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SUMMARY 

The main purpose of this research was to determine the soil moisture 

dynamics in different irrigation regimes of tomato crop grown in Skopje region. 

In addition, one of the goals of this research was to determine the influence of the 

soil moisture dynamics on tomato yields. For this purpose, a field research was 

conducted in two seasons in the period from May to September with tomato crop, 

hybrid Optima, grown near the Faculty of Agricultural Sciences and Food in 

Skopje. Five different irrigation and fertilization regimes were performed during 

the investigation. The first three of them were drip fertigated in every 2, 4 and 6 

days, respectively (B1, B2 and B3), the fourth one was drip irrigated with 

conventional application of fertilizers (Ø1), while the last one was furrow 

irrigated with conventional application of fertilizers (Ø2). It can be seen from the 

results from the two year investigation that best conditions regarding the content 

of soil moisture, as well as highest yields were obtained at the treatments B1 and 

B2, which is a result of the continuous maintenance of easily available moisture 

in the soil over 80% of the field capacity (FC). Higher soil moisture oscillations 

were noticed at B3 treatment, which is a result of the irrigation interval, due to 

which it has produced lower average yields of 10.07 t/ha when compared to B2 

in the first year, i.e. 18.46 t/ha with B1 in the second year. Our results have 

shown that in addition to the continuous procurement with water, the yields were 

highly affected by the continuous procurement with mineral nutrition, which is 

especially obvious when compared treatments B2 with Ø1. Most of the time 

during the vegetation period, the soil moisture in the control treatment Ø2 was 

under the 80% of FC. Despite having good irrigation interval of 7 days, such 

strong stresses, together with the method of applying fertilizers is one of the 

crucial factors that caused lower yields when compared to the treatments 

irrigated with the drip irrigation system.  

Keywords: drip irrigation, furrow irrigation, drip fertigation, soil 

moisture, tomato yield. 
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INTRODUCTION 

Tomato is a crop that is greatly affected by the lack of soil moisture. 

According to Doorenbos et al., (1986), the long-term deficit of water can 

sometimes limit the yields to a great extent in such a manner that the subsequent 

irrigation with higher quantities of water will not be able to remedy such losses. 

According to the same authors, the tomato has highest need for water in the 

blooming period, and this period is especially important for uniformed blooming, 

which then results in even more uniformed ripening of fruits. Excessive irrigation 

in this period is not recommended since it makes flowers fall off and reduces the 

binding of fruits. Some authors (Tanaskovik 2005; Petrevska 1999) point out that 

the need for higher soil moisture at the tomato is owed to the fact that it develops 

higher vegetative mass, produces high yields, and its root system has low suction 

power. Hence its need for maintenance of soil moisture within 80 to 95% of the 

field water capacity (FC). Iljovski and Cukaliev (1994) distinguish two sub-

periods within the vegetation period of the tomato, in terms of satisfying the soil 

moisture as follows: 70-80% of FC in the first and 80%-85% of FC in the second 

sub-period, counting from the day of fructification and ripening of fruits, this 

crop has higher demands of soil moisture. According to Vučić (1976), the mass 

appearance of the first fruits is a sign that the soil moisture should increase and 

be maintained continuously at high level over 70-80% of FC. According to 

Bošnjak (1999), the technical minimum or lower point of easily available water 

(LPAW) of the soil up to the production of the first fruits should extend within 

70% of FC, and the same can be increased to 80% of FC after this period. Stanley 

and Maynard (1990) have determined that the growth of tomato reduces when 

60% of the available water from the active rhizosphere is consumed by the 

plants, which approximately corresponds to 80% of FC. 

The soil moisture represents a dynamic value that constantly varies. 

According to some authors (Tanaskovik et al, 2009; Evett, 2007; Cukaliev, 

1996), the soil moisture depends of the inflow and outflow of water in the soil, 

the ecological conditions, and the cultivation practices, especially the irrigation. 

The knowledge of the soil moisture dynamics is one of the ways to find out the 

content of soil moisture, i.e. the easily available water required for the crop. The 

need to determine this parameter comes primarily from the needs for 

determination of irrigation application rate and the time of application of water in 

agricultural production. According to Tanaskovik et al., (2013), one of the most 

important issues in irrigation practice is irrigation scheduling of agricultural 

crops. According to the same authors, the optimum irrigation regime of the 

agricultural crops implies maintenance of the soil moisture within the range of 

medium to easily available water. In case of oscillation from the optimum 

irrigation regime, mostly in the direction of hardly available to vary hardly 

available water, the plants suffer stress due to lack of water. The lack of available 

water, more or less, affects the yields and the quality, and thus, the price of the 

products.  
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There are many methods in the agricultural practice for proper irrigation 

scheduling, which are usually divided into three groups according to the method 

of determination: soil-based (soil moisture monitoring), plant-based (plant 

condition monitoring) and climate-based (climate characteristics monitoring) 

methods (Tanaskovik and Cukaliev, 2013). None of these methods alone is 

sufficient for accurate determination of irrigation application rate and the time of 

application of water. The crops, the biological characteristics, the expected yields 

and the water-physical properties of soil, as well as the climate parameters have 

always been taken into account. On the other side, soil moisture monitoring 

method still represents the best and the most accurate manner to determine 

irrigation application rate and the time of application of water. According to 

many authors (Tanaskovik et al., 2013; Evett, 2007; Warrick and Or, 2007), the 

thermo-gravimetric method is the most accurate method and serves for 

calibration of all other methods used for monitoring the soil moisture dynamics 

and determination of the proper irrigation regime.  

Hence, the main purpose of this research was monitoring of the soil 

moisture dynamics during the application of different irrigation regimes in 

tomato crop, as well as determination of the effect of the irrigation regimes on 

tomato yields. 

 

MATERIAL AND METHODS 

The field experiment was conducted on Fluvisol soil type (WRB 2015) 

with a tomato crop, hybrid Optima, near the Faculty of Agricultural Sciences and 

Food in Skopje (42
o
 00' N, 21

o
 27' E), Macedonia. In order to monitor the soil 

moisture dynamics, at 60 cm depth, the following parameters were examined: 

bulk density with Kopecki cylinders with volume of 100 cm
3
 (Iljovski and 

Cukaliev, 2002); FC (ICARDA, 2001); soil moisture retention at 15 bars (a value 

near the permanent wilting point – PWP) with Pressure plate extractor according 

to Richards (Townend et al., 2001; ICARDA, 2001); and technical minimum or 

lower point of easily available water with an increase of 20% of the value 

obtained with water extraction at 15 bars (Iljovski and Cukaliev, 2002). The 

results from the water-physical properties of the soil are shown in Table 1. 

 
Table 1. Water-physical properties of the soil 

 

Layer 

cm 

Bulk 

density 

Permanent  

wilting point  

(PWP) 

Lower point of easily 

available water 

(LPAW) 

Field  

capacity 

(FC) 

Maximum 

irrigation 

application 

rate 

cm 

 

g/cm3 mass% vol% 

 

m3/ha 

 

mass% vol% 

 

m3/ha mass% vol% 

 

m3/ha 

 

m3/ha 

0-20 1,50 10,93 16,40 328,00 13,12 19,68 393,60 20,56 30,84 616,80 321,00 

20-40 1,60 9,82 15,71 314,20 11,78 18,85 377,00 20,15 32,24 644,80 333,80 

40-60 1,45 7,59 11,01 220,20 9,10 13,19 263,80 19,20 27,84 556,80 340,80 

0-60  862,20  1034,40  1818,40 784,00 
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FC in the root system development zone up to 60 cm, is amounting to 

1818.40 m
3
/ha, and the capacity of water obtained with retention at 15 bars (a 

value near the PWP) is amounting to 862.20 m
3
/ha, the LPAW is 1034.40 m

3
/ha. 

The content of available water capacity (AWC) is 956.2 m
3
/ha which indicates 

that the soil is provided with goods quantity of water. The maximum irrigation 

application rate is amounting to 784.00 m
3
/ha. 

The agrochemical properties of the soil (ICARDA, 2001) are shown in 

Table 2. In the layer from 0 to 60 cm where most of the root mass of the tomato 

is developed, the soil pH was 7.5, and the procurement with nutrients was as 

follows: 2.40 mg/100 g soil easily available nitrogen (N), 19 mg/100 g soil easily 

available phosphorus (P2O5) and 18 mg/100g soil easily available potassium 

(K2O). 

 

Table 2. Soil chemical characteristics of the experimental field  

Layer 

cm 

CaCO3 

% 

Organic matter  

% 

pH Available N  

mg/100 g soil 

Available forms 

mg/100 g soil 

H2O KCl  P2O5  K2O 

0-20  3,24  0,90 8,00 7,00 2,80 33,46 30,44 

20-40  3,80  0,84 8,10 6,90 2,07 12,03 14,42 

40-60  3,59  0,56 8,10 7,00 2,41 12,03 9,21 

 

According to the literature data for the region, tomato planted in an open 

field in similar condition yields up to 80 t/ha (Tanaskovik, 2011). Tomato crop 

nutrient uptake for an 80 t/ha harvest are approximately: N 260 kg/ha, P2O5 160 

kg/ha and K2O 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 planting. The rest quantity of the fertilizers 

needed for achieving the targeted yield were applied through the fertigation 

system in the drip fertigation treatments (Table 3), and by conventional fertilizer 

application in the control treatments (divided into two portions, given at the 

flowering stage and at fruit formation). All investigated treatments have received 

the same quantity of fertilizers but by different methods of application (Table 2). 

All treatments were provided with equal quantity of fertilizes, but in different 

manner and interval of applying water and fertilizers.  

Table 3. Type and amount of fertilizers in drip fertigation 
N P2O5 K2O  

268 164 320 kg/ha N:P:K  

50 50 50 330 kg/ha 15:15:15 before replanting 

/ 93 60 179 kg/ha 0:52:10 drip fertigation 

21 21 210 525 kg/ha 4:4:40 drip fertigation 

197 / / 428 kg/ha 46:0:0 drip fertigation 
Note: same amounts and quantity of fertilizers were used in the control treatments Ø1 and Ø2 (spread in 2 portions) 
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The treatments were set up according the randomized block system 

depending on daily evapotranspiration rate and the irrigation and fertilization 

regime:  

Treatment 1 (B1). Drip irrigation according to daily evapotranspiration 

with fertigarion in every 2 days 

Treatment 2 (B2). Drip irrigation according to daily evapotranspiration 

with fertigarion in every 4 days 

Treatment 3 (B3). Drip irrigation according to daily evapotranspiration 

with fertigation in every 6 days 

Treatment 4 (Ø1). Drip irrigation according to daily evapotranspiration in 

every four days and conventional fertilization (spreading of fertilizer on soil) 

(control 1) 

Treatment 5 (Ø2). Furrow irrigation according to daily evapotranspiration 

in every seven days and conventional fertilization (spreading of fertilizer on soil) 

(control 2) 

The fourth and the fifth treatments represent a comparison (control).  

The size of each plot (replication) was 7.2 m
2
 (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.  

In general, the treatments were set according to the daily 

evapotranspiration, in accordance with the research purposes. The calculations of 

the necessary amounts of water during the vegetation for all treatments, monthly 

and daily (Table 4) were made according to the modified Penman-Monteith 

method (FAO, Irrigation and Drainage Paper 56), i.e. with application of the 

CROPWAT computer program, using crop coefficient (Kc) and the stage length 

adjusted for local condition by the Faculty of Agricultural Sciences and Food in 

Skopje. Since the drip irrigation was applied only to a part of the total surface, 

the daily evapotranspiration of the drip irrigation treatments was 20% decreased 

(coefficient of the coverage). The furrow irrigation treatment (Ø2) received the 

full irrigation rate.  

 

Table 4. Daily and monthly crop water requirements for tomato crop for the 

Skopje region 

Months V VI VII VIII IX 

mm/day 2 4 6 5.0 3 

mm/monthly 62 120 186 155 90 

 

 The monitoring of soil moisture dynamics was based on a thermo-

gravimetric method by taking soil samples during the vegetation to a depth of 60 

cm. According to the thermo-gravimetric method, samples were taken at every 

20 cm depth, from each treatment separately with 3 repetitions. The samples in 

our experiment were taken according to recommendations made by Bošnjak 

(1999), thus for the treatments that were irrigated with drip irrigation, samples 
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were taken from the wetted soil moisture profile, while in the control treatment 

with furrow irrigation samples were taken from the middle of the furrow. 

The results for the yield were subjected to statistical analysis of variance and 

means were compared using the least significant difference (LSD) at the 5% level 

of probability (P<0.05) test. 

 

RESULTS AND DISCUSSION 

Meteorological conditions during the research. The tomato crop needs a lot of 

heat during the whole growing period. If temperature is below 15
o
C the flowering 

stops and if temperature drops below 10
o
C the growth stops. The optimal 

temperature for growing tomato is 18-25
o
C during the day time and 15-16

o
C 

during the night. The average seasonal temperature for the experimental site 

(average in the growing period) was 22.2
o
C and 20.5

o
C respectively (Table 5). At 

temperatures higher than 25
o
C life processes in tomatoes decrease, and at 

temperatures above 30
o
C they completely stop. During the most intensive 

fructification period (June-August) the average temperatures over the two 

experimental seasons were within the optimum values. 

 

Table 5. Monthly average air temperature in 
o
C and precipitation in mm in 

Skopje region, during the tomato vegetation 

  First year Second year  First year Second year 

Month 

Average air 

temperature 

(
o
C) 

Average air 

temperature  

(
o
C) 

Precipitation  

 

(mm) 

Precipitation  

 

(mm) 

V 18.1 15.3 69.0 42.3 

VI 23.8 21.3 62.3 55.2 

VII 25.2 24.1 2.3 61.4 

VIII 26.2 23.0 11.5 16.1 

IX 17.7 18.8 / 14.7 

Total/Aver. 22.2 20.5 145.1 189.7 

 

The most critical period for tomatoes in terms of moisture is during 

flowering and fruit formation, and this period is in line with the relatively high 

temperatures in Skopje region, i.e. with a period of low rainfall, as can be seen in 

Table 5. Data presented in the Table 5 shows that the second year was very 

humid with a lot of rainfalls during the growing season (250.3 mm) which is 

rather unusual for the Skopje region and the major vegetable production regions 

in Macedonia. May and June of the first year had slightly higher rainfall totals 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 in the first year had much higher effect on the 

measured parameters. 
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Soil moisture dynamics in different irrigation regimes of tomato crop and 

effects on the yield. The time period of soil sampling in our research depended 

on evapotranspiration, the irrigation application rate and the measurement 

method that was used.  

Tanaskovik (2009) has pointed out that, with frequent irrigation and use of 

small irrigation application rates which are applied with a proper technique of 

drip irrigation, samples can be taken quite often, every 2 to 4 days. The same 

recommendation was used in our research.  

The precipitation are shown as the sum of rainfall in the period between 

two irrigation intervals reduced by 30% or 50% depending on the month of the 

vegetation period. However, it should be emphasized that rainfall were calculated 

as part of the irrigation application rate.  

It means that, if the rainfall amount were greater than the daily 

evapotranspiration rate, then irrigation interval was delay, i.e. if the rainfall 

amount was lower than the daily evapotranspiration rate, the irrigation interval 

was not changed and the irrigation was carried out as if there had been no 

rainfall. 
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Figure 1. Soil moisture dynamics in treatment В1 
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 Figure 2. Soil moisture dynamics in treatment В2 and Ø1 

Figure 3. Soil moisture dynamics in treatment В3 
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 Figure 4. Soil moisture dynamics in treatment Ø2 
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 Figure 5. Soil moisture dynamics in treatment В1 



Tanaskovik et al. 424 

0

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

1600

1700

1800

1900

2000

2100

2200
m

3
/h

a

date

Irrigat ion application rate Precipitation FC 80% from FC LPAW MSM

 Figure 6. Soil moisture dynamics in treatment В2 and Ø1 
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 Figure 7. Soil moisture dynamics in treatment В3 
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Figure 8. Soil moisture dynamics in treatment Ø2 

In the first year, the climate conditions were more favourable for the 

realization of the experiment compared to the 2
nd

 year. Namely, in both years of 

investigation at the beginning of vegetation there had been frequent rainfall, 

which allowed for longer maintenance of soil moisture content (MSM) within FC 

for all treatments. At the beginning of June the 1st year , higher temperatures and 

less frequent rainfall indicated a need to start the irrigation, whereby the 

irrigation regime started earlier by 17 days compared to the 2nd year and this was 

the result of rainfall followed by relatively low temperatures, atypical for this 

time of year. Despite these differences, figure1 to 8 show that the best conditions 

in terms of soil moisture were noted in the treatments B1 and B2, because the 

MSM did not drop below the lower limit of 80% of FC during the all period of 

vegetation, which is determined by many authors as a lower limit of easily 

available water in which tomato does not tolerate stress (Tanaskovik, 2005; 

Iljovski and Cukaliev 1994; Stanley and Maynard 1990). In treatment B1 the soil 

moisture content dropped the lowest to 91% of FC in the 1st year, i.e. 90.6% in 

the 2nd year, while in treatments B2 and Ø1 in both years MSM fluctuations 

were noted of up to 84% of FC. This positive feature of treatments B1, B2 and 

Ø1 is in favour of the smaller water losses to evaporation with drip irrigation, 

which is the result of the proper irrigation regime and interval, i.e. the use of 

small and precise irrigation application rates. Generally, the treatments B1 and 

B2, as well as the Ø1, show small fluctuations in MSM despite the high 

temperatures in most of the vegetation period, which indicates regular and 
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continuous procurement of water in the most critical periods of growth and 

development i.e., in the phase of mass blooming and fructification. In addition to 

this, Vučić (1976) points out that the most critical period for tomato in terms of 

water is the period between binding and growth of the fruit. The author has noted 

that since this period is long, and harvesting of tomatoes is successive, it needs 

several applications of water, but with shorter intervals. The treatment B3, in 

both years of investigation has shown stronger fluctuations, especially during 

fructification when the MSM dropped 5 times below the value of 80% of FC in 

the 1st year , and 4 times in the 2nd year. Such fluctuations in treatment B3 are 

the result of the irrigation interval, which in this case was six days, and which 

according to the results proved to be less practical in intensely high temperatures. 

Figure 4 and 8 show that the MSM dynamics in treatment Ø2, in most of the 

vegetation period was below 80% of FC i.e., in several occasions it came very 

close to the limit of 70% of FC. If the manner of applying the fertilizers is not 

considered, then such powerful stresses in furrow irrigation treatment Ø2, 

especially during fructification are one of the crucial factors for decreasing the 

yield compared with drip irrigation treatments. In studies performed with tomato 

(hybrid Carla) by Tanaskovik (2005) and pepper (2009), the author noted that 

drip irrigation has high effect due to the maintenance of soil moisture content at 

optimal level or within the range from 80 to 95% of FC. In this manner, the 

deficit of soil moisture is constantly compensated and a high effect of irrigation 

is achieved, while with the interaction of water and mineral nutrition through the 

irrigation system (drip fertigation) the production potential is also affected. 

 

Table 6. Tomato Yield in the 1st year and the 2nd year, in t/ha  
 

 The 1st year  

 B1 B2 B3 Ø1 Ø2 

Yield (t/ha) 146,40
a
 147,80

a
 137,73

b
 123,87

c
 106,93

d
 

Comparison with Ø1 in %  118,2  119,3  111,2 100  

Comparison with Ø2 in % 136,9  138,2  128,8 115,8 100 

 The 2nd Year 

 B1 B2 B3 Ø1 Ø2 

Yield (t/ha) 126,65
a
 119,72

a
 108,89

b
 99,18

c
 93,61

cd
 

Comparison with Ø1 in %  127,7 120,7  109,8 100  

Comparison with Ø2 in % 135,3  127,9  116,3  105,6 100 
*Values in rows followed by the same letter are not significantly different at the 0.05 probability level 

 

The results of the yield shown in Table 6, show the differences between the 

years, which can be interpreted with the diametrically opposite climate 

conditions in the 1st year and the 2nd year and the differences in the start of the 

irrigation regime (about 17 days), as noted above. Despite this, in the two years 

of investigation the treatment B1 and B2 showed the highest yields as a result of 

continuous procurement of water, as well as continuous procurement of nutrients 

in the short irrigation interval. Both treatments showed statistically significant 

yield compared with the control treatments. Although the treatment B3 had a 
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lower average yield of 10.07 t/ha compared to B2 in the 1st year, i.e. of 17.76 

t/ha to B1 in the 2nd year, which is a result of the longer irrigation interval, 

however, it showed a statistically significant yield compared to the control 

treatment Ø1 and Ø2. Expressed in relative values, the two-year averages of drip 

fertigation treatments compared to the Ø1 indicate that the B1 realized higher 

yield by 23.95%, the B2 by 20%, while the B3 by 10.5%, respectively. The 

comparison made between drip fertigation treatments and the control treatment 

Ø2, are much more pronounced. Thus, the B1 showed a yield higher by 36.1%, 

B2 by 33.1%, while the B3 had a higher yield by 22.5%. And the treatment Ø1, 

as a result of the applied irrigation technique and the irrigation interval showed a 

yield higher by 10.7% compared with Ø2. The smaller yield in Ø2 in our study is 

due to the continuous water stress, as observed also in the research by other 

authors (Dalla Costa and Gianquinto 2002; Burt et al., 1998), as well as the 

inadequate water and nutrient procurement (Tanaskovik et al., 2014; Wiertz and 

Lenz 1987). Our results have shown that in addition to the continuous 

procurement with water, the yields were highly affected by the continuous 

provision with mineral nutrition by drip fertigation. Yield difference between 

treatments with identical irrigation frequency of four days (B2 and Ø1) confirms 

that, if in the growing season portion of the fertilizer is applied trough the drip 

irrigation system (B2); the yield is around 20% higher than that obtained by 

conventional spreading of similar fertilizer quantity (Ø1). Other authors have 

noted similar results in their research in tomato crops and other vegetables 

(Tanaskovik et al., 2011; Halitligil et al. 2002; Zuraiqi et al. 2002; Aleanter et al., 

1999; Papadopoulos 1996). 

 

CONCLUSIONS 

During the two years of investigation, the best conditions regarding the 

soil moisture content, as well as the best yield was demonstrated by the 

treatments B1 and B2, because the soil moisture did not drop below of 80% of 

FC during the all period of vegetation, i.e. the plants were continuously provided 

with easily available water. The treatment B3 showed slightly higher fluctuations 

in soil moisture content as a result of the irrigation interval. Thus, the B3 showed 

lower average yield of 10.07 t/ha compared to B2 in 2003, i.e. of 17.76 t/ha to B1 

in the second year, but the yield was statistically higher compared with the Ø1 

and Ø2, as a result of the simultaneous application of nutrients through the 

system. Yield difference between treatments with identical irrigation frequency 

of four days (B2 and Ø1) confirms that, if in the growing season portion of the 

fertilizer is applied trough the drip irrigation system (B2); the yield is around 

20% higher than that obtained by conventional spreading of similar fertilizer 

quantity (Ø1). Most of the time during the vegetation period, the soil moisture 

content in the control treatment Ø2 was under the 80% of FC. Despite having 

good irrigation interval of 7 days, such strong stresses, together with the method 

of applying fertilizers is one of the crucial factors that caused lower yields when 

compared to the treatments irrigated with the drip irrigation system.  
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