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APPLICATION OF DRIP IRRIGATION AND EC MEASUREMENTS
FOR PRECISION FARMING IN VEGETABLE FARMS - PRIMARY RESULTS

Vesselin Koutev, Margarita Himmelbauer, Milen Venelinov, Yoanna Jekova

Water and nitrogen are considered as the main limiting factors for growing vegetables in Bulgaria. Appropriate drip
irrigation and fertigation are effective methods for enhancing water and nutrient use efficiency in vegetable farming that
can reduce the risk of nutrient leaching. Soil electrical conductivity (EC) is acknowledged as an easily measured but
reliable indicator for nutrient distribution in soil that influences crop productivity. The aim of presented study was to
examine the applicability of EC measurement as a rapid indicator for optimization of fertigation parameters and crop
positioning to the irrigation line. The investigations were conducted on alluvial sandy to loamy soils having coarse
texture, low humus content and slightly acidic pH. One-year experiment with zucchini using drip irrigation and tree
fertilizer treatments was carried out. Soil samples were taken to assess spatial distributions of EC the down profile. In
addition, soil water content, salt content and EC were monitored using ProCheck Decagon devices. The results showed
that the soluble salts (nitrate) distributions in the soil were readily evaluated by the EC measurements. During
fertigation, dissolved salts moved laterally and vertically. Accordingly, the EC measurements also differed apparently
up to 40 cm from irrigation line. As a result, the conducted experiments allowed corrections of the applied irrigation and
the fertilizer rates, and the location of irrigation lines to the vegetable plants. Finally, the application modern measuring
techniques in the field was essential to advance the irrigated vegetable farming.
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APLIKACIA KVAPKOVEJ ZAVLAHY A EK MERANIA PRE PRESNE POINOHOSPODARSTVO NA
ZELENINOVYCH FARMACH - ZAKLADNE VYSLEDKY. Voda a dusik sa povazuju za hlavné obmedzujace
faktory pre pestovanie zeleniny v Bulharsku. Vhodna kvapkova zavlaha a fertigacia sii u¢inné metédy na zvySenie
ucinnosti vody a vyzivy v zeleninarstve, ktoré moézu znizit’ riziko vylihovania zivin. Elektrickd vodivost’ v pode (EK) je
povazovana za l'ahko meratelny, ale spolahlivy ukazovatel' rozlozenia zivin v pdde, ktory ovplyviiuje produktivitu
plodin. Ciel'om predlozenej $tudie bolo preskimat’ uplatnitel'nost’ merania EK ako rychleho indikatora na optimalizaciu
fertigacnych parametrov a polohy plodin k zavlazovaniu. Vyskum bol vykonany na aluvidlnych pieskoch az hlinitych
pddach s hrubou texturou, nizkym obsahom humusu a mierne kyslym pH. Bol uskuto¢neny jednoro¢ny experiment s cu-
ketou pomocou kvapkovej zavlahy a oSetrenia stromovymi hnojivami. Na postdenie priestorovych rozdeleni elektrickej
vodivosti v pdde na dolnom profile boli odobraté vzorky pody. Okrem toho bol monitorovany obsah vody v pode, obsah
soli a EK s pouzitim zariadeni ProCheck Decagon. Vysledky ukazali, Ze rozdelenia rozpustnych soli (dusi¢nanov) v po-
de boli l'ahko vyhodnotené pomocou merani EK. Pocas fertigacie sa rozpustené soli pohybovali bo¢ne a vertikalne.
Preto sa merania EK tiez zrejme liSili az do 40 cm od zavlazovacej linie. Vysledkom bolo, Ze vykonané experimenty
umoznili korekciu aplikovaného zavlazovania a rychlosti hnojenia, a umiestnenie zavlazovacich potrubi k zeleninovym
plantom. Nakoniec, aplikacia modernych meracich technik v teréne je nevyhnutna pre pokrok v zavlazovani zeleniny.

KEUCOVE SLOVA: kvapkové zavlaha, pddna elektrick4 vodivost, pestovanie zeleniny

Introduction factors for growing vegetables in Bulgaria. The way
they are used is one of the factors strongly influencing
Water and nitrogen are considered as the main limiting  their effectiveness (Mohammad, 2004 a,b, Atanasova,
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Mitova, Dimitrov, Stancheva, 2007, Shaban et al.,
2014).Improving the effectiveness of these factors is the
main goal of the precision vegetable farming (Tzenova
& Mitova, 2010). Appropriate drip irrigation can reduce
nitrogen leaching in depth. Fertigation is an effective
method for nitrogen application because it can control
the time and amount of fertilizer used. Besides being
a measuring unit for the nutritional value given to the
plant, Electrical conductivity (EC) is a climate
controlling mechanism. Plants should start their
development at low EC, and then EC must grow as
quickly as possible to meet the nutritional needs of the
plant, also increase the internal osmotic value to create
stronger plants.

Climate change due to global warming has a serious
impact on water resources, affecting groundwater and
surface water. Minimising the use of water in vegetable
production, while preserving yield and production
quality, has become an important issue in the last
decade. A very important point in assessing the quality
of fertigation in vegetable crops is the use of soil
electrical conductivity. Electrical conductivity (EC) is
ameasure of the ability of materials to conduct
electrical current and is expressed usually in milli
Siemens per centimeter (mS/cm) or in deci Siemens per
meter (dS/m). Richards (1954) defines four classes of
soil salinization. Another more comprehensive study on
soil salinity is given by Rhoades and Lovejoy (1990),
where beans are presented as a salt sensitive culture. It
can be grown on soils with an electrical conductivity of
less than 2 dS/m. In opposite, barley is a tolerant crop
and can be grown on soils with electrical conductivity
up to 16 dS/m.

Soil electrical conductivity depends on many factors
such as soil water content, soil texture and particle size
distribution. The electrical conductivity of the sand is
low, of the silt is medium and of the clay is high. The
EC also depends on other parameters of soil fertility.
Soils with average electrical conductivity are the most
fertile ones. In dry soils, EC is low, and in the case of
more humid soils the electrical conductivity is high.
Cationic Capacity (CEC) is related to soil fertility,
porosity and salinity. Increasing fertilizer and organic
matter fertility also increases to certain limits. Soils
having higher porosity, show also high CEC values.
Poor soils have low porosity. The excess of soluble salts
in the soil is readily measured by conductivity
measurement.

The aim of presented study was to examine the
applicability of EC measurement as a rapid indicator for
optimization of fertigation parameters and crop
positioning to the irrigation line.

Material and methods

The investigations were conducted on alluvial sandy
soils. The predominant fraction was fine sand - 23.3%,
the percentage of large particles such as gravel was
37.2%, the soil humus content is low. The soil is non-

carbonate and slightly acidic. The average annual
temperature was 10.6°C, while the average annual
precipitation was 581.8 mm, reaching its peak at the end
of spring and early summer (stringmeteo.com, 2010).
Experiment with zucchini using drip irrigation was car-
ried out on plots with 60 m’ size. The experiment
consisted of the following treatments: 1. Control; 2. Ma-
nure; 3. Compost. On the second and third treatments
the organic fertilizers were applied at following rates:
Manure 44 t/ha; Compost 21 t/ha. Compost and manure
are with equal rate of 340 kg of nitrogen per hectare.
Such quantity is permitted for two years by the EU
Nitrates Directive. On 30m® of each plot, the nitrogen
mineral fertilizer was applied by fertigation with a rate
of 240 kg of nitrogen per hectare. Samples were taken at
soil depths of 0-30 cm; 30-60 cm and 60-90 cm. On the
same samples, measurements of EC were made directly
on fields. ProCheck sensors (Decagon Devices, Inc.)
were used for measuring soil water content, soil
electrical conductivity and soil salt content.

Results and discussion

The changes of the wetting front down the soil profile is
presented on Figure 1. Red-orange colour indicates the
changes of the water content. In the middle of the figure
there is also seen the interflow of moisture from
neighbouring irrigation lines. The movement of nitrates
correlates strongly with that of the water. The content of
highly soluble nitrate salts is a base for increase of the
electrical conductivity in soil - EC. Directly under the
drip irrigation line, the soil water content varies at
different depths from 0.205 cm®/cm’ at 30-50 cm depth
to 0.235 cm’/cm’ at 0-30 cm and below 60 cm depth.
Nitrates were leached under 60 cm depth under the drip
irrigation line (Figure 1). The highest EC was observed
at 40 to 60 cm depth and at 20 cm apart to the irrigation
line owing to the leaching of nitrates down the soil
profile (Figure 2). Dissolved salts (nitrates) moved
down soil profile with the water front and the highest
EC was observed in the places with the lowest water
contents. In the areas with the highest soil water
content, the EC was about 0.20 dS/m, while in dryer
soils areas the EC reached 0.35 dS/m and more. It was
an evident that the soil water content correlates
negatively with the soil electrical conductivity. This
information was important for the positioning of plants
and the irrigation lines in order to provide an optimal
access of the roots to the water and nutrients available in
the soil.

EC under the irrigation lines at 0-30, 30-60 and 60-90
cm soil depths was compared between the three
treatments — with and without using mineral nitrogen
fertilization (Figure 3). In all treatments, the mineral
nitrogen from fertilizer was leached down to the second
or third soil sampling layer.

High electrical conductivity measurements were also
observed near the irrigation line merging the lateral
movement of dissolved salts (nitrates) (Figures 4 and 5).
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Fig. 1. Spatial distribution of the volumetric
soil water content (cm’/em’)after irrigation
(measurements using ProCheck devices).
Obr. 1.  Priestorova distribiicia  objemového
mnozstva vody v péde (cm’.cm™) po zaviazovani
(merania pomocou zariadeni ProCheck).
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Fig. 2. Spatial distribution of the Electrical
conductivity (dS/m) in the treatment with mineral
fertilisers.

Obr. 2.  Priestorova  distribucia  elektrickej
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Fig. 3. Soil EC measurements at different soil depths for the three experimental treatments.

Obr. 3.
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Fig. 4. Spatial distribution of the water and salts contents at different distances to the drip
irrigation line (0-30 cm) - measurements with Decagon devices.

Obr. 4.

Priestorova distribiicia obsahu vody a solis pri roznych vzdialenostiach od

kvapkovje zavlahy (0 — 30 cm) — meranie pomocou zariadeni Decagon.
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Immediately after the irrigation with fertilization,
a decrease in the soil water content was observed with
a distance to the irrigation line. In both the EC and the
salt content measurements, a lateral drift up to 40 cm
from irrigation line was observed. This was also the
trend in the soil electrical conductivity measurements
with the ProCheck, indicating that a direct measurement
of the lateral and vertical distribution of fertilizers in the
soil is easily obtainable.

Our studies have shown that the application of modern
measuring instruments in the field is requirement for
farmers engaged in irrigated agriculture.

In the electrical conductivity observations, elevated
values were observed after ammonium nitrate
fertilization for mineral fertilizer treatments (Figure 5).
The spatial changes in the electrical conductivity
measurements were observed to be: low under the
irrigation line (0 cm), higher at 30 cm distance to the
irrigation line and moderate at 40 cm distance. These
distributions also corresponded to the distributions of
the irrigation water down the soil profile and in a
distance to the vegetable crop. At 30 cm distance to the
irrigation line, the soil water content usually decreased.
Field measurements showed that the best crop location
regarding the fertigation was at 20 cm distance to the
irrigation line, where the optimal ratio between water
and nutrients content was observed.
Consequently, the conducted
corrections of:

- The irrigation rates;

- The fertilizer rates;

- The location of irrigation lines and the plants.

studies  allowed

Thus, the irrigation lines can be arranged according to
the plants so that their roots develop in the soil areas
with the highest plant available soil water content and
the optimum concentration of nutrients.

Electrical Conductivity of the soil after fertilization - treatment with farmyard manure.
Elektricka vodivost pédy po fertilizacii — uprava s kravskym hnojom.

Conclusion

1. Most of the fertilizers moved along with the wetting
front of drip irrigation;

2. The distribution of soil electrical conductivity
depended on the movement of irrigation water and
dissolved salts in the soil.

3. Planting and irrigation lines disposition should allow
the plants being located at location with the optimal soil
water and nutrient contents (i.e. highest electrical
conductivity).

Acknowledgement

The project "Leaching of the Nitrates in the Soil in the
Conditions of Fertigation in Mineral and Organic
Fertilisers  Application", subject to Contract No.
20/2016 is supported by the Programme for Scientific
Research in the University of Forestry, Sofia, Bulgaria

Literature

Archive, summary information of the weather in Bulgaria
1952 - 2010, according to NOAA, stringmeteo.com.

Atanasova E., Mitova I., Dimitrov I., Stancheva 1. (2007):
Effect of different fertilizer sources on the quality of
head cabbage. Journal of Applied Horticulture, 9
/1:74-76

Kostadinov G. (1967): Soil and Agrochemical characteristics
of Chelopechene village land, Sofia district. Soil
archive of the Institute of Soil Science “Nikola
Poushkarov”, Sofia, Bulgaria. p. 54

Mohammad M.J. (2004): Squash yield, nutrient content and
soil fertility parameters in response to methods of
fertilizer application and rates of N fertigation. Nutr
Cycl Agroecosys, 68:99-108

Mohammad M.J. (2004): Utilization of applied fertilizer
nitrogen and irrigation water by drip-fertigated
squash as determined by nuclear and traditional
techniques. Nutr Cycl Agroecosys, 68:1-11

160



Koutev, V. et al.: Application of drip irrigation and EC

measurements for precision farming in vegetable...

Rhoades J. D. and J. Loveday (1990): Salinity in irrigated
agriculture. In: Irrigation of Agricultural Crops.
Agronomy Monograph 30:1089-1142. American
Society of Agronomy, Madison, WI.

Richards L. A. (Ed.) (1954): Diagnosis and Improvement of
Saline and Alkali Soils. USDA Agriculture
Handbook 60, Washington D. C.

Tzenova V., Mitova 1. (2010): Influence of the soil moisure
regime on the nitrogen and plastid pigments content
in wheat varieties. Journal of envitonmental and
ecology.

Shaban N., Bistrichanov S., Moskova Ts., Kadum E., Mitova
Iv., Tityanov M., Boumov P. (2014): Vegetable
production Ed. House at Forest University S., p. 490.

APLIKACIA KVAPKOVEJ ZAVLAHY A EK MERANIA PRE PRESNE POCNOHOSPODARSTVO
NA ZELENINOVYCH FARMACH - ZAKLADNE VYSLEDKY

Voda a dusik sa povazuju za hlavné obmedzujiice
faktory pre pestovanie zeleniny v Bulharsku. Uginnymi
metédami na zvysSenie ucinnosti vody a vyzivy v zele-
nindrstve st vhodnd kvapkovd zivlaha a upravena
fertigdcia, ktoré mdzu znizit' riziko straty zivin pomo-
cou luhovania. Pddna elektricka vodivost’ (EK) je 'ahko
meratelnym, ale spolahlivym ukazovatel'om distribucie
zivin v pode, ktory vyznamne ovplyviiuje produktivitu
plodin.

Cielom predloZenej $tudie bolo preskiimat’ uplatnitel-
nost’ merania EK ako rychleho indikatora na optimali-
zaciu fertigaénych parametrov a polohy plodin k zavla-
zovaniu. Vyskum bol vykonany na aluvidlnych piesoc-
natych podach az hlinenych podach s hrubou textarou,
nizkym obsahom humusu a mierne kyslym pH. Bol
uskuto¢neny jednoro¢ny experiment s cuketou pomocou
kvapkovej zavlahy a oSetrenia stromovymi hnojivami.
Experimentalne pole pozostavalo z niekolkych casti
s velkostou 60 m® ktoré boli upravené nasledovne:
1. kontrola; 2. hnoj; 3. kompost. Pri druhej a tretej
uprave sa organické hnojiva aplikovali v nasledujucich
davkach: hnoj 44 tha'; kompost 21 t.ha"'. Kompost
a hnoj sa aplikovali v rovnakej miere na 340 kg dusika
na hektar, ¢o zodpovedd mnozstvdm povolenym
smernicou EU o dusiénanoch. Na 30 m’ kazdého
pozemku bolo dusikaté minerdlne hnojivo aplikované
fertigdciou v mnozstve 240 kg dusika na hektar. Vzorky
pody sa pravidelne odoberali v hibkach 0 — 30 cm, 30 —
60 cm a 60 — 90 cm. Na meranie obsahu vody, elek-
trickej vodivosti a obsahu soli v pdde sa pouzili snimace
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ProCheck (Decagon Devices, Inc.), a tak nepriamo
hodnotili priestorové rozlozenie zivin v profile.
Vysledky ukézali, ze pohyb dusi¢nanov velmi stvisi
s pohybom vody, pretoze rozpustené soli (dusi¢nany) sa
premiestilujii zospodu do zemného profilu. Priamo pod
kvapkovym zavlazovacim potrubim sa obsah vody v po-
de pohyboval od 0,235 cm’.cm™ v hornej 30 cm vrstve
na 0,205 cm’.cm” pri hibke 30 az 50 cm a opit’ sa
zvysil pod hibkou pddy 60 cm. Navyse sa zistilo, Ze 1(-
hovanie dusi¢nanov sa nachadza tesne pod kvapkovym
zavlazovacim potrubim. Najvyssie hodnoty EK sa
namerali v hibke 40 az 60 cm a 20 cm od zavlazova-
cieho potrubia, ¢o naznacuje pohyb dusi¢nanov v pdd-
nom profile.

Okrem toho boli merania EK najvy$Sie na miestach
v oblastiach s vlhkymi pédami bolo EK asi 0,20 dS.m™,
zatial o v oblastiach vysuSenych pdéd dosiahlo EK
0,35 dS.m™ a viac. Preto namerany obsah vody v pode
negativne koreluje s elektrickou vodivostou pody. Tieto
informacie boli doélezité kvoli tomu, aby sa spravne
umiestnili zavlazovacie potrubia k rastlindm a aby sa
zabezpecil optimalny pristup korefiov k dostupnej vode
a zivinam v pode.

Vysledkom bolo, Ze vykonan4 §tiidia umoznila korekciu
a upravu pouzitého zavlazovacieho programu, miery
hnojenia a umiestnenia zavlaZovacich potrubi k rastli-
nam. A napokon, pouzivanie modernej meracej techniky
v tejto oblasti je nevyhnutné pre pokrok v zavlazovani
zeleniny.
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