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The efficiency of utilization of fertilizer urea and ammonium sulphate by mature 
tea plants was studied under simulated field conditions using N-15 labelled fertilizer 
urea and ammonium sulphate. 

The efficiency of utilization of the two fertilizers was compared by evaluating 
the yield independent criteria namely atom per cent N-15 excess, per cent N derived 
from fertilizer, and per cent N derived from soil in the flush, 3rd leaf and mature leaf. 
The atom per cent N-15 excess and per cent N derived from fertilizer in the flush and 
3rd leaf were directly related to the availability of fertilizer nitrogen in the soil, while 
the mature leaf continued to steadily draw and store fertilizer N and served as a sink 
in both urea and ammonium sulphate treatments. The effect of urea and ammonium 
sulphate fertilizers on crop growth and new shoot production was very similar and 
evident after about 6 weeks from fertilizer application. The experimental results clearly 
indicate that both urea and ammonium sulphate were equally efficient sources of ferti­
lizer nitrogen for mature tea. 

INTRODUCTION 

The tea industry earns for Sri Lanka about 40% of its foreign exchange and 
is vital to the economy of the country. Although tea was introduced to Sri Lanka 
in the 1860's manuring of tea plantations on a regular and organized basis deve­
loped only in the early 1930's when it was increasingly felt that the use of chemical 
fertilizers was the surest and quickest way of augmenting the nutrient supply of the 
soil for higher crop production. It was soon realized that the tea crop responds 
to very high levels of nitrogen, such as 200 to 300 kg N per hectare per annum 
(Fernando et al., 1969). 

In tea, the vegetative portion of the crop harvested for tea manufacture i.e. 
two leaves and the bud, contains about 3 to 4 per cent N and this is harvested every 
7 to 10 days. Fertilizer recommendations are based on the yield potential of the 
tea and for an average production of 200 million kilograms of made tea, 20 million 
kilograms of N is given with 240-300 kilograms N being currently applied for the 
high yielding mature tea. Until the early 1970's most of this N was given exclu­
sively as ammonium sulphate and its continuous use in such large quantities was 
suspected to be the cause for the decline in soil pH. Chenery (1966) suggested the 
use of other sources of N like Calcium ammonium nitrate and Urea. 

The major difference between urea and ammonium sulphate is that urea is an 
organic nitrogen fertilizer while ammonium sulphate is an inorganic nitrogen ferti­
lizer and that the presence of enzyme urease in the soil is necessary for the hydro­
lysis of urea. Wickremasinghe etal.(l98l) reported that the ambient levels of urease 
present in tea soils are adequate to hydrolyse the equivalent of 100 kg urea N ha-1 

in less than four days. After hydrolysis in both the urea and ammonium sulphate 
treatments nitrogen is in the ammonium form. 
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The Tea Research Institute initiated a large number of field experiments in 1965 
to compare the use of sulphate of ammonia, urea and calcium ammonium nitrate in 
the different tea growing areas (Bhavanandan and Manipura, 1969). These investi­
gations showed that even when 100 per cent of the N requirement was applied in 
the form of urea, in most of the trials the yields were similar to that obtained with 
sulphate of ammonia; in 27 out of 31 experiments urea and ammonium sulphate 
gave similar yields. In all the experiments calcium ammonium nitrate gave lower 
yields (Tillekeratne, 1970; Watson and Wettasinghe, 1972; Sandanam et ai, 1980). 
Based on field experimentation and on fundamental research findings the Tea 
Research Institute in 1979 recommended that at least 50 per cent of the N require­
ment of the tea plant be given as urea. 

With the global energy crisis the cost of urea and ammonium sulphate ferti­
lizers have increased by about 300 per cent and today the price of a kg of N from 
urea costs Rs. 6.05 while that from ammonium sulphate costs Rs. 20.23. There­
fore, purely from an economic point of view the gain by the complete switch over 
from ammonium sulphate to urea is about 150 million rupees. However, financial 
gains alone is not the ultimate test for the acceptance of a fertilizer. One of the 
important criteria for the preference of a particular fertilizer would be the efficiency 
of its utilization by the plant. The primary objective of the work reported here 
was, therefore, to study the transformation of the two types of fertilizers, urea and 
ammonium sulphate in the soil in relation to immobilization, mineralization, nitri­
fication, the dissolution of soil K, Ca and Mg and their respective efficiencies of 
utilization by the tea plant, and also the long term effect of sulphur in tea nutri­
tion. 

The experimental results presented here are in relation to the efficiency of 
utilization (plant uptake) of these two fertilizers by mature tea plants. Their effects 
on nitrification and the release of potassium, calcium and magnesium will be dis­
cussed in a subsequent paper, Fried et al. (1975) reported that it is only through 
the use of labelled nitrogen that the efficiency of utilization of nitrogen could be 
determined accurately. 

The technique used before the advent of the tracer method of calculating the 
difference in total nitrogen uptake between control and nitrogen treated crop over 
estimates the utilization of fertilizer nitrogen. This is due to the enhanced mine­
ralization of native organic soil nitrogen with the application of fertilizer (priming 
effect) and the stimulation of root growth facilitating greater uptake of nitrogen 
from soil (Aleksic et al., 1968). It must be stressed here that no assumptions have 
to be made with respect to the behaviour of fertilizers in soil, whether part of the 
fertilizer becomes involved in chemical reactions or. biological processes of ion 
exchange and the only assumption to be made is t h a t " N and " N behave physically 
and chemically identical in the soil. 

MATERIALS AND METHODS . 

The efficiency of utilization of fertilizer urea and ammonium sulphate by mature 
tea plants were studied under simulated field conditions using. 7-year-old tea plants 
in 1.2x 0.6x 1.2 metre (1X wX h ) cement pots. The pots were filled with soil accor­
ding to the field profile and tea plants were established in them. This study com­
menced in 1975. Prior to the application of fertilizer, the soil was brought to field 
capacity by saturating it with water and allowing the excess water to drain off from 
the bottom of the pot. 
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The plants were fertilized with 9 atom per cent "Nexcess urea and ammonium 
sulphate and 7 grams N per pot (equivalent to 100 kg N ha-1 application-1) were 
added to the soil in duplicate. The pots were watered daily equivalent to 2 cm rain 
day - 1 for a period of one week initially, and watering reduced to I cm rain day-1 

thereafter for 98 days. The excess water was allowed to drain off from the bottom 
of the pot and this prevented the soil getting water logged. 

The method of sampling adopted was to harvest the following plant parts: 
flush (two leaves and bud), third leaf and mature leaf (Fig. 1) from the tea bushes 
at approximately four-week intervals from the time of application of fertilizer and 
the atom per cent N - 1 5 excess, per cent N derived from fertilizer (NdfF) 
and percent N derived from soil (NdfS) in the different plant parts was estimated. 
From these results the nitrogen derived from fertilizer urea and ammonium sulphate 
by mature tea plants were calculated and the efficiency of utilization of these two 
fertilizers were compared. 

Fig. 1.—Diagrammatic representation of tea shoot showing the different sampling 
components. 
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RESULTS AND DISCUSSION 

In the present study which compared the efficiency of utilization of urea and 
ammonium sulphate by mature tea plants the total assessment of N-l 5 incorpora­
tion in the whole plant (leaf, stem and root) was not possible due to the relatively 
large size of the plants. Therefore the yield independent criteria, such as N-15 
atom per cent excess, nitrogen derived from fertilizer (NdfF) and nitrogen derived 
from soil (NdfS) in the different plant parts namely flush, third leaf and mature 
leaf were calculated directly from the isotope dilution determinations (I.A.E.A. 
Tracer Manual—Technical Report). 

' The first harvest from the tea bushes were taken 28 days after application of 
fertilizer and .the atom per cent i 6 N excess, per cent NdfF and per cent NdfS in the 
flush, third leaf and mature leaf for the urea and ammonium sulphate treatments 
are given in Table 1. It is evident that, independent of the type of nitrogen ferti­
lizer, the flush and third leaf, which are fast growing organs in the shoot (Fig. 1) 
take up comparatively more fertilizer nitrogen than the mature leaf (Table 1) which 
has been found to serve as a reservoir or sink for most mobile plant nutrients such 
as potassium and magnesium (Sivasubramaniam et al., 1976). 

TABLE 1 — Efficiency of utilization ofNderived from fertilizer urea and ammonium 
sulphate by mature tea 

Treat­
ment 

Urea 

Ammo­
nium 

Days 
after 

Har- fertilizer 
vest application 

Atom per cent WN 
excess 

Per cent N derived from 
fertilizer {.NdfF) 

Per cent N derived 
from soil (NdfS) 

Flush 
3rd Mature 
leaf leaf Flush 

3rd 
leaf 

Mature 
leaf Flush 

3rd 
leaf 

Mature 
leaf 

1st 28 4.5 3.5 2.5 51.2 40.2 29.0 48.8 59.8 70.9 
2nd 49 3.9 3.6 2.2 45.9 41.4 25.0 54.1 58.6 74.9 
3rd 76 2.9 3.3 2.5 32.9 37.7 29.4 67.0 62.3 70.6 
4th 98 2.7 2.7 2.9 30.9 31.4 33.6 69.1 68.6 66.3 

1st 28 4.7 4.1 2.2 53.7 46.7 25.4 46.3 53.3 74.5 
2nd 49 3.9 3.4 2.3 45.0 39.5 26.7 54.9 60.4 73.2 
3rd 76 2.9 3.2 2.4 33.3 36.5 27.8 66.6 63.4 72.2 
4th 98 2.7 2.8 3.1 30.7 32.5 35.5 69.3 67.5 64.5 

Even in the second harvest, 49 days after application of fertilizer the same trend 
was maintained. However, the nitrogen derived from fertilizer was little less than 
that of the first harvest (45.9 and 45.0 per cent as opposed to 51.2 and 53.7 per cent 
for flush in urea and ammonium sulphate treated bushes respectively (Table 1). 

The effect of fertilizer on growth and new shoot production was clearly seen 
after 7 weeks of fertilizer application and the crop yield increased substantially, 
indicating that the best effect of applied fertilizer is reflected in crop production 
after about 7 weeks (Tables 1 and 2). 

TABLE 2 — Effect of fertilizer urea and ammonium sulphate on crop yield in 
mature tea 

Dry weight (g) 
Days after fertilizer application 

Treatment Plant part 28 49 76 98 
Urea Flush 6.8 17.6 8.4 20.8 

3rd leaf 4.7 11.0 6.0 14.2 
Mature leaf 7.8 15.4 7.9 16.8 

Ammonium Flush 5.5 14.3 6.1 18.3 
sulphate 3rd leaf 3.6 12.5 4.4 11.6 

Mature leaf 5.5 13.5 5.9 16.4 
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In the third harvest 76 days after fertilizer application Ndf F decreased markedly 
in the flush and third leaf in both urea and ammonium sulphate treatments (Table 1 
and Fig. 2) but increased slightly in the mature leaf. The same trend was repeated 
again in the fourth harvest 98 days after fertilizer application and the corresponding 
values for flush and mature leaf were 30.9 and 33.6 for urea and 30.7 and 35.5 for 
ammonium sulphate treatments respectively (Table 1). On the whole it is clearly 
seen that the flush and third leaf continues to draw less and less nitrogen from the 
applied fertilizer with time while the mature leaf continues to absorb progressively 
more and more nitrogen thus confirming its function as a sink for nutrients (Table 1). 
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Fig. 2. — Uptake of fertilizer urea and ammonium sulphate by mature tea. 
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It is interesting to note that in spite of the relatively small third harvest after 
76 days of fertilizer application a peak harvest was again obtained at the end of 98 
days (Table 2) and the contribution of NdfF for flush was only 30 per cent for both 
fertilizers in contrast to 45 per cent for the second harvest, while the respective con­
tribution by the native soil nitrogen (nitrogen derived from soil) were 69 and 54 
per cent (Table 1) thus confirming the importance of native soil nitrogen in suppor­
ting crop growth and production of flush. This clearly demonstrates that the main­
tenance of soil fertility is extremely important in tea production and is as vital as 
application of fertilizers to sustain higher crop production. The above experi­
mental findings based on atom per cent 1 6 N excess, per cent nitrogen derived from 
fertilizer (% NdfF), per cent nitrogen derived from soil (% NdfS) clearly show that 
mature tea plants can utilise both urea and ammonium sulphate fertilizers equally 
efficiently and urea could be used to supply the fertilizer nitrogen requirements 
of mature tea. 
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