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What evidence exists on the effectiveness 
of the techniques and management approaches 
used to improve the productivity of field grown 
tomatoes under conditions of water-, nitrogen- 
and/or phosphorus-deficit? A systematic map 
protocol
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Abstract 

Background: There is an urgent need to ensure that food production is maintained in response to either a reduction 
in use or lack of availability of natural resources. To this end, several strategies have been investigated to determine 
which agronomic approaches may improve crop yields under conditions of reduced water and/or nutrients provision, 
with special attention upon nitrogen (N) and phosphorus (P). New technologies and practices have been developed 
for key commercial crops, such as tomatoes. However, few of these are widely adopted in the field and evidence of 
their value in this production setting is limited.

Methods: This protocol sets out a systematic map methodology that aims to provide a coherent synthesis of the 
available evidence among the literature on the techniques and management approaches that may ensure the 
productivity of field-grown tomatoes under conditions of water-, N- and/or P-deficits, either as single or combined 
stresses. To conduct the literature search, a search strategy was produced to define the scope of the systematic map 
and to allow reproducibility of the approach. A list of published and unpublished sources of literature were selected 
and a preliminary trial identified best-fit-for-purpose search-terms and -strings. A literature screening process was set 
with consistency checks amongst reviewers at the title, abstract and full text screening stages. A series of eligibility 
criteria were defined to ensure objectivity and consistency in the selection of studies that are best suited to address 
the research question of the systematic map. In addition, a coding strategy was designed to set the means for meta-
data extraction out from the literature for review. A drafted structured questionnaire will serve as the base for collating 
the meta-data to produce a database where variables will be queried for the evidence synthesis. This work is expected 
to inform stakeholders, researchers and policy makers regarding the extent and nature of the existing evidence base, 
and so serve as a basis by-which specific approaches may be highlighted as potential focal-areas in future.
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Background
Among the global challenges facing society in the twenty-
first century are the consequences of intensive agricul-
ture as a major contributor to greenhouse gas (GHG) 
emissions, and consequent global warming and climate 
change. Identifying measures that help agriculture adapt 
to, and mitigate against, such negative contributions is 
essential. The farming sector is being asked to adopt new 
measures to help address such challenges at a time when 
food demand is increasing due to population growth, 
which is expected to peak at ca 9.8 billion by 2050 [1, 2]. 
Among the drivers of agriculture’s contribution to cli-
mate change is excessive synthetic nitrogen (N) fertiliser 
use. In 2015, agriculture was responsible for 94% of the 
total  NH3 emissions in the EU [3, 4]. At the same time, 
the intensive exploitation of natural resources by agricul-
ture has led to the exhaustion of phosphorus (P) fertiliser 
sources. This scenario presents the need for a global tran-
sition towards more sustainable holistic and restorative 
agricultural approaches [4, 5].

Water and nutrients are lost in many ways before they 
are acquired by crop plants. It is estimated that large 
quantities of water (from rain or irrigation systems), is 
lost in the field by percolation, run-off and evaporation 
and such losses are increased by intensive ploughing 
practices. Once acquired by the crop, water it is used 
for plant metabolic functioning as well as growth and 
yield. On average, 90% of the water required by crop-
plants is lost through transpiration [6]. In addition, global 
temperature rise due to global warming is expected to 
increase the evapotranspiration rates of plants, which 
will be translated into a loss of water for biomass accu-
mulation and yield. Water is already a scarce resource 
in many parts of the world, and it is commonly applied 
to crops by regular irrigation in dry and even temperate 
regions [7, 8]. As an impact of climate change, weather 
stochasticity and the increased occurrence and extended 
periods of drought are also anticipated to increase water 
demand for food production and conflict with other soci-
ety needs [9]. Hence, the water shortage expected in the 
coming years, combined with a subsequent increase in 
demand, will make this resource increasingly expensive 
[9]. Similarly, on average, only 30–50% of applied syn-
thetic N fertiliser is consumed by the crop and the rest 
is mainly lost in ground-water, causing contamination to 
groundwater bodies and surface water systems, or vola-
tilised to the air [10, 11]. Historically, conventional farm-
ing would apply an excess of nutrients to crops to avoid 
nutrient deficiency and ensure yields regardless of any 
negative environmental impacts. More recently, regu-
lations and policies have forced farmers to reduce the 
quantity of (synthetic) N fertiliser applied to the crops, 
with N and P inputs receiving special attention as most 

important soil contaminants and agents of eutrophica-
tion [12]. To comply with these regulations, farmers have 
had to lower and adjust the timing and formulation of 
such inputs to ensure that levels-applied better-match 
crops actual nutrient needs. In controlled environment 
systems, soilless cultures have allowed the re-utilisation 
of water and nutrients by closing the water- and nutrient-
cycles, resulting in a reduction in the amounts wasted 
[13, 14]. In open field production, the quantity of ferti-
liser applied depends on the irrigation system and pre-
vailing pedo-climate [13]. Soil testing, drip irrigation and 
monitoring and nutrient delivery guidelines, such as peti-
ole sap testing guidelines and tissue analysis, have also 
helped reduce inputs by determining crop requirements 
and knowing when those are needed [13]. Despite these 
efforts, there is still an elevated percentage of water and 
nutrients being lost. In general, the potential loss of irri-
gation water and fertilisers is greater in open field pro-
duction than in protected cultivation as these systems 
allow for a better control of environmental factors and 
are often equipped with means to isolate the crop from 
the soil. Also, in advanced systems engineered-devices 
may collect what is not used by the plants [15]. In a sys-
tem comparison study carried out in Spain, the irrigation 
water per ton of tomatoes almost doubled in the open 
field system compared to that from protected cultivation 
[14]. However, protected cultivation also needs to ensure 
use-efficiency of farming inputs and is unlikely to offer 
a single solution to overcome water and nutrient deficit 
stress of field production. Thus, there is an urgent need to 
identify alternative strategies to secure sustainable food 
production through resilient systems that can maintain 
yields under conditions of low usage and/or multiple 
deficit-stresses.

Tomato is considered one of the top most important 
fruit and vegetable crops worldwide, this being because 
of the large area occupied for its cultivation as for its 
economic value [13, 16]. In addition, tomato represents 
a genetic model species for the study of crop produc-
tion, and presents many diverse types for exploitation; 
consequently, it has generated interest for identifying 
strategies capable of maintaining yields under com-
bined deficit stresses [17, 18]. Table 1 lists several of the 
approaches that have been under study towards this aim 
on field tomato. In open field production, some strategies 
improving water and nutrient use-efficiency have been 
frequently adopted, e.g. drip irrigation, and mulching 
[13, 17]. Others, however, remain under studied and have 
rarely been put into practice on commercial farming due 
to either the difficulty in implementation or for economic 
reasons [19–22]. Technologies and biological strategies 
such as grafting, the use of biostimulants such arbuscu-
lar mycorrhizal fungi (AMF) or plant growth promoting 
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rhizosphere microorganisms (PGPR) have often been 
studied by researchers and under controlled environ-
ments but there are fewer known successful applications 
to open field conditions which may have conditioned the 
adoption at a commercial scale [22–24].

Genetic improvement of commercial crop varieties has 
also offered promising results. However, the development 
of cultivars resistant to resource-stress, such as water, 
have often focused on crop survival rather than main-
taining or improving crop productivity, which are not 
necessarily compatible [25, 26]. Similarly, many genetic 
studies are carried out in research laboratories, but their 

use on commercial in-field production are difficult to 
find. To date, efforts to assemble and collate the large 
body of empirical evidence describing approaches that 
enhance tomato production in the field with reduced use 
of fertiliser N or P and water are lacking. Such research 
would be of interest to tomato growers, since most of the 
area that is being used globally and by leading tomato 
producing countries is still under field cropping sys-
tems (Table 2). Evidence maps can offer a methodologi-
cal approach to address this and help understand which 
approaches are used and/or being tested, as-well-as 
which approaches have been neglected. Such evidence 

Table 1 List of  examples of  the  techniques and  management approaches studied for  open field tomato production 
and how they may influence under reduced water, nitrogen and/or phosphorus

Irrigation (i.e.) Drip irrigation, deficit irrigation, partial root-zone dry-
ing, subsurface irrigation

Volume and frequency of irrigation; water saving by 
exposed periods of water stress; evaporation of soil 
surface water

Fertilization Mineral/organic Plant nutrient assimilation rate

Soil/foliar application Accessibility of nutrients for plant use

Granular/liquid (i.e. fertigation) Accessibility of nutrients for plant use; efficiency on time 
of application

Plantation density Radiation interception; soil evapotranspiration; plant 
development

No-till/reduced tillage Soil erosion; N leaching; soil structure and moisture

Legume cover crop N release; reduce potentials for soil erosion

Soil amendments (i.e.) Compost, peat, manure, vermiculite, biochar, clay Soil physical–chemical properties; water retention in soil; 
provision and/or availability of plant nutrients

Biostimulants and biofertilizers Plant-growth promoting rhizobacteria (PGPR) biofertiliz-
ers

Provision and/or availability of primary plant nutrients; 
nutrient uptake by plants

Arbuscular mycorrhizal fungi (AMF) inoculation Symbiosis with plants; macro- and micro-nutrient uptake 
by plants

Molecular biostimulants (i.e. protein hydrolysate) Regulation of stress-related responses

Plant extracts Tolerance to abiotic stress (tolerance to drought); plant 
growth promotion; influence on root/microbe interac-
tions

Techno-chemical Pan evaporation and tensiometer readings Planning for optimal irrigation scheduling; efficiency of 
water use

Petiole sap testing and tissue analysis Planning for plant nutrition requirements; efficiency of 
nutrient applications

Grafting Use of plant rootstocks resistant to abiotic stressors; toler-
ance to water- and nutrient- deficit

Mulching Soil temperature and moisture; canopy-air temperature 
differential; soil quality and fertility; weed management 
control

Anti-transpirants Leaf transpiration; plant water retention

Controlled/slow-release fertiliser NPK accumulation and retention in soil; nutrient uptake 
by plants

Breeding and genetics Cultivar breeding Tolerant cultivars to abiotic stress (water and nutrient 
deficiencies)

Genetic modification (GM) Genetically modified tomato varieties with abiotic tolerant 
traits (drought and nutrient deficiency)

Computational Precision agriculture Fertilization/irrigation dosage; soil erosion; N leaching

Decision models Planning for optimal irrigation/fertilization scheduling; 
irrigation/fertilization dosage
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synthesis can also help identifying knowledge gaps, and 
so where more evidence is required, and the location of 
such key-data for further studies.

To date, and to the authors’ knowledge, there is one 
evidence-synthesis that may share some aspects of the 
evidence map introduced here. The systematic review on 
climate-smart agriculture was conducted in 2016–2019 
by the Climate-Smart Agriculture (CSA) Compendium 
and funded by the CGIAR Research Programme on the 
Climate Change, Agriculture and Food Security and 
FAO [33]. This study aimed to identify practices capable 
of producing food more sustainably and so enhance the 
resilience (or adaptative capacity) of farming systems and 
help mitigate the impacts of climate-change. Whilst the 
systematic map targeted here, shares a common aim with 
this study, it poses a very different research question to 
address more-specific foci. The main differences lie in the 
fact that our study considers: (1) only farm management 
practices which relate singularly to agronomy rather than 
including all levels of farm management related to food 
production (e.g. agroforestry, livestock, postharvest man-
agement and energy systems); (2) biological, genetic and 
technological capacities; (3) a global wide evidence base 
not limited to a specific geographic or sociological region 
e.g. developing countries; and (4) only tomato crops as 
a model subject with respect to productivity (i.e. yield) 
under conditions of water- and/or N- and P-deficit as abi-
otic stressors.

The topic addressed by our proposed systematic map 
is already the scrutiny of significant interest among the 

scientific international community as well as commer-
cial entities and non-governmental organisations. For 
example, through recently completed projects such as 
ROOTOPOWER (EU FP7, 2012–2015), and existing pro-
jects such as TRADITOM, TomGEM and TomRes (EU 
Horizon (H) 2020s projects running from 2015–2018, 
2016–2020 and 2017–2020 respectively). All these pro-
jects use different approaches and use tomato as the 
model subject to empower key crops to abiotic stressors 
resulting from climate change. The systematic map will 
also collate relevant evidence which has emerged from 
these projects as part of the synthesis study.

Objectives of the systematic map
The aim of this systematic map is to provide an overview 
and thorough description of the evidence available on the 
techniques and management approaches that influence 
the productivity and resource use-efficiency of in-field 
tomato cultivation under water, N and P deficit (Table 3). 
The former (water) due to resource scarcity, and the lat-
ter due to the necessity for restricted use (N) and avail-
ability declines (P).

The primary research question of this systematic map 
is:

What evidence exists on the effectiveness of the tech-
niques and management approaches used to improve the 
productivity of field grown tomatoes under conditions of 
water-, nitrogen- and/or phosphorus-deficit?

To frame the research question, a preliminary assess-
ment of existing key literature and data on the topic of 

Table 2 Tomato production defined by  European countries that  produce the  greatest overall yields and/or  production 
areas (FAOSTAT)

a Data for year 2017 extracted from Italian national statistics [27]
b Average for the available years 2013–2017 [28]
c Data extracted for year 2017 from Spanish statistical databases [29]
d Average years 2010–2015 extracted from the Romanian Statistical Yearbook [30]
e Data from the Institute of National Statistics Portugal [31]
f Records from the Greek Ministry of Rural Development and Food for 2014 [32]
g World production from FAO and other sources [13]

Area (ha) Production (tonnes)

Open field Protected 
cultivation

Total Open field Protected 
cultivation

Total

Italya 92,670 7080 99,750 5,775,741 505,040 6,280,780

Ukraineb 74,760 2180 76,940 1,936,740 237,980 2,174,720

Spainc 41,723 19,129 60,852 3,303,945 1,859,511 5,157,053

Romaniad n.a. n.a. 47,883 n.a. n.a. 752,217

Portugale n.a. n.a. 19,550 n.a. n.a. 1,650,429

Greecef 8907 3064 11,971 205,018 345,027 550,045

Worldg n.a. 1,572,950 4,310,600 n.a. n.a. 113,353,000
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interest was made. This helped to identify questions 
that would be adequate to address in an evidence syn-
thesis, and that would generate interest amongst users 
and research specialists. The appropriateness of the 
synthesis that was developed by this assessment was 
then put to evaluation through a specialist workshop 
held in Mallorca (Spain) in October 2018 with EU-Tom-
Res project partners and stakeholders (see Additional 
file  1). Discussion and feedback from this workshop 
helped refine the aims and scope of the systematic map 
and to further-define the research question.

The research question has been further decon-
structed using the ‘Population, Intervention, Compara-
tor and Outcome’ (PICO) components (Table 3).

A synthesis of the evidence found for both protected 
and open field cultivation was disregarded as strategies 
adopted or tested in protected environment conditions 
(e.g. greenhouses, tunnels, in  vitro etc.) differ consid-
erably from field based approaches and often occur in 
(semi-) controlled conditions where water and nutri-
ents applications are strictly controlled, often using 
raised-bed and/or hydroponic based where nutrients 
and water are recycled. Thus, including protected crop-
ping would have increased the body of evidence to such 
an extent in volume and complexity that the evidence 
synthesis would no longer be practicable. Similarly, 
the inclusion of evidence regarding both improvement 
of tomato fruit quality and yield would generate also 
a very complex body of evidence. Studies and strate-
gies aiming to enhance tomato quality differ greatly 
between them depending on the quality or nutritional 
trait focus of study. Also, in such studies, yield is often 
inversely affected, disregarded or studied as a second-
ary outcome. Among the recommendations given by 
participants in the specialist workshop was the neces-
sity to ensure a simple focal outcome for the evidence 
synthesis, and that yield, and not fruit quality, would be 
the best single trait on which to concentrate to ensure a 
meaningful functional outcome on the impacts of man-
agement interventions of water-, N- and P-deficiencies 
on tomato production. In addition, this evidence will be 
collated for each resource/stressor individually and in 
combination and it will cover both positive and nega-
tive effects of the interventions regardless of the geo-
graphical location of the trials-to help ensure global 
coverage.

From the findings, the systematic map should also 
identify knowledge gaps and gluts which may inform 
future intervention foci for researchers, growers or pol-
icy makers.

Methods
Searching for articles
The search strategy has been developed, in an itera-
tive way, to maximise the coverage of the search, and 
so ensure evidence captured that is sufficient, compre-
hensive and relevant to meet the guidelines [34] that 
assures objective addressing of the research question. 
The search strategy was established by: (1) determining 
the most appropriate search terms to use for on-line 
literature searches; (2) choosing key sources of litera-
ture for both published and unpublished studies; and 
(3) defining the criteria to follow through the reviewing 
process and which would ensure unbiased screening for 
the inclusion or exclusion of the literature for the sys-
tematic map.

The search strategy described here has been con-
structed to allow future reproduction of the approach. 
Accordingly, any variations to the protocol should not 
be encountered, though if they are, shall be restricted to 
minor and amendments to the protocol will be clearly 
listed in the final Systematic Map report.

Testing the scope of the search
A scoping study was conducted to find the best-fit-for-
purpose search strings to retrieve most relevant literature 
from the searches. For this, a preliminary list of terms 
was selected from the familiarisation with relevant litera-
ture and through text analysis with the use of CREBP Sys-
tematic Review Accelerator online tool [35]. The series of 
terms identified as potentially relevant where evaluated 
by experts via specialist workshop (mentioned above), 
and email correspondence. Further terms suggested by 
stakeholders and experts were considered in the final list. 
Each of these terms were further tested against a ‘test-list’ 
library comprising a set of 47 published articles and other 
literature known to be relevant to our research question 
(see Additional file 2).

Table 3 Elements of the systematic map research question

Population Intervention Comparator Outcomes

Tomatoes (commercial crop) Strategies addressing water-, nitrogen- 
and phosphorus- use-efficiency in 
the field

Current or standard practices or no 
water-, nitrogen- nor phosphorus-
deficit stress

Productivity effects, either positive or 
negative, of the interventions on 
tomato crops
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Search terms
Out from the scoping study a selection of terms was used 
to build the following search strings, which, in combina-
tion form the bases of the search strings used to conduct 
the literature searches:

Population:  (tomato* OR lycoper*)
Intervention:  (field* OR ground* OR land* OR soil$) 

AND (water OR drought$ OR nitr* OR 
“N” OR phosph* OR “P” OR nutrient$ 
OR “abiotic” OR “climate chang*”) AND 
(use$ OR uptake$ OR effici* OR optim* 
OR stress* OR defici* OR resistan* 
OR toleran* OR “arid” OR adapt* OR 
availab* OR “content” OR “amount”)

Outcome:  (yield* OR “production” OR produc-
tiv* OR weight$ OR “kg” OR “t” OR 
“biomass”)

The search will use title, abstract and keyword levels 
and will be restricted to those articles available in the 
English language. When specification of these text sec-
tions is unavailable for any of the literature databases or 
grey literature sources, searches will be done at the full 
text level.

No time or document type restriction will be applied.
Terms were built in strings to ensure use of the highest 

number of term combinations which are most frequently 
and commonly employed. Terms in the ‘Intervention’ 
element were separated into three components which, 
in combination, allowed studies on technical or man-
agement interventions for improved water and nutrient 
use-efficiency in the field to be found. Including terms 
related to field production may exclude relevant litera-
ture not specifying the study design or study conditions 
at the title, abstract and keyword level. Furthermore, 
restricting the search with limiting Booleans operators 
such as ‘NOT’ in combination with terms related to pro-
tected cultivation (such as ‘greenhouse’, ‘glasshouse’, ‘con-
trolled environment’…) was considered inadequate since 
some literature may address both cultivation systems. In 
such occasions, a number of relevant articles would be 
excluded by the search if this restrictive Boolean operator 
was used. Overall, the addition of terms related to in-field 
studies allowed the largest amount of relevant literature 
to be returned without returning an unmanageable large 
volume of irrelevant literature.

Searches for secondary studies such as reviews, meta-
analysis and other secondary studies (see Additional 
file  5) will be conducted separately from primary stud-
ies as different search strings and selection of terms are 
necessary. Reviews and other type of secondary studies 

usually provide details on the study design or study con-
ditions used to make the observations; but often these 
specifications are not mentioned at the title, abstract or 
keywords levels. Therefore, searches for secondary stud-
ies will not include terms related to open field observa-
tions (field* OR ground* OR land* OR soil$) as part of the 
‘Intervention’ element and will not include terms refer-
ring to the ‘Outcome’ (yield* OR “production” OR pro-
ductiv* OR “weight” OR “kg” OR “t” OR “biomass”).

For each publication databases, search terms, ‘wild-
cards’ and Boolean operators had to be further cus-
tomised from the search string base described above 
depending on the capacity to integrate long and complex 
search strings during the searching queries.

The scoping exercises carried out to test the search 
strings and terms and help define the search strategy 
were conducted using the CAB Abstracts and Web of 
Science Core Collection databases. The combination and 
performances outcomes of these preliminary scoping 
searches and the finalized search strings for each publica-
tion databases are reported in Additional file 3.

Publication databases
The following bibliographical databases were identified as 
the main sources for published literature on agricultural 
studies and those most relevant to the research question:

• CAB Abstracts (via Web of Sciences)
• Web of Science Core Collection
• Zetoc
• PubAg (USDA—National Agricultural Library)
• AGRIS (Agricultural Science and Technology Infor-

mation Systems)

To reduce the amount of non-relevant literature 
retrieved from each bibliographic database, search 
results obtained will be refined by the selection of the 
subject categories identified most relevant from each 
publication database. The subject categories specific for 
CAB Abstracts (CABICODES) and Web of Science Core 
Collection (WoS) were assessed by their utility to with-
draw relevant literature from the search hits. The subject 
categories available from two of the other bibliographic 
databases (Zetoc and AGIRS) were selected by compar-
ing common fields with CABICODES and WoS subject 
categories (Additional file 4).

Search engines
Searches will also be carried out through the internet 
search engines Google (https ://www.googl e.com) and 
Google scholar (https ://www.schol ar.googl e.com). The 
first 100 results from each search engine, organised by 
relevance, will be selected, and will be included and 

https://www.google.com
https://www.scholar.google.com
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examined through the screening process if not identified 
by other means.

Grey literature and specialist searches
Grey literature such as reports, manuals, dissertations 
and other type of published or unpublished documents 
not found through bibliographical databases will be 
sought through:

• websites of specialists and relevant organizations 
suggested by the workshop participants and ques-
tionnaire respondents (Table  4). Links or references 
to relevant publications will be searched. If publica-
tions of interest are not openly available, a copy will 
be requested to the organization representatives;

• past evidence syntheses of topics relevant to the 
research question from which any relevant publica-
tions not previously identified will be included in the 
list of references; and,

• online databases holding collections of grey literature 
(Table 4).

Searches within specialist websites or grey litera-
ture online databases will need a smaller selection of 
key terms and search strings will be simplified as these 
sources are often limited by their search functions. Also, 
for these sources, searches will be made on the full text 
of the document. The final terms used for each source of 
grey literature will be recorded in the report of the sys-
tematic map.

Despite the effort to include sources of evidence from 
grey literature in the review process to reduce bias in 
the results obtained and access relevant evidence that 
may otherwise be ignored [4, 6], the number and type of 
grey literature consulted will be limited and biased to a 
degree by recommendations given by project partners 
and stakeholders, the geographical regions represented in 
the online databases for grey literature, or the number of 
documents available in English.

Article screening and study eligibility criteria
Searched articles will be subject to evaluation by a 
defined screening process and eligibility criteria set for 
study inclusion or exclusion from the evidence synthesis. 
This process has been established to gather the evidence 
that will best address the research question of interest for 
the present systematic map. Therefore, in an effort for 
avoiding bias, decisions regarding the inclusion or exclu-
sion of the articles have been defined independently from 
any interest of inclusion of articles authored by review-
ers. In the event of such articles being retrieved, screen-
ing will be delegated to other review team members.

Screening process
The results from the database searches will be transferred 
to the reference management software EndNote [36] and 
duplicates will be removed. At this stage, an initial selec-
tion will be carried out to extract only primary studies 
containing the population terms ‘tomato*’ or ‘lycoper*’ 
in the title or the abstract. The resulting set of papers 
will then be subject to a title screening, followed by an 

Table 4 Websites of specialist organisations and sources for grey literature

Organization Website

Agriculture Victoria agric ultur e.vic.gov.au

AHDB Horticulture horti cultu re.ahdb.org.uk

Bayer https ://www.bayer .com/en/googl e-searc h.aspx

Bielefeld Academic Search Engine https ://www.base-searc h.net

Cost Action 1204: Food and Agriculture https ://www.veget ableg rafti ng.unitu s.it/index .php

DuPont https ://www.dupon t.co.uk

EIP-AGRI Agriculture & Innovation ec.europ a.eu/eip/agric ultur e

Global Agricultural Research Partnership https ://www.cgiar .org; cgspa ce.cgiar .org

Open Grey https ://www.openg rey.eu

EU FP7 ROOTOPOWER https ://www.rooto power .eu

H2020 TRADITOM tradi tom.eu

H2020 TomGEM tomge m.eu

H2020 TomRes https ://www.tomre s.eu

Syngenta https ://www.synge nta.co.uk

Vegetable Grafting https ://www.veget ableg rafti ng.org

World processing tomato council https ://www.wptc.to

World Wide Science world wides cienc e.org

http://agriculture.vic.gov.au
http://horticulture.ahdb.org.uk
https://www.bayer.com/en/google-search.aspx
https://www.base-search.net
https://www.vegetablegrafting.unitus.it/index.php
https://www.dupont.co.uk
http://ec.europa.eu/eip/agriculture
https://www.cgiar.org
http://cgspace.cgiar.org
https://www.opengrey.eu
https://www.rootopower.eu
http://traditom.eu
http://tomgem.eu
https://www.tomres.eu
https://www.syngenta.co.uk
https://www.vegetablegrafting.org
https://www.wptc.to
http://worldwidescience.org
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abstract examination of those considered ‘relevant’ or 
‘doubtful’ following title scrutiny. The title and abstract 
screening will be performed by at least two reviewers. 
To avoid bias and ensure criteria consistency between 
reviewers, a random set of 100 papers will be screened 
at the title and abstract level. In case of differences in the 
assessment between reviewers, criteria for inclusion will 
be revised and clarified. Each article considered poten-
tially relevant after these two stages will then be exam-
ined at the full text level. Similarly to the consistency test 
for title and abstract screening, a consistency test will 
be taken amongst reviewers for full text screening. A 
random set of 10% of the papers retained after the title 
and abstract screening, with a maximum of 50, will be 
screened at the full text level by each reviewer and any 
assessment inconsistencies between reviewers will be 
revised and resolved for consistency check. Publications 
found outside established bibliographic databases will 
be incorporated at this last screening stage. The screen-
ing process will be recorded and the number of excluded 
articles and reasons for exclusion at each stage will be 
provided in the Systematic Map report. Reasons con-
sidered for exclusion are listed in Additional file  5 and 
are directly related with the PICO components of the 
research question and the eligibility criteria described in 
the following sections. The use of software will be con-
sidered to help recording the decisions made during the 
screening and the meta-data extraction, e.g. CADIMA 
[37] and Colandr [38]. In case of uncertainty during the 
full text screening process, studies whose relevance is 
doubtful will be evaluated by the full review team.

Eligibility criteria
The search strategy will retrieve an extensive number of 
studies not relevant to the formulated question. For this, 
a series of criteria have been formulated to help a consist-
ent assessment for the inclusion and exclusion of studies 
from the review set. By establishing these criteria, we also 
provide of a reproducible methodology, and aid an effi-
cient screening process for the systematic map.

Relevant subject of study (population)
This systematic map will only include those studies where 
commercial tomato production is the subject of the 
research; no other vegetable or crop plants observations 
will be considered. Possible evidence given on tomato 
plants that are not for commercial use will be removed.

The studies included will not be geographically 
restricted. Nonetheless, specialist organisations and web-
sites consulted will be subject to recommendations from 
European based stakeholders and project partners, which 
may somewhat limit the global coverage of testimonies 
retrieved from the grey literature.

Relevant types of intervention (also exposure or occurrence)
Techniques and management interventions that improve 
the use of water, N and/or P resources under field condi-
tions will be the focus of synthesis of this systematic map. 
For this, all studies providing evidence of the effects of a 
technique, treatment or management on use-efficiency 
of either water, N, P or combinations of these, will be 
included. These can be strategies that influence tomato 
production under water- or/and N- and/or P-deficient 
circumstances or use-efficiency of these resources. Those 
studies where the measure of exposure or occurrence is 
not directly related to water, N or P use, will be excluded 
(e.g. salinity tolerance or waterlogging—where water 
and/or N and/or P deficiency is brought-about by other 
stressors).

This systematic map will only consider studies that 
explicitly mention that observations are from tomato 
crops grown in open field conditions. Therefore, those 
studies that report any water or nutrient use-efficiency 
strategies under controlled or protected conditions, such 
as in greenhouses or polytunnels, hydroponics or other 
forms of controlled-environment conditions which do 
not test intervention effects in the field will be automati-
cally excluded.

Relevant types of comparators
The comparators that will be considered relevant for evi-
dence synthesis are those that refer to the current prac-
tices previous to the introduced intervention of study. 
These can be either old, conventional or standard prac-
tices that differ from the intervention of study in that 
they do not aim to improve tomato productivity under 
water- or/and N- or/and P-deficit stress or by enhancing 
the use-efficiency of this resources.

Relevant types of outcomes
The type of outcome that will be valid for the systematic 
map will be the effect that interventions have on tomato 
productivity measured as yield. Studies will be accepted 
for inclusion if they expressly give measures of yield, 
which can be expressed either by fruit number or weight. 
Those studies reporting only the effects on other market-
able outcomes different from productivity per se, such as 
quality or nutrition properties, will be excluded. None-
theless, information on other marketable outcomes that 
may be reported by studies will not be ignored when dis-
cussed in relation to productivity outcomes and it will be 
extracted as variables in the evidence synthesis.

Relevant types of study
Primary experimental, quasi-experimental or observa-
tional studies or secondary studies that collate them. Only 
those studies that describe a specific research method or 
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report on new empirical or observational evidence of an 
(intervention) effect will be included. Or, in the case of 
secondary studies, studies that collate evidence/data of 
these type of works will be accepted. Further description 
of the types of studies that will be acceptable is provided 
given in Additional file 5.

Language
The systematic map will only cover studies published in 
English due to time and resource limitation capacities 
of the review team. However, the English language is 
acknowledged to be the most commonly used in scien-
tific literature, and that it will gather the largest body of 
published literature on the topic of this study.

Data coding strategy
Data coding will be extracted at the full text screening 
stage. These will correspond to different categories set 
by coding structures and variables therein that describe 
the literature meta-data. The meta-data will be extracted 
by populating options (variables) within a specifically 
designed questionnaire and will be included in a final 
database. Since, the questionnaire will be built using a 
random subset of studies (1%, minimum of 25) which 
will serve as initial examples from which to identify the 
appropriate questions and mechanisms of the question-
naire. From this, an initial set of important coding vari-
ables will be defined for the meta-data extraction and 
from which consistency amongst reviewers will be tested.

The meta-data gathered will be queried to synthesise 
the nature of the literature screened and so its capacity 
to address the systematic map question. Variables not 
directly related with the study intervention or treatment, 
but which are measured during the study and could influ-
ence the outcomes of the intervention (e.g. temperature 
or precipitation), will be extracted whenever available. 
However, those that are not systematically reported dur-
ing the length of the study and which are from statisti-
cal geographical nature (e.g. mean annual temperature of 
the study site, annual/seasonal precipitation of the area 
or other geographical statistics), will not be extracted as 
they will be accounted by the geographical information 
that will be extracted.

The final coding of variables used in the meta-data 
extraction questionnaire will be elaborated during the 
processing of the subset of studies from the meta-data 
extraction pilot study and will be defined in additional file 
of the Systematic Map report. However, some descrip-
tors have been identified in advance which will form the 
basis of the final variable codes (Additional file 5). Data 
coding will fall into the following categories: (1) biblio-
graphic information (e.g. publication type, authors, time 
of publication, journal, country of authorship); (2) basic 

information of the study (e.g. region or country of assess-
ment, geographic coordinates, farm type, soil type, tem-
perature and precipitation during the vegetation period, 
duration of the assessment); and (3) properties of the 
interventions assessed (e.g. type of intervention, meth-
odology of the study, stressor(s) assessed). Details on the 
internet searches will also be reported to enable repro-
ducibility (e.g. URL, date of the search, full search string 
and search terms, and the number of search hits). Cita-
tions will be saved in standardised tag format Research 
Information System (RIS) files to allow the citation data 
to be readily available to ensure transparency and for 
future use. Information related to the meta-data extrac-
tion procedure will be coded (e.g. record ID, publication 
ID, date of the search, full search with the search terms 
used, date of the data extraction). Recording the nature of 
the intervention outcomes (positive, negative or neutral 
effects) from each study will also be considered. In that 
event, records from these will not be used to address any 
interpretation of the effectiveness of the interventions, 
and the limitations associated with the use of these data 
will be specifically stated in the Systematic Map report. 
A codebook that collates the variables and that will serve 
to define the coding structure as a basis for the meta-data 
extraction, is provided in Additional file 5.

Extraction of the coding information will take place 
during the full text screening, although general infor-
mation on properties associated with the techniques or 
management approaches evaluated by each study will be 
extracted at the title and abstract stage (see Additional 
file 5). The meta-data extraction and coding will be car-
ried at least by two reviewers. To ensure consistency 
amongst reviewers, a consistency check will be done as 
for the consistency tests at the screening process. For 
this, reviewers will populate the designed meta-data 
extraction questionnaire with the meta-data out from 
the papers retained after the consistency test at full text 
screening. Resulting data coding by each reviewer will be 
compared and any doubts and differences encountered 
will be clarified and the resolved procedure agreed. Addi-
tionally, an assessor from the review team will review a 
different random set of 10% of the studies being assessed 
by each reviewer, with a maximum of 50 per reviewer, to 
assure the quality of the meta-data extraction process.

Study validity assessment
This evidence synthesis has limited scope for assessing 
the validity of studies. Information on the study design 
and the comparators used will be collected as part of the 
coding extraction strategy (e.g. type of data collected, 
sample size, duration of study…) whenever possible. 
Mapping these against intervention variables may allow 
some comparisons on the nature of the evidence base 
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for the different interventions. However, caution will be 
taken to ensure that the type and frequency by which the 
various interventions are collated in the Systematic Map 
will not provide indications as to the confidence on the 
effect of any one particular type of intervention (Addi-
tional file 6).

Study mapping and presentation
The outcomes from the systematic mapping exercise 
will be collated in a Systematic Map report, which will 
describe the different stages of the synthesis process and 
the evidence base addressing the research question for-
mulated in this protocol. The map of results will be pre-
sented in the form of a database where studies accepted 
for synthesis will be collated with associated coding vari-
ables. Elaboration of figures, ‘heatmaps’ or other forms 
of spatial and visual maps will be considered to present 
meaningful results out from the systematic map out-
comes. The report will provide a statistical summary of 
the characteristics of the studies found and a synthesis 
of the general trends. Clustering analysis of the coded 
data will help identifying possible knowledge gaps, for 
potential subtopics of interest in further primary search, 
and knowledge gluts, for potential subtopics of interest 
for full-synthesis systematic reviews. Information gath-
ered in the systematic map will depend on the results 
obtained, but we can assume this will include informa-
tion such as the indicators used to measure the strategies 
tested to help maintain tomato productivity under condi-
tions of water-, N- and/or P-deficiency. Also, which strat-
egies have been assessed to a greater and lesser extents, 
regions or countries where meta-data is most concen-
trated or insufficient, and the scale of available evidence 
on multiple- or combined-stress tolerance of tomato. As 
part of the Systematic Map report, a ROSES Flow Dia-
gram for Systematic Maps will summarise the number 
of articles retrieved and excluded at each stage of the 
process, and the latter will extend to include a list of the 
reasons for exclusion. The database detailing meta-data 
included in the systematic map synthesis will be provided 
as additional file.

Additional files

Additional file 1. Expert consultation, workshop and list of participants. 
Summary of the specialist workshop held in Mallorca (Spain) in October 
2018. Information on workshop participants, discussions held, and feed-
back given by specialists that helped framing the aims and scope of the 
systematic map and consultation over the methodology progress. 

Additional file 2. List of publications in the ‘test-list’ library. List of 47 
published articles and other key literature relevant to the research ques-
tion. Built by specialist’s recommendations and reviews citations, this list 

was used to test the candidate search terms adequacy during the scoping 
study for search terms and strings. 

Additional file 3. Scoping search terms and search string. This spread-
sheet contains the different steps during the scoping study for identifying 
most suitable search terms and strings. The different sheets include the 
results from word frequency analysis with CREBP online tool, exploration 
of best-fit-for-purpose search terms and strings, results from the ‘test-list’ 
library checks and final strings. 

Additional file 4. Comparison and selection of Subject Categories for 
bibliographical databases. Lists and comparison of the subject categories 
or research areas by which subjects are categorised in the different biblio-
graphical database sources consulted. Comparison between the subject 
categories from the different database sources allowed to identify com-
mon and equivalent categorisation for the selection of relevant subjects in 
the literature search. 

Additional file 5. Codebook variables and properties. Contains different 
aspects of the article screening and study eligibility criteria and the data 
coding strategy: 1. Reasons for exclusion during the screening process; 2. 
Codebook and drop-down list for initial coded variables considered for 
mapping; 3. Categorised types and subtypes of intervention approaches 
likely to find from retrieved literature; 4. Definition of the types of stud-
ies accepted; and 5. List of countries and several statistical information 
related with each country (e.g. geographical region, representation within 
bibliographical databases, tomato and vegetable production statistics, use 
of fertiliser, rainfall, irrigation and other economic variables). 

Additional file 6. ROSES form for Systematic Map Protocols. List of report-
ing standards for systematic map protocols and descriptive guidance to 
help the review authors to ensure all relevant methodological information 
is reported and to help editors and peer-reviewers to evaluate the reli-
ability and validity of the review.
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