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Abstract:  During the last decade, rapid climatic changes have occurred and through water cycle disturbance 
strongly affected agricultural production. Appearance of long draught intervals through vegetation periods has 
been detected. Annual precipitation remained at the same level, but the data indicate the increasing presence 
of extremely intense rainfall that cannot meet the needs of crops for water. Therefore, it is necessary to devote 
special attention to management of water that is available during winter time and preserving water quantities 
for possible draughts intervals during vegetation period. The aim of this research is to determine optimal soil 
tillage system that will provide sufficient water quantities for crops and increase resilience of agroecosystems. 
For that reason field experiment with 4 soil tillage systems was set up in Central Croatia. Tillage systems 
differed in implementation time of separate tillage interventions. Experiment started in 2007 and in 2008 corn 
was cover crop. During vegetation period soil resistance, soil moisture, bulk density, humus content and yield 
data were collected. Statistical data analysis showed significant differences of corn yields, hectolitre and 
absolute weight between treatments. Yields varied from 5.4 to 9.7 t ha-1 depending on tillage system. 
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Introduction 

Knowledge of climate change is an obvious first step to maintain or improve production 
and land management in the future. Within this context, changing the intensity, timing, 
or form of tillage may be one of the management options more readily implemented to 
assist with adaptation to climate change (Ugalde et al., 2007). In early years of the new 
millennium the primary goal of tillage is to create and maintain favorable interaction 
between soil conservation and cropping (Birkas, 2008). Each tillage system may 
improve, or maintain soil aggregation however their impact on soil quality factors 
presumably should be different (Birkas et al., 2006). The experience so far and 
investigations of many years show that coincidence of adverse effects of the “year 
factor” and /or “tillage factor” may drastically reduce crop yields (Birkas et al., 2007; 
Jolonkai and Birkas, 2007; Jug et al., 2006; Kvaternjak et al., 2008). The problem is the 
increasing prevalence of climatically unfavorable years over the last period of time 
(Dabo et al., 2006). The climatic extremes that most frequently influence the 
ecosystems in the Carpathian Basin are low or high temperature and a deficiency or 
excess of rainfall (Varallyay, 2006; Mikulec and Stehlova 2006). In last decade those 
climatic factors also strongly affect agroecosystems in Croatia. The purpose of this 
research is to investigate the effects of modified climate conditions on soil parameters 
and corn yield (Zea mays L.). 
 

Materials and methods 

The experiment was set up on 4 plots of dimensions 60 m × 5 m on Stagnosol. Every 
plot was divided into 4 subplots. Applied tillage systems were: A – autumn ploughing, 
B – autumn ploughing, autumn harrowing, C – winter ploughing and D - spring 
ploughing. In all treatments seedbed preparation was carried out in spring. The 
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experiment started in 2007, and cover crop in 2008 was corn. Spacing between rows 
was 70 cm and 15 cm within rows. For period 1981-2000 and years 2007 and 2008 data 
on temperature and precipitation were collected from nearby meteorological stations 
Novska and Opeke, for climate conditions description. Corn was seeded on 5th of May 
and harvested on 22nd of October. Soil resistance and water content measurements were 
carried out 4 times during corn vegetation to the depth of 40 cm, using cone 
penetrometer (Penetrologger set – Eijkelkamp-2006), and moisture meter (Theta probe 
instrument – Eijkelkamp-2006). Samples for bulk density and humus content 
determinations were taken in spring and autumn 2008. After harvest grain yield, 
hectolitre and absolute mass were determined on each tillage treatment. Statistical data 
analysis (ANOVA) was carried using collected data. 
 

Results and discussion 

Climate indicators for study region were calculated according to long-term period 
(1981-2000) and years 2007 and 2008. Average annual temperature for long-term 
period amounts 10.2 °C, and annual precipitation sum 899 mm. In 2007 average annual 
temperature was 12.1 °C and prec ipitation sum was 913 mm, while in 2008 average 
annual temperature was 11.9°C and precipitation sum 841 mm (Figure 1). Average 
annual temperatures in 2007 and 2008 were 2 °C above perennial average. Monthly 
temperatures in the end of 2007 were below average. In 2008 January and February 
were extreme warm and during vegetation period monthly temperatures were in average 
1.2 °C higher than perennial average, what increased evapotranspiration rate. During 
long-term period distribution of precipitation has been favorable. However, in 2007 and 
2008 distribution was abnormal (Figure 1). Precipitation occurred in torrential form and 
despite it significant amount, soil didn’t receive sufficient water because of runoff. Such 
phenomena lead to the almost permanent state of water shortage in the soil. 

 
Figure 1. Monthly Temperature and Precipitation 

 
Therefore it is necessary to take measures for mitigation of climate change impacts and 
to find solutions to make agroecological systems more resilient. One of the measures 
that can contribute in that direction, and which is presented in this paper is choosing the 
right soil tillage system that will provide conditions in which soil and plants can use its 
potentials to overcome present stress. From collected data it was determined that there 
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were no significant differences between soil tillage systems in soil resistance and water 
content in soil. Depending on layer, values of soil resistance varied: 0-10 cm – 0.69-
2.13 MPa, 10-20 cm – 0.92-2.27 MPa, 20-30 cm – 0.97-2.72 MPa, 30-40 cm – 1.27-
3.62 MPa. Unfavorable soil resistance values over 2.50 MPa (Birkas, 2008) were 
recorded only at depth 20-40 cm on 30th of July, and at depth 30-40 cm on 9th of 
October on all tillage system treatments except on tillage treatment D. Measured values 
of water content in soil were: 0-10 cm – 17.0-35.8 %, 10-20 cm – 20.3-41.0 %, 20-30 
cm – 24.3-42.5 %, 30-40 cm – 23.3-42.8 % (Table 1). 
 

Table 1. Soil Resistance (MPa) and Soil Moisture (%) 

Soil Resistance (MPa) Soil Moisture (%) 

Depth (cm) Tillage system 21st  
May 

1st  
July 

30th  
July 

9th  
Oct 

21st  
May 

1st  
July 

30th  
July 

9th  
Oct 

A 0.98 1.64 ab 1.06 0.70 33.5 17.0 29.8 33.0 
B 0.77 2.13  a 0.99 0.69 35.8 17.8 30.7 34.5 
C 1.00 1.91  ab 0.82 0.79 29.8 18.8 33.0 31.8 

0-10 

D 1.27 1.41  b 0.74 0.70 33.0 19.3 33.3 33.0 
A 1.12 1.87 1.54 1.30 39.8 ab 20.3 30.0 b 33.8 
B 0.92 2.18 1.89 1.19 39.0 ab 23.3 35.7 a 33.3 
C 1.23 2.27 1.78 1.18 34.5 b 20.5 33.3 ab 32.5 

10-20 

D 1.06 1.26 0.92 0.98 41.0 a 24.0 34.7 ab 34.5 
A 1.28 2.24 2.72 2.41 41.0 24.5 33.0 26.3 
B 0.97 2.41 2.66 2.06 42.5 27.3 34.0 29.3 
C 1.22 2.17 2.74 1.87 41.3 25.8 32.0 24.3 

20-30 

D 1.19 1.41 1.69 1.77 42.5 31.0 30.7 29.3 
A 1.28 1.84 ab 2.89 ab 3.39 40.5 b 25.8 31.5 24.5 
B 1.33 2.07  a 2.61 ab 2.78 40.8 b 32.0 32.7 28.5 
C 1.50 2.15  a 3.62 a 3.07 40.3 b 30.5 26.7 23.3 

30-40 

D 1.27 1.30  b 1.82 b 2.36 42.8 a 32.0 32.0 28.8 
* Factor level means accompanied by various letters are significantly different with an error p≤0.05 according 
   to Tukey's HSD test. Means without any letter point to no significant differences. 
 
In order to monitor physical and chemical processes in soil using different tillage 
systems, bulk density and humus content was determined in beginning and end of corn 
vegetation. Bulk density in all tillage systems varied in layers: 0-15 cm – 1.31-1.52 g 
cm-3, 15-30 cm – 1.39-1.49 g cm-3, 30-45cm – 1.41-1.56 g cm-3. In same layers humus 
content amounted: 0-15 cm – 2.2-2.7 %, 15-30 cm – 1.9-2.8 %, 30-45 cm – 1.5-2.4%. 
Presented data so far, showed that different timing of tillage interventions didn’t affect 
changes in investigated physical and chemical soil properties, and therefore it is 
necessary to continue with research. What is the most interesting in this experiment is 
the fact that in first year of research significant differences in corn yield and some yield 
components were detected (Table 2).Treatment A with yield of 9.7 t ha-1 proved to be 
optimal tillage system for corn production in modified climatic conditions. Yield of 8.8 
t ha-1 was recorded on treatment B, while yield on treatments C and D were significantly 
lower, and amounted 6.7 t ha-1 and 5.4 t ha-1, respectively. Data from table 2 show that 
corn grain from treatment A also had the highest absolute weight, 332.6 g, and 
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favorable hectoliter weight, 71.2 kg hL-1. Based on those data it can be concluded that 
treatments A and B are the most appropriate tillage systems in those climatic conditions. 
 

Table 2. Components of Yield 

Component of Yield A B C D 

Yield (t ha-1) 9.7  a 8.8  a 6.7  b 5.4  b 

Hectolitre Weight (kg hL-1) 71.2 ab 72.5  a 71.0  ab 69.5  b 

Absolute Weight (g) 332.6  a 308.0  a 307.0  a 268.5  b 

* Factor level means accompanied by various letters are significantly different with an error p≤0.05 according 
   to Tukey's HSD test. Means without any letter point to no significant differences. 
 
It can be assumed that favorable yields on treatment A and B were result of good soil 
condition from aspect of water content, microbe activity and physical properties of soil 
in the initial stages of plant development. To confirm this finding it is necessary to 
continue with research and explain more detailed mechanisms of system soil – plant – 
atmosphere that favorably affected yields on treatments A and B. 
 

Conclusions 

Within this research it was found that implementation time of tillage interventions for 
spring crops affects yields and yield quality. Tillage system A - autumn ploughing and 
spring seed bed preparation, with the highest corn yield indicates its potential to create 
resilient surrounding for growing corn in modified climatic conditions. Presented data 
so far, showed that different timing of tillage interventions didn’t affect changes in 
investigated physical and chemical soil properties. This research should be continued 
for another 4 years. 
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