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1 RESUMO 

As alterações climáticas representam uma séria ameaça aos recursos hídricos e à agricultura, necessitando de soluções inovadoras para manter a segurança alimentar. Este estudo investiga os  efeitos  combinados  de  diferentes  lâminas  de  irrigação  (LI)  e  da  cobertura  plástica  nas culturas  de  tomate  em  regiões  áridas,  onde  a  otimização  da  água  é  crucial.  Foram  aplicadas cinco lâminas de irrigação, variando de 65% a 155% da evapotranspiração da cultura (ETc). Os resultados indicaram que o rendimento total, o peso médio dos frutos e o diâmetro (RT, PMF e DF) aumentaram com o incremento da LI, atingindo uma faixa ideal. A maior produtividade da água  de  irrigação  (PA)  foi  alcançada  com  uma  lâmina  de  irrigação  de  305  mm  ciclo⁻¹.  A qualidade  dos  frutos  melhorou  sob  LIs  mais  baixas,  sugerindo  potencial  relação  entre rendimento e qualidade sob estresse hídrico. A lâmina de 577 mm (~124% da ETc) maximizou a  produtividade;  para  PA,  305  mm  (65%  da  ETc).  Considerando  os  resultados,  a  cobertura plástica  não  afetou  significativamente  a  produtividade/qualidade  (p>0,05),  provavelmente devido à precipitação de 246 mm. Recomenda-se uma lâmina de 577 mm (~124% da ETc) para obter o máximo rendimento em condições semiáridas na Bahia; estudos futuros devem testar a cobertura em ciclos secos. 

 

Palavras-chave:  manejo  da  água,  produtividade  da  água,  estresse  hídrico,  irrigação  por gotejamento,  Solanum lycopersicum L. 
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2 ABSTRACT 

Climate change poses a serious threat to water resources and agriculture, requiring innovative solutions to maintain food security. This study investigates the combined effects of different irrigation  depths  (ID)  and  plastic  mulch  on  tomato  crops  in  arid  regions,  where  water optimization is crucial. Five irrigation depths were applied, ranging from 65% to 155% of crop evapotranspiration  (ETc).  The  results  indicated  that  total  yield,  average  fruit  weight,  and diameter (TY, FW, and FD) increased with increasing ID, reaching an ideal range. The highest irrigation water productivity (IWD) was achieved with an irrigation depth of 305 mm cycle-1. 

Fruit quality improved under lower IDs, suggesting a potential relationship between yield and quality  under water stress.  The 577 mm depth  (~124% of ETc) maximized productivity;  for IWD, 305 mm (65% of ETc) maximized productivity. Considering the results, the plastic mulch did  not  significantly affect  productivity/quality (p>0.05), probably  due to  the rainfall of 246 

mm.  A  cycle  of  577  mm  (~124%  of  ETc)  is  recommended  to  obtain  maximum  yield  under semi-arid conditions in Bahia; future studies should test the cover in dry cycles. 



Keywords:  water  management,  water  productivity,  water  stress,  drip  irrigation,  Solanum lycopersicum L. 

 

 


3 INTRODUCTION 

Water  plays  an  important  role  in 



tomato  growth  (Hou   et  al. ,  2016;  Agbna   et Tomato  ( Solanum  lycopersicum  L.) 

 al. ,  2017),  yield  (Lovelli   et  al. ,  2017),  and is 

widely 

cultivated 

worldwide 

for 

flower  number  (Silva   et  al. ,  2013). 

processing and fresh consumption (Li  et al. , Insufficient soil moisture impairs fruit yields 

2016).  Higher  tomato  consumption  is 

(Zhang   et  al. ,  2017;  Hashem   et  al. ,  2018; associated  with  a  lower  risk  of  developing 

Nemeskéri   et  al. ,  2019),  making  irrigation cancer and cardiovascular diseases (Thies  et 

use crucial in regions with water scarcity. In 

 al. ,  2012,  Cheng   et  al. ,  2019)  especially those same studies, the authors reported that 

prostate cancer (Wu  et al. , 2004; Hori  et al. , despite  the  loss  of  yield,  water  deficit  can 

2011).  Brazil  is  the  9th  largest  tomato 

improve fruit quality. 

producer  (FAO,  2025).  In  2023,  the  total 

Irrigation  enables  the  production  of 

area was ~62,000 ha, production 4.5 Mt (~72 

vegetables and fruits in Northeast Brazil, but 

t/ha), with the Northeast representing 18% of 

this  production  is  threatened  by  water 

the area and 12% of the production (IBGE, 

scarcity  due  to  increased  consumption  and 

2024).  The  water  deficit  is  the  main 

climatic 

variability, 

which 

may 

be 

restriction 

on 

tomato 

production 

in 

aggravated  by  climate  change.  In  addition, 

Northeast  Brazil,  where  the  total  annual 

the growing competition for water resources 

rainfall  varies  from  300  to  800  mm  and  is 

between  agriculture  and  other  sectors  is 

concentrated  in  a  few  months  of  the  year 

forcing a search for new irrigation strategies 

(Crispim  et al. , 2016). 
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water  resources  need  to  be  used  more 

compared to the control without a mulching, 

efficiently (Bogale; Tesfaye; Geleto, 2016). 

a  mulching  can  reduce  soil  water  loss  and 

Studies  have  been  conducted  to  increase 

improve 

plant 

performance 

with 

a 

irrigation  water  productivity  (IWP)  in 

consequent  increase  in  productivity  and 

different  crops  (Koech;  Langat  2018, 

tomato  fruit  quality;  (ii)  the  application  of 

Hatfield; 

Dold, 

2019). 

Among 

the 

deficient  or  excess  irrigation  depths  (IDs) 

techniques  studied,  plastic  mulch  has  been 

impairs yield, fruit quality, and IWP in arid 

widely used in arid and semiarid regions of 

regions  of  Brazil;  and  (iii)  given  the  same 

China (Wang  et al. , 2009; Zhao  et al. , 2012). 

volume  of  irrigation  deficit,  the  use  of  a 

Plastic mulch can increase IWP by reducing 

mulching  reduces  the  loss  of  tomato  plant 

evaporation (not by increasing water in deep 

productivity  and  increases  the  IWP. 

layers, 

but 

by 

minimizing 

surface 

Therefore, the objective of this study was to 

evaporation), according to Bu  et al.  (2013), evaluate  the  effect  of  different  levels  of 

Li  et al.  (2013), Liu  et al.  (2014) and Zhang irrigation  and  the  use  of  mulching  on  the 

 et  al.   (2018).  The  plastic  mulch  in  drip productive  and  quality  attributes  of  tomato 

irrigation  cultivation  systems  can  be 

fruits  grown  in  the  semiarid  Northeast 

excellent for not only saving water but also 

Region. 

increasing  tomato  productivity  (Biswas   et 



 al. , 2015). 

 

Studies  have  found  that  the  use  of 


4 MATERIALS AND METHODS 

mulching  increases  the  height  of  tomato 



plants  (Berihun,  2011;  Parmar;  Polara; 


4.1 Experimental site 

Viradiya,  2013;  Pinder   et  al. ,  2016),  the number  and  weight  of  fruits  (Pinder   et  al. , A  field  experiment  was  conducted 

2016),  and  productivity  (Singh;  Kamal, 

between  October  1,  2018  (sowing),  and 

2012; Biswas  et al. , 2015). In addition, Hudu February  19,  2019  (last  harvest),  at  a 

 et al.  (2002) reported higher yields of tomato commercial  farm  located  in  Poções,  Bahia 

with  a  grass  mulching  compared  to  plants 

state, 

Northeast 

Brazil 

(14°31'47''S, 

without  a  grass  mulching  grown  in  a 

40°18'06''W, a mean altitude of 760 m). The 

semiarid  region  of  Nigeria.  However,  crop 

average annual temperature and rainfall are 

responses  to  irrigation  strategies,  such  as 

19.8°C  and  572  mm,  respectively.  The 

cover and deficit irrigation, are site-specific 

climate  is  classified  as  BSh  (hot  semiarid 

and  highly  affected  by  climatic  conditions 

climate  according  to  the  Köppen-Geiger 

(Zhang  et al. , 2017). 

classification). While a total rainfall of 246 

In  the  semiarid  region  of  Brazil, 

mm  was  recorded  between  the  end  of 

tomato 

production 

is 

predominantly 

November and the beginning of December, 

conducted  by  small  producers  that  do  not 

the reference daily evapotranspiration (ETo) 

have  substantial  technological  skills  and 

totalled 494 mm for the entire experimental 

specific 

information 

regarding 

the 

period  so  that  a  water  deficit  condition 

improvement of water productivity. Thus, it 

predominated  during  the  experimental 

is  necessary  to  study  these  production 

period. 

techniques  under  these  environmental 

An  analysis  of  soil  in  the  0-20  cm 

conditions  because  drip-irrigated  tomatoes 

layers  showed  the  following  results:  P 

grown  in  the  semiarid  region  of  Brazil  can 

(resin) = 2 mg dm-3; K+ (resin) = 0.23 Cmolc; 

benefit  from  the  use  of  mulching  that  will 

Ca2+ = 2.70 Cmolc; Mg2+ = 1.80 Cmolc; Al2+ 

decrease  the  total  water  demand  without 

=  0.20  Cmolc;  H+  =  5.0  Cmolc;  C  =  0.23 

negatively affecting yields. Thus, we tested 

Cmolc;  and  CEC  =  4.93  Cmolc  dm-3.  The 

the validity of the following hypotheses: (i) 

soil  texture  was  classified  as  sandy  clay 
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(sand:  45.0%, silt: 9.0%,  and  clay: 46.0%). 

were 

applied 

via 

fertigation. 

The 

The  field  capacity  and  permanent  wilting 

conductivity  of  the  fertigation  solution 

point  were  0.272  cm3  cm-3  and  0.194  cm3 

measured  at  the  end  of  the  drip  line  in  the 

cm-3,  respectively,  which  were  reached  at 

initial  phase  of  crop  development  ranged 

soil matric potentials of -33 and -1,500 kPa, 

from 1.0 to 1.5 mS cm-1. For the fruit filling, 

respectively. 

ripening,  and  harvesting  stages,  the  CEC 



solution ranged from 1.75 mS cm-1 to 2.5 mS 


4.2 Experimental design and treatments 

cm-1. The total amounts of fertilizers applied 



via fertigation per ha for the entire crop cycle 

The seeds were sown in polystyrene 

were 320.0 kg ha-1 N, 156.8 kg ha-1 P, 392.4 

trays  128  cells,  each  containing  the 

kg ha-1 K, 203.0 kg ha-1 S, 176.0 kg ha-1 S, 

commercial 

substrate 

Tropstrato®. 

108.0 kg ha-1 Mg, 9.0 kg ha-1 Mn, 5.0 kg ha-

Transplantation  occurred  when  the  plants 

1 Zn, and 15.6 kg ha-1 B. Despite the different 

reached the stage of 3-4 true leaves. Hybrid 

emitter  flow  rates  for  each  treatment,  the 

tomato cv 'Trucker' seedlings of uniform size 

fertilizer  rate  for  optimal  plant  growth  was 

at  30  days  were  transplanted  to  the  field, 

calculated  to  meet  the  plants'  nutrient 

with  a  spacing  of  0.6  m  between  plants 

demand under the lowest water level. Doses 

within the rows and 1.5 m between rows of 

were  calibrated  for  the  lowest  water  depth 

plants.  The  experimental  field  was  504  m2 

(305 

mm), 

which 

could 

lead 

to 

(18 m x 28 m) and consisted of 20 plots and 

leaching/dilution  at  higher  water  depths 

40 subplots (each plot was composed of two 

(610-725  mm),  acting  as  a  confounding 

subplots). There was an additional 3 m wide 

variable. 

traffic corridor between blocks 1 and 2 and 



blocks 3 and 4. The plastic mulch was black, 


4.3 Irrigation management 

25 µm thick, and applied immediately after 



transplantation. 

The ID applied to each treatment via 

The treatments consisted of five IDs 

the drip system was obtained with different 

(305,  440,  495,  610,  and  725  mm  cycle-1) 

emitter flow rates: 1.6, 2.3, 2.6, 3.2, and 3.8 

with   and without mulching (bare soil). The 

L  h-1,  which  corresponded  to  IDs  of  305, 

treatments  were  delineated  in  randomized 

440,  495,  610,  and  725  mm  cycle-1, 

blocks with four replicates and arranged in a 

respectively. The emitters were spaced 0.6 m 

split  plot  design:  IDs  were  assigned  to  the 

apart, and the lateral lines were spaced at 1.5 

plots,  and  treatments  with  cover/without 

m. From one block to the next, emitters with 

cover  were  assigned  to  the  subplots.  Each 

the same flow rate (plots) were connected to 

experimental  plot  consisted  of  23  plants 

each other by piping without emitters. 

(20.7  m2),  and  each  subplot  consisted  of  a 

The 

IDs, 

in 

mm 

cycle-1, 

7.2  m  long  row  containing  12  plants  (10.8 

corresponded to 65, 95, 105, 130, and 155% 

m2). The first and last plants of each subplot 

of  crop  evapotranspiration  (ETc).  The  five 

were considered borders. 

ETc replacement rates (65, 95, 105, 130, and 

Fertilizer 

was 

applied 

at 

155%)  were  obtained  with  Kc  values 

transplantation at a ratio of 1.0 t ha-1 of 4N-

determined by Silva  et al.  (2013). The ETo 

14P-8K  and  157.2  kg  ha-1  of  P  (simple 

and the total ETc during the experiment were 

superphosphate).  Seven  days  later,  31.4  kg 

495  and  465  mm,  respectively;  their  daily 

ha-1  of  P,  simple  superphosphate,  was 

values are shown in Figure 1. 

applied  as  a  coating.  The  other  fertilizers 
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Figure  1.   Reference  evapotranspiration  (ETo)  and  crop  evapotranspiration  (ETc)  observed during the experiment. 






4.4 Measurements 

(mm). The IWP, expressed as kg ha-1 mm-1, 

 

was calculated using the formula IWP (kg h-


4.4.1 Productive attributes 

1 mm-1) = TY (kg)/ID (mm). 





Tomato  fruits  were  harvested  when 


4.4.3 Fruit quality attributes 

fully ripened throughout the duration of the 



experiment. The yield parameters consisted 

Fruit  quality  measurements  were 

of total yield (TY) per hectare (t ha-1), mean 

performed  on  10  fully  ripe,  randomly 

fruit  weight  (FW)  (g),  and  mean  fruit 

harvested fruits per useful plot. Each of the 

diameter (FD). For the TY, the fresh FW in 

10 fruits was identical in size and colour, and 

each  experimental  unit  (10  useful  plants) 

all  were  harvested  on  the  same  day.  The 

was  measured,  and  we  converted  the  value 

determination  of  the  fruit  quality  attributes 

to  the  total  number  of  plants  per  ha.  The 

began immediately after harvest. 

average FW consisted of the mean values of 

The firmness of the fruits, described 

10 fruits per harvest (of a total of seven) that 

as  the maximum  penetration force required 

were fully ripe and randomly harvested. The 

to  rupture  the  pericarp,  expressed  in 

mean  FD  consisted  of  10  fruits  per  harvest 

Newtons (N), was measured using a digital 

(of a total of seven) that were fully ripe and 

penetrometer (TR penetrator, model WA68, 

randomly harvested using a 0.01 mm digital 

Italy) equipped with a cylindrical  stainless-

calliper. 

steel probe with a point tip 8 mm in diameter. 



Three  measurements,  located  120°  from 

4.4.2 Irrigation water productivity (IWP) 

each other, were conducted in the equatorial 



region of each fruit. 

The  IWP  estimation  was  calculated 

After  the  firmness  measurements, 

based  on  the  relationship  between  the  TY 

five fruits from each experimental unit were 

and  the  ID  applied  throughout  the  cycle 

ground together in a blender to produce the 
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tomato juice that was used to determine the 


4.4.5 Data analysis 

total acidity (pH), total soluble solids (TSS), 



and  titratable  acidity  (TA).  The  pH  values 

The  data  were  tested  for  normality 

were  determined  instantaneously  in  tomato 

(Lilliefors)  and  homoscedasticity  (Cochran 

juice  using  a  bench  pH  metre  (model  MB-

and  Bartllet).  After  ANOVA,  mean 

10,  Mart,  São  Paulo,  Brazil).  The  TSS 

comparisons  for  coverage  (qualitative 

content, expressed in °Brix, was determined 

factor)  were  performed  using  Tukey's  test 

using a digital refractometer (Model r2 mini 

(p<0.05);  for  irrigation  depths  (quantitative 

REICHERT, 

USA). 

For 

the 

TA 

factor),  analysis  was  performed  using 

measurements,  approximately  20  g  of 

polynomial regression (linear/quadratic). All 

tomato  juice  was  transferred  to  50-mL 

statistical  analyses  were  performed  using 

volumetric flasks  filled  with  distilled water 

SAEG  software  (version  9.1)  (Ribeiro 

to  full  capacity.  A  10  mL  aliquot  of  this 

Júnior, 2001). 

solution  was  then  titrated  with  a  NaOH 



solution 

(0.05 

mol 

L−1) 

using 

 

phenolphthalein  (pH  8.1)  as  an  indicator. 


5  RESULTS AND DISCUSSION 

The results were expressed as percent citric 



acid  (AOAC  International,  1997).  The 

5.1 Effect of irrigation depth and cover 

TSS/TA  ratio  was  calculated  as  a  flavour 

treatments on tomato yield, fruit quality 

indicator as described by Kader  et al.  (1978). 

attributes, and growth parameters 






4.4.4 Growth characteristics 

In  Table  1,  the  significance  of  the 



effects  of  the  bidirectional  ANOVA 

At  73  days  after  transplantation 

performed for each attribute of productivity, 

(DAT), when the plants stopped growing in 

fruit  quality,  and  growth  variables  was 

height, plant height (PH) and stem diameter 

determined. The ID x cover interaction was 

(SD) were measured. The PH was measured 

significant for total fruit acidity (pH) and SD 

with  a  tape  measure  from  the  base  of  the 

(p  <0.05).  Analysing  the  isolated  effect  of 

stem to the apex. The SD was measured with 

the  irrigation  treatment,  we  observed  a 

a digital calliper at 2 cm aboveground. 

significant effect for the variables TY, FW, 

 

FD,  IWP,  TSS,  TSS/TA,  SD,  and  PH.  For 



the  source  of  variation  in  coverage,  there 

was an isolated effect only for the variables 



SD and PH. 
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Table 1.  Two-way analysis of variance (ANOVA) for yield, fruit quality and growth traits in tomato. 

Source of variation 

Traits 

Irrigation level 

Mulching 


IL x M 

CV-1 (%)  CV-2 (%) 

(IL) 

(M) 

TY 

** 

ns 

ns 

6.42 

7.04 

FW 

** 

ns 

ns 

2.63 

3.74 

FD 

** 

ns 

ns 

1.14 

1.03 

IWP 

** 

ns 

ns 

8.02 

7.74 

pH 

ns 

ns 

* 

1.46 

1.00 

TSS 

* 

ns 

ns 

5.34 

3.56 

TA 

ns 

ns 

ns 

11.85 

7.72 

TSS/TA 

* 

ns 

ns 

13.96 

10.57 

FF 

ns 

ns 

ns 

9.39 

14.39 

SD 

** 

** 

** 

6.81 

4.59 

PH 

** 

** 

ns 

4.41 

3.00 

Tomato total productivity (TY), average fruit weight (FW), average fruit diameter (FD), water productivity (IWP), total acidity (pH), total soluble solids (TSS) titratable acidity (TA); ratio between total soluble solids and titratable acidity (TSS/TA), fruit firmness (FF), stem diameter (SD) and plant height (PH) affected by different irrigation regimes  (IL),  use  or  not  of  mulching  (M)  and  its  interactions.  '*',  '**',  significance  level  at  0.05  and  0.01, respectively,  'ns'  not  significant.  CV-1  and  CV-2,  coefficients  of  variation  linked  to  error  1  and  error  2, respectively. 

 

Water  constitutes  the  most  critical 

plants  exhibit  heightened  vulnerability  to 

component  of  plant  tissues,  accounting  for 

water  stress  during  flowering  and  fruiting 

up to 94% of the fruit mass in tomatoes (Koh 

stages (Keabetswe  et al. , 2019; Khapte  et al. , Charoenprasert; Mitchell, 2012). It serves as 

2019).  In  the  present  study,  designated 

a  vital  medium  for  all  cellular  and 

irrigation  water  quantities  were  applied 

biochemical 

processes, 

including 

throughout the entire crop cycle. 

photosynthesis.  Water  scarcity  triggers  a 



cascade 

of 

morphoanatomical, 


5.2 Productive attributes and water 

physiological,  and  biochemical  responses 


productivity 

aimed  at  enhancing  water  use  efficiency 



(Kapoor   et  al. ,  2020).  However,  prolonged There  was  an  increasing  quadratic 

water  deficit  compromises  turgor  pressure, 

adjustment  for  yield  (TY,  FW,  and  FD), 

hindering  cell  division  and  plant  growth 

which  was  drastically  affected  by  the 

(Dariva   et  al. ,  2021).  Consequently,  a 

irrigation  treatment  with  a  lower  water 

reduction  in  soil  water  content  predictably 

depth. A 17% increase in total productivity 

diminishes tomato yield. 

was  observed  from  the  smallest  ID  applied 

Tomato  is  a  water-demanding  crop, 

to the greatest ID applied (66 t ha-1 for 305 

and  previous  studies  have  consistently 

mm cycle-1 to 77 t ha-1 for 577 mm cycle-1, 

demonstrated yield reductions under water-

respectively),  with  a  consequent  reduction 

limited conditions (Chen  et al. , 2014; Zhang (4.3%) in TY up to the greatest ID (74 t ha-1 

 et  al. ,  2017;  Hashem   et  al. ,  2018).  The in  725  mm  cycle-1)  (Fig.  2A).  The  average 

magnitude  of  yield  loss  depends  on  the 

FW  is  a  relevant  component  of  tomato 

severity,  duration  of  stress,  and  the  plant's 

production,  and  from  the  point  of  view  of 

developmental 

stage, 

which 

in 

turn 

commercialization, 

it 

can 

indirectly 

influences  intrinsic  water  use  efficiency 

represent  fruit  size.  The  highest  mean  FW 

(IWP)  (Ghannem   et  al. ,  2020).  Tomato 

value was observed for the ID that provided 
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648 mm cycle-1, which was on average 6% 

A reduction on the order of 46% in the IWP 

higher than that observed for the lowest ID 

was observed when comparing the IDs from 

(305 mm cycle-1) (Fig. 2B). A reduction of 

305 to 725 mm cycle-1 (210 kg ha-1 mm-1 in 

less  than  1%  in  FW  was  observed  with  an 

the 305 mm cycle-1 and 97 kg ha-1 mm-1 in 

increase  in  water  depth  applied  up  to  725 

the 725 mm cycle-1) (Fig. 2D). The response 

mm cycle-1. The application of the 600 mm 

of the IWP to the water levels was different 

cycle-1  ID  provided  a  greater  mean  FD, 

from that of the yield, in which the treatment 

reaching a value of 75 mm, while the lowest 

that  promoted  higher  crop  yields  did  not 

and  highest  applied  ID,  305  and  725  mm 

necessarily have a higher IWP. The highest 

cycle-1, recorded mean diameters of 73  and 

IWP  was  obtained  at  the  lowest  ID, 

74 mm, respectively (Fig. 2C). 

corresponding to 65% of the ETc (305 mm). 

The  IWP  as  a  function  of  ID  was 

fitted to a linear regression model (r2 = 96%). 



Figure 2.  Total productivity (A), average fruit weight (B), average fruit diameter (C) and water productivity (D) as a function of different irrigation depths. **, * Significant at the probability  level  of  0.1  and  0.5,  respectively,  by  the  "F"  test  at  95%  confidence interval. 



Source: Manoel Nelson de Castro Filho, Poçoes/BA, 2018. 
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Several studies have documented the 

certain  threshold  can  severely  impact  total 

detrimental  effects  of  reduced  irrigation 

fruit  production  (Nangare   et  al. ,  2016).  In depths (IDs) on marketable fruit production 

this  study,  the  observed  decrease  in  IWP 

(Du  et al. , 2017; Lovelli  et al. , 2017; Zhang with increasing ID was less pronounced than 

 et al. , 2017). In this study, the treatment with the water savings achieved through reduced 

the  lowest  applied  ID  (305  mm  cycle-1) 

irrigation.  This  suggests  that  crops  can 

yielded  the  least  fruit  (66  t  ha-1).  Notably, 

tolerate  a  degree  of  water  deficit  with 

while  reductions  in  total  yield  (PY),  mean 

minimal  yield  loss,  leading  to  significant 

fruit weight (FW), and fruit dry weight (FD) 

reductions  in  irrigation  water  use,  as 

were  observed  at  lower  IDs,  similar 

reported  by  Cantore   et  al.   (2016)  and 

decreases  were  also  evident  when  IDs 

Giuliani  et al.  (2016). The highest IWP (210 

exceeded  the  optimal  level.  These  findings 

kg  ha-1  mm-1)  was  achieved  with  305  mm 

align with those of Silva  et al.  (2014). 

cycle-1,  corresponding  to  65%  ETc.  This 

The lower fruit production, FW, and 

aligns  with  Zhang   et  al.   (2017)  who 

FD  observed  with  the  highest  IDs  can  be 

observed higher IWP at 60-80% ETc and Du 

associated  with  increased  nutrient  leaching 

 et  al.   (2017)  who  reported  a  peak  IWP  at beyond  the  root  zone.  Li   et  al.   (2017) 50%  ETc.  Similarly,  Campos   et  al.   (2009) reported that fertilizer concentrations remain 

found  no  significant  yield  reduction  in 

high  under  water  stress  but  decrease  with 

water-stressed  tomato  plants,  resulting  in 

frequent  and  full  irrigation.  Furthermore, 

increased  IWP  compared  to  well-irrigated 

moisture  is  the  primary  meteorological 

controls.  Furthermore, Lovelli   et  al.   (2017) factor influencing pest and disease incidence 

demonstrated 

that 

early-fruit-ripening 

(Fara  et al. , 2019). High humidity promotes 

irrigation cessation does not affect yield but 

pathogen  infectivity,  disease  development, 

boosts  IWP.  Therefore,  if  ID  reduction  has 

and  pathogen  spread  (Turkington   et  al. , minimal impact on fruit production, IWP is 

2014), 

potentially 

impacting 

crop 

expected to increase. 

performance. 

The  use  of  mulching  did  not  have  a 

 

Maximum values for yield attributes 

significant effect on the productive attributes 

(TY,  FW,  and  FD)  were  attained  within  a 

of the tomato plant or the water productivity 

range  of  577-648  mm  cycle-1  irrigation 

(p>  0.05)  (Fig.  3A-D).  Although  not 

depths  (ID).  Notably,  the  highest  TY  was 

significantly  different,  higher  numerical 

observed at 577 mm cycle-1, the highest FW 

values 

were 

observed 

in 

the 

total 

at 648 mm cycle-1, and the highest FD at 600 

productivity and  IWP in the treatment with 

mm cycle-1. These findings align with Silva 

mulching. While the average total yield was 

 et  al.   (2013),  who  reported  increased  fruit 73.5 t ha⁻¹; the average TY was 73.5, the TY 

number and yield per plant with 100-133% 

was 75 t ha-1 in the treatments with mulching 

ETc 

(tomato 

water 

consumption) 

and  72  t  ha-1  in  the  treatments  without 

application. 

mulching 

(Fig.  3A),  and  the  water 

While mild water deficit can enhance 

productivity  was  156  kg  ha-1  mm-1  with  a 

tomato water productivity (IWP) (Lu  et al. , 

mulching  and  150  kg  ha-1  mm-1  without  a 

2019;  Nangare   et  al. ,  2016),  exceeding  a mulching (Fig. 3D). 
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Figure 3. Mean values of total yield (A), mean fruit weight (B), mean fruit diameter (C) and water yield (D) in plants maintained with mulching and without mulching. The same lowercase letters indicate that treatment with and without mulching did not differ by the F test (p>0.05). Data are expressed as mean ± standard error (n=20). 



Source: Manoel Nelson de Castro Filho, Poçoes/BA, 2018. 



Biswas   et  al.   (2015)  reported  that 

Additionally, Campagnol  et al.  (2014) found 

combining  drip  irrigation  with  mulch  can 

increased  water  productivity  with  reduced 

enhance 

tomato 

productivity 

while 

irrigation  in  mulched  plants  compared  to 

minimizing  water  use.  This  improvement 

unmulched  ones.  However,  it  is  crucial  to 

likely  stems  from  the  altered  microclimate 

note that the response of crops to irrigation 

above and below the soil surface created by 

strategies like mulching can vary depending 

mulching (Ansary  et al. , 2017). In our study, on  soil  and  climatic  conditions  (Zhang, 

while  the  mulching  treatment  did  not 

2017; Mendonça  et al. , 2021). 

statistically  affect  yield  parameters,  a 

Although 

several 

studies 

have 

numerically higher total fruit yield (4%) and 

reported  positive  effects  of  mulching  on 

irrigation water productivity were observed. 

tomato  yield  and  water  productivity,  these 

This  could  be  attributed  to  increased  soil 

benefits  were  not  statistically  significant 

temperature  and  moisture  due  to  mulching, 

under  the  conditions  of  the  present  study. 

as  reported  by  Filipović   et  al.   (2016)  and The  main  advantage  of  mulching  is  the 

Zhang  et al.  (2019). Mendonça  et al.  (2021) reduction  of  soil  evaporation,  which  helps 

also  observed  positive  effects  on  yield  and 

maintain  higher  soil  water  availability, 

fruit  number  with  green  plastic  mulch. 

especially  under  dry  conditions.  However, 
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during  the  experimental  period,  a  rainfall 

with  mulching  produced  fruits  with  higher 

event  totalling  246  mm  occurred  between 

pH  values.  We  did  not  observe  significant 

late  November  and  early  December. 

results  for  plants  to  which  495  mm  cycle-1 

Considering  the  clayey  sandy  loam  soil  of 

was applied (Figure 4A). The pH of the fruits 

the  experimental  area,  this  rainfall  was 

as  a  function  of  ID  was  adjusted  to  an 

sufficient  to  maintain  high  soil  moisture  in 

increasing  linear  regression  model  (r2  = 

both mulched and bare soil treatments for a 

70.30%)  (Fig.  4B).  An  increase  of 

substantial  portion  of  the  crop  cycle. 

approximately 3% in pH was observed when 

Consequently,  soil  water  availability  was 

comparing  the  IDs  from  305  to  725  mm 

likely  similar  between  treatments,  reducing 

cycle-1 (4.17 in 305 mm cycle-1 and 4.29 in 

the  potential  advantage  of  mulching  in 

725 mm cycle-1). 

conserving  water.  Under  these  conditions, 

There was a decreasing quadratic fit 

the  beneficial  effects  of  mulch  on 

for  TA,  with  a  lower  value  (0.32%  citric 

evaporation 

control 

were 

minimized, 

acid)  found  when  493  mm  cycle-1  was 

explaining why only numerical increases in 

supplied  (Fig.  4C).  The  highest  TA  values 

yield and irrigation water productivity were 

were found when low a ID (0.34% citric acid 

observed rather than statistically significant 

at 305 mm cycle-1) and high ID (0.35% citric 

differences. These findings reinforce that the 

acid  at  725  mm  cycle-1)  were  applied.  The 

effectiveness of mulching depends strongly 

TSS content, which represents the total of all 

on rainfall distribution, soil texture, and the 

dissolved  solids,  such  as  sugar,  salts, 

duration of periods without precipitation. 

proteins  and  acids,  showed  a  decreasing 



linear  regression  fit  (p  <0.05),  with  a 

5.3 Effect of irrigation depth and 

reduction of 11% of the smallest value at the 


mulching treatment on tomato quality 

greatest  ID  applied  (4.10  °Brix  at  305  mm 



cycle-1  and  3.70  °Brix  at  725  mm  cycle-1) 

Figure 4 shows the means of the fruit 

(Fig.  4D).  The  TSS/TA  ratio  showed  an 

quality  attributes,  including  total  acidity 

increasing quadratic fit, with a maximum of 

(pH), TSS, TA, TSS/TA, and fruit firmness 

452  mm  cycle-1,  equivalent  to  a  TSS/TA 

(FF). The ID × M interaction was significant 

ratio  of  13°Brix/%  citric  acid.  Linear 

for  total  acidity  (pH)  (Table  1).  The  pH  of 

adjustments with moderate R² (pH, R²=0.70) 

the fruits from plants grown with a mulching 

and  high  CV  in  qualitative  traits  (TSS/TA: 

and irrigated at 305 and 440 mm cycle-1 was 

13-14%) 

reflect 

inherent 

biological 

statistically  lower  than  the  pH  of  the  fruits 

variability, influenced by microclimates and 

grown from plants without a mulching (4.18 

phenological  stages  (Fig.  4E).  The  lowest 

and 4.19 with a mulching and 4.26 and 4.24 

TSS/TA  ratio  (10.5°Brix)  was  estimated  at 

a  without  mulching  at  305  and  440  mm 

725  mm  cycle-1.  For  FF,  among  the 

cycle-1,  respectively)  (Fig.  4A).  Inverse 

regression  models  tested,  there  was  no 

behaviour  was  observed  at  IDs  of  610  and 

significant fit (p> 0.05), with  a mean value 

725 mm cycle-1, in  which plants  are grown 

of 14.57 N (Fig. 4F). 
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Figure 4.  Total acidity (pH) of fruits from plants grown with and without mulching at different irrigation  levels  (A);  estimate  of  the  total  acidity  of  fruits  harvested  from  plants grown  in  different  water  regimes  within  each  cover  treatment  (B)  and,  titratable acidity  (C),  total  soluble  solids  (D),  TSS/TA  ratio  (E)  and  fruit  firmness  (F) depending on the different irrigation depths. In figure 'A' the same lowercase letters indicate that the cover treatments did not differ among themselves by the Tukey test (p>0.05) at each irrigation level and the bars indicate the standard errors of the mean (n=4). In figures 'b-f', **, * significant at the probability level of 0.01 and 0.05, by the "F" test, respectively. 



Source: Manoel Nelson de Castro Filho, Poçoes/BA, 2018. 
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Regarding the productive aspects, the source 

consumer  acceptance,  transport  resistance, 

of variation from cover alone did not have a 

and  postharvest  shelf  life  (Batu,  2004; 

significant effect on the quality attributes of 

Pinheiro  et al. , 2016). Tomatoes harvested at the tomato plant (p> 0.05) (Fig. 5A-D). Even 

commercial  maturity  generally  present 

though with a cover and without a cover did 

firmness  values  ranging  from  10  to  25  N, 

not result in significant differences, the use 

depending  on  cultivar,  ripening  stage,  and 

of a mulching increased the TSS/TA by 2% 

evaluation  methodology  (Pinheiro   et  al. , (mean  of  12.2  with  a  mulching  and  12.0  a 

2016).  Therefore,  the  firmness  observed  in 

without mulching) (Fig. 5C) and FF by 7% 

the  present  study  falls  within  the  expected 

(15 N with  a mulching and 14 N without  a 

commercial range, indicating that the fruits 

mulching) (Fig. 5D). 

were  not  excessively  soft.  The  absence  of 

Although 

mulching 

did 

not 

differences  between  mulched  and  bare  soil 

significantly  affect  fruit  firmness  (FF),  the 

treatments  suggests  that  the  rainfall  during 

average value observed (14.57 N) indicates 

the  crop  cycle  reduced  differences  in  soil 

that  the  fruits  maintained  adequate  texture 

water  availability,  preventing  the  water 

for  fresh-market  commercialization.  Fruit 

stress  typically  associated  with  increased 

firmness is a key quality attribute related to 

fruit firmness. 



Figure 5.  Mean values of titratable acidity (A), total soluble solids (B), TSS/TA ratio (C) and fruit  firmness  (D)  in  plants  maintained  with  and  without  mulching.  The  same lowercase letters indicate that treatments with and without mulching did not differ by the F test (p>0.05). Data are expressed as mean ± standard error (n=20). 



Source: Manoel Nelson de Castro Filho, Poçoes/BA, 2018. 
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While  water  depths  below  577  mm 

deforming  fruits  (Ferreira   et  al.,  2010). 

negatively  impacted  tomato  yield,  fruit 

Firmer  tomatoes  tolerate  long-distance 

quality  exhibited  the  opposite  trend. 

transport  without  pericarp  rupture.  In  our 

Reduced  pH  values  increased  total  soluble 

study, FF remained unaffected by irrigation 

solids  (TSS),  titratable  acidity  (TA),  and 

depth, aligning with Zhang  et al.  (2017) and TSS/TA  ratio  were  observed  under  water 

Agbemafle  et al.  (2014). 

deficit (Lovelli   et  al. , 2017;  Hashem   et  al. , Mulching did not significantly affect 

2018).  This  likely  occurred  due  to  reduced 

FF,  TA,  TSS,  or  TSS/TA.  This  aligns  with 

water content in the fruit, leading to higher 

Mendonça   et  al.   (2021)  who  found  no 

concentrations of TSS and acids (Radović  et 

significant  impact  of  soil  cover  on  tomato 

 al. ,  2019;  Tang   et  al. ,  2010).  Our  study fruit  quality.  Similarly,  Campagnol   et  al.  

confirms  this,  demonstrating  increased 

(2014)  reported  no  effect  of  soil  cover  on 

acidity  (lower  pH  and  higher  TA)  in  fruits 

TA.  While  statistically  insignificant,  fruits 

under  water  deficit,  particularly  in  smaller 

under  mulching  exhibited  slightly  higher 

irrigation  depths.  Similar  responses  were 

TSS/TA (2%) and firmness (7%). 

observed  with  excessive  irrigation,  which 



reduces  soil  aeration  and  root  respiration, 


5.4 Growth parameters 

hindering water uptake. 



Both  excessive  and  insufficient  soil 

PH was significantly affected by  ID 

moisture  impacted  fruit  pH  and  TA.  These 

and mulching individually (p <0.05) (Table 

conditions  negatively  affect  gas  exchange 

1). An increase of 3% in  PH was  observed 

and  carbohydrate  synthesis,  potentially 

with  the  use  of  mulching  (Fig.  6A). 

leading to increased degradation of organic 

Regarding  the  IDs,  a  linear  increase  was 

acids  into  sugars  (Halinska;  Frenkel,  1991; 

observed with increasing IDs. An increase of 

Karlen   et  al. ,  1983).  Soares   et  al.,   (2012) 10.33% was recorded from 305 to 725 mm 

also  reported  decreased  fruit  pH  under 

cycle-1  (Fig.  6B).  In  contrast,  the  SD 

reduced  irrigation.  Water  deficit  induces 

experienced a significant effect from the I × 

metabolic  changes,  including  the  synthesis 

M  interaction.  The  SD  was  lower  in  plants 

of  antioxidant  compounds  like  vitamin  C 

grown with mulching and irrigated with 440, 

and  carotenoids  (Medyouni   et  al. ,  2021)  to 610,  and  725  mm  cycle-1  than  in  plants 

mitigate  the  harmful  effects  of  reactive 

grown without mulching with the same IDs 

oxygen species (ROS). 

(Fig. 6C). The SD response as a function of 

TSS  levels  indicate  fruit  sweetness 

the  IDs  for  the  plants  grown  without 

and  maturity  (Vieira   et  al. ,  2014).  They mulching  was  fitted  to  a  quadratic  model 

influence  flavour,  nutritional  value,  and 

with the largest diameter (17.63 mm) found 

firmness  (Hao   et  al. ,  2013).  In  this  study, when applying an ID of 575.04 mm cycle-1 

TSS  increased  with  decreasing  irrigation 

(Fig.  6D).  Conversely,  the  SD  response  in 

depth, consistent with findings by Kuscu  et 

plants  grown  with  mulching  could  not  be 

 al.   (2014),  and  Hashem   et  al.   (2018).  Fruit adjusted  to  the  IDs,  with  a  mean  value  of 

firmness 

(FF) 

is 

crucial 

for 

fresh 

14.63 mm. 

consumption.  Consumers  prefer  firm,  non-
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Figure 6.  Mean values  of plant height with  and without mulching (A) and estimate of plant height as a function of different irrigation depths (B); mean stem diameter with and without mulching at different irrigation levels (C) and estimate of stem diameter at different irrigation depths within each cover treatment (D). In figure 'A', the different lowercase letters indicate that the treatment with and without mulching differ by the F test (p>0.05). In figures 'B' and 'D', **, * significant at the probability level of 0.01 

and 0.05, by the "F" test, respectively. In figure 'c' the same lowercase letters indicate that the cover treatments did not differ from each other by the Tukey test (p>0.05) at each irrigation level and the bars indicate the standard errors. 



Source: Manoel Nelson de Castro Filho, Poçoes/BA, 2018. 



A mulching layer helps maintain soil 

consistent  with  tomato  plants  grown  under 

humidity by minimizing evaporation (Bu  et 

rice  straw  mulch  (Moursy;  Mostafa; 

 al. ,  2013;  Li   et  al. ,  2013).  This,  in  turn, Solieman, 2015; Mendonça  et al. , 2021). 

alleviates  water  stress  and  promotes 

Increasing IDs led to a linear rise in tomato 

vegetative  growth.  Our  findings  align  with 

plant PH, corroborating results from Agbna 

existing  literature,  showing  that  mulching 

 et al.  (2017). However, contrasting findings generally  increases  plant  PH  compared  to 

were  reported  by  Sibomana;  Aguyoh; 

unmulched  control  groups  (Berihun  2011; 

Opiyo, (2013), who observed plant stunting 

Parmar;  Polara;  Viradiya,  2013;  Pinder   et 

only under severe drought conditions (60% 

 al. ,  2016).  Additionally,  mulched  plants lower irrigation compared to the control). 

displayed  a  lower  average  SD,  reflecting  a 

more  consistent  internal  microclimate  and 



reduced  stress  response.  This  trend  is 
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6 CONCLUSION 

/FSQM/article/view/18208/0. Accessed on: 05 Aug. 2026. 

The  mulching  did  not  significantly 



affect  the  attributes  of  tomato  yield  and 

AGBNA, G. H.; ALIYU, U.; AMINU, M.; 

water  productivity,  and  of  the  quality 

BAKO, M. M.; KABIR, M. A. Effects of 

variables, only the pH improved with the use 

deficit irrigation and biochar addition on the 

a  cover.  Despite  the  nonsignificant  results, 

growth, yield, and quality of tomato. 

slightly higher numerical values (~4%), but 

Scientia Horticulturae, Amsterdam, v. 

without significance (p>0.05). There was no 

222, p. 90-101, 2017. DOI: 

effect of plastic mulch on yield. In addition, 

10.1016/j.scienta.2017.05.004. Available at: 

the  plastic  mulch  promoted  an  increase  in 

https://www.sciencedirect.com/science/artic

PH and a decrease in SD. 

le/abs/pii/S0304423817302790?via%3Dihu

Optimal irrigation depth of 577 mm 

b. Accessed on: 05 Aug. 2026. 

(~124% ETc) maximized TY; for IWP, 305 



mm (65% ETc). Therefore, considering the 

ANSARY, S. H.; MANNA, A.; BARUI, 

results of the present study, plastic mulching 

K.; MUDI, N.; GAYEN, N.; 

did  not  significantly  affect  productivity  or 

CHOWDHURY, A. K. Evaluation of 

quality  (p>0.05),  likely  due  to  the  246  mm 

different mulch materials on growth and 

rainfall.  577  mm  cycle⁻¹  (~124%  ETc)  is 

yield of summer tomato ( Solanum 

recommended  for  maximum  yield  under 

 lycopersicum L.). International Journal of semi-arid conditions in Bahia; future studies 

Tropical Agriculture, New Delhi, v. 35, n. 

should test mulching in dry cycles. 

1, p. 47-55, 2017. Available 



at: https://www.serialsjournals.com/abstract



/77056_7.pdf. Accessed on: 05 Aug. 2026. 


7 ACKNOWLEDGEMENTS 

AOAC INTERNATIONAL. Official 

We  are  grateful  to  Coordenação  de 


methods of analysis of AOAC 

Aperfeiçoamento  de  Pessoal  de  Nível 


International. 16th ed. 3. rev. Arlington: 

Superior  -  Brasil  (CAPES)  -  Finance  Code 

AOAC International, 1997. 

001 for granting the scholarship to the first 



author,  and  to  the  company  Modulo  Rural 

BATU, A. Determination of acceptable 

for  providing  the  space  and  staff  necessary 

firmness and colour values of tomatoes. 

to make this work possible. We also wish to 

Journal of Food Engineering, 

thank DRIP-Plan for providing the drippers. 

Amsterdam, v. 61, p. 471-475, 2004. DOI: 



10.1016/S0260-8774(03)00141-9.  



Available at: 


8 REFERENCES 

https://www.sciencedirect.com/science/artic



le/abs/pii/S0260877403001419. Accessed 



on: 10 Aug. 2026. 

AGBEMAFLE, R.; OWUSU-SEKYERE, 



J.; BART-PLANGE, A.; OTCHERE, J. 

BERIHUN, B. Effect of mulching and 

Effect of deficit irrigation and storage on 

amount of water on the yield of tomato 

physicochemical quality of tomato 

under drip irrigation. Journal of 

( Lycopersicon esculentum Mill. var. 

Horticulture and Forestry, Nairobi, v. 3, 

Pechtomech). Food Science and Quality 

n. 7, p. 200-206, 2011. Available at: 

Management, v. 34, p. 63-72, 2014. 

https://academicjournals.org/app/webroot/ar

Available 

ticle/article1379430956_Baye.pdf.  

at: https://www.iiste.org/Journals/index.php

Accessed on: 07 Aug. 2026. 

Irriga, Botucatu, v. 30, p. 374-397, janeiro-dezembro, 2025 

390                                                          Castro Filho, et al. 







CAMPAGNOL, R.; ABRAHÃO, C.; 

BISWAS, S. K.; AKANDA, A. R.; 

MELLO, S. C.; OVIEDO, V. R. S.; 

RAHMAN, M. S.; HOSSAIN, M. A. Effect 

MINAMI, K. Impacts of irrigation levels 

of drip irrigation and mulching on yield, 

and soil cover on tomato crop. Irriga, 

water-use efficiency and economics of 

Botucatu, v. 19, n. 3, p. 345-357, 2014. 

tomato. Plant, Soil and Environment, 

DOI: 10.15809/irriga.2014v19n3p345. 

Prague, v. 61, n. 3, p. 97-102, 2015. DOI: 

Available at: 

10.17221/804/2014-PSE. Available at: 

https://www.researchgate.net/publication/2

https://www.researchgate.net/publication/2

86578136_Impacts_of_irrigation_levels_an

76095950_Effect_of_drip_irrigation_and_

d_soil_cover_on_tomato_crop. Accessed 

mulching_on_yield_water-

on: 18 Aug. 2026. 

use_efficiency_and_economics_of_tomato. 



Accessed on: 05 Aug. 2026. 

CAMPOS, H.; TREJO, C.; PEÑA-



VALDIVIA, C. B.; RAMÍREZ-AYALA, 

BOGALE, A.; TESFAYE, K.; GELETO, 

C.; SÁNCHEZ-GARCÍA, P. Effect of 

K. Regulated deficit irrigation and partial 

partial root-zone drying on growth, gas 

root-zone drying irrigation impact bioactive 

exchange, and yield of tomato ( Solanum 

compounds and antioxidant activity in two 

 lycopersicum L.). Scientia Horticulturae, select tomato cultivars. Scientia 

Amsterdam, v. 120, n. 4, p. 493-499, 2009. 

Horticulturae, Amsterdam, v. 213, p. 115-

DOI: 10.1016/j.scienta.2008.12.014. 

124, 2016. DOI: 

Available at: 

10.1016/j.scienta.2016.10.029. Available at: 

https://www.sciencedirect.com/science/artic

https://www.sciencedirect.com/science/artic

le/abs/pii/S0304423808005360. Accessed 

le/abs/pii/S0304423816305313. Accessed 

on: 04 Sept. 2026. 

on: 20 Jul. 2026. 





CANTORE, V.; LECHKAR, O.; 

BRASIL. Instituto Brasileiro de Geografia 

KARABULUT, E.; SELLAMI, M. H.; 

e Estatística. Indicadores IBGE: 

ALBRIZIO, R.; BOARI, F.; STELLACCI, 

Levantamento Sistemático da Produção 

A. M.; TODOROVIC, M. Combined effect 

Agrícola: dezembro de 2024. Rio de 

of deficit irrigation and strobilurin 

Janeiro: IBGE, 2024. Available at: 

application on yield, fruit quality and water 

https://agenciadenoticias.ibge.gov.br/media/

use efficiency of “cherry” tomato ( Solanum 

com_mediaibge/arquivos/42a86ef6d8cbdb0

 lycopersicum L.). Agricultural Water 

a25e13cdc830799e6.pdf?utm_source=chatg

Management, Amsterdam, v. 167, p. 53-

pt.com. Accessed on: 10 Feb. 2026. 

61, 2016. DOI: 



10.1016/j.agwat.2015.12.024. Available at:  

BU, L. D.; LIU, J. L.; ZHU, L.; LUO, S. S.; 

https://www.sciencedirect.com/science/artic

CHEN, X. P.; LI, S. Q.; HILL, R. L.; 

le/abs/pii/S0378377415301955?via%3Dihu

ZHAO, Y. The effects of mulching on 

b. Accessed on: 03 Sept. 2026. 

maize growth, yield and water use in a 



semi-arid region. Agricultural Water 

CHEN, J.; KANG, S.; DU, T.; GUO, P.; 

Management, Amsterdam, v. 123, p. 71-

QIU, R.; CHEN, R.; GU, F. Modeling 

78, 2013. DOI: 

relations of tomato yield and fruit quality 

10.1016/j.agwat.2013.03.015. Available at: 

with water deficit at different growth stages 

https://www.sciencedirect.com/science/artic

under greenhouse condition. Agricultural 

le/abs/pii/S0378377413000760. Accessed 

Water Management, Amsterdam, v. 146, 

on: 18 Jul. 2026. 

p. 131-148, 2014. DOI: 



10.1016/j.agwat.2014.07.026. Available at: 

Irriga, Botucatu, v. 30, p. 374-397, janeiro-dezembro, 2025 

Produtividade e qualidade...                                                                391                                                             



https://doi.org/10.1016/j.agwat.2014.07.026

https://www.sciencedirect.com/science/artic

. Accessed on: 05 Sept. 2026 

le/pii/S2095311916613710. Accessed on: 05 Sept. 2026. 

CHENG, H. M.; KOUTSIDIS, G.; 



LODGE, J. K.; ASHOR, A. W.; SIERVO, 

FARA, S. J.; DELAZARI, F. T.; GOMES, 

M.; LARA, J. Lycopene and tomato and 

R. S.; ARAÚJO, W. L.; SILVA, D. J. H. 

risk of cardiovascular diseases: a systematic 

da. Stomata opening and productiveness 

review and meta-analysis of 

response of fresh market tomato under 

epidemiological evidence. Critical 

different irrigation intervals. Scientia 

Reviews in Food Science and Nutrition, 

Horticulturae, Amsterdam, v. 255, p. 86-

Philadelphia, v. 59, n. 1, p. 141-158, 2019. 

95, 2019. DOI: 

DOI: 10.1080/10408398.2017.1362630. 

10.1016/j.scienta.2019.05.025. Available at: 

Available at: 

https://www.sciencedirect.com/science/artic

https://pubmed.ncbi.nlm.nih.gov/28799780/

le/abs/pii/S0304423819303711?via%3Dihu

. Accessed on: 03 Sept. 2026. 

b#preview-section-abstract. Accessed on: 



01 Sept. 2026. 

CRISPIM, A. B.; SOUZA, M. N.; SILVA, 



E. V.; QUEIRÓZ, P. H. B. The drought 

FAO. FAOSTAT: produção de tomate no 

matter in the northeastern semi-arid and the 

Brasil, 2023-2025. Roma: FAO, 2025. 

reductionist approach of the State: the need 

Available at: https://www.fao.org/faostat/. 

for denaturalizing socio-environmental 

Accessed on: 10 Feb. 2026. 

concerns. Ambiente & Educação: Revista 



de Educação Ambiental, Rio Grande, v. 21, 

FERREIRA, S. M. R.; QUADROS, D. A.; 

n. 2, p. 39-59, 2016. 

KARKLE, E. N. L.; LIMA, J. J.; TULLIO, 



L. T.; FREITAS, R. J. S. Qualidade pós-

DARIVA, F. D.; PESSOA, H. P.; COPATI, 

colheita do tomate de mesa convencional e 

M. G. F.; ALMEIDA, G. Q. de; CASTRO 

orgânico. Ciência e Tecnologia de 

FILHO, M. N. de; PICOLI, E. A. de T.; 

Alimentos, Campinas, v. 30, n. 4, p. 858-

CUNHA, F. F. da; NICK, C. Yield and fruit 

869, 2010. DOI: 10.1590/S0101-

quality attributes of selected tomato 

20612010000400004. Available at: 

introgression lines subjected to long-term 

https://www.scielo.br/j/cta/a/MdtXvwWZD

deficit irrigation. Scientia Horticulturae, 

dKGzN8hFYQzwKF/?format=html&lang=

Amsterdam, v. 289, article 110426, 2021. 

pt&ilang=pt_BR. Accessed on: 01 Feb. 

DOI: 1016/j.scienta.2021.110426. 

2026. 

Available at: 



https://www.sciencedirect.com/science/artic

FILIPOVIĆ, V.; ROMIĆ, D.; ROMIĆ, M.; 

le/abs/pii/S0304423821005331?via%3Dihu

BOROŠIĆ, J.; FILIPOVIĆ, L.; 

b. Accessed on: 05 Sept. 2026 

MALLMANN, F. J. K.; ROBINSON, D. A. 



Plastic mulch and nitrogen fertigation in 

DU, Y. D.; CAO, H. X.; LIU, S. Q.; GU, X. 

growing vegetables modify soil 

B.; CAO, Y. X. Response of yield, quality, 

temperature, water and nitrate dynamics: 

water and nitrogen use efficiency of tomato 

experimental results and a modeling study. 

to different levels of water and nitrogen 

Agricultural Water Management, 

under drip irrigation in Northwestern 

Amsterdam, v. 176, p. 100-110, 2016. DOI: 

China. Journal of Integrative 

10.1016/j.agwat.2016.04.020. Available at: 

Agriculture, Beijing, v. 16, n. 5, p. 1153-

https://www.sciencedirect.com/science/artic

1161, 2017. DOI: 10.1016/S2095-

le/abs/pii/S0378377416301457. Accessed 3119(16)61371-0. Available at: 

on: 01 Feb. 2026. 

Irriga, Botucatu, v. 30, p. 374-397, janeiro-dezembro, 2025 

392                                                          Castro Filho, et al. 









GHANNEM, A.; BEN AISSA, I.; 

HATFIELD, J. L.; DOLD, C. Water-use 

MAJDOUB, R. Effects of regulated deficit 

efficiency: advances and challenges in a 

irrigation applied at different growth stages 

changing climate. Frontiers in Plant 

of greenhouse grown tomato on substrate 

Science, Lausanne, v. 10, article 103, 2019. 

moisture, yield, fruit quality, and 

DOI: 10.3389/fpls.2019.00103. Available at: 

physiological traits. Environmental Science 

https://www.frontiersin.org/journals/plant-

and Pollution Research, Berlin, v. 28, n. 34, 

science/articles/10.3389/fpls.2019.00103/full

p. 46553-46564, 2020. DOI: 

. Accessed on: 02 Sept. 2026. 

10.1007/s11356-020-10407-w. Available at: 



https://link.springer.com/article/10.1007/s113

HORI, S.; BUTLER, E.; MCLOUGHLIN, 

56-020-10407-w. Accessed on: 01 Feb. 2026. 

J. Prostate cancer and diet: food for 



thought? BJU International, Hoboken, v. 

GIULIANI, M. M.; GATTA, G.; 

107, n. 9, p. 1348-1359, 2011. DOI: 

NARDELLA, E.; TARANTINO, E. Water 

10.1111/j.1464-410X.2010.09897.x. 

saving strategies assessment on processing 

Available at: 

tomato cultivated in Mediterranean region. 

https://pubmed.ncbi.nlm.nih.gov/21518228/

Italian Journal of Agronomy, Pavia, v. 

. Accessed on: 05 Sept. 2026. 

11, n. 1, p. 69-76, 2016. DOI: 



10.4081/ija.2016.738. Available at 

HOU, M.; SHAO, X.; LI, Y.; FAN, X.; 

https://www.sciencedirect.com/science/artic

LIU, S. Surface drainage and mulching 

le/pii/S1125471824005747.  Accessed on: drip-irrigated tomatoes reduces soil salinity 

01 Sept. 2026. 

and improves fruit yield. PLoS ONE, San 



Francisco, v. 11, n. 5, article e0154799, 

HALINSKA, A.; FRENKEL, C. 

2016. DOI: 10.1371/journal.pone.0154799. 

Acetaldehyde stimulation of net 

Available at: 

gluconeogenic carbon movement from 

https://journals.plos.org/plosone/article?id=

applied malic acid in tomato fruit pericarp 

10.1371/journal.pone.0154799. Accessed 

tissue. Plant Physiology, Rockville, v. 95, 

on: 05 Sept. 2026. 

n. 3, p. 954-960, 1991. DOI: 



10.1104/pp.95.3.954. Available at: 

HUDU, A. I.; FUTULESS, K. N.; 

https://pubmed.ncbi.nlm.nih.gov/16668078/

GWORGWOR, N. A. Effect of mulching 

. Accessed on: 03 Sept. 2026. 

intensity on the growth and yield of 



irrigated tomato ( Lycopersicon esculentum 

HASHEM, M. S.; ZIN EL-ABEDIN, T.; 

Mill.) and weed infestation in semi-arid 

AL-GHOBARI, H. M. Assessing effects of 

zone of Nigeria. Journal of Sustainable 

deficit irrigation techniques on water 

Agriculture, Binghamton, v. 21, n. 2, p. 

productivity of tomato for subsurface drip 

37-45, 2002. DOI: 

irrigation system. International Journal of 

10.1300/J064v21n02_05. Available at: 

Agricultural and Biological Engineering, 

https://www.tandfonline.com/doi/abs/10.13

Beijing, v. 11, n. 4, p. 156-167, 2018. DOI: 

00/J064v21n02_05. Accessed on: 05 Sept. 

10.25165/j.ijabe.20181104.3846. Available 

2026. 

at: 



https://www.researchgate.net/publication/32

KADER, A. A.; MORRIS, L. L.; 

7596676_Assessing_effects_of_deficit_irri

STEVENS, M. A.; ALBRIGHT-HOLTON, 

gation_techniques_on_water_productivity_

M. Composition and flavor quality of fresh 

of_tomato_for_subsurface_drip_irrigation_

market tomatoes as influenced by some 

system. Accessed on: 03 Sept. 2026. 

postharvest handling procedures. Journal 

Irriga, Botucatu, v. 30, p. 374-397, janeiro-dezembro, 2025 

Produtividade e qualidade...                                                                393                                                             



of the American Society for Horticultural 

KHAPTE, P. S.; KUMAR, P.; BURMAN, 

Science, Alexandria, v. 103, n. 1, p. 6-13, 

U.; KUMAR, P. Deficit irrigation in 

1978. DOI: 10.21273/JASHS.103.1.6. 

tomato: agronomical and physio-

Available at: 

biochemical implications. Scientia 

https://postharvest.ucdavis.edu/publication/

Horticulturae, Amsterdam, v. 248, p. 256-

composition-and-flavor-quality-fresh-

264, 2019. DOI: 

market-tomatoes-influenced-some-

10.1016/j.scienta.2019.01.006.  Available at:  

postharvest. Accessed on: 05 Aug. 2026. 

https://www.sciencedirect.com/science/artic



le/abs/pii/S0304423819300123. Accessed KAPOOR, D.; BHARDWAJ, S.; LANDI, 

on: 05 Sept. 2026. 

M.; SHARMA, A.; RAMAKRISHNAN, 



M.; SHARMA, A. The impact of drought in 

KOECH, R.; LANGAT, P. Improving 

plant metabolism: how to exploit tolerance 

irrigation water use efficiency: a review of 

mechanisms to increase crop production. 

advances, challenges and opportunities in 

Applied Sciences, Basel, v. 10, n. 16, 

the Australian context. Water, Basel, v. 10, 

article 5692, 2020. DOI: 

n. 12, article 1771, 2018. DOI: 

10.3390/app10165692. Available at: 

10.3390/w10121771. Available at: 

https://www.mdpi.com/2076-

https://www.mdpi.com/2073-

3417/10/16/5692. Accessed on: 02 Aug. 

4441/10/12/1771. Accessed on: 05 Sept. 

2026. 

2026. 





KARLEN, D. L.; SOJKA, R. E.; 

KOH, E.; CHAROENPRASERT, S.; 

ROBBINS, M. L. Influence of excess soil-

MITCHELL, A. E. Effects of industrial 

water and N rates on leaf diffusive 

tomato paste processing on ascorbic acid, 

resistance and storage quality of tomato 

flavonoids and carotenoids and their 

fruit. Communications in Soil Science 

stability over one-year storage. Journal of 

and Plant Analysis, New York, v. 14, n. 8, 

the Science of Food and Agriculture, 

p. 699-708, 1983. DOI: 

London, v. 92, n. 1, p. 23-28, 2012. DOI: 

10.1080/00103628309367401. Available at: 

10.1002/jsfa.4580. Available at: 

https://www.tandfonline.com/doi/abs/10.10

https://scijournals.onlinelibrary.wiley.com/

80/00103628309367401. Accessed on: 02 

doi/10.1002/jsfa.4580. Accessed on: 05 

Aug. 2026. 

Sept. 2026. 





KEABETSWE, L.; SHAO, G. C.; CUI, J.; 

KUŞÇU, H.; TURHAN, A.; ÖZMEN, N.; 

LU, J.; STIMELA, T. A combination of 

AYDINOL, P.; DEMIR, A. O. Optimizing 

biochar and regulated deficit irrigation 

levels of water and nitrogen applied 

improves tomato fruit quality: a 

through drip irrigation for yield, quality, 

comprehensive quality analysis. Folia 

and water productivity of processing tomato 

Horticulturae, Kraków, v. 31, n. 1, p. 181-

( Lycopersicon esculentum Mill.). 

193, 2019. DOI: 10.2478/fhort-2019-0013. 

Horticulture, Environment, and 

Available at: 

Biotechnology, Seoul, v. 55, n. 2, p. 103-

https://www.researchgate.net/publication/3

114, 2014. DOI: 10.1007/s13580-014-

33878433_A_combination_of_biochar_and

0180-9. Available at: 

_regulated_deficit_irrigation_improves_to

https://link.springer.com/article/10.1007/s1

mato_fruit_quality_A_comprehensive_qual

3580-014-0180-9. Accessed on: 05 Sept. 

ity_analysis. Accessed on: 02 Aug. 2026. 

2026. 





Irriga, Botucatu, v. 30, p. 374-397, janeiro-dezembro, 2025 

394                                                          Castro Filho, et al. 





LI, D.; ZHANG, D.; WANG, H.; LI, Y.; LI, 

CANDIDO, V. Yield, quality and water use 

R. Physiological response of plants to 

efficiency of processing tomatoes produced 

polyethylene glycol (PEG-6000) by 

under different irrigation regimes in 

exogenous melatonin application in wheat. 

Mediterranean environment. Italian 

Zemdirbyste-Agriculture, Akademija, v. 

Journal of Agronomy, v. 12, n. 1, p. 17-

104, n. 3, p. 219-228, 2017. DOI: 

24, 2017. DOI: 10.4081/ija.2016.795. 

10.13080/z-a.2017.104.028. Available at: 

Available at: 

https://www.researchgate.net/publication/3

https://www.sciencedirect.com/science/artic

18968797_Physiological_response_of_plan

le/pii/S1125471824006017. Accessed on: 

ts_to_polyethylene_glycol_PEG-

03 Sept. 2026. 

6000_by_exogenous_melatonin_applicatio



n_in_wheat. Accessed on: 05 Sept. 2026. 

LU, J.; SHAO, G.; CUI, J.; WANG, X.; 



KEABETSWE, L. Yield, fruit quality and 

LI, S. X.; WANG, Z. H.; LI, S. Q.; GAO, 

water use efficiency of tomato for 

Y. J.; TIAN, X. H. Effect of plastic sheet 

processing under regulated deficit 

mulch, wheat straw mulch, and maize 

irrigation: A meta-analysis. Agricultural 

growth on water loss by evaporation in 

Water Management, v. 222, p. 301-312, 

dryland areas of China. Agricultural 

2019. DOI: 10.1016/j.agwat.2019.06.008. 

Water Management, Amsterdam, v. 116, 

Available at: 

p. 39-49, 2013. DOI: 

10.1016/j.agwat.2012.10.004. Available at: 

https://www.sciencedirect.com/science/artic

https://www.sciencedirect.com/science/artic

le/abs/pii/S0378377418307509. Accessed 

le/abs/pii/S037837741200251X. Accessed 

on: 03 Sept. 2026. 

on: 05 Sept. 2026. 

MEDYOUNI, I.; ZOUAOUI, R.; RUBIO, 



E.; SERINO, S.; AHMED, H. B.; BERTIN, 

LI, Y.; NIU, W.; DYCK, M.; WANG, J.; 

ZOU, X. Yields and nutritional of 

N. Effects of water deficit on leaves and 

greenhouse tomato in response to different 

fruit quality during the development period 

soil aeration volume at two depths of 

in tomato plant. Food Science & 

subsurface drip irrigation. Scientific 

Nutrition, v. 9, n. 4, p. 1949-1960, 2021. 

Reports, London, v. 6, article 39307, 2016. 

DOI: 10.1002/fsn3.2160. Available at: 

DOI: 10.1038/srep39307. Available at: 

https://onlinelibrary.wiley.com/doi/full/10.1

https://www.nature.com/articles/srep39307. 

002/fsn3.2160?msockid=281cf6b6d8cc664

Accessed on: 03 Sept. 2026. 

21732e1cad9a767eb. Accessed on: 03 Sept. 



2026. 

LIU, J.; BU, L.; ZHU, L.; LUO, S.; CHEN, 

X.; LI, S.  Optimizing plant density and 

MENDONÇA, S. R.; ÁVILA, M. C. R.; 

plastic film mulch to increase maize 

VITAL, R. G.; EVANGELISTA, Z. R.; 

productivity and water-use efficiency in 

PONTES, N. C.; NASCIMENTO, A. R. 

semiarid areas. Agronomy Journal, 

The effect of different mulching on tomato 

Madison, v. 106, n. 4, p. 1138-1146, 2014. 

development and yield. Scientia 

DOI: 10.2134/agronj13.0582. Available at: 

Horticulturae, v. 275, art. 109657, 2021. 

https://acsess.onlinelibrary.wiley.com/doi/1

DOI: 10.1016/j.scienta.2020.109657. 

0.2134/agronj13.0582. Accessed on: 03 

Available at: 

Sept. 2026. 

https://www.sciencedirect.com/science/artic



LOVELLI, S.; POTENZA, G.; 

le/abs/pii/S030442382030485. Accessed 

CASTRONUOVO, D.; PERNIOLA, M.; 

on: 03 Sept. 2026. 

Irriga, Botucatu, v. 30, p. 374-397, janeiro-dezembro, 2025 

Produtividade e qualidade...                                                                395                                                             



MOURSY, F. S.; MOSTAFA, F. A.; 

a.2019.106.016. Available at: 

SOLIEMAN, N. Y. Polyethylene and rice 

https://www.researchgate.net/publication/3

straw as soil mulching: reflection of soil 

32883805_Fruit_quality_of_cherry_and_lar

mulch type on soil temperature, soil borne 

ge_fruited_tomato_genotypes_as_influence

diseases, plant growth and yield of tomato. 

d_by_water_deficit. Accessed on: 03 Jul. 

Global Journal of Advanced Research, v. 

2026. 

2, n. 10, p. 1497-1519, 2015. 





PINDER, R.; RANA, R.; MAAN, D.; 

NANGARE, D. D.; SINGH, Y.; KUMAR, 

KUMAR, K. Impact of Different Mulching 

P. S.; MINHAS, P. S. Growth, fruit yield 

Materials on the Growth and Yield of 

and quality of tomato ( Lycopersicon 

tomato ( Solanum lycopersicum) in 

 esculentum Mill.) as affected by deficit 

Dehradun region of Uttarakhand. 

irrigation regulated on phenological basis. 

International Journal of Environment, 

Agricultural Water Management, v. 171, 

Agriculture and Biotechnology, v. 1, n. 4, 

p. 73-79, 2016. DOI: 

p. 631-636, 2016. DOI: 

10.1016/j.agwat.2016.03.016. Available at: 

10.22161/ijeab/1.4.4. Available at: 

https://www.sciencedirect.com/science/artic

https://ijeab.com/detail/impact-of-different-

le/abs/pii/S0378377416301007?via%3Dihu

mulching-materials-on-the-growth-and-

b. Accessed on: 03 Sept. 2026. 

yield-of-tomato-solanum-lycopersicum-in-



dehradun-region-of-uttarakhand/. Accessed 

NEMESKÉRI, E.; NEMÉNYI, A.; BŐCS, 

on: 05 Sept. 2026. 

A.; PÉK, Z.; HELYES, L. Physiological 



factors and their relationship with the 

PINHEIRO, J.; ALEGRIA, C.; ABREU, 

productivity of processing tomato under 

M.; GONÇALVES, E. M.; SILVA, C. L. 

different water supplies. Water, Basel, v. 

M. Kinetics of changes in the physical 

11, n. 3, art. 586, 2019. DOI: 

quality parameters of fresh tomato fruits 

10.3390/w11030586. Available at: 

during storage. Postharvest Biology and 

https://www.mdpi.com/2073-

Technology, Amsterdam, v. 114, p. 170-

4441/11/3/586. Accessed on: 03 Sept. 2026. 

177, 2016. DOI: 



10.1016/j.postharvbio.2015.12.001. 

PARMAR, H. N.; POLARA, N. D.; 

Available at: 

VIRADIYA, R. R. Effect of mulching 

https://www.sciencedirect.com/science/artic

material on growth, yield and quality of 

le/abs/pii/S0260877412004074. Accessed 

watermelon ( Citrullus lanatus Thunb.) cv. 

on: 04 Sept. 2026. 

Kiran. Universal Journal of Agricultural 



Research, v. 1, n. 2, p. 30-37, 2013. DOI: 

RIBEIRO JÚNIOR, J. I. Análises 

10.13189/ujar.2013.010203. Available at: 

Estatísticas no SAEG. Viçosa: UFV, 2001. 

https://www.hrpub.org/download/201308/uj



ar.2013.010203.pdf. Accessed on: 03 Sept. 

SIBOMANA, I. C.; AGUYOH, J. N.; 

2026. 

OPIYO, A. M. Water stress affects growth 

 

and yield of container grown tomato 

RADOVIĆ, I.; SAVIĆ, S.; JOVANOVIĆ, 

( Lycopersicon esculentum Mill.) plants. 

Z.; STIKIĆ, R.; BRUNEL, B.; SÉRINO, S.; 

Global Journal of Biology, Agriculture & 

BERTIN, N. Fruit quality of cherry and 

Health Sciences, v. 2, n. 4, p. 461-466, 

large fruited tomato genotypes as 

2013. Available at: 

influenced by water deficit. Zemdirbyste-

https://www.researchgate.net/profile/Caroli

Agriculture, Akademija, v. 106, n. 2, p. 

ne-

123-128, 2019. DOI: 10.13080/z-

Imani/publication/292262116_Water_stress

Irriga, Botucatu, v. 30, p. 374-397, janeiro-dezembro, 2025 

396                                                          Castro Filho, et al. 





_affects_growth_and_yield_of_container_g

SÁ, F. V. S.; MELO, A. S. Qualidade de 

rown_tomato_Lycopersicon_esculentum_

frutos de tomateiro em cultivo protegido 

Mill_plants/links/5f981563458515b7cfa194

sob diferentes lâminas de irrigação nas 

9e/Water-stress-affects-growth-and-yield-

fases fenológicas. Agropecuária Científica 

of-container-grown-tomato-Lycopersicon-

no Semiárido, Campina Grande, v. 8, n. 4, 

esculentum-Mill-plants.pdf. Accessed on: 

p. 113-117, 2012. DOI: 

05 Sept. 2026. 

10.30969/acsa.v8i4.413. Available at: 



https://acsa.revistas.ufcg.edu.br/acsa/index. 

SILVA, J. A.; DUTRA, A. F.; 

php/ACSA/article/view/413/pdf. Accessed 

CAVALCANTI, N. M. S.; MELO, A. S.; 

on: 04 Sept. 2026. 

SILVA, F. G.; SILVA, J. M. Agronomic 



aspects of tomato “Caline IPA 6” grown 

TANG, X.; LIU, M.; HAO, J.; WANG, W. 

under water regimes in the semi-arid area. 

Influences of regulated deficit irrigation on 

Agro@mbiente On-line, Boa Vista, v. 8, 

sensory quality and flavour components of 

n. 3, p. 336-344, 2014. DOI: 

tomato. Journal of Plant Nutrition and 

10.5327/Z1982-847020140001951. 

Fertilizers, Beijing, v. 16, n. 4, p. 970-977, Available at: 

2010. DOI: 10.11674/zwyf.2010.0429. 

https://www.academia.edu/104075974/Agr

Available at: 

onomic_aspects_of_tomato_Caline_Ipa_6_

https://www.plantnutrifert.org/en/article/doi

grown_under_water_regimes_in_the_semi_

/10.11674/zwyf.2010.0429. Accessed on: 

arid_area. Accessed on: 05 Sept. 2026. 

04 Sept. 2026. 





SILVA, J. M.; FERREIRA, R. S.; MELO, 

THIES, F.; MASSON, L. F.; RUDD, A.; 

A. S.; SUASSUNA, J. F.; DUTRA, A. F.; 

VAUGHAN, N.; TSANG, C.; 

GOMES, J. P. Cultivation of tomato in 

BRITTENDEN, J.; SIMPSON, W. G.; 

greenhouse under different replenishment 

DUTHIE, S.; HORGAN, G. W.; DUTHIE, 

rates of evapotranspiration. Revista 

G. Effect of a tomato-rich diet on markers of 


Brasileira de Engenharia Agrícola e 

cardiovascular disease risk in moderately 


Ambiental, Campina Grande, v. 17, n. 1, p. 

overweight, disease-free, middle-aged adults: 

40-46, 2013. DOI: 10.1590/S1415-

a randomized controlled trial. The American 

43662013000100006. Available at: 

Journal of Clinical Nutrition, Bethesda, v. 

https://www.scielo.br/j/rbeaa/a/CTgNczj6Q

95, n. 5, p. 1013-1022, 2012. DOI: 

FnRjQCVG9H6XZr/?lang=pt  Accessed 

10.3945/ajcn.111.026286. Available at: 

on: 04 Sept. 2026. 

https://pubmed.ncbi.nlm.nih.gov/22492370/. 



Accessed on: 04 Sept. 2026. 

SINGH, A. K.; KAMAL, S. Effect of black 



plastic mulch on soil temperature and 

TURKINGTON, T. K.; KUZYK, A.; 

tomato yield in mid hills of Garhwal 

DUNN, R.; MCLAREN, D.; IRVINE, B.; 

Himalayas. Journal of Horticulture and 

CLEAR, R. M.; PATRICK, S. K. 

Forestry, Nairobi, v. 4, n. 4, p. 78-80, 


Irrigation and plant disease 

2012. DOI: 10.5897/JHF11.023. Available 

management.  In: Alberta Irrigation 

at: 

Management Manual. Alberta: Alberta 

https://academicjournals.org/article/article1

Agriculture, Food and Rural Development, 

379499868_Singh%20and%20Kamal.pdf. 

2004. p. 1-8. Available at: 

Accessed on: 04 Sept. 2026. 

https://www.researchgate.net/profile/T-



Turkington/publication/242326129_Irrigati

SOARES, L. A. A. dos A.; FERNANDES, 

on_and_plant_disease_management/links/5

P. D.; LIMA, C. J. G. S.; BRITO, M. E. B.; 

4944c800cf20c4f741ed128/Irrigation-and-

Irriga, Botucatu, v. 30, p. 374-397, janeiro-dezembro, 2025 

Produtividade e qualidade...                                                                397                                                             



plant-disease-management.pdf. Accessed 

model. Water, Basel, v. 10, n. 8, article 

on: 05 Sept. 2026 

1088, 2018. DOI: 10.3390/w10081088. 



Available at: https://www.mdpi.com/2073-

VIEIRA, D. A. de P.; CARDOSO, K. C. 

4441/10/8/1088. Accessed on: 03 Sept. 

R.; DOURADO, K. K. F.; CALIARI, M.; 

2026. 

SOARES JÚNIOR, M. S. Physical and 



chemical quality of Sweet Grape mini-

ZHANG, H.; XIONG, Y.; HUANG, G.; 

tomatoes produced in organic and 

XU, X.; HUANG, Q. Effects of water stress 

conventional cultivation. Revista Verde de 

on processing tomatoes yield, quality and 


Agroecologia e Desenvolvimento 

water use efficiency with plastic mulched 

Sustentável, Pombal, v. 9, n. 3, p. 100-108, 

drip irrigation in sandy soil of the Hetao 

2014. Available at: 

Irrigation District. Agricultural Water 

https://www.gvaa.com.br/revista/index.php/

Management, Amsterdam, v. 179, p. 205-

RVADS/article/view/2672. Accessed on: 

214, 2017. DOI: 

05 Sept. 2026. 

10.1016/j.agwat.2016.07.022. Available at: 

WANG, F. X.; FENG, S. Y.; HOU, X. Y.; 

https://www.sciencedirect.com/science/artic

KANG, S. Z.; HAN, J. J. Potato growth 

le/abs/pii/S0378377416302682. Accessed 

with and without plastic mulch in two 

on: 05 Sept. 2026. 

typical regions of Northern China. Field 



Crops Research, Amsterdam, v. 110, n. 2, 

ZHANG, X.; YOU, S.; TIAN, Y.; LI, J. 

p. 123-129, 2009. DOI: 

Comparison of plastic film, biodegradable 

10.1016/j.fcr.2008.07.014. Available at: 

paper and bio-based film mulching for 

https://www.sciencedirect.com/science/artic

summer tomato production: soil properties, 

le/abs/pii/S0378429008001627. Accessed plant growth, fruit yield and fruit quality. 

on: 05 Sept. 2026. 

Scientia Horticulturae, Amsterdam, v. 



249, p. 38-48, 2019. DOI: 

WU, K.; ERDMAN JUNIOR, J. W.; 

10.1016/j.scienta.2019.01.037. Available 

SCHWARTZ, S. J.; PLATZ, E. A.; 

at: 

LEITZMANN, M.; CLINTON, S. K.; 

https://www.sciencedirect.com/science/artic

DEGROFF, V.; WILLETT, W. C.; 

le/abs/pii/S030442381930038X. Accessed GIOVANNUCCI, E. Plasma and dietary 

on: 03 Sept. 2026 

carotenoids, and the risk of prostate cancer: a 



nested case-control study. Cancer 

ZHAO, H.; XIONG, Y. C.; LI, F. M.; 

Epidemiology, Biomarkers & Prevention, 

WANG, R. Y.; QIANG, S. C.; YAO, T. F.; 

Philadelphia, v. 13, n. 2, p. 260-269, 2004. 

MO, F. Plastic film mulch for half growing-

DOI: 10.1158/1055-9965.EPI-03-0012. 

season maximized WUE and yield of potato 

Available at: 

via moisture-temperature improvement in a 

https://pubmed.ncbi.nlm.nih.gov/14973107/. 

semi-arid agroecosystem. Agricultural 

Accessed on: 03 Sept. 2026. 

Water Management, Amsterdam, v. 104, 



p. 68-78, 2012. DOI: 

ZHANG, H.; HUANG, G.; XU, X.; 

10.1016/j.agwat.2011.11.016. Available at: 

XIONG, Y.; HUANG, Q. Estimating 

https://www.sciencedirect.com/science/artic

evapotranspiration of processing tomato 

le/abs/pii/S0378377411003210. Accessed 

under plastic mulch using the SIMDualKc 

on: 04 Sept. 2026, 



Irriga, Botucatu, v. 30, p. 374-397, janeiro-dezembro, 2025 



index-13_1.jpg
m a
) @M o
© o S
wn Al el o~ o o o © o © o
I3 - -
(xug,) spijos a|qnjos [ejo L (N) ssauuLy yni4
<
@H @HH
©HH @HH
w0 < i) o~ = o ® o L ©
o o o o o o V1/SSL

(proe auyo %) Aypioe sjqejen

Non-mulching

Mulching

Non-mulching

Mulching





index-15_1.jpg
200

160

)

n
o

@
o

Plant height (mm

N
o

25

20

15

10

Stem diameter (mm)

155
B
150 H
3 b
£
£145 4
g . *
Q
<
£ 140
K
o
4 A
135 PH =127.761 + 0.03399"x
r* = 95,00
130 T T T T
Mulching Non-mulching 300 400 500 600 700
Irrigation level (mm cycle”)
C— Mulching
—— Non-mulching
5
a -
aa a E
a a b b b =
T o
i b
£
S
©
£
o
» oo &
i ®— —Non-mulching: SD =y = 14.63
o Non-mulching: gD =0.75 + 0.059x - 0.000051x?
R?=0.60
* " y 10 .
305 440 495 610 725 300 400 500 600 700

Irrigation level (mm cycle™)

Irrigation level (mm cycle')






index-5_1.jpg
Transpiration (mm dia")

— ET0
—— ETg

20 40 60 80 100
Days after planting






index-8_1.jpg
Total yield (t ha™)

Mean fruit diameter (mm)

85

80 .
75
*
70
o
65
TY = 27.3426 + 0.172+- 0.000149*°
R*=82.70
60 : ; : :
76
75 -
74 4 .
73
A
FD = 67.744 + 0.0228**x - 0.000019*x?
R?=81.44
72 . . r ;
300 400 500 600 700

Irrigation level (mm cycle'')

185
180
C
z
K=
[}
2175 -
2
=
@«
Lo}
=
170
A
FW = 144.227 + 0.118**x - 0.000091*x
R®=57.49
165 .
250
\d
T 200
3
m B
£
2150 .
2
S
B
3 100
o
s
3
©
£ 50 K
WP = 292 52 - 0.26988*x
R? = 96.00
0 4 i i ;
300 400 500 600 700

Irrigation level (mm cycle™")






index-10_1.jpg
250

100

© F ©——

@ F ©
8 3 8 3 28 8 & 8 g
N e = « - -

(6) Jubrem 3inuj ueajy (,-ww , ey 6) Ayajonpoid Jaje

© i r =,

@H r @
(=1 (=3 [=] o o

8§ 8 ] & °g8 8 8 2 8§

(,-ey) pjaif |ejo .

(ww) Jajawelp Jinyj ueapy

Non-mulching

Mulching

Non-mulching

Mulching





index-12_1.jpg
6 45
= Muiching
= Non-mulching
5 44
- a ap ab |~
I b g 2 T
e 4 43
£ £
2 o
3 s
] ]
T3 Fa2
2 :
2 41 92.86
1 40 . . . .
725 ’
038 25 440 495 610 o
5036 242
1 ik
3 2
£ 034 H 39
z o
3 3
w032 236
o L
2 B
= 5
e . =
Fo30 | , 33{ ,
TA = 0.486 - 0.0006098" + 0.000000619°x2 TSS = 4.383567 - 0.000921**x
R:=085 r°=7639
028 - T - v 30 . :
14 21
*
13 18
///‘7 T
=z
£&12 * g15 # . +
E o .
> 2
2 ® £
i .| =12
N, fra
10 9
TSSITA = 6.503 + 0.028"x - 0.000031°x Fr=y=1457
= 68.00
9 )
300 400 500 600 700 300 400 500 600 700

Irrigation level (mm cycle-')

Irrigation level (mm cycle™)






