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Abstract

Introduction

Legumes are the second food source after cereals, which provide almost a quarter of protein for
developing countries. Lentil is recognized as one of important legumes due to its favourable characteristics.
The lintile production, like to other crops has been influenced by three factors: management, genetics, and
environment. Improving crop production can be achieved by optimizing these factors. Thus, paying
attention to the above-mentioned factors can reduce the severe climatic effects on crop production. Among
the above-mentioned factors, management strategies e.g., optimal sowing date and using the optimal
cultivar are considered to improve crop production. Initial soil moisture, which can affect crop
germination, establishment and ultimately growth and yield, is another important strategy. Accordingly, the
current research was conducted in order to simulate the effects of cultivar, sowing date, and initial soil
moisture on lentil grian yield in different locations of Lorestan province.

Materials and Methods

The study locations were Aligudarz, Nurabad, KhorramAbad, and Kuhdasht. Simple Simulation Models-
iCrop2 (SSM-iCrop2) was used to simulate the lentil growth and development. The data required to run
model included climatic, soil, management, and crop data. Daily long-term climatic data including
maximum and minimum temperature, rainfall, and radiation were collected from Iran Meteorological
Organization. The soil data included soil depth, soil water content at wilting point, soil water content at
field capacity, and saturation water content, which were obtained from different data collection in the
Ministry of Agriculture and Agricultural, the Natural Resources Research and Education Centers, and soil
laboratories at each location and Food and Agriculture Organization and Global yield Gap Atlas.The
management data such as palnt density, tillage, rows distance, and sowing depth were obtained by local
experts from the Ministry of Agriculture and Agricultural and the Natural Resources Research and
Education Centers at each location. The crop data e.g., the specific genetic coefficients of each cultivar
were obtained form Amiri and Deihimfard (2018). The study treatments consisted of four sowing dates (21
January, 12 February, 4 March, and 30 April), two cultivars (early-maturity and late-maturity) and four
initial soil moisture (32, 36, 42, and 58 mm). The model was run for 41 years (1980-2020). Initial soil
water contents and sowing dates were obtained from a preliminary simulation experiment.

Results and Discussion
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Averaged across all treatments, the highest grain yield was obtained at KhorramAbad (388 kg ha™) due to
higher rainfall during the growing season. In addition, the grain yield difference among the sowing dates
ranged from kg ha™ on 30 April to 364 kg ha™* on 21 January. The reason for the higher grain yield on 21
January sowing date was the higher cumulative rainfall season (149.3 mm vs. 99.2 mm) and the lower
mean temperature (22.9 °C vs. 23.9 °C) during the growing season compared to other sowing dates. Across
locations, sowing dates, and cultivars, the highest grain yield (263 kg ha™) was simulated under initial soil
moisture of 58 mm. Also, on average across sowing dates, initial soil moisture contents, and locations, the
early-maturity cultivar simulated more grain yield than late-maturity cultivar (405 kg ha™ vs. 63 kg ha™)
due to the avoidance of drought stress at the end of the growing season. Considering different interactions,
on average across locations, the highest grain yield was simulated by 704 kg ha™ in the combination of
early-maturity cultivar, early sowing date (21 January), and initial soil moisture of 58 mm.

Conclusion

In general, the results indicated that the lentil grain yield varied among the various study treatments
(sowing date, cultivar, and initial soil moisture) as well as different locations of Lorestan province. Lentil
growers can increase the lentil production in Lorestan province and study locations by using the interaction
of early planting date (21 January) x early-maturity cultivar (Kimia) x higher initial soil moisture (58 mm).
It should be noted that the current research was conducted under water-limited condition and it is suggested
that researchers focus on other limitimg and reducing factors in the future studies.

Keywords: Grain yield; Length of growing season; Rainfed conditions; SSM-iCrop2 model.
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Table 1. Elevation and climatic properties of study locations in Lorestan province.

Annual
. Annual mean .
. Elevation cumulative
Locations temperature .
(m) °C) rainfall
(mm)
KhorramAbad 1147 16.5 486.2
Nurabad 2180 9.5 550
Aligudarz 2022 12.4 402.1
Kuhdasht 1195 16.0 369.8
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Figure 1. Geographical position of four study counties in Lorestan province (b) and Iran (a).

Table 2. Genetic coefficients of study cultivar in the present research (Amiri and Deihimfard, 2018).

Coefficients

Cultivar

Late-Maturity

Early-Maturity

Critical photoperiod (h)
Photoperiod sensitivity
Biological days from sowing to
emergence

Biological days from
emergence to flowering
Biological days from flowering
to beginning of pod formation
Biological days from beginning
of pod formation to beginning
of seed fill

Biological days from beginning
of seed fill to end of seed fill
Biological days from end of
seed fill to maturity

11
0.28

11

43

5.7

13

16

14

11
0.28

7.8

30

5.7

13

16

14
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Table 3. Soil properties of study locations in Lorestan province.

Soil water content at

Soil water content

Location Bu(lgl;cdne;r_gs)ity wilting poi3nt (cm®cm at field3 capgcity Cﬁﬁig;ﬁ‘;ﬁgﬁ?jﬁ%
(cm® cm™)

KhorramAbad 1.28 0.231 0.392 0.518
Nurabad 1.35 0.222 0.370 0.490
Aligudarz 131 0.237 0.388 0.507
Kuhdasht 1.34 0.259 0.396 0.500
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Figure 4. Lentil grain yield under different
treatments of cultivar, sowing date, and initial
soil moisture in KhorramAbad.
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Figure 5. Lentil grain yield under different
treatments of cultivar, sowing date, and initial
soil moisture in Kuhdasht.
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Figure 2. Lentil grain yield under different
treatments of cultivar, sowing date, and initial
soil moisture in Aligudarz.
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Figure 3. Lentil grain yield under different

treatments of cultivar, sowing date, and initial

soil moisture in Nurabad.
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Table 4. Mean temperature and cumulative during the growing season of lentil and days from
sowing flowering in different locations and treatments.

Mean temperature Cumulative rainfall Days from
Location Cultivar Sowing date during the growing during the growing sowing to
season (°C) season (mm) flowering
Aligudarz Early- maturity 21-Jan 21.8 £0.40 193.2+12.2 98.4+1.25
12- Feb 22.0+0.33 169.5+11.6 86.1+1.18
04- Mar 22.3+0.40 1411+1038 703+1.13
30- Apr 22.4+0.32 1101+ 106 59.9 +0.91
Latte- maturity 21- Jan 21.8+0.41 199.2+11.8 1142+ 1.12
12-Feb 223+031 1745+ 12.0 101.6+1.08
04- Mar 22.4+0.37 148.1+11.3 85.6 +0.99
30- Apr 22.4+0.33 1152102 744 +0.86
Nurabad Early- 21- Jan 238041 88.1+9.1 59.5 £ 0.59
maturity
12-Feb 243+0.35 71680 67.0 + 0.65
04- Mar 24.8+0.38 49.1+6.9 44.6 +0.60
30- Apr 25.5 +0.42 33.8+4.7 39.7+0.48
Latte- 21- Jan 23.9 +0.45 95.2+9.4 74.7 +057
maturity
12-Feb 243+0.35 82.6+8.2 67.0 +0.65
04- Mar 24.9+0.37 541+7.1 58.0 + 0.63
30- Apr 25.6 +0.39 438+5.1 52.00.51
KhorramAbad Early- 21-Jan 22.3+0.33 210.7 + 14.1 74.9+1.26
maturity
12-Feb 223+0.38 1775+ 123 66.2 + 1.05
04- Mar 23.4+0.34 139.8+10.2 55.6 +0.85
30- Apr 25.4+0.33 103.3+9.0 485+0.74
Latte- 21- Jan 22.3+0.37 220.7 £14.2 92.1+1.21
maturity
12-Feb 22.2+037 1855+ 12.7 82.5+1.08
04- Mar 235+0.36 1458+ 10.0 705 +0.92
30- Apr 25.2+0.34 112.3+9.2 62.0 +0.76
Kuhdasht Early- 21- Jan 2384041 88.1+9.1 59.5 % 0.59
maturity
12-Feb 243+0.30 71680 52.6 +0.56
04- Mar 24.8+0.38 49.1+6.9 44.6 +0.60
30- Apr 25.5 +0.42 33.8+4.7 39.7+0.48
Latte- 21- Jan 23.9+0.45 99.2+9.6 74.7+0.57
maturity
12-Feb 243+0.35 776+8.7 67.0 + 0.65
04- Mar 24.9+0.37 521+7.3 58.0 + 0.63

30- Apr 25.6 £0.39 38.8+49 52.0+0.51




YAV

VEF b o ol BV e A8 Sl s

Sl b Sk s LT B[R 0w
200 [ ] L]
&uﬁubwﬁﬁfrﬂaw”“\:}}:g}?‘“tﬂ 00 o . ® ., .
[ ] _— [ ]
@)U 9 U"'Jé}j V_;J dg—.’. )\ oslewl u,;..:_;a.h g 400 . ¢ o /// \‘"\\\k : ° .
200 - Ty
‘)Qb}sdb‘cb):w-\ﬁ-l:}}:r\iﬁéjjug i “.’.~.. ) .... .g ®e ..\,;\.\.'.
L E e X . (e 0 S0 00 150 20 2 c‘“%'swm cm::?w mnz‘s 26
PSS A 2L 5y J sl ase B Qo el g s
o s S Al s oS oYL ol Figure. 6. Regresm_on between grain yield and
i f ? SVl Zas) Ole cumulative rainfall (a) and (b) mean
S sabas sl Jalsl iy eds 5, Shes temperature during the gowing season of
lentil.
Fub e o 3 eslizal b Ol 3 oleal O 5 5LiS”
X (LaS) oy3s5 ody X (o Q) p&as 55 cslS”
=2 20 R Ao Ve = AEZS.Y: 225X +139 8
Ol e il 55 n (e oo OA) 5YL STl a5l T "5 550 R=0.717
[
1]
T 3 23]
U(g;_.iw\.h}fjél_iwjﬁ-c:l{by"j):)gzj‘)w)ﬁ =220
=
o o _ g 2101
Sl S5 0L s bl LS 53 p S ASTYF S 200l
ST - 190
el ST Sy g Lol 8 Cov Sl adlllee 30 35 40 45 50 55 60
L = . . . Initial soil water (mm)
oy | lallas 53 33,5 o slgidy 5 Sl 0l Figure. 7. Regression between lentil grain
edialS S s pdee ol g L 65 1 Ol yield and intial soil water.
Lgd S e g =
35 S e A5 S 5 4o
S wlw ks 4135 Shos &85 5 aste mls JS b o
Ll (el )l 4BOLL & s ol i ] (&S a3l ST 5 085 blS g5 baslogs s )3
AL e Ol J o5 Colam s i 3l ) Sl 33 oy 5 30 ol Golin 5

o 25 GhLis (pm 5o s L5 B3 Sl s

References

Amiri, S., Eyni-Nargeseh, H., Rahimi-Moghaddam, S., & Azizi, K. (2021). Water use efficiency of chickpea
agro-ecosystems will be boosted by positive effects of CO2 and using suitable genotypex environmentx
management under climate change conditions. Agricultural Water Management, 252, 106928.

Amiri, S.R., & Deihimfard, R. (2018). Can the dormant seeding of rainfed lentil improve productivity and
water use efficiency in arid and semi-arid conditions?. Field Crops Research, 227, 67-78.

Asseng, S., Foster, I., & Turner, N.C. (2011). The impact of temperature variability on wheat yields.
Global Change Biology, 17(2), 997-1012.

Bejiga, G. (1991). Effect of sowing dates on the yield of lentil (Lens culinaris Medik.). Journal of
Agronomy and Crop Science, 167, 135-140.

Chen, C., Miller, P., Muehlbauer, F., Neill, K., Wichman, D. & McPhee, K. (2006). Winter pea and lentil
response to seeding date and micro and macro-environments. Agronomy Journal, 98, 1655-1663.

Chenu K., Deihimfard, R., & Chapman, S.C. (2013). Large-scale characterization of drought pattern: a
continent-wide modelling approach applied to the Australian wheatbelt—spatial and temporal
trends. New Phytologist, 198(3), 801-820.

Chenu, K., Cooper, M., Hammer, G.L., Mathews, K.L., Dreccer, M.F. & Chapman, S.C. (2011).
Environment characterization as an aid to wheat improvement: interpreting genotype—environment



FAA

ity ot Bl el (65l 101, 8n 5 585

interactions by modelling water-deficit patterns in NorthEastern Australia. Journal of Experimental
Botany, 62 (6), 1743-1755.

Chenu, K., Porter, J.R., Martre, P., Basso, B., Chapman, S.C., Ewert, F., Bindi, M., & Asseng, S. (2017).
Contribution of crop models to adaptation in wheat. Trends in Plant Science, 22(6), 472-490.

Deihimfard, R., Rahimi-Moghaddam, S., Collins, B., & Azizi, K. (2022). Future climate change could
reduce irrigated and rainfed wheat water footprint in arid environments. Science of The Total
Environment, 807, 150991.

Erskine, W., Muehlbauer, F.J., Sarker, A., & Sharma, B. (Editors). (2009). The lentil; botany, production
and uses. CABI.

FAO. (2020). Available online: https://www.fao.org/faostat/en/#data/QCL

Farooq, M., Gogoi, N., Barthakur, S., Baroowa, B., Bharadwaj, N., Alghamdi, S.S., & Siddique, K.H.
(2017). Drought stress in grain legumes during reproduction and grain filling. Journal of Agronomy and
Crop Science, 203, 81-102.

Gorim, L.Y. (2017). Vandenberg, A. Evaluation of wild lentil species as genetic resources to improve
drought tolerance in cultivated lentil. Frontiers in Plant Science, 8, 1129.

Hoogenboom, G., Jones, J.W., Porter, C.H., Wilkens, P.W., Boote, K.J., Batchelor, W.D., Hunt, L. A., &
Tsuji, G.Y. (Editors). (2003). Decision support system for agrotechnology transfer version 4.0. Vol. 1:
Overview. University of Hawaii, Honolulu, HI.

Khichar, M.L., & Niwas, R. (2006). Microclimatic profiles under different sowing environments in wheat.
Journal of Agrometeorology, 8, 201-209.

Kumar, J., Basu, P.S. Srivastava, E. Chaturvedi, S.K., Nadarajan, N., & Kumar, S. (2012). Phenotyping of
traits imparting drought tolerance in lentil. Crop & Pasture Science, 63, 547.

Naderi, A., & Eslahi, M.R. (2019). Evaluation of susceptibility of some phenological stages of wheat
genotypes in response to drought stress. Plant Productions, 42(1), 133-148. [In Persian]

Prescott, J.A. (1940). Evaporation from a water surface in relation to solar radiation. Transactions of the
Royal Society of South Australia, 64, 114-118.

Rahimi-Moghaddam, S., & Eyni-Nargeseh, H. (2022). Identification of different drought patterns of
dryland wheat in the northwest of Iran by APSIM model. Plant Productions, 45(3), 435-446. [In
Persian]

Rahimi-Moghaddam, S., Deihimfard, R., Azizi, K., & Roostaei, M. (2021). Characterizing spatial and
temporal trends in drought patterns of rainfed wheat (Triticum aestivum L.) across various climatic
conditions: a modelling approach. European Journal of Agronomy, 129, 126333.

Rahimi-Moghaddam, S., Kambouzia, J., & Deihimfard, R. (2019). Optimal genotypex environmentx
management as a strategy to increase grain maize productivity and water use efficiency in water-limited
environments and rising temperature. Ecological Indicators, 107, 105570.

Saxena, M.C., Murinda, M.V., Turk, M., & Trabulsi, N. (1983). Productivity and water-use of lentil as
affected by date of sowing. lentil Experimental News Service, 10, 28-29.

Sehgal, A., Sita, K., Kumar, J., Kumar, S., Singh, S., Siddique, K.H.M., & Nayyar, H. (2017). Effects of
drought, heat and their interaction on the growth, yield and photosynthetic function of lentil (Lens
culinaris Medikus) genotypes varying in heat and drought sensitivity. Frontiers in Plant Science, 8,
(1776).

Seifert, E. (2014). OriginPro 9.1: Scientific data analysis and graphing software- software review. Journal
of Chemical Information and Modeling, 54, 1552-1552.

Siddique, K.H.M., Loss, S.P., Pritchard, D.L., Regan, K.L., Tennant, D., Jettner, R.L., & Wilkinson, D.
(1998). Adaptation of lentil (Lens culinaris Medik.) to Mediterranean-type environments: Effect of time
of sowing on growth, yield, and water use. Australian Journal of Agricultural Research, 49, 613-626.

Silim, S.N., Saxena, M.C., & Erskine, W. (1993). Adaptation of lentil to the Mediterranean environment. I.
factors affecting yield under drought conditions. Experimental Agriculture, 29, 9-19.


http://pubs.acs.org/action/doSearch?ContribStored=Seifert%2C+E

FAQ

VEF b o ol BV e A8 Sl s

Simance, B., Vankeulen., H., Stol, H., & Struik, P.C. (1994). Appliccation of a crop growth model
(SUCROS-87) to assess the effect of moisture stress on yield potential of durum wheat in Ethiopia.
Agricultural Systems, 44, 337-353.

Soltani, A., Nehbandani, A., Zeinali, A., Torabi, B., Zand, A., Ghasemi, S., Alasti, A., Dadrasi, A.,
Hoseani, R., Alimaghm, S.M., Zahed, M., Mohamad Zadeh, Z., Kamari, H., Arabameri, R., Fayazi, H.,
Rahban, S., Mohamadi, S., & Keramat, S. (2018). Providing a gap Atlas for the performance and
potential of important crops In the country in present and future climates. Gorgan. Sirang Press. [In
Persian]

Soltani, A., & Sinclair, T.R. (2011). A simple model for chickpea development, growth and yield. Field
Crops Research, 124, 252-260.

Soltani, A., & Sinclair, T.R. (2012). Modeling physiology of crop development, growth and yield. CABI
Publisher. 312 p.

Yang, M., Wang, G., Lazin, R., Shen, X., & Anagnostou, E. (2021). Impact of planting time soil moisture
on cereal crop yield in the Upper Blue Nile Basin: A novel insight towards agricultural water
management. Agricultural Water Management, 243, 106430.

Zeidan, M.S. (2007). Effect of organic manure and phosphorus fertilizers on growth, yield and quality of
lentil plants in sandy soil. Research Journal of Agriculture and Biological Sciences, 3(6), 748-752.



S
I
A :leﬁw

ey (6 5lwa

...44. uﬂJsff

fa.



