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Introduction

Agronomic management is a set of field practices that not only influence plant growth and yield but also affect
the soil physical, chemical, and biological properties. The selection of the crop species and cropping systems -
monoculture or crop rotation, significantly affects soil attributes and plays an important role on enhancing nutrient
cycling, increasing organic matter content, reducing erosion, and ultimately promoting the sustainability of
agricultural ecosystems. Therefore, an appropriate cropping strategy can be regarded as a key strategy for
sustainable soil management. Evaluating soil quality through physical, chemical, and fertility indicators provides
a comprehensive understanding of soil status, which is essential for developing effective management strategies
and long-term planning for sustainable land use. This study was performed to assess soil quality under alfalfa
cultivation and compare it with a maize—wheat rotation in a single cropping season.

Materials and Methods

This study was conducted during the 2020-2021 cropping season at the research farm of Ferdowsi University
of Mashhad, located in Khorasan Razavi Province, northeastern Iran. Two adjacent fields with different agronomic
management systems were selected: (i) alfalfa (Medicago sativa L.) monoculture, which had been continuously
cultivated for several years without rotation, and (ii) a maize—wheat (Zea mays L.—Triticum aestivum L.) rotation
system, a typical cereal-based cropping pattern in the region. These two systems were chosen to evaluate the long-
term effects of continuous legume cultivation versus crop rotation on soil quality attributes. The experimental
design was a randomized complete block design (RCBD) with three replications. Soil samples were collected after
harvesting the crops and were taken from three depths (0-10, 10-20, and 20-30 cm). Eleven soil properties
including pH, electrical conductivity (EC), calcium carbonate equivalent (CCE), total nitrogen (TN), available
phosphorus (P), available potassium (K), mean weight diameter (MWD) of soil aggregates (both wet and dry
methods), soil structure stability index (SI), saturated hydraulic conductivity (Ks), and organic carbon (OC) were
measured. The minimum data set (MDS) was identified using principal component analysis (PCA). Subsequently,
the soil quality index (SQI) was calculated based on both the total data set (TDS) and MDS.

Results and Discussion

Using MDS approach, the number of soil properties was reduced, and the most important variables were
selected. Among the principal components (PCs), only those with eigenvalues greater than one were retained. For
both the alfalfa and the maize—wheat rotation, four components explaining more than 80% of the total variance
were selected. In the alfalfa, the selected variables included organic carbon, total nitrogen, calcium carbonate
equivalent, and MWD of wet and dry sieving. In the maize—wheat rotation, the selected variables included organic
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carbon, EC, calcium carbonate equivalent, and MWD under both wet and dry sieving conditions. The observed
EC in this rotation system likely reflects the influence of evaporation and fertilization practices on soil salinity.
Evaluation of SQI across different soil depths and two agronomic management systems revealed that soils under
the alfalfa monoculture exhibited higher quality compared to the maize-wheat rotation, particularly in the surface
layer (0-10 cm). These findings emphasize the crucial role of continuous plant cover in maintaining soil organic
matter, reducing surface erosion, facilitating nitrogen fixation through rhizobial symbiosis, improving soil
aggregate stability, and enhancing soil biological activity in perennial systems such as alfalfa. These processes
may improve nutrient availability and foster long-term soil sustainability. Soil depth significantly influenced SQI
trends. The decline in SQI with increasing depth in the maize—wheat rotation reflects reduced biological activity
and limited nutrient availability in the deep layers, whereas soils in the alfalfa system had relatively higher SQI
values even at the deep depths, indicating the potential of deep-rooted legumes to enhance subsoil quality through
extended root penetration and associated biological processes.

Conclusion

This study revealed that the alfalfa monoculture considerably enhanced soil quality compared to the maize—
wheat rotation, particularly at the soil surface (0—10 cm). The most important soil properties that improved soil
quality were OC, TN, CCE, and MWD. The presence of continuous plant cover, biological nitrogen fixation, and
reduced tillage in the alfalfa cultivation played vital roles in increasing soil OM, reducing erosion, and improving
Sl. The application of MDS approach proved to be a reliable, efficient, and cost-effective method for soil quality
evaluation. These findings highlight the potential of perennial legume-based systems, such as alfalfa, in enhancing
soil quality and sustainability in semi-arid agroecosystems. Long-term monitoring of soil quality under alfalfa
monoculture is recommended for sustainable land management.
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Table 3- Average amounts of physical and chemical properties of the soil under rotation crops (maize-wheat) and alfalfa

SB Sig sl A w9k
Soil properties Unit Alfalfa Ratation
prop 0-10cm_ 10-20cm _ 20-30cm_ 0-10cm_ 10-20cm__20-30 cm
u’“’L:f - 7.50 7.75 7.62 7.34 7.55 7.46
p
u&ﬁéJ'C%'”’" dsmt 041 060 083 095 1.40 135
J(')%)’ % 1.70 0.90 0.55 0.49 0.35 0.35
elS iy % 6.15 6.60 5.90 1300 1055 12.80
CaCOs3
5 KJ)W % 0.07 0.05 0.04 0.05 0.04 0.04
— ﬁ*b S mgKgl  5.00 2.00 2.20 8.00 7.58 7.00
— J}f el mgKg® 2400 1920 1759 3714 30.00 2850
g w@é)**" “R o cmmin 145 0.70 040 040 034 0.23
S
Szl ds)llv\’b ol % 1.55 0.70 0.75 1.21 0.91 0.84
(i) SbSB SRS Gy ol 2.00 1.51 1.5 224 2.15 2.5
MWDdry
() s S 39 0eSbs mm 0.54 0.26 0.14 0.12 0.18 0.08

MWD et
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Table 4- Results of principal component analysis of soil properties under alfalfa cultivation

PCl PC2 PC3 PC4
o e 4350 2600 1750 1.100
Eigen values
(%) ooy 39545 23.636 15909 9.999
Variance (%)
(7) o 202> 39545 63.181 79.090 89.089
Cumulative variance
&E‘* 0420 0180 -0.110  0.200
p
S 0.680 -0.220 0140 -0.100
EC
o 0800 0100 -0.050 0.050
oc
el OLyS 0100 0780 0.180 -0.120
CaCOs3
&z T\;”‘" 0760 -0.120 0.100  0.080
o3lit] LFJ:‘B S 0540 0240 0220  0.150
oslie] i‘ﬁ rel 0.180 -0.600 0.100 -0.100
sk OL“’“‘”Sf)'*ﬂL"' o3l 0650 -0.250 -0.100 0.250
gl ust’*‘” b 0350 -0.420 -0.150 -0.200
S
Sas b > S kS i oSbe 400 L0150 -0.580  -0.520
MWDdry
Pl palsl s i oSle o090 0180 -0.640  -0.480
MWDwet
Slol S 55 PC

g +I¥e5 1y paS cutS 5 SB gy SB cuas (adls Hlade
5 Slmdey 05 by S S (1l ol Jed> o yteges
Jdss ials ¢ Jl slge 39,08 (Ramezani et al., 2016) o, Ko
335 1 (BU w815 5 SB ol pogasie pr Gl slags
ool il 350 S coas gals ol g5y5Lis clgol
S S5y can (Ranjbar et al., 2015) | )\Kea § pooy olo
WK ULJ; oy 60») oy «59) 60.&1 ‘WK ul.w)f J\OLM
S )3 olins i 3K g LAlSBE Jlad S5 ke ¢ J3lae
Ranjbar et ) aas Iy (p6 dalais )0 flyaej cui S gyl S
2 B adlaie o lyaej oo Sy S cuas 4 (al, 2015

.(Ranjbar et al., 2016) sl )3 1V o I uMS

lisee slages ) (SQI) SB cuas (23li b)) b

i 30 ST &S 0y s glite £l); Copde 90 Co g S
GY D ohgd paS—yd Cols b dunlie o dodg iS5 SS
@l ol )1y 5 (6 5VL oS 5l (o low -+ ) (e
jleslaiwl b (SQI) SB curs Hasl b awbxe jl ol
P A0y SWhS S Copde oS 0 lis MDS 4 TDS (sla i,
4l SB CotsS dgus p (s O3l paS—cyd Gols b duslde
P SB cas asls (o Sle V) daw Bes ) G|
i) Mooy > alo gy 93 10 bl 2 a8 Co e
E9l3 53 Bes (ped > SB CudS &5 Jbb > 85 )18 (0
IV o3y > MDS 59, 5 9 Loy ;> TDS gy y> pai3-cyd
(Samaei et al., 2022) ;Ko g (olow .5 (a4l (amd)



¥Yd MWM’S";‘)OJBW}!fﬁ—U)Ousu5424’M}.&JL ‘O‘)mﬁcs‘l'ié|

PAT-0 )3 ogld S gl Sy ol (ballie 4 4520 -0 Jos>
Table 5- Results of principal component analysis of soil properties under maize-wheat rotation

PC1 PC2 PC3 PC4

o9 ylde
Eigen values
(%) Ll )lg
Variance (%)
(1) (sme20 b2y
Cumulative variance

4050 2800 1.650 1.200

36.818 25.455 15.000 10.909

36.818 62.273 77.273 88.182

Sleg
pH
SSosdl colun

EC

S os
ocC

S Sl S

CaCO3

J5 039
N

oozl B yaud
P
oozl 5 ppuslsy
K
SE plaslo gl pasls
SI
eldl (Sdgyim colin
Ks
Sis sl i Sj (wSke
MWDury
el alsls jlad S5 5:0ke
MWDuwet

0.500 0.150 -0.100 0.120

-0.740 -0.100 0.120 -0.080

0.720  0.200 -0.100 0.040

0.180 0.750 0.120 -0.200

0.700 -0.180 0.080 0.100

0480 0300 0.280 0.120

-0.140 -0.570 0.350  0.100

0.620 -0.300 -0.150 0.220

0.300 -0.480 -0.220 -0.150

0.420 -0.100 -0.600 -0.480

0.380 -0.120 -0.580 -0.500

kol adlse :PC

e cos SRl L (o])) sloimes ) 838 sete SB (xa
b g ole a4 Ll cle a5 Wb o JialS Gpany olié po e
(Malo et al., 2005) w3 g0 Comns Lol b g gl o ylalS
Oalite sloel 3 CuS Hadls Suas el puS-,d ogls
SB cuaS Gials 4 Gl CilS ) Sl Cawlus Sl
sl Jse o dmmlie il 3o (Bli> sty e Ol
Sloslawl JJoas TDS Jae ax 5145 ol L5 MDS 4 TDS
LMDS Juo Lol el gy Sliia b i slaodl
£aC03 N OC) 0, 5 slo j3l 5 Ble jl oS0y
Jod BB cds b ks &1 4 6 (MWDuet s MWDy
5 TDS i) 93 & SB caas (ad i 4 wbre (wluwly .ol
T 2 e B () Capde g5 &5 b asie MDS
2l gy bas oS ol L gl ¢ IS jebay )b S cuas
SB caas oli5)) 5 Lhas 0L (SB ) Se 3eny pie g dllo i

D9d s Cguite Suid dogs Bble (£l (3N

Sl g LS (b iy S5e i Sl @l
9 LA (o)l dome (ogmoiy s ySL b—wg (joyis
oS S Slapitu s ) SB s ol Gl
(Qietal., 2023; Yang et al., 2019) cuul doxigy ai5le dllwsis
L SB caas jaald plas s 55,8 MDS 4 TDS 4ly
dlge g (LS sblh ey i (65)s S Ollas 4y lov o
Sleitle Chma s cuw a5 ol Cams oly; plss cpl o 28
S ol il el st b SB Glas b o lwg
Ghaemi ) 2,5 S Sb slo She cnd 5 4 oo Mlgs o
(etal., 2013
o] )d 15 el sl 5)90 g anb (g, 45 S oanlie
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Table 6- Estimated communality and weight values of each soil quality indicator in TDS and MDS in alfalfa
TDS MDS

Communality s¢ew  Loading 533  Communality sew  Loading c;e

e 0.682 0.067 - -
pH
S ey
Lf‘“»»fé’c e 0.548 0.054 - -
s
u’océ)f 0.755 0.074 0.768 0.209
Mcfc&oi; 0.625 0.061 0.642 0.175
# T\l)’)‘“ 0.665 0.065 0.677 0.184
oalis ;"9 A 0.574 0.056 - -
ol J}f ety 0.532 0.052 - -
Sk Ql@;sus‘l;,l% Lasls 0.505 0.059 . .
el S e 0.580 0.057 - -
S
S s - \;\s/t; d,iaye s xSk 0.635 0.063 0.641 0.174
5 s IS s S wSole
S WE)"’;;)W‘“ 0.532 0.052 0.536 0.146

PNF-C,d gl yd 001> JBlas g 831> JS' (gld g, 31 o3liwl L ST1e CudS ad Ll 2 (135,] 9 phew (pmoSS -V Jgia
Table 7- Estimated communality and weight values of each soil quality indicator in TDS and MDS in maize-wheat rotation

TDS MDS
ke [x37) ke [s31)
Community Loading Community Loading
Lhu
o 0.702 0.069 - -
pH
S eglan
0.573 0.056 - -
EC
oS
0.782 0.077 0.790 0.212
ocC
el Sl S
0.648 0.064 0.658 0.176
CaCOs
F T\l’”“’ 0.698 0.069 0.682 0.183
ol 3“"’ o 0.589 0.058 - -
odlaiwl b8 Ly
> J}; e 0.519 0.051 - -
SE plels g)lul pasls 0.612 0.060 - -
Sl ' '
gl Hson b 0.588 0.058 . .
ks ' '
Sad adls o Gl s Sj ke
0.661 0.065 0.665 0.178
MWDdry
5 edls 5 S b g ik
7 el 2 G5B B8 s oS 0.541 0.053 0.543 0.146

MWDuet
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Table 8- Criteria for soil quality grade divisions in different methods

SB S (adld Jae ov9) S A4S a0
Soil quality index model  Indicator method  Soil quality grade
I I I v
18] TDS IQlrps>0.76 0.76>1QItps>0.66  0.66>1Qltps>0.56  0.56>1Qlps
MDS 1QImps>0.78 0.78>1QImps>0.68  0.68>1QImps>0.58  0.58>1Qlmps
(pai5-r)3) gl 5 (azigy) uiS SU Ca o 5l S CodS a4 Joso
Table 9- Classification of soil quality in monoculture (alfalfa) and rotation (maize-wheat) management
SB e D SB Cads 4 DS SK CudsS an 3
Soil depth (cm) Soil quality grade Soil quality grade
0-10 0.763 I 0.728 I
(aosig) uss S5 10-20 0.606 il 0.598 I
Monoculture (alfalfa) 20-30 0.545 v 0.538 v
0-10 0.541 v 0.589 m
PAS— ) gl 10-20 0.470 v 0.497 v
Rotation (maize-wheat) 20-30 0.435 v 0.463 v
S 8 Jbo 33,8 K8 S gl dgue 5 eoielsd & oS A

oS JaalS 4 paS-0)d ol > (LS Gbley ey g )8
IRl sl i Gl Caenl j Giags ol @l

cls o) 45T Sisans bl o SB cod bis 4l
ol s SB kS S sl Fhe el S plgisd w5
ol Sibdas 3blis 55 (2508 clbpi s sS] ()5l
55 (MDS) aooly J8las s gazes 1 oslai ol g so dlgiidin
Wlgiee SB b byl sl auiees 5 el (3, (lsisa
lddl plog b a8)3 5 @ gj)lis sl 585 copie jo
Copde i) sl o LIS Cuslus 5 oj55liS sl olaial,
Cansjlame cblas 5 olie cuiol Blial 4y Slowd 3 S1B Il
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