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Summary

The primary objective of this study was to determine the best irrigation and ferti-
gation practice for tomato crop (Lycopersicon esculentum Mill.) in order to achieve
highest yield with maximum water use efficiency (WUE). The field experiments were
conducted during the period of May to September in 2002, 2003 and 2004. Five ex-
perimental treatments tested in this study included the following: the first three treat-
ments (T1, T2, and T3) included a combination of drip irrigation and fertigation,
treatment four (T4) included drip irrigation, but with conventional application of fer-
tilizer, and the fifth treatment, (T5), included furrow irrigation practice with conven-
tional application of fertilizer. The results of this study show that the drip fertigation
treatments (T1, T2, and T3) gave significantly higher tomato yields in comparison
with treatments T4 and T5, almost 24% and 39%. During three years of research
treatments under drip fertigation showed almost 28% more water use efficiency in
comparison with the treatment with conventional application of fertilizer and drip
irrigation and 87% more than the treatment with furrow irrigation and convention-
al application of fertilizer. So, it is clear that the drip fertigation led to an increased
yield, indicating enhanced water use efficiency.
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Introduction

The geographic location and the related climatic conditions
in the Republic of Macedonia are suitable for quality agricul-
tural production; however the major limiting factors for higher
yields and more profitable production are precipitation deficit,
which is often aggravated by the uneven seasonal distribution,
and the ineflicient irrigation water use. Dry periods with dif-
ferent duration and intensity are common appearance, even in
the humid calendar years. For example, over 20 consecutive cal-
endar years on average there were 10 years with prolonged dry
periods, nine years were close to the average, and one year was
with appearance of floods. In addition to the prolonged draughts
over the growing seasons the global warming threat is very likely
to reinforce the ever increasing competing demands for water.

Over the past decade the vegetable growers in Macedonia
have widely adopted the micro irrigation techniques. However
they are still facing problems related to the optimal irrigation
scheduling, water use efficiency as well as with the proper use
of fertiliser when drip fertigation practice is used.

Combination of micro irrigation techniques with application
of fertilizer through the irrigation system is a common practice
in modern agriculture. Many authors in their drip fertigation
research reports emphasize the advantages of this practice over
the conventional methods of application of water and fertilis-
ers. The advantages of drip fertigation are: the supply of nutri-
ents can be more carefully regulated and monitored (Gardner
etal., 1984; Burt et al., 1995), minimal losses of water and plant
nutrients (Papadopoulos, 1985), decrease leaching and volatili-
zation losses and minimize the chances for ground water pol-
lution (Miller et al., 1981; Gardner et al., 1984; Papadopoulos,
1995), improved fertilizer use efficiency - FUE (Miller et al,,
1981; Papadopoulos, 1995; Iljovski et al., 2003; Tanaskovik,
2005; Cukaliev et al., 2008), improved yield and water use effi-
ciency (Al-Wabel et al., 2002; Papadopoulos, 1996; Halitligil et
al., 2002; Cukaliev et al., 2007; Tanaskovik, 2005; Tanaskovic,
2007), improved yield quality parameters (Aleantar et al., 1999;
Siviero et al., 1999) etc.

Therefore the primary objective of this study was to deter-
mine the best irrigation and fertigation practice for achieving
tomato crop (Lycopersicon esculentum Mill.) yield potential.
Simultaneously this study evaluated the impact of those practic-
es on the water use efficiency (WUE) index. In order to achieve
these objectives this study quantified the major benefits of drip
fertigation practice relative to partially and fully conventional
practices i.e. the ratios of yield increases and water use efficien-
cy improvements.

Material and methods

The field experiment was conducted during the period May
to September in the calendar years 2002, 2003 and 2004. The
experiment was carried out at an experimental field near the
Faculty of Agricultural Sciences and Food in Skopje (42° 00
N, 210 27’ E). The investigated crop was tomato (Lycopersicon
esculentum Mill.), hybrid cultivar Optima. The soil type was
coluvial (deluvial) soil (FAO Classification). The soil pH was
7.5. The soil 0-60 cm layers contained 2.40 mg/100 g available
forms of N, 19 mg/100 g available P,O5 and 18 mg/100 g avail-
able K,O. According to the literature data for the region, tomato

planted in an open field in similar condition yields up to 80 t/
ha (in good growing season with good agricultural practice).
Tomato crop nutrient uptake for a 80 t/ha harvest totals ap-
proximately: N 260 kg/ha, P,0; 160 kg/ha and K,O 320 kg/ha.
The application of the fertilizer for the treatments was done in
two portions (before planting and during the growing season),
which is a common practice in Macedonia. For all treatments,
the first portions of the fertilizers were applied before the plant-
ing. The reminder needed for achieving the targeted yield were
applied through the fertigation system for the drip fertigation
treatments, and by conventional fertilizer application for the
control treatments (divided in two portions, flowering and fruit
formation). All investigated treatments have received the same
quantity of fertilizers, but with different methods of application
(Table 1). This approach enabled us to quantify the impact of
the different fertilizer application methods on the tomato crop
water use efficiency.

A drip irrigation system was installed with integrated drip-
pers, compensated, with discharge of 4 I/h. The fertigation
equipment used for drip fertigation treatments was Dosatron
16, with a plastic barrel as reservoir for concentrated fertilizer.
The discharge of the stock nutrient solution into the drip irriga-
tion system averaged 1% of the total water discharge. The source
of water was of high quality (municipal water supply system for
city of Skopje). The irrigation of the tomato crop was scheduled
according to the long-term average daily evapotranspiration
calculated by FAO software CROPWAT for Windows 4.3 with
crop coeflicient (kc) and stage length adjusted for Skopje area.
For the drip irrigation treatments (T1, T2, T3 and T4) the daily
evapotranspiration and the corresponding irrigation rate were
reduced by 20%, while the furrow irrigation treatment (T5) re-
ceived the full irrigation rate determined by the aforementioned
FAO model. The irrigation rates for all the treatments had been
further reduced in order to compensate for the precipitation
over the experimental periods. Therefore, all of the drip irri-
gation treatments have received the same amount of water, but
with different frequency of application. This approach enabled us
to determine the impact of various drip fertigation frequencies
on the crop yield and WUE. The irrigation rates and irrigation
frequency for tomato crop by treatment are shown in Table 2.

The irrigation scheme used in the experiment was designed
according randomised block design for experimental purposes
with five treatments in three replications. Experimental treat-
ments were set up according to the daily evapotranspiration rate:

- Treatment 1 (T1). Fertigation according to daily evapotran-
spiration with application of water and fertilizer every two
days

- Treatment 2 (T2). Fertigation according to daily evapotran-
spiration with application of water and fertilizer every four
days

- Treatment 3 (T3). Fertigation according to daily evapotran-
spiration with application of water and fertilizer every six
days

- Treatment 4 (T4). Drip irrigation according to daily evapo-
transpiration with application of water every four days and
conventional fertilization (spreading of fertilizer on soil)

- Treatment 5 (T5). Furrow irrigation according to daily evapo-
transpiration with application of water every seven days and
classic fertilization (spreading of fertilizer on soil)
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Table 1. Type and amount of fertilizers and time and method of application

Treatments Type of fertiliser Total applied fertilisers in  Time of application Applied active matter in kg/ha per
kg/ha per treatment treatment
N P,0s K;0

T1
T2
T3 NPK (15:15:15) 330 Before replanting 50.0 50.0 50.0
T4
T5
T1
T2 Urea (46% N) 428 During the growing season with drip fertigation 197 — —
T3 Soluble NPK (0:54:34) 179
T4 Soluble NPK (4:4:40) 525 Spreading of fertilizer on soil in 2 phases: — 93 60.0
T5 1. flower formation, 2. fruit formation 21 21 210

1462 Total applied fertiliser in kg/ha per treatment 268 164 320

Table 2. Application rates and irrigation frequency for tomato crop by treatments

Period of vegetation in days

Application rate (mm)

Treatment 1

May 20 3.2
Jun 30 6.4
July 31 9.6
August 31 8.0
September 10 4.8
Total 122 424.8

Irrigation frequency every 2 days

Treatments 2 and 4

Treatment 3 Treatment 5

6.4 9.6 14.0

12.8 19.2 28.0

19.2 28.8 42.0

16.0 24.0 35.0

9.6 14.4 21.0

424.8 424.8 518.0
every 4 days every 6 days every 7 days

The size of each plot (replication) was 7.2 m? (18 plants in
0.8 m spacing between the rows and 0.5 m plant spacing in the
row). Each plot (replication) was designed with three rows of
crop. There were six plants in each row. The rows from left and
right hand side were border rows. The middle row was evalu-
ated for experimental purposes. All six plants in the middle ex-
perimental row were used for sampling of water use efficiency
(WUE). Above-ground biomass was collected (leaf, steam, fruits)
and fresh and dry weight biomass (at 70°C for 48 hours, FAO/
IAEA sample preparation techniques of biological material for
isotope analysis) was measured. The results for WUE were de-
termined as a ratio of the total dry matter biomass relative to
the water used by crop (evapotranspiration). Collected data were
subjected to statistical analysis of variance and means were com-
pared using the least significant difference (LSD) at the 5% level
of probability (P<0.05) test.

Results and discussions

The meteorological conditions during the research

The tomato crop needs a lot of heat during the whole grow-
ing period. If temperature is below 15°C the flowering stops and
if temperature drops below 10°C the growth stops. The optimal
temperature for growing tomato is 18-25°C during the day time
and 15-16°C during the night. The average seasonal temperature
for the experimental site (average in the growing period) during
2002, 2003 and 2004 was 21.0°C, 22.2°C and 20.5°C respectively
(Table 3). During the most intensive fructification period (June-
August) the average temperatures over the three experimental
seasons were within the optimum values.

It is well known that tomato is most sensitive to water shortage
(drought) during the flowering and fruit formation. The Skopje
area in that period is characterized with highest temperatures
and insolation, and consequently the evapotranspiration is high-
est as well. Usually rainfalls are minimal in that period. Data
presented in the Table 3 shows that years 2002 and 2004 were
characterized as very humid years with a lot of rainfall during
the growing season (316.7 mm in 2002 and 250.3 mm in 2004)
which is rather unusual for the Skopje region and the major
vegetable production regions in Macedonia. Especially unusual
were the rainfalls in the period July-September, 2002 and May-
July, 2004. This created favourable conditions for plant diseases.
Another problem was that experiment was set up according to
the average evapotranspiration rate, so in a very wet period we
had problems with excess water. In the case of fertigation, each
skipped application of water resulted with less readily available
nutrients for the crop. This created problems with the applica-
tion of the total amount of nutrients with fertigation, especially
in 2002, while in 2004 the more favourable rainfall distribution
enabled us to apply the total planned quantity of nutrients. Year
2003 was close to the longer term averages. May and June in 2003
were characterized with slightly higher rainfall in comparison
with the reminder of the growing period. In the period of most
active yielding there was a severe shortage of water coupled with
very high temperatures, and thus fertigation had a much higher
effect on the measured parameters in 2003.

Tomato crop is characterized as a tolerant crop to low rela-
tive air humidity, even though optimal values are in the order of
55-65%. During the research period, the average relative humid-
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Table 3. Monthly and growing season temperature, precipitation and relative humidity for Skopje in 2002, 2003 and 2004

Months Temperature (°C) Precipitation (mm) Relative humidity (%)
2002 2003 2004 2002 2003 2004 2002 2003 2004

May 18.0 18.1 15.3 474 93.0 54.6 66 60 65
June 23.2 23.8 21.3 16.1 62.3 55.2 56 57 65
July 24.9 25.2 24.1 71.0 2.3 61.4 58 51 56
August 21.9 26.2 23.0 99.1 11.5 16.1 70 49 57
September 17.0 17.7 18.8 83.1 21.3 63.0 75 64 62
Total/Average 21.00 22.2 20.5 316.7 190.1 250.3 65 56 61

ity in all three years was close to optimal values. The measured
values for the relative air humidity during the periods covered
with the experiment are shown in Table 3.

Yield and yield components

The effects of fertigation and irrigation methods as well as
the influence of drip fertigation frequency on tomato yield are
shown in Table 4. There was no statistically significant yield
difference between treatment T1 (118.03 t/ha) and treatment
T2 (114.94 t/ha). Thus we can conclude that the drip fertigation
frequency of two days, when compared to the four days fre-
quency, does not increase the yield and the associated grower
income. Therefore the decision about the fertigation frequen-
cy in a range of two to four days should be based on the other
parameters such as the diameter of the pipes, the price of the
pipes etc. Fertigation frequency of six days (T3) achieved yield
that was significantly lower than the feririgation with frequen-
cies of two and four days (T1 and T2). Hence, our results have
confirmed that fertirrigation frequencies longer than four days
result with significant tomato yield reduction due to the increased
water deficit and water stress. Doorenbos et al. (1986) reported
that prolonged water deficit limits growth and reduces yields of
tomato crop. Phene et al. (1989) reported better tomato yields
with high-frequency subsurface and surface drip irrigation (206
and 190 t/ha) in comparison with low frequency surface drip
irrigation (179 t/ha).

The drip fertigation treatments (T1, T2, and T3) show a sta-
tistically significantly higher yield compared with drip irrigation
treatment and spreading of fertilizer on the soil surface (T4). This
can be explained by the fact that with drip fertigation the root
zone is simultaneously supplied with water and readily avail-
able nutrients. Hagin et al. (2002) reported that in a fertigation
system, the timing, amounts, concentrations and ratios of the
nutrients are easily controlled. Due to this improved control,
crop yields are higher than those produced by a conventional
fertilizer application and irrigation. A number of other inves-
tigators report higher yields in different crops when fertilizers
were injected through the drip system in comparison with con-
ventional application of fertilizers (Locascio and Myers, 1974;
Papadopoulos, 1996; Mosler, 1998; Castellanos et al., 1999; Pan et
al., 1999; Al-Wabel et al., 2002; Iljovski et al., 2003; Tanaskovic,
2007; Cukaliev et al., 2008).

Yield difference between treatments with identical irriga-
tion frequency of four days (T2 and T4) confirms that the yield
is higher for about 22% with the growing season portion of the
fertiliser applied trough the drip irrigation system (T2) when
compared with the conventional spreading of similar fertiliser

quantity (T4). This is a consequence of the fact that under drip
irrigation only a small portion of soil volume around each plant is
wetted, so crop root growth is essentially restricted to this wetted
volume of soil and nutrients within that volume are subject to
accelerated crop uptake. Haynes (1985) reported that if nutrients
are applied outside the wetted soil volume they are generally not
available for crop use. Therefore, our results clearly show that if
drip irrigation is applied than fertilisers, or at least a portion of
the fertilisers, should be applied by drip irrigation system. Burt
et al. (1995) reported that the agricultural growers indicate the
importance of drip fertigation under micro irrigation systems
in producing higher yielding and better quality tomato crop.

The effects of irrigation techniques on the tomato yields are
verified by the yield difference between treatment with drip ir-
rigation and spreading of fertilizers on soil (T4) and treatment
with furrow irrigation and application of similar quantity of
fertilizers (T5). Namely, the T4 treatment shows a statistically
significant yield difference when compared with treatment T5.
This can be explained by the fact that with drip irrigation the
plants are permanently provided with readily available water
i.e. their crop water requirements are met in a timely manner.
Dasberg and Or (1999) reported that increased yields using drip
irrigation can be attributed to several factors: higher water use
efficiency because of precise application directly to the root zone
and lower losses due to reduced evaporation, runoff and deep
percolation; reduced fluctuations in the soil water content re-
sulting with avoidance of water stress and etc.

Also, the number of fruits per plant and the average weight
of tomato fruit were investigated in this experiment. Therefore,
an interesting observation is the effect of fertigation, irrigation
method, and frequency of drip fertigation, on tomato yield com-
ponents. The data for the yield components achieved in the ex-
periment are shown in Table 5 and 6. According to those results,
it is evident that more frequent application of water and fertil-
izer also create better environment for yield formation (Table 5).

The average weight of tomato fruit is not only biological fea-
ture of the variety; it is also a quality parameter, which can be
used to determine the positive or negative effects of the produc-
tion technology. The influence of different techniques of irrigation
and fertigation and frequency of drip fertigation on the average
weight of tomato fruit is presented in Table 6. From the data pre-
sented in Table 6 it is clear that there is not statistically signifi-
cant difference between treatments T1 (217.7g) and T2 (219.7g).
The treatment T3 (214.16g) shows statistically significant lower
average weight of tomato fruit in comparison with T2 and T1,
which is most likely due to the longer water and fertiliser appli-
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cation time increments. The drip fertigation treatments (T1, T2,
and T3) show a statistically significant higher fruit weight when
compared with treatment with drip irrigation and spreading of
fertilizer (T4). Finally, the treatment with drip irrigation and
spreading of fertilizers on soil (T4) shows a statistically signifi-
cant higher fruit weight when compared with furrow irrigation
and same application of the fertilizers (T5). A number of other
investigators (Petrevska, 1999; Siviero et al., 1999; Aleantar et
al., 1999; Tekinel et al., 2002; Tanaskovic, 2007) report better
yield components in different crops especially when drip irriga-
tion was used in comparison with other irrigation techniques
(furrow or sprinkler), as well as when the drip fertigation was
applied in comparison with conventional fertilizer application.

Water use efficiency (WUE)

The definition of water use efficiency (WUE) differs with the
context in which it is applied i.e. it is defined differently by the
various research disciplines such as agronomy, plant physiology,
irrigation engineering and economics (Prihar et al., 2000). We
opted for agronomic WUE indexes in our research i.e. the ratio
of dry matter (fruit, leaf, steam) and water used by the crop (ET).

The water used by tomato crop (ET) was determined by
the water balance method (Iljovski and Cukaliev, 2002; Evett,
2007) at the 0-100 cm soil layer. The main parameters for es-
timation of water balance were effective precipitation (P), ir-
rigation (I), initial or active water in soil at the beginning of
vegetation (Wi) and active water in soil at the end of vegetation
(We). Evapotranspiration (ET) was determined with the equa-
tion ET= (P+I+Wi)-We. From the results of our research (Table
7), it can be concluded that there are negligible evapotranspi-
ration (ETP) differences among the drip irrigation treatments.
On the other hand, the control treatment under furrow irriga-
tion and spreading of fertilizer (T5) showed relatively higher
ETP (in the range of 30 to 34%) when compared with the drip
irrigation treatments.

The impact of conventional application of water and fertilizer,
drip irrigation with spreading of fertilizer, and drip fertigation
with different frequency of water application, on the water use
efficiency (WUE) of tomato is presented in Table 7. From the
results shown in Table 7, it can be concluded that the total dry
matter yield (D.M.yield t/ha) under the drip fertigation method
is statistically significantly higher than the control treatments T4
and T5. The total dry matter yield shows the same pattern as a
fresh fruit yield, which once again indicates yield increases due
to simultaneous application of water and nutrients through the
drip irrigation system. Sagheb et al. (2002) reported that with the
same quantity of fertilizer but different methods of application,
drip fertigation shows about 2.7 times more total dry matter in
comparison with treatment with furrow irrigation and spread-
ing of fertilizers on soil.

The obtained results for water use efficiency (WUE) were
2.34 kg/m3, 2.15 kg/m3, 1.94 kg/m3, 1.84 kg/m3, and 1.25 kg/
m3 respectively for the treatments T1-T5 that were included in
this experiment. There was a statistically significant difference
among all five treatments. The differences between the treat-
ments with drip fertigation are result of irrigation frequencies.
Phene et al. (1989) reported higher water use efficiency in the
treatments with high-frequency subsurface and surface drip ir-

treatments on tomato yield

Table 4. The influence of irrigation and fertigation

Treatments  Yield (t/ha)  Comparison with  Comparison with drip
furrow irrigation irrigation and spreading
(%) of fertiliser (%)

T1 118.03* 138.91 124.33

T2 114.94° 135.27 121.10

T3 106.55" 125.39 112.24

T4 94.93¢ 111.72 100.00

T5 84.97¢ 100.00

*Values in rows followed by the same letter are not significantly different at
the 0.05 probability level

Table 5. The influence of irrigation and fertigation
treatments on the number of fruits per plant

Treatments

Number of

Comparison with ~ Comparison with drip
fruits per plant furrow irrigation irrigation and spreading

(%) of fertiliser (%)
T1 21.32° 120.45 117.79
T2 20.61° 116.44 113.87
T3 19.61¢ 110.79 108.34
T4 18.10¢ 102.30 100.00
T5 17.70¢ 100.00

Table 6. The influence of irrigation and fertigation
treatments on average weight of tomato fruit

Treatments Average weight Comparison with ~ Comparison with drip
of tomato fruit furrow irrigation irrigation and spreading

(2) (%) of fertiliser (%)
T1 218,70* 116.37 105.70
T2 219,77% 116.94 106.22
T3 214,16° 113.95 103.50
T4 206.91¢ 110.09 100.00
T5 187,93¢ 100.00

Table 7. Water use efficiency by tomato crop

Treatments D.M.yield ETP WUE  Comparison Comparison
(kg/ha)  (m*ha)  (kg/m®)  with T5 (%) with T4 (%)

T1 9990* 4270 2.34° 187.2 127.2

T2 9500° 4425 2.15° 172.0 116.9

T3 8710° 4501 1.94¢ 155.2 105.4

T4 8160° 4425 1.84¢ 147.2 100.0

T5 7300¢ 5825 1.25° 100.0

*Values in rows followed by the same letter are not significantly different at
the 0.05 probability level; D.M. yield kg/ha= dry matter yield per unit area;
ETP m*/ha = potential evapotranspiration; WUE=water use efficiency

rigation (several irrigations each day) in comparison with low
frequency surface drip irrigation (one irrigation at 2-3 days).
If the results for WUE in our research are presented as com-
parative values, then water use efficiency in the treatments T1
and T2 is for 87 and 72% higher in comparison with T5, while
in comparison with T4 WUE is about 28 and 17% higher. The
treatment T3 obtained almost 6% higher water use efficiency in
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comparison with T4 and about 52, 2% in comparison with T5,
as a result of improved nutrient availability when application of
fertilizer is done through the drip irrigation system. Oertli et al.,
(1989) reported that fruit biomass and WUE respond strongly
to improved nutrition. A number of other investigators (Phene
et al., 1989; Papadopoulos, 1996; Halitligil et al., 2002; Sagheb et
al., 2002; Iljovski et al., 2003; Tanaskovik, 2005) reported higher
water use efficiency as result of drip irrigation and fertilizer ap-
plication trough the system in comparison with furrow irriga-
tion and spreading of fertilizers on soil. Cukaliev et al. (2003)
reported that when fertilizers are simply broadcast over the entire
soil area may become limiting factor for plant growth. Also, this
occurrence could be a consequence of fertilizer leaching from
the root zone, as well as because of volatilization losses (Miller
et al., 1981). Various research reports indicate that drip fertiga-
tion create conditions for higher fertilizer use efficiency, which
contributes to decreased leaching of fertilizers and minimizes the
chances for soil or ground water pollution (Gardner et al., 1984;
Papadopoulos, 1995; Cukaliev et al., 2008). Finally, as a result
of irrigation technique and irrigation frequency, the treatment
T4 obtained 47% higher WUE in comparison with T5. This can
attributed to the wasteful water application and lower yield ob-
tained by the conventional irrigation. Prihar et al. (2000) reports
that WUE can be enhanced by (1) increasing seasonal ET, (2)
increasing the T component of ET, (3) regulating T in sensitive
crop growth periods, and (4) ensuring optimal crop nutrition.
These principles have been mainstreamed in the advanced field
practices. The most important principles that have been trans-
lated into the recent field practice improvements include match-
ing water needs of crops and cropping systems with available
water supplies, fertilization, tillage and mulching.

Conlusions

The drip fertigation method yielded 39% higher tomato yield
when compared to furrow irrigation combined with conventional
fertilizer application (T5), and 24% higher yield than drip irri-
gation combined with conventional fertilizer application (T4).
The tomato yields under drip fertigation treatments (T1, T2 and
T3) were statistically significantly higher in comparison with
the semi-conventional and conventional treatments (T4 and
T5). The effect of different methods of fertilizer application was
quantified by the significant differences in tomato fruit yield be-
tween treatment T2 and treatment T4. Yield difference between
these two treatments (similar amount of water was applied with
similar frequency - every four days) proved that when fertiliz-
er is applied through the drip irrigation system (T2) the yield
was higher by about 21% when compared with the conventional
spreading of fertilizer on the soil surface (T4).

This study also resulted with statistically significant differ-
ences between yield components in drip fertigation treatments
(T1, T2, T3) in comparison with furrow irrigation and spread-
ing of fertilizers on soil (T5) and drip irrigation and spreading
of fertilizers on soil (T4). Overall, fertigated treatments achieve
better results. Also, the results of yield components in drip ir-
rigation treatment (T4) are better in comparison with furrow
irrigation (T5). The differences in yield components between
treatments T4 and T5 are statistically significant.

The superior effect on tomato yield of the combined appli-
cation of water and fertilizer via the drip irrigation system was
additionally confirmed by the dry matter yield measurements
that followed the same pattern as the fresh fruit yields.

The results from this study show that water use efficiency
(WUE) in tomato crop production respond strongly to proper
fertigation and irrigation regime. If drip ferttigation is used in
tomato crop production (T1, T2 and T3) than water use effi-
ciency is from 52 to 87% higher in comparison with treatment
with furrow irrigation and spreading of fertilizers on soil (T5),
and from six to 27% higher in comparison with treatment with
drip irrigation and spreading of fertilizers on soil (T4). If drip
irrigation is used in tomato crop production (T4) than water
use efficiency is 47% higher in comparison with treatment with
furrow irrigation (T5).

Generally, the benefits of combining drip irrigation with fer-
tigation range from tomato yield and yield component increases
to improved water use efficiency. In addition, drip fertigation
is an effective method to protect the environment, because the
applied nutrients are not leached beyond the root zone during
irrigation as well as because of the reduced volatilization losses.
Finally, from our research we can conclude that the optimal fre-
quency for irrigation and fertigation of tomato crop in similar
conditions is two to four days.

References

Aleantar G.G.,, Villarreal R.M., Aguilar S.A., Papadopoulos A.P.
(1999). Tomato growth (Lycopersicon esculentum Mill) and
nutrient utilization in response to varying fertigation programs.
International Symposium on growing media and hydroponics,
vol. 1. Acta Horticulture No. 481. Windsor, Ontario, Canada, pp
385-391

Al-Wabel M.1., Al-Jaloud A.A., Hussain G., Karimulla S. (2002).
Fertigation for improved water use efficiency and crop yield.
IAEA-TECDOC-1266. Water balance and fertigation for crop
improvement in West Asia. Results of a technical co-operation
project organized by the Joint FAO/TAEA/Division of Nuclear
Techniques in Food and Agriculture, pp 69-84

Burt C., O’Connor K., Ruehr T. (1995). Fertigation. Irrigation
Training and Research Centre, California Polytechnic State
University, San Luis Obispo, California

Castelanos J.Z., Lazeano 1., Sosa-Baldibia A., Badillo V., Villalobos
S. (1999). Nitrogen fertilization and plant nutrient status moni-
toring-the basis for high yields and quality of broccoli in potas-
sium-rich Vertisols of central Mexico. Better Crops Intern. 13:
25-27

Cukaliev O., Iljovski I., Tanaskovic V., Sekulovska T. (2003).
Fertigation for improved crop production and environment pro-
tection in Republic of Macedonia. GTZ Support of moderniza-
tion of Macedonian Agriculture, Skopje, Macedonia

Cukaliev O, Tljovski I., Tanaskovik V. (2007). Fertigation through
the micro irrigation. United Nations Educational Scientific
and Cultural Organization (UNESCO)-Faculty of Agricultural
Sciences and Food, Skopje, Macedonia

Cukaliev O., Tanaskovik V., Kanwar R. S., Heng Kheng Lee.,
Mukaetov D. (2008). Irrigation and fertigation effects on nitro-
gen use efficiency & tomato yield. International Agricultural
Engineering Journal 17 (1-4): 19-26

Dasberg S., Or D. (1999). Drip Irrigation. Applied Agriculture.
Springer-Verlag, Berlin Heidelberg New York

acs

Agric. conspec. sci. Vol. 76 (2011) No. 1



The Influence of Drip Fertigation on Water Use Efficiency in Tomato Crop Production

Doorenbos J., Kassam A.H., Bentvelsen C.L.M., Branscheid V.,
Plusje ].M.G.A., Smith M., Uittenbogaard G.O., Van Der Wal
H.K. (1986). Yield response to water. FAO Irrigation and
Drainage Paper 33, FAO/UN, Rome

Evett, S. (2007). Soil Water and Monitoring Technology. In:
Irrigation of Agricultural Crops. Agronomy Monograph No.30
(Lascano, R. J., Sojka, R. E., Editors), Second Edition, Madison,
Wisconsin, USA.664 pp.

Gardner B.R., Roth R.L. (1984). Applying nitrogen in irrigation
water. Nitrogen in crop production (WI, Hauck ed). American
Society of Agronomy, CSSA, Madison, pp 493-506

Hagin J., Sneh M., Lowengart-Aycicegi A. (2002). Fertilization
through Irrigation. IPI Research Topics No. 23, International
Potash Institute, Basel

Halitligil M.B., Akin A.I, Kislal H., Ozturk A., Deviren A. (2002).
Yield, nitrogen uptake and nitrogen use efficiency by tomato,
pepper, cucumber, melon and eggplant as affected by nitrogen
rates applied with drip-irrigation under greenhouse conditions.
Fertirigation for improved water use efficiency and crop yield,
IAEA-TECDOC-1266. Water balance and fertigation for crop
improvement in West Asia. Results of a technical co-operation
project organized by the Joint FAO/IAEA/Division of Nuclear
Techniques in Food and Agriculture, pp 99-110

Haynes R.J. (1985). Principles of fertilizer use for trickle irri-
gated crops. Fertilizer research 6. Martinus Nijhoft/Dr W. Junk
Publishers, Dordrecht. Printed in the Nederlands, pp 235-255

Ijovski I., Cukaliev O. (2002). Irrigation practice. Faculty of
Agriculture, Skopje, Macedonia

Iljovski I., Cukaliev O., Mukaetov D., Tanaskovik V., Jankuloski Z.
(2003). Application of fertigation for improved crop produc-
tion and environment protection. Proceedings of the Ninth
Symposium of Water Economy of Republic of Macedonia.
Ohrid, R. Macedonia, pp 235-242

Locascio S.J., Myers J.M. (1974). Tomato response to plug-mix
mulch and irrigation method. Proc. Fla. State Hort. Soc. 88, pp
126-136

Miller R.J., Rolston D.E., Rauschkolb R.S., Wolfe D.W. (1981).
Labelled nitrogen uptake by drip-irrigated tomatoes. Agron J
73, pp 265-270

Mosler C.T., Schnitzler W.H., Ben Yehosua S. (1998). Influence of
drip laterals placement on root development of field cucum-
ber plants. International Congress on Plastic in Agriculture. Tel
Aviv, Israel, pp 435-444

Oertli J. J., Seresinhe P.S.J.W., Ruh R. (1989). The Influence of the
Nutritional Status of Tomato Plants on the Water Use Efficiency.
Proceedings of the International Symposium on Scheduling of
Irrigation for Vegetable Crops Under Field Condition, vol.1.
Alvino A. (eds), Maratea-Potenza, Italy, pp 227-235

Pan H.Y,, Fisher K.J., Nichols M.A. (1999). Fruit yield and maturity
characteristics of processing tomatoes in response to drip irriga-
tion. J. Veget. Crop. Prod. 5: 13-29

Papadopoulos I. (1985). Constant feeding of field-grown tomatoes
irrigated with sulphate water. Plant and Soil 88: 213-236

Papadopoulos I. (1995). Use of labelled fertilizers in fertigation
research. International symposium on nuclear and related tech-
niques in soil-plant studies for sustainable agriculture and envi-
ronmental preservation. IAEA, Vienna, pp 399-410

Papadopoulos I. (1996). Micro-irrigation systems and fertigation.
Sustainability of Irrigated Agriculture. (L. S. Pereira et al., eds),
Kluwer Academic Publishers, pp 309-322

Petrevska K.J. (1999). Cultivation of tomato on inert substrates in
protected area. Doctorate thesis, Faculty of Agriculture, Skopje,
Macedonia

Phene C.J., Davis K.R., McCormick R. L., Hutmatcher R. B., Pierro
J.D. (1989). Water-fertility Management for Subsurface Drip
Irrigated Tomatoes. Tomato and Pepper Production in the
Tropics. International Symposium on Integrated Management
Practices, Tainan, Taiwan, pp 323-338

Prihar S. S., Gajri P. R., Benbi D. K., Arora V. K. (2000). Intensive
Cropping, Efficient Use of Water, Nutrients, and Tillage.
Haworth Press, Inc

Sagheb N., Hobbi M.S. (2002). Field evaluation of urea fertilizer and
water use efficiency by tomato under trickle fertigation and fur-
row irrigation in Iran. Fertirigation for improved water use effi-
ciency and crop yield, IAEA-TECDOC-1266. Water balance
and fertigation for crop improvement in West Asia. Results of
a technical co-operation project organized by the Joint FAO/
IAEA/Division of Nuclear Techniques in Food and Agriculture,
pp 3-13

Siviero P., Sandei L. (1999). Fertigation of tomatoes with the mobile
bench irrigation system. Informatore Agrario 55: pp 79-82

Tanaskovik V., (2005). Effect of Drip Fertigation on Increasing
of Tomato Yield. Master Thesis, University “St’s. Cyril and
Methodius”, Faculty of Agricultural Sciences and Food, Skopje,
Macedonia

Tanaskovic V., Cukaliev O., Iljovski I., (2007). Effect of irrigation
method and regime of irrigation and fertilization on tomato
yield. Anniversary Yearbook of the Faculty of Agricultural
Sciences and Food, “60 years Faculty of Agricultural Sciences
and Food, vol. 53. Skopje, Macedonia, pp 137-149

Tekinel O., Kanber R. (2002). Trickle Irrigation Experiments
in Turkey. Modern and Traditional Irrigation Technologies
in the Eastern Mediterranean (M Ozay, H. A. Bigak. Eds).
International Development Research Centre, Ottawa, ON,
Canada, pp 27-72

acs76_09

acs

Agric. conspec. sci. Vol. 76 (2011) No. 1

63




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


