[ Downloaded from jcpp.iut.ac.ir on 2026-06-18 ]

[ DOR: 20.1001.1.22518517.1384.9.1.14.7 ]

WAL Sl /sl esled /o Jle/ (o e 5 (55,508 058 5 psle

) e ) S 53 D3s 5 e 5wk (S5 s S

Y . \ \ \ o .

s AS>

b Conj g solad] sloais G/ 0550 @ o YU L J‘;/QJI..:...,« b Col ALS (Solanum tuberosum L.), iwsj s
S s ok 5 il 2y Ay D o g iy (NS Gl S el 5 end Sl b gy ] ] e il
29 L 5 Ulsog sl clighslo o) K08 il oy ol ST iy )T ot s (sltndy slito o) (5 dd plowil] D) 5 S Comi
Sole (slooks i8S )18t lin 3 po Olghes] inieor oK lidons SIS 3 1S 1 b olar 5“1”5/5’ I s loj] S
9 A L gio (b Jols sy Sla Sps hikd Sl 23 S5 Oloj o comelin Ll s iy 5 IS 5o CoiS ) oy st S
0 el ol 2 mt Il e Al o 5 ity S oS it GV gra] Kol & U 68w 1 o3z b 4y s pelans
Cols ) ey g CdlS ) b i ST as O3 g il s 5,8 I oL s (o i Oy i S) g pd pommd 5 S
b
e 5 Vs et 5SSl gy sy T s g g 4 e 3550 S S plad A S ey il gine Splés Kby gl
Sla S polds n i by 5 Y (I i 0 Lo s 5 Ughslo (slandy g0 Lapdy o YU (S5 045 5 S cilin
solo mazei o 2/ Pl 40 4l Cond sy Ssb Dlio ul] 2 4o sy g 5 S 00l pamd il ST S
S S B 0,5 K o S Usdsle A osb e --’f‘-"/'r“"i’"xjugﬁjzfﬂé‘,’ b I slaed) Qs perd 5 SIS
S Il g5 i 4L o) oy lis Ol 4 O g i o &sp;uceyn@,dujﬁj,wﬂw@ S0 4s A et s
ISl O3 5 ol g sy (NS0 S S5 40 0uked 0k 845 . lid g (57 o (5 l3pds It ] 5 Ulogplo b ST by 40 sload,
il ol S Ol Po] Olawasiio dhg 40 ) G50 YL e Gl g G558 (s g b g lopd) il eolita] 5 g lalis

R ‘;La‘;j:u 54055 A Solanum tuberosum L.) ) e (O g e o :‘5-\.:}5 sl

Olgiol sxo o ils (g5, LaS sasLiSls (ol S sl 5 5Ll (6 S5 (g amils LS 54 )
Olghonl rs o5 ((55,3LS eaSliils ( SLEL Sl Y

A


https://dor.isc.ac/dor/20.1001.1.22518517.1384.9.1.14.7
https://jcpp.iut.ac.ir/article-1-290-fa.html

[ Downloaded from jcpp.iut.ac.ir on 2026-06-18 ]

[ DOR: 20.1001.1.22518517.1384.9.1.14.7 ]

WAL Sle /ol sled /o o/ (b bl 5 (65,5108 055 5 psle

el i L8 US55 ol iy b o8 5l 0L
Tl b slaldS 5 lee e sla bl (YY) col &S
5] s e slae 3, s i sl S il
S LB Ol @ 05580 ol bl o5 L 23S0
SN (1) 0Ll 5 el (V4 38 (g eans LIST
alay S5PB e 0 BN 4 |y 05550 ol o 035 5
U)_fr_ﬁﬂ"? or L () UL 5 peelin sl ol
sdsb Lbdjledﬁ,djcjzd.b;l: Ol 50 g
L 5 gl sl 552y LIS )l 0 als ) b VS\J;
Sl i Sl et la | 0555 5 St 3le oz (9)
e O3, wdr Il ey e Gla s, SIS
O3 ety 5 do 53 opl VU (Koo s w5 a5 S
ol atls Ol 1) of (i 03ls ez (5 S 310
sy 15 eslial 5 50 KS&
o LB, iy (ST sla Shs e
SLa s 25 4o SaS Osamen s sl 5l e
SLS 032V a5 (Y2) 1T 5 (6355 (213 e
il e a5 OLLE O 5 Y) Slie ole 5 ol wds
il slae i) S5 g 25 02 ol Sledbl
sla S5y bl (<=J_:§} Y (b)) oS slad S
el 355 50 O35 2l L 0T B3I 5 alyy SU54058 0
adaly cpl 3 gasdome SDBI LS Ll b aslis 53 s
L ol s (V) a5ls s fens o Slaeds 10
G s (K5 G S amlis 5 i Cus
23 () e A il a3 Sl el s O 58

L3S e Oy

b S, g3l se
Sl &b Spso an WA Jl s bl bl
e e o5y i Sleslinl U LSS aw s ol
o _ils SlLides SIS s (Solanum  tuberosum L.)

L3 Sole oslinad 540 6th.§)..)\.ibj§\j>.-\ Ol gxo

PRV
o s Gl S Sl e al) b AL el
il ol gl s 5L 055 55 (VL palie gy 3 Shes
2 Lopast Sas)l s i slaglal s & ol
slacl (Sodleel 5 ossm sl ool s glasls
S V) 355 o Jsamn ol 53 D & 5
g 53 1 OS5 Sl (ol S 035 0l oS s, lSel
Sk st s e e Sl S il el
LS Ghls as el s, Sl eslinal 5 ol sl
(YQ) 3l e 055,55 SV ol

Gl gl ole G ame LTS 5 Soh ol
oz 31.0F) ol sl s lis alS sla &5 5 ol
5 Shes Jldis) 05 58 b e JJ)LS 05 Sul3 ae DD
sl e Sl Slaed, (B pae 05550 Al 3 A5
O e o1LS 3 skl ol (A 5 8) cd el 5,158
055, JlAe) 03555 odr 218 55 Cdtl a4 035 5
oslial LTS 5 (b ae 055 0 Al 53 odd Ll
ol ol 05550 Al L3 M 5 s Ses i) O35 50
33 OY) 0L 5 SIS el ol o3l o (LS s
S o o SO ) S S 35 e
Azl s 5 s S edalie 055,58 Sl LIS s (6ols e
SalS 5 me 055 SMie (il Ll LTS S
S5 end e > DU ) (S5 5 bl L
i) SO sla (S el el wlid s @
5 b OSp 8 Il ey pole o gl e se
3 o5l () il Jla 55 Slofm s Sl 5l il
L e i Sl S o5 s, L21E (1Y) 05,85
2503 s adaly oLS 5, Shas Lt 53 5 4l o2
l—Sf Sl ) e o0 93 S0 Lol olalas
oLz (Russet Nugget) oSt ..l 5 (Russet Norkotah)
3 Shes A5 lm LsSH5 sl 03,5 (555,550 5l oS sl

aMTJApguuﬁﬁ.wl&ug“Mbﬂlﬁyiﬁjzj%

\AY


https://dor.isc.ac/dor/20.1001.1.22518517.1384.9.1.14.7
https://jcpp.iut.ac.ir/article-1-290-fa.html

[ Downloaded from jcpp.iut.ac.ir on 2026-06-18 ]

[ DOR: 20.1001.1.22518517.1384.9.1.14.7 ]

) e (55 ka2 O35 78 e 5 ey (S35 e sl S s

3 S0 Y s aday Gk sed e (YY) W (g)1345
Sl oslir Ll 658 o1l o sases ow 53 O
s ol ) estizal b 5 el e a1 OIS (Ol
(Delta-T SCAN image analysis JJl_,T T I oSl
Jsb (Windias) wbsips 5l 58le 5 L 5 ol Sl system)
Jsb oS e A (g Sl iy b 5 mlane
S 5 OIS S e 0 iy b e Sl e
sl el 055 a4 4l Jsb s 51 ols pllil 4 4l
JLS sy s am oS 53 055t lale s a ol
(2300 Kjeltec Analyzer SilaS o&iws 5l eslizud L 5 (Kjeldahl)
S a8 55 055,58 e 5 (0) (5 S5l unite)
dmles 055 Sble s SLa O35 oo ol S (05 5
jtﬁ)wsjly<¢ﬂfija\jﬁ;) Sl e 053 0 LS
P s aSelas Jla i Y aealy IS a4 il
(V%) a5 8ol ul (Steam distillation) ,ads
Sla S o odl (Sospn 5 b osls ilsls 425
50 oLl SAS i3 o0 5l sl L el 6,8 o510
dslie do )3 0 mlaw 53 LSD 05e31 51 eslizul b b Sla
le 5 3 eslinal b ((glad s ) Land, gy S L
Jsb lio il (Ward's method)s,ls &5, 4 SPSS
o 5 S ole paas (ol el gl ol aly
3 5 el il s e I Land; ey oS oS 53 0555

oy mls
5 a8 s e DL (Y U boasls il a3 s
Sk s papel Cale 5 ady; b Jaugie x4 Slios was
aS 5,05 35 baad ) e (Sola e SN (Ll ) ey
Al adlae 55 glan B, s VL g55 25y 5l S

.:ﬁ I ng:faﬂ.b‘ CJLw

alyy S5 s S

VAY

«(Premiere) , s » (Agria) L S| «(Arinda) o, s 5l
L 4,b (Concorde) s, S (Diamant) o_bbs
o=l sl .(Nevita) ks ¢ s (Marodana) Uls 5 ,Lls (Marfona)
Olod G 20 Bl Y0 Ui Ges 3l St 35 lis LIS
3l (fine loamy, mixed, thermic, Typic Torrifluvents)
S s 8 g 0130 SOL e L3 3 gl wibs ) el
o el 0 03,51 ) U 3 5 5550 S sl S5
A sl 5008 (e Lo & SISl g 5 oas S
Sl YO wlas s b Saudly slaoldlS J1s 0f o S ks
o om0 3ol s Wl o Glasds Al sy
bl (55,58 Olesl G2 b 51 a8 p 390N e O35 4 o)
Sl (8l e 5 A S Ol 3 el 4 Olghosl
53 e S e ) Jsdoe 53 4i3s ) e 4 e gl Ol
Lol i) p5,0 6 5 (V) A esls 518 i Y o 2
So OIS a3 s S (6 St 5 S gl o
Sy lassS s CiS St e Sl O Ges s edé
Gold ao g polie 4 s Sl 5 3S0e S g eanly
YO Y Islas 5 a) O 5 Sl Dlidiond de o 2o
Shdars 5 dsdoe Do 4 (S S5LS 50 6 S e T
L Blsl Lol & cusls
St csh) 5 s cmle Gy Lol s Lolls
Sl Srlesl e s A el as e Db b a4
338 Bl a3 A Y0 s 5w Wl 5 Wl sle
eSS eibos Sl s Aoy P sl nd Csb
VST sy ilen o3 1 s 5, OF (i sllS
Sl u_MJ._f ad o 3 0lalS e 8 O do s
Ll St 035 odd M Laode 5 4y o alsm plil s
Sl a3, S Sl am s Ve gles 3 05,8 Slist 3l
i Laaiyy 038 it 51 3 (YA A pmns (Sl YA
3 5B b o b 5l oS JUsl (gl sl sle s,
U8 U Las e Jslse 5 S5l S 0l Sl eslinal

31,8 v am s ¥ gles 5 dw,s Yo 51 s (6 S el


https://dor.isc.ac/dor/20.1001.1.22518517.1384.9.1.14.7
https://jcpp.iut.ac.ir/article-1-290-fa.html

[ Downloaded from jcpp.iut.ac.ir on 2026-06-18 ]

[ DOR: 20.1001.1.22518517.1384.9.1.14.7 ]

WAL Sle /ol sled /o o/ (b bl 5 (65,5108 055 5 psle

il 5l b andllas 350 S plnd 5050 s Sy Fp ) Jad

nap JRE St sl S

- v/¥ pH

S eSS S - -

S oSS 308 rY. e

Sk o SIS 550 5 YA o
KN Y/ ol

eSS 53 p S e YA s JB el
S 53 05 e ve e S A
PSS 55 0558 p S s Y/ Sl
PSS 53 35 p S e Y¥/f ]
aSe o Bl 0 S Yan AL o pare 55

{ff]@b\bé;o)w JL})‘\;WQ g(YV) C)lﬂjg_:.v U,ZJ)ML;TJ]}A ‘J'I.a)).l:.h J:J))Ldb-wb Lg\f‘ U':"“)}l u.l\)z\
A3 S OV MO PH L Y se e Slu S 0 b 680 las ) 4 ind 5 (TF) 2 Vs

0 (5 S 03Il Slae il )l 4 o0 4N Y Ju

" Slis Sl e Sile PN b
NH,-N NO-N  PNA DMP R/S RAD RDW  RSA RLD RL @bl ol
LA CNA CVAR R VE R M 2/ VA MR VO RY R VAL MY/ VAR ¢ V/ N VAR R o5
VY4 §/55 JOEY O YENA o/anY afeeed W/FY VY ¥A/Y V/EA \§ Uast
Pt
YoV VY 4/ V¥ YED a/¥ YA YA YO/A YO/A -
() s

U R VARE IS WS TR IR WA c]a.u)J O] O3 g Iy gme SOLES (g 5 g 1 HHE gk

AEL el Ll gas Ao 5 0 CLM 3 O ins

A1 & 4 o (RAD) &y, 5 aursie (RDW) s, i 055 (RSA) 4 o (RLD) s U3 o515 (RL) as; Jo )
C,.E.Lé 9 (NO3—N) CM.A\.)JJ J‘ o= S BL C)\j“.:.v C,.H.G c(PNA) ol.:f BE Uj}j:'.‘." @PJ c(DMP) L;J:Jjj p<.«:~> osle L(R/S) L;,'.‘)'A

L alie o s dls Glgan dill e gad (2018 s
s e S35 5l 3l sl (VF) T 5 el b
5 SOl el 08, 6l o () U 5 (Sessd gl s
LY 1 ads, dsb as Lily o35 sl (V) OLSes 5 (5 il
e Sl FENY L ady (SIS 5 mpe e kS VY
Lles S 55158 cukls ﬁ@j“)}ﬁ).;&:’&ﬂ&u

(NH4N) cozls 5l s S 3 M;,J

Il oS1,5 5 (Sbt mpm e ashS OUY BV /8 Jslas)
xS e Sl e Sl FAD B A/ o (RLD) 2y

Ol (M i) 55 Babile o35 4 bgs e slie o 5V 5 L 8
(.SIJ_SJ,'"SLL}LS(\\)QlJL&AJCL}JS‘_;LAmQL:@t;

el e SLw V0 SIS bl G s 1 ads

\AY


https://dor.isc.ac/dor/20.1001.1.22518517.1384.9.1.14.7
https://jcpp.iut.ac.ir/article-1-290-fa.html

.JAJ\(.Ikvm.w.ﬁn_ MI_-A<ZQV ﬁﬂq,.!l\_)nﬂulﬂ.hl;wlj ﬁllﬂ_ ﬁ?lnoaﬂ _l.—-lvbﬂﬁ“MJ.ll\J N,i\n ﬂZlvmyv
AT (T 150 D T (@Y T Oy (VS E0 = Oy 95%. oo ol Oy S«%.?Jqlo_i.,.«_h SAY e =% 7S (quay

O D g0 A

f18Y <1l 55 o v v € e (066 epg? of e jerep gy e e (S o O

Ay \ 0/\A A \ AAle Ao Vi A3/° ¥ A4
“n pALDY e pASV R ALY/ AL YYD apAV/e L Add/ IV odb/o A
ey pOVVIe MYV AN e/l e hAle /e /b eRRVE RV Q04714
e ek B/A A O/VA o44/0 S0 AALe o\ A/e AL eSod/ QAVAL Qe
sx¢ee YWY *@3/AL QVQ/h aqebdl/L AL sqlA/e AVAL Y0/ AN @\
A AL 2BY/AA A aed LA/l 0040 St/ AT NVSVE qdA/b\ VA
et RJPA b4/AL w\A/A qeAV/e Qakje e/ VAR ABA/ VAN YVZYY
157 YT pog b A/AL SAL/4 aq Mo QL. 24\ /e Y SAAA/e QAL o3 /04
177y bt die pehe/en YA/ AAQ/e ALY S\L/e poh VAL NPIVR 44704 22 SNA
(,uerd ury) (;.uro mi2) (;med w) (uzd3] (uw) (,3 ) (uelds) (jyuerd3) ([ 5y Su) (;-3%3uw)

e T am VSY nay avd sAl dNa VNd N-ON N-HN

FH 7S (e 5™ e,

) e o) S 03 08035 o sty K80 sl S,

LJ.“._J.VJQL\. 3 jﬁ,q,ﬂohk“q‘ﬂ-qﬂ_ﬂiﬂﬁb}ﬂ‘s

[ 8T-90-920¢ Uo 419e"in|ddd| wiouy papeojumoq |

\AD

[2¥TT'6V8ET LTS8TSZ2 T'TO0T'0C :d0d ]


https://dor.isc.ac/dor/20.1001.1.22518517.1384.9.1.14.7
https://jcpp.iut.ac.ir/article-1-290-fa.html

[ Downloaded from jcpp.iut.ac.ir on 2026-06-18 ]

[ DOR: 20.1001.1.22518517.1384.9.1.14.7 ]

WAL Sle /ol sled /o o/ (b bl 5 (65,5108 055 5 psle

R e Tl d s e sate (Sl ol 5L
LU ROV COUUOR A I e Fp R N Pl 4 aly ) o
S e Cussdee Ll s GlI ol i s olS
5 s gt ol 03 ol O0) Bl e S s
ls ol a5l 513558 5 ey Usbole sl

LS el 6 S o3l Sl u-<"““r-" gy
VA0 sl akes plae 5 sk e (Ser s S b
i e 5 b b i) O35 o SKtees oS s
So e (P doder) Al e AY 58 GO S
Loaios dob 5 S5 055 um Lls ore o alad
0 el O J_i_.i) Jel s G A el o S
50 G« Sl hley Cus e oS (63505
O35 cdoms gos 1y k) dsb (5803160 OLSGl Lo 4y Oles
s e s ado sy b Sl el es al ) S
s e Slaed ) 31 sl s 55 (YY) Al oLl
5058 o AT el oo b Gt ) SO oLy
() U 5 (Sod s 035 30158 ey Jsb
VAT e e b et alaly, SOL s el o35
sl s ay aly; sk 5 005 o

Pl aty s S g alyy sla S 088 i s L
32,558 e shole sl By ) o a4 lge
Lap) plo a4 Cond 5658 (ot oo ls Zilelis
5 i pobte Gl a5 Yot Lagsy ol ol by s
St Sdbye JN3 51 Sl ol Sl 5 030 1S
Sl b a S Dbl 55,08 Lsle sbags,
o L) ol b e 508 03 ) Ol G o
L e e 0 Ol Slaed ) iS5 mhas Sl Glodas
Alesls ol 5t 4y

bjj%;&ﬁé:bbe.{ﬁ
L{})}SJSV_BJJJ(DMP) &.‘:}n}lﬁ @’JJU’U wjln;:)
e S YV LUl 035 53 OF 5l ey 5 4550 53 p S VNV

Laey oS5 sl s 4 Ol ol Yo s iy
Al e iy Ol ps Ol 5 S Os s SIS
Sl ol 1S ale 51 Soaly AL alie () S sbey
(e g 035 xS sdald 5 e () LS
Al e e 1Al
e G353 g e O/F BV/0 1 (RSA) iy, o
O Jlie o a8 5 andls aiy; J b dile (i oS 3
Ligbsle o35 40 bogsm OF Jlde o 2ty 5 Wb o35 40 bosu e
Yol ety mhae (10) OS5 ki (F J5i) 5
S Sn pe me OA Ll 35 (sl SISl e S,
oS EIS G 55 mpe e WY LSOk 055 sl
o 2o Slae, 53 (RDW) iy Sist 055
ffjﬂ/f Jalss) € 4 5 ¢)§~/O9 (Pl 515 s e o slie
D S L e N P A T
35 iie Wshole o3, Sl (e 2o p S TVA Jolas)
eSSV YR O Sy b ks Ul ) O Jd)
Vil o glis il o (Y8 5 WA ) Gl o (3155 e o
A3l gr Sl 4 ge Oles 5 S 0 0B 75 4 b e
adlllas 3,550 lan 3, 5l = (RAD) aly; s S5l
3y Slaey s Sol3 e DlE 5 35 e b 1/TY
Sldllae (F Jsde) L5 s aty a3 Lo jio 155 51 anlllas
e Slaiyy e iy 5 35 UL OF) 30 5 S
Y S S (g ad b e slls STL Sl 0B e
S i kB Gl bealyy Ao n Ve Lah 5 a2 e
Slaadllas 55 (Y8) W858 5 sy Ll o e s 2/0
Oty S ddls gl ala 5o iy o35 ) e S0
L iaen VG NY Bl plaalys o bgpe alyy Sl
e (RS) ol el g alyy Cod Jilum 5 ST
dolos i fagas L odis by 5 Usdole landy 5o i 5
sola g (¥ Jsds) Al sdalis r;ﬁjiﬂjl:s'/\' /M
S N Cand I NSIS 5 55 58 (Y0) udIS
Olals eslecul 5550 a5l 51 S Lds S 518 f‘/g

\AF


https://dor.isc.ac/dor/20.1001.1.22518517.1384.9.1.14.7
https://jcpp.iut.ac.ir/article-1-290-fa.html

[ Downloaded from jcpp.iut.ac.ir on 2026-06-18 ]

[ DOR: 20.1001.1.22518517.1384.9.1.14.7 ]

) e (55 ka2 O35 78 e 5 ey (S35 e sl S s

S SIS Sl Sl o (Ko oo F g

\ z z
RL RSA RAD R/S NO; NOy RDW  PNA DMP i Seill gla S

stk sk sk sk ok

\ /40 SYAT /) VAT Y AT VLY /54 /5 RL
| JOAT LAY LA ™ AT AT e RSA
\ Y/ VAL L YA VA L L YT A RAD
’ VRA RV Y ANV AL YA R/S
\ BT VL 2 LN Y 2 NO;
| VAR GHERTVA FSuN VA A NO{
\ AT s RDW
“ A PNA
! DMP

Aol o dos /N 5 Ao ys ) ‘.!..oﬁacla.wﬁ O Q;ﬁ)bd'@.aﬁl.i." b ag o R K

"\":"L’;fw ‘)‘)L;.»M M)Jo C]a.d)é ;.é)’k:;'—\:ns

Szt osle (RIS) ol pm ol &y alyy o (RAD) aly; b Lo (RDW) aly; it 055 (RSA) aly) ghow (RL) iy Jsb )
(NHY ) iy 51 s Sb s psssel e 5 (NOy ) cosls 5l St 55 Ol 23 ke (PNAYLS 3 055 25 o (DMP) s 5

3.5 -
*
= _ *
3.0 - y 1.9288x 0.582
R*=10.80

~ 2.5
=
S
2 50
£ 2.0
=
on
£15-
2
(=]
& 1.0 -

0.5 -

0.0 ) ) ) ) ) ) ) 1

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

Root dry weight (g plant '1)

Wi, dgb g ade, S35 05y o dal, N IS

VAV


https://dor.isc.ac/dor/20.1001.1.22518517.1384.9.1.14.7
https://jcpp.iut.ac.ir/article-1-290-fa.html

[ Downloaded from jcpp.iut.ac.ir on 2026-06-18 ]

[ DOR: 20.1001.1.22518517.1384.9.1.14.7 ]

WAL Sle /ol sled /o o/ (b bl 5 (65,5108 055 5 psle

S (YA) Ollsan 5 wplas 5 GAY Jolas s o ,0)
o GIAY Jslas (il o ,2) (Curvi linear) 5 a3 ala
a8 S oLS 03 055,00 e 5 S esle e
Jsb L ol mn (Saopn cpizmed olS 53 05555 mens
ALy S (F Jsdsr) Codls aly; O35 5ty o e
O Ea 55 A3l o 0508 ol 53 (Slade) piemw et
eSS ) 3P e s Shs Caerl 5 8 Gl
1St el 5 A O3 ol Cdr  laly) s
AL LS 00) OLLSer 5 el pomes (1) Llos S
T PR [CE NN PRVRCINEIS PSRN E AR B
Oan 5 sl dsls Lo Ay 2l 568 (Sl s R
s e Sy SIS (6350 3 A S 4o 5 (YR)
Sl i3 S e Do Sl sl S
D355 pmairs by ol Sl S sk Climl e,

il S 0358 e ppolia ) sam 3

S s ekile b Sdre 059 5
3 oS e Sl ) ey edle L 55l
Al e oS s 4 SISl 050 Cdar e el
Ol ealds Ll 5 Uil 55,08 slagd, (Y4)
S JUo 3 Lng Sl 5l ey SbE s sl L & 2
2dle BLy Ol 2 e Ulsssle s 1T ey slands sl
s ool (Y Jsds) :_5_3“4. Sl 3l e SLE s
3ldad (gl 0558 G rae oS anslie 53 (YR) Ol
53 edsle SL Dl s o5 pslis fen e Ol oS,
SLI g, L;LAV_E)JJYL. el wly clls 5l e S
ks S SISO 2 3 S s e JLile
Sl cble o YU e (Sases andlas cpl Ll 5 s
oS 55 0355 5 Sist eals ez 5 SL 3 edile L
S e el eaes B (Y Jga)

S (on 2 2050 S s sl Sl zS olie JS 5k o

slassS angy G s 4 as (Y Jyas) 550 YL

5 Ul b 81 glaed, (¥ i) s (g Sl 65 o
o3l mamd w0 53 0 S VAT GANT A b 5w
e D S s wals ol iy dinls il S
S ] Sl i S A el sy o S als
S |y 3 ) (S5 e sl S 4 by
Gla Shs 5 Sis eals g (e Gol3re 5 Sie
Al sy (i 035 g Jsb) alyy S
S Cpeal b Bl 3 ol sla 2158 (F Joa)
s e 2 YL s Ses 4 pbcews o glady ) ptenn
o o3 sl 5 s Ylanm OF s esdle Q) 315 55
Olas po Sl g by o idiss lagd ) o Six oole
S Ol s cdls p aS el s 4 il e sde LSS5
S O Ls g iy sl ol e 5o baeds 5 035 &) 50
o piis plo dliws @ ol SIS 35U 4 s (6 RS
35N addlls 53 (A) DL 5 ) g0l 8l IR
055 555 e Oy 1) St 055 palie ¢ ey
i 4553 35S G an Ly 5 W 55 SAVO VIS
aals ol QLT3 S 3018 @55 53 0 S AVH/AV BT
5 Sl el L5 o Lags) (S5 Sl 4 5 1) s
A3 e O35 0 S e i el
U5k 055 55 (PNA) oLS 53 05,55 mezed b3 5l
Ylazml o5 (F Js) o Y 03525 o gbls 5,588
Lo,y ol VL aiy) b 5 S ool e W 4
o L 2VU (S oS 55 055 55 e |5 Lk s
iy b (/AT Jslss u.<"_wr_a ;,u/...&) iz osle
eie (F Jgdz) Sl (/94 Jslae Sases oy 2)
L olS s i osle mand 5 05555 mers alasly 55 50
o= O O S5 o i il 03 00) Al Sl
o 3 ol o Gt s G s ekias 0L i o
SS o3l L ol (Y JST8) 55 VAV S o b
CA?J)'\ el eSS Ol S s al,:f):&.b'-e;u@zd
b daly () OLan 5 el ol oS s 03

\AA


https://dor.isc.ac/dor/20.1001.1.22518517.1384.9.1.14.7
https://jcpp.iut.ac.ir/article-1-290-fa.html

[ Downloaded from jcpp.iut.ac.ir on 2026-06-18 ]

[ DOR: 20.1001.1.22518517.1384.9.1.14.7 ]

) e (55 ka2 O35 78 e 5 ey (S35 e sl S s

45 -

Dry matter production (g plant'l)
[ i [\*] N (73] w LS
(] 0N <> 0N < W =}
1 1 1 1 1 1 1

(9]
1

y = 82.54x - 16.52
R*=0.87 .

0 Ll Ll
0.2 0.3 0.4

0.5 0.6 0.7

Plant N accumulation (g plant '1)

(DMP) ol ;5 Sz osls aoni 5 (PNA) ol ;3 055 8 pecnd o bl Y S

Lols 55 a0 CA B CT sland p (¥ USE) 350 S0
3 ) =50 33 (Blagsle 5 L STl e ) o35 Jler
s () K8) o8, S s (Lol o8, S (esbels
213 0LE (0dsux) G55 Sl i 5l Loy S Sl 4 lie
A e Sl s S5 510 CL oy 5 slag, &S
2laed,C2 05,8 slagd) vy cims S ol W5
oo L35 Ty (655 B (Sladyy o S0 51 oS dis
5o 5 18 Ch 5 C3 (slaoy 8 (slad, dizdls (6 S S
s S12 €3 05,5 48 dn g 03508 A5 VL SE
b iy s S CA o5, S 5 (55 Gl
Slais) ptoam o8 e Vo S oole W5 05 (g Sbns
SYL Gl o s @ Yo | (C4 65 ,5) Cins b
03 U5 Sbale 0350 e diS s sdoee calay Jsb A1y 5o
(Utilization efficiency) eslawl 518 055 YL L 5 S
e 053,58 Ay 5y SE esle med Slis a6l

ol 63 g

YAQ

Al e 5 edly Al Al SlasSs s 45 20
Q\j_:._dp_fd\:,a\“ BYr e S s ol cle clals
sl 3L gy sal Chle Ll eks 2SSt p S S s
SLaes e Gl e S (s g 5l e S s
Bl olas il
O35 ez 5 S osls waxd Ad S5 45, 5b0les
53 el 3L ol s cble b e L5.<MV.A $hils olS s
dg-JAM:JQLiJAS(\‘ ij)xaﬁgil;ﬁjlméu
ojjfgw\ag&_lp\etsﬁo;b:ﬁ;j&:}'uu@?;

NGV P W u.l;- 6[})‘ LS):'“:":’

(Slad & 4 20) Lod g (skizoy £
S iy b)) Lol Can ¥ bl 5 glad ot o 50
BH OS}%M}&@JD@Jc&‘ﬁ ¢l,uu{u,w
3ygme Slapds Wdsls DL | ()l me BNt oS (oL S
PIVaBl ks elie dlols 53 1iome 055 Jler 4 | andllas


https://dor.isc.ac/dor/20.1001.1.22518517.1384.9.1.14.7
https://jcpp.iut.ac.ir/article-1-290-fa.html

[ Downloaded from jcpp.iut.ac.ir on 2026-06-18 ]

[ DOR: 20.1001.1.22518517.1384.9.1.14.7 ]

WAL Sle /ol sled /o o/ (b bl 5 (65,5108 055 5 psle

! \.Aoj)f O IS %4 dﬂf°}|"‘;‘ Slaw J:i:l:ﬁ M.g_us 0 d‘,.\,

ol (5, Se3lul sla S5 laos S
O35 7 oo Szt osle ozl alsm bl 4 aly ) o e dsk
Yiaw Vo/ve? JAYP oJvsb \
J¥Y? TZ0% oYY \/0\° Y
Ak YY/YYE oy Y/4.° Y
Vi YVAV AP Vand ¥

A5 35 LSD O gl bl 2 70 el o 3 ol i 5 dis QLSS G (sl oS (531l F 1) (laes S (6l O 58 3

Rescaled Distance Cluster Combine

0 5 10 15 20 25
ad) Num+t---=--==-- e e e S Fo—mm————— e +
L
i, T :|_—-Cl—‘
LS|
Lol syl T J
AL :j—CZ
aolelod
Lisdylae C3
2 854S C4 I

))‘_9 u::_,))" abu:.u‘l.!w\kﬂ 3,40 ﬂjwdhvjj 6‘4.:»? 4,:_,"(5)‘ JJ\? 6\.&0‘5)? f‘)ngJ‘b \‘Jg.::

b = Sl S b RSl S 550 Lnds Sl BB £33 35y S0l ool s 4y gl )

slae, el s Ulagsle o ST ok 5 slapd, « J-

LS s bl plssd e o s s g (S Sdas
2y plsil 055 5 il glackls 5 il

oS 55 035, 5 Sat aale e ppired 5 4y
Lgu;}u};)jjfﬁj@.?é&ﬁuﬂw;@@b s
S O5s a8 cdr 3 A e Caenl LS Wl
020 Y o Sl Sl ey S ekl SL ol 8 e Y adaly ghyls oLS 55 035,20 oS e Sl S
ol ot Yzl by 30 28 Ushola 5 3,508 Yzl Ly 3 g St 3l o LS 5 ke
e e e s St (Gl s 311 L o 055 20
32l ole Ol beady) ol JBw gL F el 3 S o3l a5
P 02 (a5 hord s S ) o3le 5 oz et 8ol b Shsw gl Y

Wﬁ“)ﬁ”}%)%\)jijé\uﬁ) }\_])_5)[/:‘ ,)szjJ}jJ‘)d)}J—:ﬁ’u')‘—’"g o


https://dor.isc.ac/dor/20.1001.1.22518517.1384.9.1.14.7
https://jcpp.iut.ac.ir/article-1-290-fa.html

[ Downloaded from jcpp.iut.ac.ir on 2026-06-18 ]

[ DOR: 20.1001.1.22518517.1384.9.1.14.7 ]

) e (55 ka2 O35 78 e 5 ey (S35 e sl S s

S ol Sl e L gl Sleslinad 5 plulid (2o
Olal (55,5138 Oloslu) Lamsl ol wikige GBI 5l abowsop s slaair 51 Aly o 05555 5V0 ol oL 5 565
sdge 2y o il Gols leeds ag Cwm) a5 (Olgas 33 Logast CoiS oy a5 o S solasl
il 5 Lo aSllS OLS IS s 5 il A 3L 5 mal Sl K2 a5 S22 G

"J_)'f;;" _,S":’J Mw QW‘ W eKﬁJ\: wmb—

oalaul 2,40 cl.a

0L Olgheol gmis o823l DLl (e ) (G i o NIV i e e )
2. Asfary, A. F., A. Wild and P. M. Harris. 1983. Growth, mineral nutrition and water use by potato crops. J. Agric.
Sci. 100: 87-91.

. Barley, K. P. 1970. The configuration of the root system in relation to nutrient uptake. Adv. Agron. 22: 159-201.

4. Barraclough, P. B. and A. H. Weir. 1988. Effects of a compacted subsoil layer on shoot and root growth, water use
and nutrient uptake of winter wheat. J. Agric. Sci. 110: 207-216.

5. Bremner, J. M. 1996. Nitrogen-Total. PP. 1085-1121. /n: D.L. Sparks (Ed.), Methods of Soil Analysis. Part 3.
Chemical Methods. Soil Science Soceity of America Book Series Number 5. American Society of Agronomy,
Madison, WI.

6. Errebhi, M., C. J. Rosen, F. I. Lauer, M. W. Martin, J. B. Bamberg and D. E. Birong. 1998a. Screening of exotic
potato germplasm for nitrogen uptake and biomass production Am. J. Potato Res. 75: 93-100.

7. Errebhi, M., C. J. Rosen, S. C. Gupta and D. E. Birong. 1998b. Potato yield response and nitrate leaching as
influenced by nitrogen management. Agron. J. 90: 10-15.

8. Errebhi, M., C. J. Rosen, F. I. Lauer, M. W. Martin and J. B. Bamberg. 1999. Evaluation of tuber-bearing Solanum
species for nitrogen use efficiency and biomass partitioning. Am. J. Potato Res. 76: 143-151.

9. Iwama, K., K. Nakaseko, K. Gotoh and Y. Nishibe. 1981. Responses of potato root systems to levels of fertilizer and
shading treatment. Mem. Fac. Agric. 12: 176-182.

10. Jungk, A. and N. Claassen. 1997. Ion diffusion in the soil-root system. Adv. Agron. 61: 53-110.

11. Kirkham, M. B., D. R. Keeney and W. R. Gardner. 1974. Uptake of water and labeled nitrate of different depths in
the root zone of potato plants grown on a sandy soil. Agro-Ecos. 1: 31-44.

12. Kleinkopf, G. E., D. T. Westermann and R. B. Dwelle. 1981. Dry matter production and nitrogen utilization by six
potato cultivars. Agron. J. 73: 799-802.

13. Lesczynski, D. B. and C. B. Tanner. 1976. Seasonal variation in root distribution of irrigated field-grown 'Russet
Burbank' potatoes. Am. Potato. J. 53: 69-78.

14. Marshner, H. 1995. Mineral Nutrition of Higher Plants. ond ed., Academic Press, San Diego, CA.

15.Millard, P., D. Robinson and L. A. Mackie-Dawson. 1989. Nitrogen partitioning within the potato (Solanum
tuberosum L.) plant in relation to nitrogen supply. Ann. Bot. 63: 289-296.

16. Mulvaney, R. L. 1996. Nitrogen-Inorganic Forms. PP. 1123-1200. /n: D.L. Sparks (Ed.), Methods of Soil Analysis.
Part 3. Chemical Methods. Soil Science Soceity of America Book Series Number 5. American Society of
Agronomy, Madison, WI.

17.0Olsen, S. R. and L. A. Deans. 1965. Phosphorus. PP. 1035- 1099. In: C. A. Black (Ed.), Methods of Soil Analysis.
Part 2. Agron. Monogr. 9. ASA and SSSA, Madison, WI.

18.Opena, G. B. and G. A. Porter. 1999. Soil management and supplemental irrigation effects on potato: II Root
growth. Agron. J. 91: 426-431.

19. Sattelmacher, B., F. Klotz and H. Marschner. 1989. Influence of the nitrogen level on root growth and morphology
of two potato varieties differing in nitrogen acquisition. Plant Soil 123: 131-137.

20. Sattelmacher, B., R. Kuene, P. Malagamba and U. Moreno. 1990. Evaluation of tuber bearing Solanum species
belonging to different ploidy levels for its yielding potential at low soil fertility. Plant Soil 129: 227-223.

21.Smit, A. L., A. G. Bengough, C. Engels, M. van Noordwijk, S. Pllerin and S. C. van de Geijn. 2000. Root Methods
(A Handbook). Springer-Verlag, Berlin, Heidelberg.

(98

Y41


https://dor.isc.ac/dor/20.1001.1.22518517.1384.9.1.14.7
https://jcpp.iut.ac.ir/article-1-290-fa.html

[ Downloaded from jcpp.iut.ac.ir on 2026-06-18 ]

[ DOR: 20.1001.1.22518517.1384.9.1.14.7 ]

WAL Sl / dol esled / o dla / (prmb palis 5 (55,508 058 5 p ke

22.

23.

24.

25.

26.
27.

28.
29.

Soltanpour, P. N. and G. Cardon. 2001. Intraction of root characteristics and N requirements. pp.4. /n: Nutrient
Management and Water Qulity Colorado Report. Western Coordinating Committee, 103 Annual Meeting
Report(WCC-103). Canada.

Stalham, M. A. and E. J. Allen. 2001. Effect of variety, irrigation regime and planting date on depth, rate, duration
and density of root growth in the potato (Solanum tuberosum L.) crop. J. Agric. Sci. Camb. 137: 251-270.

Thomas, G. W. 1982. Exchangeable Cations. PP. 159- 165. In: A. L. Page, R. H. Miller and D. R. Keeney (Eds.),
Method of Soil Analysis. Part 2. 2™ ed., Agron. Monogr. 9. ASA and SSSA, Madison, WI.

Trehan, S. P. and N. Claassen. 1998. External K requirement of young plants of potato, sugarbeet and wheat in
flowing solution culture resulting from different internal requirements and uptake efficiency. Potato Res. 41:229- 237.

Vos, J. and J. Groenwold. 1986. Root growth of potato crops on a marine-clay soil. Plant Soil 94:17-33.

Walkley, A. and I. A. Black. 1934. An examination of the Degtjareff method for determining soil organic matter
and a proposed modification of the chromic acid titration method. Soil Sci. 37: 29-38.

Westerman, R. L. 1990. Soil Testing and Plant Analysis. 31 ed., SSSA, Madison, WI.

Zebarth, B. J., G. Tai, R. Tarn, H. de Jong and P. H. Milburn. 2004. Nitrogen use efficiency characteristics of
commercial potato cultivars. Can. J. Plant Sci. 84: 589-598.

14y


https://dor.isc.ac/dor/20.1001.1.22518517.1384.9.1.14.7
https://jcpp.iut.ac.ir/article-1-290-fa.html
http://www.tcpdf.org

