11 S pole 0 55 o 5l

S cbli> g oy o allie jeme \WAS g s AL S

ol obiwl 4o 65)gles Oladg gl S cats oL 5,

Tolaw durws F (5,5 Golodese < Sl G dons
Sy looll ¥ s oSl o655l (g0dStils (S pole Jlokiul o (SIS il a4 Y 5 )
olpl ol S oliios

oS

e Gpis 53 5 (020 5 2D o5 Gl 90 50 ol Gl o S CehS pwyp Ban b ey 0l
@l 85 O)g0 alie pulidipme; Slogas 5 S L olL VYFP Sl (5 )ls p aigad jslite ol (sl ol plowl Sglicie
A iz O w23 )l @ S e Ll ol )5 (S CedS IS ka5 adg ol Ll as sls plas
G 5o SlayS o s S Vb chile 5 05 mas )l 1 i olosine ssbar l S 50 e polie clale
T TP VR C O R S | oW BRSPS 7| WA -l YU § ES VR VR VA W] EY -3 DY Ry B w] FRRLIOV-SU ST N TS N A R
ol IS 5 LS (sl o3 langes o ol o3 Gt a3hise il (st cmilin e Jasl s
555 g oS polic 4 Hlil SlaSE

Sk Co pde S Ry “sc‘))' dﬁ)Lf :&5%5 LSL“";‘S

doddo
a5 ol ot 00l Ly o 5 o ol il Sl a4y (e Lo Bum 90 Lol gl 65,5l slaptes
Laegreid etal., ) wgi oo plol o] wowjlye sladly 4 axg5 a0 Sllas 51 glacgama cdlanl pl 4 Sliws jelate
P 30 Adgi g (6,90 bl 45 00 el (o Bk 5l wloads adgr ialidl cel a5 placiwlow 9 wlles (1999
Ol 4 65yslaS a8 el oad crnds mlie o585 g 0> 5l i (6,000 00 g (I Cilw ol 05 18 gogb
S calaSE i e s aupeyieskS YWVFE 4 K055 ilaos b ol bl (Brown, 1996) cuul So
oy Jl5m Ve Sgam ks 18 Salite (S poe Slaptun Cou g 485 13 Ko g &0 055)0liS soslaial 590
Ero b wly (ol axly e W pliul w0 Guizes s Sl Jerie bl Gl g5p0liS (A e
&l adsb pln 9 5l Gl bl @150 55 9250 pld 5 0353 Glasls jls (§98Gly il @l cudyb (S e
Sl S cale, pae s @ alanlic Wl wgd o I gpiols bia> 5w £ly; by 4o 4z 31 .ol
9005 55sliS )3 033keS (LBl 5l 9389, sosliinl il 9l g oes (ol)y S Lado )3 3V C8s ((hpoe
Ol sz 5 (B gy 55 5 Ol s )0 (2l & @ (LS Cand 595 Vb 1o e 0 ()les 5 (B il
SB Foll (VAT (o) (g ailind) sl odgas gz il oo |, plisd ST gulie 45 caul 6,50 Lolge |
5 oo saxly Colad Jols cowe job 4y 5 S oo uagd 1) liul (65,0liS 9 S coaS A cwl (6,50 salins
Goyb 5 (Sl g5 ol sl eSins polie 4y S Sagll cylinl 5 S Sogll slaain (e 3l ol (555lS
i sloasly il o 5 5] samo 59 50 wlanbie 955 e sl 36 @lio ohig iaio slausly Sl
b gla Sogll wis S e S Sogll s 5 aiylai s cealled 5kl pé Lyl 4 Loy (e a5 wilony 5 e
57 s 4| ol S 5 ol ulie 45 st (550 alae a1 sl sland 55 5 o lasilons 5 5
Sooll alaz 5 ol ool 5 o il sg2g (goims HLis ond Hlsie o lge VYA (ol (g lailiasl) 05 o dyags



11 S pole 0 55 o 5l

S cbli> g oy o allie jeme \WAS g s AL S

kS i 0} g 009 S oy olly Lax pae 5 Gladl codles 5 amecens; Jilas b ol sabal; 5 S
S (oo WU S9rge (e Sy, (s 5 Ol Gll e S

(S S50m 9 oleond (So5d sla The) 'S oS laawls ) oolaul L S ciS WS oL5)
byl b)) sl s & S cuaS slaawlis (Moebius-Clune et al., 2011; Toledo et al., 2013) s ,.5 oo & 900
(Singh and Khera, 2009) wsi o ooliin] S 5 o) (60,5 sl 4 ol IS (gl oSl siis abe S
Jyame 0y 5 SB srilole gl p3¥ pobie el lp S ol ulSil 55 cagn 2 (bt sloanlis
Sl S 03955 JS 25 9 I oS (elond lrawlis le ,o .(Sanchez and Swaminathan, 2005) wls
Olgie 4 mo e 5 pueoly ounedS (land Lol gzl Sl LB slay5lS 5 lapygsT (CEC) SsuslS Jols cud b oS
S seols (Giuffre et al., 2006; Aparicio and Costa, 2007). wloais 7 lae S coeS Sbj5,) 6l awlis o 3 S50
Sgute e Selem Cudlad o Sl i (S cnl sl cols aSlis S glp coaS Sl ganlis Glas 4 S
- Wl gpslol> 5 SB sananwl g3le,8l (Ol (5,108 cud b oS g ll (s el JE> pals g Jsdss
(Franzluebbers et al., 2011) oS
SIS 99 53 SB (Fagl Jls 5 sl ol o) pslite 4 oloxi) Ghisl 53 S CadeS gy B b G2g

509, 9 dlge

Gl Yo b o 5l (o oKl A8 5 LT ol ¥o) b olivl mhaw ;5 oL VYF slass «Gaioss alosil s,
bl G sazis (ol 65 4 baye SISl wsls paiges saoll Sl 3 ad (618 paiges S
5 SL L 5l Salis o yieS 45 Sy 51T 4 olSol bl Cenl oud osliiul 35 0 pé g owlids ey Sledbl (il
Sledbl «(g )ls paigas oL 5l gloe Sldlas b iz oo abl alils 8925 Lol o o (ol pn) Sl gas
Saie olej olyee) ool o 53 Suelges 5 I oot Slo3sS S pata o] 5 41835 Sl 6 p)l5 ot (e
5 Golel Glopius (55,555 lagss; wad Jlael ol (Sujslsm 5 I (plad GloogS Brae (KsSz 5 g4
A8 S 5 okl ol e

5 SB 25Ty 5 el U5 sojlas 5 Jsbme Sl o calé 5 IS S ol Sl ol S sl s
L silw s by, 4 Sal (Nelson and Sommers, 1982) S~ ISUlg (yog, 4 JT 0,5 (Nelson, 1982) gLl s
009y &t ol Cos (Culley, 1993) jailew g, 4 g0l pgase s> (Jackson, 1967) G 00,15 ol
ool Ghg, 4 Dl BB ans (Bremner and Mulvaney, 1982) Jlal=S jbg, 4 JS 59,5 {Rhoades, 1982)
hgy & i B pgedlS 5 G (e 1S3y Ko ol (Klute, 1986) ig, 4 wi> LB eewly (Page, 1982)
5 SPSS l58la 5 51 solaiwl b «g bl (sl 25 aials (5 u5e;lasl (Martens and Lindsay, 1990) DTPA L s ,.5s lac
s el gail sl ealil b o 5 2l 81,5 65 99 50 0 (S ojlail (slo Sy (eSilie anylio

Colon . lai gl gime Solds w1 g ol £y 6l 90 40 S STy w0gd e sdaliv V Jgoz j0 a5 jsbiles

oy g0 100) 020 )8 51 YL (<] V) (gl ghre ysb 4 (e men oud IPY) (o (65 o (oSl
2 eSO w0 )l 5l Soml (oo e silo oS VYD) (ol )5 0 ol (ogans o2 05 (e
ST woyd bl 0929 (s )5 90 50 (6,8l Logasie oy o i 5l (g o gime Sglis Jg g (caSe yia il

1 -Soil indicators



11 S pole 0 55 o 5l

S cbli> g oy o allie jeme \WAS g s AL S

sdlie 09 (107) 020 )8 5l it (<14)) (s)losixe pob 4 (V) (2 )5 50 5 092 ml S 90 8 0
olie G o o (L ) ST 50 (555 0geaS daoyd <10 ¥ g 100 i ) w0 5 2l Gl 99 0 S ey
2 eSSk WP ol 5 j0 i L jaud (il bl 0529 (g locine B! )5 50 50 IS (59,50
3 23 BB el (uSh 092 (pS9hS 2 £ (oo VIFY) w20 ()5 51 5L P21+ 0) (losme y9bo 4 (p S 9k
2 eSSk YYEIY) o 6p)8 5 5Y0 (0<0140) g)loisime ysbo 4y (2, 55kS 5 oS ke YY) ol (6 )l8
5L e 100) olosins s as CT(Gad 5 dsasken) VAY) (ol (815 6l 5 pads @iz S 02 (p,S5kS
& i Gt 1o il ST ol CoinS Wlgi oo pol nl dds a5 05 (TGad 5 Jgeishe) IAY) @25 )8
St Col )l ST o logyg cnl Vb Clle wge 5 2T 6 0 sle SluyS 5 I (oYL cale i,
ilbee w0 S A e 2l Gl 58 el 9 Saed Sl Ol (3s VL e )5 50 5 gl (e
5 0shed il GladsS Brae (liee a5 0l LA w5 2 6 99 50 Supe Blpar s 5 Shee Sl
el g ye 53,951 Slapias jloslitul izes wiles w5 I ) e 2T oy sl 5o anly
556 3,50, (Golchin and Asgari, 2008) slaazily b asss opl ol 00l 6 )5 90 40 S5 oS am g BB pals
syl cllan (455 14d) oS il o SB i 5 ) o p)lS

S o JS G5 oIl S polie «baals )0 pawye (55,05 Slilas 1o a8 ol (LS 55 (ki ol b
Sls Glis iz ed @ls el 4l Ll el JBs g als SI o ol (g)ledSS cod b g Al ()l (s
S o Jslre Sai e (1alS b Gial38l Boyb 5l S kS cute b hie Sl ailgi oo silel 9 I 5 cutS a5
Gl 599 w0 )5 51 SYL ST 6,5 50 nKiw Ol Cds LB cdale a5 ols olis iz ee mls asl atsls
ol o rio a5 GLLI oS 5 pemadlS 5 g5, cmpw Sl3ls L VYAT) o] Ko o pazelS liios
el Sglite Yl by ] glacelles 5 Lails IS g5 4y azgs b ooy VT clale Lol asily aalsal oo 4

0 Gl b slogine B (S 2 )SolS 50 )5 ke VNE) ] 6)5 50 i B ool clile (:Sile
3 eSSk YEIVY) ol 6,5 0 5K Qi LB clale clls voyo Y mhaw 10 (S 6,56LS 10 6,5 L O/OY)
o ez S (SB e S kS )0 05 (e Ve IPA) a5 51 SVL (P10 Y) syl s sk 4 (S SslS
P 9hS 50 p 5 oo VIBY) 0 65 L g o sine IS (ST p55kS 10 05 e VT 2 65 50 @i JB
() Jooz) cusls as 0 ) maw o (S

& oo 50 s 09 w20 6l 5l e 2 6l 50 S o Gl Sl S ceanS Bekes ol s polel
S wieiles by ol jo Sl Capse g mes 6l VL T sl el e e Sl el
ol Glrpinns 5 (23955 (o) ) camslin (e Slang, W)l 5 2] Bl sl ceslin (e Josll g
255 Dyge Sl S (Sogll 1als g S5 jshiie 4 p3Y Slanged oS ol oY rizen Bl e o5 pliS &

w29 9 21 615 90 30 S s Fig (il dmlio ) Jgu

S e e t oSiles olaws S sla Sy
cfeAe S \/vay \Zid Y. (&) S sl
YIVE s (p29) S LsSTg
SRR doted -Y/-ay - I8V Y. (&) oS eolan
QAR ar (29 oS colon
AN \/fa7 A Y. (&) 2l ogase o,
o[ e yEE ANAN - IVY Y. (&) oS




11 S pole 0 55 o 5l

S cbla> 5 cg e allie s VWP e s AL P
NN a5 (29 S onsS
CIYEA S —JRFY N Y. (2D IS 0395
o f it (92 JS 39550
JeYYE —Y/¥AY VA8 Y. (&) yanud
\lial a5 (20) o
R YN\ $$ YYA/Y- Y. (&) el
YYE/NE a5 (29) ol
RS ¥/ AS VIAY Y. (&) poow 032 Cns
“IAY a5 (1929) 2o 32 Cannd
AL “YYY Yive Y- R
IO 1 (w3) o]
ek Y- VEIVY e (&) 3%
Vo IPA s (w29) 35w
YAV TS SV/AY YNY Y. () &3,
<Y qf (29) 9,
[ V0* ~Y/O0A /¥ . (&) o=
VIO a7 (920) (e
AT “V/FO¥ ey Y. (&) pomedls
oo LY (29) pogaodls
Ly s VOVY VIOA . (&) oy
VYO a7 (029) & oo
RIS —YIYYS YAY/SA Y (D) olS o
VAP Y s (w20) ©lo)S o
R “YIND V- ANy v (s
YYNY a5 (w2) ,I5

oy ) g o 0 il mhaw (o b See g o)l cire pae ud 5 4 FE g * NS

&bw

S8 361 Sludr e ol bl Ol 5 (65,088 (i Garwgs g0 ply saeliy (35T ATAY (ol (s ik
Azdg 5 Giyelin ybo bl O 5 (g5 5las

reed3lss VFe B VTS cladmio | xazs g 5 6 lul Lasle g, 30 4 SB S L3, AT 2 o
G ey oRadls Ll S pele 0, S5S

25 SE iz olewd caS Sbs,l AYAY 2 lel g e ( Moe s pmal o B ol g (o] e 5B
pole) S ola g sals dgiie By wosiz 3l ity 45 S S oo Jos 5l eslital b &3 —puiS oS
VY B FPY sloamio YV go)lods ooz alz (] 5 S

Ol (L g 5 Ygame 5 S Goa VT mlie gy ik GBS VAT (ol 5 0 oslonsl ol (ol
s Ol (a5 o pae Glojle eSaw Sl 4y Gl

CodeS lord 5 (Sa5ed Sl G2 SR et BT (pp ATAL 3 gg0mme 5 B il s o sy
Al ol sk lie sl sl nsul 5 850 G 1938 Ol b s ye (LS (sl e S
XVe b YA glaamio ST gojlad (g

Aparicio V. and Costa J.L. 2007. Soil quality indicators under continuous cropping systems in the Argentinean
Pampas. Soil Tillage Res, 96(1-2): 155-165.



11 S pole 0 55 o 5l

S cbli> g oy o allie jeme \WAS g s AL S

Armenise E., Redmile-Gordon M.A., Stellacci A.M., Ciccarese A. and Rubino P. 2013. Developing a soil
quality index to compare soil fitness for agricultural use under different managements in the Mediterranean
environment. Soil Tillage Res, 130: 91-98.

Bremner J.M. and Mulvaney C.S. 1982. Nitrogen total. P. 595- 624. In A.L. Page (ed.), Method of soil analysis.
Agron. No. 9, Part 2: chemical and microbiological properties. 2nd ed., Am. Soc. Agron., Madison. WI,
USA.

Brown L.R. 1996. Tough Choice. Facing the challenge of food scarcity. W.W. Norton, New York.

Culley J.L.B. 1993. Density and comperssibility. p. 529-540. In M. R. Carter (ed.) soil sampling and methods of
analysis. Lewis published in United State of American.

D’Hose T., Cougnon M., De Vliegher A., Vandecasteele B., Viaene N., Cornelis W., Van Bockstaele E. and
Reheul D. 2014. The positive relationship between soil quality and crop production: A case study on the
effect of farm compost application. Appl Soil Ecol, 75: 189-198.

Franzluebbers A.J., Causarano H.J. and Norfleet M.L. 2011. Soil conditioning index and soil organic carbon in
the Midwest and southeastern United States. J Soil Water Conserv, 66(3): 178-182.

Giuffré L., Romaniuk R., Conti M. and Bartoloni N. 2006. Multivariate evaluation by quality indicators of no-
tillage system in Argiudolls of rolling pampa (Argentina). Biol Fert Soils, 42(6): 556-560.

Golchin A. and Asgari H. 2008. Land use effects on soil quality indicators in north-eastern Iran. Aust J Soil Res,
46: 27-36.

Jackson M.L. 1967. Soil chemical analysis. Prentice-Hall of India, Private Limited, New Delhi.

Khresat S., Al-Bakri J. and Al-Tahhan R. 2008. Impacts of land use / land cover change on soil properties in the
Mediterranean region of northwestern Jordan. Land Degrad. Develop, 19(4): 397-407.

Klute A. 1986. Methods of soil analysis, Agron. 9, Part 1: Physical and mineralogical methods. American
Society of Agronomy., Madison, WI, USA.

Laegreid M., Bockman O.C. and Kaarstad O. 1999. Agriculture, Fertilizers and the environment. CABI
publishing, New York.

Martens D.C. and Lindsay W. L. 1990. Testing soils for copper, iron, manganese, and zinc. P. 229- 264. In R.L.
Westerman (ed.), Soil testing and plant analysis, 3" ed., Soil Science Society of American Journal.,
Madison. WI, USA.

Moebius-Clune B.N., van Es H.M., Idowu 0O.J., Schindelbeck R.R., Kimetu J.M., Ngoze S., Lehmann J. and
Kinyangi J.M. 2011. Long-term soil quality degradation along a cultivation chronosequence in western
Kenya. Agric. Ecosyst. Environ, 141: 86-99.

Nelson D.W. and Sommers L.E. 1982. Total carbon, organic carbon, and organic matter. p. 539-579. In A.L.
Page (ed.) Methods of soil analysis. Part 2. 2nd ed. Agron. Monogr. 9. ASA and SSSA, Madison, WI.

Nelson R.E. 1982. Carbonate and gypsum. pp:181-197. In: A.L. Page (ed.): Methods of soil analysis. Part 2.
ASA.SSSA. Madison. WI.USA.

Page A.L. 1982. Methods of soil analysis. Agron. No. 9, Part 2: chemical and microbiological properties. 2™
ed., Am. Soc. Agron., Madison. WI, USA.

Rhoades J.D. 1982. Cation exchange capacity. P. 149- 157. In. A. L. Page (ed.), Methods of soil analysis,
Agron. No. 9, Part 2: chemical and mineralogical properties. 2nd ed., Am. Soc. Agron., Madison. WI, USA.

Sanchez P.A. and Swaminathan M.S. 2005. Hunger in Africa: the link between unhealthy people and unhealthy
soils. The Lancet, 365(9457): 442-444.

Singh M.J. and Khera K.L. 2009. Physical indicators of soil quality in relation to soil erodibility under different
land uses. Arid Land Res Manag, 23: 152-167.

Toledo D.M., Galantini J., Dalurzo H., Vazquez S. and Bollero G. 2013. Methods for assessing the effects of
land use changes on carbon stocks of subtropical oxisols. Soil Sci. Soc. Am. J, 77(5): 1542-1552.

Evaluation of soil quality for agricultural production in Zanjan province
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Abstract
This study was conducted to evaluate soil quality in Zanjan province in two land uses (irrigated and dry

farming) under different management systems. For this purpose 126 sites with similar soil and geological
condition were sampled. The results showed that soil productivity and in overall soil quality in irrigated land use
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was better than dry farming system, however heavy metals in irrigated landuse was significantly higher than dry
farming, and high concentration of chloride and bicarbonate in irrigated farming reflected poor quality of
irrigation water. Management of agricultural soils in Zanjan province requires to codify and develop an
appropriate management platform for farmers. Furthermore, reduction and restrain of soil heavy metals
contamination is inevitable for this province.

Keywords: agricultural landuse, soil quality, soil management



