Y. A-FYOY :bLs

LY.

D N )
(R

% o let .
VP Jl

M 2l osll

Yo ylgis

ud 395" o0 b (Solanum tuberosum L.) Gun o S Shos § ST OB yan 216 b3

Ay y dibin (J3 00 i 9 Sl Ll 5o

ilF ot aon

R4

SU e — (Sl b~ ‘5.&1(,.]&51

..... al-2g) 55 Jalomo Slge JEII § <ol S b (Sum <O S Juo 3o SlNile (195 sy ST wyp

ks g = (olal (B pls sl — (g Jlitie e sl

B gb il Slddsle D3 S Iatew & hos 3597 9 30 S35 9 T Olelgs S &5 ST b3y

T4y

S10395 3% § wed
QJK..L'.G";Léﬂjééu—gjkw1é1:#—&figjéwL&—skﬁé|ﬂ‘5%‘—d}i\:;))’jfl}

5 B K9) 5 (550 S gy Hf ookl b 2 ph OT (A (Ll Soue (e
kol lgo Julond 9 <r g0

VAR oo

¥

Ol sl e = ()l Edaes

293 Ol 5o ST 5L wlobw @l.:slggT 4w lio 9 (S9L7001S Sy g5 il ookl b x> po 8 % psd (235!
s o8 o= il 5T STl ) el — s 031 5T

(S0 35 s DI s 3blo oo 58 O 51955 9 RS GIS sl o&

N

yar

(Ol 7 Ol 4dgls 039> 15390 4xdll)
QHWB}»*@B‘)‘—%CBW

e 393 P95 095 D5w) 9 DT P AT 589 59 5 Sl Tl 59 g HT 4 unglin el adlliae

o35l i = (5 5 lous = (53blgn OLSLeky dki— (a3 ke — U (g ol aubls

Mn 97Zn B gilelyy Sy K jk Olgis 4 Zn[Mn]-Al LDHSs & 5l  swwolSo!

B Joloo o0l (8 3lwdads Lauzmo 50

sl sl

........ @33 0 5las 5131 § T Cudss” Glbdolid By p by ol § Bli> (55355 Pludw doly

(e bl (S5 4 pa = Jo je 3Ly = 2l Lo o = il e

I—

o

% ojlad YU

Ve Jl

No.6 2023

Vol.36

Journal of Water

A Journal of

W Water- - ¢

p

Ferdowsi University
of Mashhad

Vol. 36 No. 6
2023

Contents

Water Use Efficiency Evaluation in Deficit Irrigation and Partial Root Zone
Drying in Potato (Solanum tuberosum L.)

(Agricultural Science and Technology)

ISSN:2008-4757

345

A. Asadi, H.R. Khazaie, J. Nabati

The Effect of Stagnant Zone Behavior in One-Dimensional Hydrodynamic

661

Models and Solute Transport in Rivers
A. Montazeri, S. Khodambashi Emami, M. Mazaheri

Evaluating the Effect of Combined Water and Salinity Stresses in Estimating

the Fodder Maize Biological Yield through Periodic Evaporation and Transpiration........

F. Zargar Yaghoubi, M. Sarai Tabrizi, A. Mohammadi Torkashvand, M. Esfandiari,
H. Ramezani Etedali

Numerical Estimation of Drinking Water Quality Index Using Tree Methods and

.................. 677

Combined Wavelet Approaches and Principal C t Analysis
M.T. Sattari, S. Javidan

Evaluating Reference Evapotranspiration Using Data Mining Methods and Comparing
it with the Results of Water Requirement System in Qazvin Province

711

A. Sedaghat, N.A. Ebrahimi Pak, A. Tafteh, S.N. Hosseini

The Combined Role of GIS, RS and Geoelectric in Determining the Susceptible Areas of

Underground Dam Construction (Case Study: Pashueeyeh Basin of Kerman Province) ...

N. Hajseyedalikhani, H. Sacediyan

Antibiotic Resistance Index of Heterotrophic and Coliform Bacteria in Water and
Sediment of Goharrood River

.................. 729

743

F. Saberinia, M.B. Farhangi, N. Yaghmaeian Mahabadi, R. Shokati, N. Ghorbanzadeh

Evaluation of Zn|Mn]-Al LDHs as Matrices for Release of B, Zn and Mn in A Simulated
Soil Solution

761

H. Hatami, A. Fotovat

Three-year Effects of Conservation Tillage and Cover Crop on Selected Soil Quality

773

Indicators and Corn Yield Components
M. Nael, S.S. Salehi, J. Hamzei, M. Zandi Baghche-Maryam




S gl

(539U @lio gpole)

3 1373/10/19 s yls 26524 o jlass it 953 — sale da yo 9 1368/4/1145 g0 21/2015 ailg ys o jlach Ls
o9l g Clisdad pgle oyl5s

1401 Jlw wibeal —ogs B oylas  3Bula

nidls als paads " cale du it da T o g5 pale™ da a6l Hls Sl pdis aals 1398 Jlw 3l e &yl g da gune (ules! 43

Agdine gou 5058 s8Ny Hlbel cales
(agio PPTRSY sl&zaly) o8 au )l A das sl saly s Ls, iJghe juae
(Sgio (pou g8 ol&als) SIA 4 sl —olil &5yl Ay

1o el cua glacl

(5005 o€231) S o sle ~slias! uald

()45 ol8als ) (s5o5laS pulianl sa - 5 Lutily s (oladl, i

(IS 5ol cLaadS ol al&isl) (5Ll = Latic) clle oLl

(dgin (n 958 ol&ils) SIa 4 gle - Hluils Loy (Slalsa

(S b polio 5 (555 5LES asle ol€u311) S o sle —alid sl L sa
(oo o 58 o1E8500) L3S0 5 (golao] —aliead el ol pale
(sttin (g 308 o1.E31) SUa a sl - slia el g3

(L Sl oy < oleals) anlii S - sl s (58

(st (u g0, ol&uils) SIA g sle —alinl SEERLES

(Ol sl8ails ) 3885 5 solal - ol siaallase sl

(oo 58 SE831) Gl pae amtigun s (5ol —olic Jezil gl cgelous
(dgio (oo g0 8 8l€3N) (6555 LaS puulidl 5o —oliu! dene (Sl (5 5

Agdin g 93,8 slaily ;i

S g ool da s - gale Gl puls A yusa - 91775-1163 .0 .o - (55, gLbS ousuiiihy —agalio guu ga § oLkl 1 L

Jswa3@um.ac.ir :sui g it Ceuy
Ol ouch dalad Jals &y g ds NEEPSI/SW.UM.AC.TT cules o o ladds (o (sladdlia

Sgiien i (Jlu 39 0 ylods i) lalo 99 O 390 ) 4 g (91



647

663

679

697

713

731

745

763

775

Ql?)M

9 ST Tl s 13 Jamud 395" ol Ly (Solanum tuberosum L.)  gwo i & Khos 9 9T & pao (2™ b3
Ay Al (J O S

S e = (5 e = ikl (s

B39 30 Jalwo Slge JED! § <Kol 9 )b Gz &5 S Jue 33 JIilo (195 sdy T o

Al (g = (bl (B s sl = (g e e el

1095 355 9w B2 b 3 Slebgle 033 (K 3glgm 3 5Ches 38T » 58 B398 9 T Oolgf BT F1 b3

el Glaay e3ls = g b ttinl 313 o= L4518 5 (hamma o= (655 5 Sl Shgn — sim S 55 505

ol Ao Juloni g K> g0 5 (SO 5D9) 9 (S 0 S  eoliiul b O b OT A el Gous ok

M sl o = (Sl (s

29 Ol 38 DT30S dilolw gl b O dwlio 9 (Saloa1d (Sl g 3l oaliiwl b x> s 8 385 pded b 301

s S o= 4Bl 3T = ST el el - 3l 6sl3T

(Ol O3l gy 0395 15890 4lan) (Guwd) g5 oha DN Atiwn Fobio ot 33 &0 3iI1955 9 RS GIS il i
Oldnms 0 jomm = (S (Jo ol oo

39,295 4395 9w 3 T AT 989559 i SAG ATl 53 U5 g KT 4 Cunglin A Ls adlllan

03153 e = (S 55 low s (53Ul DLkt = (Kin 3 libesna = L (s ol aabls

S Jalro 0id (5 3kodud Lo 33 MN 97N B (Sikuldy (51 o Flo lgie 4 ZN[MN]-Al LDHS 515" i 3o
S el = el Lol

D33 8 Khos 513l § T Sl Gl By Abg ol § bli> (65595 Wlodw ol

o Bl G5 4 e = (Jojam sz — (2l Lo ok = U e






Journal of Water and Soil
https://jsw.um.ac.ir i

Research Article
v Vol. 36, No. 6, Feb.-Mar., 2023, p. 645-659

Water Use Efficiency Evaluation in Deficit Irrigation and Partial Root Zone
Drying in Potato (Solanum tuberosum L.)

A. Asadi', H.R. Khazaie'®2* J. Nabati'>?3

Received: 07-02-2022 How to cite this article:
Revised: 07-11-2022 Asadi, A., Khazaie, H.R., & Nabati, J. (2023). Water Use Efficiency
Accepted: 29-11-2022 Evaluation in Deficit Irrigation and Partial Root Zone Drying in Potato
Available Online: 22-02-2023 (Solanum tuberosum L.). Journal of Water and Soil 36(6): 645-659. (In
Persian with English abstract)
DOI: 10.22067/jsw.2022.75179.1141

Introduction

Due to climate change, one of the limiting factors of crop production is environmental stress which, by
disrupting the natural metabolism of the plant, limit plant growth and finally reduce crop production. Drought stress
causes the greatest reduction in crop productivity compared to other environmental stresses. Therefore, the use of
methods to reduce water consumption in agriculture is more important due to the lack of freshwater resources.
Increasing water use efficiency and maintaining plant yield by reducing water consumption has a particular
importance for crop production and should be paid special attention. Drought stress reduces photosynthesis,
stomatal conductance, biomass, growth and consequently plant yield. The effects of drought stress on the yield of
plants such as potatoes (Solanum tuberosum L.), wheat (Triticum aestivum L.), rice (Oryza sativa L.) etc., which
play an important role in the nutrition and food of the world, has a great importance. Achieving the desired soil
moisture range is one of the most important approaches to increase water use efficiency and not significantly
reduce yield. For this goal, a factorial experiment was conducted in a completely randomized design with five
replications in the research greenhouse of Ferdowsi University of Mashhad.

Materials and Methods

Factors studied in this experiment included three levels of irrigation 1- full irrigation (100% of field capacity),
2- medium drought stress (70% of field capacity), 3- partial root-zone drying (70% of field capacity), time of
induction of water stress (two weeks after planting and 50% at flowering time) and two levels of phosphate
(CaH4[Po4]2 H20) fertilizer (based on soil analysis (25 mg.kg™') and adding 25% more than recommended (31
mg.kg™)) at the beginning of the period phosphate was mixed with soil inside the pot in greenhouse condition.
Fontane potato cultivar was used in this study. In irrigation treatments, one part of the pots was stressed two weeks
after planting and the second part of the pots were fully irrigated until the beginning of flowering and irrigation
treatments were applied at 50% flowering stage. From the prepared samples, membrane stability index, osmotic
potential, and relative water content were measured in the laboratory and at the end of experiment, plant height,
tuber weight, biomass and plant water use efficiency were measured. Minitab 18 software was used to analyze the
data.

Results and Discussion

The results showed that with increasing phosphate fertilizer from 25 mg.kg?* to 31 mg.kg?, plant biomass
increased significantly and in all treatments biomass increased between 2 to 28% . Partial root-zone drying
treatment showed a 17.4% increase in biomass. In the medium drought stress treatment, the total growth period and
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Ferdowsi University of Mashhad, Mashhad, Iran, respectively.

(*- Corresponding Author Email: h.khazaie@um.ac.ir)

3- Assistant Professor, Research Center for Plant Sciences, Ferdowsi University of Mashhad, Mashhad, Iran


https://jsw.um.ac.ir/
https://doi.org/10.22067/jsw.2022.75179.1141
mailto:h.khazaie@um.ac.ir
https://jsw.um.ac.ir
https://jsw.um.ac.ir
https://orcid.org/0000-0001-8409-5454
https://orcid.org/0000-0003-0483-7003

1Fe) Wil — o F ojlod FF wle (S g ol i PYF

phosphorus level of 31 mg.kg?, the lowest water use efficiency was observed, and there was no significant
difference in the medium drought stress treatment of the total growth period and the phosphorus level of 25 mg.kg-
L. Partial root-zone drying treatment of roots from flowering time and 31 mg.kg-1 P, with full irrigation treatment
25 mg.kg-1 P have the same water use efficiency, but the performance of this treatment compared to full irrigation
treatment was reduced by 28%. Water use efficiency in partial root-zone drying (intermittent irrigation) has
increased compared to traditional irrigation, which indicates a more optimum use of water in the medium drought
stress method. Full irrigation treatment had the highest tuber weight per plant and partial root-zone drying during
the growing season treatment had the lowest tuber weight per plant (65%) compared to full irrigation. The partial
root-zone drying treatment after flowering, ranked second after full irrigation treatment, for tuber weight per plant
and more tuber weight per plant compared to other drought treatments. Using 31 mg.kg™ phosphate, tuber weight
per plant in full irrigation treatment reached 332 g.plant™® which increased by 13% and was significantly different
from all treatments. With increasing phosphate level from 25 mg.kg™ to 31 mg.kg?, in the partial root-zone drying
treatment from flowering time, tuber weight per plant increased by 28% to 207 g.plant™. Tuber weight per plant in
other drought treatments decreased with increasing phosphate level from 25 mg.kg™ to 31 mg.kg™, although this
decrease was not statistically significant.

Conclusion

Compared to deficit irrigated methods, partial root-zone drying from the beginning of growth and full
irrigation has the ability to use available nitrogen at the end of the growing season and has more greenery than
other drought treatments. This effect probably explains the filling of the gland tubers at the end of the growing
season and thus the keeping of yieldyield production. The best methods for saving water consumption and
maintaining the yield, the partial root-zone drying methods is better than the medium drought stress method.

Keywords: Membrane stability, Relative humidity, Water use efficiency
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Table 2- Effect of deficit irrigation and partial root zone drying on, relative water content, membrane stability index and
osmotic potential of potato at different growth stages

Stages Irrigation Relative water content Membrane stability index Osmotic potential
A yo &)l Ol o (Slgimo sLi gyl & ol Jpuaniliy
(%0) (MPa)
Control 37.52 1.4°
Flowering . J‘MS .
" Deficit irrigation 1 34.42 1.3
« \d)Lﬁ" wf
Partial root drying 1 37.52 1.52
Vado) S o2 S
Control 26.12 1.44
Jss
Deficit irrigation 1 834 22.6% 1.6
21 days after flowering ) \_“5_’["*_‘ “’5_ .
S 5] e iy T Deficit irrigation 2 732 17.22 2.12
e Yl o5
Partial root drying 1 19.22 1.7¢
Vady) S o2 S
Partial root drying 2 7510 26.42 1.9
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In each column means followed by the same letters are not significantly different (p<0.05), at 5% probability level based on LSD.

Treatments that were applied from the beginning of the growth period with the number 1 and the treatments that were applied
twenty one days after flowering were indicated by the number 2.



0N .o w}wa)m‘ﬁ‘?id)“@.‘)wdg})"O')mﬁé"\"d

s Oglite Sojgle b 9 Siglediee sl Shy e sl
5 S Uil g poe 3929 pas b 329 Sy crgly oSy 0l s
O 2 S p ol s lgie Llodjl plB)] o @olss el nasjo,
.(Quandahor et al., 2019) cuwl wilate olus g Joxio )
Wl il Sy (o Cagby (e 5 gl I plej S L
bl Jles poas ooy L ¥ Jgas 10 oS 565 et .Cansl
b S o (oo (Slsimo yind G L ady) S 095 S
5 oo Adued 9 3,05 ()l gxe (g lal ols JolS g)ll Hles
g oo i Sy (gl Cugb) 9 3)15 5118 Sl sy Ay,

b I Sy o Cagy (3l Slos 0

Ldd 5 luly padlds

Ot B e 9y VY )3 omen 9 (2L (L 5
S99 sldid olnl pasls Jaijl I g ol kol (slayles
(Y Jos) cuslws

308,55 8 wilid 398 Wil cou e glul asls
395 Gali8l((BAS 5l o) VY Al ye (prizmen g (A5 (o
Ccl p)SokS )3 p )5 oo YV 4 p S9kS )3 2,5 Lo VO I land
D95 Iogine (IS (pl Jg 28 slid (gylub padls ials

a3l o lind 595 5,8 5 (o)lol sloles S
Ot P ire ©gli I (S (e S slis )b
(b YOMQ.KG™ 55,18 5 adl5 ds o 13 (V' Jgin) 34 ljloss
L ol yasld oy yiin oy YEIY b oS o)bl jle
Lo ady 0)93 JS 50 Ay (32 (2,5 SuiS jlass (9 45 odalida
2929 lotme Sslds dlid (6l pasLs Jaijl JolS ()]
ool a3l YIMY.KG™? 4 jaud 568 5,08 iul5dl b .cusls
Ao VeIV AS)y 0y9d IS ey S (05 SuiS jla o slis
0L pialS o) 93 390 ;503 Jle 93 ) 9 <l (il
7 Jose) a5 alie i (gl

loelié ( Seis L ol eLall 56 slodil b Lol oan
9 Sitdgrd )25 g e Jiwgy jl conlos Jods o clas
(Chaki et al., 2020) 15 e iy LinlS iy ol
O d gy 3 oSy basgs osslcunsay gl bl 5
(Cicer arietinum 555 oLS o sl (g)lul jadls Sis
» (Yactayo et al., 2013) ccély gals' g, bze jobas L)
o U em ¢l i (Cucumis sativus L.) )Ls olS
sl ST S gt b (SuiS i5cdl Gl (Sas
sboog,y S 0pdd g Mg (St (i (b 5> calplly il olpen

Ot oPsine Sgles Sl (Sl jind 068 5 )ll Yl JiSen
P als o » SLe jaud (ill LY Jads) 0g b jlos
5 ool o)l lasi 5 il Salil Sy T s (cline
ly Sy o Glgioe oy yidinn o ) YE/O L yaud 558 Yymg.Kg*
ol oS o 55 aud YIMG.KGT 5,8V Jods) azilss
bl 40 s 1o W/ a8 3y olaidl 3 4 s jles ples
St slasled 500 o (b me Golws 5 cusl Lials Lol
¥ Jiz) cudlss sy JolS' (bl o b
Loy, Lol sla Sas 5 oS oSy ol Losnd (&g
o L2als s 4 a5 (Chai et al., 2016) 35 0 slos 4 blS
i bl 150,08 e )8 O dgweS 13l cou i balpd p
(Solanum  X5,84.565 oS ;5 Sy Ol s (slgime S
adoy ol Jawils a8 Jls > el zals” lycopersicum L.)
Thalmann and ) 8l yials GMe § Sy 5l 1005 (s
5 S ol Jeasily o5y O s (glosme (Santelia, 2017
coss {Helianthus annuus L.) ls,50Ls] )5 (¢ jomul Jowils
Jle ol (Faroog et al., 2012) xus )35 |5 Suis i,
obds Sglite ;L3 Ciliee Saauish (Swid 5 b agalye
S lp > Jrezio Gesis) 23 Sy ol Jesly wind s
e (gl (St b dpalye Sl o oles o] 4 S
Gde 5 GAS4 4¢3 L .(Chai et al., 2016) wlo o sYL SYob
Slgize o Siis wad Lials bl Gglite  Sis ol gl Suis
ol Laimghy (S il (il (s jgbods Sy ol (s
o Jlesl b (Pimpinella anisum L.) ygus! oS 55 a2 oo
b g g S Al se 93 2 )0 S Ol s (gl (SUiS
o o lags b jleg S O (o Slgiee G )b xe
asan S bl 3l i b il Bl L Jg bl dg3g
spbodn s (Ad gy g (A dl po 93 58 > e O (gl
Yhainl Sy Ol o Slgime S5 i il LinlS ()l ine
Wy Jolo oS (Sutd (o5 blyd ) ady) I Jlo)l slaply Sl
ol (bt laply cpl 28l jiwgd (Eals g adijy) (A5
bLs)l 3 oLS (gl a9 Lo, 58, b Wl o oS
Ol & 5l Seyn sueby (slaizme Laas (gly ol G 1y 5 sy
[(Heidari et al., 2014) 5,y Ol Cis jglaie 4y §aos ais,



VP aidwl — cyatg o8 0)led FF wls (S g T 4,05 POY

6 ol il

Hlasd ) (eiaw S )3 (el Junils ( A5 lej )
J=ol8 )bl & s (I3 a0 Ve b Ay S 025 St
Skl Jloss g oS ()lol jlas oy 5 Cadls (gl gixe glis
o (Y Jgin) el 55 g (o)l mime gl a5 oLs;
O piy (ISl ey 50y VY als po )3 (25 o I g)loleS
ciaS el 6Ll e 5 313 i |y (s ool bty e
Jastyy Sir 095 Sid o ol Gl |y (eml Jeusily Gliee
sbasless g pgd 4y o pialS aop Ve Ly (a5 L)
VY L) 0y90 IS 6yl 5 0y90 JS Adyy S S Sis
plod 9 4is8)S )1,8 pou ) ) (Gl Juily 2o Aoy
Jote) 2l )l e olis ol gyl slows b (St slajlos
(¥

O bl o doniyd ol Gl ST g O e g o
sLie (g)linl g oS auSly slis sl ope Gyt (Sis
opl 5 sdalcunsas ol (Bayat et al., 2013) 39y 0 o 5l 43l
Ml e (s A5 b Gl L 88 plo ol Sdng
J_>1).o)au§;“.>u“_;4_>uh>9w|o_uml§gl$h;w
g assl iul3 8l Joluw oyled il cuts s amd Fy Ay 5 o lecs]
i)l 3 (Quandahor et al., 2019) 544 o jioS slic (g,lub
Lid gpipdeh plesean SLid gylul padls Jobs o)lus
U SB Cagby alss a5 3y lis ol «d )3 15 eolizuls,ge
Dashti et al., ) 3,l> Jolw sl )l ials (o)l gxe
mpnslSe 5 (K555 Glaaslis 4 g Ly (2014
slaclume S il ol Jloisl 4« iagss cpl 5 dallassyse
0990 ol s eccly 5 00 (g jew] Jauslty Lyiulial el Joloco
sy 3 pSsle g slis lile jl cdlis 4y Jobe

] 0l slis

(0 )3 (ol Jomailiy 9 5Ll (5)My S ) OF (s (Slgite i Ay LBlie U po )3 a5lid 395 5 (5Ll G lowi 1T Jgar
Table 3- Effect of irrigation and phosphate fertilizer treatments at different growth stages on relative water content,
membrane stability index and osmotic potential in potato

Relative water content

Membrane stability index Osmotic potential

o gi o Slgime slig gll ad s & rowl Janni Uiy
Stages Irrlgatlpn (%) (%) (MPa)
Al 5o Sl Triple superphosphate (mg.Kg?)
i 7 Sl g
25 31 25 31 25 31
Control 71.9% 77.0? 4422 30.7° 1.40 1.4bc
Flowering . J)‘S .
. Deficit irrigation; 69.2° 67.9° 31.0° 37.6% 1.4b¢ 1.3¢
25 )
Yeoll o8
Partial root drying 1 66.6° 69.2° 42.42 32.5° 1.6 1.5%®
Vady) S 008 Sis
Control 72.02 74.52 34.32 17.9¢ 1.4¢ 1.4¢
Jsss
Deficit irrigation 1 69.8% 67.7% 23.7b¢ 21.6¢ 1.6 1.6
21 days after flowering _\_‘5_)L"J;I ”5_
_ . . Deficit irrigation 2 67.28 57.1¢ 16.3¢ 18.0°¢ 2.02 2.12
@5 e 57 :
Yeoslel o8
Partial root drying 1 66.6%¢ 65.73°¢ 20.2¢ 18.2°¢ 1.7° 1.7°
Vady (S 005 S
Partial root drying 2 60.2% 70.52 20.0¢ 30.7° 2.0 1.7°
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In each column means followed by the same letters are not significantly different (p<0.05), at 5% probability level based on LSD.

Treatments that were applied from the beginning of the growth period with the number 1 and the treatments that were applied twenty
one days after flowering were indicated by the number 2.
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Table 4- Effect of deficit irrigation and partial root zone drying on, plant height, biomass, tuber weight and water use
efficiency of potato at different growth stages

Stages Irrigation Plant height Biomass  Tuber weight Water use efficiency
al> 50 &) G ) edgiCum) 8 (39 o dpan )8
(cm) (g.plant?) (g.plant?)
Control 67.162 - - -
Flowering - ‘J’Mg .
e Deficit irrigation 1 58.39° - - -
o \d)la%i r‘S

Partial root drying 1 58.90° - - -
Vady) (S 005 S

Control 67.28 14.62 3112 5.392
Jas
Deficit irrigation 1 58.4° 9.90° 145¢ 5.01%
21 days after flowering ) \_‘5_)[")'.] "5.
. . Deficit irrigation 2 66.72 10.60° 156b¢ 3.46°
25 e 9, YN ;
"d)lﬁ' r‘S
Partial root drying 1 57.7° 9.73b 1224 4.84%
Vady) (S (05 Sdis
Partial root drying 2 71.42 13.72 178P 4,57°
Vi o S
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In each column means followed by the same letters are not significantly different (p<0.05), at 5% probability level based on LSD.

Treatments that were applied from the beginning of the growth period with the number 1 and the treatments that were applied twenty
one days after flowering were indicated by the number 2.
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Table 5- Effect of phosphate fertilizer on plant height, biomass, tuber weight and water use efficiency potato leaves at
different growth stages

Plant height Biomass Tuber weight  Water use efficiency
W gl 8395 Camn 3 o3& (39 <l dpas 2,8
Stages (cm) (g.plant?) (g.plantt)
A 4o Triple superphosphate (mg.Kg?)
Ju 55 Sl g
25 31 25 31 25 31 25 31
Flowering 59.43* 63532 - - - - - -
Pty
21 days after flowering 61.71° 675 10.8° 12.6* 175* 1892 4,582 4,742
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In each treat means followed by the same letters are not significantly different (p<0.05), at 5% probability level based on LSD.
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Table 6- Effect of irrigation and phosphate fertilizer treatments at different growth stages on plant height, biomass, tuber
weight and water use efficiency in potato

Plant height Biomass Tuber weight Water use efficiency
oS gl 8395 Cannet 23€ (39 <l dpao 2,
Stages Irrigation (cm) (g.plant?) (g.plant?)
als 0 3] Triple superphosphate (mg.Kg?)
iy Slind g
25 31 25 31 25 31 25 31
Control 64.3%  70.0° - - - - - -
Flowering . “J’“f .
oS Deficit |rr]gat|on1 56.2¢ 60.6% - - - - - -
Yokl oS
Partial root drying 1 57.8  60.0% - - - - - -
Vady) S o35 Suis
Control 64.3¢¢  70.0%¢ 12.3¢ 17.12 2890 3322 4.82b¢ 5.972
Jss
Deficit irrigation 1 56.2 60.0°f 10.2% 9.6° 147% 143¢% 5.41% 463
21 days after Vool o8
flowering Deficit irrigation 2 62.0¢1  71.5% 9.7¢  116%  165¢ 147% 360t 3.34¢
25l g 59 T Yokl oS
Partial root drying 1 55.4 60.0¢f 9.7¢ 9.8° 129¢ 116¢ 4.82b¢ 4.87b
Vady) i (oS Sl
Partial oot drying. 674> 7540 124° 150°  148d°  207°  4.25% 4.89"
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Introduction

Showing the rivers as a one-dimensional problem has simplified or eliminated many processes affecting
salinity transfer in the river. Storage processes are one of the factors affecting water quality in rivers. Generally,
as a substantial factor, the limitation of observational data confines the use of two-dimensional and three-
dimensional models, leading to the use of more widely employed one-dimensional models. Most existing
computer models are developed based on the Advection-Dispersion Equation (ADE) and do not consider the
storage zone. For this purpose, Modified Advection-Dispersion Equation (MADE) is proposed to consider the
stagnant area by defining effective velocity and dispersion coefficient. In this study, a solution has been
proposed to apply the effect of the Stagnant zone in water quality simulation in one-dimensional models. The
river simulation is closer to the natural conditions. In this model, to prove the improvement of the proposed
method, the average stagnant zone fraction expressed as the fraction of the average cross-sectional area of the
river (n) and employed in a one-dimensional model through the definition of the effective velocity and the
dispersion coefficient. This model is considered representative of the one-dimensional models developed only by
the Advection /Dispersion relation, and the proposed method was investigated for the Arvand River.
Observational data along the river were used to calibrate and validate the model.

Materials and Methods

Since the available and well-known one-dimensional computer programs are generally developed based on
the 1D Advection-Dispersion model, they do not consider factors affecting salinity transport such as topography
and river morphology heterogeneities known as storage areas. In such a way, these processes are not expressed
by presenting the problem as a one-dimensional equation. In this research, in order to increase the accuracy of
the simulation with well-known and available one-dimensional models a corrective solution is proposed. To
compare the proposed modified method and the base ADE, at the first, the tidal and transboundary arvand river
is modeled as a study area, which is a well-mixed river. The river's upstream and downstream boundary
conditions were defined according to the available data in 2014. Manning's roughness parameters ranged from
0.017 to 0.033, and the dispersion coefficient was 285 m3/s according to previous studies. In order to apply the
effect of stagnant areas in the modified equations, it is essential to determine the value of n for the river. This
study uses three parameters of dispersion factor (a), dispersion exponent (b), and n by ant colony algorithm with
the definition of 5 initial ants and 100 repetitions in Sehan station in the study area, Arvand river was optimized.
The values of the estimated parameters are respectively n = 0.168, a = 273.4, b = 0.94. Therefore, in the
modified model, corrections were made using the speed and effective dispersion coefficient as the modified
Advection - Dispersion (MADE) method and considering variable dispersion coefficient depending on the flow's
speed in the one-dimensional model. These changes were validated in the other two stations (Faw and Dweeb.(
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Results and Discussion

Based on this study results, increasing the parameter n caused the peak of the time series to rise and the
river's travel time to decrease. The shortening of the water travel time in the river, although increases the
dispersion coefficient due to the influence of the stagnant zone, the effect of this parameter on the time series of
the simulated concentration is reduced. Like the observational data, the slope of falling and rising limbs is
increased. By comparing the one-dimensional model in the two cases of using the effective dispersion coefficient
and velocity and without it, the increase in accuracy in the simulation was determined at Sehan station - 123 km
from the river formation site - after optimizing the coefficients with three statistical errors parameters. In
addition, these changes at two other stations along the river with distances of 180 and 150 km from the river's
source confirm this accuracy. For instance, the simulated and measured concentration in 12 months of the year
by applying the optimized coefficients reaches the correlation coefficient (r) of 0.86 to 0.97 at a distance of 150
km from the upstream, and the root means square error (RMSE) improves 1.27 ppt. The remaining difference in
the concentration estimation may be caused by the effect of other parameters or even the entry of agricultural
runoff from the lands along the river.

Conclusion

Accurate estimation and simulation of concentration in river engineering have always been one of the
environmental challenges. This research aimed to improve water quality simulation using one-dimensional
model in well-mixed rivers. In order to increase the accuracy of the modeling and become closer to the actual
conditions, correction factors such as considering the dead zones along the river have been suggested. Analysis
showed that, on average, 16% of the surface of the Arvand River's cross-sections are stagnant areas, and the
dispersion coefficient depends on the river's speed. These areas include bed dunes and meanderings of the river.
The point that attracts attention is the tidal irrigation channels on the sides of the river. The results showed that in
Sehan, Dweeb, and Faw stations, the root means square error decreases to 1.78, 1.27, and 0.84, respectively.
Therefore, the modified 1D model estimated the concentration (in this study salinity) closer to the measurement
data. In Dweeb and Sehan stations, the effect of dead zones such as river meandering is evident. Still, in Faw
station, no significant improvement in the impact of stagnant zones was observed due to its proximity to the river
mouth. The results of this research can be used for higher accuracy in one-dimensional water quality simulations
and bringing the models closer to the natural conditions in rivers.

Keywords: Advection-Dispersion equation, Ant colony optimization, Arvand river, Stagnant zone
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Introduction

The rise in water demand and reduction of water quality and soil in irrigating areas, especially in dry and
semi-arid areas of the world, have turned into one of the most crucial challenges for water and soil engineering
in recent years. This issue leads us toward optimal quantitative and qualitative management of these valuable
resources aimed at achieving economic performance and water productivity. The periodic evaporation and
transpiration of the plant in the conditions of simultaneous water and salinity stress are known as one of the most
important factors in the qualitative and quantitative growth of the plant yield. Applying mathematical models
that simulate the relationship between field variables and yield can be seen as a useful tool in water and soil
management issues in such a situation, which has the potential to ensure optimal use of the water and soil
resources of any country by providing the plant's water needs and preventing its further loss.

Materials and Methods

A factorial experiment was performed in 2019 based on completely randomized blocks design with three
replications in plots with an area of 9 square meters at the agricultural and animal husbandry farm of Aliabad
Fashafuyeh, located in Qom province to examine the simultaneous effect of different levels of water stress and
salinity on the periodic evaporation-transpiration and fresh yield of the single cross 704 forage corn cultivar. The
applied treatments included the irrigation water salinity at three electrical conductivity levels of 1.8 (So), 5.2 (S1),
and 8.6 (S2) deci Siemens/meter (dS/m), which were prepared by mixing saline well water of the region with
fresh (drinking) water and three water stress levels of 100% (Wo), 75% (W1), and 50% (W) of the plant's water
requirement. The depth of soil moisture in the corn plant root zone was measured by the TDR device at five
depths of 7.5, 12, 20, 40, and 60 cm during different growth stages of the plant using pairs of 7.5, 12, and 20 cm
stainless steel electrodes.

Results and Discussion

The simultaneous water and salinity stresses, which led to the reduced amount of periodic evaporation-
transpiration of the yield compared to ideal conditions (without stress), were simulated by additive and
multiplicative models. The results suggested a decrease in the evaporation and transpiration with the increased
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simultaneous water and salinity stresses so that the amount of total evaporation-transpiration in different
treatments was measured to be between 692.7 and 344.9 mm and the fresh yield was estimated between 50.4 and
3.2 tons per hectare. Also, the highest amount of periodic evaporation and transpiration in all treatments was
found to occur in the development and intermediate stages, and the relative fresh yield in the WS to W>)S;
treatments was calculated between 66% and 100%. The results of modeling the relative yield of the crop based
on the amounts of relative evaporation and transpiration of corn in different growth stages and under the
different treatments of water stress and salinity, indicated that Singh's additive model and Rao's multiplicative
model were appropriate, while the Minhas model was recognized to be inappropriate in this estimation.
Conclusion

The research results suggested the significant impact of water stress and salinity at least at the 95% level on
evaporation and transpiration and the corn yield. Moreover, the effect of the sensitivity of different growth stages
of the plant on the reduction of evaporation and transpiration of corn varies so that in the three treatment groups
W, W1, and Wy, the highest average decrease in slope was related to the final stage (13.6%) followed by the
middle stage with an average decrease of 8.4% compared to the control treatment. Therefore, the highest
decrease rate in evaporation-transpiration slope has been observed in these two growth stages due to the
beginning of flowering, fruit formation, and physiological ripening of seeds. These results come from the lack of
sufficient water storage and increased salinity of irrigation water in the soil. Water stresses and salinity will
reduce water absorption and evaporation-transpiration, and ultimately, reduce crop production due to the
decreased amount and potential of water in the soil. Another finding to be mentioned is the priority of water
stress compared to salinity stress in reducing evaporation and transpiration and production yield. Also, by
managing water and salinity stresses in the critical stages of plant growth (especially the middle stage), which is
the time of flowering and the beginning and completion of the maize production process, a significant reduction
in the crop can be somewhat prevented.

Keywords: Experimental models, Relative evaporation-transpiration, Relative performance, Simultaneous
stress, TDR
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1- Completely Random Block Design



VF) aidwl — cyatg o8 0led FF wls (S g T 4,5 PAY

halejl 3)90 ailhin S olowdsSy jud Oluogad (&0 —) Jgia
Table 1- Some physicochemical properties of the soil at experiment site
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0-20 8.67 7.86 14.18 0.61 627.8 5.65 197.30 29.8 147 Loam
20-40 7.96 7.88 12.35 0.58 582.0 5.38 181.37 28.5 151 Loam
40-60 8.42 794 1311 0.53 561.2 4.93 168.02 35.6 18.4 Clay loam
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1- Statistical Analysis System
2- Time Domain Reflectometry
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Table 2- Analysis of variance of water, salinity and their simultaneity stresses on the studied traits (2020)
Sl o (b
Mean squares
Ol osd gte bl ey By 9 45 Fo8des
SDV D¢ Evaporation and transpiration (mm) Wet yield (ton.hec?)
ol dl> ye dagi dlyo Sledsyp Sl
Initial stage Development stage Middle stage  Final stage
S5k 2 13.81" 1.06"s 19.61™ 2.20ns 0.47"
Block
o O 2 51.79" 32508.98™ 30087.48"  11506.96™ 290.21™
Water stress
95 A5 2 0/80" 176.65™ 567.76™  563.45™ 39.11"
Salinity stress
A 0.06"™ 4.807 7.32" 8.13"s 5.01"
Ws x Ss
> 16 2.47 1.92 1.38 5.03 0.12
Error
O 2 pS ~ 0.77 0.99 0.99 0.99 0.99
R-Square
PG IV TR
s e B 3.08 0.84 0.63 1.97 0.83
CV

Jopd B o) slad maw )3 (g bxe (gD ize pis Ay ® o * NS
ns,”™ and *: non-significant, significant at p<0.01 and p<0.05 respectively

1- Coefficient of Variations
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Table 4- The equations generated for different models based on 2020 data
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Explanation: The superscripted numbers in brackets indicate the priority of choosing a model based on statistical indices.
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Introduction

Surface and underground waters are one of the world's most important problems and environmental concerns.
In the last few decades, due to the rapid growth of the population, the water needs have increased, followed by
the input load to the water. In order to classify the quality of underground water and water level according to the
type of consumption, there are many methods, one of the most used methods is the use of quality indicators.
Considering the facilities available in water quality monitoring stations and the need to save time and money,
using alternative methods of modern data mining methods can be good for predicting and classifying water
quality. The process of water extraction for domestic use, agricultural production, mineral industrial production,
electricity production, and ester methods can lead to the deterioration of water quality and quantity, which
affects the aquatic ecosystem, that is, the set of organisms that live and interact. Therefore, it is very important to
evaluate the quality of surface water in water-environmental management and in monitoring the concentration of
pollutants in rivers. The aim of the current research was to estimate the numerical values of the drinking water
quality index (WQI) using the tree method and investigate the effect of wavelet transformation, the Bagging
method, and principal component analysis.

Materials and Methods

In this research, to calculate the WQI index from the quality parameters of the Bagh Kalaye hydrometric
station including total hardness (TH), alkalinity (pH), electrical conductivity (EC), total dissolved solids (TDS),
calcium (Ca), sodium (Na), Magnesium (Mg), potassium (K), chlorine (CI), carbonate (COs), bicarbonate
(HCO3) and sulfate (SO4) were used in the statistical period of 23 years (1998-2020). Quantitative values
calculated with the WQI index were considered as target outputs. By using the relief and correlation method, the
types of input combinations were determined. The random tree method was used to estimate the numerical
values of the WQI index. Then, the capability of the combined approach of wavelet, principal component
analysis, and Bagging method with random tree base algorithm was evaluated. To compare the values obtained
from the data mining methods with the values calculated from the WQI index, the evaluation criteria of
correlation coefficient (R), root mean square error (RMSE), mean absolute error (MAE), and modified Wilmot
coefficient (Dr) were used.

Results and Discussion

The use of the wavelet transform method and the Bagging method has improved the modeling results.
Considering that the Bagging classification method with the random tree base algorithm is a combination of the
results of several random trees, so using this method has increased the accuracy of the RT model. So, in general,
it was concluded that the use of wavelet transformation and classification methods increases accuracy and
reduces errors. The best scenario with the highest accuracy and the lowest error was related to scenario 10 of the
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W-B-RT model with Total Hardness, Electrical Conductivity, Total Dissolved Solid, Sulphate, Calcium,
Bicarbonate, Magnesium, Chlorine, Sodium, and potassium parameters. The results showed that the effect
impact of pH in estimating the numerical value of the WQI index is considered lower than other parameters.
When the principal component analysis method was used, by reducing the value of the eigenvalue from F1 to
F12, the value of the factor also decreased; As a result,so F1, F2, and F3 factors were selected as the basic
components. Considering 3 main factors, modeling was done employed and R=0.98, RMSE=2.17, MAE=1.52,
and Dr=0.97 were obtained. In general, the results showed that the PCA method, despite reducing the dimension
of the input vectors and simplifying it, can improve the accuracy and speed of the model and is introduced as the
best method for estimating the numerical value of the WQI index.
Conclusion

The results obtained from the present research showed that the use of wavelet transform, Bagging and PCA
methods had a positive effect on improving the results and increasing higherthe accuracy. In estimating the
numerical values of WQI index, PCA-B-RT method considering 3 main factors, with correlation coefficient
equal to 0.98, root mean square error equal to 2.17, average absolute value error equal to 1.52 and tThe modified
Wilmot coefficient equal to 0.97 had the highest accuracy. Considering that all the methods used in the
estimation of quantitative values had acceptable accuracy, therefore, in case of lack of data and lack of access to
all chemical parameters, it is possible to obtain appropriate and acceptable results by using a limited number of
parameters and data mining methods achieved.

Keywords: Bagging preprocessing approach, Modified Wilmot coefficient, Principal component analysis,
Relief Algorithm, Wavelet transform
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10- Dissolved Oxygen

11- Decision Tree

12- Random Forest

13- Deep Cascade Forest

14- Extreme Gradient Boosting
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1- Classification And Regression Trees

2- Response Surface Regression

3- Multiple Linear Regression

4- Artificial Neural Network

5- Support Vector Machines

6- Adaptive Neuro Fuzzy Inference System
7- Total Dissolved Solid

8- Total Hardness

9- Water Quality Index
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Figure 1- Location of the studied station
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Table 1- Statistical characteristics of implemented parameters
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2- Euclidean Distance Function
3- Random Tree
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Table 2- The parameters involved in each scenario and the method of selecting scenarios
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(Scenario selection method)
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Correlation Matrix

TH, EC, TDS
TH, EC, TDS, SO4
TH, EC, TDS, SO,, Ca
TH, EC, TDS, SO, Ca, HCO3
TH, EC, TDS, SO,, Ca, HCO;, Mg
TH, EC, TDS, SO,, Ca, HCOs, Mg, ClI
TH, EC, TDS, SO, Ca, HCO3, Mg, Cl, Na

TH
TH, EC
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TH, EC, TDS, SO4, Ca, HCO;, Mg, Cl, Na, K 10

TH, EC, TDS, SO,, Ca, HCOs, Mg, Cl, Na, K, CO; 11

TH, EC, TDS, S04, Ca, HCO;, Mg, Cl, Na, K, CO3, PH 12

Relief TH, K 13
TH, K, SO, 14

TH, K, SO,4, TDS 15

TH, K, SO,4, TDS, EC 16
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Table 3- Water quality classification based on WQI value
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2- Root Mean Square Error
3- Mean Absolute Error
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Table 4- Evaluation criteria for estimating quantitative WQI values in the test section

Method
Sconar RT B-RT W-B-RT
cenario o™ RMSE MAE Dr R _RMSE MAE Dr R _RMSE MAE Dr
1 094 363 265 090 095 345 254 091 095 311 237 092
2 092 421 289 089 093 401 266 090 096 280 199 095
3 089 485 319 086 095 355 234 092 097 267 177 096
4 091 430 277 089 094 356 232 093 097 277 190 095
5 089 489 306 087 095 337 219 093 096 306 213 094
6 093 398 260 091 097 280 186 095 098 228 148 097
7 094 364 268 090 097 277 174 096 098 239 138 097
8 093 377 268 090 096 315 203 094 097 274 178 096
9 094 350 252 091 096 287 187 095 097 271 169 096
10 094 374 261 091 097 279 185 095 098 229 146 097
11 096 290 217 093 097 245 163 096 098 234 159 0.96
12 091 432 291 088 097 258 169 096 098 229 147 097
13 073 744 410 077 086 552 373 081 095 316 242 092
14 08 630 374 08l 091 438 303 087 095 321 223 093
15 089 48 303 087 095 359 235 092 097 276 201 0094
16 092 422 270 090 096 314 205 092 098 244 173 096
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Figure 4- RMSE error of the studied methods
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Introduction

The accuracy of determining reference evapotranspiration (ETo) is an important factor in estimating
agricultural and garden water requirements. The complexity of the evapotranspiration process and its
dependence on meteorological data have made it difficult to accurately estimate this variable. Non-linearity,
inherent uncertainty and the need for diverse climatic information in ET, estimation have been the reasons that
have made researchers interested in data mining methods such as artificial neural network (ANNS), random
forest (RF) and support vector machine (SVM). Dos et al. (2020) evaluated the performance of machine learning
methods to estimate daily ETo with limited meteorological data. Their results showed that machine learning
methods estimate ETo, with high accuracy, even in the absence of some variables. The use of artificial
intelligence models in estimating ETo with high accuracy has become popular in recent years, but the complexity
of these models makes it difficult to apply them to regions with different climatic conditions (Feng and Tian,

2021). Therefore, the aim of this study is to show that different data mining methods are suitable for daily ETo

estimation, which can reach a comprehensive and simple model with high accuracy by using minimal weather
data.

Materials and Methods

In this research, the accuracy of data mining methods in estimating ETO was evaluated in comparison with
the plant water requirement system (FAO-Penman-Monteith standard method). For this purpose, data related to
meteorological parameters such as sunshine hour, air temperature, wind speed, and relative humidity air were
collected from ten synoptic stations and five climatology stations of Qazvin province in a period of 10 years
(1389-1399). The ETO extracted from the plant water requirement system was calculated based on the Penman-
Moanteith method of FAO 56 and on a daily time scale, which is the actual value (measured) with the estimated
values obtained by data mining methods (ANNs, RF and SVM) were evaluated. In order to validate the obtained
results, the data of each station was divided into two sets of training (two-thirds of data) and testing (one-third of
data). Finally, the generalizability of the mentioned methods in estimating ETO was investigated based on
NRMSE, R2, RMSE, MBE, EF and d Criteria.

Results and Discussion
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The results showed that the ETo values of the plant water requirement system have a good correlation with
the estimated ET, values of ANNSs, RF, and SVM methods. In this research, the accuracy of the results of ANNs
method was relatively higher than the other two methods. The results of statistical investigations and diagrams
showed that ANNs, RF and SVM methods, considering all meteorological parameters (mean air temperature,
average relative humidity, sunshine hours and wind speed) as input to the model, in Qazvin synoptic station with
altitude 1279 meters and the climatology station of Rajaei power plant with a height of 1318 meters, estimated
ETo with higher accuracy in both training and testing steps.In the ANNs method, the values of NRMSE and R? at
Qazvin synoptic station in both training and testing steps are equal to 0.11 and 0.97, respectively, and at Rajaei
Power Plant climatology station in both training and testing steps are equal to 0.10 and 0.97, respectively. In this
research, the accuracy of estimating the value of ETO in two ANNs and RF methods is close to each other and
higher than the SVM method. On the other hand, the fitting speed of the ANNs method is very long compared to
the RF method, and considering all aspects, it can be said that the RF method has a more suitable approach for
estimating the ETo value. The results of this research showed that the value of ETy is not only based on air
temperature, but may change under the influence of other factors such as air pollution, and is also strongly
influenced by regional conditions such as topography and altitude.

Conclusion

The results of this research, in addition to better investigation of ETO, help to know more influential factors
in each region and can be used in regions with similar climatic conditions. For example, in the current study
area, it was found that the role of average air temperature is greater than other climatic parameters and has a
greater impact on ETO. Therefore, it can be said that increasing the average daily air temperature will increase
ETO and subsequently increase the water requirement of plants. As a result, by using these methods and paying
attention to these points, it is possible to avoid water stress and possible reduction of the production.

Keywords: Data mining, Reference evapotranspiration, Water requirement system
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3- Random Forest
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1- Root mean square error
2- Mean Bias Error
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Table 4- Importance of the factor obtained by RF method
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Table 5- The results of different methods used for estimating of ETo in the meteorological stations
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Figure 2- Comparison the NRMSE of three methods for estimating of ETo in the test steps
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Introduction

Control and extraction of water using underground dams in arid regions has been of interest to researchers
since not too long ago. Construction of underground dams does not require surface water storage and does not
change land use. Therefore, they are environmentally suitable. The lack of groundwater resources on the one
hand and indiscriminate and unscientific harvesting on the other hand, and the increasing needs associated with
population growth, will cause scientific communities to revise and provide appropriate solutions for managing
the exploitation of groundwater aquifers and creating new resources or renewable reservoirs in the country.
Nowadays, in many countries of the world, the construction of underground dams has been considered as a new
method for utilization of water resources. Several criteria such as physical, socio-economic and hydrological
criteria are involved in the location of underground dams. Underground dams have wide applications for feeding
groundwater aquifers and water storage, as well as preventing soil erosion and increasing groundwater quality.
Due to the limitation of water resources and the lack of equality of the world's share in exploiting this divine gift,
it is anticipated that most countries will soon suffer from severe water shortages, so that it is firmly believed that
if this problem continues, many international conflicts will be over water for centuries to come. One of the
strategies to deal with water shortage is to extract water from new resources, especially the discovery of
underground, which can be done by constructing different underground dams and with the knowledge of the
world.

Materials and Methods

In this study, to determine the susceptible areas of underground dam construction using field visits was
selected Pashueeyeh watershed. To communicate between effective criteria and save time and money, a method

based on combining maps in GIS and RS system has been used. In the first step, investigations were carried out
to identify suitable areas for the construction of underground dam. For this purpose, data extracted from basic
maps, findings in this field and expert opinions were used.

Results and Discussion

Therefore, a combination of new sciences such as GIS, RS and geoelectrics was used in determining the
susceptible areas of underground dam construction, which in turn is a valuable research that provides the
situation for creating other combined researches in different climates of the country, stating that a combination of
different sciences in addition to the sciences mentioned in this research can increase the quality of studies related
to underground dams and even large groundwater discovery are effective and in case of mild to severe droughts
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can be a way to solve the country's problems in the field of using quality water and lower extraction costs. The

results showed that Pashueeyeh watershed is not a susceptible place for underground dam construction in Lut
desert region for water storage. According to the results of geoelectric sodages and field evidences, the bedrock
at the proposed location has dense clay that have many salts and the depth of impact on the bedrock varies
between at least 2.6 meters and a maximum of 7 meters. On the bedrock is a river alluvial layer consisting of two
wet and dry horizons. Also, the river alluvial layer consists of sequences of layers with different aggregation and
permeability. The results show that the electrical resistance of different layers rarely reaches more than 30 ohms
per meter; this is due to fine grain texture and high density of sediments as well as water salinity.
Conclusion

One of the strategies to deal with water shortage is to extract water from new resources, especially the
discovery of underground aqueous, which can be done by constructing different underground dams and with the
new knowledge of the world. Underground dams in the world are expanding in different climates, especially in
arid and semi-arid regions, which are likely to become one of the most important sources of water extraction in
the future years, especially if they are associated with new technologies and combination of GIS, RS and
geoelectric. the results showed that the combined role of GIS, RS and geoelectric in determining the susceptible

areas of underground dam construction makes the accuracy of proper site construction of underground dams and
even the discovery of underground aquifers much higher and achieved valuable results.

Keywords: Geographical system, Pashueeyeh watershed, Sondage, Underground dam
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Figure 3- A view of river vegetation in the Pashueeyeh area
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Introduction

Overuse of antibiotics and their entry into the environment is a global concern today. Much of the antibiotics
taken by animals and humans are excreted unchanged and found in their feces which enter the environment
through livestock waste and municipal wastewater disposal. Uncontrolled release and continuous introduction of
antibiotics to the environment induced antibiotic resistance in microorganisms living in other habitats which
pose a potential hazard to existing aquatic ecosystems and animals. Rivers act as the main sink for the effluents
that distribute antibiotics and antibiotic resistant microorganisms in the environment. This study aimed to
investigate the antibiotic resistant index (ARI) in Goharrood River. Seasonal variations and source of
contamination, focusing on urban surface wastewater of Rasht, were investigated through sampling of river
water and sediment in different points along the river during four seasons of a year.

Materials and Methods

The water and sediment of the river were sampled at three points along the river (focused on river course in
Rasht city), in autumn, 2016 and in winter, spring and summer, 2017. The number of antibiotic resistant
heterotrophic and coliform bacteria were counted via colony count method in the antibiotic supplemented 100
pg/mL  Nutrient Agar and Eosine-Methylene Blue agar media respectively. Cephalexin, gentamicin,
doxycycline, ciprofloxacin, and trimethoprim antibiotics were tested in this study. ARl was calculated by
dividing number of bacteria colonies (heterotrophic and coliform bacteria) in plates supplemented with
antibiotics to the number of colonies in control plate (without antibiotic). Escherichia coli as an indicator
coliform bacterium was isolated from water and sediment samples (12 strains; 4 season and 3 sampling points)
and their resistant pattern to these antibiotic was also tested by disk diffusion (Kirby-Bauer) method in Mueller-
Hinton agar medium. The inhibition zone (ZOI) of E. coli growth was measured and its sensitivity/resistant was
assessed based on CLSI standard protocol. The calculated ARI of heterotrophic and coliform bacteria of water
and sediment of the River and the determined ZOI of E. coli isolated from water and sediment were analyzed by
repeated measures of factorial arrangement in a completely randomized design format by SAS software package.
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Factors included sampling point at 3 levels (before entering river to the Rasht city; A, in the Rasht city; B, and
after river exit from the Rasht city; C), and antibiotics at 5 levels (cephalexin, gentamicin, doxycycline,
ciprofloxacin, and trimethoprim) as main plot and sampling time at 4 levels (autumn, winter, spring, and
summer) as sub-plot.

Results and Discussion

The highest ARI value of water heterotrophic bacteria was obtained to cephalexin at the sampling point C.
Mean ARI of water heterotrophic bacteria to all antibiotics (regardless of type of antibiotic) at three points of A,
B and C was 3.77, 4.54 and 7.53%, respectively. The highest ARI levels of heterotrophic and coliform bacteria
in water were obtained in the summer season. In fact, the change of seasons and clearly the summer season
controlled the ARI in water bacteria rather than the type of antibiotics. So that in this season 30.78% of water
heterotrophic bacteria were resistant to ciprofloxacin antibiotic and about half (50.78) of the river water
coliforms were resistant to cephalexin. Although ARI for heterotrophic and coliform bacteria was lower in
sediment rather than that in water, the highest ARI levels of heterotrophic and coliform bacteria in sediment
were obtained against cephalexin in autumn and winter, respectively. In general, the mean ARI in water and
sediment bacteria was as follows: cephalexin > gentamicin > ciprofloxacine > doxycycline > trimethoprim. The
lowest ZOI value for E. coli was obtained against cephalexin. Therefore, in all three sampling points, isolated E.
coli bacteria from water and sediment were resistant to cephalexin. In the study of the sampling time and
sampling point interaction, it was also seen that the lowest ZOI of E. coli was in autumn and at sampling point C.
Therefore, it seems that E. coli has become resistant to antibiotics when river crosses the city.

Conclusion
According to the results of this study, Goharrood river is contaminated with antibiotic-resistant, especially
cephalexin resistant bacteria and it may distribute pollution downstream. If the river water is used in aquaculture

and irrigation of downstream agriculture fields, the antibiotic resistant bacteria may be spread in the other
ecosystems and finally may enter the human food chain.

Keywords: Cephalexin, Escherichia coli, Rasht, Zone of growth inhibition
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Figure 1- Map of Goharrood River and sampling points in Rasht, Guilan province
A, B and C are the sampling points at the entrance, middle and exit of the river from the city, respectively.
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Table 1- Analysis of variance for the effect of sampling points, sampling time and their interactions on the number (Log unit)
of heterotrophic and coliform bacteria in water and sediment
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ks 12 0.26 0.07 0.62 0.59
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= and *indicate significant effect at p < 0.01 and p < 0.05 respectively, and ™ indicates non-significant effect at p < 0.05.
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Table 2- Analysis of variance for the effect of sampling points, antibiotics, sampling time and their interactions on the
antibiotic resistance index of heterotrophic and coliform bacteria in water and sediment
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) L5)l‘>-)‘.d‘59":3 ole; 3 3457 3280 23.6M™ 9.92#+
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AxT 12 230.2% 555.1** 25.9* 11.9%
LxAXT 24 175.8% 17.21*= 10.1 ™ 1.42
ks 45 25.54 6.950 12.9 1.09
Error
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** and * indicate significant effect at p < 0.01 and p < 0.05 respectively, and ™ indicates non-significant effect at p < 0.05.
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Figure 2- Mean comparisons for the effect of sampling point and antibiotic interaction on the antibiotic resistance index
(ARI) of heterotrophic and coliform bacteria in water
Columns with the same letter in each series are not significantly different (p < 0.05). A, B and C are the sampling points at the
entrance, middle and exit of the river from the city, respectively.

Tripathi and <Khatib Haghighi et al., 2017 2017
ARl aS cul s 5155 35,50 by 40 (Sharma, 2011
530 oy slmolo 53 00 gy (SloSgn 1 4 op B IS

abii cowdimwly og LS Y 3 aopn Yo gAY & (Sl dais
Cnglio Laslis a8 ol Cyeus Bl oI5l baole e )3 So4)]
3 59 Cand ol i g3 ol > i SSg 5l 4l 5 E. coli
bl il aldye g 5 sboole 3 (Jg .l iali8l 5o 0 olo
Akiyama and ) 35 y5 3|y s e 3 (edls iljelejlul &S

(Savin, 2010

ARI 5 (5 s p3i a3 o) 9 oS3 s 30T £ 65 5505
2 Sgn sl 9 (S emy b Ske dulie Y Jgi> o
5 <l P8 9 Sy gpe s SLARI ()b paiges oloj
dﬁ)_sﬁ)& Lgl.hd)‘fb ARI D)'L\Jl UJ)JYL Lol 0045 03)91 Cgw)
15 kS aSTs S g 5] il 3 Caoglia sl L 48 el
i iy @Bl ) BN gyl e (g lo] iglds Juad pueis

AR 53 (5l i ga3 oo} 9 (54l yds gad olEs a5l
Obes 3 )l ymasgel alall S enp 15U (xS0ke dnglie
Ol Juab 36 Ol By g (slacs xSb ARI (5l peig00
AR olasl 0 VL &S (g9 a0 3 (L 1) o (25 dlail 5
PP </40) ) me gylal glss b g g pim cla g S
Aol Cwd 4 (30> YAA) oliaols Juad )3 50 5l (g5 alai
ARI 55 iy Jouad 5> jd b g (5399 dlaid 9 55 4]
5 S0 S 3 g dod Ve g WA G5 a9 YL lagg S
29 a3 5 Ol g yg e sl St AR ojlul oy 3
dadl dw o b s oS dol Cund 4y yliej Juad 3 g b B0y,
ofo0) ey gl e (s)lol glis il Juad 13 (gl pdiges
b a1 4 ol (eSS sloodly=) JSU3) (P <
2 SBgySgyn Glas Sl Cuglio jadls (goriS S ol
5l Cnglio (e (il Juab 5 5 035 laSiise 5l 1l
Slagingyy ) ol 4Bl S i Gl Sy Hoe b (SSgn
bt 035 ol b plias b 45l 033 GBS 30,500
g oo gl dlax a8l o g S (6lp o Sloos; g A3,
Khatib Haghighi and Ghane, <arhangi et al., 2021)



VP ) aidwl — (yatg o8 o)led FF wls (S g T 4,05 VOY

Sl 25 ©jgm0 (2l Ao Lap 8 S Cnglie et
J=ad > & Bly 5 Sl SIS sl 9189y s lolii>
as asBag, O slap, 8 IS (0+/YA) 5 o 390> oliwls
3 LadgySeyin ARE (IS 5ol 4 g polie (sl
YL don I Sl plp 53 bap B JS AR g (ol gl yn
{7 o) 392

Ober Sl g 0392 Lo ygeglin Jsl Joas 5l pasdlins
s E. coli siile o iiompy S slasySL | (S g Spplsle
29550)5 & M5

2 Conglie oLl 0ailS S il Juad dly job &y g Juad
Jead ol 0 S spsb 4 Sign il g9 b 29 Ol (slacdy g i
Dy Cys o yola o gy Soypm sl aySL AR
2 Omrlelir < sl < pdSobo ST < rsluS glbg i
5l dm ol gy sg i lagySLy aoys Yo IVE il Juad
(7 Jgaz) 2535 008 pglie (pmmslinS gl pp Siigen
b > Sl Sgn 51 ol > O slap B IS ARI
0ylyd g i don I (P < /40) gyl mme yob 4 kil
o325 4 b doly 5 IoSig 5l 4y op 3K Cuoglio sl
Ol Juad 53 39 Sgur 51 £95 31 5 pbgy sl il Juad

5 9 B9 5950 S S (Sgm ST Cuaglile ad L 1 (6,10 paiges o 50 S gu T LS ey Il (S ple dunglio —Y Jou>

Doy 9l oy
Table 3- Mean comparisons for the effect of antibiotic and sampling time interaction on the antibiotic resistance index (ARI)
of heterotrophic and coliform bacteria in water and sediment
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Figures with the same letter in each column are not significantly different (p < 0.05). Dash line are missed data.
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Table 4- Analysis of variance for the effect of sampling points, antibiotics, sampling time and their interactions on the zone of
growth inhibition diameter (ZOI) of E. coli isolated from water and sediment
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** and * indicate significant effect at p < 0.01 and p < 0.05 respectively, and ™ indicates non-significant effect at p < 0.05.
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Figure 3- Mean comparisons for the effect of sampling point and antibiotic interaction on the ZOl of E. coli isolated from
water
Columns with the same letter are not significantly different (p < 0.05). A, B and C are the sampling points at the entrance, middle
and exit of the river from the city, respectively.
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Figure 4- Mean comparisons for the effect of sampling point and sampling time interaction on the ZOI of E. coli isolated

from water and sediment
Columns with the same letter in each series are not significantly different (p < 0.05). A, B and C are the sampling points at the
entrance, middle and exit of the river from the city, respectively.
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Introduction

Boron (B) has a dual effect on living systems, so that the concentration range within which B is changed
from a nutrient to a pollutant is rather narrow. Although B plays essential roles in all living organisms, its long-
term excessive uptake has adverse effects on either human beings or plants and animals. Furthermore, part of the
B that can be used as fertilizer is highly soluble and easily leached into the soil profile leadsing to some
problems such as decrease of fertilizer efficiency. Therefore, to improve agricultural productivity through its
gradual uptake by plants, the increase of B adsorption in the soil solution is necessary. Many adsorbents have
been used for the adsorption of B from aqueous solutions; however, layered double hydroxides (LDHs) have
been considered as one of the most effective adsorbents as well as slow releaser fertilizers of inorganic anions
such as nitrate, phosphate, etc. The formula of LDHs are typically denoted as [M1-x 2+M x 3+ (OH)2]x+ (An-)
x/n .m(H20), where M2+ and M3+ are divalent and trivalent cations, respectively, the significance of x is the
molar ratio of M3+/(M3++ M2+) and An- is the intercalated anion. Although LDH materials are commonly
prepared by combining two divalent and trivalent metals, more metals can be introduced in the brucite layer to
achieve a large variety of composition and higher adsorption capacity. Stability of LDHSs in soil can be affected
by numerous factors (e.g. low molecular weight organic acids (LMWOAS)) leading to release of structural
cations in addition to interlayer anion. However, there are scarce investigations that have evaluated the potential
of ternary LDHSs (e.g. Zn—Mn-Al LDH) in desorption of B (as interlayer anion) and release of Zn and Mn (as
structural anions) in a simulated soil solution. Therefore, the objectives of this study were, i) to compare the
desorption of B capacity of binary LDH (Zn—Al LDH) and ternary LDH (Zn—-Mn-Al LDH) in the simulated soil
solution, and ii) to investigate the effect of three different electrolytes (potassium nitrate, oxalic acid, and citric
acid) on the release of Zn and Mn from synthesized LDHs.

Materials and methods

A modified urea hydrolysis method was employed to synthesize Zn-Al and Mn-substituted Zn—Al LDHs
with Zn(+Mn)/Al molar ratio of 2. Herein the contents of Mn with respect to Zn corresponded to 2% and 10%
molar ratio. Accordingly, the synthesized materials denoted as Zn—-Al, Zn—Mn; and Zn—Mn; for the samples
without Mn, with 2 and 10 mol% Mn with respect to Zn content. For investigation of B desorption at a
concentration of 10 mM, 15 mL from equilibrium solutions were substituted with 15 mL of 0.03 M KNO3 and
shaken for 240 min. Substitution was repeated four times and A modified urea hydrolysis method was employed
to synthesize Zn—Al and Mn-substituted Zn—Al LDHs with Zn (+Mn)/Al molar ratio of 2. Herein the contents of
Mn with respect to Zn corresponded to 2% and 10% molar ratio. Accordingly, the synthesized materials denoted
as Zn-Al, Zn—-Mnl and Zn-Mn2 for the samples without Mn, with 2 and 10 mol% Mn with respect to Zn
content. For investiigatigatingon of B desorption at a concentration of 10 mM, 15 mL from equilibrium solutions
were substituted with 15 mL of 0.03 M KNO3; and shaken for 240 min. Substitution was repeated four times and
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B concentrations in extracts were measured by Azomethine-H method. Furthermore, the supernatant Zn and Mn
concentrations were determined by GF-AAS (PG 900). This process was repeated for 1.25 mM oxalic acid and
1.25 mM citric acid to study the effect of these compounds on B desorption as well as release of Zn and Mn. B
concentrations in extracts were measured by Azomethine-H method. Furthermore, the supernatant Zn and Mn
concentrations were determined by GF-AAS (PG 900). This process was repeated for 1.25 mM oxalic acid and
1.25 mM citric acid to study the effect of these compounds on B desorption as well as release of Zn and Mn.

Results and Discussion

The adsorption and desorption isotherm were carried out to describe the distribution of B between the liquid
and adsorbent. The isotherm data of synthesized LDHs were matched with Freundlich model. The values of 1/n
in this model were found between 0 and 1 for all LDHs indicating favorable sorption of B on these compounds.
The highest adsorption was observed for ternary LDHs (particularly Zn—-Mn2) due to their higher specific
surface area and also due to the ion exchange mechanism in combination with surface adsorption. However, the
results showed that the percentages of B desorption by potassium nitrate, oxalic acid and citric acid were lower
for Zn—-Mn1 (19.4, 29.1 and 38.2%, respectively) and Zn—Mn2 (18.6, 28.2 and 35.9 %, respectively) than Zn-Al
(30.8, 41.2 and 46.2%, respectively). This observation suggests that the type of LDH, B adsorption mechanism
and background electrolyte can affect the amount of B desorption. Furthermore, after 4 successive desorption
cycles, the concentration of Zn and Mn increased in the supernatants (particularly in organic acid electrolytes)
suggesting dissolution mechanism possibility happened for the studied LDHs. Among the background
electrolytes, citric acid was the most effective compound in releasing Zn and Mn, followed by oxalic acid and
potassium nitrate. A reason for this such observations could be that with respect to chemical structure, citric acid
by three carboxyl groups can form more chelate rings compared to oxalic acid, which contain two carboxyl
groups. Therefore, it seems that B containing Zn—-Mn—Al LDH may have potential to be used as a slow release
fertilizer in soils to supply three essential elements, including B, Zn and Mn simultaneously. However, further
studies are required to support such a hypothesis.

Keywords: Adsorption-desorption isotherms, Boron, Layered double hydroxides, Organic acids
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1- Urea hydrolysis
2- X-Ray Diffraction
3- Fourier Transform Infrared spectroscopy
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Table 1- Mathematical forms and parameters of the Langmuir and Freundlich equations
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Figure 1- Equilibrium adsorption-desorption isotherms of B on (A) Zn-Al, (B) Zn-Mnz and (C) Zn-Mnz (1 = 0.03 mol L™

KNOs, pH =7, t = 25 °C, shaking time = 240 min)
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Table 2- The parameters of Freundlich and Langmuir isotherms for absorption and desorption of B by the LDHs

Ry R
LDH Langmuir Freundlich
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ol
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Zn-Mn,-Al 0.602  0.99 0.55 1.78 0.059 098 0426 0.56
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Introduction

Conservation Agriculture (CA), as a sustainable cultivation system, aims at efficient use of natural resources
with least environmental impacts, while achieving food security through increasing yield and crop
diversification. CA consists of three main principles: 1- reduction or elimination of mechanical soil disturbance;
2- maintaining a permanent cover of crop residues on soil; and 3- diversification of crops. However, the total
area under CA in Iran is less than 5% of arable lands. In Hamedan province, CA is mostly implemented in
rainfed farming. Therefore, there is a necessity to expand CA in irrigated areas. Nonetheless, a lack of sufficient
technical and local knowledge about CA acts as a barrier for its expansion in irrigated lands. Despite the large
body of research conducted on CA, there is no detailed information about the combined effects of cover crops
and conservation tillage systems on soil functioning and corn productivity in semi-arid regions of Hamedan
province. Therefore, our aim was to study three-year effects of conservation tillage practices (no tillage and
minimum tillage) and cover crops (hairy vetch and grass pea) on selected soil quality indicators and yield
components of corn in a clay loam soil of a semi-arid region in Hamedan.

Materials and Methods

Combined effects of various tillage practices and cover crops on selected soil quality indicators and corn
productivity were examined in a three-year experiment conducted in the research field of Bu-Ali Sina
University. A factorial experiment in the basis ofbased on randomized complete block design with 3 replications
and 2 factors were carried out, in which three levels of tillage practices (no tillage (NT), minimum tillage (MT),
and conventional tillage (CT)), and three levels of cover crops (hairy vetch (V), grass pea (L), and no cover crop)
were the imposed treatments. Surface soil samples (0-15 cm) were collected two weeks after corn harvesting in
the third year of experiment. Total organic carbon (TOC), organic carbon stock (CS), active carbon (AC), carbon
management index (CMI), basal respiration (BR), alkaline phosphatase activity (APA), bulk density (BD), mean
weight diameter of water-stable aggregates (MWD), and available phosphorous (P) and potassium (K) were
determined. Corn yield components (including number of kernel rows per corn, number of grains per corn row,
ear cob weight, hundred weight of grains, ear weight, grain weights per ear, biological yield and grain yield)
were measured.

Results and Discussion

The highest TOC (0.96%), CS (18.7 ton/ha), AC (398 mg/kg), CMI (74.8), BR (0.118 mgCO3/g.d) and
MWD (1.82 mm) were observed in MT treatment. However, no significant difference was detected between MT
and CT in terms of AC, CS and CMI. Moreover, the lowest TOC (0.74%) was measured in NT, which showed
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no significant difference with CT treatment (0.83%). Reduced destruction of soil structure coupled with the
increased MWD, and increased inputs of crop residues through MT, resulted in the protection of organic matter
against microbial decomposition. Soil structuring, represented by BD, was improved under conservation tillage
treatments (NT and MT).

Among cover crops, hairy vetch treatment demonstrated the highest TOC (1.0%), CS (19.5 ton/ha), AC (427
mg/kg), CMI (80.3) and MWD (1.73 mm). However, these indicators, except CMI, were not significantly
different between the two cover crops. On the contrary, these indicators were lowest in the control (no cover
crop). Moreover, AC and CMI were not significantly different between grass pea and the control. Carbon stock
was increased by 54 and 40% in hairy vetch and grass pea treatments, respectively, relative to the control. In
general, cover crop cultivation combined with conservation tillage practices introduced additional biomass to the
soil which in turn improved soil organic matter over time and enhanced soil quality.

The lowest amounts of biological yield (1663 g/m?), grain yield (507 g/m?), hundred weight of grains 11.0 g),
ear weight (91.4 g), grain weights per ear (62.9 g), and number of kernel rows per corn (13) were measured in
CT system. In contrast, the highest grain yield (637 g/m?), hundred grain weight (13.6 g), ear weight (108.4 g),
and grain weights per ear (81.9 g) were measured in NT treatment. However, the biological yield showed no
significant difference between NT and CT. Soil quality improvement in conservation tillage treatments explains
the enhancement of certain yield components. Biological yield and number of grains per row demonstrated
significant difference between cover crop treatments; the maximum of biological yield (2103 g/m?) and of
number of grains per row (44) was measured in hairy vetch treatment. Moreover, the lowest of biological yield
(1589 g/m?) was observed in the control (no cover crop) treatment.

Conclusion

All soil quality indicators, except available P, were improved under MT as compared with CT. Our three-
year study revealed that among conservation tillage treatments, MT improved majority of soil quality indicators
compared to NT. Therefore, minimum tillage practice seems to be more sustainable in this study area.
Conservation tillage treatments (MT and NT) also enhanced corn grain yield, grain weights per ear and number
of grain rows per ear compared to to the CT. Both cover crops improved most soil quality indicators. Moreover,
both cover crops induced significant effect on biological yield, although hairy vetch was more effective than
grass pea. The integration of minimum tillage with hairy vetch cover crop is considered as a sustainable cropping
system for the improvement of soil quality and corn yield in this area.

Keywords: Conservation agriculture, Minimum tillage, No tillage, Soil organic carbon



Journal of Water and Soil
https://jsw.um.ac.ir it

d"'.:'hﬁj‘% Jls

VYT-YAD « o VF+) stk (yage F o)lods 5 ul>

9‘}3-‘3&5\5-%5‘5\.«5@\:& g?')"fgf';";'ﬁ 0\55/‘9&;25\.5;- SousS = Jlaaw .\Alﬁ
QJS bﬂ-ﬁ&

fr el K b e T P e sl =T (Ao Lo s = L s
VEY/ DY 8l 55 b

VRN /081y eyl

daS

oS Ol g SLS o b 4y 0o il )3 e & (blis (45)5liS gyl 0 (ohdsy (LS €S g (Blis (55,95 5l 6550

Slaawlid Sy p ohdy (LS 5 bli> (65) Sk e (sby gy Sl amlie jslate 4 dsbxily 5 g5 6)lub 4 Wl e aSL WS e
o Ly (halas ol claSsh b JB o Jele 93 Jo)sSB )b & 4y s glas s (ialoj] S )3 5 Slos Sljal g SB i
A slad g IS Stlo) gaw 4w > LS olS g (pgw e ($5)9S B 9 $5r9S S (sirp S 2) g w3 55y Pl A 2] 1SS
5 o5z ORI Jols (55,9808 )3 K> 5 55000, 1 2158 Jolis pguspo (509515 3 o3lisal 350 ol isd 2] (s olS o 9
o 9 otale)l poe Jlo 5 (20 (Bl +210) (o SB ()l paigad 5 oalisel sy oS (95 90 sl S50 5 Bpo 55095 B
P> ol enlsy 5 b el i LS Cupie pa3Ls TS 018 PSS 0383 oS T S ke 085 plonl 5 caihy |
CrtsS slmdolid s ol )f jiud joay ad (e I5 Bland 3l codled g O ol caliSS s 35 (:Sike (sl (oguaso
5 oS 0xd o Jld (S S5l b sme ol et 53l Sl el b Bl gt cpspe (6555 S B L dnalie )3 (55)9S B S pllas > S
Josi b (6l stme gli5 oS i 01y (6598 B o 53 (10 +IVE) IS T ()87 olie (2208 oo 4y ol (L5 ()87 S e a3l
eSS 3 (2l Ll cnslil gl el a8 (55 (xSl Gl L (5,5 B S pllas il (803 JAY) g e (5555
Cely didg oS 90y b SB CunS sbhawlis cdel dape cel (65508 o b dulio 13 (05,0 BoS pllas gy g0 S UJT oS
Copde adld 09 ceel (65550 job 4 )3 b dunlie ;0 «Silo olS Wiy 505 dald b duanlie (o «SB cuaS sbaawlis el g
e (508 powye (559515 )3 dgr gy ol (o lost I sk 303 ¥e 9 OF b l3 9 Sle Jlowi )3 ()8 03D A (S
5y Slas Mo (p b ¢ blie pd b sdalie My &by oy sl g I 50 &by 55 (I (yjg s o (59 il 5 ySlas «S5e) o 3 Slas
Blas (65,515 Jlow 90 (00 re ©olis (bl b i odmliie (65,581 o Jlews 0 I 3 &b ()59 9 SN (59 b do (yjg il
oS 58U S0 o 51l g2y IO 5 4l Cind) 3lass 5 IO (g s 3,Shae «Sofelse 0,Shos i 31 (55,9 S 5 (5095 0)
odnlis gladgs JS Silo jlasd )3 o 93 ol sl (it & (psb 4 g2 s cine S i) )3 &b ol g Koo 3 Slas (D

Al (olen b Jegs olKuisly o(65y9lisS oSl (S5 _wdins g pole 09,5 (655> (sommiily 9 13 )| Lol S disgel L2l Jbdbusl cudyias =¥ 5 ¥ o)
(Email: m.nael@basu.ac.ir = :Jytus ot g5 )
Oyl eclad digw (e o8l (g5 yalisS 0uSisly Lo Mol g sl 05,5 Hluiily =Y
DOI: 10.22067/jsw.2022.78321.1195
5- Soil (organic) Carbon Stock
6- Active Carbon
7- Carbon Management Index
8- Basal Respiration


https://jsw.um.ac.ir/
mailto:m.nael@basu.ac.ir
https://doi.org/10.22067/jsw.2022.78321.1195

VP ) aidwl — cyatg o8 0)led FF wls (S g OF 4,5 VVE

3y Slas o SB cuaS sladwlis doy yas 5l cuiS pllas o owlio flgie & (glades 5 Sile iy olS 5 (65)9SBpS 3ual (JS 5o 0

..\:.))fgfc u_‘i):m axlllas .))?04\.5.‘4;.0).) u).)

S529SBS (blis (g5)lis (S J oS «SiySB o il s o3ly

a8 ol s 3o ol @bt b oy O Gl e 5
S35 pawye S5y lajles ) 5 adgle 3 Sloe
2 6598 o e Sl 4 oSlee alS oyl (al., 2016
o Ay D585 yidlS 5 S 55,188 Wil chto oligS lallas
o ik Lth‘)ug) 54JL») 0d d_xjuaﬁ L_i_{ ).3 c&—bw_m A D.)I.)
I )3 bgw puiS gl oS g () SB- S p (6595
P S eSS gladwlus woh Lis gols a8 dwlie oo b
Py $5r9S B & G (557955 5 (55)9S B slapllas
(Celik et al., 2021) cuol aidly dg0

o oblis (6555 Sldas olyon 4 by LS culs
Gk 5l alg o aSl 05 S cutS day el Wilgy o s
S9ste Ll g Lasylon 9 LS LS 4y g5 ol
ey lals olsal (Jls ol b eloly Jaase 3 Slos
Slaal 3 g adlaie y o S5 g oddl bylpd 4 d2g5 b sl
9850 b ldilaie ladss 4 L g 0,8 o Cygo o pde
(Jlo sl 9 () @ SYsb 31 (Nouri et al., 2019) Ko
o (Vicia villosa) glasss |5 Sile Jolds ¢ gy olS 4igS o0
weled 1y (65)9 S5 = g (Triticum aestivum L.) pas
coisls ol ol sl 058 ey ads 2Slee 5 S SG 58
» 25 (Ll o8 jhdie dlgi e (idg (LS ©e SYsb
I 35 5 k) S (Kb a5 45 ol |y
e Coa (g)lnl g olbadl L)y (S (S8 cuas
ol oyl LS dgpudie Co e Egp 3l s Sl U sl S
=xBly At odmliie (gl e SV Slalllae Cuenl SLy
i PUS il gy o 4 sl (6559liS G e sloged
245 G an el Ll (03955 i 4 iy 555555
cizu il ol S e SBsjly oS sLlh &S S slaplls
e il 09 el Canl Sow Ly 390 (3L Ll 39300
SB Cpwlua > 9 03 G2l SB CuldS p Bl gy
(Nouri etal., 2019) ul )58l jiolu,d o (S3yid 4

SialiS Calizee clad in 3y50 yd (D0 xio sl yikgh
aiwj opl 2 i) b oldllas 50 laen oliwl ) (et al., 2016

o

LV RY-T

Sinls glapllss elgl 5l (S gl 4 (bl (jeliS
Sl )8 05 (b @lie Sl b 5 dige sl )3 rw jluky
Pradhan et ) o,ly olie coel (g)l85 5 ¢ Jamaciunsj e
=) 10l o Cuwd 398 CBlual & 5k aw 1 el ol (al., 2018
plls M5 4 S (5 (lassS g4 abu] =Y 5 &LS sLla
g bl d o L (BLis (65y9LiS pyye (65y9liS
SoiglsST Ui 5 )b S 5l S s lidcu 9 (g pusdols
slapllas S55ds8T oyl ks & 5o )b 5l lanlow ¢ il
5 dlail g lanl cae SYeb o asly o yiuljel ) cuis
o=l b .(Page et al., 2020) &S o cpmouds 35 1) Jguasme 5)Slas
Jbo 25538 (3L 512030 ) a8 )3 (59l plls (ol (Sl
bl (g5y0liS” (ylaen Ll . (Latifi et al., 2021) cul
2 o) dxwgi Gygys cplplis g e Iyl wad 5l ) it
auej > (BLS 5l 395 (Jlo ol bl caeal Pl I 5]
il 3 ol drsgs @le ogjgliS plas ol (sl 0w
Ll 035
M3 BnS 9 5095 Joli) (Bl (55,956
Sysdeads Hials L &S cuwl oblis (g5,0liS Lol slaadlie
S gla sl samy 4 Il 3 alS GLlE bas 4 S
9 S piades daasliSB gyl ili 8l ass e S8 S
=l s cblis 5 «Ss cogb) b g, ials Jodss
Sblis (65,0518 Gae aibh ol il dles 5l o3l g ol Giboyd
9 ‘_s.:Lm_.w L;L.R:u»l_w = L;))ﬁgfb fl..‘a) U" ‘D9M§4g Ll
s ccte Wl 15 SeslS Jols cud s 9 (Mg 5 Ca K P N)
Py e £35S L dslio 3 Ysane .(Sithole et al., 2016)
S I olgo jlade iolidl el (6550 SB o d(l,S p o5ei)
PR b oo~ uﬁ .)Iya sd)L»duL\fb dgube L ‘f) Do o u.’x‘aw
REN N D DS SR ST FOYE
o aslassl cewd (S5UeS pls 4 olS 4 Sy ablas
sla sy 9 LS Lk calisw polaw 15U dlls o> adlas



yvy L oW v Y aL;gGﬂéup 6396 dluaw voly o, o JU

0455 0395 e a5 (5 S0l s lio solaiedy U"’O] S 59
§F0e by oS o8 el ol 5 (calgn o) S5 ol
S G 9 S5 9 Slo (gl i 4 ipeio 05 FY
223 P 4S5 (P b 4 )y les g9 A drgi L (g olS
stwuy ol; (P oW yo d))9“§l> )l.o..u PN A adlsl S LY cAJ] &
(85795 LS 5 Lol i bglste S5 L s 5,5 5 0145 Lawgs
S 4 balow dod Sygod e szﬂgl? bwgi (g ol
953 5 iy QLS S 55 5y S B sless 53 A 8L
dn pogw e ($5)9S B 3 b by S maw (59 19y b 4
LaasolS 55,5 3,5 (slp Sauwd 5l b ls,5p yalglE b w5 |
Lal gyl clilas bajlog 1555 55 .05 03] 8,06 Lulys o o olizul
U‘ajﬁl—? JALM) £ g yo d)‘)961_"> Pl oalawl dy—0 CJ|9.)| ")
29 i onl LS Jold (55,5 51508 10 «Sapd g bl S
oMl (—tidgy oS (13,5 903 Sl 5950 3l Byo (55950
Opd S (SB oy dide LS (S 5l e dtes 9> A5
YA Gy yb g9y dlold 5 4o Bl VO dlbl b slacays, )
Gy 0 Jols @y Sy e i8S ploul sy Gygpods sie Sl
A g a5 Sile uil )Ty il s g g0 £ Job 4 sl
Byano b g puwlt 355 (S Liolojl ol @ v gi b (S5 4
oL s sl jlogs 1 Sy )3 ()95 A (6995 Sl s
Gk Sl SIS oad 03933 (198 (e puS Sl e (oludey
Olej) Al yo dus 3 oyl 395 ISS & 5 A dlre gy LS
o=l sl i el S 4 (Kbl dls yo g Sy 5~A S
555 LS 3 S LS Voo ok oy 355 4 S Sl i
Al yo dw > )l oyl (b olS ok Sbajlass )3 g AD 4T
OSle ll ¢ iigy olS (hyld (slayloss (gly i sl SB 4y
&bl 3 g Sile (g oS 93 (sl U5 (g slyione
9 2 sl Sid o3lo p S5k 1 gy )5 VY/Y) b el Sl
S g oL, londs AJy Sus odle lade 9 (u.m.wy ol
U_.u.w:y OL:.? d)).‘o )l Sk VAW .))19 0)9)“‘? )l_\.o.a (ERRW u).ao
4o )3 505l 365 e gyt 4 5l oblardl e ] Gty
s LSs win a5 Sl hey 4 (olel b o3y S 4y dls e
U)ﬁ_.ao U).) J_M)) J_Aaﬁ J%.b JLl )L_a&b JLl u:.gwo).uc Do ul)w

Cyd o slac sl il g uySlas (g 5a80 Hludl
Gy ol Glas wdils Slaole, by ciyd (Souwy jl jw
M > by (5 ild Voo 5 ccsdy  wly dlaws (M 4o il
3y Sdas g ails 3 Slas a5 o3l P w52 i 9 S i
Wb S @ye e 93 )3 S0 sladi Cudbp b g Soglge

; Hamzei Ahmadvand and Hajinia, 2015) cul 43 5 & yg0
= ST bdes ba yigsy cpl yo (Jb ! L .(and Borbor, 2014
039 o 3l J&iuws g 3o yob &y (LS L (S ozl )y
Cygo do 3y Slae slinl g SB coas calises dlal oS 5 cunl
il 131 0,y Lo il ogMcdy ol 00 uyp plgs
CoiS i Ldide LS § clise bl gla gy S
S lispa olien liwipd )0 @yl o Slee slial g S
Jold) (g olS 5 (55,95 BnS 5 5y S B Joli) (bl
5Slas (S cuas gladwlis S p (5 5 slases 5 Sl
S doy dilaie )3 wy 08 SB S 50 @yl o Sles slial

Dy olked (3,5xwd)

g, 9 2lge
seula )y Tk 9 ddlaie Bladidis

= Jlw dw Sdo 4y g £a, WAL Lo il 1 jiagt oyl
o og oSl (659l 0uSlily (Slaios a2 )30 )3 (2 52
Ll lan j0id I (6 yteghS YV aliold )3 3 oo (sliwg) 53 &l
Job 10 9y maw 5l 520 VEAY glas)] (yls e yjo ol
94 V0 bl (o) g (b 4BV 5 423 A oldle>
oy ol yd aslllas 5yg0 dc o S 3yl 15 Jlos adds
=wd ¥ S sl ol VYD (LisTy) gk b 25k
S A ) 9 oo (bS] (o) Pyl S8 g oy (puien
alie Jlo aw oyl o elyj Olles plos g (duoy> YO 4 ¥0 (V-
"ot g B ke 93 JoygiS g & ilef] 33 o
o > £5ps S ol i Tnl )85 aus b sl LolS (<l
Jole 5 dpo—re 5509515 5 5509 B0 (89S B ) edaw
LS i 5 s sl JS SOLe) o s > by ol
5 |l (b

(i g3 0 LS 51§l pad gl 9 (521,55 Calslas
oinlejl lal Jlo aw 3 oy; claclles plos a8 bl )
Jbow widal ) pow Jlo (o5 Slilas Ladb benl )3 0 oa 4l
Sl pow Jlaw 53 .0 Jalgs o0y muser (VAT e B IYAN
Silo (e (gilwodlal 5l un WYY olosiiul Jlgl )3 5 Liale]
LS 3 p)SeliS 00 9 ¥ plie & S 4 Hl5 g st S
5 5 e LS I gyl pdiges AVAY Cuigudyl jo b S
3y (LS Ll e (s jolate 4y g (IS als yo > SSle
Ol 85 Ogo by (LS Sl S a5l s sl )3 0ud
5 bl e o ¥ )0 29290 sladigy aalojl dol ol pslate



VP sl — cyatg 8 0 led FF wls (S g T 4,5 VYA

Lasals Julas g 4 il

P9 Jley bl doy:Sileo duglio 5 il ly 4355 pslaiosy
L Loodilo )30 dtumsanls ccbgi amh-g S sasS g0l L o]
33l b osile (uily)ly (San (ooguilymcmygd (9ol 5l edlizl
dmlie sl e 2 b oy ROl S lase )3 (09
Loy O Jleis] e 55 b sxe cigles Blas ya0jl 5l 1SSke
A edlazwl

SB ol sladulig

Aol plis (v Joaz) sy uibly 420 5 ol gl
o235l Cdled 1y Lo (i oS 5 (65)9 S ol 93 Jolie
S5 I 0 2 8509 SE ol Jlogdlea g o sixe Blad
Py il S (S Cupde padld (JUb ()8 ()8 033
ey b g LaashSs 1 had 359 (650ke (s pallb joguaa
03633 o JS (I S ooy oS ol S izman 351 )l e
$39 0xke gl S (S Copde paSLE (JUb ()8 (S
Jelse 51 S g 4 il (85 LB 39y o sine laailaS1s s
() Jgie) A8l yhnd e 2 (6l gne 3G oiiolej]

O JLad (3 S (3 S 0230 S (T (S (suland
S yaus gadlis 9 MWD (5 ,all (o guado p s daly
0
Sljlos o yo oS b L (Y Jods) 0nShe Slunlie gl
oS polie oyl gl (MT) (6508808 Jloss <5595
015 SR 1y 5 WEY) (255 0535 o> <199) IS I
(VFIA) 028 Copie a3l (p )59 2 )5 (e YAA) S
i 5 (1) 3 LS 5 5 CO2 5 e </VWA) il s
el s s (2oLl VAY) (MWD) Jlisly cloawlass. (a5
s bine ol (CT) pouye 55595 9 MT Jloss 93 ¢ Jl
5k L5 5 e LS 005 d b )5
S o 33 (9 +IVE) S J 5 il S oDl
JIAY) CT jlos L (sl mime glas a8 e 0y (NT) (5359
u;)_f o)_,}b u;)_wf SLUISNT Lo (=S FEARY (_\Ao)a
Ol 9= 5SS Ll 1500 & Cad (S (5 VFIY)
dilato > blis (65,5051 Wl dus doly 48 sl o ,Soly ol
slotalid Sy Sy il 55,950 o > g s
b 5 S b g il oAl o 350 S oS
sl 035y pouye (65,95 Jlos wltie (b a> b 5y S

A3 (51 a3t g SIS (5 s pads gal

V0 Gos jl (oS 5 Cpgmoy 5 LSS A b SB ()l peiges
WAY ole o 3 (ool oLS il 5l oy S VU o koo
S ) b e (oS 5 S oladiges dns 3 .cd)S pll
Sldiges I isu b bl g cuslby ey, g iy b
29 yio (oo 93 SISl g Ad odngS (18 SiSlga |y S
2 OgelinST Gogy ar S (AT S sla S 5 ad ool
oS OmS Ubgy 4 Jé oS (Nelson and Sommers, 1996)
Weil et ) poliy Loy ;Yoo +/+Y oo b apusT LG T
Sy 53 00 31T CO2 (6,5 o)l sy 4 asly a5 (al., 2003
) (sgb) oad S bl Co0jgy Y (yaibigSSl 09
(Isermeyer, 1952) ( womudus a3 YY) olod g (&5 piulS
gl (limse son > 2L Sblad o3l colled
Tabatabai and ) Luguubo 43,3 YV (slod 13 5ubisSSl 5 lawd
SB sladiges jl (6)500 Lisw Ab 5,uS0;l! (Bremner, 1969
Ole 9 28 031> yoe o e o Sl s Sutdlen I
Cambardella and Elliott, ) o ;5 b slaahss s Sjg
O b oAb e [ O 5 /0 5 ¥ (S| ¢y Lawos (1994
byl 1 oalawl b g 51,55 dw b S 00950y (sladiges
oosate iy 9 3 gl qan el VIB )] 5 /Y S L
4.0 6,56l (Blake and Hartge, 1986) SLs ¢ ,alls
WS T S ool eslital b )8 85 laie cogdle
Akala ) 35 alro ()l maisel Gas 9 ol (ogass p >
L (CMI) (32,8 € ppdo yad i (izps o(and Lal, 2001
Vil SaS @5 Jb T 08 5 IS T S ke 3] esli
[(Blair et al., 1995) wé duwle

CMI = CPI x LI x 100 ()

s 0a3L3) LI g (005 03633 (a3la) "CPI sy ol >
il e Cad o bl 5l (cn)S

sless 33 IS oS e 3 JS I oy s = CPI
@y

@y sl 3 525 2bg 4 ke 1 ()5 obg cuns =L
= (JE 025) Logy 0ppS e s 1 )8 obigy olee o5
Josi ol Caws 4y (b ) 9 S5 008 Jolis) Sl )8yl
2) Jub S g IS ey e oy o sl (g o gy
01 (5ySo3lasl o] )3 (Sble g (65,95 S Lo caalllae ]

L)

1- Carbon Pool Index
2- Lability Index



YA L slhawblis (B gy ol g sBlas (555951 Allwaws dely oS o SU

Sy cblis el (65)9 5B JialS g a4y ki los ()
ol 0scs (MWD) il claailass s 21530 o aasliss
5 o dlge cdlinSs (sl (amlio sla e Hlul calSS )l
Wl jobo 4 Miad 19)Swe 4o 1l 0 Lol cbles
(Sokolowski et al., 2020) )l Sen 5 (SwdgloS guw lalllas
A oS 018y s Jl ol Gl 5,5 SB 2 & W3 s
G35 Lol s oyl b s 1S polute S 1 b S
i byl il e pls 65,815 o slapllas a5 ol
Sloslarwl g Llas a5l Sy a8 10,8 oLy (Hiel et al., 2018)
T oole oo gt crse 55095508 ol &) gy plalS
S olbles gu_lf sobo & Dgd 0 Sk S ol Do o S
g Il odle ey 3L g SB e semas S5 4 pgwye g
5 Laaslsls )holy Sals 1o wilge SB Epes 3 ol @y

A8l e aailiSs jlad (559 (1SSke

o Laplis) pled «(65)9 S5 (o Jlow 3 eunl S5 p)Y
bybe S L astl (g olidyy olS g (Lol oSl Juol>
= Sogme Ll pl oSl b 0 by S maw )3 g
SIS L 48 1S SaS SLS T o8 plsd Liulsél & il
g a5 SB o)lle gy edls b cov gy ond byl
oy iS5 3 dibaie Stbdos palil & sl i 5 b
dmlie 3 ) 5 8 55y S L o slesd D (LS Ll
e S b (v g (v bl 4 jo5 5 (0 bole
el 9% Byl el bjlogs gl I ey (65,95 B0S
cshal gl Jlo 93 55 (&l eyl (o) )3 bl s 34
5 Ae g iy S sl Gln myeyie 0 p 5 Voo pln ok
ol pgwye (65)9S B 5 65y Jloi 93 Sl @iy yho 2
ey 5 4 eg) ol Sl (Sl ool Sl 53 golis) Ab (55
pis 2 0s «(55,5 S5 lodi 0 N 08 o9 e e
133 Ll a8 e 4y by (o b (S L Ll LIS

g 0LS 9 (55,085 b lowi ;U Cod S CultS AWl (uibjly 4555 ) Jgaa
Table 1- Analysis of variance of soil quality indicators affected by tillage and cover crop treatments
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df  organic  €arbon  management carbon  respiration densit Mean activi
carbon index Stock y weight ty
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R )I‘)svt 2 0.133™ 9710.7™ 329.5™ 64.4™ 0.0096™" 0.019™" 0.050™ 0.687" 918.5™ 51240™
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Tfﬁj)si?) 2 0.106™ 16485.7 597.9 4117 0.0009™ 0.007™ 0.341™ 0.411" 14203.3" 16043637
illage
c b BL";(C) 2 0.310™" 28689.3™ 963.1™ 112.6™ 0.0023™ 0.001" 0.065" 1.435™ 623.2" 472096
over crop
b bE“l'_s Xcdj)sdu 4 0.008"™ 1218.5™ 49.4™ 5.1™ 0.0001" 0.001" 0.042™ 7177 2689.8™ 376378"
X
EUa$ 16 0.012 2881.1 106.7 4.3 0.0001 0.001 0.014 2.702 2404.2 100162
rror

(423) Sleis oy
Coefficient of - 128 145 14.8 125 10.2 2.4 7.11 211 126 11.0
variation (%)

a3 o i Iy ofeeN g /o) o]0 paw jd (gyblize g (gyboline pis oy & Wi g wE ok NS
ns, *, ** and *** represent non-significant and significant differences at the probability levels of 0.05, 0.01, and 0.001, respectively.
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Table 2- Mean (+ standard error) of selected soil quality indicators affected by main factors of cover crops and tillage

55 G399SB Lo oinigy 8L ylow SI3 e iglés JElas
(Pro '::t ) (Tillage treatment) (Cover crop treatment) Least significant
perty cT MT NT N v L difference
S 0.83b 0.96a 0.74b 0.64B 1.00 A 0.89 A 0.107
Total Ofg(f;/”;c carbon (0.12) (0.12) (0.11) (0.1) (£0.08) (0.09) '
(1]
Jub oS 389.4a 397.8a 319.8b 3138B 4267 A 366.4 AB 53.63
Active carbon (mg/kg) (i23 2) (151 1) (il54) (1460) (1344) (i343) !
0 e gl 739a 748a 60.3b 59.7B 80.3A 68.9B 1032
Carbon _mgnageme“t (*4.2) (*9.7) (34.8) (+8) (+6.6) (#7.1) '
Inaex
oS 0D 16.69 a 18.67 a 14.40 b 12.64 B 19.48 A 17.63 A 2077
Carbon stock (Mg/ha) (i249) (1259) (i235) (1220) (1179) (iZlO)
4k o5 0.098 b 0.118a 0.103b 0.088 B 0.115 A 0.115 A 0.0108
Basal (ffgp;raé')o”(mg (+0.008) (+0.006) (0.009) (0.009) (+0.006) (+0.005) :
2/J.
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Bulk density (g/cm®) (£0.02) (+0.03) (£0.02) (20.02) (20.02) (+0.04)
SIS B A ole 1421 182a 159b 156 B 173A 169 A oot
Mean We('ght)d'ametef (£0.17) (0.21) (£0.16) (£0.10) (£0.19) (£0.13) :
mm
e 7.92a 7.88a 753a 7.69 A 8.21 A 743 A 1642
P(mg/kg) (+0.99) (+1.21) (+0.85) (+1.39) (0.77) (+0.83) :
O 349.4 b 385.8ab 4288a 386.9 A 396.8 A 380.3 A 29,02
K (mg/kg) (+48.9) (+43.5) (+47.6) (+50.4) (+49.4) (£70.5) :

S50 MT pgusyo (65,9515 :CT sl o LSD (905 sy duoyd & Jlossl pedas 13 I gize glis sB chitds S jiiio o 5 p> it a8 pla Sl
csiigy ol g tN gladgs IS Sile Vs il (65,085 g :NT ¢ J5las
Means with at least one similar letter are not significantly (P<0.05) different based on LSD test. CT: Conventional Tillage, MT:
Minimum Tillage, NT: No Tillage, L: Lathyrus sativus, V: Vicia villosa, N: No cover crop.
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Figure 1. Mean comparison of phosphatase activity influenced by interaction effects of tillage and cover crop
CT: Conventional Tillage, MT: Minimum Tillage, NT: No Tillage, L: Lathyrus sativus, V: Vicia villosa, N: No cover crop.
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Table 3- Analysis of variance of yield and yield components of corn affected by tillage and cover crop treatments
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ns, *, **, and *** represent non-significant and significant differences at the probability levels of 0.05, 0.01, and 0.001, respectively.
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Table 4- Mean (+ standard error) of yield and yield components of corn affected by main factors cover of crop

and tillage
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Means with at least one similar letter are not significantly (P<0.05) different based on LSD test. CT: Conventional
Tillage, MT: Minimum Tillage, NT: No Tillage, L: Lathyrus sativus, V: Vicia villosa, N: No cover crop.
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