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Indirect quantitative seed bioassay as a useful method for evaluating herbicide
tolerance in wheat cultivars
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ABSTRACT

This study was conducted to utilise indirect quantitative seed bioassay and estimation of 50% effective
concentration (ECsp) variable of herbicide active ingeredient (a.i.) as a useful method for evaluating
herbicide tolerance of wheat cultivars in breeding programs. Using primary bioassay in petri dish on
seedlings of seven wheat cultivars treated with several concentrations of metribuzin, bromoxynil+MCPA,
and 2,4-D+MCPA herbicides, maximum tolerable concentration, the most tolerant cultivar and the best trait
was selected for bioassay by measuring morphological traits. Then, the seed bioassay carried out by
measuring different morphological traits upon seedlings of the tolerantest selected cultivar in primary test
under eight concentrations of herbicides and control (without herbicide) in petri dish. active ingeredient
ECso calculated based on nonlinear regression that were 0.517 and 0.98 litter and 0.285 kg of a.i. ha™! of
metribuzin, bromoxynil+MCPA, and 2,4-D+MCPA respectively. According to the results, length of shoots
was a desirable trait for seed bioassay. Quds was the most tolerant cultivar to applied herbicides among the
selected cultivar in two steps of test and it can be used to estimation of active ingeredient ECso.
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Table 1. Concentrations of applied herbicides ( a.i. ha™) in bioassay.

Type of herbicides

g Bromoxynil +MCPA 2,4-D +MCPA Metribuzin
' (L a.i. ha'!) (L a.i. ha'!) (kg a.i. ha'l)
0 0 0 0

1 0.25 0.2 0.2

2 0.5 0.4 0.3

3 0.75 0.6 0.4

4 1.0 0.8 0.5

5 1.25 1.0 0.6

6 1.5 1.25 0.7

7 2.0 1.5 0.8

8 3.0 2.025 1.2
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Table 2. Effects of different herbicides on the means of different wheat cultivar morphological traits. (Mean+Standard
Error) in primary bioassay.

Genotype  Length of coleoptile (cm)

Length of root (cm)  Length of aerial organs (cm)

Bahar 2.90+0.13
Pishtaz 2.80+0.47
Shiraz 2.00 £0.46
Roshan 3.76 £0.72
Quds 1.97 £0.29
Chamran 2.27+0.36
Sepahan 1.93+0.46

5.97 £1.55 13.58 +1.49
8.48+1.81 16.85 £1.66
9.75 £1.34 12.77 £1.63
8.86+2.54 18.52 £2.09
9.66 £0.43 16.58 £0.99
7.49 +0.83 14.27 £2.26
10.58 +1.00 15.52 £1.89
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Table 3. Effects of different herbicides on the means of morphological and physiological traits. (Mean+Standard Error of
different wheat cultivar seedlings in pre-test).

Type of herbicide Fresh weight of Frgsh weight of Length of coleoptile Length of root Length of aerial
root (g) aerial organs (g) (cm) (cm) organs (cm)
Control 1.164 £ 0.19 1.27+0.13 3.50 +0.34 12.14 +0.87 20.19 +1.13
Bromoxynil+MCPA 0.727 +£0.09 0.75+0.14 2.46+0.45 7.59 £1.08 12.99+0.5
2,4-D+MCPA 0.798 +0.07 0.60+0.07 2.32+0.23 7.68 £0.91 14.17+0.75
Metribuzin 0.858 +0.05 0.56+0.05 1.7940.19 7.32 £0.71 14.41£1.11
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Table 4- Effects of different herbicides on percentage of different wheat cultivar trait changes compared to control in in

primary bioassay.

Fresh weight of Fresh weight of aerial Length of coleoptile | Length of root Length of aerial
root (g) organs (g) (cm) (cm) organs (cm)
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Table 5- Coefficients of 3-parameter sigmoid-logistic nonlinear regression model and fitness of model to different herbicides

Type of herbicide R R-square Adjust R-square Standard Error

Bromoxynil+MCPA 0.983 0.967 0.956 +6.08
2,4-D+MCPA 0.995 0.990 0.987 +3.42
Metribuzin 0.994 0.989 0.986 +3.74
Coefficient standard Error t-test

a 98.77 +6.02 16.40™

Bromoxynil +MCPA b 1.19 +0.18 6.49™"
Xo 0.52 +0.09 6.24™

a 99.93 +3.42 29257

2,4-D+MCPA b 0.98 +0.14 6.75™

X 0.10 +0.02 4.19™

a 100.28 +3.70 27.097

Metribuzin b 227 +0.20 11.23™

Xo 0.29 +0.02 18.36™"
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