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ABSTRACT 
A long term f ie ld exper iment was carried out to investigate the performance o f urea ( U ) 

and sulphate o f ammonia (SA) at two rates (240 and 360 kg N ha - 1 y r 1 ) and five combinations 

o f U and SA on y ie ld , soi l acidi ty, soi l and leaf sulphur status and qual i ty o f processed 

black tea (Camellia Sinensis (IS) O Kuntze) . 

The results indicate that the y ie ld obtained at 360 k g N ha' 1 y r ' 1 is s ign i f icant ly h igher 

compared to 240 k g N ha' 1 y r 1 for both the N sources. N o signi f icant di f ference in y ie ld 

was observed between di f ferent combinat ion o f urea and sulphate o f ammonia . Soi l p H 

levels have decreased l inearly, as the proport ion o f sulphate o f ammonia increased in Urea 

: S A combinat ion at both soi l depths. The soil sulphate sulphur concentrations is higher in 

sulphate o f ammon ia treated plots than in urea plots, and i t increased l inear ly w i t h the 

increased SA percentage. Further, concentration o f S 0 4

2 - S found to be more in the 15 - 30 

cm depth than in 0 - 15 cm depth. I t ranged f rom 45 - 290 and 59 - 482 ng g 1 at 0 - 15 and 

15 - 30 cm depths, in SA and urea treated plots respectively. Sulphur concentrat ion in the 

mature leaf d id not vary either w i t h dif ferent sources or di f ferent rates o f N . 

The processed black tea qual i ty parameters, Theaf lav in , Thearub ig in , l iquor colour and 

strength d id not show any signif icant dif ference between the source o f N or N rates. 

Furthermore, combinat ion o f sulphate o f ammonia and urea d id not show any signi f icant 

dif ference in qual i ty. The organoleptic assessment o f made tea samples conf i rmed these 

observations on processed black tea qual i ty. Therefore appl icat ion o f urea is economical 

both in terms o f p roduct iv i ty and qual i ty o f processed black tea. 

K e y w o r d s : Qual i ty , soi l acidi ty, soi l sulphur, SA , urea, y ie ld 

I N T R O D U C T I O N 

Sri Lanka is the second largest tea producing country in the w o r l d , and tea accounted for 

approximately 14 % o f Sri Lanka 's total foreign exchange earnings. Ou t o f about 300 
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m i l l i o n k g produced annually, approximately 92 percent is exported ( A n o n , 2002,2006) . 

Tea (Camellia sinensis ( L . ) O. Kuntze) is grown for its younger shoots and it grows we l l 

in acidic soil o f p H 4.5 - 5.5. These shoots, having a bud and t w o to three succulent leaves, 

are generally p lucked at regular intervals o f 5-7 days depending on the elevation where it 

is g rown. In order to increase the tea y ie ld , the populat ion o f the shoots in the bush (shoot 

density), dry weight o f plucked shoots and the number o f t imes that the plucked shoots can 

be replaced for a g iven period o f t ime by successive shoot generations should be increased. 

The regular use o f mineral ferti l izers containing N , P and K and-at t imes M g and S are 

necessary to mainta in y i e l d , wh i l e preserving the qual i ty o f processed tea. 

The recommended quantities o f N , P and K fertil izers for mature tea, vary f rom country to 

country (Wi l lson , 1992). A t present, 90 - 220 and 270 - 400 k g o f N ha' 1 y r 1 is recommended 

for seedling and vegetatively propagated mature tea fields respectively in Sri Lanka depending 

on potential y ie ld categories. This is pr imar i ly to maintain tea bushes in vegetative phase o f 

growth in order to harvest young shoots containing high N contents (30 - 50 g kg" 1) regularly. 

N i t rogen, phosphorus and potassium are given in the fo rm o f urea, muriate o f potash and 

crushed Eppawela rock phosphate respectively. The total quantity o f N to be given is 

recommended solely as urea (Anon , 2000a). 

N i t rogen ( N ) fer t i l izer inputs largely contribute to y i e l d f o l l o w e d by potassium and 

phosphorus. W i t h every 1000 k g o f processed tea, 30 - 50 k g o f N is removed f r o m one 

hectare o f tea over a per iod o f 12 months. A b o u t 15 - 30 k g K, 1.5 - 4 k g P are removed 

w i t h every 1000 k g o f processed tea whi le S amounts to about 2 - 5 k g . Sulphur is an 

essential element for tea and plays an important role in S-containing amino acids l ike 

methonine, cystiene and cystine. As urea does not contain any S, plants ought to depend on 

soil native S, recyc l ing f rom leaf fa l l , atmospheric deposit ions, and fo l iar sprays o f zinc 

and magnesium sulphates. It was reported by Amarasir i and L a t h i f f (1982) that the quantity 

o f S precipitated w i t h the rainfal l was about 8 - 12 k g y r 1 in Sr i Lanka. A recent study 

carried out by Tennakoon et a/.(2006) revealed that the S 0 4

2 -S brought d o w n by ra infa l l 

amounts to 0.85 - 2.06 k g ha - 1 . Natesan et al. (1989) reported that in south India , w i t h 

every 100 k g processed tea sulphur removal is only 0.51 kg . However, the plant needs 3 to 

4 t imes more S , for every 100 k g o f made tea, in order to compensate for leaching losses 

and reduction o f S to sulphides dur ing monsoon periods. 

Increasing rates o f N ferti l izers, part icularly use o f sulphate o f ammonia generally increase 

soil acidity. A c i d i c soils is k n o w n to increase soil available a l u m i n i u m . However, tea is an 

unique plant w h i c h can tolerate h igh levels o f A l up to 20,000 m g kg* 1 (Chenery, 1955; 

Matsumoto et al.t 1976) whereas many agricultural ly important plant species, the presence 
o f micro molar concentrations o f A l 3 + can result in inh ib i t ion o f root g rowth ( M o r i t a et al., 

2004). 
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Black tea processing involves four important stages viz. w i ther ing , ro l l i ng , fermentat ion 

and f i r i ng . D u r i n g fermentat ion the ployphenoloxidase present in tea leaves act on the 

polyphenols and f o rm two groups o f chemical compounds, Theaf lav in (TF - Orange red in 

colour wh ich is responsible for qual i ty and brightness) and Thearubig in (TR - B r o w n in 

colour responsible for colour, body and strength) wh ich are responsible for qual i ty o f 

made tea. 

It was reported that b lack tea qual i ty decreases w i t h coarse p luck ing standards (Mahanta 

etal., 1 9 8 8 ; O b a n d a a n d O w u o r , 1995; Owuor and Obanda, 1998). Var iat ion in the black 

tea qual i ty o f a h igh y ie ld ing variety grown in Kenya was studied in response to application 

o f N P K S fer t i l izer at 15:5:5:5 ratio over 200 - 400 kg N ha"1 y e a r 1 w i t h di f ferent p luck ing 

standards and intervals by O w u o r et al. (2000) and they found decl ine in qual i ty w i t h 

increasing N rate f r o m 200 to 400 kg N ha' 1 y r 1 . Effect o f S on y ie l d and qua l i ty o f C T C 

tea in Ind ia was studied by Charkravartee (1995) and found that the addi t ion o f S in the 

fo rm o f both M g S 0 4 and phosphogypsum gave rise to increases in TF, T R and f lavano l -

glycosides. 

Many studies in assessing appl icat ion o f di f ferent rates o f N fer t i l izer p r imar i l y either as 

urea or sulphate o f ammonia in combinat ion w i t h K and P, and their impacts on y ie ld , soil 

physico-chemical propert ies and leaf nutr ient status, and processed tea qual i ty have been 

carried out in Kenya (Obanda and Owuor , 1995; O w u o r et al., 2000) and south and nor th 

India (Mahanta et al., 1988; Venkatesan and Ganapathy, 2004; Venkatesan et al, 2004). 

However, on ly l i t t le in format ion is available on the appl icat ion o f N fert i l izers as urea and 

sulphate o f a m m o n i a in d i f fe ren t comb ina t ions together w i t h K and P fe r t i l i ze rs 

(Wickremasinghe et al, 1983). Hence, a long-term experiment was used to investigate 

the effects o f urea and sulphate o f ammonia as source o f N on the soi l acidi ty, soil and leaf 

sulphur status, y i e l d and qual i ty o f processed black tea. 

M A T E R I A L S A N D M E T H O D S 

Investigations were started on 23-year-old mature tea plants o f cu l t ivar T R I 2025 in a 

long- term f ie ld exper iment la id out in 1979 at the St. Coombs Estate, Talawakel le, Sri 

Lanka ( lat i tude 6° 5 5 ' N , longi tude 80° 4 0 ' E, alt i tude 1382m above mean sea level) . The 

soil belongs to Red ye l l ow podzol ic and i t is categorised as Rhodustul t according to the 

U S D A soil classif ication (De A l w i s and Panabokke, 1972). I t is characterised as Mattakel le 

series (Ag ro ecological reg ion: U p country Wet zone 2 - W U 2 ) . The texture o f surface soil 

is clay loam and subsurface soi l is loam to clay. Structure o f the surface soi l is weak to 

modera te sub -angu la r b l o c k y w h i l e the subsur face is weak sub -angu la r b l o c k y 

(Dassanayake and Het t iarachchi , 1999). Since 1992 ni t rogen was g iven at 2 rates viz. 240 

and 360 kg N ha"1 y r 1 in the fo rm o f urea ( U ) and sulphate o f ammonia (SA) , in f ive 

combinations. Combinat ions are Urea:SA, 100:0; 75:25; 50:50; 25:75 and 0:100 (Treatment 
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structure pr ior to 1992 was, 3 rates o f N as 112, 224 and 336 k g N ha - 1 y r 1 w i t h four 

combinat ions viz. Urea:SA, 100:0; 75:25; 50:50; and 0:100). Twelve plots that had either 

received 100 % urea or SA were chosen to continue w i t h 100% urea and SA treatments at 

two new rates o f N . A l s o six plots that had received Urea:SA 50:50 combinat ion were 

chosen to continue w i t h same combinat ion at new rates o f N . Since 1992, a l l plots received 

equivalent quantit ies o f potash and phosphate i.e. 75 and 17.5 k g K , P ha' 1 y r 1 g iven as 

muriate o f potash and Eppawela rock phosphate respectively. A l l fert i l izers were applied 

in four equal quantit ies at 2 - 4 month intervals depending on the moisture avai labi l i ty in 

soi l , and f o l l o w e d by spraying zinc sulphate solut ion over the fol iage w i t h i n 7 - 1 4 day 

interval at an annual rate o f 11 k g ha"1 y r 1 . 

Each plot consisted 80 bushes at a spacing o f 1.2 by 0.6 m and the treatments were replicated 

thrice and the design was completely randomized block. 

Y i e l d r ecords , soil and leaf sampling 

Yie ld o f young shoots o f tea have been recorded at 5 - 7 day intervals since 1992. Soil 

samples were collected once a year f rom the experimental plots 4 - 6 weeks after the 

fert i l izer appl icat ion to a depth o f 0 - 15 and 15 - 30 cm using a post-hole auger. First 

mature leaf was also collected at the same t ime o f soil sampl ing for the purpose o f nutrient 

analysis. 

Tea is generally pruned to a height o f 45 - 60 c m once in every 4 years at St. Coombs 

Estate, in order to mainta in the p luck ing height and for better bush health. The plants were 

pruned in July 1996 and 2000 respectively. Do lomi te was appl ied pr ior to each pruning 

t ime depending on the soi l p H level (Anon , 2000a). 

Soi l and leaf analysis 

The p H o f soils was measured (soi l : solution 1:2.5). Avai lable P was extracted by borax 

so lu t ion and P was de termined by vanadomolybdate blue method (Beater, 1949). 

Exchangeable K and M g were analyzed as per the methods developed by Jackson (1958). 

Organic carbon was determined by Walkley and Black (1934) method, and Cation Exchange 

Capacity (CEC) b y leaching w i t h 1.0 M a m m o n i u m chlor ide solut ion (Jackson, 1958). 

Tolal N was determined by standard Kjehdhal method (Bremner, 1965). Soi l sulphate S 

was determined by Bardsley and Lancaster (1960) method. Total S in mature leaf was 

determined by Butters and Chennery (1958) method. 

Analysis o f processed black tea 

Young tea shoots (2 - 3 leaves and a bud) were collected f r o m these experimental plots and 

black tea was manufactured i n a miniature manufacture un i t at t w o weeks interval . 

Quantitat ive analysis o f Broken Orange Pekoe tea (BOP) , for TF and T R ; total colour and 

77 



percent brightness were carried out as described by Roberts and Smith (1961). Organoleptic 

evaluations were made by three professional tea tasters where they made observations in a 

semi-quantitative form for each samples for each characteristic, in turn judged on a Headonic 

scale (Charley, 1978). 

Data Analysis 
Yie ld , soi l and leaf analyses were subjected to analysis o f variance using Genstat (1997) 

package as appropriate to the experimental design. Data were assessed by analysis o f 

variance tak ing N rate as main and five combinat ions as sub treatment. The data col lected 

for qual i ty parameters were pooled as replicates and were analysed using SAS (1996) 

package. 

R E S U L T S A N D D I S C U S S I O N 

Soil physico-chemical properties are presented in Table 1. 

T a b l e I . I n i t i a l p h y s i c o - c h e m i c a l p r o p e r t i e s o f t h e s o i l 

p H C N CEC P K M e S 

(soihwater) 1:2.5 ( c m o l k g ' 1 ) (Mg g- 1 ) 

4.20 3.59 0.28 19.00 20 185 75 250 

Effect of N rates and combinations of urea and sulphate of ammonia on yield 
The y ie ld data for 1*' and 2 n d cycles are presented in Figure 1 (a - c ) . General ly, after 

pruning, the y ie ld o f f i rst year is l ow compared to the yields o f 2 m l and 3 r d years. The 

d imin ish ing pattern o f y ie ld increase over the g row ing cycles can be observed in Figure 1 

(a, b, c, d) for both rates o f N either as urea or SA. The y ie ld data on two prun ing cycles 

revealed that there was no signi f icant difference between 100% urea or 100% SA treated 

plots. However , the h igher rate o f N gave s igni f icant ly (P = 0.05) h igher y ields when 

compared to the lower rate o f N regardless o f the source or the combinat ions (Figure 1 a, 

c) . Ou t o f a large number o f studies carr ied out in dif ferent agro-cl imat ic zones o f tea 

growing regions in Sri Lanka on urea, sulphate o f ammonia and and/or ca lc ium ammonium 

nitrate ( C A N ) as sources o f N (Bhavanandhan and Manipura, 1969; Fernando et al., 1969; 

Sandanam et al., 1980), on ly two studies reported s igni f icant ly higher y ie lds for sulphate 

o f ammonia compared to urea (Watson and Wettasinghc, 1972, 1973). Recent studies by 

Gunaratne et al. (2004) too revealed that there is no signif icant dif ference in y ie ld between 

sources o f N or any combinat ion o f urea and ammon ium sulphate. A l l laboratory and 

glasshouse experiments carr ied out in Sri Lanka to substantiate the f ind ings f rom f ie ld 

studies were in favour o f urea (Wickremasinghe, 1986). In contrast, studies conducted by 

the Uni ted Planters 1 Associat ion o f South India, revealed that ammon ium sulphate was 

superior source o f N compared to urea (Anon , 2000b). Kanwar and Takkar (1966) too 
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Figure 1. Effect o f urea and sulphate o f ammonia at different N levels (240,360 a & c) and 

di f ferent combinat ions (b & d) dur ing I s ' and 2 n d cycles, on y ie ld ( kg h a ^ y r 1 ) 

(vert ical bar denotes L S D at P = 0.05) 
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reported that the use o f sulphate o f ammonia on sandy loam soils o f p H 4.8 signi f icant ly 

increased the y ie ld in Himachal Pradesh. Signif icant y ie ld responses, 6 % for 90 kg N ha - 1 

and 9.7% for 180 kg N ha" ' , were found w i t h ammonium sulphate over urea (Sinha et al., 

1992). In north india, urea is the source o f N and sulphur is appl ied at 20 k g ha' 1 when soil 

test values lower than the cr i t ical l im i t o f available sulphur i.e. 40 ppm ( A n o n , 1988). 

South Indian tea plantations recommend 6 5 % o f total N requirement as urea dur ing monsoon 

t ime, 20 % as ammon ium suphate, and balance 15% N as ca lc ium ammon ium nitrate 

(Verma, 1992). Du r i ng wa rm (pre-monsoon) weather condit ions ammon ium sulphate is 

recommended as the loss o f N is m i n i m u m w i th SA under these condit ions (Ranganathan, 

1969; Ranganathan and Natesan, 1987; Anon , 2000 b ) . Th is indicates that the response to 

source o f N , var ied w i t h di f ferent tea g row ing condit ions and possible reasons could be 

due to soil type, the avai lable soi l -S present, presence o f shade trees, etc. 

Effect of N rates and combinations of urea and sulphate of ammonia on soil pH 
The effect o f rates and combinat ions o f urea and sulphate o f ammonia on soi l p H at 0-15 

and 15 - 30 cm depths over the dif ferent years o f pruning cycles are presented in Table 2. 

Continuous use o f sulphate o f ammonia resulted in decline in soil p H signif icant ly. Further 

soi l p H decreased l inear ly as the proport ion o f SA increased in urea:SA combinat ion at 

both 0 - 1 5 and 15 - 30 cm depths. This is main ly due to release o f higher levels o f hydrogen 

during hydrolysis o f sulphate o f ammonia in comparison to urea. When ammonium sulphate 

is added to the so i l , a cat ion exchange reaction takes place instantaneously, wherein the 

ammon ium ions enter the exchange complex and displace other basic ions main ly Ca and 

M g . Urea too acidi f ies the so i l , but to a lesser extent compared to sulphate o f ammonia. 

It was reported by Jeyaraman (1956) that continuous use o f ammon ium sulphate at 240 to 

480 k g ha ' 1 y r 1 fo r 12 years resulted in signif icant reduct ion o f p H and Ca o f the soi l . 

Cont inuous use o f SA could enhance leaching o f some important cations such as K and 

M g , wh ich in turn affect the y ie ld . 

W i t h higher rate o f N appl icat ion (360 kg N ) the decrease i n p H was s igni f icant fo r both 

sources o f N (Table 2) . Do lomi te is applied to correct the p H and supply M g and Ca w i t h 

every prune. A l t hough tea prefers acidic soil o f p H 4.5 - 5.5, when soil pH decreases 

below 4.0, more Fe, A I and M n ions arc released to the soil solut ion, wh ich may invar iably 

become tox ic to tea plants. 

Effect of N rates and combinations of u rea and sulphate of ammonia on soil and leaf 
sulphur status 
The effect o f N rates and combinat ions o f urea and S A o n soi l sulphur status at 0 - 15 and 

15 -30 cm depths are shown in Table 3. 
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Table 2. Effect o f urea and sulphate o f ammonia and their combinat ions at dif ferent N 

levels (240 & 360 k g N ) on soil p H at 0-15 and 15-30 c m depth 

Year Year 1 * Year 3 Y e a r l * Year 3 Y e a r l * Year 3 

Combinations 0 - 1 5 cm depth 

Urea:SA 0:100 4.10 4.24 4.38 4.01 4.05 3.89 

Urea:SA 75:25 4.13 4.25 4.24 4.28 4.28 3.96 

Urea:SA 50:50 4.36 4.50 4.35 4.34 4.40 3.97 

Urea:SA 75:25 4.41 4.50 4.42 4.49 4.43 4.36 

Urea:SA 100:0 4.43 4.68 4.45 4.70 4.59 4.44 

Std Error 0.051 0.053 0.062 0.099 0.097 0.14 

L S D ( P = 0 . 0 5 ) 0.15 0.17 0.18 0.29 0.28 0.41 

Year Year 1 Year 3 Year 1 Year 3 Year 1 Year 3 

Combinations 15 • - 30 c m depth 

Urea:SA 0:100 4.23 4.18 4.37 4.23 4.16 3.96 

Urea:SA 75:25 4.40 4.27 4.27 4.26 4.18 3.96 

Urea:SA 50:50 4.70 4.48 4.30 4.28 4.32 4.10 

Urea:SA 75:25 4.57 4.45 4.31 4.42 4.36 4.45 

Urea:SA 100:0 4.58 4.60 4.42 4.56 4.69 4.32 

Std Error 0.06 0.06 0.05 0.11 0.08 0.16 

L S D (P=0.05) 0.18 0.18 0.15 0.32 0.23 0.47 

Year Year 1 Year 3 Year 1 Year 3 Year 1 Year 3 

N Rates (kgha- 'y i - 1 ) 0 - 1 5 cm depth 

240 4A2 4^55 4^42 456 4 4 7 AAfi 
360 4.15 4.33 4.31 4.47 4.21 3.99 

Std Error 0.05 0.05 0.06 0.06 0.06 0.09 

L S D (P=0.05) 0.15 0.15 0.18 0.18 0.18 0.27 

Year Year 1 Year 3 Year 1 Year 3 Year 1 Year 3 

N Rates ( k g h a - ' y r 1 ) 15 - 30 c m depth 

240 4.26 4.48 4.34 4.43 4.40 4.29 

360 4.19 4.32 4.29 4.28 4.29 4.03 

Std Error 0.026 0.029 0.04 0.067 0.055 0.099 

L S D (P=0.05) 0.08 0.085 0.12 0.19 0.16 0.29 

• D o l o m i t e appl icat ion and year o f prune 
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Table 3.Effect o f urea and sulphate o f ammonia and their combinations at different N levels 

(240 & 360 k g N ) on soil sulphur content ( j ig g-') at 0-15 and 15-30 cm depth 

Year Year 1 * Year 3 Year 1 * Year 3 Year 1 * Year 3 

Combinations 0 - -15 cm depth 

Urea:SA0:100 316 233 143 263 274 309 

Urea:SA 75:25 316 231 166 236 211 274 

Urea:SA 50:50 351 178 132 228 161 284 

Urea:SA 75:25 294 135 109 181 159 172 

Urea:SA 100:0 135 45 68 97 49 114 

Std Error 48 36 26 37 25 32 

L S D (P*O.05) 142 107 77 109 74 95 

Year Year 1 Year 3 Year 1 Year 3 Year 1 Year 3 

Combinations 15-30 cm depth 

Urea:SA 0:100 364 296 278 349 368 401 

Urea:SA 75:25 342 281 382 291 329 364 

Urea:SA 50:50 342 275 273 312 251 321 

Urea:SA 75:25 333 206 255 265 215 213 

Urea:SA 100:0 191 113 157 156 132 130 

Std Error 51 36 52 36 20 47 

L S D (P=0.05) 151 107 154 107 59 139 

Year Year 1 Year 3 Year I Year 3 Year 1 Year 3 

N Rates (kgha-'yr- ' ) 0-15 cm depth 

240 256 141 121 188 162 228 

360 308 187 125 214 180 221 

Std Error 26 18 15 23 16 20 

L S D (P=0.05) 77 53 44 68 17 59 

Year Year 1 Year 3 Year 1 Year 3 Year \ Year 3 

N Rates ( k g h a - ' y r 1 ) 15-30 cm depth 

240 321 227 264 262 251 288 

360 307 240 273 287 267 284 

Std Error 22 14 19 23 13 30 

L S D (P -0 .05 ) 65 41 56 68 38 89 

• D o l o m i t e appl icat ion and year o f prune 
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There was a s igni f icant l inear reduction in soil sulphate sulphur, as the propor t ion o f urea 

increased in the combinat ion at both depths. Further, at 15-30 cm depth, the S 0 4

2 ' - S 

content is higher when compared to 0 - 15 cm depth. Th is is due to leaching o f excessive 

SO 2 ' -S ion to deeper layers along w i th the percolat ion o f rain water. In addi t ion, several 

factors such as clay content, a lumin ium and iron oxides present in the soil and soil p H , too 

influence the retention o f S 0 4

2 ' ion. In ammon ium sulphate treated plots, the pH decrease 

is higher and this favoured the retention o f S 0 4

2 i on . Sri Lankan tea soils are h ighly 

weathered, and general ly U l t i so l and Oxisols are r ich in amophorus a lumin ium and iron 

oxides. It was reported that this type o f soil helps to retain more S 0 4

2 -S ion (Rajan, 1979). 

Further, the clay content in this soil series varies f rom 25 - 50 % and it increases w i th soil 

depth, and promotes adsorpt ion o f S 0 4

2 " - S ion. Effect o f N rates and combinat ions o f urea 

and sulphate o f ammonia on mature leaf sulphur contents are depicted in Figure 2. 
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Figure 2. Effect o f urea and sulphate o f ammonia at di f ferent N levels (240 & 360) (a) 

and their combinat ions (b) on leaf sulphur content ( % ) . (vert ical bar denotes 

standard error o f means) 
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N o s ign i f i can t d i f ferences in l ea f S concentrat ions was found between source or 

combinat ions o f N at both N rates. A l though the urea treated plots have lower soi l S 0 4

z " -

S content, the lea f sulphur concentrat ions were not affected by the source, rates or 

combinat ions o f N . A survey conducted in tea growing regions o f Sri Lanka revealed that 

the mean concentrat ion o f total sulphur in mature tea leaf var ied f r om 0.12 to 0.41 % and it 

is signif icantly different between the locations (Ananthacumaraswamy et al., 2003). Another 

survey conducted in tea g row ing regions in Sri Lanka found that the op t imum, def ic ient 

and excess nutr ient range for leaf S is between 0.23 - 0.37, 0.08 - 0.23 and >0.37 % 

respectively and the op t imum range o f soi l-S level for tea is between 39 - 57 / ig g ' ' 

(Gunaratne et al., 2004) . The crop removal o f S w i t h 1000 kg made tea per hectare per 

year (by f lush i.e. 2 leaves and a bud) is in the range o f 3 - 5 kg . The leaf fa l l f r o m tea bush 

and fol iar appl icat ion o f zinc sulphate too contributes 5 - 6 k g S h a ' y e a r 1 . Prunings (leaves 

twigs and some branches) as we l l as shade trees supply appreciable quant i ty o f S after 

mineral izat ion (Wickremasinghe et al., 1983; Wickremasinghe, 1986). In addi t ion, 8 - 1 2 

kg ha - ' o f sulphur is brought down to the soi l annually w i th rain fa l l (Amarasi r i and Lathi f f , 

1982). Th is indicate, there is adequate amount o f S available for the g row th o f tea in the 

soil and therefore, S def ic iency, characterized by leaf ye l l ow ing cal led "net ve in ing " is not 

observed in the experimental plots, where urea was appl ied dur ing three prun ing cycles. 

Effect o f N ra tes and combinations of urea and sulphate of a m m o n i a on quality o f 

processed black tea 

The chemical qual i ty parameters such as Theaf lav in (TF ) , Thearubign ( T R ) , total colour 

(TC) , brightness ( B R ) and T R / T F rat io at 240 and 360 kg N ha"1 yea r 1 for selected urea : 

SA combinat ions are presented in Table 4. 

Table 4. Effect o f urea and sulphate o f ammonia and their combinat ions at dif ferent N 

levels (240 & 360 kg N ) on qual i ty o f processed black tea 

Treatment T F % TR % TC BR % TR/TF 

U:SA 1 0 0 : 0 - 240 N 0.89 a 12.15 a 3.12 a 27.04 a 13.76 a 

360 N 0.89 a 11.97 a 2.97 a 27.18 a 13.35 a 

U:SA 5 0 : 5 0 - 240 N 0.88 a 12.03 a 2.94 a 27.30 a 14.04 a 

- 360 N 0.86 a 11.64 a 3.05 a 27.80 a 13.60 a 

U:SA 0 : 1 0 0 - 240 N 0.87 a 11.97 a 3.01 a 27.30 a 13.88 a 

360 N 0.80 a 11.47 a 2.83 a 26.45 a 14.40 a 

Value w i t h the same letters w i th in each co lumn are not s igni f icant ly di f ferent (P = 0.05) 

There is no s igni f icant differences found w i th source or combinat ions o f urea : SA at 240 

and 360 kg N rates. However , at 360 N level TF and T C gave higher values for urea 

treatment when compared to ammon ium sulphate treatment. But , the tasters evaluation did 

not reflect the differences in both level and source o f N, indicat ing that chemical differences 
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observed for TF and T C were not significant enough for the tasters to detect in their sensory 

evaluations. However , a study carried out by Venkatesan et al. (2004) revealed that, the 

increased N rate (360 k g ka' 1 y r 1 ) w i t h increased K, the qual i ty precursors such as amino 

acids and polyphenol content increased. They concluded that the south indian tea soils 

should be enriched w i t h nitrogenous ferti l izers in combinat ion w i t h potash ferti l izers at an 

N:K ratio o f 1:0.83, for tea product ion and format ion o f qual i ty precursors for made tea. 

The w o r k carried out on Kangra teas showed that TF, T R and colour were posi t ive ly 

influenced by S appl icat ion (Nagendra Rao, 1955; Barbora, 1995; A l i etal, 1997). Further, 

W u and Ruan (1994)reported that S, had a posit ive effect on flavour compound such as 

L ina loo l , Geraniol and B- Ionone. 

C O N C L U S I O N S 

The appl icat ion o f higher rate o f N (360 k g N ) resulted higher y ie lds regardless o f source 

o f N or combinat ions o f urea : SA. The source o f N (urea o r S A ) d i d not affect the y ie ld . 

Use o f sulphate o f ammonia decreased the soil p H s ign i f icant ly when compared to urea 

app l ica t ion . H i g h e r rate o f N increased soi l a c i d i t y and as a resul t , p H decreased 

significantly. Soil S 0 4

z ' - S content was higher at 15 - 30 cm soil depth. There was a significant 

reduction in soil sulphate sulphur as the proport ion o f urea increased i n the combinat ion at 

both soil depths. However, leaf sulphur concentrations were not affected by the source and 

rates o f N. Processed black tea chemical qual i ty parameters such as TF, TR , T C , B R T R / 

T F showed no signif icant difference between urea and sulphate o f ammonia source at 240 

and 360 k g N rate. I t may be concluded that at higher elevations urea cou ld be used as the 

sole source o f N fert i l izer for mature tea wi thout any affect on y i e l d and qual i ty as it does 

not ac id i fy soi l and economical compared to SA. 
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