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This study was carried out in the Ilıca location of Erzurum, Turkey 
during the three year period, from 1999-2002. The objective of this study was 
to determine the effect of rotation systems (wheat-fallow and vetch-fallow-
wheat rotation systems) and soil tillage times (early spring, early summer 
and fall tillage times) on grain yield, spike number per m², soil moisture, soil 
organic matter and soil aggregate stability in wheat. The results showed that 
significant increase of yield and spike number per m2 and, well improvement 
of soil conditions for soil moisture content, aggregate stability and soil 
organic matter  occurred when the soil  was tilled in Early Spring and Vetch-
Fallow-Wheat rotation system was applied compared to Fall tillage and 
Fallow-Wheat rotation system. As a result of this study, it has been shown 
that using Early Spring Tillage and Vetch-Fallow-Wheat rotation system 
wheat production could be increased, and soil conditions in terms of soil 
moisture, soil organic matter and soil aggregate stability could be improved 
under rain fed conditions.  

Keywords: Wheat, rotation, soil tillage times, yield, spike number per m², soil 
moisture, soil organic matter and soil aggregate stability. 

The fallow-wheat cropping system is found on 1.5 million hectares in 
Eastern Anatolia of Turkey and is one of the most important cropping patterns for 
food self security in the region. About 70 percent of the annual rainfall in the 
winter-dominant rainfall areas like our region falls during the growing season. The 
average annual rainfall totals can be over 500 mm rainfall in some areas, but the 
majority of the wheat crop is produced in areas that receive less than about 500 mm 
annually. Depending upon elevation and distance from the sea, the mean minimum 
temperature of the coldest month varies from about -15° to over -40°C. Mean 
maximums during the grain maturation period can be as high as 30°C. Rainfall, 
both low and high temperatures have an almost equal influence to limitations of 
water supply in shaping the cropping system, the appropriate management 
practices and the choice of genotypes. Amount and duration of rains are variable 
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but can often be a guide to the length of the growing season (Kassam, 1988; Unger 
et al., 1989; Aase and Pikul, 2000). 

In most dry lands where  annual precipitation is <450 mm farmers use 
wheat-fallow system (Greb, 1979). In one study, wheat yield in wheat-fallow 
system averaged about 2.2 times higher than wheat yield in wheat-wheat system 
(Hay, 1982). Tosun et al. (1987) revealed that sainfoin-fallow-wheat-fallow-wheat 
or vetch-fallow-wheat rotation systems increased wheat yield and improved soil 
properties. Applying cultural practices including tillage and rotation systems 
increase wheat yield and  contributes increasing of economic level of farmers 
(Hobbs, 2001). Meagher and Rooney, (1966) revealed including legumes in fallow-
wheat rotation increased wheat yield and soil moisture content. They also stated 
that Wheat yield following wheat-fallow was increased after two years natural 
pasture plus fallow but almost doubled after two years barrel medic plus fallow.. 
Tillage management is very important in wheat-fallow system where appropriate 
management systems applied on crop residues enhances water storage ability of 
soil (Lindwall and Anderson, 1981; Lyon et al., 1998; Cutforth et al., 2002; Lyon 
et al., 2003). Untilled wheat residues on the soil trap and keep snows and allows 
much more water stores in the soil. 

Soils in Eastern part of Turkey  are low in soil moisture and organic matter 
and therefore have weak structure (Demiralay, 1993). Managing tillage times and 
rotation systems is a vital practice for improving soil structural stability and for 
maintaining soil productivity Biederbeck et al., 1980). Soil water is more 
effectively stored if soil is tilled in the spring (Smika and Whitfield, 1966; Gökkuş 
et al., 1996; Gan et al., 2003).  Our experimental objective was to determine the 
effects of optimal soil tillage time and rotation system  on wheat yield, spike 
number per m2, soil organic matter, soil aggregate stability and soil moisture 
content in  dry land farming of Eastern Turkey.  

MATERIALS AND METHODS 
Experimental Site 
This study was carried out in the Ilıca location of Erzurum, Turkey from 1999-

2002. Precipitations in the study area is given in Table 1. Precipitations in 1999-2000, 
2000-2001 and 2001-2002  were  286.9 mm, 384.0 mm and 318.3 mm, respectively. 
The soil at the beginning of experiment had loamy texture (33.5% sand, 39.3% silt, and 
27.2% clay); 0.45 % CaCO3, 321.7 mmol kg-1 P2O5, 442.7 mmol  kg-1 K2O, 7.11 pH 
(H2O ), 1.03% organic matter  and 2.44 dS m-1 electrical conductivity. 

Tillage and Rotation Practices 
Rotation systems (RS); fallow-wheat (FW) and vetch-fallow-wheat (VFW) were 

applied. The first tillage time of stubbles in the fallow period was evaluated as soil 
tillage time (STT). The first tillage times were therefore: early spring tillage (stubbles 
were over wintered, first tillage was made in early spring, SpT), early summer tillage 
(stubbles were over wintered, first tillage was made in early summer, SmT) and fall 
tillage (stubbles were tilled in fall after harvesting of wheat and fallow remained as a 
bare soil, FT). 
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Table 1 
Precipitations of Study Area in 1999-2000, 2000-2001 and 2001-2002 

Years Septem. Octob. Novem. Decem. Janu. Febru. March April May JuneJuly August Mean 

1999-2000 49.6 17.3 11.0 11.0 18.8 21.7 61.3 35.0 42.0 9.7 4.8 4.7 286.9 

2000-2001 40.7 42.3 1.6 23.8 4.9 11.9 46.7 95.5 63.2 14.6 36.9 1.9 384.0 

2001-2002 11.0 5.1 33.9 29.6 3.2 8.0 57.7 44.9 35.3 49.3 34.2 6.1 318.3 

 
Field Operations 
Wheat genotype, Palandöken-97 (Triticum aestivum L), was:  winter-habit wheat 

genotype, released for irrigated conditions, white  and 42 g 1000 seed weight, tall (98 
cm), resistant to lodging, cold and stripe rust resistant. Plot size was 30 m x 6 m (180 
m²). Plots were separated by 10 m wide alleys. Wheat was sown in the first two weeks 
of September (Ozcan and Acar, 1990) at seed rate of 475 seed/m² (Akkaya, 1994). 60 
kg N ha-1 (½ at sowing stage and ½ at tillering stage; Akkaya, 1993) and 26,2 kg ha-1 P  
(at sowing; Akkaya, 1993) were applied. No K fertilization was made. Wheat-sown plots 
received (2000 cc/ha) applications of 2,4-D ester [(2,4-dichlorophenoxy)acetic acid] in 
early spring to control winter annual broadleaf weeds. Hungarian vetch (Vicia 
pannonica Crantz) was sown in the first two weeks of September at seed rate of 120 
kg/ha (Tosun et al., 1987). First tillage was made by plough, and once the first tillage 
was made in fallow plots, second tillage was made by crowbar when regrowth of weeds 
created problem. 

 
Statistical Analysis 
Statistical analysis software MSTAT-C (Freed and Eisensmith, 1989) and 

TARIST (Olgun et al., 2000) were used to analyze the data. The ANOVA procedure 
was used to evaluate the significance of each treatment on yield, spike number per m2 
and soil properties in a randomized complete block design with three replications (Little 
and Hills, 1978; Mead et al., 1994). Treatment means were separated by the least 
significance difference (LSD) test. 

 
Measurements 
Grain Yield 
After harvesting time, wheat grain yield was measured as gr/plot and transferred 

to t/ha (Akkaya, 1994; Ceylan, 1994).  
Seed Number per m2

Before harvesting time, spike number per m2 in plot was determined  (Akkaya, 
1994; Ceylan, 1994).  

Soil Moisture 
Soil moisture contents in all plots were determined by gravimetric method 

(Demiralay, 1993). Soil samples were taken in September, April, May, June and July 
and then average soil moisture content of months were analyzed. 

Soil Aggregate Stability 
The size distribution of the water stable aggregates of the soils was estimated by 

wet sieving (Yoder, 1936; Haynes, 1993). Soil samples were taken in September, April, 
May, June and July and then average soil aggregate stability of them were analyzed.  

Soil Organic Matter 
The organic matter content of the soil was determined by   Walkley and Black 

method (Nelson and Sommers, 1982). 
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RESULTS AND DISCUSSION 
In this study, the first tillage times of soil and rotation systems were 

compared for yield, spike number per m², soil moisture, soil organic matter and soil 
aggregate stability.  

The first tillage times and rotation systems effects on yield 
Wheat grain yield and its response to the first tillage times and rotation 

systems significantly varied (P<0.01) in the amount and distribution of 
precipitation throughout years (Table 2). 

Table 2 
Yield, Spike Number per M², Organic Matter, Aggregate Stability and Soil Moisture 

Related to Soil Tillage Times and Rotation Systems 

 

 Degree of 
Freedom 

Yield 
(t/ha) 

Spike 
Number
per m²  

Organic 
Matter (%) 

Aggregate 
Stability (%) 

Soil 
Moisture (%) 

Replication (R)    2   1.06ns   0.74ns   0.13ns   1.03ns   0.34ns 

Years (Y)    2  50.17**  18.71**  21.61**  13.68**  10.72** 

Soil Tillage 
Times (STT) 

   2  41.12**  12.79**  34.14**  13.14**  27.05** 

Y x STT    4   1.11ns   0.17ns   1.99ns   1.22ns   2.56ns 

Rotation 
Systems (RS) 

   1  66.73**   6.06*  19.40**  21.43**  59.83** 

Y x RS    2   2.11ns   1.07ns   0.35ns   0.28ns   0.71ns 

STT x RS    2   2.09ns   0.96ns   0.73ns   1.62ns   0.98ns 

Y xSTT x RS    4   3.52*   2.80*   0.54ns   1.02ns   1.31ns 

Error    34   

Mean   53   

C.V. (%) 16.12 17.35 8.12 11.84 13.23 

The amount and distribution of rainfall and temperatures were more 
favorable for grain yield in  2000-2001. Table 3 showed that the highest grain yield 
was obtained with 2000-2001 (2.25 t ha-1) and lowest one belonged to 1999-2000 
(1.70 t ha-1). Olgun et al. (2000) stated that wheat yield and soil moisture greatly 
depend on annual rainfall.  As a average of years, STT and RS had significant 
effects on yield. Grain yield decreased with delaying soil tillage time. The highest 
grain yield was obtained from SpT (2.22 t ha-1) and FT gave the lowest grain yield 
(1.72 ha-1).  Decreases in grain yield in SmT and FT were by 13.5 and 22.5%, 
respectively. Placing vetch into FW significantly increased grain yield and VFW 
gave more grain yield (2.14 t ha-1, 17.2% more yield). The results obtained are an 
agreement with those of O' Leary and Connor, (1997), Demiralay (1993), Pachev et 
al. (1998), and they reported that in spring tillage of fallow stubble increased yield 
over the fall tillage in wheat-fallow system. Studies found that including alfalfa in 
rotation system increased wheat yield improved soil conditions and reduced yield 
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variability, and  spring tillage time gave highest yield. (Brandt and Zentner; 1995; 
Saffari and Koocheki, 2002). Table 4 shows that positive and significant 
correlations were determined between grain yield and spike number per m2, yield 
and organic matter, yield and aggregate stability, and yield and soil moisture 
content. It appears that making the first tillage in early spring and placing legumes 
such as vetch assure optimum soil conditions such as soil moisture capacity, 
organic matter content and soil aggregate stability and therefore give optimum 
wheat yield. 

 
Table 3 

Yield, Spike Number per M², Organic Matter, Aggregate Stability and Soil Moisture 
Related to Soil Tillage Times and Rotation Systems 

Yield (t/ha) Spike Number per M² Organic Matter (%) Years(Y) 
1999-
2000 

2000-
2001 

2001-
2002  

Mean 1999-
2000

2000-
2001

2001-
2002

Mean 1999-
2000

2000-
2001 

2001-
2002 

Mean 

Early 
Spring 
Tillage 
(SpT)  

1.95 
a

2.58 
a

2.13 
a

2.22 
a

540.5 722.3 647.8 636.8 
a

1.14 1.24  1.30 1.23 
a 

Early 
Summer 
Tillage 
(SmT)   

1.71 
a

2.13 
b

1.93 
ab

1.92 
b

478.3 638.6 617.0 578.0 
a

1.08 1.12  1.17 1.13 
b 

 Soil 
Tillage 
Times 
(STT) 

Fall 
Tillage 
(FT)    

1.43 
b

2.05 
b

1.67 
c

1.72 
c

384.3 575.5 503.3 487.7 
b

1.07 1.05  1.15 1.09 
b 

Fallow-
What 
(FW) 

1.56 
b

2.11 
b

1.64 
b

1.77 
b

430.5 598.4 584.0 537.6 
b

1.07 1.11 1.17 1.12 
b 

Rotation 
Systems 
(RS) 

Vetch-
Fallow-
Wheat 
(VFW) 

1.83 
a

2.40 
a

2.19 
a

2.14 
a

504.8 692.5 594.7 597.4 
a

1.13 1.16 1.25 1.18 
a 

Mean 1.70 
c

2.25 
a

1.91 
b

1.95 467.7 
b

645.5 
a

589.3 
a

567.5 1.10 
b

1.14 
b 

 1.21 
a 

1.15 

L.S.D. (%) Y: 0.15, STT: 0.15, RS: 
0.12, Y x STT x RS: 0.27 

Y: 81.1,  SPT:  81.2, RS: 
49.2, Y x STT x RS: 147.8

Y: 0.05, SPT: 0.04   , RS: 
0.03   

Aggregate Stability (%) Soil Moisture (%) Years(Y) 
1999-
2000 

2000-
2001 

2001-
2002 

Mean 1999-
2000 

2000-
2001 

2001-
2002 

Mean 

Early Spring 
Tillage (SpT) 

 51.3 57.0 52.5 53.6 a 15.4 16.3 14.5 15.4 a 

Early Summer 
Tillage (SmT) 

 44.8 51.3 50.5 48.9 b 13.1 14.4 13.3 13.6 b 

 Soil Tillage 
Times (STT) 

Fall Tillage (FT)  42.3 49.5 50.0 47.3 b 11.7 14.0 13.5 13.1 b 
Fallow-What 
(FW) 

43.2 50.6 48.7 47.5 b 12.2 12.8 12.6 13.0 b Rotation 
Systems 
(RS) Vetch-Fallow-

Wheat (VFW) 
49.1 54.6 53.4 52.3 a 14.6 14.4 14.9 15.1 a 

Mean 46.1 b 52.6 a 51.0 a 49.9 13.4 b 14.9 a 13.8 b 14.1 
L.S.D. (%) Y: 3.5, SPT: 3.6, RS: 2.9 Y: 0.8, SPT: 0.9, RS: 0.7 
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Table 4 
Path Analysis Showing The Effect of Soil Tillage Times and Rotation Systems in 

Yield, Spike Number per M², Organic Matter, Aggregate Stability and Soil Moisture 
Content 

 Grain Yield Spike Number 
per m2

Organic 
Matter 

Aggregate 
Stability 

Spike Number 
per m2 0.638**    

Organic Matter 0.726** 0.542**   
Aggregate 

Stability 0.629** 0.435** 0.614**  

Soil Moisture 
Content 0.685** 0.482** 0.646** 0.739** 

Spike Number per m2

Correlation Coefficient 0.638**  
Path Coefficient %  Direct Effect 0.28  44.58  

Indirect Effect Path Coefficient %  
via Organic Matter 0.19  29.50  

via Aggregate Stability 0.05  7.87  
Via Soil Moisture Content 0.11  18.04  

Organic Matter 
Correlation Coefficient 0.726**  

Path Coefficient %  Direct Effect 0.35  47.83  
Indirect Effect Path Coefficient %  

via Spike Number per m2 0.15  21.20  
via Aggregate Stability 0.07  9.74  

Via Soil Moisture Content 0.15  21.22  
Aggregate Stability 

Correlation Coefficient 0.629**  
Path Coefficient %  Direct Effect 0.11  18.33  

Indirect Effect Path Coefficient %  
via Spike Number per m2 0.12  19.69  

via Organic Matter 0.21  33.92  
Via Soil Moisture Content 0.18  28.05  

Soil Moisture Content 
Correlation Coefficient 0.685**  

Path Coefficient %  Direct Effect 0.24  34.82  
Indirect Effect Path Coefficient %  

via Spike Number per m2 0.14  20.00  
via Organic Matter 0.22  32.74  

Via Aggregate Stability 0.08  12.43  
R2: 72.1%, Residual Effect: 27.9% 

 
Spike number per m2 

Spike number per m2, affecting grain yield, is one of the most considerable 
yield components in wheat (Ceylan, 1994). Three-year average effects by years, 
first tillage times (P<0.01) and rotation systems (P<0.05) on spike number per m2 
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were so significant. Spike number per m2 was significantly lower (467.7) in 1999-
2000 than the other years (645.5 in 2000-2001 and 589.3 in 2001-2002). FT 
(487.7) had the lowest spike number per m2 and the highest was obtained with SpT 
(636.8). Delaying tillage time reduced spike number per m2 and decreases were  
9.2% in SmT and 23.4%i in FT. Spike number per m2 in VFW (597.4 and 10.0%) 
was significantly higher than that of FT (537.6). The results obtained for spike 
number per m2 in this study agree with those reported by Bauer and Black (1990) 
and Saffari and Koocheki (2002). 

Organic Matter 
During three years of study, the effects of years, soil tillage times and 

rotation systems were determined significant at 1% (Table 1). Soil organic matter 
increased with running time; 1.10% organic matter in 1999-2000 reached to 1.21% 
in 2001-2002. Increasing effects of STT and RS during the three years most likely 
caused this increase. STT and RS significantly affected soil organic matter. The 
lowest organic matter was recorded under FT (1.09%) and FW (1.12%), whereas 
SpT (1.23%) and VFW (1.18%) gave the highest organic matter. SpT and placing 
vetch in VFW allowed more suitable soil conditions more suitable soil conditions 
such as more moisture and aggregate stability; and these conditions caused more 
soil organic matter. When compared to FT, increases on soil organic matter in 
SmT and SpT were 3.6% and 12.8%, respectively. Moreover, this increase was  
5.3% when vetch was placed in FW rotation system.  This was confirmed by 
different studies (Rasmussen and Collins, 1991; Pavinato, 1993; Mrabet et al., 
2000, 2001a and 2001b), showing that organic matter is critically important for 
improvement of soil and therefore increase of yield. Authors reported that tillaging 
soil first in early spring and placing legumes in fallow-wheat significantly improve 
soil conditions.   

Aggregate Stability 
Crop rotation and tillage is a major factor dictating indicators of soil 

aggregate stability (Katsvairo et al., 2002).  Soil aggregate stability depends on the 
quality as well as the quantity. Soils that have a higher content of organic matter 
have greater aggregate stability. Addition of organic matter increase aggregate 
stability, primarily after decomposition begins and microorganisms have produced 
chemical breakdown products or mycelia have formed. Soil microorganisms 
produce many different kinds of organic compounds, some of which help to hold 
the aggregates together (Tisdall and Oades, 1982). Differences between years, soil 
tillage times and rotation systems were determined as significant of organic inputs 
as at 1%. Aggregate stability ranged from 46.1% to 51.0% with lowest value for 
1999-2000 and highest value for 2000-2001 (Table 3). Soil aggregate stability from 
SpT plots (53.6%) was higher than from FT plots (47.3%). VFW had higher soil 
aggregate stability (52.3%) than FW (47.5%).  Regarding of FW and FT, increases 
in aggregate stability were 10.1% and 13.1% in VFW and SpT, respectively.  
Similar to our results, studies revealed that  depending on time early tillage in 
spring and placing legumes in fallow-wheat system improved soil aggregate 
stability (Raimbault and Vyn, 1991; Hovelmann and Franken, 1993; Kitur et al., 
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1993; Castro Filho et al., 1998). Mrabet et al.  (2001a) found that aggregate 
stability were highest for medic, vetch and lentil, and lowest for continuous wheat 
and fallow.  

Soil Moisture 
The one of the most important obstacles to the development of durable 

agriculture is limited and insufficient  supply of soil moisture (Bradford and  
Peterson,  2002). Over 3 years, differences between years, soil tillage times and 
rotation systems were determined as significant at 1% (Table 2).  The amount of 
rainfall during the year mostly affect soil moisture content (Bouzza, 1990; Pala et 
al., 2000).  The highest and the lowest amount of rainfall were taken from the 
second year and the first year; besides the highest and the lowest soil moisture 
contents belonged to the second year and the first year. This explains that the soil 
moisture content mainly depends on the amount of rainfall. SpT gave the highest 
soil moisture content (15.4%), whereas FT had the lowest one (15.1%). If FT 
considered, increases in soil moisture contents in SmT and SpT were 3.8% and 
17.5%, respectively (Table 3). VFW had more  soil moisture content (15.1%) than 
FW (13.0%).  Soil moisture content is very important factor affecting plant growth 
and yield (Austin, et al., 1977; Gerling, et al., 1983; Deibert, et al., 1986; Kitur et 
al., 1993; Debaeke and Aboudrare, 2004). Increase in soil moisture content 
commonly depends on soil conditions which greatly affected by tillaging times and 
rotation systems improving soil conditions  (Tosun et al., 1987;  Raimbault and 
Vyn, 1991; Campbell and Janzen; 1995; Bradford and Peterson, 2002). Especially 
early tillage and placing legumes such as vetch in fallow-wheat rotation system 
increase soil organic matter and aggregate stability (Bauer and Black 1990; Jordahl 
and Karlen, 1993; Biederbeck et al., 1994; Carefoot and Janzen, 1997; Hulugalle et 
al., 1998; Mrabet, 2000; Mrabet et al., 2001b).  

Explaining the Effect of Charactes in Yield  via Path Analysis 
Table 4 shows correlation and the effect of the characters in yield via path 

analysis. Effect of characters on yield is well explained by  path analysis (Ehdarie 
et al., 1989; Agrama,  1996; Guo et al., 2005). As seen in Table 4 and Figure 1, 
positive and significant correlations were determined between all characters. 
Correlation between yield and spike number per m2 was positive and significant 
(0.638**). Direct effect of spike number per m2 in yield was 44.58% and the 
highest indirect effects of this were via organic matter (29.50%) and soil moisture 
content (18.04%). Significant and positive correlation (p<0.01) was determined 
between yield and organic matter (0.726**). 44.83% direct effect of organic matter 
occurred in yield, and the highest indirect effects of this were via spike number per 
m2 (21.20%) and soil moisture content (21.22%). Correlation between yield and 
aggregate stability (0.629**) was found as significant and positive (p<0.01). 
18.33% direct effect of aggregate stability was determined in yield, and the highest 
indirect effects of aggregate stability were via organic matter (33.92%) and soil 
moisture content (28.05%). Correlation between yield and soil moisture content 
(0.685**) was  significant and positive (p<0.01). Direct effect of soil moisture 
content in yield was 34.82% and the highest indirect effects of soil moisture 

264



Lucrări Ştiinţifice – vol. 50, seria Agronomie 
 

content were via spike number per 20.00% and organic matter (32.74%). Path 
analysis results revealed that soil moisture content, aggregate stability and soil 
organic matter have important role in determination of yield. Besides, highest 
values in indirect effects of soil moisture content and aggregate stability assign that 
soil organic matter content is predominant in changes of soil moisture content and 
aggregate stability. Therefore, applications such as SpT and VFW improve soil 
conditions, cause tremendous increase in soil moisture content, aggregate stability 
and soil organic matter. Studies assigned soil organic matter content closely related 
with soil moisture content and aggregate stability. Early tillage of soil and 
legumes-fallow-wheat rotation well improve soil conditions, and make significant 
increase on organic matter, aggregate stability and moisture content in soil 
(Gerling, et al., 1983; Payne, 1988; Bauer and Black, 1990; Raimbault and Vyn, 
1991; Hovelmann and Franken, 1993, Biederbeck, et al., 1994; Bissett and 
O’Leary, 1996; Mrabet et al., 2001a; Husnjak et al., 2002; Debaeke and Aboudrare, 
2004;  Schillinger and Young, 2004). 
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                      Direct effect                        Indirect effect   
 

Figure 1. Direct and indirect effect effect of soil tillage times and rotation systems 
in yield, spike number per m², organic matter, aggregate stability 

and soil moisture content 
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CONCLUSION 
The study results showed an increase of yield and spike number per m2 and 

improvement of soil conditions for soil moisture content, aggregate stability and 
soil organic matter  under SpT and VFW compared to FT and FW.  In other 
words, Early Spring Tillage and Vetch-Fallow-Wheat rotation system caused 
prominent increase in yield spike number per m2, soil moisture content, aggregate 
stability and soil organic matter. Using Early Spring Tillage and Vetch-Fallow-
Wheat rotation system wheat production could be increased and soil conditions in 
terms of soil moisture, soil organic matter and soil aggregate stability could be 
improved under rain fed conditions.  

LITERATURES 
1. Aase, J.K., Pikul Jr., J.L., 2000.Water use in a modified summer fallow system on 

semiarid northern Great Plains. Agric. Water Manage., 43, 345–357. 
2. Akkaya, A., 1993. Effect of amount and time of phosphorus fertilizers on wheat yield and 

yield components in wheat.  Atatürk Univ. J. of Agr. Col. 24, 36-50. 
3. Akkaya, A., 1994. Effect of different seed rate on yield and yield components in wheat.  

Nature, 18, 161-168. 
4. Austin, R. B., Ford, M. A., Blackwell, R. D., 1977. The nitrogen economy of winter wheat. 

J. Agric. Sci. Camb. 8, 159-167. 
5. Bauer, A., Black, A.L., 1990. Effects of annual vegetative barriers on water storage and 

agronomic characteristics of spring wheat. 1. Flax strips. 2. Stubble height. North 
Dakota Res. Report,  112, pp. 16. 

6. Biederbeck, V.O., Campbell, C.A., Bowren, K.E., Schnitzer, M., Malver, R.N., 1980. Effect 
of burning cereal straw on soil properties and grain yields in Saskatchewan. Soil Sci. 
Soc. Am. J., 44, 103-111. 

7. Biederbeck, VO; Janzen, HH; Campbell, CA; Zentner, RP., 1994. Labile soil organic 
matter as influenced by cropping practices in an arid environment. Soil Biology and 
Biochemistry, 26 (12): 1647-1656.  

8. Bissett, M.J., O' Leary, G.J., 1996. Effects of conservation tillage and rotation on water 
infiltration in two soils in south-eastern Australia. Australian J. of Soil Res. 34, 2, 299-
308. 

9. Bradford, J.M., Peterson, G.A., 2002. Conservation tillage. In: Summer, M.E. (Ed.), 
Handbook of Soil Science. CRC Press, Boca Raton, USA, pp. 247–269. 

10. Brandt, S.A., Zentner, R.P., 1995. Crop production under alternate rotations on a Dark 
Brown. Canadian J. of Plant Sci. 75, 4, 789-794.  

11. Bouzza, A., 1990. Water conservation in wheat rotations under several management 
and tillage systems in semiarid areas. Ph.D. University of Nebraska, Lincoln, NE 
USA, p. 200. 

12. Campbell, C.A., Janzen, H.H., 1995. Effect of tillage on soil organic matter. In: Farming 
for a Better Environment. SWCS, Ankeny, IA, USA, pp. 9–11. 

13. Carefoot, J.M., Janzen, H.H., 1997. Effect of straw management, tillage timing and 
timing of fertilizer nitrogen application on the crop utilization of fertilizer and soil 
nitrogen in an irrigated cereal rotation. Soil and Tillage Res. 44, 3-4,: 195-210. 

14. Castro Filho, C., Muzilli, O., Podanoschi, A.L., 1998. Soil aggregate stability and its 
relation to organic carbon content in a dystrophic dusky red latosol, as a function of 
tillage systems, crop rotations and soil sample preparation. Revista Brasileira de 
Ciencia do Solo, 22, 3, 527-538.  

15. Ceylan, A., 1994. Field Crops, E.Ü. Press, Bornova, İzmir, pp. 520. 

266



Lucrări Ştiinţifice – vol. 50, seria Agronomie 
 

16. Cutforth, H.W., McConkey, B.G., Ulrich, D., Miller, P.R., Angadi, S.V., 2002. Yield and 
water use efficiency of pulses seeded directly into standing stubble in the semiarid 
Canadian prairie. Can. J. Plant Sci., 82, 681–686. 

17. Debaeke, P., Aboudrare, A., 2004. Adaptation of crop management to water limited 
environments. Eur. J. Agron. 21, 433–446. 

18. Deibert, E. J., French, E., Hoag, B., 1986. Water storage and use by spring wheat under 
conventional tillage and no-till in continuous and alternate crop-fallow systems in the 
northern Great Plains. J. Soil and Water Conservation, 41, 1, 53-58.  

19. Demiralay, İ., 1993. Soil Physical Analysis. Atatürk Univ. Agr. Col. Soil Dept., Pub. No,  
143, Erzurum, pp.132. 

20. Freed, R.D., Eisensmith, S., 1989. MSTAT-C, A Software Package fort he Design 
Management, and Analysis of Agronomic Experiments. Michigan State University, 
East Lansing, MI.  

21. Gerling, J. F., Downs, H. W., Solie, J., Stiegler, J., 1983. Minimum tillage systems for 
continuous wheat cropping in Oklahoma. Paper, American Society of Agricultural 
Engineers, 83, 1525.  

22. Gökkuş, A., Kantar, F., Karadoğan, T., Koç, A., 1996. Field Crops, Atatürk Univ. Agr. 
Col., Pub. No, 188, Erzurum, pp.189. 

23. Gan, Y.T., Miller, P.R., McConkey, B.G., Zentner, R.P., Stevenson, F.C., Mc Donald, 
C.L., 2003. Influence of diverse cropping sequences on durum wheat yield and 
protein in semiarid northern Great Plains. Agron. J., 95, 245–252. 

24. Greb, B.W., 1979. Reducing drought effects on cropland in the west-central Great 
Plains. USDA Inf. Bull., 420. U.S. Government Printing Office, Washington, DC. 

25. Hay, W.A., 1982. How systems compare for yield. p. 71-84. In W.A. hays (ed.) Minimum 
tillage farming. No-Till Farmer, Brookfield, WI. 

26. Haynes, R.J., 1993. Effect of sample pretreatment on aggregate stability measured by 
wet sieving or turbidimetry on soils of different cropping histories. J. Soil Sci. 44, 261–
270. 

27. Hobbs, P.R., 2001. Tillage and crop establishment in South Asian rice-wheat systems: 
present and future options. In: Kataki, P.K. ed. The Rice-Wheat Cropping System of 
South Asia: Efficient Production Management. J. of Crop Production, 4, 1, 1-23. 

28. Hovelmann, L., Franken, H., 1993. Influence of crop rotation and soil tillage on the 
stability of near-surface soil aggregates in recultivated loess soils. Mitteilungen der 
Deutschen Bodenkundlichen Gesellschaft, 72, 1, 127-131. 

29. Hulugalle, N.R., Bruyn, L.A.L., Entwistle, P., De Bruyn, L.A.L., 1998. Residual effects of 
tillage and crop rotation on soil properties, soil invertebrate numbers and nutrient 
uptake in an irrigated Vertisol sown to cotton. Applied Soil Ecology, 7, 1, 11-30. 

30. Husnjak, S., Filipovic, D., Kosutic, S., 2002.  Influence of different tillage systems on soil 
physical properties and crop yield. Rostlinna Vyroba, 48, 6, 249-254. 

31. Jordahl-JL; Karlen-DL, 1993. Comparison of alternative farming systems. III. Soil 
aggregate stability. American-Journal-of-Alternative-Agriculture. 1993, 8: 1, 27-33. 

32. Kassam, A.H., 1988. Some Agroclimatic Characteristics of High-elevation Areas in North 
Africa, West Asia and Southeast Asia. In J.P. Srivastava, M.C. Saxena, S. Varma & 
M. Tahir, eds. Winter cereals and food legumes in mountainous areas, p. 1-32. 
Aleppo, Syria, ICARDA. 

33. Katsvairo, T.W., Cox,W.J., Van Es, H.M., 2002. Tillage and rotation effects on soil 
physical characteristics. Agron. J. 92, 299–304. 

34. Kitur-BK; Olson-KR; Siemens-JC; Phillips-SR1993. Tillage effects on selected physical 
properties of Grantsburg silt loam. Communications-in-Soil-Science-and-Plant-
Analysis. 1993, 24: 13-14, 

35. Lindwall C.W., Anderson, D.T., 1981. Agronomic evaluation of minimum tillage systems 
for summer fallow in southern Alberta. Can. J. Plant Sci. 61, 247-353. 

36. Little, T. M., Hills, F. J., 1978. Agricultural Experimentation Design and Analysis, John 
Wiley & Sons, Inc., USA, (2nd ed.) pp. 298. 

267



Universitatea de Ştiinţe Agricole şi Medicină Veterinară Iaşi 
 
37. Lyon, D.J., Stroup, W.W., Brown, R.E., 1998. Crop production and soil water storage in 

long-term winter wheat–fallow tillage experiments. Soil Till. Res., 49, 19–27. 
38. Lyon, D.J., Baltensperger, D.D., Burgener, P.A., Nielsen, D.L., 2003. Flexible summer 

fallow: a dynamic cropping systems concept for the central Great Plains. In: Hanson, 
J.D., Krupinsky, J.M. (Eds.), Proceedings of the Dynamic Cropping Systems: 
Principles, Processes, and Challenges Symposium, Bismark, ND, August 4–7, pp. 
265–268. 

39. Mead, R., Curnow, R.N., Hasted, A.M., 1994. Statistical Methods in Agriculture and 
Experimental Biology, Second Edition, Chapman & Hall, pp. 412. 

40. Meagher, J.W., Rooney, D.R., 1966.  The effect of crop rotations in the Victorian 
Wimmera on the cereal cyst nematode (Heterodera avenae). nitrogen fertility and 
wheat yield Australian J. of Exp. Agric. and Animal Husbandry, 6, 23, 425 – 431. 

41. Mrabet, R., 2000. Long-term no-tillage influence on soil quality and wheat production in 
semiarid Morocco. In: Morrison, J.E. (Ed.). Proceedings of the 15th ISTRO 
Conference: Tillage at the Threshold of the 21st Century: Looking Ahead, Fort Worth, 
TX, USA, 2–7 July 2000. 

42. Mrabet, R., Saber, N., El-Brahli, A., Lahlou, S., Bessam, F., 2001a. Total, particulate 
organic matter and structural stability of a Calcixeroll soil under different wheat 
rotations and tillage systems in a semiarid area of Morocco. Soil Till. Res. 57, 225–
235. 

43. Mrabet, R., Saber, N., El-Brahli, A., Lahlou, S., Bessam, F., 2001b. Total, particulate 
organic matter and structural stability of a Calcixeroll soil under different wheat 
rotations and tillage systems in a semiarid area of Morocco. Soil and Tillage 
Research 57, 225–235. 

44. Nelson, D.W., Sommers, L.E., 1982. Total carbon, organic carbon and organic matter. 
In: Page, A.L., Miller, R.H., Keeney, D.R. (Eds.), Methods of Soil Analysis. Part 2. 
Chemical and Microbial Properties. Am. Soc. Agron. Inc. and Soil Sci. Soc. Am. Inc., 
Madison, WI, USA, pp. 539–579. 

45. O' Leary, G.J., Connor, D.J., 1997. Stubble retention and tillage in a semi-arid 
environment: 3. Response of wheat. Field Crops Res. 54, 1,  39-50. 

46. Olgun,M., Serin,Y., Yıldırım, T., Kumlay, A.M., 2000. Drought and Wheat Yield In 
Eastern Anatolia. 2th International Symposium on new technologies for Environmental 
and Agro-Applications. 18-20 October 2000, 281-288, Tekirdağ. 

47. Ozcan, H., Acar, A., 1990. Effect of Different Planting Time and Genotypes on Wheat 
Yield in Erzurum Conditions. Eastern Anatolia Agr. Res. Inst. Pub. No, 3, Erzurum.  

48. Pachev,I., Krastanov, S., Krastanov, S., 1998. State of organic matter of soils in some 
agroecosystems. Jubilee Scientific Conference "50 years of the Institute for Soil 
Science in Bulgaria". Pochvoznanie, Agrokhimiya y Ekologiya, 33, 3, 45-46. 

49. Pala, M., Harris, H.C., Ryan, J., Makboul, R., Dozom, S., 2000. Tillage system and 
stubble management in a Mediterranean-type environment in relation to crop yield 
and soil moisture. Exp. Agric. 36, 223–242. 

50. Pavinato, A., 1993. Teores de carbono e nitrogeˆnio do solo e productividade de milho 
afetados por sistemas de cultura de Mestrado em Cieˆncia do solo. PPG-Agronomia, 
UFRGS, Porto Alegre, p. 122. 

51. Payne, D., 1988. Soil structure, tilth and mechanical behavior. In: Wild, A. (Ed.), 
Russell’s Soil Conditions and Plant Growth. 11th ed. Longman Scientific and 
Technical, Essex, UK, pp. 378–411. 

52. Raimbault-BA; Vyn-TJ, 1991. Crop rotation and tillage effects on corn growth and soil 
structural  stability. Agronomy-Journal. 1991, 83: 6, 979-985; 21 ref. 

53. Rasmussen, P.E., Collins, P.H., 1991. Long-term impact of tillage, fertilizer and crop 
residues on soil organic matter in temperate semiarid regions. Adv. Agron. 45, 93–
134. 

268



Lucrări Ştiinţifice – vol. 50, seria Agronomie 
 

54. Saffari, M., Koocheki, A., 2002. Sesame yield and yield components responses to tillage 
methods and residue management in different rotations. Agricultural Sci. and Tech. 
16, 1, 27-34. 

55. Schillinger, W.F., Young, D.L., 2004. Cropping systems research in the world’s driest 
rainfed wheat region. Agron. J. 96, 1182–1187. 

56. Smika, D.E., Whitfield, C.J., 1966. Effect of standing wheat stubble on storage of winter 
precipitation. J. Soil Water Conserv. 21, 138-141. 

57. Tisdall, J.M., Oades, J.M., 1982. Organic matter and water-stable aggregates in soils. J. 
Soil Sci. 33, 141–163. 

58. Tosun, F., Altın, M., Akten, S., Akkaya, A., Serin, Y., Çelik, N, 1987. The effect of 
rotation systems in wheat yield in Erzurum Conditions. Turkey Cereal Symposium, 6-
9 October 1987, Bursa, 123-133. 

59. Unger, P.W., Stewart, B.A., Parr, J.F., Singh, R.P., 1991. Crop residue management and 
tillage methods for conserving soil and water in semi-arid regions. Soil and Tillage 
Res. 20, 219-240. 

60. Yoder, R.E., 1936. A direct method of aggregate analysis of soils and a study of the 
physical nature of soil erosion. J. Am. Soc. Agron. 28: 337–351. 

 

269


