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Abstract

This research was carried out to investigate the effects of different levels of humic acid and NPK fertilizers
on guantitative and qualitative traits of mini-tubers of two potato (Solanum tuberosum L.) cultivars in the
research farm of Zare Gostar -Arta Agricultural Co. in the province of Ardebil in 2016. The experiment was
conducted as factorial based on randomized complete block design with three replications. The first factor
consisted of three levels of humic acid (0, 200 and 400kg.ha), the second factor including the compound
NPK 20-20-20 fertilizer combination at zero (control) and 50kg.ha, and the third factor was the mini-tuber of
two potato cultivars Agria and Sprite. According to the results, potato cultivars and different levels of humic
acid were significantly different for all studied traits.The effect of fertilizer (NPK) on all traits except the
number of main stems per plant and the number of tubers per plant was significant. The interaction between
cultivarxhumic acid in terms of plant height and the number of main stems, the interaction between
cultivarxNPK only in terms of plant height and interactions of humic acidxNPK in terms of plant height, tuber
weight per plant, tuber yield and tuber yield were significant. Interaction of cultivarxhumic acidxNPK cultivar
was significant only in terms of tuber weight per plant, yield, tuber yield and tuber dry matter percentage.
Comparison of simple effects means showed the highest number of tubers per plant, specific gravity and
percentage of starch were obtained using 400 kg of humic acid and the highest specific gravity and percentage
of starch at 50 kg NPK fertilizer level. According to the comparison of the mean of traits for interaction, the
highest tuber weight per plant, marketable and total tuber yield were obtained by using 50 kg of fertilizer and
400 kg of humic acid. Based on the results, for both cultivars, 50kg.ha™ of NPK fertilizers with 400kg/ha of

humic acid is recommended to achieve high marketable and total tuber yield.

Keywords: Chemical Fertilizer, Humic Acid, Mini-tubers, Potato, Tuber Yield


mailto:r.taghizadeh@iau-astara.ac.ir

)

kS 5 3,Shas 5 NPK 35S 5 Siogon sl cilisio ol 550

8353 S35e o Slac s ddinad anlly wgdi o (V4N
sole simys Jpimne iS5 uly 8B

als ueyomw S ol 5 oAb &ISaa
(Y8 Shhouly 5 LS o)

saliiel 1,08 shissciwy ol a sl
S 5 oS 9 Slac wsags sl AT slassad gl 3
coml @il OllA gles BL s o) oY sean
hlaadle 5 o3t T slaseeal 31 a8 sl ysolie
S5slom o bl (58 cluopad S o
ol Seeos olS 5 s s © 5 Gals S
oYsans CuldS s S GRIN Ho gade
Olsiets Saegad aaial 5l plae Cpl Ho sl 5osLaS
5 Slola) 3 g oo su s Al cianids Hlaii gu LIRS
slabans ol 5o oo LS5 (Voro (SSLe
IS B0l 5 (S Badge o8k BT 5 (S
So) wias o S5 Gaoy o o 1, (AT alge sla
g o Sae g sladeailiy © e S b (Y1) SO
olaS lasa,l 8 Gug Gusies o 4 ag] aglas
€ ool s 8 ade Suogua wawl Gl 5 Al
Olaa 5 Kgd) diso GBsd 4 awy Hsba
Y

530S s slaciye sudialas] saate Slidas
e AL g, 1 e GALS Ly (Seesaa olse
OblSes o (Sl 5 Yoro GllSaa 5 )
NPK 558 L olyan Saoga olge oS 4Ll (Y- -4
ey G il 5 (550 AS (ol 4 sale
G osaie e bl Lid Gl 5 SE G
GO, Ak cuas s 5 i wat 3 Slae (il 33
Banslia (Y- VWV OIS0 5 (5 58 58) 0 sl oo (e e
sl 3 GOEK ghallas Lo (Y++1) GSan
o Sk plie yalic Cia callls 555 1) S ua
€ Buged saalie 5 30 S sy Sy o Slee
8l et 4 Sao gan il HUSA 58 LS Y 0K
wou VY slye w1 Sy o Slae o siies NPK

doudo
3 &S (Solanum tuberosum L.) sy
el 50 € sl Ll s sl BlA age slinel
(@M 5 Gy (Sae hmies 3 s oo B yas 9 oS Glga
e age Jsmns (poslen i 5 i wo)d alaa
S B e (Pedone wsdiee omase Ol o
S il plaa cdas gen e Gulas s Laelua e S
e Gl s & ol Pl 1 B
OLSan 5 528) Wb e (D8 55 Da O eal
W s osle © i da s 5y ol O (Y0
ol DUS o (A clus pad s 5 S s
OlSes 5 is) el ABoEa) (e s 3 Shae

(¥--a
pe 2o olilee S lpieds onlite As 0 S
wdlie cel)) bl 5o Js—aans aud sl 5o
59 gy 0+ Lus® il 3dl el oS susaaali
(VY QS 5 Sia) w oo s505laS ol
iy @l Sl wsse (2lie ol (S age
O ol A 5wl (G5 (e Ho—s
oda 5 S sole paad (g iy (6 (5500

" bl:S | "‘JS (_;._\_’_A~ 3 A‘J.A

il Sl (Fe S
sola olaalie Gull 5 (YV (K 5 (358 58)
Oooox0 olile GilRE L (Vo)) glolSen 5 s
Job goene 5 s fgane «SBA (55 5 (D0 e
s 8LS ilsa sla alai) Saa 055 (inan 5 4,
malie 51 (S 3 i sl e G e
a3l 50 1) (page (BB 4S ol (g5 55—
2ol ol o (o35 JED a3 g Lasl a5 S
e e 3 sied Bwan (Vo0 0 (Lold 5 Sa)
96 Boss culaa (L5 Jsb Bl Jsb oS s slass
(V8 olSan 5 uallan) ol sh (i KA 53
5 oinlpal 1y (Yo ol 5 o8 allas) sas o Slae
ilods whle Gl 5 (5500 lle JhalS &l

U‘J\SA.AJJJSU_\HAA) a.:.c‘).&_‘.ud w‘.&;‘ 6‘.&.}—\3



WAA b /¥ oyl YA als /)l ades g (gjyabisS il & i

OJ])GOJ 5d)L°.C Y\Y

weoe s dsb v Lo phes S plE) Sie Yo
Sosot Ginleslad al YA/Ne 5 AT olslaa
L 5o ol LelS slassh pok by 5 Jau S
Sao g28 wal pelais dn Jolits J 5l 5 53SB L ak el 1SS
058 Jolid a0 5558 eyt Jua S 60§ Ve Qlio
o g 59 59 5See 5 NPK 202020 S5
99 8ak ) a g 5B 5 e sie sua S0 (aal)
g2 comel 5 LT Al € sy a3,

Ol 5 s ool g8 3 Olules] Jae SIA
su g pehaiuo SIS 85 90 (e 8 g s o AV JT ol se
ol si 5 clio aSay Ll O OT cansy
colbe 50 SIS s canis g 5 Gaee O 59 e
@bt 5 (58 oluegad V Joas 50wl
ol sad sals plas Giuley] Jae ST 5 S

SIS 5 oud S (550 3 So s sl LS 3
350 555 5 (NPK) 5 Sk s € ol 5 5wl g5 L
Lasal s cnal ooty SLES T 5 ¥ Jglaa Lo dalllas
S e sme sl BLT 53l g5 s55l8 oS )
L LsaS Ul 5 Ld Al 5 ol Slidad duwse
slolas wos GLeSs (S5m0 G s € Bud
S o oled Il wis g LSy 5 aliie (5558 Glsa
O 5o SK i Bl o 5 dlal S 4 las S slal
S Ly oS sad s slasa ) g 5 Gy,
9o Y Jsb 4 plac S o lajlad ad sols ol g
Yo G abals 5 io il Vo (an, dals
Juss o) enils sldae wad w38 (uy ¢ o s Bl
9 2B come ©osslel 5 e sladile fuag
ki aladl lae S o sad olal slag s

@lallbs o osd oo wa g NPK Caa 5o (il
09 ksl Soset Saesan sl pas Sys
oL ol Hu o Shae (saum 58 YE Gl 3d) s g0 a0 S
vadndie Koo ghadlas Ho (Yo 0 ol Kan 5 0udls) a
o OLS @ (Saosan ulge Sl o505 sualie Gus38l S u
LS (Jsb) pli,) (Sas o) wdy slasielly Wi
SEA Go8 85 S 008 B o9 hel dlu slaas
OoSar 5 Huilsls) was Gl 1, G s Hleals
wacw —J) GinleT 5o (Yoo V &Il 5 ulg) Y- -4
S soliinl € 0d jad e (YY) GLKaa 5 laaa
ot gy Sl laline Ghlyl Sel Suosan ol so
G o sa alaad dlaa 51 0T glyal 5 sad o, Slae

2ad 9 88C (59 9

oo (&S Sls pad Gad
S s oo (Y9VY) OKaa 5 cawls Laso S
Saogd arel (pined iy 5 055080 sols LS5
LS e o paeslly 5 0508 selie Cia
XYOP RV LR LNTRINRRAUE-A RN | PTPS P YO Yarvees
Ol 3l 5 S aland gaim 0 Ve Gl 3l a0 S s
sl aulie Ll Jaedp) alill SBA 555 (saue 50 YA
oo ol Hu wials Glas 58 (Y01 oK
oy 5 i (0300 sad m s polie Chaal
Ssoa el il slas 5 (SB LLE oH o)
il Sioy ges g (g3LalBl (s y9 - /4 Y)
Aliae yuolie w51 ey 3a8al ol 5) Bua
9 els olie 5 NPK U S S5 5 Saesua wudl
Jasao) dibaie 5o (Fuedomes a3, 50 lasacy, AS
sas yidus o Slae 4 Ui 5 S8 slalis wl 55 ¢l

R

Lagdigy 9 9l 9o
oEaEal e 0 VWA Jlu Lo 3483 ()l
L duas) aibie o BL1 5308 p55 io0las oS



YyY wisS g 3,Slas p NPK 358 5 Siogan sl Gilises golaw L5l
ooyl Jas ool 9 SIS (biasd 9 (3508 s gad -\ Jgoa
o w3 g NEN w3 g
oo+ puS.m? S \/Yo dS.m? G
v/ pH Vg pH
ol < Y4 plat) wm 50
YAY (Mg.L?) et S o v/o KSRV
Voo (Mg.L™) olal s =0 28! il
\ae (mg.LY) LK A oS
AYY/AA (MG.L™) asac /N I O3555 s 9
WA (ML) aeuslS Y/t (Mg.kg?) Cas LB Lans
£e/y (ML) po5sie Y (MY.KG?) Cis s sl
Y/ SAR \/YY (mg.kg?) s,
Vo- (mg.L1) TDS Y/YY (Mg.Kg?) cpal
EA - Y/IY (Mg.kg™) us
¢y (Mg.kg?) y<ie
S0 928 wanl S 5 Y Jgua
rolic (Fe)oal pe () oSS (K)melyy 035588 ol Sl Sl
EESY (Ca) (N) Saols Saos28
Y Ve —Y Y Y Y Y \- 0o (/) okl
NPK sss obias 5 -¥ Jgua
Zn Mo Mn Fe Cu K P N aie
/o [++0 o[-0 SN efso efeY Y- Y- Y- (/) clale

SB35 G LB sae s Slae lgie 4 5 () 58 loane
ok a3 <

iy wae SaA sule dsju a6l

I a8, o 5 (Llelie Ar—fr) lagio sae ¢ SHL

oo aela (A aae gl JAb Lo Blas o st

Vsl 3aobk 51 sals HILE e sales da 50 Vo (sles

s (g aSe 5l

S ool wam o= (Gt KB 51 uy 802 G/ gl sud G5) XV - -

G o0 wadla S5l cnle, b (Say dlaye 5o

slaxs @i Hu ol 4l slaxs g plE) 5 ST
OSilie 5 souSeoll G 9 sak G5 B o sak
S oA Dl sad cudla s slasad Suinaa ad oo lag]
sad 9 Slae lsie 4 5 bas JESA o (5 4y 2o
ok L slasad (u S lan 31 Guy it 8 Sl u S
Se e Yo 51 58,5 sla suk le gl Yo S S

[V] sty



WAA b /¥ oyl YA als /)l ades g (gjyabisS il & i

OJ])GOJ 5d)L°.C YVY

9o ol Jaks Hu pala 50155 ) suliinl b di
5 S Y daily Gask O peseede aa
10 dacalas (VAAY ol

o sade asa = |98 5 Sue s Sew 055 /(158 59 G 05—l Lo e Glaa 0)55)

a5 Il o seadie & e (s Se Nl (6l
o Jals 5o 485 58 51 Jueionw a SslSo BY

Olad (55 a5 sad (o8 Wass Koy go 8

[¥] el

i daulas (VASA G sisee) ¥ oddasly Banb 51 50 dielis as o

Goldd dem ;0 =\V/0 81+ VAV X (Lo semde pox VM)

Slie 51 1S Ko g sl sl g 15 Hlabiae

ad QOIS ) G i1 5 sa2 5

4 ga &&Jl
P L caud Gy plal ksl LT a3,
gl SIS 51 Gxiaan (0 Jpan) cadils (555 53 s
© o HUSa Ho 0 S a Sl 00 Byums NPK S S
ol S gl Hlobae Gl Eels ] G yeae aac
38 Saead aawl Bpas pogedn Ho (0 Jsaa)
Siels HUSa Ho Spesan apl 2 SIS 00 Bjne
BB 31 sy 59 it 455 L) Sl il 33l
VYA S5ke b Sgs plas)) cpyiis NPK X a3,
35S 8ol 0r yas L L ST a3, 4 s il
SRS Joan) ctls Glas HESa o pliaus
AVIAV) g, o stdin «Saosad wael X a3, JilEie
el 2 SIS €0 e Gpime b L ST 23, & (Siauile
il 33 Jolie 5o L ST a3, (RSl onily Glas Sue g
G gl Gl S5 (B rme Sao gt el el
Oaoidin ((V Jsan) 9 Sides ool o35 4 cand
o155 Chrime 4 3late 35 (SLeBlas VI/VA) G gl !
2leasd S a SIS 0 5 Saogan waesl o Sl -
Sl Zasb 5 Sue sa aal (A Jgaa) 0 LKA o
i ol 5 aendpilie 5 8B L 5 (Ssesse
e (Y000 Sla € 5 Gulil) 35088 dlan 5l sunlie

Ol 331 4S5 slats o gl o OLS a9y Ak S sage

[¥] el

Lol lasals o Jles (quose 5 o

Jalas 5 03a3 sl Bgismanl - B S5al o ge)]
Sleslie 5 ot sslitel SAS 93 i3 5 L]
o Jliinl phcs 5o LSD gsa3T Guleal sy LagSibis

A ‘AL%J‘ s Hd

G g il
alol (€ Joan) Guibsly wiad s Gulal 5
Sl ps ose Slie WS RS Gl dadllas )50
a1a5 31 e 4d(NPK) liasd o 68 31 sl ol
Slis sl 5 G g Hu8ae wlaad 3 G g Ho Lol sl
o «Sansad daeal Lol coals Jlaline 31 aay 980
Joliie 31 cndly Slaline 31 ey 9,50 Slis 4an
sliol 43l sl 5 €5 55 pLiS ) IS 31 Sin gt aaabe a3
ok 51 bas NPK x a3, Lilaie j31 .09 Hlalias S 50
NPKx S gut eeal Jslite 51 .o s lolins 45 59 pLi5
5 oaf 9 Slae g 5o sad (5 s gl L )
BlEie 51 o Lloliae Giasddhls sz o Slac
09 88 (35 LB 51 18 50 NPKx Sie g wialxal
o 5 OieAB sad o Slae wad o Slae § G
55 (T++A) saen 5 guils g loline su KA sule
a5 s eag Sy oS aSIS 5 a5kl ) ey 5o
02 9050 alisl S W S GEHIS Juehonw dg sak
AL it ol dallls 5 pe s 4K k)

S olds 5 ga g s dalllas 5o 500 (Y1 E) Bl solyaass



AR

kS 5 3,Shas 5 NPK 35S 5 Siogon sl cilisio ol 550

- e sl 4 Wuls GLis LSl 5 05 SS B
OSSle g 802 ulaad waz o Slae S5 Al Gas ol

.@i‘éé\g;\jb_\ic)jj

s yaoad ()9
oSk b LT a3y G o st Ghy k)
55 (S AYAITA) ci el 285 & s o SV
0+ Gyas NPK o < Cobes i3 ) (0 Joua) cadls
Eiels o Gsuas pac 4 o HESA o 0 S o SIS
Al s 8 sae 59 gy AN Llolias Eul 8l
o8 Saepad wl Uas gegad 5o (0 Jgia)
) LUK 5o o gad waisl 0 SIS € 9 Ve v S yune
il 58 sels (a S AYY/Yo 5 A-V/-A Sl b i 53
058 G2t (0 Joda) ad Bss o sk G5 Hllias
ol Cisums 4 Blate 50 (s VNV /0) Gigs Ha saz
i oS 2 Sel€ 00 5 Suogan wanul o SIS 60
b ool 5 LST a3, 50 58 (A Joaa) 0 LUSA 5o
€0 L oslyea NPK olians o S ‘A;JJ:S 0+ odlyyu
095) Jo 48, o9 385 518 b Ko gaa sl o SIS
(A Jsas) dials 1) G 5 ek GOs et (@
sadi i e 9 sS 58 s 50 550 (Y 1E) Glsace
LT a8, ey sue 5 9 Slac 5wl Koo saa by
Siin Gil3dl niaan 5 alisl o slubine 5l sa
15 oo sea wreal yeme 550 il g s sag 03

C,u.u‘ QJJA:\ L)tl)‘:)i

Js cus u Slac
EV/Vo ke L L ST a3, S sud o Slae ka3
Jaa) cadls (65350 Suomesl 035 4 ot HUSA 50 05
555 aSlS 0 Uiyems NPK 5 S ¢l i 31 (o
ol (I3 el T 8 pems pue 4 e 5K o
09 (0 dsun) ad IS sak o Slee gume A1
R R L
S b 5 ) SESA s Saneh el S5LS
Sholiae b3l sels (LUSa Lo o5 €418 5 EA/YS

Sao 538 3 5o 3 53,8 dlacul g Alias (LalS o plas
5 wld) ool sad i8S saals (pafias g
BT AT ARE W B LT PR SRR SRR S BILOV.

(VoY s

WGy o Lol dBlu ulaas
L) Ss oo sheal Blav slaas a5 e sapl a3,
Joan) oils (55350 LT a3, € e (/YA :Sks
IS Syae NPK 0 molais 53 5 caiaea (0
a3 5 5580 oT Gpms pae b danlio Hu bt
£rr Lpean Lol (0 Joua) cndilas G g o ol a8l
Slabiae raldl &iels HESa Ho Saegua aail o SIS
x ady BlEe 1 Syl s aSp 5o Lol @il slaxs
835 4 (01Y) g 5 ol Gl slaad «Sen gua ol
bl 315 Km0 el g LS £+ e L L ST
S sad el whas (38 BB 5o L ST a8, (1S
e S g o ol alas ulaas il 538 syl (b yeas
o20le ug38 (Y Jsan) wsr Sy cusmal &35 4
adiy slayiel sl Wl 5 e olS 4 (Ko sua ol g0 5 63535
09 kol Gl slaad wlS (Usb) gli,) Sy (s
Ol B8N 1 Sss o Hluald SEA (55 9 S5 OOy B
(\ERA AT SUPREFIIVE CEL SWIBT. OV JRREBIF RV

a3 ga o oud ulaad
slaa3 syl sae VA Sk b e paal o3,
(0 Jgan) cubls (55350 LT a3, € s G g o s
Err Bme 530 Sao g wnisl B yime SIS G ainan
o9 sue ulaal Hlaliae SRl &els JBSA o o SIS
Sl GBl58 sis 53 VN b pls 4 it S
-sad slas 50 S olidad Hu (0 Jyia) o (aals ¢
3 uls cdS ol closa b A doun sla
(VA8 sbsT 5 oa) cals Ll suz )lul Slaas
s Slac syal 5 aalllae L (Y- - 0) asbeles 5 SLUIS
ey a3 4w ol widS ) sl sladgalsS



WAA b /¥ oyl YA als /)l ades g (gjyabisS il & i

OJ])GOJ 5d)L°.C Y5

O3 OV/AY) G sae o Slac (i (0 Jsaa)
sl o Sl £ o153 8 sume 4 late 35 (LLSa o
a5 UL 5o plaard 0 S a SulS 00 5 Suegua
0 =il,o b cuom—l 5 LST &35 50 58 (A Jsaa)
p oSS £ Lol aa NPK e 5 5 S o S4ls
O3 OY/0A 5 08/ (pSilie b i 53 44) Siosat
aidla |, (B8 st o Slae g i (LS Lo
GO (VW) OolSas 5 lamaa as J1(4 Jaa)
Cialsil el S L Sangun sl Gy oS 1S
Sdee (rod e o 53 Gl S sad s Slae
GBS 1) eliie B G (YY) ooKen 5 Bl

30 g3

oud SuiA suls s o
p3, 0 S s 50 VV/YA S5k b L ST a3,
cdls g8 sad Saa sobe wm o LRI el
8 oSS 0+ Cipems NPK 5 sl S 51 (0 Jsin)
poe 4 ol (wsps VYN 0S5ke L) LBSA o
su KA sube wes o Hluliae (il 3El Eels o (b yums
drcl a SIS £or Bums (inas (0 Jsan) ad
suble s Hd J‘Aua.n L;"i‘:)‘é‘ C'Z.\-C-L.\ Jl:&b B \S;\-AJ;LA
LLAT a8, (0 Joua) ad wald 4 cund sad KA
Sas ot 9 b Ko san wel 0 SIS £ uns
YAIVE 5 TVAE (€3l b a5 ) NPK lasit s S
ag sae SaA sole wmjo ot @lols (e

(A dsaa)

(Y-4F) oLlKan 5 gpallallss ai S sae o Shae
(03900 e sualie ;3B s sl 1y (oiuled]
pladl Guedome o Slee 5 adiy 5 s 5 el
aala slyen & NPK (S0 (aabeyl ol Lo sl
o Slee byl B o8 S I8 s wose
YY) aabs 4 cuad 70V BYY Glhae 4l e o
0/61) S sud o Slae oy yidis . oly oLl (LKA Hu 03
pSHLS £ Al Cseme 4 3late 35 (LBSa Hu o5
353 JESa 5o pliasd oS a SIS 00 5 Sho g asl
0 ilise b sl 5 LST 235 59 58 (A Jsaa)
sl 8 S8 €00 b olaa NPK (pliats o 58 o SlS
03 G OVAY 5 oYY Sl b S 5 @) Spesan
(3 Joan) wials 1, JS sae s Slae iy (HUKa
09 50 (Yo E) Shaas 5 (Y018) Blas sulisess
Oiged g alBy) G Hloliae o gle usa 5 usa olallles
OIS 1) Se s wail B umn L sak o Slae (il
o <udS aalndl 50 (Vo)) Ldla 5 o gane . ailon g
San Gulp8) el o 1) Asedcuw sad o Slae
(VA7) OlolSan 5 aalis wia sad GBS el Siogaa
ple s dala UK g0 58 a4 W0 S 51K o

oo 9 Slae (il Gl Ko gaa wal

G S out 8 Slas
L ST a8, (hasddals sad o Shee Sl
Sl 435 4 cud 58 5o (5 EEE Sk
S Oh (e Jaan) cbls (5530 (LS s 3 €V/YE)
S oo S a Sol€or 8, ias NPK s S pla
S omae pae 4 o (UK 53 G5 EVYVY (S5l L)
sad o Slae samyu AVA lalias (il sl T
Sl Byias (o smad 53 (0 Jsaa) ad (B,
Y Goian (S suk o Slae () gaan 30 Soassaa
b oS 4) LLaSa o Srogan aal o SIS €
Ol Gl (LKA Ho o3 VAL g EE/AY Sl
o aal 4 o (i3l sae o Slae lobiae



AN

kS 5 3,Shas 5 NPK 35S 5 Siogon sl cilisio ol 550

0938 saead 9 NPK s Jole g cxad (dus josns a8 ) 99 59 dalllas 390 Gilies il jlg 4323 galis -F Jgua

s
s 5 RVSSNY . L Slaas J::: -
Gl e sule b 2She e e RS ¢ e b"f a3 pulie
. oasade . YRR SSeaz Gss 59 o9 shel S 3l
sac sae SEA Gy
S5
ofeeo0.m feeeans ¢ NS N V/eals R VAA/OA™ < /VA™S \/ADS < /VA™S Y Ssb
\/ovye™ ofeeevyy” Y/ova™ ver/” yaty yovve/oy” Wi \wiee™ vay/y” \ a3,
At\al ERRRY XY YINER™ AL7AN RS VAL W VA VNSV A AL s W ajve™ NEAVS Y S gua wral
AR e " SAAYT oVY/VY WM vy A/VA™ e \ NPK
ofeeagm e A" o[-y 1a/4." Vo/ex™ 0\ /88" /A YAty vog/ya™ Y Ko a8 ralxad
Jeeeo™ e \ns ey v/14ns Vojoo ™ 00+./1QM LYo AN A/ \ NPKxa3,
RN e e -[-Yo ™ ag/YyY" AANT YAVo . [VA™ o[y /N4 YA Y NPKxSio 518 el
Sfayve "™ e \a " NN A AV VeofoA™ YVENEVAT VAT it 1£/141 Y NPKx S0 18 aaulx a3,
RN e v /14 Vg 1614 0\AY/ 8 < /AN “JEA §/VY Y stubesT sl
NATIA <[+ YV A /vy Ag+ Ag+ VY VWAS Y/EA (0) ol yassS sy
adl oo wimyu ) g0 Jlaiald o 5o plaliae g Hlaliae e (ud 5 4 s g % NS
dadlas vy g0 Glo 3 ooy 0y 90 (LA §SB sulen &l i (aSilse denslls -0 Jgua
po> Gwlin sule o Slae o Slae IXTINRY sac olaal alaas gl
uajm.a a.\.& a.m&.:.; a.\.& JS&A.C GJ::_)J ‘GJ::_).J GLI-H GJ::
(@cm®) (%) (%) Sk (that) (9) St (cm)
(tha?) Sgs o
B
\/-ANa Ve/vata yy/yaca fevea ¢V/\oa AM/Esa ¢ /VVAb Y/-enb  1v/viva L_.){l
\/+YA  Ne/-oVD  Yovavb  gy/veob  tg/eh AYA/YAD 1/y1va $/YVAA  oV/VVAD R
NPK
v/-vab  ve/avab  ve/aeab  ya/snb o gv/eveb o vvaivyb o/YVAa v/gsea  oANWD Lo s SHlS s
LK
\/<AQ Vo/YVea AAYAY:! £/viva ¢a/vea ATARY:Y o/A\va Y/ANAQ  VVAYYA s "s;\jjfs °‘+—\e,
LKa
Sao 528 dasl
\/-VVC VE/ANC Y-/oYAC  Y/Yoybh  yA/avyb  vyy/avb ¢/Avb YAWD o YAWC s SulS i
LKa
v/-vab o ye/vYb  vy/vAD se/anva eA/vEda A-v/-Al o/¢\Vb Y/EAVD W /AWh s SHISY-
LK
\/-AYa Vo/etna YV/eyya AYERVY:] ¢a/aeya ayy/vea 1/yyya ¢/Alva vy/yyya saX £
SER X
LK

@1 LSD (50351 (hss 4 deoyu 0 Jlaial mhacs 5o aiieas S ke 5Y Boa K Slaa sl 4S slagSilee ¢ s 58 59

KV P ‘)L)tu..o CJJL.Q:



WAA b /¥ oyl YA als /)l ades g (gjyabisS il & i

OJ])GOJ 5d)L°.C YA

285 9 NPK sgs Jaliie 30 sl s (hao jossen 53933 (Siso dign gl ) (sLaaSilio el gl —# Jgaa

(cm) <5 gl (kg.ha't) NPK a3
/seb Sa LT
VY/Ada 0.
o¢/VAD LIS i yage]
1+ /VAD o

e Hlulias @l GIlo LSD ¢ 5e3T iy 4w ya 0 Jlia) mlais o witius Soidie oY dina S Jilaa slyls S slag Silis o gicu ya o

e 5l gl ys (a0 caren p39a8 (hae g yo ool a8l dland g 4l ga g5 ) Lo (Silae dcwlle @l -V Jgaa
pl)y 9 S20938 wal

shal 8l slaas g plis | KPRV a3,
Ggs oa (cm) (kg.ha)
Y/vd oYC FtN LT
Y/Avd 14/Avh Y-
Y/1vbe VA/va £
v/yvdc 0\/YYC BN s sl

sb 0¢C Y..

o/va “Ab 5.

s Hlaline @5l @l LD ¢ 503 (o, 4 woss 0 Jlaial mhacs 5o dileus i 5 Cisa S Jilaa gl <€ glagnSilis ¢ sies 58 59

295 Juliie 5l sl ey e SLA 3 935 (e oy g3 95 90 Oldo SLaGSIlie dawlie alin A Jgaa

S0 g1 ..\e.a.u|3NPK

o8 sad o Slac JS sae 3 Slae Bos o9 838 055 Cos i) NP|_<2 sl Sao gaa

(tha?) (tha?) © emy @™

YY/-YC v¢/vyd 1oY/ed o-/yvd Sa Sa
¢-/¢Ab £Y/\\C AVV/YYC o¢/vved o-

$¢/vb ¢1/abc AN /AVbC oA/AVbC Sa Y-
so/veb ¢a/b ayy/oh To/\Vh 0.

£V/YAD £Y/AYC A-oC To/ob S e
ov/aya ol/¢na V.Y /ed AV/Yva o

i 5laline @l @l LSD 505 iy 4 dose 0 Jlaial mhace 5o dilus Sidie 5Y e K Jilaa gl oS glag Sl & sias 58 59

) € e wals Jado ) 4 Sae g il oS

Ol 33 6T g 59 b oK GhlB8l s ge Segan

sonlB) 8 g o oL Lo sudl B KA sule 5 ST 58
OLas 50 (Y-VY) oLlKaa 5 caslB (YN (o),

So—ae Rl 38 b (Fwel ) plasl (5 Gl 58

1aas Ll 5 5 sag Jalo 4 Ol 15 Q50080 9 S

4S<J|JQ3_‘4AO3\9)1_§3(5YL5).3J&0J¢¢L§J_&JJ

L1 el plasl S 5 Gl ale ) 550



AARS

kS 5 3,Shas 5 NPK 35S 5 Siogon sl cilisio ol 550

3&MTJ(Y’\2)Q‘JMJJL‘\§.CA—JZ"J‘Jb._\.&.)J
ooy Sead sole as o Gl 50 (Y4 )) o), K
OIS 1 NPK (slas S 5 ) Sio gaa 0 50,/S 4ol

30 g3

areal S5 ey s 50 35 (Y01 8) abT el gu (soim
Oe:s‘)‘dt\a_n Q‘)ﬁ‘dﬁjw_)%__w‘atﬁ)‘yé.ax.&
05 GBS, (B me Suo s il sl g a5
KA ool wem o 533G L ST a3 gLl GB,1S 59

sacal 9 NPK g8 Jaliio 5l (55 s canes 5L 13535 (st (ouay 2 9990 Oles sLagaSilas duwlio malis -4 Jgaa

Py 9 So g
Lad suble sud o Slae JS sud o Slae 88l 5 NPK Ko gat wanal a3,
" it (tha?) o KohT) (Kgha)
(%) (tha) )
y./Aafe Ya/1¢Q yy/Avf wy/vf FtN BN L1
Y- /vy sy/eAcd §1/s0C AVY/YC o-
Yy/-1de £V/\ch $4/AYC ay1/veh BN Y.
Yv/eb £1/6vC LVARY aYY/YC o
Y\/ved ¢1/Ach §AJOAC A\Y/YC S £en
YV/Asa og/Yna o/vvab \-oA/vab o-
v-/yvh ve/efg v/ vaef 14y /vef Sha Sha S yaeal
Y-/Y¥\g yv/yAfd ya/Aved vsa/ved o-
\RIAZN ¢y/vacd sy/aved AY1/ved S Y-
v- /A fe g0/+0C o-/-ach 4¢\/veh o-
vyv/vede vo/vifg vv/-ef 14y vef S £
Yyv/vybe oY/oAab ol/1va y-1g/va o-

s Sloliae & ol& Lo LSD & 9057 (3gy 4 duo yo 0 Jlaial Oaie Side S0 e S Jilua glole S gl Sl o st 3
E0) S sl 085 s b aan0 5) e Y e S JSlas (6l slaSihe G st 5o

Ol dels S HESA o Ko aa wawl 2 SIS -
Al S0 e 59 4 S (o sads e lulias
il Gle) Gasig € ol s d B8 (0 Jsan)
VoV e gaie aon 4S coal (Sl e S
OolSen 5 LIS (Y- -4 pl)lSea 5 alle ) adls sase
NPK sLausS o5m,LS S ols sl 50 (Y- -0)
Gl Eels o ead 5 gune SIa (glgine € olala o
OIolSan 5 ol i a8l A Lasst mgads asm 5
S i ,S GBI (Y00 ) GoIKea 5 ool 5 (Y:1€)
© 5 NPK (glao S L olie slse Jolaie cas s
¥ eae S BA 5y 5 0al o yads asa

OO Jais p >

ssbim ala Juesouw (o g—ads aa

Oleds Suedon s 55518 i Hu (slea i w8
Sou g Al wals ol g SN dat L
3L o sadie a5 ol sudidil ) Slus sl
o8 aian Oioon 8l » s slasae o oA i
OIolSan 5 alle J3) a il age (LSaxS (555158 5
pon 0Siae L ST a3, bl gl Ho (Y- -4
(VVA) sl 235 & o V- AY (o gado
35S gl B3 5 (rinan (0 Jun) ol 5
pac 4 o S Huu S o SIS0 L yuae NPK

J‘)_A.AA.(O JJJ;)M‘JJ‘JLMGJS)?OTJW



WAA b /¥ oyl YA als /)l ades g (gjyabisS il & i

OJ])GOJ 5&)‘.6.& YY.

JJ:\A—A‘AGJ‘&AS——:&‘AQJLAJd*\ Wl 3o o o5
Vo/YA (Sl L) LUSa Hu 0 a Sl 0 8, ins
.13_‘.‘4‘;_.4\)_‘.@0.(0 JJA.;)A_JLQA..CC:_‘.ULJAA_‘.QJJ
OSilse) LIS oSS Ee e (lhae 4 Sresan
Gwlid oo o Hlulias (0l 58 Gaels (s yu Vo/00
S 59 LS Hu A S Y- s aald @ cad sat

S (5 S daia
Al 383 Gl O ol B 4 a5 L
JUSa o a Sl il o b el 5 LTS, 50
waal 508 Hu 0 SlS 6 Lol ea NPK Sliasd o S
OB AL 5 US sad o Slac 4 pliiss 5l Suo sua
o Sda sl wops 5 pesade asa Gl

oud diuliih wis yu
S ol e e e 5 ool oS3 Bl
A ssaa 5 Suedam w856 59 Hlam,u VY B Y
Aulis aan oo JSE3 1, Ly sue SCia sulo wn 5
OLalS S ol (2l ema pu) lie
ol 5o dlis slad 51 S 5 05— o s
oo—ne XK slajaly 5l glos,—2d slads
9 Sl 91388 (1S 5 (S o) smin) L pmidi g0
el Glds sls gl JS5ka (Vo0 ol,S0n
5 GSL Oliee Jud 3 s bl s 5 45l LT
ea o als 5 a8 Gl g, J—ad (o 5a o GRSl
S355) 800 I8 S dmes by (b Ha osla
Sl oo (Yoo Y llKaa 5 L8 5 VAAE ) l<an
pE) L o aim 50 10/Y (Sl b L ST a3, 308
(6 Jsan) cabls (s by 002 Cicalll a0 ey
oo aadllas 50 50 (V00 7) suljoeas 5 Sk
e a5l Gl lan K58 Slam yaad
oo Slaliae o slaS 8 ga s Ul dllaie Jue o

ouldicul v,y 90 c.;l.'u

Allison MF, Flowler EJ and Allen JH. 2001. Response of potato (Solanum tuberosum L.) to potassium
fertilizers. The Journal of Agricultural Science, 136(4): 407-426.

Ashraf MW, Saqgib N and Sarfraz TB. 2005. Biological effect of bio-fertilizer humic acid on mung beans
(Vigna radiata L.). Journal of Biology and Biotechnology, 2(3): 737- 739.

Awad EIMM and EI-Ghamry AM. 2007. Effect of humic acid effective microorganisms (EM) and magnesium
on potato in clayey soil. Journal of Agriculture Science. Mansoura University, 32(9): 7629-7639.

Ayas H and Gulser F. 2005. The effect of sulfur and humic acid on yield components and macronutrient
contents of spinach. Journal of biological sciences, 5(6): 801- 804.

Azam Shah, S, Mohammad W, Shahzadi SS, Elahi R, Ali A, Basir A and Haroon A. 2016. The effect of foliar
application of urea, humic acid and micronutrients on potato crop. Iran Agricultural Research, 35(1): 89-

94.

Beukema HP and Vanderzaag DE. 2004. Introduction to potato production. Translated by Rezaei, A.M. and
A. Soltani. Fourth Edition. Jehad University Press, Mashad. 179pp. (In Persian).

Bolandi AR and Hamidi H. 2008. Effect of microtuber size and planting density on minituber production in

potato .Iranian Journal of Crop Sciences, 10(3): 208-218. (In Persian) .

Buono V, Paradiso A, Serio F, Gonnella M, Gara L de and Santamaria P. 2009. Tuber quality and nutritional
components of "early" potato subjected to chemical haulm desiccation. Journal of Food Composition and

Analysis, 22(6): 556- 562.


http://www.magiran.com/magtoc.asp?mgID=4747&Number=39&Appendix=0&lanf=En
http://www.magiran.com/magtoc.asp?mgID=4747&Number=39&Appendix=0&lanf=En

m S g 3,Shee  NPK 368 g Songn sl cilises gl b

Burton WG. 1948. The potato. Chapman and Hall, London.

Chen Y and T Aviad. 1990. Effect of humic substances on plant growth. In: MacCarthy P, Clapp CE, Malcolm
RL and Bloom PR, editors. Humic Substances in Soil and Crop Sciences: Selected Readings). Soil
Science Society America, Madison, WI. pp: 161-187.

Delfine S, Tognetti R, Desiderio E and Alvino A. 2005. Effect of foliar application of N and humic acids on
growth and yield of durum wheat. Agronomy for Sustainable Development, 25(2): 183-191.

Effatnezhad M and Safaridolatabad S. 2014. Effect of humic acid on different cultivars of potato tubers
(Solanum tuberosum). International Journal of Biosciences, 5(12): 12-17.

El-Sayed Hameda EA, Saif-El-Dean A, Ezzat S and EI-Morsy AHA. 2011. Responses of productivity and

quality of sweet potato to phosphorus fertilizer rates and application methods of the humic acid.
International Research Journal of Agricultural Science and Soil Science, 1(9): 383-393.

Fong SS, Seng L and Mat HB. 2007. Reuse of nitric acid in the oxidative pretreatment step for preparation of
humic acids from Low Rank Coal of Mukah, Sarawak. Journal of the Brazilian Chemical Society, 18(1):
41-46.

Ghannad M, Ashraf S and Alipour Z. 2014. Enhancing yield and quality of potato (Solanum tuberosum L.)
tuber using an integrated fertilizer management. International Journal of Agriculture and Crop Sciences,
7(10), 742-748.

Ghasemi E, Toglo M and Zabihi H. 2012. Effect of nitrogen, potassium and humic acid on vegetative growth,
nitrogen and potassium uptake of potato minituber in greenhouse condition. Journal of Agronomy and
Plant Breeding Iran, 8 (1): 56-39. (In Persian).

Harfoush EA, Abdel-Razzek AH, El-Adgham FI and EI-Sharkawy AM. 2017. Effects of humic acid and
chitosan under different levels of nitrogen and potassium fertilizers on growth and yield potential of potato
plants (Solanum tuberosum, L.). Alexandria Journal of Agricultural Research, 62(1): 135-148.

Jami Moeini M, Modarres Sanavy SAM, Keshavarz P, Sorooshzadeh A and Ganjeali A, 2010. Relationship
between root morphological characteristics and nitrogen use efficiency in six potato cultivars. Iranian
Journal of Field Crops Research, 8(3): 444-454. (In Persian).

Kaur L, Singh N and Sodhi NS. 2002. Some properties of potatoes and their starches Il. Morphological, thermal
and rheological properties of starches. Food Chemistry, 79(2): 183-192.

Kaya M, Atak CY, Ciftci S and Unver M. 2005. Effects of zinc and humic acid applications on yield and some
yield components of bread wheat (Triticum aestivum L.). Journal of Natural and Applied Sciences, 9(3):
21-33.

Kleinkopf GE, Westermann DT, Wille MJ and Kleinscmidt GD. 1987. Specific gravity of russet Burbank
potatoes. American Potato Journal, 64: 579-587.

Maccarthy P. 2001. The principles of humic substances. Soil Science, 166(11): 738-751.

Mahmoud Asmaa R and Hafez Magda M. 2010. Increasing productivity of potato plants (Solanum tubersoum
L.) by using potassium fertilizer and humic acid application. International Journal of Academic Research,
2(2): 83-88.

Mohammadzade Motlagh R. 2014. Determine of suitable age's potato seedlings from meristem cultuer for
transfer to greenhouse in granular humic fertilizer presentation. M.Sc Thesis Islamic Azad University,

Astara Branch. (In Persian) .

Motalebifard R, Najafi N and Oustan S, 2016. Effects of zinc and phosphorus on nutrients, starch and reducing
sugar concentrations of potato tubers under with or without water deficit stress. Journal of Water and Soil-
Ferdowsi University of Mashhad, 30(2): 497-510. (In Persian)


https://www.sid.ir/En/Journal/SearchPaper.aspx?writer=16931
https://www.sid.ir/En/Journal/SearchPaper.aspx?writer=353861
https://www.sid.ir/En/Journal/SearchPaper.aspx?writer=312772

WAA b /¥ oyl YA als /)l ades g (gjyabisS il & i o3lj 5 o5 las yYY

Motalebifard R, Najafi N, Oustan S, Nyshabouri MR and Valizadeh M, 2014. Effects of soil moisture,
phosphorus and zinc levels on the growth attributes of potato in greenhouse conditions. Iranian Journal
of Water and Soil Research, 45(1): 75-86. (In Persian).

Motalebifard R, Najafi N, Oustan S, Nyshabouri MR and Valizadeh M, 2013. The combined effects of
phosphorus and zinc on evapotranspiration, leaf water potential, water use efficiency and tuber attributes

of potato under water deficit conditions. Scientia Horticulturae, 162: 31-38.

Nizamuddin M, Mahmood M, Farooq K and Riaz S. 2003. Response of potato crop to various level of NPK.
Asian Journal of Plant Sciences, 2(2): 149-151.

Ozkaynak E and Samanci B. 2005. Yeild and yield components of greenhouse, field and seed bed grown
potato (Solanum tuberosum L.) plantlets. Akdeniz University Ziraat Fakultesi Dergisi (Turkey), 18(1):
125-129.

Qadri RWK, Khan I, Jahangir MM, Ashraf U, Samin G, Anwer A, Adnan M and Bashir M. 2015. Phosphorous
and foliar applied nitrogen improved productivity and quality of potato. American Journal of Plant
Sciences, 6(01), 144-149.

Samadian H. 2014.Study the effects of poultry litter fortified with humic acid on yield of potato cv. Agria
minituber. M.Sc Thesis Islamic Azad University, Astara Branch. (In Persian) .

Samavat S, Malakuti M. 2005. Important use of organic acid (humic and fulvic) for increase quantity and
quality agriculture productions. Water and soil researchers' technical issue, 463: 1-13.

Sangeetha M, Singaram P and Uma Devi R. 2006. Effect of lignite humic acid and fertilizer on yield of onion
and nutrient availability. Proceedings of the 18" World Congress of Soil Science, Philadelphia,
Pennsylvania, USA, 163.

Sanli A, Karadogan T and Tonguc M. 2013. Effects of leonardite applications on yield and some quality
parameters of potatoes (Solanum tuberosum L.). Turkish Journal of Field Crops, 18(1), 20-26

Sasaki T, Yasui T and Matsuki J. 2000. Effect of amylose content on gelatinization, retrogradation and pasting
properties of starches from waxy and non-waxy wheat and their F1 seeds. Cereal Chemistry, 77(1): 58-
63.

Selim EM, Shedeed Sl, Asaad FF and EI-Neklawy AS. 2012 .Interactive effects of humic acid and water stress

on chlorophyll and mineral nutrient contents of potato plants. Journal of Applied Sciences Research, 8(1):
531-537.

Sims JT and Sharpley AN. 2005. Phosphorus: Agriculture and the environment. American Society of
Agronomy, Inc, Wisconsin USA.

Singh SK and Lal SS. 2012. Effect of potassium nutrition on potato yield, quality and nutrient use efficiency
under varied levels of nitrogen application. Potato Journal, 39(2): 155-165.

Susilawati K, Ahmed OH, Nik Muhammad AM and Khanif MY. 2009. Effect of organic based N fertilizer on
dry matter (Zea mays L.), ammonium and nitrate recovery in an acid soil of Sarawak, Malaysia. American
Journal of Applied Science, 6(7): 1282-1287.

Suzuki A, Shibanuma K, Takeda Y, Abe J and Hizukuri S. 1994. Structure and pasting roperties of potato
starches from jaga kids purple 90 and red 90. Journal of Applied Glycoscience, 41,425-432.

Verlinden G, Pycke B, Mertens J, Debersaques F, Verheyen K, Baert G, Brifs J and Haesaert G. 2009.
Application of humic substances results in consistent increases in crop yield and nutrient uptake. Journal
of Plant Nutrients, 32(9): 1407-1426.

Yaghbani M and Mohammadzadeh J. 2006. Study on physico-chemical properties of starch from potato
cultivars in Golestan province. Iranian Journal of Food Science and Technology, 2 (4), 71-79. (In Persian).

Zelalem A, Tekalign T and Nigussie D. 2009. Response of potato (Solanum tuberosum L.) to different rates of
nitrogen and phosphorus fertilization on vertisols at Debre Berhan, in the central highlands of Ethiopia.
African Journal of Plant Science, 3(2): 16-24.


https://crops.confex.com/crops/wc2006/techprogram/index.html
javascript:void(0)
javascript:void(0)

