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Background and objectives: In Khuzestan, the species diversity of
rapeseed weeds varies significantly with changes in environmental
conditions at the time of sowing this plant. During the period between
the second half of October and the first half of November, when a
large portion of the province's rapeseed is cultivated, Malva spp. is
dominant. If left uncontrolled, it not only causes a decrease in grain
yield, but also greatly increases the loss of impurities and moisture in
the grain delivered to shopping centers after harvest. Due to the
limited herbicide variety for rapeseed and the ineffectiveness of
recommended herbicides, the use of herbicides registered for other
crops has become inevitable in rapeseed cultivation. Meanwhile,
oxadiazon has shown good potential for controlling some damaging
weeds such as mallow species. Therefore, in this study, the response
of rapeseed yield to the application doses of the herbicide mixture
"oxadiazon + clopyralid" at different sowing dates was investigated.

Materials and methods: Experimental treatments including different
mixing ratios of "clopyralid + oxadiazon" herbicides including 250
ml ha™! clopyralid + 50 ml ha' oxadiazon, 500 ml ha clopyralid +
100 ml ha' oxadiazon, 750 ml ha'! clopyralid + 150 ml ha’!
oxadiazon, 1 L ha! clopyralid + 200 ml ha! oxadiazon, and without
the use of herbicides (weedy control). These treatments were
evaluated on weed biomass and rapeseed yield on five sowing dates
including 20 October, 4 November, 18 November, 2 December and
16 December 2022 growing season. Each sowing date was assumed
as a location and the data were analyzed as combinedly.

Results: The results showed that the use of higher doses of
"oxadiazon + clopyralid" herbicide mixture and earlier sowing dates
led to a decrease in the maximum dry weight of weeds. At earlier
sowing dates, lower rates of herbicide combination were effective in
reducing weed biomass by 50%. Based on the output of the model,
the greatest decrease in seed yield was observed in a range of
conditions of lower doses and delayed sowing dates. The application
of about 75% of the maximum amount consumed from the herbicide
mixture "oxadiazon + clopyralid" on the sowing dates of October 20,
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November 4, and November 18, respectively, resulted in yield loss of
only about 0.7%, 3.3%, and 8.9%, respectively. Also, the drop in
rapeseed yield on the sowing dates of December 2 and December 16
with the same amount of application of "oxadiazon + clopyralid”
herbicide mixture reached about 25.6% and 50.3%, respectively.
Developed models were able to describe well the responses of weed
biomass and rapeseed yield to sowing dates and different herbicide
doses. This study showed that the combination of higher doses of
"clopyralid + oxadiazon" herbicides with earlier sowing dates
effectively reduced weed biomass and increased rapeseed yield.

Conclusion: The reduction of weed biomass in response to the earlier
sowing date and the application of the full dose of "oxadiazon +
clopyralid" herbicide mixture showed that the competitive ability of
weeds in these conditions is much lower than the condition of late
sowing date and the use of a reduced dose of herbicide (ratios less
than 50% of full dose). In addition, weed biomass decreased at all
sowing dates in response to increased herbicide dosage. In other
words, weed biomass decreased with early sowing of rapeseed or
increasing the dosage of herbicide application. These findings
emphasize the necessity of optimizing sowing date and herbicide
dose in order to promote sustainable rapeseed production.

Cite this article: Hosseinifard, S.M., Elahifard, E., Derakhshan, A. 2025. The effect of
optimizing sowing date and application doses of the herbicide mixture “oxadiazon
+ clopyralid” on weed control and rapeseed yield. Crop Production Journal,
18 (1), 155-176.
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Figure 1. Fitting a log-logistic dose-response equation to weed dry weight data versus herbicide mixing
dose (percentage of maximum amount applied) at each sowing date.
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Table 1- Estimation of the parameters of the log-logistic dose-response equation fitted to the data of weed
dry weight (g m™) versus herbicide mixing dose (% of the maximum value consumed) on each sowing date

L Pl 25N
3 L6 Parameter sGoodness of Fit
Sowing Date . 5 b(g m EDso (% of the RMSE RRMSE

¢ (gm?) d(gm™) dose™) maximum rate) (gm?) (%)
October 11 0.00 £0.00 256.75+6.71 3.49+0.74 25.45+1.07 11.9 13.67
October 28 0.00 £0.00 256.96 £5.00 3.01 +£0.41 24.47+0.75 6.40 8.05
November 11 0.00 £0.00 283.08+3.66 3.59+0.57 25.35+0.46 5.74 5.90
November 26 65.80+8.16 32576 £7.41 2.16+0.43 31.35+£1.93 13.47 7.71
December 10 121.47+£5.17  369.11+6.93 2.09+0.76 37.94+2.69 30.76 12.87

O Gy o ps 00 oiSslnl 53 EDso EDso akais )3 s slacile a5 ol b el o UL d el 3o ol <
sl o Sl o S0l o 4y RRMSE 5 ot Slay o ke 4y RMSE ¢ covis 0l 5 UL d

Abbreviation: ¢, Lower limit of the dose-response curve; d, Upper limit of the dose-response curve; b, Slope of the
dose-response curve for weeds at the EDso point; EDso, Dose required to produce 50% of the maximum response

between the upper and lower limits of the curve, RMSE: Root Mean Square Error, RRMSE: Relative Root Mean
Square Error.
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Figure 2. Fitting of the broken linear equation to the ¢ (the lower limit of dose-response of weeds) (a); d (the upper
limit of dose-response of weeds) (b); and EDso data (the dose that produces 50% of the response between the upper
and lower limits of dose-response curve) (c¢) versus sowing date levels. The sowing dates of October 11, October 28,

November 11, November 26, and December 10 were represented as quantitative levels of 1, 15, 29, 43, and 57 days
from the initial sowing date, respectively.
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Table 2. Estimated parameters and goodness-of-fit criteria for the combined model fitted to the dry weight weed

biomass in response to different levels of the herbicide combination of "oxadiazon + clopyralid" versus sowing dates
(day from October 11).

ESINPT -
Parameter 7!l Goodness of
Fit
o’ t0(0) o (g m? do to (@ Bgm?  b(gm? EDso(0) toepsy ~ M%dos ~ RMSE ~ RRMSE
(gm?) (days) d" (gm?) @ dh dose) (%) @ ed") (gm?) (%)
& 8 ST 3 2 e 2 % e
- d 3 2 a | z 3 d 3 3 S
0 Nl ) o o o = =
A © ) =~ < = Q S @ - =
= o I “ - ~ o
2 N v S — N (o] — N (=]

53 UL k5 by o GRSt O netlS s b s ol e e RIS g 0l 0 00 e 3 el 33 ol e Sl e
UL b2 UL d= il e B scasls s f.>b L ‘C.w\i_—)': U s e 53 & Olej o @ fola) Jolae s 'c,ng_—)'s UL a5l 5 50 do sl
By ,»L, L EDso o 1550 Fars Olej doEps0) sotlS 5,0 4 ly 53 EDso 2 i e 51 2,6 EDsoco) (EDso PUYIISY Gl o o b il s

s ot Sla o S0ls oo sy RRMSE 5 Uas Silay jo (1 Kls 4o, RMSE sc2l8 53 b L EDso il 53l e A sils

*Abbreviation: co: Y-intercept of the lower limit of the dose-response curve as a function of time; to(c): Timepoint at which the linear
increase of the lower limit of the dose-response curve initiates, reflecting a delay associated with sowing; a: slope of the linear
increase in the lower limit of the dose-response curve as influenced by delayed sowing; do: Y-intercept of the upper limit of the
dose-response curve as a function of time; to(d): Timepoint at which the linear increase of the upper limit of the dose-response curve
initiates, reflecting a delay associated with sowing; B: Slope of the linear increase in the upper limit of the dose-response curve as
influenced by delayed sowing; b: Slope of the dose-response curve at the EDs, point, indicating the rate of change in response with
respect to dose; EDsqq): Y-intercept representing the baseline changes in EDs in response to different sowing dates; tognso):
Timepoint at which the linear increase of EDsy commences, reflecting a delay associated with sowing; A: Slope of the increase in
EDsy due to the delay in sowing, RMSE: Root Mean Square Error, quantifying the average deviation between observed and
predicted data, RRMSE: Relative Root Mean Square Error, expressing the model error as a percentage of observed data.
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Figure 3. Predicted dry weight of weeds at harvest time in response to various levels of the herbicide
combination "oxadiazon + clopyralid" and sowing dates (day from October 11), with the combined model
fitted to the observed data (represented by circles).
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Figure 4. Percentage reduction in dry weight of weeds in response to varying application levels of the
herbicide mixture "oxadiazon + clopyralid" and sowing dates (measured in days from October 11)
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Figure 5. Fitting the two-segmented linear equation to data of rapeseed yield versus herbicide mixing
dose (percentage of the maximum applied amount) at each sowing date.
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Table 3. Estimated parameters of two-segmented linear equation fitted to the yield data of canola (g m?) in
response to herbicide mixture dosage (percentage of the maximum application rate) for each sowing date

bk Ol s

S f 6 Parameter Goodness of fit
SOWing date Y dose (min)* Y dose (break-point) Y dose (max) DOSOE (break-point) RMSE RRMSE

(gm?) (gm?) (gm?) (% of the €md (%)

maximum rate)

October 11 125.6£7.2 343.1+£8.9 294.8+7.9 64.4+3.3 14.4 5.7

October 28 124.3+4.5 365.5£5.4 312.3£5.0 65.4£1.8 9.0 3.5

November 11 106.0£5.2 349.8+5.3 281.7+£5.7 68.9+1.8 10.3 43

November 26 70.5+5.0 278.345.1 214.04£5.5 69.2+2.0 9.9 5.4

December 10 42.5+4.3 194.6+4.2 143.844.7 72.7+2.2 8.5 6.9

e Sl adads 5 4ty 3, Shes (Ydose(break-point) ¢ oS ke LU 51 55 1 208 G pae Jal 1 55 &l 5 Slas Y dose(min)
eeScdle LUl 5l 5y o i G s dal 3 55 ails 5 Shes Ydose(max) (oS dle bl 5l angs 55 G s Loyl 3 5 4l 5 Shas)
d5dS alils 5, Sas Slads o SUL & slaws Gl (eAi O pme 5ldie ST 5l A ys) iScile blasl 315U 5550 35 «dOSE(break-point)

el Wt Sl e o 0le o 4l ; RRMSE 5 e Slay o K0l 420, RMSE

Abbreviation: Y dose(min), Seed yield under the minimum dosage of the herbicide mixture; Y dose(break-point), Seed yield at
the break-point of the curve (seed yield under the optimal dosage of the herbicide mixture); Y dose(max), Seed yield
under the maximum dosage of the herbicide mixture; dose(reak-point), The required dosage of the herbicide mixture
(percentage of the maximum applied rate) to achieve the highest seed yield of canola; RMSE: Root Mean Square
Error, and RRMSE: Relative Root Mean Square Error.
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Figure 6- Fitting of quadratic and broken linear models to the Y qose(min) (seed yield under the conditions of
using the lowest dose of herbicide mixture) (a), Y dose(break-pointy (S€€d yield at the breaking point of the
curve) (b), and Yaosemax) (seed yield under the conditions of using the maximum dose of herbicide
mixture) (c) data versus sowing date levels. The sowing dates of October 12, October 26, November 10,
November 24, and December 10 are represented as quantitative levels of 1, 15, 29, 43, and 57 days from

the initial sowing date, respectively.
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Table 4. Estimated parameters and goodness of fit criteria for the combined model (Equation 12) fitted to

rapeseed yield data versus different levels of "oxadiazon + clopyralid" herbicide mixing dose and sowing
dates (from October 20)

- EPvE:
Parameter Goodness of fit
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Abbreviation: Y, (dose ), The Y-intercept (where the curve meets the y axis) response of rapeseed yield to sowing

‘min

date under the conditions of using the lowest dose of herbicide mixture; & , Slope of rapeseed yield reduction in
response to sowing delay under the condition of using the lowest dose of herbicide mixture; to(y/ y » The start time
05¢(min)

of the linear decrease in rapeseed yield under the conditions of using the lowest dose of herbicide mixture;
dosewred - poim) , Required dose of herbicide mixture (percentage of maximum amount applied) to achieve the highest

amount of rapeseed yield; Y, (dose, ), The Y-intercept of the maximum response of rapeseed yield under the

reak— point

conditions of using the optimal dose of herbicide mixing to the sowing date; ) , Coefficients of the quadratic
equation describing the yield response of rapeseed under conditions of optimal dosage of herbicide mixing to sowing

under the conditions of applying the highest dose of herbicide mixture to the sowing date; V « lope of rapeseed yield

reduction under the condition of applying the highest dose of herbicide mixture in response to sowing delay; Z,, |

¢(max)

, The start time of the linear decrease of rapeseed yield under the conditions of using the highest dose of herbicide
mixture in response to the delay in sowing; RMSE, Root Mean Square Error; and RRMSE, Relative Root Mean
Square Error.
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Figure 7. Prediction of rapeseed yield in response to different levels of herbicide mixing dose "oxadiazon

+ clopyralid" and sowing dates (day from 20 Mehr) by fitting the combined model (Equation 12) to the
observed data (circles)
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Figure 8. Predicting the yield loss of rapeseed in response to the herbicide mixing dose "oxadiazon +
clopyralid" and sowing dates (day from October 20)
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