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Abstract: The research that makes the subject of this paper aimed to reveal the influence of 
fertilization along with drip irrigation in a crop of peppers and tomatoes placed in a protected 
space. The experiments were conducted in a solar belonging to the Vegetable discipline, located in 
the "V. Adamachi" Didactic farm in Iasi. The objective of the investigation is to determine the effect 
of the fertilization method, using conventional fertilizers based on micro-organisms and 
simultaneously with drip irrigation, compared to an unfertilized version. Thus, after the fertigation, 
differences were found in terms of production per hectare, in the case of the two cultures. The 
production obtained by the Brillant F1 pepper cultivar in the fertigated version was of 85,850 kg/ha 
and the production of the Minaret F1 tomato cultivar, of 92,076 kg/ha.  
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1. Introduction 

Drip irrigation has been recognized as a sensible method of supplying water inside the 
greenhouses, and a simple method for drip irrigation scheduling at low cost is urgently required[1].   
Drip fertigation, a technique used to manage soil water and nutrition supplies according to the 
actual water and nutrient requirement of the plants, can be applied to vegetable production to 
maintain stable water and nutrition contents in the root zone of crops. It applies frequent and small 
amounts of soluble fertilizers along with water by exerting the soil buffer characteristic and by 
reducing the time interval between successive irrigations. [2], [3].  
Drip watering facilities consist of: water preparation group, that provides connection to water, water 
filtration, management of the fertilizers in the irrigation water, pressure and flow regulation and 
measurement; irrigation equipment, consisting of transport pipes, irrigation pipes, dropping devices 
and system monitoring equipment [4]. 
The efficiency of a fertigation treatment can be evaluated with a combination of the availability and 
distribution of soil water and nutrients, the growth and development of crop root, and the formation 
of crop yield. These parameters are relatively simple, rapid, easy to obtain and cost effective. 
Among these, particular attention should be paid to plant root since the morphology and spatial 
configuration of root can significantly affect soil water and nutrient transformation, mobilization and 
use efficiency by plant and crop yield [5]-[7]. 
By fertigation, we can establish: the applied amount, the duration of the applications, the proportion 
of fertilizers, the start and the end of the application. A fertigation system comprises a Venturi 
injector head control, metering pumps, a fertilizer tank and automatic timers [8]. 
Vegetable crops are the eminent source of human nutrition and represent a dynamic segment of 
agriculture [9].  
Drip irrigation reduces crop evapotranspiration (ET) and deep percolation, but increases fruit 
number, fruit size and soluble solid content of tomato, so it improves yield, fruit quality and water 
use efficiency and decreases the danger of soil degradation and salinity [10]. 
Sweet pepper (Capsicum annuum L.) is one of the most important vegetables that are consumed 
worldwide, after tomatoes and onions [11].  
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Drip irrigation system coupled with fertigation could increase sweet paper yield up to an extent of 
60% over surface irrigation with less quantity of water [12]. 
Water plays an important role in plant life and in determining the yield of tomato [13]. Tomato 
(Lycopersicon esculentum Mill.) requires a constant and adequate water supply during the growing 
season because it is sensitive to water stress, especially during the reproductive stage [14]. 

2. Material and method 

The research was carried out in a semicircular solar (Figure 1), with an area of 270 m2, located in 
"V. Adamachi Didactic Farm, within USAMV Iasi. On the surface of the solar, two experiments 
were performed for two species of vegetables, tomatoes and peppers, arranged alternately in the 
same number of versions (Table 1). The studied plants belong to the Brillant F1 pepper cultivar 
and to the Minaret F1 tomato cultivar, grouped into four experimental versions (Table 1), on tapes, 
the distance between the tapes being of 80 cm, between the rows per tape, of 60 cm, and the 
distance between the plants in a row, of 45 cm, resulting in a density of 31,740 plants ha (Figure 
1).  
The experimental protection tape was established with the same, unfertilized hybrid. 

 

 

 

 

 

a 

 

 

 

 

 

 

 

 

 

  

 

 Fig. 1. The establishment of the experiment 

A – solar; B – distance between tapes; C – distance between rows on a tape; D – distance between plants in 
a row. 

                                                     
                                                                                                         TABLE 1: Experimental versions (2016) 

Experimental 
versions 

Fertilization methods 

V1 Drip fertigation -  using soluble fertilizer 

V2 Classic fertilization – by spraying on the soil surface and incorporated 

V3 Microorganism fertilization- by spraying on the soil surface and incorporated 

V4 Unfertilized (Mt) 
 

Within the University of Agricultural Sciences and Veterinary Medicine "Ion Ionescu de la Brad" 
Iaşi, in order to fertilize the vegetable crops through the irrigation water from the protected spaces, 
a facility was designed and built. 
This facility consists of a fertilizer tank, a watering programming automatic system, and a watering 
line (Fig. 2).  
To perform the experiments, a fertigation facility was designed and built, within the disciplines of 
Agricultural Engineering, consisting of a water tank with constant watering, with a capacity of 20 
tons, a tank for the preparation of the concentrated solution of fertilizer, a watering line and an 
automatic watering programming. 
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Fig. 2. Organization and location of the experiment 
1- water buffer tank; 2- tank for the preparation of the watering fertilizer solution; 3- agitator; 4 - connection for the 
buffer tank water supply; 5 - connection for supplying the fertilizer solution; 6 - supply pipe for irrigation facility; 7:11 - 
valves; 8 - meter; 9 - programmer; 10 - ejector for mixing the water-fertilizer solution; 11 - water meter; 12 - main pipe; 
13 - dropping pipeline; L1 - spacing between rows on tape (60 cm); L2 - distance between tapes (80 cm); L3 - distance 
between plants in a row (45 cm). 

 
The fertilizer tank used in the fertigation system in the experiment had a capacity of 300 liters, was 
made of metal, was resistant to mechanical shocks and chemical ones.  
On the outside, the tank was graduated from 10 to 10 L, the reading being performed with the help 
of a transparent tube mounted on the side, operating on the principle of capillary action.  
The top of the tank was provided with an inlet, through which the water was introduced to the 
mixture of water and fertilizers. The mixture solution in the tank was carried out by an agitator, 
being driven by an electric motor.  
At the bottom of the tank, there was the outlet of the solution, which was provided with an opening 
valve and a discharge hose. The fertilizing solution passed through the ½ "hose in the main 
watering line. 
Within the fertigation facility created at USAMV Iasi, the type Y, 1" TORO filter was used. Made of 
plastic, it ensures durability and corrosion resistance. It presents a cover that allows easy and 
quick cleaning, a removable filter, disc type, 120 mesh, the contact with the water basin being 
made with an external thread of 3/4 ". The flow rate is of 7 m³/h, with a pressure loss of 0,001 MPa. 
For the plant irrigation, a drip watering line consisting of the main line, the secondary line and the 
watering line, with the tape diameter of 16 mm and the distance between the drainers of 10 cm, 
was used. 
The main water distribution pipe (figure 3), made of polyethylene, with a diameter of 1 'and 55 m in 
length, made contact with the secondary water distribution pipe, located in the solar, component of 
the watering line. The main pipe was connected by a series of fittings and accessories to the water 
basin that fed the system. 
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Fig. 3. a – filter: 1, 3 – filter case; 2 – disc type filter;  4 – outlet valve 

b – main water distribution pipeline 

 

The secondary water distribution pipe (Figure 4) was placed perpendicularly to the plant rows and 
was meant to feed the watering tapes representing the active part of the drip irrigation system. 
The watering equipment is the terminal part of the facility, consisting of transport and watering 
pipelines, with provisions for the water distribution to the plant. 
The connection between the water pipe and the drip tape was made by the valves, which may be 
also used as starting connectors. The distance between the holes in the watering band is of 10 cm, 
the diameter, of 16 mm, and the wall thickness, of 0.15 mm (6 mil). 
In order to automate the watering program, a computer programmer was used for irrigation and a 
water meter for the measurement of the traffic flow. The system has been installed at the entrance 
of the solarium, being connected to the secondary water and fertilizing solution distribution pipe. 
The irrigation programmers are computers that provide the exactly watering time, by setting the 
desired duration and the watering interval. 
Within the facility, the FLORABEST programmer (Figure 4) was used, having the following 
characteristics: 

• possibility of adjusting two daily watering intervals, adjustable irrigation time,  between 1 
minute and 23 hours 59 minutes; 

• selectable irrigation rate between daily to 1 time per week; 
• manual water intake by pressing a button; 
• protected case against splash water (IPX4) with transparent protective cover; 
• use for standard valves with threaded of 33.3 mm (G1 "), includes a threaded adapter of 

26.5 mm (G3 / 4"). 
The programmer comprises an opening valve, a fertilizing solution circulation hose connected to 
the fertilizer tank and a secondary water distribution pipe. 
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Fig. 4.  Automatic watering schedule 
1 – irrigation programmer; 2 – fertilizing solution hose; 3 – apometer; 4 – way valve. 

 

The flow rate was measured using a water meter with an accuracy of 0.0001m3, the maximum 
working temperature being of 30 degrees and the maximum operating pressure, of 16 bar, located 
in front of the programmer, through which the administered amount of water is recorded. 
During the growth cycle, it has been administered an amount of water equivalent to 5600 m3/ha, 
the watering being carried out every other day, in the time range 8.00-10.00 7.00-9.00, based on 
the recorded temperature. 
The plants in V1 version were fertilized along with drip irrigation at the, two times a week, the 
fertigation being carried out in the morning. It was used Nutrispore® fertilizer - NPK (MgO) 10/30/10 
- 300 kg/ha, NPK Nutrispore® (MgO) 10/30/15 - 425 kg/ha and NPK 12-48-8 Nutrispore® - 400 
kg/Ha. In order to have a good fertigation, the plant nutrition has been carried out periodically, 
twice a week, between two consecutive waterings. 
The plants in version 2 were chemically fertilized, by spreading, on the surface of the soil, in each 
plant area, in the equivalent of 200 kg/ha NPK 20-20-20 Cristaland®, applied during basic 
fertilization; 250 kg/ha Cristaland® NP 15-50 + 2MgO, applied in the floral button phase (the first 
inflorescence) and 200 kg/ha of NPK 9-18-27 + 2 MgO Cristaland®, applied in the first fruit 
phenophase. 
The plants in the V3 version were fertilized with a micro-organism based fertilizer, Micoseed® MB, 
by spreading, in each plant area, in the equivalent of 60 kg/ha, applied in order to prepare the 
ground, 2-3 days before planting the peppers. According to the data from the specialty literature, 
Micoseed MB® is a fertilizer based on Glomus sp., Beauveria sp., Metarhizium sp. and 
Trichoderma sp. [15]. In this version, during the growing season, there were also applied two 
fertilizations with Nutryaction®, in the amount of 5 L/ha, to stimulate the biological activity of the 
microorganisms. 
In the V4 control version, there have been applied drip irrigations, under the same conditions as in 
the V1, V2 and V3 versions. Weekly, biometric measurements were performed, by which the 
dynamics of the plant growth has been determined, following the height of the plant, the number of 
flowers and the number of related flowers/fruits. 
The pepper and tomato plants were cared for according to data from the specialty literature [16]. 
The processing of the experimental data was carried out using the analysis of the version 
(ANOVA), by calculating the limit differences [17]. 

3. Results and their interpretation 

Experimental results concerning the pepper plant growth 

The results concerning the production of pepper in 2016 are shown in Table 2. The production of 
pepper in the experiment ranged very widely, from 55,870 kg/ha in the control version, V4, up to 
85,850 kg/ha in  the fertigated version, V1. 
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                                              TABLE 2: Results concerning the pepper production (2016) 

Experimental 
version 

Total production, 
kg/ha 

Relative production, % 
Difference compared 

to the control  
(kg/ha) 

V1 85850 153,7 29980*** 

V2 64814 116,0 8944* 

V3 56530 101,2 660
ns

 

V4  55870 100,0 0 

DL 5% = 4896 kg/ha; DL 1% = 15520 kg/ha; DL 0,01% = 22472 kg/ha  

 
The difference of 29980 kg/ha, compared to the control version was considered very significant. A 
significant positive difference was achieved in the classic fertilized version, this being of 8944 
kg/ha. 
The version fertilized with microorganisms, V3, made a difference compared to the control, of 660 
kg/ha, and is considered insignificant. 

Experimental results concerning the tomato production (2016) 

The results concerning the tomato production obtained in 2016 are revealed in Table 3. The 
production of tomato in the experiment varied within a wide range, from 69,651 kg/ha in the 
unfertilized version, V4, to 92,076 kg/ha in the fertigated version, V1. 

                                  
                                                        TABLE 3: Results concerning the tomato production (2016) 

 

Experimental 
version 

Total production, 
kg/ha 

 

Relative production, 
% 

Difference compared 
to the control (kg/ha) 

V1 92076 132,2 22425
** 

V2 76148 109,3 6497
ns 

V3 89330 128,3 19679
** 

V4 69651 100,0 0 

DL 5% = 5891 kg/ha    DL1% = 18674 kg/ha     DL0,01%= 27039 kg/ha 

 
In the tomato crop, the difference of 22425 kg/ha, compared to the control was considered 
significant. A significant positive difference, too, was performed in the mocroorganism fertilized 
version, of 19679 kg/ha. The classic fertilized version, V2, recorded a vast difference from the 
witness, 6497 kg/ha, being considered an insignificant difference. 

4. Conclusions 

The pepper production of the Brillant F1 hybrid and the Minaret F1 tomato production, in 2016, 
within the experience, obtained the highest values in the fertigated version, V1. The difference from 
the control, in the production of pepper, of 29980 kg/ha, and of 22425 kg/ha, in the tomato 
production, demonstrates that the version where fertigation was used made a decisive distribution 
in time and space of the fertilizer, in the system root, distribution performed uniformly during the 
growing season. 

Acknowledgement  

Research presented in this paper has been developed with financial support of UEFISCDI (Executive Unit for 
Financing Higher Education, Research, Development and Innovation) under PCCA 2013 Programme, 
Financial Agreement no. 158/2014. 

 



                                                                                                                      ISSN 1454 - 8003 
       Proceedings of 2016 International Conference on Hydraulics and Pneumatics - HERVEX  
                                                                                             November 9-11, Baile Govora, Romania 

 

357 

 

References  

[1] B. Yuan, Y. Kang & S. Nishiyama, “Drip irrigation scheduling for tomatoes in unheated greenhouses”, 
Irrig. Sci. 20: 149. doi:10.1007/s002710100039, 2001; 

[2] Y. Gao, J.S. Li, Y. Cao, “Study on the fertigation of tomato soil culture by drip irrigation in greenhouse”, 
Acta Agriculturae Boreali-Occidentalis Sinica 15: 121–126 (in Chinese with English abstract), 2006; 

[3] S.M. Zhao, B.M. Li, “Introduction to present status, development and new techniques of nutri-culture 
systems in Japan”, Transactions of the Chinese Society of Agricultural Engineering 17: 171–173, 2001;  

[4] I. Biolan, Gh. Șovăială, I. Șerbu, F. Mardare, “Fertigation techniques and technologies of crops” (“Tehnici 
și tehnologii de fertirigare a culturilor Agricole”), Editura Agir, București, 2010; 

[5] J.P. Lynch, “Roots of the second green revolution”, Australian Journal of Botany 55: 493–512. doi: 
10.1071/bt06118, 2007;  

[6] J.P. Lynch, “Root architecture and plant productivity”, Plant Physiol 109: 7–13, 1995; 
[7] J.P. Lynch, K.M. Brown, “New roots for agriculture: exploiting the root phenome”, Philos Trans R Soc 

Lond B Biol Sci 367: 1598–1604. doi: 10.1098/rstb.2011.0243, 2012; 
[8] I. Țenu, „Equipment for irrigation” („Echipamente pentru irigații”), Editura Cermi, Iași, 2004; 
[9],[12] M. Asif, M.M. Akram, M.A. Raza, “Impact of drip and furrow irrigation methods on yield, water 

productivity and fertilizer use efficiency of sweet pepper (Capsicum annuum L.) grown under plastic 
tunnel”, Sci Lett 2016; 4(2):118-123, 2016; 

[10] B. R. Hanson, D. M. May, “Effect of subsurface drip irrigation on processing tomato yield, water table 
depth, soil salinity, and profitability”, Agricultural Water Management 68, 1-17, 2004; 

[11] M.D. Belel, “Effects of grassed and synthetic mulching materials on growth and yield of sweet pepper 
(Capsicum annuum) in Mubi, Nigeria”, J Agri Soc Sci 2012; 8: 97–99, 2012; 

[13] R. Salghi et al., “Impact of Drip Irrigation Scheduling on Yield Parameters in Tomato Plant (Lycopersicon 
esculentum Mill.) under unheated greenhouse”, Int.J. ChemTech Res.2014,6(7), pp 3733-3741, 2014; 

[14] P.D. Waister, J.P. Hudson, “Effects of soil moisture regimes on leaf water deficit, transplantation and 
yield of tomatoes”, Hort. Sci. 45: 359-370002, 1970; 

[15] V. Stoleru, N. Munteanu, V.M. Sellito, "New approach of organic vegetable systems”, Editura Aracne, 
Italia, 2014; 

[16] R. Ciofu., N. Stan, V. Popescu, P. Chilom, S. Al. Apahidean, A. Horgoș, V. Berar, K. F. Lauer, N. 
Atanasiu, "Treaty on gardening” („Tratat de legumicultură”), Editura Ceres, București, 2004; 

[17]  C. Leonte, „ Ameliorarea plantelor horticole și tehnică experimentală”, U.S.A.M.V. Iași, 1997. 
 

 
 


