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Abstract For 3 years we studied the impact of
different tillage practices on biological activity, major
nutrient transformation potential in a sandy clay loam
soil and crop yield in a Himalayan subtemperate
region. Field agroecosystems with a rotation of two
grain crops per year (lentil-finger millet) received four
different tillage practices: zero—zero (ZZ), conven-
tional-conventional (CC), zero—conventional (ZC),
and conventional-zero (ZC) tillage. Most of the
chemical parameters were influenced by the type of
tillage practice. ZZ increased the soil organic carbon
(SOC) content in the upper soil layer from 6.8 to
7.5 mg g~ soil. Similarly available N was increased
by 6.1% in ZZ over CC. Under zero tillage soil
generally had higher P and K content than under other
tillage practices. Soil carbohydrate content was also
increased from 3.1 to 4.9 mg g~ ' and dehydrogenase
activity was also increased significantly under con-
tinuous zero-tillage practice. Alkaline phosphatase,
protease, and cellulase were most sensitive to changes
due to tillage management. Alkaline phosphatase and
protease activity was greater (by 9.3-48.1%) in the
zero-tillage system over conventional practice. In
contrast, cellulase activity was more (by 31.3-74.6%)
in conventional practice than other management
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practices. We suggest that, by understanding the
effects of tillage on soil biological properties, soil
quality and agricultural sustainability of subtemperate
hill agro-ecosystems may be improved.
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Introduction

Sustainability of agricultural systems has become an
important issue all over the world. Many issues of
sustainability are related to soil quality and its change
with time (Karlen et al. 1997). According to Doran
and Parkin (1994), soil quality is “the capacity of a
soil to function within ecosystem boundaries to
sustain biological productivity, maintain environmen-
tal quality, and promote plant and animal health.”
Soil biological activities have been suggested as one
of the important indicator of soil quality (Dick 1994).

Considerable interest exists in adopting alternate or
modification in conventional soil management prac-
tices that may reduce soil erosion and leaching losses
of soil nutrients. Tillage alters soil structure by
exposing more soil organic matter (SOM) to microbial
attack, which ultimately destabilize macroaggre-
gates and thus fail to protect and maintain SOM
(Beare et al. 1994). Tillage impacts are generally
more pronounced in marginal soils and harsh
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environments than in inherently fertile soils of high
resilience and favorable micro- and mesoclimates
(Lal 1989). Further more, energy costs in no-tillage
practice are lower than in conventional management
practice using plough or power tiller (Raper et al.
2000).

Soil erosion has been an increasing problem for
hill ecosystem. The steep slopes in the Himalayas
along with depleted forest cover as well as high
seismicity have been major factors in soil erosion
(Jain et al. 2001). So, practice of zero-till manage-
ment will be better proposition for hill farmers not
only to restrict erosion but also to save energy for
cultivation. Although the effects of tillage on differ-
ent soil properties have been studied widely, the
effects of tillage practices on enzymatic behavior and
nutrient transformation have not been extensively
studied in hill agroecosystems. The objectives of this
study were to determine the soil enzyme activities in
a rainfed sandy clay loam soil under four different
tillage practices in a hill agro-ecosystem. We hypoth-
esized that untilled soil would stimulate the enzyme
activity. We also hypothesized that soil under alter-
nate zero-tillage and conventional tillage practice
would behave differently in terms of biological
attributes as compared with continuous zero-tillage
or conventional tillage practices. The overall aim of
the study is to be able to presume the nutrient
transformation pattern in the soil of a hill agro-
ecosystem under a particular tillage system.

Materials and methods
Experimental details

A field experiment was conducted at the experimental
farm of Vivekananda Institute of Hill Agriculture,
located in the Indian Himalayan region at Hawalbagh
(29° 36’ Nand 79° 40" E, 1,250 m a.s.]), in the state of
Uttarakhand, India. The climate is subtemperate,
characterized by moderate summer (May-June),
extreme winter (December—January), and a general
dryness, except for the southwest monsoon season
(June—September). The average daily maximum and
minimum air temperatures ranged from 18.6°C to
0.6°C in January, and 32.2°C and 18.7°C in June.
Weekly rainfall during the experimental period is
shown on Fig. 1. The soil of the experimental field
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Fig. 1 Weekly total rainfall (a), average air temperature (b),
and soil temperature (c¢) during the total experimental period.
M: March; My: May; S: September: N: November

was classified as sandy clay loam (21.8% clay, 19.7%
silt, and 58.5% sand) and it contains 0.51% oxidizable
organic carbon, 305.5 kg ha™' alkaline permanga-
nate oxidizable N, 23.6 kg ha™! Bray’s P, and
87 kg ha~'1 N NH,OAc extractable K.

The experiment was initiated during October, 2003
after the harvest of soybean crop. The experiment
included two crops in rotation per year, lentil (Lens
esculenta, variety VL-4; October—April) and finger
millet (Eleusine coracana, variety VL-149; June—
September) in four treatment combinations:
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e Conventional tillage practice in both lentil and
millet (CC): two ploughings (15-20 cm deep) and
one harrowing were done before sowing. Two
hand weedings were done to control weeds.

e Conventional tillage in lentil and zero tillage in
finger millet (CZ).

e Zero tillage in both crops (ZZ): plots were seeded
with a seed drill. Weeds were controlled before
sowing with glyphosate [isopropylamine salt of
N-(phosphonomethyl) glycine; Round up®] at the
rate of 3 1ha™".

e Zero tillage in lentil and conventional tillage in
finger millet (ZC).

The four treatments were arranged in a randomized
block design replicated six times with plots of 2.6 m x
3.5 m. Fertilizers used were urea for N, single super-
phosphate for P, and murate of potash for K in finger
millet with recommended doses of N, P, and K of 40,
20, and 20 kg ha™' respectively. In lentil, 18 and
46 kg ha~' of Nand P, respectively, was applied using
diammonium phosphate. Fertilizers were broadcasted
in all the four treatments as basal dose in both the crops.

Soil sampling, preparation, and analysis

After harvesting of finger millet, soil samples were
taken from the surface layer (0-15 cm) in three
replicates in October, 2006 before the start of land
management for lentil. Soil samples (100 g) were
sieved (2 mm) after removing plant material and roots.
Half of the samples were air-dried for 3 days and stored
at room temperature until chemical analysis. The rest
of the sieved soil (2 mm) was kept at 4°C and then
analyzed within 2 weeks. All chemical and microbi-
ological results reported are means of three replicates
and are expressed on an oven-dry basis. Soil moisture
content was determined after drying at 105°C for 24 h.

Soil pH was measured in a 1:2.5 soil-water
suspension (Jackson 1962). Soil was analyzed for
oxidizable SOC and soil organic matter by the
method of Walkley and Black (1934), for Kjeldahl
N by FOSS Tecator (Model 2200), for available P
after Bray and Kurtz (1954), and for available K after
treatment with 1 N ammonium acetate and estimation
using a flame photometer (Jackson 1962).

Soil carbohydrate content was estimated following
the method of Martens and Loeffelmann (2002) with
some modifications. Soil sample (100 mg) was first

solubilized in 14 M H,SO, and then hydrolyzed with
1 M H,SO, to obtain monosaccharides, which were
estimated colorimetrically using the phenol—sulfuric
acid method (Dubois et al. 1956).

Activity of the following soil enzymes was
measured: (a) dehydrogenase, due to its important
role in degradation of organic matter and because it is
a general indicator of soil enzymatic activity; (b)
p-glucosidase, due to its critical role in releasing
lower-molecular-weight sugars (important energy
sources of micro-organisms); (c) cellulase, as an
indicator of cellulose degradation; (d) urease and
protease, due to their role in releasing of inorganic N
in the N turnover; and (e) phosphomonoesterases, for
their role in P transformation and turnover.

Soil enzymes were chosen for their definite role in
nutrient transformation. Soil dehydrogenase activity
was estimated by reducing 2,3,5-triphenyltetrazolium
chloride (Casida et al. 1964). Cellulase activity (EC
3.2.1.4) was determined by following the method
reported by Schinner and Von Mersi (1990). Glucose
equivalent was then estimated following the dinitro-
salicylic acid (DNS) method (Miller 1969).
p-glucosidase activity (EC 3.2.1.2.1) was estimated
by determining the amount of p-nitrophenol released
after 1 h of incubation with p-nitrophenyl--p-gluco-
pyranoside (Eivazi and Tabatabai 1977).

Urease activity (EC 3.5.1.5) and protease activity
(EC3.4.2.21-24) was measured following the methods
of Tabatabai (1982) and Ladd and Butler (1972),
respectively. Activity of acid and alkaline phosphatase
(EC 3.1.3.2 and 3.1.3.1) was determined using the
method developed by Tabatabai and Bremner (1969).

Grain yield

Whole plots were harvested in April and September
each year for lentil and finger millet, respectively.
Lentil and finger millet grain yields were expressed at
14% and 12% moisture basis, respectively. Lentil
equivalent yield was calculated based on the minimum
support price (MSP) fixed for farmers (CACP, India) in
a particular year: Rs. 5,050-5,250 and Rs. 15,000-
15,500 Mg~ for finger millet and lentil, respectively.

Statistical analyses

Each sample was analyzed in triplicate and the values
were then averaged. Data were assessed by Duncan’s
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multiple range tests (1955) with a probability
P < 0.05. Differences between the mean values
were evaluated by a one-way analysis of variance
(ANOVA) by using SPSS version 10.0.

Results

Soil pH values of the soils ranged from 5.2 to 5.5
(Table 1) and were significantly higher in ZC than in
CZ treatment. Soil pH was highest in ZC and least in
CZ treatment. Considerable variations in soil organic
C and CHO content was detected. In zero tillage,
these values were significantly higher than in other
treatments (Table 2). Similarly, CHO-C content and
its ratio to SOC and total organic matter were highest
in ZZ treatment, while ZC showed the lowest values.
SOC accumulation was found in ZZ (significantly
higher than in CC), and the lowest in ZC. Soil CHO
content was significantly higher in ZZ than in other
treatments; on the other hand, no difference was
detected among CC, CZ, and ZC treatments

Table 1 Tillage effects on soil pH, organic C, and carbohy-
drate (CHO) content

Treatment pH Org. C CHO CHO-C to OC
(H0) (%) (%) (%)

cc 5.3% 0.68" 0.31° 17.7

cz 5.2° 0.73% 0.29° 16.4

ZC 5.5° 0.56° 0.22° 15.3

77 5.3% 0.75° 0.49° 26.7

Values in each column sharing the same letter are not
significantly different (P < 0.05)

CC: conventional-conventional, CZ: conventional-zero till,
ZC: zero till-conventional, ZZ: zero till-zero till

Table 2 Effects of different tillage practices on Kjeldahl N,
available P, and ammonium-acetate-extractable K content

Treatment Kjeldahl-N  Bray’s-P NH,4OAc-extractable
(kg ha™h (kgha™") K (kgha™"

cc 373° 25.4° 93.3°

Ccz 352° 26.3° 91.8°

ZC 350° 25.4° 93.9°

77 397° 27.5° 97.8°

Values in each column sharing the same letter are not
significantly different (P < 0.05)

CC: conventional-conventional, CZ: conventional-zero till,
ZC: zero till-conventional, ZZ: zero till-zero till
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(Table 2). A similar trend was found in the ratio of
carbohydrate carbon to total organic carbon. ZC was
the least in contributing soil carbohydrate to soil
organic matter and ZZ contributed the most.

Available N and P contents were significantly
higher in ZZ than in other treatments (Table 2).
Extractable K content was higher for ZZ and ZC in
comparison with other treatments.

Dehydrogenase activity varied from 1.6 to 2.9 pg
2, 3, 5-triphenylformazan (TPF) produced g~' h™'
(Fig. 2) and was significantly higher in zero-tillage as
compared to other treatments. Cellulase activity
varied from 64.7 to 113.1 mg glucose equivalent
g ' 24 h™!, being significantly higher in CC than in
other treatments (Fig. 2). The least cellulase activity
was detected in ZZ treatment.

p-glucosidase activity also followed a similar
pattern, varying from 129 to 136 mg p-nitrophenol
produced g 'h™' increasing in the order
CZ <ZC < ZZ < CC (Fig. 2). Urease activity was
close in CC, CZ, and ZZ and the lowest in ZC
(Fig. 3). Protease activity ranged from 3.1 to 5.8 ng
tyrosine g ' 2 h™! and was significantly higher in ZZ
as compared with other treatments. Acid phosphatase
activity (Fig. 4) varied from 81 to 89 pg p-nitrophe-
nol produced g~' h™' (Fig. 4). Zero-tillage practice
resulted in a significantly higher activity than in CC
treatment. Alkaline phosphatase activity ranged from
3.7 to 6.9 pg p-nitrophenol produced g=' h™' and
was significantly higher in ZZ than all other man-
agement practices (Fig. 4).

Weather conditions are summarized in Fig. 1.
Vegetative growth of lentil occurred from October
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Fig. 2 Dehydrogenase, cellulase, and f-glucosidase activities
in soil with different tillage practices. Bars sharing the same
letter are not significantly different (P < 0.05). Error bars
represent standard deviation



Nutr Cycl Agroecosyst (2008) 82:273-281

271

8
~
= M Urease Protease b
o
-
3 o
> 5 5 1
e 9 a
S 3
28 a a
g 2
o)
S £ 3
—~ » 4
Q o
S s b ab a b
3 j I I I
Z =
()]
=l

0 - T T T

cc Ccz ZC yv4

Fig. 3 Urease and protease activities in soil with different
tillage practices. Bars sharing the same letter are not
significantly different (P < 0.05). Error bars represent standard
deviation
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Fig. 4 Acid and alkaline phosphatase activities in soil with
different tillage practices. Bars sharing the same letter are not
significantly different (P < 0.05). Error bars represent standard
deviation

until the middle of January, and the reproductive
period occurred from the end of January until the end
of March. Vegetative growth of finger millet occurred
from June until the middle of August and the
reproductive period occurred in September. The
quantity and distribution of rainfall were highly
variable during the experimentation years. The sec-
ond study year (2004-2005) was almost normal as
compared with long-term rainfall conditions, and was
characterized by a favorable rainfall during both the
growing and reproductive periods of lentil, whereas
two other cropping seasons had long drought periods
(Fig. 1). A long moisture stress period during lentil
growth led to a significant shortening of the grain

Table 3 Grain yield of lentil, finger millet, lentil equivalent
yield of finger millet (LEY), and total yield as affected by
tillage treatments

Source of Yield (Mg ha™!)
variation

Lentil Finger millet LEY Total
Year (Y)
2003-04 0.39 3.75 1.26 1.65
2004-05 1.24 3.06 1.03 2.27
2005-06 0.41 2.35 0.80 1.21
P>F <0.01 <0.01 - <0.01
CV, % 20 13 - 11
Tillage management
CC 0.71 3.01 1.02 1.73
CczZ 0.61 3.00 1.02 1.63
zC 0.69 2.88 0.97 1.66
7z 0.70 3.33 1.12 1.82
P>F NS <0.01 - 0.02
Interactions (P > F)
Y xT NS NS - NS

yield during the first and third years of the experiment
(Table 3). There was little rainfall variation during
finger millet growing seasons, which was reflected in
the yield data. There were no significant effects of
tillage practices during the 3 years in either finger
millet or lentil yield (Table 3). Lentil and finger
millet yield as affected by an interaction between
year and tillage is presented in Table 3. The interac-
tion between year and tillage was not significant
(P < 0.05) for either lentil and finger millet crops.

Discussion

Figure 1 shows that rainfall (October—September)
varied among the 3 years, being about 760, 1,025,
and 720 mm in 2003-2004, 2004-2005, and 2005—
2006, respectively. Distribution of rainfall was more
prominent during the growth of lentil. In terms of
long-term average, the first and third year were
characterized by long drought periods. Temperature
variation was not observed across years during crop
growth.

Though soil biological activity was more or
similar under zero-tillage practice as compared with
conventional management, no significant differences
in grain yield were found either in lentil or in finger
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millet grain yield across treatments. Bhattacharyya
et al. 2008 reported no difference in rice and wheat
yield between zero-tillage and conventional tillage
management among tillage systems under similar
agroclimatic zone of the N-W Himalayas in a 4-year
study. However, Lenssen et al. (2007) reported
higher lentil yield in conventional tillage practice as
compared with zero-tillage practices in a cropping
sequence study.

The higher yield of lentil during 2004-2005 was
associated with high rainfall during the growth stages
of lentil. Total rainfall during the period was 224 mm
in 2003-2004 as compared with 56 and 55.7 mm
during 2003-2004 and 2005-2006, respectively.
Strong correlation was also observed between yield
and precipitation during the crop cycle (De vita et al.
2007). Significant yield differences were observed in
lentil, finger millet as well as total lentil equivalent
yield (Table 3). This might be attributed to variable
rainfall across years. No differences were observed in
lentil yield when averaged across years, whereas finger
millet yield was 0.32 Mg ha™' more under zero-tillage
practice than conventional management practice. ZC
treatment was lowest in terms of finger millet and CZ
was lowest in terms of lentil yield when averaged
across years. The year x tillage interactions for both
the crops as well as total yield were not significant.

The increase in soil organic matter content in zero-
tillage treatment (by 10.3% after 3 years) reflects a
reduced rate of leaching in the soil profile in the top
soil studied. Loss of C in the soil due to tillage has
already been documented (Reicosky 2003). This was
further confirmed by the CZ treatment, where short-
term breaks in soil disturbance resulted in an increase
of SOC content. In relatively undisturbed soil, organic
C is mainly contributed by root decomposition and
crop residue incorporation (Gale and Camberdella
2000). In ZZ and CZ, higher organic C was mainly
contributed by root and crop residue decomposition
coupled with lower loss of soil C as compared with
CC and ZC, whereas in the latter treatments, due to
tillage practice, loss of soil C and pulverization of root
and crop residues led to dilution of organic C in soil.
The variation in organic C content might be due to the
distribution of organic matter within the profile, which
is influenced by tillage.

Zero-tillage practice also improved the quality of
soil organic matter because soil carbohydrate content
was increased significantly in ZZ as compared with
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conventional tillage practice. An increase in soil
CHO content in zero-tillage practice has been
reported earlier (Arshad et al. 1990; Kapusta et al.
1996). Soil CHO is an important source of energy for
micro-organisms, therefore zero tillage is suggested
to promote biological activity in the soil. This was
supported by higher dehydrogenase activity and ratio
of CHO-C to SOC in zero-tillage as compared with
conventional tillage treatments.

A small range and no significant differences
between the treatments in topsoil pH were docu-
mented (Table 2). In the soil surface, where C was
increased due to zero-tillage practice, soil pH did not
differ significantly. However, little difference in soil
pH in zero-tillage practice was reported in literature
as compared with conventional practice (Falatah and
Al-Derby 1993; Franzluebbers and Hons 1996;
Martin-Rueda et al. 2007).

Differences in available N among tillage systems
are in agreement with other studies (Martin-Rueda
et al. 2007). Available N was significantly higher in
ZZ than in other treatments. Similarly, in a 25-year-
long study on Mollisols in Nebraska, organic C, and
organic N were significantly greater under zero-
tillage than conventional tillage in the 0-5 cm soil
layer (Six et al. 1998). In another study, soil N
content was also significantly increased under zero or
minimum tillage (Martin-Rueda et al. 2007). Soil N
tends to react faster than C to tillage practices in a
subtemperate soil. This result is consistent with the
report by Green et al. 2007. Under conventional
tillage loss of soil N could have been caused by
nitrate leaching. Higher available N in ZZ may be
attributed to less loss through immobilization, vola-
tilization, denitrification, and leaching (Malhi et al.
2001), whereas alternate tillage practice and no
disturbance of soil might lead to more loss of N
through different mechanism.

Phosphorous and potassium were higher in the
topsoil under zero-tillage practice due to probably
higher SOC level and to surface applied K and P
fertilizers (Franzluebbers and Hons 1996). Zibilske
et al. (2002) reported that improvement of soil
available P was due to redistribution or mining of P
at lower soil depths. Increase in K content in the
upper 15 cm untilled soil was consistent with the
report by Martin-Rueda et al. (2007).

Enzyme activities were generally higher in zero-
tillage practice than in conventional managed plots
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except for enzymes related to C turnover as well as
urease. This result is in agreement with Dick et al.
(1997). It was reported that urease activity was more
in zero-tillage practice soils, though our result
showed no difference. Zero tillage practice led to
significantly higher dehydrogenase activity. This
result is confirmed by the higher carbohydrate-C
and its proportions per unit of organic C in ZZ
treatment (Table 1). Nannipieri 1994 also concluded
that more dehydrogenase activity in zero-till soil was
due to larger proportions of microbial biomass and
carbohydrate-C per unit of organic C.

Cellulase and f-glucosidase activities were signif-
icantly influenced by tillage management in the upper
soil layer. Cellulase activity was significantly higher
in conventional than in untilled soil. CC resulted in a
significant increase in cellulase activity than all other
treatments. Least cellulase activity was detected in
77 treatment. This result is in contrast with all other
previous results (Balota et al. 2004). This may be due
to the fact that the cited study utilized ultisols in
Brazil, which are very low in organic matter (OM).
Our result is consistent with previous study by
Corlay-Chee et al. (2001), whose comparison of
microbial activity of two soils (0-5 cm), one with
conventional and one with conservation tillage,
showed that all microbial groups except cellulose
decomposers decreased in conventional tillage during
the same time span.

p-glucosidase activity was also greater in conven-
tionally managed soil than ZC and CZ treatments.
These results are in contrast with most of the earlier
reports (Green et al. 2007). Interestingly, our result is
consistent with previous study by Corlay-Chee et al.
2001, who reported that there was no significant
difference between tillage practices on f-glucosidase
activity at 5-15 cm soil depth, though the activity
was greater in zero-tillage practice at 0-5 cm depth
(De la Horra et al. 2003).

Acid and alkaline phosphatase activities were
significantly higher in zero-tillage than in conven-
tional tillage treatments. ZC and CZ treatments were
lower than the other two treatments. Short-term zero-
tillage (CZ) practice leads to slight increase in
phosphatase activity as compared with short-term
conventional practice (ZC). The increase in activity
of hydrolase enzymes might be due to higher levels
of intracellular and/or extracellular enzymes, immo-
bilized by recalcitrant humic moieties (Nannipieri

1994). Acid phosphatase activity was recorded during
the winter season and it will be greater in the summer
months as its activity is temperature dependent.
Kramer and Green (2000) also reported that phos-
phatase activity was 2.4 times greater in summer than
in winter. Soil temperature does influence most
enzyme activities (Katterer et al. 1998; Trevors
1984).

The differential accumulation of organic C, N, and
inorganic nutrients in topsoils under different tillage
practices as well as accumulation of inorganic
nutrients tends to increase soil enzymatic activities
(Dick et al. 1997). The biochemical environments of
differently tilled soils are having differential oxida-
tive potential and it is less oxidative in zero-tillage
soil than conventional tillage practices, as dehydro-
genase activity is higher in zero-tillage treatment.

Conclusions

Three years continuous management practice on a
sandy clay loam soil in a subtemperate region of the
Indian Himalayas improved the quality of soil
organic matter and promoted soil enzymatic activi-
ties. It is suggested that zero-tillage practice may be
successful in maintaining sustainability and improv-
ing soil biological properties, in hill agro-ecosystems.
However alternate zero and conventional tillage
management neither improved soil nutrient status
nor enzymatic activity.

References

Arshad MA, Schnitzer M, Angers DA et al (1990) Effects of till
vs. no-till on the quality of soil organic matter. Soil Biol
Biochem 22:595-599. doi:10.1016/0038-0717(90)90003-1

Balota EL, Kanashiro M, Filho AC et al (2004) Soil enzyme
activities under long-term tillage and crop rotation sys-
tems in subtropical agro-ecosystems. Braz J Microbiol
35:300-306. doi:10.1590/S1517-83822004000300006

Beare MH, Cabrera ML, Hendrix PF et al (1994) Aggregate
protected and unprotected organic matter pools in con-
ventional and zero tillage soils. Soil Sci Soc Am J 58:
787-795

Bhattacharyya R, Kundu S, Pandey SC et al (2008) Tillage and
irrigation effects on crop yields and soil properties under
the rice—wheat system in the Indian Himalayas. Agric
Water Manage Doi:10.1016/j.agwat.2008.03.007

Bray RH, Kurtz LT (1954) Determination of total, organic and
available forms of phosphorous in soils. Soil Sci 59:39-45

@ Springer


http://dx.doi.org/10.1016/0038-0717(90)90003-I
http://dx.doi.org/10.1590/S1517-83822004000300006
http://dx.doi.org/10.1016/j.agwat.2008.03.007

280

Nutr Cycl Agroecosyst (2008) 82:273-281

Casida LE, Klein D, Santoro T (1964) Soil dehydrogenase
activity. Soil Sci 98:371-376. doi:10.1097/00010694-
196412000-00004

Corlay-Chee L, Edmundo Robledo S, Edna Alvarez S, et al
(2001) Soil microbial populations in the conversion of
conventional to conservation tillage. Paper number 012152,
2001 ASAE Annual Meeting. 2001

De la Horra AM, Conti ME, Palma RM (2003) f-glucosidase
and proteases activities as affected by long term man-
agement practices in a typic argiudoll soil. Commun Soil
Sci Plant Anal 34:17-18. doi:10.1081/CSS-120024775

De Vita P, Di Paolo E, Fecondo G et al (2007) Zero tillage and
conventional tillage effects on durum wheat yield, grain
quality, and soil moisture content in southern Italy. Soil
Tillage Res 92:69-78. doi:10.1016/j.still.2006.01.012

Dick RP (1994) Soil enzymatic activities as an indicator of soil
quality. In: Doran JW, Coleman DC, Bezdicek DF,
Stewart BA (eds) Defining soil quality for a sustainable
development. Soil Soc Am, Madisson, pp 107-124

Dick WA, Edwards WM, McCoy EL Continuous application
of no tillage to Ohio soils: changes in crop yields and
organic matter related soil properties In: Paul EA, Paus-
tian K, Elliott ET, Cole CV (eds) Soil organic matter in
temperate agroecosystems: long term experiments in north
America. CRC press, North America (1997) 171-182

Doran JW, Parkin TB (1994) Defining soil quality for a sus-
tainable environment-SSSA special publication. Madison,
Wisconsin, USA

Dubois M, Gilles KA, Hamilton JK et al (1956) Colorimetric
method for determination of sugars and related substances.
Anal Chem 28:350-356. doi:10.1021/ac60111a017

Duncan DM (1955) Multiple range and multiple F-test. Bio-
metric 11:1-42. doi:10.2307/3001478

Eivazi F, Tabatabai MA (1977) Phosphatase in soils. Soil Biol
Biochem 9:167-172. doi:10.1016/0038-0717(77)90070-0

Falatah AM, Al-Derby AM (1993) Chemical properties of a
calcareous soil as affected by tillage practices in Saudi
Arabia. Arid Soil Res Rehabil 7:347-353

Franzluebbers AJ, Hons FM (1996) Soil profile distribution of
primary and secondary plant available nutrients under
conventional and no tillage. Soil Tillage Res 39:229-239.
doi:10.1016/S0167-1987(96)01056-2

Gale WJ, Camberdella CA (2000) Carbon dynamics of surface
residue—and root-derived organic matter under simulated
no-till. Soil Sci Soc Am J 64:190-195

Green VS, Stott DE, Cruz JC et al (2007) Tillage impacts on soil
biological activity and aggregation in a Brazilian Cerrado
Oxisol. Soil Tillage Res 92:114-121. doi:10.1016/j.still.
2006.01.004

Jackson ML (1962) Soil chemical analysis. Prentice Hall of
India pvt Ltd, New Delhi

Jain SK, Kumar S, Varghese J (2001) Estimation of soil ero-
sion for a Himalayan watershed using GIS technique.
Water Res Manage 15:41-54

Kapusta G, Krausz F, Matthews JL (1996) Corn yield is equal
in conventional, reduced, and no tillage after 20 years.
Agron J 88:812-817

Karlen DL, Mausbach MJ, Doran JW et al (1997) Soil quality:
a concept, definition, and framework for evaluation. Soil
Sci Soc Am J 61:4-10

@ Springer

Katterer T, Reichstein M, Andren O, Lomander A (1998)
Temperature dependence of organic matter decomposi-
tion: a critical review using literature data analyzed with
different models. Biol Fertil Soils 27:258-262. doi:
10.1007/s003740050430

Kramer S, Green DM (2000) Acid and alkaline phosphatase
dynamics and their relationship to soil microclimate in a
semiarid woodland. Soil Biol Biochem 32:179-188. doi:
10.1016/S0038-0717(99)00140-6

Ladd JN, Butler JHA (1972) Short term assay of soil proteo-
lytic enzyme activities using proteins and dipeptide
derivatives as substrates. Soil Biol Biochem 4:19-39. doi:
10.1016/0038-0717(72)90038-7

Lal R (1989) Conservation tillage for sustainable agriculture:
tropics vs. temperate environments. Adv Agron 42:85-197

Lenssen AW, Johnson GD, Carlson GR (2007) Cropping
sequence and tillage system influences annual crop pro-
duction and water use in semiarid Montana, USA. Field
Crops Res 100:32-43. doi:10.1016/j.fcr.2006.05.004

Malhi SS, Grant CA, Johnston AM, Gill KS (2001) Nitrogen
fertilization management for no-till cereal production in
the Canadian Great Plains: a review. Soil Tillage Res
60:101-122. doi:10.1016/S0167-1987(01)00176-3

Martens DA, Loeffelmann KL (2002) Improved accounting of
carbohydrate carbon from plants and soils. Soil Biol
Biochem 34:1393-1399. doi:10.1016/S0038-0717(02)
00082-2

Martin-Rueda I, Munoz-Guerra LM, Yunta F et al (2007)
Tillage and crop rotation effects on barley yield and soil
nutrients on a Calciortidic haploxeralf. Soil Tillage Res
92:1-9. doi:10.1016/j.stil1.2005.10.006

Miller GL (1969) Use of dinitrosalicylic acid reagent for
determination of reducing sugar. Anal Chem 31:426-428.
doi:10.1021/ac60147a030

Nannipieri P (1994) The potencial use of soil enzymes as
indicators of productivity, sustainability and pollution. In:
Pankhurst CE, Doube BM, Gupta VVSR, Grace PR (eds)
Soil biota. Management in sustainable farming systems.
CSIRO, Melbourne, pp 238-244

Raper RL, Reeves DW, Burmester CH et al (2000) Tillage
depth, tillage timing, and cover crop effects on cotton
yield, soil strength, and tillage energy requirements. Appl
Eng Agric 16:379-385

Reicosky DC (2003) Tillage induced CO, emmission and
carbon sequestration: effect of secondary tillage and com-
paction. In: Garcia-torres 1, Benites J, Martinez-Vilela A,
Holgado-Cabrera A (eds) Conservation agriculture. Klu-
wer Academic, Dordrecht, The Netherlands, pp 291-300

Schinner F, Von Mersi W (1990) Xylanase, CM-cellulase and
invertase activity in soil, an improved method. Soil Biol
Biochem 22:511-515. doi:10.1016/0038-0717(90)90187-5

Six J, Elliot ET, Paustian K et al (1998) Aggregation and soil
organic matter accumulation in cultivated and native
grassland soils. Soil Sci Soc Am J 62:1367-1377

Tabatabai MA (1982) Soil enzymes. In: Page AL (ed) Methods
of soil analysis. Part 2. Agronomy monographs 9ASA and
SSSA. Madison, Wi, pp 903-947

Tabatabai MA, Bremner JM (1969) Use of p-nitrophenyl
phosphate for assay of soil phosphatase activity. Soil Biol
Biochem 1:301-307. doi:10.1016/0038-0717(69)90012-1


http://dx.doi.org/10.1097/00010694-196412000-00004
http://dx.doi.org/10.1097/00010694-196412000-00004
http://dx.doi.org/10.1081/CSS-120024775
http://dx.doi.org/10.1016/j.still.2006.01.012
http://dx.doi.org/10.1021/ac60111a017
http://dx.doi.org/10.2307/3001478
http://dx.doi.org/10.1016/0038-0717(77)90070-0
http://dx.doi.org/10.1016/S0167-1987(96)01056-2
http://dx.doi.org/10.1016/j.still.2006.01.004
http://dx.doi.org/10.1016/j.still.2006.01.004
http://dx.doi.org/10.1007/s003740050430
http://dx.doi.org/10.1016/S0038-0717(99)00140-6
http://dx.doi.org/10.1016/0038-0717(72)90038-7
http://dx.doi.org/10.1016/j.fcr.2006.05.004
http://dx.doi.org/10.1016/S0167-1987(01)00176-3
http://dx.doi.org/10.1016/S0038-0717(02)00082-2
http://dx.doi.org/10.1016/S0038-0717(02)00082-2
http://dx.doi.org/10.1016/j.still.2005.10.006
http://dx.doi.org/10.1021/ac60147a030
http://dx.doi.org/10.1016/0038-0717(90)90187-5
http://dx.doi.org/10.1016/0038-0717(69)90012-1

Nutr Cycl Agroecosyst (2008) 82:273-281 281

Trevors JT (1984) Effect of substrate concentration, inorganic Zibilske LM, Bradford JM, Smart JR (2002) Conservation
nitrogen, O, concentration, temperature, and pH on the tillage induced changes in organic carbon, total nitrogen
dehydrogenase activity in soil. Plant Soil 77:285-293. doi: and available phosphorus in a semi-arid alkaline sub-
10.1007/BF02182931 tropical soil. Soil Tillage Res 66:153-163. doi:10.1016/

Walkley A, Black JA (1934) Estimation of soil organic carbon S0167-1987(02)00023-5

by chromic acid titration method. Soil Sci 17:29-38

@ Springer


http://dx.doi.org/10.1007/BF02182931
http://dx.doi.org/10.1016/S0167-1987(02)00023-5
http://dx.doi.org/10.1016/S0167-1987(02)00023-5

	Changes in soil nutrient content and enzymatic activity under conventional and zero-tillage practices in an Indian sandy clay loam soil
	Abstract
	Introduction
	Materials and methods
	Experimental details
	Soil sampling, preparation, and analysis
	Grain yield
	Statistical analyses

	Results
	Discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


