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Abstract
The effect of continuous application of small quantities of nitrogen (N) in irrigation water and N applied as starter on growth and development of
processing tomato, from transplanting to beginning of fruit set, was studied in two experiments — a pot experiment and a field trial. The pot
experiment was carried out with eight treatments, including two soil types and four levels of N application (13.2, 18.2, 28.2 and 48.2 mg/L of N).
The field trial consisted of four N treatments, including a control with only 6.4 mg/L of N available naturally in the irrigation water, 15 kg/ha of N
applied at pre-plant, 15 kg/ha of N applied at pre-plant plus 20 mg/L of N applied continuously during irrigation, and 15 kg ha'! N applied at pre-
plant plus 40 mg/L of N applied continuously during irrigation. Plant growth was significantly affected by soil type and N level under controlled
conditions, increasing linearly in luvisol (sandy loam) and regosol (sand) soil at an average rate of 0.52 and 0.64 g dry weight per mg N in the
irrigation water, respectively. However, under field conditions in luvisol soil, additional N, whether added at pre-plant or continuously during
irrigation, had no effect on any measure of aboveground plant growth, including leaf area, plant dry weight or early fruit production, but reduced
root length density below ground. Overall, N in the irrigation water was sufficient for the young tomato plants between planting and fruit set, and

adding more N at pre-plant or by fertigation only resulted in luxury N consumption.
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Introduction
Many agricultural regions in the world have high amounts of N
in the groundwater due to NO, leaching from fertilizers -*. This
is especially a problem in Portugal where the levels can reach as
high as 10-35 mg/L of NO,-N **. Itis frequently pointed out that
in order to reduce the input of fertilizer and improve groundwater
quality, growers using groundwater for irrigation must consider
the amount of N in the water when deciding how much fertilizer
to apply to a crop >°. High amounts of N in the irrigation water
can have a preponderant influence on plant growth and
development, particularly since N transport to the root surface
moves predominantly by mass flow -8,

Many high cash-value crops grown in arid and semi-arid regions
are irrigated by drip. In drip-irrigated systems, the root system is
concentrated in a relatively small volume near the emitters. This
effective volume is even more reduced during the period between
transplanting and fruit set when root systems are still small °.
Consequently, the volume of soil that contributes to plant N
nutrition is extremely limited during establishment, and application
of N fertilizer is therefore usually recommended prior to planting'.
In processing tomato, usually 20% of the total N fertilizer applied
over the season is added at pre-plant, which in most Mediterranean
regions is a time when rain events are still relatively frequent.
Little is known of how much of this starter fertilizer is actually
used by the crop during early stages of development and how
much is actually lost by leaching '*.

The objective of the present study was to determine the effect
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of N from irrigation water and N applied at pre-plant on early
growth and development in processing tomato. We hypothesized
that N levels in the groundwater typical of tomato growing regions
in Portugal would be adequate to maximize growth from
transplanting to fruit set without any additional N from N fertilizer.

Material and Methods

Experiment I: Eighty tomato (Lycopersicon esculentum ‘H9656)
seedlings were transplanted at 40 days after emergence into
individual 12-L plastic pots (21-cm high x 27-cm diameter) filled
with 14 kg of luvisol sandy loam soil obtained from the Mitra
Research Farm in Evora, Portugal, or 14 kg of regosol sandy soil
obtained from Antonio Teixeira Research Station, Coruche,
Portugal. Characteristics of the soils are shown in Table 1. Each
pot was fertilized with 1.95 g of P,O,, 5.00 g of K0, 2.55 g of CaO
and 0.16 g of MgO prior to transplanting and placed outdoors at
the Mitra Research Farm immediately after transplanting.

Plants in both soil types were irrigated with water containing
13.2,18.2,28.2 or 48.2 mg/L N, which included 8.2+1.8 mg/L of
NO,-N already in the water naturally plus 5, 10, 20 and 40 mg/L of
N, respectively, mixed from NH,NO,. Water pH was 7.6-7.8 and
never exceeded an electrical conductivity of 0.5 dS/m. Irrigation
was scheduled based on daily evapotranspiration requirements
of the crop and were applied by drip using one 1 L/h pressure-
compensating emitter (Netafim, Tel Aviv, Israel) per pot. Each pot
received approximately 15 L of irrigation and 4 L of rain over the
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entire study. Total N applied per plant at each N level was 198,
273,423 and 723 mg, respectively.

Plants were harvested at 40 days after transplanting. Shoots
were cut off at the soil surface and separated into stems, leaves
and immature fruit, and roots were washed from the soil. Each
component was then oven-dried at 70°C for 2-3 days and weighed.

Table 1. Physical and chemical characteristics of the soils
used in Experiment 1.

Soil type'

Characteristic Luvisol Regosol
Sand (%) 72.6 92.6
Silt (%) 11.7 1.7
Clay (%) 15.7 5.7
Bulk density (g/cm®) 1.48 1.51
Organic matter (%) 2.26 1.09
pH (H,0) 6.84 6.08
NO; (mg g™) 66 20
P,0s (mg g) 250 144
K,O(mg g ™) 200 114
Ca®* (meq/100g) 7.47 2.00
Mg®" (meq/100g) 0.96 0.21

! Soils were collected from the top 40 cm of the soil profile.

Experiment 2: A field trial was planted on 10 May 2005 in luvisol
soil located at the Mitra Research Farm. ‘H9656’ tomato seedlings
were transplanted at 40 days after emergence and spaced 0.2 m
within rows x 1.5 m between rows. The experiment was comprised
of four treatments: NO — control (soil N + irrigation water N); NI
(soil N + irrigation water N + 15 kg/ha N applied at pre-plant), NII
(soil N +irrigation water N + 15 kg/ha N applied at pre-plant + 20
mg/L N applied continually to the irrigation water, NIII (soil N +
irrigation water N + 15 kg/ha N applied at pre-plant + 40 mg/L N
applied continually to the irrigation water). Since the irrigation
water already contained 6.4+1.8 mg/L of NO,-N, the total amount
of N applied continually during irrigation in each treatment was
6.4 mg/L to NO and NI, 26.4 mg/L to NII and 46.4 mg/L to NIII.

The experiment was arranged in a randomised block design
with four replications per treatment. Each treatment plot was 5-m
long and consisted of five rows of 25 plants each. Approximately
167 kg/ha of K,O from K,SO,, 5.3 kg/ha of MgO from MgSO,,
and pre-plant N treatments from NH,NO, were applied in a 10-cm
wide band directly in the row just prior to transplanting. Plants
were irrigated by a single lateral of drip tape (Netafim, Tel Aviv,
Israel) with 1 L/h pressure-compensating emitters spaced every
0.2 m, positioned near the middle of the row. Irrigation was applied
daily and ranged from 0.73 to 3.63 mm/d. Each plant received
approximately 19.7 L of irrigation and 16.1 L of rain during the
study. Total N applied per plant at each N level was 126, 576, 970
and 1364 mg, respectively.

Root distribution was determined by collecting soil
cores at 40 days after transplanting in three randomly
selected replicates per treatment. Cores (7-cm diameter)

(Hawker De Havilland Victoria Ltd., Port Melbourne, Victoria,
Australia). Root length density (cm roots per cm?® soil) was
calculated by dividing total root length by volume of the cores
(385 cmy’).

Four representative plants were harvested at 43 days after
transplanting from each plot at fruit set, separated into leaf and
stem components, oven-dried at 70°C for 2-3 days and weighed.
The leaf area of each plant was also determined prior to drying
using a leaf area meter (model MK2, Delta-T Devices, Cambridge,
UK); leaf area index was calculated by dividing total leaf area by
the area of soil occupied by each plant. Leaf N and leaf petiole
NO,-N was also measured at harvest following procedures
outlined by Hochmuth !*. Briefly, approximately 50 of the most
recently matured leaves were randomly collected from each plot
and divided into petioles and leaf blades. The petioles were cut
and immediately stored in sealed plastic bags and transported on
ice in an insulated cooler from the field to the laboratory. Four to
five drops of extracted sap were then placed directly on the sensor
pad of a Cardy nitrate meter (Horiba, Kyota, Japan) for analysis.
The blades were oven-dried at 70°C for 24 h, ground, and analyzed
for total N using a combustion analyser 4.

Statistical analysis: Data were analyzed by analysis of variance
using SPSS software (Chicago, Illinois, USA) and means were
separated at the 5% level using Fisher’s least significant
difference (LSD) test.

Results
Experiment I: Each treatment displayed at least one visual
symptom of N deficiency, such as dwarfed growth, a thin, upright
habit, rigid stems and petioles, thick, pale-green leaves, purple
tint on the leaf veins and petioles, and, in the most extreme cases,
yellowing and sencescence of the older leaves. Symptoms were
especially prominent in plants fertilized with <273 mg of N.

Leaf, stem, root, and total plant dry weight were significantly
affected by N level (P < 0.01), increasing linearly with the total
amount of N applied (Fig. 1). Leaf and total dry weight were also
significantly affected by soil type (P <0.001), where plants grown
on luvisol produced more biomass than those grown on regosol
(Table 2). No component of dry weight, however, was affected by
N level * soil type interactions, including fruit dry weight, which
was similar at each N level and soil type and averaged 0.43-0.72 g/
plant (or 1.5-2.5 fruit/plant).

Plants grown at high N generally allocated relatively less biomass
to roots (P <0.01) and relatively more biomass to stems (P <0.01)
than those grown at low N levels (Fig. 2). Plants also allocated
relatively less biomass to roots (P < 0.01) and relatively more
biomass to stems (P < 0.001) when grown on luvisol than on
regosol (Table 2). Like dry weight, biomass allocation was not
affected by N level * soil type interactions.

Table 2. Effect of soil type on dry weight and biomass allocation in pot-

grown processing tomatoes (Experiment 1).

were collected perpendicular to three plants per plotata

. D ight Root:shoot Stem:leaf
distance of 0.4 m from the plant row. Each core was ry weight (g) dr(;owséi;}?t dr;rrvlveeight
0.4-m deep and separated into 0.1-m increments. Roots Soil type Leaf Total ratio ratio
were washed from the cores using a hydro-pneumatic 1
elutriation root separation system 2 and total root length Luvisol 14.5a 283a 0.26b 048 a

Regosol 12.4b 243D 0.33 a 043D

was measured using a Comair root length scanner

! Different letters within columns indicate a significant difference at the 5% level.
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Figure 1. Effect of various amounts of N in irrigation water and soil on
leaf, stem, root, and total dry weight of tomato plants grown in pots
under controlled conditions (Experiment 1).
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Figure 2. Effect of various amounts of N in irrigation water and soil

on dry weight distribution of tomato plants grown in pots under
controlled conditions (Experiment 1).

Experiment 2: Nitrogen deficiency was not evident in any
treatment in the field study. Leaf, stem and fruit dry weight was
similar among N treatments and averaged 46.5, 29.0 and 1.9 g/
plant, respectively. Leaf area index was also similar among the
treatments, ranging from 1.9 to 2.3, despite the fact that leaf
N (P<0.01) and petiole NO,-N (P <0.10) increased with the total
amount of N applied (Fig. 3).

Root length density at 40 days after planting differed among N
treatments and was significantly affected by the interaction
between N level and soil depth (Fig. 4). Densities ranged 0.05-
0.23 cm/cm?® at 0-0.4 m but generally increased with depth in low N
plants (i.e. 126 mg N per plant). Root length densities were more
variable among the other treatments, but additional N (i.e. 576-
1364 mg N per plant) consistently resulted in lower root length
density at 0.3-0.4 m depth (Fig. 4).

Discussion
Plant growth was unaffected by N treatment under field
conditions, indicating that N in the irrigation water was sufficient
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Figure 3. Total leaf N and leaf petiole NO,-N in tomato plants grown
with 126 (NO), 576 (NI), 969 (NII) or 1362 (NIII) mg N plant™
(Experiment 2).
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Figure 4. Root length density at 10-cm depth increments in tomato
plants grown with 126 (NO0), 576 (NI), 969 (NII), or 1362 (NIII) mg N
plant! (Experiment 2). Each symbol represents the mean of three
replicates and error bars represent SE of the mean. Analysis of variance
indicated that N treatment had a significant effect (P <0.05) at 0-10 and
30-40 cm depths but not at 10-20 and 20-30 cm depths. Means were
separated by LSD at the 5% level.

for the young tomato plants between planting and fruit set. As
mentioned above, the irrigation water contained 6.4 mg/L NO,-N.
Apparently, adding more N at pre-plant or by fertigation only
resulted in luxury N consumption. However, this additional N may
be beneficial later on, such as during fruit production, when
demands for N are much higher '>-16,

Leaf Nranged from 34.5 to 38.9 g/kg in the field study, while leaf
petiole NO,-N ranged from 880 to 1200 mg/kg. These values were
comparable to drip-irrigated tomatoes at the same stage of
development produced in California, USA '-!¥ and higher, even
when no fertilizer was added, than those produced under
greenhouse and field conditions in Florida, USA .
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Under more controlled conditions (i.e. Expt. 1), residual N from
soil and organic matter was high and similar to the field trial (i.e.
Expt. 2), but N limited plant growth, especially in the lighter
regosol soil. This suggests that soil volume plays a considerable
role in plant response to N application. Roots undoubtedly
explored more soil volume in the field than in pots. Soil N may
have also migrated into the root zone from the area beyond that
wetted by the drip emitters. Nitrate-N, in particular, moves readily
to the roots by mass flow as water is absorbed by the plants
during transpiration . Precipitation could also increase N mass
flow and diffusion and perhaps encourage root growth outside
the drip zone .

In conclusion, plant biomass was affected by N application
and soil type in pots, increasing linearly in both sandy loam and
sandy soil as more N was added during irrigation. Dry-mass
partitioning was also affected in pots, where the root:shoot ratio
decreased and stem:leaf ratio increased as N was applied. Others
observed similar results in young tomato plants 222, Under field
conditions, however, neither leaf, stem nor fruit growth was
affected by N application beyond the amount already naturally
available in the irrigation water. Future experiments will be
established to find out if precipitation or the volume of the soil
explored by roots was responsible for the lack of response up to
fruit set . More work is also underway to determine how N in the
irrigation water affects N requirements after fruit set.

References

"Elmi, A.A., Madramootoo, C., Egeh, M. and Hamel, C. 2004. Water and
fertilizer nitrogen management to minimize nitrate pollution from
cropped soil in Southwestern Quebec, Canada. Water Air Soil Pollution
151:117-134.

*Vazquez, N., Pardo, M.L., Suso, M. and Quemada, M. 2006. Drainage
and nitrate leaching under processing tomato growth with drip irrigation
and plastic mulching. Agric. Ecosystems Environ. 112:313-323.

Cerejeira, J.M., Baptista, S. and Silva-Fernandes, A. 2002. A exposi¢do
da agua subterranea a pesticidas e nitratos. Coldéquio A producdo
integrada e a protec¢do integrada. Lisboa, pp.75-81.

“Duque, J. and Almeida, C. 2001. Nitrate contamination in a shallow
gabbro hard rock aquifer. New approaches characterising groundwater
flow. Proceedings of the International Association of Hydrogeologists
Congress, pp. 1169-1173.

SBurt, C., O’Connor, K. and Ruehr, T. 1998. Fertigation. Irrigation
Training and Research Center, San Luis Obispo, California, 295 p.
®Machado, R.M.A., Oliveira, M.R.G. and Portas, C.A.M. 2003. Tomato
root distribution yield and fruit quality under subsurface drip irrigation.

Plant Soil 255:333-341.

"Hagin, J., Sneh, M. and Lowengart-Aycicegi, A. 2000. Fertigation -
fertilization through irrigation. IPI Research Topics N°23.

8Silber, A., Xu, G., Levkovitch, I., Soriano, S., Bilu, A. and Wallach, R.
2003. High fertigation frequency: The effects on uptake of nutrients,
water and plant growth. Plant Soil 253:467-477.

“Machado, R.M.A., Oliveira, M.R.G. and Portas, C.A.M. 2000. Effect
of drip irrigation and fertilization on tomato rooting patterns. Acta
Hort. 537:313-320.

"Kafkafi, U. Topics in fertilization and plant nutrition, seven lectures on
irrigation. http://departments.agri.huji.ac.il/ plantscience/topics-
irrigation/uzifert/intro.htm.

"Machado, R.M.A. 2002. Estudos sobre a influéncia da rega gota-a-gota
subsuperficial na dindmica de enraizamento, no rendimento fisico e na
qualidade da matéria-prima do tomate de industria. Tese de
doutoramento, Universidade de Evora, Evora.

2Smucker, A.J.M., Mcburney, S.L. and Srivastava, A.K. 1982.
Quantitative separation of roots from compacted soil profiles by the

hydropneumatic elutriation system. Agron. J. 74:500-503.

BHochmuth, G., Maynard, D., Vavrina, C., Hanon, E. and Simonne, E.
1991. Plant tissue analysis and interpretation for vegetable crops in
Florida. Coop. Ext. Serv. Special Series SS-VEC.

“Leco Corp. 1998. Instruction Manual - FP-28 protein/nitrogen analyser.
Leco Corporation, St. Joseph, USA.

SRattin, J.E., Andriolo, J.L. and Witter, M. 2003. Dry mass accumulation
and fruit yield of tomato plants grown in substrate under five doses of
nutrient solution. Hortic. Bras. 21:26-30.

16Scholberg, J., Mcneal, B.L., Boote, K.J., Jones, J.W., Locascio, S.J. and
Olson, S.M. 2000. Nitrogen stress effects on growth and nitrogen
accumulation by field-grown tomato. Agron. J. 92:159-167.

"Hartz, T.K., Miyao, E.M. and Valéncia, J.G. 1998. Drip evaluation of
nutritional status of processing tomato. HortScience 33:830-832.

¥Hartz, T.K. and Hanson, B. 2006. Drip irrigation and fertigation
management of processing tomato. University of California,
Davis, Vegetable Research and Information Center.
http://vric.ucdavis.edu/veginfo/commodity/tomato/
HARTZ%20Proc%20tomato%?20drip%20guideline%202006.pdf

YHochmuth, G.J. 1994. Efficiency ranges for nitrate—nitrogen and
potassium for vegetable petiole sap nitrate. HortTechnology 4:218-
222.

2Qliveira, M.R.G. and Portas, C.A.M. 1993. Enraizamento de plantas
cultivadas, aspectos pertinentes as culturas olericolas. In Ferreira, M.E.,
Castellane, P. and Cruz, M.C. (eds.). Nutri¢ao ¢ Adubagdo de Hortaligas.
pp-15-49.

2IQuijada, J.S. 1990. Nitrogen nutrition of young tomato seedlings. Effects
of various nitrogen concentration on growth and development. Acta
Hort. 277:167-177.

2Groot, C., Marcelis, L.F.M., Van Den Boogaard, R. and Lambers, H.
2002. Interactive effects of nitrogen and irradiance on growth and
partitioning of dry mass and nitrogen in young plants. CSIRO 29:1319-
1328.

218 Journal of Food, Agriculture & Environment, Vol.6 (3&4), July-October 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


