus stored for two months genninated under 

narrow range of lower temperatures (S- l SOC), but genninated under wider range of h igh 

temperatures ( 1 S-30°C) when stored i n  their inflorescences under natural desert habitats 

for one year (Guttennan el al. 1 998) .  S imi larly, fresh harvested seeds of the weedy 

Sicyos deppei developed under sun l ight have a part ia l ly  negative photoblastic response; 

both red and far-red l i ght  inh ibi ted gennination. After s ix  months of storage, the seed 

penneab i l i ty i ncreased and the part ia l ly  negat ive photoblastic response was lost (Orozco

Segovia et al. ,  2000). Furthermore, in the i nvasive exotic Prosopis juliflora in the UAE, 

the need for h igh temperature and l i ght  to achieve greater germination in  the fresh seeds 

was s ign i ficant ly  reduced after seed storage (E I - Keblawy and AI Rawai,  2006) .  In the 

present study, 3 -months stored seeds of L. scindicus genninated sign ificantly greater at 

h igher (20-35°C), than at lower temperature ( 1  SOC).  However, after 2 years of storage 

there was no d ifference in final  germination between a l l  temperatures, indicating that the 

h igher temperature requi red for greater genninat ion of 3-months stored seeds was lost 

after 2 years of seed storage. 
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5.  CONCLUSIONS and RECOM MENDATION 

L.  cindicli didn't show great innate donnancy. A s ign ificant proport ion of fresh 

harvested eeds genni nated under a wide range of temperatures and in both l i ght and dark 

condi t ion . Consequent ly, fresh seeds could be used for reseeding the degraded deserts 

and rangelands, wi thout the need for storage. This particular ly true if the reseeding 

program happen at temperatures ranged from 20-35°C. However, i f  the reseeding 

program happen during the cold period of the year ( i .e . ,  temperature as low as 1 5°C), seed 

stored for two years are required. The results of the present study indicated that the higher 

temperature required for greater genn ination of 3-months stored seeds was lost after 2 

years of seed storage. 

Fresh seeds of P. turgidum, however, showed great innate donnancy. 

Consequent ly  long tenn storage for P. turgidum seeds is required before their use in any 

restoration program for the degraded deserts . A min imum of four years of seed storage is 

required before using the seeds of P. turgidum. 

A l l  of the studied donnancy regulat ing chemicals, except thiourea, did not 

succeed to improve germinat ion of non-sa l ine treated seeds of both L. scindicus and P. 

turgidum, compared to the contro l .  I t  seems that other factors, such as l ight and 

temperature of the i ncubation would be important than domlancy regulating chemicals in  

regulat ing dormancy of stored seeds of these species. 

In both P. turgidum and L. scindicus, gennination in  l ight was greater than in  dark 

at h igher temperatures ( 3 5  and 40°C), but the reverse was true at the lowest temperature 
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( 1 5°C). Thi result has a ign ificant adaptation for specIe inhabit ing the sUbtropical 

desert of the UAE.  

Seed of L. scilldicu from natural habi tats germinated to  h igher level and rate, 

compared to those col l ected from plants grown in experimental condit ions and received 

more watering. This result  suggests that seeds of the natural habitats would be better in 

restoration programs of the degraded deserts and rangelands . 

Sal in ity tolerance duri ng germination of the two desert grasses L. scindicus and 

P. tllrgidum is Ie  s than most of the other stud ied grasses, so the first was more tolerant 

than the latter species. Sa l in i ty tolerance was greatest at moderate temperatures in both 

L. cindicus and P. turgidum; no germ ination occurred at the extreme temperatures ( i .e . ,  

both low and h igh temperatures). 

Germ ination of P. turgidum seeds in  sal i ne sol ut ions was sign ificant ly  greater in 

darkness, compared to i t  in l ight. In L. scindicus, dark germination was significantl y  

greater than l ight germination a t  lower temperatures ( 1 5  and 20°C), but the reverse was 

true at h igher temperatures (35  and 40°C).  This indicates that germ ination in salt-affected 

soi l s  would  happen in absence of l ight when temperatures are low ( i .e . ,  during rainy days 

of winter or for buried seeds) or in presence of l ight when temperatures are h igh ( i .e . ,  

after monsoon rains of summer). 

S ign i ficant proport ions of sal i n i ty- induced dormant seeds in  the two speCIes 

recovered their germination, when transformed from different sal in i t ies ( 1 00-400mM 

aCI )  to d ist i l led water. I n  addi t ion, signi ficant proport ions of L. scindicus ( 1 9-35%) 

recovered their germination when transferred from d ifferent sal in i t ies concentrat ions to 

dist i l l ed water. Optimum recovery germ ination was at the moderate temperatures (20-

25°C) and decreased at both low and h igh temperatures. 
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The abi l i ty of P. turgidum and L. scindicu seeds to genninate and to reco er their 

gennination after exposure to h igher concentrations of sal in i t ies suggests that these seed 

are able to genninate under th salt affected agricul tural lands after effective rainfa l l s  of 

winter. Under natural habi tat of the UAE, seed genn ination of the two species would 

occur in  the sal ine habi tats during seasons of h igh prec ipi tation, when soi l  sa l i n i ty levels 

are u ual l y  reduced. 

The 0 motic effect would be the main cause of sal i n i ty intolerance in  P. turgidum; 

but the toxic i ty effect would be the main cause of sa l in ity intolerance in  L. scindicus. 

The a l in i ty-induced genninat ion reduction i n  P. turgidum was completely 

a l l ev iated by the appl icat ion of GA3, partia l ly  al leviated by the appl ication of fusicoccin  

k inet in and thiourea, but  not affected by n i trate . I n  L. scindicus, the  gennination 

inh ib i t ion was completely a l l ev iated by fusicoccin,  GA3, n i trate and thiourea, but part ia l ly  

a l l eviated by k inet in .  Genn ination was complete ly  inhibi ted by the appl ication of 

ethephon i n  the two species. This resul t  indicates that seeds of the two species could 

germinate and hence estab l i sh themselves in  soi ls with such sal in i ty levels, when they 

pre-treated with these dormancy regulat ing chemicals.  It has been reported that sal in ity 

tolerance is  greater 1 0  to 1 00 t imes in mature plants, than at the genn ination stage of 

development. 
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