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Abstract

Avail which coats phosphate and Nutrisphere-N which coats nitrogen were used. Avail lengthens phosphate availability by protecting it from being locked up by Fe, 
Al, Mg and Ca. Nutrisphere-N controls losses of nitrogen by reducing volatilization, slowing the conversion of Ammonia into nitrate, reducing de-nitrification and 
leaching. Experiments were conducted for two seasons to evaluate the performance of coatings on growth, yield and quality of tobacco in randomized complete 
block design with three replications. The Avail coated Super D (10.5% N, 24% P2O5 20% K2O) and Nutri-sphere coated Urea (46%N) were tested for yield and 
quality at rates of 100%, 90%, 75% and 50% over the recommended rate of nine 50kg bags/ha of non-avail coated Super D top-dressed with two 50kg bags/ha 
Calcium Ammonia Nitrate (CAN) (26%N).  There were two controls:  Super D and CAN, second control received no fertiliser (Nil treatment). Plots consisted four 
ridges spaced at 1.2m with 12 plants spaced at 0.6m. Net plot comprised two middle rows. Data was collected on yield, quality, stand counts, stem diameters, root 
volumes, plant height, leaf length and width, Results showed that coatings had positive influence on yield and quality over non-coated fertiliser sources. Avail coated 
Super D when used at reduced rates of 75% or at 50% and top-dressed with CAN produced higher yields and good quality tobacco. The blanket recommended rate 
was out-performed by 58% on yield and by over 100% on first grade leaf. The coatings produced larger root volumes, taller plants, larger stem diameters and 
improved leaf characteristics. Avail treatments were superior in performance than Nutrisphere coated ones.  All coated fertilisers had better performance over non-
coated. Coated Super D when used together with CAN at reduced rates of up to 50% improved yield, quality and saved up to 45% in fertiliser costs over the non-coat.
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Introduction

In recent times liquid coatings have been developed for coating granular fertilizers. Avail is a long chain dicarboxylic acid (DCA) copolymer composed of maleic and 
itaconic acids reported to have a cation exchange capacity (CEC) of 18 meq g-1 of solid polymer. Mode of action theory for avail is that it sequesters antagonistic 
cations Ca, Mg, Al, Fe, Mn, and other multivalent cations, in soil solution around P fertilizer granule or in fluid band and then P remains unfixed and available for plant 
uptake. This results in concentrated zones of available P for the plants (Fig 3) (Mowava et al. 2015). The applied phosphate is made more available in the soil for a 
longer time because the coating protects the phosphates from being locked up by Fe, Al, Mg and Ca (Fig 4). 

Hopkins (2013) and Chien et al, (2014) reviewed many of the published and unpublished research trials on Avail. Many of the studies showed significant yield 
responses, but others showed no or negative responses. Coated fertilizers are said to be designed to improve the uptake of applied nutrient and increase nutrient 
use efficiency. The higher availability of phosphate promotes higher uptake thereby improving nutrient use efficiency and may benefit nutrient uptake in tobacco and 
improve the returns to the grower per unit of fertilizer applied. 

The Nitrogen coating, Nutrisphere-N (N-N) (Fig 1) has a charge capacity of 1800 meq/100 g and is a large branched polymer. It is water soluble and slowly 
biodegrades based on prevailing temperatures.   Its exchangeable ion is Ca and is applied to either dry granule or added to liquid solutions (Tindall, 2015).  Urease 
is an enzyme that facilitates the breakdown of urea to ammonia and carbon dioxide. The problem with nitrogen in the soil is that urease converts nitrogen from 
ammonium (stable) to ammonia (volatile). It is this process that Nutrisphere focuses on by controlling losses in the nitrogen cycle through reductions in 
volatilizations and slowing down of urea hydrolysis.  It also inhibits nitrification thus reducing nitrate leaching and denitrification (Fig 2). Through stabilization of the 
nitrogen, there is more applied nitrogen available for plant uptake and nitrogen use efficiency as the nitrogen uptake is slowed down and remains in the ammonia 
form in the soil for a longer time period thereby promoting longer availability due to slow down of nitrate conversion. The objective of this programme was therefore to 
evaluate the effect of coated fertiliser on the uptake of phosphate and nitrogen on yield and quality of flue-cured tobacco and their economic benefits.  

Materials and Methods

The experiment was conducted at two locations in Central Malawi namely, Kandiya Research Station in Lilongwe District and Mwimba Research Station in Kasungu 
District.  One more location was put in Northern Malawi at Kabwafu Research Station during the 2013/14 cropping season. Two coatings, one which coats 
phosphate known as Avail and another called Nutrisphere-N which coats nitrogen were used in this experiment.   Two experimental controls, one based on the 
national recommendation of nine bags of the non-coated fertiliser which received CAN as the first control treatment and another treatment which received no 
fertiliser (Nil treatment) were used. All coated basal fertiliser was Super D (10.5% N, 24% P2O5 20% K2O+6S +0.15B) while coated Nutrisphere sources were from 
Urea (46%N, 0% P2O5, 0% K2O)).  The experiment was water planted  in a randomized complete block design with three replications at least three weeks before 
the onset of rains in plots consisting four ridges spaced at 1.2m apart, planted with 12 plants on each row spaced at 0.6m between them.  The net plot comprised two 
middle rows with each plant at each end of the two rows discarded from which data was collected from.  All other cultural practices were implemented in accordance 
with recommendations as outlined in the local Flue-cured Tobacco Production Handbook. Main field data was collected  on cured leaf yield, quality stand counts, 
stem diameters, root volumes,  leaf length and width measurements for the 5th, 10th, and 15th leaf, and plant height after reaping 

Leaf measurements in the measured plants at each leaf position were determined using the following as described by Miller et al., 1967: 

LA =(l*b)*0.6203
Where: LA is the leaf area in different position, l is the leaf length, b is the leaf breadth 0.6203 is the coefficient for leaves greater than 203cm2 

The collected data were subjected to statistical analysis using standard ANOVA with Genstat Discovery 3 Edition and separation of means was done using the least 
significant difference (LSD) test procedure.

Results and Discussion

Leaf Yield 

The trend of yield data suggested a significant advantage of the coated fertilisers over the non-coated ones (p ≤ 0.05) (Table 2).  Avail coated Super D applied at 
75% of the recommended standard rate and top dressed with CAN (75AP+C) produced significant higher yields across the three locations.  Plots that received 
24.3 grams coated Avail (75AP+C) were found to be statistically similar to plots of Avail coated Super D which had received 16.2 grams ((50AP+C) although the 
former had 17% yield advantage over  the latter. Plots that received 16.2 grams of Avail coated fertiliser (50AP+C) though in lower amounts significantly 
outperformed the blanket ARET rate by 34%, probably due to prolonged availability of phosphates to the plants in the former than in the latter.  These observations 
confirm the findings of Mowava et al. (2015), who reported that phosphorus fertiliser treated with Avail gave a 12.3% increase in yield over untreated P fertiliser 
applied at equivalent rates when averaged across all 471 known site comparisons. In the case of this study, this increase appeared to more than double over the 
local recommended rates.

The Avail treatments generally promoted relatively larger root volumes even in plots where small amounts of the coated P were applied (50AP+C) suggesting an 
improved nutrient uptake efficiency especially of the P at all the sites compared to non coated fertiliser plots. The observation confirms the findings by IPNI (2011) 
which stated that the magnitude of response of coated fertiliser to yield and growth parameters increased to 5.5% when evaluating the subset of 102 sites 
comparisons which had low to moderate P fertilisation rates. The Avail treatments also promoted taller plants, thicker stem diameters and increased leaf 
characteristics which were well converted into higher biomass as reflected by increased leaf areas especially in the 10th and 15th leaf positions when compared 
to non-coated treatments (Table 2). In the leaves, the coatings appeared to have a positive influence especially on the leaf biomass as expressed by high leaf area 
in 10th and 15th leaf positions than in the bottom leaves of the plant.  The higher yields in the coated treatments might therefore have been due to improved and 
extra expansion in the upper leaves encouraged by the coatings in the presence of other field management practices such as right topping and timely de-
suckering.  Since in tobacco over 75% of the obtained yield is from the upper parts of the plant, any enhancements in leaf biomass in the upper part of the plants, 
including the use of the coatings, may have had positive effect on the yields. 

Between the two coatings, the study found that Avail coatings had better yield performance than the Nutrisphere ones when applied at the same time.  As a group, 
Avail plots had 39% yield advantage over the Nutrisphere treatments.  This relatively low performance of the Nutrisphere coated plots over the Avail ones could be 
due to issues of time of application which was not the aim of this study at this stage. 

Table 2: Influence of Coated Fertilizer on the Cured Leaf Yield, Root Volume, Plant Height, Stem Diameter and Leaf Area at three sites Analysed across years 
2012-2014

Cured Leaf Quality

Grade Out-turns of the cured leaf
The coatings significantly enhanced the proportion of first quality leaf grades in the plots that had received coated Super D and CAN (p ≤ 0.05) (Table 3).   Avail 
coated Super D at 75% of the application rate (75AP+C) produced significant higher proportions of first quality leaf grades by an average of over 100% over the  
ARET plot across the three  locations.  Statistically, the performance rate of 75% (75AP+C treatment) was found to be no different from the coated Super D at 50 
% rate (50AP+C), suggesting that farmers could get away with reasonable quality even at four and half bags of the coated fertilisers from a total of the non-coated 
nine bags. However, this study did not have any statistical evidence that the coated plots enhanced availability or caused  a decline of the prevalence of any of the 
other leaf grades. 

Colour distributions of cured leaf
The coatings also significantly enhanced the proportion of different cured leaf colours especially in the plots that had received coated Super D and CAN (p ≤ 0.05).  
There was high proportion of orange colour (p ≤ 0.05) (Table 3) in treatments which had received Avail coated Super D at 75% rate (75AP+C).  These orange 
proportions were found to be higher than the ARET plots by at least 61%. Orange being the most desirable colour at the market, its enhancement by the coated 
Super D could prove beneficial to the farmer at the market. 

In the initial implementation of this study, it was feared that the coatings would promote the unnecessarily over-holding of ripe leaf due to excess greening in them.  

However, the study findings as shown in Table 3 showed that greening was not a problem  as there was lack of statistical evidence of the increase of cured leaf 
greens across all treatments regardless of whether the fertiliser was coated or not.  Therefore the earlier fears that coated slow release fertilisers would slow the 
breakdown of nitrogen and persist in actively growing leaves and eventually promote more green cures manifesting at grading time were un-founded.  The cured 
leaf from coated plots cleared off at reaping.

Economic Analysis of Coated Versus Non-coated Fertilisers

It was clear from this study that the coated fertilisers reduced the quantities of fertilisers needed per hectare over the non-coated ones (Table 4).  The coated 
Super D when used together with CAN at reduced rates of up to 50% saved up to $225.000 per hectare which is 45% over the non-coated Super D, partly due to 
fewer quantities of fertilisers used.

Table 3: Influence of Coated Fertilizer on the Cured Leaf Quality and Leaf Colour Proportions at three sites analysed across years 2012-2014

Conclusion

Fertiliser coatings had positive influence on the yield and quality of flue cured tobacco.  Avail coated Super D at 75% (75AP+C) or at 50% (50AP+C) top dressed 
with CAN produced significant higher yields and more orange cures across the three test sites when compared to the blanket recommended local fertiliser 
application rate. Although Nutrisphere coatings had an advantage over the non-coated fertiliser plots, they were found to be slightly inferior in yield performance 
to the Avail coatings by 39% and by 46% on the prevalence of market desired orange proportions of the cured leaf. Regardless of coatings used under current 
agronomic practices, the recommended national rate was out-performed on average by at least 58% on yield and 100% on the prevalence of the first leaf quality 
grades. However, there was no statistical evidence that the coatings had any influence on the prevalence of less market desirable leaf grades. 

The coatings were also found not to increase the prevalence of the undesirable green cures as was earlier feared. The findings suggest that coated Super D 
when used together with CAN at reduced rates of up to 50% improved yield and quality of cured leaf in flue-cured tobacco and has potential for greater 
agronomic economic benefits of at least 45% over the non coated Super D due to reduced cost of fertilisers arising from less quantities of fertilisers used while 
improving availability of P or N to the tobacco plants. 
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