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Quantifying and analysis of germination responses of invasive weed
western ragweed) Ambrosia psilostachya) to temperature under different
water potential conditions
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Extended abstract

Introduction: The germination process is one of the most critical stages of a plant's growth and
determines the success of the emergence of a weed in an agroecosystem, as it is the first stage in which the
weed competes for a niche. Various environmental factors including temperature and moisture, affect the
germination of weed seeds. Modeling techniques are capable of predicting germination, seedling emergence,
and establishment of weed species. The ability to predict weed germination in response to environmental
conditions is very effective for the development of control programs. The present research was conducted to
determine the cardinal temperature and evaluate the best model for quantifying the response of the germination
rate of western ragweed weed seeds under different water stress conditions.

Materials and Methods: A factorial experiment was conducted in the form of a completely randomized
design with three replications. The investigated factors included temperature at eight levels (5, 10, 15, 20, 25,
30, 35, and 40 C*) and water potential at six levels (0, -0.3, -0.6, -0.9, -1.2, and -1.5 MPa) on the germination
of western ragweed. In order to quantify the response of western ragweed germination rate to temperature,
three non-linear Dent-like, Beta, and Segmented regression models were used.

Results: The results showed that the effect of temperature, water potential, and their interactions on
maximum germination, germination rate, and time required to reach 10, 50, and 90 percent germination were
significant. Also, the results showed that by increasing the temperature from 10 to 25 C°, the percentage and
rate of germination increased whereas by increasing water potential, the percentage and rate of germination
decreased. During the comparison of the models, based on RMSE, R?, CV, and coefficients @ and b parameters,
the Beta model was the most suitable for estimating the cardinal temperatures of western ragweed. The base,
optimum, and ceiling temperatures using the Beta model were 3.88, 25, and 40 C°, respectively.

Conclusions: The use of the Beta model to quantify the germination response of western ragweed seeds
to different levels of water potential at different temperatures had acceptable results. Therefore, it is possible
to predict the germination rate at different potentials. using the output of these models at different temperatures.

Keywords: Cardinal temperatures, Drought stress, Germination rate, Nonlinear regression models

Highlights:
1- Germination cardinal temperatures and the effect of water potential on western ragweed weed were
investigated.
2- Different models to quantify the response of germination rate to temperature and different water
potentials were estimated.
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Model Equation
(¥) asile s f(T)=(T-Tb)/(To1-Tb) if Tb<T<Tol
- f(T)=(Tc-T)/(Te-To2) if To2<T<Tc
Dent-like f(T)= 1 if To1<T<To2
(a8 ") f(T)=0if T<Tb or T >Tc
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Fig. 1. The cumulative germination of Ambrosia at different temperatures (°C) and water potentials (MPa).

3 Parmoon
4 Poshtdar

! Zhang
2 Deihimfard



w39 ol prlen 3 pacile Gjailga Gla STy Sl g 6 5le oS o) K0n 9 (g5l

(Te) acin sl Toz) GBgd gllae sles (To1) bz wgllae slos (To) wgllae slod (Th) b slos 5,51, =Y Jgu
OsesS 5 sl Sl eolinul b oss i i 5 8l (357 s (D 52) (5 il 2 5 @) 2ol p5 (f0) (i sl

el 0l glas saimsylas july S5 slael (g el Gias byl cow b el [0 gl s e
Table 3- Estimation of base temperature (Ty), optimum temperature (T,), lower limit of optimum temperature
(Tol), upper limit of optimum temperature (T,2), ceiling temperature (T.), and biological hours (f,), constant
coefficient (a) and regression coefficients (a and b) of the actual and predicted germination rate using non-linear
regression models for Ambrosia seeds under moisture stress condition. Values in parentheses represent standard

error of the mean.

Model Juwo Segmented glasigs Dent-like wislo ylais
0 -0.3 -0.6 -0.9 -1.2 -1.5 0 -0.3 -0.6
o ol
(Parameters) July Ko (MPa)
Th 3.74 1.1 1.77 3.13 14.36 13.79 431 4.03 4.01
(1.34) 4.27) (3.08) (2.62) (2.22) (2.3) (1.28) (2.48) (2.35)
To 26.29 26.35 26.55 26.85 26.99 26.62 - - -
(0.98) (2.55) (1.88) (1.61) (2.05) (2.13)
To1 - - - - - - 22.71 16.98 17.76
(2.09) 3.27) (3.28)
To2 - - - - - - 28.15 29.1 29.33
(1.53) (2.85) (2.36)
te 40.56 41.35 40.95 41.01 40 40 40.46 41.35 40.95
(0.98) (2.71) (1.92) 1.7) (2.77) (2.66) (0.98) (2.46) (1.98)
f, 56.17 83.33 95.23 105.26 109.28 147.05 64.51 102.04 120.48
(4.86) (7.57) (7.06) (7.36) (15.8) (17.66) (6.61) (6.8) (8.45)
R? 0.97 0.84 0.9 0.92 0.89 0.9 0.98 0.9 0.92
RMSE 0.001 0.0015 0.0011 0.0008 0.0011 0.0008 0.0088 0.00124 0.001
a 0.0002 0.0009 0.0004 0.00032 0.0004 0.0003 0.000157 0.0005 0.00039
b 0.97%x* 0.54** 0.9%* 0.92%x* 0.89%* 0.9%* 0.98%* 0.9%* 0.92%*
CV (%) 12.44 25.31 20.88 19.49 27.08 27.81 10.81 20.54 18.81
Jue Model Dent-likeuwiib ¢yluis Betaly
-0.9 -1.2 -1.5 0 -0.3 -0.6 -0.9 -1.2 -1.5
o ol
(Parameters) JSuly 50 (MPa)
Th 4.83 15 15 3.88 5 5 5 15 15
(1.7 (0.59) (0.84) (3.46) (0.0018) (0.178) (0.74) -) (5.93)
T, - - - 25 24.02 24.25 24.16 27.96 2421
(1.13) (1.13) (0.619) (0.52) (4.36) (0.71)
To1 18.44 21.82 20.21 - - - - - -
(2.75) (0.93) (1.06)
To2 29.73 33.99 313 - - - - - -
(1.78) (0.735) (2.82)
te 41.01 40 40 40 40 40 40 40 40
(1.56) (0.52) (1.4) (5.43) (0.00004)  (0.000005) (0.06) -) (0.33)
a 1.54 0.6 0.755 1.01 0.62 0.55
(0.142) (0.13) (0.128) (0.138) (0.138) (0.146)
f, 131.23 146.62 191.57 64.1 105.26 115.47 129.87 143.06 178.57
(18.74) (6.81) (15.01) (2.81) (5.21) (5.48) 3. (15) (35.42)
R? 0.95 0.99 0.97 0.98 0.98 0.99 0.99 0.98 0.99
RMSE 0.0007 0.00029 00004 0.00086 0.0004 0.00026 0.00023 0.00036 0.00012
a 0.0002 0.00002 0.00006 0.0001 0.00007 0.000021 0.00003 0.000042 0.000007
b 0.95%x 0.99%* 0.97%* 0.97%* 0.98** 0.99%* 0.99%* 0.98%* 0.99%*
CV (%) 15.7 7.3 13.54 10.53 8.14 5.67 5.22 8.89 4.35

** show significant difference in 1% probability.
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Fig. 2. Predicted (lines) and observed (symbols)
germination rate of Ambrosia psilostachya DC seeds
at different temperatures and water potentials (MPa)
for different germination percentiles using
segmented, dent-like and beta models.
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Fig 3. Effect of water potential on optimum temperature, lower limit of optimum temperature, and upper limit of
optimum temperature achieved by dent-like, segmented, and beta models for Ambrosia seed.
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