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ABSTRACT

Spiderplant (Cleome gynandra) is an African indiges vegetable (AlV) in many parts of sub-Saharaica#f
especially in most countries in eastern and soutl#drica, where it is a semi-cultivated populargical species. In
Kenya, it is among the most popular AlVs, partidylan the western and coastal regions. Seed sugpdyems for
spiderplant is largely local and whatever materihét is available is often of poor quality, mairdye to lack of
development of seed quality testing protocols, ttarmpering the correct assessment of the qualiseefl used for
sowing. The study aimed at determining temperatme light optima for seed germination and seedling
development of spiderplant morphotypes from wedkemya. The original spiderplant seeds for the gtuckre
sourced from farmers in Kakamega District and fraiifdly growing plants within Chepkoilel Campus irasin
Gishu District, both in western Kenya. Four morptmets were identified and selected based on thespcesor
absence of anthocyanins on their stems and peticdspectively. Tests on seed quality aspects dene at the
Bioscience Business Unit at Plant Research Intéonat, Wageningen, The Netherlands. Determinatiooptimum
temperature for seed germination was conductednicyhiating three replicates of 100 seeds each offdhe
morphotypes at constant temperatures of 20, 2533040 and 48C, respectively. In order to determine the light
regime for seed germination and optimum temperatareseedling development four replicates of 50dsesach
were incubated at constant temperatures of 30 &3t 8-hr light day and 0-hr light day (in 24-hr darkness),
respectively. Data analysis (ANOVA, statistical aliggors and t-tests) were done using statisticalckage
SeedCalculator 3.0. Germination was strongly inflced by temperature showing declines at both exseofi 20
and 45°C and optimum of 35 and 90. Light had no influence on germination since segerminated equally well
under light and in the dark. Seedling developmead strongly influenced by temperature with highercentage of
normal seedlings at 3 than at 35C. It is concluded that while temperature had aeefon seed germination
performance and seedling development, light ondter hand showed no effect on seed germinatiortHer
spiderplant morphotypes studied. However, whitetlig required in order to aid in seedling evalusiti

Keywords: Cleome gynandra germination, morphotypes, seedling developmengéstern
Kenya.
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INTRODUCTION

Spiderplant Cleome gynandnaas a G-species has high photosynthetic efficiency andHa it
requires high radiation and temperature (18€35in addition to sufficient soil moisture [1, 2,
3]. The G photosynthetic pathway is an adaptative mechamasnits survival in dry and hot
environments [3].

3HE 4E

Source: [6]
Plate 1. Map showing the agro-climatic zones of Kgma and the zones (I-VI) in whichC. gynandra is
distributed.

Kenya has been subdivided into seven agro-ecologiicees (AEZ I-VII), based on temperatures
and rainfall [4]. While AEZ | is the most humid piified by the humid highlands such as the top
of Mt. Kenya and parts of Kisii highlands, AEZ \dh the other hand is the most arid. AEZ |-V
can support rain-fed agricultural activity, witHiadility decreasing in the upper categories. AEZ
V-VIlI form up to 80% of the country’s land surfa@nd are best utilized for game and
pastoralism. The wide distribution of spiderplamtnhany agro-ecological zones of Kenya has
been reported [4, 6], and this ranges from AEZ Mo(Plate 1.). In terms of altitude, it is
reported to occur from sea level up to 2400 mcaitfin the crop requires warm conditions since
its growth is hampered below 4G [7].

In order to minimize the risk of a grower sowing teeed that does not have the capacity to
germinate and produce a good crop yield of theiredwcultivar, it is important to carry out seed
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quality test. Such a test aims at determining tlating value of a given seed lot. In the
agronomic sense, high quality seed essentiallyrapasses the capacity of a seed lot to produce
normal seedlings, have good field emergence, aod sldequate storability [8, 9].

Farmers need to be protected against buying paaitgseed, by having in place certain quality
criteria and control. The International Seed Tegstkssociation (ISTA) has elaborated such
quality criteria on a scientific basis; it has givetandardized definitions of quality criteria and
developed methods to determine them [10]. At priesem seed testing guidelines have been
provided for under the ISTA rules f@. gynandragxcept forC. hasslerianawhich is an annual
temperate flower [11]. Because of the continuednimence the vegetable is gaining in most
tropical areas, and particularly in sub-SahararicAf{5], it is important to develop optimum
seed testing methods so that both seed producdr&aemers would benefit from the set seed
quality control criteria; the former for varietygiection and the latter for seed quality guarantee.
Such methods when developed would in addition aidhe improvement of the genetic and
physical quality of seed [12], by ensuring that tested seed meets the minimum quality
standards.

When a dry, viable seed imbibes water, a chainveints are initiated and germination is
signified to have successfully been completed wheremergence of the radicle results [13]. In
a laboratory test, a seedling is observed till thiaige when it has developed the essential
structures that can be evaluated according to I&ilés [10]. This will indicate whether or not it
is able to develop further into a normal plant urfdgourable conditions in soil.

Seed germination and later seedling growth reqpn@eins at increasing quantities [13].
Polysomes are absent in dry seeds, but rapidleaser on hydration [14]. Concurrent with an
increase in polysomes is a decline in the numbsimagfle unattached or free ribosomes, and both
these are required for protein-synthesis to sustaibryo growth [15, 14].

The germination process can be profoundly affedtgdboth the external and internal seed
factors. While external factors determine the emwinent for seed germination, the internal
factors are related to the “history” of the indivad seed [13]. These factors apply to seeds whose
dormancy has been broken, as well as to thosehwiaid no dormancy.

The optimum germination temperature is speciesfspeand needs to be determined by
experimentation [16, 17]. The rate at which germora proceeds and the capacity of
germination attained are temperature dependentg siemperature affects the rate of water
absorption, the rate of diffusion of respiratorysgs and the rate of chemical reactions that are
involved in seed metabolism [13]. While low tempara will bring about low germination rates,
increase of temperature up to certain limits wiltrease the rate of germination; however,
germination will be reduced or halted altogethee ¢lu further increase in temperature beyond
certain limits [10].

As different species have different optimum tempers for germination, seed testing is
conducted at species-specific temperatures. Faariog, a ¢ tropical and subtropical grass
weedLeptochloa sinensjsad highest seed germination of 95% at temperatunge of 25-3%
[18]. However, Proso millet Ranicum miliaceum Poaceag which is another £ plant,
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germinated well at temperatures of 1°@5with highest germination occurring at 35 and@o0
and no germination at°6 or 5C [19]. This indicated that both the twa, @ants had high
temperature requirements for high germination perémces.

According to their sensitivity to white light, seedre often classified in three categories, called
photoblastism [20], this being associated with ne@elvances in research on phytochrome forms
and mechanisms of action. According to this classtibn the first category is termed positive
photoblastic, in which seeds germinate only undeiteMight; the second category is negative
photoblastic, in which seeds germinate only indhgk and white light inhibits germination, and
finally the third category is that of neutral phiokastic seeds, in which seeds germinate both in
the dark and under white light. While light reqament is important for some species, other
species, however will germinate whether light i®gent or not [13]. The germination of
Leptochloa sinensiwas reported to have been reduced by 80% when sesdsgerminated in
the dark, even under optimal temperature, thus ligiging a marked positive seed
photoblastism [18]. However, with seed germinatiarried out in both light and dark incubation
conditions, at the temperature range of 38€33he results for the mean germination time were
similar but quite low, which indicated neutral pbioastism [18].

In a study withC. gynandraseeds from ARC in South Africa, the germinatiomeloat
alternating temperatures of 20780 resulted in a percentage germination of 57% &l i
darkness and continuous light, respectively; howeat constant temperature of°E)) it was
43% and 2% in darkness and continuous light, resmbe [21]. Seeds from KSC in Kenya
showed a similar germination pattern under the saaralitions; at alternating temperatures
20/30°C, the KSC seeds had a germination of 90% in dakm@d 74% in continuous light,
while at constant temperature of°20the germination was 82% in darkness, but thdgdaio
germinate in continuous white light [21]. Ti& gynandraseeds used in this study exhibited
negative photoblastism, but temperature and ligthighly significant interaction [21].

Smaller seeds contain only small amounts of storagerves for early embryo growth, therefore
when they germinate too deep in the soil; theserves may be exhausted before the seedlings
emerge [10]. Whether it is essential for germinatow not, light is normally provided in seed
laboratories. This is done in order to prevent sste etioliation of the seedlings, promote
chlorophyll formation and aid seedling evaluatiomhich involves the examination and
evaluation of each of the individual essential dtices of a seedling that have developed during
the prescribed test period as well as a whole segd|

The objective of this study was to establish terapge and light optima for seed germination
and seedling development of spiderplant morphotjjoes western Kenya.

MATERIALS AND METHODS

Plant Materials

The seeds of the four morphotypes used in this rerpat were collected from small-scale
farmers in Kakamega District and from wildly grogiplants within Chepkoilel Campus, Moi
University in Uasin Gishu District, both in Westekenya. The morphotypes for a different
study on morphological characterization were idettiand selected from plants which were
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raised in a plastic greenhouse at the Departmeseedl, Crop and Horticultural Sciences in Moi
University. From that study, seeds of each morph®t{GG- green stem/green petiole type of
plants; GP- green stem/purple petiole type of gtaRG- purple stem/green petiole type of
plants, and PP- purple stem/purple petiole typplafits) were saved and stored in hermatically-
sealed aluminium foil packets at room temperatat®(t 20C) until the time to undertake this
study.

The tests on seed quality aspects of spiderplamé \wene in the research laboratory of the
Bioscience Business Unit at Plant Research Intenmal{ \WWageningen, The Netherlands.

Determination of Optimum Temperature for Seed Germnation

The preliminary test on seed dormancy was conduatsdg potassium nitrate (KND as
dormancy-breaking treatment and water as a conibke results showed no significant
differences (Data not shown). Therefore all thesegent tests were performed without
dormancy-breaking treatment.

Three replicates of 100 seeds of each of the foarphotypes were incubated at constant
temperatures of 20, 25, 30, 35, 40 anfCGtn the dark, in clear plastic germination boxEse
seeds were germinated on one layer of round fikéger (10 cm diameter), placed at random on
one layer of thick filter paper (size 14.3cm x 209, which was moistened with 50 ml of tap
water. A set of four boxes containing the four eliént morphotypes were stacked together and
placed in germination cabinets at constant tempest indicated above. A completely
randomized design (CRD) was used in this studyusthe conditions in a laboratory situation
are usually controlled and kept uniform [22].

Radicle protrusion was monitored between 8 and AQ@0drs, from the start oincubation.
Germination rate (defined as time taken to reachh T maximum germination, s§), mean
germination time, (defined as mean time taken &chliemaximum germination, MGT ) and
percentage maximum germination, Gmax, were cakedlatising the software package
SeedCalculator 3.0 (Plant Research Internationdl, BVageningen, The Netherlands).

Determination of Optimum Light Regime for Seed Gernmation and

Optimum Temperature for Seedling Development

Four replicates of 50 seeds of each of the fourpimaiypes were incubated in germination
cabinets at constant temperatures of 30 afi@ 34th light regime of 8-hr light/16 hr darkness
and in the dark (O-hr light), respectively for eademperature. The germination boxes for dark
incubation were first placed in black cellophangden stacks and the bags tightly fastened with
clips to maintain total darkness inside. The bokedight incubation were similarly stacked.
Then all the germination boxes were put in the geation cabinets. CRD was also used in this
study.

Radical protrusion was monitored between 6 and @&shfrom the start of incubation. After
incubation in the cabinet for up to 32 hours, teeds were transferred to ‘Copenhagen’
germination tables with temperature controls se3tatand 38C and 8-hour light per day for
continued development of the seedlings without thgetting etiolated. The samples were
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covered with transparent plastic bell jars to pne\drying and to enable evaluation of seedlings.
Radicle protrusion was further monitored after 481s from the start of incubation.

At 10 days after the start of incubation, final garation count and seedling evaluation were
done. During seedling evaluation, seedlings of expiint were evaluated as those belonging to
type E, represented by the genus Brassica [10]. Hjpethesis of monophyly (i.e. derivation
from a single stock) of the cabbage family Brassee® and the spiderplant family Capparaceae
is strongly supported by [23] and [24], in theilarioplast and nuclear studies conducted on the
two families.

The type E seedlings comprise of dicotyledons wjtigeal germination; the seedling part that
grows towards the light is the hypocotyl with twotyedons attached and which turns green
[10]. In the evaluation, spiderplant seedlings wings considered normal if they had the root
and the shoot systems intact. However, seedlingis slight defects, such as necrotic spots,
cracks of minor depth with less than 50% of norefiomal cotyledon tissue, with one cotyledon
or primary leaf instead of two, or with three cetybns, were counted as normal. Seedlings were
classified as abnormal if they were deformed, treed, yellow or white, spindly and decayed as
a result of primary infection. Also seedlings wibtyledons emerged from the seed coat before
the primary root appeared and those that wereestunit stubby or had a missing primary root
were recorded as abnormals,, IMGT, Gmax, percentage normal and abnormal segsjliand
percentage hard and dead seeds, were calculategtbsisoftware package SeedCalculator 3.0.

RESULTS

Optimum Incubation Temperature for Seed Germination

Germination rate

A rise in incubation temperature from 20 to°@0caused a general increase in the mean
germination rate (represented by a loweg Vialue) across the morphotypes (Figure 1a.). The
highest germination rate for all morphotypes wasiaéd at 46C (Figure 1a.). However, the rate
for morphotype PG was significantli?€0.05) lower than the rest at this incubation terapee.
And while all the morphotypes had the lowest geation rate at 24, the rate recorded for
morphotype GG was significantly?€0.05) higher than the rest at this temperatureuf€ida.).
Considering speed of germination, the optimum geatibn temperature was at“4Dsince at
this temperature range the lowes, Value of about 0.5 was recorded. While it is only
morphotype PG that significantly?€0.05) differed from the rest in speed of germinatai
40°C; however, at 3% morphotypes did not differ. At 48, a decrease in germination rate
occurred in all morphotypes, but morphotypes PG RRdshowed significantlyP&0.05) lower
germination rates than GG and GP at this temperdRigure 1a.).

Mean germination time

Increasing incubation temperature from 20 td’GlOcaused a general decrease in mean
germination time (MGT) across the morphotypes, vilie lowest value observed at°@0
(Figure 1b.). However, morphotype PG indicatedgnificantly (P<0.05) higher MGT at this
temperature. The highest mean germination timeroedwat 26C for all morphotypes, but GG
recorded significantly lower time than the resg(ke 1b.).
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Figure 1a. Influence of constant temperatures (2®5, 30, 35, 40 or 4%C) on time to reach 50% maximum
germination (Tsg) of four spiderplant morphotypes during 4 days ofncubation.
The vertical lines indicate S.E. for comparisonsighificant (<0.05) differences between morphotypes.

The optimum germination temperature at°@p with MGT value of 0.5. There were no
significant P<0.05) differences in MGT among morphotypes &tG@%Figure 1b.). An increase
in mean germination time occurred in all morphoty@ 45C, and significantly B<0.05)
highest time was recorded for morphotype PG. Matygtes GG and GP were not different but
had the lowest time (Figure 1b.).
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Figure 1b. Influence of constant incubation temperares (20, 25, 30, 35, 40 or#&) on mean germination
time (MGT) in days of four spiderplant morphotypesduring 4 days of incubation.
The vertical lines indicate S.E. for comparisonsighificant (<0.05) differences between morphotypes.
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Germination

A general increase in percentage maximum germimafidmax) occurred with increasing
incubation temperature from 20 to%85for morphotypes GG, GP and PP, and from 20 €40
for morphotype PG (Figure 1c.). Maximum germinatfon morphotypes GG, GP and PP was
attained earlier at 8& than for PG, whose maximum germination was atthilater at 48C
(Figure 1c.). Significantly B<0.05) higher germination than the rest was obseried
morphotype GG at 3&nd 48C (Figure 1c.). While morphotypes GP and PP wetedifterent

in germination at 4%C, they showed higher Gmax than PG; however 8 3% differences in
germination were recorded for the three morphotypegure 1c.). At 48C, significant P<0.05)
drop in germinations occurred in all morphotypesghwG recording the smallest drop while the
greatest was indicated for morphotype PP (Figure 1c
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Figure 1c. Influence of constant incubation tempertares (20, 25, 30, 35, 40 or £&) on percentage maximum
germination (Gmax) of four spiderplant morphotypesduring 4 days of incubation.
The vertical lines indicate S.E. for comparisonsighificant (<0.05) differences between morphotypes.

Optimum Light Regime for Seed Germination

Germination rate

Except for morphotype GP at incubation temperadfi@5°C, light regime caused no significant
(P<0.05) difference in germination ratesg¥ at temperature of either 3Dor 35°C (Table 1a.).

Mean germination time
No significant P<0.05) differences in mean germination time (MGT)evehown due to light
regimes at incubation temperatures of eithélC36r 35°C (Table 1b.).
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Table 1a. Influence of light regime at constant ingbation temperatures of 3¢C and 35°C on days to reach
50% maximum germination (Tsg) with four spiderplant morphotypes with seed inculation started under light
duration of 8 hrs or in the dark for up to a period of 32 hrs, seedling development continued underglit
duration of 8 hrs, and final germination count andseedling evaluation done on the f0day.

Inculzatitemperatur&C
30 35
Morphotype
Light regime Light regime
8-hr light In the dark 8-hr light In the dark

GG 0.58 £ 0.04a 0.67 £0.02a 0.52 £ 0.02a 0.49 £ 0.05a
GP 0.64 £ 0.04a 0.66 = 0.04a 0.53+0.01la 0.57 £0.19b
PG 0.75+0.04a 0.81 +£0.03a 0.48 £ 0.03a 0.59 £ 0.02a
PP 0.74 +0.03a 0.77 £ 0.03a 0.56 + 0.06a 0.52 + 0.04a

Figures followed by different letters for light ieges across the rows are significantly<(P05) different according
to Student’s t-Test. Data are means +S.E. of dicates of 50 seeds each.

Table 1b. Influence of light regime at constant ingbation temperatures of 36¢C and 35’C on mean number
of days to reach maximum germination (MGT) with fou spiderplant morphotypes with seed incubation
started under daily light duration of 8 hrs or in the dark for up to a period of 32 hrs, seedling devepment
continued under daily light duration of 8 hrs, andfinO%I germination count and seedling evaluation doa on
the 10" day.

Incubation temperatureC

30 35
Morphotype
Light regime Light regime
8-hr light In the dark 8-hr light In the dark
GG 0.64 + 0.04a 0.76 + 0.02a 0.58 + 0.02a 0.52 + 0.05a
GP 0.71 £ 0.03a 0.79 £ 0.04a 0.61 +0.03a 0.64 +0.01a
PG 0.85 +0.04a 0.89 + 0.05a 0.68 + 0.04a 0.65 + 0.02a
PP 0.82 +0.01a 0.89 + 0.04a 0.60 + 0.04a 0.62 + 0.04a

Figures followed by different letters for light ieges across the rows are significantly<(P05) different according
to Student’s t-Test. Data are means = S.E. of Jicates of 50 seeds each.

Germination

There was no significanP£0.05) difference in percentage germination amongpimatypes due
to light regimes at incubation temperature of°G0 At incubation temperature of 35
significant differences in Gmax was only observedmorphotype GP (Table 1c.).

Optimum Temperature for Seedling Development

Percentage normal seedlings

Significantly (P<0.05) higher percentage normal seedling was actliexe 35C with
germination started under light, for morphotype B@en germination was initiated in the dark,
significantly (P<0.05) higher percentage normal seedlings was reddat morphotypes PG and
PP at 36C, while at incubation temperature of %5, it was only observed for GP (Table 2a.).
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Table 1c. Influence of light regime at constant ingbation temperatures of 36C and 35°C on maximum
percentage germination (Gmax) with four spiderplantmorphotypes with seed incubation started under d&y
light duration of 8 hrs or in the dark for up to a period of 32 hrs, seedling development continued der daily

light duration of 8 hrs, and final germination court and seedling evaluation done on the f0day.

Incubation temperaturéC

30 35
Morphotype
Light regime Light regime
8-hr light In the dark 8-hr light In the dark
GG 95.0+1.7a 90.0 £ 2.5a 92.0+£2.6a 99.5+0.5a
GP 89.5+2.8a 94.0+2.2a 94.0+2.2a 99.5+0.5a
PG 89.5+2.8a 89.0t2.1a 89.0+£3.9a 91.5+1.0a
PP 90.0 + 2.5a 92.0 £ 2.6a 95.0+1.7a 93.0+1.3a

Figures followed by different letters for light ieges across the rows are significantly<(P05) different according
to Student’s t-Test. Data are means +S.E. of dicates of 50 seeds each.

Table 2a. Influence of constant incubation temperatres of 30°C and 35°C on percentage normal seedlings
with four spiderplant morphotypes with seed incubaton started under daily light regime of 8 hrs or inthe
dark for up to a period of 32 hrs, seedling develapent continued under daily Ii%ht regime of 8 hrs ad final

germination count and seedling evaluation done orhe 10" day.
Light regime
8-hr light In the dark
Morphotype

Incubation temperature Incubation temperature

30°C 35°C 30°C 35°C
GG 74.0+£5.3a 75.5+%21a 425 +9.9a 66.0 £10.4a
GP 66.5+4.3a 71.0+3.1a 53.0+5.1a 42.0+5.5b
PG 42.0+3.3a 55.5+2.5b 3l5+4.1a 39.5+3.3b
PP 64.0 £ 2.9a 64.0 £ 3.7a 475+ 3.7a 33.5+4.0b

Figures followed by different letters for temperasiacross the rows are significantly®05) different according
to Student’s t-Test. Data are means = S.E. of ficates of 50 seeds each.

Percentage abnormal seedlings

Where germination process was initiated under Jligignificantly £<0.05) higher percentage
abnormal seedlings was recorded at incubation teatyre of 30C than 38C for morphotypes
GP and PG (Table 2b.). With germination startedh@ dark, significantly #<0.05) higher
percentage abnormal seedlings recorded & 8@an at 33C for only PG (Table 2b.).

Percentage hard seeds

With germination process started under light, sigantly higher percentage of hard seeds was
recorded at incubation temperatur€@ahan at 38C for morphotypes GG and PG. Where the
process was initiated in the dark higher percentsfgkard seeds was observed at incubation
temperature of 3% than at 38C for morphotypes GP and PP (Table 2c.).
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Table 2b. Influence of constant incubation temperatres of 36°C and 35°C on percentage abnormal seedlings
with four spiderplant morphotypes with seed incubaion started under daily light regime of 8 hrs or inthe
dark for up to a period of 32 hrs, seedling develapent continued under daily light regime of 8 hrs ad final
germination count and seedling evaluation done orhé 10" day.

Light regime
8-hr light In the dark
Morphotype

Incubation temperature Incubation temperature

30°C 35°C 30°C 35°C
GG 14.5 +3.0a 13.5+1.3a 21.5+3.3a 22.0 +4.7a
GP 20.5+2.5a 13.0 £ 3.0b 31.0+1.7a 29.0+4.0a
PG 35.0+3.7a 245+ 1.7b 57.5+5.6a 46.0 £2.9b
PP 23.5+1.9a 20.0 + 2.5a 38.0 + 6.5a 28.5+6.2a

Figures followed by different letters for temperasiacross the rows are significantly<@05) different according
to Student’s t-Test. Data are means = S.E. of ficates of 50 seeds each.

Table 2c. Influence of constant incubation temperafres of 36°C and 35°C on percentage hard seeds with
four spiderplant morphotypes from with seed incubaion started under daily light regime of 8 hrs or inthe
dark for up to a period of 32 hrs, seedling develapent continued under daily light regime of 8 hrs, ad final
germination count and seedling evaluation done orhe 10" day.

Light regime
8-hr light In the dark
Morphotype

Incubation temperature Incubation temperature

30°C 35°C 30°C 35°C
GG 50x+1.7a 2.0+0.8b 0.5+0.5a 0.5 +0.5a
GP 10.0 £ 3.2a 6.0+2.2a 3.0x13a 75+15b
PG 20.0+3.3a 11.0+2.1b 10.0+3.4a 8.5+1.0a
PP 9.0+1.7a 5.5+2.4a 3.5+15a 7.0+1.3b

Figures followed by different letters for temperasiacross the rows are significantly<@®05) different according
to Student’s t-Test. Data are means = S.E. of Jicates of 50 seeds each.

Table 2d. Influence of constant incubation temperatres of 30°C and 35°C on percentage dead seeds of four

spiderplant morphotypes with seed incubation startd under daily light regime of 8 hrs or in the darkfor up

to a period of 32 hrs, seedling development contia under daily light regime of 8 hrs, and final gemination
count and seedling evaluation done on the T@ay.

Light regime
8-hr light In the dark
Morphotype
Incubation temperature Incubation temperature
30°C 35°C 30°C 35°C
GG 6.5+1.0a 9.0+x1.7a 35.5+6.9a 11.5 +10.8b
GP 3.0 £0.6a 6.0+2.2b 13.0+5.1a 21.5+7.4a
PG 3.0+1.0a 9.0+£2.7b 1.0+0.6a 6.0 £5.3a
PP 3.5+0.5a 10.5+2.6b 11.0+5.1a 31.0+5.1b

Figures followed by different letters for temperasiacross the rows are significantly®05) different according
toStudent’s t-Test. Data are means + S.E. of 4icaf#s of 50 seeds each.
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Percentage dead seeds

With germination initiated under light, significén{P<0.05) a higher percentage dead seed was
observed at incubation temperature ofG%han at 38C, for morphotypes GP, PG and PP out of
the four studied (Table 2d.). Where the germinagpwmocess was commenced in the dark,
significantly (<0.05) higher percentage dead seeds was shown wdiaithan temperature of
35°C than 36C for morphotype PP and, at%®Dthan 38C for GG, also for one morphotype out
of the four (Table 2d.).

DISCUSSION

Optimum Temperature for Seed Germination

Temperature had great influence on germination, ratean germination time and final
germination percentage (Figures 1a., 1b. and Emn 20 to 48C the mean germination time
decreased, while the germination rate and percergagnination increased, with optimum value
reached at temperatures of°@0(Figures 1la., 1b. and 1c.). The reduced gernginataite and
percentage germination, and the increased meanirgdtion time at low temperature of 2D
could probably be attributed to reduced absorptiowater by the seed, accompanied by reduced
diffusion of respiratory gases leading to reduckdnaical reactions in the seed. The rate and
capacity of seed germination were also observeld Bjyto be temperature dependent through its
effects on rates of water absorption, respirat@yeg diffusion and chemical reactions. This is
further in agreement with [10], where low temperasuare observed to bring about low
germination rates, while increase of temperaturéougertain limits tends to increase the rate of
germination.

While germination occurred at 46, it did so at reduced levels than at optimum, thiedradicles
that protruded through the seed coats appearedestiban what would be considered normal
under the evaluation of type E seedlifgB]. It has also been reported by other reseasciet
further increase in temperature beyond the limgiduces germination or hinders it altogether
[10], and this agrees with the observation thauliation temperature of 46, arrested growth
of the radicles.

The optimum temperature when growth is maximum #red range of temperature at which
growth is possible varies from species to speciég range of temperature optimum for the
growth of tropical plants (10-4&) is usually higher than for temperate plants §8c3 [25].
From its wide distribution in Kenya (Plate 1.), dgriplant seems to tolerate wide range of
environment conditions, as was also evident from siudy. Germination rate is said to be
invariably low at low temperature but increasesdgedly as temperature rises, similar to
chemical rate-reactions curve [26]. There occurs@timum level where the germination rate is
most rapid and above which a decline in rate ocagrthe temperature approaches a lethal limit
when the seed is injured.

Proso millet and_eptochloa sinensisvhich both have @ physiological pathways, had their
highest seed germinations at temperatures of 354€t@ [19] and 25-38C [18], respectively,
which suggests that the temperature requirementsefed germination of these two species are
high. Since spiderplant is a;@lant [1, 2], this may partly explain why temperats of 30, 35
and 40C resulted in better germination than lower ondw ®bservation tends to be supported
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by reportedly wide distribution dfleomegenus in the drier parts of the tropics and suylits)
where temperatures are usually high [5, 6]. Theewddstribution of the species in Kenya has
also been documented, both in terms of altitude aagrd-climate [5, 6]. Optimum germination
takes place at higher temperatures for tropicatisgeghan for temperate ones.

Optimum Light Regime for Seed Germination

Germination response to light was not affected pidesplant morphotypes studied. The

difference between light and dark germination wasegally not significant in the morphotypes

at 30 and 3%C (Tables 6.1a, 6.2a and 6.3a). Although it has beported that very small seeds

require light to ensure that germination occurseeds lying near the surface [10], it however
apparent in this study that despite spiderplanhdesimall-seeded, germination will still occur

both in seeds lying near the surface and thosedul¢ep in the soil.

In a study withLeptochloa sinensjslight played a role in inducing seed germinat{aa].
However, when seeds were incubated at temperangerof 30-38C under both light and dark
conditions, similar and quite low mean germinatibmes (MGT) were attained. These
observations agree with the results obtained insbudy where there were no differences in
MGT when germination process was initiated undghtlior in the dark at 30 and %5. There
were no significant differences in germinationsegobetween the morphotypes, at incubation
temperatures of 30 and %5, either with germination process started undghtlduration or in
the dark. This characterized the seeds of the gpate morphotypes to have neutral
photoblastism. This is contrast other reports [1#jere germination performed at incubation
temperature range of 30-35 in the dark reduced germination by 80%, thusifiog a marked
seed positive photoblastism in sinensis Further contrasts are reported from studies exrri
with C. gynandraseed seedlots from ARC in South Africa and KS&Kénya, whereby both
seedlots exhibited negative photoblastism, wherny theere tested at either alternating
temperatures (20/8Q) or constant temperature €25, in darkness or under continuous white
light [21].

The independence of light stimulus to seed gernunabf spiderplant could be a factor
necessary for seedling survival, which is also ieuior successful plant establishment by the
species.

Morphotypes however, showed some differences frora another, in the way light and

temperature regimes combined to influence theimgeation performances (Tables 6.1b, 6.2b
and 6.3b). Generally, better performance in terfngesmination rate, mean germination time
and percentage germination was observed to occpiderplant morphotype GG. Morphotypes
GP and PP hade intermediate performances, whille#isé in germination performance recorded
in PG. The indicated good germination performancehe spiderplant morphotype GG, with
regard to different combinations of light and temapere regimes, could be a pointer for its
capability to successfully establish itself andvate in more ecological niches than the others.

Optimum Temperature For Seedling Development

For percentage normal seedlings, response to tamoperwas equally balanced between the two
incubation temperatures (30 or %89 under test, and combinations light. Morphotyp& G
generally produced higher percentage of normallgggsdthan the other morphotypes at any of
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the two temperatures tested, and also under ahy digmbinations. Incubation temperature of
30°C tended to influence the development of more ababrseedlings. Morphotype GG
generally produced lower percentage of abnormatilsgs compared to others, while more
abnormal seedlings with morphotype PG, at the ®voperature regimes and combinations of
light thereof. The effect of temperature on peragathard seeds was equally exhibited by the
two incubation temperatures. Morphotype GG perfatrbetter by producing lower percentage
of seeds that remained hard than the other morpbastywhile PG produced the highest
percentage. In terms of percentage seeds, incubtioperature of & generally caused the
death of more seeds thar®@0 More death also generally resulted with seedsarphotype GG
compared to others, and PG recorded lower perceikaath in seeds.

The optimum temperature may shift after germinabegins because seedling growth tends to
have different temperature requirements than seeatigation [26], for instance in the nursery
or laboratory the usual practice is to shift theddimgs to a somewhat lower temperature regime
following germination so as to prepare the plaotstfansplanting and reduce disease problems
in the seed bed.

Prolonged high temperatures may be injurious tontplafe [25]. At above-optimum
temperatures, growth and other development arectatfeadversely and ultimately the vital
processes of the plant cease and death reSded germination and seedling growth require
increasing quantities of proteins [13]. Polysomeesraported to be required for protein-synthesis
to sustain embryo growth rapidly and that theyease in hydrated cells of seed, accompanied
by a decline in the number of single unattachefitem ribosomes [15, 14]. Therefore, any factor
such as prolonged high temperature during gernanatnd seedling growth that could interfere
with protein synthesis thus affecting the develophaé seedlings in the negative.

Temperature affects biochemical reactions and te&loolism of plants. When the temperature
increases beyond the optimum, the rate of the peasedecreases and finally the processes cease
at a temperature of, e.g. €D and above. This happens as most of the enzymeesautivated

and protoplasmic proteins coagulate, which leadsjtwy or death of the plant [25].

Light is needed for seedling growth to producedstuand vigorous plants with green expanded
leaves [25]. Chlorophyll pigment does not develad the seedlings remain chlorotic, and soon
die [25]. Light is essential for the supply of energy thahécessary for photosynthesis, which
will not take place in darkness, regardless of whatother environmental conditions may be.

The higher percentage of hard seeds with incubagioperature of 3% and under light could
possibly be attributed to the development of seapndlormancy, coupled with prolonged
exposure to light (i.e. photodormancy). Other redears observed inhibition of germination of
spiderplant seeds at 2D in the presence of light, while in darkness teemination improved
[21]. However, there was no observed improvemenge&imination when the process was
undertaken at alternating temperature 2823[21]. The phenomenon of secondary dormancy is
one of the observed of the conditions involvedhia $easonal rhythms and prolonged survival of
certain kind of weed seeds in soil [13]. Since ggithnt is a weedy species, there is likelihood
of it still having such characteristics.
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Differences in seed germination and seedling dewveémt were evident among the four
morphotypes, indicating that there are some diffees, which could be due to their genotype.
Since the germination process can be profoundbctdtl both by the external and internal seed
factors [13], it is thus possible that the intérp&ant factors pertaining to the individual
spiderplant morphotypes could have contributed dmes of the observed differences among
them.

CONCLUSION

Results from the present laboratory studies haveodstrated that seed germination in
spiderplant is strongly influenced by temperaturéth optimum germination occurring at
constant incubation temperatures of@o Incubation temperatures of 30 and®G5generally
influenced seedling development in equal measuradomal seedlings and seeds that remained
hard. At 36C more abnormal seedlings resulted compared € 3%hile temperature of 3&
caused more seed death thaiYG30Morphotype GG had better performing seedlingsepk
when temperature and light combinations caused seed death than in the other morphotypes.
Morphotype PG performed poorest in seedling devekg except where it had lower seed
death than others.

Recommendations

A number of African indigenous vegetables (AlVs)v@abeen confirmed through various
scientific studies to possess superior nutritioatitibutes compared to some of the exotic
vegetables, apart from some of them having impomn@edicinal values. In addition, they have
definite role to play in the food and nutritionadcsrrity of the African households, this in
addition to their income generation potentials wtrexy are put under good cultivation. There is
huge demand in Kenya at the moment for the vard\f's, amongst them being spiderplant. To
enhance the capability of the producers meet thgedemand, both in terms of quantity and
quality vegetables supplied to the consumers, @asgss by the producers to seeds of high
guality must be prioritized. It is our humble omnithat the results of this study would therefore
form part of the development of any seed testinggmol that is quite necessary in order to
ascertain the quality of any spiderplant seeds rnaad#able to producers, for them to realize the
value for their money, through increased yield prafitability.

Acknowledgements

The authors acknowledge the financial support byAMU Seed Technology Phase Il funded
by the Royal Netherlands Government and Moi Uniteffer granting the opportunity to carry
out this study away at Plant Research Internationtéde Netherlands.

REFERENCES

[1] S.K. Imbamba, M.S. Ndawula-Senyimba, G. Pape&E@st Afr. Agric. and Forestry J1977,
42(3), 309-315.

[2] J.S. Siemonsma, K. Piluek, Plant Resources of Sea#h Asia (PROSEA) 8. Vegetables.
PROSEA, Bogor, Indonesia994 149-150.

[3] R. Fletcher, The Australian New Crops Newslettethd®l of Land and Food, Galton
College, The University of Queensland, Australia99

74
Scholars Research Library



Francis B.O. K'Opondoet al Annals of Biological Research, 2011, 2 (1):60-75

[4] R. Jaetzold and H. Schmidt. Farm management HahkdioboKenya, Vol II: Natural
Conditions and Farm Management Information, Migistf Agriculture, Kenya, in Cooperation
with German Agricultural Team of German Agency T@chnical Cooperatior,983

[5] J.A. Chweya, N.A. Mnzava, Promoting the Conservatémd Use of Underutilized and
Neglected Cropsll. Gatersleben/Institute of Plant Genetic andp@resources Institute, Rome,
Italy, 1997 30.

[6] P.M. Maundu, G.W. Ngugi, C.H.S. Kabuye, Traditiof@od Plants of Kenya, Kenya Res
source Centre for Indigenous Knowledge, Nationat&uns of Kenya, Nairobl,999

[7] N.A. Mnzava, F. Chigumira, In: G.J.H. Grubben, ORenton (Eds.), Plant Resources of
Tropical Africa 2. Vegetables (PROTA FoundatiorzBauys Publishers/CTA, Wageningen and
Leiden, Netherlands004 191-195.

[8] J.G. Hampton, D.M. Tekrony, Handbook of Seed Vigbast Methods, International Seed
Testing Association, Zuricl,995

[9] V.M. Valdes, D. Grayseed Sci. Technpll998 26, 309-318.

[10] International Seed Testing Association (ISTA). R: Don (Ed.), (The International Seed
Testing Association, Basserdor2)03

[11] International Seed Testing Association (ISTA), in&ional Rules for Seed Testing, Edition
2004. Basserdorf: The International Seed Testisgpaiation (ISTA)2004

[12] V. Naitinelia, K. Singh, S. LaRacific Islands Forests & Trees Newsleft€®97, 4, 97.
[13]J.D. Bewley, M. Black M, Seeds: Physiology of Deprhent and Germination, Plenum,
New York,1994

[14] E.A. Gw&dz, J.E. DeckertPhysiol. Plantarum2006 75(2), 208-214.

[15] D. Rodriguez, G. Nicholas, J.J. Aldasaro, J. HedearNistal, M.J. Babiano, A. Matilla,
Planta1985 164, 517-523.

[16] M.W. Fidelibus, R.T.F. Mac Aller. Restoration iretiColorado Desert Management Notes.
San Diego, California: California Department of isport,1993

[17] E. Khurana, J.S. SingRurr. Sci, 2001, 80(6): 748-757.

[18] S. Benventuri, G. Dinelli, A. BonettiWeed Re2003 44(2), 87-96.

[19] A.A. Thiesien, E.G. Knox, F.L. Mannkeasibility of Introducing Food Crops Better
Adapted to

Environmental Stress. Vol Il. Individual Crops RegoNatl. Sci. Found1978 168-172.

[20] C. Vasquez-Yanes, A. Orosco-Segowian. Rev. Ecol. & Systematjd993 24, 69-87.
[21]J.0. Ochuodho, A.T. ModAfr. J. Biotech.2007, 2(11), 587-591.

[22] R.C. Mandal, P.T.N. Nambiar PTMgricultural Statistics- Techniques and Procedures,
Agro Botanical Publishers (India), New Delth§91, 48-51.

[23] J.E. Rodman, P.S. Soltis, D.E. Soltis, K.J. Sytsh&, Karol, Am. J. Bot1998 85, 997-
1006.

[24]J.C. Hall, K.S. Sytsma, H.H. litisym. J. Bot.2002 89(11), 1826-1842.

[25] P.L. Kochhar, H.N. Krishnamoorthy, A Text Book da/t Physiology, Atma Ram & Sons,
New

Delhi, 1992

[26] D. Koller, In: T.T. Kozlowski (Ed.), (Academic PeNew York),1972

[27]1H.T. Hartmann, D.E. Kester, F.T. Davies Jr., PIBripagation: Principles and Practices,
Prentice-Hall of India Private Ltd., New Delli993

75
Scholars Research Library



