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ABSTRACT 
 

The Urmia lake basin in Iran faces serious water shortage. The water demand always 
exceeds water supply making agriculture highly vulnerable to the impact of the 
frequent droughts in the region. While the water shortage in this region is severe, 
surface irrigation methods are currently responsible for greater than 90% of the total 
volume of water used for irrigation within basin at a poor 35% of irrigation water use 
efficiency. Hence improving water productivity in Urmia lake basin is the most 
important strategy of the current times.  
 
In this paper, a simple, low cost way together with an example of its use to improve 
the performance of furrow irrigation systems is described. Crop water use efficiency 
of irrigated sugar beet was hypothesized to be improved by a furrow firming and 
sowing pattern. This hypothesis was evaluated in Nagadeh region, Urmia for two 
years, using split–plot design on base of randomized complete blocks with Two 
different sowing pattern (A1:single rows 50 cm apart, A2: variable spacing rows; 40 
cm apart on each broad planting bed and 50 cm apart on each side of furrow) and 4 
firming of furrow (B1: compact of furrow before the first irrigation, B2: compact of 
furrow before the first and third irrigation, B3: compact of furrow before the first,  third 
and eighth irrigation and B0: no firming furrow ) in 3 replications. 
 
Firming of furrow had no significant effect on the root and sugar yield of sugar beet. 
There was a significant effect (1% significant level) among sowing pattern with the 
product yield and the available sugar. The root yield was 44.76 and 51.74 tons in 1 ha 
farm that related to A1 and A2 treatments, respectively. Available sugar increased up 
20.7 tons in 1 ha of A2 treatment compared with A1 and water consumption was 
decreased up 24.2%. The use of roller compaction of the furrows 1, 2 and 3 times 
(B1, B2 and B3 treatments) led to 10.6, 14.9 and 18.8 percent of water saving. 
Furrow compacting influence geometrical and hydraulic characteristics of the furrows. 
Water advancing rate and irrigation efficiency in furrow compacted by roller at first 
irrigation were improved by 30% and 51.7% in relation to the control. 
 
Keywords: Urmia lake basin, furrow-firming, irrigation efficiency, water productivity, 
sugar beet. 
 

1. INTRODUCTION 
 

Iran has an arid and semi-arid climate with average annual rainfall of 240 mm. Only 
35% of the total water that is utilised for agriculture in Iran is used efficiently. The poor 
design, implementation, and management are generally responsible for inefficient 
irrigation, leading to the wastage of water, waterlogging, salinization and pollution of 
surface water and groundwater resources. As surface irrigation is practiced over 
about 90% of the total irrigated land in Iran, an accurate and suitable design and 
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performance of the surface irrigation systems can save more water and increase the 
irrigated land area (Ebrahimian and Liaghat, 2011). Water shortage in Iran, 
particularly in the Urmia lake basin, is very serious and the water demand here 
always exceeds the water supply. Agricultural sector use more than 90% of water 
resources in this basin. While the water shortage in this region is severe, surface 
irrigation methods are currently responsible for greater than 90% of the total volume 
of water used for irrigation within basin at a poor 35% irrigation water use efficiency. 
Hence improving water productivity in Urmia lake basin is the most important strategy 
in order to rescue of lake and the agricultural activities in the lake region. 
 
The most commonly adopted Furrow irrigation, due to its low cost in equipment and 
energy, has low application efficiency, while newer irrigation systems have much 
higher application efficiency. Simplicity of design and low capital investment has 
contributed to its popularity (Walker and Skogerboe, 1987). Low water application 
efficiencies were found in areas of highly permeable soils giving rise to deep 
percolation losses. In these areas, significant improvements in the irrigation efficiency 
are possible using a variety of management practices including shorter furrow lengths 
and changes in furrow shape to permit surface compaction (Raine, 1995). 
 
Furrows are normally formed using a furrow opener. This device leaves the furrow 
surface relatively loose and rough. These factors contribute to high infiltration and to 
erosion and transport of sediments both within the field and with tail water A 
compaction roller will firm and smooth the furrow wall and bottom. Compaction 
reduces the infiltration rate, and water in the furrow advances more rapidly. Water 
intake thus is more nearly uniform along the entire length of the furrow. Less total 
water is required and water is applied more uniformly. With appropriate compaction of 
irrigation furrows, crop production would be enhanced with less water and with 
reduced soil erosion (Khalid and Smith 1978). Smoothing furrow walls significantly 
decreases the resistance to flow of water in furrows. Borrelli, et al. (1982) reported 
that water advanced approximately 40 per cent faster in compacted furrows. The 
combined effect of reducing the infiltration rate and increasing the rate of water flow in 
the furrow provides a nearly equal infiltration opportunity time along the length of the 
furrow. This means that the uniformity of irrigation and the irrigation efficiency would 
be increased. Based on results reported by Borrelli et. al. (1982), the efficiency of 
surface irrigation with compacted furrows may be nearly equal to the efficiency of 
sprinkler irrigation. Rezaverdinejad et al. (2015) investigated the effects of furrow 
compaction rollers on improving furrow irrigation parameters such as advance time, 
runoff, deep percolation and irrigation efficiency. Their studies were conducted on 
rolled, non-rolled (traditional method) and tractor-wheel-compacted furrow treatments. 
They designed and fabricated six rollers in different sizes of three diameters of 25, 40 
and 55 cm and two widths of 12.5 and 15 cm. The evaluation was conducted under 
three sinkers weighing 25, 50 and 75 kg which were loaded on the rollers. Among the 
different diameter roller treatments, the 55 cm roller had the highest irrigation 
efficiency (57.4%) and likewise 15 cm (55.3%) and 75kg (55.2%) rollers had the 
highest efficiency among treatments with different roller widths and weights, 
respectively. Furthermore, results revealed that the average irrigation efficiency of 
wheel compacted and non-compacted furrows were respectively 48.9% and 45.4%. 
 
Allen and Musick (1992) and Allen and Schneider (1992) showed that tractor 
repeated passes in the field decrease infiltration by 12 to 80 per cent in silt soils and 
by 20 to 35 per cent in clay soils. Also, Eisenhauer et al. (1982) revealed that the 
tractor first pass after moldboard ploughing decreases soil infiltration by 20 to 25%.  
The planting pattern system is one of the new agronomic technologies being adopted 
for most arable crops due to its water saving and better nutrient utilization. Torabi and 
Jahad Akbar (2005) studied the effect of planting layout on sugar beet water use 
efficiency in a silty loam soil in Kabootar Abad research station in Esfahan. They 
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showed that the most and the least amount of water consumption were noticed in 
Single rows 50 cm apart (22693 m3 ha-1) and double rows 100cm distance between 
furrows and row spacing 60x40cm (15300 m3.ha-1), respectively. They  recommended 
variable row spacing for higher water use efficiencies in both root and sugar yield 
along with ease of irrigation management in these treatments. 
 
The main objective of this research study was to investigate the effects of furrow 
firming and sowing pattern of sugar beet on improving water productivity. 
 

2. METHODS 
 
This study was carried out between 2009 and 2010 at the Nagadeh region, in Urmeih 
lake basin). The soil at the plots has silty clay loam texture on top layer. Seasonal 
rainfall of Nagadeh region was 68 and 125 mm in 2009 and 2010 respectively. 
 
The treatments included 2 levels of planting pattern (A1: Single rows 50 cm apart and 
A2 double rows 90cm distance between furrows and row spacing 50 x 40cm) and 4 
furrow firming level (B1: furrow firming with one roller pass, B2: furrow firming with two 
roller passes, B3: furrow firming with three roller passes and B0: without furrow 
firming) as main and sub plots, respectively. The experimental design was split-plot 
on Randomized Complete Blocks Design; in 4 replicates. The furrow length was 90 
m. In each treatment the distance between the plants on the rows was the same 
(20cm). 
 
Irrigations were scheduled according to the farmer’s normal management practice 
which included either monitoring evaporative demand under without water stress (full 
irrigation). Optimum irrigation cut-off time was estimated using the surface irrigation 
model SIRMOD (Walker, 1987). In each case, input parameters required for model 
operation were obtained from the measured field irrigations. Field slope, furrow 
geometry and furrow length were measured at each site. Water input and run-offs 
were measured by W.S.C. flumes during the growing season. Water advance time 
and recession time measured on furrow length. These measurements were used to 
determine average irrigation water applied for each treatment which was used in the 
subsequent determination of irrigation application efficiency. 
 
The total infiltrated volume was calculated as the difference between the water 
applied and tailwater runoff with the deep drainage component calculated as the 
difference between the infiltrated volume and the soil water deficit. Irrigation 
application efficiency was calculated as the ratio of the soil water deficit and the total 
volume applied, expressed as a percentage.  
 

3. RESULTS AND DISCUSSION 
 
The results of analysis of variance of the studied quantitative and qualitative traits 
under different sowing patterns with different furrow firming conditions are presented 
in Table 1. The effect of year and planting pattern were significant on the all studied 
traits except present of sugar roots. The influence of the treatments of different 
firming level was no significant on the quality and quantity of sugar beet but had 
significant effect on WP1 and WP2 (P<0.01).  
 
As given in Table 2, the desirable traits including root yield, WP1 and WP2 were 
significantly higher in 2010 than in 2009 which might have been caused by the effects 
of year and/or the properties of the soil of the study farm. 
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Table 1: Summary of ANOVA test combined over two years (2009-2010) 
 

S.O.V. df 

Mean Square 

Root 
Yield 

Sugar % 
Sugar 
Yield 

Water 

Productivity 
for Root yield 

(WP1) 

Water 

Productivity 
for Sugar yield 

(WP2) 

Year (y) 1 1609.9 ** 1.77 ns 60.52 ** 7.58 ** 0.30 ** 

r*y 4 53.77 ns 0.07 ns 1.60 ns 0.32 ns 0.01 ns 

Planting 
Pattern (a) 

1 584.57** 6.60 ns 30.56 ** 25.59 ** 0.99 ** 

y*a 1 54.46 ns 0.16 ns 2.86 ns 1.04 * 0.05 ns 

Error (a) 4 9.96 1.23 1.08 0.08 0.01 

Firming 
(b) 

3 10.76 ns 1.56 ns 0.03 ns 0.99 ** 0.05 ** 

Y*b 3 2.91 ns 1.17 ns 0.14 ns 4.05 ns 0.003 ns 

a*b 3 9.44 ns 0.17 ns 0.30 ns 0.04 ns 0.001 ns 

Y*a*b 3 9.57 ns 0.26 ns 0.26 ns 0.05 ns 0.003 ns 

Error (c) 24 21.07 0.53 0.76 0.14 0.005 

C.V.  9.51% 4.11 % 10.23 % 9.65 % 10.40 % 

*: Significant at the 5% level; **: Significant at the 1% level; ns: not significant 

 
The effect of sowing pattern (Factor A) on sugar beet root yield was significant 
statistical level of 1%. The average root yield of sugar beet in double rows planting 
pattern treatment (A2) and single 50 cm row (A1) were 51.47 and 44.76 tons per 
hectare respectively. Water consumption in A2 treatment was 20.3% less than A1. 
Furrow firming improved water productivity by 11 to 18% compared to those with no 
firming (Table 2). The effect of first compaction on water consumption was more than 
second and third firming. Repeat furrow firming had a positive impact on reducing 
water consumption As with once, twice and three times firming furrow, amount of 
water consumption decreased 11.1%, 15.7% and 19.0% compared with B0 treatment.  
 
Table 2:  Means squares of some quantitative and qualitative traits under different 

treatments (2009-2010) 
 

Treatment 
Water consumption 

(m3.ha-1) 

Root Yield 
(ton.ha-1) 

WP1 
(Kg.m-3) 

WP2 
(Kg.m-3) 

Sowing Pattern 

A1 13877 44.76 b 3.23 b 0.56 b 

A2 11058 51.74a 4.69 a 0.85 a 

Furrow Firming 

B1 12515 48.45 a 3.95 ab 0.70 a 

B2 11867 48.12 a 4.14 a 0.74 a 

B3 11410 47.06 a 4.20 a 0.76 a 

B0 14080 49.36 a 3.56 b 0.61 b 

 
Means with similar letter(s) in each column did not show significant differences at the 
five percent probability level. 
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In furrow irrigation systems, uniformity depends on the time required for water to flow 
across the field (the advance time), the irrigation set time, and the variability of the 
soil. Because of the advance time, more water infiltrates at the upper end of the field 
(the beginning of the furrow) than at the lower end (the end of the furrow), resulting in 
no uniform infiltration. Uniformity can be improved by getting the water to the end of 
the field faster that is, by decreasing the advance time. The results show that the 
advance time in firmed furrows was more than furrow with no compact. The first 
firming increased advance time by 30%. The impact of using roller on furrows is most 
evident when evaluating the furrow's roughness. The roughness of a furrow is a 
measure of the frictional resistance to water flow. The rougher the furrow is the slower 
and more deeply water moves along it. Thus, water advance along a rough furrow is 
slower than in a smoother furrow that can be achieved by firming. Figure 1 show the 
advance time for different treatments during first irrigation. 
 

 
Figure 1. Effect of treatments on water advance during first irrigation 

 

4. CONCLUSIONS 
 
This study reveals that double row planting system (40*50) improved root yield of 
sugarbeet and water productivity significantly and had effective impact on reduction of 
water consumption in comparison with single row 50 cm. Furrow firming had no 
significant effect on quantity and quality of sugar beet yield but increased water 
advance rate in furrow and improved irrigation efficiency and water productivity. 
Repeat compact of furrow by roller had positive effect on reducing water use but its 
effect was minimal in next irrigations.  
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