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Abstract
The experiment aimed at studying the impact of type of fertilizer application and irrigation techniques on the yield

parameters of spring potatoes by using 15N. In 1997 and 1998, a potato crop (Spunta) was planted in a clayey soil in Tell
Amara, Central Beqaa, in a randomized block design. It consisted of five treatments and four replicates. The goal of the
research was to study the effect of three rates of N fertigation (Nl = 240, N2 = 360, N3 = 480 kg N/ha for 1997 and
Nl = 120, N2 = 240, N3 = 360 kg N/ha for 1998) on potato performance and production, comparing full fertigation with
conventional fertilizer application and irrigated with drip and macro sprinkler. Water demands and irrigation were scheduled
according to the mean annual potential evapotranspiration in 1997 and Class A pan in 1998, and monitored by the neutron
probe and tensiometers. The results show that, at harvest, both crops followed the same yield pattern. The highest tuber yield
was obtained from Nl and the lowest from N3. These values were 58 ton/ha for 1997 and 32.5 ton/ha for the 1998 trial. The
1998 spring crop was more efficient in terms of N utilization. The reduction of N input in Nl resulted in 90% N-fertilizer
recovery. In the treatment with soil N application, drip irrigation saved up to 50% of water and improved the efficiency of
removed N. Starting from the 89th day after planting, sprinklers caused a significant difference in NO3- concentration leached
beyond 60 cm depth. Thus, fertigation was superior with regard to fertilizer and water saving and it decreased the risk of
N building up in the soil and shallow groundwater resulting in pollution.

1. INTRODUCTION

In Lebanon cash crops are fertilized by soil application of complex, low solubility fertilizers
and irrigated by macrosprinklers. The average yields of most crops are relatively low: 40 ton/ha for
citrus and 20-25 ton/ha for potato [1,2]. In 10 years, the total water consumption in Lebanon is
expected to reach 3,400 million m3 [3]. The average available surface and ground water is less than
300 million m3 [4]. Nutrient and water use efficiency can be improved through fertigation with micro
irrigation systems [5]. The efficient use of irrigation water and fertilizers is essential to keep food
supply in balance with the increasing demand on environmentally sound practices [6]. Increasing crop
production with the improvement of its quality and reduction in the cost is becoming a problem for
the sustainability of agriculture in Lebanon. This implies increasing both fertilizer and water use
efficiencies.

Such conditions also apply to potato, as an important cash crop in Lebanon. It is a major
winter crop on the coastal area, and spring and summer crop in the Beqaa Valley. The area which is
cultivated with potato in Lebanon is 14,580 ha [7], of which 67.4% is located in the Beqaa Valley.

The rates of fertilization and irrigation of cash crops in Lebanon are not based upon the
results of local research and conclusions. In fact, farmers apply 1,700 kg/ha of compound NPK
(300 kg N/ha) fertilizers split into two applications and irrigated for 8-12 hours/week with macro
sprinklers, regardless of the crop development stage, weather conditions, the soil type and expected
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yield. This could result in overfertilization and excessive irrigation contributing to lower water and
fertilizer use efficiency and possible ground water contamination by nitrate. The implementation of
fertigation on potato is an actual and important issue to secure higher yields with better quality on an
economically and environmentally safe ground. For these reasons, this study was conducted aiming at
establishing the N demands, water and fertilizer use efficiencies of spring potato in the main growing
region of the Beqaa valley, as affected by N input, methods of fertilizer application and irrigation
technique.

2. MATERIALS AND METHODS

A field experiment involving the use of labelled N fertilizers with the heavy isotope 15N and
aiming at studying the impact of different rates of N on the yield of the Spunta H (Hettema) potato
variety was undertaken. The trials were conducted on a non-calcareous clay, 0-2%, montmorillonitic
Typic Xerorthent soil (Table I) at the National Institute for Agronomic Research (Tell-Amara station)
in the Central Beqaa Valley, Lebanon, in the spring of 1997 and 1998. For both seasons, sowing was
conducted in early May and tubers harvested towards the end of August.

TABLE I. SOIL CHARACTERISTICS OF THE EXPERIMENTAL SITE

Location

Tell-

Amara

Station

Depth
(cm)
0-20

20-40

40-60

pH
(1:2.5)

8.0

7.9

8.0

EC
(dS/m)

0.44

0.44

0.46

Clay

42

42

42

Silt

32

32

32

Sand

25

25

25

O.M

1.2

1.1

1.0

P
(mg/kg)

28

28

28

K

360

360

370

Total N

0.147

0.147

0.123

The practice of the Lebanese farmers consists of irrigating potatoes through macro sprinklers
(nozzles 5/32 or 5/36 and discharge 1.6 mVhour), for 8 hours, once a week, between sowing and
emergence. During the next fifteen days, the duration of irrigation is increased until 10 hours weekly
to reach, in general, 12 hours/week during the rest of the season. So, Ncs (N control sprinkler) was
fertilized similarly to Ned (N control drip) but it was irrigated according to the practice of the farmers.

2.1. Treatments

Irrigation was scheduled according to the mean annual potential evapotranspiration [8] in
1997 and Class A-pan in 1998. The crop fractions were applied according to [5].

The treatments of the 1997 trial consisted of 3 N application rates: Nl = 240 kg N/ha, N2 =
360 kg N/ha and N3 = 480 kg N/ha (Table II). Based on the results of the first year, the rates of N
were reduced in the 1998 trial to become: Nl = 120, N2 = 240, N3 = 360 kg N/ha. For comparison of
the two irrigation techniques, two control treatments were included in the study and both received the
same N fertilization rate as N2 but as soil application. One of the treatments was irrigated with the
macro sprinkler (Ncs), while the other was irrigated with a drip system (Ned).

The concentrations of P and K were kept fixed in all treatments and were equivalent to 200
and 400 kg/ha, respectively. The design of both experiments was a RBD, with 5 blocks and
4 replicates. The dimensions of each plot were 4.5 x 9 m. In each plot 6 rows were planted at a
density of 25 x 75 cm. i.e., a total of 216 plants/plot of which 144 plants were effective.

2.2. Isotope studies

The use of labelled fertilizers provides a direct method for the evaluation of N and P uptake
by different plant species [9]. In each plot, a small area (microplot) was designated for 15N
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application. Microplots or isotope plots usually cover the smallest possible area to obtain a
representative sample for the estimation of the isotopic parameters [10]. Microplots, with an area of
1.125 m2 each, consisting of 6 plants in 1997 and 1.5 m2 and 8 plants in 1998, were chosen from the
middle rows. Microplots were fertigated with -1.5% 15N atom excess, applied as ammonium sulfate.
For data collection and estimation of N fertilizer recovery, only the protected plants were chosen: 2 in
1997 and 4 in 1998.

TABLE II. METHODS OF FERTILIZER APPLICATION AND IRRIGATION TECHNIQUES

Treatments Irrigation

system

Fertilizer

application

N (kg/ha)

1997 1998

P

(kg/ha)

K

(kg/ha)

Ncs

Ned

Nl

N2

N3

Macro Spray

Drip

Drip

Drip

Drip

Soil

Soil

Fertigation

Fertigation

Fertigation

360

360

240

360

480

240

240

120

240

360

200

200

200

200

200

400

400

400

400

400

04-

13 Spring 1997

1 Spring 1998

NO Ncs Ned N1

Treatment

N3

FIG. 1. Fresh tuber production at physiological maturity of fertigated spring potatoes in Central
Beqaa, Lebanon.

3. RESULTS

3. 1. Tuber fresh yield

In both trials, the fresh tuber production at physiological maturity followed the same pattern (Fig. 1).
However, no significant difference was among the treatments. In both cropping years, Nl and Ned
gave a slightly higher yield. This trend indicates the possibility of reducing the N input under potato
in the Beqaa plain, where the built up of soil N could be mobilized and used as additional reserve,
beside the N present in the irrigation water.

The results imply the possibility of a more efficient use of nutrients and water by fertigation
or by a simple shift to localized irrigation techniques. Beside, as long as no significant increase of
yield with higher inputs was obtained, there is a rational or a potential for decreasing the water and
N doses applied to potatoes in the Beqaa Valley. This must help water saving, reducing the cost of
production and preventing hazards related to the buildup of nutrients in the soil and their possible
transfer to the groundwater.
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3.2. Tuber size and specific gravity

The best commercial tubers were obtained by the lowest N input in both years (Table III),
with the dominance of the elite category (>50% in 1997 and >40% in 1998).

As at maturity, this was influenced by the N fertilization rate. According to the results, a low
N input reduced the life period of the plant and accelerated the maturity of the tubers, whereas high N
levels had a delaying effect on plant senescence. However, the specific gravity values were not
significantly affected by an increasing N level, suggesting a comparable level of tuber maturity. But,
excess water could have resulted in a lower dry matter (DM) content, as it decreased by 2.2% in the
treatment irrigated by sprinklers as compared to the drip system, in 1997 only (Table IV). The
comparison of the mean DM and SG values of all treatments irrigated by drip with those values
obtained from the macro sprinkler treatment demonstrates a possible trend between the irrigation
practice and these important yield components.

TABLE III. DISTRIBUTION OF MARKETABLE TUBERS (% OF TOTAL)

Treatment Ned N l N2 N3

97 98 97 98 97 98 97 98

<4cm ITo 7?71 IOTO 9!93 122 11.25 UA 10.49

4-6 cm 36.0 52.85 32.5 45.74 41.2 51.76 33.8 49.22

>6cm 51.0 39.44 57.5 44.33 46.6 36.99 53.1 40.29

TABLE IV. MEAN
IRRIGATION

Characteristics

TUBER CHARACTERISTICS

Drip

1997 1998

AS AFFECTED BY

Sprinkler

1997

THE METB

1998

Specific gravity

Dry matter (%)

Starch content (%)*

1.08

20.2

13.8

1.07

16.65

10.40

1.07

18.0

11.8

1.06

16.25

10.05

*: Conversion from specific gravity according to [l l ] .

As reported in the literature, increased levels of N fertilizers results in a decreased dry matter
and starch content [12,13,14]. The results show that these criteria did not lead to a significant
difference with regard to the way of fertilizer application. However, the irrigation techniques and
water amount revealed a trend of priority for the drip systems.

3.3. Dry matter production

With different N rates, ways of fertilizer application and irrigation techniques, the dry matter
production showed a trend of decrease with the excess N input (Table V). For the same N rate and
application, the drip irrigated treatments showed a priority in terms of dry matter accumulation in the
tubers.
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TABLE V. TUBER DRY MATTER PRODUCTION OF SPRING POTATOES (kg/ha) WITH
DIFFERENT MANAGEMENT OF WATER AND NUTRIENT INPUTS
Treatment

1997

1998

NO

9192

5022

120

kgN/ha

5460

240

kgN/ha

11788

4506

360

kgN/ha

9511

3714

480

kgN/ha

10149

Ncs

7898

5059

Ned

11072

5215

3.4. Interactions between water applied, consumed water and dry matter production

The amount of water applied by fertigation through the drip system was 497 mm
(93.19 L/plant) for the 1997 spring potato and 495 mm (92.81 I/plant) for 1998 (Table VI). The
treatment with the macro sprinkler system, widely practiced by Lebanese farmers, received 839 mm
(157.3 L/plant) and 879 mm (164.81 L/plant) for 1997 and 1998, respectively. This result illustrates
the possibility of water saving. As an intermediate phase towards full fertigation practices, the
reliance of drip irrigation coupled with the same fertilizer application technique could be an
alternative.

Efficiency of water application and use

With the expected future scarcity of water, it is crucially important to plan land use
considering water availability and crop water consumption in close relation to farmers' income. A
comparison between both irrigation systems shows an extremely higher water application for the
production of one unit of dry matter with the sprinkler system as compared to the drip system (Fig. 2).

Q

2500

2000-

3 1500-

~ 1000-

| 500

H Spring 1997

0 Spring 1998

Ncs Ned N1 N2

Treatment

N3

FIG. 2. Amount of applied water to produce one unit of consumable product for spring potato in
Central Beqaa, Lebanon

Therefore, productivity was significantly higher for the latter. Consequently, more important water
losses occur under the macro sprinkler system (Table VII).

Water saving to produce the same tuber dry matter of the spring crop varied about 100% in
both trials. These results suggest a further saving on the recommended water input as this amount is
far below the recommended value (750 mm) and actually applied amount (~840 mm) of water for the
spring crop, according to the practice of farmers. This was a further improvement on previous
research showing that the water demand of potatoes did not exceed 650 mm [15].
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TABLE VI. WATER REQUIREMENTS OF SPRING POTATO IN CENTRAL BEQAA, LEBANON

Days After Sowing

Spring 1-15 16-30

Crop Fraction*

0.4 0.7

31^5

0.9

Applied Water by Drip (I/plant)

Spring 97 7.8 15.15

Spring 98 8.01 13.96

20.96

19.43

Applied Water by Sprinkler (I/plant)

Spring 97 21.6 23.6

Spring 98 17.14 18.86

35.4

34.0

46-60

0.8

18.80

19.84

23.6

36.0

61-75

0.7

15.33

16.73

23.6

29.4

Total (mm)

75-105

0.7

15.16

14.84

23.6

29.4

497.0

495.0

839.0

879.0

[5]

TABLE VII. WATER APPLICATION AND CONSUMPTION (mm) BY POTATO IN THE 1998
SPRING SEASON IN CENTRAL BEQAA, LEBANON

Treatment

Ncs
Ned
N2

Applied
Water

879
495
495

Effectively
applied (ef)

water
615 •

445
445

Consumed
Water

343.3
404.5
350.8

Leached
mm %

271.7
40.5
94,2

Water
from (ef)

44.2
9.1

21.2

o
o
o

Q

<5
.Q
3

1.80 -
1.60 -
1.40 -
1.20 -
1.00 -
0.80 -•
0.60 •
0.40 -
0.20 -I
0.00 4-

NO Ncs Ned N1

Treatment

N2 N3

FIG. 3. Efficiency of consumed water per unit tuber dry matter production for spring potato in central
Beqaa, Lebanon (1998).

However, calculation of the efficiency in relation to the consumed amount of water revealed
the least consumed water per unit dry matter production for the lowest N input in 1998. The highest
consumption was observed for NO (Fig. 3). It seems that in the absence of N, the crop transpiration
increased. Within the current soil fertility background and the nitrate content in the irrigation water, a
more efficient use of consumed water was noticed for the lowest N application rate (Nl).
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3.5. Aspects of nitrogen use efficiency

3.5.1. Nitrogen content

The total N content in the potato plants at physiological maturity showed significant
differences only for the aboveground parts of the 1997 season (Table VIII).

TABLE VIII. TOTAL N CONCENTRATION (% DRY MATTER) IN POTATO AT
PHYSIOLOGICAL MATURITY

Treatments

Ncs

Ned

Nl

N2

N3

Foliage

1997

2.53 b

2.93 a

3.35 a

3.61a

3.99 c

1998

4.89

3.64

3.60

4.34

4.59

1997

1.07

1.37

1.53

1.61

1.52

Tubers

1998

2.48

2.02

1.09

2.19

2.21

Means within a column followed by the same letters are not statistically different at the 5% level.

The excess N input (N3 = 480 kg N/ha, in 1997) resulted in a different accumulation of N in
the above-ground parts and not in the tuber yield, causing a delayed maturity in N3 with an important
vegetative growth. This fact could have slowed down the translocation of nutrients to the sink.
However, with a lower fresh tuber production, the 1998 trial showed an increase in N concentrations
in both parts of the potato crop.

A lower N concentration was noticed in Ncs of the 1997 trial, due to reduced water use
efficiency following the overirrigation by the macro sprinkler system. As a possible consequence,
plants in Ncs had a vigorous growth reflected by the dilution effect on the N concentration in the
aboveground parts. This resulted in an N concentration as low in Ncs as 0.45% in the consumable
product with, however, no significant difference in comparison with N2. Such an effect was
confirmed in the 1998 trial where 240 kg N/ha for Ncs presented a reverse picture.

Consequently, the potato cropping system with 360 kg N/ha applied to the soil and irrigated
with the macro sprinkler system may only increase the cost of production. Considering the current
land use and practices at the farmers' level, a relatively low efficiency of water and fertilizers might
result in a low net return. This could threaten the sustainability of agriculture in Lebanon.

3.5.2. Fertilizer N utilization

With equal amounts of nutrients, N2 and Ned were more efficient than Ncs (Tables IX and
X). The amount of water applied with the drip was 44% less than that applied with the macro
sprinkler (Table VII), confirming once more the efficiency of the localized system in controlling
water and nutrient supply. Moreover, since it can efficiently be applied in all types of areas -
undulating terrain, rolling topography, hilly areas, shallow soils and water scarce areas - a concerted
policy should be formulated to increase the area under drip irrigation by taking into account both the
availability of irrigation water and the demographic expansion [16].
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TABLE IX. NITROGEN REMOVAL AND RECOVERY BY THE OVER GROUND PARTS OF
SPRING POTATO (Mean values from 4 replicates)

Cropping
System

Spring
1997

Spring
1998

Treatment

Ncs
Ned
Nl
N2

. N3
Ncs
Ned
Nl
N2
N3

DM yield
(kg/ha)

3924.5a
4250.4a
2445.5a
2517.5a
2152.8a
3609.5
2906.0
2487.7
2835.8
2896.9

N yield
(kg/ha)

109.9a
128.0a
081.2a
089.2a
087.3a
183.3a

107.2ab
88.15ab
123.3ab
135.lab

Ndff%

38.70a
49.20a
38.51a
44.30a
50.80a
52.7a
28.9b
63.2a
57.4a
62.1a

Fertilizer
N yield
(kg/ha)
42.3a
63.3a
31.3b
38.1a
44.9a
92.8
34.0
55.6
68.8
86.4

% Fertilizer
N Utilization*

11.8a
17.6a
13.0a
10.6a
09.4a
38.7a
14.2b
46.3a

28.7ab
24.0ab

- Within each cropping season, values followed by the same letter have no statistically significant difference.
*- %Fertilizer N Utilization is the ratio of fertilizer N yield to the N rate of application.
- %Ndff: N derived from fertilizer.

TABLE X. NITROGEN UPTAKE AND RECOVERY BY POTATO TUBERS.

Cropping
System

Spring
1997

Spring
1998

Treatment

Ncs
Ned
Nl
N2
N3
Ncs
Ned
Nl
N2
N3

DM
yield

(kg/ha)
7979.2
8266.6
7076.6
8387.9
5512.6
4364.8
6260.0
5474.6
5617.8
5308.4

N yield
(kg/ha)

111.0
108.3
108.8
135.0
081.5
106.2
122.3
109.3
122.1
116.8

Ndff
%

38.2a
46.5a
23.5b
41.5a
50.1a
48.1a
29.5b
50.8a
51.8a
55.8a

Fertilizer
N yield
(kg/ha)

42.5
51.6
26.6
56.0
40.9

50.5ab
35.8b
52.6ab
63.7a
64.3a

% Fertilizer N
Utilization*

11.76
14.32
11.09
15.55
08.51
21.1b
15.0b
43.9a
26.5b
17.9b

* % Fertilizer N Utilization is the ratio of fertilizer N yield to the N rate application.
- % Ndff: N derived from fertilizer

On the other hand, the Nl (120 kg N/ha) treatment in the 1998 trial appeared to be more
attractive than both treatments receiving the middle level of N (Ncs, Ned and N2) in terms of fertilizer
utilization. This rate was also more suitable from the economical as well as the public health and
environmental point of view. It is worth mentioning the low fertilizer N yield and fertilizer
N utilization of the Ned treatment in the 1998 trial. It seems that applying the full N dose (240 kg
N/ha) to the soil resulted in an expansive use of soil N with higher water consumption.

Thus, in soils containing enough residual N to ensure, beside the N present in water, a
reasonable yield, research should aim for the lowest effective rates of N maintaining the soil fertility
and producing a high yield with appropriate quality. In this study, the 1998 spring crop was more
efficient than the 1997 one in terms of N use, as clearly shown by the high fertilizer N
recovery (90%) with the lowest N rate. Elsewhere, it has been demonstrated that the potato

56



crop can make successful use of the soil reservoir: up to 70% of the total removed N, even
with the application of both ammonium and nitrate fertilizers [17]. Taking into
consideration other N sources, recommendations for the use of N carriers should be oriented
and adapted for meeting both crop and site requirements.

Trials run in Lebanon showed that to get a modest yield of 28 tons/ha, an amount of 100 kg
N/ha was necessary. An additional tuber yield of 6 tons/ha required an increase in N input of 20%,
without any modification in the applied P and K [18]. An excess rate of fertilizer-N did not
significantly contribute to higher yields and negatively affected some tuber qualities [14]. In many
temperate areas, N is the nutrient the most likely to be limiting on most soil types and in most seasons
[19]. Concerning the soils of the Middle East Region the available N, as ammonium and nitrate, is so
low that soils easily respond to N fertilization [20]. A tuber yield of 50 ton/ha requires as much as 250
kg N/ha as total N uptake in both tuber and plant vegetative parts [21]. Potato yields of up to 70
ton/ha could be obtained under irrigated conditions and an N application of 300 kg N/ha would be
economically justifiable [22].

3.6. Nitrate in the soil and soil solution

With the use of modern irrigation, fertigation became a promising means for maintaining N
concentrations in the soil within the rooting zone, throughout the growing period, at desirable levels,
without undue losses by leaching [23]. This is especially important with regard to possible nitrate
leaching and contamination of the ground water. Indeed, increasing rates of N results in higher soil
nitrate residues. This is in agreement with other results [14]. The fluctuation of NCV was affected not
only by the rate of N application, but also by the way of fertilizer application and irrigation
techniques. With drip irrigation NO3" was maintained within the root zones while it was intensively
leached with macro sprinkler irrigation (Table XI).

Study of the nitrate levels in the soil solution by tensionics gave, starting from the 89th day
after planting, a significant difference between the NO3" leached beyond the root zone, under macro
sprinkler irrigation than from the fertigated and drip irrigated treatments (Fig. 4). The NO3"
concentration in these treatments, between 60 and 80 cm depth, did not present a significant
fluctuation around the values noticed in NO and Nl.

This could result in a higher yield and better quality products than by conventional irrigation
means [24]. The NO3" accumulation or leaching is important not only for the quality of the consumed
product (Table XII), but also for the quality of soils and underground water.

4. DISCUSSION AND CONCLUSION

Trials with fertigation of potato demonstrated that a constant N-concentration in the final
solution provided a better yield [25]. The uptake efficiency of mineral nutrients, notably N, was
increased substantially through fertigation [23, 26]). This is particularly relevant to the nitrate form of
N, which is not retained in the soil and therefore moves with other soluble salts to the wetted front.
This mobility can best be overcome by application of nitrate-N with every irrigation at a concentration
adequate to satisfy the crop requirement for N from one irrigation to the other [27]. In addition,
fertigation provides the means to monitor and change the ratio NO37NH4+ during the season, which
could avoid environmental problems associated with the contamination of groundwater.
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TABLE XI. RESIDUAL SOIL N03" (mg/kg dry soil) AS INFLUENCED BY THE TREATMENTS.

Soil
Depth
(cm)

0-20
20-40
40-60

Soil
Depth
(cm)
0-20

20-40
40-60

Initial
NO3"

11
13.5
11.5

Initial
NO3"

8.23
10.56
8.66

Final NO3~ mg/kg dry soil

NO

28.85a
11.91a
11.59c

NO

18.22b
8.68b
8.45b

Nl
240

kg N/ha
1997

47.31a
35.15a
16.16b

1998

Nl
120 kg
N/ha

16.30b
12.13b
10.10b

N2
360

kg N/ha

95.45a
47.5a
26.6b

N2
240 kg
N/ha

82.36a
21.09b
14.84b

N3
480

kg N/ha

121.89a
54.47a
34.55b

N3
360 kg
N/ha

88.71a
91.47a
28.82a

Ned

35.94a
20.66a
31.02b

Ned

34.77b
12.93b
7.15b

Ncs

32.29a
59.39a
41.74a

Ncs

26.48b
20.61b
12.54b

- Values at the same depth, followed by the same letters are not significantly different at 5% level.

TABLE XII. MEAN NO3'CONTENT (mg/kg fresh tuber) IN FRESH POTATO TUBERS

Year

1997
1998

NO

62.14b
55.13b

120
kg N/ha

111.5ab

240
kg N/ha
130.2a
178.4a

360
kg N/ha
144.6a
198.2a

480
kg N/ha
158.7a

Ned

126.7a
112.3ab

Ncs

107.6a
177.2a

Values followed by the same letters are not significantly different at 5% level.

The superiority of fertigation over other practices was clear from the yield and efficiency of N
and water use at the lowest rate of N application. It is well understood that owing to a high initial
investment, most of the farmers are reluctant to adopt the drip method of irrigation for crops, which
give a smaller remuneration [16]. However, given the high savings in water in our experiments (up to
50%), one of the future tasks of the extension programs would be the shifting to modern irrigation
techniques with the introduction of subsidy on drip materials that could be produced locally. But,
pressurized water must be provided to farmers with a water meter at the gate of the farm at reasonable
prices. This should encourage the economic and efficient use of water.

Even the simple practice of soil fertilizer application coupled with the improvement of water
management through drip in Ned reduced losses associated with an overirrigation and it increased the
profit from the N-fertilizer, removed N and consumed water. Given other sources of N (soil reservoir,
water), the lowering of N input under potato from 300 to 120 kg N/ha would be beneficial for the
Lebanese Farmers, as it provided 90% of fertilizer N utilization with no significant impact on tuber
yield and lower NO3" leaching hazards. By reducing the cost of production, Lebanese products would
be competitive on the regional market.

For these reasons, fertigation of spring potato in Central Beqaa, Lebanon, is a promising
perspective allowing a more efficient and thus economic use of inputs, water and fertilizer savings,
reducing the cost of production and causing less potential risk hazards for the soil and groundwater
pollution with nitrate.
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