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Abstract
Background and Objectives
Beet armyworm, Spodoptera exigua (Hibner) is a polyphagous species and an economically
important pest that primarily damages various crops, including sugar beet, cotton, corn, and
vegetables in Iran. The beet armyworm is known for developing resistance to various insecticides,
making management increasingly challenging. The beet armyworm poses a considerable threat to
agriculture, requiring ongoing research and adaptive management strategies to mitigate its impact
on crops such as sugar beet. In recent years, the damage of the mentioned moth has been observed
and reported in the north of Khuzestan. Due to the wide host range of this pest, less attention has
been paid to the resistance of cultivars to this pest in sugar beet breeding programs.
Materials and Methods
In order to evaluate the resistance of 12 sugar beet cultivars (Ratna, Callas, Algar, Bifort, Portal,
Sentinel, Brandon, Motor, Homa, Dena, Sharif and 061) to sugar beet armyworm, experiments
were carried out in laboratory and experimental fields located at Agriculture and Natural Resources
Research and Education Center of Safiabad, Dezful, during 2021-2022. Calculating percentage of
preference of beet armyworm larvae to different sugar beet cultivars in the laboratory, and
determining damage index of beet armyworm to different cultivars in the field with natural
infestation (choice access), with artificial infestation (no-choice access), and percentage of yield
(Kg/m?) reduction of the pest in the experimental field conditions included in this study. Damage
index of larvae was defined in five groups, namely very sensitive, sensitive, semi-resistant,
resistant, and very resistant.
Results
In the evaluations carried out in the field, significant difference was seen between the beet
armyworm damage index of experimental cultivars by natural damage. In this experiment, the
highest damage index was seen in Ratna cultivar and the lowest in Brandon, Callas, Sentinel, Algar
and Homa cultivars. The yield reduction percentage was not significant at the 5% level. Damage



compensation in low larval densities and production of new leaves was one of the reasons for the
non-significance of yield reduction due to larvae feeding. In laboratory evaluations, the preference
percentage of beet armyworm larvae was significant for different sugar beet cultivars. The highest
percentage of larvae prevalence was seen in Kalas, Portal, Brandon and Ratna cultivars and the
lowest in Dena cultivar. Sentinel, Bifort and Homa cultivars also attracted less larvae after Dena.
No significant difference was seen between sugar beet cultivars in terms of decreasing or increasing
the survival period of the larvae, but the index of larval feeding on the leaves of the cultivars was
significant in the second laboratory tests. The lowest amount of larval feeding was seen in Motor,
Dena and Sharif cultivars and the highest amount was seen in 061 and Homa cultivars. The
resistance indices/coefficients were calculated based on total evaluations, and according to that,
Motor, Kalas and Sentinel cultivars are in the resistant group, Dena and Sharif cultivars are in the
semi-resistant group, Algar, Bifort, Portal, Ratna and 061 cultivars are in the semi-resistant group.
Brandon and Homa cultivars were grouped in the sensitive group. The calculated resistance index
had a significant negative correlation with the damage index of beet armyworms in the field (no-
choice test), the percentage of yield reduction by larvae, larval survival period, and the amount of
larval feeding on leaves in the laboratory.

Discussion

The results obtained indicated that, although the sugar beet armyworm is a pest with a very broad
host range, the feeding rates and survival percentages of its larvae vary across different sugar beet
cultivars. These variations can be utilized to enhance and develop resistant varieties of sugar beet.
In further studies, the Sentinel, Motor, and Kalas cultivars, which showed relative resistance in the
experiments, along with the Brandon and Homa cultivars, identified as sensitive, can serve as
control groups. Additional studies related to the mechanisms of resistance and morphological and
biochemical aspects which are effective in the resistance of sugar beet cultivars to the beet
armyworm are recommended for use in breeding programs. The use of sugar beet cultivars resistant
to the beet armyworm can be effective in reducing the use of pesticides against this pest, managing
the resistance of the beet armyworm to pesticides and the integrated management of this pest.
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Table 1. The results of analysis of variance of evaluated traits in field experiment
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Experiments Source of Degree of Mean of squares F
Variances freedom
Evaluating Treatment 11 1.9°
damage index of Error 87 41.1
beet armyworm in
the field - by Total 107
natural damage
Evaluating Treatment 11 43.9 1.6™
damage index of Error 88 27.7
beet armyworm in
the field - by Total 108
artificial damage
Evaluating vyield Treatment 11 191.8 0.6
reduction by beet Error 88 302.6
armyworm in Total 108

different cultivars

ns: non-significant, *: significant at 5% probability level
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Table 2. Comparison of mean (£ standard error) of damage index of beet armyworm to different cultivars in

the field with natural infestation (choice access), with artificial infestation (no-choice access), and percentage
of yield reduction of the pest in experimental field condition

Cultivars Damage index Damage index % Yield reduction
(choice access) (no-choice access)

Motor 11.7£2.23%® 74+229%® 15.3+4.152
Callas 6.7+141° 42+122° 11.0+7.362
Algar 89+152° 5.9+254%® 11.8+3.662
Bifort 11.5+254% 73+£225%® 55+2592
Portal 12.4 £2.92% 44 +1.38" 13.4+35°
Sentinel 6.8+152° 24+054° 0.6+£0.582
Brandon 6.1+1.20° 82+251%® 15.7+6.342
Ratna 16.5+3.932 44 +1.02" 15.8+6.052
Homa 9.3+232° 10.2+2.882 152+7.74%
Dena 11.8+1.61% 43+0.89° 13.3+6.63%
Sharif 10.1+£1.93% 41+0.75" 9.0+5552
061 11.2+£272% 56+0.90%® 12.6 +8.372

Means in columns followed by the same small letter are not significantly different based on Duncan test (0=0.05)
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Figure 1. Exponential relationship between beet armyworm damage rate and yield reduction percentage

(Kilogram per square meter)
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Table 3. The results of the analysis of variance of the evaluated traits in the laboratory experiments

ol 03T 1 o plonil (Sl balbo3T 18 b 2 351 Slio il g Julow guls -F Jaio

Experiments Source of Variances Degree of freedom Mean of squares F
Preference Treatment 11 2.61 2.20™
percentage of beet Error 168 1.18
armyworm to
different cultivars Total 179
Survival period (d) Treatment 11 42.5 1.04"
of the larvae by Error 99 41.04
feeding on cultivars
in 1% experiment Total 120
Survival period (d) Treatment 11 25.13 1.38"™
of the larvae by Error 99 18.19
feeding on cultivars
in 2" experiment Total 120
Amount of beet Treatment 11 152.5 1.02"
armyworm larval Error 99 150.0
feeding (cm?) in 1%
experiment Total 120
Amount of beet Treatment 11 903.5 3.10"
armyworm larval Error 99 294.7

H 2\ ; nd
feeding (cm?) in 2 Total 120

experiment

ns: non-significant, **: significant at 1% probability level

Ol Lo3T 50 Wi joude aliseo pB I 4 B yuida H1g3F g o 5 (SYHY Ol s o )0 (Hlhro Slas 1) (Kl dwlio ¢ J9ua
Table 4. Comparison of mean (+ standard error) percentage of preference of beet armyworm larvae to different
sugar beet cultivars in the laboratory

Cultivars Preference percentage of larvae
Motor 4,62 +1.00
Callas 10.18+1.91¢%
Algar 7.58 £1.25 %
Bifort 5.36 + 1.16 ¢
Portal 9.44 +1.50%®

Sentinel 499+1.15"
Brandon 8.69+1.60%®
Ratna 851+192%®
Homa 5.55 + 0.97 ¢
Dena 333+1.27°¢
Sharif 7.58 +2.07 ¢
061 7.21 +1.81 3¢

Means followed by the same small letter are not significantly different based on Duncan test (a=0.05)
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Table 5. Comparison of mean (+ standard error) of feeding amount (square centimeter) of each beet armyworm
larva on different varieties of sugar beet in the laboratory (no-choice access)

Cultivars Amount of larval feeding (cm?)
Motor 17.9+4.63°
Callas 20.1+562°
Algar 29.6 +4.99%®
Bifort 29.9+6.092
Portal 26.6 +5.74 @

Sentinel 20.0 +5.48"
Brandon 33.5+6.43%
Ratna 21.2+6.29°
Homa 36.6 +5.45%
Dena 16.5+4.16°"
Sharif 17.7+£5.84°
061 479+6.36°

Means followed by the same small letter are not significantly different based on Duncan test (a=0.05)

1- linear
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Figure 2. The relationship between the survival period of beet armyworm (days) and its feeding amount from
the leaves of different sugar beet cultivars (square centimeter)
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Table 6. Indices or coefficients of resistance of different sugar beet cultivars to the beet armyworm based on the
field and laboratory evaluations

Cultivars Laboratory evaluations Field evaluations

(7] [«b] 9 =

-é — — -8 — -8 8 S c L 'g 8 §

= S S §E| 82| 6 = S 2 s |2

S| cvgcyqgas | 25| 5 £ 2 > | S @
82 | ES{E2icE|TE|® 8o | 2 538 | « s o
cES |5Si5oics | SC |8 e2 |8 |2 |3 |58
© = O o>»4Y © Rk [ o o c .2 o C o S i
= 0 sl =S 22| 28| = = = = c co
L Q c=d S o ¢ 5 X S5 X ® L c E L = — C
2= | 28923822 | 23| 2 2= |3 29 8 £

Sc |21 22ige | gR | ® = > ES | B S

c = <EE <EE S& | 54| 4 c - S & =

g s= | ° g > a) £ s

S - - S a |2
Motor 3.8 3 4 4 4 4 2.3 2 3 2 3.1
Callas 2.6 3 4 2 3 1 3.3 3 3 4 3
Algar 2.4 2 2 3 3 2 2.3 2 2 3 24
Bifort 2.2 2 1 3 2 3 2.7 4 2 2 2.4
Portal 2 2 2 3 2 1 2.3 2 3 2 2.2
Sentinel 2.8 3 2 3 3 3 4 4 4 4 3.4
Brandon 14 2 1 1 1 2 2.3 2 1 4 1.9
Ratna 2.6 3 3 2 3 2 2 2 3 1 2.3
Homa 1.8 1 3 1 1 3 2 2 1 3 1.9
Dena 3.2 4 2 3 3 4 2.3 2 3 2 2.8
Sharif 2.8 3 2 4 3 2 3 3 3 3 2.9
061 2 1 3 1 3 2 2.3 2 3 2 2.2

il o p i s psliatas ¢ olamas ¢ rlosm 35 4 s 5 T (s 0355 605 L g
Yellow, orange, blue and green cultivars are sensitive, semi-sensitive, semi-resistant and resistant respectively.
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Table 7. Correlation coefficients between total resistance index and traits evaluated in the field and laboratory

Field evaluations Laboratory evaluations
Indices BE é%‘ érg\ . Emcguc o o
S2 | €8 | £ 25 |82 | 229 &5 |3 3 3
g': o © o .2 25 s 2o .8 a;g o % g @
= o .Q > O > 5 4@ —_ 9oy —_ o6 % H__:'/L“__S
58 |E2 | £9 £8 |s2 |$89dS58| S g%
"5‘ L < © T 6 —_ S a C 85X C 8 X < -
-8 A~ | 0e S 95~ °*|= 9=
Total mean of resistant indices 1
Damage index (choice test) -0.16 1
Damage index (no-choice test) -0.63* | -0.09 1
% Yield reduction -0.60* | 0.34 0.49 1
% Larval preference -033 | -0.11| -0.15 | 0.24 1
Larval survival period (Ist | -0.64* | -0.21 | 0.59* | 0.10 | 0.03 1
experiment)
Larval survival period (2nd | -0.64* | -0.28 0.32 0.23 | 0.30 | 0.46 1
experiment)
Amount of larval feeding (1st | -0.32 | -0.22 0.10 0.38 | -0.05 | 0.51 0.10 1
experiment)
Amount of larval feeding (2™ - -0.11| 0.52 0.19 | 0.16 | 0.36 | 0.73** | 0.24 | 1
experiment) 0.73**

* & ** are significant at 5 & 1% probability level, respectively
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