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ABSTRACT 
 

Subsurface drip irrigation (SDI) systems is highly efficient under water shortage 
condition, because water is directly applied to the root zone avoiding losses due to 
evaporation or runoff. To address the root clogging problem in SDI, a series of field 
experiments were conducted in the growing seasons of 2012–2013. The goal was to 
investigate the effects of Treflan injection on dripper clogging by roots, and on root 
distribution, yield, and the quality of grape (Keshmeshi Seyfried cultivar) under SDI. 
The research treatments comprised: (i) treflan injection treatment in concentrations of 
25, 50, 100, 200 mg for each injections event, (ii) number of injections events: 1 to 3, 
(iii) root guard pipe and control (without terflan injection). Experimental design was 
randomized block experimental design in 3 replications. All of laterals were installed 
40 cm below the soil. All plots received the same amounts of water and fertilizer. 
Irrigation event was 3-5 days and irrigation water was applied to increase the soil 
moisture content at root depth up to field capacity. The amount of irrigation was 
controlled using a flow meter installed on each laterals. At fruit ripening stage, 
different traits as weight, length and width of bunch and the qualitative traits including 
TSS, TA, pH and the volume of the juice were recorded. After harvesting, the root 
length density (RLD) and dripper discharge were measured. Some of drippers from 
each treatment were randomly chosen to observe evidence of root intrusion. Results 
indicated that treatments had no significant impact on juice volume, berry weight, 
bunch length, width, weight, annual vegetative growth and yield. In 2012 no root 
clogging was recorded but in 2013 root residues were observed in control treatment 
(without Treflan injection). In 2013 the discharge of drippers significantly decreased 
by 13.8% in comparison with first year. The two years experimental results showed 
that Treflan injection reduced root density effectively in areas adjacent to drippers. 
Accordingly, the potential of root clogging decreased significantly. Treflan 
concentrations of 25 and 50 mg had significant effects on decreasing grape root 
distribution by 9.7% and 19.2% compared with control. Because of yearly tendency 
penetration of root into drippers, it is recommended using of 25 and 50 mg 
respectively at first and second years of SDI systems utilization and increasing treflan 
concentrations gradually at next year’s operation. 
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1. INTRODUCTION 
 

Water resources are limited in the Urmia Lake Basin located in the north-west Iran. In 
recent year, this lake is faced with a lot of pressure that lead to many environmental 
problems in Uremia Lake. The recent drought has been aggravated by long-term 
climatic changes and by excessive surface water and groundwater extraction, 
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severely impacting wetland biodiversity and livelihoods. So improving water 
productivity in agricultural sector, especially in drought conditions may have a 
noticeable impact on the saving water to rescue of Urmia Lake. Subsurface drip 
irrigation (SDI) can be a viable alternative to surface irrigation when water is limited. 
SDI is regularly used to provide water and nutrients to plants while maintaining a dry 
soil surface. SDI also contributes to the alleviation of health hazards, odor, 
contamination of groundwater, and runoff into surface water (Trooien et al., 2002). 
Emitters in SDI systems are positioned within the soil to conserve water, control 
weeds, minimize runoff and evaporation, increase longevity of laterals and emitters, 
ease use of heavy equipment in the field, and to prevent human contact with low-
quality water (Camp, 1998). This technology has recently attracted increasing 
attention as the pressure of the global shortage of irrigation water and the need for 
water conservation increase (Hanson and May, 2004). Lamm and Trooien (2003) 
reported that SDI can reduce irrigation water use for corn production by 35% to 55% 
compared with traditional irrigation methods. Camp (1998) indicated that yield for over 
30 crops was greater or equal using SDI than that obtained with other irrigation 
methods and in most of the cases required less water. Nevertheless, the irrigation 
system itself does not guarantee all the potential benefits; an adequate design and 
management are also required. 
 
A major challenge of SDI for long-term operations is dripper clogging caused by root 
intrusion (roots growing into the flow passages of drippers) (Camp, 1998). In SDI, 
crop roots concentrate preferentially in the soil around drippers due to its relatively 
higher water and nutrients contents (Bar-Yosef et al., 1991 and Wang et al., 2005). 
Although this root distribution pattern can help crops improve water use efficiency 
(Oliveira et al., 1996), the excessive development of highly dense root systems in the 
soil around drippers may promote root intrusion into the drippers. This could harm 
their original flow rate or even result in the total clogging of drippers (Rubens and 
Luis, 2003; Wang et al., 2005; Yu et al., 2006). 
 
Several investigations have been conducted to find a suitable solution for the dripper 
clogging caused by crop roots. In dripper with a self-protection function, Treflan is 
incorporated into the dripper during the manufacturing process in order to inhibit root 
growth. The Treflan incorporated into the drippers could be released uniformly after 
being buried in soil, maintaining sufficient concentration in the soil surrounding the 
dripper to prevent longitudinal root growth into the dripper (Yu et al., 2010). Zoldoske 
et al. (1995) installed root- guarded drippers for watering of turf grass and found no 
evidence of root intrusion into the drippers after five years of irrigation. Suarez-Rey et 
al. (2006) also reported similar results for this sort of Treflan-impregnated dripper 
when used for Bermuda grass irrigation.  In other way, Injection chemical materials 
through the SDI system into the root zone are planning to restrict root moving toward 
dripper orifices. Suarez-Rey et al. (2006) reported that drippers were completely free 
of roots when injection of concentration of 100 mg/kg thiazopyr with each irrigation 
event Bermuda grass under SDI system.  
 
Treflan, as a soil-active and pre-emergence herbicide, is traditionally used to control 
annual weeds in agricultural fields. Due to its relatively longer half-life (effective period 
ranging from two to three months depending on temperature and soil water content) 
and lower cost, it has been proposed for use as an alternative to sulfuric or 
phosphoric acid to prevent dripper clogging caused by crop roots (Yu et al.,2010). 
Oron et al. (1991) reported a case in which a subsurface wastewater drips irrigation 
system ran as long as five years without failure when Treflan injections were used to 
prevent dripper clogging caused by roots. Yu et al (2010) showed that Treflan 
injection could effectively reduce root density in areas adjacent to drippers, thereby 
significantly decreasing the potential of root clogging. They reported that within the 
range of concentration used by the experiment, Treflan concentrations had no 
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significant effects on winter wheat root distribution, yield, and quality. Injection date, 
however, influenced the vertical root distribution significantly. Injection of Treflan late 
in the growing season influenced the root distribution only in the areas close to the 
drippers; the influenced areas increased if Treflan was injected early in the growing 
season. 
 
 In this study, a field experiment in vineyard under SDI system was conducted to 
investigate the effects of Treflan and self-protection emitters on control of root 
clogging of drippers. 
 

2. METHODS 
 
The goal was to investigate the effects of Treflan injection on dripper clogging by 
roots, and on root distribution, yield, and the quality of grape under SDI. This study 
was conducted during two seasons (2012–2013) in a commercial vineyard at the 
Urmia Lake basin (5 km south of Urmia). The climate is typical of medium elevated 
terrains of median latitudes with generally cold winters and mild summers. Long-term 
mean annual rainfall is 350 mm year-1, with most falling during winter months and 
1200 mm annually evaporation. The soil layer was clay loam at 1 m depth. The plots 
soil physical and chemical properties as well as water quality were tabulated in tables, 
1,2 and 3. 
 

Table 1. Physical properties of experiment plot soil 
 

Dep. Soil 
cm 

Soil tex. 
Soil 

den.gr/cm3 
%Moist at 

F.C. 
% Moist at 

W.P 

0-25 Clay loam 1.33 26.9 13.4 

25-50 Clay loam 1.31 27.3 13.4 

50-75 Clay loam 1.38 27.8 13.8 

75-100 Clay loam 1.38 27.8 13.9 

 
 

Table 2. Chemical properties experiment plot soil 
 

Dep. Soil 
cm 

Soil tex. 
Soil 

den.gr/cm3 
%Moist at 

F.C. 
% Moist at W.P 

0-25 Clay loam 1.33 26.9 13.4 

25-50 Clay loam 1.31 27.3 13.4 

50-75 Clay loam 1.38 27.8 13.8 

75-100 Clay loam 1.38 27.8 13.9 

 
 

Table 3. Water quality of used in experiment plot. 
 

NA+ K+ Ca2+ Mg2+ So4 2- Cl- Hco3- C032- Ec*10^6 
ds/m 

pH 

meq/Lit 

0.64 --- 4.80 1.76 -- 0.56 6.56 0.0 669 7.2 

 
We have chosen Keshmeshi Seyfried cultivar as the most important varieties in the 
vineyard of our region. The vines were spurring pruned on a bilateral Cordon system 
using a vertical shoot positioning with a pair of movable wires. The vineyard has a 
planting density of 1250 vines h-, the vines being spaced 4.0 m between and 2.0 m 
along rows. The research treatments were including (i) treflan injection treatment in 
concentrations of 25, 50, 100, 200 mg for each injections event, (ii) number of 
injections events: 1 to 3, (iii) root guard pipe and control (without terflan injection). 
Experimental design was randomized block experimental design in 3 replications. 
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All of laterals were installed in 40 cm depth of soil. All plots received the same 
amounts of water and fertilizer. Irrigation water was applied with drip emitters (4 L h-
1), one per vine, and installed 20 cm from the vine trunk and distributed on one sides 
of the root system under SDI system. The water was supplied according to the crop 
evapotranspiration (ETc = ET0 * Kc) calculated from the evaporation of a Class A pan 
(ET0), corrected with the crop coefficient (Kc). ETo was determined by using 
relationship between pan evaporation (Ep) and potent evapotranspiration (ETo) 
obtained from lysimeter data presented in Kahriz Agricultural Research Station. 
Irrigation event was 3-5 days and irrigation water was applied to increase the soil 
moisture content at root depth up to field capacity level. The amount of water 
irrigation was controlled using a flow meter installed on each laterals. At fruit ripening 
stage, different traits as weight, length and width of bunch and the qualitative traits 
including TSS, TA, pH and the volume of the juice were recorded. After harvesting, 
the root length density (RLD) and driper discharge were measured. Some of drippers 
from each treatment were randomly chosen to observe evidence of root intrusion into 
the driper flow passage in order to estimate root clogging.  
 
The data were subjected to an analysis of variance. Least significant difference (LSD) 
values were calculated to facilitate comparison between the treatment means. Means 
that differed at p ≤ 0.05 were considered to be significantly different. 
 

3. RESULTS AND DISCUSSION 
 
Results of combined variance analysis indicated the effect of year was significant on 
all traits of grape fruit (Table 4). Climate factors such as light, temperature, 
temperature and humidity can be the main reason cited changes in quantitative and 
qualitative characteristics of fruit at different times. As shown in Table 4 there were no 
significant differences in TSS, TA, pH, juice volume, berry weight and width, bunch 
width and weight and yield among all the treatments, which indicate that applying 
Treflan through SDI has no adverse effect on fruit yield and quality of grape. These 
results agree with the observations reported by Wang (2006), Yu et al. (2006, 2010) 
based on not significant effect of treflan application on yield of tomato and wheat. 
 
Table 4.  Mean comparison of some characteristics of grapevine in treatments 
 

Treatments 

Fruit 

yield 
(ton.ha-

1) 

Bunch 

width 
(cm) 

Bunch 

length 
(cm) 

Berry 

width 
(cm) 

Berry 

length 
(cm) 

Berry 

weight 
(gr) 

Total 

soluble 
sugar 
(%) 

Titrable 

acidity 
(%) 

pH 

Juice 

volume 
(ml) 

Year  

2012 16.61a 108.53b 204.79b 12.89a 15.53a 1.60a 24.31a 0.47b 3.42a 42.32a 

2013 14.00b 131.33a 225.75a 12.53b 14.48b 1.47b 22.92b 0.57a 3.35a 37.59b 

Treatments  

C(0), control 14.85a 117.75a 219.30a 12.65a 15.12a 1.54a 23.89a 0.52a 3.38abc 38.65a 

C(25) 15.13a 114.10a 228.57a 12.55a 15.53a 1.54a 2.80a 0.51a 3.42abc 39.53a 

C(50) 15.82a 113.88a 231.20a 12.75a 14.95a 1.51a 23.28a 0.52a 3.42ab 39.69a 

C(50+50) 14.58a 120.73a 212.13a 12.82a 15.10a 1.57a 23.85a 0.49a 3.43a 38.80a 

C(50+50+50) 15.33a 124.30a 225.25a 12.58a 14.68a 1.52a 23.98a 0.49a 3.43bc 37.66a 

C(100+100) 14.92a 121.12a 212.28a 12.79a 14.96a 1.56a 23.24a 0.52a 3.37c 40.34a 

C(100+100+100) 14.88a 117.63a 206.08a 12.54a 14.92a 1.50a 23.91a 0.53a 3.36c 40.19a 

C(200+200) 16.50a 134.82a 213.65a 13.02a 15.08a 1.58a 23.87a 0.53a 3.36abc 40.11a 

C(200+200+200) 15.78a 112.62a 203.17a 12.60a 14.53a 1.51a 23.57 0.49 3.39a 43.59a 

CC,self-
protection 

15.28 124.40a 201.07a 12.83a 15.17a 1.54a 23.78a 0.51a 3.36c 40.99a 

LSD5% 1.69 13.25 21.67 0.48 0.76 0.14 0.93 0.06 0.05 0.72 

Means, in each row, followed by similar letter are not significantly different at the 5% probability level- usingDuncan’s 
Multiple Rang Test. 



2ndWorld Irrigation Forum (WIF2) 
6-8 November 2016, Chiang Mai, Thailand 

W.1.4.20 

 

 
5 

 

 
Six drippers were randomly selected to verify root-clogged drippers from each 
treatment. At first, discharge was measured in laboratory experiments. In 2012 no 
root clogging recorded but in 2013 root residual observed in control treatment (without 
Treflan injection). In 2013 the discharge of drippers significantly decreased by 13.8% 
in comparison with first year (table 5). The two years experimental results showed 
that Treflan injection reduced root density effectively in areas adjacent to dripers. 
Accordingly, the potential of root clogging decreased significantly. Treflan 
concentrations of 25 and 50 mg had significant effects on decreasing grape root 
distribution by 9.7% and 19.2% compared with control. 
 
The study of variation in dripper discharge in two years experiment demonstrated 
that, the least discharge emitters in the control (no injection Treflan) was observed. 
The remains of plant roots in a number of Emitters without Treflan injection were 
observed in small quantities. Other Emitters roots were not attacked. Reduce the 
discharge emitters in control due to root penetration can be attributed to the emitter. 
Emitter's discharge review shows that by reducing the amount injected is decreased 
Treflan. Root residues were no found inside the guard dripper’s containing Treflan 
(table 5).Root around emitters in the second year was significant increased 18% 
compared with the first year. In other words, over time, more volume of roots moved 
around emitters. 

 
Table 5. Mean comparison of some characteristics of grapevine in treatments. 

 

Treatments 
Dripper discharge 

(lit.hr-1) 
Root density around 

the (cm3) 

Year  

2012 4.91a 2.72a 

2013 4.23b 3.21b 

Treatments  

C(0), control 4.53bc 3.90a 

C(25) 4.48bc 3.52b 

C(50) 4.68ab 3.15c 

C(50+50) 4.58a 3.05cd 

C(50+50+50) 4.57a 2.78def 

C(100+100) 4.59a 2.74def 

C(100+100+100) 4.56a 2.633f 

C(200+200) 4.64a 2.55ef 

C(200+200+200) 4.64a 2.48f 

CC,self-protection 4.45ab 2.85cde 

LSD5% 0.166 0.34 

 

4. CONCLUSIONS 
 
Treflan injection prevent degrading root around the Emitters. More concentration of 
treflan injection caused less root attack. The results showed that roots tend to 
accumulate in the area of the orifice drippers are greater over time. Therefore, In non-
injection Treflan treatment, the root move toward drippers and leading to increasing 
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root mass around the drippers and tendency entering into the emitters and increasing 
endanger of clogging nozzles. Therefore injection treflan or using self-root-guard 
drippers is the essential in SDI systems. 
 
Because of yearly tendency penetration of root into drippers, it is recommended using 
of 25 and 50 mg respectively at first and second years of SDI systems utilization and 
increasing treflan concentrations gradually at next year’s operation. 
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