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RLF TECHNICAL BULLETIN 
 

TECHNICAL BULLETIN 143 | BENEFITS OF INTEGRATED FERTILISER MANAGEMENT 
 
 
WHAT’S IN THIS BULLETIN 
 
This Technical Bulletin (TB) specifically discusses the foliar formulation of tank mix that is best suited for 
integrated fertiliser management (IFM). 
 
 
FORMULATION OF TANK MIX BEST SUITED TO IFM 
 
Integrated Fertiliser Management (IFM) creates synergistic feedbacks between root, rhizosphere and shoot 
resulting in increased fertiliser uptake efficiency and plant productivity.  
 
We have covered benefits of BSN application to seed in a number of RLF Technical Bulletins. In this bulletin 
we discuss foliar formulation of tank mix that is best suited to IFM. 
 
Traditionally nitrogen demand of field crops is achieved using Urea, Sulphate of Ammonia (SOA) and 
Ammonium nitrate. Some nitrogen is also supplied as anhydrous ammonia, MAP and DAP. 
 
In recent years security concerns has limited use of solid ammonium nitrate which is marketed as liquid 
mixtures of ammonium nitrate and urea (UAN), with brand names such as Easy N and Flexi N. 
 
 
SOIL APPLICATION OF NITROGEN 
 
Urea, UAN and SOA are all applied to the soil or used as foliar. In order to appreciate the differences 
between these products, one need to compare their molecular and ionic structure that forms the basis for 
their uptake properties and their osmotic or (e.g. salt effect) properties. 
 
Urea is not a charged molecule, it reacts with water and by urease action it forms CO2 and ammonium ions 
(NH4+). Ammonium ions being volatile are lost to the atmosphere especially where urea is top dressed. 
Ammonium ions could also be tied up by clay particles like other cations. If rain follows after urea 
application, urea leaches to the lower soil profile since it has no charge and moves readily with soil water 
by mass flow. This results in low efficiency of nitrogen uptake when plant demand for applied nitrogen is 
low; such as when growth is slow, root system is small or soil nitrogen reserve is high.   
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Ammonium ions from urea or SOA applied to soil eventually convert to nitrate ions (NO3-) usually in a few 
days when weather is warm; in cold weather, conversion of urea or SOA to nitrate may take few weeks 
making soil application of urea or SOA unsuitable in winter. Nitrate ion is the preferred form of nitrogen; 
unlike ammonium ions has no interaction with cation uptake. Ammonium ions on the other hand 
antagonize uptake of other cations like potassium, magnesium and calcium resulting in nutritional 
imbalances in field crops, horticultural crops or grazing animals. Ammonium nitrate and UAN are thus 
preferred to urea and SOA for soil application especially in winter since they offer some available nitrate 
ions until nitrification produces more nitrate from other sources of nitrogen.  
 
In order to increase uptake efficiency of nitrogen, correct product, optimum timing and proper quantity 
should be considered within an IFM system. Moreover as we shall discuss later, soil input of nitrogen 
should be replaced as much as possible with foliar to minimize leaching and subsoil acidification and 
provide conditions suitable for root growth. 
 
 
FOLIAR APPLICATION OF NITROGEN 
 
Liquid urea is not in ionic form, thus it has practically no interaction with other ions when passing through 
the leaf Free Space to enter the leaf cells. Contrary to urea, UAN has half of its nitrogen as ions. These ions 
are negative nitrate ions (NO3-) and positive ammonium ions (NH4+). The positive ammonium ions at rates 
that UAN is generally recommended replace practically all of the potassium ions (K+) and metallic trace 
elements (e.g. Zn++, Cu++ and Mn++) from leaf cations exchange sites. This allows easier leaching of 
such essential elements by rain or guttation while a greater cationic competition reduces uptake of the 
applied trace elements into the leaf cells as well.   
 
 
SALT EFFECT OF UAN IS HIGHER THAN UREA 
 
Per unit of nitrogen applied, UAN has 50% more osmotic effect or ‘salt effect’ than urea. This means that 
the potential for plasmolysis and loss of nutrients already present in leaves is greater when UAN is applied 
at higher doses compared to urea. Leaf burn with UAN is commonly observed at higher application rates 
and yield losses are proportionate to UAN concentrations when threshold is passed. 
 
 
 
BENEFITS OF FOLIAR NITROGEN UPTAKE 
 
Since uptake efficiency is always higher for foliar than through the soil, there is cost-saving and 
environmental benefits to shift nitrogen from soil to foliar. When UAN or urea is applied to the soil, 
nitrogen uptake efficiency relates to the plant demand (e.g. plant relative growth rate, root and canopy 
size) as well as to the soil available nitrogen pool. The soil available nitrogen pool is primarily nitrate. Urea 
and UAN both eventually convert to nitrate which is the preferred form of ion taken up by plant roots. 
Efficiency of soil applied nitrogen however is not good and varies widely; this is because some of the 
factors causing this inefficiency are not easily controllable. Most farmers for example apply some 50% of 
their nitrogen demand before even field crops are sown or germinated, heavy rain in such cases leach 
nitrogen before the root gets its chance.  
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Foliar application of nitrogen on the other hand has higher uptake efficiency since it is applied at smaller 
increments when crop demand is higher. Urea absorption and utilization is also favored over UAN since 
nitrate already accumulated in plant inhibits further uptake of nitrate coming from UAN (feedback 
mechanism). Urea not having nitrate ions is thus absorbed with no interaction with plant endemic nitrate. 
Ammonium ions produced from urea incorporate into amino acids and proteins while nitrate of UAN needs 
to be converted to ammonium ion a process that requires cellular energy. Thus plants fed with foliar urea 
get an ‘energy bonus’ which is helpful especially in winter. 
 
Finally foliar nitrogen applied as urea, would demand more potassium uptake (and less nitrate uptake) 
from the soil. This higher ratio of cation to anion uptake by the root system increases hydrogen ion 
extrusion from the root cells which acidifies the cell wall producing higher rate of root growth and 
turnover. The higher the proportion of plant nitrogen budget applied to the leaf, the bigger is the impact 
on root turnover. The effect extends beyond root into the rhizosphere multiplying rhizosphere biological 
activity and creating conditions similar to having a legume in rotation in the cereal cropping. Continuous 
cereal cropping has a potential to increase rhizosphere pH. Cereal cropping in marginal country having 
high soil pH benefits from this rhizosphere acidification and higher organic matter accumulation in root 
rhizosphere. These changes improve overall nutritional efficiency of the crop. Overall benefits are improved 
by IFM and use of foliar CSF with urea than UAN.  
 
 


