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Fig. 1. Minimum and maximum daily temperature and daily precipitation at the experimental site of Khorramabad,
Iran during the lentil growing season in 2017-2018.
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Table 1. Weeds based on dominance in lentil field
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Table 2. Average density, uniformity of distribution and abundance of common weed species in the lentil field

L N Wy ) ) 9)_8 Ma yd
bl L ol 2L oolgils O IS g wsid e oy Sy (AR 5 SR L2y
Persian Scientific name Plant famil Vegetative ~ Photosynthetic > distribution Frequency(
name Y form pathway MD uniformity %)
(plant/m?)
JUSER) Galium aparine L. Rubiaceae A C3 55 56.3 91.7
ol oS CO”VO'V”'ES arvensis Convolvulaceae P c3 5.2 54.8 87.4
slases 5 Silo Vicia villosa Fabaceae A C4 5 30.9 66.7
&las Papaver spp Papaveraceae A C3 45 12.3 41.7
e Cuscuta campesteris Cuscutaceae A C3 2.1 9.9 50
.. Vaccaria grandiflora
&&L’?{—I}
XX Jaub. & Spach Caryophyllaceae A C3 11 3.7 58.3
R Con””g'(i‘;”e“ta“s Brassicaceae A ca 0.9 395 66.7
Y Xanthium strumarium Asteraceae A C3 0.8 3.7 41.7
Lathyrus sp. Fabaceae A C3 0.8 3.2 25
e Chrozophora tinctoria .
0ty (L) AJuss Euphorbiaceae A C3 0.7 2.7 25
SN Carthamus Asteraceae A c3 07 128 157

oxyacantha M.Bieb

A: Annual(4L.s;) and P: Perennial (Jlsocz)

3o 395 FY 50 (oo (2550 voe (59, LS le (559molS il g 5 slacale o515 oosls (il ,lg 432 —F Jguo
ey

Table 3. Analysis of variance of weed density data and herbicide injury effects on lentil crop (visual scale)in 42 day
after planting

leyo (rSileo
Ol s’ 2olio &ol3T a0 Mean square
S0V df sebdle oS5 was g9y biSdle 63amelS il
Weed density Herbicide effects on lentils
Block sl 2 10.04** 1.23**
Herbicide sl 7 0.5™ 1.80**
| & Uas-
whel 2.5 ¢ 14 0.8 018
Main plot error
e 02 ol 2 1.07% 0.31*
Herbicide application time
08 o iScale i I 14 0.16™ 0.32%*
Herbicide x Time ' '
5 Uas
RS s 32 0.16 0.09
Sub-plot error
(3032) 2o a2 . 7.41 10.22

CV (%)

. ns

aoy ) 50 Jlesl maw 1o Iy dae s g pas s 4
Ns, * and **: no significant and significant at 5 and 1% levels of probability, respectively
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Fig. 2. Influence of herbicide type (A), application time (B) and their interaction (C) on weed density at 42 day after
plamting
1AP: Immediately after planting; IBCE: Immediately before crop emergence; E- P: Eraly post herbicide application
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Fig. 3. The effect of herbicide type (A), application time (B) and their interaction (C) on percentage of herbicide injury

on Lentil
IAP: Immediately after planting; IBCE: Immediately before crop emergence; Early- Post: Eraly post herbicide application
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Table 4. Analysis of variance of weeds population characteristics at 70 days after planting

Ol yo (Kileo
Ol s’ 2ol &ol3T a0 Mean square
S.0V df sebaile oS5 b sladile S (339
Weed density Weed biomass
Blockcs st 2 0.64" 0.03"™
Herbicide _zsle 7 2.71™ 5.61™
| & Uas-
whel 25 s 14 1.72 2.68
Main plot error
Q‘S“"J“ 3,8 OL‘)' 2 1.09™ 1.72"
Herbicide application time '
2 )8 plejxasSdle Jolie 5l 14 1.64* 1.44"
Herbicide x Time ' '
5O Uas-
P S s 32 0.77 1.49
Sub-plot error
(30,9) Sl yss u po
- 23.25 29.60
CV (%)

Ns, * and **: no significant and significant at 5 and 1% levels of probability, respectively
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Fig. 4. Interaction of the effect of type and time herbicide application on weed density at 70 days after planting
IAP: Immediately after planting; IBCE: Immediately before crop emergence; E- P: Eraly post herbicide application
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Fig. 5. The effect of herbicide type (A), time application (B) and their interaction (C) on the dry weight of weeds at 70

days after planting
1AP: Immediately after planting; IBCE: Immediately before crop emergence; E- P: Eraly post herbicide application
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Table 5. Analysis of variance of the Lentil crop density, biological yield and grain yield

laypo (12leo
s i " Mean squared
Sl yars 2ol ol azy0 . < . <J
S.0V df e digr Sy ‘SJ”J i .> b _.> .
Crop density (plant. m?) _ biological grain yield
yield (Kg. ha'!) (Kg. ha'h)
Blockssl, 1.26** 0.26ns 0.53ns
Herbicide _zsale 7 0.68* 0.98ns 0.64ns
| & s
kel 25 5 14 021 0.44 1.28
Main plot error
e 0 ol 0.05™ 0.04ns 0.71*
Herbicide application time
o5 Ql")Xf}S“"‘J‘ J‘L“-'-'“;'l 14 0.24™ 0.42%* 0.83**
Herbicide x Time
5 Uas
O 32 0.13 01 0.16
Sub-plot error
ICH SN ST
(00 S w2 7.9 23.03 5.98

CV (%)

ao,0 ) 50 Jliol o )0 s e )ls pae pie oS 5 4 wig 3 NS
Ns, * and **: no significant and significant at 5 and 1% levels of probability, respectively
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Fig. 6. The effect of herbicide type (A), and interaction effect (B) on the density of the lentil plant during the harvest

stage

1AP: Immediately after planting; IBCE: Immediately before crop emergence; E- P: Eraly post herbicide application
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Fig. 7. Effect of type and time of application of herbicides on biological yield per unit area
The similar letters indicate non significant difference at 0.01 probability level. 1AP:
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Immediately after planting; IBCE: Immediately before crop emergence; E- P: Eraly post
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Fig. 8. Effect of type and time of application of herbicides on grain yield per unit area
The similar letters indicate non-significant difference at 0.01 probability level. IAP: Immediately after planting; IBCE: Immediately before crop

emergence; E- P: Eraly post herbicide application
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Fig 9. Cluster analysis of herbicide classification based on relative efficiency for weeds control in lentil
(cultivation(categorization in five groups in Euclidean distance 0.2757)
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Introduction

Rain-fed Lentil (Lens culinaris Medik.) is vulnerable to weed competition because of its tiny stature,
slow establishment, and limited vegetative growth. Weed control is necessary for maximum seed yield and
seed quality. Crop yield losses are primarily a result of competition with weeds for nutrients, moisture and
space. Therefore, weed control at this period plays an important role to gain high roduction. Although the
vast majority of lentil production is under rain-fed conditions, there is a little published information on weed
control with herbicides in rain-fed lentils. Herbicides due to efficiency and expense savings play a essential
role in weed control. The purpose of this research was to determine the best time to application effective
herbicides in weeds control for the maximum rain-fed Lentil production in Khorramabad.

Materials and Methods

The Lentil (Lens culinaris Medik.) field experiment was carried out as split plot based on complete
randomized block design with three replications during 2017-2018 in Khorramabad (48.21°E, 33.29°N, 1170
m above sea level, 450 mm average yearly precipitation) Iran. The following herbicides were used:
Oxyfluorfen (EC 24%) 1 Li ha?, Isoxaflutole (SC 480) 200 MI ha*, Flumetsulam(WG 800) 20 g ha®,
Metribuzin (WP 70%) 500g ha, Pendimethalin Aria(EC33%) 4 li ha, Pendimethalin Prowl (CS45.5%) 4li
ha?, Imazethapyr (SL10%) 350 ml ha® and Pendimethalin prowl 2li ha'plus Imazethapyr 350 ml ha™.
Herbicide applicatioin time at 3 levels; IAP application (Immediately after planting), PRE application and
IBCE (eraly post herbicide application at fourth lentil node stage) was assigned to the main and sub plots
respectively. The fields were in wheat cultivation in the year before the experiments. The soil at the test sites
was a silty loam with a pH of 7.9 and organic matter of 1.11%. Lentil was sown at a density of 75 kg seed ha
! by hand on December 21, 2017. Herbicides were sprayed with an electric knapsack sprayer MATABI
(calibrated to deliver 300 L ha™. In order to evaluate the effect of treatments on weeds density and biomass,
at the beginning of lentil flowering, sampling was done from a surface of 0.3 m area and weed density and
weed biomass recorded. At lentil physiological maturity, the yield and yield components were measured by
harvesting lentil plants from a 1-m? area in each plot (Izadi & Maghsoudi, 1400). The data were subjected to
the analysis of variance using SAS. Means were compared using Duncan's Multiple Range test at P=0.05
level of significance.
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Results and Discussion

The results indicated that the lowest weed density and weed biomass were associated with Flumetsulam
and Prowl plus Imazethapyr. The average weed densities for the postemergence and preemergence
treatments of the eight evaluated herbicides were 14.9% and 31.0% lower, respectively, compared to the
herbicide application immediately after planting. The least herbicide injury effects on the Lentil crop were
assigned to the Pendimethalin Aria, Pendimethalin Prowl, Prowl plus Imazethapyr, Imazethapyr and
Flumetsulam. In the case of Oxyfluorfen herbicide, weed density for early postemergence application
treatment was 84.1% lower than in PRE application. In the case of Isoxaflutole herbicide, the mean weed
density for application immediately after planting was 79.3% lower than for early post-application. In the
case of Flumetsulam herbicide, the mean of weed biomass for application immediately after planting was
73.3% and 66.6% less than preemergence and early post-application, respectively. With the exception of
Flumetsulam herbicide, there was no significant difference between the different herbicide application times
in terms of weed biomass. The highest average Lentil grain yield per unit area was observed when
Flumetsulam herbicide was applied immediately after planting. On the other hand, the lowest average Lentil
grain yield per unit area was recorded when Isoxaflutole herbicide was applied immediately after planting.
No significant differences in Lentil grain yield per unit area were found between the different application
times for the herbicides Metribuzin and Imazethapyr. Based on cluster analysis grouping of relative efficacy
of control treatments, immediately after planting application or preemergence application of Flumetsulam
and early postemergence application of Imazethapyr were better than the other herbicide treatments for
Lentil weed control, whereas the lowest relative efficacy was related to preemergence application of
Oxyfluorfen, immediately after planting application of Isoxaflutole and Metribuzin, and preemergence
application of Pendimethalin Arya.

Conclusion

Based on the results of this research, the application of flumezolam immediately after planting (20 g ha"
1) and imazatapir( 350 ml ha?) as pre-emergence application have had more efficiency for weed control in
lentil than other herbicide treatments, while the pre-emergent application of oxyfluorfen, the application
immediately after planting of isoxaflotel and metribyozin have had the effects of plant burning on lentil
crops and the pendimethalin Aria herbicide is not recommended in lentil farms because of to the lack of
control of broadleaf weeds under normal conditions in lentil fields. In general, among the experimental
treatments, in terms of the level of control efficiency and the level of safety for the lentil crop, the application
of flumetsulam immediately after planting was the best herbicide treatment.
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