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Extended Abstract

1. Introduction: Potato (Solanum tuberosum L.) is one of the main crops for food security in the
world. This plant has a cultivated area of more than 16 million hectares and a production of 360
million tons per year. This plant is propagated sexually (true potato seeds (TPS)), and asexually
(tuber formation), but for commercial purposes mainly seed tubers are used. The most important
issue for the production of agricultural plants is the choosing appropriate method to propagate
them (Rashtian et al., 2024). Minitubers are used to prevent diseases and pests and increase
product yield (Askari et al., 2023). Minitubers are small seed potato tubers that are obtained

from seedlings propagated in laboratory conditions. Minituber production is one of the
important methods of potato seed production and has created a bridge between rapid
propagation of seedlings in glass and field propagation of seed tubers all over the world (Struik
et al., 2006). Various agricultural factors, including the type of variety and the type and amount
of fertilizer used in plant nutrition, can affect the quantity and quality of tubers produced
(Bolandi and Hamidi, 2017). In recent decades, agriculture based on the use of biological
fertilizers has been considered with the aim of eliminating or significantly reducing the
consumption of chemical inputs. In sustainable agricultural systems, the use of biological
fertilizers is of particular importance in increasing the quality yield (Barzegari Barogh et al.,
2023). Among the organic fertilizers that are used in agriculture today is humic (Sardashti and
Mohammadian Moghadam, 2016). Humic matter is a natural polymer and is extracted from
various sources such as soil, humus, peat, oxidized lignite (Sebahattin and Necdet, 2005). In
this experiment, effect of pretreatment of potassium humate in different time levels investigated
on production of potato seed minitubers.

2. Materials and Methods: The efficiency of potassium humate consumption levels through
pretreatment times for potato seed minitubers cv. Agria was conducted as an experiment at
greenhouse of Behparvar Sabalan Company in Ardabil. A factorial experiment was carried out
based on completely randomized design with three replications. Treatments including were
powder potassium humate fertilizer levels (0, 0.25, 0.5, 0.75, 1, 1.25 and 1.5 g/ L) and time of
pretreatment levels (0, 3, 6, 9 and 12 hours). Plant fresh weight, dry weight, plant height,
compound leaves number, the average number of minituber per pot, the average number of
minituber per seedling, average minituber weight, and average minituber diameter traits were
studied. Data were analyzed using SAS version 9.4 software and means comparison was done
through the Least Significant Difference at five percent probability level.

3. Results and Discussion: Analysis of variance showed that the interaction of potassium humate
levels and pretreatment time levels on fresh and dry weight, plant height and numbers of
compound leaves were significant at 5% probability level. The best treatment combination for
fresh and dry weight was 1.5 g/l potassium humate consumption by 12 hours of pretreatment.
In term of plant height, the lowest value was obtained in the combined treatments 0.5 g/l
potassium humate without pretreatment, also by treatments combined with 12 hours
pretreatment and consumption of 1.5 g/I of potassium humate, the highest number of compound
leaves was observed. The average number of minituber per pot and seedling, average minituber
weight and diameter minituber significantly affected by potassium humate levels and
pretreatment levels at 1% probability level. 1.25 and 1.5 g/L consumption of potassium humate
led to a significant increase in the number of minituber per pot compared to control, as well as



the highest attribute was from 12 hours pretreatment. The highest average number of minitubers
per seedling was obtained from consumption 1.5 g/l of potassium humate and 12 hours
pretreatment had the highest value of this trait. In the absence of potassium humate
consumption, average minituber weight was the lowest value, while the highest value was in
1.5 g/l of potassium humate.

4. Conclusion: Increasing of the pretreatment duration with potassium humate caused significant
improvement in minituber number and weight compared to control. It concluded that
pretreatment of Agria potato seedlings with potassium humate before culture in greenhouse
affected significantly positive effect on number and weight of potato seed minitubers, and this
effect increased by more times pretreatment in high concentrations of potassium humate.

Keywords: Humic acid, Seed, Minituber, Seedling.

Citation: Vahid Tazeh-Kand, Sh. & Shahryari, R. (2025). Humic priming of Agria potato seedlings for

production of  seed minitubers. Journal ~ of  Vegetables Sciences, 16(2), 167-182.
doi:10.22034/iuvs.2023.1999972.1279

Copyrights:
Copyright for this article is retained by the author(s), with publication rights @ ®

granted to Journal of Vegetables Sciences. This is an open-access article distributed
under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/ by/4.0).




OFY-IAY) Glrio AFY lous) g jl oF 0 locs 15 0593 « A Sl ol g o pole sode anliLadgs

doi: 10.22034/iuvs.2023.1999972.1279 g o £o5 YEVE-FAYY : Sg sl Ll @,K.‘/'u
Gad srazond ulei 5lp U ST (Suojcamw razals Sownly Swgad 5l
T 6ol Ly g iS5l uum g (! s
L)‘)"‘ ¢J.ud)‘ ‘GABLM:‘ &‘)] oLimJL) ‘6))9LJ 05; cv&‘)) dw.:)‘ LS”"L'M’)lS 4.;..>5AT w‘é -\

Il e syl eodlol S13T ol8ils o5 5,9LaS 09,5 JLokwl -Y

rshbio@gmail.com :Jgiuumo 6l g3*

OF Y/ 0NN s by gyl VYR e ,5050 gu,b VECYVITY el o & ,b)

T

b 20 iy Slogud chlizin GLCAle )0 b ST 08 Sono o ezl ailuss D (o 52 ygkiiody
29 (Pobai Yols wly z,b B 5o g1 ©jgoar (chlojl (5y% slrazouns ulgi ¢l p alie ol
9VYD N /YD o[ /YD «yio) pumliy Glogad Ciliio gocdalé ialojl sl ygish . plol 1,55 auw
Ologwd cdale blio 1099 (Caclw 1Y 9 8 (¥ a0) jlowd iom ylo) o calizko zgkaw g (5 jo 0,5 V/0
W 10 (So S g0 S Slasi g g gL, g SS9 5 059 Wlhe (69 sl ey o) Do g eeliy
o GIadS 32 )5 azoud sl (1SSl 1o Sro (a8l &1 oo by Slogad yid )5 0,51/ 9 V/TVA & pao
S (5aSileo ¢ FYL kol ooy aielbs IV jloud g 51 Caduo o2 sl ¢y yidions (o el 0oL jloud 49
Cod 4 20 50 3o oy a8l IV g ool Gty prnsliy Slogad i 30 0,5 V/8 B pae b azaliS 50 azond
Cowddy ol Glogad il 30 0,51/0 B pan bbb azoud (59 (el o SV b Clio (0] Gl (o i
9aLh & Comd 5y Az 00E (359 (Rl 53 )10 Fro G gre Cusl (30,5 s Lo Sl (o) ko Sl 381 o]
039 99108 6595 G)IdSr0 9 Lo Fl Wilgh (o0 el Dlogad b (o) o GoazmalS (30,5 slowd iy 0
Ul g 6y (33,5 3load e 12 S o) Do Az pB 9 WAL ALIS (6 )y (S jouw slrazous
D ooyl

cazxalS (i (Suwo ¢y | Sogad 1 gulS sdolg

Mg 6lp ST ey laazals Sialy Seogen J1OFT) L (s)bed 5 08 wiSoil g ol

@ ® oo b hlasl plgd Gl sl bgase allie ) (0) odians 6lp Ol> 3>
OH9R poes 6‘)4 d.l.‘)u wL..u <9 o olj O Hygody d.L‘)u L)"‘ B 0 g_)l.‘> Sldlao lnl.o.a ‘61)]




G sLazond wdgi (6l b,ST Suw e Gbazals Kol y Saoged il V.

sl el s (Roodbar Shojaei et al., 2007)
oy ool | (Fumns oS 3,5 Sl 55 5laS
SsgS Bras by p 5)laS 5 cel 55 0
Cool a8, F 18 azgi 990 bl slo ooly
ale> ;I .(Barzegari Barogh et al., 2023)
3590 &39S 55 0yl 45 w5 JT slaosS
Sardashti & ) cewl Sogur 0,5 o )8 oolazul
Segue (Mohammadian Moghadam, 2016
‘JB)JQJ“MC"L‘A)‘9°O9’G"MLM&’
"59'“"(5" C‘)M‘ 0 oA.:.M..S‘ u.a...i..] 9 u...' C(NGRgR
(Sebahattin & Necdet, 2005)
Soleimani Aghdam et al., ) sz oLS o) (53,
clodlsd say @b 5l SISl ol (2012
Clld lBl g Jdg)lS s asile Sojelg
Harun et al., <{Leonard, 2008) (sjiiwss
Ao, tle sgu 56 5 (Selim et al., 2010)
Gz 5 oy bl (Garcia et al., 2008)
S ,>s «(Mauromicale et al., 2011) ,ole
sleosesse Bl 5 plS slpge e colld
Abdel-) L5 JRRNGT JUVE P UCIL SV SO |
g yolie oIS il (Mawgoud et al., 2007
Huang ef al.,) oles sbogS Bras ials
Jy=s «Leonard, 2008:Patil, 2010 <2005
Mauromicale et al., ) ox; e ¢ oxi; sl i
Albers et al., 2008 Unlu et al., 2010 2011
sboedld s 3 (Luo & Gu, 2009
Leonard, Selim ef al., 2011) lpuilS g, e
S5 o0 I ygo (2008

Slega 30,5 L (YA ,5a s Honardust
Tobw Sl Gl Ll b jo axond adgi ;o pely
Az0d€ (39 9 olowd alex 3l Slaw 4dS 41, Sogur
b splie @l S A5 o

doddio
S0 So (Solanum  tuberosum) oy
ol e wlié el L gl Lol oY gane
CetS 15 s JiSB eela) § 5l iy oS Cl e
Askari et al., ) o,ls aJg o5 ygeko Y7+ VLo 4
VIV 090 j5iS ;0 s ddgi o5 (2023
) sy 35 Ol n it el 05 el
S9 4 ol g Jwsl plaes slaplivl oy o
Statistics of the Ministry of ) &lesls  plais
sobes L.., S5 Lo,eaS o (Agriculture, 2022
shls cuis sl oolatnl 0y50 conjmmw slooas
gl 53 Ol Dy a5 wiilie s ny S0
Roodbar ) cél wypg 5 syle slac e ,9u8
g )0 gadse ke (Shojael et al., 2007
o> b as leel, 51 S5 .(Rashtian et al., 2024)
3O Eejoem Jyame o Slee ialS JSiw ol
Sk 1) begng ohs (2lS slagisl
390 Jedo s Lol sl i jcam sroas l ool
Sl hall g b lag,len 5 DU
(mini tuber) gleazous 3l oolaiwl .00 5 o Joaze
el 9,509) (Bl iS Gugpg jl sle plalS
Ll (Askari et al., 2023) el mlge b ablic cq>
O by bazoas jloolaiunl b isS jo ol o],
2y Ol 3l Sk

T aBl oo (SZ9S (Gyd (e 008 dzosd
o il Lulys o adly iS5 slhazals |
23 g e slasby; 5l azead adg ol ce s
bl b o sl 5o g adlioo (Sejce
7SS g Sladad (9,0 gleazelS mw 23S0 (e
Struik ) cewl 00,6 S92 9e0 (5,0 svosé slac e
o, g9 alax 5l el); calize Jalse (et al., 2006
S35 SlFse oS AT )0 (Bran 595 Glie 9 €55 9
o)l..'xig ).ul.» 03 ..\Jj.: LgL:M..’g-o..\.f: oS 9 CoaS



WA VBT ylio g 3l ¥ oyl IF 0595 A Jlo las o pole sole aoliladgs

ABS &gy SCES 5 5 ()39 008 (339 9 Sl bl e
0l dlass o . Cllo A ;0 LS pe Sy olawd g ous
S olans g oas b &gy SAS g 5 (339008 )9 b
LBl S92y o s g St (Shed G5 oS e
SaS (339 W5 5 i b oS o S ol G bLS |
ardllas )0 09 o g jd 038 39 g Slaad g dAig
JS o Slee  Stwor (YY) Hamidi 4 Bolandi
gy, 0 008 (39 9 &y ie 40 oud olawi Slas b
9 Cote (Sed (pl pogdle B9 I3 Sre g Cude
slasi g oae el Blaw b IS o Slae s 5o sixe
20,5 odalie dig o )0 0

50 Bazoad oy o S48 ol cel a5 ale
OBl g adgi Gloj )0 Jpame Cuand gl o ailHS
bis b cejg )0 slaoad Juad 5l )15 algs
STyl 0l sloan e mals 5 boaé cwdlw
5 09 oIP cel balsls o azals cllS ol
s Osbse azalS 2 Gl 4 gudy sleazeas
GLlS mhaw axly slil a1y sudgs sloazoas olaws
Oz plml Dj9p0 n gedee nl ams e SRalS
chw Job mls 5 aSS LU o)l oSt Slades
sy Gl ) ballS mhaw wxly 5l gy50 40
e pgssee o9l wgs ol SRl oo
e )% g (S slroged (@Sl Wl oe (e
5 5l G AVl zoy3 5l wesged Gl 1) (sej
Sl GeizS () S 6 S sl 5585 515 Y ke
b i sloazals (535 las i ST e
Gt gleazead oy sl (Seoger sloJolxe
Sy ploil 4 WS 0 o) o
a9y 9 Sl
Jopd &S0 alS 0 VYR Jle o Jueghy o)
Slaiee b Joo)l Gl s (6 sk VY p0 Ml
gax>,0 FA 5 Jlol ag 3o Ve gax> 0 VA @l,,'al).i.?
08 (S sloazelS ol 1>l (B0 aado VY
(2Biolo;l bl o yo o 355 (cv. Agria) L ST

GIL e 9 WSl g

L a>oae odg ,0 (2012) Azimi § Hassanpanah
Mahmoud .ol ool 5,155 Sogd 8 a0
as’ s ,S s,15¥ (2010) Hafez Magda 3 Asmaa
g i) alea Sl (e i o3 g o) sla el il
lizlg o Sas gous Jlad (5 g S ()59 S slaws
sgbd Seega ok RlB Loeas 3 Slee
ols 5lias (6,50 Ll il .l il gl sme
S ooy dgup el (Sngud Slge Bras S
P Sy 08€ O Slac g aig glay )| 0ad olass
selesl o (Al-Sawary er al.,, 2013) 545
3 Segd 05 (2014) ) Ken 9 Ghannad
Aol ologer s sine ialil sl wals b anylis
g Faried .o sag o ,Sles 5 digy ;0 00 olawd ¢ olsn
3l ] Secoges a5 aisls 5,35 (V- VE) ) Ses
Sgete |y (s 008 9 Shos (sli2l 5 5 Shas (S
Seogad Slge 5l eolatul asm sy ol Ll aisy
b 095 plgie 4 3b; e Jeniliy G0 Llo b
aaly> ol em ay jlagly 3,Sles 5 4o o5 9 (D
G dlge (590 ,0 (Swoged Slge Brae .ubls
Lo Sogdl (ials ;o g 00ls dgun 1) ouls i
9 @ly Fge Wl oo (65)liS 53 Con;
ol oSl a4 clie fn (Swen asllas
Slao o adl 90 Ol )l 4 a5 was oo |, oSl
P e S ) Glie g W o e
e 9 ol plml gl lulyy |y iy lacassss
Darvishzadeh ef ) aoles ololils 28 )5 |, as
¢ Khayatnezhad Lug glasllls b .(al., 2011
0l (y39 9 g gla,l a5 0l ez (Yo 1Y) o e
on 00 W, (Saeioam 9 Slee p (65 ge S
O 5l el (Svon oo w500
2 059 bawgie s g A 8 )3 0ad ()59 &5 Sl
5 osé o ,Slas 0diiS eeni ol (lizl wai
o e oS ol ol 1o o 51 lsicn 5 0092 oy
s Bayati adlas ,o .(Burhan, 2007) cé 5
5 Cde  Sed g gl 2013) o Ken



G sLazond wdgi (6l b,ST Suw e Gbazals Kol y Saoged il Wy

Jlas yaajl bl ools Sl auslie 8,5
o Jiol mhw 0 9 (LSD) o sxe oS
A o5 5 S i sl 23l pladl 2
w‘fa L)"""’U 6‘).: 2 oolawl Excel 2010
SPSS-24 I3 a5 5l Ggmrm Sy & (Kien

23,5 oolarwl

g Sl 9 5 )9
Slogad b (s jorms loazalS (50,5 ) lod iy !
o9 Blas as oy las alizes slagylo) 10 sl
Sl L g ol Cows s vals Jless j0 dig Sis g 5
reoly Slogen 3 laazals (oIS oley wae
Jol> bdig Sis g 5 559 50 Gl Gl B
Loy ogas nl 55 Gilesd <S5 a8
95 0355 VA9V IV b oad i a) 50,8 led i
Sl 5 4 S Jp (oS5 jledd 50 (rejea
—ot el VT L el Sloged B ya0 pas (5 lews
B rpao 4 Camd 9 o, V) daaxals 05 L
(0955 slesd Gl 9 el Slagan Jlade on
099 6‘)-.’ d,.:l)s‘ Q—l‘ Dl QLM.; u,....abﬁ‘ RPN YeIv
as dg3 dwo )0 Oay 9 Yo/t ).g‘).g S Y] S
2 ey Slogea b 00,5 ety 2L Sl
(Y--+) Hartwigsen & Evans 5 (144Y)
el s i l5E

09 e 5l (Gmjnm 3 (Siag,; sl S9e
3 el oo 5,155 (V4 F) o],e § Ghannad
e s (V2VY) o, Ken 3 Ghorbani asllas
SIS 5 S Giy Sseke 4 e el Seege

ol Sl bl o psiSE B ppoar ialej]
Jolis siolesl slo,guSs 00,5 xl 1SS aw o
alises ol g (d j0 2,5 VIO 5 VYO O /YO
diie ar olojl ;556 90 y0 sl yao ol
Celw yao )l jshaie 0l a8 )3 Ll o sald s
09 peelly Sloges obaw Jloel 03,5 o i
3 b azelS jules alolddl) oloj ad (6w
Ly, Sloge 0Bl (oo (S5l 5 abogs po Jolona
Humaster ) Ob juegd Gubo0 cpl jo a8, o
4t O pgS S £5 15 5l aS 59 5500 (Top
Ao, AD (gl cosliwl 0,50 OU g 0508
5 (Gl Soglgd g sl Sog) (Snged (sloo]
lraxals o led Jlosl 3l aa 09 puwls 2o 0 Y
L Gregile YoxVe) plaplals o (cejo
AL S T G 4 Sd g wlecan lgie
Sl i 030,58 azalS Loz IS ,a 5o
—as cinleyl Gla Lo ded (gl 23355 54 (glo lab
(NPK) olooss sloogS .2dl plxl coles job
e Trh e @) dlese e 0w, lSa
U olaly o baxald cus ol 5l :()-:OY:) )
f(_gi‘)‘o..\.é 4.1.‘>).a I (Y:Y+:¥Ve) EEINYS J.Aiu‘.)
J)...S 6‘)‘? L:bda-o.\.c OO e QLA) (\Y:\YYP)
&5 S S edl b 5l Sojglsn slagby, 5 bl
Sy a0 ol coliiwl S, slaali
shai g el i Sleosas Sujels s
SE e SAS G W ) oS o sbS
g .o (6 S o5ll lrazous slass g 59 drazons
a0 Ve glod o celw VT Sue ol Sz 6l
4575 jekateds aSad eols 1,8 sl 3 ol 5 il
5 6l ool Cawsay slaesls ol jo s bl o
39251 9,90 SPSS-24 6 Lol aali 5 eoliziwl b cibo
D331 b loosls @555 (05 Jlos 26,5 )5 5155,
oibsly anzs 2l pll By sranl -8 Ssals
r:l?u‘ SAS-9.4 )‘)s‘ra).: )‘ oolaal b JLA)J LgL(boé‘b



Wy VEoY lowo) 9 3l oV oyloss 8 0598 A Jlw (6w pole ole aolladgs

VIVO Bpas g b azals 05 Lo s celo VY
Cela VY 5 AL palty Slogn 5 o o
2olie Bpae b (Y S8) 0b Jol 05 ey
Josisier oloj Da 1 5| el Sloges 5| YL
Hartwigsen & .o auls g glas)| 5 0,8
S (aa¥) e 4 David 4 (Y--+) Evans
ol Bl isgel (5155 oLS a1y sl Seesen
Lags (Soasen olsa e |
Mahmoud Asmaa & ) coul ool ()55 abime
{Al-Sawary et al., 2013 Hafez Magda, 2010
ol o yiws Sl o3l (Rizk ef al., 2013
by ey 9GSt dlex 5l 0B, (5050 o)y
Wb (oo g gl AalEl Jle 5l (Seegen olse
(Unlu et al., 2010 Cimrin & Yilmaz, 2005)

Sy gy las )|

e Ol a5 am e i Gedow pl Sl Jeol> gl

gl sl i e JToole ol 5l (g i

12 1 Hmpretreatment & 3 hours
@ 10
§ foh fg fg de
o 3 fg | ©
3 = 8 1 L
> 5 14
R L :
2 B ¢ 4
~ = E B
5 8 B4
& 4
g 4 e
=% :
3
2 1 e
H
B
e
0 d 5
control 0.5

piteh _eh

. 0.7
Potassium Islumate levels %g/L)

GIL e 9 WSl g

Lo ol i 5 45, pegs 2 Saogat L o ol 3
Soleimani ) cewl sals (5,158 55 500 udbme
o3850 aadss ol bl (Aghdam et al., 2012
|y S Slge il s it osle liae g 0,
as s by 50 (Y-« F) Mayhew oS o a0l
AR o ol ‘smL.f bogn Swgr olgo
s $n) il Sedlad (Rl L sl Soosen
Delfine ef ) sgis oo oLS (5 5mwsid odlad )33l
p o oSome Judo Wlgi o ga050 (pl g (al., 2005
ladisy Sz (339 9 5 039 Gl » ol Cute 51
bl oo j

S p0 Sy olani g dig gl

Oy Dde X Seeged poh) byl (iiSes
4 Bl gy 5] (0265 45 ol (Lt Gl
Wig gLyl o YL a5 > 0 g wald sla,les
Gl DSl (s)lel logiae BB (e

58 F L ey Sloged 5 45 0,5 VO G yas
46hours ®9hours =12 hours

fgh
fg oh g

1.5

1.25

SLag 3 (39 p alito Sl 4o puwly Glogad b (Lo joumw L azALS jlowd iy 1) S

Figure 1- The effect of pretreatment of potato seedlings with potassium humate under different times on
fresh weight of potato plants



G sLazond wdgi (6l b,ST Suw e Gbazals Kol y Saoged il

¥

~ 3.5 A
R g 3 mpretreatment ®3 hours & 6 hours 29 hours =12 hours ab
3 5 25 Potassium humate levels (g/L) =
a o= ' cd
4 = 24 fehele M oo feh  fgh
5 ofg = e-h o, 7
S 159 .. = : fgh
=1 . h
c &k hi e &
“’q)z 3 1 4 : F:
T g 0.5 - 4
= ] e e g 7 ¢ s s 5
control 0.5 0.75 1 1.25 1.5
W pretreatment 1 0.8 0.9 0.8 0.8 1.3
%3 hours 1.3 1.5 1.4 1.5 1.3 2.3
¥ 6 hours 1.5 1.4 1.3 1.7 23 2.6
&9 hours 1.4 1.7 1.3 1.3 2.6 2.8
=12 hours 1.8 1.7 1.3 1.8 2.8 2.9

(0 jw ST g S (39 (810 (3955 sload i, (o) oo X by Slogud Z gl o )5 1Y JSCl
G sazons udei Sulojl o

Figure 2- The effect of applying potassium humate levels x different times of pretreatment levels
for the dry weight of potato plants in the experiment of seed minitubers production

‘Al-Sawary et al., 2013) coul ool 5,135 soaie
‘Mahmoud Asmaa & Hafez Magda, 2010
5 2013) | Kea g Rizk .(Faried ez al., 2014
4 Sy oLS (59 Sl Sogap Sl aalllas b
Al polde 0,5 L Sy ol o cxe i3l
ailgs oo Siali8l el o ils o )lsl s wl Sogun
Soutp 9 y—olie iz (59, (Seogad Slge S

A0l sl lg S o led

ey

45 Hnmate levels (g../Lp)

b-e b-e be

- o~ 40 ] bed
q 8 de | b-e cd
7 E

’}“ 5 30 1

q =

39 25

g =

A=Y

cantrol 0.5

retreatment ®3 hours &6hours #9hours =12 hours

b-e

e

0.73

Sl SLaS 5 5l S e Sy olasd o S

Sloged o 0 5,5V L (0,5 ) leos i al o8
6olous S5 53 (022 VYY) st oaalive el
A0 eSO L oS e Gy ceelw VY
YEIV) oS 1o Sy olass o VG el Slogen
g S G L (F JS) 4t sl oo
S 1o 5 Slaw cpeanlty Slagan b 50,5 L iy
Sl A i St et el il
e VOl i sloazals oS les i
Slowss )losz.m Sl 09 pewl Slogan i o

a a aada

bed ¢da

de b-g b-e

$4

1 1.25 1.5

Slgd gl (S (4T EW ) 1 sload Gl Loy e y0 el Slogud ok 1Y S5

S sazons

Figure 3- The effect of potassium humate levels in duration of pretreatment levels on the potato plants
height for the production of seed minitubers



Wo VBT ylio g 3l ¥ oyl IF 0595 A Jlo las o pole sole aoliladgs

5 il |y amals o dazeue olaw Sl G
Sidn Sgus |y Co (il do o YVIT st 4 e
o Ken g Ghannad  iole;l jo daazsl pl b gollas
00 3lani Lytal33l el sl Sangad 3,5,5° 2014)
(A o902 B pcas pae) dalis b aslie jo aig 4o
S9y Sy Olge Collo P Ay Samie (pudise LD
ailaols o)Ll somicaw ;o gadsi slaoas slass
‘Mahmoud Asmaa & Hafez Magda, 2010)
Ghannad et al., :Al-Sawary et al., 2013
P50 iize hwy calie mls (2014
Honardust ) el sais (5,155 5 ailSlas wlikes]
‘Hassanpanah & Azimi, 2012 <t al., 2018
Ay slayge 90 G, (Al-Sawary et al., 2013
obS )3 S g 9 eS| alea 5l (Jobo S
00 opli Suie (ypie gl Spoged bpas b
39 Limlydl .(Abdel-Mawgoud et al., 2007) .|
Sloged 3,5 amii o ALE clalid (g ,iydeis
28 Gl Bl Jobe el @ pad g S0 4 e
S yso A A 05l oo (LS slaplal poles g s
peoly Slogea b 00 S led iy SSYsb b
e 55 Fge Sloge,90 F S5 5 Wlgi oo
sloazond Shas g em o S 5 ok

A8l Ji5e St sigajirm

GIL e 9 WSl g

axalS ;0 azous olaxy
Bpas aS ol lis b Sheo aslin 5l Jol> s
6 5 oS VO gl b el Clages
Lol cclas lalS o azoad olawi (g5, 5 o sime
ol @ e 0 0,8 V0 5 VYO Gpas
e ) s wald jled 4 S Cdo (o e
3 e i ey Sae al38l (sae /A 5 AIYY L
Ol Ol eVl g b laazoad slaas iuljdl cels
Cawody aelo VY jled oo 5l (o) azoas 4/YR)
30 ax 0aé oo 1Sk (YL () Jgoz) el
Brae e oo YL Lalil o (oue Y/TO) axals
Sles g el Cewddy (2 50 )5 VD) oy Slogen
s eSle ity o8 i el 1Y
Jsaz) Al g | (dae Y/YQ) axals jo azous
O

Sl by Sloged s VL Galel a0
3 olals jo azoas slawi gasye YEIO ol
Slogad B pas Cuio 13U ol Cpl ol vl b ausldo
el i laazoas slass alFl s el
Ol Gl aoran oo oo lis | ldaxalS oS
shaels b awslee o celw VY Jlad o 0 Cao
Slyp w0 om0 e, YN 0l
3¢ oadlive Ll 10 axalS 0 dzous dlaw 1Kl
S YL el 1Y ey Sto b oo



G sLazond wdgi (6l b,ST Suw e Gbazals Kol y Saoged il

\v#

15

10

W pretreatment ® 3 hours
~ 35 T
g
8 30 1
o O
=
2 3 25
% & hk hk bk &7
“’J E 20 g'k
9]
3, O
G
3%
B
©
g
=)
Z

control 0.5

. 6 hours

0.75

29 hours =12 hours a
ab

FEEEEEEE 4R P 4R 4004

T Reeeresestsseesed

1.25

—_
W

Potassium humate levels (g/L)

Aol (6l (S jomw &S g0 S Slaxd  jlewd den loj e 3O by Glogud Zokaw W1 -F S
S srazons
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Table 1- Comparison of the average effect of pretreatment of potato seedlings with potassium humate
during different times on the weight, number and diameter of tuber

azoad jlad :Siks 039 Ok Sl (5 Sle
(etlo) (p5) azoné azalS o azond
Average tuber Average weight ~ Average number of
diameter (cm) tuber (g) tuber in seedling
2.35¢ 893 ¢ 1.80 cd anls
control  ° £ pely Sleges sl
2.52 ab 9.94 be 1.78 cd 0.5 (]
2.44 be 9.86 bc 1.63d 0.75 Potassium humate levels
2.48 ab 9.99 be 1.90 be 1 (e
2.50 ab 10.72 ab 2.07b 1.25
2.60 a 11.28a 245a 1.5
2.22b 8.14 ¢ 147 ¢ aals
control St oley Dae zslaw
2.51a 9.63b 1.89b 3 (cels)
257a 10.69 a 1.97b 6 Pretreatment time
254a 10.81a 2.01b 9 levels (h)
2.57 a 11.33 a 2.35a 12

9518 510 Sxe BB K0Sy b wuo jo gy Jleda | gdaw jo il 00ld yLid S il Bg o b oS b (1uSleo (ygiow po 50
In each column, means indicated by common letters are significantly different from each other at the five percent probability
level.
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Table 2- Correlation analysis between the characteristics measured in potato seedling for production of
seed minitubers

7 6 5 4 3 2 1 olas
! () S92 5 (339
(1) Plant fresh weight
1 0.965%* (1) o 552 0
’ ) Plant dry weight
() @y glas
ok ok
1 0.934 0.959 3) plant height
1 0.819%* 0.927%* 0.894%%*
@) compound leaf number
(@) HlalS jo azous slass
1 0.869** 0.884** 0.901** 0.894** ..
(5) miniuber per pot
(7) axals )5 azous sluws
1 0.984%** 0.857%* 0.884%* 0.909** 0.890** .. } .
(6) minituber per seedling
1 0.557** 0.546** 0.399* 0.350 0.429* 0.417* () aazess 03
’ ’ ’ SOV NS ' ' (7) weight of minitubers
X2y S5 g gy Jleiml gl j0 o sme g o el (Lol DS pophe 4y o 5 4 sk g % QIS

ns, * and ** mean statistically insignificant and significant difference at the five and one percent probability

levels, respectively.
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