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1- Soil quality indicators
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Figure 1. Location of sampling sites in the study area.
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1- Stratified multi stage sampling
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Table 1. Topographic information, surface soil textural class and crop management of the studied sites.

Skt sl

Soil textural class

LS s

Crop management

clay loam, clay, loam,
sandy clay loam

clay loam, clay,
sandy loam

clay loam, clay,
loam, sandy clay loam

clay loam, clay

clay loam

Mono-cropping and
crop-rotation

Mono-cropping and
crop-rotation

Mono-cropping and
crop-rotation

Mono-cropping

Crop-rotation

RISy Sl s blE slaes s o b g0
Land County Nun}ber Altitude Average
use of sites Slope
Zanjan 11 1508 <3%
Khodabandeh 7 1810 <2%
o
Irrigated Abhar 6 1758 <2%
Mahneshan 2 1554 <2%
Khorramdarreh 1 1618 <2%
Zanjan 12 1726 <4%
Khodabandeh 5 1894 <5%
VJ”J
) Abhar 11 1722 <5%
Rainfed
Mahneshan 7 1869 <4 %
Khorramdarreh 4 1693 <5%
Ijrood 11 1875 <5%

clay loam, clay, loam,

silty clay loam, sandy loam

clay loam, clay

clay loam, clay, loam,

silty clay, sandy clay loam

clay loam, clay, sandy loam,

sandy clay loam
clay loam, clay, loam

clay loam, clay, loam,

Mono-cropping and
crop-rotation

Mono-cropping

Mono-cropping and
crop-rotation

Mono-cropping and
crop-rotation

Mono-cropping

Mono-cropping and

sandy loam, sandy clay loam crop-rotation

sandy clay loam ¢ .., cclay s loam ¢ ., e clay loam ( J yamekr &.2S icrop-rotation ¢ Jsems S .25 :Mono-cropping

s gy silty clay « mow o o4 silty clay loam (o3 e ) sandy loam (o e o4
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1- Independent-samples t-test
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Table 3. The results of t-test with 95 % confidence interval for soil physical properties in two irrigated and

rainfed land uses at 0-30 and 30-60 cm depths.

St Koo Sis R Ges () Kl (023) Sk valge SR claw

Soil physical property Unit Depth (cm) Mean Irrigated Mean Rainfed p-value
0-30 31.31 29.65 0.653 0.516

(S %
Clay 30-60 34.37 35.00 0.252 0.802
. 0-30 35.74 38.04 0.752 0.454

o %
Sand 30-60 28.59 31.04 -0.703 0.484
) 0-30 32.94 3231 0.420 0.675

N %
Silt 30-60 37.04 33.96 1.763 0.082
- 0-30 14.20 15.13 0.540 0.591

oy ,.{M.u %
CF 30-60 17.51 16.83 0.299 0.765
" . 0-30 131 1.36 2.089 0.040

CAE g yae gem?

BD 30-60 1.41 1.42 -0.675 0.504
sl s sy oS . 0-30 2.93 1.48 4.907 0.000

m
MWD 30-60 2.81 1.37 4615 0.000
RICHETRN . 0-30 1.13 0.73 5.077 0.000

m
GMD 30-60 1.06 0.65 5.121 0.000
. 0-30 55.66 4339 2.482 0.015
Ll EW-NGVIRTY
¢ L,S:JJ) = J em day'l

Ks 30-60 36.31 29.85 0.822 0.416
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Table 4. The results of t-test with 95% confidence interval for soil chemical properties in two irrigated and
rainfed land uses at 0-30 and 30-60 cm depths.

Sl olesd Sk Al e () ke (023) ks Value ol gmn o
Soil chemical property Unit Depth (cm)  Mean Irrigated Mean Rainfed P-value
7. 0-30 0.62 0.41 3.886 0.000
Ss %
ocC 30-60 0.35 0.24 2.767 0.007
e 0-30 0.05 0.03 3.466 0.001
&S Ois %
™N 30-60 0.03 0.02 2.714 0.008
RUICHIN 0-30 1.09 0.54 -2.837 0.007
s dsm’
EC 30-60 1.12 0.51 -2.836 0.007
Sl sl 0-30 7.68 7.72 -0.487 0.628
pH 30-60 7.75 7.75 0.050 0.980
PURWINS PSC s 0-30 2.46 1.38 2.154 0.034
(mmol )™
SAR 30-60 2.61 0.96 2.288 0.028
s B 0-30 114.30 54.54 2.416 0.018
mg |
Na 30-60 121.38 36.07 2.231 0.032
0-30 179.12 78.11 3.202 0.003
it el
Cl 30-60 202.50 71.54 2.498 0.018
ol S [ 0-30 188.42 157.38 2.145 0.035
mg
HCO; 30-60 183.22 147.99 2.400 0.019
ol b i 0-30 11.34 8.72 0.836 0.406
ppm
P 30-60 6.41 5.37 1.119 0.267
ol b ol 0-30 349.68 340.45 0.350 0.727
ppm
K 30-60 262.88 267.69 -0.183 0.855
oAl 0-30 7.58 6.58 1.181 0.242
ppm
Fe 30-60 7.78 6.25 1.400 0.165
e opm 0-30 13.13 12.46 0.358 0.721
Mn 30-60 13.05 12.36 0.442 0.660
s 0-30 2.60 0.87 -2.692 0.009
ppm
Zn 30-60 1.34 0.49 -3.013 0.004
0-30 1.89 1.74 0.750 0.445
- ppm
Cu 30-60 1.98 1.79 0.805 0.423
550315 0-30 0.03 0.01 1.223 0.228
ppm
Cd 30-60 0.01 0.01 0.907 0.370
oy 0-30 1.80 1.42 1.682 0.097
) ppm
Pb 30-60 1.62 1.30 1.751 0.084
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Table 5. The results of t-test with 95 % confidence interval for soil biological properties in two irrigated and

rainfed land uses at 0-30 and 30-60 cm depths.

. . D oSl () Sl e
S s S dl ) o ) t-Value |
N
Soil biological property Unit Depth (cm) Mean Mean SR
Irrigated Rainfed P-Value
L 0-30 9.40 8.25 3.568 0.001
Sl
o mg c kg day”
SMR 30-60 8.31 6.59 5.902 0.000
S - 289.82 213.41 362 001
s 035 s S o 0-30 89.8 3 3.36 0.00
MBC 30-60 225.61 147.96 4.290 0.000
; 0-30 0.03 0.05 2.426 0.018
t'ﬁ
ﬂ”'. e mg CO,-C mg MBC"' day”
Metabolic quotient 30-60 0.04 0.06 2.061 0.043
g 0-30 48.65 56.33 -1.340 0.184
SIS e 2L mg oo C
Microbial quotient index 30-60 103.98 77.94 0.990 0.325
s 0-30 21.15 13.80 3.944 0.000
S e parll ¢ ha!
Carbon stock 30-60 12.17 8.45 2358 0.023
e e - 1. 1.1 ) 001
s e ph anls - 0-30 73 8 3.376 0.00
Nitrogen stock 30-60 0.95 0.63 2.508 0.017
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Figure 2. Soil quality index in irrigated and rainfed land use. Capital letters and lowercase letters correspond
to significantly difference at P<0.05 for 0-30 and 30-60 cm depth, according to the t-test.
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Abstract

Background and Objectives: Soil quality plays an important role in the link between high
production and sustainability of land resources and can affect the quality of air, water and
environment. Assessing the impact of management practices under agricultural land uses on soil
quality is one of the necessary processes to achieve sustainable soil management in agricultural
ecosystems. Therefore, this research was carried out with the aim of investigating the effects of
conventional agricultural management systems on soil quality in Zanjan province.

Materials and Methods: 154 soil samples were collected from 77 farms in Zanjan province
(27 sites in irrigated and 50 sites in rainfed) at 0-30 and 30-60 cm depths. Considering the main
threats which are associated with soil in Zanjan province, 30 soil physical, chemical and
biological properties were measured and evaluated as the soil quality indicators. Additive soil
quality index was determined by integrating soil quality indicators. Statistical parameters were
applied to compare conventional management approaches in irrigated and rain-fed land uses on
soil quality.

Results: Under rainfed land use, at 0-30 cm depth, the aggregate stability and saturated
hydraulic conductivity were decreased 49.49% and 22.04% respectively compared to the
irrigated land use. Soil bulk density in irrigated land use was 3.68% lower than rainfed land use.
Organic carbon, microbial biomass carbon, soil respiration and carbon and nitrogen stock index
were higher under irrigated than rainfed land use. Under rainfed land use, soil organic carbon
was decreased 33.87% and 31.43%, at 0-30 cm and 30-60 cm depth respectively, compared to
the irrigated land use. The electrical conductivity at 0-30 cm depth was 50.46% lower than
irrigated land use. Under rainfed land use, available zinc was decreased 66.54% and 63.43%, at
0-30 cm and 30-60 cm depth respectively, compared to the irrigated land use. The metabolic
quotient in rainfed land use was higher than the irrigated land use and was identified as an
indicator of soil degradation in this study. The metabolic quotient was reduced in irrigated land
use by 40% and 33.33% at 0-30 and 30-60 cm depth respectively, compared to the rainfed land
use. A significant positive correlation was found between organic carbon and soil physical
properties including aggregate stability and saturated hydraulic conductivity and soil biological
properties including microbial biomass carbon and soil respiration. The additive soil quality
index at 0-30 cm depth, was significantly higher in irrigated land use (0.64) than rainfed land
use (0.55).
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Conclusion: The results showed that in terms of soil productivity and quality, irrigated
management has better conditions than rainfed management. However, higher soil electrical
conductivity in irrigated land use indicates the necessity of better chemical fertilizer
management and assessing water quality used for irrigating lands in Zanjan province. Soil
organic carbon was identified as the most important indicator that influenced the quality of
studied soils. Using efficient management approaches including conservational tillage,
operating appropriate crop rotation and application of equivalent chemical and organic
fertilizers which result in increasing soil organic material are essential for both land uses,
particularly under rainfed farming.

Keywords: Agricultural land use, Soil biological quality, Soil management, Soil physical quality
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