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Table 1. Analysis of variance the effect of temperature and water potential on the percentage and germination rate of
Herb-robert Geranium robertianum

Sl o (b
ok glio 6”;" PGS # Mean of square
Source of variation Degree of freedom I 22y &l s g
RN Germination rate
percentage
> 7 1835.18" 5160
Temperature
S 5 11836.6™ 2357
Drought
Siid x Les
35 1113.6™ 3.15™
Temperaturex Drought
s 144 15.8 0.041
Error
K 191
Total
7 xS 2276 19.54
C.V (%)

2o pd S Jlain] o 45 (g5l ixe *F
** significant difference at 1% level
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Figure 1. Effect of temperature and water potential on the germination percentage and germination rate of Herb-robert
(Geranium robertianum)
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Figure 2. Fitting the logistic three-parameter egression model to the cumulative germination trend of Geranium
robertianum
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Table 2. Effect of temperature and water potential on the cumulative germination percentage of Geranium robertianum
and parameters resulted from the three-parameter logistic model

Cldaily - Hlwa )by ald Fyelex w3 B a iy b e P value s &
(JSasty) (315 (302) sl Siope o
Water Temperature Final Time to reach 50 % of R?

potential ) germination (%) the germination
(Mpa) (Day)
5 82.13 (1.056) 6.39 (0/072) 0.84 (0/062) 0.001 0.95
10 87.34(1.376) 4.63 (0/084) 0.54 (0/071) 0.002 093
15 93.33 (1.571) 4.27 (0/091) 0.53 (0/079) 0.001 0.96
20 95.23 (1.194) 3.52 (0/063) 0.33 (0/041) 0.005 0.94
0 25 74.69 (0.744) 3.38 (0/050) 0.31 (0/033) 0.001 0.95
30 39.24 (0.635) 3.41 (0/095) 0.59 (0/082) 0.002 0.95
35 0 0 0
40 0 0 0
5 68.507(1.540) 6/150(0.123) 0.75 (0.107) 0.001 0.96
-0.2 10 77.136(1.901) 5/206(0.149) 0.819(0.129) 0.001 0.94
15 84.365(1.531) 4/684(0.092) 0/490(0.078) 0.005 004



20 88.916(0.693) 4/528(0.038) 0/431(0.030) 0.005 (o5

25 65.255(0. 937) 4/387(0.073) 0/457(0.059) 0003 g5

30 35.273(0.629) 4/407(0.103) 0/638(0.089) 0.001 (g

35 0 0 0

40 0 0 0

5 52.10 (1.174) 6.39 (0. 120) 0.84 (0.102) 0.001 0.93

10 57.37 (1.510) 6.05 (0.144) 0.73 (0/125) 0.001 0.94

15 57.76 (1.288) 5.86 (0.118) 0. 61 (0/103) 0.005 0.95

20 65.04 (0.682) 5.43 (0.050) 0.46 (0/041) 0.005 0.93
04 25 44.13 (0.907) 5.50 (0.107) 0.57 (0/091) 0.003 0.94

30 22.61 (0.765) 5.70(0.23) 0.56 (0/0432) 0.001 0.96

35 0 0 0

40 0 0 0

5 31.527(1.222) 8.48 (0.196) 8.48 (0.160) 0.005 0.95

10 38.176(1.055) 7.34 (0.150) 0.98 (0.128) 0.005 0.95

15 39.825(1.202) 6.88 (0.162) 0.82 (0.139) 0.001 0.04

20 44.255(0.893) 6.85(0.104) 0.73 (0.090) 0.001 0.94
0.6 25 32.631(0.325) 6.55 (0.045) 0.48 (0.037) 0.003 0.93

30 20.143(0.321) 6.53 (0.0321) 0.41 (0.030) 0.001 0.93

35 0 0 0

40 0 0 0

5 0 0 0

10 21.07 (0.612) 8.42 (0.145) 0.76 (0.079) 0001  0.93

15 20.54(0.397) 7.80 (0.908) 0.71 (0.078) 0005 g,

20 22.64 (0.438) 7.71 (0.0901) 0.68 (0.077) 0002 g3
08 25 15.99 (0.260) 7.98(0./773) 0.76 (0.066) 0001 ggg

30 4.92 (0.101) 6.91 (0.078) 0.38 (0.083) 0002 ggg

35 0 0 0

40 0 0 0

i 5:Sike e sl il 31 shiel it osnlie il dales I Sy gt 5 JSewbile =) (gjans] Jumily 0¥

*There was no germination at water potential of -1 Mpa in none of temperatures. Numbers in the
parenthesis are the standard error of mean.
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Figure 3. Fitting the dent-like model to determining the cardinal temperatures of Geranium robertianum at various water
potential
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Table 3. Cardinal temperatures of Geranium robertianum germination based on the dent-like model in different water potentials

S Jpnaniliy “aS slod Jol Ak sles P93 wugr slod Dbt (5le> Read
; 2
(JSwly %) (Base (Temperature  (Temperature (Ceiling temperature) (Adjusted R%)
temperature)  of Optimum 1) of Optimum 2)
Water
potential
(Mpa)

0 1.12 0.32) 13.83 (0.37) 22.76 (0.41) 35.09 (0.37) 0.99
-0.2 1.73 (0.22) 6.90 (0.28) 21.88 (0.42) 35.13 (0.28) 0.98
-04 2.13 (0.37) 19.92 0.17) 20.05 (0.25) 35.70 (0.12) 0.97
-0.6 2.98 (0.41) 16.70 (0.36) 21.73 (0.29) 34.28 (0.26) 0.99
-0.8 4.96 (0.28) 10.56 (0.34) 20.63 (0.33) 34.48 (0.44) 0.99

wil o eRile s glas (a sl Jols slas!

Numbers in parenthesizes are the standard error of the mean
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Effect of Temperature and Drought Stress on Germination Characteristics
and Determination of Cardinal Temperatures of Invasive Weed Herb-Robert
(Geranium robertianum L.)

Extended abstract

Introduction: Seed germination is the first and most important stage of plant establishment and
subsequent successful competition, which is affected by genetic and environmental factors.
Temperature and soil water potential are the most important environmental factors. Knowledge of
environmental factors controlling seed germination provides the possibility of predicting weed
infestation. By obtaining information about the temperature and moisture requirements of weeds,
it is possible to manage them successfully. In recent years, the weed of herb-robert has been raised
as an invasive weed in rapeseed fields in Mazandaran and Golestan provinces. To investigate the
relationship between temperature and germination rate, various cardinal models such as dent-like,
segmented, and beta have been used. The purpose of this research is to determine cardinal
temperatures in herb-Robert and investigate the role of temperature and drought stress on some of
its germination characteristics.

Materials and methods: To investigate the effect of temperature and drought stress on herb-
Robert (Geranium robertianum L.) seed germination, the present study was conducted. This

experiment was factorial in the form of a completely randomized design with 8 levels of constant
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temperature (5, 10, 15, 20, 25, 30, 35, 40 °C) and drought stress in 6 levels (-0.2, 4 -0.0, -0.6, -0.8,
-1 MPa) were performed in 4 replications. Germinated seeds were counted up to 14 days after
germination. Then indicators such as percentage, germination rate and time to reach 50%
germination were calculated. A dent-like regression model was used to determine the cardinal
temperature.

Findings: The results showed that the constant temperature of 20°C has the highest percentage
(98%) and germination rate (6.019) in non-stress conditions (zero water potential). Also,
germination was stopped at temperatures of 35 and 40 °C. The three-parameters regression model
had good accuracy to describe the trend of cumulative seed germination percentage of herb-Robert.
The results also showed that with the increase of drought stress, the percentage and rate of
germination decreased and at potentials higher than -0.8 MPa, germination stopped. At zero
potential (non-stress conditions), the minimum, first optimum, second optimum and maximum
temperatures were determined as 1.12, 18.83, 22.76 and 35.09 °C, respectively. With an increase
from zero to water potential up to -0.8 MPa, minimum temperature from 1.12 to 4.96, optimal
temperatures from 18.83 t0 22.76 to 10.51 to 20.63 and maximum temperature from 35.09 changed
to 34.48 °C.

Conclusion: Based on the results of this study, the highest percentage and rate of seed
germination occurred at 20°C. There was no seed germination at temperatures of 35 and 40 °C and
water potential of -1 MPa. With the increase of water potential, the minimum temperature
increased, the optimal temperatures decreased and the maximum temperature decreased slightly.
In general, due to the low minimum temperature, the probability of germination and outbreak of
this weed will be higher in colder seasons.

Keywords: Dent-like model, Germination rate, Optimal temperature.



