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Summary    Parkinsonia (Parkinsonia aculeata) is a 
weed of national significance in Australia. Fire could 
be used as a control method to either kill seeds, or 
promote germination for follow up control. Few seeds 
would otherwise emerge, given their seed coat-en-
forced dormancy. Fracturing of the seed coat, such as 
from heat in a fire, is required to allow water infiltra-
tion and gas exchange processes before germination 
can proceed. This study aimed to evaluate the seed coat 
morphology and the nature of seed coat fracturing of 
Parkinsonia in response to heat, and was achieved by 
viewing heated and non-heated Parkinsonia seeds in a 
scanning electron microscope. The outer surface of a 
non-heated seed was smooth, without open fractures, 
and a longitudinal section revealed similar seed coat 
cell layers present in other legume species. Seeds 
heated to 150°C for 8 min, 200°C for 1 and 8 min, 
and 300°C for 1 min produced a network of cracks 
covering the seed coat, although not extending inwards 
beyond the upper region of the mesophyll cell layer. 
The pattern of heat-induced fractures and the degree 
of deformation of seeds could be used in conjunction 
with germination tests to indicate whether weed control 
fires are effective on seeds within the soil seed bank. 
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INTRODUCTION
Parkinsonia (Parkinsonia aculeata L., Leguminosa-
seae: Caesalpiniodeae) is a woody shrub that was 
introduced to Australia in 1876 (Parsons and Cuth-
bertson 2001), and is now listed as a weed of national 
significance (Thorp and Lynch 2000). Like previous 
experimental work on woody weeds such as rubber 
vine (Cryptostegia grandiflora R.Br., Asclepiadaceae; 
Bebawi and Campbell 2002a) and bellyache bush (Ja-
tropha gossypiifolia L., Euphorbiaceae; Bebawi and 
Campbell 2002b), fire is currently being assessed as a 
management tool (van Klinken 2004). In experimental 
weed control fires examined by Bebawi and Campbell 
(2002a and b), surface temperatures reached over 
500°C, while subsoil temperatures in the upper 2 cm 
ranged between 50 and 100°C and were maintained 
(within 5%) for approximately 1–10 min. 
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Heat acting on the soil profile could either kill 
seeds or enhance seed germination by breaking 
dormancy, thereby decreasing the duration of follow-
up control measures over time. Fracturing the seed 
coat of parkinsonia seeds is required to break seed 
coat-enforced physical dormancy. Germination is 
prevented through the presence of a hard imperme-
able seed coat, a feature particularly common among 
legume species. 

The seed coats of legume species generally consist 
of three distinct cell layers. From the exterior inwards 
they are the palisade layer, hourglass layer, and the 
mesophyll layer extending to the inner integument 
(Miao et al. 2001). In natural conditions, a strophiole 
acts as a hygroscopic valve and is the primary site of 
water entry (Kelly and van Staden 1986, Morrison 
et al. 1998). The application of dry heat, such as in 
the soil profile during fire, can break seed dormancy 
whereby thin-walled cells below the palisade layer are 
torn, cracking the seed coat to promote water entry at 
weaker regions such as the strophiole (Hanna 1984, 
Tran 1979, Gupta 2001). Once the seed coat is frac-
tured, water infiltration and gas exchange processes 
can occur, significantly increasing the germination of 
the heat-exposed seeds (Teketay 1996, van Klinken 
and Flack 2005). The aim of this paper was to describe 
parkinsonia’s seed coat morphology, and the nature 
and location of seed coat fractures after heating in 
the laboratory. 

MATERIALS AND METHODS
Non-predated parkinsonia seeds were collected from 
the ground surface underneath adult parkinsonia trees 
at the pastoral property of Taemas, north-east Queens-
land, Australia (21.02°S, 146.43°E), and stored at 4°C 
until required four months later. Ten seeds were placed 
in a small aluminium dish (approximately 10 cm × 
7.5 cm × 1 cm) for each treatment, and heated in high 
temperature furnaces. Heating treatments comprised 
exposure to 150°C for 8 min, 200°C for 1 and 8 min, 
and 300°C for 1 min. 

After heating, one seed from the 200°C and 
300°C heat treatments was selected for examina-
tion as a representative of others in the group of 10, 
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scarified by nicking with a scalpel blade to be confi-
dent of achieving imbibition, and placed in 30 mL of 
a fixative solution of formaldehyde (10 mL, 37% w/v, 
contained 9–11% methanol), acetic acid (5 mL, glacial, 
100%) and alcohol (ethanol, 85 mL, 70%) to soften the 
seeds and preserve biological structures. After seven 
days, the fixative solution was removed and replaced 
with 30 mL of 70% ethanol for storage. Seeds were 
taken from the ethanol solution eight weeks later and 
prepared for electron microscopy by cutting through 
a medial longitudinal plane with a new scalpel blade. 
Seeds were dehydrated in an ethanol series (85%, 15 
min, one change; 95%, 15 min, one change; 100%, three 
changes over 45 min) and dried in chloroform. The seeds 
in the 150°C (8 min) treatment were sectioned after 
heating, and dried in chloroform. Thus, these seeds were 
prevented from imbibing either the fixative solution or 
ethanol. Specimens were mounted on aluminium stubs; 
sputter coated with gold, and viewed using a JEOL 
JSM-5410LV scanning electron microscope. 

RESULTS AND DISCUSSION
Parkinsonia seeds used in this study were typically 
10 mm long and 4 mm wide. The outer surface of a 
mature, non-treated Parkinsonia seed was smooth with 
very few irregularities, and no open fractures. The seed 
coat cell layers present in parkinsonia are also present 
in most other legume species (Lush and Evans 1980, 
Harris 1983, Trillo and Carro 1993, Serrato-Valenti 
et al. 1993, Foroughbakhch et al. 2000, Miao et al. 
2001). The palisade layer contains two rows of roughly 
cylindrical palisade cells that are approximately 55 µm 
long and 5 µm in diameter each. To the interior of the 
palisade layer is a single layer of equant hourglass cells, 
approximately 15 µm long and wide. Underlying the 
hourglass cell layer is the mesophyll layer of varying 
width, though generally about 100 µm. The mesophyll 
layer consists of two different sub-layers, with cells in 
the inner sub-layer having highly thickened cell walls. 
A single layer of cells forms the inner integument 
between the mesophyll cell layer and endosperm, 
although it is often inconspicuous. 

A dry seed heated at 150°C for 8 min demonstrated 
the presence of open fractures on the outer surface 
caused by heating alone, given it had no contact with 
the fixative solution. These open fractures were of a 
similar size and distribution of those on heated seeds 
subsequently imbibed in a fixative solution (200°C 
and 300°C treatments). On a seed heated to 200°C 
for 1 min, fractures developed along the length of 
the seed, and were more prevalent perpendicular to 
the longitudinal axis, although were also present for 
a shorter distance parallel with the longitudinal axis 
(Figure 1a). All 150 seeds heated to this combination 

of temperature and duration of heating by Scott (2003) 
imbibed following heating, indicating such fracture 
patterns are likely to be indicative of seeds that have 
been heated to a point that can overcome seed coat-
enforced dormancy. 

In a seed heated to 300°C for 1 min, fractures 
penetrated to the upper region of the mesophyll layer 
(Figure 1b), but never any deeper. At this combination 
of temperature and duration, the majority of seeds 
studied by Scott (2003) achieved imbibition. The depth 
of fracturing required to induce imbibition is likely 
to be at this region or further towards the exterior 
given Scott’s (2003) imbibition results. However, the 
experimental design of this study does not clarify the 
combination of temperature and duration of heating at 
which fractures first reach a critical region that allows 
imbibition. Meanwhile, individual cells in the various 
layers of the seed coat failed to illustrate any visual 
deformation after heating at these treatments. 

After heating a seed at 200°C for 8 min, a large tear 
formed along the longitudinal axis and the seed coat 
was torn from the endosperm, exposing the endosperm 
and portions of the embryo (Figure 1c). At this com-
bination of temperature and duration of heating, all 
150 seeds studied by Scott (2003) were killed, and so 
this appearance could be indicative of seeds that have 
been exposed to lethal heat intensities. 

Researchers could consider the use of microscopy 
in conjunction with seed germination tests to evalu-
ate if fires used for land management activities are 
effective. Seeds recovered from the soil seed bank on 
the surface and at known depths could be quickly ex-
amined for fractures in the laboratory, thus potentially 
indicating whether seeds have been subjected to tem-
peratures sufficient to at least break seed dormancy. 
Detecting whether the heat intensity of a fire has been 
successful in achieving mortality appears much harder 
by microscopy alone, although observing a split seed 
coat exposing the endosperm may demonstrate this in 
more extreme heating events. 
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