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Soil enzymes activities have been considered as sensitive indicators of alteration soil quality by management.
In order to obtain new data on the soil enzymological effects of soil management practices, we have
determined some enzymatic activities in a preluvosoil submitted to a complex tillage and crop rotation
experiment at the Agricultural Research and Development Station in Oradea (Bihor County). Actual and
potential dehydrogenase, acid phosphatase and catalase activities were investigated in a split plot experiment
where tillage (no-till and conventional tillage) was the main plot and crop rotation (Wheat/Maize, W/M;
Soybean/Maize, S/IM; QOats-Clover/maize, O-C/M) was the subplot. Soil samples were taken at 0-20, 20-40
and 40-60 cm. Each activity in both non-tilled and conventionally tilled soil under maize crop decreased with
increasing sampling depth. It was found that no-till, in comparison with conventional tillage, resulted in
insignificantly higher (p>0.10) soil enzymatic activities in the 0-20 cm layer and insignificantly (at least at
p>0.10) lower activities in the deeper layers, excepting actual and potential dehydrogenase activities in the
40-60 cm layer, in which these activities were significantly lower(0.02>p>0.01). Based on the absolute
values of the enzymatic activities, the enzymatic indicator of soil quality (EISQ) was calculated. The EISQ
values ranged between 0.201 and 0.974 indicating the presence of high enzymatic activities in the upper
layer and a moderate intensity of the enzymatic activities in the deeper layers. A significant correlation

between soil enzyme activities and physical and chemical indicators was established.
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Historically, much attention has been focused on
impacts of agriculture on soil erosion and depletion of
organic matter. More recently additional attention has been
focused on long-term impacts of agriculture on soil biology
and biochemical parameters in soils. Biologically
mediated processes in soils are central to the ecological
function of soils. Soil biotic activity is the driving force in
the degradation and conversion of exogenous plant
material and anthropogenic depositions, transformations
of organic matter, and evolution and maintenance of soll
structure [1]. To study biological processes in soils various
parameters have been used.

Soil enzymes serve several important functions. They
are intimately involved in the cycling of nutrients, effect
fertilizer use efficiency, reflect the microbiological activity
insoil and act as indicators of soil change [2]. Soil enzymes
not only play an active role in influencing soil fertility as a
results of their involvement in the cycle of nutrients, which
are required for plant growth, but also are sensitive
biological indicators for soil quality evaluation besides
sensitively reflecting changes in soil environment [3].
Obviously, along with other soil components, enzymes are
also influenced by the environmental conditions, so that
all the qualities and properties of the soil and the
environment quality are reflected in the production of
vegetables or fruits and by their nutritional content [4-9].
At the same time, a strong impact on the composition and
quality of agricultural soil is caused by inappropriate

discharges of domestic waste, animal husbandry, industrial
waste (especially chemical, medical and pharmaceutical,
petroleum) [10-20], and waste water etc. [21-25].

All soils contain a group of enzymes that determine soil
metabolic processes which in turn, will depend on its
physical, chemical, microbiological and biochemical
properties. The enzyme levels in soil system vary in
amounts due to the fact that each soil type has different
amounts of organic matter, composition and activity of its
living organisms and intensity of biological processes [26].
Therefore, soil enzymes, as an index of soil quality, can
reflect changes in soil quality caused by time or other
conditions [27]. Enzyme activities in the soil are not only
closely related to the factors such as soil type, soil structure,
organic matter and pH but also to the kinds of crops which
are grown [28].

Management practices (e.g. crop rotation, tillage and
application of fertilizers) may have diverse effects on
various enzymes [29]. Although the type of tillage may be
the dominant factor in creating changes in soil properties,
other management and climatic factors also interact with
tillage to accentuate or lessen the tillage effects. Crop
rotation interacts with tillage to affect soil biological,
physical and chemical properties because of the different
management variables associated with each crop such
as fertilizer and timing of fertilizer applications. Crop rotation
also affects several soil properties as a result of the amount
and kind of plant residues produced. In general, the effect
of crop rotation on soil biological, chemical and physical
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properties is more evident when coupled with no-tillage
than with plowed treatments [30].

Some authors [31] reviewed the current status of work
related to the potential uses of soil enzyme measurements
and provide examples of ways various soil enzymes may
be used to provide practical benefits to agriculture. We
have continued to research ways that directly relate the
enzyme activity of the soil to soil quality and overall soil
sustainability with the goal being a development of useful
technologies that are more biologically than chemically
and physically based.

Experimental part
Materials and methods

The ploughed layer of the studied soil is of mellow loam
texture, it has a pH value of 5.5, medium humus (2.32%)
and P (22 ppm) contents, but it is rich in K (83 ppm).

The experiment started in 1992. The experimental field
occupying 3.84 ha was divided into plots and subplots for
comparative study of tillage and crop rotation. Tillage (no-
till and conventional tillage) was the main plot and crop
rotation (Wheat/Maize, W/M; Soybean/Maize, S/M; Oats-
Clover/Maize, O-C/M) was the subplot. The plots were
annually NP-fertilized at rates of 120 Kg of N/ha and 90 Kg
of P/ha. The plots (and subplots) were installed in three
repetitions.

In November 2015, soil was sampled from the 0-20, 20-
40 and 40-60 cm depths of the subplots at the end of the
maize crop. The soil samples were allowed to air-dry, then
ground and passed through a 2 mm sieve, and finally used
for enzymological analyses.

Actual and potential dehydrogenase activities were
determined according to the methods described in [32].
The reaction mixtures consisted of 3.0 g soil, 0.5 mL TTC
(2,3,5-triphenyltetrazolium chloride) and 1.5 mL distilled
water or 1.5 mL glucose solution, respectively for potential
dehydrogenase. All reaction mixtures were incubated at
37°C for 24 h. After incubation, the triphenylformazan
produced was extracted with acetone and was measured
spectrophotometrically [33], at 485 nm. Dehydrogenase
activities were expressed in mg of triphenylformazan (TPF)
produced (from 2,3,5-triphenyltetrazolium chloride, TTC)
by 10 g soil in 24 h.

Catalase activity was determined using the
permanganometric method [32]. The reaction mixtures
consisted of 3.0 g soil, 2mL H,0, 3% and 10 mL phosphate

buffer. It suffered incubation at 37°C for 1 h. Catalase activity
was recorded as mg H,0, decomposed by 1 g of soil in 1
hour.

Disodium phenylphosphate serve as phosphate
substrate. One activity was measured: acid phosphatase
activity in reaction mixtures to which acetate buffer (pH
5.0) was added. The buffer solutions were prepared as
recommended by [34]. The reaction mixtures consisted
of 2.5 g soil, 2 mL toluene (antiseptic), buffer solution and
10 mL 0.5% substrate solution. Reaction mixtures without
soil or without substrate solution were the controls. All
reaction mixtures were incubated at 37°C for 2 h. After
incubation, the phenol released from the substrate under
the action of phosphatase was determined spectro-
photometrically (at 614 nm) based on the color reaction
between phenol and 2.6-dibromoquinone-4-chloroimide.
Phosphatase activity was expressed in mg phenol/g soil/2
hours.

The activity values were submitted to statistical
evaluation by the two-way-t-test [35].

Results and discussions

Results of the enzymological analyses are presented in
table 1, and those of the statistical evaluation are
summarized in table 2.

Variation of soil enzymatic activities in dependence of
sampling depth

It is obvious from table 1 that each enzymatic activity
in both non-tilled and conventionally tilled plots under maize
crop of all rotations decreased with increasing sampling
depth. In addition, table 2 shows that the mean values of
each of the four activities in both non-tilled and
conventionally tilled plots also decreased with increasing
soil depth.

The effect of tillage practices on the enzymatic activities
in soil

Each of the four enzymatic activities determined was
insignificantly higher (p>0.10) in the upper (0-20 cm) layer
of the non-tilled subplots than in the same layer of the
conventionally tilled plots. The reverse was true in the
deeper (20-40 and 40-60 cm) layers, excepting, actual and
potential dehydrogenase activities which were
significantly higher (0.02>p>0.01) in the 40-60 cm in the
conventionally tilled than of the non-tilled subplots.

Table 1
ENZYME ACTIVITIES IN A PRELUVOSOIL UNDER DIFFERENT TILLAGE AND CROP ROTATIONS SYSTEMS

soll enzymatc activity™
Crop Diehvdrogenase Acad Catalaze EIS0)
rotations® [mg TPF/10 g 201124 hours] rhosphataze [mg HaOsf
Actual Potential [mg phenol/ g zotlhour]
£ 5011’2 hours]
Nit. [Ct [Nt JCt [Nt JCt Nt [Ct [Nt [Ct
Depth 0-10 cm
WL 127 60T 721097 [ 2035 437 40T T33T 337 [0843 0.518
S/ 5.58 TR | ZI8% [ IIIZ | 332 445 [ 38T | 381 [ 0580 | 0888
O-CM o915 508 [2258 [ T7AE ] 4% 408 | 4200 |48 [ 0F1 0574
Depth 10-40 cm
WL 477 504 TI547 TI452] 3688 JE3 73283 (334 0616 | 0630
S e 684 | I5ET | 1205|336 379135 [ 3EAE [ 0ET0 | 0TES
0-CM 6.0 731 [ 1247 1321 382 380 358 3483 | 0T08 0,738
Depth 40-60 cm
WL 112 175 1333 404 148 123 146 [ 164 [ 0201 0403
S 192 140 | 265 330 [ LIT 133 171 I76 | 0237 0433
O-CM 136 T2 1538 560 [ 1.43 1.53 193 1o7 0271 0.300

*W - Wheat; M - Maize; S - Soybean; O-C - Oats-Clover; **N.t. - No-till; C.t. - Conventional tillage;

***E|SQ - Enzymatic indicators of soil quality.
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Table 2
SIGNIFICANCE OF THE DIFFERENT BETWEEN ENZYMATIC ACTIVITIES IN A PRELUVOSOIL SUBMITTED TO DIFFERENT
TILLAGE AND CROP ROTATION SYSTEMS

Soil Soil depth Iean activity values
Management enzymatic [cm] In management practices Significance of the
practices activity* a ] a-b differences
0-20 LIEE) T3 139 =010
ADA 20-40 51 6.39 -0.68 p=0.10
40-40 1.43 2.13 -0.70 0.02=p=0.01
— 0-20 1118 7 19.83 183 10
No-till (a) vs. PDA 2040 1321 | 1392 | -0.71 0. 1@@:{].05
Eiﬁgﬁbﬁﬂ 40-40 442 497 -0.53 0.02=p=0.01
- 0-20 4399 441 03% =010
AcPA 20-40 EX| 384 023 p=0.10
40-40 1.12 1.33 -0.11 p=0.10
0-20 336 404 013 =010
ca 20-40 317 ERG 0.16 p=0.10
40-40 1.70 1.79 -0.09 0.1 0e=p=0.03
The same crap in the three rotations
ADA 447 349 102 0.0T=p=0.002
WM (a) vs. PDA 1293 1379 -0.36 0.05=p=0.02
S (b) AcPA 306 3125 -019 0.1 0e=p=0.03
Ca 132 508 -3.49 0.05=p=0.02
ADA 447 361 -114 0.0F=p=0.02
WM (a) vs. FDA 0-60 1293 1287 0.06 0.002=p=0.001
O-CO (k) AcPA 306 339 -0.33 0.02=p=0.01
Ca 252 337 083 001=p=0.002
ADA 349 361 U1 | 00E=p=002
S ve. PDA 1379 © 1287 082 | 0.03=p=0.02
O-CO (k) AcPA 313 339 014 | 001=p=0.002
Ca 397 337 261 | 0.10=p=002

*W - Wheat; M - Maize; S - Soybean; O-C - Oats-Clover.

Our observation of higher soil enzyme activities under
N.t.than C.t. isin agreement with other studies. For example,
[36] who observed the 46% increase of acid
phosphataseactivity due to N.t. in the surface layer showed
that this enzyme is sensitive to disturbance. In addition,
[37] indicated thattillage is the critical factor in sequestering
C and microbial activities. Disturbance had a greater
impact than the type of C inputs from crop rotations for
maintaining or improving soil microbial biomass and
activity. The increase in soil enzyme activities may be the
result of soil physical and chemical changes so there is a
direct expression on microbial biomass and soil enzyme
activities. One argument, which can explain the increase
in soil enzyme activities due to tillage, is that no-tillage can
improve the microbial habitat [38]. Other studies showed
that no-tillage system compared with conventional tillage
increased size of macro aggregates [39]. The formation
and stabilization of macro aggregates under N.t. soil
represent an important mechanism for the protection and
maintenance of soil organic matter than be lost under C.t.
practices. Thus, macro aggregates provide an important
microhabitat for microbial activity [40].

The effect of crop rotations on the enzymatic activities in
soil

For evaluation of this effect, the results obtained in the
three soil layers analyzed were considered together.

Soil enzyme activities as affected by the same crop in
the three rotations. Actual and potential dehydrogenase
and catalase activities were significantly higher (at least
at p<0.05), while acid phosphatase activity was
insignificantly higher (0.10>p=>0.05) in the W/M crop
rotation than in the S/M rotation. The soil under W/M
rotation, was more enzyme active than in the O-C/M
rotation. The difference between the two rotations was
significant higher (p<<0.05) in the case of each activity. In
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the soil of maize in which the previous crop was soybean,
dehydrogenase and acid phosphatase activities were
significantly higher (p<0.05 and p<0.01, respectively),
while catalase activity was insignificantly higher
(0.10>p>0.05) than in maize in which the previous crop
was oats-clover.

As compared with the data in the literature [41], we
may consider that crop rotations have significantly higher
levels of microbial biomass and soil enzyme activities.
Continuous monoculturing of a single crop species typically
results in reduction of crop yields in comparison to the
same species in rotation and these reductions usually are
not associated with fertility. It has been suggested that
alleopathic toxins derived from decomposing plant
residues may inhibit yields, so there is increasing evidence
that the rotation effect is due to the suppression of
deleterious microorganism that build up under continuous

cropping.

Enzymatic indicators of soil quality.

In order to establish a hierarchy of plots in all crop
rotation and considering that all four enzymatic activities
have equal importance, we have calculated the enzymatic
indicators of soil quality (EISQ) [42].

The maximum individual value, calculated from the
composition of the reaction mixtures are: 21.56 mg phenol
(phosphatase activities), 60 mg splitted H,O, (catalase
activity), and 13.45 mg formazan (dehydrogenase activity).
We mention that the enzymatic indicator may have values
ranging between 0 (when no real activity of any of the
studied enzymes detected) and 1 (when all the activities
have real individual values equal to the maximum theoretic
values).

The enzymatic potential of soils defined by the values of
the quality enzymatic indicators is represented in figures
1-3.
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All three figures illustrate that only in the 0-20 and 20-40
cm layers, soil exceeds the 0.61 value of the EISQ, and the
value of soil from 40-60 cm is lower than 0.43 of the EISQ.
The enzymatic indicators of the analyzed soil quality offers
an overall image on the intensity of the enzymatic activity,
of the general biological activity. Based on the results and
in comparison with data in the specialty literature [43, 44]

we may consider that the analyzed soil have an appreciable
biological potential. Only the soil in the 40-60 cm has lower
values of the enzymatic quality indicators, which set the
basis for this appreciation.

Relationships between enzymatic activities and physical
and chemical properties

Physical and chemical parameters determined are
presented in table 3 and 4.

The correlation coefficient (r) across tillage, W/M crop
rotation and depths was used to quantify the strength of
relationships existing among enzymes, and of enzymes
versus the physical and chemical properties (table 3 and
4). For establishing the relationships, the results obtained
in the three soil layers analyzed were considered together.

It is evident from table 5 that the activities of all four
enzymes were significantly inter correlated which
suggests that tillage and crop rotations systems have
similar effects on the activities of those enzymes involved
in intracellular metabolism and in P cycling in soil.

Physical propertiss Table 3
Soil depth ol demity Festance o CoSomi o PHYSICAL PROPERTIES IN A PRELUVOSOIL UNDER
[cm] [z/cm’] i penetration filtration DIFFERENT TILLAGE AND CROP ROTATION (W/M)
[kg/cm] [mmh] SYSTEMS SOIL DEPTH[cm]
Nt Ct Wi Ct Wi Ct.
0-20 1.40 139 JE38 IE 18 1183 683
20-40 1.49 1.40 41.70 3536 11.73 5.37
40-60 1.54 146 50.66 44.13 526 5.43
Chemical properties Table 4
Soil depth pH NO: N-NH: F20: CHEMICAL PROPERTIES
[emm] [mgz Nikg soil] [mg Nikg soil] [mg P:0-/100g sedl] IN A PRELUVOSOIL
Wi (3 it [0 Ni Ct Ni i UNDER DIFFERENT
0-20 336 343 043 034 132 069 1133 10 86 TILLAGE AND CROP
20-40 5.23 553 0.40 0.153 1.27 038 1196 870 ROTATION (W/M)
40-80 337 | 353 0.31 0.27 0.61 0.40 11.20 0.36 SYSTEMS
*N-NO, - Nitrate content; N-NH,, — Ammonium content; P,0, - Mobile phosphorus content.
Actual Potential Acid Catalaze
Variables dehydrogenase dehydrogenaze phosphatase (CA)
(ADA) (FDA) (AcPA)
ADA - - - -
FOA U99%F - - -
AcPA ToT0* 066" - n Table 5
TE T O36F RS o)k N SIMPLE CORRELATIONS (r)
Physical propertics BETWEEN SOIL ENZYME
D R R -0.E00 0753 0,633 ACTIVITIES, PHYSICAL AND
EP 05 F -0.9E0F -0.BED® -0.860 CHEMICAL PROPERTIES
CF 0E3TF 0B F -0.893 -0.804 IN 0-60 cm
Chemical properties
pH -0.920% -0.915% 0570 -0.940
N-NO: [OEE* 0.054F 0.08%F 0831
N-NH; 0525 0.941* 0.823* 0908
P05 UOE5* 0o 0.930% 087z
*Significantly at p<0.05
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The enzymes showed similar sensitivity to the same
physico-chemical variable. One of the most important soil
properties is pH. Soil pH affects the activity of enzymes
due the pH sensitivity of amino acid functional groups that
alter conformational and chemical changes of amino acids
essential for binding and catalysis. The pH can also affect
availability of nutrients, controls the composition and
diversity of the microbial community, alters the equilibrium
solid phase and impacts plant response. In our study, a
remarkable feature is that all enzyme activities were
significantly negatively and strongly correlated with pH.
Other physico-chemical variables such as RP, N-NO,, N-
NH,, and P,O, also exhibited strong and positive significant
relationship with enzymes.

Decisively, an assessment is needed of the multiplicity
of physical, chemical and biological factors that control
biogeochemical processes, along with their variations in
time and space. Indeed, management practices influence
correlation among enzymes and, between enzymes and
physico-chemical factors.

Conclusions

Stable plant production is dependent on soil structure,
organic matter, and nutrient cycling which is a function of
chemical, physical and biological properties.

Many soil enzymes, including those in this study, can
exist in viable microbial cells and as free enzymes
completed by soil mineral and humic substances. Thus,
enzyme activity represents the cumulative effect of past
management practices on soil biology. Management
practices that include crop rotations with legumes and
minimal disturbance by tillage can maintain soil biological
activities and organic matter for very long periods of time.

Physical and chemical properties have been extensively
used to measure soil quality. However, these properties
usually change on decades, which is too long for
management practices. In contrast, soil properties based
on biological and biochemical activities, such as soil
enzymes, have been shown to respond to small changes
in soil conditions, thus providing information sensitive to
subtle alterations of soil quality. Therefore, soil enzyme
activities have been suggested as suitable indicators of
soil quality because of their intimate relationship with soil
biology, ease of measurement and rapid response to
change in soil management.
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