
Bioresource Technology 101 (2010) 4697–4702
Contents lists available at ScienceDirect

Bioresource Technology

journal homepage: www.elsevier .com/locate /bior tech
Short-term incorporation of organic manures and biofertilizers influences
biochemical and microbial characteristics of soils under an annual crop
[Turmeric (Curcuma longa L.)]

R. Dinesh *, V. Srinivasan, S. Hamza, A. Manjusha
Division of Crop Production and Post Harvest Technology, Indian Institute of Spices Research (IISR), P.O. Box 1701, Marikunnu P.O., Calicut 673 012, Kerala, India

a r t i c l e i n f o a b s t r a c t
Article history:
Received 18 December 2009
Received in revised form 20 January 2010
Accepted 23 January 2010
Available online 18 February 2010

Keywords:
Organic manures
Biofertilizers
Soil microbial biomass
Soil enzymes
Curcuma longa L.
0960-8524/$ - see front matter � 2010 Elsevier Ltd. A
doi:10.1016/j.biortech.2010.01.108

* Corresponding author. Tel.: +91 0495 2731410; fa
E-mail address: rdinesh2005@gmail.com (R. Dines
The study was conducted to determine whether short-term incorporation of organic manures and biofer-
tilizers influence biochemical and microbial variables reflecting soil quality. For the study, soils were col-
lected from a field experiment conducted on turmeric (Curcuma longa L.) involving organic nutrient
management (ONM), chemical nutrient management (CNM) and integrated nutrient management
(INM). The findings revealed that application of organic manures and biofertilizers (ONM and INM) pos-
itively influenced microbial biomass C, N mineralization, soil respiration and enzymes activities. Con-
trarily, greater metabolic quotient levels in CNM indicated a stressed soil microbial community.
Principal component analysis indicated the strong relationship between microbial activity and the avail-
ability of labile and easily mineralizable organic matter. The findings imply that even short-term incor-
poration of organic manures and biofertilizers promoted soil microbial and enzyme activities and these
parameters are sensitive enough to detect changes in soil quality due to short-term incorporation of bio-
logical fertilizers.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Low inputs of organic materials, excessive use of mineral fertil-
izers and more frequent tillage have contributed to a general
reduction in soil organic matter (SOM) content, with a consequent
decline in the quality of agricultural soils. This negative effect of
agricultural practices could be reversed by the correct utilization
of manures and/or crop residues within cropping systems, either
alone or in combination with mineral fertilizers (Mandal et al.,
2007). But any increase in SOM content due to organic matter addi-
tion may be slow. However, whilst the amount of C stored in soil is
a good indicator of soil quality, it does not necessarily reflect the
complexity of the organic compounds present and the influence
that these may have on the microbiological processes controlling
nutrient availability.

To overcome these limitations, different authors have proposed
several soil indicators to study the effects of organic manure appli-
cations on soil C accumulation and C and N turnover (Gil-Sotres
et al., 2005). Some are based on soil physical and chemical proper-
ties, but the majority focuses on biochemical properties that reflect
the size and activity of microbial processes. This is because biolog-
ically mediated processes in soils play a key role in the mineraliza-
ll rights reserved.
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tion of organic C and in nutrient cycling. Moreover, changes in the
size and activity of the soil microbial biomass occur more rapidly
in response to changes in environmental conditions, land use and
management than most physical and chemical parameters
(Sparling, 1992).

Also, the biochemical properties are more sensitive to environ-
mental stress, play a major role in degradation, and provide rapid
and accurate information on soil quality (García et al., 2000). While
biochemical properties of the soil can be studied at various levels,
the most relevant are those involved in transformation of organic
matter (Leirós et al., 2000). The biochemical parameters include
variables directly related to microbial activity (microbial biomass
C, soil respiration etc.), and the activities of extra-cellular hydro-
lytic enzymes involved in the C, N, S and P cycles in soil. These soil
biochemical and microbiological parameters are considered as
potential indicators of management impacts on soil quality
(Gil-Sotres et al., 2005) especially under different agricultural man-
agement practices because soil microbial biomass and enzyme
activities respond much more quickly to the changes in soil
management practices as compared to total soil organic matter
(García-Ruiz et al., 2008).

The response of these soil biochemical and microbial variables
to organic and conventional amendments is often studied in the
long-term (Ferreras et al., 2006; Monaco et al., 2008). Differently,
Gil-Sotres et al. (2005) have indicated the possibility of using these
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biochemical and microbial properties to assess the short-term im-
pact of agricultural management.

We report here data on biochemical and microbial properties,
under short-term field conditions, in response to various nutrient
management regimes in an annual crop (turmeric – Curcuma longa
L.). Turmeric, being an exhaustive crop, requires heavy manuring
for higher yields. Hence, the use of biofertilizers like Azospirillum
lipoferum) and phosphobacteria (Bacillus megaterium var. phosphat-
icum) and organic manures like farmyard manure, vermicompost
and neem cake offer an economically attractive and ecologically
sound means of reducing external inputs and improving the qual-
ity of soil under turmeric. These organic manures and biofertilizers
offer themselves as alternative to chemical fertilizers and are being
increasingly used in present day agriculture. While earlier studies
on the effects of organic manure and biofertilizers either alone or
in combination with inorganic fertilizers on the growth and pro-
ductivity of turmeric are available, data on their effects on soil bio-
chemical and microbial properties is severely lacking.

The major objective of the study was to determine the short-
term effects of nutrient management regimes viz., chemical nutri-
ent management (CNM), integrated nutrient management (INM)
and organic nutrient management (ONM) on various biochemical
and microbial variables reflecting soils quality and to determine
the inter-relationships between these variables in soils under tur-
meric. The CNM involved exclusive use of chemical fertilizers (60–
50–120 kg ha�1 NPK applied as urea, rock phosphate and muriate
of potash), INM involved use of chemical fertilizers (60–50–
120 kg ha�1 NPK applied as urea, rock phosphate and muriate of
potash) in combination with organic manures (farmyard manure
and neem cake) and ONM involved exclusive use of organic man-
ures (FYM, neem cake, ash and vermicompost) and biofertilizers (
A. lipoferum and B. megaterium var. phosphaticum). We hypothe-
sized that under field conditions, even short-term incorporation
of organic manures in combination with biofertilizers or chemical
fertilizers would influence substrate levels, thereby altering soil
quality under turmeric.
2. Methods

2.1. Location details

The field experiment was conducted in the experimental farm
of the Indian Institute of Spices Research at Peruvannamuzhi
(11�350000N 75�490000E), Calicut, Kerala, India. The mean annual pre-
cipitation is 4374.0 mm spread over 7 months from May to
November. The dry season lasts from December to April. The site
experiences tropical monsoon climate characterized by persistent
high temperatures (Max – 35 �C) which normally do not go below
18 �C even in the coolest months. The soil of the study site is clay
loam Ustic Humitropept. The initial properties of the soil are pH –
5.12; organic C – 14.2 g kg�1; mineral N – 105 mg kg�1; Bray P –
13.4 mg kg�1; exchangeable K � 164 mg kg�1.

2.2. Experiment details

The field experiment was initiated in May 2007 with turmeric
as the test crop. The site chosen for the study was flat and had
not been under cultivation for the past several years.

2.2.1. Land preparation
Due to the high intensity rainfall lasting over seven months, tur-

meric is generally grown under rain fed conditions on raised beds
in Kerala, India. For preparation of the beds, the land was cleared of
weeds and the soil was tilled with a tractor mounted disk harrow,
puddled to a fine tilth and levelled using a soil leveller. Raised beds
of size 3 � 1 � 0.15 m (l � b� h) were made manually using a gar-
den spade. A spacing of 40 cm was allowed between the beds.
Small shallow pits for planting were then made on the beds at a
spacing of 30 � 20 cm. The seed-rhizome (20–30 g) of turmeric
(variety: Prathiba) was placed 3.5–5.0 cm deep in the pits and
the soil pressed over it.

2.2.2. Nutrient management regimes
The nutrient management regimes adopted for the study con-

sisted of the following:

i. Organic nutrient management (ONM): 20 kg FYM + 1.0 kg
neem cake (NC) + 0.5 kg ash + 2.0 kg vermicompost (VC,
applied at 45 day after planting (DAP)) + Azospirillum (108

Colony forming units (CFU) g�1 soil) + Phosphobacteria
(108 CFU g�1 soil), all applied to one bed.

ii. Chemical nutrient management (CNM): 60–50–120 kg ha�1

NPK applied as urea, rock phosphate (RP) and muriate of
potash (MOP), respectively. RP was applied as basal, urea
in two splits (45th and 90th DAP) and MOP in two splits
(45th and 90th DAP).

iii. Integrated nutrient management (INM): 60–50–120 kg ha�1

NPK applied exactly as in CNM + 10 kg FYM bed�1 +
1.0 kg NC bed�1.

iv. Control: Beds in which no fertilizers, whatsoever, were
applied.

The nutrient composition of FYM, VC, NC and ash are given in
Table 1. Azospirllum (A. lipoferum) and phosphobacteria (B. mega-
terium var. phosphaticum) were applied at rates equivalent to
108 CFU g�1 soil. These biofertilizers were thoroughly mixed with
FYM. During application, ash, FYM, NC and VC were spread evenly
on the beds and incorporated manually into the soil using a garden
hoe.

Intercultural operations like regular weeding and plant protec-
tion measures were followed as per schedule in all the treatments.
The crop was harvested manually at 240 DAP. The experiment had
four replications laid out in a randomized block design.

2.3. Soil sampling

Soil samples were taken immediately after harvest (at 240 DAP,
January 2008) and after clearing the litter layer. The soils samples
(four per bed) were taken from the inner two-thirds of each bed,
bulked to obtain a composite sample, cleared of any organic debris
and transferred for storage in sealed plastic bags. Once in the lab-
oratory, the soils were sieved (<2 mm), analyzed for their moisture
content and stored at 4 �C for not more than one week before anal-
yses. Subsamples for the determination of SOC and mineral N were
sieved to pass a 0.5 mm mesh.

2.4. Soil physico-chemical properties

Soil organic C (SOC) was determined by the Walkley–Black
method (Nelson and Sommers, 1982), mineral N by steam distilla-
tion (Mulvaney, 1996), Bray P using the dilute acid–fluoride
extractant (Kuo, 1996) and exchangeable K in the NH4OAc extract
(Helmke and Sparks, 1996) was estimated using an atomic absorp-
tion spectrophotometer (Varian AA 240FS). Soil pH was measured
in 1:2.5 soil:water suspension.

2.5. Soil biochemical/microbiological analyses

Nitrogen mineralization capacity was determined by extracting
10 g soil with 50 ml of 2 M KCl for 30 min before and after incuba-
tion for 10 days at 30 �C. The NH4–N and total inorganic N were



Table 1
Relevant characteristics of the organic manures used in the study.

OC N P K Ca Mg S Fe Mn Zn

g/kg

Farmyard manure 90.5 6.0 2.0 4.0 13.0 3.9 1.2 5.73 0.518 0.040
Neem cake 270.7 18.0 2.4 17.0 5.0 2.2 1.0 3.05 0.227 0.017
Vermicompost 94.0 10.0 3.0 3.0 33.0 11.0 0.8 3.86 0.268 0.427
Ash NDa 2.0 54.0 121.0 68.0 18.0 1.0 7.0 0.749 0.144

a ND – not determined.

Table 2
Soil pH, soil organic C (SOC), levels of major nutrients (N, P, K), dissolved organic-C
(DOC) and -N (DON) in soils under various nutrient management regimes of turmeric.

CNMa INMb ONM c Control

pH (1:2.5 H2O) 5.47a 4.94a 4.55a 5.29a
SOC (g kg�1) 16.9c 19.4ab 21.7a 16.3cd
Mineral N (mg kg�1) 121c 138a 135ab 115cd
Bray P (mg kg�1) 18.3bc 18.7a 18.5ab 11.6d
Exchangeable K (mg kg�1) 219c 242b 267a 166d
Dissolved organic C (lg g�1) 356c 451b 484a 241d
Dissolved organic N (lg g�1) 37c 58a 51ab 27d

In each row, means followed by the same letter are not significantly different at
P < 0.05.

a CNM – chemical nutrient management.
b INM – integrated nutrient management.
c ONM – organic nutrient management.
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determined by steam distillation (Mulvaney, 1996). The difference
between the values obtained before and after incubation indicates
N mineralization capacity. Steam distillation for the determination
of inorganic N (NH4–N and NO3–N) was done using N analyzer
(Kjeltech 2100, Foss).

Dissolved organic carbon (DOC) and dissolved organic nitrogen
(DON) were determined by the method described by Smolander
and Kitunen (2002). The fumigation–extraction method (Vance
et al., 1987) was used to determine soil microbial biomass – C (CMIC)
using kEC of 0.45 (Jenkinson et al., 2004). Soil respiration (SR) was
measured as the CO2 evolved from moist soil, adjusted to 55% water
holding capacity, and pre-incubated for seven days at 20 �C in the
dark. The CO2 production was then measured for the next seven
days using NaOH traps and titration with HCl. The metabolic
quotient (qCO2) was calculated as follows: (lg CO2–C evolved in
7 days g�1 soil)/(lg biomass C g�1 soil)/7 days) � 1000 = mg CO2–
C g�1 biomass C per day (Salamanca et al., 2002).

2.6. Soil enzyme activities

Dehydrogenase [DHA, Enzyme Commission (EC) number 1.1.1.]
activity was estimated using 2,3,5-triphenyltetrazolium chloride
as the substrate (Casida et al., 1964). Protease (EC 3.4.4) hydrolyzing
benzoyl argininamide (BAA-protease) was determined using a-ben-
zoyl-N-argininamide as the substrate (Gil-Sotres et al., 1992), acid
phosphatase (EC 3.1.3.2) activity using p-nitrophenyl phosphate as
the substrate (Tabatabai and Bremner, 1969), ß-glucosidase (EC
3.2.1.21) activity using p-nitrophenyl-b-d-glucopyranoside as the
substrate (Eivazi and Tabatabai, 1988) and arylsulphatase (EC
3.1.6.1) activity using p-nitrophenyl sulphate as the substrate (Taba-
tabai and Bremner, 1970).

2.7. Statistics

All values reported are expressed on an oven-dried soil basis
(105 �C). The significance of treatment effects was determined by
one-way analysis of variance. Where the F values were significant,
post hoc comparisons of means were made using the least signifi-
cance difference (LSD) test. Principal component analysis (PCA)
was performed for reflection of any intrinsic pattern in the multidi-
mensional data swarm. PCA often reveals previously unsuspected
associations among variables and thereby allows interpretation that
would not be possible otherwise (Johnson and Wichern, 1982). A
VARIMAX rotation was performed to enhance interpretability of
the uncorrelated components (Flury and Riedwyl, 1988). Only prin-
cipal components with eigen values of more than one (>1) and that
explain > 10% of the total variance were retained.

3. Results and discussion

The data on soil physico-chemical parameters is given in Ta-
ble 2. In general, soil pH was acidic (range 4.55–5.47) and did
not vary significantly among the treatments. However, the levels
of SOC and mineral N varied markedly between the treatments.
Greater levels of SOC, mineral N, DOC, DON, Bray P and exchange-
able K were registered by either ONM or INM. Compared to CNM,
SOC and mineral N levels in ONM were greater by 22% and 10%,
respectively. Similarly, SOC and mineral N levels in INM was great-
er by 13% and 12%, respectively compared to the CNM. Bray P level
was greatest in INM, exchangeable K and DOC in ONM and DON in
the INM treatment. DOC level in ONM was greater by 25% and DON
level in INM was greater by 36% compared to CNM.

3.1. Soil microbial biomass – C (CMIC)

Microbial biomass is among the most labile pools of organic
matter and it serves as an important reservoir of plant nutrients
and can therefore, have important implications for nutrient bio-
availability (Melero et al., 2006). In this study, appreciable varia-
tions in CMIC levels were observed among the treatments, with
maximum level in ONM and INM (Table 3). In fact, CMIC levels in
ONM and INM were greater by 31% and 29%, respectively, compared
to CNM. The supply of readily metabolisable C in the organic man-
ures is likely to have been the most influential factor contributing to
the CMIC increases measured (Tejada et al., 2006). The positive effect
on microbial biomass observed in the soils amended with organic
manures is due to a direct (microbial growth in these by products,
Pascual et al., 1998) and indirect (improvement of plant growth) ef-
fect. Incorporation of organic manures, therefore, provided a steady
supply of substrates to support the microbial community thus con-
firming the observation that the levels of microbial biomass might
be strongly related to the steady-state substrate availability in soils.
This was well reflected by the existence of a strong correlation
(p < 0.01; n = 16) between CMIC and related parameters like SOC
(r = 0.79), DOC (r = 0.82), DON (r = 0.70) etc.

3.2. Soil respiration (SR)

Similar to CMIC levels, SR in INM and ONM was greater by 16%
relative to CNM and by 20% compared to the control (Table 3). En-
hanced respiration rate in INM and ONM is indicative of higher soil
microbial activity (Melero et al., 2006) and can be attributed to
greater levels of SOC which has been found to account for 75%



Table 3
Biochemical/microbial properties of soils under various nutrient management regimes of turmeric.

CNM a INM a ONM a Control

Microbial biomass C (lg g�1) 353c 496ab 513a 342cd
CO2 evolution (lg CO2�C g�1 day�1) 21b 25a 25a 20bc
qCO2 (mg CO2�C (g biomass C)�1 day�1) 60a 50c 49cd 58ab
Microbial biomass C:SOC (%) 2.08cd 2.56a 2.36ab 2.10bc
Total inorganic N mineralized (mg N kg�1 per 10 days) 56b 102a 107a 23c

In each row, means followed by the same letter are not significantly different at P < 0.05.
a Expanded form of abbreviations given in Table 2.

Table 4
Enzyme activities in soils under various nutrient management regimes of turmeric.

CNMa INMa ONMa Control

Dehydrogenase (nmol TPF g�1 soil h�1) 181c 247ab 256a 173cd
Acid phosphatase (lmol p-nitrophenol g�1 h�1) 10.6c 14.7ab 15.3a 6.8d
Arylsulphatase (lmol p-nitrophenol g�1 h�1) 0.58a 0.54ab 0.51bc 0.36d
ß-glucosidase (lmol p-nitrophenol g�1 h�1) 3.51c 4.87ab 4.96a 2.73cd
BAA-protease (lmol NH3�N g�1 h�1) 6.46c 7.71a 7.13ab 6.14cd

In each row, means followed by the same letter are not significantly different at P < 0.05.
a Expanded form of abbreviations given in Table 2.
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and 81% of the variations in CO2 production in the non-pre-incu-
bated and pre-incubated soils, respectively (Wang et al., 2003).
They also suggested that soil respiration is dependent on the
replenishment of the labile substrate from the bulk organic C pool.
Our results, therefore, indicated that in the soil amended with or-
ganic manures and biofertilizers the organic substrates are miner-
alized more rapidly and that the greater microbial biomass derived
from these treatments would have been able to degrade a greater
quantity of substrates (Tejada et al., 2006).

3.3. Total N mineralized

Potentially mineralizable N is frequently used as a reliable indi-
cator of the potential N supplying capacity of a soil (Russell et al.,
2006). In our study, manure application created conditions that
promoted an increase in the easily mineralizable inorganic-N pool,
which was predominantly ammoniacal. The total inorganic N min-
eralized was 45–48% higher in INM and ONM compared to CNM
(Table 3) due to greater organic matter levels because N minerali-
zation is a microbial process that is influenced both by the quantity
and quality of soil organic matter. Apparently, these soils accumu-
lated greater level of dissolved organic matter especially the labile
fraction, which directly regulates N mineralization and nitrification
and is the initial substrate for these N cycling pathways (Jones
et al., 2004).

3.4. Dehydrogenase (DHA)

The oxyreductase enzyme (DHA) is an indicator of microbiolog-
ical activity and has been used as a valid biomarker of soil quality
under different agricultural management practices (García-Ruiz
et al., 2008). In our study, DHA activity in ONM and INM was great-
er by 29% and 27% compared to CNM (Table 4). This is because the
organic amendments may contain intra- and extra-cellular en-
zymes and also stimulate microbial activity in the soil (Liang
et al., 2005). Also, the higher DHA activity in soils treated with bio-
logical fertilizers suggested the availability of a higher quantity of
biodegradable substrates and hence, an improvement in microbial
activity.

In particular, a significant correlation (P < 0.01; n = 16) was
found between DHA and DOC (r = 0.81), suggesting a relationship
between the availability of labile and easily mineralizable organic
matter and the activity of microbial populations. Such positive cor-
relations between water soluble C and microbial activity (usually
expressed as DHA) have been found previously by earlier workers
(Caravaca et al., 2002; Madejón et al., 2009). In addition, DHA
activity was positively correlated (P < 0.01, n = 16) with SOC
(r = 0.74) and SR (r = 0.79) suggesting that addition of mineraliz-
able organic residues provided substrates for this enzyme and en-
hanced microbial growth.
3.5. Soil hydrolytic enzyme activities

Similar to DHA, all the hydrolytic enzymes were activated to
different degrees in the treated beds (Table 4). However, not all
the treatments affected the enzyme activities to the same degree.
For instance the activities of acid phosphatase and ß-glucosidase
were greater in ONM, arylsulphatase activity in CNM and BAA-pro-
tease activity in INM.

Proteases are considered to be greatly dependent on microbial
activity (Caravaca et al., 2002), indicating that the reduction of
metabolism in the control and CNM treatments affected the biolog-
ical transformation of N. Differently, greater ß-glucosidase activity
in INM and ONM suggested an enrichment in fresh organic mate-
rials of a cellulolytic nature, which acts as substrate for these en-
zymes. Our results using hydrolytic enzymes suggest that soil
functionality (in this context the capacity to cleave organic com-
pounds) was also enhanced due to incorporation of organic man-
ures and biofertilizers.
3.6. CMIC:SOC ratio and metabolic quotient (qCO2)

From the results it is evident that decreased levels of biologi-
cally available substrates and organic matter led to simultaneous
decrease in microbial activity in the control. This was well reflected
by the ratio of CMIC:SOC (Table 3), which was greatest in INM
(2.56%) and ONM (2.36%) and least in CNM (2.08%). The ratio of
CMIC:OC reflects the availability of substrate to the soil microflora
and lower CMIC:SOC ratios in CNM and control is apparently due
to lower availability and/or degradability of organic substrates
and, therefore, decreased microbial development and C turnover.
Contrarily, relatively greater CMIC:SOC ratios in ONM and INM indi-
cated less recalcitrant soil organic matter (Turner et al., 2002).



Table 5
Loadings of physico-chemical, biochemical and microbial properties on the factors
identified by principal components analysis. The soil parameters are grouped
according to the maximum fittings to principal components (correlation coeffi-
cients > 0.50b; n = 16).

Variable Principal components a

PC1 PC2 PC3

pH n.s.c n.s. n.s.
Organic C 0.57c 0.69 n.s.
Mineral N 0.84 n.s. n.s.
Bray P n.s. n.s. 0.87
Exchangeable K n.s. n.s. 0.86
DOC 0.76 0.64 n.s.
DON 0.82 n.s. n.s.
CMIC 0.83 0.23 n.s.
Soil respiration n.s. 0.76 n.s.
qCO2 n.s. �0.83 n.s.
DHA 0.84 n.s. n.s.
Acid phosphatase n.s. 0.81 n.s.
Arylsulphatase n.s. n.s. n.s.
ß-glucosidase 0.60 0.72 n.s.
BAA-protease 0.80 n.s. n.s.
Explained variance (%) 36.7 31.7 14.6

a Only principal components with eigen values > 1 and those explaining > 10% of
the total variance were retained.

b Correlations with absolute values higher than 0.50 are in bold.
c n.s. – loadings lower than 0.50.
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The qCO2 levels were greater under control and CNM than un-
der INM and ONM (Table 3). In fact, the levels in CNM were greater
by 18% compared to the INM and ONM. The qCO2 provides a mea-
sure of the specific metabolic activity and has been proposed as a
bioindicator for substrate quality and environmental stress and re-
flects the efficiency of the use of SOC by microorganisms (Knoepp
et al., 2000). Greater qCO2 levels in CNM and control indicated de-
creased substrate use efficiency i.e. more substrate is catabolized
to CO2 and less substrate is incorporated into the microbial bio-
mass, which suggested that the conversion of total carbon into
microbial carbon is less efficient as reported by Frazão et al.
(2010) in soils of varying land use. Contrarily, the decrease of
qCO2 in the INM and ONM suggested less adverse environmental
conditions and relatively higher use efficiency of the organic re-
sources than in the control.

3.7. Inter-relationships between various soil properties

To study the relationships among the soil properties, principal
component analysis (PCA) was employed. The analysis revealed
that 83% of the variance was explained by three factors (Table 5).
The first (PC1), which accounted for 36.7% of the total variance,
was defined by mineral N, DON and the measured biochemical
parameters like CMIC, DHA, and BAA-protease. This reflects the size
and activity of the microbial biomass and possibly reflected the
strong relationship between the availability of labile and easily
mineralizable organic matter and the activity of microbial popula-
tion. The positive part of the second factor (PC2) explaining 31.7%
of the variance was defined by soil respiration, acid phosphatase
and ß-glucosidase. This indicated the strong relationship between
microbial activity and P cycle in soils and also suggested that in
soils relying solely on chemical fertilizers the potential to mineral-
ize organic matter, and so the activity of the C-cycle, is reduced.
The negative loading of qCO2 in this factor suggests a decrease in
substrate use efficiency in beds with low organic matter especially
the CNM and control treatments. The third factor (PC3) with 14.6%
of the variance was defined by Bray P and exchangeable K. This re-
flected the logical dependence of soil microorganisms on available
P and K in the soil. The fact that DOC and soil C contents are in-
cluded with high loadings in more than one factor indicates the ef-
fect of the different nutrient management regimes on the
composition of SOM and the typical interactions among the prop-
erties involved in the C, N, P and S cycles.
4. Conclusion

Our results showed that short-term incorporation of organic
manures and biofertilizers either alone or in combination with
inorganic fertilizers promoted soil quality. Apparently, microbial
activity was limited by the reduced supply of organic substrates
in the chemical and control treatments. Therefore, a fertilization
strategy that involves organic and biofertilizers either alone or in
combination with inorganic fertilizers is crucial for nutrient
exhaustive crops like turmeric. The study also implies that bio-
chemical parameters could be successfully used to detect changes
in soil quality in response to short-term incorporation of biological
fertilizers in annual arable crops.
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