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Table 1- Geographical and weather parameters of seed sampling locations
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6- Coefficient of determination
7- Awakens index
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1- Maximum germination rate
2- Base temperature

3- Optimum temperature

4- Ceiling temperature

5- Root mean square error
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Table 2- Thermal parameters of germination, maximum germination rate and awakens index of burial seeds of Eryngium
caeruleum in soil based on light and dark conditions
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S (39,) (°c) e S (°c) il &l
. ’ Optimum o ; RMSE
Light Burial Base temperature Ceiling Maximum Awakeness
condition  gyration temperatu (To) temperature ~ 9ermination rate index
(day) re (To) (To) (Gmax) (ai)
D 30 4.39 22.86 30 0.83 21.25 0.07
D 60 481 23.65 29.59 133 32.95 0.09
D 90 3.76 20.56 36.66 127 41.78 0.13
D 120 1.84 21.53 37.79 1.67 60.03 0.25
D 150 151 18.74 38.01 181 66.06 0.21
D 180 0 20.99 38.79 2 77.58 0.19
L 30 4.29 23.41 28.31 121 29.06 0.06
L 60 2.95 23.11 29.08 1.56 40.76 0.12
L 90 2.29 20.61 36.93 1.64 56.80 0.21
L 120 0.57 20.86 38.26 1.98 74.62 0.25
L 150 0 16.99 41.14 2.34 96.26 0.23
L 180 0 21.22 42.87 2.43 104.17 0.28
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Figure 1- Segmented model of seeds germination rate of Eryngium caeruleum to temperature with increasing burial duration
in dark conditions
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Figure 2—- Segmented model of seeds germination rate of Eryngium caeruleum to temperature with increasing burial duration
in light conditions
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Figure 3- Germination base temperature (Tb) of Eryngium caeruleum variation with increasing burial duration in dark and
light conditions
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Table 3- The parameters values of Germination base temperature (Tb) of Eryngium caeruleum in different light conditions

wb glos b yl,b &S s9 bul
Tp Parameters Light condition
u
u‘i")b . @29) ot
Dark Light (20 pmolm-s)
a 4.82 (0.59) 4.53 (0.75)
b -23.46 (8.79) -22.67 (7.64)
X0 117.25 (10.96) 82.83 (11.66)
R?adj 0.92 0.96

a yalyb Hlde 70+ lise 4 4l slod Lials (gl p3¥ 58 ploj Cite X0 dadcws D (8> (loj Gde (e D 0l i Al slod cp YL A
a: The highest Ty in the lowest burial time, b: line slope, xo: time needed for decrease the Ty to 50% of ‘a’ parameter
Al oo b yialyl o lkiel (glas saimd glis ssly J5b slacks
*The numbers in the parentheses show the standard error of the parameters.
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Figure 4- Variation of germination optimum temperature (To) of Eryngium caeruleum with increasing burial duration in
dark and light conditions
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Figure 5- Variation of germination ceiling temperature (Tc) of Eryngium caeruleum seeds with increasing burial duration in
dark and light conditions

S35 Ao byl p3 Glagn Hds Fjalen (To) i (glod & bgspo gl slolyly y23lie —€ oo
Table 4- The parameters values of germination ceiling temperature (Tc) of Eryngium caeruleum seeds in different light

conditions
i glod (o ol S8 Bl
Tc Parameters Light condition
b by
Dark Light (20 umolm2s1)
a 8.45 (0.67) 13.69 (2.39)
b -20.69 (-20) -5.27 (2.61)
X0 87.31 (59.15) 83.87 (8.55)
Yo 29.74 (0.52) 27.84 (1.53)
RZadj 0.98 0.94
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a: The highest Tc in the lowest burial time, b: line slope, xo: time needed for decrease the Tc to 50% of ‘a’ parameter, yo: minimum Tc
WSl e eyl o lslinl (gllas saims lis sty Jab slasks
*The numbers in the parentheses show the standard error of the parameters.
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Figure 6- The response of maximum germination rate (Gmax) of Eryngium caeruleum seeds to dark and light conditions with
increasing burial time
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Table 5- The parameters value of maximum germination rate (Gmax) of Eryngium caeruleum seeds in different light

conditions
il s ST S el S 395 bl
Gmax Parameters Light condition
ug‘i)b uiub
Dark Light (20 pumolm-2s1)
b1 0.008 (0.0007) 0.007 (0.001)
bo 0.982 (0.0797) 0.716 (0.113)
R?adj 0.97 0.92

WSl o eyl o lslinl (gl saims lis sty Jab slasks
*The numbers in the parentheses show the standard error of the parameters.
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Table 6- The parameters value of awakeness index (ai) of Eryngium caeruleum seeds in different light conditions

Syl AL (sl sl )y S 9 bl
‘ai’ Parameters Light condition
b 2lid)
Dark Light (20 umolm2s1)
ba 0.38 (0.02) 0.54 (0.02)
bo 9.98 (2.42) 9.77 (2.02)
R?ad] 0.98 0.99

WSl o b yelyl o lslinl (gl s lis sty Jab slasks
*The numbers in the parentheses show the standard error of the parameters.
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Figure 7- The response of awakens index (ai) of Eryngium caeruleum seeds to different conditions of light during burial time
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Introduction: Eryngium caeruleum L. is a perennial weed from Apiaceae family that grows in the farm and
roadside. There is limited information on the reaction of this plant germination to temperature and light
conditions. Germination is one of the most important processes for weed success, because it is the first step in
competition beginning in an ecological niche. Recognition of E. caeruleum germination and emergence ecology
has an important role in weed management and control. Different environmental factors, such as temperature and
light, affect dormancy and germination of the seeds. Light requirement is an indicator showing the level of seed
dormancy. Given the significance of seed dormancy in weed dispersal and management, this study aimed at
determining the relation between light and temperature as the most effective environmental factors in
germination stimulation of E. caeruleum.

Materials and Methods: An experiment was conducted to estimate the effect of temperature and light on
germination of Eryngium caeruleum seeds at agriculture and Natural Resources College, university of Tehran in
2016. A factorial experiment was undertaken based on completely randomized block design with three
replications. Factors were germination temperatures (5, 10, 15, 20, 25, 30 and 35 °C), burial periods in 5 cm
depth (30, 60, 90, 120, 150, and 180 days), and light conditions during germination test (Presence and absence of
light). The seeds were buried in the soil under environmental conditions at depth of 5 cm and then removed from
the soil at one month intervals and were placed at dark and light (Osram, L 18 W/77, 20 pmolm-?s™) conditions
under seven temperature treatments for 14 days. 25 seeds were placed in each petri dish and the germinated
seeds were counted for 14 days in each month. Segmented model was used for studying the germination rate to
temperature in light and temperature treatments. Thermal parameters of germination were calculated for light
and temperature treatments. These parameters were Gmax for the maximum germination rate, T, or base
temperature for germination, T, or optimum temperature for germination, and T. or ceiling temperature for
germination. The base and ceiling temperature parameters were also calculated. The findings of this study shed
light on seed germination requirements of E. caeruleum and enhance our understanding of this species
distribution. These results will be useful in selecting the best time and method for E. caeruleum control.

Results and Discussion: Results showed that temperature and light conditions during germination test
influenced germination rate. According to the analysis of variation, all simple effects and interactions were
significant on germination rate. Germination rate increased with increasing temperature up to 20 °C.
Germination rate, however, decreased when temperature increased up to 35 °C. Temperature parameters of base
temperature, optimum temperature and ceiling temperature were affected by burial periods and light conditions
during germination test. In general, base and optimum temperatures decreased and ceiling temperature increased
with increasing of burial time. The burial time needed for 50 percent decrease of maximum base temperature in
the lowest burial time was 117 days in light condition and 82 days in dark condition. The optimum temperature
decreased from 23.5°C to 21.2°C in light condition and from 23°C to 21°C in dark condition. The ceiling
temperature increased from 28°C to 42°C in light condition, but it had different process in dark condition. The T
parameter was 30°C in 60 days of burial and was 28°C up to 120 days of burial and had no changes up to 180
days of burial. Parameters of Gmax and a;, which indicate the maximum germination rate and seed non-dormant
index, respectively, rose linearly by increasing time of seed burial, irrespective of light condition during
germination test. The same results were found in Circium arvense and Bidens pilosa, that their germination
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thermal parameters were higher in light condition than in dark. This can be attributed to the heat made by the
light. The results of the experiment on Plygonum aviculare also showed the effects of light on cardinal
temperatures of germination and the start of germination of this plant.

Conclusion: The results showed that the thermal parameters of Eryngium caeruleum germination including
base temperature (Ty), optimum temperature (T,), and ceiling temperature (T.) changed during the burial periods.
The Gmax and awakeness index parameters increased linearly regardless of the presence or absence of light. It can
be also concluded that Eryngium caeruleum L. has morphophysiological dormancy and dormancy breaking.
Moreover, the optimum temperature range for germination mostly rises by increasing ceiling temperature.
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