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4- Basal Respiration
5- Substrate Induced Respiration
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1- Design of experiments (DOE)
2- Box-Behnken
3- Central composite design (CCD)
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Table 1- Selected physical and chemical properties of the soil samples
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S 2 e jewd) (S Sl Cy ST oske (%) e o () oy s
3 . . N [3.3)
Textural (e () Sand (VA Clay
pH . o ) o Land use
class EC (dSmt) OM (%) (%) Silt (%) (%)
Loam 75 1.9 1.2 39 36 25 <<l
Agriculture
Clay loam 7.2 1.8 2.3 32 39 29 Forest JSi»
3w 53 odliiuw] 5590 (5l ki  suiilol pa3lie dinld —Y Jgu>
Table 2— Range of the variables used in the modeling procedure
JEme (51 paiio Factor ,51 Range and value sl ¢ awld
Independent variables Xi -1 0 +1
Time () ob; X1 1 55 10
Glucose (mgg?) 55sis X2 0.5 525 10
Temperature (°C) L X3 15 225 30
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SIR (mgC02g — 1day — 1)
= 0.586 — 0.1194X, + v
0.154X; — 0.100X2 — 0.116X,X, (%)
R*=91.98% RZy =84.76%
SIR (mgC02g — 1day — 1) = 1.13 — 0.1594X, +
0.289X; + 0.201X,X, ()
R? =8232% R%y = 66.42%
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Table 3- Coded matrix of the variables used in the CCD modeling

oo o lend 0 g 31 ol (g L putilo 0 &S p5le
Experiment number s S S 45 0 panns 31 WU puullS Coded values of the variables
demS165 @5 o) ST (93 0,5 o) (63,505
PSS oS (9 PSS s L S5
(595 SIRin agricu_lltura_ll Temperature Glucose n
SIR in forest soil soil (mgCO2gday™)
(mgCO2g-tday?)
1 0.996 0.588 0.595 -0.595 -0.595
2 0.425 0.698 0.595 -0.595 0.595
3 1.708 0.643 0.595 0.595 0.595
4 0.230 0.127 -1.000 0.000 0.000
5 1.039 0.490 -0.595 0.595 0.595
6 1.317 0.542 0.000 0.000 0.000
7 1.236 0.555 0.000 0.000 0.000
8 0.494 0.008 -0.595 0.595 -0.595
9 1.311 0.719 0.595 0.595 -0.595
10 1.398 0.701 0.000 0.000 0.000
11 0.652 0.075 -0.595 -0.595 -0.595
12 0.793 0.703 0.000 -1.000 0.000
13 0.968 0.649 0.000 0.000 0.000
14 0.551 0.553 -0.595 -0.595 0.595
15 0.981 0.609 0.000 0.000 0.000
16 1.567 0.473 1.000 0.000 0.000
17 0.941 0.569 0.000 1.000 0.000
18 0.860 0.461 0.000 0.000 0.000
19 1.116 0.677 0.000 0.000 1.000
20 0.961 0.301 0.000 0.000 -1.000
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Figure 1- Comparison of the measured and predicted SIR values for agricultural and forest soils with the CCD model
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Table 4- Coefficients of the full quadratic CCD model for predicting SIR

Je pisa sl Forest Soil JKa S Agricultural soil ¢;,sli8 S
Part model Je P o,bl T o,b] Cu P o,L! T o,b] o
Parameters P-value T-value  Coefficient P-value T-value  Coefficient
Joo el - 0000  12.410 1.128 0000  17.130 0.586
Constant
9“5 0.533 0.650 0.039 0.000 5.240 0.119
Time
ks 55 0.025 2.640 0.159 0388  -0.900 -0.021
Linear Glucose
> 0.001 4.800 0.289 0.000 6.790 0.154
Temperature
oo X gloj 0.546 -0.620 -0.037 0.159 -1.520 -0.034
Time x Time
395 X 5S5ls
RPN Glucose x 0.128 -1.660 -0.097 0.427 0.830 0.018
Square Glucose
Loy X Lod
Temp. x 0.173 -1.470 -0.086 0.001 -4.550 -0.101
Temp.
oles X395
Time x 0.028 2.560 0.202 0.463 -0.760 -0.023
SiiSon Glucose
Interaction Obej X L
Time x 0.349 -0.980 -0.077 0.003 -3.900 -0.116
Temp.
95X L
Glucose x 0.072 2.010 0.158 0.402 0.870 0.026
Temp.

R?=82.32% RZdj=66.42% R?=91.98% RZdj=284.76%



1AV o — 43T Bolods FY b (S g ol ay s AYY

Glucose x Temperature B Agricultural Soil

Time x Temperature & Forest Soil

Time x Glucose

Temperature x Temperature

Glucose x Glucose

Time x Time [

Temperature
Glucose

Time g 4

0 10 20 30 40 50

Fabl 580 Aoy
Precentage effect of each variable
0yt 1 (WU i jlalie g2 (635 30 5 p0 T Je (63959 S5l P A liio gl )b Julod s - JSUS
Figure 2- Pareto analysis for determining the percentage effects of each CCD model variables
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Figure 3- Distribution of the CCD model residuals
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Figure 4- Counter plot of the SIR values at different levels of the CCD model variables
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Introduction: Soil is a complex and dynamic biological system, and it still is difficult to determine the
composition of microbial communities in soil. Most soil microorganisms are dormant, so their rate of respiration
is low. However, their respiration can be stimulated by adding an easily decomposable substrate. Also, by adding
a simple organic matter, respiration may rapidly increase to a maximum and remains at a constant rate for more
than 4 h. Glucose is commonly used as a substrate because most soil microorganisms can readily utilize it as a
carbon source. The substrate-induced respiration (SIR) method was modified and adapted to measure fungal,
bacterial and total microbial contributions to glucose-induced respiration and the potentially active microbial
biomass on decaying plant residues of different composition. Decomposing residues from natural and
agricultural ecosystems were chopped and sieved to include the >1 mm fraction for routine SIR analyses on a
continuous flow-through respiration system. Substrate induced respiration is a main factor for the assessment of
the soil microbial activity. This technique is already used widely in soil microbial studies. Different factors such
as the source of carbon, temperature and incubation may play a significant role in the amount of SIR. Therefore,
optimizing the test conditions is one of the important criteria for SIR determination. For this purpose, statistical
methods such as central composite design (CCD) and response surface method can be used as a useful tool for
determining optimal conditions. This study was carried out to model and compare the effect of carbon source
(glucose), temperature and incubation time on the SIR of forest and agricultural soils.

Materials and Methods: In this research, 40 experiments were conducted for two soil types including
agricultural soil (with relatively low organic matter content) and forest soil (with relatively high organic matter
content). Soil samples were collected from the topsoil (0-20 cm) layer. In the laboratory, all visible roots were
removed and the soil samples were divided into two parts. One part was kept in plastic bottles at 4°¢ for SIR
analysis. And the rest was air dried in the shade at laboratory temperature for chemical and physical analysis.
Electrical conductivity (EC) and pH were determined in saturated soil extract and organic carbon persent (%0OC)
was determined by di-chromate oxidation. Soil texture was determined using a Bouyoucos hydrometer in
a soil suspension. Response surface methodology based on the central composite design was applied in modeling
procedure. Different ranges of the independent variables including glucose (0.5-10 mg g?), incubation time (1-
10 hr), and temperature (15-30C) were used in central composite design experiments. Totally, 40 experiments
based on the coded values of the independent variables were conducted for two soils.

Results and Discussion: Experimental results indicated that the SIR in forest soil is two times greater than
the agricultural soil, which may be related to the higher organic matter content and more microbial activity in
this soil. Results also revealed the efficiency of the central composite design in predicting the SIR of forest (R?=
0.823) and agricultural (R?=0.919) soils. Among the three independent variables, the linear effect of temperature
on the SIR were significant for both soils. However, the substrate (glucose) content has more significant effect in
forest soil in comparison with agricultural soil which may be associated with the higher decomposable organic
matter content of the forest soil. Glucose enhancement didn’t have significant effect on SIR alteration rate which
can be attributed to low organic matter content in agricultural soil. Totally, with increasing time and temperature,
the amount of SIR was significantly increased, however with increasing glucose, SIR amount was not
significantly increased especially in the agricultural soil. In the forest soil, the process of SIR changes is clearly
distinct in response to independent variables compared to agricultural soil. Maximum levels of the SIR in forest
soil is clearly associated to the highest time and glucose levels. This indicates that increasing glucose and
sufficient time in the forest soil, which contains high amounts of digestible organic matter, can stimulate
microorganisms to decompose more organic matter and it outcome is increasing SIR.

Conclusion: This study indicated the high efficiency of response surface methodology in SIR modeling for
both forest and agricultural soils. However, the quantitative amounts of SIR were very different in two soils. The
amounts of SIR in the forest soil were almost twice relative to agricultural soil. In the forest soil, the amounts of
glucose and temperature were as the main variables in increasing SIR, while the temperature and time variables
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were more determinant in agricultural soil on it.
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