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Abstract: Soil management practices that involve intensive traditional ploughing
and disking may affect soil quality. Soil enzymes activities were mvestigated from
crop rotations in urigated and rain-fed areas. Soil samples collected from long
term (79 years), medium-term (46 years) and short-term (22 years) irrigated cotton
(Gossypium hirsutum) schemes and rainfed cultivation of sorghum (Sorghum
bicolor) and sesame (Sesamum indicum) in a semi-arid tropical Vertisol. Alkaline
phosphatase was significantly higher in both short-term (661 ug p-nitrophenol g™
soil h™") and rain-fed cultivation (605-747 pg p-nitrophenol g~ seil h™). Long- and
medium-term cultivation in the irrigated sector had sigmficantly less protease
activity [3.75-4.73 ug tyrosine g soil (2 h™)] compared to other cultivation
systems [11.54-15.09 pg tyrosine g~ soil (2 h™"]. Except, long-term cultivation,
there was a general separation in the activity of p-glucosidase between irrigated
[average of 21.9 g saligenin g ' soil (3 h)™'] and rainfed Vertisols [17.9 ug saligenin
g soil (3 h)™']. Correlation analysis and Principal Component Analysis (PCA)
revealed that only alkaline phosphatase activity was positively correlated with total
soil N and carbon contents. These results may draw attention on the impact of
mtensive application of agro-chemicals (pesticides, herbicides and fertilizers) on
so1l health in the world biggest Gezira cotton scheme.

Key words: Crop rotation, long-term cultivation, seil management, soil quality,
tillage system

INTRODUCTION

Soil organisms and their activities contribute a wide range of essential services to the
sustamnable function of all ecosystems. Soil enzymes are inportant for catalyzing mnumerable
reactions necessary for life processes of microorganisms in soils, decomposition of organic
residues, cyeling of nutrients and formation of organic matter and soil structure (Dick, 1994).
Although, enzymes are primarily of microbial origin, they can also originate from plants and
ammals. These enzymes are constantly being synthesized, could be accumulated, inactivated
and/or decomposed in the soil, assuming like this, great importance for the agriculture for
their role n the recycling of the nutrients (Tabatabai, 1994; Dick, 1997). Soil enzyme activities
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have been earlier discriminated between wide ranges of soil management practices
(Gupta and Germida, 1988; Dick, 1997). Gupta and Germida (1988) showed that intensive
cultivation can cause decreases in microbial biomass and its activity.

Although, there 1s ample data showing the relation between soil management and soil
enzymes activities, very little is known about their performance under tropical/subtropical
and arid conditions (Dick, 1984; Dick et al., 1988; Deng and Tabatabai, 1996). Agriculture and
livestock were the main sources of livelihood in Sudan where 61% of the working population
are mvolved and produce about 90% of the national food requirement. Crop cultivation is
divided between a modern, market-oriented sector comprising mechanized, large-scale
urigated and ramfed farming (mainly in central Sudan) and small-scale farming following
traditional practices carried in other parts of the country where rainfall or other water sources
were sufficient for cultivation. Large investments continued to be made m the 1980s in
mechanized, irrigated and rainfed cultivation, with their combined areas accounting for
roughly two-thirds of Sudan's cultivated land in the late 1980s. Although, cotton remained
the most important crop, groundnuts, wheat and sugarcane had become major crops and
considerable quantities of sesame were also grown. Agriculturally, the most important soils
are the clays of the central (also known as black cotton soils). These soils constitute the main
so1l type m the irrigated Gezira, Rahad and Managil schemes.

Recently, ecological assessment of ecosystems is a priority that helps land managers
and policy makers to promote long-term sustainability, yet quantifying environmental
sustainability remains an elusive goal (Herrick, 2000, Hurmi, 2000; Bowrma, 2002;
Von-Wirén-Lehr, 2001). One approach 1s to use soils as indicators of ecosystem health
(Doran and Zeiss, 2000, Sherwood and Uphoft, 2000). Historically, chemical and physical soil
properties have been used as crude parameters of soil fertility and productivity. The content
of soil C and N has been related to soil tilth. However, C and N changes are slow to be a
useful ecological indicator (Kérschens and Weigel, 1998, Schulz, 2004). There 13 growing
evidence that soil biological parameters could be found by monitoring responses of the
microbial community as early and sensitive mdicators of soil fertility, ecological stress or
restoration processes (Waksman, 1922; Pascual et al., 2000; Filip, 2002; Bending et al., 2004).
Many enzyme assays are simple to run and sensitive to changes in management practices
(Freeland, 1977).

In the semi-arid tropics of Sudananese Vertisols, some authors (Dawelbeit and Babiker,
1997; Salih et al., 1998; El-Awad, 2000; Mubarak et al., 2005) studied the impact of tillage or
cultivation on water conservation, crop yield and soil physical properties, others
(Buraymah and Webster, 1989) concentrated their study on the evaluation of topsoil
(0-30 cm) pH, electrical conductivity or sodium adsorption ratio. There is a need, to estimate
the effects of long-term cultivation of irrigated and rain-fed areas on other soil quality
parameters. Therefore, the ain of this study was to determme soil enzyme (alkaline
phosphates, P-glucosidase and protease) activities under different cultivation periods of an
urigated and rain-fed Vertisols.

MATERIALS AND METHODS

Study Site and Land Use Systems

This study is part of a research project aimed at determination of long-term effects of
cultivation on soil quality executed between April, 2004 and April, 2008. Three study sites
from the irrigated Vertisols and one site from the rain-fed areas of the semi-arid region of
Sudan with different duration of cropping history were selected for this study. The irrigated
Vertisols were represented by Gezira Rotation (GR) (“lat™ 14° 24" N; “long™ 33° 30" E; “alt”
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390 m above MSL), Managil Rotation (MR) (“lat” 14° 14" N; “long™ 327 49" E; “alt” 390
above MSL) and Rahad Rotation (RR) (“lat” 13 43'-14° 35" N; “long™ 34° 22" - 35° 55" E; “alt”
600 above MSL.). The area of Fastern Rahad was selected to represent the rain-fed area, with
two sets of rotations: viz: Sorghum-Sesame (SS) (Sorghtm bicolor 1. and Sesamum indicum
L.) and Continuous Sorghum (C3). According to Soil Survey Staff (1996), these soils were
classified as a fine, smectitic, isohyperthermic, enticchromustert (Table 1). The rotation
system in the studied schemes encountered various changes according to recommendations
of the National Research Corporation (Table 2). Accordingly, Gezira stared in 1925 with a
three course rotation system and ended with five course rotation system. The Managil
scheme (extension of Gezira) started in 1958 but however, ended with similar rotation system
to Gezira. Both schemes contamed rotations that fulfilled the requirements of farmers and
inclusion of cash crops as well. However, the rotation system in Rahad scheme assumes
ground nut as the main legume that improves soil fertility. Tn all schemes, similar crops have
similar cultural practices (Table 3). Main crops mnclude cotton (Gessvpium barbadense L.),
sorghum (Serghum bicolor L.), groundnut (Arachis hypogaea L.) and wheat

Table 1: Physico-chemnical topseil (0-30 cm) properties of the seven investigated sites

N, Cus R... T.. T Sad St Clay
Sites CN_ e (g kg™") ---—- (mm) Water supply  -—-- [(O) e — [0 <"k R—
PF 4.06 0.36d 1.46f 200-450 Trrigated 40 13 16 30 S4c¢
GR 10.64 0.33d 35le 200-450 Trrigated 40 13 16 31 53c
MR 11.19 0.48c 5.37d 200-450 Trrigated 40 13 22 20 58b
RR 12.17 0.5%9b 7.18b 350-650 Trrigated 35 10 18 22 60b
NF 10.14 0.64a 6.49¢ 350-650 Rainfed 35 10 15 20 65a
RE] 11.55 0.67a 7.74b 350-650 Rainfed 35 10 17 19 oda
[oh] 13.53 0.62a 8.3% 350-650 Rainfed 35 10 19 21 60b

GR: Gezira natural grass, GR: Gezira rotation, MR: Managil rotation, RR: Rahad rotation, RF: Rahad natural forest,
$S: Rahad sorghum-sesame, CS: Rahad continuous sorghum, PF: Permanent fallow. N,,: Total N, C,,: Organic C,
Ripw: Mean annual rainfall, T, : Maxirmum annual temperature, T,.,: Minimum annual temperature. Values in columns
followed by the same letter(s) are not significantly different at the 0.05 level

Table 2: Historical tillage backeround of the three investigated rotation sites

Sites Cropping sequence

Gezira (GR)

1925-1931 C-81.-Fa

1932-1933 C-Fa-Fa

1934-1960 C-Fa-Fa-C-Fa-S-LfFa-Fa
1961-1974 C-W-Fa-C-Gn/L-S-P-Fa-Fa
1975-1986 C-W-Gn/8/Veg-Fa
1987-1990 C-W - Gn/8/Veg - Fod - Fa
1991- to date C-8-Gn-W-Fa

Managil (MR)

1958-1960 C-Fa-C-Gn/8/1.-8 -Fa
1961-1975 C-W-Gn/S

1976-1988 C-W-Gn/8/Veg-Fa
1989-1990 C-W - Gn/8/Veg - Fod - Fa
1991- to date C-8-Gn-W-Fa

Rahad (RR)

1982-1990 C-Gn

1990- to date C-Gn-S/W

C: Cotton, 8: Sorghum, 1.: Legume, Fa: Fallow, W: Wheat, Gn: Groundnut, P: Philipisara, Veg: Vegetable, Fod: Fodder
crop

Table 3: Crop tillage and fertilization

Crops Tillage and fertilization

c Disc ploughing (18-20 cm), harrowing (10-15 cm), ridging, green ridging, 120 kg N ha™*
W Disc harrowing (6-7 cm), levelling, 80 kg N ha™!, 90kg TSP ha™!

S Disc harraowing (15-17 cm), ridging, 80 kg N ha™!

Gn Disc harrowing (15 cm), ridging, green ridging

C: Cotton, 8: Sorghum, W: Wheat, Gn: Groundnut
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(Triticum aestivum 1..). For control sites of the irrigated Vertisols, samples were collected
from a Permanent Fallow (PF) plot of C4 grasses (mainly Cynodon dactvlon 1..). This plot is
neither fertilized nor grazed (since 1937). However, for the rain-fed area, a Natural Forest (NF)
of mainly Acacia sp. was selected.

Soil Sampling and Analysis

A field of 90 ha in both irrigated and rain-fed areas was targeted for sampling. Each field
was divided into three areas (30 ha each) and three profiles (i.e., three replicates) were dug
(i.e., one profile each 30 ha) to the depth of 90 cm. Samples were carefully collected using a
tray to represent the entire topsoil layer (0-30 cm). Similarly, for the control of the wrigated
and rain-fed areas, three replicate profiles were also dug (1.e., three in irmigated permanent
fallow and similar three profiles in the natural forest). The total number of samples for the
entire study was 21. Samples were placed inside a cotton bag and transferred to the
laboratory, air-dried and sieved through a 2 mm sieve to remove fine roots and gravels.

Both total soil carbon (C,,) and nitrogen content (N,,) were determined by the Institute
of Soil Science and Soil Conservation, Justus Liebig Umiversity, Germany using a combustion
analyzer (Vario EL IIT, CHNOS, Elementar, Germany). Soil inorganic carbon (carbonate-C) was
determined by the pressure transducer method adapted from Loeppert and Suraez (1996)
assuming 12% C in CaCO,. Organic carbon {C, ) was determined by subtracting inorganic
C from values of total C (McLean, 1982).

Enzyme Assays

Before microbiological analyses, the air dried soil samples were moistened to 50% of
water holding capacity and equilibrated to room temperature for 10 days. The activity of
alkaline phosphatases (EC 3.1.3.1) was assayed using 1 g moistened soil, 4 ml. modified
universal buffer (pH 11), 0.25 mL toluene and 1 ml. 25 mM p-nitrophenyl phosphate
(Tabatabai and Bremner, 1969). The activity was determined after incubation for 1 h at 37°C
by measuring the absorbance at 400 nm (Spetrophotometer U-2000, Hitachi Ltd.,
Tokyo/lapan) of the p-nitrophenol [p-NF] released and expressed n pg p-NP g~ soil h™".

The assay of the activity of proteases (EC 3.4.2.21-24) was based on that of Ladd and
Burtler (1972). Moistened soil (1 g oven-dry equivalent) was incubated with 5 mL of 50 mM
tris buffer (pH 8.1) and 5 mI, of 2% Na-caseinate at 50°C for 2 h; enzyme activity was then
stopped by the addition of trichloroacetic acid (0.92 M). The aromatic amino acids released
were measured colorimetrically using Folin-Ciocalteu reagent at 700 nm, with tyrosine as
standard. The activity was expressed in ug tyrosine g~ soil (2h)™.

Determination of the activity of B-glucosidases (EC 3.2.1.21) was based on the method
of Hoffmarm and Dedeken (1965). This method involves the colorimetric determination of the
saligemn released when moistened soil (5 g) was incubated with 5 ml p-glucosido-saligemn
(salicin) and 10 mT. 2 M acetate buffer (pH 6.2) at 37°C for 3 h. Absorbance was measured at
578 nm and activity expressed in ug saligenin g~ seil (3 h)™.

Statistical Analysis

Results were calculated on basis of oven-dry soil weight (dw) and represent arithmetic
MeanstStandard Deviations (SD) of four lab replications for biological parameters. Statistical
differences in enzyme activities between the cropping systems were determined (SAS, 1985)
using a Randomized Complete Block Design (RCBD) and the mean separation of the Duncan
Multiple Range Test (DMRT). Exploratory statistics in form of Principal Component
Analyses (PCA) were conducted by SP3S 10.0 (SPSS, 2000). This multivariate analysis 1s
based on the linear model of variance analysis. It consists of decomposing the total
variability between enzyme activities, physico-chemical soil properties and cropping
systems.
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RESULTS

In general, as compared to irrigated Vertisols, rain-fed Vertisols (either cultivated or not)
have higher clay content (average 63 Vs 56%), organic carbon (average 7.54 Vs 4.38 g kg™
and total nitrogen (average 0.44 Vs 0.64 g kg™', Table 1). Activities of alkaline phosphatases
were significantly (CV 20.5%, p<0.001) higher (605-747 ug p-nitrophenol g~' soil h™) in the
irrigated Rahad rotation and the three samples from the rainfed Vertisols (Rahd natural forest,
sorghum-sesame and continuous sorghum) than (201-302 pg p-nitrophenol g~ scil h™) for
the two irrigated Vertisols (Gezira and Managil) (Fig. 1). In the rainfed Vertisols, cropping
sequence or plant cover had no significant effect on the activities of allaaline phosphatases.
However, within the wrigated Vertisols, by mcreasing duration of cultivation, enzyme
activities decreased in the range of 12%, though not significant.

The activities of proteases (Fig. 2) revealed a similar pattern like alkaline phosphatases,
with significantly (CV 44.7%, p<0.04) high activities [(12-15 pg tyrosine g ' soil (2h) ™ ] in
the short-term cropping system of Rahad and the rain-fed systems of sorghum-sesame,
continuous sorghum and the natural forest and low activities in Gezira, Managil and the
Gezira permanent fallow [(12-15 pg tyrosine g~ soil (2 h)™]. The increasing duration of
cultivation in the irrigated Vertisols has significantly reduced protease activities. Similar to
alkaline phosphatase, within the rainfed Vertisols, cropping sequences had no effects on jp-
glucosidase activity. Activities of this soil enzyme were not statistically (CV = 24%, p<0.07)
affected by either cultivation period or cropping system (Fig. 3). However, highest activities
were found in two samples (Natural grass Gezira and Rahad rotation) from the irrigated
Vertisols of different cropping sequences. Both soils revealed a surprisingly different C,,
(1.46% comparedto 7.18%) and N,, content (0.36% compared to 0.59%) and were not
correlated (C_: =012, p<0.05; Ny,: r = 0.23, p<0.01) with enzyme activity. The other soil
samples showed lower activities with slight differences but without any statistical
significance (CV 24.9%, p<<0.1).

Properties that best determine enzyme activities varied significantly between each other
(Table 4). Accordingly, enzyme activities of alkaline phosphatases were positively correlated
with rainfall (r = 0.98, p<0.001), N, (r = 0.95, p<0.001 ), C_, (r = 0.93, p<0.002), clay and water
supply. Whereas temperature (r = -0.98, p<0.001) and silt content (r = -0.97, p<0.001) were

1000
800+

600

400

pgp-NP/gdwh™

2004

0 1 T T T L T 1

PF GR MR RR NF 58 CcS
Cropping system

Fig. 1: Alkaline phosphatase activity of different cropping systems (vertical bars indicate+SD
of the mean). p<0.001
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Fig. 2: Protease activity of different cropping systems (vertical bars mdicate+SD of the
mean). p<0.04

40+
304
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pg Saligenin/g dw/3 h

104

Cropping system

Fig. 3: p-glucosidase activity of different cropping systems (vertical bars indicateSD of the
mean). p<0.07

negatively correlated. The protease activities were positively correlated with ramfall
and negatively with temperature and silt content. We found no correlations between
P-glucosidase activities and physico-chemical soil properties.

Total N, organic C and clay content are significantly different among the three sites
(Table 1). Rain fed areas contained higher total N, orgamc C and clay than wrigated areas.
The seven soil treatments were clearly clustered by PCA into two groups (Fig. 4). The first
group (consisting of Gezira natural grassland, Gezira rotation and Managil rotation) was
characterized by low mean anmual rainfall and high maximum/minimum temperatures, low N, -
and C,-content. In contrast, the soils of the second group (Rahad rotation, Rahad natural
forest, Rahad sorghum-sesame and Rahad continuous sorghum) enzyme activities were
mfluenced by higher mean anmual ramnfall and lower maximum/minimum temperatures, higher
Ny~ and C,-content.

The second PCA (Fig. 5) shows the important parameters that are responsible for the
separation of sampling sites. Accordingly and with reference to the separation of
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Table 4: Comrelation coefficients and significances between physico-chemical soil properties and enzyme activities

Enzyme
Parameters Alkaline phosphatase Protease B-Glucosidase
Niat 0.945%** 0.730 0.231
Co 0,920+ 0.646 0121
C/N 0.675 0311 -0.103
Sand -0.028 -0.216 0.032
Silt -0.960% * -0.844 %% -0.260
Clay 0.843%* 0.583 0124
R 0.975%+% 0.889#* 0.348
W 0,754 %% 0.568 -0.248
Trax -0.975k* -0.880%# -0.348
Ty <0, QTS -0).88G** -0.348

Ny Total N, Cg: Organic C, R,..,: Mean annual rainfall, W,,,: Water supply, T,,,,: Maximum annual temperature,
Ty Minimum annual temperature. *, **, ***indicate significant correlations at 5, 1 and 0.1%, respectively

0.9+
0.8- #FF
GRy
MRA
&
f'!
= 07
<>NF
06 ° s
' X5
0'5 T 1 L) 1
05 0.6 07 08 0.9

PC1 (51.9%)
Fig. 4: Separation of mvestigated sampling sites by PCA

1.2

0.4-

0.0- AR

Clay
Rm

D
O

PC2 (16.2%)

044
AGlu

-0.8

42 08 04 00 0.4 0.8 12
PC1 (70.3%)

Fig. 5: Ordination plot of important parameters, responsible for the separation of sampling
sites
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investigated sites (Fig. 4), PC1, 51.9% of variances by the parameters silt and temperature of
the left cluster and by alkaline phosphatase, protease and most of the abiotic parameters of
the right cluster. Furthermore, for PC2, 47.3% of variances by the third cluster of sand and
C/N ratio. The given parameters of the three clusters have the mam mfluence on the
differentiation of the sampling sites and treatments.

DISCUSSION

Higher total nitrogen and organic carbon in rainfed areas could possibly be due to better
physical protection of organic matter and also higher retained plant residues. Increased
levels of protection due to less tillage might possibly justify retention of higher clay content
n the topsoil as downwards transport of fine soil particles are expected to be less in rainfed
areas.

Soil enzyme activities have the potential to provide a unique integrative and reliable
biological assessment of soils because of their relationship to soil biology, easy of
measurement and rapid response to changes m soil management (Dick ef al, 1994,
Dick, 1997; Lulu and Tnsam, 2000). In former decades, enzyme activities have been used to
monitor different issues of environmental quality. They have been tested as indicators of soil
fertility (Waksman, 1922), soil quality (Castillo and Joergensen, 2001, Bohme et al., 2005),
pollution 1mpacts (Langer and Gimnther, 2001) and nutrient cycling (Visser and Parkmson,
1992). Tillage practices and different vegetation covers were found to influence enzyme
activities (Bergstrom et al., 2000, Waldrop et al., 2000; Badiane et al., 2001). In temperate
regions intensive agriculture depress soil enzyme activities, whereas cultivated soils in
tropical regions which were amended with organic matter showed higher enzymatic activities
than uncultivated soils (Dick et al., 1994). Especially, in water limited soil systems, the supply
of plant available nutrients depends on enzyme activities (Klein et al., 1985). However, there
15 no agreement about the enzymes which are suitable best for different environmental
assessments (Bruggen-Van and Semenov, 2000). Dalal (1982) reported that the amount of soil
organic substances served as a carbon source that enhanced microbial biomass and
consequently affected phosphatase activity, showing that this enzyme is of microbiological
origin (Tarafdar and Classen, 1988, Chantigny ef al., 2000, Klose and Tabatabai, 2002).
Waldrop et al. (2000) obtained a higher enzyme activity in plantation soils than in forest
soils and furthermore they found no correlation between enzyme activity and C_, or N
Wick et al. (2002) described in their studies that there was no decline in enzyme activities
during the dry season of a Nigerian soil and explained these findings by the protection of
enzymes by Soil Organic Matter (SOM). They considered these enzymes as indicators for
long-term changes of soil quality. Rojo et al. (2000) showed that phosphomonoesterases
were poorly associated with stable, well-humified organic matter and rather better associated
with fresh organic matter in the rough-textured soil fractions. It 13 well known that free
extracellular enzymes (Skujins, 1976) could be adsorbed on the surface of soil particles
(Hayano and Katami, 1977). Present findings indicate, a strong influence of silt on soil
enzyme activities. Stemmer ez al. (1998) studied organic matter and enzyme activity in
particle-size fractions of soils. They reported highest mvertase activities in silt and clay and
were related to orgamc C. Kandeler et al. (1999) revealed a close relationship between enzyme
activities and particle-size fractions, with xylanase and invertase being associated with
coarse sand and the silt fraction. Matocha et al. (2004) obtained in different tillage treatments
that the phenol oxidase was located primarily in the silt fraction, followed by clay and sand
in no-tillage management.
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We assume that our results of low phosphatase activities may indicate that long- and
medium-term of ntensive cropping systems of Gezira and Managil where many agro-
chemicals (herbicides, fertilizers and pesticides) have been applied may indicate reduced
biological activities. However, in the rainfed Vertisols, chemicals were never used indicating
more favourable conditions for biota. In this respect, Bonmati et af. (1991) and Réver and
Kaiser (1999) stressed that the variability of microbiological parameters 1s higher than those
of chemical ones. Morris (1999) reported low variability of the chemical and physical soil
properties and high variability of the microbial biomass over the area he sampled.

Present results of protease activity confirm the findings of Tate (1984), who showed that
the addition of plant litter to soil mcreased the activity of proteases. The inducibility of
proteases by farmyard manure application can be explained by the increased nitrogen
demand to build up microbial biomass stimulated by organic substance amendment
(Balakrishnan et al, 2007). Kandeler et al. (1999) also related the increased activity of
proteases to the intensified growth of the microbial commumty. Our findings of
B-glucosidase activity are in accordance with the results found by Waldrop et al. (2000) and
Badiane et al. (2001). They also obtained no relationship between PB-glucosidases and C,,
or N, Other authors, however, described significant, positive correlation between
B-glucosidases activity and C,,, (Landgraf and Klose, 2002; Taylor ef af., 2002; Tumer et al.,
2002) and considered this activity as a very sensitive biological indicator (Miller and Dick,
1995). This contradiction may be due to the fact that B-glucosidases can also occur as free
extracellular enzymes (Skujins, 1976), adsorbed to clay minerals (according to Table 1, nearly
60%) and in humic acids-entrapped enzymes (Hayano and Katami, 1977; Bums, 1982).
Positive impact of soil cover and lack of tillage on this soil enzymatic activities have already
been shown by Gupta and Germida (1988) and Deng and Tabatabai (1996).

Present study showed, clear differences in the three enzyme activities as compared to
previous studies. However, the observed differences in results could possibly be due to their
origin and properties. The lower enzyme activities in the tropical region studied may result
from differences in the type of clay minerals present in the soils from warmer regions. Clay
mineral in cooler soils tend to be less weathered than those in seils from warmer regions,
which tend to be highly weathered. This may be linked to lower expected microbial biomass,
which was not measured in this study. In this respect, Alkaline phosphatases originate from
microorgamsms and animals, whereas proteases and P-glucosidases are produced by plants
as well. Thus, uneven root and litter distribution cannot influence alkaline phosphatase
activity in contrast to protease and P-glucosidase activities, which are impacted by these
factors. Soil pH and phosphorus content, however, significantly affects alkaline phosphatase
activity and controls phosphorus availability. Therefore, an altered pH value (maybe due to
root exudates) and fertilizer amendment can influence alkaline phosphatase activity.

The most variable enzyme, protease can exist both extra- and intracellular, because it can
be adsorbed to clays, embedded in the humic substances and located inside living microbial
cells. Thus, the heterogeneity of soils caused by several biotic and abiotic properties might,
at least in part, explain the high variability of protease activity (Bdhme et al., 2004).

The least variable enzyme, P-glucosidase is widely abundant, rarely substrate limited
and it is synthesized by soil microorganisms in response to the presence of suitable
substrate (Turner ef al., 2002). This enzyme has a strong relationship with the microbial
biomass, which suggests that the activity of extracellular immobilized enzymes is negligible
or even unimportant. For example, Kiss ef al. (1972) stated that cellobiose degradation in
soils was due to enzymes released from proliferating organisms rather than the accumulated
enzyme fraction Nowadays, however, several studies show a strong relationship between
P-glucosidase activity and clay content, which may reflect the potential for enzyme
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immobilization in the soil and therefore, the dominance of immobilized extracellular enzymes
(Busto and Perez-Mateos, 2000, Tumer et af., 2002). Thus, this enzyme 1s protected
physically from degradation, stays active for a long time and is able to form an even
distribution in soil. This might explain the reduced variability of P-glucosidase activity.

CONCLUSION

With exception of the P-glucosidase activities these results confirm that biological
indicators are as important as chemical or physical parameters for soil assessment. The
results provide mformation on three selected soil enzyme activities of the C-, N-and
P-cycling influenced by duration of cultivation, sequences, water regimes (irrigated
mechanized and traditional rainfed), soil and climatic conditions at seven field experiments.
Soil enzymes were found to discriminate the treatments over decades, differed at the
mvestigated sites and revealed microbiological relevant alterations of the soil ecosystems.
Among the three different soil enzyme activities, alkaline phosphatase and protease appear
to be the most sensitive enzymes for showimng differences between wurigated and rainfed
areas. Whereas P-glucosidase activities revealed no clear relationship neither with soil
properties nor with management systems. Further research i1s needed to confim this
hypothesis and the role of enzyme activities in mineralization intensity and nutrient cycling
in semi-arid tropical soils.
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