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Extended Abstract

Background and Objectives

Soil quality concept was initiated for the realization and strengthening of soil sustainable management particularly for
sustained yield production as early as 1990 decade. At the time it was a qualitative concept but later evolved and expressed
in quantitative term as soil quality index (SQI). Briefly, it is based on selecting soil properties (referred as indicators) that
attribute to general soil wellness or particular soil function (e.g. yield production, nutrient cycling, carbon sequestration
etc.), assigning an appropriate score (0 to 1) for each indicator and integrating (averaging) the scores and expressing the
outcome as SQI. Substantial researches have been carried out on various aspects of the issue including indicators selection,
their scoring, and score integration. However most of them have been generally-oriented or generally-purposed meaning
that no particular or specific goal(s) has been in mind of the investigator. The SQI has often been determined by using
the total available data (TDS) or a minimum set of data (MDS), hear after would be referred as multivariate based SQI.
In the present study, we also investigated S-index, relative bulk density (RBD) and least limiting water range (LLWR) by
referring to them as a single variable quality index. The assessment of those multi and single variable based SQI in relation
to winter wheat yield production was the major goal of the present research.

Methodology

In this research two types of indicator scoring functions (linear and non-linear) were applied to both TDS and MDS
(identified by principle component analysis) to determine each selected indicator score. The scores were integrated as
their simple average, weighed average, Nemero and scaled average methods. The corresponding quality indices were
designated as SQlsa, SQlwa, SQIn, and SQI., respectively. Considering the single based quality indices, SD was
determined using S-index proposed by Dexter, RBD according to Jones and LLWR according to da Silva et al. The
pertinent parameters were obtained from soil water release and soil penetration resistance curves determined at 173 sites
and wheat grain yield was recorded at all sites as well.

Results

Linear and non-linear indicator scorings led to SQIs ranging from 0.28 to 0.53 being significantly different at 5%
probability level. The four applied score integration methods also yielded statistically significant (p<0.05) SQIs. For
TDS, SQIsc showed the highest quality index of 0.45 while for MDS, SQIlwa was the highest (0.45). The results clearly
indicated significant interaction between scoring (linear and non-linear) and score integration methods for both TDS and
MDS. On the basis of SQIwa, at about 70% of the 173 studied locations, soil quality was graded as low or poor which is
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in accordance with low grain yield obtained at nearly 65% of those locations. This implies the potential applicability of
SQIlwa for wheat yield assessment at the studied area. Single variable based quality indices (SD, RBD, LLWR) were
significantly (p<0.01) correlated to SQIs, meaning that instead of set of variables (TDS or MDS), a single variable (e.g.
RBD) may be adequate for soil quality assessment. Among the single variable indices, the LLWR showed the highest
correlation (r = 0.55**) with wheat yield. The RBD stood at the second place indicating its high adequacy for the soil
quality assessment in relation to wheat yield.

Conclusion

Strongly significant (p<0.005) correlation between MDS-based SQIs with those TDS-based ones along with low cost and
less time needed for obtaining MDS (%clay, AWC, pH, Pay., and Mn,. in the present study) in comparison to TDS (17
variables) indicated that the SQIs based on MDS may be preferred especially if periodic SQI assessment in the studied
area is desired. Among the single variable based quality indices, the LLWR showed the highest correlation with grain
yield indicating its potential applicability for soil quality assessment in relation to yield. Generalization of this finding
needs more investigations. In the present study, accessibility to the biological soil variables which may attribute to SQIs
was unfortunately impossible; their inclusion in SQIs assessment for the area would be much valuable. It was also
implicitly assumed that no water stress has been occurred during the active growth period for the crop in the studied area
which again needs to be considered in future investigations.

Keywords: Sarab plain, Single and multivariate quality indices, Soil quality index, Total and minimum data sets, Wheat
grain yield.
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A.a.:ltl_jgn X=A BE C.}ti. %.lj.l b K] (S:'/a o ‘S:bl.aj.l:l J‘A:Q.A) 4:!‘;‘ .]a.AA (ngLAiI:l ‘)‘AB.AX B

1
NLSF = —5—7 (0)

shal sladdl go 4 0525 Jgaa 51 ouliin LMDS 55k 5l sud olaml (LLES) (S309 08 48,5 0 ((A305 1(R0) 9
(TDS) S suls 4 gans ,u.(Rezaee etal., 2020) wi alas) aalol Guibisly JS @ saate 58 Guibisls cund Gulisl 53
ol cows G F sl 5 S50y IS @huas culid paans 5 (S OF Slwis curd aandi 5 (S5as 58 O3

il oo la S50 5 S olyusd oy CVi i sla S50 51 S6a o5 9 Wi (Ortega & Santibanez, 2007)

CVj
= Son (*)

s saldi) 55

Andrews et al., 2002b; Doran & ) ad aawlas V dasl, 51 (SQlwa)" S39 g S cubus jadld -l
e ol TSl 43, 5 o5 oS Si g Wi (Parkin, 1994

SQlwa = 2L, W;§; (V)

Andrews et al. 5 Andrews et al. (20028) aliw s sut l,) ((SQlsa) ool S g38) SK cudas jadld -0
(LaSolas slaas n Kol 43, Si) wel cwads A dasl, 351 (2004)

SQlsa = % (A)
o dlae SE e o La S5Las (Smin, Save ) &, Jilaa 5 oSl uleal 5 ((SQIN) §p03 S cudss yadlid-7
(Qin & Zhao, 2000)

— [Save®*+Smin® |, -1
SQl=, [ x T (*)

S swsu S ke Mukherjee & Lal (2014) abi yas oS ol ol (SQIgc) oud pubide SIA Cndas yodlid —o

SQISC = (SQI - SQImin)/(SQImax - SQImin) (\ * )

I'Non linear score function
2 Weighterd additive SQI
3 Simple additive SQI
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SQI = Y, Individual soil parameter index values (VY)
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Ll Ho cudS olyuss o« walb wl g co Gl (oo (ol e ol S 58 sad Gulids cudS (aal s SQlsc
s Glis dlie S oo age S 1) BBAL 55050
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Sad wwlae da Silva et al. (1994) Joall, sicws 3ub LLWR 5 Jones (1983) aliw gau sads Il bl gy (slise 5

o g b

Lod1d awo i slro,loT

v o @b LGS il sad WLl Y USE L USDA allas o (380 GudIS (il 4 3late pois 3 9o 90 sLASIA
Lo, ¥ oagas L Guy bl aias e JSES ) dibie slaSIa S aaju ¥ 5 YA G Sud aii s sl g S
Weil & Brady, ) @, oo 5158 35 biugio B b gio oIS o dilbie glaSA (K cdla o conl dilie glasa
.(2017
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. Clay /\
. Silty clay = / \
. Silty clay loam / \
. Sandy clay "
. Sandy clay loam
. Clay loam

Silt

. Silt loam

. Loam

10. Sand

11. Loamy sand
12. Sandy loam
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o9 sad olgidny sgua Gulal s ad sulo LES Y Jaa Lo o dose glLaSA (SEis VWV e
8S odomds b sl S35 olgieds wm ;0 V0 51 S CV L sla S35 Shakouri Katigeri et al. (2019) dalllss
bugio g mdmis b sla S35 Olsiets an 0 YO LNOCV L sla S3s5 ol aallas 5o la S35 aus 50 FV/Y)
Goiondi b sla S5 Olsieds im0 Y0 5N 58,5 CV L gl S5y 5 (sdla aalllas o La S5 aus 0 YO/IY)
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Sl a3 s oS (S5 onl so el O (Sunetal, 2003) wiS 5nas ol Gloe 4 Wb S Jglae 53 5555
35S Syas oS SHas dibie glaSA o H80d ©lhuds o ys Gog sida Yo D)ol suls palalial upas )

{(Shakouri Katigeri et al., 2019) col adacs SIA jo yuaie (pl poas Yladal 5 Hiud

AAS Jguans uySlas g ooy 990 dbie GLASKE (S5191Y us gi slaoybl-Y Jgua

X s,lel® YRVS-S )yl

T EERIPHE Lo Se " cle (SLe  SNha s SKEla Sy
L5 K-S ol ads RRRVL]

nN SNY L sie YY/Y VYA -IVA V/-A Y- Yv/a 2 A G deaya
nN yiYs < o/ SV /00 o[- FACHEERY ) SRR AR ) v 2 0s(V/V)

N - < WA Y e -/ Y SYY XY VY Y 033(V/V)
nN AN L gie ARIAS S[AN VY AR AR -/-4 VAN ofeF 01500(V/V)
nN -\# RS VO /A PY o/ Y Y N A AWC(VIV)
nN R < /A SAF —-/00 o[- NIRRT VY 2 N RWC
nN A YU -/¥ NN YoF - /Y¥ SVEGIAY YIAY YA Ks(cm.h)

N Y RS oY =+ /XY /Y Y VA7 YA - SR Vi SR V1 7 BD (gcm3)
N /YA b gie YO =YY /Y XY V¥ VEY O Y/EY WY S s
nN /A < /A Y NF -/YY VIVE OVIVY  NAS VY pH
nN WAL\ N8 YV OOYYY ¥ -/0 YRGS VAY- SR /2 SR LY EC(dS mi)
N ¥ b sie ARTARERY /N Y o { YREY AF/A A0 WAV YARY Kae(mgkg?)
nN NiYe YL APl+ AYIYA  XIF a/4¥ ANNY  ANVOF VABY e /YY Paw.(mg kg
nN /¥ YL FEIA YIAR NIAY -I¥Y YA XY OANY Y Znaw(mg kg
nN Y < \WYEONYA =Y - /Ay Floe FA- A YAY Mnaa(mgkgl)
N /-0 L sie YA/e o /VY LYY -/#0 YIYA X/Y0 ¥/AY -[0Y  Cuae(mg kg
nN A% B OVY =N /FA VY WP N¥/ee ¥\[ee YIPY Feaa(mgkgl)
nN \F L sie \WiEYIYY /o) VEAYA FVee FYYY VY. Yoo vield (KghY)

Jlesint @558 NN 5 Jle s o5 N S manal =85 S 5l £

(MDS) Lasuls JSlua de gans
C;J:S‘)lS‘L) Lassly J:Q‘JA e gano Sﬁ “ u_v‘:\la.ué 9 LA_):ulo uﬁl&\s S (PCA) U‘L‘A‘ ‘_;LAA_U\;A WLl (5‘_).' ‘a_)y .]o_).‘l-
il aallian s (Jolliffe, 1986) el (BTS) bzl s S 5sad] 5 (KMO) Slgh polom, 35lS ¢y 5057 cslaluns

! Coefficient of variation
2 Kaiser—Meyer-Olkin
3 Bartletts test of sphericity
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Mukherjee) a alasl oyl Gus (Sisan 5 Lag,T 835 5o sualie 4 da 55b 4il e iy 5) S5 58 5l Lajuaie Glax)
=S sl Silas (lssieas Mn 3 P pH AWC Clay S35 my «oulad ol 5 (& Lal, 2014; Rezaee et al., 2020
S s MDS s

S cuis s el
Lise 0 pailasia SIA Gdss glagadl

6l o] o obel dnlie 5 4y B8 5 (Asas; s padt LS 5 51 S 8 6l OIS WY Lu SQI uslis S5k
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! Eigen value
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NLS-G, slag sics so o soalie 131 5 (VY Ve ddasl)) ool sud walas [0S JiIaa 5 Jilas aolie slue s

@ (0-F Laulgy) lod jat g o (cAad ) (535,148 s oudd daalas (48550 VVT) SIS CadaS adlid (aSilas —F Jgua
VeV Lo g ) iy 380 (g Hl 9 (MDS, TDS) La sl

LS** NLS-Sig* NLS-G* LS** NLS-Sig* NLS-G*

SQl Meanl Mean2
TDS MDS

SA 0.41 0.48 0.31 0.40a 0.5 0.47 0.45 0.47a
WA 0.39 0.45 0.33 0.39a 0.5 0.55 0.54 0.53b
N 0.27 0.32 0.20 0.26b 0.29 0.27 0.25 0.27c
SC - - - 0.45¢ - - - 0.46a
Mean3 0.357a 0.425b 0.280c 0.375 0.430d 0.430d 0.417d 0.432

._)JJK @B—UJQA_&}. UZJJ “© U_A.Ai.::l_) 'NLS-G :Aefi‘,.aizu.u eu—‘;a;_)f}. UZJJ “ u_AJi.G_) NLS'Slg ‘Lf'ﬂ.; Q.AJ&.\S_) :Ls

55 3adb 5 (SF) (oauasi, b g & Guwly 2ol Gadls € ol Gaddio V- BV 50 B Y Luly, slie s
fols «S aas oo Lzs (Mean3) ¥ Jpas ol ciss;y 5o g Silie 4wlis SQI=F(SF, SI) (Koo ol 4 el (SI)
g5 olen 1 S 58 TDS de gans (515 .2l (P<0.05) Llulias SQI (595 (a3 p63 31 ladss ;) 3a38 8 gads 51 4,18
353 ololiae golel Sl 5l an LagT o csli 5wl /YO B /YA G cplite cndS lagadls 4 saie A04s,
DSLas 0 L3 dLasals de gane ol o el sl LA SQI (555 Hlalias 531 asasS; ¢ 63 MDS de sans (5l 5 (p<0.05)
09 € (Foseo 53 83,50 lay S Jlae Sl (el s a0ds) g5 OISINHIA 5 Wu e Jids cudS b
w8318 S5 15 Ghasa S8 paadas; pss SSOLES VY L TDS de gans
s Meanl slag, si) 0 SQI osliie yalie 4 sake 55 Laas; Gudli & s (8345, £53 51 5 ¥ Jyan Bile
oLt MDS de gana (515 Lel el 1 (- /¥0) Llafie o sicins s uliie i€ adlis TDS 4e sans sl s (Mean2
3280 g 5 caaal 5 SOLES slaad (8 saias LES 5 @38 i |, (4/0Y) Dl Gusides (WA) S5 (S8l s
olaie G iaS (N) g5ad (hgs 0 2ol (adlid dasols 4o sane 50 58 5ol S 20 (edll Glas Hu lads,
Oisn A dhasly 3slae .ol sad (5,155 50 Nabiollahi et al. (2017) dhi jao (oald 5o o oslds cutla 1, (+/YF)
9 S0 SBS Hu 50 1 LSl G e a5 da S5l 45 5Sile edle S (adld dawlas a5 sSis
(09 0Ske L) (S35 (Pusdd GBas 4 Laad; 3B L il pedld s gl e pedld Hlie 5o U35 el bl
a,d) BI05s & s Do Gl s ad MDS (gl e3u4 (1/0F) SdS eald (nyid 4 sake (SQlwa
(b Gadls 55, TDS 5 MDS L8b ki 51 i€ e plo SIa ol Gadls uad o 1 LaSilas 4 (1S53
S e b 380 Jhliae b | @i (ad Lt MDS dc sane i) 315 o5l 5 804, p55 51 o1 (S ooty
saide w5l OlSie b SILES Glsie 0 pate VY e ) suliial slads (Gl by S 05515 TDS e pane
olod 53 @Mliade Bl has 5 oS soliieal auypm dyse Gihie S mdS (aild wwlas @l (MDS 4c sans)
Ool b LIS se Geddie dilie S o cdS Gedld glesu b aliie QL) SISt S psadi e dada
Lool @l 1y JBlas slasuls 4e gans S0 GUO et al. (2017) .cuils ) s2aa Andrews et al. (2002a) a,) S L «asbs

! Score function
2 Score integration
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