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ABSTRACT

The soils of stable hill rice ecosystems viz. mono-cropped lowland and upland

terraces in the present study were characterized in terms of biological pools of carbon (C),

nitrogen (N) and phosphorus (P) and compared (£<0.01, paired t-test) and studied the pair-
wise correlation for kharif and rabi season. Seasonal fluctuation in soil pH and different
fractions of C, N and P viz soil organic C (SOC), microbial biomass C, N, P (MB -C, -N, -P),
dissolved organic C (DOC), basal respiration (BAS), substrate induced respiration (SIR),
extractable organic N (EON), potentially mineralizable N (pMN), dehydrogenase (DHA) and
phosphatase activity (PHA) were observed for different rice ecosystems. C and N components
in soils of stable lowland and upland terrace rice ecosystems seem to be self-sustained, but the
major limiting factor was availability of P. Moisture content were observed to be a critical

variable that control the size and dynamics of biological pools of C, N and P and the

interrelationships among the parameters in different rice ecosystems.

1. Introduction

Long term stable traditional rice ecosystems in
Northeast India are the rainfed lowland in between the valleys
and the upland terraces curve out in sloppy hill tops. These
two rice ecosystem types are the rice production bowl of
Northeast. The lowland rice ecosystems are waterlogged
during a major part of the crop growing period and are
predominantly anaerobic and harbour a unique microbial
ecology. These ecosystems are different from upland terrace
rice soils in several physico-chemical and biological
properties (Adhya and Rao 2005). Both these type of rice
ecosystems are purely mono-cropping area, sustains with
huge weed biomass and rice crop residue as the source of
nutrients with no external nutrient inputs. Soils of these rice
ecosystems are acidic (<6 pH) in reaction with low nutrient
use efficiency and high nutrient depletion rate due to high
rainfall (2760 mm to 1000+ mm average) and excess runoff.

The long term productivity and the sustainability of
these rice ecosystems depends on the in-situ decomposition,
microbial activity, mineralization and immobilization activity
of the microorganism present in the system. The repeated
intensified rice mono-cropping for several more years might

begin to show a declining trend in productivity of rice as well
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as the soil deterioration over the years (Cassman and Pingali
1995). Soil organic matter (SOM) is the key element in
determining the soil quality, productivity and sustenance of
any ecosystem type and the labile fractions of SOM-
microbial biomass carbon (MBC), dissolve organic carbon
(DOC) and water soluble carbon etc.) are the indicators for
any changes in soil health due to land use and management
practices and their capacity to supply nutrients for both plants
and microorganism. It is observed that >95% of total ecosys-
tem carbon (C), nitrogen (N) and phosphorus (P) are
contained in SOM, and their recycling and depletion rate is a
function of many factors including soil moisture, temperature,
aeration, decomposition rate, topography etc.

The long term rainfed rice ecosystems selected for
the study is the traditional rice growing areas in Meghalaya.
Rice crop in these regions occupy an area of 11,364 ha out of
26,921 ha net sown area and the site selected represents one
mega-environment -based on the GGE-biplot analysis of
multi-locational data of rice varietal trials (Tripathy et al,
2007). Characterizing the soil biological pools in these
traditional rice growing areas will be helpful to know the
present soil health status and its probability of sustenance in
the future.
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2. Materials and Methods

2.1 Description of the soil sampling sites

Two types of hill rice ecosystems at elevation range
of >800 m above mean sea level were selected from the
Kyrdemkulai village (Ri-Bhoi district) of Meghalaya plateau
in North East India. These hill rice ecosystems were
classified into lowland rice ecosystem and upland rice
ecosystem. Lowland is the long term mono cropping rice
ecosystem of >40 years old, whereas upland is the terrace rice
cropping system of >15 years old. Both the ecosystems were
never treated with any agro-chemicals and only input is weed
biomass and crop residues incorporated in the field at
ploughing time. Composite soil samples (0-15 ¢cm) from 5
random locations were collected from each ecosystem during
kharif and rabi season. Three same type of the rice
ecosystems were taken as the replication. One part of each
soil sample was immediately stored at 4°C until analysis for
microbiological parameters and other part was air dried in
laboratory and sieved through 2 mm sieve for chemical

analysis.

2.2 Methods of soil analysis

Gravimetric soil moisture content (MC) was
determined by oven drying at 105°C to constant weight. The
relative proportion of sand, silt and clay (soil texture) in soil
sample was determined by hydrometer method (Buoyoucous
1962). Air dry soil samples were analyzed for pH (1:2.5
soil/water suspension) using glass electrode pH meter. Soil
organic carbon (SOC) was determined by wet oxidation
method as described by Walkley (1947). Available nitrogen
(AvI-N) was determined by alkaline permanganate oxidation
method described by Subbiah and Asija (1956). Available P
(AVI-P) in soil was determined by stannous chloride blue
colour method (Bray and Kurtz 1945). The intensity of blue
colour using Dickman Bray’s reagent was measured at 660
nm. Soil total phosphorus (TP) was determined by digesting
the soil sample with di-acid mixture and estimating in
ammonium paramolybdate vanadate reagent and soil total
nitrogen (TN) was determined by digesting air dry soil
sample with concentrated H,SO, in presence of digestion
mixture followed by Kjeldahl distillation method described
by Page et al. (1982). Dissolved organic carbon (DOC) and
extractable organic nitrogen (EON) were extracted from the
freshly collected soil samples. The DOC fraction was
extracted by using 1M KCl solution at a ratio of 5:1 (v/w)
followed by filtration through 0.45 Jm Whatman nylon
membrane (McDowell ef al, 2006) and quantified by wet
oxidation method. The EON fraction was extracted by using
0.5 M K,SO, at a ratio of 4:1 (v/w) (Ros et al, 2009). A
portion of the filtered supernatant was used for determination
of total extractable N content by Kjeldahl method and the
other portion was used for determination of inorganic

extractable N (NH,” -N and NO,-N) by MgO-Devarda alloy
et al,1982). The difference
extractable total N and extractable

method (Page between
inorganic N was
considered as EON content.

Microbial biomass C, N and P (MBC, MBN and
MBP) were determined by the chloroform-fumigation
extraction method (Brookes and Joergensen 2006). For
determination of MBC and MBN in the soil samples, 0.5 M
K,SO, (1:4 w/v) was used as an extractant and MBC was
determined in the supernatant by wet oxidation method and
MBN by Kjeldahl method. Analysis of MBP was done by
following the Bray’s I method (0.03 N NH,F+0.025 N HCI).
The difference in C, N and P content between fumigated and
non-fumigated sub-samples was determined and then,
calculated using conversion factors, K. = 0.38, Ky = 0.45
and K, = 0.40 for MBC, MBN and MBP, respectively.
Potentially mineralizable N (pMN) was determined by static
anaerobic incubation method in freshly collected soil samples
(Canali and Benedetti 2006). Soils were incubated at 40°C for
7 days and extracted using 4 M KCI solution. Mineralized N
during 7 days incubation was calculated by subtracting the
NH, -N of non-incubated from that of incubated sample. Soil
basal respiration (BAS) was measured at field capacity
moisture content by using the standard base (NaOH solution)
trap method (Pell et al, 2006). Substrate induced respiration
(SIR) was determined in the soil sample in incubation vessel
by addition of glucose (Anderson and Domsch 1978). Soil
and glucose mixed thoroughly with spatula and 1 A/ NaOH in
scintillation vial was placed inside the incubation vessel and
then, incubated at 22°C for 21 days. The excess of NaOH was
titrated against 0.05 M HCI at 7, 14 and 21 days and the set
up without soil sample was also maintained as check and CO,
evolution was calculated per hour basis.

Dehydrogenase activity (DHA) was determined in
air dried soil samples as per the method described by Casida
et al. (1964) in which concentration of triphenyl formazan
(TPF) in supernatant was determined against a standard graph

prepared using known concentrations of TPF in 485 nm

wavelength and the activity of DHA was expressed as Mg
TPF g soil h"'. Acid phosphomonoestarase activity (PHA)
was determined in fresh soil samples as per the procedure
described by Tabatabai and Bremner (1969) in which the
intensity of yellow colour was measured in the filtrate at 400
nm using microtiter plate reader (Multiskan, Thermo
Scientific, USA). The concentration of p-nitrophenol in the
filtrate was determined against a standard curve prepared by

using p-nitrophenol standard solution and the activity of PHA
was expressed as Ug PNP g" soilh.
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2.3. Statistical analysis

All univariate analyses were performed using SPSS
v21.0 (SPSS Inc., Chicago, IL, USA). Within a site, each
parameter analyzed for different seasons was normally
distributed as determined using Kolmogorov-Smirnov test
and any significance difference between

ttest  (P<0.01).

correlation matrix was also developed irrespective of site to

seasons was

performed by paired The pair-wise

find out the relationship between various parameters.
3. Results and Discussion

The
supported a diverse aquatic weed community with huge

waterlogged lowland rice ecosystems
production of above and below-ground biomass. This weed
biomass under high moisture content and the fluctuation of
temperature with the season has differential effect on the
decomposition and release of nutrients in rice ecosystems.
Unlike lowlands, in upland terraces, the pronounced moisture
conditions were observed for the kharif (61.4% MC) and rabi
(22% MC) season (Table 1).

lowland and upland terraces was silt loam and loam

The soil textural class of

respectively. Soil pH in rabi season was found to be

significantly higher (paired t-test, 2<0.01) as compared to
that in kharif season in all rice fields. This seasonal
fluctuation in soil pH and lower pH during the kharif might
be the presence of organic acids in soil solution due to the
anaerobic decomposition of weed biomass and organic matter
decay under high temperature and excessive moisture in
kharif season. Such activities considerably reduced with the
decrease in soil temperature in rabi season and hence, the
increment in soil pH was noticed. Another reason for the
fluctuation in soil pH is the movement of salts into and out of
the soil zones as the soil moisture moves up and down
through the soil profile (Brady and Weil 2007). The
significantly higher SOC and TN content observed in lowland
rice ecosystem and higher in rabr season as compared to that

in kharif (P<0.01). C:N ratio was also observed to be higher
in lowland soils than the upland and significant higher soil
C:N ratio in kharif season was observed in upland soils;
whereas seasonal change in C:N ratios in soils of lowland
was non-significant. Avl-N was higher (average 675 kg N ha’
"} in soils of lowland than upland rice, but then significant
changes was not observed, however seasonal variation of
AvI-N was pronounced in soils of upland rice. Availability of
P was significantly higher in rabi season in comparison to
that of kharif in rice soils. Irrespective of ecosystems and
seasons, the total phosphorus (TP) content ranged from 1363
to 1436 kg ha' (Table 1) with non-significant seasonal
variation (£>0.01). The non-fluctuation of TP in between the
seasons is because the turnover rate of P content in soil is
very slow to be identified within the short period of time,

which is not in case of AvI-P (Venkatesh et al., 2001).

3.1 Labile pools in rice ecosystems

The labile fractions vizz. DOC, BAS, EON, pMN
(Table 1) and enzyme activities DHA and PHA (Table 2)
were studied for both the rice ecosystem types. These labile
fractions are mostly generated by the microbial activities
during the decomposition process from plants, litter and
humus and the quantity of its content is highly influence by
soil moisture, temperature and availability of biomass in the
system (Kalbitz et al, 2000). DOC and BAS content were
higher in lowland than the upland soils and the content were
higher in kharif season, which is similar to the study of Laik
et al. (2009). EON and pMN also follow the similar trend like
other labile fractions (Table 1). The studies on EON and
PMN indicated the stability of the ecosystem and the less
disturb ecosystems support larger amount of labile-N
fractions (Haynes 2005; Schmidt ef al, 2007; Ros et al,
2009) viz. EON, Avl-N, MBN and higher rate of pMN. These
fractions are also highly dependent on the inputs from the
rhizosphere, change in land use and biomass content. pMN,
the rate of mineralization of active fraction of organic N
through microbial action, gives the idea on N supplying
capacity of the soil for crop growth (Doran and Parkin 1994).
The higher pMN in lowland soils indicated the higher
supplying capacity of lowland rice soils comparing to the
upland terraces. DHA and PHA were also observed highest in
lowland soils (Table 2). Higher phosphatase activity in soil
coincided with higher contents of TP and microbial biomass
in rice soils (Chhonkar and Tarafdar 1984). DHA on the other
hand, is an important indicator parameter to study the
biological activity of agricultural soils including flooded soils
(Nannipieri et al., 2002; Wlodarczyk ef al., 2002). Decreased
redox potential in lowlands showed higher DHA activity
(Makol et al., 2008).

Glucose induced soil respiration (SIR) for the 17,
2" and 3" week of incubation was significantly higher in
kharif as compared to that in rabi, irrespective of rice fields
(Table 2).

determined at constant temperature of 22°C at laboratory, it

Though glucose induced respiration was

might be possible that inactive members of the soil microbial
community due to low temperature in rabi season need a lag
period to be activated. It was reported that on substrate
availability soil respiration increases due to activation of
certain groups of microbes resulting in microbial CO,
production which is proportional to the mass of organisms
(Hoper 2006; Bailey et al., 2008).
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3.2 Microbial biomass C, N and P to and their contribution to
C, N and P in soils

MBC, MBN and MBP content was higher in
lowland rice soils and content was significantly higher

(P<0.01) in kharif season. Contributions of microbial
biomass C, N, and P to the soil organic C and total N and P
were found to be higher in lowland rice fields followed by
upland soils respectively (Table 2). Diverse substrate
availability and moisture content in soils of lowlands round
the year supported higher microbial biomass in comparison to
other rice ecosystems and this microbial biomass dynamics in
rice soils is largely dependent on the organic substances
released by roots (Lu et al, 2002). The C:N:P ratios of
microbial biomass in soils of rice fields varied in the range
from as low as 35.3:4.9:1 to a maximum of 54.0:6.5:1 with an
indication of narrow ratio in lowland rice soils and wider
ratio in upland soils. This finding clearly showed that MBC,
MBN and MBP act as a major sink in replenishing pools of

C, N and P in lowland rice ecosystems. Soil microbial

biomass has an average C:N:P ratio of ~50:6:1 (Smith and
Paul 1990). So, the mineralization potential of C, N and P is
higher in lowland rice soils as compared to that in upland rice

soils.

3.3 Relationship among various fractions of soil C, N and P
Season-wise all fractions of C, N, and P were
analyzed for pair-wise correlations among themselves,
irrespective of rice fields in Fig. 1 and Fig. 2 for kharif and
rabi season, respectively. The correlations among the
fractions of C, N and P in different seasons differ according
to the availability of soil moisture and change in temperature
condition. Strong either positive or negative correlations
observed for almost all the fraction of C, N and P with the
MC in both kharifand rabi seasons. MBC, the living and the
most active part of soil organic carbon (SOC) (Friedel et al,
1996) showed strong positive correlation with SOC both in
kharif and rabi seasons (Ingram et al, 2005). Several
researchers earlier showed that there is a significant linear
and SOC in

relationships

relationship between MBC
this
environments as well, where the SOC levels are very low
(Leita ef al., 1999; Banerjee et al.,, 2006). DOC is considered
as the mobile phase plays a major role in the transport and

temperate

environments and exist in tropical

supply of C and N to microbial populations (Cookson ef al.,
2005). The production and composition of DOC is largely
dependent on its equilibrium with SOC (Gregorich et al,

2000). In our study too, irrespective of seasons, SOC

maintained a strong positive correlation with DOC (£<0.01).
Avl-P had positive correlation with soil pH in both the
seasons (r=0.73 in kharif and r=0.79 in rabi). EON during
rabi season had a either positive or negative correlation with
almost all the fraction (MC, pH, MBC, SOC, DOC, BAS,
MBN, AvI-N, pMN, Avl-P, MBP and PHA) which is not

observed during kharif'season, which might be because of the
excess moisture during the kharif. PHA also indicated strong
correlation with almost all the fractions except with TN and
TP under study. pMN maintained a direct correlation with
soil pH both in kharifand rabi season, which is similar to the
reports of Paul ef al (2001), where he showed that soil pH
affects the microbial activity as well as the decomposition in
the soil.

4. Conclusion

The rice ecosystems viz. the lowland and the upland
terraces prevailed in hilly regions varied greatly in terms of
biological pools of C, N and P in soils, and these pools were
strongly influenced by soil moisture content according to the
season. The lowland rice ecosystem was waterlogged throughout
the year with diverse aquatic weed biomass, which under high
moisture and fluctuating temperature condition between the
seasons had a differential effect on decomposition and release of
nutrients. Overall, it can be concluded that the rice ecosystems
are self-sustaining in C and N components and availability of P is

the limiting factor.

5. Acknowledgements
The authors are thankful for the financial and the laboratory
facilities provided by the College of Post Graduate Studies,
CAU, Umiam, Meghalaya 793 103

6. Declaration of Interest
The authors declared that there is no conflict of interest
relevant to this research article.

7. References

Adhya TK and Rao VR (2005) Microbiology and microbial
processes in rice soils. In: Sharma SD and Nayak
BC (eds) Rice in Indian perspective, Today and
Tomorrow Printers and Publishers, India, pp 719-
746.

Anderson JPE and Domsch KH (1978) A physiological
method for the quantitative measurements of
microbial biomass in soil.
Biochemistry 10: 215-221.

Bailey VL, Bolton HJr and Smith JL (2008) Substrate
induced respiration and selective inhibition as

Soil Biology and

measures of microbial biomass in soils. In: Carter
MR and Gregorich EG (eds) Soil sampling and
methods of analysis, 2" edition, Canadian Society
of Soil Science, pp 515-526.

B, Aggarwal PK, Pathak H, Singh AK and
Chaudhary A (2006) Dynamics of organic carbon

Banerjee

and microbial biomass in alluvial soil with tillage

and amendments in rice-wheat  systems.
Environment Monitoring and Assessment 119: 173-

189.

125



Bouyoucos GJ (1962) Hydrometer method improved for
particle size analysis of soil. Agronomy Journal 54:
464-465.

Brady NC and Weil RR (2007) The nature and properties of
soils, 13" Edition.

Bray RH and Kurtz LT (1945) Determination of total, organic
and available forms of phosphorous in soils. Soil
Science 59: 39-45.

Brookes PC and Joergensen RG (2006). Microbial biomass
measurements by fumigation-extraction. In: Bloem
J, Hopkins DW and Benedetti A (eds)
Microbiological methods for assessing soil quality,
CABI Publishing, Oxfordshire, UK, pp 77-83.

Canali S and Benedetti A (2006) Soil nitrogen mineralization.
In: Bloem J, Hopkins DW and Benedetti A (eds)
Microbiological Methods for Assessing Soil
Quality, CABI Publishing, Oxfordshire, UK, pp
127-135.

Casida LEJr, Klein DA and Sautoro T (1964) Soil
dehydrogenase activity. Soil Science 98: 371-376.

Cassman KG and Pingali PL (1995). Extrapolating trends
from long-term experiments to farmers’ fields: The
case of irrigated rice systems in Asia. In: Barnett V,

R (eds) Agricultural

sustainability in economic, environmental, and

Payne R and Steiner

statistical terms. London: John Wiley and Sons,
Ltd.
Chhonkar PK and Tarafdar JC (1984) Accumulation of
phosphatases in soils. Journal of the Indian Society
of Soil Science 32: 266-272.
WR, Abaye DA, Marschner P, Murphy DV,
Stockdale EA and Goulding KWT (2005) The

contribution of soil organic matter fractions to

Cookson

carbon and nitrogen mineralization and microbial
community size and structure. Soil Biology and
Biochemistry 37: 1726-1737.

Doran JW and Parkin TB (1994) Defining and assessing soil
quality. In: Defining soil quality for sustainable
environment. Special publication number 35, Soil
Science Society of America, Madison, Winconsin,
pp 3-21.

Friedel JK, Munch JC and Fischer WR (1996) Soil microbial
properties and the assessment of available soil
organic matter in a haplic luvisol after several years
of different cultivation and crop rotation. Soil
Biology and Biochemistry 28: 479-488.

Gregorich EG, Liang BC, Drury CF, Mackenzie AF and
McGill WB (2000) Elucidation of the source and
turnover of water soluble and microbial biomass
carbon in agricultural soils. Soil Biology and
Biochemistry 32: 581-587.

Haynes RJ (2005) Labile organic matter fractions as central
components of the quality of agricultural soils: an
overview. Advances in Agronomy 85: 221-268.

Hoper H (2006) Substrate induced respiration. In: Bloem J,

DW Benedetti A (eds)
Microbiological methods for assessing soil quality,
CABI Publishing, Oxfordshire, UK, pp. 86-92.

Ingram LJ, Schuman GE, Stahl PD and Spackman LK (2005)
Microbial respiration and organic C

Hopkins and

indicate
nutrient cycling recovery in reclaimed soils. Soil
Science Society of America Journal 69: 1737—
1745.

Kalbitz K, Solinger S, Park JH, Michalzik B and Matzner E
(2000) Control on the dynamics of dissolved
organic matter in soils. A review. Soil Science 165:
277-304.

Laik R, Kumar K, Das DK and Chaturvedi OP (2009) Labile
soil organic matter pools in a calciorthent after 18
years of afforestation by different plantations.
Applied Soil Ecology 42: 71-78.

Leita L, de Nobili M, Mondini C, Muhlbachove G, Mardinol
L, Sragato G and Contin M (1999) Influence of
inorganic and organic fertilization on soil microbial
biomass, metabolic quotient and heavy metal
bioavailability. Biology and Fertility of Soils 28:
371-376.

Lu Y, Watanabe A and Kimura M (2002) Contribution of
plant-derived carbon to soil microbial biomass
dynamics in a paddy rice microcosm. Biology and
Fertility of Soils 36: 136-142.

Makol JHJR and Ndakidemi PA (2008) Selected soil
enzymes: Example of their potential role in
ecosystem. African Journal of Biotechnology 7(3):
181-191.

McDowell WH, Zolsnay A, Aitkenhead-Peterson JA,
Gregorich EG, Jones DL, Jo demann D, Kalbitz K,
Marschner B and Schwesig D (2006) A comparison
of methods to determined the biodegradable
dissolved organic carbon from different terrestrial
sources. Soil Biology and Biochemistry 38: 1933-
1942.

Nannipieri P, Kandeler E and Ruggiero P (2002) Enzyme
activities and microbial and biochemical processes
in soil. In: Burns RG and Dick RP (eds) Enzymes
in the environment: Activity, ecology and
applications. Marcel Dekker, New York, pp 1-33.

Page AL, Miller RL and Keeny DR (1982) Methods of soil
analysis. Part-2 chemical and microbiological

properties, 2" edition, Agronomy Monograph 9:

961- 1010, ASA, SSSA, CSSA, Madison, WI, pp

39-594.

126



Paul K, Black S and Conyers M (2001) Development of nitrogen mineralization gradients
through surface soil depth and their influence on surface soil pH. Plant and Soil 234:
239-246.

Pell M, Stenstrom J and Granhall U (2006) Soil respiration. In: Bloem J, Hopkins DW and
Benedetti A (eds) Microbiological methods for assessing soil quality. CABI
Publishing, Oxfordshire, UK, pp 300.

Ros GH, Hoffland E, van Kessel C and Temminghoff EJM (2009) Extractable and dissolved soil
organic Nitrogen — A quantitative assessment. Soil Biology and Biochemistry 41:
1029-1039.

Schmidt SK, Costello EK, Nemergut DR, Cleveland CC, Reed SC, Weintraub MN, Meyer AF
and Martin AM (2007) Biogeochemical consequences of rapid microbial turnover and
seasonal succession in soil. Ecology 88: 1375-1385.

Smith JL and Paul EA (1990) The significance of soil microbial biomass estimations. In: Bollag
IM, Stotzky G and Decker M (eds) Soil Biochemistry, Vol. 6, New York, pp 357-396.

Subbiah BV and Asija CL (1956) A rapid procedure for estimation of available nitrogen in soils.
Current Science 25: 259-260.

Tabatabai MA and Bremmer JM (1969) Use of p-nitrophenyl phosphate for assay of soil
phosphatase activity. Soil Biology and Biochemistry 1: 301-307.

Triparthy AK, Rathore SS, Pattanayak A, Munda GC, Mandal S, Bhatt BP, Ngachan SV (2007)
Enhancing productivity of marginal rice landscape through participatory approach-
experiences from north east India. ICAR Research Complex for NEH Region, Umiam,
Meghalaya, India, pp 47.

Venkatesh MS, Mishra AK, Satapathy KK and Patiram (2001) Effect of burning on soil
properties under bun cultivation in Meghalaya. Journal of Hill Research 14(1): 21-25.

Walkley A (1947) Critical examination of rapid method for determining organic carbo in soils,
effect of variation in digestion conditions and of inorganic soil constituents. Soil
Science 63: 251-264.

Wlodarczyk T, Stepniewski W and Brzezinska M (2002) Dehydrogenase activity, redox
potential, and emissions of carbon dioxide and nitrous oxide from Cambisols under
flooding conditions. Biology and Fertility of Soils 36: 200-206.

Table 1 Carbon, phosphorus and nitrogen fractions in soils of rice ecosystems as influenced by seasons

Site Season Textural class MC pH SOC ™ TP Soil C:N
(%) (%) kg ha’
Kharif waterlogged 4.92+0.06" 2.944+0.07° 5905+90° 1436+40° 11.4:1°
Lowland Silt loam
Rabi waterlogged 5.09+0.02° 3.20+0.04° 6071+146° 1398+37" 11.8:1°
Kharif 61.4+1.2° 5.20+0.04° 2.13+0.04" 5263+76° 1385+30° 9.3:1°
Upland Loam . .
Rabi 22.0+0.4 5.300.02 2.12+0.06" 57204116 1363+34° 8.2:1°
Site Season kg ha' pg CO, g" (dw) soil h” pg g’ (dw) soil
AVI-N Avl-P BAS DOC EON PMN
Kbharif 647+34.0° 6.2+0.3° 0.43+0.04" 1718+17.0° 283+14.5" 69.4+2.0°
Lowland Rabi 675428.5° 10.5+0.7° 0.440.02" 1557443.2° 454+51.5° 68.4+2.7°

127



Kharif 552+23.0° 12.840.5° 0.41£0.07° 1280+22.2° 278+10.4° 62.8+3.1°

Upland Rabi 384+16.1° 19.7+0.7* 0.25+0.01° 1033+14.5" 188+10.6" 52.6+£3.2°

[MC- moisture content, SOC- soil organic carbon, TN- total nitrogen, TP— total phosphorus, Avl-N- available nitrogen, Avl- P— available phosphorus, BAS- basal respiration, DOC- dissolved

organic carbon, EON- extractable organic nitrogen and pMN- potentially mineralizable nitrogen]. Within a site for each parameter, values that differ significantly (£<0.01) are followed by
different letters, as determined by paired t-test

Table 2 Microbial activity indicators in soils of different rice ecosystems

Site Season MBC MBN MBP MBC (x100) MBN MBP (x100) CN:P
—to- (x100) —to-TP' of microbial
o —to- biomass
ng g" (dw) soil Soc ;
TN
Kharif 1405+21.4° 197.0+14.8° 39.843.6" 4.8 7.5 6.2 35.3:4.9:1
Low land . . . .
Rabi 1377+26.0 206.6+19.4 36.543.5 43 7.6 5.8 37.7:5.7:1
Kharif 992+7.0° 148.9+16.3° 26.142.4° 47 6.3 42 38.0:5.7:1
Upland
Rabi 534437.3" 64.0+5.4° 9.9+0.4° 25 25 1.6 54.0:6.5:1
Site Season SIR-1week SIR-2week SIR-3week DHA PHA
mg C kg™ (DW) soil pg (TPF) g* (DW) b pg (p-nitrophenol)
g'(dW)h’
Kharif 107.88+3.34° 139.27+2.95° 131.21+2.66" 7.75+0.25° 10.46+0.20°
Lowland
Rabi 28.75+1.48" 97.61+1.87° 124.10+1.47" 7.7240.13" 11.84+0.20"
Kharif 111.79+1.91° 148.39+3.14° 131.49+4 89" 4.16£0.19° 8.07+0.12°
Upland
Rabi 20.11£0.47" 124.16+0.55" 114.53+0.23° 7.98+0.16 8.54+0.07°

[MBC - microbial biomass carbon, MBN- microbial biomass nitrogen, MBP- microbial biomass phosphorus, SIR - substrate induced respiration, DHA — dehydrogenase activity, PHA —
phosphatase activity]. Within a site for each parameter, values that differ significantly (£<0.01) are followed by different letters, as determined by paired t-test
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Figure 1. Pair-wise relationship between fractions of carbon, nitrogen and phosphorus in rice ecosystems during kAarifseason
[SOC - soil organic carbon, DOC - dissolved organic carbon, MBC - microbial biomass carbon, BAS - basal respiration, TN —
total nitrogen, AN — available nitrogen, MBN — microbial biomass nitrogen, EON — extractable organic nitrogen, pMN —
potentially mineralizable nitrogen, TP — total phosphorous, AP — available phosphorous, MBP — microbial biomass
phosphorous, DHA — dehydrogenase activity, PHA — phosphatase activity]

* significant at r ;= 0.63 and **significant at r ,,= 0.80
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Figure 2. Pair-wise relationship between fractions of carbon, nitrogen and phosphorus in rice ecosystems during rabs season
[SOC - soil organic carbon, DOC - dissolved organic carbon, MBC - microbial biomass carbon, BAS - basal respiration, TN —
total nitrogen, AN — available nitrogen, MBN — microbial biomass nitrogen, EON — extractable organic nitrogen, pMN —
potentially mineralizable nitrogen, TP — total phosphorous, AP — available phosphorous, MBP — microbial biomasss
phosphorous, DHA — dehydrogenase activity, PHA — phosphatase activity]

* significant at r ;= 0.63 and **significant at r ;,,= 0.80
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