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ABSTRACT

Sorghum (Sorghum bicolor L.) seed germination tesse conducted at Tanzania Official Seed Certifica
Institute (TOSCI) laboratories, Morogoro, TanzanTde aim of this study was to investigate the bilitg of cotton
cloth substrates in laboratory seed germinatiorigeSorghum seed samples for this study were ¢afldoom three
agro-ecological zones of Lake, Central and Eastepresented by Mwanza, Dodoma and Morogoro regimns
Tanzania respectively. Cotton cloth substrates wesed as treatments; single layer cotton cloth sabss
(SLCCS), double layer cotton cloth substrates (DE{;@nd both single and double layer cotton clathstrates
washed and sterilized at 1%1 for 15 minutes before re-use. ISTA paper wasided as control. The germination
results were 82.5%, 82.4%, 82.4%, 82.1% and 82A¥BPECCS, ISTA paper, SLCCS, re-used DLCCS anded-u
SLCCS, respectively. There was no significant (B¥pdifference in all substrates used in this stutlyerefore,
cotton cloth substrates were found as suitable m@erhational Seed Testing Association (ISTA) pagders
conducting sorghum seed germination tests in therktory. Since cotton cloth substrates are locaignufactured
they could replace ISTA papers which must be inegorFurther work however, is required to standaedihis
cotton cloth substrate, prepare protocol or stardlaperating procedures before adopting them for CO®utine
laboratory sorghum seed germination testing.
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INTRODUCTION

Sorghum $orghum bicoldt.) is a tropical crop which belongs to grass fgmdrder Poacea,and gen@srghum

Sorghum is the fourth major cereal crop in the d@fter wheatTriticumspp), rice Oryzasativa and maize4{ea

mays3. It is believed to be native in Africa especidtythe south of Sahara desert, where severallgloslated wild

species are found. It is an important staple cdosal in the drier parts of Africa and Asia anddcupies the fourth
place among the world’s cereals after wheat, rigk maize [20]. In Tanzania sorghum is an imporsafisistence
food crop, mainly grown in arid and semi-arid rewid18] although nowadays with climate variabilitycan be

found produced in regions which were not conside¢oeble semi-arid.Sorghum is considered as a droggdtant
crop in Tanzania[15] with estimation of productio@en between 557,323 - 622,400 ha and with yiekbaf400 -
498,500 [18]. Sorghum grain has various uses ifemifit areas, which include flours for both stiffdanon-stiff

porridges, malted for local and distilled beers aederages [19]. Sorghum needs a minimum of 300f8800f

rainfall during growth.

Seed germination refers to the emergence and dewelat of the seedling to a stage where the aspédts
essential structures indicate whether or not #dlife to develop further into a satisfactory plantler favourable
conditions in the soil [9, 10]. Laboratory seedrgiation tests therefore, aim to provide accuratd r@producible
guidance, rather than absolute answers or predgti@ermination tests produce results that arellysyr@ater than
or equal to how the seed will actually performtie field [20]. An appreciation of what germinatioyeasures can
help maximize the understanding of the plantingigabr storage potential of seed [1, 17]. Severatl gFrowing
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media also known as substrates: top of paper, leetpapers, pleated paper, sand and organic grangaium are
recommended by International Seed Testing AssoaidtSTA) for conducting laboratory seed germinatiests|2,
9], Table 1.Laboratory sorghum seeds germinatish isecarried out on or in paper substrates onbowting to
ISTA [2, 9]. Recommended ISTA papers for laborateoyghum seed tests are not manufactured in Teaanzenu
therefore, Tanzania Official Seed Certificationtituge (TOSCI), the agricultural seed quality cahinstitute has to
import them every time laboratory sorghum seedrigss required. Elsewhere, it has been suggéstede various
substrates other than ISTA recommended germingtémers and sand which are suitable for conducéihgratory
tests of various seeds. Local materials like ju fased in making gunny bags) or cotton fabricehlagen reported
to be suitable for rice seed germination test [XQfher substrates such as soil or artificial corhpre not
recommended primarily as testing substrates becthesg are rich in nutrients [12]. This study inteddto
determine the alternative cotton cloth substrateetoised in conducting laboratory sorghum seedigation test.

Table 1: Typesof substrates used in laboratory seeds ger mination tests

Typeof substrate Applicable method
Top of Paper (TP)
Paper substrate Between Paper (BP)

Pleated paper (PP)

Top of sand (TS)

Top of growing medium (TO)

Sand (S)

Organic growing medium (O)

Paper and Sand Top of paper covered with sand (TPS)
Source: [10].

Sand/Organic growing media

MATERIALSAND METHODS

Twenty certified sorghum seed samples each wergirgat from seed dealers in Kwimba, Chamwino anddil
districts of Tanzania. The seed sampling trier used to obtain 1 kg of composite seed sample wheme TOSCI
laboratories conical Boerner divider (made in Intia Kartar Scientific industries) was used to abt@D g of
working sample to undergo purity test to obtainepseed before germination test is carried out. Beeel refers to
seeds of each kind and/or cultivar, or kind(s) sadety, under consideration which is free of inedtter and free
of other seeds distinguishable by appearance ¢ediy[10]. Pure seed portion obtained after puaitglysis is the
one that was used for germination test [9]. Halvimgthod was then used to obtain 400 seeds for gatimi tests
according to ISTA Rules [9]. One hundred seeds weeel per replicate and therefore, 4 replicati@isspmple.

Five different seed germination substrates werel ursethis study: ISTA papers (as a control), sirlgiger cotton
cloth substrate (SLCCS), double layer cotton ckbstrate (DLCCS), re-used single layer cottonhcktbstrate
(SLCCSr) and re-used double layer cotton cloth tsates (DLCCSr). The SLCCSr and DLCCSr were obtaibed
wash and sterilize at 142 for 15 minutes the SLCCS and DLCCS respectivelipie re-use. The imported ISTA
papers were obtained from TOSCI laboratories atiicaloth substrates were purchased from localdaihops in
Morogoro town. Cotton cloths were 100% cotton lbcgiroduced by Polytex fabric industries, Morogoro,
Tanzania. Single and double cotton cloth substratge cut off by using fabric scissors in a dedeaize of 30 cm
x 20 cm. All treatments (substrates) were moistemigidl dH,O in a volume equivalent to 2.5 times the massiohs
dry substrate according to Gaspagtral [8]. Four replicates of 100 pure sorghum seedh @gre placed uniformly
apart on moist substrates and covered with anatheilar wet substrate. The substrates were roligightly
tightened with rubber band and placed in plastickrarhe racks were then placed in the germinatioonr
maintained at a temperature of’@5or ten days. The experiment was laid out in mgletely randomized design.
Moisture was maintained throughout the experimbytaater the substrate using watering can afteryetveo days.
The counting of germinated seeds was daily perfdrretarting from the fourth day after seedlingtsihito emerge
(first count) and ending at the tenth day, whersa#ds were all supposed to germinate accordif§gTia rules [7,
9]. The seedling evaluation was carried out acogrdo ISTA Seedling Evaluation Guide [10, 14] anG$I[4].
The seedlings and non-germinated seeds were eedlirdd five groups by percentages as normal segsllithose
which showed potential for continued developmetd Batisfactory plants when necessary conditioagpesvided),
abnormal seedlings (those which did not show theerg@l to develop into normal plant when growngood
quality soil and under favourable conditions of stoie, temperature and light), hard seeds (thosdssehich
remained hard at the end of the test period bedhegecould not imbibe water), fresh seeds (thesels which fail
to germinate under the condition of germinatior beg remain clear and firm and had the potentiadévelop into
the normal seedling) and dead seeds (seeds whtble &nd of the test period were neither hard reshf nor have
produced any part of a seedling). The percentages valculated as follows:
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numberof normalseedlinggounted
10C
numbeofabnormalseedlinggounted
10C

Normal Seedling$%) =

AbnormalSeedling (%) =

Similar formulae were used for other portions ofdhdresh and dead seeds. The percentages werdewuo the
nearest whole number after calculation of tolerdocgermination test [9]. In order to find the nraxm tolerated
range, the average percentage germination of tlneréplicates was calculated to the nearest whoieber. The
averages were then located in either of the fivst ¢olumns and the maximum tolerated range wasiretiee third
column [9],(Table 2).The experiments were repediede times. Data were analysed by using GenStapater
package 14 edition and analysis of variance was used to dramclusion. The calculated value (f-value) was
compared with tabulated value at 0.05 level of ificgmce. Mean separation test was done by usingels Test.

Table2: Maximum range of tolerance between four replicates of 100 seedstests

If aver age germination per centage The maximum tolerated

Is: Or: range between replicatesis:
99 2 5
98 3 6
97 4 7
96 5 8
95 6 9
931t0 94 7t08 10
911092 910 10 11
89 to 90 11to 12 12
87 to 88 13to 14 13
84 to 86 15t0 17 14
81 to 83 18to 20 15
78 to 80 2110 23 16
73t0 77 24 t0 28 17
671072 29t0 34 18
56 to 66 351045 19
51 to 55 46 to 50 20

In order to find the maximum tolerated range, tiverage percentage germination of the four replicatas
calculated to the nearest whole number. The averagee then located in either of the first two cohs and the
maximum tolerated range was read in the third calum

Source:[10].

RESULTS

The normal sorghum seedlings obtained from KwimberewSLCCS 74.3%, DLCCS 74.4%, SLCCSr 74.1%,
DLCCSr 74.1% and ISTA papers 74.3% and were naiifiigntly different (P<0.05) different. The simil&rend of
the results was obtained from other locations o&r@Wwino and Kilosa (Figure 1). The Chamwino had SBCC
87.7%, DLCCS 88.3%,SLCCSr 87.0%, DLCCSr 87.6% &i0A papers 87.8%; while Kilosa normal seedlings
were SLCCS 85.0%, DLCCS 84.7%, SLCCSr 84.9%, DLC&58% and ISTA papers 85.0% (Fig. 1).

The abnormal sorghum seedlings obtained from tHomations of Kwimba were SLCCS 5.1%, DLCCS
5.0%,SLCCSr 5.4%, DLCCSr 5.1% and ISTA papers 48% were not significantly different (P<0.05). The
similar trend of the results was obtained from ptbeations of Chamwino and Kilosa (Fig. 2). Thea@twino had
abnormal seedlings from SLCCS 3.7%, DLCCS 3.5%, G&3.5%, DLCCSr3.9% and ISTA papers 3.7%; while
Kilosa abnormal seedlings were SLCCS 4.2%, DLC@%%4 .SLCCSr 4.6%, DLCCSr 4.6% and ISTA papers 4.4%
(Fig. 2).
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sLcc DLCC sLcer DLCCr ISTA papers

Substrate (SL CC=singlelayer cotton cloth, DL CC=doublelayer cotton cloth, SLCCr and
DL CCr=washed, sterilized and re-used SL CC and DL CC respectively)

Figure 1: Sorghum normal seedlings from seeds sour ced from Kwimba, Chamwino and Kilosa locationstested for germination on
different typesof substrates
Error bars are standard errors
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Figure 2: Sorghum abnormal seedlings from seeds sour ced from Kwimba, Chamwino and Kilosa locations tested for germination on
different typesof substrates
Error bars are standard errors
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The dead sorghum seeds obtained from the threédonsaof Kwimba were SLCCS 5.1%, DLCCS 5.0%, SLCCSr
5.4%, DLCCSr 5.1% and ISTA papers 4.9% and weresiwtificantly different (P<0.05) different. Thenslar
trend of the results was obtained from other lacegtiof Chamwino and Kilosa (Fig. 3). The Chamwiral llead
seeds from SLCCS 3.7%, DLCCS 3.5%, SLCCSr 3.5%, ©%C3.9% and ISTA papers 3.7%; while Kilosadead
seeds were SLCCS 4.2%, DLCCS 4.3%, SLCCSr 4.6%,@8rGl.6% and ISTA papers 4.4% (Fig. 3).
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Substrate (SL CC=singlelayer cotton cloth, DL CC=doublelayer cotton cloth, SL CCr and
DL CCr=washed, sterilized and re-used SL CC and DL CC respectively)

Figure 3: Sorghum dead seeds from seeds sour ced from Kwimba, Chamwino and Kilosa locations tested for germination on different
types of substrates
Error bars are standard errors.
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Figure 4: Sorghum seedlings during laboratory ger mination tests: Substrates A isa double cloth cotton clothsand B is| STA papers
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The efficiency of cotton cloth substrates and I§¥aer in conducting sorghum seed germination fests various
locations did not differ significantly (P<0.01) kten all treatments (Fig. 4).

DISCUSSION

In assessing germination percentage, normal semsdlivere used as an assessment criterion, for gnthe
percentages of seed germinations. Therefore, allilisgs presenting normal structures such as pyimaot,
hypocotyl and cotyledons were considered as nosmadlings, besides the percentage of dead seaus;na
seedlings, fresh seeds and hard seeds accordintetofor seed testing [4]. The necessary qualdfesubstrate for
conducting germination tests include; ability t@wshor expose the growth and development of seedebfungi and
other microbes associated with seeds, inabilitintiuce toxicity to developing seedlings, incapabiesupplying
abundant nutrients to seedlings, water retentialityaand surface which are incapable for roots ghamules of
seedling to penetrate through [10]. The cottontcktbstrates of both single and double layer waitalde for
conducting laboratory sorghum seed germinatiorstest they provided comparable results to ISTA papkee
DLCCS, ISTA paper and SLCCS performed better wihie remaining substrates provided much reduced
germination percentages although not significaffexdint between each other. These results weredéordance
with the previously conducted studies [5, 6, 8,164t seeds of different plant species gave disoated
performance when subjected to different substi@dgpending on the basic components of the test.

According to Brasil[4], choosing substrates needsaeration of size and its sensitivity to lighgsides of their
capacity of water retention, easiness of handhmg, assessment of results. In re-used cotton sidiktrates several
seedlings were observed deformed with smallestlisgeltngth as compared to remaining substratess frlight
probably be due to consequence of configuratiath@folling that presses the tender seedling tsgu&folds”. Not
only substrates used in sorghum seeds germinatgtnaffects the performance of seed lot but alsoldbation
where production was conducted, storage conditmasstorage containers [5, 6, 11, 14]. Therefoléleveeeds are
produced all factors which will affect the seed tmrmination performance should be taken care chvioid
rejection.

According to the results obtained in this studyisiinot necessary to use double layer cotton ddathstrates to
minimize the costs since single cotton substratesigied the same results as double layer cottoth dobstrates.
Also it is desirable to re-use cotton cloth suliesafter thorough washing with sodium hypochlopiies soap and
sterilization by autoclaving. However, re-used @ottloth substrates should be thoroughly and chyeftashed to
remove sorghum seedling root exudates stains, wigeerthey may not be suitable for determinationfiofgal
infection in the next sample due to masking of almropagules by stain.

CONCLUSION

Cotton cloth substrates are suitable for conduckitgratory sorghum germination test, especiallgéveloping
countries to minimize cost of importing ISTA pape@otton cloth substrates are locally available arel of low
price compared to ISTA papers. Generally seed dedfgoducers, certification institutes, stockistsl have a
direct benefit when they use these novel substrateso its local availability and cost effectivese
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