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1- Nemero quality index

2- Additive soil quality index

3- Weighted additive soil quality index
4- Minimum data set

5- Principal component analysis
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Figure 1- Map of the study area and location of soil sampling points in Alborz province
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Table 1- Classification of soil quality grades

(Soil quality grade) & CudS WwMS

5L § 499 QLG
T homtrmeney Wopgs (o (Maem (Mot V) sk
Very high High Moderate Low Very high
(MDS) o 539 Jslio >0.44 0.38-.0.44 0.31-0.38 0.24-0.31 <0.24
NQI (TDS) b S35 IS >0.48 0.41-0.48 0.34-0.41 0.27-0.34 <027
(MDS) a 559 S8l > 0.70 0.60-0.70 0.50- 0.60 0.40- 0.50 <0.40
IQla (TDS) o S35 S >0.71 0.61- 0.71 0.51- 0.61 0.41- 0.51 <0.41
(MDS) o 55,5 Jslas >0.69 0.59- 0.69 0.49-0.59 0.39- 0.49 <0.39
QM (TDS) la 39 JS >0.72 0.62- 072 0.52-0.62 0.42-0.52 <0.42
(N=20) oud (550511 (sadigd 1> puiF 3 )SMae 9 B (o loonsd 5 (K252 S F29 Y Jgaz
Table 2- Soil physical and chemical properties and the yield of wheat in determined samples
S gl Sy CS  dwdy oilbe baedlpdl  (SadS S
(soil properties) (Min) (Max)  (Average) (Std.deviation) (Skewness)  (Kortosis)
o Sand (%) 16.50 92.00 45.40 18.70 0.56 -0.50
S Silt (%) 1.50 48.50 29.50 11.40 -0.84 -0.13
o Clay (%) 3.00 45.00 25.10 9.20 0.09 -0.43
sl JEe BD(g.cm®) 1.20 1.72 1.45 0.12 0.08 -0.28
Jss F (%) 35.23 54.40 45.60 4.30 -0.21 -0.18
Al G5 (1Ske MWD (cm) 0.00 2.48 0.64 0.45 0.97 2.07
o JB AW (%) 4.94 19.90 12.28 3.06 -0.11 -0.07
el (Sdgpien colin Ks (m.day?) 0.001 4.89 0.77 0.95 191 4.06
Al pH 7.22 8.47 7.97 0.23 -1.04 1.86
Sl colia EC (dS.m?) 0.56 18.16 2.68 2.83 2.75 9.84
oo OM (%) 0.46 4.68 1.61 0.35 1.50 5.69
Joleo S Sl 5 CCE (%) 7.70 34.60 16.19 4.35 0.69 3.11
e > Cod SAR 0.48 217.00 5.52 2.07 9.56 29.50
oslil b6 yaud Pava (Mg.kg™) 3.00 174.00 27.50 33.24 2.21 4.88
ozl BB el Kaa (Mg.kg™) 135.00  1455.00 436.00 238.00 1.76 4.44
ol Fe (mg.kgh) 1.70 17.36 5.82 2.48 1.24 3.64
o Cu (mg.kg™) 0.62 3.38 1.74 0.63 0.63 0.35
e Mn (mg.kg?) 2.56 22.22 9.04 3.74 1.29 1.95
25! B (mg.kg?) 0.00 19.89 2.75 2.55 4.82 28.4
) Zn (mg.kg™?) 0.22 4,92 121 1.01 1.86 3.36
(52950 puilS SMR (mg CO.. day*.g?) 0.31 1.79 0.92 0.27 0.34 0.48
s 5 Slas Grain Yield (kg.ha?) 2700 10000 5934 1592 0.51 0.34
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it N

2 03 Wi { St jlsl) SB Sy o Judo Siledl s &8
0a3LS () ol Jlaidyse sl Shg s Ny SB (S
el s 4y 25 alal I (NQI) 5508 oS
NOI — P.+P.° n-1

2 n

i (sl odbolil b Shy polie uSile Pae 1] 5 &8
SLa SRy (e ) 29290 Jlde (a8 Prin «SLS dges
sl 15 3090 (sl Sy S N g iges 2 (gl oado L]
Gl sl o dploe

®)

KMO 4 &)l cuns - Joua
Table 4- Bartlett’s test and Kaiser-Meyer-Olkin

Kaiser-Meyer-Olkin (KMO) 0.72
) gl S ol 2102.4
byl cog)S eel - Approx. Chi-Square
(Bartlett’s test) (df) oljl 2y 210

(Significance) ¢ > sz 0.0001

S oudss slagadld kb lis!

Ot (Sied (SLS i claasls (e il ol
o3l (2025 (NQI) 9,905 oS clapaili 5 o pai8 5 Slos
Bl 5 S gla Shy JS 55 (IQW) Sis 5 (1Q1e)
ChS asls oy 9 38 e ST o Sl (g S
5 gy U] i sl S

1- Communality
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g S ooy e i STy wSle gl Sis (sly o“Less is better”
() 1 oolazw! “Optimum range”  isis jl )

a4k (5 5280 a0 (5La S35 2290139

50310l Lo (S ()9 9 s STl polie V' Jos
G 93y 33 ol 4y dsed b dad o i 1) (oas Sl sla
o S 6PVl 0 (b S SRy (o Shy Sl 5 JS)
2 5l adlas 550 adaie cplply )l SB olerd sl S
SLa SRy o Cuns (558 Cudgiome LIS (S8 Sl Sy
by da g |y dibaie S8 cuas flg o SB olend slo
9t cge SB olerd Lulpd gm0 2 0gMe (03 3657218
olazb Lo 290t oo BB T (ol oo S (S50 bl
Copde b cadhio S5 answl & dog b piomad W05 dalgs
Olssise 3,585 Jio oosssS el 3l eslitwl 5 canlio 23365
9350 |y plie yolie Cls bylus 50 (ials'|) S an il
=VIVY) YU pH 4™ 0008 olil ol jss dalaio ) SB cunS
g el i S curs Gials g oblS ub) ol 1y Codgaome
SB 45,558 Ll bas bl ol siagh (b (VF) o, Ken
=550 g bl Graas oS polie e g 4Bl ialS S an il
ol 4Bl oli8l S Ol LB

o L (SAR) i wlos o VYN 09 (3555 b ooy
e L (B) e MV oy ()l b it adlge o [PY (551
Olg=edn adlze o )3 (IIS)L o pd YL L /Fe ()35
gy g 8 OLsal SLS cuds  fge slo Shy Jibe
Jlo el Sl )7 po> adlie )3 (59, ol adlge > oolial S
oYL 5l S 203 Ve YL () lS)1 o b o adlge 5
b )3 s B3 L5 o bgyye (glbailhe (oISl s
b gy 03d QL] Gla Sy e (Siaren il

O p9> Ao 3 wdlital BB Ol g oy b o gl adlge
9 5Ll S (e po adlie )3 5 (59 9 odlatul B ydud
Jol adlye > bl (ol ety 2929 (VL (Stnon J5I55
(sl S pow adlpe )3 wdlatul LB jiud pe> adie )
prmelS” Sl )8 i Ao )3 9 s e Cannd iy adlge
(MDS) S oS S0 sl Shy Sl glpie 4 g Jolea
Sl ool ol 45 3l s (V) oy LSad 5 jpmpms 505 Ll
o V8 3lgi e S )y 0oy (25 b (ol slaaddia
A8 ol SB sl Sy e

9o dipdi g AlgeS I sty S ((BI0yed (ke £ (Jo>
ol a8 Jgmanme 05 el 0 (650310l (gl Sg oS
Gl ela S 36 Cagie s odlitl b amd o ol
b S U jre s e @ljliel & S1S aSges y b gl o
Laalssls g )lul (Jos sla Shy sl sobate () (sl a8
5 s (I ) gl (Sdgpiom colim (o ptos 6 G
I (19550 i 5 S5y e 55500 onl odlizal LB pnly
o A Cowi sla She sl “Less is better” oues
=250 | Jolae S Gl S (S Sl ol s ppls J

Wadlge ;3 ouwd QB! g 519 (5,095, pd 5 il yly (reas o yd a9 (W) p3le —0 Jou
Table 5- Eigenvalues, cumulative percent of variance and loading coefficient of selected properties in the components

Components aslge

1 2 3 4 5 6
(Eigen value) o34 35, 6.06 3.17 2.48 1.77 1.31 1.16
(Cumulative percent) Lub,ly seos 1oy 28.84 43.93 55.74 64.19 7.44 75.97
Pava - 0.77 - - - -
Zn - 0.71 - - - -
AW 0.81 - - - - -
TNV - - - - - -0.59
B - - - - - 0.60
SAR - - - - 0.63 -
BD - - -0.66 0.57 - -
F - - 0.63 -0.63 - -
Clay 0.85 - - - - -
Sand -0.90 - - - - -
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Table 6- Scoring functions and upper, optimum and lower threshold values of measured properties for wheat growth

2945t dinoS A D9t ding A 3945w Al A
S oS5 P30y b R . .
S S5 scoring kS oS oS
soil properties Function Lower threshold Optimum Upper threshold
values threshold values values
o Sand (%) Optimum renge 10 40 85
o Silt () Optimum renge 20 40 60
. Optimum renge
Clay (/) pwu ng 10 20 60
P o g b 18
e 1.75
sl JSs BD (g.cm"?) w::):] , vt ibitfr 11;5
s (o) 29 15
) 14
o Ob g 32
o ey 34
s . G oy pd 9 pd More is better 36
S F (Z) =) o9 ool iy ey 38
S 59y 29 43
) 47
aailiss s 59 ik MWD (cm) More is better 0 3.38
ooy B AW (/) More is better 15 25
ebsl (Sdgyn colan Ks (m.day?) More is better 0.002 2
gl pH Optimum renge 5 7 8.4
Sersdl cgle EC (dS.m?) Less is better 6 20
Sl osls OM (%) More is better 0 2
Jolre S’ Sl S CCE (%) Less is better 15 50
i ol Cowd SAR Less is better 13 20
oslital LG it Pava (Mg.kg?) More is better 5 15
oslil LB pply Kava (Mg.kgt) More is better 100 200
ool Fe (mg.kg?) More is better 25 75
e Cu (mg.kg™h) More is better 0 0.5
Jien Mn (mg.kg?) More is better 3 10
9 B (mg.kg?) More is better 1 3
&9 Zn (mg.kg) More is better 0.25 1
(29550 i SMdRa)STg_gOz More is better 0 1.78

ol au ang bams o ol 1) bl ol )ljis o ol paiS
=4S (IQla 5 IQlw NQI) S5 coas sloyadli polie
O S 6yl 4 0yl3 Dy (P4 +Y) s dme (Ssansens ilotel
(S slaShy Jihs s S slaShy J5) el 5
IQIW ¢ (r=~/F/\) NQI LgL_hu»l__w 2 )l.)(_s__.i:.o M
hlen 5 o551 Glods s saaliie (r=+/VY) 1Ql4 4 (r=+/Y)
03t wl (yo (6550liS” (glaye; pd a8 ol L by 5o (YA)
9 (r=+/AY) gy505 cstS (s lis ) oy JS g laosly sl ]

dileis SIA cudas G g
ddbaie ()5S slagno) o SB CuiS Cuxdg A Joi>
x5 5 (NQI) 5y5m0 S (sl sl j1 odlizl b 1, ol s
SlaShy Jhas g b Shy JS 0 (1QN) g 5 (IQla) ool
sl ol ke dalaie guls dy dogi b oo o s o sl
L Ty col SB i spasls polie jlas 5l gy 0gioce
B+ 5l i (A Joiz) cudS slapadls ale 5 (560ko @ 2298

D13 s (i g cob NS )3 adllas 3590 bl ao >
Slas 5 S ciS slaadls o (Kiawes 4 Joi>
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Bla > L, (r=+/5Y) NQI 4 (r=+/5Y) IQla (r=+/#A) IQlw
P Smed ol g Gl (P4/4Y) Jb pre (Stuser b g
Ol e (2SSl il 3 (cdnghy 3 (V) oSen 5
bre (Stuod g6 3 Slas g SB cuas (adls o a5 00l
as” ol las aimgh 50 (Vr) oh)Sed 5 S .l (p<+/+Y)
(r=+1A) S’ Jgae 3)Sdas g (RSQI) s SB ot o
Wb odalie (o) pxe  (Siused (r=+/2+) puiS 5 Slas 4

e (P11) 3 e S (1=+3-) Sy e
g Loy Jlas) Sb (sla Shy Ol o9y 93 2 53 (i
b ine (Sisrat Q15 4 1Qhy NQI s (Lnosls |5
2 =gk 3 (V) GhbSen g yoslesy )0 2529 (P<+/4Y)

P IQL e 4 5005 5Lt (a5 il (55biS” (slyee;
55 (V) oySed 5 adl s el (1= /YY) NQI Jse 51 s (1=
Sl )3 (y9 135 s (65,5l (3l > (g 5
1Qla }) e (R? = +/AY) 1Qlw &8ssy glti oyl ois S
5 ool pIiS 5,Shae oy ol (R2= +IVF) NQI 5 (R2 = +/VA)

(MDS) (sl 5529 Jlss o (TDS) W S 529 JS 5f oMl (pdg )3 0 (535 0511 (S S 529 39 p3lie -V Jgi>
Table 7- weight values of soil properties in the TDS and MDS methods

(TDs) Weals Js

(MDS) sty J8las

S gl S
(Soil properties)

SrdST sl 039

Syl 339

(Communality) (Weight) (Communality) (Weight)
o Sand (%) 0.95 0.06 0.63 0.17
s Silt (%) 0.87 0.05
o Clay (%) 0.83 0.05
sl JBs BD (g.cm™®) 0.96 0.06 0.55 0.15
Jdss F(%) 0.97 0.06
Ll Hlhad i :Ske MWD (cm) 0.57 0.04
o ywd JoB AW (%) 0.84 0.05
elal (SJgyid colin Ks (m.day?) 0.65 0.04
Al pH 0.63 0.04
Sl ol EC (dS.m™) 0.69 0.04
Slosle OM (%) 0.81 0.05
Jdlee el iy 5 CCE (%) 0.77 0.05 0.57 0.15
e ol o SAR 0.57 0.04 0.68 0.18
ool 18 yaud Pava (JMg.kg?) 0.85 0.05 0.64 0.17
ool 58 panolty Kava (Mg.kg?) 0.67 0.04
ol Fe (mg.kg™) 0.67 0.04
e Cu (mg.kg?) 0.67 0.04
Ko Mn (mg.kg?) 0.68 0.04
e B (mg.kg™) 0.82 0.05 0.64 0.17
&3y Zn (mg.kg?t) 0.82 0.05
(295w S SMR (mg COz2. dayt.g?) 0.72 0.04
axllle 3590 atlaio (65,9l (Sl mej )0 S CudsS Comdg -A Jgua
Table 8- Soil quality status in agricultural areas of the study area
e SiaobBl gy aS din Sl o
Index Indicator method Min Max Mean Median
NQl (MDS) b S35 Jolas 0.23 0.81 0.44 043
(TDS) b Sio JS 0.29 0.53 0.42 043
o, (MDS) b S35 Jolas 0.39 0.98 0.71 0.72
(TDS) o 53 JS 0.43 0.79 0.62 0.63
ol (MDS) b S39 Jolas 0.39 0.98 0.71 0.72
(TDS) o 559 JS 0.40 0.81 0.62 0.64
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Table 9- Correlation between soil quality indices and the yield of wheat in the irrigated farms of the study area

T Lt s Lo T vudcon
Index Indicator method 1Qlw Q1 NOI 1Ol 1012 NOI

QI 1

10l oS30 ol 1.00% 1

(MDS)

NQI 094 094 1

o 0.76*  0.76*  0.79* 1

Qs “"Zf 595 )Jf 0.72* 073"  0.68* 0.99* 1

NQI 0.72* 073 068" 0.99*  1.00% 1

(Wheat Yield) ps >,Slec 0.68* 067 062 0.61* 058 058 1

Additive soil quality ) esbe xeo0 cuas jasls :IQla (Weighted additive soil quality index) ;g xems cuis (esls 1QMw =
(Nemero quality index) g,ses cuas jasls NQI 4 (index

(woy3) S CubsS s WIS 13 (6559WiS S e ; Colmo =Y ¢ Jou>
Table 10- Land area in soil quality classes (%)

Soil quality grade S'ls CudS WIS

ol S 59 LB hy, 0 ; . -
Index Indicator method () &% 4 (1) ey (1) bawgio (V) omb (V) oml b
Very high High Moderate Low Very high
(M.D.S) oS Sl 42.11 29.47 20.00 7.37 1.05
NOI Minimum data set
(TDS) o559 JS 15.79 42.11 29.47 12.63 0
Total data set
(M.D\.S) by Jola 56.84 24.21 13.68 4.21 1.05
101, Minimum data set
(TDS) Lo S35 J5 17.89 45.26 27.37 9.47 0
Total data set
(MDS) ta 5325 Jol> 56.84 25.26 1158 6.32 0
te] Minimum data set
w &
(TDS) S5y J5 15.79 38.95 28.42 15.79 1.05

Total data set

O o plalp )3 (96 ddlate) ol (5)15 o )lyhe; 3bli
IS5 asgemme jl odlanl Ly (IQ1) reo5 CudS adls o5 ol
Bl > SB cudS bl lp ) r 5 5e (= /FF) Lol
oS Ly slayliisS waw 1Qla () 55 Gwiopen .l it
oM > Jg el 3ml NQIE hgy 53 5 0p YL s (LS
1Qlw 5 NQI a4 bgiyo oy 4 aw (wicmb 9 Vb 05>

!

8 5 4o

P 3y Shoe 5T L dilate (glanl5niS 5 a8 sy ol ol
sl s o ool woolitel b s il 13t cos

21l adlate (65,5l (slaie) Colue Ve Jyio

023l 0 @t 4 da g b e o slis S cuas g WS
s oS35 8l 5l o2lil 39, ;5 1Qla 5 IQlw NQI (oo
L S b 58 1oy Sy JS J odlisl b, &
2 i ol 0ad S S ple Jg it (I o) 095
od yuiey SB caS (oMS paw osly JBlas 5l osliwl 5,
Ol o3 (=2l 53 (V) e 5 (Ul 455590 > ol
Cous bodly J8lis 1 odlawl (o5, 0 a8 oy Hlis ol lws S
5 sl G g o (s WS Glied g Colue baodly S 4
ol by (B g omls CekS b sl ime) el g colus
e PSS CriS wyp b (V8) o) g oy sl
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Introduction: Awareness of the physical, chemical and biological quality of soil in agriculture and natural
resources is essential for optimal land management and achieving maximum economic productivity. Soil has
various functions, including crop production ability, carbon storage, water retention, nutrient cycling, water
filtering and etc. Thereby, the quality of soils can be taken into consideration depended on the purpose of their
use. The soil quality indices are often regional; therefore, a set of indices cannot be used consistently to
determine soil quality in all areas. In this study, the Nemero Soil Quality Index (NQI), the Weighted Additive
Soil Quality Index (SQlw), and the Additive Soil Quality Index (SQIla) were determined using the total data set
(TDS) and minimum data set (MDS) and the impact of properties affecting the soil quality and the yield of
irrigated wheat were investigated, in Nazarabad region.

Materials and Methods: This study was carried out in 26000 hectares of Nazarabad agricultural lands,
known as an area with irrigated farms in western Alborz province. The Nazarabad area was sub-divided into a
network consisting of 95 squires of 1650 m x 1650 m. The surface soil (0-30 cm) was sampled from the farms
located in the middle of each squire (9+5 soil samples from 95 farms) and the irrigated wheat was sampled from
32 farms. Then, soil physical properties including sand, silt, and clay percentages, soil structural stability
(MWD), bulk density (BD), particle density, soil porosity (F), field capacity (FC) and permanent wilting point
(PWP), available water (AW), saturated hydraulic conductivity (Ks) and soil chemical properties including
salinity (EC), pH, organic matter (OM), equivalent calcium carbonate (TNV), available phosphorus (Pava),

available potassium (Kava), sodium absorption ratio (SAR) and soil microbial respiration (SMR) were measured.

Effective properties on soil quality were selected using SPSS 24 by principal component analysis method (PCA).
For this purpose, components with Eigen values greater than one were selected and in each component,
properties with high loading coefficient up to 10% lower than the highest loading coefficient were selected MDS
affecting soil quality. Then, the Nemero Soil Quality Index (NQI), the Weighted Additive Soil Quality Index
(SQIw) and Additive Soil Quality Index (SQI.) were determined using TDS and MDS. For validating soil quality
indices, the correlation between the yield of irrigated wheat and NQI, 1Ql, and 1Qly, indices were determined in
MDS and TDS.

Results and Discussion: The results showed that the correlation between the soil quality indices (NQI, SQlw
and SQlI,) using TDS and MDS were significant (p <0.01). In addition, a significant correlation was observed

between methods of MDS and TDS in I1QIy (r=0.76), 1Ql, (r=0.73) and NQI (r=0.68) indices. According to the
results, there was a significant correlation (p <0.01) between the yield of irrigated wheat and 1Qlw (r=0.68), 1Ql,
(r=0.67) and NQI (r=0.62) using MDS method; and using TDS method this correlation values were 0.61, 0.58
and 0.58, respectively. The results indicated that using NQI, SQIlw and SQI, indices based on MDS, 42, 57 and
57% of the study area were in very high quality category and 29, 25 and 24% were in high quality category,
respectively. However, using NQI, SQI and SQI, indices based on TDS, 16, 16 and 18% of the study area were
in very high quality class and 42, 39 and 45% were in high quality class, respectively.

Conclusion: The results showed that in Nazarabad region, the yield of irrigated wheat was affected by
texture, Pava, B, SAR, Bd and TNV. There was no significant difference between 1QIlw and 1Ql, and NQI indices.
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In addition, the correlation between soil quality indices based on MDS and total data set was significant, and the
correlation between the yield of irrigated wheat and the soil quality indices was stronger while using MDS rather
than the use of TDS. Therefore, it seems that the use of MDS is more appropriate due to better results and fewer
properties and less cost. According to the results obtained from Nazarabad region using NQI and SQI indices,
nearly 82% and 72% of the area are in the very high and high quality class, about 6% and 8% are in the moderate
quality class and about 7% are in very low and low quality class, respectively. The studied area is less restricted
in terms of physical properties such as soil texture and bulk density. Consequently, due to the high quality of
soils in Nazarabad region, it is possible to improve the yield of wheat by proper management

Keywords: Additive soil quality index, Nemero Quality Index, Principal component analysis, The yield of
wheat



