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Introduction

 We all enjoy sitting at a table full of high-quality 
products, but have you ever wondered where the food came 
from, and the process that it followed to reach your table?

 In this day and age, people are becoming aware 
of, and it is increasingly common to hear about, the concept 
of sustainable agriculture. Sustainable agriculture ensures 
sufficient food and products are available for us to consume 
now, without compromising land production capacity and the 
environment for future generations. 

 Another concept equally important and related to 
sustainability is climate change, which in recent years has 

gone from being a probability to becoming a reality that 
determines, for better or worse, our daily lives. Climate 
change and climate breakdown today are a priority problem 
influencing agricultural production worldwide, for example by 
influencing rainfall patterns, temperature, and even seasonal 
patterns.

 The United Nations predicts the global population 
to reach >9 billion people by 20501, and combined with 
an increased average calorific intake, demand for food 
is expected to rise 50%2 during this timeframe. Thus, 
the challenge will be to increase agricultural production 
dramatically, under a changing climate, while also delivering 
a sustainable agriculture – how will this be possible?
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Can we increase production 
and still deliver a sustainable 
agriculture?

 Traditionally farmers and growers considered 
variables such as the time of year, seeds, fertilisers, plant 
protection and soil management, among others. In recent years 
“new” challenges have emerged, particularly the changing 
climate previously mentioned. These newer challenges mean 
that to achieve a crops’ full potential, traditional plant nutrition 
and plant protection practices are no longer enough.

 These external, non-pathogenic and non-biological 
challenges are known collectively as non-living stresses or 
abiotic stress5. Abiotic stress management is today one of the 
principle areas of discussion and research in agriculture. It is 
widely accepted that if abiotic stress could be well managed 
that there is the potential to go a long way towards increasing 
global food production by the 50% needed by 20506, and in 
a more sustainable fashion. However, this will be no easy 
challenge…

Biostimulants – a solution 
with an aura of suspicion?

 One of the most promising areas of research in 
abiotic stress management is the use of plant biostimulation.  

 Biostimulation is a strategy designed to facilitate the 
growing agricultural demand for food via a sustainable and 
environmentally friendly production system. A “biostimulant” 
in agriculture7 is a product that stimulates plant nutrition and 
growth processes independently of the product’s nutritional 
content with the sole aim of improving one or more of the 
following characteristics of the plant or the plant rhizosphere:
- nutrient use efficiency; 
- tolerance to abiotic stress;
- quality traits;
- availability of confined nutrients in soil or rhizosphere.

 Biostimulation has been demonstrated to effectively 
reduce the impact of abiotic stress on crops when applied 
appropriately helping to achieve the crops’ full potential. 
An important point about biostimulants is that they have no 
specific effect on pathogens or pests and to control these 
biotic challenges plant protection products are still needed. 

 Such is the potential of biostimulants in abiotic 
stress management in agriculture that the industry has grown 
rapidly from an insignificant size ten years ago, to today 
where it is estimated to be worth around $2.3 billion (2020) 
and to reach more than $4 billion in 20238, 9. This indicates 
the market to be growing >10% per year.

 Even if this agronomic sector is promising and many 
have already invested in biostimulation, there are still farmers 
who still seem reluctant about the use of biostimulants. But 
why? The absence of a coherent legal framework for the 
incorporation of biostimulants into the rules and regulations 

Fig.1. Climate change will depress 
agricultural yield in most countries 
in 2050, given current agricultural 
practices and crop varieties3,4.
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surrounding agriculture has led to uncertainty among 
manufacturers when it comes to positioning biostimulants 
in the market. Some biostimulants are sold via fertiliser 
regulations, others via pesticide regulations and yet others 
under biocontrol legislation. 

 The conflicting messages in the marketplace have 
surely affected growers’ confidence, creating doubts. Some 
growers mistrust the effectiveness of biostimulants or are 
not certain as to the most suitable products for their needs 
and /or are confused as to when they should be applied for 
optimum effect.

 A key development in the biostimulant sector, and a 
demonstration of the increasing, and future importance, was 
the inclusion of biostimulants into the European Fertilising 
Products Regulation (2009) legislative framework of the 
EU that will commence in 20227. This formally established 
biostimulants as products stimulating plant nutrition processes 
independently of the nutrient content of the biostimulant.

 The United States and China are also working 
on similar legislation and this will help to standardise the 
global message to farmers regarding biostimulants10. These 
advances will establish the baseline rules and regulations 
through which the knowledge gained to date on the use 
of biostimulants, particularly in the management of abiotic 
stress can be built upon.

Knowledge, 
one key ingredient 
for biostimulants

 A key challenge in the initial development and 
use of biostimulants has been lack of knowledge across 
many related areas including their functions, raw materials, 
chemical composition, optimum timing of applications, how 
to design and perform biostimulation research experiments, 
repeatability of results, etc. All of these knowledge areas need 
to be understood and integrated to understand how a product 
works. How a product works on the plant is known as the 
mode of action.

 Determination of the mode of action of biostimulant 
products has been an area of intensive study within the 
major biostimulant providers both internally, and also with 
key research partners such as Universities, and private, 
and government, scientific and agricultural institutions. 
Determination of the mode of action of each biostimulant 
enables a company to understand how its product works 
and ensures that it is safe and sustainable for use in food 
production. It also allows for the clear communication of how 

best to use the biostimulant product to maximise the benefit 
to crops. 

 This type of integrated research is both complex 
and expensive, requiring dedicated in house Research and 
Development (R&D) departments. This has in effect led 
to a split in the biostimulant market, into the “innovator” 
companies who have invested in R&D departments that 
provide product differentiation, and others who do not have 
this capability (the “followers”). 

 The innovators via their R&D capability are driving 
the search for, and the development of new types of 
biostimulants. New biostimulants and new knowledge enables 
better management of abiotic stress and thus bring benefits 
to growers and the environment, and finally end consumers. 
The innovators also bring education to the agricultural market 
on how to correctly use the newer biostimulants through 
understanding the mode of action.
 

Innovation – the symbiosis 
between the consumer, 
private companies 
and public sector research

 Innovation and knowledge are interrelated and 
biostimulant research serves as an excellent example of the 
innovation cycle. To successfully innovate a company must be 
in tune with the market and needs of the consumer. Through 
feedback from the customer, private companies have an 
up to date and real time view of consumer needs creating 
opportunities for companies who can bring solutions to these 
needs.

 However, knowing what the customer needs and 
innovation are not the same. For a company to be able to 
innovate in house R&D is essential. In house R&D is the 
fundamental powerhouse around which innovation is built. 
An effective in house R&D department has the capability, 
contacts and experience to apply knowledge to innovate and 
develop solutions for the customer. Contacts and collaboration 
with external research centres and universities is essential in 
this process, why?

 Universities and research institutions are excellent 
at conducting science projects to obtain knowledge, and 
in-house R&D departments can collaborate to utilize this 
knowledge and apply it in a research program that is focused 
on delivering an end result solution to consumer needs. For 
example, when trying to understand how biostimulation 



FROM SCIENCE TO THE TABLE
June 2020

TRADECORP | Strategy, Innovation & Marketing departments  - 4 -

works in plants, in addition to the agronomic protocols 
usually performed, it is very useful to see what happens to 
the plant genes when the product is applied (genomics), or 
what chemicals compounds the plant produces as a result of 
the biostimulant application (metabolomics). 

 Universities and research institutions have developed 
the skills and techniques to do these types of analysis in 
agriculture, in additional to their traditional scientific strengths.
Therefore, collaboration between in house R&D and external 
collaborators, such as universities and research institutions, 
is crucial in bringing the most up to date knowledge when 
attempting to develop solutions. Collaboration also brings 
benefits to both organisations. For example, private companies 
can have access to the knowledge, techniques and equipment 
that would be very expensive to set-up in house and that 
would likely be underutilised, while universities are given real 
life situations related to current and future areas of research. 

 Exchange of knowledge between the collaborators 
is one of the most important benefits but can be more 
intangible to measure. Exchange of knowledge in any area 
is to everyone’s benefit: baseline understanding is increased 
and advanced across the research area, knowledge gaps 
and/or analytical gaps are identified, which encourages future 
research projects at universities. When these knowledge and 
analytical gaps are developed and understood at university 
level they can then be utilised by industry promoting a 
continuous development of the sciences. 

 To achieve this ideal collaboration state, it is 
necessary to have a rich ecosystem of experts, both within a 
company and external collaborators, to provide the expertise to 
develop and execute projects successfully with reliability and 
precision. For this reason, long term and stable collaboration 
relationships yields the best results for both private companies 
and research partners. Research collaboration is the 
cornerstone of the whole innovation process and also helps 
to close the gap between the businesses and universities and 
is a key focus area for the EU11, 12.

 An innovative company views investment in R&D 
not as a cost, but as an investment in future profits. Innovator 
companies differentiate their products based on knowledge 
and scientific basis, for example by explaining the mode of 
action of their products. This requires a continuous sequence 
of new products or solutions to be brought to the consumer, 
which allows innovator companies to differentiate themselves 
in the market ensuring they remain competitive and profitable. 
Innovation in products and solutions is a continuous cycle, and 
if an innovator company stands still for too long it will be caught 
by the follower segment of the market. This creates a healthy 
market dynamic that forces continuous evolution of knowledge 
and innovation to remain at the front of the market, thus ensuring 
solutions to consumer needs are continuously developed.

 In the search for new solutions, for example a new 
biostimulant product or to better understand the mode of 
action of an existing biostimulant, the R&D specialists have to 
first come up with an idea or “hypothesis” that may lead to a 
suitable solution.

From hypothesis to solution 

 The purpose of having a hypothesis is to prove 
whether the theory is wrong or right via experimentation 
and evidence, and through this process learn more about 
the topic. The hypothesis is first tested by laboratory 
experimentation using extremely controlled conditions with 
no other organisms present. At this stage, for example, the 
effect of the biostimulant on plants grown on growth media 
or a leaf inside a test tube or other similar type experiment 
might be conducted (called “in vitro” experiments). It is very 
far removed from real life situations but an important first 
step to have a first screening of the situation.

 If the results are promising, the experiment might be 
scaled up by the scientists and done in a larger setting such 
as on crop plants in growth chambers or greenhouse (called 
“in vivo” or “in planta” experiments). Finally, if the results look 
like they can be beneficial to agriculture, the experiment may 
be scaled up and done outside in full scale experiments on 
growers’ crops. To develop a new product, it takes formidable 
investment and the conduction of a significant number of in 
vitro experiments.  The pertinent interpretation of these results 
will lead to much fewer in vivo or in planta experiments. All of 
this work is to gain the knowledge to conduct just one real life 
full scale outdoor crop experiment.
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 Finally, all these information and results are taken 
and digested to form knowledge and it is only at this stage 
that an innovator company can bring their new product or 
knowledge to reality and introduce it as a reliable solution to 
the market.

 If the experiments or hypothesis fail at any stage, 
the results are analysed and a new theory is developed, using 
the information gained from the previous hypothesis that 
was disproven and the whole process starts again from the 
beginning. This is why the process to develop a new product, 
such as a biostimulant, takes so long and is so expensive.

Protocols, 
the key to reliable results 

 In order to ensure reliable results in the experiments 
that the R&D scientists use to advance the project, clear 
and efficient operation of the trials is necessary. Thus, it is 
necessary to set up written instructions or “protocols” in the 
most standardised possible way. The protocol is the sequence 
of steps and different techniques that will be used to conduct 
the trial. Coordination between all the teams involved, both 
within the company, and external collaborating teams, is 
critical to ensure success - it is not unusual to have 8 – 10 
different teams involved in a project. To ensure successful 
coordination a project coordinator (PC) or project leader is 
needed, and the PC will take all of the following into account 
in the development of the written protocols. In industry many 
projects fail or do not deliver the results expected due to the 
simple failure not to have a proper coordination. 

1. Definition of the hypothesis 

 The first consideration is: which hypothesis is to be 
tested? To define it the PC will talk with internal R&D scientists 
and experts, external university scientists, experts in the field, 
sometimes even with respected competitor companies, and 
also talk to growers who are facing the problem. This allows 
the R&D scientists to define the problem and propose a theory 
with the most up to date knowledge on the situation that may 
bring a suitable solution to the problem or need of the market.

2. Do not underestimate problems

 One of the typical mistakes when devising a protocol 
is not to be ahead of the difficulties that may arise. The 
majority of difficulties can be predicted based on experience 
and the protocol should try and take into account of all of 
these difficulties and how they should be managed.

 For example, all the necessary material should be 
pre purchased before the trial commences. If materials run 
out during the experiment, it can affect the results – this is 
particularly apt given the disruptions to supply chains due to 
the unexpected COVID 19 outbreak.

 As a rule, it can be expected that anything that 
can go wrong in an experiment will go wrong. Therefore, 
everything must be thought of and controlled. It is critical that 
an experienced R&D scientist revises the protocols at this 
stage to give their experience and point out all the problems 
and possible contingencies that may occur.

3. How to design the experiment? 

 Once the theory is hypothesised, the necessary 
techniques to test the hypothesis must be defined, to create 
a standardised and repeatable process. Sometimes existing 
processes and analysis methods are available and can be 
adapted to suit the experiment, while in other cases the R&D 
scientists have to design new tests to be able to test the 
theory.

4. Quantification and elimination of variables

 When designing a protocol, all the variables that need 
to be analysed in the trial must be taken into account, and all 
the external variables that may have an influence on the trial 
results also need to be accounted for and eliminated where 
possible.

 For example, if the R&D scientists want to show a 
biostimulant is effective for managing drought abiotic stress, 
the experiment has to be able to replicate drought, without 
at same time accidentally exposing the experiment to other 
stresses. The drought must be able to be applied evenly to all 
the plants in the treatment.

 Controlling unwanted variables is why initial 
experiments are often done in smaller growth chambers 
which have a 100% controlled environment, or in greenhouses 
where most of the environment is under scientific control. 
When planted outside in the field, the soil and climate can 
have too much variability to be able to test the hypothesis 
accurately in the early stages of experimentation.

Hypothesis

Results

Knowledge

Solutions
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5. Incorporation of new techniques 

 Recent advances in the sciences need to be 
incorporated into the theory and also the experimental design. 
For example, the ability to now measure gene activity in real 
time, or the production of chemicals inside a plant, allows for 
a much deeper understanding of how a product is performing 
and its potential mode of action on the crop. 

 The interpretation of these type of analytics needs 
highly trained personnel, usually with a doctorate or PhD, 
to interpret the results. This adds further complexity to 
experiments. However, when well executed, these techniques 
further strengthen the results and allows for greater testing 
of the hypothesis and the generation of detailed knowledge 
that can be used to develop the best solution to the need of 
the market13, 14.

6. Growth conditions

 Obviously for agricultural crops growth conditions 
are paramount, but nothing can be assumed. For example, 
every fertiliser and plant protection product to be used has 
to be analysed and written down in the protocol to make 
sure that their use does not somehow affect the experiment 
unexpectedly and damage the final results.

 In addition, factors such as number of plants, 
experiment size and plant spacing (for example, because the 
plants at the edge get more light that plants in the middle and 
this could affect the results) need to be accounted for and 

sources of variation eliminated where possible. Finally, the 
growth conditions that need to be controlled such as precise 
irrigation or watering in a drought experiment need to be 
defined.

7. Product application and timing

 Application of the proposed solution product has to be 
extremely accurate in the experimental setting. For example, 
in an experiment to determine a biostimulants mode of action 
and optimum dosage, the method of product application 
must be done in a way to ensure each of the plants to be 
treated with the product receives the exact sample amount 
of product. This is difficult in foliar applications so equipment 
with precise calibration is needed to ensure that each part of 
the plant receives the same amount of product.

 At the same time protocols need to be in place to 
ensure none of the test product drifts in the air and reaches 
the control or untreated plants, as this would affect the 
comparison results. At the same time how many times, and 
at what rate the product will be applied needs to be written 
into the protocol before the experiment even begins. Typically, 
the decisions on optimum timings and doses are made 
using information and the knowledge and results of previous 
experiments.

Fig. 4 Experiment developed by Tradecorp in collaboration with Landlab 
with real-time sensor for several plant growth variables.

Fig. 5 Tradecorp small pot experiments being performed in the greenhouses 
of Polythecnic University of Madrid. Note the consistent spacing of each 
pot to avoid shading of the plants and individualised watering of each pot.
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Fig. 6 Use of ultraviolet fluorescence to analyse spray droplet application to 
OSR / Canola at Tradecorp SDP facilities in Laon, France.

8. Evaluation parameters

 The parameters to be evaluated in the experiment 
must be a balance of parameters needed by the scientists to 
answer their theory and at the same time must also include 
parameters demanded by the market to ensure the product 
will be both beneficial to the crop and environment, while at 
the same time increasing profitability for the end user, such 
as a vegetable grower.

 For example, number of flowers, length of fruit, 
number of fruits per plant, sugar content and yield need to be 
determined, as well as the relevant quality factors that affect 
price, such as colour, diameter and percentage of misshapen 
fruit, etc.

9. A comparison or “control” to compare the 
hypothesis against

 A “control” is essential in all experiments. A control 
is a set of plants that are grown in the exact same method 
as the experimental plants, but that have not received the 
variable being measured, such as the product itself or the 
stress such as the drought example above. 

 For example, in a drought experiment, control plants 
that suffered drought conditions but had no biostimulant can 
be compared with plants that suffered drought but received 
the biostimulant. Differences in plant growth between treated 

and untreated can indicate if the biostimulant helps plants 
resist drought.  Both of these plants would also be compared 
with a plant that never suffered drought (the positive control). 
This is a simple example, of course the hypothesis questions 
and experimental protocols are much more complex in a real 
life R&D project.

10. Repeatability and reproducibility of the results 

 A key factor to consider is the repeatability of results. 
There is no use in developing a solution, such as a new 
biostimulant product, that only gives results in the laboratory 
or greenhouse. The solution should give repeatable results 
in similar conditions around the world to ensure it delivers 
consistent profitability for growers. 

11. Large Scale and field testing

 When the potential solution gives consistent results 
in the laboratory or greenhouse it is time to move to full 
scale testing in more real world agricultural conditions. 

Growth reduction

Plants keep growing even 
with Abiotic Stress conditions

Fig. 7 Tradecorp Experiment to examine the effect of a biostimulant on the 
growth of plants subjected to drought conditions. On the left a plant that 
did not suffer drought (positive control plant) in the middle a plant that 
suffered drought but was sprayed with a drought resisting biostimulant, 
and on the right a plant that suffered a drought and no biostimulant 
(negative control plant). All other variables were the same. The differences 
in growth between the three plants will be analysed by the R&D scientists 
to determine if the biostimulant helps to protect against drought. Initially, 
based on visual results, the answer would be that the biostimulant does 
help the plant resist drought stress.
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For this, the R&D scientists typically conduct two types of 
experiments in different geographical areas: firstly, official 
field trials with independent research centres and universities 
and then finally demonstration field trials. In the case of 
official trials, the variables of interest are controlled, and the 
process is monitored to confirm if the hypothesis is true by 
the independent scientists. In these trials, a protocol is drawn 
up with the research centre, and all the aforementioned 
conditions are determined. It can be thought of as halfway 
between the laboratory and real world commercial agriculture. 

 Following successful results in official trials, 
demonstration trials are then conducted. In these experiments, 
common farmer practices are used and the institution in 
charge checks the observed effects of the solution or new 
product in the crop after its application. A positive result 
further validates that the product will perform as expected 
in common agricultural use and the product can move to full 
production.

Closing the loop 
from science to table

 The cycle from science to table is a long one 
involving many intermediate steps including collaboration 
with universities and research institutions, laboratory / field 
research and experimentation, demonstration trials, use of the 
solution such as a new biostimulant product in commercial 
crops and finally the harvested crop served up on the table. 
Most of the cycle from science to table is out of the sight 
of consumers, can take more than a decade to complete, 
and requires many different stakeholders and collaborators. 
Science to table is a long but essential step in the goal of 
increasing future food production, while addressing the 
demands for sustainable and healthy food that supermarkets 
and end users are demanding. So, once the R&D scientists 
have finished their sustainable meal, they are off to develop 
their next hypothesis and the science to table innovation cycle 
begins again.
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