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ABSTRACT

In this study, the amount of nitrate leached
from the soil and its effects on yield and quality of
cucumber plant grown under greenhouse conditions
were determined as a result of different fertigation
strategies which was formed by changing the appli-
cation time of the mixture of fertilizer solution
during the irrigation cycle. For this purpose, five
different fertigation strategies were applied, i.e.
feeding of fertilizer solution during the whole irri-
gation period (Fl), feeding of fertilizer solution
during the first half of irrigation period (F2), feed-
ing of fertilizer solution during the second half of
irrigation period (F3), feeding of fertilizer solution
between 1/4'th and 3/4'th irrigation period (F4) and
injection of fertilizer solution immediately upon
start of irrigation (F5) The highest and least yield
was obtained in F1 (16.66 tons da™') and F3 (15.05
tons da’') fertigation strategies respectively. It was
determined that fertigation strategies did not affect
statistically the yield, fruit length, fruit diameter,
plant height and stem diameter. On the other hand,
it was found that the effect of fertigation strategies
on nitrate-nitrogen (NOs3-N) leaching was statisti-
cally significant. The highest NOs3-N leaching was
observed in F2 and the least in F4 fertigation strate-
gy. It was concluded that the best fertigation strate-
gy to prevent the pollution of groundwater by min-
imizing NOs-N leaching, the most appropriate strat-
egy is F4, i.e. feeding of fertilizer solution between
1/4'th and 3/4'th irrigation period.
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INTRODUCTION

Greenhouse cultivation developed rapidly in
the last 30 years [1] is an agricultural sector which
is common in countries with the coast to the Medi-
terranean. According to the Turkish statistical data
[2], 99% of the total greenhouse areas of Turkey
(691 707 da) are located on the coasts of the Medi-
terranean, while 40% are in the province of Antalya
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because of climatic, technological and logistical
advantages. Common crops grown widely in green-
houses located in Antalya, Turkey, are tomato
(60%), cucumber (14%), pepper (11%), eggplant
(4%) and other vegetables, fruit and ornamental
plants (11%) are grown [2]. Therefore, the province
of Antalya has an important region among intensive
agricultural applications especially intensive irriga-
tion. Fertilization is very important in terms of
increasing soil productivity and plant yield to meet
plant nutrients which are removed from the soil as a
result of intensive agricultural activities. It is an
indisputable truth that water and plant nutrients,
especially N minerals, are the most important inputs
in terms of plant growth, quality and yield.

The application of plant nutrient with irriga-
tion water (fertigation) is the most efficient method
to enhance crop production and reduce potential
environmental damage in comparison to the con-
ventional method [3]. In fertigation applications, it
is aimed to accumulate the fertilizer and water in
the root zone. Although the loss of plant nutrients is
less in the drip irrigation method than in the other
irrigation methods, it can reach a significant level as
a total loss in irrigation with short intervals [4].
Because of the incorrect fertigation strategies, ex-
cessive fertilizer accumulation in the root zone may
negatively affect the development of the plant and
increase the cost of the input economically. On the
other hand, if the plant nutrients reach out of the
root zone, plant nutrient deficiency will occur and
more fertilization will be required to increase the
yield. As a result of excessive fertigation, nitrate
having negatively charged ions will be leached out
of the plant root zone and cause groundwater pollu-
tion.

The World Health Organization [5] has report-
ed a critical value of 50 mg L' for nitrate (equiva-
lent to 11 mg/L as nitrate-nitrogen) in drinking
water for the protection of the health of the most
sensitive subpopulation infants. For this reason,
numerous simulations based studies [6, 7, 8, 9, 10,
and 11] were conducted to determine the effects of
fertigation strategies. Bristow et al. [6] investigated
two basic strategies for the mixing time of fertilizer
with water during irrigation. In the first strategy, the
fertigation starts with irrigation and then only water
was given until the end of the irrigation period. In
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the second one, the fertigation starts near the end of
the irrigation cycle. The authors reported that if the
first strategy was applied, the accumulation of ferti-
lizer around the dripper prevented and the loss of
fertilizer was reduced even further. Cote et al. [7]
reported similar results in their study of simulations
for highly permeable coarse-textured soils in sub-
surface trickle irrigation. Contrary to these studies,
Gérdenis et al. [8] and Hanson et al. [12] reported
that nitrate leaching was less and nutrient use effi-
ciency was higher with fertigation application initi-
ated at the end of the irrigation cycle. But Phogat et
al. [9] did not find any relation between the time of
fertilizer and nitrate leaching.

Published studies showed that there is a di-
lemma about the time of fertigation in terms of
nitrate-nitrogen leaching and yield characteristics.
Therefore, the aims of this study are 1) to assess the
effects of different fertigation strategies on the
nitrate distribution in the plant root zone, 2) to de-
termine the amount of nitrate leached from the root
zone, and 3) to examine the effects of different
fertigation strategies on yield and yield parameters
of cucumber plants grown in the glasshouse.

MATERIALS AND METHODS

This study was conducted in a gable-roofed
(60x16 m) glasshouse having an area of 960 m’
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located in the north-south direction between Sep-
tember and December 2012 at the Research and
Application Farm of Agricultural Faculty at Akden-
iz University. The experimental area is located at
coordinates of 36°53'53"N and 30°38'15" E and is
54 m above sea level. Some physical properties of
the experimental soil are given in Table 1.

The experimental area has a Mediterranean
climate and its summers are hot and dry, winters are
warm and rainy. The annual average temperature in
Antalya is 18.5 °C and the long-term average total
rainfall is 1119 mm. Total evaporation, average
minimum and maximum temperature during the
experiment were measured as much as 245 mm,
14.2 °C, and 36.3 °C, respectively. The maximum
and minimum temperature changes measured in the
greenhouse during the experimental period are
given in Figure 1.

The salinity and pH of the irrigation water
used in the irrigation is 0.68 dS m™ and 7.1, respec-
tively. Cucumber (Cucumis sativus L.) which was
named Yaren variety widely grown in the region
was used as plant material in the experiment. The
experimental area was prepared for seedling plant-
ing on August 31, 2012. Seedlings were planted
after 24 kg 15-15-15 compound fertilizers were
applied to the seedling beds on September 5, 2012.
The monthly fertilization program (kg 240 m?)
applied two times per month in the greenhouse
during the experimental time is given in Table 2.

TABLE 1
Physical characteristics of the soil
di(l;ltlh Sand Clay Silt Texture Field capacity v:)lftl;ﬁlgag:l; ¢ Bulk density
) o o ) -3
(cm) (%) (%) (%) class (%) (%) (g em™)
0-20 31.61 39.73 28.66 Clay Loam 30.0 22.0 1.28
20-40 36.28 39.80 23.92 Clay Loam 23.0 16.0 1.52
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FIGURE 1
Maximum and minimum temperature measured in the greenhouse
TABLE 2
Monthly fertilization program (kg 240 m?)
%33 N Monoammonium Potassium Magnesium .
Month Ammonium nitrate Phosphate Nitrate Sulphate Calcium-Bor (If)
September 0.36 0.24 0.36 0.24 -
October 0.6 0.48 0.72 0.48 0.5
November 1.44 0.72 1.8 0.48 0.5
December 1.44 0.48 1.44 - 0.5

3877

FEB



Volume 28 — No. 5/2019

The study was conducted in 3 replicates, ac-
cording to randomized block trial design. Cucumber
seedling planting was arranged according to the
double row planting technique and was performed
with 40 cm spacing along the row and 50 cm spac-
ing between the rows and 2 m spacing was left
between the treatments. The experimental design is
given in Figure 2.

Drip irrigation method is used for irrigating
the plots. The amount of water delivered to the
plots was measured using a water gauge. One lat-
eral drip line having in-line drippers spaced at 20
cm and discharging 2 L h'! at 100 kPa pressure was
laid down along each plant row. In the study, soil
water content was monitored with PR2 profile
probe (Delta T, USA) which was placed near the
dripper and 20 cm away from dripper before and
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after every irrigation during the growing season in
all treatments. The amount of irrigation water was
calculated based on the measured amount of evapo-
ration from Class A Pan located in the greenhouse.

Based on the studies conducted by Cemek et
al. [13], Ayas and Demirtas [14] and Wang et al.
[15], the amount of irrigation water was determined
as much as the amount of evaporation from the
Class A Pan in four days. However, from planting
(September 2, 2012) until September 16, crops are
irrigated 8 times as much as 106 mm without taking
pan evaporation into consideration for a homoge-
nous standing. The first and last irrigation based on
pan evaporation in the experiment was performed
on 20.09.2012 and 19.12.2012 respectively. The
plants were irrigated 34 times including the irriga-
tions not based pan evaporation.
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The experimental design

(F1) (Feeding of fertilizer during the whole irrigation cycle)

(F2) (Feeding of fertilizer solution during the first half of irrigation cycle)

cycle)
Water

cycle)

(F3) (Feeding of fertilizer solution during the second half of irrigation

(F4) (Feeding of fertilizer solution between 1/4'th and 3/4'th irrigation

I -

Water
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(F5) (Injection of fertilizer solution immediately upon start of irrigation
Water
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FIGURE 3

Fertigation strategies used in the study
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The amount of water use of cucumber was
computed based on water budged. The amount of
water measured at 45 cm depth was considered
deep percolation [16]. Five different fertigation
strategies identified, based on changing the timing
of feeding in the cycle of irrigation. The strategies
are shown in Figure 3.

In order to determine the amount of nitrate-
nitrogen (NO3-N) in the soil, before and after ferti-
gation, soil samples were taken from three different
depths (15, 30 and 45) just under the dripper and 20
cm away from the dripper. Previous studies [17]
indicated that the root system of the cucumber plant
was developed in the upper 30 cm layer of soil and
the root density was mostly concentrated at the
upper 15 cm depth of the soil. For this reason, the
amount of NOs-N at the depth of 45 cm below the
dripper and 20 cm away from the dripper, which
was just the edge of wetting front horizontally de-
termined after visual inspection, was considered to
be leached.

The amount of NO3-N was determined using
the DR 2800 spectrophotometer (Hach, USA) ac-
cording to the Cd reduction method [18]. Plant
height and plant stem diameter (bottom, middle and
top part) were measured every two weeks to deter-
mine the response of the cucumber plant to fertili-
zation at different times in the experiment. Four
plants were identified from each treatment and a
total of 20 plants were used to measure for height
and diameter. The plant length was measured by the
meter. The stem diameter was measured by digital
caliper. Harvesting at the experiment was started on
28 September 2012 after 28 days of planting. Be-
tween September 28 and December 20, crops were
harvested 21 times. After each harvest, the fruit
diameter and length were measured taking samples
of 5 fruits from each treatment. The experimental
data were analyzed by the General Linear Model
(GLM) wusing Statistical Analysis Software,
(SAS/STAT). Duncan’s Multiple Range test was
used, if necessary, to separate the means of the data
at 0.05 level of significance.

RESULTS AND DISCUSSION

Applied Irrigation Water and Crop Water
Use. The time course of applied water in each irri-
gation and cumulative applied irrigation water is
shown in Figure 4. As given in materials and meth-
ods section, the amount of irrigation was equal to
the amount of evaporation in Class A Pan located
inside the greenhouse.

The amount of irrigation water declined de-
pending on decreasing evaporation. The amount of
evaporation measured in four days was as much as
20 mm in beginning of growing season which is in
first half of September while it was measured as
much as 5 mm in four days towards to the end of
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the growing season in the second half of December.
The pan evaporation values obtained in the experi-
ment was in agreement with those of Fernandez et
al. [19] under similar environmental conditions. Pan
evaporation values were determined by Fernandez
et al. [19]. as 2.5 for autumn and 1.1 mm day™ for
winter growing season.

—e— Applied irrigation water (mm)

—i— Cumulative Pan Evaporation (mm)
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FIGURE 4
Applied irrigation water and cumulative pan
evaporation
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Change in soil water content
TABLE 3
Components of water balance during the
experiment.
Applied Soil water Crop
irrigation depletion gesrzrgf;)c ola- water use
water (mm)  (mm) ° (mm)
310 24 64 270
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The amount of applied irrigation water, de-
pleted soil water, the amount of percolated water
and seasonal water use throughout the experimental
period are given in Table 3. The amount of crop
water use in the whole growing season which
equals 110 days from planting to the time when
experiment ended was 270 mm. The average daily
water use was equal to 2.45 mm while daily applied
water was 2.82 mm. In a study conducted in Cyprus
by Nikolaou et al. [20] under greenhouse conditions
in spring growing season reported applied water as
much as 180 mm in ten week periods which corre-
sponds to daily average applied irrigation water of
2.57 mm.

The change in soil water content at the point
20 cm away from dripper before and after irrigation
event during the experiment is presented in Figure
5. The soil water content in the beginning of the
experiment when crop is not grown fully was
somewhat higher than field capacity resulting per-
colation of some of the irrigation water. When crop
growth is fully completed, soil water content did
not reach field capacity after irrigation meaning that
the amount of applied water is not enough to meet
crop water requirement. In another words, in most
of the experimental period, soil water movement
occurred under unsaturated conditions which is
slower than that of the saturated conditions usually
occurred in the beginning of the experimental peri-
od.

Yield and Yield Parameters. Cumulative
plant height is presented in Figure 6. Year-end plant
height, total yield, average fruit diameter, average
fruit length, and average stem diameter are statisti-
cally analyzed. It was found that the fertigation
strategies did not affect statistically all of the pa-
rameters mentioned.

The year-end plant height ranged from 359 cm
(F1) to 394 cm (F5). The total yield varied between
15.05 ton da! (F3) and 16.66 ton da™' (F1). Cakir et
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al. [21] and Alomran et al. [22]) reported cucumber
yield of 10.71 and 15.0 ton da’!, respectively, for
similar conditions. Fruit diameters ranged from 3.0
(F2) to 3.16 (F3) cm while fruit lengths varied be-
tween 16.20 (F2) and 16.67 (F5) cm. In similar
environmental conditions and cultural practices,
Wang et al. [23] reported for the fruit diameter and
the fruit length of 3.23 cm, 20.3 cm, respectively.

Accumulation and Leaching of NOs3-N. The
amount of NOs3-N obtained from two different
points (under the dripper and 20 cm away from the
dripper) and three different soil depths (15, 30, and
45 c¢cm) was given in Table 4. The amount of NO3-N
increased as soil depth increases in soil samples
taken from the point under the dripper meaning that
NOs-N moving downwards. In addition, the amount
of NOs-N increased at location 20 cm away from
the dripper. This was the result of accumulating the
NOs-N towards the edges of the wetting front. Li et
al. [24] reported also that nitrate is accumulated
toward the boundary of the wetted volume for dif-
ferent fertigation strategy.

Statistical evaluation of NOs3-N at different
depths depending on fertigation strategies is pre-
sented in Table 5. It was determined that the effect
of different fertigation strategies and the interaction
between soil depths and fertigation strategies on
average NOs-N distribution under the dripper is not
significant (Table 5a). However, the amount of
NOs-N at different depths was found significant (P
<0.01). The highest mean NO3-N value was deter-
mined at 45 cm (4.80 mg kg!). There was no sig-
nificant difference in the amount of NOs-N in other
soil depths (15 cm-2.26 mg kg! and 30 cm 2.80 mg
kg™"). The vertical distribution of NOs-N in F2 and
F4 strategies were relatively uniform. However, the
amount of NOs3-N at the depth of 45 cm soil layer in
F1, F3, and F5 strategies are statistically different.
This means that NO3-N is leaching from those
strategies.

30-Oct 14-Nov

a—F4

29-Nov
—a—F5

14-Dec

FIGURE 6
Cumulative plant height measured during experiment
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TABLE 4
The amount of NO3-N (mg kg™') obtained from two different points (under the dripper and 20 cm away
from the dripper) and three different soil depths (15, 30, 45 cm)

Fl1 F2 F3 F4 F5
Date ?:Elt)h Horizontal distance from the dripper (cm)
0 20 0 20 0 20 0 20 0 20
15 0.91 25.17 2.16 16.10 0.91 1.93 1.14 0.91 1.70 12.59
19.09.2012 30 1.59 22.34 1.36 7.94 1.14 4.65 0.57 0.68 1.02 5.11
45 3.40 16.22 0.91 20.86 227 10.21 1.02 1.36 2.16 18.03
15 091 3.06 1.59 20.18 1.36 4.54 0.91 8.73 1.70 6.81
21.09.2012 30 0.23 1.82 1.02 11.11 1.02 3.06 0.91 6.92 0.91 6.92
45 0.34 1.48 3.40 10.09 3.06 1.93 1.36 8.73 1.70 6.35
15 1.02 0.68 1.02 1.02 1.14 21.43 0.57 9.98 0.46 4.08
04.10.2012 30 1.48 2.27 1.02 1.14 4.88 15.65 0.91 5.45 0.80 4.65
45 2.61 3.74 2.04 1.48 14.17 17.46 0.80 11.91 1.59 16.44
15 1.14 1.14 1.36 2.38 0.80 1.02 2.04 1.59 0.80 1.02
06.10.2012 30 1.14 1.02 1.02 3.06 1.93 1.36 0.80 2.27 0.80 1.25
45 1.25 1.82 1.48 3.97 1.14 3.74 1.14 4.43 0.80 2.72
15 0.91 23.70 1.02 26.31 0.80 9.53 4.65 3.74 0.57 6.69
18.10.2012 30 1.36 31.07 1.14 11.79 2.50 431 1.02 1.02 0.80 3.29
45 2.04 22.34 1.14 7.03 4.99 0.80 1.14 6.01 1.02 2.84
15 0.80 6.81 091 10.55 0.91 4.65 1.14 9.98 1.59 15.76
20.10.2012 30 1.02 2.27 1.93 9.64 1.25 1.25 1.36 5.67 2.61 9.98
45 1.59 431 4.65 18.26 1.70 1.82 1.48 13.83 4.88 10.09
15 0.91 23.81 0.91 13.38 2.50 14.17 0.80 13.15 0.46 3.52
07.11.2012 30 1.02 19.28 3.97 12.25 6.69 15.31 1.48 9.19 1.02 3.40
45 4.43 20.75 3.18 21.09 18.71 12.47 1.93 10.89 1.93 3.40
15 3.52 14.86 2.38 29.59 2.95 8.51 8.73 10.43 1.93 23.13
09.11.2012 30 5.67 8.28 2.84 25.17 4.65 4.54 7.15 12.93 2.95 22.90
45 7.15 7.83 6.01 20.52 10.21 3.97 12.13 10.21 3.63 28.23
15 1.36 31.63 2.27 2.38 2.04 19.50 0.91 9.19 0.68 1.02
21.11.2012 30 2.27 30.73 3.74 3.86 2.16 16.10 1.70 8.51 0.80 2.84
45 11.57 22.90 6.01 4.54 2.50 10.43 2.16 6.13 1.02 4.88
15 6.13 1.93 4.99 8.17 227 10.89 4.43 9.07 0.91 22.56
23.11.2012 30 1.82 5.79 4.08 6.47 1.82 12.47 5.33 14.29 2.38 23.24
45 2.16 1.59 6.24 12.47 2.38 12.93 6.47 10.43 443 26.76
15 2.61 31.07 443 13.38 3.52 17.01 1.82 14.06 1.02 13.72
05.12.2012 30 3.52 32.54 4.08 13.04 3.06 17.46 1.25 9.98 2.95 5.11
45 9.19 23.47 6.47 12.93 20.30 19.16 1.36 18.03 2.27 3.18
15 2.72 8.39 2.95 21.77 3.29 12.13 3.18 13.04 1.14 5.79
07.12.2012 30 3.86 7.71 4.08 18.94 3.97 8.28 2.72 15.42 1.25 5.11
45 8.39 6.01 3.29 21.09 2.61 10.32 4.99 16.10 2.16 9.98
15 4.43 33.22 8.62 31.18 3.18 22.22 1.70 10.89 3.40 20.30
18.12.2012 30 6.13 33.79 7.94 28.23 3.63 23.58 2.72 12.59 3.97 15.31
45 8.28 24.15 21.32 32.31 3.97 14.06 2.61 9.19 17.80 10.55
15 5.11 10.55 5.79 21.77 3.74 10.55 5.56 8.85 1.70 11.11
20.12.2012 30 8.51 10.09 12.47 17.35 2.50 9.30 9.87 8.73 4.08 10.89
45 8.62 8.17 8.28 12.25 2.38 3.74 9.19 9.87 7.26 10.32

Unlike NO3-N determined under dripper, the
effect of different fertigation strategies on NO3-N
distribution at depths 20 cm away from the dripper
is statistically significant (P <0.01) (Table 5b). The
interaction and vertical distribution of NO3-N were
not significant. However, the mean amount of NOs-
N determined 20 cm away from the dripper is rather
higher than that of the values found under the drip-
per indicating that NO3-N is moving towards edge
of wetting front. The highest NO3;-N was obtained
from F1 (14.04 mg kg!) and F2 (13.98 mg kg')
strategies.

The amount of NOs3-N leached during the
growing season is given in Table 6, while statistical
evaluation of total leached NOs-N at the end of the
growing season is presented in Figure 7, and 8§,
under the dripper and 20 cm away from the dripper,
respectively. All of the leached NOs-N at the depth
of 45 cm at the end of the growing season together
with the statistical evaluation is depicted in Figure
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9. It was found that the effect of fertigation strate-
gies on NO;-N which was leached is statistically
significant. Usually, in the fertigation applications
towards the end of the growing season the leaching
amount of NOs-N increased (Table 6). Even be-
tween fertigation applications, nitrate continued to
move since it is highly mobile.

The highest leached amount of NO3-N under
the dripper was found to be in F3 (fertigation in the
second half of irrigation cycle) (Figure 7) while it
was in F2 (fertigation in the first half of irrigation
cycle) for the point 20 cm away from the dripper
(Figure 8). The least leached NO3-N under the drip-
per was found to be in F4 (fertigation of fertilizer
solution between 1/4'th and 3/4'th irrigation cycle)
strategy (Figure 7) while it was in F3 strategy for
the point 20 cm away from the dripper (Figure 8).
In the F3 strategy, NOs3-N is transported mostly
under saturated soil water conditions while in F2, it
is
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TABLE 5
Statistical evaluation of average NOs-N (mg kg™') values obtained during the growing season at different
fertigation strategies and depths

(a) Under the dripper

Depth (D) of Fertigation Strategies (FS) P>F Mean of
Sample Fl1 F2 F3 F4 F5 Depths

15 2.32 b 289 2.10 b 2.68 1.29 b ns 2.26 b
30 2.83 b 362 2.94 b 2.70 1.88 ab ns 2.80 b
45 5.07 a 532 6.46 a 341 3.76 a ns 4.80 a
P>F * ns * ns *

Mean of FS 3.41 3.94 3.83 2.93 2.31

Significance level Fertigation Strategies (FS): ns Depth (D): ** FS x D: ns

(b) 20 cm away the dripper

Depth (D) of Fertigation Strategies (FS) P>F Mean of
Sample Fl1 F2 F3 F4 F5 Depths

15 15.43 15.58 11.29 8.83 10.58 ns 12.34

30 14.93 12.14 9.81 8.12 8.57 ns 10.71

45 11.77 15.58 8.79 9.79 10.98 ns 11.10

P>F ns ns ns ns ns

Mean of FS 14.04 A 1398 A 9.6 B 891 B 10.05 B

Significance level Fertigation Strategies (FS): ** Depth (D): ns FS x D: ns

The capital letters show the comparison of the averages given along the horizontal (along the row) at the 5% significance level according
to the Duncan test. The small letters are given in vertical (along the column) and the capital letters given in horizontal (along the row)
show the comparison of the averages at the 5% significance level according to the Duncan test.

* F%:9%S5, %1 significance level of probability, respectively. ns: not significant.

TABLE 6

The leaching amount of NOs-N (mg kg") during the growing season

Fertigation Strategies

Time F1 F2 F3 F4 F5
Horizontal distance from the dripper (cm)
0 20 0 20 0 20 0 20 0 20
19.09.2012 34 16.2 0.9 20.9 2.3 10.2 1.0 1.4 22 18.0
21.09.2012 0.3 1.5 34 10.1 3.1 1.9 1.4 8.7 1.7 6.4
04.10.2012 2.6 3.7 2.0 1.5 14.2 17.5 0.8 11.9 1.6 16.4
06.10.2012 1.3 1.8 1.5 4.0 1.1 3.7 1.1 44 0.8 2.7
18.10.2012 2.0 22.3 1.1 7.0 5.0 0.8 1.1 6.0 1.0 2.8
20.10.2012 1.6 43 4.7 18.3 1.7 1.8 1.5 13.8 4.9 10.1
07.11.2012 44 20.8 32 21.1 18.7 12.5 1.9 10.9 1.9 34
09.11.2012 7.2 7.8 6.0 20.5 10.2 4.0 12.1 10.2 3.6 28.2
21.11.2012 11.6 229 6.0 4.5 2.5 10.4 22 6.1 1.0 4.9
23.11.2012 22 1.6 6.2 12.5 2.4 12.9 6.5 10.4 44 26.8
05.12.2012 9.2 23.5 6.5 12.9 20.3 19.2 1.4 18.0 2.3 32
07.12.2012 8.4 6.0 33 21.1 2.6 10.3 5.0 16.1 22 10.0
18.12.2012 8.3 24.2 21.3 32.3 4.0 14.1 2.6 9.2 17.8 10.6
20.12.2012 8.6 8.2 8.3 12.3 2.4 3.7 9.2 9.9 7.3 10.3
Total 71.0 164.8 74.4 198.9 90.4 123.0 47.8 137.1 52.7 153.8
120 Under the Dripper P>F: ** 300 20 cm away the Dripper P>F: **
100 s =0
R = a
7,80 b b I
o o c
5 3 150 d
= 60 d c = e
o} o
Z 40 Z 100
20 50
0 0
F1 F2 F3 F4 F5 F1 F2 F3 F4 F5
FIGURE 7 FIGURE 8
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conveyed under unsaturated soil water conditions.
Since the hydraulic conductivity was high under
saturated conditions, the fertilizer carried out by
irrigation water very fast and the fertilizer was
transported deeper than the targeted root zone.

The total amount of nitrogen leached was sig-
nificantly affected by the fertigation strategies
(p<0.05) (Figure 9). The highest amount of leached
NOs-N was observed in F2 strategy while the least
was found in F4 strategy. Hanson et al. [25] report-
ed that NO3-N was more uniformly distributed in
the root zone of the plant by fertigation during the
irrigation cycle. Also, Hou et al. [26] suggested that
fertilizers should be given at the beginning of the
irrigation for efficient use of the nitrogen. The re-
sults obtained in this study contradicts to the previ-
ous studies and shows that fertilizers should be
given between 1/4'th and 3/4'th irrigation cycle to
obtain relatively more uniform NO3-N distribution
in the root zone to minimize the amount of NO3-N
that was leached.

CONCLUSION

In this study, the amount of NOs-N leaching in
the soil and its effect on yield and yield parameters
of cucumber were investigated by differentiating
the mixing time of the fertilizer solution in the
irrigation cycle under different fertigation strategies
under the greenhouse conditions. Five different
fertigation strategies, namely feeding of fertilizer
solution during the whole irrigation period (F1),
feeding of fertilizer solution during the first half of
irrigation period (F2), feeding of fertilizer solution
during the second half of irrigation period (F3),
feeding of fertilizer solution between 1/4'th and
3/4'th irrigation period (F4) and injection of fertiliz-
er solution immediately upon start of irrigation
period (F5) were applied. The amount of NOs-N in
the soil was determined by soil samples made in
two different zones (under the dripper and 20 cm
away from the dripper) and three different depths

Q

T

M

(AR AR
mmnhhmnnmmnniminiimi

I
i mmhii—i

F3

-n
H
-n
(&)

Treatments

FIGURE 9
Effect of different fertigation strategies on total NO3-N leaching
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(15, 30 and 45 cm). In the experiment, it was found
that different fertigation strategies did not affect
plant yield parameters (cumulative yield, plant
height, fruit length, fruit diameter and stem diame-
ter) but it affected the amount of NOs-N leached
from the root zone. The NOs-N leaching results
were determined to be F3> F2=F1= F5> F4, ac-
cording to analyzes made from soil samples at a
depth of 45 cm under the dripper. At the point 20
cm away from the dripper, NO3-N leaching was
determined as F2>F1>F5>F4>F3. When total
amount of leached NOs-N is taken into account, it
was found that F2>F1>F3>F5>F4. In order to in-
crease marginal utilization and reduce NO3-N
leaching from cucumber root zone as well as not to
cause ground water pollution, fertigation applica-
tions should be carried out in the middle of irriga-
tion period (F4 strategy).
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