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Abstract

KOUMANOY K., D. DOCHEV and G. STOILOY 1998. Investigations on fertigation of peach

on three soil types - patterns of soil wetting. Bulg. J. Agric. Sci.,4:745-753

The results presented in this article are part of a larger investigation aimed at clarifuing of fertilizers'
migration and localization in the root zone ofarborescent ffuit plants under fenigation, predicting the eco-
lo-eical consequences of applying this method of fertilization. and verification of the currently used appli-
cation ratcs-

The experiment rvas carried.out in lysimeters'on three soil types: alluvial-meadow soil (Fluvisol) -
sandy loam, ciniramon-forest soil (Luvisol) - clay loam, and smolnitsa (V-ertisol) - clay.

Single peach trees, grown in every lysimeter *.ere drip-irrigated by single drippers rvith discharge of
4.6 l/tr and located at 0.75m from the trunk. The fertilizers - urea [CO(NH:):] and phosphoric acid
(H.POJ, rvere supplied through the irrigation system, the annual amounts being partitioned to monthly
doses. Investigation results rvere based on soil analyses, analyses oflysimetric waters, and electromenical
readings (gypsum blocks).

It u,as found that in soil types with diffarent hydraulic characteristics the same irrigation regime result-
ed in essentially different patterns of soil u'ctting- Root activity n as also proven to play a substantial role
in the irrigation water redistribution into the soil volume.

The application efficiency proved to be closely related to the hydraulic conductivity ofthe soil and
varied considerably between soil types. Invcstigation results suggested the need of changing the method-
ology for schcduling and management of localized (drip/trickle) irrigation.

Key worc{s: drip-irrigation, fertigation, lysimeters, peach, pattems of soil wetting, root
water uptake

Introduction

The supply of fertilizers through the
irrigation water. (fertigation) is widcly
used in micro-irrigation (Francis, 1977;
Bucks and Nakayama, 1980; Uriu et al.,
1980; Rolston et al., 1986), which is sub-
ject of standing interest because of its

effectiveness in the conditions of increas-
ing water and energy deficits. Fertiliza-
tion dose is supplied during the rvhole
vegetation period, in parts precisely
dosed out according to the biological
curve of the crop nutrient-assimilation
(Bresler, 1977; Hillel, 1985; Wolff, 1987;
Decroix, 1988). The combining of the
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irrigation process with fertilization
through the micro-irrigation systems cre-
ates specific conditions of local wetting
and zonal concentration of solutes in the
soil (Goldberg et al., 1971; Rauschkolb et
al., 1976; Dochev et at.,1979; Bacon and
Davey, 1982; Rolston et al., 1986), which
involve some differences in the intensity
and the direction of processes taking
place in the relevant zones.

Water is the main carrier of nutrients
and determines to a great extent the fer-
tilizers'migration and localization in the
soil volume. Hence, the space distribu-
tion of soil moisture is the key to a cor-
rect interpretation of the soil-samples
analysis data.

In a series of several articles, the
accent will be put also on aspects of the
problem related to: the changes in soil
properties caused by the local wetting
(and overwetting) and by the increased

salt concentration in the zones offertiliz-
ers' migration and localization; the actu-
alities of plant nutrition under fertigation;
a prognosis for the after-effects of this
fertilization method on the soil; an eco-
logical estimate of the fertilizationby the
micro-irrigation systems; and a relevant
verification of the currently used applica-
tion rates. The article is based on results
from an investigation carried out at the
Institute of Fruit Growing - Plovdiv dur-
ing the period 1994-1997.

Material and Methods

The investigation was carried out in a

concrete lysimetric unit (Figure l) with
cells 2.00x3.00 m filled up to 1.00 m with
soil, and on three soil types: alluvial-
meadow soil, cinnamon-forest soil, and
smolnitsa. According to the FAO-Unesco-
ISRIC (Boyadgiev, 1997) these soils are

Fig. 1. Transversal section of the lysimetric unit
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classified respectively as Fluvisol, Luvisol
(chromic), and Vertisol. Texturally they
are determined respectively as sandy
loaih, clay loam, and clay, after the
USDA-classification (Soil Survey Staff,
1975). The values of particle density, bulk
densiry porosity, field capacity (FC), as
well as the percentage of sand, silt and
clay are presented by soil types in Table l.

In the spring of 1994, single peach
trees (cultivar Redhaven on GF-677 root-
stock) were planted in every one of the
lysimetric cells. Plants were supplied
with water and fertilizers through a drip-
irrigation system: one emitter per tree,
with an average discharge of 4.61/tr, and
located at 0.75m frorn the tree trunk.
Nutrient solution - urea [CO(NH,),] and
phosphoric acid (HrPOo), was inj6cled in

Thble 1

the irrigation water by an automatic dos-
ing pump (DOSATRON INTERNA-
TIONAI, Bordaux, France).

The irrigation was scheduled on the
basis of evapotranspiration values calcu-
lated by the method of biophysical coef-
ficients (Davidov and Gaidarova, 1983;
Sharma, 1985), and in function of the
average daily temperatures: ET: ZZto,.r,
where Z is a biophysical coeffrcient, and
Zt^,nis the sum of the average daily tem-
peratures for the period ofconsideration.
The values of Z for peach were adopted
from Dochev (1972). The irrigation was
realized on a daily basis, five days in a
week except Saturdays and Sundays. The
annual application rates per single plant
and their partitioning by months are
shown in Table 2.

Physical properties of the investigated soils

Soil properties

Pr.tt.t" d"r,rtty, g/"rr'
Bulk density, g/cml

Porosity, o/o

Field capacity, kg/kg

Content of sand* (2{.05mm), %
Content of silt* (0.05-:{.002mm), %

Content of clay* (< 0.002mrn), %

alluvial meadow

n
1.43

47.0

0.16

64.8

24.3

10.9

Soil types

cinnamon forest

2.6

l. 19

54.2

0.24

40.0

25.8

34.2

smolnitsa

2.7

t_23

54.4

0.i5
34.7

14.2

5l.l
* According to the classification of the USDA (Soil Survey Staff, 1975)

Table 2
Annual application rates (liters per tree) and their distribution during the months
of the irrigation season

Year

1995

t996
1991

Monthly parts of the application rate

* The experiment was ceased on 02.08.1997
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The pattern of irrigation water redis-
tribution in the three soils was examined
by soil sampling 20 hours after the last
application. Soil samples were taken by
drilling radially from the dripper at l0cm,
25cm, 50cm, 75cm and l00cm, and by
layers of l0cm. In 1997, howeveE soil
samples were taken from a soil profile in
l0cm square grid, after digging a trench
along the line tree-dripper. Root system's
configuration throughout the profile r.vas

also established. The soil moisture values
rvere estimated gravimetrically.

Moreover, sensors of electrical resis-
tance (gypsum blocks) (Kirkova, 1984;
Varlev et al., 1989; Vichev et al., 1989)
were installed in every lysimeter for soil
moisture measurefllent and for an opera-
tive control on the wetted soil volurnes.
They were fixed radially from the dripper
at 10cm, 25cm,50cm, 75cm, and l00crn,
and in depth respectively at 10cm, 30cm,
60cm and 80cm.

The development of wetted soil vol-
urne under a dripper was studied electro-
metrically in 1996. For that reason, soil
water content was decreased almost to
the point of rvilting (50% of the FC), and
thcn irrigation water was supplicd to the

Distance from the dripper, cm
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Fig. 2. Field of the soil moisture (gravi-
metrical '/"\ in the alluvial-meadorv
soil; 10.07.1996

trees during 27 hours. Readings from the
gypsum blocks were taken right before
the irrigation as well as 2, 4, 6,8,24, and
48 hours after the rvater supply had been
started.

The water amounts drained from
lysirneters rvere regularly collected and
measurcd during the vegetation.

Results and Discussion

A distinct notion for the patterns of
soil wetting in the three soil types could
be obtained from Figures 2, 3, and 4
based on the results from 1996.

In the alluvial-meadow soil (Figure
2), wetting front has reached only 30-
40cm in depth. On the other hand, one
could see a wider surface spill of the irri-
gation water and a larger radius of lateral
rvetting reaching 75cm at the soil surface
(invert type).

In the cinnamon-forest soil @igure 3),
u.etting front has reached 60cm in depth
and 50-60cm radially w'ith the largest
radius of soil wetting at a depth of 30cm.
The zone of surface ponding is smaller,
thus decreasing the evaporative losses,
and the rvctted soil volume has increased

Distance from the dripper, cm
o 10 25 5A ?t 1OO
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Fig. 3. Field of the soil moisture (gravi-
metrical %) in the cinnamon-forest
soil; 10.07.1996
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approaching the normal for this type drip-
irrigation size and shape.

Although the smolnitsa is known with
a high retention capacity and is character-
ized by an intense lateral infiltration
under point water supply, the pattem of
soil wetting shown in Figure 4 surprising-
ly represents it highly permeable. After
digging a trench in 1987, it was found that
this discrepancy was due to an improper-
ly sealed drilling hole located lOcm away
from the point of dripping. Hence, the
established in 1996 pattern ofsoil rvetting
should be considered rather as a simula-
tion rnodel of highly permeable soil. The
prevailing water flow is in vertical direc-
tion and fonns a clearly outlined trans-
mission zone with radius of 25cm. The
transit transport of water throughout the
whole depth of soil profile results in a
drainage of 155.3 liters, registered only in
this soil for the period of vegetation. An
area of rapidly decreasing soil moisture
values is located all around the transmis-
sion zone, at a radial stretch of 25-50cm.

Obviously, the different hydraulic
charactcristics of the studied soils deter-
mine essentially different pattems of soil
wetting despitc of the same irrigation

Fig. 4. Field of the soil moisture (gravi-
metrical %\ in the smolnitsa;
10.07.1996

regime. The water stored in the wetted
soil volumes, estimated under an assump-
tion for axisimetry of the bulb, is roughly
59dm3 in the alluvial-meadow soil,
89dm3 in the cinnamon-forest soil, and
239dm3 in the smolnitsa. The relatively
small volume of wetting in the alluvial-
meadow soil suggests significant evapo-
rative losses of irrigation water from the
increased supcrficial ponding area. The
magnitude oI these losses is not estimat-
ed in the present investigation but accord-
ing some authors (Andreu et al., 1997;
Matthias et al., 1986) they could reach up
to 30-49oh of the application rate.

Figures 5, 6, and 7 give a notion about
the development of wetted soil volumes
during an application and in the period to
the next one, based on the gypsum blocks
readings.

The low hydraulic conductivity of the
alluvial-meadow soil presurnes higher
gradicnts of the soil water potential pro-
vided by a zone of ovcrwetting, fonned
almost irnmediately under the point of
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Fig. 5. Development of the wetted soil
volume (by hours afler the beginning
of rvater suppl$ in the alluvial-mead-
ow soil during a 27-haur application
and in the period to the next one. Solid
Iine - periphery of the bulb; dashed
line - zone of overrvetting
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dripping, and the closely located wetting
front (Figure 5). The volume of wetting
increases slowly, due to an intensive root
water uptake and probably to high rates

Fig. 6. Development of the rvetted soil
volume (by hours after the beginning
of lvater supply) in the cinnamon-for-
est soil during a 27-hour application
and in the period to the next one. Solid
line - periphery of the bulb; dashed
line - zone of overrvetting

ofevaporation from the superficial pond-
ing area. The process of infiltration inten-
sifies considerably during the night when
the transpiration is absent and the physi-
cal evaporation from the soil surface is
significantly decreased. After twenty four
hours of water supply, the rvetting front
has reached 80cm in depth but this has
not resulted in drainage, yet. A normal-
ization of the irrigation regime during the
next days results in some shrinkage of the
wetted soil volume.

In the rnore perrneable cinnamon for-
est soil (Figure 6) water transport is pos-
sible under lower gradients of the r.vater
potential. That is why, a zone of overwet-
ting has been formed eight hours after the
beginning of irrigation. Again, the evapo-
transpiration delays the increasing of wet-
ted soil volurne during the day. Through

Fig. 8. Field of the soil moisture (gravi-
metrical oh) - a; and configuration of
the peach-tree root svstem in the allu-
vial-meadorv soil - b; 04.08.1997
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Fig. 7. Development of the wetted soil
volume (by hours after the beginning
of water supply) in the smolnitsa dur-
ing a Z7-hour application and in the
period to the next one. Solid line -
periphery of the bulb; dashed line -
zone of overwetting
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the night, however, the bulb has expanded
considerably tending to form drainage
below the point of dripping. The irriga-
tion regime being normalized, the volume
of overwetting shrinks significantly.

The smolnitsa absorbs irrigation water
almost without losses from surface evap-
oration which, with the remarkable
water-holding capacity of this soil, pro-
vides a good water regime for the peach
plant. In this soil (Figure 7), a consider-
able zone of overwetting is observed
already before the application. The irriga-
tion water is easily transmitted in depth at
relatively low gradients of the soil water
potential. The bulb gradually fills up.Pafi
of the drained water spills on the bottom
of lysimeteq thus feeding a capillary rise
to the lowest soil layers. The switch over
of the nonnal irrigation regime results in

decreasing of soil water content immedi-
ately under the dripping point due, appar-
ently, to an increased concentration of
active roots in this area.

The presence or the absence of root
activity is of great importance for irrigation
water distribution and redistribution in the
soil. Figures 8, 9, and 10 represent both the
pattern of soil wetting and the root system
configuration in soil profiles along the row,
found in 1997. Well outlined areas of
decreased water content are observed in
the wetted volumes of all three soils. They
are located along the skeletal roots - from
tree trunk to the very well watered zones
under the dripper. As far as most of the
active roots are concentrated in these
zones, the soil drying is apparently caused
by an intensive root water uptake. More-
over, water redistribution, driven by the

Fig. 9. Field of the soil moisture (gravi-
metrical '/') - a; and configuratibn of
the peach-tree root system in the cin-
namon-forest soil - b; 15.07.1997

Fig. 10. Field of the soil moisture
(gravimetrical o/o) - a; and configura-
tion of the peach-tree root systern in
the smolnitsa - b; 14.07.1997
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created gradients of soil water potential, is
too slow to compensate the high rates of
extraction. As a result, only 20 hours after
the water supply has been ceased, soil
moisture values around the active roots are

decreased ahnost to the ivilting point
(about 50o/, of FC) while in the rest of the

bulb they are still above 80% of the ficld
capacity. Similar non-uniform distribution
of the root activity was established also in
experiments with micro-sprinkler iniga-
tion (Koumanov, 1996).

It turns out that, even under drip-irri-
gation, water is not equally available for
the fmit trees throughout the wetted soil
volume. It rnay well bc that plants under-
go water stress pretty soon after the irri-
gation, although such a statement has not
been proven in the present study. Hence,
in the majority of cases, a daily or even
permanent supply of irrigation water
would be the most favorable for the plant
water regime.

Conclusions

In soil types with different hydraulic
characteristics, the same amount of
applied inigation rvater results in differ-
ent volumes of soil wctting (shape, sizc,
and available water storage). The appli-
cation efficiency is closely related to the
hydraulic conductivity of the soil and
varies essentially betrveen soil types.
Investigation results suggest the need for
changing of scheduling and management
of micro-irrigation taking in account both
the specific climatic conditions and the
soil hydraulic charactcristics.

For the fi'uit trecs, irrigation rvatcr is

not equally available throughout the wet-
ted soil volume, even under drip-iriga-
tion. Zones of rapidly decreasing soil
moisture values are being formed along
the skeletal roots and the root water
uptake is most intensive in the vicinity of

the tree trunk. The local depletion of soil
water storage necessitates a shortening of
the periods between applications. A daily
or even permanent supply of irrigation
water would be the most favorable for the
trees' water regime.
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