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Abstract: Problem statement: Rhanterium epapposum, locally called Arfaj is the national flower of
Kuwait. The current situation d®hanterium epapposum is quite critical in most areas of Kuwait. In
fact it has completely disappeared from most pafrtle country due to a combination of overgrazing,
collecting for firewood and off road drivingdApproach: Rhanterium epapposum is an excellent
species for rangeland restoration and information its germination ecology is meager. The
considerable variations in germination between yéead us to study the variation in the size, mass
and number of filled achenes in the capitulum. Waeation in capitulum size, mass, number of
achenes per capitulum and also the effect of dat (25 months), Moist chilling (1-5 months) and
hydration dehydration cycles (1-5 cycles) on geation of the 6 different year collect@&hanterium
epapposum (2002-2007) seeds were studied under laboratonditon. Results: The seed size,
weight, the number of achenes per capitulurRlanterium epapposum varied considerably from one
year to another. Climatic condition significanthealeased seed quality and germination when the
precipitation is lower. Heat and moist stratifioatisubstantially improved the germination of 2003,
2004 and 2005 seeds. However hydration and deligdrateatment had very little effect on
germination.Conclusion: It is concluded that results of germination tediffered depending on the
presence of filled achenes in the capitulum. Theas a strong correlation between the presence of
filled achenes in capitulum and the precipitatiaminlg the growing season. This suggested that under
natural condition precipitation plays key role ihetformation of achenes in capitulum of the
Rhanterium epapposum seeds.
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INTRODUCTION completely dry and is leafless. A waxy bloom covers
the vital parts and ‘A thread of living tissues\sues
Kuwait is a small arid country situated at thethor within the fibrous root stock during prolonged dry
western corner of Arabian Gulf covering an area ofperiods, thus allowing the plant to resume growttem
about 18,000 Km (Brown and Al-Mazrooei, 2003). Theit rains at last fall' (Vesey-Fitzgerald, 1957bher dry
summer is hot with maximum temperature reachedlower heads, seeds of the ‘Arfaj’ bush are consde
more than 45°C and the winter is cool with a meargood grazing for sheep and in late summer are lyeadi
temperature of 12.8°C. Rainfall is erratic withgar eaten by them (Dickson, 1955Rhanterium is the
temporal fluctuations. The vegetation is domindbgd characteristic and most abundant shrub over watggr
short lived annuals, dwarf shrubs and trees agelar of north and central Arabia mainly between 25°N
absentRhanterium epapposum is the national flower of (Riyadh) and 30°N (northern  Kuwait border)
Kuwait and Arfaj is the common name for this pldht. (Vesey-Fitzgerald, 1957b). In Kuwait and adjacent
is a bushy perennial aromatic shrub approximat@y 8 areas,Rhanterium is found mainly on deep, sandy soils
cm high with many stems branching out from the basealthough it can occur on shallow substrates wheig i
Rhanterium epapposum shed its leaves each summer sometimes accompanied bialoxylon salicornicum
and shoots out six weeks after the first autumm; thie  (Halwagy et al., 1982). InRhanterium epapposum the
small yellow flowers appear in April giving the @gsa  dispersal unit is the capitulum. In the capituluhe t
golden sheen (Dickson, 1955). During the hot, dryachenes are present only in the peripheral ragtfior
summer months, Rhanterium epapposum looks The achenes are curved, glabrous without pappus.
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Sheep, goats, camels and hares as being instrunrenta Table 1: Climatic data for the growing season 22007
long-distance dispersal (Thalen, 1979). The capitué _ _ Monthly average
shed at the end of the spring and remain in thergto Srowing season Rain fall (mm) _ temperature (*C)

throughout the summer. Seeds germinate after tbinfagg: gggéjﬂﬂg gggg 136.4 23.43

in the following autumn at the earliest and germiora  Oct 2003-June 2004 ;?g% gggg
occurs whilst the achenes are still located in theDct 2004-June 2005 177.3 22.92
capitulum, i.e., there is no dispersal of individua Oct2005-June 2006 1435 23.81
achenes. For germination to take place, the capit yj2ct 2006-June 2007 116.6 22.94

must be positioned with their basal part on theugth

in an upright position. Dormancy over a number ofCapitulum weight, size, number of achenes per
years is a typical feature of the seeds (Thale@919 capitulum and climatic data of the years of
Often, several seeds germinate at once in a capitul collection. The mean mass of 5 groups of 100
and it appears that mortality of seedlings duentoai  capitulum was weighed and the mean length and width
specific competition may not be the norm. The aurre were measured to ascertain the average seed vegight
situation ofRhanterium epapposum is quite critical i sjze. Hundred randomly chosen capitula of each year
most areas of Kuwait. In fact it has completely,yere ysed and the achenes were extracted to deeermi

disappeared from most parts of the country due to g,o humber of achenes per capitulum
combination of overgrazing, collecting for firewood '

and off road driving (Brown and Al-Mazrooei, 2003). The (.:“ma.tlc data as monthly vaIue; of temperature
. ) ' and precipitation (Oct-June) for the periods 200272
Rhanterium epapposum is an excellent species for

rangeland restoration and information on its vere taken from the meteorological department, Ktiwa

germination ecology is meager. The considerablénternational Airport. Temperature and precipitatio
variations in germination between years lead us tyalues were taken from October to June, because the

study the variation in the size, mass and number ofiitiation of growth was observed during Octobed an

filled achenes in the capitulum. the seed collection was initiated in May. The clima
data of the growing season for each sampling y®ar i
MATERIALSAND METHODS mentioned in Table 1.

Capitula ofRhanterium epapposum were collected Dry heat: The seeds were placed in an oven at 50°C

from Sulaibiya, the southern part of Kuwait durithe  and the germination experiments were conducted afte
growing season for six consecutive years (20023200 1.5 months respectively.

2004, 2005, 2006 and 2007). The capitulum wereddrie

and stored at room temperature (around 22°C) irePap, , . e .
bags until use. Each capitulum contains 1-10 ad]eneM oist stratification: The seeds were placed on a moist

In nature the achenes are not dispersed indivigune ~ SuPstrate and kept at 5°C for different duratiortimie
germination occurs whilst the achenes are stdlcied (16 months). The germination —experiments were
in the capitulum. Hence the whole dispersal unit orconducted after 1-5 months respectively.
capitulum was used for germination experiments.

Hydration  dehydration  cycles: Rhanterium
Germination experiment: Seeds were sown on sand epapposum seeds were exposed to different cycles of

moistened with distilled water in 9 cm diameter 3 days wetting and 3 days drying. This cycle was
disposable petridishes. Four replicates of 25 seeds gpeated for 5 times.

petridish were used for each treatment. Seeds were

incubated in growth chamber under alternating_, .. . - - .
temperature of 22/10°C with 14 h photoperiod theStatlsncaI analysis: Statistical analysis was performed

lowest temperature coinciding with the period of With the SPSS 12 statistical package. One way ANOVA
darkness. This temperature regime was chosen ticmimWas used for the statistical analysis of seed vigigh
early winter day/night air temperature. Petridisheese =~ number of achenes per capitulum and seed size. One
distributed randomly within the growth chamber. way ANOVA was used to study the treatment effect
Germination was recorded every 2 days untii ncand Duncan’s multiple range tests to compare maans
germination was noted on 4 consecutive days. Th&% level of probability. Difference in germination
seeds were considered germinated when the radicpkrcentage between treatments and years were tested
protrude to the length of 2 mm. using two ways ANOVA.
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RESULTS An increase in length of dry heat storage period
slightly increased germination (Table 3) of 200802

The average seed weight and seed length (length@d 2005 seeds (F = 1.075, p = 0.407; F = 2.823,
= 16.855, p<0.001) were significantly larger inslot p<0.05; F = 2.187, p = 0.101). However it did not
0f2005 than in lots of 2002, 2003, 2004, 2006 ab@72 improved the germination percentage (Fig. 2) of200
respectively (Table 2). The number of achenes pef006 and 2007 seeds (F =1.249, p = 0.328; F = 0486
capitulum (Fig. 1) were significantly different angp = 0-782; F = 0.829, p = 0.546). Germination diftere
the 6 seed lots (F = 85.534, p<0.001). Number opignificantly between years and with in duration<F
achenes per capitulum presents maximum valueséor t 1°3-592, p<0.001; F = 6.698, p<0.001).
collection of 2004 and minimum value for the
collection of 2002 and 2006 year (Fig. 1). Capitalu
with filled achenes was abundant in the 2003, 2007
seeds because total precipitation during 2003 &@dl 2 Duration of storage

Table 3: Effect of dry heat storage on germinatidré consecutive
year collected seeds
Germination (%)

were higher. The achenes were rare or not presghei at50°C (months) 2002 2003 2004 2005 2006 2007
capitulum collected during 2002, 2005 and 2006.(Ejg  ° ig gg: gggb f;"g f: 22:
See_zd fill was only 3, 8 and 37% for seed harveste 2a 37a  5lab 8ab  1la 8a
during 2002, 2006, 2005 and 2007 respectively. Na@ 7a 48a 6labc 5ab  Oa 4a
correlation was observed between climatic datahef t ‘51 ga iga gibc fgb fa ga

H H H a a C a a
collection year and the size and weight of the seed Significancé NS NS * NS NS NS

Since the seed size and weight present a maximlra va
for the collection of 2005. Seed quality (the numbg
seeds per capitulum) varied from year to year.

Table 2: Average capitulum size, number of achgrascapitulum
and capitulum weight of 6 lots d#hanterium epapposum

Values with same letter are not significantly diéfiet at the 5% level
according to Duncan’s Multiple Range tésfThe data were analyzed
by Analysis of Variance (ANOVA); NS: Not Significgn *:
Significance at p<0.05

Table 4: Effect of Moist chilling on germination 6fconsecutive year
collected seeds

collected in different years

Size/capitulum (mm)

Germination (%)

Duration of storage

Year of Length Width No. of achenes at 5°C (months) 2002 2003 2004 2005 2006 2007
collection  (mm) (mm)  in 100 capitulum  Weight/lof (g 2 ga g?a gébc iab ia éOab
2002 57lbc  560a  8a 4.95b a a a “a a a

2 4a 46ab 42ab 18bc Oa 5ab
2003 5.92¢c 5.43a 80d 4.88b

3 Oa 64b  56bc 17bc Oa 10ab
2004 6.21d 5.44a 93e 4.94b

4 4a 46ab 59c 24c Oa 11b
2005 6.37d 5.59a 37b 5.83c

5 3a 43ab  75d 12abc 0Oa 2ab
2006 5.60b 583 3a 4.25a aianificancd N s NS
2007 5.31a 5.68a 52c 4.72b 9

Values with same letter are not significantly difiet at the 5% level
according to Duncan’s Multiple Range test

120

Values with same letter are not significantly diéfiet at the 5% level
according to Duncan’s multiple range t€sfThe data were analyzed
by Analysis of Variance (ANOVA); NS: Not Significgn***, *:
Significance at p<0.001 and p<0.05
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epapposum seeds after varying length of moist rig. 4: Effect of hydration and dehydration cyctes
stratification Rhanterium epapposum seed germination

Table 5: Effect of Wetting and drying on germinatioof 6
consecutive year collected seeds DISCUSSION

Germination (%)

The seed size and weight oRhanterium

Cycle 2002 2003 2004 2005 2006 2007 epapposum vary interannually and the germination is
0 3a 20a 51b  8a la 5ab  independent of size and weight. Similar resultsewer
1 1a 8rab 59  13a 1la 8b  optained inMedicago sativa (Beveridge and Wilsie,
2 3a 29ab 48b 1l4a Oa Oa h b f h itul ied
3 3a 43b 49  7a 0a 7b  1959). The number of achenes per capitulum varie
4 0a 42b 24a  12a Oa oa considerably from one year to another. The pergenta
5 Oa 41b 18a  6a Oa la  of filled achenes ranges was greater during 20@4 ye
1 ifi *k%k . . .
\5/'9|””'°a”_ff NSI - — thS_ '\:Sth 5(le8 | than other years. This can partially be attributed
alues with same letter are not significan ydlﬁieta e 5% leve F : :
according to Duncan’s Multiple Range tésfThe data were analyzed greater preC|p|tat|on. in 2004 than_ other years. The
by Analysis of Variance (ANOVA): NS: Not Significaies, * presence of fewer filled achenes in 2002, 2006 and
Significance at p<0.001, p<0.05 and p<0.1 2005 is due to the subsequent drought throughese r

of the year. Environment and genotype interactions

Seeds collected during 2003, 2004 and 200%Tontrol the production of achenes in subsequent. yea
showed that moist stratification significantly iropged  This year to year variation suggested that thesiéstr
germination (Table 4) from an average of 38 to 64%exhibit phenotypic plasticity. The substantial asidn
(p<0.001), 51-75% (p<0.001) and 8-24% (p<0.05)in precipitation during 2002-2007 year study may
respectively. In contrast, germination decrease2DiB6  account for the observed temporal variation. Inhhig
seeds but remained same in 2002 seeds (Fig. 3). Seminfall years,Rhanterium epapposum plants produce
germination differed significantly between yearsdan large amount of viable achenes. The productionafem
duration (F = 179.277, p<0.001; F = 9.814, p<0.001) achenes in each capitulum in good years than im poo

Drying and wetting cycles were ineffective in years is that the genotypes best adopted to goars ye
promoting germination (Fig. 4). Compared to thetodd  can make a larger contribution to the seed bank tha
the hydration and dehydration treatment slightlythose best adapted to poor years. Thus, the sedd ba
increased the germination percentage (Tablef5) with its preponderance of seeds produced by thé bes
2003 seeds (F = 2.480; p<0.05). However in 2008420 genotypes in good years minimizes the genetic itnpac
2006 and 2007 seeds the germination percentagsf seeds produced by the best genotypes in poas yea
significantly decreased as the cycle is repeated= (F and thus prevents the population from responding
0.785, p = 0.574; F = 8.387, p<0.05; F = 0.200, p =genetically to the environment each year (Levin and
0.958; F = 4.387, p = 0.009). Germination differedWilson, 1978; Templeton and Levin, 1979).
significantly between years and cycles (F = 144.290Rhanterium epapposum flower heads stored dry at
p<0.001; F = 4.556, p<0.001). room temperature were tested for germination after
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years at room temperature gave 60% of germinatiordormancy. Tsuyuzaki (2006) proposed that the patiér
proving the exceptional longevity of the specieslam seed dormancy and survival were determined by soil
dry conditions (Thalen, 1979). Heat stratificatibad  temperature fluctuation patterns which decreaseth wi
little effect on germination. However the germioati increasing soil depth.

percentages were positively related to the presenfce

filled achenes in capitulum. Germination of seeds CONCLUSION
collected in 2002, 2006 and 2007 was not affected b
heat stratification. However stratification subsialty Germination of seeds collected in 2002, 2006 and

improved germination of 2003, 2004 and 2005 seed<007 were not affected by Pregermination treatments
The heat stratification at 2, 3, 4 and 5 monthsewer However pretreatments substantially improved the
significantly higher compared to control. lrepidium  germination of 2003, 2004 and 2005 seeds. Appagentl
lasiocarpum and Eriophyllum wallacei, 90 and 48% germination of this species differed from year taly
germination respectively were obtained after 2 westk One possible explanation is annual variation imate
50°C (Gutterman, 1993). during seed formation which causes the productibn o
Moist stratification treatment can either promote less filled achenes in the capitulum. This studyeated
hinder seed germination. Prolonged moist chilliBg4  that conclusion based on a particular year coliestzds
and 5 months) promoted germination of 2003, 20@4 anof Rhanterium epapposum cannot characterize the
2005 seeds. In contrast, germination remained same germination behavior of this species. The knowledge
2002 and 2007 seeds. Two week cold stratificatiorabout the germination dRhanterium epapposum will
treatment increased the germination Gditis pallida  contribute to a more efficient use of this spedies

seeds (Fulbrightt al., 1986). degraded rangeland.
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