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Abstract 
 
The degradation of agricultural ecosystems began with the application of intensive agriculture, which cannot be separated from the 
problems related to it. In this context, it is more important than ever to dismiss any polluting technology, in order to defend the 
healthy agriculture concept and to model life based on the existing natural cycles. The aim of study was to achieve an equally 
balanced eco-system, based on self-regulation instead of major human intervention. To achieve this goal, at the University of 
Agricultural Sciences and Veterinary Medicine in Iasi it was organized an experiment in randomized blocks, with three repetitions 
on two species in tunnels, using different methods of irrigation and fertilization with average impact. The results obtained highlight 
that fertigation leads to sustainable yields because of the controllable application of water and nutrients, with direct long term 
positive implications in reducing soil compaction and salinization. The use of microorganisms-based fertilizers leads to significantly 
increased yields and, on the long term, enrich soil composition.  
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1. Introduction 

 
Providing water became, on a global scale, a 

more and more debated and delicate subject. 
According to World Population Statistics (WPS, 
2021) world population increases with 80 million 
persons every year; accordingly, the yearly water 
consumption will increase to 64 billion cubic meters. 
The long-term foresight assumes that the major global 
competition will be for water (World Water 
Assessment Programme, 2012).  

In Romania, approximately 12 million hectares 
of agricultural land (of which 80% arable land) are 
affected  by one or several limitations: frequent 
drought (7.100.000 ha), periodical water excess 
(3.781.000 ha), hydraulic soil erosion (6.300.000 ha), 
landslides (702.000 ha), wind erosion (378.000 ha), 
salty and alkaline soils (614.000 ha), strong and 
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moderate acidity (3.424.000 ha), low and very low 
humus content (7.485.000 ha), low and very low 
content of accessible phosphorus (6.330.000 ha), low 
nitrogen content (5.110.000 ha), low content of 
accessible potassium (787.000 ha), zinc deficiency 
(1.500.000 ha), chemical pollution (900.000 ha), 
pollution with oil and salt water (50.000 ha), 
degradation due to different public work (30.000 ha), 
occupancy with different solid residues 25.000 ha 
(ICPA, 2009).   

The development of agriculture led to the 
intensive use of irrigation, combined with the long-
term use of fertilizers, thus generating pollution due to 
the increased level of nutrients in the underground and 
surface waters. Irrigation is as an important 
technological measure, leading to the increase of 
vegetables yield, and is not dependant on the quantity 
of precipitations, because irrigation compensates the 
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water deficiency according to the requirements of the 
crop (Caruso et al., 2018). 

Vegetables need an amount of water 10.000 
times higher than the amount of minerals they absorb 
from within the soil (Ispas et al., 2020). The amount 
of water consumed depends on the species, because of 
different production of the dry matter achieved per 
unit area and the transpiration coefficient (Hoban et 
al., 2007). An accurate determination of crop water 
requirements is important to perform an optimal 
irrigation schedule and increase crop yields, water use 
efficiency and farm profits, while reducing costs and 
energy use, preventing surface and groundwater 
pollution. The evaporation of soil water increases the 
water requirements of vegetable crops; high 
temperatures, soil compaction and lack of vegetation 
increase the evaporation. Irrigation can provide these 
high amounts of water; irrigation is frequently 
achieved through open channels, but the efficiency of 
this method is reduced. Studies have found a lower 
rate of evaporation (E) compared to transpiration (T) 
after the use of drip irrigation practice, which indicates 
that drip irrigation can reduce evaporation 
significantly. Soil moisture decreases greatly in both 
shallow and deep layers (Mirás-Avalos et al., 2020; 
Wang et al., 2020). Drip irrigation, performed with 
pressurized systems, has a significant higher 
efficiency. This method (also known as micro-
irrigation) implies the slow and constant delivery of 
small amounts of water through drip emitters or small 
orifices along polyethylene pipes or bands. Drip 
irrigation systems operate with lower volumes and 
require lower pressures than the traditional ones 
(Savva and Frenken, 2002). 

In the overall context regarding the influence 
of natural and technological conditions over soil, we 
may refer to a triad, but not without consequences: 
soil-water-fertilizers. The requirements of irrigation 
water are strongly connected with the tolerance of 
crops to water mineralization, taking into account that 
an unsuitable water may lead to soil salinization 
(Doneen, 1999).  

Williams (2001) noticed that salinization is a 
global environmental phenomenon, affecting different 
aspects of life, changing the chemical composition of 
natural water resources, degrading the quality of water 
supply, contribution to loss of biodiversity, loss of 
fertile soil, collapse of agricultural, changing of local 
climatic conditions, and creating major health 
problems. 

Salinity affects crop yield all over the world; 
20% of cultivated land and 33% of irrigated land, are 
salt-affected and degraded, soil salinization reducing 
the amount of water available for the crops (Machado 
and Serralheiro, 2017; Paudel et al., 2020). The 
formation of salinized soils is due to natural causes 
(natural alteration of the solid fossil salts), but also to 
the poor water management, caused by human 
activity.  

Salinized soils (and especially those with low 
depth underwater and in severe drought conditions) 
are not suitable for the administration of chemical 

amendments, soil conditioners or fertilizers (Grumeza 
and Klepș, 2005). In Romania, salt accumulation is 
caused by the climate, with a dry season during 
summer, associated with hollow grounds and 
insufficient drainage of the low depth underground 
waters (Stan and Stan, 2010). 

Because vegetable crops have a superficial root 
system, they need high amounts of water; in 
greenhouses and solariums, where water from 
precipitations in only partially harnessed, this is a 
limiting fact (Popescu, 2004). Water demand may 
reach 1500 m3/ha, in critical periods (Indrea and 
Ciofu, 1992; Pelaghia, 2004). Tomato crops, for 
example, are growing when the water content of soil 
is lower than 70-80% of the field water capacity, 
imposing 7-8 irrigations during the vegetation period, 
with amounts reaching 300-400 m3/ha (Apahidean and 
Apahidean, 2000). 

Tomato crop is very suitable for fertigation in 
open field and greenhouses, as it has a high production 
efficiency, a high content of dry substance and 
improved quality parameters (size, firmness, soluble 
sugars) when compared with conventional irrigated 
and fertilized crops (Alcantar et al., 1999). 

Pan et al. (1999) have compared the methods 
and noted that fertigation led to a production of 72 
t/ha, while conventional irrigated and fertilized crops 
achieved only 44 t/ha. In the same vein, fertigation 
doubled the amount of available nutrients, being 
considered one of the most important factors for yield 
increase. There is no free water on the crops when 
using drip fertigation and thus the burning of crops is 
avoided when temperature rises over 40ºC. 

Fertilization is another important measure in 
order to avoid the damage of land wealth on long term 
and to transform the crops in a source of diseases. In 
glasshouses and greenhouses, the consumption of 
mineral substances of the crops is very high and 
fertilization should be based on agrochemical charts, 
in order to avoid the formation of salts, the lack of 
balance between nutrients and in order to provide the 
optimum levels of the fertilizing elements (Stan and 
Stan, 2010). 

Supplementary fertilization is needed in 
greenhouses, besides the base fertilization, in order to 
obtain higher yields. The amounts of fertilizers used in 
greenhouses are 5-10 times higher than the ones for 
field crops; the N: P: K ratio is also affected (Stan and 
Stan, 2010; Stoleru et al., 2014). Under these 
circumstances, the residues of harmful chemical 
elements in soil becomes a real problem. 

Diacono and Montemurro (2010) concluded 
that regular addition of organic amendments increases 
the soil physical fertility, mainly by improving 
aggregate stability and decreasing soil bulk density 
and addition of exogenous organic matter to cropland 
can lead to an improvement in soil biological 
functions, even more than 15 years after spreading.   

The aim of the study was to evaluate different 
fertilization methods (both classic and alternative) in 
order to establish the variant which has the potential to 
keep a balanced ecosystem, while improving crop 
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yield, with emphasis on the fertilization with 
microorganisms-based products; the effect over two 
crops was assessed: tomato and pepper crop. 
 
2. Material and methods  
 
2.1. Experimental setup 
 

A fertigation system was designed and tested 
within the Machinery Department of the University of 
Agricultural Sciences and Veterinary Medicine from 
Iasi. The system is aimed to provide the necessary 
nutrients to vegetable crops grown in protected spaces 
by delivering the fertilizer simultaneously with the 
irrigation water. The experiments were carried out at 
the horticultural farm belonging to the university's 
research station.  

The experiments were performed over a 
Minaret F1 tomato crop (Lycopersicon esculentum 
Mill.) and a Brillant F1 pepper crop (Capsicum 
annuum L.) belonging to the Solanaceae family,   
organized in six versions (Table 1). The specific 
growing technology was used for each crop 
(Corduneanu et al.; 2015, Corduneanu et al.2016). 

The experiments were carried out in a semi-
circular greenhouse of 135 m2, with the width of 5.4 
m and the length of 25 m (Fig. 1). The plants were 
grouped in five experimental variants, in strips 
distanced at 80 cm; on a strip, there was a 60 cm 
distance between the rows, while the distance between 
the plants on a row was 45 cm, with a density of 31740 
plants/ha. 

Fertilization is aimed to provide the necessary 
nutrients during the entire vegetation period (Hoza, 
2011). In this experiment there were three types of 
fertilizations for each experimental variant: 
fertilization at the same time with the drip irrigation, 
classic fertilization and fertilization with 
microorganisms-based products. For the experimental 
variant in which fertigation was applied, the nutrition 
was performed twice a week, in the morning. The 
fertilizers were represented by the Nutrispore® - NPK 
(MgO) 30-10-10, Nutrispore® NPK (MgO) 15-10-30 
and Nutrispore® NPK  12-48-8. The amount of 
fertilizer per plant was 2g/ application. In order to 
achieve a well fertigation, plant nutrition was 
performed between two water applications. 
Fertigation was performed using a specially designed 
system (Fig. 2) composed of a fertilizer tank, an 
automatic programming unit and the water 
distribution network (Corduneanu et al., 2015). 
 

 
 

Fig. 1. Semi-circular tunnel type greenhouse 
(original photo) 

 

Fertigation was performed as follows: in the 
first stage the valve (7) was open for ten minutes, in 
order to fill the dripping lines (13) with water; in the 
meantime, the fertilizer tank (1) was filled with 30 
litres of water. The fertilizing solution was prepared 
separately, by mixing the hydro soluble fertilizer with 
water, and was then introduced into the fertilizer tank 
and was mixed with the water by the stirrer (2). The 
fertilizer tank valve was opened and the programming 
unit was turned on; thus, the fertilizing solution was 
incorporated into the irrigation water through the 
ejector (10).  

Fig. 3 presents a view of the fertigation system 
(Corduneanu et al., 2015, 2016). Water was supplied 
to the greenhouse through the water line (1), by 
opening the valve (2). The amount of water is 
registered with the water flowmeter (3). Once the 
valve (4) is opened, the fertilizing solution coming 
through the hose (5) is introduced into the irrigation 
water. The irrigation water is then directed to the water 
distribution pipeline (6) and from here to the dripping 
tapes (7), which have dripping devices for each plant 
(8) (Corduneanu et al., 2015; Corduneanu et al., 2016). 
After the fertigation was ended, drip irrigation has 
continued for ten minutes in order to completely 
evacuate the fertilizer solution from the system. 

For the classic fertilization method, the 
fertilizers were spread in the area of each plant; the 
following fertilizers were used: Cristaland® NPK 20-
20-20 for base fertilization; Cristaland® NP 15-50 + 
2MgO in the phase of first inflorescence; Cristaland® 
NPK 9-18-27+ 2 MgO when the first fruits were 
formed. 

 
Table 1. Experimental design for tomato and pepper crops 

 

Experimental 
variant 

Fertilization method 
Irrigation 
method 

V1 Through the irrigation water 

Drip 
V2 Classic- spreading (solid fertilizer+drip irrigation) 
V3 Classic- spreading (fertilizer based on microorganisms +drip irrigation) 
V4 not fertilized 
V5 not fertilized Ditch 
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Fig. 2. Simplified schematic of the drip irrigation system: 1- fertilizer tank; 2- stirrer; 3- fertilizing solution feeding pipe; 
4 - connection for the buffer tank water supply; 5 – irrigation water tank; 6 - irrigation water supply pipe; 7:11 - valves; 

8 – water flowmeter; 9 - programmer; 10 - ejector for mixing the water-fertilizer solution; 12 - main pipe; 13 - dripping pipeline; 
L1 - spacing between rows on tape; L2 - distance between tapes; L3 - distance between plants in a row 

 
The microorganisms-based fertilizer was 

Micoseed® MB; it was spread in the area of each plant 
-3 days before planting. According to literature data, 
Micoseed® MB is based on Glomus sp., Beauveria sp., 
Metarhizium sp. and Trichoderma sp. (Stoleru et al., 
2012; 2014). For the same experimental variant two 
fertilization treatments with Nutryaction® were 
applied in order to enhance the biological activity of 
the plants. In V4 version the plants were not fertilized; 
this was the control sample for drip irrigation. Variant 
V5 was the control sample for ditch irrigation and no 
fertilization was applied (Corduneanu et al., 2015; 
Corduneanu et al., 2016). Drip irrigation was applied 
every two days; the water quantity was comprised 
between 200 and 300 m3/ha, depending on air and soil 

temperature (Corduneanu et al., 2015; Corduneanu et 
al., 2016). The harvesting (Fig. 4) was performed at 
intervals and the yield was recorded separately for 
each variant. 

 
3. Results and discussion 
 
3.1. Effect of fertilizer distribution method over the 
tomato yield 
 

Taking into account the average yield for the 
three consecutive years, the highest values were 
recorded for variant V1, with a difference of 35.74 
t/ha, which is considered to be very significant (Table 
2). 

 

 
 

Fig. 3. Fertigation system: 1 – water supply; 2 – water valve; 3 – water flowmeter; 4 – valve fertilizer solution; 
5 – hose for fertilizing solution; 6 – water distribution pipeline; 7 – watering band; 8 – plant; C – programmer 

 

 
                                                  (a) (b) 
 

Fig. 4. Harvest of sweet peppers (a) and tomatoes (b)  
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The coefficient of variation was comprised 
between 0 and 10%, which translates into a low 
variability compared to the average (Fig. 5). All the 
experimental variants are also strictly representative. 
 

3.2 Effect of fertilizer distribution method over the 
sweet pepper yield 
 

Table 3 presents the average values of the yield 
for three consecutive years. In statistical terms, the 
difference between variant V1 and the control variant 
is very significant (28.64 t/ha). Important differences 
were recorded for variant V2 (classic fertilization –  
16.4 t/ha) and variant V3 (13.53 t/ha). Fig. 6 presents 
the results referring to the coefficient of variation; the 
data show a large variability, with coefficient values 
over 20%. Variant V1 is moderately representative; 
variants V2, V3 and V4 are largely representative. 

 

4. Conclusions  
 
For the both crops considered, fertigation 

(variant V1) has led to higher yields due to the 
controllable application  of  water  and  nutrients;  this  

 

fertilization method is expected to have long term 
positive effects (reduction of soil compaction and 
salinization). The use of microorganisms-based 
fertilizers (variant V3) also has the potential to 
increase yield, especially for the tomato crop; 
however, for the sweet pepper crop, this fertilization 
method is overpassed by the classic method (spreading 
of solid fertilizer, variant V2). 

These results prove that micro-irrigation with 
low amounts of water and controlled delivery, 
combined with the administration of fertilizers which 
enhance the microbiological soil activity (Nutrispore® 
- NPK (MgO) 30-10-10, Nutrispore® NPK (MgO) 15-
10-30 and Nutrispore® NPK  12-48-8) could be taken 
into account as a fertilization method for growing 
crops under protected spaces and has the potential to 
significantly increase yield. 
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