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Abstract 
In surface irrigation, uniformity of longitudinal slope and depth of tillage are very important factors in advance 
duration time. Inappropriate tillage and land preparation can cause uneven surfaces and non-uniform slopes in 
fields which is especially important in furrow irrigation due to their influence on advance times. The purpose of 
this study is to evaluate the effect of non-uniform longitudinal slope due to inappropriate tillage on advance and 
recession phases in furrow irrigation system, which plays an important role in irrigation uniformity and 
application efficiency. For this purpose 12 furrows, each 42 m long were made with different longitudinal slopes 
and a width of 0.6 meter. The number of irrigation was 5 with irrigation interval of 4 days and input discharge of 
0.8 lps. Results showed that advance times are very different in furrows especially in the first irrigation and 
varied from 19min up to 50min. The values for recession time were 9 to 29 min. The results of these five 
irrigation events indicate that non-uniform slope has significant effect on advance and recession time. Therefore 
with attention to the water crisis and the need to increase efficiency and uniformity of water distribution in 
surface irrigation, using modern machinery and paying more attention to accurate preparation of land are 
necessary in order to obtain uniform furrows in fields.  

Keywords: non-uniform slope, advance, recession, furrow irrigation 

1. Introduction 

Tillage is performed for various purposes such as preparing the seed bed, increasing water and air penetration 
into the soil, burying plant residues under the soil, mixing types of fertilizers with soil, removing weeds, 
controlling and decreasing the population of pests and diseases, crust breaking, breaking the root growth limiting 
layers, soil humidity conservation etc (Brye et al., 2003; Marques da Silva et al., 2004). Due to the importance of 
the tillage issued, in various researches the effect of different methods used for performing such operations has 
been evaluated. For example, investigations indicate the in the dry-farming conditions, type of tillage can 
significantly influence the humidity conservation of the soil surface layer and increasing the yield of a crop like 
sunflower (Arora et al., 2011; Mizuba et al., 2001). 

Decrease of runoff and erosion in protecting tillage compared with the traditional method especially at large 
scale, is amongst the advantages of such operations (Ramos et al., 2006; Tullberg et al., 2007). As a whole, 
tillage operations (like plowing) should be such designed and operated which provides the conditions for 
reducing the soil superficial density and increased effective porosity in water conserving (Rounsevell & Jones, 
1993; Martin et al., 2004; Moreno et al., 2008), and for example in dry-farming increases the soil’s capacity to 
conserve precipitations. Also, attention should be paid to soil displacement in the length unit in various tillage 
methods since regarding the relation of fertility and soil translocation, this peculiarity is different in various 
procedures; such that for example, the highest soil translocations has been seen under the condition of dense soil 
and the highest machineries movement speed and while crushing of clod has been observed (Allmaras et al., 
1967). Soil surface roughness is one of the crucial peculiarities of the soil which is influenced by runoff and 
erosion.  



www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 6; 2015 

128 

This peculiarity in different soil humidity and due to using various tillage procedures and stages and also 
following two tillage operations performed via identical tools, can be very different (Hamza et al., 2005; Dexter 
et al., 2004) Results of the studies indicate that almost always the disking and harrowing of soil is accompanied 
by surface roughness (Darve et al., 2013; Unger et al., 1990). Regarding the importance of humidity while tillage 
is performed, the most important limiting factor for the time of performing such operations, is the soil humidity; 
sine tillage in a more humid soil, causes formation of large clods and damaging the soil structure. Also, in case 
the soil humidity is lower that the desired level, in addition to increased energy consumption, large clots is 
formed (Barzegar et al., 2004; Vidal Vazquez et al., 2006). The compliance of soil for performing tillage 
operations, indicate the time when such operations can be done for desired soil structure, the appropriate size of 
the aggregates and suitable form of the surface (Nakajima et al., 2014; Ozpinar et al., 2006). Due to the tillage 
impact on soil properties including roughness and penetration, the tillage procedure and depth is effective on the 
furrow irrigation hydraulic and the soil capacity for water storing; since for example, increased tillage depth 
from 150 mm to 250 mm can significantly increase the water penetration into the soil, duration of water 
progression, application efficiency, and the saturation hydraulic conduction. The reason for increased advance 
time due to increased plough depth is augmented surface roughness and penetration. In connection with 
increased tillage depth, the water retention capacity is also decreased and also a significant effect has been seen 
on decreasing ration of the excite runoff and dispersion uniformity of the one or two primary irrigations however; 
this decrease has been less in other irrigation turns (Allmaras et al., 1967; Mosaddeghi et al., 2009).  

According the research performed in this connection, tillage procedure caused a significant difference only for 
the first irrigation in the outflow runoff, dispersion uniformity, application efficiency and the deep percolation. 
Increased tillage depth as well, caused faster germination due to high penetration in the first irrigation (Gomez et 
al., 2012; Gomez et al., 2005). Due to hydraulic importance of advance time in the surface irrigation and it effect 
on efficiency, it seems very crucial to investigate the impact of soil tillage on this very important peculiarity.  

In this same connection, comparison of advance time in furrow irrigation for two types of the farm tillage 
including traditional tillage and non-tillage operations showed that water advance is slower in furrows without 
tillage at a specified time (Leys et al., 2010; Yonts et al., 2007). At the identical time too, the advance in the farm 
without tillage in the firmed furrows is over twice that of advance in the usual furrows of this farm. Also the 
advance period in the farm through the conventional tillage in the smooth furrows improved and decreased 
(Olson et al., 2008; Oguntunde et al., 2006). Anyway in all cases for a specified period of time, the level of water 
advance in the firmed furrows was more than in the usual (not-firmed) furrows that through increased pressure 
for firming the furrow, this level of advancement increased (Dalla Rosa et al., 2012). Also, in connection with 
advance it was revealed that the conservation tillage (decrease of depth and number of tillage operations and 
direct seed sowing inside the cover remained from the previous harvest) compared with the conventional tillage, 
penetration was increased and as a result water advance on the soil is decreased (Rashidi & Keshavarzpour, 
2007). It is worth mentioning that one of the methods for increasing water advancement in the furrow and 
reducing the irrigation period, is compaction of it bed and stabilizing it and as a result augmentation of efficiency 
of irrigation without decrease of yield (Daniel, 2004). It is worth mentioning that density of weed due to 
decreased plowing can be one of the problems of this type of tillage and potentially effective on the water 
advance speed and yield during the farming season (Dexter et al., 2005).  

One of the most important tillage operations which have as great influence on the advance stage is the land 
leveling operations. Precise and complete leveling is one of the important and effective components of 
management of water requirement of the farm. Research indicates that among various leveling procedures 
including the laser and conventional leveler, from the viewpoint of the volume of water consumed for irrigating 
the farm leveled through these two methods there exists a significant difference and that he layer leveler can, 
compare with the conventional method, 35% decrease the irrigation time (Berehe et al., 2013).  

It should be noted that land leveling can increase uniformity of receiving irrigation water (Hajabbasi et al., 2000). 
Studies show that due to employing the laser leveling technology, irrigation efficiency is increased to about 20%. 
Also the laser leveling technology can be applied as an appropriate tool for increasing efficiency of the 
consumables, increase of yield at the surface unit, and facilitation of agricultural operations (decreased work 
force) (Berehe et al., 2012). Regarding the importance of influence of tillage operations (including leveling) on 
soil quality, researches revealed that the leveling operations cause main differences on the soil depth and its 
specifications all over the land. This issue in the vineyards caused a difference in the humidity conditions of the 
soil at various situations of the form (Dexter et al., 2001; Kroulik et al., 2009).  

Comparison of land before and after leveling also showed that the superficial density of the soil, amount of clay 
and sand is significantly increased (Hajabbasi et al., 2000; Hoogmoed et al., 2003). The above said issue also 
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influence the penetration level and as a result water advance. Also, the leveling operations have a significant 
effect on local distribution of properties related to fertility (nutrients) (Bandaranayake et al., 1998; Keller et al., 
2007). Therefore, to decrease the negative effects of leveling on soil fertility, maximum leveling section, limited 
to 10 cm or less has been recommended (El-Awad et al., 2000; Hoogmoed et al., 2003). Regarding the above 
said issues and importance of tillage and water advance in the farm, in this research the effect of inappropriate 
tillage on progression and regression of water in the furrow irrigation has been evaluated.  

2. Materials and Methods 
To achieve the project’s objectives, a farm located in the Industrial University of Isfahan was chosen. Some of 
the soil properties of this farm have been presented in Table 1.  

 

Table 1. Some of the properties of the farm’s soil in the 0-15 cm and 15-40 cm soil layers 

 

Executive operations of the project started with tillage. In this phase, plowing, disking and roller – harrowing on 
the land was done. Following roller harrowing, using mapping, a regular grilling was performed on the land and 
general slope of the farm and its up and down points was specified (Figure 1).  

 

     
Figure 1. The plowing, crushing and reticulation 

 

In the second phase, leveling operations were performed via the traditional tool (handbarrow “Zanbeh”) and 
based on judgments and experience of the machine operator. After leveling and grading, non-wheel furrows in 
the width of 60 and depth of about 25 cm were established by the furrower machine and 42 m of which was 
selected for the test (Figure 2). To dig furrows parallel to each other, a straight line by the mapping camera was 
drawn using chalk on the farm border and the furrow establishing operations were performed parallel to this line. 
Following establishing the furrows, slope of each one was determined separately.  

 

PWP FC (%) pH 
EC 

(ds/m) 

Bulk 

density 

(g/cm2)

Organic 

matter 

(%) 

Gravel 

(%) 

Soil 

texture 

Soil particles (%) 
Depth 

(cm) 
Section 

clay silt Sand

15 31.57 7.87 1.82 1.57 <1 38 
Loam 

sandy clay
27.8 21.8 50.4 0-15 

1 

15 33.71 7.84 1.97 1.68 <1 50 
Loam 

sandy clay
27.4 20.3 52.3 15-40 

15 20.87 8.29 0.98 1.78 <1 34 
Loam 

sandy clay
27 18.8 54.2 0-15 

2 

15 19.81 8.43 0.89 1.71 <1 43 
Loam 

sandy clay
26.6 17.3 56.1 15-40 
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Figure 2. Leveling with traditional instruments and creating a furrow in two field section 

 

Rate of inflow water to the furrows was selected to be 0.8 l/s and value of the water conveying pipe was 
calibrated for this amount of water conveyance. The test started through water conveyance to the furrows and the 
water progression process to the end of them was measured (Figure 3). The water regression period as well was 
determined by observing the first and the last regression point along each furrow. To eliminate the marginal 
effects, for each main furrow for which measurement was performed, two lateral furrows were considered. 

Prior to any irrigation the longitudinal profile of the furrows was determined via mapping and five irrigations 
with an irrigation interval of four days in each were performed. The irrigation interval (flow interruption) in all 
the furrows was almost identical. Overall 60 furrow irrigation operations were performed in 12 main furrows and 
in 24 lateral furrows. It is worth mentioning that the test farm was culture free.  

 

      
Figure 3. Water advance and recession in furrows 

 
3. Results and Discussion  
Diagram of the progression data obtained of the research from has been depicted in Figures 4 and 5. 

As seen in the diagrams, general trend of progression interval modifications in all the furrows was identical 
however the progression in the first irrigation (regarding the difference between conditions of soil roughness and 
penetrability) compared with other irrigation intervals was significantly longer. This is acceptable regarding 
principles of flow hydraulic in the surface irrigation.  
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Figure 4. Furrow irrigation advance times 

 

 
Figure 5. Time Chart recession and shifts in furrow irrigation 

 

Difference of progression time in various furrows indicate that regarding similarity of the soil type, primary 
humidity and irrigation operations in all the furrows, the difference in “Surface roughness and the deep soil 
unevenness” of furrows (even after five irrigation intervals and partial modification of the flow bed), has had a 
considerable effect on the water progression time. Also, unevenness of the farm led to formation of water ditches 
in the regression phase in some of the longitudinal points causing disordered discharge and regression phase 
leading to development of waterlogging conditions. In the meantime, part of the heterogeneity in the regression 
phase is due to penetration differences arising from plow depth and furrow establishment depth differences. 
Figure indicates fluctuations of the regression time in the 12 understudied furrows. Interval of regression is the 
time interval between the first and the last regression in each furrow. As it can be seen in each furrow, not only 
no particular trend is seen in various irrigation shifts in each furrow, but even in different furrows this 
specification much varies. Since the length of the period for the regression to happen in very much dependent on 
the farm conditions (longitudinal profile of the furrows), fluctuations and unevenness of the surface of the 
furrows can be considered as a reason for this even.  

To specify the extent of progression and regression modifications, minimum and maximum values of the two 
above said peculiarities in different irrigation shifts and in the tested furrows are presented in Table 2. According 
to Table 2, the progression and regression values in all irrigation shifts change in a vast extent of time. Also, a 
descending trend is evident in the minimum and maximum progression data during the irrigation shifts which 
can be attributed to the partial stabilization of bed of the furrows during the irrigation shifts. No special trend 
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however, is observed in the regression duration peculiarity.  

 

Table 2. The minimum and maximum period time of recession, the shift forward and irrigation (min) 

Number of irrigation 
Advance time Recession time 

Minimum Maximum Minimum Maximum 

1 19.4 49.7 9 28.5 

2 11.9 23.7 10 30.5 

3 8.4 17.8 11.4 33.9 

4 8.2 17.4 11 34.4 

5 7.8 19.1 12.2 28.3 

 

Drawing of the land roller harrowing on the progression and regression intervals (Figure 6) indicate that 
influenced by the primary tillage management (as counter plugging toward the center of the land), a larger mass 
of soil was accumulated in the center of the land. Evidently this makes precise leveling after roller harrowing a 
difficult task. On one side, leveling via the traditional method (compared with new technologies like laser 
leveling) and exclusive use of visual leveling (without concurrent control by the camera) in spite of the worker’s 
care and sufficient experience had made difficult establishment of identical furrows. This issue indicates that in 
spite of experience and attention of the leveling machine in charge, still such operations suffer errors mostly 
writing from human sources. Therefore, employment of modern technologies like laser leveling, regarding its 
precision is of special importance.  

 

 
Figure 6. Soil surface pressing view 

 

Also, the primary tillage being not deep due to hardness of the soil layer, inappropriate humidity and containing 
pebbles, caused that in some parts of the farm, the furrower machine dependent on its tolerance, change the 
furrow depth and as a result longitudinal profile of the furrows become uneven (Figure 7). On the other hand, 
inappropriate slope of the first few meters of the furrow as well, indicates that the beginning point of the 
furrower machine should be selected several maters farther than the beginning of the furrow; otherwise the 
machine will not have the require respite for achieving the required depth for establishing the furrows. 

 

 
Figure 7. Two examples of longitudinal profile of furrows created by the leveling operation 
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Existence of particular profiles in the furrows (similar to Figure 7) caused increased cross section of the flow in 
the few meters of the first few entry meters as well; since water was devoid of the required hydraulic pressure for 
movement towards the end of the furrows which in turn caused accumulation of water layers and as a result 
erosion of the section soil at the beginning of the furrow. Therefore, surface and subsurface unevenness of soil 
was one of the factors indirectly influencing the water progression.  

Farm studies from observation also indicate that in addition to inappropriate primary tillage, it’s in sufficient 
depth and conventional leveling were of major factors contributing to unevenness of the farm surface. 
Inefficiency of machinery, imbalance Frame of the furrower device and its disturbed adjustment along the course 
of movement (Figure 8) are also other contributing factors in unevenness of sorrows. The above said factors that 
caused the established furrows to have different slopes and longitudinal profiles compared to each other.  

Also, with regard to the mapping information, it was revealed that the situation of the longitudinal profile of the 
furrows is not constant and is different in subsequent irrigations (Figure 9). This issue can influence progression 
and regression since regarding Figures 4 and 5, the progression time as well as duration of regression in a furrow 
at various irrigation turns has had different behaviors compared with other furrows. The reason might be that the 
soil erosion behavior in furrows with uneven slope causes different progressions and regressions in various 
irrigation turns.  

 

 
Figure 8. Furrows system and its problems during labor 

 

 
Figure 9. An example of a longitudinal profile changes during shifts furrow irrigation 

 

Through investigation of the land tillage, existence of frequent large a hard colds even after their disking was 
revealed (Figures 10a and 10b). This observation indicates insufficiency of the disking machine and 
inappropriate humidity at the time of operations. Existence of the same clods plays and important role in the 
progression time in the first irrigations. It should be noted that large soil particles like these clods have no 
farming value and often cause problems for soil management and irrigation (Lampurlanes & Cantero-Martinez, 
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2006). Also, the pulverized soil particles in the conventional tillage system (used in this project) is trans located 
due to surface irrigation and is accompanied by aggregation of particles in the deep parts of the land. This 
aggregation of small particles is followed by surface crusting and water erosion (Arvidsson & Bolenius, 2006) 
which was also evident in this project (Figure 10c). This event influences the penetration process followed by 
impact on progression.  

 

 
Figure 10. a) Remain gravels after pressing, b) furrow creation, c) soil crust after irrigation 

 

4. Conclusion  
The actual timing of the tillage operations and the soil conditions under which they are performed can influence 
water progression and regression in the furrows. Results of this research reveal that conventional tillage 
employed in majority of farms cause differences in hydraulic specifications of the advance and recession time in 
the furrow irrigation. 

5. Recommendations and Suggestions 
Since condition of majority of farms resembles the farm investigated in this project and also considering the fact 
that actually our country is suffering a severe water crisis, it is necessary that experts in the agriculture and 
promotion sectors consider this issue in order to increase the irrigation efficiency and sustained production and 
instruct the farmers, according to the scientific findings of complications of the conventional tillage and let them 
know  the necessity of employing modern tools and new methods appropriate for tillage and paging much 
attention regarding tillage of the culture bed.  
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