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Introduction

Conservation Agriculture (CA), as a sustainable cultivation system, aims at efficient use of natural resources
with least environmental impacts, while achieving food security through increasing yield and crop
diversification. CA consists of three main principles: 1- reduction or elimination of mechanical soil disturbance;
2- maintaining a permanent cover of crop residues on soil; and 3- diversification of crops. However, the total
area under CA in Iran is less than 5% of arable lands. In Hamedan province, CA is mostly implemented in
rainfed farming. Therefore, there is a necessity to expand CA in irrigated areas. Nonetheless, a lack of sufficient
technical and local knowledge about CA acts as a barrier for its expansion in irrigated lands. Despite the large
body of research conducted on CA, there is no detailed information about the combined effects of cover crops
and conservation tillage systems on soil functioning and corn productivity in semi-arid regions of Hamedan
province. Therefore, our aim was to study three-year effects of conservation tillage practices (no tillage and
minimum tillage) and cover crops (hairy vetch and grass pea) on selected soil quality indicators and yield
components of corn in a clay loam soil of a semi-arid region in Hamedan.

Materials and Methods

Combined effects of various tillage practices and cover crops on selected soil quality indicators and corn
productivity were examined in a three-year experiment conducted in the research field of Bu-Ali Sina
University. A factorial experiment in the basis ofbased on randomized complete block design with 3 replications
and 2 factors were carried out, in which three levels of tillage practices (no tillage (NT), minimum tillage (MT),
and conventional tillage (CT)), and three levels of cover crops (hairy vetch (V), grass pea (L), and no cover crop)
were the imposed treatments. Surface soil samples (0-15 cm) were collected two weeks after corn harvesting in
the third year of experiment. Total organic carbon (TOC), organic carbon stock (CS), active carbon (AC), carbon
management index (CMI), basal respiration (BR), alkaline phosphatase activity (APA), bulk density (BD), mean
weight diameter of water-stable aggregates (MWD), and available phosphorous (P) and potassium (K) were
determined. Corn yield components (including number of kernel rows per corn, number of grains per corn row,
ear cob weight, hundred weight of grains, ear weight, grain weights per ear, biological yield and grain yield)
were measured.

Results and Discussion

The highest TOC (0.96%), CS (18.7 ton/ha), AC (398 mg/kg), CMI (74.8), BR (0.118 mgCO3/g.d) and
MWD (1.82 mm) were observed in MT treatment. However, no significant difference was detected between MT
and CT in terms of AC, CS and CMI. Moreover, the lowest TOC (0.74%) was measured in NT, which showed
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no significant difference with CT treatment (0.83%). Reduced destruction of soil structure coupled with the
increased MWD, and increased inputs of crop residues through MT, resulted in the protection of organic matter
against microbial decomposition. Soil structuring, represented by BD, was improved under conservation tillage
treatments (NT and MT).

Among cover crops, hairy vetch treatment demonstrated the highest TOC (1.0%), CS (19.5 ton/ha), AC (427
mg/kg), CMI (80.3) and MWD (1.73 mm). However, these indicators, except CMI, were not significantly
different between the two cover crops. On the contrary, these indicators were lowest in the control (no cover
crop). Moreover, AC and CMI were not significantly different between grass pea and the control. Carbon stock
was increased by 54 and 40% in hairy vetch and grass pea treatments, respectively, relative to the control. In
general, cover crop cultivation combined with conservation tillage practices introduced additional biomass to the
soil which in turn improved soil organic matter over time and enhanced soil quality.

The lowest amounts of biological yield (1663 g/m?), grain yield (507 g/m?), hundred weight of grains 11.0 g),
ear weight (91.4 g), grain weights per ear (62.9 g), and number of kernel rows per corn (13) were measured in
CT system. In contrast, the highest grain yield (637 g/m?), hundred grain weight (13.6 g), ear weight (108.4 g),
and grain weights per ear (81.9 g) were measured in NT treatment. However, the biological yield showed no
significant difference between NT and CT. Soil quality improvement in conservation tillage treatments explains
the enhancement of certain yield components. Biological yield and number of grains per row demonstrated
significant difference between cover crop treatments; the maximum of biological yield (2103 g/m?) and of
number of grains per row (44) was measured in hairy vetch treatment. Moreover, the lowest of biological yield
(1589 g/m?) was observed in the control (no cover crop) treatment.

Conclusion

All soil quality indicators, except available P, were improved under MT as compared with CT. Our three-
year study revealed that among conservation tillage treatments, MT improved majority of soil quality indicators
compared to NT. Therefore, minimum tillage practice seems to be more sustainable in this study area.
Conservation tillage treatments (MT and NT) also enhanced corn grain yield, grain weights per ear and number
of grain rows per ear compared to to the CT. Both cover crops improved most soil quality indicators. Moreover,
both cover crops induced significant effect on biological yield, although hairy vetch was more effective than
grass pea. The integration of minimum tillage with hairy vetch cover crop is considered as a sustainable cropping
system for the improvement of soil quality and corn yield in this area.
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5- Soil (organic) Carbon Stock
6- Active Carbon
7- Carbon Management Index
8- Basal Respiration
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Table 1- Analysis of variance of soil quality indicators affected by tillage and cover crop treatments
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it sl Total Active Carbon Soil Basal
Source of variation P K
. Bulk Phosphatase
df  organic  €arbon  management carbon  respiration densit Mean activi
carbon index Stock y weight ty
diameter
R )I‘)svt 2 0.133™ 9710.7™ 329.5™ 64.4™ 0.0096™" 0.019™" 0.050™ 0.687" 918.5™ 51240™
eplication
Tfﬁj)si?) 2 0.106™ 16485.7 597.9 4117 0.0009™ 0.007™ 0.341™ 0.411" 14203.3" 16043637
illage
c b BL";(C) 2 0.310™" 28689.3™ 963.1™ 112.6™ 0.0023™ 0.001" 0.065" 1.435™ 623.2" 472096
over crop
b bE“l'_s Xcdj)sdu 4 0.008"™ 1218.5™ 49.4™ 5.1™ 0.0001" 0.001" 0.042™ 7177 2689.8™ 376378"
X
EUa$ 16 0.012 2881.1 106.7 4.3 0.0001 0.001 0.014 2.702 2404.2 100162
rror

(423) Sleis oy
Coefficient of - 128 145 14.8 125 10.2 2.4 7.11 211 126 11.0
variation (%)

a3 o i Iy ofeeN g /o) o]0 paw jd (gyblize g (gyboline pis oy & Wi g wE ok NS
ns, *, ** and *** represent non-significant and significant differences at the probability levels of 0.05, 0.01, and 0.001, respectively.
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Table 2- Mean (+ standard error) of selected soil quality indicators affected by main factors of cover crops and tillage

55 G399SB Lo oinigy 8L ylow SI3 e iglés JElas
(Pro '::t ) (Tillage treatment) (Cover crop treatment) Least significant
perty cT MT NT N v L difference
S 0.83b 0.96a 0.74b 0.64B 1.00 A 0.89 A 0.107
Total Ofg(f;/”;c carbon (0.12) (0.12) (0.11) (0.1) (£0.08) (0.09) '
(1]
Jub oS 389.4a 397.8a 319.8b 3138B 4267 A 366.4 AB 53.63
Active carbon (mg/kg) (i23 2) (151 1) (il54) (1460) (1344) (i343) !
0 e gl 739a 748a 60.3b 59.7B 80.3A 68.9B 1032
Carbon _mgnageme“t (*4.2) (*9.7) (34.8) (+8) (+6.6) (#7.1) '
Inaex
oS 0D 16.69 a 18.67 a 14.40 b 12.64 B 19.48 A 17.63 A 2077
Carbon stock (Mg/ha) (i249) (1259) (i235) (1220) (1179) (iZlO)
4k o5 0.098 b 0.118a 0.103b 0.088 B 0.115 A 0.115 A 0.0108
Basal (ffgp;raé')o”(mg (+0.008) (+0.006) (0.009) (0.009) (+0.006) (+0.005) :
2/J.
ol jogase s 1.34a 1.30b 1.29b 132 A 1.30 A 131A 0.030
Bulk density (g/cm®) (£0.02) (+0.03) (£0.02) (20.02) (20.02) (+0.04)
SIS B A ole 1421 182a 159b 156 B 173A 169 A oot
Mean We('ght)d'ametef (£0.17) (0.21) (£0.16) (£0.10) (£0.19) (£0.13) :
mm
e 7.92a 7.88a 753a 7.69 A 8.21 A 743 A 1642
P(mg/kg) (+0.99) (+1.21) (+0.85) (+1.39) (0.77) (+0.83) :
O 349.4 b 385.8ab 4288a 386.9 A 396.8 A 380.3 A 29,02
K (mg/kg) (+48.9) (+43.5) (+47.6) (+50.4) (+49.4) (£70.5) :

S50 MT pgusyo (65,9515 :CT sl o LSD (905 sy duoyd & Jlossl pedas 13 I gize glis sB chitds S jiiio o 5 p> it a8 pla Sl
csiigy ol g tN gladgs IS Sile Vs il (65,085 g :NT ¢ J5las
Means with at least one similar letter are not significantly (P<0.05) different based on LSD test. CT: Conventional Tillage, MT:
Minimum Tillage, NT: No Tillage, L: Lathyrus sativus, V: Vicia villosa, N: No cover crop.
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Figure 1. Mean comparison of phosphatase activity influenced by interaction effects of tillage and cover crop
CT: Conventional Tillage, MT: Minimum Tillage, NT: No Tillage, L: Lathyrus sativus, V: Vicia villosa, N: No cover crop.
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Table 3- Analysis of variance of yield and yield components of corn affected by tillage and cover crop treatments

P ab i S b sy dlus G s
Ol pts aslio a3 > ) aboSlas UM e I EHRWENT I sy 0 il oluss m O
ki So3don ; - X %
Source of 7201 T Grain Ear Grain Hundred Number of Number of
variation df Biological yield weight  weightsper  grainweight  grain rows per ~ grains per row Ear cob
yield car ear weight
)‘)SJ i 2 307289™ 33997 6445 7405™ 3.62m™ 12.04" 11.111™ 3.34"™
Replication
_d)')BJB 2 622460 39087 620.2" 8117 16.40™" 31.59™ 16.333™ 30.16™
Tillage (T)
ity ol 2 641654" 5965™ 149.5™ 75.6™ 2.00"™ 4.04™ 25.333" 12.51™
Cover crop (C)
olS5X (55,95
b 4 144366" 2734 86.4™ 51.0™ 1.65™ 0.93™ 3.833™ 15.76™
TxC
s
Error 16 150857 3552 114.1 59.8 1.35 1.99 5.736 20.46
Oy G po
(225) - 20.6 10.3 10.7 106 9.6 9.1 56 16.8

Coefficient of
variation (%)

Wad go Ui 1y oo oY g o foN )0 o )3 (g)blize g (g bline pas udyi &) warn g 2w ok NS
ns, *, **, and *** represent non-significant and significant differences at the probability levels of 0.05, 0.01, and 0.001, respectively.
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Table 4- Mean (+ standard error) of yield and yield components of corn affected by main factors cover of crop

and tillage
Sis9S6 s gy oLS Lo ©glds Sl
s (Tillage treatment) (Cover crop) ):_b o
east
(Property) CcT MT NT N \ L Significant
Difference
S 3,Slas 1663.2 b 21774 a 1824.8 ab 1589.4 B 2103.1 A 1972.9 AB 388.14
Biological yield (g/m?) (+£389.6) (£442.7) (#513.2) (+448.6) (£289.4) (£566.9)
Wl 5,Sles 506.6 b 5879 a 637.1a 593.7 A 590.3 A 5475 A 59.55
Grain yield (g/m2) (£73.7) (+88.7) (£72.0) (£74.2) (+108.7) (#97.1)
I 5 91.84 b 98.83 ab 108.38 a 101.67 A 102.38 A 94.99 A 10.674
Ear weight (g) (+11.65)  (£1163)  (£14.10) (#1011)  (#12.92)  (17.85)
I3k o & s 6290c  7349b 81.85a 7421A  T462A  69.41A S
Grain weights per ear (g) ~ (£9.76)  (£11.08)  (+1145) (£927)  (£1459)  (+15.30)
b Lo (59 10.99b 11.77b 13.61la 11.89 A 12.67 A 11.81 A 1159
Hundred grain weight (g) (+1.05) (x1.21) (+1.53) (x1.67) (x1.67) (x1.71)
o b, S 1280b  1589a  16.33a 1567A  1511A  1433A
Number of grainrows per  (+167)  (+176)  (+1.66) *173)  (x2.47) (£2.50) 1411
ear
Cady pd &by sl 41.7 a 42.7a 443 a 43.1 AB 444 A 41.1B 239
Number of grains per row (*1.5) (x1.2) (2.0 (x1.8) (#1.2) (*1.5)
I os o 289a 253a 265a 275A 278A 25.6 A 451
Ear cob weight (g) (+2.5) (x2.00) (+2.8) (x2.3) (x2.6) (+2.8)

$599516 CT il o LSD 905l sl doyd & Jloin] aws j 5l gixe oglis 43l cainns S o By 5,0 Jlas oS Slo ke CT
Means with at least one similar letter are not significantly (P<0.05) different based on LSD test. CT: Conventional
Tillage, MT: Minimum Tillage, NT: No Tillage, L: Lathyrus sativus, V: Vicia villosa, N: No cover crop.
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