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Microbial Decomposition of a Forest Leaf Litter as Influenced by 
Certain Edaphic Factors 

Bharat Rai & A. Kumar 
Centre of Advanced Study in Botany, Banaras Hindu University, Varanasí- 221 005 

(Acoeptod Jamary 87). 

Micobial population, microbial activity and the rate of decomposition of leaf liter of a tropical dry mixed decidous forest of Varanasi, were 
stadied in relation to temperature,moisture andpH. In general, 259% moisture content at 35 Cand 6.5 pH weremost suitable formicrobial growh, 
microbial respiration and weight loss of the leaf liter. The highest fungal population but the least number of species was recorded at 50C. Under 
waterloggod condition a few fungi particularly Aspergilus furmigatus became dominant while others were suppressed. The nunber of fungal 
pecies was reduced at lower (10%) and higher t4096) moisture levels. A sizable increase in bacterial population was recorded under water 
lgeed conditicn and at pH 8.5. The aie of CO2 evolution was high at 50 C during early sampling but declined sharply later on. The minimum 
weght loss of liner was recorded at 15 C under water-logged condition at pH 8.5. 

Key Words Activity Growth Litter Microbe Respiration 

Litter decomposition is influenced by a combination of substrataB conditions due to variation in temperature, environmental factors including physico-chemical moisture and pH during this period is expected to exert 
propertles of the substrate, the external environment and some definite effect on litter decomposition on the forest 
the urganisns active under a particular substrate and floor. Therefore, a short term in vitro study was conducted 
environmental conditions (Daubenmire & Prusso, 1963; todetermine the mlcroblal population and activity and the 
Wlams & Gray, 1974; Meentemeyer, 1978). Witkamp rate of decomposition of forest leaf litter as influenced by (1966) obtained correlations of temperature with carbon certain edaphic factors like temperature, moisture and dloxide evolution from forest floor. The influence of pH. 
environmental factors le., temperature and water content 
on soll respiration has been demonstrated by Wildung et MATERIALS & METHODS al. (1975), Bunnell et al. (1977a) and Edwards (1975). of vanous tree species domínated by Diospyras melanoxylon, Meentemeyer (1978) suggested actual evapotranspiration Anogeissus latifolia and Ruchnania lanzen was collected from 50 
(AET) as an index of the climatic forcing functlon (energy different spots in a dry deciduous forest floor of Chandraprabha and moisture) of the specialized decomposers. sanctuary, Varanasi and brought to laboratory. Soil, beneath the 
DEcomposition of litter in relation to environmental litter, was also collected from thespotsjand brought to the laboratory factors has been studied by several workers (WItkamp & after mixing the samples. Aluminium pots (30 cm diam, 20 cm 
van der Drift, 1961; Witkamp, 1963, 1966; Wicklow & height) were filled each with 2 kg of forest soil (ground and passed Moore, 1974; Pal & Broadbent, 1975). Witkamp (1966) through 2 mm sieve) over which a quantity of 50 g air dried mixed leaf demonstrated that microblal populations is Influenced in litter per pot was dispersed to study the following aspects. decreasing order by temperature, moisture and age of 
litter.

Freshly fallen leaf litter 

Effects of Temperature, moisture and pH on 
microbial population and their activity in the leaf A vast quantity of the leaf litter (70%) in the selected litter To assess the effect of temperature the pots were incubated forest of Varanasi ts decomposed in rainy season (Ral & at 15, 35 and 50 C. The pots were regularly supplied with adequate Srivastava, 1982a). Change in environmental and moisture (25-30%). To see the effet of moisture the pots were 



T
ab

le
 1

 
E

ff
ec

t 
o

f 
T

em
pe

ra
tu

re
, M

o
is

tu
re

 a
n

d
 p

H
 o

n
 M

ic
ro

bi
al

 P
op

ul
at

io
n 

o
f 

D
ec

om
po

sin
g 

L
ea

f 
L

it
te

r 
(A

ve
ra

ge
 N

u
m

b
er

 g
 
D

ry
 W

ei
gh

t) 
Fu

ng
i 

(x
 1

0
) 

B
ac

te
ri

a 
x 

1
0

) 
A

ct
in

om
yc

et
es

 (x
 1

0)
 

Tr
ea

t 
m

e
n

t 
S

1 
S2

 
$3

 
S

4
 

S5
 

S
1

 
s
2

 
$

3
 

S
4

 
SS

 
S1

 
S

2
 

$3
 

S
4

 
S

5
 

In
it

ia
l 

23
.0

9
14

.5
2 

0.
98

 
sa

m
pl

in
g 

Te
m

pe
ra

- 
tur

e(C
) 

15
 

26
.8

9 
34

.7
5 

50
.3

4 
57

.6
2 

23
0.

66
 

25
6.

94
 

32
7.

09
 

28
1.

95
 

25
8.

46
 

56
.3

8 
58

.5
0 

58
.1

7 
9.

05
 

10
.7

4 
1

1
.8

0
 

1
3

.5
4

 

36
.5

7 
21

.5
4 

3
5

 
83

.1
3 

72
.8

4 
1

6
.0

9
 

2.
05

 
11

.0
0 

1
3

.4
2

 
1

9
.8

7
 

1
9

.5
4

 
63

.9
7 

30
.4

8 
36

.8
9 

12
.3

1 
5.

07
 

11
.5

0 
5.

72
 

5
0

 
17

.3
1 

24
.0

5 
23

.1
7 

16
.7

5 
20

.5
0 

22
.1

3 
19

.2
0 

18
.2

3 
1.

01
 

7.
54

 
4

.9
4

 
4

.3
4

 
M

oi
st

ur
e 

c
o

n
te

n
t 

(%
). 

10
 

14
.1

3 
22

.4
7 

49
.0

1 
45

.3
9 

94
.5

9 
75

.7
8 

62
.6

9 
54

.5
6 

36
.7

3 

.1
3

 
0.

83
 

1
.0

7
 

4.
70

 
3

.5
2

 
2

1
.7

2
 

1
5

.9
9

 

38
.9

2 
30

.4
6 

25
 

30
.4

6 
48

.8
1 

2
.8

6
 

3.
93

 
10

.3
3 

21
.3

6 
19

.9
9 

17
.1

9 
42

.3
7 

15
.5

1 
17

.8
 

11
.1

7 
4.

5 
13

.1
8 

32
.7

3 
22

.9
0 

19
.7

00
 

4
0

 
28

.3
9 

41
.0

1 
26

.5
3 

29
.4

5 
22

.4
6 

1.
20

 
3.

06
 

3.
12

 
2.

58
 

1.
07

 
W

at
er

 
67

.0
6 

89
.4

7 
11

1.
93

 
15

8.
62

 
19

7.
96

 
2

.7
5

 
58

.5
5 

75
.9

6 
13

3.
78

 
18

1.
53

 
0.

98
 

lo
gg

in
g 

p
h

 
4.

5 

0.
73

 
0

.5
5

 
0.

51
 

0.
40

 

25
.8

2 
45

.9
6 

24
.1

6 
49

.7
5 

23
.6

2 
26

.8
7 

86
.1

0 
74

.2
5 

61
.0

5 
4.

71
 

4
.7

8
 

6.
30

 
7.

95
 

17
.5

4 
15

.0
2 

19
.9

6 

6.
5 

9.
01

 
0.

99
 

1.
06

 
10

.3
9 

23
.2

2 
26

.3
8 

22
.9

9 
.9

3 
2

.1
6

 
2

.8
2

80
.7

0 
71

.9
1 

35
.6

0 
33

.8
2 

66
.9

2 
11

.2
6 

15
.8

2 
23

.6
4 

28
.7

0 
8.

5 
11

.2
1 

4.
43

 
3

0
.7

8
 

16
.4

9 
8.

66
 

1
.0

8
 

1.
53

 
2

.7
5

 
2

.9
1

 
2

.5
4

 
C

on
tro

lt 
37

.2
1 

53
.7

5 
79

.2
0 

65
.2

1 
58

.9
5

16
.3

5 
19

.3
0 

19
.2

6 
11

.7
5 

4.
31

 
4

.7
3

 
1

1
.9

0
 

2
8

.5
8

 
2

5
.5

3
 

2
4

.0
2

 
F

ir
st

 sa
m

pl
in

g;
S,

 =
 Se

co
nd

 sa
m

pl
in

g, 
S,

 =
 Th

ir
d 

sa
mp

l1n
g, 

S,
 F

o
u

rt
h

 sa
m

pl
in

g,
 S

, =
 

F
if

th
 s

am
pl

in
g.

C
.V

.:
 1

45
.5

47
42

, 
S.

E
. :

 20
.00

00
16

 



20 DECOMPOSITION OF LEAFLITTER 

' 5, 8 
: 

83 8 8 
8 858g8 3 

, 3 
883335, 8 

85588 58 8 

8 

3335 85858|| 

588=3835.. 

888885. 

33.3. .8 . 

8688 .35. 

..S3 I3, 89 

8.89.s8 ¢| 



21 BHARATRAI& KUMAR 

I318s888 I8Ss 8 8I 

N 

ISI388s8Is8 a8s3s*| 

|I8IIeI |8815 Ie8 

85358 | I8 385 I8| 



DECOMPOSITION OFLEAFLITTER 

regularly supplied with sterile distilled water to maintain the control .Five litter bags (one from each replicated pot) from each set 

moisture content of the litter at approximately 10, 25 and 40% on wcre sampled at monthly interval until 5 months. 'The samples were 

oven dry weight basis. Excess of sterile distilled water was added to oven dried at 80 C for 24 h and percentage weight remaining at each 

the pots to maintain waler-logging condition throughout the study. 
For the effect of pH the leaf liter was adjusted initially at pH 45,6.5 

and 8.5 using dilute acid or alkali. The pots kept as control, were RESULTS Effect of temperature, moisture and pH on 

sample was calculated. 

treated with same amount of sterile distilled water. the microblal population. The fungal population was least 
at 15 C and the highest at 50 C. Bacterial count was low at 

15 C during early samplings but It increased later on. The The pots were incubated at room temperature (26-33 C) arnd 

regularly supplied with sterile water to maintain 25-30% moisture litter supported a fairly high bacterial population at 35 C. 

except mentioned otherwise as in the case of experiments set to study The population of actinomycetes was lowest at 50 C and 
the effects of temperature and moisture. The experiments were the highest at 35 C (Tabte1) 

performed in 5 replicates and the microbial population and activity of 

the leaf litter were estimated by the method describcd below: The fungal populatlon was low at 10% and high at 

25% moisture content of the litter becoming lower at 40% 
Exceptionally highest fungal population was recorde Isolation of microorganisms The microorganisms were 

isolated from the decomposing iter at monthly interval. The first under waterlogged condition due to predominance anc 

isolation was made from the freshly fallen liter which was consid- heavy sporulating naturé of Aspergillus fumigatus (Table 
ered as the 'initial' sample. Subsequent isolations were made from 3). At 10% moisture level the bacterial population was 
the treated and untreated leaf luer ofthe pots unal S months. Ditution reduced considerably. There was a regular Increase in th 
plate techaiqu Parkinson et al 1971) was employed for the bacterial count with increase in moisture. A sizable in- 
isolation of fungi, bacteria and actinomycetes from the leaf liter (Rai crease ofthe bacterial population in the litter was recorded 
& Srivastava, 19825). Czapek-Dox +0.05% yeast extract agar, under water-logged condition. The actinomycetes count 
Thomton's agar and starch casein agar medium supplemented with 
mycostatin at 50 pg ml-1, were used for isolation of fungi, bacteria the most detrimental effect was noticed under water 
and actinomycetes, respectively. The fungi were assessed qualita- 
tively and quantitatively after 1 week of incubation at 25+2°C.. The 
bacterial and actinomycete flora were estimated only quantitatively 
after 4 and 10 days of incubation at 35t2C; 28+C 

also declined at 10% and 40% moisture levels. However, 

logged condition (Table 1). 

The fungal population was slightly low at pH 4.5 and 
respectively. 6.5 at the beginning but.enhanced in the successive 

samples. Fungal population was markedly low at pH 8.5 
Estimation ofmicrobialactivityin terms ot CO, evo- count was low at pH 4.5 and 65 except in the last few 
lution The rate of CO, evolution from the treated and unlreated samples but pH 8.5 enhanced the bacterial population. 
decomposing litter of the pots was detemined monthl by invgrted Actinomycetes count was reduced due to acid and alkaline 

box method (Witkamp, 1966). The finst estimation of CO, evolution treatments whereas it showed values similar to control at 
was made from the treated and control leaf liter immediately after pH 6.5 (Table 1). 
their dispersion over the soil surface of the pots and was considered 
as the 'initial" sample. The subsequent estimations were done for 5 Effects of temperature, moisture and pH on qualita- 

months. tive nature of the litter mycoflora Less number of 
fungal species was isolated from the litter incubated at 15 

Effects of temperature, moisture and pH on the rate C and 50 C (Table 2). Only a few fungi withstood 50 C. 
of litter decomposition. Rate of hder decomposition was There was a little variation in the number of fungal species 
measured on the basis of loss of dry weight of the littcr in small nylon between the litter incubated at35 Cand room temperature 
lhtter bags (Rai & Srivastava, 1982b). Five 15x 15 cm nylon bags (4 (26-33 C). Alternaria altenata, A. tenuissima, Curvularia 
mm sieve), each containing 10 g leaf litter dises, were placed over lunata var. aeria, Pestalotia macrotricha, and fungi with 
each pot containing 2 kg forest soil. The litter discs were obtained by dark and white sterile mycelia were favoured while Asper. 
cutting different portions of leaves of different tree species with the gillus spp. vere suppressed at 15 C. A fumigatus and A. 

help of a cork-borer (5 mm diam). To study the effects of Lemperature, nidulans were imost dominant species in the litter at 50 C 
moisure and pH the experiments were set up by the mtthods (Table 2). 

descrbed earlier. Five such sets were prepared for cach ureaument and 
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24 DECOMPOsITION OFLEAFLITTER 

Table 5. Eect of Temperature, Moisture and pH on the rate or o 
evolution from decomposing leaf litter (yg g' dry litter hr") 

S S S Treatment 

92 Initial sampling 
Temperature ('C) 

225 197 152 95 114 
87 

5 
335 185 172 217 

45 
35 

297 128 199 257 50 

88 137 
Moisture Content (%) 

248 124 136 
204 80 

10 
331 164 182 

99 
25 

101 99 132 128 40 

Water-logging 

86 195 
pH 

4.5 142 205 
87 

110 
171 164 248 118 
117 60 

65 
196 104 131 

89 
8.5 

274 160 164 125 Control 

S-S, First -Fifth sampling. 

Table 6. Effect of Temperature, Moisture and pH on per cent Wéight 
remaining of Decomposing Leaf Litter 

S, S. I S, Treatment 

Per cent Weight 

85 17 55 Temperaure ('C) 
15 99. 

95. 
94. 
85 
90 

100 
60 40 22 100 
14 62 55 35 

s0 96. 00 

60 
Moisture content (%) 

10 96 
94 
98 

91 
87 
94 

00 
61 42 27 100 
82 63 58 

25 
100 40 

95 87 11 68 99 100 Water-logging 
pH 
4.5 49 

36 
17 62 98. 

96. 
90 
91 59 

100 
100 70 

85 72 65 96 6.5 
99 100 8.5 

67 41 32 6 90 100 Control 

I Initial sampling : S-S , First Fith samplings 
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The. er of fungal specles was less In the lltter at less welght compared wlth the control. The minimu low molsture content (10%). The diverslty In fungal com- welght loss.of the litter was recorded at pH 6.5. 
position Increased by increasing moisture content of the 

litter to 25%. Further Increase in molsture content l.e., DISCUSSION A change in temperature, moisture and 40% caused a decline in fungal species (Table 3). Water pH will alter the speciles compositlon of the active flora and 
loggling caused a marked reduction in the number of at the same time will have a direct infuence on each 
fungal species and the dominant species isolated was organism wlthin the communlty In terrestrial ecosyste 

Afumigatus In addition, Absidia butleri, A. repens, A. (Alexander, 1977). Our results indicate that the optima dt 
scabra, Aspergillus sydowi and Cunninghamella echinu- temperature, molsture and pH lle somewhere near 35C 
late were also well represented (Table 3). 25% and 6.5, respectlvely, for microbial growth in the 

litter. However, the reason for an exceptional highest 
Alteration in pH of the litter caused reduction In the fungal population at high temperature and under waier. 

number of fungal species. The most significant effect was logged condition might be attributed to predominance and 
recorded at pH 85 and the least at pH 6.5 (Table 4). rich sporulation of Aspergillus fumigatus and A.nidulans 
Alternaria aternate, Pestalotia spp. and Trichoderma in the case of former and only A. fumigatus in case of the 
harzianum were abundant at pH 4.5. At pH 8.5, Aspergll. latter. The dominance of these two species under adverse 
lus spp-, particularly A. luchuensis, A. nidulanes A. nigar situation and at high temperature has been reported by 
and A variecolor, were most abudant in the litter. other workers (Evans, 1971; Tiwari, 1975 and Upadhya 

1987). The bacterlal population was recorded higher Effects of temperature, moisture and pH on CU2 under water-logged condition as obligate and facultative evolution from the litter Carbon dioxide evolution from anaerobic bacterla might have grown under such condi the decomposing leaf litter under different temperature, tion. The relaxation in number of species at these extremes moisture and pH is presented in Table 5. The rate of COZ 
might be considered a factor for some of the microbes to evolution was low at 15 C in the first three samples but oro. 

increased subsequently. Incubation of litter at 35 C en- 
hanced the rate ol Co, evolution. The rate of COevolu- ganisms corresponded with the optima of microbial meta- tion at 50 C was high in the first two samples but declined bolic activity. Edwards (1975) found a strong relationship sharply later on showing values even less than the litter at betweenCO, evolution and mean daily litter temperature. 

gro 
The optima ofthe three factors for growth of microor 

room temperature (26-33 C). 
The microblal activity was slow at 15C but rapid at 35 C. 
The CO evolution declined at temperature above 36 C 

CO, evolution at 10% moisture content was 1oW. except în case of thermophilic microbial activity. Ade Moisture content at 25% favoured CO, evolution except quate moisture (1.e. 25% moisture content of the litter ) in the last sample. Further increase in moisture content might have induced greater microbial activity in the litter. (40%) reduced the rate of CO, evolution except in the first The pH also influences the type of microorganisms assoc and last samples. Water logglng of the litter resulted In the ated with the carbon cycle or any habitat (Alexander, minimum rate of CO, evolution. 
1977). Therefore, reduction in microbial activity in the 
litter at altered pH was apparent. The rapid decomposi- Alteration in pH of the litter lowered the rate of Co tion of the litter occured at pH 6.5 which is in accordance evolution and the least rate was recorded at pH 8.5. with the pH optimum for microbial count and C' ev However, the rate was high for the fourth samples at pH tion. The lowest rate of decomposition was recorded at pr 45 and 6.5. 
8.5 which mlght be attributed to the adverse effect o 
alkaline reactlon on fungl. Efects of temperature, moisture and pH on weight 

loss of the litter. The litter lost maximum weight (78%) 
at 35 C and the minimum (35%) at 15 C (Table 6). The 
maximum weight loss of litter was recorded at 25% (72%) ALEXANDER M 1977 Introduction to Soil Microbiology. Wiley Londo followed by 10% moisture content (53%). The minimum 
loss of litter weight occurred under water-logged condition BUNNELLFL, DEAN TAIT, P W FLANGAN & K VANCLEVE 1971 
(31.97). The litter adjusted at pH 4.5, 6.5, and 8.5, lost Microbial respiration and substrate loss L A general model of the inlu 
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