The effect of tillage systems on nutrient concentrations, root traits and forage
yield and in forage legumes

Introduction: In recent years, the use of conservation tillage methods has been widely considered in the
world, and the use of conventional tillage methods has become outdated in some parts of the world.
Conservation tillage systems are usually implemented in arid and semi-arid regions. In semi-arid regions, the
key to increasing crop production is to maximize surface water infiltration. In addition, legumes are the main
source of protein in developing countries, with about twice the protein content of cereals, and are a source of
Inexpensive, good-quality protein and a suitable complement to cereal protein. These plants are very
important in low-input farming systems and have a special place in the rotation of some agricultural systems
in the world, especially in dry regions, and play a significant role in food production in these countries.
Therefore, an experiment was conducted on the effect of tillage systems on nutrient concentrations, root
traits and forage yield in forage legumes at the research farm of the Lorestan Agricultural and Natural
Resources Research and Education Center, 8 km southwest of Khorramabad city, during 2022-2023 and
2023-2024 in the October crop seasons.

Materials & Methods: This experiment was conducted as a split plot based on a randomized complete
block design with three replications. Tillage methods (conventional, low-tillage, and no-tillage) were
considered as the main factor, and forage legumes (Broujerd landrace faba bean, Lamei cultivar vetch, Grass
pea, Barakat and Feyz cultivar faba bean) were considered as secondary factors. The water required by the
plants was supplied by normal rainfall during the growing season, and no irrigation was performe. Disking,
minimum tillage included a chisel plow or a combined toothed roller cultivator, and no-tillage involved no
tillage operations.

Results & Discussion: The results of the analysis of variance showed that the main effect of tillage system
and forage legumes on all measured traits and the interaction effect of tillage x forage legumes on forage
yield, root length, root volume, and the concentration of copper, zinc, and phosphorus elements in aerial
parts were significant. Based on the results of the tillage system x forage legume planting showed that the
highest forage dry weight (2820.9 kg h™) and copper concentration (50.17 ppm) were observed in the
conventional tillage system and Lamei variety vetch. The highest forage fresh yield (10671.54 and 10581.19
kg h'1), root length (33.89 and 33.39 cm) and phosphorus concentration (0.85 and 0.84%) were observed in
the conventional and low-tillage systems and Lamei variety vetch. Also low-tillage system and Lamei variety
vetch had the highest zinc concentration (50.69 ppm) and root volume (11.74 cm?®). The conventional tillage
system increased root diameter by 32%, fresh forage weight by 26%, dry weight by 21%, potassium by 27%,
iron by 6%, and manganese by 8% and soil respiration by 22% compared to the no-till system. Also, the
results of comparing the average effect of planting different forage legumes on measured traits showed that
the highest yield, root traits, and nutrient elements were observed in the Lamei variety vetch.

Conclusion: In general, this research emphasizes the importance of selecting the appropriate tillage system
and seed type to optimize forage production and improve its quality, indicating that vetch performed well
under the conditions of this experiment. Also, conventional and minimum tillage methods, due to the
changes they induce in the physical, chemical, and biological conditions of the soil, have a significant impact
on yield, root characteristics, and nutrient concentrations in the Khorramabad region.
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laboratory staff of the Khorramabad Research Center for their guidance and assistance during the project.
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Table 1- Metrological data of temperature and precipitation during the experimental period
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Year 2021-2022 Year 2022-2023
0 Lo )-.i'fl.b Ln_g ?)51» S5 Wb Lo ,_;»51» L”_’ %p'\» S5
Month TMaX|mum Minimum Precipitation Month Maximum Minimum Precipitation
emeerature temp:erature (mm) TemEerature tempoerature (mm)
(9] (9] C) (9]

September . 33 12.7 0 September . 31.1 13.1 1.4
October L 22 8.5 711 October Ui 225 8.1 45.8
November ,3i 16.2 3.7 28.8 November ,3i 17.4 1.9 29.2

December > 11 0.7 55.2 December ¢ 14.5 1.3 43
January ;yexo 11.3 -0.3 92.7 January (yexe 134 14 99.6
February sl 195 4.1 65.8 February sl 155 2.1 67.8
March (y5,9,8 20 5.7 123.9 March 3,9,8 21.9 6.2 94.6
April cuigs) 27.6 8.5 216 April cuiges) 26.1 105 108

May sl 5 34.8 151 151 May sl 5 36.8 16.1 0.4
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Table 2- Farm soil analysis

s Shedy, e (Spslicgs o S e orl oS Ol hed oeliy
Year Soil Sl EC Cu Zn Mn Fe C N P K
texture  pH (ds m™) (ppm)  (ppm) (ppm) (ppm) (%) (%) (ppm)  (ppm)

2021-2022 Loam 7.6 1.27 074 025 6.2 71 092 031 121 332
2022-2023  Loam 7.5 1.25 0.81 032 6.9 6.8 094 042 135 361
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Table 3- Combined analysis of variance of Tillage on forage legumes yield and root traits

(MS) Slayyo il
@ 3,8kes wbsle 3 Slos . oo o o ok o
SOV 5 gl <l iy ” adyy Job i) -, Sazs aryy,  SB o
df . Root ady, Root soil
resh forage Dry forage length Root Root fresh respiration
yield yield volume  diameter ~ Rootdry ;
weight weight
Year Jlo 1 481094.72™ 323554374 4131 5407 218 1138 4860~  0.18"
(RIY) Jls 53 15 4 1212339.99  2359855.98 2.86 0.04 2.57 0.01 0.21 0.006
Tillage (sjyp5s 2 2207917.12" 1843998.24" 179.75™ 1325 0.90  1.80 2612~  0.12"
(Y X T) (55,556 x Jlo 2 2.81 1.13m 6.23  6.02% 523 425"  140™  4.69™
a gl 8 710975.81 43543.72 0.17 0.03 0.03 0.10 0.03 0.005
Foragec‘f:;j‘ aide 4 231724281 1670838.80™ 337.15™ 2891 261° 283" 3559”  0.13"
ladgle Voas x| Jlw
shésle Sy 4 7.02" 2.97" 8.1 7.33%  127%  203% 293  134m
(Y x FC)
ladgle Veis X (¢3S
shigle . ’f FC)J ” 8  117121.01™ 13173257 917" 107" 010  0.09 057  0007™
oYy x d)'”JB % Jlo
ledgle 8 1.01 5.60™ 5.367 950" 1.94% 127" 455 467
(Y xTxFC)
b sls 48  889652.13 36620.44 1.21 0.13 0.09 0.05 0.36  0.0008
CV (%) Syis crps - 9.43 8.74 4.27 4.04 6.37 1069 1015 1662

ns, * and ** are non- significant and significant in probabilitie levels of 5 and 1 %, respectively.
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Table 4- Comparison of the mean interaction of Tillage x planting forage legumes on yield, some nutrients and root traits

> Shas > Skes
~- Gl Sial  CORL e 5
sl Fresh forage  Dry forage Root oot P Cu Zn
Treatmeents yield vield length  volume
Tillage (j,y56 Forage Crops (slasgle ¥ si, (kg (em) (cm) %) (Ppm)

Faba bean (Borujerd landrace) sy, 035 Mk 10131.21%¢  2370.99%¢%  27.36¢ 8.86' 0.81 39.98¢ 41.99¢

Vetch (c.v. Lamei) =Y 5, Sile 10671.542 2820.92 33.897 10.28° 0.852 50.172 49.34%®

Conventional g, Grass pea ,is 10398.06%  2461.16°¢  28.76° 8.21"  0.82bd 42,41 46.96"
Faba bean (c.v. Barkat) < 8, M3l, 10093.17%¢  2352.8¢k 25 57¢ 9.02 0.80¢ 37.57f 46.77bcd

Faba bean (C.v. Feyz) jas o5, %L, 10255.11%  2391.16"  27.98% 8.629" 0.81 42.11¢ 46.91bd

Faba bean (Borujerd landrace) g, 035 M 9683.08%° 2001.1% 23.231 9.93t¢ 0.748 33.51" 43.68%

Vetch (c.v. Lamei) =Y 5, Sile 10581.192  2551.11° 33.39° 11.742 0.842 48.55% 50.692

Reduced tillage ;S o5 Grass pea > 9967.18%°  2276.61%  25.31° 9.14¢0ef 0.77¢ 37.32f 45.88bcd
Faba bean (c.v. Barkat) s, 53, M, 9475.18% 1751.18" 19.12" 6.64/ 0.65" 31.98 42.18°
Faba bean (c.v. Feyz) Lab o3, M, 9873.09%¢  2047.829"  24.41°f 9.36% 0.74% 31.599 45,690

Faba bean (Borujerd landrace) sy, 035 Ml 9595.21%¢ 183459 22,129 10.09°  0.73¢ 32.18 43.21%

Vetch (C.v. Lamei) oY 58, Silo 10345.14%  2514.04  30.64° 7.59 0.83% 43.19¢ 48.74%®

No tillage (¢j,3S5 9 Grass pea ,l> 9906.85%°¢  2214.15%F  25.15° 9.190ef 0.77¢ 36.9° 45,85b¢d

Faba bean (c.v. Barkat) sy, 45, Mal, 9100.74°¢ 1331.14 17.21 6.24) 0.63" 28.26! 38.74f

Faba bean (c.v. Feyz) b 5, Mil, 9732.12%¢  1941.12%" 23,57 9.52¢ 0.748 34.779 44,92¢

5l LSD o5l ol doyd ey s )3 5006 b (gld pixe ogles Jole o (gl gty y0 wliie By (gl)b slo Sk
Similar letters in each column for each factor are not significantly different based on LSD test (p<0.05).
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Table 5- Means comparison of main effect of Year on forage crops some nutrients and root traits

Adyy Job Al p Ay skl Ady) KB 0je Ay F s i S s
Years Root Root _Root Roo_t dry Root.fresh P é: soil
length  volume diameter weight weight respiration
(cm) (cm®) (mm) (an) (%)
First 25.23° 8.17b 1.65° 1.76° 5.13° 0.75 35.42° 0.52°
Second 26.202 9.79? 2.262 2.492 6.66° 0.862 38.74% 0.61°

)55 LSD ygeil bl 2 1oy iy o 53 50385 L g o stme glis Jale o (gl gt o o e By (4 (sl Sile
Similar letters in each column for each factor are not significantly different based on LSD test (p<0.05).
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Table 6- Mean the main effects Tillage and planting forage crops on some nutrients and root traits

oy s Mo S0 _ SE o
- Root ady, isFe el ol P .
o, los Root - Soil
- diameter Tresh Root dry N K Fe Mn respiration
Treatmeents weight weight p
(mgcoz2 gt
Tillage w3y (mm) (an) (%) (ppm) dmL.24)
Conventional g e 2.40?2 6.932 2.48?2 3.96° 2902 192.07@ 105.922 0.652
Reduced tillage ;)5S o5 1.67° 5.58° 2.09b 4952 2311° 184.29° 98.81° 0.56°
No tillage (¢;,sSB (yq0 1.62P 5.16¢ 1.96° 3.66° 2.19° 182.56° 97.56° 0.51°
Forage Crops (slaésle ¥ si)
329 0395 Ml
Faba bean (Borujerd 1.60v¢ 5.59¢ 1.93« 3.75¢4 219>  182.32¢ 97.28° 0.55¢
landrace)
e oy Sl 252 805 2750 528% 291° 10843 10825  0.68°
Vetch (c.v. Lamei)
Grass pea s 1.74° 6.03° 2.31b 435° 236 187.13° 103.23° 0.60°
oS B, M,
R0 2B 1.45¢ 4.20¢ 1.744 3.474 2.10° 178.64¢ 94.20¢ 0.479
Faba bean (c.v. Barkat)
26 45, Ml
O %) 25 1.69° 5720 261 402° 227° 185.13% 10020  0.53b

Faba bean (c.v. Feyz)
585 LD 9ol ol oy gy s )3 5SSy b ) sime s Jale ya sl (o5 o 5 alle B> ) slaSile
Similar letters in each column for each factor are not significantly different based on LSD test (p<0.05).
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Table 7- Combined analysis of variance of Tillage on forage crops some nutrients

] (MS) o Sie
SOV s plis dj‘)(;:?)a 0o e ey o onl Fe &9
N p K Cu Fe Mn Zn
Year JL 1 841" 00008~ 238™ 48117 4810  118.08™  22584"
RIY) Jlo s 55 4 1245 00001 550 5.31 111079 79833  523.14
Tillage csjyscsls 2 1332% 005" 069" 41521~ 82801 66329  320.07"
(Y % T) pposls x Jlo 2 9.74% 2145 49w 2.40m 2,200 138  8.35m
a slbs 8 0.05 0.0003 0,01 0.86 3.40 7.32 2438
Forage Crops .slsle c¥sis 4 9.29%  005™ 169" 44899  1023.17" 543.83"  14509"
(Y X FC) htbgle oy x Lo 4 1,05 1857 1897 393 1,520 2435 761
slese ?TY f‘F;f st 8 037 0005 0.07®  3.93% 9.65 3377 19.35"
leste g gt x Jlo 8 3,677 145% 587 366 1.83 707  5.45m
(Y x T x FC)
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ns, * and ** are non- significant and significant in probabilitie levels of 5 and 1 %, respectively.
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