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A comparison of cardinal temperatures between haloxyfop R methyl ester- resistant and
susceptible winter wild oat (Avena ludoviciana Durieu.) biotypes
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Table 1. Equations for segmented, dent and beta models fitted to germination rate at different temperatures. Ty, To1, Toz,
To, Tc and T respectively represent base, lower optimum, upper optimum, optimum, ceiling and experimented

temperatures.
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Table 2. Coefficient obtained from 3-parameter sigmoidal model fitted to cumulative germination percentage at
different temperatures and percentiles for susceptible and resistant biotypes of winter wild oat. Gmax, b, Tso, D10, D3gand

Dso respectively represent maximum germination percentage, equation coefficient, time to reach 50% maximum
germination, and time to reach 10, 30 and 50 percentiles.

Dso (h) D3o (h) Dio (h) Tso(h) b Grmax (%) e v
Biotype Temperature (°C)
151.75 90.73 48.85 84.41 24.33 53.14 S
157.22 91.94 50.23 84.97 24.02 52.47 RK5
155.94 91.19 51.18 84.28 22.99 52.21 RK8 c
165.76 92.50 54.72 84.72 24.30 51.78 RK12
155.30 91.47 49.43 84.74 24.31 52.74 RK14
149.47 89.89 47.13 83.92 24.98 53.63 RK?20
69.57 50.15 30.25 50.46 12.44 60.77 S
69.91 50.41 31.02 50.35 12.04 59.85 RK5
67.47 48.98 30.62 48.90 11.39 59.80 RK8 10
70.60 51.14 30.84 51.71 12.75 61.37 RK12
69.12 49.29 29.61 49.20 12.21 59.78 RK14
71.89 51.82 31.75 51.83 12.48 60.01 RK20
47.39 36.96 22.60 41.60 9.92 77.91 S
47.82 37.72 23.82 42.21 9.61 77.88 RK5
48.18 38.04 24.07 42,55 9.65 77.93 RK8 15
49.16 37.75 21.99 42.93 10.91 78.27 RK12
49.83 38.69 23.30 43.76 10.65 78.28 RK14
47.60 37.17 22.79 41.82 9.93 77.93 RK20
39.35 30.05 16.45 35.87 9.65 84.88 S
39.61 30.39 16.95 36.03 9.52 84.33 RK5
38.93 30.02 17.24 35.03 8.99 82.42 RK8 20
39.15 31.25 16.64 35.39 9.40 83.53 RK12
39.02 31.14 16.96 35.50 9.25 84.17 RK14
40.46 29.96 17.14 36.77 9.79 84.31 RK?20
34.74 27.69 17.08 32.85 7.63 89.08 S
35.38 28.26 17.54 33.48 7.71 89.09 RK5
35.86 28.83 18.26 33.99 7.61 89.15 RK8 25
35.02 27.68 1756 33.29 8.03 90.33 RK12
34.92 27.75 16.97 32.99 7.75 89.02 RK14
35.90 28.88 18.34 33.95 7.57 88.62 RK20
47.47 36.44 22.57 40.75 10.18 75.85 S
47.93 37.26 23.15 40.99 9.59 74.27 RK5
48.09 37.17 22.59 41.21 9.95 75.05 RK8 30
47.54 36.76 22.52 40.49 9.67 74.13 RK12
49.23 38.25 23.72 39.33 9.87 74.23 RK14
48.16 37.06 22.58 40.62 9.79 73.16 RK?20
88.64 43.21 29.71 41.1 7.54 50.08 S
121.44 44.63 31.38 41.58 7.38 50.00 RK5
92.85 44.10 30.27 41.98 1.72 50.06 RK8 35
64.93 43.00 31.52 40.75 6.52 51.22 RK12
80.63 41.91 30.43 42.07 6.41 50.08 RK14
88.65 44.88 31.66 41.91 7.39 50.09 RK?20
0 RK5
0 RK8
0 RK12 37
0 RK14
0 RK20
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Figure 1. Changes in cumulative germination percentage of wild oat biotypes at different temperatures. a)S, b)RK5,
C)RKS, d)RK12, e)RK14, f)RK20.
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Figure 2. Relationship between germination at 10 percentile and temperature using non-linear regression models for
susceptible and resistant winter wild oat biotypes. a) segmented, b)dent, c)beta.
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Figure 3. Relationship between germination at 30 percentile and temperature using non-linear regression models for
susceptible and resistant winter wild oat biotypes. a) segmented, b)dent, c)beta.
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figure 4. Relationship between germination at 50 percentile and temperature using non-linear regression models for
susceptible and resistant winter wild oat biotypes. a) segmented, b)dent, c)beta.
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Table 3. Estimation of base (Ty), optimum (T,), ceiling (T¢) temperatures and biological hours (f,) using segmented

model for susceptible and resistant winter wild oat biotypes

):"‘)L—. S gt oS dw
Parameter Biotype Percentile
fo (°C) Tc (°C) To (°C) To (°C)

14.85 (1.58) 38.70 (1.87) 26.51 (2.25) -5.90 (6.40) S

15.29 (1.57) 38.61 (1.76) 26.55 (2.14) -5.81 (6.13) RK5

15.53 (1.71) 38.65 (1.82) 27.03 (2.17) -6.55 (7.02) RK8 10
14.93 (1.55) 38.52 (1.74) 26.58 (2.13) -5.30 (5.97) RK12

15.17 (1.59) 38.78 (1.92) 26.17 (2.30) -5.94 (6.20) RK14

15.54 (1.64) 38.52 (1.69) 27.02 (2.07) -7.41 (7.13) RK20

24.64 (2.91) 39.06 (2.18) 26.88 (2.40) -5.06 (6.69) S

25.12 (2.93) 39.02 (2.14) 26.84 (2.38) -5.21 (6.67) RK5

25.28 (3.06) 39.06 (2.22) 26.95 (2.45) -5.83 (7.28) RK8 30
24.97 (2.98) 39.11 (2.21) 26.94 (2.41) -4.82 (6.65) RK12

25.32 (3.24) 39.37 (2.57) 26.65 (2.72) -5.18 (7.26) RK14

25.21 (2.97) 38.99 (2.12) 26.95 (2.37) -5.52 (6.92) RK20

31.29 (1.91) 37.84 (0.87) 26.46 (1.19) -2.37 (2.75) S

31.69 (1.41) 37.35 (0.56) 26.45 (0.84) -2.37 (2.01) RK5

31.78 (2.01) 37.78 (0.89) 26.48 (1.23) -2.76 (2.95) RK8 50
31.32 (3.00) 38.59 (1.62) 26.52 (1.91) -1.77 (4.09) RK12

31.73 (2.27) 38.12 (1.11) 26.22 (1.44) -2.14 (3.12) RK14

32.11 (2.07) 37.87 (0.91) 26.59 (1.24) -2.73 (3.01) RK20

- s (6 A5Leals Jute Sl eslizal U (Fo) (5550 5n lel sl 5 (Te) aiden «(To2) 3655 avg «(Ton) b aige «(T) 4l glales 5,57, —F Jsur

A}\:.m)'k;b}g_.}y}iwlﬂ:-j(}un&h

Table 4. Estimation of base (Ty), lower optimum (To1), upper optimum (To2), ceiling (T¢) temperatures and biological

hours (f,) using dent model for susceptible and resistant winter wild oat biotypes

Ak . S
Parameter . .
. T, Tos T T Biotype  Percentile

16.91 (2.78) 38.72 (1.93) 27.98 (2.92) 19.85 (4.89) -2.58 (5.36) S

17.46 (2.78) 38.62 (1.81) 28.04 (2.77) 20.00 (4.69) -2.59 (5.18) RK5

17.91 (3.06) 38.66 (1.86) 28.57 (2.71) 19.79 (5.42) -3.02 (5.91) RK8 10
17.09 (1.82) 38.52 (1.66) 28.09 (2.32) 19.72 (5.35) -1.78 (5.71) RK12

16.97 (2.78) 38.79 (2.04) 27.50 (3.18) 20.46 (5.11) -3.05 (5.70) RK14

17.84 (2.68) 38.52 (1.67) 28.52 (2.44) 20.00 (6.33) -3.59 (6.50) RK20

27.69 (5.40) 39.06 (2.43) 28.22 (3.42) 21.50 (6.57) -2.95 (7.01) S

28.26 (5.42) 39.02 (2.37) 28.19 (3.37) 21.33 (6.39) -2.98 (6.87) RK5

28.83 (5.75) 39.06 (2.43) 28.44 (3.37) 20.68 (6.34) -3.10 (7.03) RK8 30
27.68 (5.48) 39.11 (2.51) 28.13 (3.54) 22.37 (7.22) -3.25 (7.58) RK12

27.75 (5.83) 39.37 (2.93) 27.76 (4.10) 22.44 (7.83) -3.63 (8.37) RK14

29.41 (4.09) 38.99 (2.31) 28.66 (2.82) 19.44 (6.85) -2.11 (7.66) RK20

34.74 (3.16) 37.84 (0.88) 27.59 (1.59) 21.93(2.90) -0.85 (2.68) S

35.38 (1.85) 37.35 (0.45) 27.58 (0.87) 21.64 (1.62) -0.70 (1.50) RK5

35.86 (3.13) 37.78 (0.82) 27.76 (1.47) 21.10 (2.59) -0.77 (2.46) RK8 50
35.02 (5.37) 38.59 (1.77) 27.79 (2.78) 21.80 (4.72) -0.27 (4.22) RK12

34.92 (3.80) 38.12 (1.17) 27.30 (2.06) 21.99 (3.47) -0.68 (3.16) RK14

35.91 (3.45) 37.87 (0.93) 27.78 (1.63) 21.71 (3.4) -1.05 (2.87) RK20
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Table 5. Estimation of base (Ty), optimum (To), ceiling (T¢) temperatures and biological hours (f,) using segmented

model for susceptible and resistant winter wild oat biotypes

J:“‘J"é S gt oS do
T T Parameter T T Biotype Percentile

17.55 (1.69) 38.57 (1.68) 21.36 (2.76) 4.88 (8.64) S

17.36 (1.47) 38.43 (1.39) 21.75 (2.35) 5.00 (7.38) RK5

17.98 (1.74) 38.77 (1.77) 21.48 (2.80) 4.85 (8.73) RKS8 10
17.09 (1.33) 38.41(1.28) 21.55 (2.19) 5.00 (6.87) RK12

17.44 (1.62) 38.59 (1.63) 21.38 (2.67) 4.99 (8.36) RK14

17.51 (1.41) 38.48 (1.35) 21.66 (2.26) 4.75 (7.08) RK20

27.85 (2.34) 37.57 (0.77) 25.38 (2.00) -36.27 (83.79) S

28.40 (2.34) 37.58 (0.77) 25.21 (1.97) -32.12 (70.48) RK5

28.51 (2.42) 37.60 (0.80) 25.23 (2.06) -36.53 (86.44) RKS8 30
28.22 (2.44) 37.51(0.74) 25.82 (2.02) -56.86 (160.76) RK12

28.55 (2.74) 37.57 (0.85) 25.74 (2.30) -60.28 (196.98) RK14

28.46 (2.30) 37.60 (0.77) 25.08 (1.95) -29.07 (61.41) RK20

36.09 (1.23) 37.23(0.31) 23.82 (0.75) -5.23 (5.56) S

36.69 (0.72) 36.99 (0.17) 23.37 (0.42) -4.37 (2.57) RK5

36.58 (1.09) 37.23 (0.28) 23.54 (0.66) -4.21 4.36) RKS8 50
35.91 (2.35) 37.54 (0.64) 24.52 (1.43) -4.37 (13.27) RK12

36.49 (1.71) 37.32 (0.44) 23.94 (1.03) -5.53 (7.88) RK14

36.97 (1.27) 37.25(0.32) 23.86 (0.76) -5.91 (5.99) RK20

Caltbes gladie ol (CV) &l ,uis oy 5 5 (RMSE) Gl 1 wilzwju\a- «(SE) jlas sl c(RZ)(mJg,J «b sa) wa;) sl o = Jgd

W) i s Y g Sl g 6l Calizee S Ao j3 Les by 554 s Coo puw dbasly 0liS Cao 55

Table 6. Regression coefficients (a and b), coefficient of determination (R?), standard error (SE), root mean square error
(RMSE) and coefficient of variation (CV) for different models describing relationship between germination rate at

different percentiles with temperature for winter wild oat biotypes.

S de AW
CV(%) RMSE SE r? a b ]
Percentile Model

17.43 0.0051 0.0062 0.8334 0.0045 0.8735 10

19.23 0.0020 0.0042 0.8726 0.0037 0.0833 30 ol &S 5
12.72 0.0016 0.0020 0.9505 0.0008 0.9509 50

15.47 0.0015 0.0056 0.8430 0.0035 0.9029 10

18.67 0.0008 0.0041 0.9042 0.0034 0.8451 30 Ll Olus
11.37 0.0008 0.0018 0.9611 0.0006 0.9615 50

14.89 0.0038 0.0053 0.8797 0.0052 0.8482 10

16.19 0.0009 0.0036 0.8959 0.0029 0.8853 30 &
9.41 0.0005 0.0011 0.9849 0.0001 0.9942 50
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Figure 5. Values for observed against predicted germination rate at 10 percentile for winter wild oat biotypes using non-
linear regression models. a) segmented, b)dent, c) beta
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Figure 6. Values for observed against predicted germination rate at 30 percentile for winter wild oat biotypes using non-
linear regression models. a) segmented, b)dent, c) beta
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Table 7. Ranges of sub-optimal (Tol;), supra-optimal

(Toly) and total (Toly) thermal tolerance for susceptible
and resistant winter wild oat biotypes.

Tol: Tol, Toly wf
Biotype
42.46 13.41 29.05 S
41.36 13.62 27.74 RK5
41.44 13.69 27.75 RK8
41.91 13.02 28.89 RK12
42.85 13.38 29.47 RK14
43.16 13.39 29.77 RK20
3.43 3.49 4.48 LSD
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Figure 7. Values for observed against predicted germination rate at 50 percentile for winter wild oat biotypes using non-
linear regression models. a) segmented, b)dent, c) beta
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A comparison of cardinal temperatures between haloxyfop R methyl ester-
resistant and susceptible winter wild oat (Avena ludoviciana Durieu.) biotypes

S. Hassanpour bourkheili®, J. Gherekhloo™, B. Kamkar®, S. S. Ramezanpour*

Abstract

Evolution of resistance in weeds leads to induction of fitness cost. Five winter wild oat biotypes
resistant to haloxyfop R methyl ester collected from Kalaleh Township located in Golestan province
were evaluated along with the susceptible biotype in terms of variation in cardinal temperatures in
the following study. The experiment was conducted at laboratories of Gorgan University of
Agricultural Sciences and Natural Resources as completely randomized design with 4 replications
each consisting of 25 seeds. Petri dishes containing seeds were incubated and monitored
continuously at temperatures 5-40 °C (at 5°C intervals) following a 72 hours vernalization at 4°C.
Non-linear regression models were used to quantify germination response to temperature. No
notable difference was observed between winter wild oat biotypes and beta model at 50 percentile
was the most suitable model to describe cardinal temperatures. Base, optimum and ceiling
temperatures were estimated between -4.21 to -5.91, 23.37-23.94 and 36.99-37.54 °C, respectively.
Thermal tolerance range of susceptible and resistant biotypes were not significantly different.
Susceptible and resistant biotypes showed similar response. Lack of fitness cost regarding cardinal
temperatures demonstrates that similar non-chemical management practices including early sowing
may be implemented to control resistant and susceptible biotypes germination and emergence.
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