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1. Introduction

Decomposition of litter is a natural process responsible for the breakdown of complex organic
compounds. During the process, inorganic mincrals locked up in organic residuc are released
making them available to the growing plants. Litter and humus are chemical carriers of nutricents
and therefore, rate of their decomposition determines the rate of nutrient cycling in the system.
The phenomenon assumes added significance in agroccosystems where crop litter is usually a
principal amendment applicd to the soil and plays an important role i maintaining soil fertility
affecting both the physical steacture ol the soil and its nutrient status,

Most chemical degradation of litter is carried out by heterotrophic microorganisms. ‘The
quantity and quality of microorganisms colonising organic matter is determined by the physical
structure and chemical composition of the substrate and the climate of the site (HorraNp & Corp-
MAN, 1987). The activity of microorganisms and various physico-chemical agencies bring about
change in the structure and chemical composition of organic matter which in turn determines
species composition of late colonizing microorganisms. Microbial succession continues until all
the organic substances are minceralised.

The chemical composition of the litter is an important factor regulating the rate of decomposi-
tion (BERG & STAAF, 1980; PARKER er al., 1984; SCHWINTZER, 1984). Nitrogen, tannin and lignin
contents and the nature of chemical bonds which attach the elements to the organic matter affect
the rate of decomposition of plant litters (HARRISON, 1971; MEENTMEYER, 1978; STAAF& BERG,
1982). Stem and leaf of potato contain higher proportion of parenchymatous and collenchymatous
tissue and higher amount of carbohydrates and minerals than the roots (HARris, 1978) which
influence the activity of the microorganisms and thereby the rate of decomposition. The rate of
decomposition is also influenced by moisture, temperature and the types of mlcroorgamsms
involved in the process (ORBORNE & MACAULEY, 1988).

A significant part of leaf, stem and root litter of potato is amended to the agricultural soils. As
most plant parts remain green and live at the time of harvest of tubers, the potato litters are
generally green at the time of amendment and therefore, the potato litter differs to a great extent
from the wheat, maize, barley and rice straw. A perusal of literature shows that, whercas there
have been some studies on the decomposition of straw of various cereals (LADD, 1981; DKIHAR,
1983; SAIN, 1984; CHRISTENSEN, 1985; BARUAH ef al., 1986) there have been no studies on the
decomposition of potato litter.

The present study deals with the decomposition rate, changes in chemical composition and
microbial population associated with decomposing litter of potato.
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Fable 1. Rainfall, temperature and relative humidity of the site during the study period

NMonths Rantall fnan] Nean temperature |°C) Mean relative humiduy |7

Mavimum NMinimuam NMuoring hours Fovening hours
(8.30) (17 30)
Dec. RS 40 16,0 2.3 71 87 '
Fan. S0 100 1-1.7 .2 2 )
beb. 8o S:2 167 .9 59 T
Muar. 86 134 201 17 44 56
Apr. 86 143.4 20.0) L1 74 78
May. 8O 246,85 2053 b7 72 78
Jun. 86 2748 229 15 K 84 KK
Jul. 86 279.0 2 16.4 92 90
Aug. 80 215.0 215 5.7 80 &S

2. Materinls and mcthods
2.1 Site description

The study was conducted in the Eums of Central Potato Rescareh Station, Shitlong (altitude 1,706 m, Tatitude
2573 N ongitade 917S6" 1), The climate of the arcais subtropical. Annual precipitation during the study period
was 1SS0 mme and most raintadl occurred between April and September, The minimum and maximum ambicnt
temperature was 0.5 “Coand 23 °Cin the month o January and Junc respectively (table i), The top soil is sandy
loam (Sand 72%, Silt 10 % and Clay 18 20). ‘The range of various physico-chemical paramceters of soil during the
study penod was:s pHE b =60 moistare 20 % = 39 Yo organic cirbon 2.9 =34 % total nittogen, 0.12-0.20%,;
avatlable phosphorus 0.04%, = 0.06 %% and potassium, 0.02=0.09 "%,

2.2, Rate ol litter decomposition

The hiter bag technique was used to study the rate of decomposition (Bocock et al., 1960). Plastic nets of 1mm
mesh size were stitched into bags (20 ¢cm X 20 ¢m). Leaves, stems and roots of potato plants were collected
immcediately alter being harvested without exposure to rain between harvesting and collection. The straw was air
dricd for three weeks and xeromass S.S1. (00 °C for 48 h) correction factor was determined.

Forcach liter type, 10 ol aie diied Titer was placed separntely ineach of 40 Titter baps. The bags contiining
feat and stem hitters were placed sandomly i the tield, while those contnining root litter were boried imder the soily
at acdepth of 5.0 cmin the sime tickd, The collection ol Titter baps was done at monthly interval for 8 months. Al

cach sampling time S replicate bags ot cach litter type were collected aseptically in sterilized polythene bags and
were brought o the laboratory. Three replicate bags were used for the determination of mass loss. The adhering
cxtrancous matters visible to unaided eyes were caretully removed fromthe liters by brushing and washing in a 200
pum mesh sieve and cach hitter sample was dricd (60 7C) to constant mass. ‘Fhe mass loss of litter was calculated on

the basis of xeromass S, S,

2.3, Isolation of fungi and bacteria

The litter from two replicate bags specifically put out for isolation of bacteria and fungi was washed gently in
sterilized water to remove surface contaminations. The-litter was cut into small pieces of 10 mm and added into a
250 ml conical flask, containing 100 ml of sterilized distitled water and then shaken on horizontal shaker (120
throws min " and 1.5 ¢ displacement) to form a homogenous suspension. The dilution plate method was used for
the isolation of litter microflora (lungi. bacteria). A minimum of 10" dilution was used for bacteria and 10 Y for the
fungi. A pottions of 0.5 ml of litter suspension from suitable dilution was spread onto cach of the sterilized
petriplates containing 20 ml ol ceoled soldified rose bengal agar (Marnin, 1950) and nutrient agar (JOINSON
& Cure, 1972y media tor isolation of Tfungi and bacteria respectively. The iitial microbial population associated
with the hiters was estiniated betore putting the bags in the tield, For identification ol the fungi the books consulted
were those of BAarNETT& HUNTER (1972), SuBkayanian (1971) and Domscr eral. (1980). No attempt was made
to identily the bacteria.
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2.4 Chenucal analysis of Titter and soil

For the chemical analysis the Titter samples were milled in the Taboratory and analysed for total contents of the
clements CoNCPUKC Cacand My Oreanice carhon was estimated by the ienition method. Nitrogen was determined
by semimicro Kjeldahl procedure (Arren, 197:00 Alter an acid wet ovidation in HNO 4 HHSO, -+ HCIO,
analyses were pertormed tor phosphorus by the sulphomaolybdic acid method (Iackson, 1973) and for potassium by
lame photometric procedure. Calennm and magnesivm were determined by ED A titation method (At en, 1974).
Organic catbon, total nitropen.available phosphorus and exchangeable potassinm of soils were determined by the
W Ry & Beaer's (0280 method, semn oicro Kjedahl mcthod (Arprs 1971y, sulphomolybdic acid method

JACKSON 197D and Hame photometer method respectively - The o was measured inasoil and water mixture (1:5

m/m) using an clecttical phmeter. Moisture content was assessed by the oven dry method at 105 “C.

2.5. Statistical analysis
Simple lincar regression model of the type y = a -t bx (y = percentage litter mass Joss; x = period of exposure in
days) was used for the analysis of relationships between the mass Toss and period of exposure. Same regression
maodel was also used todeseribe the relationship between the changes in C, N, P K, Caand Mg contents of the litter
and petiod ot exposure (SNEcorR& Cocrmran, 1967)

3. Results
The percentage mass loss of the litter s given in fig T Loss in mass of leal during the first
month was 58.00 % alterwards the rate of loss was slow but uniform, however, between the
months of April and May (alter 150 d) mass loss increased considerably. In case of stem and root
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litter mass loss during the fiest month was 39 21 and 29159 and alterwards monthly differences
mass loss were less pronounced. Inothe case ol all the three litter types the mass loss was rapid
during the tinst month which sltowed down during subsequent periods and the rate of mass Joss
imcreased during the rainy scason. In pencral, the leaves decomposed Faster than stems and roots.

The decay rate coefticient (k) was calculated by using the model proposed by OrsoN (1963).
The values obtained for daily decomposition cocflicient and time required for 95 % and 99 % mass
loss ol leal, stem and root litters are given in table 2.

Table 2. Decay rate cocfficient (k) and time required for halt life, 95 % and 99 % mass loss of the 3 litter types.

Types of litter k value half life 95 % mass loss 99 % mass loss
day ! (diys) (days) (days)

Leat (.278 23,21 108.97 167.09

Stem 0.019 326K 153.45 235.30

Root 0.017

38,61 167.30 256.59

As hig. 2 showed inttially the number of fungal propagules and bacteria was low but alter the
spreading of bags in the ficld a rapid increase in these numbers was noted. Maximum fungal
propagule and bacterial numbers on leat litter were recorded after 180 d. Generally, stem litter
harboured less fungal and bacterial numbers than the root and leal litter. A peak in fungal
propagules and bacterial numbers in case ol stem and root was found after 210 d which declined
later,

The composition of fungal species colonising the litters changed with time (table 4). From the
huer Mucor hiemalis, M. plumbews, Penicillivne chrysogenum and Rhizopus oryzae were isolated
initially . Fusarinm moniliforme, Mucor spp.,. Penicillivm spp., Rhizopus oryzae, Rhizopus
stolonifer and some sterile forms were isolated sporadically. Among late colonizers Cladosporium

[ Fungi Bacteria
Leaf e gt LpETies
125} LSO : 3473 6396 125
P 085 Q05
Stem $od Bl
LSD ; 3297 4.581
100 } P i 0.05 0:05 100
Root meva s

LSO t 3.565 4712
R 005 005

BACTERIAL POPULATION/g DRY MASS OF LITTER x10%
FUNGAL COLONIES/g DRY MASS OF LITTERx10%

75 475
50 450
25 925
0 L L L ) 40
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D J F M A M J J A
1986 PERIOD IN DAYS
5

Fig. 2. Population of fungi and bacteria associated with potato hitter at different periods of decomposition.
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Fig. 4. Percentage nitrogen coneentration and total amount of nitrogen (mg) remaining in the potato litter at
different periods ol decomposition.
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spo. Mucor mucedo, Nannizzia incurvata, Alternaria sp., Arvthrodermia currevi, Chaetominm
cochliodes, Torula herbarum and Wardomvees simplex appeared consistently from 120 10 210 d.

The pattern of plant nutrient change during Litter decomposition differed makedly with the
clement and litter type. Initially, the percentage carbon content in leal litter was 88 % and alter
decomposition at the end of study only 33 % carbon remained (fig. 3). In casc of root and stem at
the end of study 38 % and 60 2% carbon content was found. Maximum initial amount of carbon was
found in leal” litter. Initially, the nitrogen content in lfeaf litter was 0.83% and the content
remaining after decomposition was 0.43 % . In stem and root initial concentration of nitrogen was
0.65% and 0.70 % respectively and after 240 d decomposition it was 0.39 % and 0.44 % (lig. 4).
Initially P content in leaf, stem and root litter was 1.94 %, 1.40% and 1.30%. The maximum P
was recorded in leaf litter and the minimum in root litter (fig. 5). After 210 d phosphorus content
in feaf was 0.55% whereas in stem and root after 240 d it was 0.47%. Like the N and P,
maximum K was estimated from leaf litter tollowed by stem and root (fig. 6). Maximum leaching
of K at the end of study was recorded from leaves (85.5 %) followed by stems and roots (75.5 %
and 83 %6) respectively. In the case of leat litter the initial Ca content was 2.33 % . After 30 and 90
dhitde accumulation was noticed. The maximum amount of Caowas Tound in leal litter and
mintmun in root litter, The absolute values ol calcium at the end of study was highest in root litier
and lowest in leal litter (fig. 7). 'The pereentage Mg in leaf, stem and root Titter was 0.65 %,
0.55% and 051 % respectively. Alter decomposition at the end of study it dropped to 0.35% .
0.359% and 0.26 %, The maximum concentration of Mg was recorded in leal litter followed by
stem and root (fig. 8). Carbon and clement ratios are given in table 3. The C/N ratio decercased at
the end of the study period as compared with initial C/N ratio in all the 3 litters. Carbon and
clements ratios in the cases of P, K, Ca and Mg did not show any regular pattern.
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Fig. 6 Percentage potassivm concenteation and total anount of potassium (mg) renvaining in the potato litter at

different pernods ol decomposition

Table 3. Carbon/element ratios
Rool)

in the decomposing litters of potato at different periads (1.

Leal, S = Stem, R —

Day/Nonths /N Gl /K C/Cn /My,
| S R l. S R 1 S R 5 S R I, b K

0 1D 106 141 121 1S 65 05 14 23 24 36 40 56 135 167 164
30, ) SRO13 134 38063 73 12 22 25 24 42 69 121160 180
Gl 17 92 136 132 41 71 8 13 27 35 29 4y 61 124 167 186
90, M S0 138 124 50 73 77 16 29 35 25 064 ol 124 164 175
1205 A 90 124 138 56 68 92 27 44 69 26 66 62 15 146 193
150, M &7 127 141 56 70 96 36 4} 79 25 03 68 11 148 213
180, J 77 123 146 46 68 101 31 40 100 20 63 78 B9 139 337
210, 70 122 129 60 85 103 35 44 88 23 70 109 94 136 213
240, A = 120 115 = 98 107 = a1 85 (= 78 95 = 134 196

4. Discussion

The slopes of regression in fig. Iindicate asignificant positive relationship between period of
exposure and rate of mass loss. General pattern ol mass loss was also similar in all the three litter
types. The rate of decomposition was rapid with more than 90% of cach litter type being

decomposed within 8 months. Saiv (1984

Pedobiologin 34 (1990) 5
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Tahle do Population of fungal species (g ! dry liter > 10" ausociated with decomposing litter of potato

Isolates Months/days

Deco Jane o Bebo March April May  June July  Aug.

() 30 60) 90 120 150 180 2.16) 240

I eal '
Cladosporiun sp MY 1999 dK0
Fusaraon mondiforme Sy, = S.06 - 4.0 23.5 42.6: 2M).71 - =
Mucor circinelloides Van TG, & = 1200 210 15.06 = - = =
Mucor hicimalis WENMER 710 16.9 9.0 2R.0 15.6 Ay 'y = =
Mucor mucedo Nicn : - - AK.0 -
Mucor racemosuy bris = = = 47.9 = =
Nannizzia incuryara STOCKED - - - i -~ J20 =
Penicillivm chrysogenum Tnons, X8 — s 20 204 2.3 846 96,0 =
Rhizopus orvzae WiENT & PRINSEN 780} 112 12,0 IT:5 1.5%:6G = & = =
Rinzopus stolonifer Ve N, him) 150 17 A47.0 . .- .-
Stenle g 70,5 RO.0O

Stem
Alternaria sp - - - = = = = 14.3 -
Arthroderma currevi Brrg. - - & = = e 518 =
Chactomium cocliliodes Patt., = = = g = = - = 173.0
Cladosporinwm epiphyllun Pyrs. = = = = = 0 0w sl =
Fusarium moniliforme Sien ., = = = = 13.9 XS5 B3 B3 -
Mucor circinelloides Van To i, = 5.2 124 131 0.9 95 125 W3 =
Muocor plumbens Bonorn O 9.2 (VIR 13
Mucor racemonns e s 14.2
Penicilliam sp AUR] %
Pencetlium chrvosovenum Tyos, [} 2.6 {h.) b | 139 1.2 150.0  100.7 el
Pemcillivm fellutanum Biroviray - 5.2 9.8 - - - 1.3 -
Rhizopus orveae WiNT & PrINSEN - 104 =
Rhizopus stolonifer TigeN. o . = 0.9 e s = o
Trichoderma viride (PERS.) GRAY S e - = 6.9 - = = =
Sterile = - - - - — 50.0 28.7 933

Root
Arthrobowrys superba CorRba —~ : > = — - = = 18.1
Cladosporium sp s = - = =% Wd 1Y = o
Fusarivm culmorum Sacc. = 7 = = &2 = = = 81.8
Fusarium mondiforme Syen v, — &= 10.0 T3 556 1199 1440 -
Fusartum merismoides CORDA = = = S — = NG = =
Mucor hiemalis WEHMER 6.8 1540 225 235 29.3 5.1 = Z 9.0
Mucor plumbeus BONORD. = 10.0 169 26.8 7.5 = = = =
Penicillivom chrysogenum Thow., 34 TS 56 10.0 == - S e o
Penicillium lanosum WESTUING, = - - o .3 1190 1109 3RO =
Rhizopus orvzae WieNT & PRINSON = == = == 29.6 RIOHNR = =
Torula herbarum Pegs. - - - - - - - - 9.0
Trichoderma viride Pyrs. - - - - - - ~ = 181
Wardomyees simpley SUGHY AMA ] . 154
Stenle 1Y 6K.0 9.0

MANGENOT (1966) found 8590 mass loss of Melandrinm liver in 130 d and attributed major
mass loss to the activities ol saprophytes. In the present study the faster mass loss of feaf Titter
might be duc to higher activitics ol fungi and bacteria on leal litter as compared to stem and rool
litter. The tungal population estimated by the dilution plate method is more sclective for spores
rather than active hyphae, nevertheless the increase in propagules may well reflect increased
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Fig. 7. Percentage calcium concentration and total amount of calcium (mg) remaining in the potato litter at different
periods of decomposition

fungal activity (fig. 2). In May an increase in mass loss was found which may again be due to
increase in the activity of bacteria and fungi during the same period.

The concentration of mineral nutrients in the litter also plays an important role in decomposi-
ton. The fast mass loss of leat itter compared with stem and root litters could be attributed to the
higher.concentration of minerals (C, N, P, K, Ca, Mg) in leal. It is reported that the higher the
concentration of minerals the faster the rate of mass loss (BERG & STAAE, 1980). CHRISTENSEN
(1986) found that high nitrogen concentration (0.92 %) was responsible for the greater loss in
mass (%) during the fiest month of barley litter decomposition. The results suggest that litter
decomposition s governed by the concentration of mineral nutrients. During the process of
decomposition carbon is used as an energy source by decomposers while nitrogen is assimilated in
protein and other compounds. Thus high nitrogen content in the original material promotes
decomposition at feast in carly stages. That litter contains a higher amount of nitrogen initially
which declines during decomposition is reported by CHRrISTENSEN (1985). Initially the concentra-
tion of nitrogen was more in root as compared to stem, however, the mass loss was higher in stem.
JAWSON & ELL10T (1980) reported higher concentration of nitrogen in roots than in straw while the
carbon concentration was high in straw. They found faster mass loss in straw than in root. C/N
ratio also plays an important role in mass loss and generally the rate ol mass loss is faster in
materials with high /N ratio, (BERG& STAAE, 1980). As mass loss increased the C/N ratio
deereased, a phenomenon which has been reported by SCHLESINGER & Hascy (1981) and

Pedobiologia 34 (1990) 5 295
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MutterR & BerG (198R8). The carbon/element ratios did not show any regular pattern in leaves,
stems and roots which is in conformity to the study of STAAF& BERG (1982). Aflter spreading
the litter bags in the field the sudden loss in mass during the [irst month may be due 1o
leaching of water soluble compounds. The initial loss was more pronounced in the case of leaf
litter than for stems and roots and this may be due to higher pereentage ol pirenchymatous
tissue in the case of leal litter (HerinG, 1965). The relationship between percentage C, N, P,
K, Ca and Mg content of the litter and period of exposure was analysed by using a simple
linear regression model. A significant negative relationship was observed in the case of all the
clements and each of the litter types indicating that throughout the study period the elements
were released steadily (fig. 3—8).

Increase in the number of bacteria and fungi during the later period may be duc to
improvement of moisture level, moderation of temperature and higher relative humidity
(table 1) which favoured the build up of the microbial community. The maximum microbial
population was found in leal litter followed by stem and root litters. It may be due to the
higher concentration of minerals in leaf litter as compared to stem and root litter. The rate of
nutrient Joss was also related to the microbial population as during period of higher microbial
population the nutrient loss was maximum. It has been established that the fungal mycelium
when breaking the litter substances, simultancously witise it for their own growth thereby
retaining some amount of mineral in their body. These elements are then released slowly after
the death of the fungal body usually in ionic forms (Wrrkame, 1971). The fungal species
composition s regulated by climatic factors and nutrient concentrations in the substrates
(Abroesr, 1986). Sapasivan (1930 found that Fusarium sp. and Mucor sp. were more
abundant at the initial stage of decomposition of wheat straw but later the fungal population
was dominated by Penicillitun spp. Cellulose decomposition capability of Penicillium is well
known. Possibly the sterile forms isolated during later stage of decomposition belong to the
class basidiomycetes which do not produce fruiting bodies on the agar media (Misiira &
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Tiwart 1984 Gakrerr (1963) reported that fungi which are responsible for the decompo-
sition of Tignin appear in the Jast stage of decomposition and most of the basidiomycetes
come in this category

Some basie principles for element dynamies in decomposimg litier have been outlined by
Swirt e alo (1979) 0 According o their model the release ol inorganic forms ol an element
will occur only as long as the carbon/clement ratio of resource stays below o level where it
becomes Timiting to the organisms decomposing it In a liter stacture for which the carbon/
clement ratio exceeds this level, the clement would be retamed and possibly imported to it,
until - the  critical level is reached  and  then  released  in proportion to mass  loss
(BERG& STAAF, 1981). The element in surplus (i.e. those where the initial carbon/element
ratio are below the Timiting values) would then be in o release phase. Inthe present study,
however, the carbon/clement ratios never appeared to be Timiting as the rate of decomposi-
tion was steady and the accumulation of the clement was not observed (table 3). Thus, the
present study shows that complete recycling ol nutrients from the fresh potato litter will take
less than one year.
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Synopsis: Orviginal scientific pupres
SHukta, AL Ko B K Tiwari& R R Mistira, 19900 Decomposition of potato litter in relation to microbial

population and plant nutrients under field conditions. Pedobiologia 34, 287298,

The study on decomposition of leal, stem and root litter of potato was carried out by using the plastic net bag
technique. TCwas found that the rate ol decomposition was dependent on the chemical composition ol litter and
associated microbial population. Mass Toss of deal Titter was Faster than sten and root. Higher concentration of C, N,
P, K, Caand Mg was found in leat litter as compared to the stem and root. The concentration of elements decreased
with time. Highest microbial population on leat litter was found in the month of June while in the case of stem and
root the maximum microbial population was recorded in the month of July. The study on the rate of decomposition
and Toss of clements from potato litters demonstrated that the tarnover of nutrients will take less than one year,

Key words: Potato litter, decomposition, bacteria, fungi, G0N, P KL Caand Mg,
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