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Article Info ABSTRACT

Article type: Background and Objectives: Legumes, particularly lentils, serve as

Research Full Paper the second most important food source for humans, playing a key role
in providing protein and enhancing soil fertility. Given the challenges
of climate change and declining water resources, optimizing tillage
systems to improve rainfed lentil yield is essential. This study aimed
to evaluate the effects of different tillage systems on the growth and
yield of winter-sown rainfed lentil cultivars under dryland conditions
in Kermanshah.

Materials and Methods: A split-plot experiment based on a
randomized complete block design with three replications was
conducted at the Research Farm of Razi University, Kermanshah.
Main plots consisted of three tillage systems (no-tillage, minimum
tillage, and conventional tillage), while subplots included five lentil
cultivars (Gachsaran, Bileh Swar, Sepehr, Kimia, and a local). Seeds
were sown at a density of 80 Kg ha™'. Each plot comprised five rows
with 4.5-meter-long with 17 cm spacing and 50 cm between plots. The
experimental field had been under conservation agriculture for the past
three years, with previous crops being camelina, chickpea, and
safflower under rainfed conditions. Weed control was performed
manually twice during the growing season. Measured traits included
plant height, leaf area index (LAI), grain and biological yield, harvest
index, pods per plant, seeds per pod, ground cover, seed protein
content, and phenological characteristics. Data normality
(Kolmogorov-Smirnov test) and homogeneity of variances (Levene’s
test) were assessed at a 5% significance level using SPSS 25. Mean
comparisons were conducted using LSD at a 5% probability level, and
graphs were generated using Excel.
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Results: Tillage systems significantly influenced lentil growth and

yield. Minimum tillage, with an average grain yield of 898 Kg ha' in
Keywords: the Bileh Swar cultivar, outperformed conventional tillage (805 Kg ha
Conservation agriculture 1) 5nq no-tillage (710 Kg ha™). Minimum tillage also increased LAI by
Ground cover 15% and pods per plant by 20% dt tional till
Leaf area index o and pods per plant by o compared to conventional tillage.
Legumes Although conventional tillage enhanced ground cover by 10%, it

Soil moisture required higher energy input and caused more significant soil
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degradation. Although tillage methods did not affect qualitative traits
(grain protein content and harvest index), significant differences were
observed among the cultivars. Bileh Swar exhibited the highest seed
protein content (27.2%) and harvest index (35.85%), while the local
landrace had the lowest (23.4% protein and 30.62% harvest index).
Phenological analysis revealed that minimum tillage extended the
growth period by 7-10 days compared to conventional tillage, likely
due to better soil moisture retention.

Conclusion: The findings demonstrate that minimum tillage, with
advantages such as increased grain yield (12% on average), improved
growth indices, and enhanced soil moisture conservation, is the
superior system for rainfed lentil cultivation in Kermanshah.
Additionally, the Bileh Swar cultivar, with its high quantitative and
qualitative performance, was the most suitable for these conditions.
These results provide a scientific basis for promoting sustainable lentil
production in arid and semi-arid regions. Combining minimum tillage
with high-yielding cultivars can reduce production costs while
enhancing regional food security.
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Table 1. Physical and chemical properties of soil before lentil cultivation

Depth Soil texture Calcium carbonate  OC N P K Cu Zn Fe Mn
S pH Ly S Sl S SoS Bsa A el e s el R
cm % mg.kg’!
0-30 7.8 Silty clay 28 0.99 0.09 18 360 1.8 048 45 14
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Figure 1. The monthly precipitation at the experimental site (2021-22)
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Table 2. Lentil development stages

Developmental
stage

G 4>

Growth stage

Explanation
=l

Dry seed
GO Y
Seeds have absorbed
Gl water
Sl 03 S e S
o Roots have appeared
Germination G2 Wkl ey,
ol 5
ST Stalks and roots have
appeared

G3 b ey, el

Llods
Greening
G4 O jonn -
First node The first leaf with one pair of leaflets fully expanded
Vi oS ol ol 5L WS Sy i S Sy et
X First node X leaf with more than one pair of leaflets fully expanded, twisted
Vegetative V(x) X, ¢ ~ tendril
L;‘i'l)) =; m)y-@i;&i‘eujbm&quwgﬁ)lu:fbxff
1 Last node n - any number of nodes on the main stem with fully expanded
v ¢ i leaves in number
(n) NS 150 o 3L WS (oS s (ghls 45 ol 3l (555 5 68 slas a
Early bloom One open flower at any node on 50% of the plants in the field
Rl adsl oasa8 S 355 sdalie as 550 53 355 50 OALS Ao y5 00 (59505 a5 3L S
Full bloom Flowers have opened on nodes 10-13 of the main branch on 50% of
R2 € S the plants in the field
Reproductive S w5 Lot 3L OWLS doys 00 sy ol BL Y BN glae S s s S
= Early pod Pods on nodes 10-13 of the main branch are visible on 50% of plants
R3 o yp L in the field
Sl s S Lt sdalie BB OWLS doys 00 53 ol Sl VWL e (slae S s Lol
R4 Flat pod Pods on nodes 10-13 of the main branch are flat; Seeds fill less than

half of the pod area, but can be felt as a bump between the fingers
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Seeds in any single pod on nodes 10-13 of the branch are swollen
Full seed and completely fill the pod cavity
R5 oIS wls L ole Jols (slad ol obas 5 s oy WY L) sl S (55, S a3 Lawls
Llos S
All the normal pods on nodes 10-13 of the main branch completely
Full pod fill the pod cavity; Field remains green
R6 S Gl U o Olizees 4550 sy alS ool 3L VW B Y0 (slae S 55 el aan
Coosl 0 kile
® Moisture content of 30% or below
S hdes Y pd sk, @
e 80% of the plant is yellow to brown in color
odal s Slosgd b a3 K, ol doysAr @
e Top of plant may still have slight green color, but seeds fully
formed and not juicy
Ol 0y 5 a8 IS WolS Lasils Lob b o (S 55 el San olS S5 @
Liea SLo
hvsiological e Seeds in pods from the bottom third of the plant are tan-brown,
Physio ogica hard, and pods rattle when shaken
R7 rr}atUl‘lF}f S e Gl 03l OSS ¢l§:.a 5 S (Sloggd olS ol 5w j3 5y se sladls @
OGP & .
XLl
e Seeds from the middle third are full size and firm with 100% color
change (light green to tan-brown)
@ ble Slosgd 4 by ) JolS ) i L an S K S Jle 4l glasils @
(€33)
e Seeds from the upper third have 50-75% color change with no
immature seeds (shiny green seeds)
550 (Gl ) JLG glayds 5 0 Ky i dop VO L 00 JB55 aml lasls @
Lyl s
90% of the pods on the plant are tan-brown; Seed moisture ranges
Full maturity from 20-30%
R8 oS ¢ 5k YOB Y el bt 355 4 bl lesd olS 55 » LOUE 3l as s A
Sl do
Ready to harvest All pods are tan-brown and seed moisture is less than 20%
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Table 3- Results of analysis of variance of the effect of experimental treatments on plant height, leaf area index, seed

yield and biological yield, harvest index, number of pods per plant and number of seeds per pod of lentil.
Mean square

Sl Ske
sources of variance Leaf area L Harvest Number of pods Number of
i e df Plant index  Seed yield Biological  jpdex per plant seeds in a
height S yield L L sl
‘ol o als 3 Shas N o plo Sldas pod
s c s K
Bl jj-: e il Sa CL; 53 &l slaws
Block
S 2 1552 450.5 47325 25845 92.57 37.96 0.289
Tillage
S 2 31.05ns 68.73ns 59911 * 500141 ** 21.80 ns 32.36ns 2.289 *
[C353)
Whole-plot error
ol sl 4 5405 17.44 5279 26964 12.07 5.289 0.322
Cultivar
o5 4 44.60* 19.12ns 84376 ** 372165 ** 37.32 ** 107.00 ** 0.422 *
Tillage x Cultivar
5% Sl 8 0.524ns 210.00 ** 8333 * 62329 * 0.893 ns 6.133 * 0.289 *
=0 XS0
Split-plot error
b ol 24 1.996 30.22 3974 25673 9.44 2.067 0.117
PG
Coefficient of variation (%)
5.48 11.63 9.07 7.04 9.33 7.33 6.76

GBI JUES U W

.@.Wy')l;d;ulensjjlzduw)séi;&ck“)s%jQ*j**

**and * significant at 1% and 5% and ns, not significant respectively
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Table 4. Comparison of the mean effects of different cultivars on plant height, harvest index, field green cover, grain

protein, days to emergence, days to flowering, days to poding, days to maturity, soil moisture, and soil temperature
Harvest Field green Grain Daysto Daysto Daysto Daysto

Cultivar P10t index  cover protein emergence flowering poding maturity  SOil soil
; h/elght Ll by sy i, -0 G G 5, moisture temperature
r A4S sl - Sl cagb, Sl sl
Cls 4830 e &ls NER-JN A u.u(ﬁ\.:} S
Bileh Swar

ks 22.74d 3541a 88.61la 272a 13.89¢ 127 ¢ 1403 ¢ 159 ¢ 8.97b 25b
Kimia
LS 2491 c¢33.29ab 84.81a 24 ¢ 13.89 ¢ 1289 ¢ 143.1bc 162.8bc 9.39b 22 ¢
Sepehr
Baad
Gachsaran

S 27.3b 31.06bc 84.17ab 24.8bc 1533bc 1383b 146.7bc 168.3 abc 9.95 ab 25.10b

2548¢31.92bc 84.17a 26.2ab 14.89bc 1343b 144.7bc 1653 abc 9.24b 25.10b

Local

o 28.76a 29.44c 79.75b 234c 1722a 1433a 152.7a 1723a 1121a 27.12 a

Same letters indicate no significant difference based on the LSD test at the 5% probability level.
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Figure 3. The interaction effect of different tillage systems and varieties on lentil leaf area index
Same letters indicate no significant difference based on the LSD test at the 5% probability level.
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Figure 4. The interaction effect of different tillage systems and varieties on lentil seed yield.
Same letters indicate no significant difference based on the LSD (106.20) test at the 5% probability level.
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Figure 5. The interaction effect of different tillage systems and varieties on lentil biological yield.
Same letters indicate no significant difference based on the LSD (270) test at the 5% probability level.
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Figure 6. The interaction effect of different tillage systems and varieties on number of pods per plant.
Same letters indicate no significant difference based on the LSD (2.42) test at the 5% probability level.
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Figure 7. The interaction effect of different tillage systems and varieties on number of seeds in pod.
Same letters indicate no significant difference based on the LSD (0.58) test at the 5% probability level.
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Table 6. Comparison of the mean effects of different tillage methods on field green cover, days to
emergence, days to flowering, days to poding, days to maturity, soil moisture, and soil temperature

. . Days to Days to Days to Days to soil soil
tlu‘agzrietti()d Fle.ld.gr een CO}/?r emergence  flowering poding maturity moisture  temperature
Nl 3o 4 s g A Oddpn B35y (2286 50, a2pli Uy, Sy Uy, Scusby,  Sbgle
Conventional
87.81a 1340 1303 ¢ 141.1b 159.5b 6.68b 27 a
Eade
Reduction
il 86.71 a 154a 13420 146 ab 165.4 ab 10.07 b 25.10 ab
No-till
S 80.82b 16.33 a 138.6a 149 a 171.8 a 1191 a 22.450b
$o03 ]

same letters indicate no significant difference based on the LSD test at the 5% probability level.
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Table 4. Results of analysis of variance of the effect of experimental treatments on field green cover, grain

protein and phenological traits of lentil

Mean square

. Sl o Sks
sources of variance _ 5 5 5 5
Syt b Field green cover Gralp ays to ays .to ays to ays t ©
. protein emergence flowering poding maturity
e s b s
R e N T N N F U P TR
Block
S 2 176.30 87.44 2.022 74.96 95.62 2393
Tillage
Sl 2 332.60 * 0.797 ns 33.70 * 260.5 * 263.3 * 570.7 *
S$o02
Whole-plot error
o sl 28.57 13.60 2.522 33.89 41.42 91.59
Cultivar
o5 4 94.52 * 27.90 ** 16.92 * 405.9 * 193.1 * 2349 *
Tillage x Cultivar
o35 X835 0.233 ns 0.057 ns 0.106 ns 2.972 ns 30.22ns  30.022 ns
Split-plot error
o sl 24 26.47 3.471 1.578 26.02 30.88 82.04
Coefficient of variation (%)
11.60 7.46 8.35 3.80 3.82 5.47
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**and * significant at 1% and 5% and ns, not significant respectively
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Table 7. Analysis of variance results for the effect of experimental treatments on soil moisture and temperature

Mean square

sources of variance Sl e SSle
s e df ol :
i soil moisture soil temperature
S s, Sk gbes
Block
Sk 2 97.89 294.3
Tillage 2 2332 ** 145.8 *
SioaS ’ ’
Whole-plot error
el (sl 4 25.68 ns 22.89 ns
Cultivar
5 4 25.68 ** 48.05 **
-
Tillage x Cultivar g 4767 0.185
o5 x5S 767 ns .185ns
Split-plot error 2 5601 6.701
P sl : :
Coefficient of variation (%)
15.72 10.15

B eI U W ST

.M)]Q@M\_éw\nsj)\)&‘M)Q@J&icb.ﬂ))%}‘\A_*‘ﬁ**
**and * significant at 1% and 5% and ns, not significant respectively
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