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A B S T R A C T 

Organic matter t ransformat ion and nutrient recycl ing in soil ma in ly depend on the act iv i ty 

o f soi l micro-organisms. Deter iorat ion o f soi l fer t i l i ty lowers the b io log ica l act iv i ty, and i t 

leads to lower product iv i ty , In the absence o f adequate organic matter, the process o f 

conversion o f nutr ients to available forms and their retention is very low. To enhance the 

act iv i ty o f soi l organisms, h igh qual i ty organic matter addi t ion is very important . Even 

though there are plenty o f organic materials available in tea lands, there is inadequate 

in format ion on their su i tabi l i ty and inf luence on b io logical properties o f soi l . Therefore, 

two tr ials were conducted to study the sui tabi l i ty o f the common ly avai lable mu lch ing 

materials w i t h vary ing C /N ratios and their inf luence on soi l micro-organisms on young/ 

immature tea and mature tea after pruning in the field. I 

Soi l microb ia l biomass carbon, soil respirat ion, organic carbon and p H , were measured 

one year after appl icat ion o f mu lch . The materials tested were refuse tea (25 tonnes ha"1 

y e a r 1 ) , mana grass (Cymbopogon confertiflora -35 tonnes fresh weight ha*' y e a r 1 ) , and 

dadap legume (Erythrina lithosperma - 35 tonnes fresh we igh t ha' 1 y e a r 1 ) . For young/ 

immature and mature tea, mana and dadap were appl ied three t imes and refuse tea two j 

t imes dur ing the first year after plant ing and after pruning respectively. The results indicated 

that refuse tea and dadap mulches enhanced soil p H , organic carbon, mic rob ia l biomass 

carbon, and soil respirat ion and also showed suppression o f gram negative bacteria wh ich 

are most ly pathogenic, one year after the appl icat ion o f treatments. 

The suitable mu lch ing materials to accelerate the microb ia l act iv i ty are those w i t h C/N 

ratios below 20, and l ow in l ign in and unoxidisable polyphenols. Therefore, Dadap and 

refuse tea, w h i c h improve the microbia l properties o f t h e tea so i l , are suitable organic 

mulches for tea. 

Key w o r d s : M ic rob ia l biomass carbon ( M B C ) , soi l respirat ion, tea soils 

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

Organic matter turnover and soil structure are regulated by m ic ro organisms (bacteria, 

fung i , act inomycetes) and macro organisms (earthworms, arthropods) and, in order to 

achieve sustainable land use for agriculture, it is essential to st imulate b io log ica l act iv i ty 

o f soils (Alexander, 1977; Gupta and Roper. 1994; K i l l ham. 1994). Crop residue retention 
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(Doran, 1980; Roper, 1983; Powlson et al., 1987; Dalai et al., 1995; A m i r and Pineau, 

1998) and soil amendments by l i m i n g etc. (Ishaque and Cornf ie ld , 1976; Sandaname/a/ . , 

1978; Carter, 1986; Shah etal., 1990) have been shown to maintain or improve soil organic 

matter levels, soil structure and crop productivity. But the associated changes in biological 

processes under di f ferent soil amendments are poor ly understood (Sivapalan et al., 1985; 

Gupta and Roper, 1994). App l ica t ion o f mu lch is an important cultural practice in new 

clearings (Anandacoomaraswamy et al., 2003). Though it enhances the soil physical , 

chemical and b io log ica l characters, there is a lack o f in format ion on its effect on soil 

b io logical processes especially related to soil microbia l act ivi ty. 

Nutr ients such as carbon, nitrogen, sulphur, and phosphorus are important in the l i fe cycle 

o f plants, animals, and micro-organisms, and are cycled in the soi l between organic matter 

residues and the available plant nutrient pool . The death and microbio logica l ly -mediated 

decay o f organisms result in release o f inorganic ions w h i c h can be readi ly taken up by 

plants (Paul and Clark , 1989; K i l l h a m , 1994). Thus, decomposing organic matter acts as a 

s low release fert i l izer. The objective o f this study is to examine the effects o f mulch ing 

materials available in situ on soil b iological properties and its relation on growth and y ie ld 

o f tea. 

MATERIALS AND METHODS 
F ie ld studies w i t h y o u n g / I m m a t u r e tea a n d p r u n e d m a t u r e tea 

The study was undertaken in the young/ immature and pruned tea f ields. The rate o f 

application o f the mu lch ing materials was based on the requirement o f mu lch ing materials 

for the young tea f ields. The cult ivars T R I 4071 and T R I 2025 were used for immature (2 

years o ld) and mature tea (20 years o ld ) , respectively. B o t h tr ials were carr ied out at St. 

Coombs Estate, Tea Research Insti tute o f Sri Lanka, Talawakel le (Lat i tude 6°55' N, 

longitude 80° 40' E, alt i tude 1382 m amsl). 

For both experiments, refuse tea (25 M T h a 1 ) , mana - Cymbopogon confertijlorus (35 

M T fresh weight ha - 1 ) and dadap - Erythrina lithosperma (35 M T fresh weight ha"1) were 

used as mulches and compared w i t h no treatment (Control ) . In the control plots, on ly 

fal len tea leaves were available. Fert i l izer was appl ied for young / immature tea at three-

month intervals using the T 200 fert i l izer mixture (10 .3% N , 6 .9% P 2 O s 7 .5% K j O , 3 .0% 

M g O ) at the rate o f 15g per plant for young tea and T750 for immature tea (13 .7% N, 

3 .7% P 2 0 5 8.0% K j O , 1.6% M g O ) at the rate o f 60g per plant and V P / U M 910 fert i l izer 

mixture (29 .7% N , 3 .9% P 2 O s and 13.2% Kfi) for mature tea. Other management practices 

were carr ied out according to the T R I recommendations and no pesticide appl icat ion was 

done dur ing the study per iod. Randomized Complete B l o c k Design ( R C B D ) was used 

w i t h four replicates inc lud ing 20 plants per plot . Data were analyzed using SAS computer 

software. 
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Analysis of soil samples 
One year after appl icat ion o f mulch mater ial , soi l samples (0 - 15 cm depth) from both 

trials were analyzed for p H , organic carbon, microbia l biomass carbon, and soi l respiration 

using the methods indicated below. Funct ional groups o f micro-organisms were analyzed 

by F A M E (Fatty A c i d Me thy l Ester) method at CS IRO D iv i s ion o f Land and Water, 

Adelaide, Austra l ia (Vestal and Whi te , 1989). 

Y ie ld was recorded at week ly intervals and made tea per hectare, per year was calculated. 

Soil p H (1 :2 .5 soi l water rat io), organic carbon by the mod i f ied Walk ley and B lack method 

(Rayment and Higginson, 1992), soil M B C by the chloroform fumigat ion extraction method 

(Sparl ing et al., 1990) and soi l respirat ion by the f ie ld method (B lack , 1968) were used. 

Ha l f l ives o f mu lch material were tested using l i t ter-bag technique (De Costa and Atapattu, 

2001). 

Trial 1. Field studies with young/immature tea 
In this t r ia l mana and dadap were appl ied three t imes and refuse tea two t imes per year for 

the year after plant ing. The decomposit ion rates o f the mulch ing materials were determined 

by litter bag technique where predetermined weights o f the mulching materials were enclosed 

in a l i t ter bag (2 m m mesh size ny lon bag) and kept in a young tea f ie ld . The weight o f t he 

entire l i t ter bag was recorded at week ly intervals for about 50 weeks. Us ing the above 

values, ha l f l ives o f the mulch ing materials were determined. The ha l f l i fe is the t ime taken 

for lOOg o f the dry materials to become 50 g. 

Trial 2 . Field study with pruned/mature tea 
The only di fference between this experiment and immature tea tr ia l was that pruned mature 

tea covered the soi l surface earlier than young/ immature tea. For mature tea, mana and 

dadap were appl ied three t imes and refuse tea two times dur ing the first year after pruning. 

The materials were appl ied based on the cover o f soil surface. 

RESULTS AND DISCUSSION 
The C /N , lignin/N, (po lyphenol + l ign in ) /N ratios and total l i gn in o f Dadap, and refuse tea 

were lower than those o f tea mulch (control) and mana. The C/N rat io o f mana was the 

highest. Though the tea leaves and refuse tea have almost s imi lar C/N rat ios, tea leaves 

have unoxid ised po lypheno l w h i c h cou ldn ' t be easily decomposed and it is reflected by 

ha l f l i fe o f tea leaves (Table 1). From the above, it could be concluded that the suitable leaf 

characteristics for selection o f a good mulch ing material w o u l d be the total l ign in and 

( l ign in + po!yphenol) /n i t rogen ratio in addi t ion to the C/N rat io. The Table 1 shows that 

the hal f l ives o f dadap is the lowest fo l lowed by mana and refuse tea. The tea mulch had 

the highest ha l f l i fe due to unoxid ised polyphenol . 
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Table t . C /N, l i g n i n / N , ( l ign in + poIyphenol) /N and ha l f l i fe o f materials used in field tr ial 

Mu lch C (%) N (%) C / N L ( % ) PP (%) L / N (L+PP) /N H a l f l i fe (weeks) 

Contro l * 42 4.13 10 19 11.1 4.6 7.3 47 

Refuse tea 34 3.15 11 9.5 22.5 3.0 10.2 30 

Mana 40 1.40 28 29.7 1.0 21.2 21.9 10 

Dadap 38 4.55 8 13.6 3.0 3.0 3.6 7 

L; L i g n i n ; PP: Polyphenol ; c o n t r o l * : tea leaves 

Lit ter decomposi t ion most ly depends on fungi and actinomycetes (Lynch , 1983). Rate o f 

decomposit ion o f organic material depends on their C /N , l i g n i n / N , ( l ign in + polyphenol ) / 

N ratios ( M u l l e r et a/., 1988). The decomposit ion rate is expressed by ha l f l i fe. The rate o f 

decomposition and nutrient release f rom added materials are determined by cl imatic factors 

such as rainfall and temperature and by litter quality as determined by its l ign in , polyphenol 

and nitrogen contents (Palm and Sanchez, 1991). Depending on the l ign in , po lyphenol /N , 

the variation o f decomposit ion rates was conf irmed by De Costa and Atapattu (2001). This 

study was carried out w i t h hedgerow species in tea plantation and it showed that Calliandra 

and Flemingia leaves decomposed at a s lower rate than Glihcidia, Tithonia and 

Eupatorium. 

One year after the application o f the treatments, refuse tea and dadap increased the organic 

carbon, microb ia l biomass carbon and soil respiration and it was reflected through the 

y ie ld o f tea dur ing the 1" year (Table 2). The higher y ie ld response showed in refuse tea 

and dadap cou ld be due to higher microbia l activit ies. However, these parameters w i t h 

mana were not s igni f icant ly different to that o f control . 

The average y i e l d under refuse tea (19%) and dadap (16%) were higher than that o f t h e 

control (Table 2). Y i e l d under mana was not s igni f icant ly di f ferent f r o m that o f control . 

Table 2. Soil parameters in immature tea after one year appl icat ion o f treatments 

M u l c h S o i l p H Organic M t 5 - L Soi l respiration 1st year y ie ld 

materials carbon (%) fr« g"') (C M T h a ' y r ' ) (made tea kg ha' y r 1 ) 

Con t ro l * 4.42 b 3.0 b 119.9 b 3.2 b 1750 b 

Refuse tea 4.75 a 3.7 a 263.6 a 4.1 a 2089 a 

Mana 4.64 a 2.8 b 191.4 b 3.1 b 1785 b 

Dadap 4.59 a 3.2 ab 288.4 a 3.7 ab 2030 a 

L S D (p < 0.05) 0.13 0.2 74.2 0.6 180 

C V % 6.4 4.7 5.9 1.7 9.7 

C o n t r o l * : fa l len tea leaves 

Values f o l l o w e d by the same letter are not statistically signif icant at 5% probabi l i ty level 
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The ratio o f gram +ve/gram-ve bacteria and fungal populat ion were the highest under 

dadap (Figure 1). Th is may be due to rapid decomposit ion rate o f dadap, wh ich enhance 

the microb ia l act iv i ty. 

EJ Bacter ia l G + v e • Bacteria G - v e BBac te r ia G + v e / G - v e O Fungi 

30-, 
I 

Norma l Refuse tea Mana Dadap 

M u l c h material 

Figure 1. Ratios o f gram +ve and - v e bacteria and fungi in immature tea soi ls, one year 

after appl icat ion o f treatments. 

Soi l microb ia l biomass and soi l respirat ion s igni f icant ly increased w i t h refuse tea and 

dadap treatments in mature tea (Table 3) . The highest y ie ld was g iven by refuse tea (19%) 

and dadap (14 % ) compared to the mana and the contro l . There is an improvement in soil 

microbia l act iv i ty by appl icat ion o f refuse tea and dadap in terms o f soi l microb ia l biomass 

carbon and soil respirat ion. Th is improvement appeared to have ref lected in the y ie ld o f 

tea. Therefore, the sustainabi l i ty o f soi l fer t i l i ty could be retained in long term basis by 

improv ing soil m ic rob ia l act iv i ty. 

Table 3. Soi l b io log ica l parameters and y ie ld after 12 months o f harvest ing in mature tea 

Mu lch 

materials 

So i l p H Organic 

carbon (%) 

M B - C 

( M g g 1 ) 

Soi l respirat ion 

(C M T h a - ' y r ' ) 

Y i e l d (made tea 

k g h a - ' y r ' ) 

Con t ro l * 4.40 b 2.6 b 139 b 3.8 b 3604 b 

Refuse tea 4.73 a 3.2 a 279 a 6.9 a 4 1 1 0 a 

Mana 4.51 ab 2.7 b 230 b 4.0 b 3640 b 

Dadap 4.79 a 3.2 a 300 a 6.6 a 4105 a 

L S D (P<0.05) 0.11 0.2 117 1.7 397 

C V % 4.4 14.2 10.9 16.8 13.7 

Con t ro l * : fa l len tea leaves 

Values fo l l owed by the same letter are not statist ical ly signi f icant at 5% probabi l i ty level 
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CONCLUSIONS 
Microbial act ivi ty o f refuse tea and dadap treated plots is signif icantly higher in comparison 

to control plots where foliage o f prunings remained on soil surface, despite the fact that the 

refuse tea contain higher ( L + PP) / N rat io. Increase o f microb ia l act iv i ty contr ibuted to 

signif icant y ie ld increments observed f r o m both refuse tea and dadap treated plots. 

Therefore, i t is evident that the oxidized polyphenol predominant ly present in refuse tea 

d id not adversely affect the soil microbia l activity. 

Ratio o f G r a m + v e / G r a m - v e bacteria increased by m u l c h mater ia ls , w h i c h leads to 

improvement in soil health. 

Appl ica t ion o f refuse tea and dadap as mulch increased soil p H , organic carbon, soil 

microbia l biomass carbon, soil respiration and y ie ld o f tea in h igh g r o w n areas. 
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