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2- Path analysis
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1- Swell Wright
2- Causal models
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Figure 1- Location of study areain Mazandaran Province, northern Iran
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2- Casee Diagnostics
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Table 1-Descriptive amounts of soil charactersin study area

B aaswiv Jslas JrcgKee oSl ) JUVES UPROS
Char acter Minimum Maximum Mean Cv
(gr/cm®) Bulk density (s sl ogas py> 1.09 1.20 111 1.80
(%) Sand 5 28.12 35.14 29.85 492
(%) Silt el 34.18 40.19 37.57 354
(%) Clay ., 28.87 35.72 3259 5.09
(%) Organic carbon Ji -8 2.10 2.70 2.37 7.59
(%) Total nitrogen s ;54,0 0.13 0.18 0.15 6.66
(emol () kg™) CEC sgsls ks e lo 9.74 12.74 11.13 7.63
(mg N kg™ soil) Nitrogen mineralization s, ;i3 sde 51 51.16 51.06 0.09
(mg co, -c/gr soil. day) Microbial respiration ;;,See i 0.19 0.75 0.45 44.44
SE (abonisSy 3 gbraasuio g (s j S a LS (Kwod 323l -T Jgsor
Table 2-Correlation values of soil biological indices and physico-chemical characters
dadudia | gy SBpale  gogate e ph Sl oy S ens Fojars  Slicddb
Biological S b Bulk g, Sand Clay Organic Total CEC isws
indices/sail characters density carbon nitrogen
iy A e -0.13ns - 0.39%% 0.84%% 0.91%% -0.12ns
Nitrogen mineralization 0.26ns  0.20ns
S S -0.24ns - 0.34* 0.94** 0.89** -0.00 ns
Microbial respiration 0.20ns 0.21ns

ol Y3 gze 2o pd Vs ) - 5 Cal 5 gixe 5 gime 103 O el P o Pasime "
* * %

" non-significant, significant at 5 percent level,

S

significant at 1 percent level
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Figure 2- Factor analysis of soil charactersusing PCA (PC1: Eigen value = 4.24, per cent of variance = 47.17, cumulative

percent of variance = 47.17; PC2: Eigen value 2.12, percent of variance = 23.56, cumulative percent of variance = 70.73; PC3:
Eigen value 1.32, percent of variance = 14.70, cumulative per cent of variance = 85.44)
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Figure 3-Path analysis diagram of nitrogen mineralization with soil characters
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Figure 4- Path analysis diagram of microbial respiration with soil characters

P=0.89

e

NEPLUTIp it

Microbial respiration



AP sl — cntg < Fojlods Y4 alr (S g ol a s VOFA

(Qantly jadio) (59755 o (20 (59 3t (Sl idho) ST (gladuasidio wallions 1o 9 oo 1 31 Y Jgo
Table 3- Direct and indir ect effects of soil characters (independent variable) on nitr ogen mineralization (dependent variable)

e Sty iin S9) 3t s Syoiie w6 s S Ol ger g e O g2
Variables Effect of independent variableson dependent  Direct effect  Sum of padituwe SUM Of  puiliune gul
variable indirect effects direct and indirect
effects
oS Organic carbon i 8 —p -0.11 0.91 0.80

Organiccarbon  Nitrogen mineralization (jgus oa  Siee
Organic carbon Ji 45 —p
Nitrogen 55,2 —
Nitrogen mineralization (e, s Sase
o Clay », —» 0.07 -0.03 0.04
Clay Nitrogen mineralization (s, s Sase
Clay s, —»
Nitrogen .59, —p
Nitrogen mineralization (e, oas Sies
Clay , —»
Carbon ., —»
Nitrogen mineralization (s, s Sase
Oisrs Nitrogen 5o, — 0.98 - 0.98
Nitrogen Nitrogen mineralization (s, s Sise

2950 dsmlxe yo 2 colpd 5 ol 30,k ] edtis i U]
Indirect effects are calculable using the multiply of path coefficients
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Table 4- Direct and indir ect effects of soil characters (independent variable) on microbial respiration (dependent variable)

o i Sl yiin (59; 2 Siiwn o ypfin T e I I e g el O e
Variables Effect of independent variableson dependent  Direct effect  Sum of yfime SUM Of  pudlns g
variable indirect effects  direct and indirect
effects
s Nitrogen ;55 —» 0.06 081 087

Nitrogen Microbial respiration ,See yuiss
Nitrogen 55 —»
Organic carbon Ji s
Microbial respiration ;,See i
o Clay ., —» -0.01 0.04 0.03
Clay Microbial respiration ,,S.e uis
Clay », —»
Organic carbon Ji s
Microbial respiration ,,See juiss
Clay oo, —»
Nitrogen .52 —
Microbial respiration S juiss
S oS Organic carbon Ji s 0.89 _ 0.89
Organiccarbon  Microbial respiration , Swe juiis

29550 dpmlxe ywo 12 colpd 5 Jols 30, peitis i U]
Indirect effects are calculable using the multiply of path coefficients
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Introduction: Among the collection of natural resources in the world, soil is considered as one of the most
important components of the environment. Protect and improve the properties of this precious resource, requires
a comprehensive and coordinated action that only through a deep understanding of quantitative (not only
recognition of the quality) the origin, distribution and functionality in a natural ecosystem is possible. Many
researchers believe that due to the quick reactions of soil organisms to environmental changes, soil biological
survey to estimate soil quality is more important than the chemical and physical properties. For this reason, in
many studies the nitrogen mineralization and microbia respiration indices are regarded. The aim of the present
study were to study the direct and indirect effects of soil physicochemical characteristics on the most important
biological indicators (nitrogen mineralization and microbial respiration), which has not been carefully considered
up to now. This research is the first study to provide evidence to the future planning and management of soil
sciences.

Materials and Methods: For this, a limitation of 20 ha area of Experimental Forest Station of Tarbiat
Modares University was considered. Fifty five soil samples, from the top 15 cm of soil, were taken, from which
bulk density, texture, organic C, total N, cation exchange capacity (CEC), nitrogen mineralization and microbial
respiration were determined at the laboratory. The data stored in Excel as a database. To determine the
relationship between biological indices and soil physicochemical characteristics, correlation analysis and factor
analysis using principal component analysis (PCA) were employed. To investigate all direct and indirect
relationships between biological indices and different soil characteristics, path analysis (path analysis) was used.

Results and Discussion: Results showed significant positive relations between biological indices and clay,
organic carbon and total nitrogen, whereas the correlations of the other soil properties (bulk density, silt, sand
and CEC) were insignificant. Factor analysis using of principle component analysis showed that the behavior of
these two biological indices in the same territory and controlled by the same factors. Path analysis was employed
to study the relationship among soil biological indices and the other soil properties. According to results, soil
nitrogen mineralization is more imposed by nitrogen (0.98) and organic carbon (0.91) properties as direct and
indirect effects respectively. Whereas the values of soil microbia respiration were affected by organic carbon
(0.89) and total nitrogen (0.81). It can be claimed that total nitrogen and organic carbon are the most important
soil properties in relation to nitrogen mineralization and microbia respiration, respectively. Regarding to the
strong relationship between soil organic carbon and nitrogen and also similarly strong relationship between
nitrogen and organic carbon mineralization, enhancing nitrogen mineralization is expected by the increase in
organic carbon. In this regard, Nourbakhsh, et al. (2002) claimed that nitrogen mineralization is depended to soil
organic nitrogen and derived from total nitrogen. In addition, there is a strong relationship between total nitrogen
and soil organic carbon. So, the greater amounts of nitrogen mineralization can be related to more accumulation
of organic carbon and nitrogen in topsoil (23). This result is in accordance with Wood, et a. (1990) and Norton,
et a. (2003) findings (21, 30). Ebrahimi, et a. (2005) stated that if the C/N ratio is more than 30, the process
immobility or nitrogen mineralization stopwill be occurred. The ratios between 20 and 30 usualy settle and
release of mineral nitrogen does not take place, and the balance remains. If the C/N ratio is less than 20 net
release of nitrogen in the soil will increase (9).1n the present study, the values of soil C/N ratio were less than 20
(mean 15.80), so the process of nitrogen mineralization occurred in the study area. Suitable conditions for
microbial activity of soil microorganism's especially adequate supply of organic carbon increased the microbial
respiration in the study area. High correlation between the amount of organic carbon and microbia respiration
confirmed this claim. However; it seems that the soil organic carbon is driver of microbia respiration rate. This
finding is reported by different researchers (6, 7, 15, and 20).

Conclusion: Path analysis as a complementary method of regression analysis and factor analysis using
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principal component analysis showed that the biological activity of the soil characteristics are directly affected
by soil nitrogen (for nitrogen mineralization index) and organic carbon (for microbial respiration index) and
other useful features influence them indirectly through strong correlation with the characteristics of nitrogen and
organic carbon in soil.

Keywords: Biological Indicators, Microbial Respiration, Nitrogen Mineralization, Path Analysis,
Regression, Soil



