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In agriculture, a good nutrient balance is obtained when the

same amount of nutrients is supplied to the soil as is removed

by the harvested products. The agricultural interests are then

consistent with the ecological interests. Nutrients supplied by

fertilisers should be taken up by the plants to the greatest

extent possible. Excessive and therefore superfluous use of

fertiliser causes unnecessary costs and burdens the soil and

ground water. 

Fertilising according to requirement has been pur-

sued in recent years with precision farming. The research

project supported by the BMBF sets the goal of controlling the

farming of grain and rapeseed cultivation with nitrogen

fertilisers even more precisely. In farming jargon, this means

improving the nitrogen efficiency and thus contributing to

the sustainable saving of natural resources. 

During their growth phases, the plants produce bio-

mass and chlorophyll. Up to the time of harvest, the grain in

the seed is enriched in starch and proteins as a result of the

available nutrients, whereas rapeseed is enriched in oil. The

protein and oil content are decisive characteristics for the

quality of the products. They also give information about how

efficiently the nutrients have been utilised. 

The main questions posed by the research are there-

fore: can the protein or fat content at the end of the growth

phase be determined based on the knowledge of the biomass

and the chlorophyll content during growth and can this

knowledge be used to control the farming still better during

the growth phase? Until now this relationship has never been

investigated. The Department for Agricultural Process Engi-

neering of the University of Kiel has therefore entered new

territory, together with its partners.

Plants take up part of the incident sunlight for the

creation of chlorophyll, while the rest of the sunlight is reflec-

ted away from the plant. The greater the amount of solar

energy taken up by the plant, the more active is the produc-

tion of biomass. The amount of sunlight reflected is therefore

indirectly an indicator for plant growth. With existing sensor

technology, the researchers measure the reflected solar

energy during vegetation. In this way, information was

obtained about the chlorophyll content and the biomass

Harvest quality in the focus of sensor technology

Farmers strive to obtain high yields and high product quality from the harvest. For grains and rapeseed, the quality of the

harvest can now be recorded in a representative manner using near-infrared sensor technology in the combine harvester.

With the additional biomass sensor determination during the growth phases of the grain, the quality can now be checked

and controlled in real-time. 

Serial combine harvester with measurement platform for the real-time determination of components
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production. The fertilisation was then controlled on the basis

of evaluating this result in order to optimise the yield in terms

of quantity and quality, according to individual areas. 

In a direct quality comparison, in the second focal

research area the relationship between the energy uptake

measured with sensors and the protein or fat content ob-

tained at the time of harvest will be studied. Positive findings

could allow even more environmentally beneficial farming

during the growth phase in future, as well as the targeted

control of yields.

The protein content of wheat, decisive for the quality

and the yield, varies for example between 9 and 14.5 percent

by weight. Per metric ton of wheat harvested, in the year 2002

a farmer obtained between 90 and 130 Euro, depending on

the quality. The protein or oil content of grain or rapeseed

varies from location to location and until now could be de-

termined in the laboratory only by random sampling by

chemical analysis or opto-electronic near-infrared measure-

ment. In order to now be able to determine the quality of the

entire grain or rapeseed, agricultural engineers are taking

the laboratory to the field.

The situation in the field is vastly more complex than

the constant conditions always found in the laboratory. The

goal was to be able to determine the quality already during

the harvest on the combine harvester. There, the sensitive

near-infrared spectrometry (NIRS) employed for quality con-

trol is subject to the influences of vibration, dust and tem-

perature. The engineers of the Department for Agricultural

Processing Technology took this into account with the instal-

lation of the devices. Furthermore, the optimal position of the

instrument had to be determined in order to be able to

measure the oil or protein content during the harvest.

John Deere made the combine harvester available,

and Carl Zeiss and Perten Instruments further developed the

near-infrared measuring devices. Many years of research at

the University of Kiel and the research support of the BMBF

were required in order to calibrate the devices according to

grain type. Independently of different disturbances, the con-

tents have to be reliably determined for the respective grain

type. The prototype developed in the meantime measures the

quality directly during the harvest and evaluates the data

online in real-time. Under these complex conditions, the

prototype also functions reliably at different levels of humid-

ity. Successful field tests have been carried out to date on

wheat, winter barley and brewing barley, rapeseed and corn.

Some experts believed that the problems arising from these

complex and variable conditions could not be solved. The

young team owes its success in large measure to their un-

tiring quest for knowledge. 

By contrast with conventional laboratory analyses,

the online measurement during the harvest can be regarded

as representative: five percent of the harvest is directly meas-

ured in continuous bypass, whereas with laboratory analyses

only around three random samples per hectare are usual. The

results of the biomass determination are available online in

real-time and enable control interventions during the vege-

tation period. Proactive farming is therefore now possible.

In the meantime, data evaluations exist based on four

harvest years. The continuation of the research will subse-

quently clarify the relationship between the quality of the

farming products and the information about biomass produc-

tion and chlorophyll content. This will furnish farmers with

additional knowledge, which they can use for the still more

precise management of their land areas in order to more

closely approach the economic-ecological optimum.

A better targeted dosing of fertilisers enables
the sustainable conservation of natural
resources and furthermore protects biotopes.
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