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Abstract

Introduction: Different strategies have been proposed to sustainable soil management, including
conservation agriculture. Conservation agriculture is based on four principles: reducing plowing
and soil disturbance, leaving an appropriate amount of plant residues on the soil surface, crop
rotation with an economic cultivation pattern, and sustainable production of agricultural products
with benefits are the basis of these four principles. The economic benefits of conservation
agriculture and tillage in the early years have challenges in terms of implementation. There are
few studies on the impact of the initial phase of conservation agriculture on soil nutrients and its
consequences, so this study aims at the impact of Various protection management on some soil
physicochemical properties during the initial years of implementation. Recently, farmers in
Golestan province have been practicing the conservation agriculture in their fields without
following a standard method and uniform instructions, resulting in different outcomes from the
implementation of conservation tillage methods. In general, the economic benefits of
conservation agriculture in the first year of its implementation are very controversial, and farmers
think that the implementation of conservation agriculture may not be profitable due to the high
consumption of herbicides and low yield, especially in the early years of its implementation.

Materials and methods: This study was conducted in Nokandeh region of Golestan province in

the form of a randomized complete block experiment in three types of management including
optional(minimum) tillage (MT), Conservation agriculture (CA) and conventional tillage (CT)
and in 4 years. In each management, 30 soil samples were selected from the depth of 0 to 20 cm,
and various soil properties were evaluated. These properties included soil pH, texture, electrical
conductivity, total neutralizing value (TNV), soil carbon, total nitrogen, available phosphorus and
potassium, and soil micronutrients such as Fe, Mn, and Zn. The data's normality was tested using
the Kolmogorov-Smirnov test. Differences between the means were calculated using Duncan's
test at confidence levels of 0.01 and 0.05. SAS version 9.4 software was used for data analysis.
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Result and discussion: The results showed that the effect of tillage management on pH changes
is not significant, while the effect of time on pH changes is significant at the 1% level (p < 0.01).
In the fourth year, the pH was 7.64 in no-till, 7.62 in minimum tillage, and 7.4 in conventional
tillage. The lowest pH value was measured in the conventional tillage treatment, which decreased
by 3.6% compared to the first year.

The main decrease in electrical conductivity was observed in no-till, with a 32% decrease in soil
electrical conductivity in the fourth year compared to the first year. The minimum changes were
observed in conventional tillage. The amount of organic matter in the soil under conservation
agriculture increased by 47%, and by 17% in minimum tillage, compared to the first year.The
implementation of conservation management over the years did not significantly affect the
amount of TNV, but the percentage of TNV in tillage managements was observed in the order of
CT > CA > MT, respectively. The amount of total nitrogen increased in both MT and CA,
indicating a decrease in nitrogen leaching over the four years. In the fourth year, conservation
agriculture increased the amount of available phosphorus in the soil by 47% compared to the first
year. The potassium content increased by 58% in CA and by 52% in MT, while the potassium
content increased by 6% in conventional tillage. The amounts of iron and zinc were higher in
MT, and the amount of manganese was higher in CA. The results of this study showed that the
most important management factors affecting the initial years are the amount of soil organic
matter. Soil nutrients are sensitive indicators of fertility, and changes in soil nutrients increase
gradually in the initial years, sometimes accompanied by uncertainties. Significant aspects of
water, plant, and soil interactions in nutrient cycling remain unknown.

Conclusion: The results of this study showed that although low tillage and no-till treatments
improve soil nutritional and fertility indices compared to conventional tillage, the trend of
changes in these indices over time is different, which may discourage farmers and promoters in
the early years of implementation. Considering the varying results obtained in this research, it
seems that sufficient time is needed to achieve better and more visible results for farmers. These
findings provide a practical perspective to farmers, promoters, and managers to realistically
assess the achievements in the early years of implementation. It is suggested that in the initial
years of implementation, especially on farms with greater fragility and uncertainty, government
support should be provided to reach the final sustainability of the plan.
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Table (1) Analysis of variance for soil chemical and physical characteristics affected by tillage and time
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Values marked by * and ** are significant at 5% and 1% probability levels, respectively, and ns, are not significant at 5% probability levels
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Table (2) Analysis of variance for soil nutrients affected by tillage and time
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Figure (1) Mean comparison effect of different tillage management on some physical and
chemical properties in different years. MT, Minium tillage, CA, conservation Agriculture, CT,

conventional tillage. (In each column, means with at least one similar letter have no significant
difference at 5% level based on Duncan test.).
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Figure (2) Mean comparison effect of different tillage management on some soil macronutrients in different
years. MT, Minium tillage, CA, conservation Agriculture, CT, conventional tillage. (In each column, means

with at least one similar letter have no significant difference at 5% level based on Duncan test.).
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Figure (3) Mean comparison effect of different tillage management on some soil micronutrients in
different years. MT, Minium tillage, CA, conservation Agriculture, CT, conventional tillage. (In each

column, means with at least one similar letter have no significant difference at 5% level based on
Duncan test.).
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