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Abstract. This study was carried in order to determine the effects different various organic
wastes (tobacco prodction waste, wheat straw, tea waste and hazelnut husk) under greenhause
conditions on microbiological characteristics (microbial biomass C, basal soil respiration,
dehydrogenase activity, urease activity and arlysulphatase activity) in clay-loam soil and
rhizosphere (Zea mays indandata) soil of maize plant. The organic wastes were thoroughly mixed
with the soil at a rate equivalent to 50 g kg-1 on air-dried weight basis. Experimental desing was
randomized plot desing with there replications in greenhause. The moisture content in soil was
mantained around 60 % of maximum water holding capacity by weighing the pots everday.
Changes in the microbiological characteristics were determined in the soil and rhizosphere (Zea
mays indendata) samples and root free soil taken in 15, 30, 45, 60, 75 and 90 days after the
experiment was conducted. At the end of experiment, all organic waste added soil increased
microbiological characteristics of soil in comparison with the control (P<0,01) at all experimental
periods. Moreover, microbiological characteristics in rhizosphere soil were higher than in root
free soil at all organic waste application (P<0,01). Increased of organic wastes on soil
microbiological characteristics had different trend (P<0,01), the most increases in the
microbiological characteristics in the soil treated with tea wastes and tobacco production waste
with supplying of low initial C/N ratio compared to other organic wastes.

Key words: organic waste, soil, rhizosphere, microbial biomass, basal soil respiration,
enzyme activities.

INTRODUCTION Plants influence C turnover and or-
The loss of soil organic matter un- ganic matter contentin soils, both because

der intensive land use is one of the many they provide C inputs for micrbiological
factors that degree agricultural soil of An- caharacteristics in the soil through litter
atolia. Traditional agricultural practices @and exudation in the rhizosphere, and be-
also leads to decrease fertility and, there- cause they stimulate the turnover of exist-
fore, to declining productivity [1]. Soil or- ing soil C by rhizosphere microorganisms
ganic matter is extremly heterogenous and their activities [7]. The functional ca-
ranging from only slighlty decomposed pacity of the soil microbial community, as
plant and microbial residues to higly hu- reflected in the activities of enzymes in-
mified organic substances. The most com- volved in nutrient mineralization process-
mon practice to preserve and/or restore €S, varies among soils dominated by plant
soil fertility is to add organic matter [2], roots [8, 9]. Nevertheless, there have been
which, preferentially, should be sufficient- relatively few studies that have examined
ly stabilized to produce beneficial effects root exudation, microbial rhizosphere
[3, 4]. Therefore, different types of organic community composition and enzyme ac-
wastes have increasingly been applied to tivities of plants [9]. Recently, indicate that

soils in recent years. Organic wastes appli- Microbial activity and enzyme activities
cations haven't only increased the soil or- are strongly affected by plantroots [10].

ganic matter, but have also enhanced the Microbial activity plays an im-
soil's C and N contents, and have improved portant role in regulating soil fertility. In-
biological activity in soil [5, 6]. deed, the microbiological processes taking
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place in soil are at the centre of many eco-
logical functions [11], since microbiologi-
cal activity is related to soil structure, soil
fertility, and the transformation of soil or-
ganic matter [12]. Several microbiological
parameters have been used to define the
status and sustainable development of soil
productivity in agricultural ecosystems
(Visser and Parkinson, 1992). There are
many methods currently available for
studying the microorganisms and their
activities at the microhabitat level [11].
The dependence of the microbiological
properties of agricultural soils on site and
soil factors has been studied [13]. Some
soil microbiological characteristics such as
enzyme activities, respiratory activity and
microbial biomass are wused as bio-
indicators for soil quality and health in
environmental soil monitoring [14].

The microbial biomass, being con-
taining only 1-3 % of total soil carbon and
approximately 5 % total soil [15], is an im-
portant component of soil organic matter.
It is involved in biogeochemical cycles of
the main nutritive elements (C-N-P-S) and
in related energy flows [16, 17]. Basal soil
respiration of soil microflora provides use-
ful information on the physiological condi-
tion of the pedoecosystem, even though it
is a matter some controversy. This respira-
tory activity takes into account the use of
energy by microflora and expresses the
efficiency of organic carbon degradation
by soil microorganisms [18].

As presence of dehydrogenases,
which are intracellular to the microbial
biomass, is common throughout microbial
species and they are rapidly degraded fol-
lowing the cell death, the measurement of
microbial dehydrogenase activity (DHA) in
soils and sediments has been used exten-
sively, [19, 20]. Therefore, usage of DHA as
an index of microbial activity has been
suggested [11, 21-23].Urease (UA) is in-
volved in the hydrolysis of urea to carbon-
dioxide and ammonia, which can be assim-
ilated by microbes and plants. It acts on
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carbon-nitrogen (C-N) bonds other than
the peptide linkage [24, 25]. Arylsulpha-
tase (ASA) is the enzyme involved in the
hydrolsis of arylsulphate esters by fission
of the oxygen-sulphur (O-S) bond. This
enzyme is believed to be involved in the
mineralisation of ester sulphate in soils [21].
Also, it may be an indirect indicator of fun-
gi as only fungi (not bacteria) contain es-
ter sulphate, the substrate of arylsulpha-
tase [26, 27].

The experiment in the present study
was conducted in the greenhouse, simulat-
ing field conditions of organic matter man-
agement with different organic wastes
(hazelnut husk, wheat straw, tea waste and
tobacco production waste) in soil. The or-
ganic wastes used in the research were
selected due to their variance in very large
interval (C/N; 20 - 171). All organic wastes
were sifted from 0,5 mm sieve after grind-
ing in order to eliminate any effect that
could be occurred due to magnitude of the
particles. Our objectives were to deter-
mine the effects of the organic wastes on
microbiological properties such as micro-
bial biomass, basal soil respiration and
enzymatic activities (dehydrogenase, ure-
ase and arylsulphatase) in rhizosphere
and root-free soil.

MATERIALS AND METHODS

Soil and organic wastes

Surface soil (0-20 cm) was taken
from Bafra, Samsun. The soil used in this
experiment is a Typic Udipsamment and
contained 20,60 % clay, 18,36 % silt, and
61,04 % sand. Soil texture can accordingly
be classified as sandy clay loam (SCL). The
pH in water was 8.1, the oxidizable organic
matter content was 1,68 %, and the soil
C:N ratio was 13,9. The site is located in
the Black Sea Region, Northern Turkey
(Latitude, 41021'N; longitude, 36015'W).
The climate is semi humid, (Rf= 47,21)
with temperatures ranging from 6,60C in
February to 230C in August. The annual
mean temperature is 14,20C and annual
mean precipitation is 670 mm.



Hazelnut is one of the major agricul-
tural products in Turkey with a yield of
650,000 tons pear year; it is especially pro-
duced in the Black Sea Region. Hazelnut
husk (HH) was collected from hazelnut trees
in the Eastern Black Sea Region, Turkey. Tea
and tobacco plants are commonly grown in
the Eastern and Middle Black Sea Region of
Turkey. Therefore, there is much tea (TEW)
and tobacco (TOW) production waste in this
region. These organic wastes were taken from
the industry of tea and tobacco production in
this region. Wheat straw (WS) was collected
during the grain harvest season in Samsun,
Turkey. All organic wastes were dried and
sieved into less than 0,50 mm. The properties
of the organic wastes was expressed on a
moist-free basis and analyzed by standard
procedures [28].

Experimental procedure

The soil samples were air-dried in a
laboratory and sieved through 0-2 mm
screens. The samples (500 g air-dried soil)
were placed in 600 ml cylindrical plastic
container. The organic wastes (WS, HH,
TOW and TEW) were thoroughly mixed
with the soil at a rate equivalentto 5 % on
an air-dried weight basis. Then, five indi-
viduals of maize (Zea mays indendata)
seeds were placed in the soils. The mois-
ture contents in the soils were adjusted to
60 % water holding capacity (WHC) and
the containers were incubated in green-
hause for 90 days. The moisture content
was maintained throughout the experi-
ment. The maize-planting containers were
regarded as rhizosphere and the other
containers as root free soil
(nonrhizosphere). Changes in the microbi-
ological properties were determined in the
root free soil and rhizosphere samples tak-
en in 15, 30, 45, 60, 75 and 90 days after
the experiment was conducted. During the
sampling of soil the crops were gently
pulled out, and the soil remaining on the
maize roots was regarded as rhizosphere.
At the same time, the root free soil was
taken from the nonplanting containers at
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the same depth. Soil without organic waste
addition was used as a control. A random-
ized complete plot design with three repli-
cates per treatment and soil was used. This
greenhouse experiment was total 180 pots.
The experiment was performed with the
following 10 treatment:

(1) control for soil (without organic
waste addition and plant seed)

(2) + 50 g kg-1 hazelnut husk
(without plant seed)

(3) + 50 g kg-1 wheat straw (without
plant seed)

(4) + 50 g kg-1 tobacco production
waste (without plant seed)

(5) + 50 g kg-1 tea production waste
(without plant seed)

(6) control for rhizosphere (without
organic waste addition and with plant
seed)

(7) + 50 g kg-1 hazelnut husk (with
plant seed)

(8) + 50 g kg-1 wheat straw (with
plant seed)

(9) + 50 g kg-1 tobacco production
waste (with plant seed)

(10) + 50 g kg-1tea production waste
(with plant seed)

Total organic Cand N contents

Total N in soil was determined by
digestion and subsequent measurement by
the Kjeldahl method [29]. Whole soil sam-
ples were sieved through a 150 mm mesh
to determine total organic carbon by the
wet oxidation method (Walkley-Black)
with K2Cr207. C/N ratios in soils were cal-
culated as total organic carbon / total ni-
trogen [30].

Microbiological characteristics in soils and
rhizosphere

All determinations of microbiological
properties were performed for the eachsoil
sample in triplicate, and all values reported
are averages of the three determinations ex-
pressed on an oven-dried sample basis at
105 OC for 48 h.



Microbial biomass carbon and basal soil
respiration

Microbial biomass carbon (Cmic) was
determined by the substrate-induced res-
piration method of by Anderson and Dom-
sch [31]. A moist sample equivalent to
10 g oven-dry soil or cats was amended
with a powder mixture containing 40 mg
glucose. The CO2production rate was
measured hourly using the method de-
scribed by Anderson [32]. The pattern of
respiratory response was recorded for 4 h.
Qric was calculated from the maximum
initial respiratory response in terms of mg
C g-1 soil as 40.04 mg CO2g-1 + 3,75. Data
are expressed as mg Cg-1dry sample.

Basal soil respiration (BSR) at field
capacity (CO2 production at 220C without
addition of glucose) was measured, as re-
ported by Anderson [32]; by alkali
(Ba(OH)28H20 + BaCl2) absorption of the
CO2 produced during the 24h incubation
period, followed by titration of the residu-
al OH- with standardized hydrochloric ac-
id, after adding three drops of phenol-
phthalein as an indicator. Data are ex-
pressed as mg CO2-C g-1dry sample.

Enzyme activities

Dehydrogenase activity (DHA) was
determined according to Pepper [33]. To
6 g of sample 30 mg glucose, 1 ml of 3 %
TTC (2,3,5-triphenyltetrazoliumchlorid)
solution and 2,5 ml pure water were add-
ed and the samples were incubated for
24 h at 370C. The formation of TPF (1,3,5
triphenylformazan) was determined spec-
trophotometrically at 485 nm and results
were expressed as mg TPF g-1dry sample.

Urease activity (UA) was measured
by the method of Hoffmann and
Teicher [34]. 0,25 ml toluene, 0,75 ml cit-
rate buffer (pH, 6,7) and 1 ml of urea sub-
strate solution were added to the 1 g sam-
ple and the samples were incubated. The
formation of ammonium was determined
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spectrophotometrically at 578 nm and re-
sults were expressed as mg N g-1 dry
sample.

Arylsulphatase activity (ASA) was
measured according to Tabatabai and
Bremner [35]. 0,25 ml toluene, 4 ml ace-
tate buffer (pH, 5,5) and 1 ml of 0,115 M p-
nitrophenyl sulphate (potassium salt) so-
lution were added to the 1 g sample and
the samples were incubated for 1 h at
370C. The formation of p-nitrophenol (p-
NP) was determined spectrophotometri-
cally 410 nm and results were expressed
as m g p-NP g-1dry sample.

Statistical Analysis

All data were analyzed using SPSS
11,0 statistical software (SPSS Inc.). Analy-
sis of variance (ANOVA) was carried out
using three factors (plant root, incubation
period, organic waste) randomized com-
plete plot design; where significant F-
values were obtained, differences between
individual means were tested using the
LSD (Least Significant Difference) test,
with a significance level of P<0,01. The
asterisks, *, ** and *** indicate significant
at P<0,05, 0,01 and 0,001 respectively.

RESULTS AND DISCUSSION

Composition oforganic wastes

Among the OW used in this study,
TEW had the highest organic matter
(92,72 %) while that of TOW was the low-
est (66,21 %). Regarding N content, TEW
again had the highest N content (2,46 %)
and the lowest N content belong to WS
(0,31 %). C:N ratio of the OW ranged from
20 to 171 and the highest level C:N ratio
observed in WS while that of lowest is
TOW. The order of OW associated with C:N
ratio was WS> HH> TEW> TOW. In addi-
tion these OW contained major important
nutrients such as P205 K20, which are ag-
ronomically important (Table 1).



Table 1 - Composition of organic wastes in measured variables

Organic Organic matter, % C/N N (%) P205 (%) K20 (%)
waste
TEW 92,72 22 2,46 0,48 5,83
TOW 66,21 20 1,97 0,45 4,71
HH 85,34 52 0,96 0,28 5,17
WS 91,17 171 0,31 0,25 4,77

Nutrients and microbiological characteris- treatments compared to the control soil
tics in rhizosphere and rootfree soil (P<0,001). All of the organic waste addi-
The organic carbon and N contents tions significantly increased total organic

in rhizosphere and root free soils were C in rhizosphere compared to the root

significantly greater in all organic waste free soil (Fig. 1, 2).

m 15 days O 30 days H 45 days S 60 days E375 days O 90 days

Applications

Figure 1 - Changes of total nitrogen in rhizosphere and root free soil. Vertical bars are
standard errors. HH = Hazelnut husk, WS = Wheat straw, TOW = Tobacco production
waste, TEW = Tea production waste

m 15 days O 30 days LI 45 days O 60 days O 75 days O 90 days

Figure 2 - Changes of total organic carbon in rhizosphere and root free soil. Vertical bars
are standard errors. HH = Hazelnut husk, WS =Wheat straw, TOW = Tobacco production
waste, TEW = Tea production waste
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The effects of different organic
waste treatments on microbiological char-
acteristics in rhizosphere and root free
soils are presented in Table 2-6. Consider-
able variations in all microbiological char-
acteristics, BSR, Cmic, DHA, UA and ASA
were found for the different organic
wastes and with/without plant roots at
different sampling times. Statistically sig-
nificant variations were found in all micro-
biological characteristics at various organ-
ic waste application and sampling times
(Table 7 and 8). Microbiological character-
istics were also affected by incubation pe-
riod, organic waste and plant root. The
analysis of variance of the results obtained

in our experiment on the periodic sam-
pling times with organic waste showed
that all factors (organic waste types, plant
roots and incubation periods) significantly
influenced all microbiological characteris-
tics. After organic waste addition a rapid
and significant increase in microbiological
characteristics was observed in waste
amended soils followed by a progressive
increase in the microbiological character-
istics in rhizosphere amended with the
organic waste. At the end of the experi-
ment, the microbiological characteristics
measured in waste-treated soils were sta-
tistically different from those measured in
the control soils.

Table 2 - Microbial biomass C (Cmic) in rhizosphere and root free soils (mg CO2-C g-1 dry

soil). Standard error in parenthesis.

Incuba-

tion

Days Control TEW
15 days 2,7 (0,43) 8,4 (0,40)
30 days 36 (0,11) 122 (0,80)
45 days 45 (0,09) 155 (0,52)
60 days 55 (0,35 18,3 (0,24)
75 days 71 (0,14) 20,8 (0,25)
90 days 9,6 (0,70) 20,9 (0,76)
15 days 26 (0,37) 8,5 (0,18)
30 days 25 (0,16) 11,5 (0,16)
45 days 2,8 (0,16) 12,7 (0,57)
60 days 29 (0,61) 136 (0,49)
75 days 30 (0,48 13,7 (0,49)
90 days 31 (0,22) 151 (0,42)

Organic wastes

TOW HH WS

Rhizosphere soil

75 (0,98) 62 (0,24) 56 (0,15)
103 (0,16) 82 (0,14) 62 (0,13)
14,7 (0,36) 82 (0,30) 89 (0,84)
162 (0,82) 13,7 (0,61) 99 (0,56)
184 (1,27) 154 (0,34) 12,8 (0,43)
183 (0,53) 17,2 (0,37) 152 (0,31)

Root free soil

7.8 (0,85) 58 (0,22) 4,4 (0,41)

96 (0,19) 74 (0,39) 55 (0,38)
105 (0,74) 94 (0,74 7,8 (0,56)
11,4 (0,29) 10,1 (0,08) 89 (0,68)
12,7 (0,29) 125 (0,37) 91 (0,11)
132 (0,80 13,1 (0,27) 11,0 (0,75)
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Table 3 - Basal soil respiration (BSR) in rhizosphere and root free soils (mg CO2 g-1dry

soil). Standard error in parenthesis.

Incuba- .
. Organic wastes
tion
Days Control TEW TOW HH WS
Rhizosphere soil

15days 27,5 (4,40) 85,7 [4,12) 29,1 (3,83) 63,9 (2,43) 57,2 (1,53)

30days 40,1 (1,22) 137,8 (8,97) 116,12 (1,84) 92,2 (1,57) 69,6 (1,49)

45 days 44,4 (0,91) 153,0 (5,10) 1449 (3,89) 92,2 (2,94) 57,8  (4,31)

60 days 383 (2,95 182,0 (2,95 161,8 (8,19) 136,5 (6,10) 98,5 (5,56)

75days 49,9 (5,81) 212,0 (2,50) 134,7 (8,84) 1565 (3,48) 130,7 (4,39)

90 days 10L7 (7,44) 212,7 (8,10) 1948 (5,62) 1825 (3,91) 161,3 (3,25)

Root free soil

15days 17.3 (1.66) 86,8 (1,88) 52.9 (3,89) 425 (3,24) 456 (4,21)

30days 28.6 (1.80) 129,8 (1,79) 108.6 (2,14) 83,1 (4,40) 41,6 (3,13)

45 days 18.8 (4.29) 1249 (5,65 741 (5,74) 92,9 (5,74) 51,7 (3,89)

60 days 28.4 (6.13) 1354 (4,92) 1132 (2,90) 100,9 (0,75) 62,4 (4,83)

75days 30.3 (4.93) 1396 (4,92) 129.7 (2,90) 127,6 (3,75) 93,1 (1,10)

90 days 334 (2.33) 160,6 (4,50) 140.0 (8,51) 139,6 (2,91) 116,5 (8,01)
Total organic carbon and nitrogen treatment and root free soil. Total N in
Total organic C contents in rhizo- root free soil were higher than in

sphere were higher than in root free soil
at all organic waste applications (Fig. 1).
Treatments of TEW and WS gave the high-
est organic C content in rhizosphere and
root free soil compared to the control
treatment. In addition, N contents in TOW
and TEW treated soils in rhizosphere
were significantly greater in all organic
waste treatments compared to the control
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rhisophere at all treatments. These situa-
tions might be related organic matter and
N contents of organic wastes which con-
tain different amounts of organic matter
and N (Table 1) and N uptake by plant
roots. The differences of C/N ratios of rhi-
zosphere and root free soil were statisti-
cally significant for all OW treatments.



The TOW and TEW treatments had
lower C/N ratio in rhizosphere and root
free soil than those in other treatments
(HH and WS) (Fig. 1). All these changes
mostly depended on the characteristics
and initial level of organic C and N con-
tents of organic wastes. In general, C/N
ratios in rhizosphere and root free soil
were lower in soil treated with organic
wastes of initial low C/N ratios (TOW and
TEW), while treatments with high initial

Table 4 - Dehydrogenase activity (DHA) in
dry soil). Standard error in parenthesis.

C/N ratios (WS and HH) caused high C/N
ratios in rhizosphere and root free soil.
Figure 1 shows that the organic Cin rhizo-
sphere were higher than in control treat-
ment and in root free soils at all sampling
times and organic waste treatments. This
situation might be related supply of or-
ganic C material from plant exudates such
as polysaccharides, mucigel, carbohy-
drates and amino acids, and dead cells of
root hairs [36, 37].

rhizosphere and root free soils (mg TPF g-1

Incuba- Organic wastes

tion

Days Control TEW TOW HH WS

Rhizosphere soil
15days 16,9 (0,65) 87,2 (3,40) 769 (2,31) 462  (1,83) 225  (1,43)
30days 20,8 (0,69) 103,7 (5,96) 802 (2,12) 555 (2,67) 27,4 (2,94)
45days 245 (0,59) 110,2 (1,90) 96,4 (3,07) 555 (2,25) 49,6 (12,52)
60 days 27,9 (2,34) 1370 (3,56) 116,0 (5,46) 757 (4,03) 50,3 (2,39)
75days 32,4 (2,14) 1565 (5,68) 1386 (1,85) 96,1  (4,08) 692  (3,24)
90 days 39,9 (2,79) 1930 (8,73) 171,3 (1,74) 118,0 (10,04) 78,7 (2,66)
Root free soil

15days 14,9 (0,60) 80,4 (1,84) 690 (1,18) 399 (2,06) 20,1  (0,93)
30days 14,3 (0,80) 845 (3,56) 732 (2,18) 453 (1,29) 219 (1,63)
45 days 153 (0,91) 99,3 (3,70) 91,0 (2,75) 586 (2,75) 255  (1,46)
60 days 159 (0,32) 111,2 (3,66) 982 (2,81) 604  (3,02) 31,3 (2,14)
75days 159 (1,36) 1325 (3,66) 1126 (2,81) 79,2 (3,51) 50,0 (2,29)
90 days 16,3 (0,94) 138,6 (8,40) 1279 (4,000 87,9 (4,89) 66,1 (7,78)
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Table 5 - Urease activity (UA) in rhizosphere and root free soils (mg N g-1dry soil).

Standard error in parenthesis.

Incuba- Organic wastes

tion

Days Control TEW TOW HH WS

Rhizosphere soil
15days 70 (0,54) 87 (1,06) 16,7 (2,54) 8,0 (0,75) 76  (1,17)
30days 17,2 (2,29) 34,0 (1,95) 32,4 (0,74) 26,1 (1,79) 215 (0,92)
45days 21,8 (1,93) 38,7 (1,69) 39,4 (1,18) 26,1 (2,33) 26,4 (2,09)
60 days 25,6 (1,24) 42,8 (2,24) 46,2 (2,74) 32,3 (1,93) 305 (2,14
75days 32,4 (2,14) 582 (3,02) 58,6 (1,85) 42,8 (2,27) 40,2  (1,53)
90days 329 (2,70) 74,7 (3,09) 71,3 (2,74) 58,6 (3,01) 443  (2,73)
Root free soil

15days 54 (1,18) 91 (1,57) 13,5 (2,85) 8,9 (0,84) 7.1 (1,59)
30days 14,2 (2,30) 27,2 (1,31) 27,8 (2,91) 23,7 (2,15) 19,2 (1,00)
45 days 13,5 (1,90) 34,3 (1,31) 33,0 (1,27) 25,3 (1,27) 21,7 (1,86)
60 days 159 (0,32) 384 (2,19) 39,6 (0,96) 29,8 (1,69) 26,5 (1,98)
75days 159 (1,36) 38,9 (2,19) 39,6 (0,96) 32,8 (2,69) 30,0 (2,29)
90days 19,1 (1,24) 58,6 (2,70) 52,7 (2,84) 40,9 (2,33) 356 (0,97)

Different organic waste application
significantly affected the levels of microbi-
ological characteristics in the rhizosphere,
when compared with the control treat-
ment and root free soils. Table 2-6 shows
that the BSR, Cmic and enzyme activities
(DHA, UA and ASA) in rhizosphere were
higher than in control treatment and in
root free soils at all sampling times and
organic waste treatments. This situation
might be related the supply of organic ma-
terial from plant roots and plant exudates.
The supply of organic material from plant
roots is crucial to soil microbial communi-
ties whose growth is carbon limited. The
type and amount of nutrients released
will affect both the microbial biomass and
their activity. This primary carbon supply
to the soil system arrives through plant

litter and more directly from roots. These
include the release of plant exudates,
many of which appear to be simply lost by
leakage from the root. Plant exudates con-
tain carbohydrates, amino acids, organic
acids, lipids, hormones, vitamins and en-
zymes. These organic substances are
stimulated for soil microbiological activi-
ty. It is well known that root-derived or-
ganic C from root exudates stimulates the
growth of microorganisms and increases
microbial activity in the rhizosphere [9,
38-41]. Results from this study also
showed the greater microbiological char-
acteristics (Cmic, BSR, and enzyme activi-
ties such as DHA, UA and ASA) in all or-
ganic waste added soils under plant roots
compared with root-free soil.
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Greater microbiological characteris-
tics in all organic waste added soils under
rhizosphere after 90 days contributed to
greater under root free soil. It is likely that
increased levels of organic C and N due to
root exudation could have led to greater
microbial activity. The amount of root-
derived C flow through the rhizosphere
has a significant impact on transfor-
mations of soil organic C, N, P and S [42]. It
has been established that soluble organic C
and N in mineral soils is mainly derived
from root derived from root exudates and
root residues [36, 37]. In the present study,
organic C accumulated in the rhizosphere
soil, and concentrations of organic C were
significantly greater in the rhizosphere
compared with root free soil. There were

significant relationships observed between
microbiological characteristics and organic
substrates in rhizosphere and root-free
soil, indicating that greater value of micro-
biological characteristics such as Cmic,
BSR and enzyme activities in the rhizo-
sphere may be partly attributed to in-
creased levels of organic C. It has been sug-
gested that both plant roots and microor-
ganisms produce UA and ASA [43]. It was
found that UA and ASA were higher in the
rhizosphere compared with control and
root-free soil (Table 5, 6), which is con-
sistent with findings from several other
studies [44]. Moreover, UA and ASA were
directly related to value of microbial bio-
mass and their activities in soils.

Table 6 - Arylsulphatase activity (UA) in rhizosphere and root free soils (mg p-NF g-1dry

soil). Standard error in parenthesis.

Incu- Organic wastes
bation
Days Control TEW TOW HH WS

Rhizosphere soil

15 22,7 (2,12) 84,4 (4,34)
days
30 28,8 (2,81) 87,3 (3,94)
days
45 31,9 (1,81) 103,1 (4,39)
days
60 39,5 (1,26) 122,3 (2,82)
days
75 45,6 (1,98) 165,0 (9,58)
days
90 58,1  (1,98) 180,4 (10,83
days
15 10,7 (1,34) 38,9 (1,80)
days
30 13,4 (1,01) 61,3 (4,35)
days
45 15,7 (1,18) 74,9 (4,29)
days
60 20,5 (1,30) 94,7 (3,61)
days
75 20,6 (0,97) 1246 (3,61)
days

90 25,52 (1,01) 141,6 (8,04)
days

674 (1,90) 471 (1,42) 31,1 (1,03)
81,2 (2,79) 593 (4,35) 350 (2,44)
96,0 (5,13) 593 (1,45) 414 (3,33)
1051 (4,96) 84,6 (2,78) 624 (3,61)
134,3 (7,86) 97,8 (3,06) 745 (2,66)
151,5 (5,50) 129,6 (8,26) 92,5 (2,85

Root free soil

308 (1,20) 26,9 (2,97) 17,3 (2,04)
505 (2,18) 365 (2,99) 19,2 (1,00)
630 (1,27) 436 (1,27) 334 (3,70)
82,1 (2,95) 590 (1,91) 444 (2,73)
105,7 (2,95) 749 (4,16) 73,6 (2,48)

122,0 (4,47) 969 (2,37) 66,6 (2,78)
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Table 7 - Results of ANOVA for BSR and Qnric

BSR
Variables F-value
Plantroot (Pr) 73,210%*
Incubation days (ld) 67,507***
Prx Id 5,060%**
Organic wastes (Ow) 128,453***
Prx Ow 0,435+
Id x Ow 2,91 3%+
Prx Id x Ow 1 21 7***

* ** and *** indicate significant at P<0,05, 0,01 and 0,001 respectively

Table 8 - Results of ANOVA for enzyme activities

DHA

Variables F-value LSDo.01

Plantroot (Pr) 699,030*** 1,558

Incubation days 851,059*** 2,751
(1d)

Prx Id 46,014*** 3,890

Organic wastes 3688,078*** 2,511
(Ow)

Prx Ow 12,647*** 3,551

Id x Ow 42 717*** 6,150

Prx Id x Ow 5,413*** 8,698

Cmic
LSDe=0.01 F-value LSDe=0.01
8,516 1272,261*** 0,200
14,749 981,591 *** 0,347
20,859 117,093*** 0,490
13,464 2099,943*** 0,316
19,041 17,559*** 0,447
32,981 25,607*** 0,775
46,642 6,615*** 1,096
UA ASA
F-value LSDo.o1 F-value LSDo.o1
684,391*** 0,774 1843,665*** 1,492
1393,715*** 1,341 1436,351*** 2,584
67,705%** 1,897 8,664*** 2,359
713,288*** 1,224 2484,417*** 3,665
8,349*** 1,731 39,071*** 3,336
35,649*** 2,999 57,859*** 5,778
2,475%** 4,241 4,246*** 8,172

*, ** and *** indicate significant at P<0,05, 0,01 and 0,001 respectively

These tables shows that both rhizo-
sphere and root free soils BSR, Cmic and
enzyme activities (DHA, UA and ASA) in
all organic waste treatments were higher
than in control treatment at all sampling
times. This situation may be related car-
bon source of organic wastes and
creased the organic matter level, which
consequently elevated the microbiological
characteristics of soil. For this reason, in-
creased soil organic matter content is cor-
related positivitely with microbiological
activity in soil, generally. The organic
waste treatments had consistent or signif-
icant effect on the soil microbiological
characteristics. This indicated accumula-
tion of organic matter and improvement

in-

in nutrient status of soil, as microbial bio-
mass and their activity is alabile reservoir
of plant nutrients [45]. The BSR, Qricand
enzyme activities (DHA, UA and ASA) in
rhizosphere and root free soil for all or-
ganic waste treatments was similar in all
sampling times (Table 2-6). Addition of
organic material increases the microbial
activity in soil [46]. Garcia-Gilet reported
increases microbial biomass and their ac-
tivity in soil organic waste application ap-
plication to soil [47]. Such increases in
rhizosphere and root free soil BSR and
Qric were probably caused by the higher
level of soluble organic-C in organic
wastes. Availability of biogenic material
for biomass stimulation induced the in-
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crease in soil microbial activity of en-
riched soils [45]. The increase may also
correspond to the growth of the zymoge-
nous population associated with organic
matter enrichment [48] and incorporation
of exogenous microorganisms [49].The
source of enzymes in soil is definitely
known, additionally presumed to origi-
nate from microorganisms, plant roots
and soil animals [22]. However, evidence
could be obtained from the present study
that DHA, UA and ASA of root free soil and
rhizosphere were positively related to
Cmic and their activity. Perucci also found
positive correlation between enzyme ac-
tivities and microbial activity [49]. Addi-
tion of all organic wastes increased the
enzyme activities of rhizosphere and root
free soil. This could have originated from
the higher amounts of enzymes in the via-
ble microbial populations and the in-
creased levels of accumulated extracellu-
lar enzymes (UA and ASA) in the soil ma-
trix. Presence of enzymes in organic mat-
ter may also contribute enzymes directly
to soil on addition [50].

The highest BSR, Qric and enzyme
activities (DHA, UA and ASA) were gener-
ally found in rhizosphere and root free
soil at TOW and TEW treatments. There
have been numerous studies on the effects
of organic wastes on microbial activity
and their enzymatic activities in soil [46,
51]. These studies generally indicated
larger effects in organic matter or organic
waste treated soils than in control or non-
treated soils. However, in most studies it
was possible to establish relationships
between and microbiological characteris-
tics and the magnitude of the effects of
organic waste type's especially chemical
composition, nutrient content and C/N
ratio. Similarly, Martens suggested that
variation in the nature of organic materi-
als variably stimulated the microbial ac-
tivity and production of enzyme activity in
soil [52]. In this researh, higher enzyme
activities (DHA, UA and ASA) of soil treat-
ed with TOW and TEW was associated
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with their quality in respect to their ca-
pacity of microbial biomass production.
This situation might be related initial C/N
ratios of organic wastes. Organic wastes
their C/N ratios are the most important
factors that the effects on soil microbio-
logical characteristics. Moreover, low C:N
ratio and nutrient (N,P,K) sources are es-
sential for the build-up of Cmic and the
production or synthesis of enzymes [53].
This can obviously be explained by the
input of nutrients in organic wastes and
lower C/N ratios prevalent in TEW and
TOW. This rose with organic waste, partic-
ularly when TOW and TEW were added
since this contains a high proportion of
easily biodegradable compounds com-
pared with HH and WS. Nitrogen content
is also important in determining microbial
decomposition rates of organic waste.
Higher decay rates are found with in-
creased nitrogen supply [54, 55]. This is
similar to the role played by nitrogen in
decomposition of other types of organic
matter [56-58]. In addition, nitrogen con-
tent of organic wastes has only a positive
effect on decomposition rates [59]. Be-
cause nitrogen has a positive effect on de-
composition rates, the trend of increasing
nitrogen content within decomposing
wastes during the microbially-dominated
stage of decomposition is important.
CONCLUSION

According to data, this showed a
clear relationship between organic wastes
and microbiological characteristics. We
assume that the replacement of organic
waste has stimulating effects on microbio-
logical characteristics such as Qric, BSR
and enzyme activities (DHA, UA and ASA)
in rhizosphere and root free soil, due to
the quantity and quality of the organic
waste incorporated into soil, and the mi-
crobial growth caused by the addition of
organic compounds to the soil. Organic
materials are possibly the most important
C source for microorganisms. It consists
mainly of root exudates and organic waste
degradation products. Differing organic



waste inputs in the system were reflected
by the C and N contents which, however,
varied much more between the systems
than did microbiological characteristics. In
general, initial low C/N ratios of organic
wastes application (TEW and TOW)
caused the most beneficial effects on mi-
crobiological characteristics in rhizo-
sphere and root free soil among the inves-
tigated types of organic waste on clay loam
soils. The use of these organic wastes can
contribute to an enhancement of the level

agricultural soils. Furthermore, organic
waste had a stronger impact on microbio-
logical characteristics in rhizosphere com-
pared to root free soil. Hence, it can be
concluded that the microbiological charac-
teristics was clearly governed by the or-
ganic waste incorporated into soil under
the conditions of the investigated green-
house experiment. At the same time this
practice seems to be a potentially effective
way of recycling wastes and solving the
problem of their disposal.

of organic matter and the fertility of the
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TYmH
TYP-LWWOPTAHNKANBIK KANAbLWTAPALIH, )KXYFEPLU L MNKPOBWNONOIMNANbIK (ZEA
MAYS INDENDATA) PUBOCPEPACHI CUTNATTAMACbIHA )KXOHE TAMbIPCbI3
TONbIPAKTAPFA 3CEP1
1 PupgBaH Knsunkaig, Wepuman Kabnan Oenre, WypaTt AypmyLu

1 OHAoKy3 Maii3 YHuBepcnTeTY aybl Wwapyallbl/birbl PakyibTeTy
TonblpauTaHy >XaHe eciMdiK ~opeei kadegpacbl, CamcyH, Typkusa
2ArpobuaeH reinbiMum 3epmmeynepi (R & D), Ltd.Co. CamcyH TexHonapk. OHAOKY3
Maiiz YHuBepcnTeTy CaMcyH, TypKus

Byn 3epTTeynep >KbibDKau karjambiHaa 6GanwblTbl-ca3fak;Tbl  ToMblpakTapaa
MUKPOOMONOrNANbIK KepceTowTepaw, (MUKpob6TbiK 6momacca C, TonblpaKTbily 6a3anbiblK
ThbIHbICbI, AervaporeHasa KbI3MeTb ypeasa >X3He apnbicynbatTbl KbI3MeT™ >X3He >XYrepi
acTbiHAgarbl TonbipaKTbily, pu3ocdepacbiHa (Zea Mays indandata) TYpni opraHukanbiK
KangblKTapabiy, (Temera eHpAipiriHW, KangblKTapbl, 6ugan cabaHbl, Wan KangblKTapabl >XKaHe
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hyHAYK Kaybl3bl) 3cepll aHblKTay MacaTbiHAa XYprisingi. OpraHuKanbiK KangblKkTap Kyprak-
aya maccacbl HerisiHge 50 r/kr-1 Tey, >XblngaMabiKTa TOMbIPaKNeH >XeTe apanacTblpbiagbl.
T8>kipnbenik gunsaiiH >Xbinb>Kakgarbl Kaitanan eHAipy TeniMHil, Ke3fgelicok gusariHbl 6onabl.
blabicTapabl KYHAENIKTI efnwey >XONbIMeH cyAbll, 6apblHWa KyaTTbibIrbIH ycTaraHga
TonblpakKTarbl birangblk menwepi wamameH 60 % geurenge 6ongbl. T8Xipiibe eTrasbireHHEH
KeliiH 15, 30, 45, 60, 75 >k3He 90 ~H Ke3euwge anblHraH TonblipaK YArinepiHAeri >KaHe
prisochepagarbl  (Zea Mays indendata), COHbIMEH KaTap TaMbIpCbi3 ToMblpaKTarbl,
MW KpOGHONOrmanbik “pceTrawitepl, e3repicTepi aHblKTangbl. T8Xipiibe coubliHAA,
T8XIipiibe >XYprisinreH 6apnblK Keseugep wuwige, 6akbiiaymeH canbiCTbipraHga 6apnbik
opraHKanblK KangblKTap TOMNblpaKTbil, MAKPOGAONOrinanelK ciinatbiHbiy, apTyblHa (p<0,01)
MYMKiHAIK Tyrbi3abl. COHbIMEH KaTap, opraHiikanblK KanAblKTapAbl eHAipreHae Tambipcbl3
TonblpakneH canbicTbipraHga (P<0,01), Tonblpak piisocdepacbiHga MIAKPOGMONOrnsanbiK
cinatTamanap >korapbl 6ongbl. TonblpaKTbil, MAKPO6GMONOrNanbliK chinartTamanapbiH
apTTblpyra apHanraH opraHiikanblK KangbiKTapAbll, aceplully TeHAeHUMsAcbl 8pTYpni 6onabl
(P<0,01), TonbipakTarbl el YIKeH MWKpob6iMonornanbiK ciinarrama, 6acka opraHiikanbiK Lian
KanabirbIMeH TeMeKi eHAipici KangblKTapbIMeH canbiCTbipraHga TonbipakTapga C/N anrauikebl
apakaTblHacbl TeMeHpAiri 6arikangpl.

TyuiHdi cB3aep: opraHiikanbiK KangblKTap, Tonblpak, pi3octepa, MAKPO6TbIK 6riomacca,
TonbIipaKTbil 6a3anbAbliK ThiHbIChI, PEePMEHTTeEPAIL, 6enceHainiri

PE3IOME

BNNAHUME PA3NNYHBIX OPTAHNYECKKMX OTXO40B HA MNKPOBWMONTOMYECKUE
XAPAKTEPNCTUKIN PUNSBOCPEPBLI KYKYPY3bl (ZEA MAYS INDENDATA) U NMOYBY
CBOBOAHYIO OT KOPHEW

12PngBaH Kusunkaiis, IHepumaH KabnaH enre, IMypaT AypmyLu
YHuBepcnTeT OHAOKY3 Maii3, dhaky/bTeT CeNbCKOro xo3salicTea, kadegpa
MOYBOBEAEHUA U NUTaAHUA pacTeHut, CamcyH, Typums
2ArpobugeH HayuHble nccnegosaHus (R & D), Ltd.Co. CamcyH TexHonapK. YHUBepcnTeT
OHpoky3 Maii3, CamcyH, Typuus

OTo liccnegoBaHiie MPOBeEAEHO C  UEeNbi  ONpefeneHiia  BAWSAHWA  pasniiuHbIx
OpraHmyecKkinx oTxoAoB (0TxXo4bl TabayHOro MpPoOM3BOACTBA, CONOMbI MLIEHNLUbI, 4YalHble
oTXoAbl i wenyxa dyHAyKa) B YCNOBHAX Tenniiubl Ha MWKpo6Monoriiveckiie nokasaTteni
(MiikpobHas 6Momacca C, 6a3anbHoe AblxaHiie No4Bbl, AeATENbHOCTb AernaporeHasbl, ypeasbl
i apnbicynbhaTHas AesATENbHOCTb) B MWHIACTO-CYIrNMAHIACTbIX NoYyBax i piisocdepe (Zea Mays
indandata) nouBbl Nog KyKypy3on. OpraHityeckiie oTXoAbl TWaTeNbHO NepemMellanii ¢ No4YBoOM
CO CKOpPOCTblO, paBHOM 50 r/Kr-1 Ha OCHOBe BO3AYLUHO-CYXOM MacCbl. DKCMepuMeHTaNbHbIN
yyacToK Obl paHAOMI3pPOBaHHbLIN Ali3aiH y4yacTKa C MOBTOPHON penankKauiein B Tenninue.
Copep>kaHiie Bnari B MouyBe noagep>kiiBanocb Ha ypoBHe O0Kono 60 % wmaKcimManbHOM
MOLLHOCTV yaep>kiiBaHNA BOAbl MyTeEM €XXeAHEBHOr0 B3BeLUMBaHNA rOpLUIKOB. V3MeHeHs
MMKpOOGIonornyeckinx mnokasaTenen onpegensanice B obpasuax Mo4yBbl W pih3ocdepbl (Zea
mays indendata), a Tak>ke nouBe 6e3 KopHel, B3ATbIX B nepinog 15, 30, 45, 60, 75 1 90 gHen
nocne NpoBeAeHa aKcnepimMeHTa. B KOHUe aKcnepriMeHTa, BCe OpraHiyeckiie 0TXoAbl Croco6-
CTBOBaNii  yBeNM4yeHo MIMNKPOOMONOrMyecKinx XapakKTepMCTK FpyHTa MO CPaBHEHWIO C
KoHTponem (p <0,01) B TeyeHie Bcex 3KcNeplMeHTaNbHbIX nepiiogoB. Kpome ToOro,
MiiKpobiionoriiueckilie xapakTepiucTiiKii B piidoctepe noysBbl 6bIA Bbille, YeM B noyBe 6e3
KOPHEW npii BHeCeHW opraHiyeckiix otxogos (P <0,01). AeicTBiie opraHinyeckiix oTXo40B Mo
yBeNnmyeHno MMKPOOBIONOrnyeckinx xapakTepincTK MouYBbl MMeNi pasniyHyo TeHAeHL o
(P <0,01), camoe 6onbLIOe yBenMuyeHiie MIKPOGMONOrMYecKiiX XapakKTepACTUK B MNouyBe,
Habnoganocb B no4yBe, 06paboTaHHOM OTXoA4aMin 4Yasi i oTXogamii Mpon3BoAacTBa Tabaka C
HI3KIM NepBMYHbIM COOTHOLWeHemM C/N No cpaBHEHIIO C APYTrAMIA OpraHMyecKnmMin oTxoabl.

KntoueBble crioBa: opraHiiyeckiie oTxofbl, MouyBa, pih3ocdepa, MiikpobHas 6iliomacca,
6a3anbHoe AblxaHiie novBbl, aKTUBHOCTb DEPMEHTOB.
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