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Abstract

Amongst the agrochemicals, fertilizers have been ¢hmost frequently applied
through microirrigation systems (fertigation). Although the method has been
developed to a high technical level, there is yetlack of information concerning the
optimum timing and the doses under multiple fertilzer applications. The subject of
the present article is the fertilizers’ fate in theroot zone and the raspberry plants’
nutritional status between the fertigation eventsunder three levels of drip water
supply — 100%, 75%, and 50% of the estimated cropvapotranspiration. The study
was based on laboratory analyses of soil, soil stibn and plant samples. It was
found that fertigation maintained constant and suficient concentrations of N, P, and
K in the soil providing optimum mineral nutrition f or the raspberry plants. Proper
irrigation and fertigation management could succedslly retain the fertilizers in the
root zone, thus preventing losses and eventual pafion of soil and groundwater.

INTRODUCTION

When microirrigation is in use, it is a common piee to introduce fertilizers into
root zone with the irrigation water (fertigatiorfhe fertilizer application rate is usually
split into parts and applied according to the lyadal curve of crop nutrient assimilation
during the vegetation period (Branson et al., 198d¢roix, 1988; Burt 2003). Although
the fertigation has been developed to a high teahievel, there is yet lack of knowledge
concerning the optimum timing and the doses unddtipte fertilizer applications. Water
is the main carrier of nutrients and to a greaeextietermines the fertilizers’ migration
and localization in the root zone. Hence, the optmplant nutrition, as well as the risk of
eventual chemical pollution of both soil and growater, depends on an improved
irrigation scheduling and management.

Nitrogen fertilizers are often used for fertigatidditrates move easily with the
wetting front and, after larger water applicatiotfse nitrate nitrogen may be washed
below the root zone, thus decreasing the fertibragfficiency and increasing the risk of
groundwater pollution (Bucks et al., 1982). Unlikérogen, phosphoric fertilizers are
known to have an extremely low mobility in the saild, if applied in traditional ways,
these move downward with the irrigation water natrenthan 2 or 3 cm (Bucks et al.,
1982; Rolston et al., 1986). The mobility of orthogphates in the soil is considerably
greater when they are applied through a drip-itioigiasystem (Rauschkolb et al., 1976;
Stoilov et al., 1999). Under drip irrigation, theadlable potassium is limited to that in the
moist soil (Rolston et al., 1986). Thus, potassuaeficiency occurs very soon. It can be
compensated by fertigation.

Apparently, proper fertigation management requiedsng into consideration of
many different factors, such as crop nutrient negfuents, soil characteristics, fertilizer



mobility and its possible transformations in thd,soot absorption, irrigation scheduling
and, respectively, soil and plant water regime. Shigiect of this article is the fertilizers
vertical migration and depletion in the soil in aspberry plantation, as well as the
nutritional status of raspberry plants, in the pdasi between fertigations and in the
conditions of full and regulated-deficit drip iragon (RDI). The experimental work was
carried out in 2006-2007 at the Fruit Growing Indgg in Plovdiv, Bulgaria. The
presented results are part of a larger investiggtimject aimed at optimizing the water
and the nutritional regime of raspberry plants uncegulated deficit irrigation and
fertigation (Koumanov et al., 2006).

MATERIAL AND METHODS

The experiment was carried out in a 406 raspberry Rubus Idaeus, L.)
plantation of the ‘Lyulin’ primocane-fruiting cultar. The plantation was established in
1989 with distance between rows of 2.30 m and @n5plant spacing in the rows. The
soil in the plantation waBluvisol. The soil phosphorus and potassium content asasell
the soil pH, estimated at the beginning of the erpent, are shown in Table 1. The soll
had layered structure with a more compacted ugpgr] one permeable layer at 60-70
cm depth, and an underlying layer of low permegbdit 90-105 cm. Soil bulk density
varied from 1.45 to 1.66 Mg th

Plants were supplied with water by a drip irrigat®ystem with one lateral per
row and a 0.30 m dripper spacing along the latefidie dripper discharge was 1.7 £ h
(5.7 L i* m™). Irrigation was scheduled according to the refeesevapotranspiration
(ETo) values estimated upon the readings of a ‘ClaseVsporation pan with a pan
coefficientKp = 0.8. The evapotranspiration of the raspberry ¢©p:) was calculated
using the FAO values of the crop coefficiend Allen et al., 1998). The coefficient of
reduction was acceptedgke 1.0 for a crop canopy shadowing above 60% (Eeret al.,
1982). The irrigation was scheduled on a dailyfastcept for the days after rainfalls.

Seven irrigation regimes were investigated durimg main phenophases — F1)
intensive growth, F2) blossom, and F3) fruit ripegn— the water applications being
regulated by variants as follows: Vc-100 — 100%Ed¢ (control); V1-75 — 75% of EJ
in F1; V1-50 — 50% of EJ’in F1; V2-75 — 75% of EJ’in F2; V2-50 — 50% of EJ’in F2;
V3-75 - 75% of ET in F3;and V3-50 — 50% of ETin F3.

Fertilizers were injected in the irrigation watéer{igation) using a proportional
dosind pump (DOSATRON INTERNATIONAL, Bordeaux, Fra). Fertilizer
application rates were estimated on the basisaifdealyses and were identical for all
variants of irrigation. The fertilizers were respeely of the ‘Kristalon’ series of YARA
in 2006, and ‘Labin 15-15-15" of MACASA in 2007. @&hfertilizers, the annual
fertilization rates and their partition by monthsidg the vegetation are given in Table 2.

The investigation was carried out in variants V&,1U3-75 and V3-50. For that
purpose, extractors of soil solution (tensionic®revinstalled in the root zone of the
raspberry plants — in the middle of the row sttiplepths of 10 cm, 30 cm, 50 cm, and 70
cm. In 2006, soil and plant sampling was done fBinduly till 15 August, in the phase of
fruit ripening. Samples of soil solution were tak®fore the current fertilizer application,
two hours after the fertigation, and daily — twauteafter the current water application.
The content of nitrate nitrogen, ammonium nitrogemd phosphorus in the soil solution
was measured using RQflex Reflectometer of MERKd &nat of potassium was
estimated by a flame photometer. In order to agbestertigation effect on the raspberry
plants, leaf samples were taken daily and analypedhe content of nitrogen — by



distillation, of phosphorus — colorimetrically wittydrazin-sulphate as a reducer, and of
potassium — using a flame photometer. Two weeks #ie fertigation, soil samples were

taken in parallel with the soil solution samplifddne content of mineral nitrogen (N-l}fH

and N-NQ_) in soil samples was determined by the distillatoethod, after extraction
by 1.0 % of KCI. The content of mobile phosphorBy) was estimated in a lactate

extract (DL-method), colorimetrically, and that pbtassium K,O) — by a flame
photometer. The soil reaction (pH) was estimatemmmetrically, in a water extract
(1:2.5).

The same experiment was repeated from 13 till 2& 2007, in the phase of fruit
ripening. In this period, however, the plants wereeiving equal amounts of water and
fertilizers in the three variants. Thus, eventudlecences in the results would reflect
some post-effects of the RDI like the root spadiatribution or the nutrient accumulation
in specific zones of the wetted soil volume. Saluson samples were taken one day
before and two hours after the fertigation, as waslll, 4, 7, and 12 days afterwards. Leaf
sampling was done on the same days. Soil samplestalen on 13 and 26 June 2007.

RESULTS AND DISCUSSION

Results for the content of N, P, and K in the |lsaaee illustrated in Fig. 1. The
concentrations of nitrates, phosphorus and potassiuthe soil solution are shown in
Figs. 2 and 3, for 2006 and 2007 respectively,thrde in the soil —in Fig. 4.

Immediately after the fertigation, the content wfate nitrogen in the soil solution
increased significantly only at a depth of 10 cnar®initrates were retained for a longer
period in the top soil layer of the RDI variants-¥3 and V3-50, Fig. 2. On the other
hand, under full irrigation (Vc-100) there was le@g of nitrates downwards the profile.
Because of the frequent application of fresh waker,concentration of nitrate-nitrogen in
the soil solution at 10 cm depth decreased witle timvery low values at the moment of
the next fertigation event. At the other depthsyéwer, the nitrates remained relatively
constant during the whole two-week period betweea fertilizer applications. The
concentration of ammonium nitrogen was less thengd.* in all samples.

Along the sampling period in 2006, the concentratf mobile phosphorus
decreased twice at all depths of sampling and Iinthed variants, probably due to
adsorption on soil colloids (Fig. 4) and to an\atroot extraction, Fig. 1. In 2007, the
increased P application (Table 2) maintained tHevels relatively constant in the soll
solution, in the soil, and in the leaves. The I@mdefby 39%) K application in 2007,
however, decreased the leaf K to the optimum’stlifiig. 1. On the other hand, the
content of K in both soil and soil solution wasaftected by the fertigation and remained
relatively constant until next application. In tkeil of the RDI variants, the P and K
distribution in depth was typical for a low-mobylielement — high concentrations on the
top, decreasing downwards, Fig. 4. Under full atign, the larger water application
moved P and K to greater depths, thus providing tin@iform distribution in the root
zone. Fertigation maintained almost unchanged th®,Nand K levels in the raspberry
plants, Fig. 1. Reduction in the application radé$ by 31% (2006) and of K by 39%
(2007) resulted in a decrease in the content cietin@itrients in the leaves.

CONCLUSIONS
When used properly, fertigation maintains constamd sufficient concentrations
of N, P, and K in the soil providing optimum minkenatrition for the raspberry plants.



Fertilizers applied through drip irrigation systeo@s be retained in the root zone
by a proper irrigation management, thus prevenisges and eventual pollution of the
soil and groundwater.
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Tables

Table 1 Content of phosphorus and potassium in the soilelsas soil pH at the
beginning of the experiment.

Layer Reaction P,05 K20

cm pH mg/100g mg/100g
0-25 7.3 10 16
26 -50 7.1 3 11

51-75 7.1 1 7




Table 2 Annual fertilization rates and their partition mpnths in 2006 and 2007.

Fertilizers/  Annual Partitioning of the annual fertilization rates bypmths
Elements rates April May June July August
kg/ha % % % % %
2006 ‘Kristalon’ 12 doses 2 doses 3 doses 3 doses 2 doses 2 doses
N 132 18 19 29 26 8
P,0s 91 24 16 24 23 13
K0 145 16 15 30 29 10
MgO 16 12 15 32 30 11
2007 ‘Labin’ 13 doses 3 doses 3 doses 3 doses 3 doses 1 dose
N 132 18 19 28 26 9
P,0Os 132 18 19 28 26 9
K20 132 18 19 28 26 9
S 88 18 19 28 26 9
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Fig. 1 Content of N, P and K in the leaves. Arronerk the optimum limits.
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Fig. 2 Concentration of the nitrates, phosphorus@otassium in the soil solution under
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fruit ripening, 2006.
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Fig. 3 Concentration of nitrate nitrogen, phospland potassium in the soil solution
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Fig. 4 Content of nitrate nitrogen, phosphorus pothssium in the soil samples taken
before the current (13.06.2007) and the next (2800 and 15.08.2006)
fertigation events.



