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Table 2. Comparison of means for leaf relative water content, grian per plant, 100 grains weight and biological yield affected by
irrigation regimes and genotypes

Selse (1) S 32 0T (oo Slgizo wg 50 &l Slasi (p5) 4ilo)ee (359 (270550 39 £ 5) S35999m 0, Sdas
Factors Leaf relative water content (%) Grzllr;f]tper 100 Grains weight Biological yield (gm)
Soleless

Irrigation regimes

Iy 93.0% 36.4° 42.22 5172

Is 86.7° 23.0° 36.3° 361°

I 83.5¢ 14.4° 40.6° 361°

Genotype w5

KS-21359 87.1%¢ 25.2¢ 42.1% 410
KS-21336 88.9¢0c 25.1°¢ 36.7¢ 467°
KsS-21331 89.6°¢ 24.7°F 36.6% 4580
KS-21293 88.5%d 22.3%9 35.4¢ 403%f
KS-920054 85.6% 17.59 40,70 393¢f
KS-21284 85.6% 18.7¢f9 45,1% 4190F
KS-21374 86.6% 27.3%¢ 38.4% 4130
KS-21195 87.6%¢ 25.3%¢ 40,0 4020f
KS-21318 84.9° 25.3%¢ 37.9% 461
KS-21168 87.2%¢ 32.8° 39.80d 388¢f
KS-21373 90.5% 23.1%9 37.2¢ 409f
KS-21158 87.5%¢ 29.1% 42.1% 414
KS-21359 87.20¢ 25.7%d 48.5° 379f
KS-21486 89.6°° 24,55 25.9° 3009
KS-21488 90.0% 24. 7% 41,40 369f

Ghafar 87.7%¢ 19.3%9 45,6 5312

Sadri 88.1%¢ 18.3f 40.20¢d 445%
KS-21573 87.4%¢ 33.12 41,00 370f

LSDsg, 3.09 6.78 6.06 57.8

AN pses et jl s padia Vor g VO B0 5l G kel Silo i asas (i e g edle 25ty Jgeme syl
Wl g BB ws )0 O Jless| mhans jo (LSD )& IS ire Sgles JBlas yg03T ulasl s S i B> S glls Plas oS Sla Sl gt 2 50
1;: normal irrigation, I: mild stress and I3: severe stress indicate irrigation after 50, 75 and 100 mm evaporation from the Class A evaporation pan, respectively.
Means in each column, followed by similar letter(s) are not significantly different at 5% probability level, using LSD’s test.
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Table 4. Analysis of variance of drought tolerance index for eighteen pinto bean genotypes
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Comparison of irrigation level I, (control) with Comparison of irrigation level 1, (control) with
irrigation level I, (mild stress) irrigation level I; (severe stress)
Sources of Degrees of STI STI
variation freedom
N 17 0.089™ 0.086"
Genotype
Uas 46 0.016 0.040
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ns = non-significant, * = significant at 0.05 level, **=significant at 0.01 level. I; or normal irrigation, I, or mild stress and I3 or severe stress indicate irrigation

after 50, 75 and 100 mm evaporation from the Class A evaporation pan, respectively.
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Table 5. Comparison of means of drought tolerance index for eighteen pinto bean genotypes

1 kel gelans dnglil ¢ (65l gelaus b (WoLE)] (o2 (55

1 6 sterl getans g lisl v 55T gelans b (W) (pads i)

i 535 Genotype Compari_sop of_irrigation Ievgl 1; (control) with Comparison of irrigation level 1, (control) with irrigation
Y irrigation level 1, (mild stress) level |5 (severe stress)
STI STI
KS-21359 0.727" 0.680bcd
KS-21336 0.900° 0.8972
KsS-21331 0.810bd 0.907%
KS-21293 0.707"f 0.617°c
KS-920054 0.577¢f 0.697°c
KS-21284 0.690°f 0.747b¢
KS-21374 0.673f 0.690°c
KS-21195 0.687¢f 0.6430cd
KS-21318 0.887b¢ 0.850%¢
KS-21168 0.6130%f 0.630bcd
KS-21373 0.727" 0.617bcd
KS-21158 0.6679f 0.727%
KS-21359 0.587¢f 0.583bcd
KS-21486 0.387¢ 0.373¢
KS-21488 0.570¢f 0.537¢
Ghafar 1.172 1.122
Sadri 0.777b¢ 0.837ac
KS-21573 0.507% 0.650°
LSDsy, 0.211 0.330
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11 or normal irrigation, Iz or mild stress and I or severe stress indicate irrigation after 50, 75 and 100 mm evaporation from the Class A evaporation

pan, respectively. Means in each column, followed by similar letter(s) are not significantly different at 5% probability level, using LSD’s test.
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Introduction

The pulses, including pinto bean have a great contribution to human nutrition by having a significant
protein content. Moreover, drought is one of the most important environmental stresses that negatively
affects plant growth and development stages and consequently grain yield. In general, the most important
effects of drought stress are the disruption of the photosynthetic apparatus, the reduction of stomatal
conductance, premature leaf senescence and ultimately, the reduction of yield and yield components.
However, the response of different plant genotypes to drought stress is different. About 60 percent of bean
production in developing countries is done under drought stress. Iran is a country with a warm and dry
climate that more than 85 percent of it located in arid and semi-arid regions. Therefore, the cultivation of
pinto beans in Iran is carried out under drought stress conditions and we need to find a way to increase yield
under drought stress conditions. One of the strategies to against drought stress is the introduction of tolerant
and compatible plants. Accordingly, it is important to evaluate and select drought tolerant genotypes based
on the traits that directly affect crop yield potential. Therefore, this study was conducted to evaluate 18 pinto
bean genotypes under different irrigation regims.

Materials and Methods

This experiment was conducted in 2019 at Bean Research and Training Campus Farm, Khomein, using a
3-replicate split plot RCBD. The irrigation regimes as main plot consisted 50 (l1), 70 (I2) and 110 (lIs) of
cumulative evaporation using a standard class "A" evaporation pan.18 pinto bean genotypes (KS21336, KS-
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21359, KS-21331, KS21293, KS-920054, KS-21284, KS-21374, KS-21195, KS-21318, KS-21168, KS-
21373, KS-21158, KS-21359, KS -21486, KS-21488, KS-21573, Ghaffar and Sadri) were considered as
subplot. The grains of each genotype were planted in six rows with a length of three meters. Irrigation
treatments were applied about 30 days after planting. Pest, disease and weed control were performed
according to conventional methods during the growing period. Plants were harvested from each experimental
unit at physiological maturity stage and leaf area index, leaf relative water content, plant height, grains per
plant and in pod, pods number per plant, 100 grains weight, biological yield, grain yield and harvest index
traits were recorded. In addition, the drought tolerance index was calculated to identify the tolerant
genotypes of pinto beans. Analysis of variance (ANOVA) was performed using the GLM procedure in SAS
(version 9.1; Cary, North Carolina, USA). The least significant difference test (LSD) was used to assess the
significance of differences in treatment means at the 5 percent probability level.

Results and Discussion

Irrigation regimes caused a significant reduction in leaf area index, leaf relative water content, pods
number per plant, grains number per pod, grains per plant, 100 grain weight, grain yield, biological yield and
harvest index at I, (27, 7, 25, 17, 37, 4, 6, 30 and 11 percent, respectively) and at Is (41, 10, 45, 34, 60, 14,
23, 30 and 40 percent, respectively). In general, the rate of decreases was greater with increasing water stress
intensity. Therefore, it can be concluded that drought stress negatively impacts plant growth and yield, with
the severity of the stress playing a significant role. Drought stress can result in reduced photosynthesis,
metabolic disturbances, and even plant mortality. Among the genotypes studied, KS-21318 exhibited the
highest grain yield, followed by Ghaffar and KS-21158, respectively. Under normal irrigation conditions,
grain yield demonstrated a positive and significant correlation with the number of grains per pod. In the 13
irrigation regime, characterized by severe stress, grain yield showed positive and significant correlations with
the number of pods per plant, number of grains per pod, and number of seeds per pod. The pinto bean
genotypes examined exhibited notable variations in leaf area index, plant height, number of grains per pod,
number of pods per plant, grain yield, harvest index (HI), and drought tolerance index under both mild and
severe stress conditions. The highest and lowest harvest index in Is irrigation regime (severe stress) belonged
to KS-21318 and Ghaffar genotypes. Among the studied genotypes, the highest and lowest mild drought
tolerance index belonged to Ghaffar (1.17) and KS-21486 (0.387) genotype, respectively. As well as, the
highest and lowest severe drought stress tolerances belonged to Ghaffar (1.12) and KS-21486 (0.373)
genotype, respectively.

Conclusion

Correlation coefficients between traits showed that in order to breed pinto beans in terms of seed yield,
the number of pods per plant, the number of seeds per pod and thenumber of seeds per plant should be
considered. Among the studied genotypes, according to drought tolerance index in terms of grain yield,
Ghaffar genotype was identified as drought tolerant genotype. In general, there was a significant variation
among the studied genotypes in response to different levels of irrigation and this can be used to breed and
select pinto bean for drought tolerance.

Keywords: Drought: Food security: Grain yield: Production stability: Tolerant genotype
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Fig. 2. Main effect of sowing date on number of seed in pods. Means having similar letters, have no significant
difference at 5% probability level by LSD test (LSD value: 0.231).
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Fig. 3. Main effect of ecotype on number of seed in pods. Means having similar letters, have no significant
difference at 5% probability level by LSD test (LSD value: 0.266).
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5% probability level by LSD test (LSD value: 17.48).
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Fig. 5. Main effect of sowing date on shoot dry yield. Means having similar letters, have no significant difference
at 5% probability level by LSD test (LSD value: 446.1).

Lasls ol g 205 oles 098 ol Bolas Jo &
et (Bib 1005 0 0 Shes plali cge 05 slajs,
CheS | sS Jsamo oloj 5l 2Bl 58 53T L oS w8
Js—a> gz plej o e Seigd,l blgl B ole (1009,8
—e bl ol o ail e YU coaS g oS e b slddgle
$hHls s 6, Soslasl oS Slais e og YL o,
OeS9 3 eotes g 45 Wbl o0 55 s Sl

gaily 2S5 g o5 Sleogas 5 g0l jluws il cllS &,
il 0, Shee il o 3l L (S5 job 4 g )00 L5 adgle
W 2 L)_" 59 A_vl.:@,o L)‘“'Q’U (_g)‘ou;um )5.10 aQ
aslllas 0590 eS| gl CllS 7ol o ewlie 9y )8
o= u_i‘ B as A_wl.au;o olo u;o)j)s .E.w‘j‘ (R Ja.w‘s‘
— oS (B Cad ails o ) Sles adgi a5l ot o oS
Slasi g BME olass yog i Judo S il g5 p o
cusls o )..>L a5 w0 5 oslice pizren 09 B o ails

Lo

1. Apeyuan, K., Nwankiti, A., Oluma, O., Ekefan, E. 2017. Effect of different sowing dates on disease
initiation and development of roselle (Hibiscus sabdariffa L.) leaf spot disease caused by Coniella
musaiensis Var. hibisci in Makurdi, Central Nigeria. Journal of Geoscience Environment and Protection

5: 94-101. https://doi.org/10.4236/gep.2017.511007

2. Asadpour, S., Madani, H., Nour Mohammadi, Gh., Majidi Heravan, 1., and Heidari Sharif Abad, H.
2020. Improving maize yield with advancing planting time and nano-silicon foliar spray alone or
combined with zinc. Silicon 14(5):1-9. Online Availabe. https://doi.org/10.1007/s12633-20-00815-5.


https://doi.org/10.4236/gep.2017.511007
https://doi.org/10.1007/s12633-20-00815-5

10.

11.

12.

13.
14.

15.

16.

17.
18.

19.

20.
21.

FP-FY amio dFF Jlo 6l F (0598) Jlo /3 331 g0 G g 39 /..ol Gy )b i £5,9LES 9.3 135 ygum0

Atis, 1., and Acikalin, S. 2020. Yield, quality and competition properties of grass pea and wheat grown
as pure and binary mixture in different plant densities. Turkish Journal of Field Crops 25(1): 18-25.
https://doi.org/10.17557/tjfc.737476.

Bhandari, B., Shrestha, J., and Tripathi, M.P. 2018. Productivity of maize (Zea mays L.) as affected by
varieties and sowing dates. International Journal of Applied Biology 2(2): 13-19.

Din, J., Khan, S.U., Ali, 1., and Gurmani, A.R. 2011. Physiological and agronomic response of canola
varieties to drought stress. The Journal of Animal and Plant Sciences 21(1): 78-82.

Faraji, A., Latifi, M., Aghajani, A., and Rahnama, K. 2006. Effects of some agronomy factors on
phonology stage, vegetative characters, and incidence of Scleroti niastem rot in two genotypes of canola
in Gonbad area. Journal of Agriculture and Natural Resources 13: 56-68. (In Persian with English
Summary).

Faramarzi, A., Seyedin, S., Mohbali Poor, N., and Shahrokhi, S. 2012. Study of sowing date on yield
and components of Cotton varieties (Gossypium hirsutum L.) yield of in Miandeh region. Journal of
Research in Agronomy Science 16(4): 27-38. (In Persian with English Summary).

Hojjat, S.S. 2020. Effects of TiO2 Nanoparticles on Germination and Growth Characteristics of Grass
Pea (Lathyrus sativus L.) Seed under Drought Stress. Nanotechnol Russia 15: 204-211.
https://doi.org/10.1134/S199507802002010X

Keshavarz Mirzamohammadi, H., Modarres-Sanavy, S.A.M., Sefidkon, F., Mokhtassi-Bidgoli, A., and
Mirjalili M.H. 2021. Irrigation and fertilizer treatments affecting rosmarinic acid accumulation, total
phenolic content, antioxidant potential and correlation between them in peppermint (Mentha piperita
L.). Irrigation Science 39:671-683: https://doi.org/10.1007/s00271-021-00729-z

Keshavarz, H., Modarres-Sanavy, S.A.M., and Mahdipour Afra, M. 2018. Organic and chemical
fertilizer affected yield and essential oil of two mint species. Journal of Essential Qil-Bearing Plant
21(6): 1674-1681. https://doi.org/10.1080/0972060X.2018.1497545

Khan, A.A., Hussain, A., Ganai, M.A., Sofi, N.R., and Talib Hussain, S. 2018. Yield, nutrient uptake
and quality of sweet corn as influenced by transplanting dates and nitrogen levels. Journal of
Pharmacognosy and Phytochemistry 7(2): 3567-3571.

Lambein, F., Travella, S., Kuo, Y.H., Montagu, M.V., and Heijde, M. 2019. Grass pea (Lathyrus sativus
L.): orphan crop, nutraceutical or just plain food?. Planta 250: 821-838. https://doi.org/10.1007/s00425-
018-03084-0

Liu, B., Qu, D., and Liu, J. 2020. Light enrichment, flowering asynchrony and reproduction success in
two field-grown soybeans in Northern China. Legume Research 43(2): 241-246.

Llorent-Martinez, E.J., Zengin, G., Fernandez-de Cérdova, M.L., Bender, O., Atalay, A., Ceylan, R.,
Mollica, A., Mocan, A., Uysal, S., Guler, G.O., and Aktumsek, A. 2017. Traditionally used Lathyrus
species: phytochemical composition, antioxidant activity, enzyme inhibitory properties, cytotoxic
effects, and in silico studies of L. czeczottianus and L. nissolia. Front Pharmacol 8: 83.
https://doi.org/10.3389/fphar.2017.00083

Marghali, S., Touati, A., Gharbi, M., Sdouga, D., and Trifi-Farah, N. 2016. Molecular phylogeny of
Lathyrus species: insights from sequence-related amplified polymorphism markers. Genetic Molecule
Research 15(1): gmr.15017198. https://doi.org/10.4238/gmr.15017198.

Piecyk, M., Worobiej, E., Wolosiak, R., Druzynska, B., and Ostrowska-Ligeza, E. 2019. Effect of
different processes on composition, properties and in vitro starch digestibility of grass pea flour. Food
Measure 13: 848-856. https://doi.org/10.1007/s11694-018-9997-8.

Pouri, K., Sio-Se Mardeh, A., Sohrabi, Y., and Soltani, A. 2019. Crop phenotyping for wheat yield and
yield components against drought stress. Cereal Research Communications 47(2): 383-393.

Rafaat, J.G., Ghareeb, S.A., and Hasan, S.S. 2022. Effect of Sowing Dates on Growth, Yield, and Its
Components of Grass Pea (Lathyrus Sativus) Varieties under Rainfed Condition in Sulaimani Region.
Tikrit Journal for Agricultural Sciences 21(1): 59-67. http://dx.doi.org/10.25130/tjas.v21i1.477.

Rah Khosravani, A.T., Mansouriear, C., Modarres-Sanavy, S.A.M., Asilan, K.S. and Keshavarz, H.
2017. Effects of sowing date on physiological characteristics, yield and yield components for different
maize (Zea mays L.) hybrids. Notulae biologicae. 9(1): 143-147. https://doi.org/10.15835/nsb919913.
Salih, R.F. 2019. Effect of sowing dates and varieties of cotton (Gossypium hirsutum L.) on growth and
yield parameters. Agriculture Environment Research 31(3): 64-70. https://doi.org/10.21271/zjpas.31.3.9
Seyithan, S. 2020. Effects of different mixture ratios of grass pea (Lathyrus sativus L.) and barley
(Hordeum vulgare) on quality of silage. Legume Research - An International Journal 42 (5): 666-670.
https://doi.org/10.18805/LR-468.

£


https://doi.org/10.17557/tjfc.737476
https://doi.org/10.1134/S199507802002010X
https://doi.org/10.1007/s00271-021-00729-z
https://doi.org/10.1080/0972060X.2018.1497545
https://doi.org/10.1007/s00425-018-03084-0
https://doi.org/10.1007/s00425-018-03084-0
https://doi.org/10.3389/fphar.2017.00083
https://doi.org/10.4238/gmr.15017198
https://doi.org/10.1007/s11694-018-9997-8
http://dx.doi.org/10.25130/tjas.v21i1.477
https://doi.org/10.15835/nsb919913
https://doi.org/10.21271/zjpas.31.3.9
https://doi.org/10.18805/LR-468

22.

23.

24,

25.

26.

217.

FP-FY amio dFF Jlo 6l F (0598) Jlo /3 331 g0 G g 39 /..ol Gy )b i £5,9LES 9.3 135 ygum0

Silva, J.R., Gastauer, M., Ramos, S.J., Mitre, S.K., Furtini Neto, A.E., Siqueira, J.O., and Caldeira, CF.
2018. Initial growth of Fabaceae species: Combined effects of topsoil and fertilizer application for
mineland revegetation. Flora 246(247): 109-117. https://doi.org/10.1016/j.flora.2018.08.001

Talukdar, D. 2012. An induced glutathione-deficient mutant in grass pea (Lathyrus sativus L.):
modifications in plant morphology, alteration in antioxidant activities and increased sensitivity to
cadmium. Bioremediat Biodivers Bioavailab 6:75-86.

Tripathy, S.K., Panda, A., Nayak, P.K., Dash, S., Lenka, D., Mishra, D.R., Kar, R.K., Senapati, N., and
Dash, G.B. 2016. Somaclonal variation for genetic improvement in grass pea (Lathyrus sativus L.).
Legume Research 39:329-335. https://doi.org/10.18805/1r.v0iOF.6853

Vaz Patto, M.C., and Rubiales, D. 2014. Lathyrus diversity: available resources with relevance to crop
improvement—L. sativus and L. cicera as case studies. Annal of Botany 113:895-908.
https://doi.org/10.1093/aob/mcu024

Xu, H.J., Wang, X.P., Zhao, C.Y., and Zhang, X.X. 2019. Responses of ecosystem water use efficiency
to meteorological drought under different biomes and drought magnitudes in northern China.
Agricultural and Forest Meteorology 278: 107660. https://doi.org/10.1016/j.agrformet.2019.107660
Zhou, L., Cheng, W., Hou, H., Peng, R., Hai, N., Bian, Z., Jiao, C., and Wang, C. 2016. Antioxidative
responses and morpho-anatomical alterations for coping with flood-induced hypoxic stress in grass pea
(Lathyrus sativus L.) in comparison with pea (Pisum sativum). Journal of Plant Growth Regulation
35:690-700. https://doi.org/10.1007/s00344-016-9572-7.

o


https://doi.org/10.1016/j.flora.2018.08.001
https://doi.org/10.18805/1r.v0iOF.6853
https://doi.org/10.1093/aob/mcu024
https://doi.org/10.1016/j.agrformet.2019.107660
https://doi.org/10.1007/s00344-016-9572-7

Iranian Journal of Pulses Research
Homepage: https://ijpr.um.ac.ir
Vol. 14, No. 1, June 2023, p. 34-47 (Original Research Article)

The effect of planting date on quality and seed yield potential of four
grass pea ecotype

Sabourifard?, Hossein; and Keshavarz?", Hamed

1. Faculty Member, Department of Agriculture Science, Technical and VVocational University (TVU), Tehran, Iran;
hosseinsabourifard@gmail.com; ORCID: 0000-0002-6744-0452
2. PhD. Graduated Student, Agronomy Department, Tarbiat Modares University, Tehran, Iran;
Hamed4720@yahoo.com; ORCID: 0000-0002-7607-1580
The Dates:
Received: 7 February 2022; Revised: 15 March 2022
Accepted: 30 April 2022; Available Online: 22 June 2023
How to cite this article:

Sabourifard, H., and Keshavarz, H. 2023. The effect of planting date on quality and seed yield
potential of four grass pea ecotype. Iranian Journal of Pulses Research 14(1): 34-47. (In
Persian with English abstract). DOI: 10.22067/ijpr.v14i1.2202-1024

Introduction

Due to the increasing population and consequently the need to supply the protein needed by the country
through the production of livestock and also the importance of maintaining soil structure by creating the right
crop rotation in agricultural fields, research on forage plants is inevitable. One of the methods to increase soil
fertility and increase crop production is to alternate the plants of legumes in the fields. Pomegranate is also
used as a source of protein in livestock and poultry feed and can be used as dry fodder, green fodder and
straw for cattle and sheep. Because the organic matter in kelp forage (carbohydrates, proteins and fats) can
be catabolized in livestock and used as a source of energy, kelp fodder is important in providing the minerals
needed by livestock.

Materials and Methods

In order to study the effects of sowing date on seed and forage yield of four local and foreign Lathyrus sativa
L. ecotype a field experiment was conducted at Shahriar, Tehran in 2021 growing season. Experimental
treatments were arranged in randomized complete blocks design with factorial arrangement with three
replications. In this research sowing date were in three levels (including 14™ March, 6 April and 29" April)
and grass pea ecotype were in four levels (Syria, Ethiopia, Eshnoye and Mashhad). For field sampling and
guantitative and qualitative analysis of samples, grass pea forage crop was harvested at 50% flowering and
pod stage. After determining the dry forage yield, a sample of forage of each plot was prepared to determine
the quality traits. At this stage, traits such as percentage of crude protein, percentage of water-soluble
carbohydrates and percentage of crude fiber using Near Infrared Reflectance Spectroscopy technology
(Inframatic 8620 Percor, Germany) was measured. Simultaneously, one plant was harvested from each
experimental unit and the green leaf area was calculated using a Leaf Area meter (England) in the laboratory.
In order to determine the grain yield, an area of one square meter per harvest plot and measurements
including grain yield and grain yield components (total number of pods, number of seeds per pod, 1000-seed
weight) were performed on harvested plants. Significant differences among sowing date, ecotypes and their
interaction for traits were compared by LSD test (P<0.05) using using the SAS (9.1) package. Microsoft
Office Excel (2013) and Origin Pro. 9.1 were used for figures drawing.

Results and Discussion

The results of the analysis of variance revealed ecotype, planting date and interaction between them was
significant for most traits. Foreign yield was significantly affected by planting date and the highest yield was
from Ethiopia ecotype in first planting. The highest percentage of organic matter, soluble sugars and crude
fiber was found in the third culture, whereas protein content and leaf area were higher in the second planting
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date. The cultivars also showed significant difference in terms of agronomic characteristics and the
maximum number of pod per plant, number of seeds per pod and seed yield was achieved from Mashhad
ecotype. There is a significant interaction between cultivars and planting date, indicate that various ecotypes
have different reactions at different planting dates. In additional, the results of this study showed that delay in
planting due to change of temperature and day length leads to faster development, lower photosynthetic area,
earlier flowering and these consequently lower yield.

Conclusion

Based on the findings of the current experiment, it can be concluded that the timing of sowing has a
substantial impact on both the quantitative and qualitative characteristics of grass pea seed yield and forage
production. The results clearly demonstrated that delaying the sowing significantly reduces grain yield.
Specifically, this study identified mid-March to mid-April as the most suitable planting period for the studied
ecotypes. Among the ecotypes, the Mashhad ecotype outperformed others in terms of grain yield, mainly
attributed to its higher number of pods and seeds per pod. Additionally, it was observed that delayed sowing,
leading to the critical flowering and seed filling stages coinciding with hot weather conditions, resulted in
yield losses. These findings underscore the significance of selecting optimal sowing dates to maximize yield
and avoid potential yield reductions associated with unfavorable environmental conditions during critical
growth stages. On the other hand, it was found that delaying sowing from the usual planting time reduces
forage quality and in the climate of the region, mid-April to early May is the best time to obtain low-volume
and high-quality forage.

Keywords: Lathyrus sativa L. Leaf area index: Protein: Season planting: Yield and yield component
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Table 1. Name and code of 112 studied chickpea genotypes under spring/autumn -planting conditions

B R R e R L I Co B
g Genotype g Genotype Code Genotype Code Genotype Code Genotype  Code Genotype
1 FLIP97-121C 21 FLIP02-51C 42 FLIP05-39C 61 FLIP06-166C 82 FLIP08-76C 106 FLIP 0075
2  FLIP99-26C 22 FLIP02-52C 43 FLIP05-45C 62 FLIP06-167C 83 FLIP08-77C 107 Sel95 th1716
3 FLIP00-39C 23 FLIP02-55C 44 FLIP05-49C 63 FLIP06-168C 94 FLIP08-78C 108 ILC 72
4 FLIPO1-40C 24 ILC8262 45 FLIP05-77C 64 FLIP06-170C 85 FLIP08-80C 109 ILC 1799
5 FLIP02-59C 25 ILC8617 46 FLIP03-3C 65 FLIP06-173C 86 Cakir 110 FLIP 0078
6 FLIP02-61C 27 FLIP03-2C 47 FLIP05-36C 67 FLIP07-83C 87 Azkan 112 FLIP 03-70C
7 FLIP02-67C 28 FLIPO7-4C 48 FLIP05-37C 68 FLIP07-84C 88 Akca 113 FLIP 03-128C
8 FLIP02-69C 29 FLIP03-5C 49 FLIP05-42C 69 FLIP07-96C 89 Gokece 115 FLIP 05-19C
9 FLIP02-80C 30 FLIP03-6C 50 FLIP05-43C 70 FLIPO8-3C 91 Seckin 116  FLIP 05-147C

10 FLIP02-81C 31 FLIP03-8C 51 FLIP05-47C 71 FLIP08-18C 94 Aziziye-94 117 FLIP 05-157C
11 FLIP03-1C 32 FLIP03-9C 52 FLIP05-93C 73 FLIP08-45C 97 Sezenbey 118  FLIP 05-162C
12 FLIP98-16C 33 FLIP03-14C 53 FLIP05-137C 74 FLIP08-52C 98 Cagatay 119 FLIP 06-37C
13 FLIP99-45C 34 FLIP04-2C 54 FLIP05-137C 75 FLIP08-62C 99 Inci 120 FLIP 06-52C
14 FLIP01-5C 35 FLIP04-33C 55 FLIP06-70C 76 FLIP08-63C 100 FLIP98-108C 121  Arman (Check)
15 FLIP01-7C 37 FLIP04-35C 56 FLIP06-79C 77 FLIP08-66C 101 FLIP97-118C 122 Jam (Check)
16 FLIPO01-36C 38 FLIP04-37C 57 FLIP06-149C 78 FLIP08-70C 102  FLIP 02-84 123 Saral (Check)
17 FLIPO01-57C 39 FLIP04-38C 58 FLIP06-151C 79 FLIP08-71C 103 ILC 482 124 ILC533 (Check)
18 FLIP02-3C 40 FLIP05-13C 59 FLIP06-154C 80 FLIP08-73C 104 ILC 3279

20 FLIP02-50C 41 FLIP05-38C 60 FLIP06-163C 81 FLIP08-74C 105 Sel96 11439

ALl po 130 (6)9biS Wl ol | 1FAF-A0 9 IFAY-AF col,) bl wlilgn jlof - Jgux
Table 2. Meteorological details for Maragheh DARI Station (2014-15 and 20115-16).

Ave. Ave.Rel

t’ei" R.F. AbsT. AbsT. MeanT. MeanT. °0) ’\é% H. (%) Evap.
(mm)  Min. (°C) Max. (°C) Min. (°C) Max.(°C) ' (mm)
October . 201415 1317 05 234 53 13.7 95 0 695 107.8
2015-16  79.6 05 26 6.7 16 11.38 0 666 1145
- 2014-15 515 6.5 15 -0.6 6.3 2.8 16 713 45
November obl 5515-16 59 55 14 0.7 7 3.1 18 696 0
201415 629 -8 9.8 2.7 3.2 0.25 25 805 0
December,sl 501516 235 -16 10 73 22 47 28 768 0
January o 200415 215 -10 10.4 5.4 3.12 11 30 658 0
2015-16 30 175 106 48 0.7 ) 27 717 0
February ., 201415 273 125 124 -4 4.43 0.22 24 667 0
Y 201516 435  -115 156 2.6 5.4 13 20 657 0
March asy 201415 467 -105 16 1.4 8.2 3.4 18 63 0
2015-16 79 -7 16.4 .05 8.1 3.8 18 652 0
April s, 201415 243 35 24.6 2.6 135 8.1 6 576 205
097 9015.16 445 5 23.4 3.4 135 8.5 5 562 415
May coopns, 201415 45 1 27.4 8.4 20 14.2 0 463 241
=l o516 142 2 28 8 199 1397 0 47 2126
Junsss 2004415 1 8 35.6 135 27.9 20.7 0 323 3415
2015-16 614 6 33 1241 2446 1846 0 391 3048
[R.F.: Rain Fall, S, l5.4] [Abs.T.Min.: Minimum Absolute temperature, slao slos Jslo>]

[Abs.T.Max.: Maximum Absolute temperature, 3las sl zSlas]

[Ave.T.: Average Temperature,les lawgic] . .
[Mean.T.Min.: Mean Temperature Minimum, Jéla> sles awgie]

Mean.T.Max.: Mean Temperature Maximum, :Sla> (sles lawg:
[Evap.: Evaporation, .55 l5..] [ P A #
[N.D.B.0: Number of Days Below 0 °C,a> s jio 55 slaje, slos]

A
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Table 3. Mean and percentage of variation for agro-morphological traits in 112 chickpea genotypes under
spring/autumn -planting conditions

Mean .Sk iy 0 i g a0
. Trait variation Trait variation
Ol iz o o)l culs ojmly s value percent
Abbreviation of triats Trait Spring-planting  Autumn-planting
S olas -
TPN S5 B sl 17.2 25.7 -85 49.4
Total pods number
S e olass R
EPN 5 Dl slas 17 6 -43 252.9
Empty pods number
o S sl -
TSPN S > I ol 1 14 -0.4 40
Two-seed pods number
oS slas,| .
PH (€M) o5 £l 25 30.4 5.4 216
Plant height (cm)
FPH ©m) S ol glas)| 126 117 0.95™ 71
First pod height (cm)
505 B slass .
OSPN (S B ol 13.7 178 -4.2 29.9
One-seed pods number
s 51 35, olass "
DMI & ey €90 B g ol 82.9 251.2 -168.3 203
Days to maturity initiation
o, 10 b 5, olows .
DM90% Ty 1A B g, ol 917 2711 179.4 195.6
Days to 90% maturity
A . .
100KW @) &l 2o 05 26.1 35.1 9 345
100-kernel weight (g)
PD (mm) S k8 11 11.4 04" 36
Pod diameter (mm)
PL mm) S Jsb 213 222 09" 42
Pod length (mm)
B @) o055 Zn; 9.1 14.6 55" 60.4
Biomass (g)
:,‘..i',!o)., ua?L..; ke
HI 4 0.41 0.48 -0.07 17.1
Harvest index
0,
FP ) 5595t 220 83 753 78" 9.3
Fertility percent (%)
Y @ 6555 25ec 37 7 33" 80.2

Single plant yield (g)

dsgial T iyges] (bl o 7Y Jlotil mrlans o lo gine (5 ylel D] ¥

ok

oY

. Indicating statistically significant at 1% probability level based on student t-test.
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Correlation coefficients for agronomic traits of chickpea genotypes in spring-planting (below diameter) and

Table 4.

autumn-planting (above diameter)

Trait TPN_EPN TSPN PH_FPH OSPN DMI DM90% 100KW PD __PL B HI__FP__Y
TPN 0.757 020" 0.175 -0.043 0.91” 0122 0071 -0.088 -0.088 -0.086 0.78” -0.029 -0.20° 0.74”
EPN  0.54** 0.19" 0.18" -0.077 051" 0.097 0.045 001 005 002 055" -0.35" -0.62" 0.40"
TSPN 0.35** -0.04 0.32” 0.158 -0.009 0.087 0062 0006 031" 029 032" -0.048 -0.39™ 0.29"
PH 034" 0,03 0.154 066" -0.004 022" 021" 033" 039" 030" 042" -0.21" -0.44" 0.33"
FPH 0049 -0.07 0.045 0.59** -0.142 0099 0175 033" 028" 037" 022" 005 -022° 019"
OSPN 0.98"* 0.42** 0.27** 0.38** 0,071 0057 0048 -0.124 -0.157 -0.146 071" 0134 019" 0.73"
DMI 0.176 0.007 0038 0.20° 0.31** 0.20° 060" 0.64 0119 014 027" -0.088 -0.118 0.20"
DM90% 0.186 -0.002 -0.009 0.24°% 0.29°* 0.21* 0.92** 021" 019" 021" 025" -0.20° -0.056 0.145
100KW -0.19* -0.06 -0.048 0.21° 0.20° -0.20° 0.011 -0.01 055" 057" 029" -0.021 -0.057 0.25™
PD  -0.147 0.007 0115 021° 0.14 -018 -0.01 -0.04 072" 035" -022" -0.20" 0.24
PL -0.021 -0.16 0.80 042** 0.23* 002 -003 -0.05 051** 0579* 0.37% -017° -0.139 027"
B 0.75° 0.44** 0.27°° 037°° 0.20° 0.73** 0.30** 030°* 0142 0087 0.019 -0.06 -0.133 0.92"
HI 031" 0007 0.34°° 0.149 -0.15 031** -019 -0.17 0078 0.083 0.269°° 0.010 0.47" 030"
FP 019° 0.29** 012 014 0036 -0.053 0.271° 0.172 0384 0.01
Y  0.83° 034 042°°043* 008 0.82* 015 017 0118 0.092 0.169 0.784°* 0.583° 0.351*

Sy axzlye ¥ Jgaz 4 ol laisl mesg 6l 10 5 1) Jlaxsl mlaw o o dae o p 4 g
“and ": significant at 1% and 5%, respectively. See Table 3 for abbreviations.

*

slasy a8 ols las waszsls aigy o als o Sl 1y (5,0 e
Gk 5l JS e sl putne e Sl iils wlo o Slas
Ol L s el 00gy (stie ails 0, Slae pails Voo 54
Voo 059 0 ,ieS laaily oy3g (&l slaws) S BMe sluss
J=5 e olaws 3o,k 5l s e e ST Lo 4y wils
oo (laadls slaws ioly8l 51 o eails 39 ials)
559, oy il wils o Slas U (5 S ool SKnon
= S5 L slasy 3 b 5l cie a1 Lo 4
asls 0, Slee b Jawgin ool  Siwad g 8 cails o Slos
5 Sl (Sowrod 3 | Sla g )0 (0 Jgo) ails
W@igr ;0 AL slaw Slao Ly asls o Sles (o (5)lo e
g Cdlop el gailo Voo g e 0 ails ola s
asls 0, Sles o Slao ol o s g e Jil ioren
slaallas yo (Gediyaetal., 2019) coul sals 3,155 0956
&9 sl slass (AL slaws Slao YU puiivns Hil S0
Gl 00 odalie alily o, Sloe 5 00T 59 g dils Ve
(Farshadfar and Farshadfar, 2008)
o bl o ails o ,Slee code a3 5l ol b
slaxs « e Job Dlao 3l ookl b (050l ciS) olo
0 AS (5,00 g0 B e vlasigadilo Ve 39 Sey IIL

gy adly o, Slee 1 (gylo g 13U Pl yguw )T
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e
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Table 5. Path coefficients analysis of direct and indirect effects of evaluated traits on chicpea grain yield in spring-
planting and autumn-planting
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See Table 3 for abbreviations.
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Introduction

Legumes are the most economically important food source for humans due to their protein richness,
especially in developing and underdeveloped countries. Chickpea yield in spring-planting under dryland
cropping decreases due to increasing temperature and day length and the occurrence of end-season drought
and exposure to important pest's activity. In autumn-planting, early flowering, escaping from pests and
optimal use of annual rainfall help to significantly increase in grain yield. Increasing the growth period
during autumn planting has been found to result in taller plant height, making mechanical harvesting more
feasible. The success of a plant breeding program relies on implementing a suitable selection design that
takes into account both correlated and non-correlated relationships. Recently, a significant positive
correlation has been observed between grain yield and several traits such as the number of pods, number of
seeds, 100-kernel weight, and harvest index in chickpea. These traits were also found to have a direct and
significant effect on chickpea grain yield. Additionally, there was a high direct effect observed for pod
number, number of seeds, 100-kernel weight, and single-seed weight on chickpea grain yield.

Materials and Methods

This research was conducted on 112 chickpea genotypes in dryland spring-planting (non-cold stress
condition) and autumn-planting (cold stress) based on augmented design in Dryland Agricultural Research
Institute located in Maragheh. Total pods number, number of empty pods, number of tow-seed pods, plant
height, first pod height from soil level, number of pods with one seed, days to maturity initiation, days to
90% maturity, 100-kernel weight, pod diameter, pod length, biomass, harvest index, fertility percent and
single-plant yield were meassured. The correlation analysis, stepwise regression and path analysis, and
principal component analysis were used for identifying the relationships among agro-morphological traits.

Results and Discussion

In autumn-planting condition grain yield positively correlated with all traits except days to 90%
maturity, but in spring-planting condition the correlation between grain yield and first pod height, days to
maturity initiation, days to 90% maturity, 100-kernel weight, pod diameter and pod length were not
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significant. In spring-planting, 100-kernel weight and total pods number were negatively correlated. In both
spring and autumn-planting, the 100-kernel weight showed a significant positive correlation with pod
diameter and pod length. This indicates that genotypes with larger pods also tend to have larger seeds.
Furthermore, in autumn-planting, there was a significant positive correlation between pod diameter, pod
length, and grain yield. However, these correlations were not significant in spring-planting. Stepwise
regression analysis was performed to assess the factors influencing grain yield in both planting conditions. In
spring-planting, the number of total pods, 100-kernel weight, fertility percent, and the number of two-seed
pods were found to have direct and significant effects on grain yield. On the other hand, in autumn-planting,
the number of total pods, pod length, number of empty pods, 100-kernel weight, and the number of two-seed
pods were included in the final model as predictors of grain yield. These results suggest that these factors
play a crucial role in determining grain yield in their respective planting conditions. In spring-planting, the
genotypes 108, 63, 65 and 99 had the highest number of total pods, number of single pods, biomass and plant
yield and genotypes 55, 76, 81, 82, 84, 85 and 88 had the highest weight of 100-kernel, pod length and pod
diameter. In autumn-planting, the genotypes 87 and 22 had higher biomass and grain yield, genotypes 45 and
65 had higher total pods and number of single pods, genotype 89 had higher total pods and biomass and
genotype 94 had higher total pods, number of single pods, biomass and yield.

Conclusion

Correlation analysis results showed that in non cold stress condition (spring-planting), due to the short
growth period, the significant relationship of most important agronomic traits with grain yield were not
revealed and important components such as 100-kernel weight did not have enough opportunity to
significantly affect grain yield. In spring-planting, total pods number had a high direct effect and correlation
coefficient with grain yield, but the indirect effect of this trait through 100-kernel weight on grain yield was
negative because increasing the number of total pods causes decreasing the kernel weight. In autumn-
planting, despite the high direct effect of total pods number on grain yield, due to the indirect negative effect
through the number of empty pods, the correlation coefficient of total pod number with grain yield was not
very high. Finally in order to increase grain yield in chickpea genotypes in breeding programs it is
recommended that under cold stress and non-stress conditions, selection should be based on the number of
total pods per plant, which is a visible trait and easy to measure.

Keywords: Autumn-planting: Cold tolerance: Grain yield: Regression analysis
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Fig. 1. Morphological characteristics of fungal isolates obtained from infected chickpeas. Macroconidia (A) and
Microconidia (B) of Fusarium oxysporum. Sporodochium (C), Macroconidia (D), Phialides and False head (E) of
Fusarium solani. Macroconidia (F) and Chlamydospores (G) of Fusarium equiseti. Macroconidia (H) and and Phialides

(1) of Fusarium proliferatum. Colony of Macrophomina phaseolina (J). Hypha(K) and Moniloid cells(L) of Rhizoctonia
solani. Scale bar =10 pm.
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Introduction

Chickpea is a valuable and protein-rich pulse crop which is widely cultivated in more than 50 countries.
Cultivation of chickpea in rotation with cereals can improve soil fertility through the process of symbiotic
nitrogen fixation. Among the chickpea producing provinces in Iran, Kermanshah province has the first rank
of chickpea production. Root rots and wilt have been considered the most devastating diseases limiting
chickpea production in Kermanshah Province. However, the etiology of these diseases has not been
thoroughly investigated. Therefore, the present study aimed to identify the fungal species causing wilt,
yellowing and root rot in Kermanshah province, identify the dominant species and determine the prevalence
of the disease in different regions of the province.

Materials and Methods

One hundred ninety-four chickpea fields, representative of the main planting areas throughout
Kermanshah province, were surveyed during growing seasons 2011-2015. In each field, at least four diseased
plant samples showing yellowing or wilting symptoms were collected, kept in paper bags, and transferred to
the laboratory. 5 mm long pieces of root and stem of affected plants were prepared, surface sterilized and
plated on Water Agar. The culture plates were incubated at a temperature of 25°C and examined on a daily
basis. Pure cultures were obtained using either the hyphal-tip or single spore techniques. The isolates were
then morphologically identified using available descriptions from the literature. Out of the abundant isolates,
a total of 288 were selected for further investigation regarding their pathogenicity and aggressiveness. To
prepare the inoculum, oat seeds were soaked in water for 24 hours and then transferred to 500 ml flasks. The
flasks were autoclaved at a temperature of 121°C for 20 minutes, twice on two consecutive days. Each fungal
isolate was cultured on five plates containing Potato Dextrose Agar (PDA) medium. Then, the autoclaved oat
seeds were added to the plates. The plates were then incubated at 25°C for two weeks until the fungus
completely covered the seeds surface. The pots (4 cm in diameter and 12 cm in height) were filled to a height
of 6 cm with an autoclaved soil mixture (field soil / sand at a ratio of 2:1), then 2 ml of inoculum was applied
to the soil surface, the inoculum was covered with one cm of autoclaved soil, the two seeds of chickpea
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cultivar, Bivanij were placed on the soil surface, Finally, the seeds were covered with 2 cm of soil. In this
test, three replicates were considered for each isolate. The control pots were mock inoculated with uninfested
oat seeds. The pots were kept in the growth chamber for a maximum of five to six weeks at 25-28 ° C. The
disease severity was rated according to a 0-4 scale.

Results and Discussion

Based on morphological characteristics, eight fungal species including Fusarium oxysporoum, F. solani,
F. equiseti, F. proliferatum, F. verticillioides, F. culmorum, Macrophomina phaseolina and Rhizoctonia
solani were identified. Based on the results of pathogenicity test, except for F. verticillioides and F.
culmorum other species were identified as pathogenic. Among these, F. oxysporum and F. solani species
complex were classified as the most common and most aggressive pathogens. F. equiseti and F. proliferatum
were ranked as weakly aggressive pathogens. In this study, vascular discoloration, a major characteristic of
the pathogenic isolates of F. oxysporum, was observed in only a few inoculated plants suggesting that most
of the recovered isolates did not belong to F. oxysporum f. sp. ciceri. Disease symptoms triggered by most of
the isolates of F. oxysporum species complex in this study are consistent with those of F. redolens. However,
accurate identification of these isolates requires a combination of molecular protocols and detailed
morphological studies.

Conclusion

Our results showed that Fusarium species are the main agent causing root rot, yellowing and wilt on
chickpea in kermanshah province. Among these, F. oxysporum species complex was the most common and
most aggressive species. However, contrary to previous reports, most of the F. oxysporum isolates examined
in this study did not belong to F. oxysporum f. sp. ciceri. Since the accurate pathogen identification is crucial
for efficient disease management, accurate identification of the pathogen needs to be confirmed using
molecular protocols. We also concluded that F. proliferatum is a weak pathogen of chickpea root. This is the
first report of pathogenicity of F. proliferatum on chickpeas.

Keywords: Fusariosis: Fusarium: Macrophomina: Rhizoctonia <Yellowing
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Table 1. Soil physical and chemical characteristics of experimental field
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Table 3. Amount of Consumed inputs and cropping management in different cropping systems
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input input input
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OI9r
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Gl 0 9o cdale) gdaen; JolS 095 ok Joloro 3 2 1 2
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OS5 59 sl i _ - 10 10
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Table 4. Analysis of variance (mean square) the effect of (C) Cropping systems and (G) Genotype on the traits of bean
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Source Degree r
Stem Branch Plant
of of diameter No. per plant height Leafs number
Variation Freedom -perp 9
A 2 0.370 ™ 0.375"™ 74.80 ™ 117.66 ™
Block
15 slaalss - o o -~
< ”é F 4 1.93 7.59 2683.68 4138.04
‘:’ 3 0.299 " 8.74™ 913.29 ™ 990.06 ™
8% £lyy clasllas o x - -
e il 19 0.787 4.02 863.56 1040.58
C*G
Uas
40 0.298 1.58 46.87 36.65
Error
(o ,8) Ol sl gy
T e - 10.06 133 14.91 16.95

V (%)C

ns, nonsignificant; *, significant at P<0.05 and **, significant at P<0.01.

S35 el slopllss 1o 18 ol ol i Lialidl ds
Oty LB s a0y s 5 03l 5 00lein il
=l (0 Jgaz) oo plaizlogs 4l il asls olows
a1 45 Sl (L (F Jyaz) ol g 40575 51 ol
g L)) ae )y S Jleial s )3 08 9 (25 plls
St s e Sis sl 5t 3 e 30 3L0s) oL3)
S, S35 (6l)ls 5a,3 gl o5l S ols L L las
o=l am i ilioe (o) 2 05 (S5 slapllas o (sl
Ll 5o g8l o8, ) a5y el (Sl [ fudn &5 D90
Pz 5o (S 08, 50 o)1 eSole (508 5 00l (25
dlie (eizmed (B Jgoz) del Cews 4 So3glsST el
o D53l 3y 4 gy 15 ) S ols s o les eSils
s o0l (£ Pl o IS 5 ol (38 65l 4y
(O Jsocz) cdly Sili3l as,s YOIAY 5 VOIBF ANl
gh 9 08 9 =l Pl Sen o Sl 4 4 b
e o Blagd pB)] g )0 S slas oy Sy Lo
Lo o it s eile damglio gulis (F Jpoz) b
s Sslite LUlg cilise _el; glapllis 45 ols ol
iy 45 (6 ygbody .y 50,8lug) Bl digy o Sy olaws
g osliy el pllas jo D5y o8, 10 g 50 S5 oluss
SaselyT sy oL I 05, 53 ol ilan a5
Loyl (Sl dslie (oo (O Jgoz) b cvnlive

M

Aoy SO g sy my Jleial e )0 lo e ls gixe e 5_,\:_‘.'):4_31**5*;[15

DS 5l aS sl lid ooty il jlg 4y 508 s
Bl ;b3 o aoy0 S Jletol mhan )5 68, 5 (2l pllas
Ol dslio s (bl 2 (P Jgo2) 035 o gine
5 a8l ;18 (oSl (i 08 5 o)) plla (RSen
S g odlisy el pllas o DBl o3 e Blugd gy
aed) (S g B0l (38l (g8l pB)1 o w4 ol eSle
dal Cwdds SoseleST ol pllss o (5yle] IS G o
9 Aol (8l pl,l 4y Cad g8l 08 ) aBles Jla8 (B Jgur)
VYIA A OIVY olime & oo 5 4 00lei s pllas yo SIS
(O Joiz) il ialsil am o FY/) -
1S s St (F Jya) il s dmajos bl
ooy S Jletl mlas 55 68, 5 (2 plls iSen
el 0l o pxe je,8lug) sl gy jo Lol as Ll olass
pld )l asg jo asls slass a5 ol s Sl 4 lis
e Sl I oy 990 (o) slapllas )3 5o 3ol
o3lein ey pLlis o Sgdly o8, 4 (5 9k el (55
Ol (n 71eS o3lednS (2l pllas jo B0l 08 5 o i
50 asly olass (0 Jguz) doged ddgi | aSgr 10 asli sloss
Ll 5o (S 5 ;80ls (331 pl ) 4y Corns D98l 05 )0 Aoy
FAUAY 5 OADY XYIOF olje ds o 55 4 o0l ()5



VO-2) asivo NF¥ Jlo 16 ,los F (0,99) Jlu /3 331 0o GBiB 939 /... 50 52d 511y, g (55915

Ory—ber 450l Lt 03, 5 (o)) pllsS AiSiamy eSiles
g oolgin ely) pllas ;o DgBly o8, )0 aigr )0 B slass
olgs basgio elyj pllas o jBols o8 10 ()T eSilos (2528
aS ol plis b anslie mls ioren el Cuwsay
5 9010 (381 A1 ay s g8l 08, j0 Al ,o e Slaws
FAUNE FYNA e 4 oo 5 @ 03les s pllas yo SIS
=<l slepldas (¥ Jgaz) cdls iuliél oo o FEIYA 4
el ass o e w g a4 cond |y Sglaie adgs Llgs
5y adgr ;o L slaai a5 (5,5 bay wsls jlid je 8l
=3 slapllss s oslaiy (<l)j oLl 5o il
Oliee & a5 00ld Lagie g 00linS (Al «S5l5S]
Slaws ol les il as,s YY/AD 5 FAIVO /- A FF/A-
o S (il (ely; pllai o (IS 08, j0 i o B
4 03lgs 5 03les wgie wolegnS «S3slsST el (slaplls
do 3 VIBY 5 PVIYE FOIVY SFID« (5 dy
=)y pldas jo - 80ls 8 aigr ;o M slasy .8l yioldl
o ool gieS sl el slaplls & onmi 55151
5 FYIAY AJFE FIVS o any o asy oolis s g ool

ol Lt Lial33l a0 YA/FE

AlB )l d s g8l 0B, j0 Aigr j0 Sy olaws a5 ol lis
Olie s 5 o0l o2 ol 5o IS 5 90l (381
(0 Jgoz) <l ialidl sy Vo IYO 5 4710 N A/AY

P Sy 531 48 ol i il s 525 gl
JedfS (Slyine  aoy S il gh 55 18, 5
S oSls s lin (F Jgoz) 09 Slo s (Bl) S
Ot a5 3l LS (V Jga2) o) 5 (=) pllsS (iSen
D98l g ;800 el ey g je S 891 (sl (2S0le
Ot eS 9 (bl IS Sy p0 90 52) ooli =y el 5o
=hy el )0 331 o3, 30 S B9 IS (slgrome (nS0Lee
Slomize Blod dny ) 0550 pl8,] el oy 5540651
slagaly il el sloplli &) o 5 iy IS
08, 33 S s, Slgiome a5 sbas wiols plas Sglite
Sg8l vy g a0 VIVY 5 O/AY i 4 cod 5 J80ls
el o (I8 g 381 pl,1 a4 Cand ao )0 VY/PA 5 O/FD
(Y Jgoz) ols las ialsal eoles

Hlas ol (las Laesls il ylg 45520 51 Jol> als
ey S Jletl whas 10 68, 5 (2 ol iSen
Awslie (F Jgoz) 0,8 o me 4Ty j0 M€ slaws

x990 BB S g » Jole 99 JiSod T (aRileo duuns Lo -0 Jgux
Table 5. Mean comparison of two factors interaction effect of characters on the traits
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Treatment  Stem ﬁgag‘;'; Plantheight  Leafs
(cm) number

(cm) plant

C,G; 213¢ 4,034 75.62" 91.00"

C:G, 2.28¢ 4.88 b 106.33 ©¢ 94.33 1

CiGs 2.29¢ 4,59 b4 73.711 89.00
C.C4 2.09¢ 5.29 b 88.64 101.00 "
C,G, 2.87% 5.84 &d 97.42 ¢ 11533 1
C.G, 3.09 *¢ 6.72%¢ 110.50 @ 128.00 *
C:Gs 342%® 6.96 98.14 ¢f 123.00 ¢f
C2Gy 3.072¢ 6.77*¢ 99.45 ¢f 138.66°

CsGy 2.68 433 84.04 o 91.331
CsG> 3.03 % 3.88¢ 93.37 % 100.66 "

CsGs 2.33¢ 5.33 b 79.70 M 95.00 "
CsGy 2.61 % 5.88 d 76.12 M 111.00 ¢
CiG, 2.66 ¢ 4.09¢9 77410 115.00 f
C4G, 2.72 % 4.48 v 109.75 ¢ 124.33 ¢f
C4Gs 2.18¢ 5.80 4 92.56 1 117.66 &9
C4Gy 2.89 b 6.76 *° 93.46 1 131.66 >
CsGy 350 6.11%¢ 123.83 ® 125.66 °f
CsG, 2.33¢ 5.115d 116.60 138.00°
CsGs 2.83 % 4,77 107.07 ©*¢ 136.00 ™
CsG4 4.052 8.10° 134.72 2 150.63 *
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(Ghegil 3 G35 G2 sls GLsdl) j0,3Lug) als)) G 5 (Cosles 5 5 Choolys Lawgin C3aslesnS (C2 inili CLSy55055N) el slopllss C
Means in a column followed by the same letter are not significantly in Duncan’s multiple range test different at P<0.05
Cropping syetems C (Ecological G1, Integrated G2, Low input G3, Medium input G4 and High input G5) and red bean Genotypes (Ofogh G1, Dadfar G2, Goli

G3 and Yaghot G4)
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Table 6. Analysis of variance (mean square) the effect of (C) Cropping systems and (G) Genotype on the traits
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ns, nonsignificant; *, significant at P<0.05 and **, significant at P<0.01.

S ySes (n i 45 6 9-ban wssls plas | Sglie sl
Bl inal (el,; pllas 5o Jé°‘°1r‘>§) 2% e A 00g
yoban aS sel Cws s 0olyiy ol pllas jo 381 g gdL
5y Shos (¥ Jgaz) aizd 51,5 (gl oM Sy (s
3 098l 5 (S (G Bl Cas 0I5 15, )0 egiceny;
g VTR EVIV e e a i s el el
o 3 ke (e (S 2l A a3 TAVA
J592) el sty So3elsST ey pllas o S o8, 50 0095
0355y 3 8o iian 505 oy S50 Bl ey (Y
5 730l 5 (S L5l ool ey plls 5o gl o8, 50
Ay S oolg o2y pllas y3 331 68, 5 (il o5 pllas
Ll v azg LY Jouz) sl cavsay oly; slapllas Lo
gh )3 03, 5 ol Pl aSten o ST Gl g s
Sl smre 30,8Lng) aLE | asls oy Slee p do 0 S L]
spllss a5 ol lis (1Sl dnlio gl (F Jgoz) w08
el o, Sles ali8l Blad a4 gslitte a5 Ulss ()5
asls o Shoe (n ytivn a5 5 sbd (XIS (o2 390 A6 o
—d il g ool p (2l a0 w5 4 gl 3 )0
a8 518 Ll S S o e by 45wl s
30 5 g 8000 (B3l Al Ay s DBl 08, y0 wils o, Slas
g VANY YVIOF lie a5 am oolgdyy sl)5 pltas
Oliee 4o i ay (Bl el pllas )3 g sy F4/0R

AY

Aoy SO g sy my Jleial e )0 lo e yls gixe e 5_,\:_‘.'):4_31**5*;[15

S saals elyy pllai jo 38l 08, aig ;o B olaws

0l g ool damugio coolegnS «SajelsST el slopllis 4
deoyd YV/AS 5 YOO FYINA X /oY e a5 &
o-l)ly 4n 28 gl 4 azgi LAV Jgo2) ols glas sl
2o 8o Jlisl w13 68, 5 (£l plla (iSen )
(F Jeaz) 90,5 o e 30,800yl pLB lasls Voo 54
aS ol plas o8, 9 £l plla JioSen S 5 Skes anglas
=y pllas ;o g8l o8, jo ails Vee (55 uShee (i
e3P 5o 38 08, 55 ol eSilae (e 5 ool
Sys0 o=ly; Glaplas (Y Jsoz) del Caws 4y oolys Lawgio
sloagl ides 4ils (59 adgi QUly Bld 4 55 (om0
adls 39 ddgi blod 4 gunas, S ool las gslais
Pl 5o @93l 03, Gl i (2)) lapllas o i
5 S=399sST oely; pllas )o j80ls 5 (5 Bl eonlesinST (25
039V Jgaz) 90905 ploae 1 ooled (ol pllas )0 381 o3,
50 5 g 80l (58 plB | 4y s g8l o8, o wils Ve
s YYIASZ & IYA e am 5 4 oolginS (2l pllas
bl anazg LY Joaz) ol glad ilidl as,s FV/-F
gh om0y 9 (el Pl iSen i 51 il lg a5
Q005 e e 00Ty 0, Slos 1 o0 S Jleis]
ag) o5 o5 813 i3 (eSilen lie b5 P Jpi)
—gly walizee ol slapllas 1o cogicens ) adei bl 4



VO-2) asivo NF¥ Jlo 16 ,los F (0,99) Jlu /3 331 0o GBiB 939 /... 50 52d 511y, g (55915

=hj sleplla & cod (adl o) pllas )3 (IS 3, 50
Ol &2 i 5 & 00l 5 00l Lamagi codleinS «Sa3elsS
3, Slos .8l mol8l oo VAIFA o FY/-V FA/QF XVITA
loplla an coud aali ely; plla jo j80ls o3, o als
A i 2 03l 5 03l Lawgie olegnS SajslST ()
Sl las ilidl as s VIV o YVIAY FF/F0 YVIEF ol
el S (Al ol pllai )3 B8l 8 50 ails o Shee
s o3l 5 00lgs ngie woslgie oSasslsS1 el sl
LIRSV TN ATAR A 1 VA R B VATER SN SO R I

(Y Jgaz) ols las

(Y Jgaz) ols las olidl aus o VEI6 g VYIVD YF/-Y
plda o 38l 8, o asle o Slee . Sls oy eS (yuioren
A5 30l BB L avslie 4o aS el Cavsas ool oS 25
VY Sgam 0 i du ool o5 2l el jo Sgdl
Jsaz) ols lis 1) golaidl adg ials aws s YIAL 4 F/-Y
o=l oy galae golaidl adg Sl el)s slapllas (Y
20 DL 08, 10 ails o Sles 45 5 gboas cwisls oylis ioles]
S590sST el slapllss 4 curs solyiy 5 plls
FVYR e a5 &4 00lyd Jawgie g o0lginS ¢ s2als
&l 5, Sles olo lid iulidl s ,o YY/A  YI/AZ YY/AQ

o 290 S S Hg p Jole 99 [iiSod p 5T (Sl dnlio -V Jgur
Table 7. Mean comparison of two factors interaction effect of characters on the traits
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Means in a column followed by the same letter are not significantly in Duncan’s multiple range test different at P<0.05
Cropping syetems C (Ecological G1, Integrated G2, Low input G3, Medium input G4 and High input G5) and red bean Genotypes (Ofogh G1, Dadfar G2, Goli

G3 and Yaghot G4)
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Fig 1. Mean comparison of interaction effect of cropping systems and Genotypes on Harvest index
Means with the same letters don’t have significant difference, using Slicing method, (p<0.05).
Cropping syetems C (Ecological G1, Integrated G2, Low input G3, Medium input G4 and High input G5) and red bean Genotypes (Ofogh G1, Dadfar G2, Goli

G3 and Yaghot G4)
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Table 8. Pearson correlation coefficient of measured traits in Red Bean genotypes
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2. Stem diameter
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4. Plant height
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11. Harvest index
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ns, nonsignificant; *, significant at P<0.05 and **, significant at P<0.01.

plas as ol HLas a8l den jo Culilsyy asls guliél e & S Az
5 805 2 Cusd )0 (saske S Slgi oo il () o odle Wilg o indls el pllss a8 slo ylis gl

—plasl (e 5o 0ad 0dg (B Marl) (55gnd Slge Jla! 5o (s 5 955) (aloonds slrosles e s ne alS
olaidl o, Sl cosS wdg slaplasl ohg 4 olS sl Ll b gl 45 50,8lag) a5, Jgames Sl ass ol
=hiplls e (2llss osias Las el (ol a5 aily azsls 03,5 055 g oolgs Lawgie woslginS «Su3slsST el sl
bl Blacal L ceslite 30 8logl Il adgs slp (Al s sosS ) esliiul 5 oliowd slaoslys B pas als
Sl ali8l s Laplndl (@it cial 05t cte 5 90 ol czrge (oS (gdiog; polie adye b JTs
=1 fUm Az el 50 5 00wy Jy—ame 5 Ciie yebasy a8 an il el alls o je3lg) s
oloaBl oy s jleslin (£)) U & S Su3glsST oA ols alial | goladl g ius, b Shis oIS sine
AL g ald o9 im0 ,Slee Cudlys Lol 0925 ) 5logu 5 soladl e dgiie shls wolg o b oles Jgame as
gt g osleinS (ol slapllss 4 Comns (5t SuBlo o a5l ] EAES G e g ol slaS sl asees

AF



VO-2) asivo NF¥ Jlo 16 ,los F (0,99) Jlu /3 331 0o GBiB 939 /... 50 52d 511y, g (55915

5 olail o]y slada e el S ds a0 a5 Wgd

&l Sl
SlLidod dmde Ol e ded )80 5l dbiwgin
Oy 4 (S5 ot Oliviod (i) j5i5 ol 5 S
oot ST Ol osn ) 6 g S5 ae
Sodgim(Golas &S0 Jale o) (g B (e dene
750 U Gl (izmen 5yl 48 ln o2y Joad
dho pyizme gelecifia gae g L dil) (Lo ole b
15 055 0wyl slaslaally a5 (iSO 5 S lidiow
S5 G Gipgiy ol plomil g 15 )sSee (fn; 055 anS

4S5 oS adg (obeond soolys 5l oolanl 5 (Se) ool
GloogS 0, LS L o Yo b sgw il oaimo ol
il a3 ol cel ol ol cnl po T g (s
#L £ Gized 9 Doe (Veb sl (ol slaells
— (P (S Azl 3,10 3¢ £y OYgame solalil
Sl g,y 4 ol S (gl wilgs oo andllas (l bl aS 09l
Al apdo o ,8lug) Jyaze odsi S5 ln oz (o
Iy elond poo—uw g LoogS x> 3l iy eolaiwl wilgi oo g
Joaze 039 (3latdl Less a5 pogie (ol b as 2als
Rl =) Cunse @laghs; g wdl gl Coanl Gl (adss
e whl o Hameinsy g (eloin] g8l Cpz jo
Sl 5 iloainr lpsleS sl o LB 5 05250

10.

&L
Antil, R.S., Raj, D. 2020. Integrated Nutrient Management for Sustainable Crop Production and
Improving Soil Health. In: Meena, R. (eds) Nutrient Dynamics for Sustainable Crop Production.
Springer, Singapore. https://doi.org/10.1007/978-981-13-8660-2_3.
Belmeskine, H., Ait Ouameur, W., Dilmi, N., and Aouabed, A. 2020. The vermicomposting for
agricultural valorization of sludge from Algerian wastewater treatment plant: impact on growth of snap
bean Phaseolus vulgaris L. Heliyon 6(8): e04679. https://doi.org/10.1016/j.heliyon.2020.e04679.
Belmeskine, H., Ouameura, W.A., Dilmia, N., and Aouabed, A. 2018. The vermicomposting for
agricultural valorization of sludge from Algerian wastewater treatment plant: impact on growth of snap
bean Phaseolus vulgaris L. Heliyon 6(8): 04679. https://doi.org/10.1016/j.heliyon.2020.e04679.
Bhowmik, SN., and Das, A. 2018. Biofertilizers: a sustainable approach for pulse production. In: Meena
RS et al, (Eds.) Legumes for soil health and sustainable management. Springer, Singapore.
https://doi.org/10.1007/978-981-13-0253-4_14.
De Souza Buzoa, F., Satin Mortinho, E., Lobo Santana, T.L., Militdo Garcia, I., Monteiro de Carvalho,
C.L., and Minhoto Teixeira Filho, M.C. 2022. Bean nutrition and development in the function of
reduced phosphorus doses and inoculation with arbuscular mycorrhizal fungus. Journal of plant nutrition
45(13): 1942-1952. https://doi.org/10.1080/01904167.2022.2043372.
El-Naggar, A., Lee, S.S., Awad, Y.M., Yang, X., Ryu, C., Rizwan, M., Rinklebe, J., Tsang, D.C.W., and
Ok, Y.S. 2018. Influence of soil properties and feedstocks on biochar potential for carbon mineralization
and improvement of infertile soils. Geoderma 332, 100-108.
https://doi.org/10.1016/j.geoderma.2018.06.017.
Epule, TE. 2019. Contribution of organic farming towords global food security: an overview. In:
Chandran S, Unni MR, Thomus S (eds) Organic farming: global perspectives and methods. Publishing
series in food science, technology and nutrition. Wood head Publishing, Cambridge, pp 1-16. ISBN:
9780128132739.
Gogoi, N., Baruah, KK., and Meena, RS. 2018. Grain legumes: impact on soil health and
agroecosystem. In: Meena et al (eds) Legumes for soil health and sustainable management. Springer,
Singapore. https://doi.org/10.1007/978-981-13-0253-4_16.
Gupta, Sh., and Pandey, S. 2020. Enhanced salinity tolerance in the common bean (Phaseolus vulgaris)
plants using twin ACC deaminase producing rhizobacterial inoculation. Rhizosphere Journal 6: 100241.
https://doi.org/10.1016/j.rhisph.2020.100241.
Hosseinzadeh, S.R., Amiri, H., and Ismaili, A. 2018. Evaluation of photosynthesis, physiological, and
biochemical responses of chickpea (Cicer arietinum L. cv. Pirouz) under water deficit stress and use of
vermicompost fertilizer. Journal of Integrative Agriculture 17(11): 2426-2437. doi: 10.1016/S2095-
3119(17)61874-4.

AY


https://pubag.nal.usda.gov/?f%5Bjournal_name%5D%5B%5D=Journal+of+plant+nutrition&f%5Bpublication_year_rev%5D%5B%5D=7978-2022&f%5Bsource%5D%5B%5D=2022+v.45+no.13

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

VO-2) asivo NF¥ Jlo 16 ,los F (0,99) Jlu /3 331 0o GBiB 939 /... 50 52d 511y, g (55915

Huang, Y., Lee, X., Grattieri, M., Yuan, M., Cai, R., Macazo, F.C., and Minteer, S.D., 2020. Modified
biochar for phosphate adsorption in environmentally relevant conditions. Chemical Engineering Journal
380, 122375. https://doi.org/10.1016/j.cej.2019.122375.

Karoline Fioria, A., Oliveira Gutuzzo, G.de., Wilson dos Santos Sanzovo, A., Souza Andrade, D.de,
Martinez de Oliveira, A.L., and Pains Rodrigues, E. 2021. Effects of Rhizobium tropici azide-resistant
mutants on growth, nitrogen nutrition and nodulation of common bean (Phaseolus vulgaris L.).
Rhizosphere 18: 100355. https://doi.org/10.1016/j.rhisph.2021.100355.

Khavari, H., and Shakarami, Gh. 2018. Interaction between fungi and plant growth-promoting
Rhizobacteria and their role on red bean (Phaseolus vulgaris L.) cultivars. Iranian Journal of Pulses
Research 9(2): 178-190. DOI: 10.22067/ijpr. v9i2.62663. In Persian with English Summary.

Khavari, H., and Shakarami, Gh. 2019. Response of yield and yield components of six genotypes of
Pinto beans (Phaseolus vulgaris L.) inoculation with Rhizobium phaseoli. Iranian Journal of Pulses
Research 10(2): 132-148. DOI: 10.22067/ijpr. v10i2.70590. (In Persian with English Summary).
Kumari, S., Kumar, V., Kothari, R., and Kumar, P. 2022. Effect of supplementing biochar obtained from
different wastes on biochemical and yield response of French bean (Phaseolus vulgaris L.): An
experimental study. Biocatalysis and  Agricultural Biotechnology  43: 102432.
https://doi.org/10.1016/j.bcab.2022.102432.

Lee, J., Sarmah, A.K., and Kwon, E.E. 2019. Chapter 1-production and formation of biochar. In: Ok,
Y.S., Tsang, D.C.W., Bolan, N., Novak, J.M. (Eds.), Biochar from Biomass and Waste. Elsevier, pp. 3—
18. https://doi.org/10.1016/B978-0-12-811729- 3.00001-7.

Naseri, B., 2019. Legume root rot control through soil management for sustainable agriculture. In:
Meena, R.S., Kumar, S., Bohra, J.S., Jat, M.L. (Eds.), Sustainable Management of Soil and
Environment. Springer Singapore, Singapore, pp. 217-258. https://doi.org/10.1007/978-981-13-8832-
3.7.

Razakatiana, A.T.E., Trap, J., Baohanta, R.H., Raherimandimby, M., Roux, C.Le., Duponnois, R.,
Ramanankierana, H., and Becquer, T. 2020. Benefits of dual inoculation with arbuscular mycorrhizal
fungi and rhizobia on Pharsalus vulgaris planted in a low-fertility tropical soil. Pedobiologia - Journal
of Soil Ecology 83: 150685. https://doi.org/10.1016/j.pedobi.2020.150685.

Recchia, G.H., Konzen, E.R., Cassieri, F., Caldas, D.G.G., and Tsai, S.M. 2018. Arbuscular Mycorrhizal
Symbiosis Leads to Differential Regulation of Drought-Responsive Genes in Tissue-Specific Root Cells
of Common Bean. Frontiers in Microbiology 9. doi:10.3389/fmich.2018.01339.

Seyahjani Abbasi, E., Yarnia, M., Farahvash, F., Khorshidi Benam, M.B., and Asadi Rahmani., H. 2020.
Influence of Rhizobium, Pseudomonas and Mycorrhiza on Some Physiological Traits of Red Beans
(Phaseolus vulgaris L.) under different irrigation conditions. Legume Research - An International
Journal 43(1): 83-86. DOI: 10.18805/LR-454.

Shahgholi, H., Asgharipour, M.R., Khamari, I., and Ghadiri, A. 2019. Evaluation of energy budget of
bean (Phaseolus vulgaris L.) production in different cropping systems. Iranian Journal of Pulses
Research 10(1): 126-140. DOI: 10.22067/ijpr. v10i1.63255. In Persian with English Summary.

Sharma, A., Sharma, R.P., Katoch, V., and Sharma, G.D. 2018. Influence of vermicompost and split
applied nitrogen on growth, yield, nutrient uptake and soil fertility in pole type french bean (Phaseolus
vulgaris L.) in an Acid Alfisol. Legume Research 41(1): 126-131. DOI: 10.18805/Ir. vOiOF.9107.

Sun, H., Zhang, H., Shi, W., Zhou, M., and Xiaofang, Ma. 2019. Effect of biochar on nitrogen use
efficiency, grain yield and amino acid content of wheat cultivated on saline soil. Plant, Soil and
Environment 65(2): 83-89. https://doi.org/10.17221/525/2018-PSE.

Sun, Y., Zhang, N., Yan, J., and Zhang, S. 2020. Effects of soft rock and biochar applications on millet
(Setaria italica L.) crop performance in sandy soil. Agronomy 10(5): 669;
https://doi.org/10.3390/agronomy10050669.

Taylor, B.N., Simms, E.L., and Komatsu, K.J. 2020. More than a functional group: diversity within the
legume-rhizobia mutualism and its relationship with ecosystem function. Diversity 12(2): 50.
https://doi.org/10.3390/d12020050.

Velez, T.I., Moonilall, N.I., Reed, S., Jayachandran, K., and Scinto, L.J. 2018. Impact of melaleuca
quinguenervia biochar on Phaseolus vulgaris growth, soil nutrients, and microbial gas flux. Journal of
Environmental Quality 47: 1487-1495. doi:10.2134/jeq2017.12.0484.

Wang, J., Andersen, S.U., and Ratet, P. 2018. Editorial: Molecular and Cellular Mechanisms of the
Legume-Rhizobia Symbiosis. Frontiers in Plant Science 9: 18309.
https://doi.org/10.3389/fpls.2018.01839.

AA



VO-2) asivo NF¥ Jlo 16 ,los F (0,99) Jlu /3 331 0o GBiB 939 /... 50 52d 511y, g (55915

28. Yadav, G.S., Das, A, Lal, R., Babu, S., Meena, R.S., Saha, P., Singh, R., Datta, M. 2018. Energy budget
and carbon footprint in a no-till and mulch based rice—mustard cropping system. Journal of Cleaner
Production 191:144-157. https://doi.org/10.1016/j.jclepro.2018.04.173.

29. Ye, L., Camps-Arbestain, M., Shen, Q., Lehmann, J., Singh, B., and Sabir, M., 2020. Biochar effects on
crop yields with and without fertilizer: A meta-analysis of field studies using separate controls. Soil Use
and Management 36:(1), 2-18. https://doi.org/10.1111/ sum.12546.

A4



Iranian Journal of Pulses Research
Homepage: https://ijpr.um.ac.ir
Vol. 14, No. 1, June 2023, p. 75-91 (Original Research Article)

The compression effect of nutrition and chemicals agricultural poisons
management on grows and grain yield of red bean
(Phaseolus vulgaris L.) cultivars in farm conditions

Khavari!, Hadi; Khourgami®*, Ali; Mir Drikvand?®, Reza; and Taleshi*, Kazem

1. PhD. Student in Agrotechnology-Physiology of Crop Plants, Islamic Azad University, Khorramabad Branch, Iran;
2006.khavari.hadi@gmail.com; ORCID: 0002-3127-646X-0000
2. Associate Professor, Academic Staff of the Islamic Azad University, Khorramabad Branch, Iran;
Ali_khorgamy@yahoo.com; ORCID: 0002-4213-9743-0000

3. Associate Professor, Academic Staff of the Islamic Azad University, Khorramabad Branch, Iran; drikvand_r@yahoo.com;
ORCID: 0001-5702-6779-0000

4. Assistant Professor, Academic Staff of Islamic Azad University, Khorramabad Branch, Iran; kazem_taleshi@yahoo.com;
ORCID: 0003-0003-4445-8059

The Dates:
Received: 27 August 2022; Revised: 13 November 2022
Accepted: 30 November 2022; Available Online: 22 June 2023

How to cite this article:
Khavari, H., Khourgami, A., Mir Drikvand, R., and Taleshi, K. 2023. The compression effect
of nutrition and chemicals agricultural poisons management on grows and grain yield of red
bean (Phaseolus vulgaris L.) cultivars in farm conditions. Iranian Journal of Pulses Research
14(1): 75-91. (in Persian with English abstract). DOI: 10.22067/ijpr.v14i1.2208-1044

Introduction

On a global scale, the demand for agricultural products is increasing at the same time as the human
population is growing. Low and middle income countries are struggling to deal with their food security
challenges. from one side, Modern agriculture is being done with the aim of producing maximum crops to
meet the needs of the world's growing population and without ensuring its effects on the environment.
Conventional agricultural practices around the world depend on the extensive use of chemical fertilizers and
pesticides. nowadays, in all cropping systems, reducing dependence on subsidized energy (fertilizers and
chemical pesticides) is one of the main goals. Therefore, it is very important to use the best management
practices of nutrients in diverse ecosystems and different production systems to increase food production and
improve farm profitability along with improving the efficiency of natural resources. Sustainable cropping
systems ensure the long-term performance of the products produced for the developing population now and
in the future without compromising the biological and physical components of the environment in which the
production is taking place. One of the most important tools to achieve this goal is the use of organic
fertilizers of natural origin and effective microorganisms during the production of crops. As a result, it will
be possible to maintain crop productivity and increase soil health in the long term only by increasing the
share of organic resources and biological fertilizers in agricultural ecosystems. In several field researches,
the beneficial role and efficiency of using mycorrhizal and rhizobium biofertilizers and biochar and
vermicompost organic fertilizers in the production of legumes, especially Red beans, have been reported.

Materials and Methods

This experiment was conducted as factorial layout based on a randomized complete block design with
three replications during growing season of 2021 at the experimental field of beiranshahr city of
Khorramabad in Lorestan Province, Iran (48° 29' E, 33° 40' N and 1657m above the sea level). Before
conducting the experiment to determine the physical and chemical properties of soil samples were collected
from 0-30 and 30-60 cm depth of soil. During this experiment effects of tow factors were studied: different
cropping systems included (ecological, integrated, low input, medium input and high input) and different
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variety of red beans (Ofogh, Dadfar, Goli and Yaghot). Arbuscular mycorrhizal inoculum was used at the
rate of 250 kg. ha. Inoculation with rhizobium inoculum in the shade. Rhizobium inoculum was added at
the rate of 50 ml for each kilogram of seeds. Biochar was used at the rate of 10 tons per hectare and
vermicompost at the rate of 15 tons per hectare. Seed yield (with 10-14% moisture) was measured. The
number of stem diameter, number of branches per plant, plant height, number of leaves per plant, and
number of pods per plant were determined by randomly selecting 10 plants (60 cm long) from each
experimental unit and Chlorophyll content of the leaf was estimated by using chlorophyll meter SPAD-502
Plus, Konica Minolta.

Results and Discussion

The results showed that the main effect of cropping systems on the stem diameter, number of branches,
plant height, number of leaves, chlorophyll content, number of pods, seed weight, biomass yield, seed yield
and harvest index were significantly increased. The main effect of variety the number of branches, plant
height, number of leaves, chlorophyll content, pod number, seed weight, biomass yield, seed yield and
harvest index were significantly increased too. and the interaction effects of cropping systems and variety,
the stem diameter, number of branches, plant height, number of leaves, chlorophyll content, number of pods,
seed weight, biomass yield, seed yield and harvest index of red bean variety were significantly increased.
The highest seed yield was obtained in Yaghot variety in high inpout cropping system (3054.30 kg/ha*) and
Yaghot variety in integrated cropping system (3007.33 kg/ha?), both in the same statistical class. The grain
yield in Yaqut cultivar increased by 27.56, 18.14 and 40.09 percent, respectively, compared to Ofogh,
Dadfar and Goli cultivars in the high-input cropping system. And in the integrated cropping system, it
showed an increase of 26.02, 13.25 and 16.50 percent, respectively.

Conclusion

Obtained results of this experiment showed that the integrated cropping system was able to bring the
agricultural characteristics of red bean variety to the highest level in comparison with the ecological, low-
input and medium-input cropping systems, in order to increase economic production, on par with the high-
input cropping system. As a result, it is predicted that the results of this study can be useful for shaping new
management methods to improve red bean crop production.

Keywords: Food security: Grain yield: Harvest index: Leaf chlorophyll: Sustainable production
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Table 1. Used lentil genotypes in experiment
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No. Genotype Origin No. Genotype Origin
1. MLC8! Iran 10. MLC103  Icarda(ILL5698)

2. MLC11 Iran 11. MLC286 Iran
3. MLC13 Iran 12. MLC303 Iran
4. MLC17 Iran 13. MLC334 Iran
5. MLC33 Iran 14. MLC407 Iran
6. MLC38 Iran 15. MLC409 Iran
7. MLC47 Iran 16. MLC454 Iran
8. MLC70 Icarda(ILL7681) 17. MLC469 Iran
9. MLC84 Icarda(ILL7723) 18. MLC472 Iran
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MLC: Mashhad Lentil Collection, ILL: International Legume Lentil.
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Fig. 1. Monthly rainfall and minimum temperature during lentil genotypes growing season under controlled condition
in 2019
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Table 2. Effect of freezing temperature on survival percentage of lentil genotypes under controlled conditions

Survival percentage <l suo yo

Freezing temperature (°C) S35 b

-15 -18 -20
70.0 30.7 0.00
70.3 86.7 0.00
81.7 7.00 0.00
86.7 12.7 0.00
713 16.7 0.00
30.0 0.00 0.00
68.3 67.0 0.00
83.3 12.7 0.00
20.7 21.0 0.00
20.3 6.33 0.00
69.0 22.3 0.00
65.3 14.3 0.00
59.7 28.0 0.00
78.3 26.7 0.00
90.3 34.7 0.00
86.0 23.3 0.00
16.3 26.3 0.00
74.7 0.00 0.00

df gol;l ax o

Sla o S5LeMean squares

929™
104525
763
162

et )]

Genotype 0
IMLCS8 100
MLC11 100
MLC13 100
MLC17 100
MLC33 100
MLC38 100
MLC47 100
MLC70 100
MLC84 100

MLC103 100
MLC286 100
MLC303 100

MLC334 100

MLC407 100

MLC409 100

MLC454 100

MLC469 100

MLC472 100
LSDo.05 20.6

SOV, mlos
I g55Genotype(G) 17
LsTemperature (T) 3
Lo xi55GXT 51
Us-Error 144
C.V (%) -

27.1

Sl g o TV o0 S Jloio gl 4o lo cine st ooy iy Jloir| rhans 4o jlo cine gl Jlos LSD agiie uae (5emSlS :-MLC -
MLC: Mashhad Lentil Collection. LSD: Least significant difference, at level of 0.05. **: Significant (P< 0.01), C.V: Coefficient Variation.
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Table 3. Photosynthesis pigments contents in lentil genotypes before freezing stress under controlled condition

Lalo S, Js
3 055 (Hu0)a Jud ) 55 (o)D) Jud 3 05 o) buigiis )5 E _ _
iy » mfg“slm J»fs;if » F;Sg“slw J»fs;if » F)Sgs{*“ fws) by b5 o5 o sFoslen)
(5 039 (5 039 es (¥ 0395 a/b .
(F 039
Genotype Cha Chb Carotenoieds Cha/Chb Total pigment
(mg.gfw?) (mg.gfw?) (mg.gfw?) (mg.gfw?)
MLC8 0.564% 0.264® 0.179* 2.13%® 1.0072
MLC11 0.451%¢ 0.236*¢ 0.129%¢ 1.90*¢ 0.818*¢
MLC13 0.457%¢ 0.256*¢ 0.138¢ 1.78°¢ 0.851*¢
MLC17 0.551%® 0.261*¢ 0.170® 2.11% 0.981*
MLC33 0.434%¢ 0.262*¢ 0.141%¢ 1.66™ 0.836*¢
MLC38 0.510%¢ 0.252%¢ 0.167® 2.02%¢ 0.929*¢
MLC47 0.375*¢ 0.219% 0.096¢ 1.71% 0.690*¢
MLC70 0.501%*¢ 0.244%¢ 0.129%¢ 2.05*¢ 0.875*¢
MLCB84 0.489%¢ 0.246%° 0.139%4 1.98%¢ 0.875*¢
MLC103 0.344° 0.251%*¢ 0.068¢ 1.36° 0.664™
MLC286 0.463*¢ 0.256*¢ 0.119%4 1.81% 0.838*¢
MLC303 0.329° 0.216° 0.087¢ 1.52b¢ 0.632°
MLC334 0.503*¢ 0.269* 0.127%4 1.86*¢ 0.899*¢
MLC407 0.509%¢ 0.234%¢ 0.139%4 2.16% 0.881*¢
MLC409 0.399%¢ 0.260*¢ 0.098¢ 1.53% 0.757%¢
MLC454 0.583% 0.231%*¢ 0.150*¢ 2.522 0.964%
MLC469 0.389*¢ 0.225%¢ 0.098¢ 1.73% 0.712%*¢
MLCA472 0.443*¢ 0.241%¢ 0.112%¢ 1.83" 0.796%¢
df ax o
SOV, s slo i Sla e S5LeMean squares
)
—3si5Genotype(G) 17 0.016™ 0.001™ 0.046™ 0.231™ 0.035**
W>Error 36 0.004 0.0002 0.023 0.046 0.009
C.V (%) - 14.2 5.7 19.7 115 11.7

Sl o5 TV o0 G Jlozl grlans 45 lo ine st 0o o ety Jlotir| el 50 Jlo txe iglis Jila LSD g uae y50uSIS MLC -y
MLC: Mashhad Lentil Collection. LSD: Least significant difference, at level of 0.05. **: Significant (P< 0.01), C.V: Coefficient Variation.
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Table 4. DPPH, anthocyanin, total phenol and soluble carbohydrates in lentil genotypes before freezing stress under
controlled condition

DPPH of31 JWaoly cadlad sl 32 Jgo (o) cmibowsit] 2 0,5 o) S5 S sl S
T (5 03905 2 el k) (Foi9es (5039 (5 039055 305 o) elmo
DPPH Anthocyanin Phenol Soluble carbohydrates
Genotype (mg.gfw™) (mmol.gfw™) (mg.gfw™) (mg.gfw™)
IMLC8 1.01%® 0.685° 126%¢ 1.79¢
MLC11 1.07° 1.29%¢ 125%¢ 1.80¢
MLC13 0.931® 1.22% 144 3.28°
MLC17 0.750%® 1.42"¢ 116%¢ 1.83¢
MLC33 0.803* 2.11%® 113%¢ 2.22%
MLC38 0.780® 1.65%¢ 109*¢ 1.57¢
MLC47 0.762% 1.66*¢ 1552 1.99¢
MLC70 1.08° 1.44"¢ 151 1.98¢
MLC84 0.917® 2.05% 135® 2.12¢
MLC103 0.558° 0.908¢¢ 68.9° 3.25%
MLC286 0.942%® 1.40%¢ 126%¢ 2.00°
MLC303 0.666® 2.04%® 88.1™ 1.91°
MLC334 1.05° 1.83%d 142%® 2.23%
MLC407 1.09° 0.935%¢ 149 2.10°
MLC409 0.999® 1.97%¢ 160? 3.58°
MLC454 1.042 1.49%¢ 112%¢ 2.05¢
MLC469 1.128 1.57%¢ 148® 1.67¢
MLC472 1.05° 2.528 137%® 1.75°
df a> o .
SOV,.w slo i Slas o SileMean squares
L)
=5 g55Genotype 17 0.089™ 0.669™ 1724** 1.02**
Was-Error 36 0.031 0.105 382 0.101
C.V (%) 15.9 20.7 15.3 14.6

Sl gy TV o0 S Jlozo s 4o lo cine st ooy iy Jloir| rhans 4o jlo cine gl JBlas LD agiie uae 0SSl :-MLC -3
MLC: Mashhad Lentil Collection. LSD: Least significant difference, at level of 0.05. **: Significant (P< 0.01), C.V: Coefficient Variation.
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Goob 5l wyeB 5 4 Jexe slacads) (ileds 090 5
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Table 5. MDA, proline, catalase, peroxidase, relative water content, and osmotic potential in lentil genotypes before
freezing stress under controlled condition.

w5l g8 lle : s aslg) YL
llstorle e S ety Ty 1) el il
i e 2deegl) eSS Gig eSS 0 aidd e -
T i . . . B (55 039 ps5 o aids (w2%) Sy (Jswty
(5 oigpss (5 oigps (5
MDA Proline Catalase Peroxidase RWC Osmotic potential
Genotype (nmol gfw™) (mg.gfw?) (unit min gfw?) (unit min gfw™) (%) (MPa)
IMLC8 112¢f 3.52% 1047¢9 4.10" 72.3*°¢ -2.22°
MLC11 155%¢ 5.26%¢ 168849 4.69% 86.3% -2.49%
MLC13 81.9%9 4.08*¢ 26609 3.67> 87.0% -2.03%
MLC17 39.39 3.60™ 2051¢9 4.15 83.6% -1.84%
MLC33 120%¢ 3.74% 8279 5.94° 71.0%¢ -2.42°
MLC38 1264 2.84¢ 2195°f 3.28% 79.3% -2.76%
MLC47 63.6%9 4.16%¢ 134899 459 71.8%¢ -2.43°
MLC70 93.2¢9 6.13%® 1000 3.52%¢ 67.2%¢ -2.16%
MLC84 123« 3.90%¢ 106259 4,29 69.1%¢ -2.36°
MLC103 45,8 5.40%¢ 3932° 5.22% 53.3° -2.62%®
MLC286 71.5%9 5.87%¢ 5777% 3.78% 65.2% -3.212
MLC303 53.1%9 7.022 2252¢f 9.722 74.0° -1.86%
MLC334 116%¢ 5.69%¢ 2344°¢ 5.09% 72.2%¢ -3.132
MLC407 117¢¢ 5.34%¢ 3256 2.61° 76.0% -2.58%®
MLC409 193® 5.10%¢ 17309 4.33% 64.8> -2.47%
MLC454 219? 2.93% 12969 6.04° 64.3% -2.13%
MLC469 13084 3.60™ 2210 9.77° 71.2%¢ -1.60°
MLC472 12754 4.78*¢ 139699 11.9° 82.2% -2.48®
LSD(0.05) 34.9 1.65 678 157 0.862
S.0V df Mean squaresls yo . ileo
—ssiGenotyp 17 6894 417" 4527808 19.17 223" 0521
e
L>Error 36 445 0.989 167387 0.895 35.57 0.271
C.V (%) - 19.1 21.6 19.3 17.6 15.6 21.9

Sl 30 TV o0 S Jloio gl 4o lo cine st 0oy iy Jloi| b 4o jlo cine glis JBla LSD agie uae (5SSl :MLC -3
MLC: Mashhad Lentil Collection. LSD: Least significant difference, at level of 0.05. **: Significant (P<0.01), C.V: Coefficient Variation.
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Table 6. Effect of freezing temperature on plant height and dry weight of lentil genotypes after freezing under
controlled conditions

Plant Height (cm) (s s6lw) & g9 gl

Biomass (mg.plant™) (aigs y5 o5 (shwo) 0395 o

i Freezing temperature (°C) )¢ slod Freezing temperature (°C) $sj¢& sled
Genotype 0 -15 -18 -20 0 -15 -18 -20
MLCS8 19.8% 13.4*"  3.83"  0.00° 204 144" 45™ 0.00"
MLC11 20.5% 175  16.8*¢ 0.00° 2932 232%9 1245 0.00%
MLC13 15.0*9 14.7%9  1.11°° 0.00° 119 199k 22.7"V 0.00%
MLC17 16.0*f 11.8" 1.33"  0.00° 286%¢ 270%d 10.7v" 0.00"
MLC33 15.1%9 11.2¢9  2.00™"  0.00° 1509° 1469° 22.7"V 0.00%
MLC38 8.339° 5.33" 0.00°  0.00° 73.5™" 32.7%% 0.00% 0.00"
MLCA47 16.4%¢ 14.7¢0 9.22¢™  0.00° 178&m 1549 179¢m 0.00"
MLC70 18. 7% 16.0% 1.33"  0.00° 168Fm 193 117 0.00%
MLC84 16.2%¢ 506"  3.96"  0.00° 15891 42.0™" 39.7"W 0.00"
MLC103 11.9° 5.31 150"  0.00° 110" 20.3W 16.0" 0.00"
MLC286 14,750 8.61"" 450" 0.00° 110" 132" 28.0t% 0.00%
MLC303 11.7% 13.8*"  1.00°P  0.00° 1629™ 1629™ 13.0"" 0.00%
MLC334 15.5%9 10.7%  4.10"  0.00° 250%f 116 65.00% 0.00"
MLC407 14,750 15.8>fF  3.39P  0.00° 218! 1589" 40.0"" 0.00"
MLC409 9.83+ 9.67%" 467" 0.00° 50.0%% 94.0™v 55.3%% 0.00"
MLC454 17.3*¢ 14.2¢" 3,61 0.00° 215% 291% 52.7%% 0.00"
MLC469 17.5%¢ 7.21™  2.89""  0.00° 222%h 494w 61.7°% 0.00%
MLC472 17.4*¢ 15.7*9 0.00° 0.00° 256*¢ 225" 0.00% 0.00"
LSD.05) 3.35 39.1
S.0V & wlo df ol;T ax o Mean squares <le 5o (Sl
3 553Genotype(G) 17 58.6™ 16437
L.sTemperature (T) 3 2711 386884
Lod xigi5GXT 51 228" 7831
WLs-Error 144 4.30 586
C.V (%) - 27.0 26.1

Olss 0 CV o0 S ol mhaws 5o Jls cxe

Sy my Jleisl mhaw jo Iy cee Dglas J8las LSD Lagie i (ganSIS :MLC -3

MLC: Mashhad Lentil Collection. LSD: Least significant difference, at level of 0.05. **: Significant (P<0.01), C.V: Coefficient Variation.
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Table 8. Factor analysis for lentil genotypes under freezing stress

Traits o Joldele  pgo Jole pow Jole ol Jole iy Jole ol Jole
Factor1 Factor2  Factor 3 Factor 4 Factor 5 Factor 6
Survival Ly -0.442 0.482 0.599 -0.072 0.194 -0.135
Cha a Judy,l5 -0.892 -0.376 -0.058 -0.024 -0.109 0.088
Chb b sy, ls -0.194 -0.700 0.200 0.227 0.018 -0.457
Carotenoids loaseiy s -0.850 -0.398 -0.212 -0.128 -0.004 -0.168
Cha/Chb a/lb J.sy 15 -0.891 -0.110 -0.137 -0.092 -0.115 0.310
Total pigment LalbSs, J5 -0.864 -0.466 -0.067 -0.018 -0.072 -0.054
DPPH o5 ool edlaé o -0.613 0.304 0.246 0.460 -0.215 0.217
Anthocyanin U»Lwa»j 0.212 0.377 -0.401 0.497 -0.325 -0.404
Phenol &5 Jsd -0.402 0.309 0.338 0.501 0.027 -0.163
Soluble carbohydrates ~ Jslxe slol,anes S 0.424 -0.258 0.414 0.358 0.551 -0.113
MDA aSallsagglle -0.450 0.159 -0.042 0.697 0.057 0.318
Proline Olen 0.488 0.258 0.549 -0.115 -0.332 -0.029
Catalase bty 0.419 -0.382 0.434 -0.257 -0.377 0.187
Peroxidase oSty 0.332 0.603 -0.512 0.108 -0.260 0.021
RWC S ol o Slgime -0.464 0.296 -0.121 -0.254 -0.086 -0.603
Osmotic potential & yomol Jomniliy 0.075 -0.415 0.509 0.203 -0.556 -0.093
Plant height o gl -0.512 0.636 0.425 -0.233 0.065 0.017
Dry weight 0345 s -0.581 0.613 0.152 -0.344 -0.010 -0.045
Eigenvalue oy polis 5.60 3.29 221 1.78 1.17 1.12
Cumulative % PR TNV WIS 31.12 49.40 61.67 71.54 78.02 84.27
4
3 1
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Fig. 2. Distribution of lentil genotypes on the basis of the first and the second components. MLC: Mashhad Lentil

Collection
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Fig. 3. Cluster grouping of lentil genotypes based on studied characteristic under controlled conditions (B). MLC:
Mashhad Lentil Collection
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Table 9.The results of discriminant function for clustering validity of lentil genotypes under controlled conditions

Group Group Membership og,5 slasl  Total JS zox
1 2 3 4
1 9 0 0 0 9
Esome 2 0 6 0 0 6
Total 3 0 0 2 0 2
4 0 0 0 1 1
1 100 0 0 0 100
KW 2 0 100 0 0 100
Pecentage 3 0 0 100 0 100
4 0 0 0 100 100

B (gaieg,8 g yd 4 bnog 5V 4.
100% of original grouped cases correctly classified.

Lagyl 51 olgise 9dylo [S0aSs b (o8 (S5 alold pg0 5 ol
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Table 10. Standardized canonical discriminant function coefficients measured groups in lentil genotypes under salinity

stress
Traits o (Canonical varieties) S gils’ (b yuico
1 2 3

Survival & -0.942 0.562 0.469*
Cha a by ks -9.438 1.433 -1.293*

Chb b L3g,ls 6.074 2.138 1.162*
Cartenoieds [EXVINEPILY 3.075 2.283* -0.208
Cha/Chb alb 35,15 7.050 2.272* -0.497

Total pigment LalbSs, J5 0.955 -6.942 0.711*
DPPH ol3T JGol, codlas e -5.070 2.206 -0.366*
Antocyanin Ol g -7.331 2.447* 0.166
Phenol I Js 5.736 -1.492 0.633*
Soluble Carbohydrate ~ Jslxe slal,aues S -3.145 0.222* -1.029
MDA aallgsslle 2.108 -1.789 0.199*

Proline oo 3.877 -1.218* 0.186
Catalase bty 3.447* 0.110 0.045
Peroxidase oSy 5.247 -0.794* -0.040
Eigenvalue polds ofsg 227 1.229 0.689

Cumulative % Qo )d (o (SHeS 99.2 99.7 100

Canonical Correlation ot SigilS 0.998** 0.743* 0.639*

(SgilS ki g Cuko HB (00 oddline S o YL *
*: Largest absolute correlation between each variable and any discriminant function

oudy 08 bl ol )0 (ae axlllae 3590 Glio (wlwl 2 rog )5 (Wl yo (1255k) (Wil lg &1 325 -1 Jgur
Table 11. Analysis of variance (mean square) based on measured groups in lentil genotypes under controlled

conditions
. s Between Groups  Within Groups
Traits o oy, s Wog,S Js1
df @ollaz o 3 14
Survival [ 98.0"™ 73.0™
Cha a Judg IS 0.001" 0.005™
Chb b Lsg,ls 0.000™ 0.000™
Cartenoieds laseisg,ls 0.001" 0.001"
Cha/Chb alb g ,15 0.015™ 0.047™
Total pigment bails s, s 0.004"™ 0.011"
DPPH Ol3T IS0ty edlad e 0.017™ 0.032™
Antocyanin byl 0.339" 0.198™
Phenol g5 Jsd 403™ 611"
Soluble Carbohydrate ~ Jsle slacl g S 0.196™ 0.369™
MDA RVCRV YT 3483 2045m
Prolin odon 1.094" 1.451™
Catalase Ll 8148805™ 86652
Peroxidase oSy 2.96™ 7.11™
RWC S ol o (g 182" 49.3"
Osmotic Potential & yomol Jumnily 0.327™ 0.141™
Plant Height g gl 6.65" 4.50"
Dry Weight 0065 S 935™ 1463™

Aoy8 S g i Jlisl ol 4o lo pee i 4 e g %
= and =« probability levels of 5% and 1%, respectively.
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Fig. 5. Cluster grouping of lentil genotypes based on significant canonical variable under controlled conditions.
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Table 12. Mean and deviation from mean of groups in cluster analysis for traits in Lentil genotypes under controlled
conditions
09,5 Group
1 2 3 4
Traits MLC8, MLC84, MLC70,
MLC33, MLC47, MLC13, MLC17, MLC38,
MLCA472, MLC454, MLC469, MLC303, MLC334 ~ MLC103 MLC407 MLC286
MLC11, MLC409
ole S T s T s T s T
A 50.8 3.84 42.8 -4.09 415 -5.47 47.8 0.907
B 0.465 0.008 0.453 -0.003 0.426 -0.030 0.463 0.006
C 0.253 0.004 0.242 -0.007 0.248 -0.001 0.256 0.007
D 0.130 0.002 0.134 0.006 0.104 -0.024 0.119 -0.009
E 1.87 0.028 1.85 0.009 171 -0.135 1.81 -0.037
F 0.853 0.020 0.820 -0.012 0.778 -0.055 0.838 0.005
G 0.958 0.048 0.861 -0.049 0.827 -0.083 0.942 0.032
H 1.69 0.125 1.62 0.054 0.922 -0.645 1.40 -0.165
I 135 6.693 125 -3.33 109 -19.2 126 -1.93
J 2.14 -0.031 2.08 -0.092 2.67 0.500 2.00 -0.170
K 134 236 90.9 -19.4 81.3 -28.9 715 -38.7
L 439 -0.217 4.47 -0.139 5.37 0.761 5.87 1.26
M 1266 -849 2285 170 3594 1479 5777 3662
N 5.49 0.116 5.95 0.576 3.92 -1.46 3.78 -1.59
o] 70.6 -0.333 76.8 5.82 61.0 -9.96 59.0 -12.0
P 2.35 -0.025 2.20 -0.175 2.60 0.221 321 0.832
Q 8.72 1.05 6.59 -1.09 6.58 -1.10 6.94 -0.731
R 103 10.8 88.1 -4.56 70.3 -22.3 67.5 -25.2

F b Js )15 4 880l s B (5 g )5 2 05 o) oissn)lS D (5 35 p5 2 e S skl B o 5 C (5 s 5 2 05 skeo) @ e 5 B () iy A s e (3enSIS MLC
Slolnms S (5 ois e85 2 S Skes) IS Jssb ol (5 0gs 05 5 e o) oiliwstl H (5 039 25 2 5 hes) DPPH 03T IS0, cled Jlee G o5 05 5 2 5 sleo) oo S5, U5
P 039 005 5o aids po 95l SlanaSly N (3 03 05 50 ke 1o 9219) VB M (5 035 005 2 5 he) s L o5 03 25 2 Jsesil) ssiallsonslle KOG g 005 5 o) Jslne
Silee 51 BT 09 )5 Silee S (g 10 o, o) 0055y R (JSblKe) (650l Jamiliy Q (/) Sy O (oo (glgimo
MLC: Mashhad Lentil Collection, A: Survival (%), B: Chlorophyll a (mg.gfw), C: Chlorophyll b (mg.gfw), D: Carotenoieds (mg.gfw), E: Cha/Chb, F:
Total pigments (mg.gfw), G: DPPH (mg.gfw), H: Anthocyanin (mmol.gfw), I: Phenol (mg.gfw), J: Soluble carbohydrates (mg.gfw), K: MDA (nm.gfw-
1), L: Proline (mg.gfw™), M: Catalase (unit min gfw™), N: Peroxidase (unit min gfw), O: RWC (%), P: Osmotic potential (MPa), Q: Plant height (cm), R: Dry
weight (mg.plant™) S: Group mean, T: Deviation from mean.
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Introduction

Lentil (Lens culinaris Medik.) is an important legume that plays a significant role in food security and
human nutrition in the world. Lentils provide protein and fiber, as well as many vitamins and minerals, such
as iron, zinc, folate, and magnesium. Lentil is a moderately drought tolerant crop, but the yield is drastically
reduced with increased drought stress. One of the simplest ways to reduce the effects of drought stress is
regulate plant growth period to avoid moisture stress; termed as drought escape; therefore, autumn planting
can be effective in reducing the effects of drought stress in lentile. On the other hand, cold and freezing are
the most important factor limiting lentil cultivation in autumn planting. Considering the importance of
autumn planting in cold and highlands areas to use the seasonal rainfall in lentile crop and also due to the
diversity among lentil genotypes for cold tolerance and the importance of lentil as a source of high
nutritional value, this study was conducted to identify cold tolerant lentils genotypes.

Materials and Methods

This research was carried out in order to investigate the effective traits in freezing tolerance of lentil
genotypes, as factorial based on Completely Randomized Design with three replications under controlled
conditions at Ferdowsi University of Mashhad in 2020. The studied factors included 18 lentil genotypes at
four freezing temperatures (0, -15, -18 and -20 °C). The pots were irrigated 24 hours before the freezing
stress and then transferred to the thermogradient freezer to apply the tretments in mid-February. The freezer
temperature at the beginning of the experiment was 5 °C and after placing the samples with slope of 2 °C per
hour the temperature decreased. In order to create ice nucleation in the plant and to avoid the supercooling
phenomenon, at 3 °C, Ice nucleation active bacteria (INAB) were sprayed on the plant. In order to balance
the ambient temperature, seedlings were kept in each temperature treatment for one hour and then overnight
in a cold room at 5 °C. Before exposing the plant to freezing stress, photosynthetic pigments, DPPH radical
activity, anthocyanin, total phenol, soluble carbohydrates, malondialdehyde (MDA), proline content, catalase
activity, peroxidase activity, and the relative water content (RWC) of the osmotic potential were measured.
Three weeks after transferring the samples to the greenhouse, the survival percentage of the samples were
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evaluated. Plant survival percentage was calculated by counting the number of live plants before and after
frost stress in each pot.

Results and Discussion

The results showed that lowering the temperature to -18 and -20°C reduced the survival rate in most
genotypes. The highest survival percentage was observed in MLC11 genotype at -18°C. None of the studied
genotypes could withstand temperatures of -20°C. At -15°C, MLC13, MLC17, MLC70, MLC409 and
MLC454 genotypes had a survival of over 80%. Factor analysis showed that the first factor accounted for
31.12% of the changes with chlorophyll a, carotenoids, Cha to Chb ratio, total photosynthetic pigments and
inhibition of DPPH free radical activity and the second factor accounted for 18.28% of the changes with
chlorophyll b, peroxidase, plant height and biomass justifies. Due to these traits, MLC8, MLC13, MLC17,
MLC38, MLC84, MLC286 and MLC334 genotypes are considered as high stress tolerance genotypes.
Analysis of genotype clusters and comparison of group means showed that all traits except soluble
carbohydrates, proline, relative leaf water content, catalase and osmotic potential in the first group (MLCS,
MLC11, MLC33, MLC47, MLC70, MLC84, MLC4, MLC409, MLC409) They were superior to the total
average.

Conclusion

Significant variations were observed among the genotypes studied in terms of survival rate, regrowth,
and antioxidant traits. Clustering and mean comparison analysis revealed that genotypes in the first group
exhibited superior cold tolerance. These genotypes outperformed the overall average in most of the examined
traits. On the other hand, genotypes in the second and third groups had lower mean survival rates compared
to the overall mean, indicating their higher sensitivity to stress. The first group included genotypes MLCS,
MLC11, MLC33, MLC47, MLC70, MLC84, MLC409, MLC454, and MLC472. Further investigations of
these genotypes under field conditions are recommended to explore their potential and performance.

Keywords: Catalase: Cluster analysis: Osmotic potential: Proline: Soluble carbohydrates
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Fig. 1. Monthly rainfall, pan evaporation (E), sunshine duration, mean minimum and maximum air temperatures
(Tmin and Tmax, respectively) and relative humidity (RH) during 2019- 2020 growing season
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Table 1. Physical and chemical characteristics of the soil in 0-30 cm depth
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Table 2. Analysis of variance for the effect of irrigation regime, cropping system and fertilizer system on pod No. plant
! grain No. pod?, grain weight, biological yield, harvest index and grain yield of chickpea
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*and **: significant at the 5% and 1% probability levels, respectively. ns: Non significant; €: Coefficient of variation
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Table 3. Effects of Ir x Cs interaction on pod No. plant?, biological yield, harvest index and grain yield of chickpea
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* Means in each column followed by the same letters are not significantly different at 5% probability level using LSD test.
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Table 4. Effects of Ir x Fs interaction on grain No. pod™, grain weight, biological yield, harvest index and grain yield of

chickpea
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* Means in each column followed by the same letters are not significantly different at 5% probability level using LSD test. £: Chemical (50 kg P ha! and 150 kg N ha),
££: Integrated (25 kg P ha'%, 75 kg N ha' and 20 tons ha'* of sheep manure + inoculation with Pseudomonas fluorescens and Azospirillum brasilense), ¥: Organic (40 tons
ha* of sheep manure + inoculated with Pseudomonas fluorescens and Azospirillum brasilense)
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Table 5. Effect of Cs x Fs interaction on grain weight, biological yield, harvest index and grain yield of chickpea
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Table 6. Analysis of variance for the effect of irrigation regime and fertilizer system on
LERCchickpea and LERtotal in chickpea-triticale intercropping

layo (rSileo
Mean of squares

o) (611 S

(LER)
o bio &3l a0 Sg 5
S.0.vV df chickpea Total
)“&_S (R) 2 0.0006™ 0.0081™
Replication
kel o, (IN) 1 0.4802™ 1.4000"
Irrigation regimes
(A st 2 0.0091 0.0016
Error (a)
(3 el 2 0.0381™ 0.0247"
Fertilizer system (Fs)
Ir x Fs 2 0.0024™ 0.0089™
() b= 8 0.0018 0.0141
Error (b)
(2y2) Slesdd o 22 6.55 8.85
CVE (%)

(& et NS Lo yd S g oy gty Jletil prlans 40 (60 cire i ey X g

*

*and **: significant at the 5% and 1% probability levels, respectively. ns: Non significant; €: Coefficient of variation

alolw 5l pin ao )0 VY 5 VY Jlade a4y i i 4y g o gime
ahal) ey S ln S (Y J992) 9 (pler® 095
(onl gl oyle by e caS o Jaasme o, Sloe b goniins
) 9 Al slajless 50 0976 (e Sl p S 55 2

\YY

6055 dilalw 1S5L5 o 0558 10 ey Sl L
333558 ey S mlp aF LS (Fsam) <35 8
yob 4 55he (6055 ladileln yo asls pl ol o


https://doi.org/10.1016/j.fcr.2013.09.010
https://doi.org/10.2134/agronj13.0590
https://doi.org/10.2134/agronj13.0590
https://doi.org/10.1016/j.fcr.2013.09.010
https://dx.doi.org/10.1016/S0140-1963(03)00052-1
https://dx.doi.org/10.1016/S0140-1963(03)00052-1
https://doi.org/10.1017/S0014479700010978
https://doi.org/10.22067/jag.v11i3.79532
https://doi.org/10.22067/jag.v11i3.79532
https://dx.doi.org/10.22067/ijpr.v9i1.56037

WYY dmio DY Jlo 5,5l VF (0590) Sl /ol 931 U g GO GB 3 /... Shoe iiSTg 11,1500 g 599 Gnidy

O =l S [l 8l g 995 0 LS L (Sl
.(Mariotti et al., 2006) w.i coalive Sisle

g bgloe ciS 0 0950 o, Slas 090 i b Gles o ]
adls LI o Sleard 955 4 Cond il () 05,1

[eHe Ja9J.>LA SiS K9y >_w.b 9).: B sL»_w‘) o O

JS 99955y (6l Camand 31 (5395 dilobs 3 5okl 025y I ST -V Jgux
Table 7. Effects of irrigation regime and fertilizer system on LERchickpea and
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Introduction

Water stress and nitrogen (N) excess or defficiency are the major problems and the main cause of yield
and yield components reduction as compared to other non-biological stresses (Barati & Bijanzadeh, 2020) in
crop productions of arid areas. Organic farming is proposed as a solution for above problems. This farming
system reduce using of chemical inputs and irrigation water use. The utilization of free aerobic bacteria, such
as Azospirillum brasilense, in organic farming practices offers the potential to reduce the need for nitrogen
fertilizer by harnessing the ability of these bacteria to stabilize atmospheric nitrogen (N2). Similarly, the
application of Pseudomonas fluorescens can enhance the availability of soluble phosphorus in the soil,
benefiting plant growth and nutrient uptake. In addition, intercropping is recommended as a strategy to
enhance biodiversity in organic farming systems. This approach can alleviate water and nutrient stresses by
reducing competition among plants for these resources in the soil. However, there is a lack of information
regarding the interaction between organic fertilizer and the triticale-chickpea intercropping system in
mitigating the detrimental effects of water stress on chickpea. To address this knowledge gap, the present
study was conducted in the arid region of Darab, located in the Fars province of southern Iran. Therefore,
this study was aimed to investigate the interaction effect of different fertilizer systems (chemical, Integrated
and biological) and different irrigation regimes on the yield and yield components of chickpea in sole and
intercropping of chickpea-triticale, in an arid area of southern Iran (Fars province - Darab).

Materials and Methods

This experiment was performed as a split factorial on a randomized complete block design with three
replications in the research farm of Darab Faculty of Agriculture and Natural Resources - Shiraz University
in the 2019-2020 growing season. Experimental treatments included two levels of irrigation (Ir) [Normal
(IRn): irrigation based on the plant water requirement and water stress (WS): irrigation based on the plant
water requirement up to the flowering stage] as the main factor. Sub-factors included three sources of
fertilizer system (Fs) [Chemical: 50 kg P hat +150 kg N ha, Integrated: 25 kg P ha' + 75 kg N ha + 20
tons manure sheep ha™ + inoculation with Pseudomonas fluorescens and Azospirillum brasilens, Bio: 40 tons
manure sheep ha* + inoculation with Pseudomonas fluorescens and Azospirillum brasillens] and two types
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of cropping system (Cs) [monoculture of chickpea and intercropping of triticale-chickpea (1:1)]. Grain yield
and its components of chickpea was measured and harvest index (%) were calculated. Data were analyzed
using SAS 9.1 software and the means were separated by least significant difference (LSD) test at 5%
probability level.

Results and Discussion

The Ir x Fs interaction showed that the water stress significantly reduced grain yield of chickpea.
However, it’s the highest and lowest reduction was obtained in the chemical and bio fertilizer treatments by
68% and 27%, respectively. In a similar study, the lowest reduction in chickpea yield under water stress
compared to normal irrigation was obtained in bio fertilizer treatment (Khalegh nezhad & Jabari, 2015). The
Ir x Cs interaction also showed significant effect on the grain yield. The impact of water stress on grain yield
varied depending on the cropping system, with the highest reduction observed in monocropped chickpea
(55%) and the lowest reduction in intercropped chickpea (24%). This interaction also revealed that both
intercropped and sole chickpea experienced decreases in yield and yield components under water stress, but
the severity of the reduction was greater in sole cropping. Analysis of chickpea yield components, such as
the number of pods per plant, biomass yield, and harvest index, showed similar trends as observed in grain
yield under the Ir x Cs interaction. The Ir x Fs interaction had differing effects on the number of seeds per
pod and seed weight, with water stress leading to a decrease in these traits. Similar to the behavior of grain
yield, the least reduction in these traits under water stress was observed in the Bio and integrated fertilizer
systems. Water stress increased the LER of pea and total LER by 65% and 51%, respectively, as compared to
the IRn conditions.

Conclusion

The results of this study showed that the water stress after flowering stage of chickpea led to a decrease
in grain yield and its components that have been formed at this stage. If farmers intend to cut off irrigation
after the flowering stage in chickpea due to the lack of water resources, it is suggested to use of chickpea-
triticale intercropping system and the bio or integrated fertilizers that are as environmentally friendly
alternatives to chemical fertilizers for increasing chickpea grain yield.

Keywords: Biological yield: Harvest index: Low input: Sustainable agriculture
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Fig. 1. The interaction of time and pH (a), the interaction of temperature and pH (b), the interaction of time and
temperature (c) on the emulsion capacity of lentil protein
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Fig. 2. The interaction of time and pH (a), the interaction of temperature and pH (b), the interaction of time and
temperature (c) on the emulsion stability of lentil protein
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Fig. 3. The interaction of time and pH (a), the interaction of temperature and pH (b) on the foaming capacity at zero
moment
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Introduction

In this study, the influence of three independent variables, namely temperature (ranging from 4 to 30
degrees Celsius), time (ranging from 20 to 60 minutes), and pH (ranging from 8.50 to 10), on the extraction
of Kimia lentil protein, as well as the physical, chemical, and functional properties of the extracted protein,
including emulsion capacity, emulsion stability, foam formation capacity, and foam stability, were evaluated.
The response surface method, specifically the central composite design with 6 repetitions at the central point,
was employed to conduct 20 standardized experiments. The maximum protein yield was achieved under the
optimal conditions of a temperature of 30°C, a time of 20 minutes, and a pH value of 8.6. The highest foam
stability was observed after 30 minutes of foam formation at a pH of 8.5, while the highest emulsifying
capacity was observed at a pH of 10. The results of this research demonstrated that the lentil protein isolate
from the Kimia variety can be effectively incorporated into food formulations, enhancing their nutritional
value and functional characteristics. The lentil protein isolate is considered a high-quality natural protein and
can serve as a valuable ingredient for improving the health benefits of food products or as a nutrient source
on its own.

Materials and Methods

The raw material used in this research, including green lentil seeds of Kimia cultivar, was prepared from
Kermanshah Agricultural Research Center. In order to model and optimize the conditions for protein
extraction from green lentil seeds, the effect of independent variables including pH, centrifuge time and
temperature, the response surface method (RSM) and Design Expert software were used. For this purpose, a
central composite design with 5 levels and 6 replications at the central point during 20 performances was
used to investigate the physicochemical and functional properties of green lentil protein isolate. The
efficiency of lentil protein extraction was compared with the model predicted by t-student test at the
probability level of 0.05.

Results and Discussion

The variables, temperature and time had no significant effect on the emulsifying capacity of lentil
protein (p>0.05) and the variable pH has a significant effect (p<0.05). At a constant temperature of 4
degrees, the emulsifying capacity of lentil protein increases with increasing pH found. In addition, with the
increase in time, the emulsifying capacity of lentil protein increased slightly, so that at pH 9.7 to 10, and the
time from 52 to 60 minutes, lentil protein had the highest emulsifying capacity. The results of the study
revealed that temperature, time, and pH exerted a significant effect on the stability of lentil protein emulsion

*“Corresponding Author: n.zamindar@khuisf.ac.ir
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(p<0.05). Specifically, the stability of the emulsion decreased as the pH and alkalinity of the environment
increased, and as the time extended from 20 to 60 minutes. At a constant time of 40 minutes, increasing the
temperature from 4 to 30 °C and raising the pH from 8.5 to 10 led to an increase in emulsion stability. While
the stability of the emulsion showed slight improvement over time, temperature variations had minimal
impact on its stability. The analysis of variance demonstrated that both pH and temperature had a significant
effect on the foaming capacity of lentil protein (p<0.05), while time did not exhibit significant influence
(p>0.05). Increasing the pH resulted in a decrease in the foaming capacity of lentil protein. Additionally,
there was a slight decline in foaming capacity as the time increased from 20 to 60 minutes. Interestingly, the
foaming capacity did not show any notable changes with variations in temperature. Regarding the stability of
lentil protein foam after 30 minutes, the analysis of variance indicated significant effects of pH and
temperature (p<0.05). As the pH increased, the volume and stability of the foam decreased. The maximum
stability of the foam after 30 minutes of foam formation was observed at a pH of 8.5. The stability of the
foam was not affected by changes in time, but a slight increase in foam stability was observed with higher
temperatures.

Conclusion

In this study, optimization of extraction process conditions and evaluation of functional properties of
lentil protein of Kimia variety was done using RSM method. The parameters of pH, time and temperature of
extraction were selected as independent variables. The results showed that the quadratic statistical model can
be used with high accuracy to predict the response parameters, and the optimization and prediction results of
the model are in good agreement with the experimental results. The pH had a significant effect on the
capacity and stability of the lentil protein emulsion, while the increase in pH led to a decrease in the foaming
capacity and foam stability. With increasing temperature, foaming capacity, foam stability and emulsion
stability increased. Also, increasing the temperature had no significant effect on the emulsifying capacity of
lentil protein. The evaluation of the independent variable effect of time on the characteristics of lentil protein
also showed that with the increase of time, the amount of foaming capacity, foam stability and emulsion
stability of lentil protein decreased. Also, increasing the time did not have a significant effect on the
emulsifying capacity of lentil protein. The presence of high protein content alone does not solely account for
the improved functional characteristics observed. It is important to consider other compounds present in the
sample, such as carbohydrates and fats, as they also influence the quality and functional properties of the
protein. These factors collectively contribute to determining the overall functional characteristics of the lentil
protein. The findings of this study highlight the potential of lentil protein as a readily available and abundant
source of protein, along with other beneficial nutritional compounds, for use in the food industry. The results
offer valuable insights into utilizing lentil protein to enhance the properties of food products and indicate its
promising potential for formulating innovative food compositions. In summary, the research outcomes
emphasize the favorable and appropriate functional characteristics of lentil protein, making it a valuable
ingredient for improving food properties. This underscores the feasibility of incorporating lentil protein into
food formulations to enhance their overall quality and nutritional profile.

Keywords: Emulsion stability: Foam capacity: Lentil protein: Optimization
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Table 1. Calculation of bean water requirement and volume of water consumption in furrow irrigation with 50%

efficiency
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Month rainfall . . .
de (mm) water (T: water (T: water (T:
100%)(M3)  45%) (m3)  30%) (m°)
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& 582.2
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Sum 9
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*: KC: plant coefficient of bean, ETC: evaporation and transpiration in bean and Irreq: water requirement of bean
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Table 2. Analysis of variance of different irrigation Intervals on growth characteristics of Chitibean

Olapo (u&leo
Ol i il o3l 4z Mean square "
S Slus L . A . ) S Slos L™ 590 542
UL yo &l olaws ald s (439 S ySlos -
g o S5slem ol <!
Source of degrees of Number Number of seeds 100 Seeds . Biological Harvest water
o of pods ; Yield . product
Variation freedom per pod weight yield Index L
per plant ivity
P
’.’SJ . 2 3.79n.s 0.03n.s 6.53n.s 200134.7 686666.7n 0.60n.s  0.05n.s
Replication n.s S
sl 90 2078331 78005000
Irrigation Interval 2 214.94** 19.88** 0.14n.s 4.gx x 31.60** 0.89**
Jo sialesl ol
Errorl 4 3.66 0.46 40.61  126735.3 380416.7 2.95 0.002
Sl 2253314, 7274285.7
Herbicide 7 9.80** 0.92** 15.85n.s ek o 36.95** 0.10**
50 (salojl ol
Error Il 14 1.56 0.19 53.91 54184.3 3961905 4.04 0.003
I ] 2 1571907
Irrigation Interval x 14 2.66* 0.49** 16.69* 809285.7* 9.18** 0.003n.s
Herbicide
sialosl ol
TotalError 28 1.3 0.16 7.81 42064.6 352797.6 2.09 0.003
(202 S w2 12.82 10.59 1709 1638 1865  13.06  7.78

%) Coefficient of Variation(

G g pae NS oy ) 50 Jlaiol mdaw 1o (5 Iy dre ol 5 A
*, **: means significant at 5% and 1% probability levels, respectively. n.s: No significant.
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Fig. 1. Mean comparison of Herbicide and Irrigation Interval on number of pods per plant and seeds per pod of Chiti
bean.
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Means within each column with a letter in common, Based on Duncan's test are not significantly different at o= 0.05.

VO



VP51 o JF+Y Jlo 18,led I F (0,50) o [ 313 ©bgnd SBGB9H /... 51 55! 1]y 0 g (SSL

Golatl o5 0590 Jlasl a5 ols i 3 gl el ESGile
asls slows (6o, 0 YO o V7 wals Lials el (55,9 5 V)
45 505850 59, ¥ solel 590 @ o Log) gy 50 B o
S)ls Slsee pmiize plo @l b

63y 2 Sdle j0 5)lol 90 slajles Jloe! (raizmen
Jga=z) 09 o smixe we,0 0 Jleiz| o jo ails v (439
ol 555 ol 5l 4l by e aSilie Slulio s (Y
e YENE 5L U adls o (59 o yiien a5 0lo las
adls do (55 2 %eS 5 39 b 59, T syl 590 4 by
500V bl jeo slas an boye 0, 5 YRV (.Sl b
Sl o5 0y90 Jlasl aS ol i ol (Y JS5) 050 )b,
L) ails wo (59 e, 7 9 V) als el (g, 1 90 T)
0)90 Jlosl a5 5,500 050 59, F 5ylal 90 4 e
G, YO XF wad jials cel (g, 4 9 VYY) golal oS
30 AL dlawy gao 0 Ve (FY ials o OMe o il slaws
290 595 b silel 590 4 Cns Lug) i

6Ly Jlosl (uila)ly 4o Jsho b Gulol 5
Jleol mhaw 5o (Lolpw iz Glo)les 5 o)kl lise
= Ceiley ol Jlasl (Y Jgoz) 090 )los;u. AW
oSile Slawlio gl amsl s, 50 Loy o Shee 59,
Ly 5Shae it 00 (L5 gl 559 (ool 1 &, Lo
¥ 6yl 30 4 bgsye ,liSa 40 5,55LS FY-FIA (. Silee
2 0S5k YYEVAY (il b o Slae 55 5 LS 5,
(Y JS2) 09 5 55, VY ()bl 590 slesd 4 bogs o LS

Sl ol 3l ey by 5eSile Slglia b
SYAYO + o Sle Ly 5y Shos oy it a S sl oL
9 S ey sl 4 bgrye LS )0 p,59LS YERD/ -
S TP NP PR S
(229 )0m) mbileal 9 (ig)0m) D93t +((ohag)obn)
3y Skoe inlidl (55, 32 (295 73U 35 LaS yins olan 4y
L 8yShae o iS Sdypo JLlil 45 pboilan 5 azsils
L aals Jloss a5 by pe ,lSa ;5 o S5lS YIVO/OS o Sileo
59% 50 s kel 499 e )*-‘l‘ Ll 51 (Y S2) 052 5,0 cale
s Sy 5 50 e b aals joa o jles aon 59, 4 (5 L]
ealloal sboslons s 5l 395 VY skl o 50 o
5 (29)002) ;mbleal oS gt ol jon a0 (Shag50m)
Ot (g )0m) 093 + (=g )0hn) Skl
5 ySlas in i 55, ¥ )lnl y30 y0 aog Lls 1y o Slee
bkl slajles Jlasl 5150 (rozg Jlod ) G Lagd
(s9,002) mbileal etagy0m) G93t + ((SRa9)08)
ol Cewd & ((agym) derogd oS ol + 95k 5

\OY

S ) A Dlio :Shs dglie Jgaz 4y azgi b
o)l 0 595 T solol 590 50 o5 0 snalie (So38 om0
595V 58 bl 49 50 A5 (gm0 0l vgzy (IS
bkl slejles cs i an (s Gz Jledd 5l oy
ol o dy ((a9)0m) mbSileal 5 O3l + (Shag, )
2 ag Ll gy 50 S olasd (p piin )l SuS g
St Logl asgy j0 e slaws zals iolejl zuls bl
ez ol 2l pgan 3 )5 b ST 25 05T cow
b (ebp—tar Lagd Jolto &Yoo, 5l (o2l 5 4598
izl plw 5l it @590 50 BN slaws (Bl 5 (iejplly
als Yaisl b iy il e b, i 5 ails o, Skae
J5 olaws rals 51 L6l s cals olidl b e JSas
So o (Pandy et al., 1984)cc il La 5 pion o3, 9
il 293 Jy o 59 (K5 A5 g (53, 5 S el
olaed aze S )0 .0l b S slass g 2al8 0y90 LialS > g0
0,8 oy rals JulSS sue cde a4y ol S jo laasls o BN
(Tarumingkeng, 2003)
Gl 30 ol 3l bgrye (eSin Slalin ol
PIFY Sl L Cdle jo aslo slawy o is a5 oy olas
5 ML olam e85 LG 50, B sylol y90 4 bgye
59 VY bl 90 Jless an by e YIAY 1Sk b 5
59 % 9 T bl seo 5o Ly BB o wils slasi g LSy
RYRCE-SRRU RIS NPEPPRE: ) CES IPIPUE TS JE PR g VR
dae V7 5 FIVP o SKle L asg jo e o asls sl
oy 5 S le 5 s g s Ay by
L s digr y0 BME jo ails olowd o S g 09y (CallS ios)
S0 sy cale Lvald \Lod 4 ba e oae VT Sl
50 asils o cp i 59, 4 9 T ogylel a0 0 () JS)
999 50 45 y50,0 thwl Cawd Ay wd Cpag slesd jo D
ol ay ((—2a5,0m) sl kel Jlasd 55, VY ()L
Log) aggy o e jo adils slaws o min lyls oS gin
YIA- L OME jo ails olaws o eS8 50, T g Lol jg0 ,0 .ol
(s29)0m) Oa3ts + (Ll i) ordlyslts 5 jless o oae
Slowd ;000 e VIV o VIVY L 55, VY 59 (6,Ll j90 y0
0l aS oad (5158 ad canline 0 calde L wall
oV il + LS 5 5V ol S e
5 d S IVO ablesl 2SGale 5 cuslS L &gy S
J=oU g e 5l ey (i) e ©)9—en LS
Mousavi et ) sog ls |, Log a4 ,0 BME slows oy yidon
50 AL slaas asles B o il slaws zels .@l., 2011



VP51 o JF+Y Jlo 18,led I F (0,50) o [ 313 ©bgnd SBGB9H /... 51 55! 1]y 0 g (SSL

48 BA12-days E9-days Hd4-days a
v v a v a a
1
40 ¢
. HE
- ] HE:
Ty
&1 / E:
b= v HE
v ;
=0 / g
[} ; VE:
g 7 E:
w 1] LA
= ’ E:
o 4 FE:
< 4 ¥a
] g E:
=) 7 4
(=] '] FE:
/ g
] g
] g
] g
k] I
B12-days B9-days H4-days
10000 | L F = = g =
o~
E_ 8000
i
o2
S
= 6000 - ‘ ‘ ‘ ‘ o
,E\_ i = s i i [
W n - o
3 Al N0 A N RN A
z z z
z z z z A
) ¥ ¥ 8 \ 8 § 8 ¥
= R NN NE N N N N N
= 2000 [N N N N N N
. ‘R EREERERE R
3 z z
z z ) ) ) \ z z
o LOEM RN CES B N NEW NN
O et (0D eak® o pef g e
A gt T G L L AT N
A s A DL post "B e q:;oi\““\
"“1“ ?\lﬁ“ ?\-e?“? e‘\iﬂ‘o

a
6000 .
B12-days B9-days B4-days
=
£
5000 2 2 2 o
L]
4000
- )
& 3000 2 =Hll 2 = =
- = - = N = = )
< Tl 5 N R Gl R
3 § 5
= 2000 [N RN AR RN N VI E
- N \ N N N N \ 3
\ N N N ¥ N N N
\ N N N ¥ N N
] \ 3 A N
ooo | N NN NN BB R R 4 N
N N N N N N
N ¥ N N N N ¥
N N N N N
o LOHM CEN NN NEM RN NN REN D
o
B12-days E9-days B4-days
60 = = =2 = =
= = = = (] 2 m
2Ra Fa R ¢ = e = 2
50 |'= Zg 27 "o 2R ’ o
3 [ [ § § 5 8 5 -
A LR LR
- 3 A A A \ \ \ \
o 8 § A A A \ 5 5
= 3 A A A \ \ \ \
30 | § A A A \ 5 5
= 8 A A A \ \ \ \
- 3 A A A \ \ \ \
- 3 A A A \ \ \ \
= 3 A A A \ \ \ \
o 200 NEN O NEM NEW NE NEN NEW RER N
> 3 A A A \ \ \ \
L 8 A A A \ \ \ \
= 3 A A A \ \ \ \
= 10 NEM NENM NEW NEE NEW NER NEW R
NN NER NEW NEE NEl NER NEW W
o LB N N N N N N N
e ot o P ot Qe.\' and e
At ™ oS K1 o™ o 4o W et
“f\“ ?‘t v i\‘“kwl‘; 03‘ Jrs\““ #%e\:(o$\\$ﬁ‘ \qso“‘ (\’\ \
oot A\ S oW
e e " te?\‘“c“wb“

sl L 1€ (il awo (439 1D w0 ,Sos: ) (60 ,5dos 1321 g slel 590 s yo y0 AT Cale b ylow puSileo duws Lo —F S

ez lagd (Sejglom o Shos id g
Fig. 2. Mean comparison of Herbicide and Irrigation Interval on yield characteristics (a: yield, b: 100 Seeds weight, c:
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Introduction

The effectiveness of productivity and sustainable agricultural development depends on the availability of
natural resources as well as the efficiency of management measures in agricultural lands. Increasing water
use efficiency is a promising way to manage agricultural production in arid and semi-arid regions where
there is little or no prospect of expanding water resources (Boutraa, 2010). According to Malik et al. (1993)
bean yield may be reduced up to 70% when faced in competition with weeds. Extending the irrigation cycle
(limited irrigation) in beans is expected to diminish not only the water consumption but also to influence the
weed density along with dry matter too.

Materials and Methods

This project was conducted at Khair-abad research station in Zanjan, Iran, over a period of two years
starting from the 2017 growing season. The experimental design utilized a randomized complete block
design (RCBD) with 24 treatments and three replications. The treatments were arranged in a strip plot layout.
The vertical factor of the experiment consisted of three levels of irrigation intervals: efficient irrigation
(every 4 days), limited irrigation (every 9 days), and more limited irrigation (every 12 days). The horizontal
factor involved eight sub-factors of herbicides: Trifloraline, Imazethapyr, Trifloraline + Bentazone,
Imazethapyr + Bentazone, Imazethapyr + Sitogate, Bentazon + Gallant Super, traditional hand mowing, and
a test sub-factor with no control. Several traits were evaluated in this study, including the number of pods,
number of seeds per pod, 100-seed weight, bean grain yield, biological yield, harvest index, and productivity
index. Data analysis and mean comparisons were performed using the SAS statistical software, employing
Duncan's multiple range tests.

Results and Discussion

The Results indicated that both the herbicides and irrigation periods were effective on density and dry
matter of weeds. Reducing irrigation intervals will allow for greater control of weed density and dry matter.
Imazethapyr and Trifloraline herbicides as pre-emergence and pre-plant followed by post emergence
application of Bentazone leads to about 85 and 82 % reduction at in weeds density at bean 3rd three leaflet
appearance stage, 85 and 82 % reduction at 50% flowering stage bean in tow year of the study recorded the

* Corresponding Author: shnkakhki@yahoo.com
\OA


mailto:shnkakhki@yahoo.com
mailto:Samva4s@gmail.com

Iranian Journal of Pulses Research
Vol. 14, No. 1, June 2023, p. 146-159 (Original Research Article)

most reduction on weeds density. Moreover, these herbicides inducing about 88 and 81% decrease at bean
3rd three leaflets and 91 and 87% decrease at bean 50% flowering stage. These treatments after weeding had
the highest control on weed density and dry matter. Trifloraline, when applied as a pre-plant treatment,
showed the lowest effectiveness in controlling weeds among all the treatments. It resulted in an average
reduction of 49% at the appearance of the bean's third three leaflets and approximately 70% reduction at the
50% flowering stage of the bean plant. This treatment consistently ranked the lowest in terms of weed
control throughout the study period. The treatments of Imazethapyr, whether applied solely as a pre-
emergence treatment or in combination with Situgate as a post-emergence treatment, were found to be
ineffective in controlling weeds. Therefore, these treatments are not recommended for weed management in
beans, particularly under limited irrigation regimes. The maximum number of sheaths, grains per sheath, and
weight of 100 grains were observed in the irrigation regime of every 4 days when integrated with the
application of Trifloraline, traditional hand mowing, Imazethapyr + Situgate, and Imazethapyr alone. In
terms of bean harvest, the highest yields of 5175 kg/ha, 4707 kg/ha, and 4624 kg/ha were obtained from the
irrigation regime of every 4 days when integrated with traditional hand mowing, the application of
Imazethapyr + Bentazone, and Imazethapyr + Situgate, respectively. On the other hand the best biological
performance as 9950, 9783, and 9733 kg/ha were related to 4 days interval when integrated with application
of Imazethapyr + Bentazone, hand mowing, and Imazethapyr + Situgate. The maximum bean harvest index
at 52.82 and 50.80 percent were related to 4 and 9 days intervals integrated with hand mowing, followed by
50.54 percent related to 4 days round integrated with Imazethapyr and 9 days round integrated with
Trifloraline+ Bentazone. The highest water efficiency as 0.83 was related to 9 days interval whereas the
lowest one as 0.48 was related to 4 days round. Regarding the horizontal factors, during the two years study
the maximum water efficiency as 0.86, 0.77, and 0.76 were registered at treatments of hand mowing,
application of combined Imazethapyr + Bentazone, and combined Imazethapyr + Situgate, respectively.

Conclusion

Based on the overall results and considering water shortage as well as water usage efficiency and
decreasing the amount of both performance and traits of performance reduction in Chiti bean "Kosha"
leading to desirable weeds control and bean vyield, nine days round irrigation could be recommended
provided with application of Imazethapyr or trifloraline herbicides with Bentazone.

Keywords: Crop management: Herbicide: Irrigation period: Surface irrigation
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Copiee sl 9,0 alox jliggitn Bun slo o g
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b g 03,8 6 pSela ol adsl Jolie o (5 Jpame
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oy s yﬁ—‘*’“’ o5 Ol g 5,0 slacale o) cnl |
Guglielmini et ) aiws ;9 5 Cogb, Lad @wiss sl <ol
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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

s el oole ol LS oolgils collé
Persian name Scientific name Plant family Dominant
JUSTR) Galium aparine L. Rubiaceae
g S5, Carthamus oxycantha M.Bieb. Asteraceae
o S Lathyrus sativa L. Fabaceae
Slases 8 Sl Vicia villosa Roth Fabaceae
S Vaccaria grandiflora Jaub. & Spach  Caryophyllaceae
&las Papaver spp. Papaveraceae

*** and *** Recessive, Semi dominant, Dominant
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eSS (Hlgl 3 el au sl e de (5 18 Oledbl
o VL) S¥olae pulal o515 (nelee 9 25T
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m
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2.m
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Slyols S 0 K a5eS (+) jpax pack 5 (V) g Xij
J o)l as 50 y0 0 0l
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SloleS slaas M

Uy

(\"oJaLm)
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2. Uniformaty
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(Carthamus oxyacantha M.Bieb) _:> 5,18
(Galium .o, & «(Cuscuta campesteris) ..
ss— {Lathyrus sativa L.) ,_Us .aparineL.)
Conringia ) L3 55 (Xanthium strumarium)
Papaver ) sl (Vicia villosa) szl «orientalis
opove—S (Lactuca  spp.) iy 5505 (SPP.
S {Chrozophora tinctoria (L.) A.Juss)
(Vaccaria S_szs> 4 (Convolvulus arvensis L.)
p— e a—Le> 5l grandiflora Jaub. &  Spach.)
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leo g ol ks s Ahmadi et al, (2013) _zagi
CitS o Bl slacile o ySepe bilp 3 im0
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1. Density
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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
&ls Papaver spp Papaveraceae A C3 45 12.3 41.7
O Cuscuta campesteris Cuscutaceae A C3 2.1 9.9 50
L. Vaccaria grandiflora
Soma>
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)

o 395 FY 5o (oo 255D (was 9y LS Ule (g)gmols Wiyl g 5 glacide 151,57 rosls il ylg 4 5 - Y Jgu
s

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
S 28 ey 2 1.07% 0.31*
Herbicide application time
08 o aScale i I 14 0.16™ 0.32%*
Herbicide x Time ' '
5 Uas-
O 32 0.16 0.09
Sub-plot error
(3032) 2l 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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on Lentil
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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
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Ol s’ 2ol &ol3T a0 Mean square
S0V df psleale o515 5y ladile SUS (459
Weed density Weed biomass
Blockcs st 2 0.64" 0.03"™
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Herbicide x Time ' '
5O Uas-
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(30,9) Sl yss u po
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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
1AP: Immediately after planting; IBCE: Immediately before crop emergence; E- P: Eraly post herbicide application

dSu_lc A })mdLth S 9 u_,.f.,l_..n u.:)_.\.o.f })-b‘sl.ibgé.Lc 0063 Cunnnd
Syg—s sba (1S Gile 5l Sy g b aS g by pY guitogld 2 iesledle Sas Gy o WS ade g4 55U
LBl gl (gae S alej] bl b 5l (eeilS 51 s 59, Vo ) 0y Jad Lol

‘u‘;’%Laﬂ Sy9—0 slayiScale frn j0 (FUgaz) 055 o goe

154



Weed biomass (g. m?)

140

120 ~

100 1

80

60

40 4

V5oV i IF+Y Jlo 18,lods I F (0550) o [ 131 ©bgnd SBGIBH /.. 2T )5 (35! 10150 g (6 x>

200

180

160 4

140

120 4

100 +

Weed biomass (g. m?)

>
o™ 4so*

Early-Post

O IAP B IBCE ®E-POST

CBlS 31 g 39510 59 3 pslaile i 39 » T e 51 5 0y Gl S ile g g il -0 UK
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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
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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:

herbicide application
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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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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.

Keywords: Flumetsulam: Imazethapyr: Isoxaflutole: Metribuzin
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