Journal of Water and Soil

Vol. 26, No. 1, Mar-Apr 2012, p. 11-19 Hpindn

ijoghﬂjs &'J&ﬁt&ub;%abﬁﬁdb;bﬂﬁs%

L ST o3, (Solanum tuberosum L.)

“‘;)L.ig e —Ycﬁgdf S| —w:x.g.g Joses
ABIFL3 53 3

ﬁ'/V/\'Jzﬁu\a_ @JU

(53918 Zbuo 9 pale) S 9 O @ 2
N-18 .o IFRY Coligusd )l — (5239, ) o ke TS ul

LXVCES

(Solanum tuberosum L.) —uwjuw olS buwg olié yolie Glo 5 cuisS o Slas p S (S5 pi8 Ciliseo pobaw 13U )y sl

oo slmons Lialesl ol pd o plosl o olKisly w815 09,5 SIS 15 ,1,S5 aw b Solas )/Lolfc)lo B ialesl G )3T o8,
48 dg gldseS 4 SIS (50,8 polaw b CulS ogase gladss (0 (S (50, pdaw dw b g pol L b (SB  Susjumw olS
clale g olS 5y Sloe a8 sl ol Laodly il g 400 zuls 63503 g SB 0395 (gl 1) V/A g/cm39 VoF (aals) VY sladiwl
WL@Q)M:U)e)_«y)MMdI)JQJ&LCU@K u.»lawb u-.&:‘s Sk L;D)wﬁ ul).».o w‘)ﬁlbw)w o.\.éjgf).g 3 Lf“‘\'c )..oL.C
St (53,83 L (glojlos 5 Slas (5:S3le g qryeyio 53 £, gkS FITY sl Jlags 0af 5 Slas (1:0ke 45 3l (LS b, Silio duslie .09 i
3y Sas alS aals Jlogi 4 Cund 003V 5V Gl 5 4 &S g2 @upepie )3 p)SokS BN g DAY 55 ) (S8 (55,88 pogws g po> o)
FY/0 9 Y51\ sy a4 SB (55,88 pow g pgd gdaw )3 Co ol (slay 3 Silie g del Cawddy 1ol Jlows | 55 008 dlaw ke o YL Lzl
0310l 350 50 bl dgrg (g0 dire BB 008 laws Llod I S8 (55,8 pow 5 pgd g (po (Jg il Lials aald jlog 4 Caus do)d
ok clale el LialS S (S,ib Jilil b ode b g Job o 05 (650l wald Jlagi )3 0sé b g Job 5Sile o iiber 505 00
S pmobis Jl jion Bpany 2lie polis lp clale (a5 35 Vb (53,8 L sblo I it (a0L5) o8 (50,28 b e )5 S 2lie
rolly 9 i gy polis lp (il cpl werSlo g 8l alS S (I5,88 AIBIL o usjonw 038 QI polie clald g ras
Slge o ¢ o jnmw Ay drwgd g My (105 dgdte b « S (S0, a8 a0 o i 3855 (pl guls g duo ) YO/F 5 YFIY AY/Y iy 4

39”"@ X 9 A_f).v PRl LS’IA'C 3‘9‘0 clale 9 X O)IJul ‘.))ilo.c L)M.&’K A.,J—l: 9 oald u,»zz’lf I) L)’l jawy uJJJS—

Gpan oS polis wdpan y polic (rojimm SB 035 (5alb (ogats p SB (53,15 1 5IS 5 03l

Ay (o jnw 5l g Gl o,\_:ﬁlsfw}w Ju y ¥erA Jls
" O U el el 03,56 " olegy el s
Sl el 28y olie odle pl &S cunl (S,
s B8 4 Wdine sl S 1 gyl 3 B g Si,S
el ez o 53 035 (Siw S L oj)le S ol kS (e
dn g Sl Gloz )3 Bpany (238 Jpaze (re)lia (o)
Coodl () 015 1y odlaal 5o (i )3 g g0y pAS ]
s 3 lice odle S lsisdy o Lo 4 4 sixajisms
03 i3S el wlio 1 S lgisds o) 51 g ol 4SS dgamme 4355
Dy o 3 55 Camio  03laiwl 350 oliewd dge I Ll
b > sleyeiS )3 (65)gliS Cladg 1 care SR (e

4- International year of potato

3

Aol

I8 Galee Are 93 (o lojlw LIS (ol

45 Wted (RSB o (Camen 5 20 1Y) (e Cupmex
a3 s )y 22153 485 3es S & YT+ o B 5,
DRl (sl 09290 CUSLL 5 @bl jI JalS osliiul wé) (e i
oo Jlo oyl sl cuwl anlae mlio Codgizme b (6555liS” lados

¢ 85y9liS 08y (i S 095 Sl 5 byl ol )8 ggomitily =Yg
ul"‘) oKisly

(Email: mohammad.behbod@gmail.com 2 hand 0Jians 35 — %)
3958 Ol 9 SB liiog duwge bkl ¥



1P Sl = (299,8 Vosleis T8 ulo> (S gl s VY

W yg; 9 dlge

Yo U yho Gos) (oxaw 4V Liolojl )5 odlitul 3,50 S
Cr ol Jlslide yadee ¥ SISl jges 5l g 5 and
P S sl Jolbs mls a8 i oBiulojl 4 350
b sl ulasasg bccwlodd ooy flis Y Joio
5 Jerolindpsw slads S (13938l L SLS mpuly 5 iud
SUs p LS 2 ppSibo e 510 & i & punlplil
a8 35 US55 p)SolS Ve (Brae (59t (e b 0l
33,5 ol 09l quie
abgrye SISl aojw CBlS pogasto ladus
Wy 05 9 oS iSe 5l ookl b olSST 50,5 Cgboye g
aS 40,8 sloul Ladss o alizee sladiuwsly (S paw 4
mCow (5)d0 slross ojlul 4 oleoyas (g3l8 juiliw I eolatl
(o s (S0l g dloul A a0 dde i Sl 4 g (e
olilig pyo S L LQ)] 89y 9 S odly )8 e yas ol 51
L Ladl (ylaal 5 (6 )laSs 455 55 59, WO oo 4 ylalS 0
a3 g Bolas NelS 2ol B > ygiSTe g 4 inle]]
dow 4 W) Pl}ul ul}b) oKl ‘_SJA)L.&\Sl) 05; Py » 5)])&)
)l o9 rnl_’>u1 e du)lo.u )I g?)_: ‘S)b){du'?o) olo .)1.))0
el clacSL ) Ladsges olaie ol L ladiges (gguiitunss
9l oS y3 el FA e 4y g Jitio oiinloj] 0 oguaske
Sy ladiges o Ldd S 0)S ol 4550 00 (glod jo
wbpaanS g Bpanyy polie oy g oad (i g ol
by (39 e 3903 (b 1) 350 )las g pudn Jolpe
yogBould ool b i hud g ol oIS oKtws
-o)b._)l LS—N‘ uJ._> olKiwd ‘.} d)mwf ).soL& 9 )».A}d?)..s.w)l 9
M g pbosl Joamme cubldy iy 090 plasl j uy B85 (68
9 Jsb owomen b (5 S0jlal g (B)led sl o (slaors g
s xSl 3 6 Se5lul oS ey & o o (sloosé Jod
od i sl b il cowdas Hlad pa (gl lmosé yla g
Do S3U Y Sgo a degl Covgy (58,5 3l am ¢ Ol
5 Suid 03l (6505l (gl onds s gla iy 5l g L 00l
il ool glaoals ()3 eolitwl ol yolie e (5,80l
555n 5 428 MSTAT-C (6Ll 58155 Laogs o]
SO el a3 Sl (glatals sis 9051 51 ookl b Laodls

WA A e dopd 2 g

e S Mg pew ol i) 9800 el ] dnwg
O3l s e any (Sl e drwgs Sl )3 slaypiS
5 ol Ciinl e el o LS il @ e o] 5 Sles
Pydior B Mgl we LS (8) culS pj 45l S sl
oy ) o 0 ) B b g Jpaseo ol 5Sles ol 1)
3 g s ISl (3,0 ol e Blgi e ol p2ye 2l
(F) 20yt S0 9 P05 M5 sl 29290yl

G oS 3, Slos g 9od g ) 2aliSdgae Jelge I (S
Jas ol e SB (S5 Sis dag 5 s 3ble )5 o)
5 G odliil g o ledlo (99 Cand (S Idlge 34008
Aid3S Jlo oo by gb e (8L (65y9liS” YT puisle 5 s
g Cdls slamile (g (Rl g (659laS (b ojslSe > 4
Jolie j0 pamiin JShie SO Gyso 4 SIS (ST il
opile Jolite cl 3l ol a5 Cowl 03905 ple 48 Hlub (g5y5lis
(V) ol ol g oS (S5

GialS (s plls pogasia p il b Yaame S o515
o S niaded g g JIs (JS S5 (S 42y
ST assp Ecly g aib o olyan SIS Canglis il o
CBIgSo b 1) e polis o3l tals (Ol Cla tals
5 ) s 328y (43 08 Gy Jjaller (AD WS 0lS
(V8 9 VY ¥ 4) 23)5 0 3, Slae ials

Py Gwejuw olS 04 dawgl g Ad)y Wlg 0 S1B 5o pid
0l CuaS g0, Slos Aol §3 g LS dgde by il ol pe
85,5 IS5 (YA) olfSa 5 il (YF) 105 2l Iy o
LS |y (mjic ol Dlon Pl (g (SB- (5,85 oS
oy 5 St g inlS el ol ) o am3 e
Sl ) s o5 Sl osliial () e j 9850 3, 8os
e Jpase Gialidl g S 038 Y ate Sl &)
GS o Dl 0dzte YLyl s jd ¢ o

dgd e SLE (5008 by duejiumw obS (cladiy, Ay
SIS Cagby 4 boady) (o piod «SB 03,88 ey g 398
S ) rrjme Jpame (Bres p3ud S (0 1S ) (p
9300 iul38l Jgeme pdud ds Cows HS 43 o5 VA o308 S
29105 (D) Ab (re i (sloosd ol (lE sl riran
3 oS SYTeile 5l s 5l iy ooliil § S5 T g
o ol 2 aS (ol bl 5l gyl 0 SB (55,58 sdas YD
e 3 Lol ol a8 o 35T p2aS S5 absgd 5 5
(i Jpame Gt g0 Sles JialS  SB (55,08
(> o 4 Al o ogune Gl (65)gliS ansly sl yioS
LS iy SUS ($3,88 56 oy gy cnl e
Bl (i 028 CuiS g 3 )Slas



\Y¥

w0 ) i 0L gl (210 polic s g CudS 0 Shos p S (S0 08 150

Jobo cSilae iyl A5l ol ol ine oM 0aé Slass
od e Job pSke jlows ol 50 el Cawndey aalis jla I 55 08
Py 9 P9> Tokawyd o (pl & (Jy90 2 g yia sl FIAYY
A (Sl o il YIVAY o F/IVVY Cus iy SB S8
Job ials” 1o )d FF/NVA 5 W Cod gy dals jlas 4 s &S
Jbess jloas ;- had (S0l (ppi 5 048 5B 390 5 il
Tobw 3 oad Hhd . Sibe el Conddy (o Slo F/YO ) aali
g yo Ol VY0 g V/AYY il s S1B (55,48 pow g pgd
b malS as ¥V 9 Ve /Y cu e sals Hled 4 cans oS
sl

o3le doyd (pSlee (i & Amd(o0 (LS UG (o)
el Caoddy 1als Hlod pdaw | o yd Y/ lsmeds s Seis
Pow 9 p9d okaw jl oacel Cowdany Sid odle o yd pSSlie g
o pdn 45 350 do > VA PA 9 VYA L jay S So 8
(VUse) azaly jials’ s pd A 5 075 dald e 4 Cans

5 ,Sos

25U 4 amd o ol bosly Ll yly 4556 5 Jols gubs

odle doyd wi e y i g Job ol oSles p S 5o ,id
e o) S w3 plg e Bl dlier g oae Sis
SIS (Sopid cilisee pobau b gy (Y gi2) A8l
Gz 008 5,Slas S0k cp YL ST o LS 0as 5 Slas
9 bl gyeyie 3 £S5 ol FIVY (lie o ald o 4
e S (50,08 pgw g pod gaw 53 028 3 Slee (1S
L e 4y Caus &5 Abb o mpesie jd p,SLS VY 5 B/AY
(Y Jedn) amy o i 5, Shas ials o )3 VA/FR 4 £/AY
3 008 2l 1 Sle (o a8 ol ol 5 S ol Cpiocen
s 1Sl g dal Cuwddy 3ae YATY lime 4 wals o ]
Goipdn SLS (53,88 py g pod ok jl ebel Cusday 01
A G o YY/B 5 Y81V i ias a5 540 VOIYY g VO/AY
5SS (53,88 pos 5 g9 i 5l inlS 105 Lo

gl SB U1 5 Jols s - Joan

oo Fe opl gy eely Shed 0 aep emdSolys oS oSty e &
. Ew Jalze el oSS Sk
(mg kg™) S X , . Se
(%) () (%) (@Sm”') (cm)
-Iv ¥ ARV VY- v po) o V0 -I¥D v/o \ -y-

S a3l do yd 0 0311 g 3axi 3 ,Shos p S (55 puid iiteo zobw il il ,lg 4500 1 Jols gl —F Jgas
(2lod a8l dlass g

©la o (ke
e dlwdlany saf Sid oo suf ki puf Job  safdlaw s dSles  odjldn,y Wl mobie
VoAV YYA*E \WArak AZYRLV S VA S VY8 /A7 <[y s S Sy
VOIVOY A o[y o[y AN ofeeN A s
FINY - 10A YNy y/A¥ YA <10 - C.V
Gl I gize /0 gedans 53 # el I3 me L) a3 s oo I xe B3I IS

2o dBlus dlaxi g Sis a3lo o yd 0ul o3l dland 3 Sles p SIE (5 uid Bliseo ol 1 -V Joua

lod dBlwslaas oud Sis odle oud Hhd ous Job saf dlawi 3 Sdes (5 id e olan
(%) (cm) (cm) (kg m™) (g em™)

\Y/vaa Y./q0a ¥/Yoda ¥/AYYa ya/¥va £/Yva VY el

) \4/YAb Y/av\b ¥/Y\¥b VO/AYD A/AYD Vag:Cy
VV/2YD Va/-Ac Y/Y-oc Y/V-¥C VO/¥YD AN VA Cy
<IYAS RN o[ 55 o[55 VAYD +[+\A LSD

B85l ine OS] i b 15,15 S e B> Sy JBlis a5 s laySibe



AN Caligur )l — (35958 < Yoo « YF e (S g T apis VY

(VY) 25,8 0 008 Sid 00l 50

Hlas amd o lis Laedly uilyly 4550 5l Juols gl
Cal )l.bu_l;m Ao )d L_§_s JLA.Q-] C.‘a_w PRS- ols 9
cbile (S Inyid il b &S cwl o] Sl s (0 s
Cadgdzee o an b o ials (gl pxe jsbay olie olic
SOydd pow g I Ll cdale oy jieS 5 (VY glem’) salis
o edale pSilie o id ol Canday (VA glem’) S
3 Jg el Canday aali Hlag pdaw 5l ao > FIYAS lie 4 oSy
A S ofsr chald (Sle «SB (53,85 pogw g po> e
9 WY Sy 4 adald 4 Cums 4 D¢ Jopd V/FAY o V/FYY Cs
s cdale W Slo oy i (P Jads) cusly Lials as)s YO/F
3 (S el Cwdds Joyd VY e 4 sals e ) 5 Sy
91V A Sy jhed e (S (55,88 pow g pgd o
o B g YA cudids walds jlad 4 Cond &S 39 duoyd +/V)
s ) 5 S el cdale 4 Slee oy iy (Cudly il
5p9 gdaw ;0 (Jg dd (6,505l 1o )d VIFFY l5ee & dalis
VADA 5 VIFOY o puwly cdale Sl « S5 (5,48 pouw
Joyd YY1V 5 YMA ol 4 Cond i gy &5 cdl ials dus s
Ol Oy i 2 o i gl o jshailen b lis el
0354 >0 Dy o b S (55id pdaw p YL &S (1o
"G S Sy 53 lly 9 b (g (28 polie colis
Lo Y0 g0 /V=+/0 &F e ( pa 8 dls o > o
5 Gl ColaS odgi e jd wald Hled o Sl olie pl clale
055 oo odalie bl jlow 3 olie polie pl Bl jl (635008
St il 8L 5, Sles g Ay 05505k Jolse 51 (6 iles o
)9.:.05 ‘Wbig)iuéb}gfﬁ%)@; ;‘_50.)).«35 pow gdaw 53 Wb
= ))SJ@.G 9 RWJ) u/.dblf ‘_))‘)JL»J ol 005 ol B u)?)""’
Age o JialS 4 (63935 b (50 |y (S0388 LRl (e
(VF) 015 s olS 3 ol 3guaS sloul ¢ ol3e

mao el e gaw I 55 (ol Bl sla (Sl (o ey
claadln sl Loy Sile Jg cel Cawsas 302 WA
Wt SB (53,88 pow g pod oo jl el Cunday s
AN 81V s s aaliiled dn Cumss &5 W3 dae VV/EY
chw » olea ladils sl gl 1Sl il jials ws)d
Al ol gme ciglas (glel blod 5l S 55058 pgw g pgd
poatin prr G el SIS 5055 alS | S35
9 el jobody g o Ay D9d ply > S Cuagliie g g palls
by el (W) s o Lials 1y olS 5 Sles g My paliuns ot
oielS s SIS anses Sl (lie dlge 4y ol g yid g 4y
1S5 Y aan )y, Gy 4y s Slge 5 T 8 > sy
by palS (V) 9 )) wilie 0dos g 0y (28 cpl sl 0
aduy bwg oad Jisl SB gm0, S > ol o g ad,
A ) g 2l g g Ol iy el el g ool LialS
aS aad o lis calise niiste Clallas L(F) 35 o0 olS A,
ghw g (il il Glosl 3 1) ady) Siid ()jg «SB (528
ol outS slayl Job el b g By cal 5l 55 ) o
(VY 9 V) aed o

g Ay iy ply 0 SB SOl Cuoglio wdpid S 5>
ey ol 3y Slac S (sl hol V5 51 ety lS
5 Og=le (V) S e S 1) SB g5 eyl ()3 e 5k
g9 Jbw gl > Jgasme 3, Slas oS 0,8 ()15 (V) ),
23S i 5> (5,58 (SLacS B (g, Y Topdle slag 2
5 olekl 8l (el 1o VF (e (Lol 5 oLy
Voro 3l st S5 Caoglio e &5 dga3 5,138 (1Y) o, Kan
S9din 3Skac alS el JKulolS

S (S2,i8 30 cov ]y 05 48, (W) Sieww 9 620965
Al 2 a8 inlejl clacs)S )d a8 wib )T aseis ¢ Kdges aslllas
Uil (o)l dme yob 4 5 Shas wanl yuty YT pile Fy 335
yoolis Cin o ) M) (59, p 10l S 1815 b
< sk 4 (1) 3,135 e 3 olS 13 plos  ploxiliw 9 2lie
aalyadn) Job J5 S b (5,88 )5 SIS e
OialS sald 4 Cuwd Mo VY e 1) Sy o 9 VY 500
ady) OS5l (pdm clale ST (53088 fpizmen (V1) a3
Jlte (sl amd o s bl o bapo (35955 (b L 457,
Bl 2oy ¥e 393 53 ) gl con g gl clale sbj (55,8
18y §) ol SLs S8 (VF) &yVse Lol b (1+) ol
0 pid oS5 o flals s solo (i 5 298 0 Ay
5 b o LidlS olie yolie Cls 00yid SB .l o ials
gode S oy Slos ialS Cow sl ;o olie dlge 35008



\o w0 ) e LS bawgi 108 polic LA g i O Slos p S T 08 50

i S DK 9P N jolic Clile o S (5,88 Gliso sl 51 - Jgan

K P N

(%)

S (55 i cilien g glans
(g em™)

Y/¥f\a  </vva f/¥asa
Y/¥0\b AV Y/¥YYb
Vasae <\Ye Y/¥-ve
AN AYAY <NAY

VY camls
Vos C2
\/AC3
LSD

Ll e MR oo b )b S yude By S JBlas a5 Ll 1 She

g del Cwddy Sy p, S0 kS )3 2y S Juo YOIV 500y s
by S [S588 g 5 p> g 3 ol Carey A Sl
A G &S D S 5ol 13 )5 Lo VWWAIE 9 VF4/Y iy
Onizmed 2 i jmals ao 3 VYA 5 YA c g sals s
oo wald jlos o Sl s (e clale (SSls gyt
Cowddn ecbile 1 S5ke g sl Canday p,SolS (5 p,5 Lo YVIAA
YO/ 0 g YEINY ey S (53,88 pour g pgd zolaw I ool
YN ity sals Jlogd ) Cond & 392 Sy p)SolS 1 p )5 Lo
Casly ialS Ao > VD

JFeoas ) 5y clale (ke (e A Joix ls Gilas
g el Cewddy 0d pSolS 3 )5 o Yo/ND ()l jseds Sals e
ma S (5,88 pow g po> bl odel Cusday clale ik
s yd A4S gy 08 £S5l 13 p)5 Lo VO/AY 5 VAIVA sy
oYL ccal ialS aopn Ve/A o Vo /Y dali jled 4 s
51 a8 590 )5 olS 5 2,5 Lo AYYY 5 0ae al clale 1 Sike
oxSilie (g sl cwday sals o b SB 55,8 gl pdaw
5 a8 SIS (52,88 pow g po> ok jl ol Cunsy slacale
4 Capnd 45 390 008 £35S )3 )5 (o FOY g WINA i 5y
Ol o it (bl EalS a3 Ve o VY Cui i dald s
PS03 £S5 oo YAITY (lisets il o 3 35 5i80e clale
ok 5l odal Cwd a cbcble 4 She g Ad (g pS0jlul sae
2 pyS o YEIEY o YFIVY s pan S (53,08 pow 5 pod
Lo d YYIY o WE s dals jlad 4y Cans a5 24 p)SsliS
Geite Clale (ke (0 VL 55 e puaie )90 53 Cudly ialS
9 P90 zokaw jlodel Comday glacdale 1 Sle 9 39 sls o 4
S lis ials o YAIY 5 0/ Cui i S (55,58 pow

cbale Oy ol jload il polie (e sS4 av g b
cdale ay )b 0gd o Jolbs a)g Sis odle i jd olis
e () ity 525 St oola 5 18l g > polic ¥
o ) oS by ol Gla yolie e a5 dad o s gols
solie i LialS coel S 53,8 o A8l o sty tal
s (5 5i5) Bpan e polie Logases eid Ol li
CieS lalS” e ol pl g Gl 0l 008 9 Sy 5> (el
AalS e 03pi8 slaSB > Slie polie lokl) jlwas

ald jlasd ) (uejimm 028 (i clale Sk cp VL
2 Giais e Silia g A oS0l TIVAY olize
Copmad 45 39 VOPY o VIVAY iy (53,8 pows g pgd gl
Ay e Glis ialS 1o ) OY/0 5 Yo/ cuw e sals s @
g 2ald Jlosd )0 35 (ueju 048 Hhud clale (:SSLe o YL
P> gaw 53 yiud Clle (1 Sile Jg bl (55503l /WY 30
Jlad 4 Cans a8 29 /WY 5 +/WWE (ol Sy (53 id pow o
oSl e o lis ials 1o )d YO o VY cupa dals
Ol (Hg s 4o VAT sals jlad )3 008 bty clale
A (5388 g g p9d gobaw Jl oel Cusday ppuly il
9 VY s sl Hlass 4y o &S 39 Juo pd V/EYD o VIVEY
(FUsss) cusly Lials” as s OF/Y

OBl L oS by ey g jdd (g ol alS
by olS elacdl 3 yolic ol cdale ials g ST Sos s
(VV) @55 5 pliy (10) Jozeul 5 5y99) dlor ) (ilee (ilioes
sl 0dd ()15 (VW) oySen 5 g 5

osalS ) (Jesle fad Saxe 0dyuid S Camd 4505
ymolis g it ()8 (A (Game (BB ey yal (pl a5 03>
55 gy D9 o olS Lawgi bayl Gl 4 > g 500
aox 158 Gyao 4 (59 AW g 00,i8 s SE  ael g
cbald fals g g e el cel o cul (500 Jelge
(V) 295 0 BLS (slacél > o

OsSles (p pin 9o odalie V gl )3 &S pslailen
PSS 13 1. ke YYIAD oty 30l o oo 3 53 il
5 p9d zdaw lodel Cuwd 4 g5y cdale 1 Slo 5 ol Cowddy S
PSS 13 08 en YANY 9 F-IN0 i ity SI6 (55,28 po
UiblS 1oy VY 5 Y i aald e & s 4S 29 Sy
VA 5 4 dald Hley 5l el clale 1 SSle o yids sl
odo] Cunddy cdale . S5ko 5 ol Cowddy S p)SelS 3 )5 Jeo
= o YV 5 VEY/Y (i yidy SB 59,88 pgus 5 pod gobaus |
o o o> WO 5 ¥IV i iy oS 550 Sy p Sl 3 )5
e 3l g 3K cdale (1 Slbe oyt b Lials sald ey



AN Gyl = (35958 < Yoo « YF e (S g T s VP

wadudis A3 plol (V4) o) Ken 5 olesy a8 (gladlles ) : :i, 24 Z g
Mn Zn ik polie oo Sl 5,6 Uil L 45 15,5 3 % 5
e IS e g 3955 dgw S Ly Cu g N P K Fe 3 9
4 lgion 03,88 SB gl Jlad )3 sy Fomly Cedle o I b
i N 9 3
S5 oo oA dne (18l b (gl o5 bl ]
8IS bl 2 g e 35 sl 5 jhad ol Sl (IY) A3l © L F il
E a
kg 45 alaps Jgene joboss 251000 4l dangi g A, 3
ol g Cund (mly 9 jad o) b oo JWI L] 4 =~ 1 s %z
C ey sh e e on (e . 2 x s T rr
SB (52528 550 cod i Npdie Jite slodg > dlowy )] " 2 ja
oials a8l s Gilejl ol gl Jg (M 9 VF) 8,5 s ), gJ .;
. . . . H . PR P . . g * & 1)
b Ol JialS Polae boyd5 g dasMe LB 55 0jg i ol 3 L% 2.
c T . 2 = ~
vt 9 (85 s bl BrnssS polie culaS sdgimwe Wil 0 = -i
Ve KooV cwpa aall A e ) Suejiuw S Sy 0 "'-i‘; z g %2
() Gl 0 SIS p,SshS 3 poS e DYoo Yoo Ao 2 R ]
o yolie opl cdale 0gd o sinlin A Jods 3 4S5 y5blen —3‘ —_ :}"'
..))L\J d9>g Lbu] .)%.o.s 9 039 ww 090 43 Jals )Lo.ﬁj JERESY) V] % -; < e
Cble an 1 ST pgw 5 pgd o 3 g SB (So,8 Sl L g "
Al S d ol il ials aald jled 4 Cud polis oyl :1 VI PN
WS (55,88 48 duy o a5 4 ol ol ool abls W& cols 9 = -
Cd gy Bpasn S polic 4 Cuwi |y Bpacy ol ol 3 s . oz
. . . w . . ~ ¥ ¥ =
aS 100,S sdalis 5 (V0) Yool g (sy99) - o l)E 43U X % ¥
LS L ol i e alS sl 515 3,8 e S
Dl il 8l 1y 5355 g opl Gls oS Jlsyd s )3 _1{ 4 % g: &
* =<
- \ o 5
L i 4 >
S 0 4o 3| 3 s i 7X
-3 = = 7
OialS Eel Sl (53,8 o5 o e oL 30 oyl b 2 E
uwl)_‘)‘ l_: .)9_wu_n @a.w A>‘9 2D (SuR 0dE diwy 9 .))SJA.C E“
= s
ol oS VA 4 VY 51 S o353 gyalls ogascs py> > 5 3 & £
bA_cs&j)_’)Jd)*a_nwfsdﬁm)ad‘AL)*oL&LJa.lsuA,S\n ;
9 yd (g polie Clale & (g fedl bl dnejium i s = §
I ot ol 8l i colas ol pieS 4 Sy )3 ey T - }
o Ol [y SB (53,88 (Rl L i 3o ials :
(Soyid 1 S olS 3 0 Dbyl Bpney olie yolie dguS = ?E x %
et 0 Gpaae S g Bpany yolie clale als | S 3 >
gl ials 551y eae i odle lime «y) (2l 35y 51 cyelS - S
f ; & 2
L S (Sopid.cabo culiol o)Ll 5 sysl, l 1y ] = % 53
aS as glmoss g el o] pyd s g 0a ojluil LialS .
Bl (6 S gl S § & 2




\V

w0 ) i 0L gl (210 polic s g CudS 0 Shos p S (S0 08 150

7-
8-

9-

10

ojoaw 838 PK g P N yolic Clilé p S18 53,08 iliseo gghan 11 -1 g0

K P N SBe 53 i o gl
(%) (g em™)

Y/-Ava -[\YYa Y/YAVa AVARERVAW)
Y/Y¥Yb -[\Y$b Y/YAYD Vag C2
V/EYde AR VosYe VA C3
RYRAYN /Y RN LSD

W5l pxe BB o1 b 5yl Syl By S PBlis &S ol (1 Sle

w0 jimmw S g3 13 Cu gMn Zn Fe polic Chils p SV 5> uid Qi zohw 51—V Jgas

Cu Mn Fe Zn SB 55 uid Gl g ghaw
(mg kg™) (g em™)

YV/MA VYolva  V¥a/-a YY/Ada VY aals
Y£I¥YB \F-/YD VYYD Y-/vab V/os C2
Yo/-aC \WWA/SC WWY/Ac YAIVYC VA C3
Iyoy <[AYY -Joys < [EYY LSD

Wl I xe BB oo b )by Sy By S JBlas &S ol 1 Sle

0 jmw 80E 13 Cu g Mn Zn Fe polic ClIS o S 5 uid cliseo ol 51 -AJgas

Cu Mn Fe Zn SB 5 pid ilibee £ glaw
(mg kg™') (g em™)

Wysa Ya/yva AY/¥Ya  Y./\oa WY swls
V+/5+b Y¥/VYb YY\Ab  \AIVAb Vs C2
FINFC \tlary #o/-¥c \0/ave VA C3
AN Siral Nians NANAS LSD

B, s gime B o b 5l S e G S il oS layiSilie

&be

Alakukku L., and Elonen P. 1996. Long term effect of a single compaction by heavy field traffic on yield and
nitrogen uptake of annual crops, Soil Tillage Research, 36(3-4): 141-152.

Alessa L. and Earnhart C.G. 2000. Effects of soil compaction on root and root hair morphology: implication for
campsite rehabilitation, USDA Forest Service Proceedings RMRS, 5:15.

Boone F.R. and Veen B.W. 1982. The influence of mechanical resistance and phosphate supply on morphology
and function of maize roots, Netherland Journal of Agriculture Science, 30: 179-192.

Food and Agriculture Organization of the United Nations (FAO). 2008. Available at www.potato2008.org.

Copas M.E., Bussan A.J., Drilias M.J. and Wolkowski R.P. 2009. Potato yield and quality response to subsoil
tillage and compaction, Agronomy Journal, 101: 82-90.

DeJong-Hughes J., Moncrief J.F., Voorhees W.B. and Swan J.B. 2001. Soil Compaction. Causes, effects and
control. In Communication and Educational Services, University of Minnesota Extension Service, pl7. Available
at

http://www.extension. umn.edu/distribution/cropsystems/components/3115s02.html.

Hakansson I. and Reeder R.C. 1994. Subsoil compaction by vehicles with high axle load-extent, persistence and
crop response, Soil and Tillage Research, 29 (2-3): 277-304.

Horn R., Domzal H., Slwinska-Jukiewicz A., and Van Ouwerkerk C. 1995. Soil compaction processes and their
effects on the structure of arable soils and the environment, Soil and Tillage Research, 35, 23-36

Hochmuth G., Maynard D., Vavrina C., Hanlon E. and Simonne E. 2009. Plant tissue analysis and interpretation
for vegetable crops in Florida, University of Florida IFAS Extension, pp. 38-50. Available at http://edis.ufl.edu.

11- Ian J., Bingham A., Glyn Bingoush A. and Robert M. 2010. Soil compaction-n interaction in barley: Root growth

and tissue composition, Soil and Tillage Research, 106: 241- 246.



1P Sl = (299,58 Vosledd Y8 ul> (SB g ol a s VA

12- Ishaqg M., Ibrahim M., and Lal R. 2003. Persistence of subsoil compaction effects on soil properties and growth of
wheat and cotton in Pakistan, Experimental Agriculture, 39: 341-348.

13- Khalilian A., Hood C.E., Palmer J.H., Garner T.H. and Bathke G.R. 1991. Soil compaction and crop response to
wheat/soybean inter seeding, Trans. ASAE 34 (6): 2299-2303.

14- Kuht J. and Reintam E. 2004. Soil compaction effect on soil physical properties and the content of nutrients in
spring barley (Hodeum vulgare L.) and spring wheat (Triticum aestivum L.), Agronomy Research, 2(2): 187-194.

15- Lipiec J. and Stepniewski W. 1995. Effects of soil compaction and tillage systems on uptake and losses of
nutrients, Soil and Tillage Research, 35: 37-52.

16- Lowery B. and Schuler R.T. 1991. Temporal effects of subsoil compaction on soil strength and plant growth, Soil
Science Society of America Journal, 55: 216-223.

17- Moullart J. 1998. Factors influencing soil and subsoil compaction and impact of compaction on yield, Proceedings
of the First Workshop of the Concerted Action on Subsoil Compaction, DLO-Staring Centre, Wageningen, the
Netherlands. pp. 145-154.

18- Ngunjiri G.M.N. and Siemens J.C. 1995. Wheel traffic effects on corn growth. Trans. ASAE 38 (3):691-699.

19- Parish D.H. 1971. Effects of compaction on nutrient supply to plants. pp 279-291. In W. M. Barnes., H. M.
Charleton., R. Taylor. and I. Throckmorton (eds) Compaction in Agricultural Soils, American Society Agriculture

and Engineers, Michigan.

20- Pavlista A.D. and Blumental J.M. 2000. Potatoes in nutrient management of agronomy crops in Nebraska. In R. B
Ferguson. and K. M. Dee Groot (eds) Publition University Nebraska Cooperative Extension (EC00-155), Lincol,
NE.

21- Rahman M.H., Hara M. and Hoque S. 2005. Growth and nutrient uptake of grain legumes as affected by induced
compaction in Andisol, International Journal of Agriculture and Biology, 5: 740-743.

22- Reintam E. and Kuht J. 2003. Changes in nutrient uptake and cellular fluid pH of spring barley as affected by soil
compaction, Indian Journal Plant Physiology, Special Issue, p, 522-526.

23- Soane B.D. 1990. The role of organic matter in soil compatibility: a review of some practical aspects, Soil Tillage

Research. 16: 179-202.

24- Soane B.D. and Van Ouwerkerk C. 1994. Soil compaction in crop production, Elsevier, p. 684.

25- Stahlman M.A. and Allen E.J. 2001. Effect of variety, irrigation regime and planting date on depth, rate, duration,
and density of root growth in potato crop, Journal Agriculture Science, 137: 251-270.

26- Stark J. and Love S. 2003. Field selection, crop rotation, and soil management. P. 71-80. In J. C. Stark and S. L.
Love (eds.) Potato production systems. University of Idaho Agricultural Communications, Moscow.ID.

27- Voorhees W.B. 1985. Some effects of soil compaction on root growth, nutrient uptake and yield. Proc. 15th North
Central Extension-Industry Soil Fertility Workshop. St. louis, MO. pp.58-65.

28- Waseem R., Sohail Y., Abid N., Khalid R. and Igbal H. 2005. Subsoil compaction effects on soil properties,
nutrient uptake and yield of maize fodder (Zea Mays L.), Pakistan Journal of Botany, 37(2):933-940.

29- Wolf D.W., Topoloski D.T., Gundersheim N.A. and Ingal B.A. 1995. Growth and yield sensitivity of four
vegetable crops to soil compaction, Journal of the American Society for Horticultural Science, 120: 956-963.



Journal of Water and Soil ($329US @lbuo g pole) SIS g OF 4 i
& o A
Vol. 26, No. 1, Mar-Apr 2012, p. 11-19 Ay N1 Lo VAN Gl oy — (19359, ) o loud ¥l

The Effects of Soil Compaction on Tuber Yield and Quality and Uptake of
Nutrients by Potato Plant (Solanum tuberosum L.)

M. Behbood '*- A. Golchin’- H. Besharati’
Received: 25-7-2010
Accepted: 30-9-2011

Abstract

To evaluate the effects of soil compaction on tuber yield and quality and uptake of nutrients by potato plant,
an experiment with completely randomized design and three replications was conducted in greenhouse of Soil
Science Department, Zanjan University, Zanjan, Iran. In this experiment, potato tubers were sown in a loamy
soil with different levels of compaction or bulk density. The bulk densities of soils used in this study were 1.3
(control), 1.56 and 1.8 gr/cm’ respectively. The results of analysis of variance of data showed that potato yield
and the concentrations of macro- and micronutrients, in leaf and tuber, decreased as the level of soil compaction
increased. The decrease in concentration was greater for N, P and K than the other nutrients. Comparison of
means showed that potato yield was 6.32 kg/m” for control treatment which was significantly more than those
treatments with higher bulk densities (5.87 and 5.13 kg/m’ respectively). The tuber yield of control was
respectively 7 and 19 % higher than those of treatments with densities of 1.56 and 1.8 g/cn’. The highest mean
for tuber number was obtained for control and it decreased by 46.1 and 47.5% in treatments with densities of
1.56 and 1.8 g/cm’ respectively. The difference in tuber number was not significant between second and third
levels of compaction. The highest tuber length and diameter were measured in control treatment and the size of
tuber decreased as the compaction level of soil increased. The leaf concentrations of macro- and micro- nutrients
were higher in control treatment than the treatments with higher bulk densities compaction and the decrement of
concentration with compaction was greater for macronutrients than micronutrients. The tuber concentrations of
nutrients were also decreased by increasing soil compaction and the highest decrement in N, P and K
concentrations were 52.3, 34.7 and 45.6 % respectively. The result of this study indicate that soil compaction
restricts root growth and development and thereby decreases plant uptake of nutrients, potato yield, size and
number of tubers and leaf and tuber concentrations of macro- and microelements.
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