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Summary   Mesquite (Prosopis spp.) is a Weed of 
National Signifi cance (WONS) in Australia. Seed 
dormancy and longevity are key characteristics 
contributing to the resilience of this noxious weed. 
We evaluated the requirements for dormancy release 
and germination of seeds of three mesquite hybrids 
found in Australia. The hybrids differed signifi cantly 
in seed weight; P. velutina Woot. hybrid from NSW 
(56 mg) > ‘purple’ hybrid from Mardie Station, WA 
(36 mg) > ‘yellow’ hybrid from Mardie Station (31 
mg). Seeds were incubated at constant temperatures 
between 15–45°C, and 12-hourly alternating 15/25°C 
and 25/35°C. After 14 days ungerminated seeds were 
scarifi ed and monitored for a further seven days. No 
signifi cant differences between hybrids were found in 
seed dormancy or germination, despite occurring in 
quite different climatic conditions. Most seeds (>95%) 
were viable. Dormancy release, involving the seed coat 
becoming permeable to water, occurred in more of the 
seeds as incubation temperature increased. Approxi-
mately 80% of seeds remained dormant after 14 days 
at 15°C, but only 40% were dormant at 40°C. When 
non-dormant (either naturally or artifi cially scarifi ed), 
all seeds germinated at all temperatures tested, except 
45°C which resulted in seed death.
Keywords    Dormancy,  emergence,  persistence,  seed, 
 weed.

INTRODUCTION
The genus Prosopis (Leguminoseae), commonly re-
ferred to as mesquite, includes many species of thorny 
trees and shrubs that have become serious weeds in 
semi-arid and arid regions throughout the world (Fagg 
and Stewart 1994). In Australia several species and 
their hybrids have become serious problems, and 
they are now listed among Australia’s top 20 Weeds 
of National Signifi cance (Thorpe and Lynch 2000). 
There is evidence that the different hybrids present in 
Australia have different ecologies, leading to different 
weediness, potential distribution and susceptibility to 
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control (van Klinken and Campbell 2001). However, 
there is a lack of information on the growth, develop-
ment and reproduction of Prosopis species and their 
hybrids found in Australia. 

Unpredictable emergence of weed seedlings from 
dormant seeds is a major cause of continuous weed 
problems and recent weed research programs have fo-
cused on elimination of this portion of the seed bank 
(Kremer 1993). Weedy species such as mesquite are 
known to exhibit morphological changes and vari-
ance due to environmental conditions (Peacock and 
MacMillan 1965, van Klinken and Campbell 2001). 
Patterns of germination may vary with geographic 
distribution. Understanding these patterns may lead 
to improved control as the weeds can be targeted 
at the times when they are most likely to be germi-
nating. 

Along with many other members of the family 
Leguminoseae, mesquite seeds possess a hard testa 
(seed coat) that is impermeable to water. Known as 
physical dormancy, germination is prevented until the 
seed coat becomes permeable to water, allowing water 
entry to the embryo. In Leguminoseae, the weak point 
of the seed coat is called the lens (stophiole). In nature, 
the lens functions as the environmental signal detector 
and disruption of the cells of this area in response to 
an appropriate environmental signal (such as high or 
fl uctuating temperatures) allows water entry (Baskin 
et al. 2000). Other regions of the seed coat may also 
become permeable in response to extreme stress, or 
artifi cial or natural scarifi cation. Once permeable, 
impermeability of the seed coat cannot be reinstated. 
Once the seed coat is permeable and adequate water 
supply is available, temperature is the key signal in-
dicating optimum time for germination. 

In this study we evaluated the dormancy and ger-
mination of seeds of three Australian mesquite hybrids 
from two geographic regions in relation to different 
temperature and light regimes. We sought to determine 
the optimum germination temperatures for each of the 
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hybrids, evaluate whether mesquite has a light require-
ment for germination, and determine whether the range 
of permissible germination conditions is different to 
those described in overseas studies.

MATERIALS AND METHODS
Fully mature mesquite pods containing seeds were 
randomly collected from trees in the summer of 
2001–2002 from three different mesquite hybrids. 
One hybrid, P. velutina Woot. (probably with some P. 
glandulosa var. torreyana (L. Benson) M.C.Johnston 
introgression) was collected from White Leeds Station, 
New South Wales (32°01.980´S 141°22.916´E). The 
other seeds were collected from a single, morphologi-
cally diverse, infestation on Mardie Station, Western 
Australia (21°11.294´S 115°56.948´E) where consid-
erable variation in leaf morphology, timber properties 
and pod colour is apparent throughout the population. 
The two hybrids sampled were characterised by pod 
colour as ‘purple’ and ‘yellow’. Pods were kept in pa-
per bags and transferred to an air-conditioned labora-
tory (approximately 22°C) until seeds were removed. 
Seeds were removed from the pods by hand, taking 
care not to scratch the seed coat, and only intact, fi lled 
seeds were used in the germination tests. 

Germination test   A trial was conducted to test the 
effect of light and temperature on germination. Four 
replicates of 20 seeds from each hybrid were weighed 
and then evenly spaced in 9 cm diameter Petri dishes 
half-fi lled with solidifi ed 1% agar solution. Dishes 
were placed in controlled temperature rooms or in-
cubators set at a constant 15, 20, 25, 30, 35, 40 and 
45°C. Light at 30–50 µmol m-2 s-1 was provided by 40 
W fl uorescent white light tubes for 12 hours (except 
those at constant 25°C, which was set at 8 hours light/
16 hours dark due to the constraints of available equip-
ment). Two alternating temperature regimes were also 
used (12 hourly 15/25°C and 25/35°C; light provided 
during warm phase), selected to refl ect the winter and 
summer temperature fl uctuations at Mardie Station. 
Additionally, germination in darkness was tested at 
constant 40°C for each hybrid. To exclude light, dishes 
were wrapped in aluminium foil and only opened to 
check for germination (two minutes maximum each 
time they were checked).

All seeds from the germination test were checked 
for germination on days 3, 7, 10 and 14 after the start 
of the test. Emergence of the radicle to >3 mm was 
required to score a seed as germinated. Seeds were 
removed from the dish as they germinated. At day 14, 
the seed coat of ungerminated seeds was scarifi ed by 
nicking with a scalpel at the furthest point from expect-
ed radicle emergence. Seeds that were decomposing 

inside (indicated by intense fungal attack and/or 
collapse when pinched gently with forceps) were re-
moved from the test. All dishes were then returned to 
the respective temperature regime and monitored for 
germination for a further seven days at days 17 and 21. 
At the end of the germination test, the viability of any 
ungerminated seeds was determined by submerging 
seeds in a 1% solution of 2,3-5 triphenyltetrazolium 
chloride (TZ) at 30°C for 24 hours (International Seed 
Testing Association 1999). Complete red coloration of 
embryo tissues, required to score a seed as viable, was 
visually assessed using a microscope.

The germination trial allowed the seeds to be clas-
sifi ed into one of four states: 1) non-dormant, because 
they germinated in the test without scarifi cation, 2) 
dormant, because they only germinated after scarifi -
cation of the seed coat, 3) dormant but ungerminated 
after scarifi cation and viable according to TZ staining, 
and 4) dead.

Seed weight and physical dormancy   Each replicate 
of 20 seeds used in the 20°C germination test was 
weighed as a batch on Day 0 before placing onto agar. 
The average weight per seed was calculated across 
four replicates. To determine if the lack of germina-
tion was due to lack of imbibition, seeds remaining 
ungerminated and viable at day 14 of the germination 
test were removed from each plate, blotted with paper 
towel to remove surface water and reweighed, prior to 
scarifi cation. The percent increase in weight per seed 
was calculated across the four replicates. In addition, 
Mardie ‘purple’ hybrid seeds were scarifi ed by nick-
ing the seed coat, and compared with ten unscarifi ed 
seeds. Seeds were placed on solidifi ed 1% agar solu-
tion (fi ve seeds per dish) at 22°C for 24 hours. Seeds 
were weighed individually at 0 and 24 hours, and the 
percent increase in seed weight was determined.

Statistical analysis   A two-way ANOVA was used to 
test for signifi cant differences in total germination of 
the different hybrids subject to different temperature 
regimes. Pairwise comparisons were conducted using 
Tukey tests to determine if germination at alternat-
ing temperatures was signifi cantly higher than the 
equivalent constant temperatures. For the analysis 
of germination in 12 hourly light (light/dark) versus 
darkness, one-way ANOVA comparisons were used 
to test fi nal germination for each individual hybrid. A 
one-way ANOVA was used to test for any signifi cant 
differences in average seed weight of the three hybrids 
and a Tukey test was conducted to determine which 
hybrids had signifi cantly different seed weights from 
each other. All statistical analyses used Genstat 6.1 
6th Edition. 
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RESULTS
Seed viability of the NSW and Mardie hybrids was 
high (>95%) at all temperatures except at 45°C where 
there was 100% mortality (Figure 1). Mean percent 
germination during the fi rst 14 days of the germina-
tion test was infl uenced by temperature (F9,81 = 37.02, 
P <0.001) and generally increased as temperature 

increased across the range 15 to 40°C. For example, 
for the NSW hybrid, 85% of seeds remained dormant 
after 14 days at 15°C but only 40% of seeds were 
dormant after 14 days at 35°C (Figure 1a). Alternating 
temperatures promoted similar responses as the highest 
constant temperature in the alternating range and were 
not signifi cantly different (Tukey test comparison: 30 
vs 25/35 P >0.05; 20 vs 15/25 P >0.05; Figure 1) 

Almost all seeds remaining on the plates at 14 days 
germinated once they had been scarifi ed, and there was 
no difference in fi nal germination at day 21 between 
the hybrids at each of the temperatures (F2,81 = 1.52, P 
= 0.22) and no signifi cant interaction between hybrid 
and temperature (F16,81 = 1.76, P = 0.051). Few (<5%) 
seeds did not germinate within the seven days fol-
lowing scarifi cation. Ungerminated seeds were found 
only at the lower incubation temperatures (15 and 
20°C) (Figure 1). These seeds were viable according 
to the TZ test.

There was no signifi cant difference in mean ger-
mination at 40°C in light/dark and dark after 14 days 
for both Mardie hybrids (Figure 2; Mardie purple: 
F1,6 = 2.36, P = 0.176; Mardie yellow: F1,6 = 0.10, P = 
0.759), though more NSW hybrid seeds germinated 
in darkness than light/dark (Figure 2; F1,6=15.81, 
P = 0.007). Scarifi cation of the seed coat promoted 
germination of all remaining viable seeds in both the 
light/dark and dark treatments.

The average weight of individual mesquite seeds 
exhibited large and signifi cant (F2,9 = 101.18, P <0.001) 
variation, being between 31 and 56 mg. The NSW 

Figure 1.   Dormancy and germination status of seeds 
after 21 days of three mesquite hybrids at a range of 
incubation temperatures. 

Figure 2.   Germination percent of three mesquite 
hybrids following 14 days at 40°C with 12 hourly light 
(light/dark) or constant darkness. Error bars represent 
± SE of the mean for four replicates of 20 seeds.
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hybrid was heavier than both the Mardie hybrids and 
the Mardie purple was heavier than the Mardie yel-
low hybrid (Table 1). Seeds of all three hybrids that 
had not germinated at 20°C within 14 days were only 
7.7% heavier (on average) than at the start of the test 
(Table 1). Confi rming that this refl ected the inability 
of dormant seeds to imbibe water, scarifi ed (i.e. non-
dormant) Mardie ‘purple’ hybrid seeds increased in 
weight by 60 ± 4% within 24 hours at 22°C on agar, 
whereas unscarifi ed (dormant) seeds had a 4 ± 1% 
increase in this time.

DISCUSSION
The results of our study suggest that there is no sub-
stantial difference in the germination patterns of the 
three mesquite hybrids we tested from two different 
geographic distributions. Germination requirements 
therefore do not appear to be an explanation for dif-
ferences in their distributions. 

Dormancy of the three hybrids of mesquite tested 
is the result of the hard seed coat preventing the intake 
of moisture, which in turn is necessary for germination. 
The temperature of the germination test determined the 
proportion of seeds that were able to imbibe, and there-
fore the proportion able to germinate. Approximately 
80% of seeds remained dormant in the test conducted 
at 15°C. This proportion reduced as the germination 
test temperature was increased, and 30–50% remained 
dormant after 14 days at 40°C (Figure 1). Alternating 
temperatures resulted in similar levels of dormancy 
release as the constant warmer temperature. A similar 
result was found for P. julifl ora, with germination of 
unscarifi ed seeds being similar at alternating 20/30°C 
and constant 29°C (Scifres and Brock 1969). The 
presence of light apparently caused lesser dormancy 
release than darkness at 40°C for the NSW hybrid, but 
as there was no effect for either Mardie hybrid, this 
anomalous result requires checking (Figure 2). These 
results suggest that seeds will remain dormant longer, 
and therefore seed banks will run down more slowly, 
in cooler environments. 

Once dormancy was removed by scarifi cation of 
the seed coat, and suffi cient water was available, the 
three mesquite hybrids germinated across a wide range 
of temperatures, suggesting that physical dormancy 
is the only mechanism used by this species to spread 
emergence over time. In overseas studies, warmer 
temperatures between 25 and 30°C are generally op-
timal for germination of scarifi ed (permeable) seeds 
of Prosopis spp., and germination is often curtailed as 
temperature reduces below 20°C or rises above 35°C 
(Peacock and McMillan 1965, Scifres and Brock 1969, 
1972, Peláez et al. 1992 and Cox et al. 1993). Even 
at the lowest temperature we tested, 15°C, most seeds 

(>95%) germinated within seven days of scarifi cation. 
Seeds responded well to the high temperatures of 35 
and 40°C, though 45°C was lethal (Figure 1). With 
the notable exception of P. chilensis, which has been 
reported to germinate at temperatures from 5 to 45°C 
(Mahmoud and El-Sheikh 1978), the range of tem-
peratures at which the Australian hybrids are capable 
of germinating is generally wider than that described 
for mesquite in overseas studies. 

Seed size showed signifi cant variation between the 
hybrids, which originated from two climatically dif-
ferent geographic regions. However, these differences 
did not affect dormancy and germination responses 
to temperature, which were not signifi cantly different 
between the three hybrids. Greater seed size might, 
however, be expected to result in increased seedling 
survival rates. Further studies could investigate this 
possibility. 

The geographic distribution in rangeland Australia 
of the three mesquite hybrids we tested does not ap-
pear to be limited by germination conditions. In the 
Pilbara region winters are relatively warm (average 
minimums and maximums for July are 12.4°C and 
maximum 24.9°C, for January are 24°C and 36.2°C) 
so conditions are probably suitable for germination 
throughout the year, provided suffi cient moisture is 
available. However, in north-west New South Wales 
the winters may be too cool for germination (average 
minimums and maximums for July are 4.7°C and 
17°C). 
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Table 1.   Mean individual seed weight of three 
mesquite hybrids and percent increase in seed weight 
of seeds remaining ungerminated after 14 days in a 
germination test at 20°C (mean ± SE of the mean for 
four replicates). A different letter after the mean seed 
weight indicates a statistically signifi cant difference 
based on the Tukey test. 

Hybrid
Fresh weight 
(g per seed)

Increase in weight 
of dormant seeds 

(%)

NSW 56 ± 1.7 a 7 ± 2.5

Mardie ‘purple’ 36 ± 1.3 b 11 ± 3.8

Mardie ‘yellow’ 31 ± 0.7 c 5 ± 2.9
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