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Development and productivity of3

tomato plants under water deficit4

5
ABSTRACT6

7
Aims: The objective of this study was to evaluate the influence of five soil water tensions on the
development of table tomato in the vegetative and productive stages, under greenhouse conditions.
Study design: The experiment was installed in a completely randomized design, in a 5 x 2
subdivided plot scheme, with five replicates.
Place and Duration of Study: The experiment was conducted between April and July 2014, in a
greenhouse of the Universidade Federal do Espírito Santo, in Alegre, ES, Brazil.
Methodology: Tomato seedlings were transplanted to the pots (50 dm3), which were arranged on the
ground with a spacing of 1.0 x 0.5 m, between rows and plants, respectively. Irrigation was performed
to maintain the matric potential within the range between the field capacity (10 kPa) and the required
tension in each plot (15, 25, 40, 55, and 70 kPa). The plants were evaluated for height, number of
flowers, root dry mass, dry mass of the aerial part of the plant, fruit yield, fruit mass, productivity, and
fruit diameter.
Results: At 33 days, the plants presented higher height (98.48 cm) at 31.71 kPa (R2 = 0.99), while at
90 days the plant height decreased linearly as a function of the increase in soil water tension (R2 =
0.94). Aerial and root biomass were significantly influenced by water tension (P < .01), decreasing
linearly as tension increased. The number of flowers produced per plant was inversely proportional to
the water tension in the soil (P < .01). The fruit yield, productivity, fresh fruit mass, and longitudinal
fruit diameter variables were significantly influenced by soil water tension (P < .01). The largest fruit
diameter (62.49 mm) was obtained at 15 kPa (R2 = 0.99).
Conclusion: The table tomato responded differently to soil water tension at vegetative and productive
stages.
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1. INTRODUCTION12
13

Water scarcity affects over 40% of the global population due to overconsumption in the agricultural14
sector, especially in some countries where groundwater use exceeds the natural recharge capacity15
[1]. Although Brazil has a large water supply compared to other countries, the spatial distribution and16
the demand are heterogeneous, compromising the use in some regions. In addition, the irregularity in17
the precipitation regime has intensified in recent years and contributed to the extreme events related18
to water [2]. In Southeast Brazil, accumulated rainfall remains below the annual historical average19
since 2013, when the water crisis began. In 2015, the State of Espírito Santo decreed a critical20
drought event in 38% of the municipalities [3].21

In the national territory, the irrigation sector accounts for 55% of the total withdrawals and 75% of the22
consumption flow [3]. The irrational use of water in irrigated agriculture, combined with the23
contamination of water bodies, intensified by industrial development and urban growth, contribute to24
the aggravation of the water crisis [4]. However, it is estimated that by 2050 food production will be25
increased by 60% to meet the demand of a population of more than nine billion people [1]. Therefore,26
the proper use of irrigation is essential because water is the most limiting factor to crop yield [5] and27
its inadequate supply reduces food production [6].28

There are several types of irrigation systems, with dripping being one of the most efficient in water29
application [7]. However, regardless of the type of system implemented, irrigation management is30
fundamental to increase crop productivity and water-use efficiency [8]. In irrigation management with31
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a tensiometer, water should be provided whenever the tension reaches a critical value so that it does32
not affect the crop performance. The amount of water supplied is based on the water storage capacity33
in the soil [9].34

The tomato (Solanum lycopersicum L.) plays a significant economic role as a vfruit, with the largest35
cultivated area in the world. However, water is one of the main elements that affect its production [10].36
However, throughout the cycle, the crop presents a variation in water demand [11]. In this scenario, it37
is recommended that irrigation management be carried out based on the phenological stage, both to38
increase tomato production and to reduce water waste [9]. It is recommended that tensions of 35, 12,39
and 15 kPa be used for cultivation of tomatoes for processing in the vegetative, fruiting, and40
maturation stages, respectively [8]. However, for table tomatoes, there are a few stress-related41
studies that maximize productivity. The objective of this study was to evaluate the influence of five soil42
water tensions on the development of table tomato in the vegetative and productive stages, under43
greenhouse conditions.44

45
2. MATERIAL AND METHODS46

47
2.1 Place of study and preparation of soil48

49
The experiment was conducted between April and July 2014, in a greenhouse located in the50
experimental area of the Center of Agrarian Sciences and Engineering of the Universidade Federal do51
Espírito Santo (CCAE-UFES), in Alegre, ES, Brazil. The climate of the region is of type "Aw" with the52
dry season in the winter, according to the classification of Köeppen [12], presenting a temperature53
and average annual rainfall of 23 ºC and 1200 mm, respectively.54

The soil used in the experiment was classified as Red–Yellow Latosol. Soil collection was carried out55
in the experimental area of the CCAE-UFES at a depth of 0 to 0.30 m. The soil was unstructured and56
crossed by a 4 mm sieve and homogenized. The soil was corrected using the base saturation57
method, according to the chemical analysis (Table 1), applying 1.5 kg of limestone in 2.5 m3 of soil, at58
25 days, before transplantation of the tomato seedlings. After the chemical correction, the soil was59
fertilized with 30 kg of chicken manureand a sample was taken for physical and water analysis.60

Table 1. Chemical attributes of the red-yellow latosol used as substrate for planting tomato.61

pH P K Ca Mg Al H+Al CEC T V

mg dm-3 cmolc dm-3 %
5.3 3.0 69.0 1.2 0.8 0.1 4.5 6.7 2.3 32.7

Extraction and determination: pH in water (1:2.5); P, K: Mehlich 1; Ca, Mg, Al: KCl (1M); H=Al: Calcium acetate62
(0.5M), CEC at pH 7.63

64
The soil was accommodated in pots with a capacity of 50 dm3, where chemical fertilization was65
carried out according to the methodology proposed by Novais et al [13] for controlled environment.66
The tomato seedlings ('Alambra' cv.) were transplanted to the pots, which were arranged on the67
ground with a spacing of 1.0 x 0.5 m, between rows and plants, respectively. During the experiment,68
additional fertilization was performed based on the Manual of Recommendation of Liming and69
Fertilization for the Espírito Santo State, 5th approach [14].70

2.2 Experimental design71

The experiment was installed in a completely randomized design, in a 5 x 2 subdivided plot scheme.72
The plots consisted of soil water tensions at five levels (15, 25, 40, 55, and 70 kPa) and the subplots73
constituted stages of development of the tomato at two levels (vegetative and productive). Five74
replicates were performed. Irrigation was performed to maintain the matric potential within the range75
between the field capacity (10 kPa) and the required tension in each plot (15, 25, 40, 55, and 70 kPa).76
The period corresponding to the vegetative stage was between the transplanting of the seedlings and77
the thirty-third day after transplanting the seedlings (DAT), and the productive stage was from the78
thirty-fourth DAT to the ninetieth DAT. In the thirty-third DAT, the plants that comprised of the79
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vegetative stage were evaluated and cut. The experimental units corresponding to the productive80
stage were evaluated at the ninetieth DAT.81

2.3 Irrigation management82

The water was applied through a drip irrigation system with a flow rate of 2 L. h-1. Two tensiometers83
were installed in each treatment, at a depth of 0.2 m, and the irrigation moment was determined by84
means of the tensiometers. To enable the use of tensiometers, the water retention curve was85
obtained according to the Brazilian Agricultural Research Corporation [15]. The curve was adjusted to86
the soil according to the model proposed by Van Genuchten [16]. The volumetric moisture and the87
water replacement slide for each treatment were determined. The irrigation time for the soil to return88
to the field capacity was determined by the ratio between the water replacement slide and the dripper89
flow rate, assuming 90% application efficiency [7]. The physical-water characteristics of the soil are90
described in Table 2.91

Table 2. Physical-water characteristics of the soil used as substrate for tomato planting.92

FC WP AW Ds Sand Silt Clay

m3.m-3 g.cm-3 g.kg-1

0.270 0.176 0.094 1.116 302.56 63.4 634.04
Field Capacity (FC), Wilting point (WP), Available water (AW), Soil density (Ds)93

94
95

2.4 Cultivation96

The tomato seedlings were conducted fifteen days after transplanting, in a Mexican system [17], with97
two stems per plant. Pruning was performed once a week. Pruning of the apical bud was performed98
55 days after transplanting of the seedlings, when the plants presented between eight and ten99
clusters. Control of invasive plants was done manually, when necessary. The phytosanitary control100
was carried out preventively using the recommended products for the tomato crop according to the101
Brazilian Ministry of Agriculture, Livestock, and Supply (MAPA).102

2.5 Characteristics evaluated103

The plants corresponding to the vegetative stages were evaluated for height, number of flowers, root104
dry mass, and dry mass of the aerial part of the plant. The height of the plant was measured from the105
cervix to the apex, using a scale graded in centimeters. The number of flowers was obtained by direct106
counting in each plant. To determine the dry mass of the aerial part of the plant and root, the samples107
were placed in a drying oven at 65 ºC until reaching a constant mass, which was monitored using an108
analytical balance.109

In the productive stage the height of plants, fruit yield, fruit mass, productivity per plant, and fruit110
diameter were evaluated. The fruit yield was determined by direct counting of the fruits that were on111
the plant at 90º DAT and added to the number of fruits that had already been harvested from the plant112
[18]. The fruit mass was obtained by the average weight of the fruits harvested. The productivity,113
expressed in kilograms per plant, was found by multiplying the average mass of the fruits by the yield114
of the plant. The diameter of the fruits was measured with a digital pachymeter. The classification of115
the fruits was carried out according to the system proposed by the Ministry of Agriculture, Livestock,116
and Supply [19]. This system was proposed for the marketing of tomatoes for consumption in natura,117
between MERCOSUR member countries and the Brazilian domestic market.118

2.6 Statistical analysis119

The data of the evaluated characteristics were submitted to analysis of variance (ANOVA) at the level120
of 5% of significance. The effect of the water tensions on the variables was analyzed by regression.121
Statistical analyses were performed using the SAEG 9.1 software [20].122
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3. RESULTS123
124

All characteristics evaluated in tomato plants were influenced by soil water tension, indicating that the125
vegetative and productive stages of the tomato could be affected by the water supply. The plants126
completed the development cycle and produced fruits at all soil water tensions evaluated.127
The water tension in the soil interacted with the evaluation times (33 and 90 DAT) on the plant height128
variable (P < .001). At 33 DAT, the data presented a quadratic adjustment for the height variable (R2 =129
0.99), with the highest value (98.48 cm) being estimated for the tension of 31.71 kPa (Fig. 1). A small130
difference was observed between the maximum plant height, estimated for the tension of 31.71 kPa,131
and the height of the plants grown at 25 kPa (0.5%) and 40 kPa (0.8%). However, when compared to132
the tension of 15 kPa, the increase was 3%. It was observed that at 90 DAT the plant height133
decreased linearly as a function of the increase in soil water tension (R2 = 0.94), varying from 225 cm134
in the tension of 15 kPa to 165.2 cm at 70 kPa (Fig. 1). The plants submitted to a tension of 15 kPa135
presented a height 4.8% and 12% greater than the plants submitted to tensions of 25 kPa and 40136
kPa, respectively.137

138

Fig. 1. Height of tomato plants (cm) 33 and 90 days after transplanting of seedlings under139
different soil water tensions (15, 25, 40, 55, and 70 kPa).140

141
Aerial biomass and root biomass were significantly influenced by soil water tension (P < .001; P =142
.003), decreasing linearly as tension increased (Figures 2 and 3). The higher water availability143
increased the biomass production in the aerial part by 41% when compared to lower water availability144
(Fig. 2). In contrast, the root biomass varied between 14.7 g and 11.9 g, which corresponded to the145
reduction of 19% of the tension from 15 kPa to 70 kPa (Fig. 3).146

147
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148

Fig. 2. Dry mass of aerial part of tomato plants 33 days after transplanting of seedlings under149
different soil water tensions (15, 25, 40, 55 and 70 kPa).150

151

152

Fig. 3. Dry root mass of tomato plants 33 days after transplanting of seedlings under different153
soil water tensions (15, 25, 40, 55 and 70 kPa).154

155
The number of flowers produced per plant at 33 DAT was inversely proportional to the water tension156
in the soil (P < .001; Fig. 4). It was observed that the emission of flowers in plants submitted to the157
tension of 15 kPa was 7% higher than 25 kPa and 38.4% higher than 70 kPa (R2 = 0.8283; Fig. 4).158
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159

Fig. 4. Number of flowers in tomato plants 33 days after transplanting of seedlings under160
different soil water tensions (15, 25, 40, 55, and 70 kPa).161

162
The fruit yield, productivity per plant, fresh fruit mass, and longitudinal fruit diameter variables were163
significantly influenced by soil water tension (P = .0011; P < .001; P < .001; P < .001, respectively).164
Fruit yield presented quadratic adjustment as a function of soil water tension (R2 = 0.8155, Fig. 5). It165
was verified that the maximum production (63.92 fruits.plant-1) estimated for the tension of 20.42 kPa166
was only 0.5% and 0.3% higher than the production reached with the tensions of 15 kPa and 25 kPa,167
respectively (Fig. 5). However, the number of fruits produced at 70 kPa presented a reduction of 38%168
compared to the maximum production (Fig. 5).169

170

Fig. 5. Number of fruits in tomato plants under different soil water tensions (15, 25, 40, 55, and171
70 kPa).172

173
A quadratic fit (R2 = 0.8128) maximized the productivity (6.69 kg.plant-1) at 21.13 kPa (Fig. 6). It was174
observed that the plants cultivated at 15 kPa and 25 kPa showed reduced productivity by 0.9% and175
0.3%, respectively, compared to the maximum productivity (Fig. 6). However, at 70 kPa the reduction176
in productivity was 53.5% (Fig. 6).177
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178

Fig. 6. Productivity (kg.plant-1) of tomato plants under different soil water tensions (15, 25, 40,179
55, and 70 kPa).180

181
The water tension in the soil showed a linear adjustment for the mass of the tomato fruits (Fig. 7). It182
was found that the fresh mass ranged from 117.2 g at a tension of 15 kPa to 81.1 g at a tension of 70183
kPa (Fig. 7). When compared to 15 kPa, the tension of 25 kPa produced fruits with 5.5% less mass184
(Fig. 7). There was a high correlation between the water availability and the response to this variable185
(R2 = 0.991; Fig. 7).186

187

Fig. 7. Fresh mass of tomato fruits under different soil water tensions (15, 25, 40, 55, and 70188
kPa).189

190
The largest fruit diameter (62.49 mm) was obtained at the tension of 15 kPa, which was 2.2% higher191
than the diameter obtained at 25 kPa (R2 = 0.996; Fig. 8). However, the fruits produced at 70 kPa192
were 12% lower in diameter than the fruits produced at 15 kPa (Fig. 8). According to the standards for193
classification of tomato fruits of the Brazilian Ministry of Agriculture, Livestock and Supply [19], all194
fruits produced were classified as small, having a transverse diameter between 50 mm and 65 mm.195
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196

Fig. 8. Fruit diameter of tomato plants under different soil water tensions (15, 25, 40, 55, and 70197
kPa).198

199
200

4. DISCUSSION201
202

The results obtained in this study indicate that the table tomato requires different amounts of water for203
the vegetative and productive stages. The best vegetative development of the table tomato occurred204
at a tension of 32 kPa. Although the tension of 15 kPa increased the biomass production and the205
emission of flowers, the plants subjected to this tension were not the most productive. The productive206
development of the table tomato was maximized by a tension of 21 kPa, which provided higher fruit207
yield and productivity. However, the tension of 15 kPa promoted increases in mass and fruit diameter.208

During the vegetative stage, the tensions of 25 kPa and 40 kPa stimulated the growth of the plants of209
similar form, and they reached heights greater than the plants submitted to a tension of 15 kPa. The210
small variation between the maximum height estimated at 32 kPa and the height obtained with211
tensions of 25 kPa and 40 kPa (Fig. 1), together with the lower growth of the plants submitted to 15212
kPa, indicate that the tomato has a lower water demand in the vegetative stage. The lower water213
consumption may be associated with the low evapotranspiration surface of the tomato during the214
vegetative period [21]. However, in the productive stage, the increase in height was favored by the215
tension of 15 kPa (Fig. 1). In this stage, plants have a higher evapotranspiration surface [21] and216
need to assimilate more CO2 to meet the demand of flowers and fruits, in detriment to vegetative217
growth [22]. Therefore, the increase in the water demand of the plants may have made the vegetative218
growth more sensitive to the variation of soil moisture in the productive period.219

The high biomass production in the greatest water availability (Fig. 2) can be justified by one of the220
most important processes that occurs in plants — Loss of water through transpiration, to assimilate221
carbon dioxide [23]. Physiologically, the diffusion of CO2 is made possible by the stomatal opening222
during transpiration. However, stomatal closure is one of the main vegetation mechanisms to prevent223
water loss and entails the reduction of photo-assimilates [24], which may have contributed to the224
lower accumulation of biomass in tomatoes subjected to higher water stress in the soil. Tomatoes225
submitted to a tension of 70 kPa had the development of the root system reduced by 56.31%226
compared to 15 kPa [25]. Moreover, Silva et al [26] found an increase of 43% for root dry mass and227
70% for dry mass of the aerial part, when comparing the highest and lowest waterblade. Although the228
values found in this study are lower than those obtained by the cited authors, the results are229
consistent with them. It is observed that the decrease in the biomass of the aerial part due to the230
increase in the water tension was higher than the decrease that occurred in the biomass of the root231
(Fig. 2). This difference was expected because under water-deficit conditions, there is greater root232
expansion due to lack of moisture at the soil surface [10, 24]. On the other hand, low water availability233
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causes reduction in the leaf area to avoid transpiration [26, 27], which may have contributed to the234
occurrence of greater variations in the biomass of the aerial part.235

The increase in the number of flowers promoted by higher water availability (Fig. 3) may be related to236
the production of biomass stimulated by the tension of 15 kPa. The net gain of carbon and energy237
generated through the assimilation of CO2 is converted into biomass [23] and used according to the238
plant demand [24]. However, the plants that possibly assimilated more CO2 emitted a greater number239
of flowers, whereas, the plants submitted to the greater tensions of water in the soil produced less240
biomass and consequently reduced the production of flowers.241

Although the lower tension has maximized the production of flowers and this variable evidence the242
amount of fruits that the plant can produce, the maximum yield and productivity were not obtained at243
15 kPa. Surprisingly, plants grown under 25 kPa of tension produced more fruits and exceeded the244
productivity of plants submitted to 15 kPa. Maintaining the same tension throughout the tomato cycle,245
Moreira et al [28] verified that the productivity obtained with the tension of 28.5 kPa was higher than246
the tension of 15 kPa. However, the use of controlled water deficit during the vegetative stage247
benefited the production of tomatoes [10], while the use of tensions below 35 kPa during this period248
could affect plant productivity [8]. Therefore, it can be inferred that the production of tomatoes249
submitted to 15 kPa was influenced by the use of this tension during the vegetative stage.250

The physiological processes that contributed to the production of tomato fruit were not evaluated in251
this study. However, there is evidence that the biomass production potentiated at 15 kPa, promoted252
the production of flowers, but did not maximize fruit yield. However, loss of yield is caused by253
problems related to flowering and not to fruit formation [29]. Perhaps, the low tensions during the254
vegetative stage is detrimental to yield by stimulating biomass production and inducing floral255
production above the plant's capacity, to meet its demand for photoassimilates [30], intensifying256
abortion, and falling flowers [31]. It is worth mentioning that in order to understand the influence of the257
use of tension 15 kPa at the vegetative stage on the number of fruits produced, new experiments are258
needed to monitor the production and destination of photoassimilates in each studied tension.259

The fresh mass and the diameter of the fruits were potentialized by the tension of 15 kPa, with their260
values reduced as the soil water tension increased (Fig. 5). The fresh mass obtained with the highest261
water availability was 30.8% higher than the tension of 70 kPa. This result was lower, however,262
consistent with that of Silva et al [31], who observed a 143% amplitude for fruit mass. Increased fruit263
mass was also observed by Marouelli and Silva [8, 32], by using tensions lower than 15 kPa during264
the productive stage of the tomato. Ismail et al [33] concluded that the water content in the soil was265
the main factor that determined the average weight of the fruit. The fruit growth was mainly related to266
the photosynthetic capacity and the distribution of photoassimilates between the different plant tissues267
[34]. However, low CO2 assimilation limited by water deficit [35] reduced the carbohydrate supply to268
fruits, reducing their fresh weight, and consequently, the productivity of tradable tomatoes [22].269

About the diameter of the fruits, the difference between the values obtained with the highest and270
lowest tension evaluated was 12%. Corroborating with these results, Silva et al [31] and Koetz et al271
[36] verified a reduction of 35% and 5%, respectively, in the diameter of fruits, as a function of the272
increase in the water deficit. According to Koetz et al [36], the diameter of the fruit can be increased or273
reduced through the applied water blade. As ripe tomatoes are composed of 95% water [11], higher274
water availability provides higher fruit diameters. It is worth noting that the phloem sap is the main275
source of water for fruit, contributing to most of its volume [37, 38, 39, 40]. However, the transport of276
the elaborated sap, among other physiological processes such as turgidity, stretching, division, and277
cellular expansion are limited by the water deficit [24], hindering fruit growth.278

The use of the tension 21 kPa throughout the crop cycle has demonstrated a potential to increase fruit279
yield and productivity per plant. However, the water demand of the tomato varies according to its280
phenological stage [10]. Therefore, to improve the water-use efficiency, it is suggested to perform281
irrigation management according to the developing phases of the tomato. The results obtained in this282
study indicate that the plants develop better with a tension of 32 kPa during the vegetative stage.283
However, the data evaluated in this experiment are insufficient to propose an irrigation management284
based on the phenological phases of the tomato, as the tension used during the productive stage has285
been also used in the vegetative stage. Thus, it is suggested to carry out new studies that use the286
tension of 32 kPa during the vegetative stage and lower tensions during the productive stage.287
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288
5. CONCLUSION289

290
The table tomato responded differently to soil water tension at vegetative and productive stages.291
During the vegetative stage the tomato showed higher production of dry biomass and production of292
flowers at 15 kPa and higher plant height at 32 kPa. At the productive stage, plant height, fresh mass,293
and fruit diameter were higher at 15 kPa, while fruit yield and productivity were maximized by the294
tension of 21 kPa.295

REFERENCES296
297

1. Fao Food and Agriculture Organization of the United Nations, Wwc World Water Council.298
Towards a water and food secure future: Critical Perspectives for Policy-makers; 2015.299

2. Ana Agência Nacional de Águas. Conjuntura dos Recursos Hídricos no Brasil. Informe 2015.300
Brasília, DF; 2016. Portuguese.301

3. Ana Agência Nacional de Águas. Conjuntura dos Recursos Hídricos no Brasil. Informe 2016.302
Brasília, DF; 2016. Portuguese.303

4. Fao Food and Agriculture Organization of the United Nations. Coping with Water Scarcity: An304
Action Framework for Agriculture and Food Security. Rome: Fao Publications; 2012.305

5. Sinclair TR, Rufty TW. Nitrogen and water resources commonly limit cropyield increases, not306
necessarily plant genetics, Glob Food Secur. 2012;1(2):94-98.307

6. Cantero-Navarro E, Romero-Aranda R, Fernández-Muñoz R, Martínez-Andújar C, Pérez-308
Alfocea F, Albacete A. Improving agronomic water use efficiency in tomato by rootstock-309
mediated hormonal regulation of leaf biomass. Plant Sci. 2016;251:90-100.310

7. Bernardo S, Soares AA, Mantovani EC. Manual de irrigação. 8.ed. Viçosa, MG: Editora UFV;311
2009. Portuguese.312

8. Marouelli WA, Silva WLC. Water tension thresholds for processing tomatoes under drip313
irrigation in Central Brazil. Irrigation Sci. 2007;25:411-418.314

9. Boas RCV, Pereira GM, Souza RJ de, Consoni R. Desempenho de cultivares de cebola em315
função do manejo da irrigação por gotejamento. Rev Bras Eng Agr Amb. 2011;15(2):117-124.316
Portuguese.317

10. Nangare DD, Singh Y, Kumar PS, Minhas PS. Growth: fruit yield and quality of tomato318
(Lycopersicon esculentum Mill.) as affected by deficit irrigation regulated on phenological319
basis. Agric Water Manag. 2016;171:73-79.320

11. Alvarenga MAR. Tomate: produção em campo, em casa-de-vegetação e em hidroponia.321
Lavras: UFLA; 2004. Portuguese.322

12. Koppen W. Climatologia: Con un estudio de los climas de la tierra. México: Fondo de cultura323
econômica; 1948. Spanish.324

13. Novais RF, Neves JCL, Barros NF. Ensaio em ambiente controlado. In: Oliveira AJ, Garrido325
WE, Araújo JD, Lourenço S, editors. Métodos de pesquisa em fertilidade do solo. Brasília:326
EMBRAPA-SAE; 1991. Portuguese.327

14. Prezotti LC, Gomes JA, Dadalto GG, Oliveira JA. Manual de Recomendação de Calagem e328
Adubação para o Estado do Espírito Santo – 5ª aproximação. Vitória:329
SEEA/INCAPER/CEDAGRO; 2007. Portuguese.330

15. Embrapa Empresa Brasileira de Pesquisa Agropecuária. Manual de métodos de análise de331
solo. 2.ed. Rio de Janeiro: Embrapa; 2011. Portuguese.332

16. Van Genuchten MTh. A closed-form equation for predicting the hydraulic conductivity of333
unsaturated soils. Soil Sci Soc Am J. 1980;44(5):892-898.334

17. Wamser AF, Mueller S, Becker WF, Santos JP. Produção do tomateiro em função dos335
sistemas de condução de plantas. Hortic Bras. 2007;25:238-243. Portuguese.336

18. Pires RCM, Furlani PR, Sakai E, Lourenção AL, Silva EA, Torre Neto A, Melo AMT.337
Desenvolvimento e produtividade do tomateiro sob diferentes frequências de irrigação em338
estufa. Hortic Bras. 2009;27:228-234. Portuguese.339

19. Mapa - Ministério da Agricultura, Pecuária e Abastecimento. Lei no 9.972, de 25 de maio de340
2000. Brasília. Accessed: 22 may 2014. Available: http://www.agricultura.gov.br. Portuguese.341

20. Saeg. Sistema para Análises Estatísticas, Versão 9.1. Viçosa: Fundação Arthur342
Bernardes/UFV; 2007. Portuguese.343

21. Duarte GRB, Schöffel ER, Mendez MEG, Paula VA de. Medida e estimativas da344
evapotranspiração do tomateiro cultivado sob adubação orgânica em ambiente protegido.345
Semin Cienc Agrar. 2010;31:563-574. Portuguese.346

UNDER PEER REVIEW



22. Rodriguez-Ortega WM, Martinez V, Rivero RM, Camara-Zapata FM, Mestre T, Garcia-347
Sanchez F. Use of a smart irrigation system to study the effects of irrigation management on348
the agronomic and physiological responses of tomato plants grown under different349
temperatures regimes. Agric Water Manag. 2016;183:158-168. DOI:350
http://dx.doi.org/10.1016/j.agwat.2016.07.014.351

23. Steduto P, Hsiao TC, Fereres A. On the conservative behavior of biomass water productivity.352
Irrigation Sci. 2007;25:189-207.353

24. Taiz L, Zeiger E. Fisiologia vegetal. 4. ed. Porto Alegre: Artmed; 2009. Portuguese.354
25. Hott MO, Lima VLS, Pereira LR, Souza JM, Reis EF. Produção de biomassa na fase355

vegetativa do tomateiro em função da tensão de água no solo. Enciclopédia Biosfera.356
2014;10(8):2389-2398. Portuguese.357

26. Silva JA da, Dutra AF, Cavalcanti NM da S, Melo AS de, Silva FG da, Silva JM da.   Aspectos358
agronômicos do tomateiro “Caline Ipa 6” cultivado sob regimes hídricos em área do359
semiárido. Revista Agro@mbiente online. 2014;8(3):336-344. Portuguese.360

27. Bergamaschi H, Dalmago GA, Dalmago JI, Bianch CAM, Müller AG, Comiran F, Heckler361
BMM. Distribuição hídrica no período crítico do milho e produção de grãos. Pesq agropec362
bras. 2004;39(9):831-839. Portuguese.363

28. Moreira JAA, Cardoso AF, Costa LL, Rodrigues MS, Peixoto N, Braz LT. Manejo da irrigação364
para otimização da produtividade e qualidade de frutos de tomateiro em sistema de plantio365
direto. Brazilian Journal of Irrigation and Drainage. 2012;17(4):408-417. Portuguese.366

29. Foolad MR, Zhang LP, Subbiah P. The Genetics of drought tolerance during seed367
germination in tomato: inheritance and QTL mapping. Genome. 2003;46:536-545.368

30. Picanço M, Leite GLD, Guedes RNC, Silva EA. Yield loss in trellised tomato affected by369
insecticidal sprays end plant spacing. Crop Prot. 1998;17:447-452.370

31. Silva JM, Ferreira RS, Melo AS, Suassuna JF, Dutra AF, Gomes JP. Cultivo do tomateiro em371
ambiente protegido sob diferentes taxas de reposição da evapotranspiração. Rev Bras Eng372
Agr Amb. 2013;17(1):40-46. Portuguese.373

32. Marouelli WA, Silva WLC. Irrigação por gotejamento do tomateiro industrial durante o estádio374
de frutificação, na região de Cerrado. Hortic Bras. 2006;24:342-346. Portuguese.375

33. Ismail SM, Ozawa K, Khondaker NA. Influence of single and multiplewater application timings376
on yield and water use efficiency in tomato (varietyFirst power). Agric Water Manag.377
2008;95:16-122.378

34. Tijskens MM, Unuk T, Okello RCO, Wubs AM, Sustar V, Sumak D, Schouten RE. From379
fruitlet to harvest Modelling and predicting size and its distributions for tomato, apple and380
pepper fruit. Sci Hort. 2016;204:54-64.381

35. Games J, Ochogavía JM, Gago J, Rildán EJ, Cifre J, Conesa MA. Leafresponses to drought382
stress in mediterranean accessions of Solanumlycopersicum: anatomical adaptations in383
relation to gas exchange parameterspce. Plant Cell Environ. 2012;16:12-22.384

36. Koetz M, Masca MGCC, Carneiro LC, Ragagnin VA, Junior, DGS, Filho RRG. Caracterização385
Agronômica e °Brix em Frutos de Tomate Industrial Sob Irrigação por Gotejamento no386
Sudoeste de Goiás. Rev Bras Agric Irrig. 2010;4(1):14-22. Portuguese.387

37. Ehret DL, Ho LC. Translocation of calcium in relation to tomato fruit growth. Ann Bot.388
1986;58:679-688.389

38. Ho LC, Grange RI, Picken AJ. An analysis of the accumulation of water and dry matter in390
tomato fruit. Plant Cell Environ. 1987;10:157-162.391

39. Lee DR. Vasculature of the abscission zone of tomato fruit: implications for transport. Can J392
Bot. 1989;67:1898-1902.393

40. Grange RI, Andrews J. Expansion rate of young tomato fruit growing on plants at positive394
water potential. Plant Cell Environ. 1994;17:181-187.395

396
397

UNDER PEER REVIEW


