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ABSTRACT

The aim of the present investigation was to evaluarious methods for breaking dormancy of Crotalar
senegalensis seeds. The seeds were subjected fdloineng treatments for physical and physiologidarmancy
breaks: (1) physical scarification which carriedtday soaking intact seeds in distilled water for 24t ambient
temperature (25°C) , soaking in hot distilled watg0°C) for 15 and 30 min, immersion in$0, (98%) for 5, 15
and 30 min and mechanical scarification by sandgrsaphe physiological dormancy break treatmentsuithe: (1)
soaking scarified seeds in distilled water for 2atrambient temperature (25°C), (2) immersion in, 2% and 4%
KNGO; and (3) soaking in golden leaf purslane extract§pl16 and 24 h. All scarification treatments iraped the
germination capacity of C. senegalensis seedshitieest being after soaking in golden leaf extrimtiowed by
soaking scarified seeds in water for 24 h and insioerin 1% KNQ. The results showed that using mechanical
scarification with sand paper and immersion seedblLiSQ, (98%) for 30 min to break seed physical dormancy of
C. senegalensis was the most effective treatmenigdfficient because mechanical scarificationadkemall seeds
of the crotalaria especially for large quantitiest$ and it was proven to be a labor intensive pssc®©n the other
hand the acid EBQ, treatment is costly and dangerous in handling. break physiological dormancy of C.
senegalensis seeds, soaking in golden leaf purdaimact for 16 h represent the most recommendsatrtrent

Keywords:. Crotalaria senegalensis, Germination rate, Phlydaranancy, Sandy paper scarification.

INTRODUCTION

Cultivation of forage legumes in rangelands andtysas has become a technique of growing use byéfam
because it is a sustainable way to recover degnaa&dres, and at the same time provide qualigg®ifor animals.
Rangeland productivity may be increased by intragyithe nitrogen-fixing legumes into the rangelafid42] [3].
Crotalaria is a large genus comprising of more t6@@ species scattered all over the tropics anersylics [4].
This genus shows largest species diversity in tedpfrica followed by Southeast Asia and Centrahekica [5]. In
Sudan, there are two speci€sptalaria senegalensiand Crotalaria retusa locally called "Safari", both grow in
areas degraded by erosion on infertile soils arfmhdfphysical properties. The plantis a papfgieage shrub due
to its high crude protein content (about 17%) amaecellent palatability for grazing animals sushcamels, cows
and goats in natural ranges of SudansenegalensiSafari) has an adaptive advantage of having anarcycle
combined with a "seed escape" habit. The plant aelfareseeding legume has developed specificegfieg to
ensure adaptation and reproduction under harstattiroonditions [4].
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Generally, legumes seeds exhibit hardseedednagdtmgsn dormancy [6]. Several studies have beamdacted on
legume germination using different seed coat preirsg treatments [7] [8] [9]. The function of theeskecoat is to
protect the embryo and endosperm from desiccatimghanical injury, unfavorable temperatures anackst by
bacteria, fungi and insects [10]. Similarly to maotiier taxa of legumes, the seeds of Crotalariatpleemain in a
state of physical dormancy until the seed coat a&denpermeable by some environmental factors inralatu
conditions [11].

In wild species, physical dormancy release couldbeoonly the effects of the gastric juice of biedsl rodents that
eat the seeds, but it could also be influencedbyptrtial chewing and high temperatures and haynidiwhich the
seeds are exposed when are in contact to fecefl[d)2]

This research aims at evaluating the impact obuarpre-sowing seed treatments on the germinaésponse of
Crotalaria senegalensiand at developing an effective method of brealsiegd dormancy. The study is crucial for
optimizing seed germination and growth of Crotaaince the increasing demand for fresh matersabs @omising
forage plant in vulnerable and fragile natural milgSudan which could result in the attrition atural populations
to the point of extinction and a resultant losbiodiversity.

MATERIALSAND METHODS

Pre-sowing seed treatments

Crotalaria senegalensiseeds were obtained from Sudanese AdministratioRocage and Range, Ministry of
Animal resources and Fisheries in Gadarif StatAprl 2015. The fresh weight of 1000 seeds wasg/dnd the
moisture content was 4.6% on dry weigh basis, wiiels estimated after drying the seeds afG@@or 24h. All
seeds were surface sterilized in sodium hypocleddi#c NaOCI) for 3 minutes and then washed thmaediwith
sterile distilled water prior to an experimentabgedure to prevent fungal contamination. Seeds webgected to
different mechanical, physical, chemical and biatah treatments. Mechanical scarification was aaik by
vigorously rubbing the seeds for 10 sec betweendheets of fine-grained sand paper to remove ta teithout
injuring the embryo. Physical scarification wasriea out by soaking intact seeds in distilled wdtar 24 h at
ambient temperature (25°C) and in hot distilled ewgB0°C) for 15 and 30 min. After completion oft vaater
treatments, seeds were removed from the waterefhtblcool for 10 min. Samples of mechanical datiseeds
were soaked in distilled water for 24 h at ambitemperature (25°C) and Chemical scarification waomplished
using two different techniques. First, samplesntdiét seeds were soaked separately in concensatelduric acid
(98% HSOy) for 5, 15 and 30 min. Second, samples of mech#piscarified seeds soaked separately in potassium
nitrate (KNQ) at 0, 1, 2 and 4 % for 24 h. Biological treatnsamas carried out by soaking scarified seeds iraeit
of golden leaf pursland®prtulaca oleraceat.) for 8, 16, 24 h. All seeds in the$l0;, KNO; and extract of golden
leaf purslane treatments

were thoroughly washed three times in sterile ltBstiwater before culturing. Intact seeds without-powing
treatments were considered as the control.

Germination tests

The germination percentages is an estimate of iitg@lity of seeds. Germinated seeds were countedyei8 h for
20 days. In the present study, Seeds were placstgiile plastic Petri dishes (12.5 cm), contajmmoistened filter
paper. All Petri dishes were incubated for 20 dety85°C and 16 h photoperiod by a fluorescent lgghtO pmol m
25, According to [14]Sharma and Sharma (2010), seenle considered germinated upon emergence of tadica
2 mm). The following germination parameters werded:

1)Final germination percentage (FGP) = (number of memof germinated seeds/number of total seeds) X100
2)Mean time to germination (MTG orsg} was calculated according to the following equafib5] (Moradiet al,
2008).

MTG or Gso=)Y Dn /Y n
Where,

n = number of seeds which were germinated on day D.
D = the number of days counted from the beginniihgeomination.
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3)Germination rate index (GRI)
GRI=[G1/1+G2/2+ ........... + Gx/X]

Where,
G = the germination on each alternative day aftecgment.
1, 2, x = the corresponding day of germination [(E&echie, 1994)

4)Corrected germination rate index (CGRI)
CGRI = (GRI/FGP) X 100

Experimental design and statistical analysis

All experiments were conducted in a completely mnited design. There were 15 treatments replicattohes,
and each replication consisted of 10 seeds. Date weabjected to one way analysis of variance (ANQVA
appropriate for a completely randomized design meén separation among treatments was carried outast
Significant Difference (LSD) using SPSS programrgien 15). Excel computer software was used forintak
graphs.

RESULTSAND DISCUSSION

The effects of various pre-sowing seed treatmemisthe time-course changes in germination percentdge
Crotalaria senegalensis are showrfkig.1). The germination percentage GP for the control svgsificantly (P <
0.05) lower than the GP recorded for intact seed&ed in water for 24 h at ambient temperaturdl aeamination
reading occasion@-ig. 1A). In the hot water treatment soaking treatmentsnigetion percentage at both exposure
time to hot water was identicéfig. 1B). Germination percentage in both 15 and 30 minwaier treatments were
better than the control and soaking in water atianthlemperature treatments. In thgsB), treatments, germination
percentage was improved with increasing exposune to the acidFig.1C). Mechanical scarification of intact
seeds significantly (P < 0.05) increased germimapercentage and recorded the highest germinagoceptage
among all treatments during the entire germinagieriod followed by immersion of intact seeds igSE) for 30
min treatments. Mechanical scarified seeds andfierhiseeds soaked in,B for 24h were identical during the
time- course of germinatiofFig. 1D). Immersion scarified seeds in KN@ignificantly increased germination
percentage compared with control. Interestingly arsion of seeds in 1% KNGignificantly (P < 0.05) increased
germination percentage and recorded the highesar@dhg KNQ treatments during the course of Crotalaria seeds
germination at all occasior{sig. 1E). Scarified seeds soaked in golden leaf purslatraafor 16 h significantly
increased germination rate compared with the sgakirpurslane in 8 and 24 h through the entire t{omerse of
germination(Fig. 1 F).
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Fig 1. Time-cour se changesin germination per centage of Crotalaria senegalensis seeds as affected by different pre-sowing treatments (
intact seeds (A, B, C), scarified seeds (D, E, F)) over 20 days

Table 1: Effect of pre-sowing treatmentson final germination percentage (FGP) ger mination rateindex (GRI), corrected ger mination
index (CGRI) and time taken to reach 50% of final germination percentage (GTs) for Crotalaria senegalensisafter 20 days in culture

Treatments FGP GRI CGRI  GTg
Intact seeds

Control 95 (179)i 15 i 157f 38e
Water soak (24h) 43.8(41.4)f 100g 228e 5.0c

Hot water soak (15 min) 67.3(55.1)e 20.8e 309c 6.5a
Hot water soak (30 min) 67.5(55.3)e 21.0e 31.1c 58b

H,SQ; (5 min) 305(335)h 7.8 h 275d 7.0a
H,SQ, (15 min) 56.5(48.8)g 18.5f 32.7b 55b
H,SQ, (30 min) 92.3(745)b 355b 38.4a 25f

Mechanical Scarification  98.0 (83.0)a 38.3a 39.1a 2.0f
Scarified seeds

Water soak (24h) 97.8(82.6)a 38.0a 389a 2.0f
1% KNG; 97.0(80.4)a 37.2a 383a 20f
2 % KNG; 93.5(75.3)b 36.0b 385a 26f
4% KNG; 37.0@375f 82 h 222e 3.8d

Purslane extract soak (8 87.3(69.1) 30.zc 34.€b 2.0f
Purslane extract soak (161 98.5(84.0)a 385a 39.0a 22f
Purslane extract soak (24} 82.0 (64.9)d 28.2d 344b 22f
LSD o.0¢ 4.2 1.6 2.3 0.€

Effects of pre-sowing treatments on final germioatpercentage (FGP), germination rate index (G&ljrected
germination percentage (CGP) and time to 50% ofmgetion (GEy) were shown in Table 1. All breaking
dormancy treatments significantly (P < 0.05) affelcgermination attributes of C. senegalensis.datinents using
intact seeds, mechanical scarification with sangepaignificantly (P < 0.05) scored the highesglfigermination
percentage (FGP) among all intact seeds treatmdrgseas the control treatment scored the lowest BB&king in
water and HSO, also significantly (P < 0.05) increased the FGE o$enegalensiseeds compared with the control
treatment. In treatments using scarified seeddredtment except immersion in 4% Kj€ignificantly (P < 0.05)
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increased the FGP and ranged from 82 to 98.5%o04A¢th, immersion of scarified seeds in 4% K\&ynificantly
(P< 0.05) scored higher FGP than the control treatm

The germination speed (germination rate index (GRIJ corrected germination rate index (CGRI)) antketto
reach 50% final germination (Gg were significantly (P< 0.05) affected by all mewing treatments. Mechanical
scarification of intact seeds with sand paper $iggmtly (P< 0.05) increased GRI and CGRI and desed G¥,
compared with other treatments. The control treatnseored the lowest GRI and CGRI among the prarspw
treatments. Soaking seeds on hot water for 30 mihim H2SO4 for 5 min significantly increased 4§z &nd scored
the highest days to reach 50% germination. Thelteeslso revealed that increasing exposure timseafds to
H,SGO, significantly (P < 0.05) decreased £ TMechanical scarification of intact seeds and sapkeeds in golden
leaf extract treatments scored the lowestd&d days).

DISCUSSION

Seed dormancy is an innate seed property thatetetime environmental conditions in which the seedhle to
germinate [17]. Otherwise, characteristics of seaisoat thickness and coat hardness, time andtiomsdwhere
they are stored and treatment previously offerediavolved at sprouting. The present study evalgataee pre-
sowing treatments to break dual physical and plygical dormancy oCrotalaria senegalensiseeds. The results
of the present study revealed that mechanical feignily break the physical dormancy Gf senegalensisThis
response provide evidence that the seed coat opldre is the main inhibitor of germination. The chanical
scarification with sand paper significantly incredsgermination percentage and germination rate panchote
germination of dormant seeds Gf senegalensisThis results are in harmony with [18]. Althougrechanical
scarification was an effective treatment for promgtgermination but the present study and anothetyscarried
by [18] revealed that this method was labor intemsind many seeds were broken in the scarificationess due to
the small size of Crotalaria seeds. This make teehanical scarification inefficient for large quieies of seeds.
Moreover, [19] found proved the insufficiency of chanical scarification for other legume such asnepThe
response of k80O, as a method for breaking seed dormancy in thidystuas consistent with other studies in
different species [20] [21] [22] [23]. Some resdems [24] [25] reported that the seeds of Croialabtained from
a natural environment and the$0, scarification treatments simulated pass of theséerough the digestive tract
of animals (birds and rodents), which under natemaiditions execute chemical scarification. Althbuge acid
scarification significantly broke the dormancy obtalaria seeds and enhanced germination , baitcibinmonly not
preferred due to its cost, safety risk and envirental precautions involved, and not reliable okilag the requisite
qualities on seeds of other important plant spej@é% [27] [28]. In treatments using intact seedgaking in hot
water increased GP and GRI and decreased. ®Bny researchers [29] [30] found that soakingisea hot water
for specific period break exogenous seed dormameytd making scratch in hard seed coat which fat#lithe
imbibition, moreover this treatment enhance seethigwtion in many plant species. The present stegigals that
crotalaria species has physiological dormancy du¢hé positive response to chemical treatment KNQhe
concentration 1% and 2% of the nitrate treatmentseced germination compared with the highest auretgon
4% of the nitrate which might simulated the casthmsoil after rainfall which dilutes nitrate andike it available
for seed. Supporting evidence was reported by [&] [33]. Nitrate has been stated as being a greegulating
substance in some plant species such as SalviaTlBd]results of the present study also revealedntiportance of
golden leaf purslane in breaking dormancy and ptorgagermination of crotalaria seeds. Some speekdsacts
have high levels of natural plant growth hormonespecially auxins, cytokinins and gibberellins. la&kellin
hormones are very small signal molecules that bseakl dormancy and help steer seed germinationainy mplant
species [34] [35].

CONCLUSION

The present study reveals that crotalaria exhtjsial or exogenous dormancy and is entirely ireddsy the hard
seed coat. The integument is able to withstandven&ble conditions such as heat, teeth of dispgragent and
mechanical damage prevailing in the natural habltais avoidance of germination is ecologically agtageous to
the plant grows in harsh climatic conditions ,hattseed accumulate in the soil to increase thecehthat some will
germinate and create new population to maintainsfiexies. But this is limiting when quick and ceteit seed
germination is desirable for successful establisiinoé economically important forage plant speci@sir results
demonstrate that mechanical scarification and sggaiki water for 24 h , soaking in golden leaf pangl extract for
24 h or immersion in 1% KNfsolution break dormancy and promote germinatiorCaodtalaria senegalensis.
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Moreover, our results has established a successdtiiodology for overcoming seed dormancy and optimgiseed
germination ofCrotalaria senegalensig order to satisfy the demand for fresh materédsa forage in rangeland
and pastures.
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