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Table 1. Some physico-chemical properties of the studied soil.

Value luis Unite a5 Parameter =lus soa>
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1.01 (dS m™) ECe ¢lilejlas Sl cglin o LU
7.40 - pH (1:5)
0.91 % Organic carbon  Ji ., S
5.80 % Calcium carbonate equivalent Jslxs oS DS
0.09 % Total N |s" &5 23
10.1 - C/N
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2- Microbial biomass turnover time



Yoo (V) o )lond (1Y) Wl Jlasly Wgi g ST o pito g pulid

R P . I J v
(O JS8) Sl Sl (ol s sbas O sl S
leal3l 5 ananl il Wsa Klg e opl o
5 A ekl Jltle 4 5 St Jslowl i
40l b 5 oS olesle T s bl
omed Sl UL by Sl ild
IS 03y b I s il e
Sl sl s i b (Sesp bl S sl Sl
5 e L5_<.:m,<,;a (Yer0) O 5 sl )l
03 Pl 3 b 5 oS i Ol o (Sl e
BV eslinal LB ind auls b gbasls s oy S
(F0) L3S GlS 0 SAS S e OV

led 0> el b i ass opl gladl b
05t bl 5l St o kS oS s slajlas
3 Sote oosl 5 prerlostiel b glasles 3 5 0
SMEs (2565 5 e Aot 2 0T Lok lasles
s 3 o Sl ol s el jis
(o550 5 Lpmlog il sl 28 o) RISINI
L ekt Lo S12) ROSONO Jlag 5 ps oo 3
(Yoo)) Kw 5 b S 3 s ole s (ol
b odi b CmpraS sy U 250 Jagsy s 5
53 Jolos ind i 5 Slind oS J> (g 5L
Lol 2l s 3 s 3y | Slid S
Sl wld Sl Glagg SU Coamenr sl 0L
O 3 dos Jind llie 50 5 el cdle (I
Oy (YY) OLea 5 gluy (YF) sl 58l
03 Slis oS > slag SL sl eslinal 45 W ges
R ST K el S| ESUY-5 WG VOX S Lo ¢
V) s Ol s Jslome il

V€€

3 e (Fe-Zn-Mn) 5 S 5 (N-P-K) ;5 sL
Lo e S 4 s S skl 0ub S,
3 HS e a0l S e obe
(O0) 3585 o Jsame CoaS 5 kS il
elosy al b ods Jlag oS lhls S s
5 4 Ol STl el a3 2SS ol 05
V_A\J_é SAed ho s YU 5 YV Y Al 4 e
Loeld sled S dals St & G
O UK as (sl 5 o8 O e logty 2l
wysl 5 eslosyinl Loods Jles oS et
5w Ol el a3y aald dld
L Sb) dals St 4y G doys FY 5 ¥ (YA
JKE) sy I3l (oS Gy pecrlo st il 5 6l
03338 TJ‘S 8 gl 5 das e 0L c,L:., .(\
Llize sl 4 e sl 5 pelosz il
Gilslil @ e 5 es S St b Ses
i S als i P/ e ok
V- SV RPIE PR PRSUETe
55 s ki Sl s O ealpoan; Rl il
s alge Sl s sprge JI i e
Sol 0358 Lol sl s asb el sl
N I N B N 0 1]
LIl slse ans3l &8 Wb ol 5 OIS hass
o3l il OlalS olS wile) VU O35 85 4 op S o
Bisre oal SR Lol (S St g (oS
51 ealaza cK;A 03 el ple 3L el en oS (6l
Ll O3 3508 3l S sl sl ST slasile

Y 58 eslinal 15035 50 sloend 355 51



o Son 5 Folo ol

505 3 (s 8 o) LOT (S en 5 pdE oS« last i o5l (sla 1 (L o 5Kike) lsly 325 s - Y Jsis
{gC0OY) S gl s (MRR) 55 Sn oS 8y (MBC) (55 ,8n 035m0 5 2 (235 0559) L) SuSea p
(P) (a1 i 5 (MTT) g5 S 03 g5 <2850 ol

Table 2. ANOVA results (mean square values) for the main effects of urea, Streptomyces, wheat straw; and
their interactions with time (T) for microbial biomass C (MBC), microbial respiration rate (MRR), metabolic
quotient (¢CQO,), microbial biomass turnover time (MTT) and available phosphorus (P).

s 835 S S s oo Sk Ol .
et - e i
150 I olie o S s
Sources of variation e S 2 i 3 At Pava
df MBC MRR qCO, MTT
P35 om b

Between-Subjects Effects

Streptomyces (S) _rwslosy il 1 140538™(1.00)  152377(0.99)  106™7(0.74) 2.49"(0.75) 0.82377(0.96)

Wheat straw (R) p.15 olS 1 2932277(0.99)  35277(0.98)  29.87(0.45) 0.68"°(0.45) 17.7077(0.99)
Urea (U) o, 1 6825"7(0.98) 69.47°(0.90)  2.45™(0.06) 0.07™(0.07) 0.333"7(0.90)
SxR 1 2604"7(0.95) 1027°(0.93)  25877(0.88) 5.177(0.86) 0.0237(0.398)
SxU 1 342.377(0.70) 10.877(0.58)  39.47(0.52) 0.80"(0.49) 0.1177(0.77)
RxU 1 36.12™(0.20)  0.050™(0.01)  0.04™(0.01) 0.002(0.01) 0.050""(0.58)
SxRxU 1 48.357(0.25) 3.873°(0.33)  28.57(0.44) 0.53"(0.39) 0.21177(0.86)

Error st 16 8.958 0.485 2271 0.052 0.02

C.V. (%) 0.87 2.25 1.63 1.62 0.88

PS030 @la
Within-Subjects Effects

Time (T) ol 2 543633"7(1.00)  280577(0.99)  970"7(0.98) 20.7"(0.98) 6.007(1.00)
TxS 2 8959"7(0.99)  80.887(0.97)  28677(0.94) 6.95"(0.94) 0.02"(0.43)
TxR 2 600.77(0.83)  8.832"7(0.80)  49.6"7(0.73) 1.00"7(0.70) 0.52"(0.96)
TxU 2 324.17(0.72) 1.8177(0.45)  16.477(0.47) 0.34(0.44) 0.04"(0.63)

TxSxR 2 213.27(0.63) 1.087(0.33)  30.6"7(0.62) 0.83"(0.66) 0.013"(0.36)

TxSxU 2 16.068™(0.11)  1.217(0.35)  28.8"(0.61) 0.72"(0.62) 0.16"(0.87)

TxRxU 2 46.12"(0.27) 1.9177(0.46)  8.70"(0.32) 0..207(0.31) 0.02"(0.43)
TxSxFxR 2 291.47(0.70)  0.154™(0.06)  10.8"7(0.37) 0.25"(0.36) 0.0777(0.76)
Error Ua 32 7.704 0.138 1.157 0.027 0.01
C.V. (%) 0.81 1.20 1.17 1.17 0.63

2 5 . - - ‘e . . . . . . . *
Eta™p 31 31 o300 cpnd (gl ol poits oy o (CVL) L o A5 +/) () 00 Cl:”«)é Dl sme 5 sls xe 8 poete 4 S W ¢
Gl S5 A 5 la e 1S /0 o Sor S 3G /Y L sz (5 ol sl

ns KRk ok

7,7, ™" Denote non-signification and significant at 5, 1, 0.1% respectively. C. V. coefficient of variation. Eta’p (Numbers
in bracket) were used to determine the effect size. 0.2 is a small effect, 0.5 is a moderate effect and > 0.8 is a large effect
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Figure 1. The effect of urea, Streptomyces and wheat straw on available soil phosphorus content (n=3). SO
without Streptomyces S1 with Streptomyces (5%); NO without and N1 with urea and R0 without and R1 with
wheat straw (1%, w/w). The vertical lines shown as standard error. Within each column the means sharing
similar lowercase letters do not have significant differences among treatments at 5% level according to the
LSD test. Within the means sharing similar uppercase letters do not have significant differences at 5% level
between different sampling times (30, 60 and 90) at 5% level according to the LSD test.
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Table 3. The effect of urea, Streptomyces and wheat straw on soil microbial biomass carbon (MBC) content,
microbial respiration rate (MRR), metabolic quotient (¢CO;) and microbial biomass turnover time (MTT).
Values are mean (n=3) with standard error (SE).
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Within each column the means sharing similar lowercase letters do not have significant differences among treatments at 5%
level according to the LSD test

Within each row the means sharing similar uppercase letters do not have significant differences at 5% level between
different sampling times at 5% level according to the LSD test
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Figure 2. The patterns of cumulative carbon (R1) mineralization at different levels of urea (N) and wheat
straw (R) in soils untreated (A) and treated (B) with Streptomyces (n=3). NO untreated and N1 treated with
urea (1.6 g/100g wheat straw); RO untreated and R1 treated with wheat straw (1%).
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Figure 3. The effect of urea Streptomyces and wheat straw on substrate-induced respiration (SIR). SO without
Streptomyces and S1 with Streptomyces (5%); NO without urea and N1 with urea and R0 without and R1 with
wheat straw (1%, w/w). Similar letters do not have significant differences among treatments at 5% level
according to the LSD test. The vertical lines shown as standard error.
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Abstract

Background and Objectives: Soil as a living system is one of the factors affecting the
balance of the ecosystem and many processes, especially on a small scale, take place in it.
Soil microorganisms play an important role in maintaining soil quality through decomposition
of organic material and nutrient cycling. The use of microorganisms in ecosystems whose
biological community stability has been severely compromised due to high consumption of
fertilizers, salinity and chemical toxins, is to improve the efficiency of nutrient consumption
and biological control of pests and diseases. Soil organic matter increases soil microbial
activity. On the other hand, enrichment of organic matter with microorganisms increases their
nutrients release. To understand the vital role of soil microorganisms in the release and
storage of energy and nutrients in the soil, in recent years, increased attentions has been paid
to the estimation of microbial biomass in the soil. Therefore, the aim of this study was to
investigate the effect of urea, Streptomyces inoculation and wheat straw on available
phosphorus, microbial respiration, microbial biomass C, metabolic coefficient and microbial
biomass turnover time.

Materials and Methods: This study was conducted under controlled laboratory conditions.
A factorial experiment with two levels of urea (0 and 1.6 g/100g wheat straw), two levels
of Streptomyces sp. (0 and 5%) and wheat straw treatments (0 and 1%, w/w) was conducted
using a completely randomized design with three replications. Wheat straw was treated with the
urea fertilizer and Streptomyces sp. inoculum firstly and the treated straw was then thoroughly
mixed with the soil. The mixtures were incubated at 25+2 © C for 90 days. Microbial biomass
C and available phosphorus were measured monthly for three months and microbial respiration
was measured weekly. To revive the microbial population, the containers were pre-incubated
at room temperature for two weeks and soil moisture was adjusted to about 70% of the
field capacity.

Results: Streptomyces inoculation, addition of wheat straw and urea increased available
phosphorus concentration, respiration and soil microbial biomass C. In this experiment, the
amount of respiration and microbial biomass C with the simultaneous addition of
Streptomyces, wheat straw and urea to the soil was the highest and the effect of Streptomyces
inoculation on wheat straw on the studied parameters was more than the two other factors.
The lowest amount of microbial respiration, microbial biomass C and phosphorus was in
control soil (without urea, Streptomyces and wheat straw). Addition of wheat straw to the soil
increased microbial respiration and microbial biomass C by providing the required substrate.
Also, the use of wheat straw and urea led to an increase in soil available phosphorus.
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Conclusion: The results of this study showed that in carbon-restricted soils, the use of plant
residues enriched with Streptomyces and urea increased microbial respiration and microbial
biomass carbon in the soil. Also, wheat plant residues addition to the soil increased the soil
available phosphorus. Treatment of soil with Streptomyces also increased soil available
phosphorus, which was more perceptible in the plant residues enriched with Strepromyces. The
results show that the simultaneous application of plant residues, urea and Strepromyces, has
increased soil microbial activity. Therefore, in carbon-restricted soils, increasing the level of
organic matter and its enrichment can lead to increased microbial activity and biological
potentials in the soil.

Keywords: Microbial biomass C, Microbial respiration, Plant residue, Streptomyces, Urea
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