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Imposed Dormancy 
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Introduction 

Rising desertific31ion ra tes, populat ion increases, and fuel and fodder shortages are 
major factors driving the need fo r propagation and dissemination of highly tolerant and 
beneficial trees and shrubs. A prominenl source of potential fuel wood and foliage spe· 
cies is the genus Acllcia, since il embodies many desi red all ributes (DOMN CI al. , 1983) 
and is thus the focal point of afforestation projeclS. The species under consideration arc 
widely distributed in the sand dunes and drylands of Australia (HAU., 1972), where they 
are used for fencing, the manufacture of ornamental items, and as a source of forage 
(HUXLEY el al., 1992). They are drought tolerant, thus making them of special im!Xlr. 
tance to arid and semi·arid areas of the tropics and subl/opies (FAO, 1983). However, 
Ihe seed coat of moslAcacia species is impermeable 10 waler and oxygen (KUASA, 1993) 
and those of A. allcura, A. famcsilllla , A. saliglla and A. I'ictoriac arc no exception; 
natural sced germination may require months or years (AroB .... 1987). Therefore, for 
Successful seed germination in the nursery, it is necessary 10 apply some form of pre· 
sowing treatment to ensure nOi only a high final germination percentage, but also a rapid 
and uni form germination pallern . Su r el al. (1987) reported enhanced germination in 
seeds of A. auriculi/ormis and A. lIiloliea afte r acid scarification with HlSO. for 30 
mi nutes, whereas AroBA (1987) found that nicking the seed coal or immersion in hot 
water gave superior results in regard 10 germination. 

HAKTMANN etal. (1990) also recommended scarification and soaking treatments for A. 
cyal1 ophyffa , and A. koa .lerl in and Vadivelu (1994) used sand scari fication to treatA. 
melli/era seeds and obtained germinalion percentages three times higher than untreated 
seeds. The eUcct of seed trcatmenlS on the spc:cies A. al/cura, A. /arllesiol/o, A. saliglla 
and A. victoriae have not been well documented and vegetative propagation of the spe· 
cies is not efficient enough to replace the use of seeds (OMARI, 1992). This paper de· 
scribes seed treatment methods to maximize germination perceotage and speed of the 
mentioned species under four incubation temperatures . 
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Malerials and Methods 

Seeds of A. aneura F. MutU of Wedge Yuendemu (Australian Northern Terri tory), A. 
famesialla L. Will. of Dier Alia (Jordan Valley), A. saligl1a Undl. of the Kamalia dis
trict (Salt Province, Jordan) and A. victoriae Benth. of Nitadowns (Western Australia) 
were obtained from the Australian Tree Seed Centre and the Jordanian Forest Seed 
Centre, for Australian and Jordanian accessions, respectively. Seed characteristics are 
shown in Table 1. 

Table 1. Seed lot characteristics of A. alleura, A. famesialla, A. saligna nnd A. victorine 

Species Seed Coat/Embryo No. ofSeedsl Kg 
I ~::i:!I~~ Test) Ratio 

A.aneura 4.0 '0000 88.3 
A.fornesiano 20.0 9090 90.0 
A. soli no 3.0 58800 86.7 
A.\'ictoril!c 4.2 5560 88.4 

Seeds were subjected to the following treatments: Soaking in tap water (EC 0.7 mmho 
em-I, pH 6.8) for 24 hours (hereafter termed W), acid scarification by soaking in con
centrated (98%) sulphuric acid (H,SO .. ) for 40 minutes (A), acid scarification followed 
by soaking in tap water for 24 hours (A-W), acid scarification followed by soaking in 
hot (100°C) water (of[lhe heat source) up to cooling down (IO 25°C; aprox. 3 hours) (A
HW), or soaking in hOI water up to cooling down (HW). Untreated seeds formed the dry 
control (DC). All seeds were surface dried at 25 Q C for 4 hours before bcing sown. 

The experiment was arranged within the framework of a randomized complete block 
design, and the experimental units arranged in a split-split block design. Specics were 
used as the main plots, treatments as subplots and temperatures as sub-sub plots. Seeds 
were sown in polythene trays betwecn pleated filter paper at a rate of 100 seeds/tray. 
Each treatment was replicated four times for each species at each temperature regime. 
Seeds were incubated at one of four temperature regimes, namely 15, 20, 25 or 30°C in 
the dark. 

Germinatiun assessment was made daily for a two month period. Germinating seeds 
were recorded and removed_ Seeds were considered as germinated when approximately 
3 mm of the radicle and cutyledons had emerged follow ed by further development of 
shoots and roots. Non-germinating seeds were left in trays tilllermination of the experi
ment to be assessed for viability, while seedlings were classified as normal and abnor
mal (ISTA, 1993). Data were exposed to an analysis of variance (ANOVA) procedure. 
Mean separation was conducted using Duncan's Multiple Range Test (p sO-OS) applied 
through the SAS® statistical package (SAS, 1991). 
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A separate lot o f seeds was treated in the same manner as above, surface dried and 
exposed to a deformation lest. The deformation tesl was carried out using a universal 
testi ng machine equipped with a hydraulic pressure system and a digital load meter unit. 
Individual seeds were placed on B 4 kg steel cylinder 10 em in hcight and 5 em in 
uiameter with a cylindrical cap applying pressure from the top. The load metcr would 
take a reading at the first occurrence of deformation of the seed, thus showing seed-coat 
resistance to cracking; a measure of seed-hardiness. Tests were applied to ten separate 
seeds for each treatment combination and the mean was taken. Data for the deformation 
test were not sla tistical ly analyzed due to lack of replication. 

Results and Discussion 

The soaking of Acacia seeds in anyone of the five solution combinations signi fica ntly 
increased their percentage of final germination (Fig. 1). Pooled over all four species and 
four temperature regimes, dry, untreated seeds germinated at a mere 5.7 %. By soaking 
in sulphuric acid (A), this rate rose to 65.6 %. A-treated seeds gave the highest germina
tion percentages fo llowed by A-W, A-HW and HW (Fig. I). The time needed to initiate 
and end germination, on the olher hand, was not dearly improved by seed treatment, 
nnr was lhe mean germination time (Fig. 2), since untreated seeds had similar germi na. 
tionratesast reatedcounterparts. 

D
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Jo"ig. I : Effect of seed treatments pooled oYer species and incubation temperatures on the final 
percentage of germination of Acaci(l seeds (W: Water, A: Acid, A-W: Acid + Water, A-HW: 
Acid + HOI Water, HW: HOI Water, DC: Dry Control). Bars with the same letters are not 
sillnificanlly different according 10 Duncan's Multiple Range Test (5% probability) 
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Hg. 2: Effect of seed treatments on the [irs! day of germinalion (FOG), last day of germination 

(LOG) and mean germination time (MGT) of four Acacia species. Dars in the same category 
(small-Ienered,capital-Iettered or with lcners in parcmhcscs) wit hthcsameleHerareno! 
s igni ficantly different according to Duncan's Multiple Range Test (5 % probability) 

Interactive analysis of seed trcatment and species confirmed the results of pooled ef
fects: A-treated seeds gave the highesl germination percentages reaching values 0[90% 
compared 10 percentages lower than 35 % for untreated seeds of A. ancum and A. 
farnesiana (Fig. 3). A difference in the response to treatments also appeared between 
species.A .aneura andA . jarnesiana responded more positively to A-treatments thanA. 
saligna and A. victoriae in terms of the final germination they attained. A. saliglla also 
responded well to AW and HW treatments. This was not reflected in the mean germina
tion time, where treatments did not improve this parameter except in the case of A. 
vicloriae(Fig.4). 

The effect of incubation temperatures on the germination percentage of the four species 
is shown in Fig. 5. The 20°C regime appeared to be the most favorable forA. anel/ra,A. 
saligna andA. vic/oriae. Ajamesialla, on the other hand, responded to rises in tempera
ture by reducing the final germination percentage. It exhibited a stepwise reaction to 
temperalure with germination percentages of 65.0,47.5,36.6 and 26.6 % under tem
peratures of 15, 20, 25 and 30°C, respectively (Fig. 5). The fastest germination (lowest 
mean gennination lime) was achieved in A. jamesialla at 20°C, ho"!.'cver (Fig. 6). From 
Fig. 6 it can also be seen that species varied in their speed of germination. 
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Hg. J : interactive effects of seed trealment and spedcs on the percentage of (in:!.i gcrmin:llion 
of Acacia (W: Waler, A: Acid, A-W: Acid + Water, A·HW: Acid + HOI Water, HW: HOI Water. 
DC: Dry Control). Bars with the same lelters are not significantly different according to 
Duncan's Multiple Range Test (5% probability) 
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Fig. 4: Interactive effects of seed trealment and species on the mean germination lime of 
Acacia. Bars with the same leners arc nOI signiricanlly diffe rent according to Duncan's 
MullipleRangcTcsl(5%probabiJily) 
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liig. 6: Interaclive effcclS of incubation Icmpcralure and spcc1cson I he mcangerminal ion time 
of Acacia. Bars with the ~ame letters are not s ignificanlly different accord ing 10 Duncan's 
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A. vic/ufiae took a longer time to germinate than the other species. This is also con
I1 rmed by comparing DC seeds in Fig. 4. Otherwise, 20°C was better tban 15°C fo r A. 
allcura and A. sa/igl/a in respect to the MGT. A. farnesial/a did not show a clear reo 
sponse to temperature reacting posit ively to 15 and 25°C by reducing the MGT, bUI not 
to 20 and 30°c' 

From these results it may be possible to draw a number of conclusions regarding tbe 
seed treatment of the four species. First, it is clear tbal all five soaking and scarification 
treatments posi tively influenced seed germination percentages. A water soak afterscari· 
Cication, be it cold or hot, seems not to advance this effect furtber since A-W and A-HW 
trea tments gave bigber germination tban DC but not bigher than A·treatcd seeds whcn 
pooled over species and temperatures (Fig. 1). This implies that aeid scarification alone 
is effective in breaking seed-coat· imposed dormancy of the four species. We speculatc 
that acid SCarification caused a wearing·oIT of the seed coat resulting in embryo acces
sibility 10 water and oxygen, both o f which are cssl!ntial to germination (BEWLEY Al<O 

B U\C K, 1978). Hartmann el al (1990) bave recommended scarification and soaking treat
ments fo r A. S)'IIophylla andA. koa. They explained the need for such Ireatmentson Ibe 
basis o [ secd-coat weathering. While Palma el al. (1995) explained increased germina. 
tion of acid· treatedA. senegal seeds through a rise in water imbibition rales. Indeed, the 
fracture force deformation lest, inspite of its non-statistical nature, showed that the weakest 
seed coats existed in A-treated seeds and the strongest in DCs (Fig. 1). Also, differences 
between species were detected A saligna generally having weaker secd coats and A. 
farnesialla tougher ones in comparison to the other two species as secn from Fig. 7. 
This may have had something to do with the corresponding seed coaVembryo ratio or 
the 1000 seed weight of the species (Table 1). A. farnesiana had a ra tio of 20 compared 
to 3 for A. saligna. This implies a larger fraction of the seed is composed of coat in the 
former, an att ribute rais ing seed-hardiness. 

Water soaking may also cause dilution andlor leaching of chemica! inh ibitors wi thin the 
seed coat of a number of Acacia species indudingA. lasicon:arpofl, A. drummolldii and 
A. /aferiricala (MURMY ef al., 1983). The speciesA. alleura and A. famesiana seem not 
to follow the same line of dfects since water soaking [ollowing scarification did nOi 
advance germination furthe r than acid scarification alone. The presence of inhibitors in 
the seed coats of A. saligna and A. vic/oriae may not be ruled out, however, due to 
positive effccts of water soaking after acid treatment. This may imply that the coat 
forms a mechanical and/or chemical restriction to germination in these species. 

That 20°C was more advantageous to germination of A. aueum, A. saligno and A . 
\,ictariae may reflect the habitat ofthesc three species.A. Qneura andA. saligl/a seeds 
originate from areas with an annual air temperature of 22.6 and 2O.0"C. respectively. 
A. victoriae came from a 21.0°C region, whileA. famesialla had an annual temperlllure 
region of 17.5°C (personal communication, Australian and Jordanian Tree and Forest 
Seed Centres, respectively). This is probably whyA.farnesial/a responded to increases 
in temperature by reducing germination, since optimum germination temperature usu· 
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ally reflects the plant's temperature cycle within its natural habitat (EL-SUEIKU, 1984). 
Otherwisc, and in contrast to our results, temperature elevations between 10 and 25 Q C 
have been found to have positive effects on Acaciu species such asA. cyclops and A. 
a/bida (Fox, 1985). Our data is in line with the work of Abulfatih (1995) who att ributed 
differem;es in Acacia seed response to temperature to variation in localion. 

The evidence from the results presenled herein suggesllhal soakingseedsofA. anel/ra, 
A. Jamesialla, A. saiigna andA . vicloriae in concentrated sulphuric acid for 40 minutes 
greatly improves the final germination of seeds. It does not speed up the germination 
process, however. Seeds shouh.l be sown at 20¢C for A. alleura, A. suliglw and A. 
vicroriae, and at 15°C for A. Jamesianu. From a praclical standpoint this may hclp 
nurseries to propagate and dislr ibute seedlings with Icsssccd loss and higher success 
ralcs.This is espccially desirable due to the fact that seed isusua lIy tediously collected 
byhand. 
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Fig. 7: InleractivecffeClSOfsecdlrcalmcnland ~pccicsonlhcforccnccdcd10 deform seed 
coalS of Acacia (W: Waler, A: Acid, A-W: Acid + Water, A-HW: Acid + Hot Waler, HW: HOi 
Waler, DC: Dry Conl rol) (dala not5talislically analysed) 

Summary 

Germination of the Acacia speciesA. anel/ra, A. Jamesiana, A. safiglla and A. viclOriae 
is usually low due 10 impermeable seed roats causing dormancy. Propagation and distri
bution of the species fo r afforestalion and refores ta tion projects requires higher germi
nation and establishment rates. A number of pre-sowing seed treatments were examined 
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with the goal of breaking seed-coat-imposed dormancy. Doth concentrated sulphuric 
acid (H,SO.) and water treatments were applied to Acacia seeds in various combina
tions at 15,20,25 o r 30·C. Resu lts revea1ctl that soaking seeds in concentrated H:SO, 
or in water significan tly increased germination percentage of treated seeds. Response to 
temperature fo llowed a line reflect ing hahilat annual temperature for the four species. I! 
is concluded that BlSO, or water may be used to treat seeds of the four species to 
improve germ ination percentages. 

Verbesserung der Keimung von vier australischenAcacia Arten durch 
kei mruhebr«hende Saatgutbehand lu ngen 

ZUSlI mmcnfassung 

Die gc ringe Keimung der Acacia Arten A. anCl/ra, A. farnesiana, A. saligna (lnd A. 
w'Cioriae wird hauptsikhlich durch die Impermeabilitiit der Samenseha1e verursaeh!. 
Fur die Vcrmehrung dieser Iliiume fUr Aufforslungsprojekte ist von daher eine hohere 
Kcimungsrnle notwendig. Mit dem Ziel, die Keimruhezu durchbrechen, wurden in dicscm 
Vcrsuch verschicdcnc Saatgutbehantl lungen gctestcl. Die Samen wurden sowohl mit 
Wasscrals auch mit H1SO. behandelt. Wiihrend die Gesehwindigkei t der Keimung nkht 
von dCT J3chandlung beeinflusst wurdc, rcagicrtcn die verschiedcncnArtcn je naeh Habi
tat,u nterschiedl ichaufdie Temperatur. 
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