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Abstract: Drip irrigation offers excellent method of water and nutrient supply for vegetable crops in
precise amounts at a rate, which matches the plant requirements. In addition to allowing precise
control of irrigation water applications, drip irrigation system offers the ability to use high frequency
fertigation with water soluble N materials throughout the growing season. Little information about
optimum fertigation interval for drip-irrigated crops in general and for potato in particular, is available.
The present study was conducted to determine the effects of two N rates (200 and 300 kg N ha!1)
and four fertigation frequencies (1, 2, 7, and 14 days) on potato yield, N uptake and soil N status in
a sandy soil under drip irrigation system. Total potato yield and yield components were responsive
to increase N rate and to decrease fertigation frequency. The highest tuber yields (47.16, 46.32 and
44.75 t ha!1) occurred at 300 kg N ha!1 with the frequencies of 1, 2 and 7 days, respectively while
yield with the longest interval were significantly lower (37.89 t ha!1). Leaves N concentration at all
sampling dates was higher in the plants received high N rate, but fertigation frequency did not
significantly affect leaves N concentration except at the longest duration. Similarly, N rate and
fertigation frequency resulted in significant differences in total N uptake, N recovery and apparent N
use efficiency (NUE). Total N uptake was appreciable higher with increasing N rate and with more
frequent than with less frequent fertigation. The averaged N recovery across fertigation frequencies
was 68% and 62% and NUE was 151 and 142 kg yield!1 kg N!1 with applied 200 and 300 kg N ha!1,
respectively. Analysis of soil samples at the end of last fertigation indicated considerable influence
of fertigation frequency on NO3

!-N distribution in the root zone of potato. The NO3
!-N in lower soil

profiles,(40-60cm) depth with high N rate was marginally affected in daily, alternate and weekly
fertigation while NO3

!-N in the corresponding soil depth was appreciable higher in biweekly
fertigation. Thus, frequent fertigation was needed to obtain maximum yield of potato in sandy soil
with less nitrate leaching from root zone.
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INTRODUCTION

Frequent application of water and nutrients ensures that the root system is well supplied with nutrient
solution and prevents the formation of a depletion zone resulted from uptake of nutrients between successive
fertigation. Nutrients can be injected at various frequencies (daily to monthly), depending on system design
constraints, soil type and grower preference. In particular, the use of drip irrigation may be the best system
for increasing yield, maximizing water and nitrogen use efficiencies and thereby minimizing nitrate leaching
(Lamm and Trooien, 2003; Al-Omran et al., 2005). Irrigation management plays an important role on nitrogen
and water use efficiency for vegetable crop production. The use of frequent but low water application volumes
is superior to the more traditional scheduling of few applications of large irrigation volumes (Locascio, 2005).
As critical as irrigation management, both the timing and amount of N applied to the crop must be managed
in a way that supplies sufficient N for crop yield without leaching N to the groundwater. This greatly improves
the potential for excellent N use efficiency due to decreased amount of applied N and leaching losses. 

The benefit of applying water and nutrients at high frequencies is attributed to near constant conditions
in the root zone allowing plants to grow in areas with favorable water, oxygen, nutrient, and salt concentrations
(Clothier and Green, 1994; Glenn, 1999). Thus, uptake of water and nutrients was optimized, as replenishment
of soil water adjacent to active roots was maximal and constant so that advantageous conditions for plant
growth were exploited. 
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Water and nutrients acquisition by plants, and the formation of a depleted zone in the immediate vicinity
of the roots are the driving forces for solute movement towards the roots (Silber et al., 2003). Nutrient
transport from the soil solution to the root surface takes place by two simultaneous processes: convection in
the water flow (mass flow) and diffusion along the concentration gradient (Jungk, 1996). Soil properties, crop
characteristics and growing conditions affect the relative importance of each mechanism, but the general
situation is that the mobile NO3

!-N ion supply is taken up mainly through mass flow, while for less mobile
elements such as P and K, diffusion is the governing mechanism (Claassen and Steingrobe, 1999; Mmolawa
and Or, 2000). Potato production in many parts of the world is highly dependent on inputs of irrigation water
and N fertilizer to achieve optimum fruit yield and quality. These inputs must be carefully managed to ensure
optimum profits and minimal environmental impacts. Escalating water costs and declining water availability
are causing growers to adopt production practices which allow them to significantly improve water and N use
efficiency and decrease labor costs. As a shallow-rooted crop, irrigation is crucial for growing potato plants
even in humid areas. A high level of nitrogen is recommended for potato cropping (Darwish et al., 2003) to
ensure acceptable yield. Potatoes are grown on light texture soils with a low water holding capacity and thus
with a high risk of leaching of nitrogen under excess irrigation or precipitation events. 

More than 85% of potato roots are located within the top 40 cm of the soil profile (Wang et al., 2006).
The sparse, shallow rooting of potato is an important consideration for efficient management of mobile
nutrients such as NO3

!-N (Sullivan et al., 2001; Patel and Rajput, 2002). Nitrate ion is very mobile, and if
there is sufficient water in the soil, it can move quickly through diffusion and mass transport in the soil profile.
Careful application of nitrogen and water should be applied to minimize the amount of nitrogen moving below
the root zone (Santos et al., 1997; Drost and Koenig, 2001). The method of fertilizer application is very
important in obtaining optimal use of fertilizer. It is recommended that fertilizer should be applied regularly
and timely in small amounts (Neeraja et al., 1999; Thompson, et al., 2003). This will increase the amount of
fertilizer used by the plant and reduce the amount lost by leaching. 

However, due to the limited root zone of potato plants, it may be important to increase fertigation
frequency to minimize NO3

!-N leaching. The over all problems are to identify viable practices that offer the
most suitable fertigation program and possible reduction of NO3

!-N losses under a particular soil type. The
objective of this field experiment was to determine the effects of N application rate and fertigation frequency
on the yield, leaf N concentration, N uptake, N use efficiency and soil N distribution of drip- irrigated potato
grown on sandy soil in an arid climate. 

MATERIALS AND METHODS

2.1. Location and Growth Conditions:
The Field experiment was conducted in the year 2010 at Sarabuim, a desert region in east of Nile Delta

of Egypt located at Ismaillia province during the late summer (September-December) growing season. The
research field is situated in an arid climate region (latitude of 30o58’N and longitude of 32o23’E), in a sandy
soil (Entisol-Typic Torripsamments). During the growing season, climate of the experimental site was dry as
usual with ineffective rainfall amounts of 11.6 mm, between planting and harvest. The mean monthly
evaporatranspiration ranged from 5.9 to 2.6 mm in the respective cropping season. The variations in mean
maximum temperature in growing months were 31.7-20.0 oC, while the variations in mean minimum
temperature were 19.2-9.1oC, respectively. The climate parameters recorded from September to December
during the growth season of potato are summarized in (Table 1). The soil profile of the experimental site in
the upper 40 cm soil was, well-drained sandy texture composing of 86.5% sand, 9.2% silt and 4.3% clay, with
an alkaline pH 8.2, EC 0.85 dS/m, CaCO3 1.5%, O.M 0.27%. The available N, P and K were 14, 6 and 35
mg kg!1 soil, respectively before the initiation of the experiment. The average soil water content at field
capacity from surface soil layer down to 80 cm depth at 20 cm intervals was 11.7% and the permanent wilting
point for the corresponding depths was 5.4% respectively. 

2.2. Experimental Design and Treatments:
The experiment was randomized complete block factorial design consisting of combinations of two N rates

(200 and 300 kg N ha!1) and four fertigation frequencies (intervals of 1, 2, 7, and 14 days). The experimental
design included unfertilized control plots and was replicated four times in 4.5 m wide × 10 m long plots of
each treatment. Before potato planting, drip irrigation tubing (twin-wall, 15 mm inner diameter, 40 cm dripper
spacing, 4 liter h!-1 discharge rate at 1.8 bars operating pressure and 1.5 m apart) were placed directly on soil
surface for each treatment. 
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Tubers of the late maturity potato (Solanum tuberosum) cultivar ‘Cara’ was hand planted on the early of
September in 2010 and arranged into double rows, 40 cm apart and 25 cm intervals along the row, in north
south oriented soil beds pre-furrowed to receive 30 t ha–1 of organic manure as basic fertilizers. The entire
amounts of P (150 kg ha–1) and K (250 kg ha–1) were applied as single super phosphate and potassium
sulphate, respectively before planting and incorporated into the soil beds. All N fertilizer was applied as
ammonium nitrate and injected directly into the irrigation water using venture-type injector. Fertigation was
started two weeks after planting and was stopped 30 days prior to the end of the crop period.

Table 1: Average of maximum (Tmax) and minimum (Tmin) air temperature, rainfall (mm) and reference evapotranspiration (ET0) during
the growing season.

Month Tmax  (oC) Tmin (oC) Relative humidity (%) Rain fall (mm) ET0 (mm) Wind speed (km h!1)
September 31.7 19.2 57 - 5.9 11.3
October  28.7 16.9 58 2.1 4.6 11.1
November 23.8 12.9 64 5.7 3.1 9.8
December 20.0 9.1 60 3.8 2.6 10.3

2.3. Estimation of Crop Water Requirement:
The evaporation data was collected from Class “A” pan evaporimeter at weather station of the Central

Laboratory of Agricultural Climate for Ismailia province. Reference crop evapotranspiration (ET0) was
calculated on a daily basis by using Penman-Monteith’s semi-empirical formula (Allen et al., 1998). The actual
evapotranspiration was estimated by multiplying reference evapotranspiration with crop coefficient values (ETc
= ET0 × Kc) for different months based on crop growth stages. Potato is about 130 days duration crop and
may divided into four stages namely initial: 25 days, developmental: 30 days, middle: 45 days and tuber
maturity: 30 days. The crop coefficient during the crop season was adopted as 0.50, 0.65, 1.15 and 0.75 at
initial, developmental, middle and tuber maturity stages, respectively (Allen et al., 1998). During the course
of the experiment, the amount of water applied to the crop was 327 mm to all the treatments. Irrigation
frequency was running daily, began in the early of September and ended 30 December (15 days before
maturity and harvest to prevent secondary growth). 

2.4. Crop and Soil Measurements:
Recent mature leaves (10-15) were collected biweekly from each plot beginning at 28 DAP  (4-6 leaf

growth stage), dried at 70 oC, ground to 0.5 mm, and analyzed for total N by the micro-Kjeldahl method
modified to recover NO3

!-N (Bremner and Mulvaney, 1982). At harvest, plant development components were
determined from 10 randomly selected plants in each plot including total tuber yield per hectare, number of
tubers per plant, mean tuber weight and tuber yield per plant. Shoot and tuber tissues were dried at 70 oC for
subsequent dry weight determination. Tissue samples were ground to pass through a 0.5 mm screen, and tissue
materials were analyzed for total N by the method described above. Nitrogen uptake by the plant was
calculated by multiplying weights of shoot and tuber tissues by the corresponding N concentrations. To
determine distribution of soil N, soil samples were collected from each plot at the end of last fertigation event
for each frequency after 1, 2, 7 and 14 days using a 5 cm auger from the experimental area. The samples were
taken from the horizontal and vertical directions of the wetted area of each treatment at increments of 10-cm
down to 70-cm depth. This was executed along with radial lines originating from at the water source at
distances of 5-cm up to 35-cm. Soil samples from each depth increment were air-dried and ground to pass
through 2-mm sieve. Analysis of 1 M KCl extractable NH4

+-N and NO3
!-N were performed by steam

distillation (Keeney and Nelson, 1982). Post harvest apparent N recovery was calculated as:

N recovery = (Nt – N0) / N × 100

where Nt equals the total crop N uptake (shoots + tubers) under treatment, N0 equals N total uptake under
control and N equals applied nitrogen.  Apparent N use efficiency (NUE) was calculated as: 

NUE = (Yt – Y0) / N

where Yt equals total yield under treatment, Y0 equals total yield under control and N equals applied
nitrogen. All equation variables are in units of kilogram per hectare. 
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The average crop N uptake from the unfertilized field plots (N0) and total yield from the same plots (Y0)
were 17 kg N ha!1 and 1.68 t ha!1, respectively for the growing season.

2.5. Statistical Analysis:
Trial data were subjected to the analysis of variance (ANOVA) appropriate to the experimental design to

evaluate the effects of treatments on the yield and yield components of potato. CoStat (Version 6.303, CoHort,
USA, 1998-2004) was used to conduct the analysis of variance. Least significant differences (LSD) were used
for means separation at 5% probability levels. Correlation analysis was performed between total tuber yield
and number of tuber per plant and mean tuber weight per plant.

RESULTS AND DISCUSSION

3.1. Potato Yield and Yield Components:
Total potato yield varied widely under different N rates and registered significant higher tuber yield at high

N rate compared to low N rate (Table 2). Average total yields across fertigation frequencies were 31.25 and
44.03 t/ha for 200 and 300 kg N ha!1, respectively. Overall yield and its components were generally more
responsive to N application than to fertigation frequency within the range of this experiment. The increase in
tuber yield is accompanied by increase in mean tuber weight per plant and the trend was similar to the tuber
yield (fruit diameter is a significant quality factor for fresh market potato). The correlation between tuber yield
and mean tuber weight per plant is very strong (R2 = 0.96), which indicates that the increase in tuber yield
in different treatments was attributed mainly to the increase in weight of tubers. Meyer and Marcum (1998),
also reported a positive response of potato yield and quality to increasing N rate, and found that total yield
was maximized at N rate of 224 kg N ha!1.

Table 2: Yield and yield components of potato plants as influenced by N application rate and fertigation frequency.
Main effect Potato yield (t ha!1) Tuber number (plant!1) Mean tuber weight (g plant!1) Plant yield (g plant!1)

-------------------------------
Tubers Shoots

Nitrogen rate (kg ha!1)
200 31.25 2.11 9.5 149 1408
300 44.03 2.57 9.6 173 1658
LSD (5%) 1.48 0.18 0.3 6 14
Fertigation frequency (day)
1 40.71 2.51 9.7 171 1660
2 39.50 2.44 9.5 166 1559
7 38.31 2.35 9.7 159 1540
14 32.04 2.07 9.3 148 1373
LSD (5%) 2.65 0.20 0.4 8 28
Nitrogen rate × Fertigation frequency 
200 (kg ha!1)
1 34.25 2.27 9.7 158 1534
2 32.68 2.19 9.5 152 1415
7 31.87 2.11 9.6 148 1421
14 26.18 1.87 9.2 137 1260
300 (kg ha!1)
1 47.16 2.75 9.7 184 1785
2 46.32 2.68 9.5 179 1703
7 44.75 2.59 9.8 170 1658
14 37.89 2.26 9.4 158 1485
LSD (5%) 2.87 0.24 0.6 12 36

Although a large variation in mean tuber weight per plant was observed with different N rates, the
correlation analysis between tuber yield and number of tuber per plant showed poor correlation (R2 = 0.35),
indicating that change in yield was not affected by tuber number per plant. There were statistically significant
effects of fertigation frequency on yield and its components except on the number of tuber per plant, which
may be related to the cultivars and other environmental conditions. Potato yield from plants received N at
daily, alternate and weekly intervals was always in advance of that received N applied at biweekly interval
with both N rates. 

The interaction effect of N rate × fertigation frequency on potato yield and yield components was
significant in all the treatments, indicating that potato plants could utilized N more efficiently with most
frequent fertigation applied at shorter durations. These results suggest that, for surface drip-irrigated potato
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grown in sandy soil texture, fertigation frequency is a critical management variable affecting crop yields and
their components. This could be an important consideration for growers who have system and management
ability to fertigate continuously or at shorter duration. These results are in general agreement with results
reported by several authors. For example, Sousa, et al., (1999) found advantage of fertigation at 0.5 and 1-day
intervals compared with 5-days intervals for surface drip-irrigated melon grown on a sandy soil. Cook and
Sanders (1991) found that marketable yield and fruit size of subsurface drip-irrigated tomato were significantly
higher with daily compared with biweekly or monthly fertigation on a loamy sand soil. Nwadukwe and Chude,
(1994) reported that tomato yield was significantly different when N was fertigated at 5 days intervals
compared with 9-days via a surface drip system. Pateland Rajput,(2005) found that daily, alternate day and
weekly fertigation did not significantly affect yield of onion while there was a trend of lower yields with
monthly fertigation. 

3.2. Nitrogen Content:
In general wide differences in leaves N concentrations were observed during the growing season, which

mainly dependent on the vegetative stage of growth (Fig. 1). For both N treatments, concentration of N in
leaves decreased gradually during the growing season, which in accordance with findings of Kolbe and
Stephan-Beckmann (1997). Leaves N concentration at all sampling dates was higher in the plants received the
high N rate, but fertigation frequency did not significantly affect leaves N concentration except at the longest
duration. Plants supplied with low N rate showed obvious visual symptoms of N deficiency (small plant size
and light coloring), indicating to lower N supply from the root system to the shoots. Thus, though plants are
smaller and essentially yield less, their N status, as reflected in leaves N concentration, is distinctive from that
of larger plants. Although the differences in plant color later disappeared, the differences in plant size remained
until the end of growth season. 

However, leaves N concentration in plants fertigated at 14 days intervals were significantly lower than
those fertigated more frequently at the all sampling dates. However, frequent fertigation resulted in higher
leaves N concentration at all stages of crop growth as adequate N application level was maintained throughout
the whole season. 

Fig 1: Leaves N concentration at different growth stages in potato plants as influenced by N application rate
and fertigation frequency. 

Crop response to fertigation frequency is likely a function of soil texture and irrigation management. Crops
grown in coarse-textured soils, or crops grown during summer growing seasons, when higher amounts of water
are applied, may benefit most from frequent, as opposite to infrequent fertigation. Positive crop response to
frequent fertigation is most often seen in very coarse textured soils (Cook and Sanders, 1991), and a lack of
crop response to frequent fertigation is more common when soils are finer than loamy sand (Locascio et al.,
1997). The influence of soil texture is very likely that soil clay content will largely determine cation-exchange
capacity and hence nutrient-holding capacity, and rates of water and nutrient leaching are usually higher in
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coarse-textured than in fine-textured soils. Cook and Sanders (1991) observed that NO3
!-N concentrations

within subsurface drip-irrigated vegetable beds were higher throughout a tomato-growing season in loamy fine
sand compared with loamy sand, when both received equal amounts of N by fertigation.

3.3. Nitrogen Uptake:
Results of total N uptake (shoots and tubers) confirm the trend observed in potato yields (Table 3).

Nitrogen uptake in shoots and tubers was directly related to N applied and fertigation frequency. With both
N rates, frequent fertigation at shorter durations (daily, alternate and weekly) intended to stimulate the pattern
of potato N uptake more than longest duration (biweekly). At higher N rate, total N uptake was significantly
higher with daily fertigation (180 kg N ha!1) than with weekly (165 kg N ha!1) and biweekly fertigation (139
kg N ha!1). The low N uptake in the longest duration was most likely due to a lack of NO3

!-N in the root
zone when plant N demand was high. 

Nitrogen recovery and NUE were also significantly affected by both N rate and fertigation frequency. NUE
was significantly higher at the low N rate compared with the high N rate. With both N rate treatments, NUE
was significantly higher with daily compared with biweekly fertigation. The averaged N recovery across
fertigation frequencies was 68% and 62% and NUE was 151 and 142 kg yield kg!1 N with applied 200 and
300 kg N ha!1, respectively. Cook and Sanders (1991) reported that when equal amounts of N were applied
via fertigation, soil NO3

!-N concentrations were higher throughout a growing season in a loamy fine sand
compared with a loamy sand soil. Similar results of NUE have been reported by Roberts et al., (1992) and
also Meyer and Marcum (1998) for N recovery by potato.

Table 3: Nitrogen uptake, N recovery and NUE by potato plants as influenced by N application rate and fertigation frequency. 
N-Rate (kg ha!1) Fertigation frequency (d) N uptake (kg ha!1) N-recovery (%) NUEkg ha!1 kg N!1

--------------------------------------
Tubers Shoots Total

200 1 115 53 168 76 163
2 109 51 160 72 155
7 105 49 154 69 151
14 89 40 129 56 133

300 1 140 78 218 67 152
2 134 72 206 65 149
7 127 70 197 63 144
14 104 58 162 52 121

LSD (5%) 9 5 19 - 17

3.4. Distribution of Soil N:
Concentrations of soil NO-

3-N at the end of last fertigation events showed important differences between
fertigation treatment and appeared to be higher in the root zone of potato at the high N rate (Fig. 2). Nitrate
distribution for the different fertigation frequency showed a leached zone in the immediate vicinity of the drip
line from a small wetted volume close to the water source and its movement towards the vertical direction was
relatively greater than in the lateral direction. Nitrate was dispersed more uniformly the root zone, (0-40 cm)
soil depth, alternate and weekly application. However, for the biweekly duration, nitrate distribution showed
a zone of leached soil in the root zone due to the relatively long irrigation time after fertigation, which induced
dilution and/or displacement of N-fertilizer and reduced NUE by plants. At high N rate, the total cumulative
NO3

!-N concentration in lower soil profiles (40-60 cm soil depth) was marginally affected in daily, alternate
day and weekly fertigation (28, 32 and 38 mg N kg!1), respectively while NO3

!-N concentration at the
corresponding depth was appreciably higher in biweekly fertigation frequency (125 mg N kg!1). This result
suggested that frequent application is an important agronmic implication for potato grown in sandy soil to
prevent leaching of nitrate under sandy soil conditions.

Nitrate is very mobile ion and if there is sufficient water in the soil, it can move quickly through the soil
profile. Rooting depth of potato at harvest was found 40 cm and therefore, NO3

!-N beyond 40 cm soil depth
was not available for potato crop during its growth stage. However, total applied nitrogen per fertigation was
not fully utilized by crop especially in biweekly fertigation frequency, as the NO3

!-N concentration moved
below the root zone and accumulated at 40-60 cm soil depth. Similar behavior was also reported by Mailhol
et al., (2001), Rajput and Patel (2006). The concentrations of NH4

+-N were very low (less than 4 mg kg!1 soil)
and are not presented in details.
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Fig. 2: Spatial distribution of soil NO3
!-N (mg kg!1 soil) before the beginning of last fertigation event as

influenced by N application rate and fertigation frequency.  

In general, nitrate is susceptible to move outside of the root zone by mismanagment of ferigation,which
leading to pollution of surface and ground water sources .However,since leaching is possible even with drip
irrigation system, nutrients applied in any irrigation must not be subjected to excessive irrigation either during
application or in subsequent irrigations.

Conclusions:
Nitrogen was applied by fertigation at two different rates at daily, alternate, weekly and biweekly intervals

from surface drip irrigation to grow potato on sandy soil. High frequency of fertigation enhanced the time-
averaged N content in the root zone and therefore increased the water availability to the plants. Potato yield
and its components were significantly affected by N rate and frequency of fertigation. Yield of potato was not
significantly affected in daily, alternate and weekly fertigation frequency, while the longest period of fertigation
resulted in the lowest yield. Frequency of fertigation resulted in significant variations in NUE and distribution
of soil NO3

!N in the root zone. Available soil NO3
!-N is more in the upper soil profile in daily, alternate and

weekly, which is readily available for plant uptake. Since leaching is possible with drip irrigation, nutrients
applied in any irrigation must not be subjected to excessive irrigation either during that application or in
subsequent irrigations. It is reasonable to assume, however, that more frequent fertigation may be needed for
potato grown on coarse-textured soils, or for other crops that receive much higher amounts of irrigation water
such as summer-grown crops.
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