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The influence of Hoagland solutions , complete , Lacking for some
Macro and Micro — nutrients and that substituted by Silicon in
terms of free-auxin in primary leaves of Mung bean cuttings
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Abstract

Mungbean (Phasealus aureas Roxb.) cuttings were treated with complete Hoagland solution
(CHS) developed an increase (114%) of adventitious roots and (65.8%) of these root lengths
compared to deionized H,O (control).

In addition , results showed that rooting response was decreased in all Hoagland solutions
lacking for (HSLF) Macro- and Micro — elements , except the significant increase of (10.03%) in
(HSLF) boron against a significant decrease of 51.6% and 57.8% in (HSLF) (K) and (Zn)
respectively , compared to deionized H,O.

Moreover,in terms of the rate of root lengths, the absence of any Macro-& Micro— elements
has significantly a negative impact on the root length at probability level 1%,except the absence
of (P).

However , application of Silicon (one of beneficial elements) into the componenets of
Hoagland solution did not affect significantly the number of developed roots , but it decreased
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(47.2%) from their lengths. It was the same with all HSLF any element , and provided with (Si)
as alternative. In addition the later being significantly effective in the number of roots for all
HSLF any elements except the increase (14.7%) in cuttings treated with HSLF (Mn) and the
decrease (38.1% , 35% and 19.1%) in HSLF (N), (K) and (Ca) respectively.

On the other hand , the hormonal analysis showed that cuttings treated with (CHS) for 24 hr.,
has increased free-auxin content in primary leaves with (11.8%) compared to deionized H-O.
However , supplying of (HSLF) each element caused significant decreased (5%) except the
absence of (Mo, B, Cl and Mn) which caused an increase of IAA content to (54.1, 12.7 , 10.8
and 46.1)% respectively compared to the control (CHS).

Finally , application of Si into the component of Hoagland solution was significantly
decreased free — IAA compared to CHS. The decrease was reflected on all HSLF any Macro - &
Micro — elements in which any of them was substituted by silicon except the significant increase
in HSLF (Zn & Mo) which was already substituted by Si that raised remarkable increase of
(111.6% and 161.6%) respectively .
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Tanis 2 (5 5nal) Jallaall) pealiall Gm giial) Sl (Rpdiall Jllaall) Aol (s jiaall 5 (5 SN ualiall ueat ilee
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e gaia AL g B yalua Belial (pe Aauld Cagyla (aj (Growth cabmet) saill dd e 8 an (7 X 20 x 26) b Ad
s Al ¥ e JA Ll Adlial ae (%70-60) At gl 5 ¢ 27 (1 £ 25) 550 Zau s (0S5 1800-1600)
Gl b aa &5 (primary leaves 4 53 G s Al g L) Ala ) Gl oLl G janll 5 5 il 3 b 3aal 5 dalal)

A L Ledle ol ¢ 5aY (cuttings) Jied) gl | jedae alilaiall <l il

(Preparation of cuttings) Jéal) digs

smaII)JMGsJLecJ:GJ:_L@_.\PuJMGJU [9] 42,k a5 (Al 10) sers s Alilaia <l joly (pe Jirl) Ll o
daiia 43 g aa (pair of fully expanded-primary leaves) glui¥) alalS 5 4 31 31, Y1 (e = 535 (terminal bud
cotyledonaray ) Gl i adge Ciad (aw 3) Jsks (Hypocotyl) Gl casd dyiia 48 g g (Epicotyl) Glal) (38
PRI Lﬁﬁ;ﬂ &Jm;.d\ Al aa Sl (nodes

(Basal treatment of cuttings) Jial! 4pacal) Alalaal)

ALK dpdaall 5S4 Jillae -2 (Deionized water U oY) e JAT cladl 1) (o8 5 LAY Jillaay Jiall o ge
iz A srall g dia gaiall ADIS o Jillas -4 )8l e (5 paall g 6 Sl paliall Aa giall Ldaall aDIS sa Jillas -3
uasfia paic JSI s (Si) oSl

Jic 4a )V e IS et daala ) il G306 Alalas JS Gl (Glass vials) doals ) il = Jaall ellf i g Cus
‘;d\ (Hypcotyl) culsl\ :\_Lu.taj\ m)...d\ ).u: (»;.1 Al («:Lu 72 j 24) 34l cq;\}l\ Al die 12 =4 x 3 QA\}\
i gadll; pealiall A giiall Fodaall SIS 8 Jilac) R Jillae o sl e Sl L Jiadl Jalas ¢ i Ll
6) 33al5 jpaaill w33e Jans S (10 pg/ml) (Boric acid) <y sl paals () laaay JiS o3 (Aol 24) 324l (Si gsSilull
G ool jedad Cua dlie JSI diiall 45 sl Jsb e dpia el sdall Jishy dlae) Gludal o3 @lld aey (L)
sl Gl Alebaall (e sleiil) aay il GLindS (four rows) <o sia day )|

Preparation of solutions Jutaal) ju&aal

2222l a3 Jas S (10 pg/ml) SSo% el sl asla juasi a3 (Boric acid <l sl (adla) jdadll Jolas -]
. (Deionized water) < s¥) e S sl e y3 & 4003 5 sl e (10 M) s Sus [10]

La saiall AL Al 2308 98 Jllas alae ) 23 G ¢ (Hoagland nutrient solutions) el 23318 s Jllse -2
sl g ¢ pianll Jaall dlaiul 3 b Ll sae ol J3aS S () sSalully A sradll SIS 5 ¢ 5 jiall g 5 4SI) yualiall
Hoagland and Arnon ) sl Jslaall (a5 eia 3 (1) Jsaadl 5 « (Half strength s séll caal) 13K 58 J sl
J11] & Gsase e can ) aall s NO & 2 Jsbae (, 1950

Salt mM mg/L (ppm)
KNO3 6.0 235 K
196 N as NO3”
Ca(NO3),.4H,0 4.0 14N as NH,4"
160 Ca
NHsH,PO4 1.0 31P
MgSQO,.7H,0 2.0 49 Mg
64 S
* Fe — chelate - 10F
MnCl; . 4H,0 0.009 0.5 Mn, 6.5 ClI
HsBO3 0.046 05B
ZnS04.5H,0 0.0008 0.05 Zn
CuS04.7H20 0.0003 0.02 Cu
H,M00,4.H,0 0.0001 0.01 Mo

O D8 IS N 4ie (2 mi) il & (5 g/L) Qe 3Sshs (Iron chelate) alaall asdl e ol Jslae juas *
L sl 0y ye 53l J sl
Jeaall 8 ainall 580yl alddie) JAA e Jllaall & jaias Susis ol g (5 S paliall 4 ulal) 23S ga Jollas -3
oSl
S SN yualiall (5 ¥ 50 (IM) S50 (N@2SIO3) pssaall S 3 e (Si) ¢sSilad) juaial bl Jladll 4
2 Leie JilasS g paall jualiall e pasiia juaic JS e Y 5 e (11 MM) 38505 pasie paie JS (e
,gghid\ J sladll
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(1AA) Free Auxin sadl Cpus g¥) pads

) JSI A salaall 27 70-60 da 2 e Zisall Primary leaves & s¥) 3590 3 all TAA GmaSs¥) i o
Crinal) ALl i) e (pide 50) 280 35 [12] A8k a5 (ST O sSaladls A saall 5 alinll da siiall Jilladll)
S g3 ¢ o sd g I ¢ Jgilinall) G JS danda e Ll (Je 3) A8lal 5 sl sl 8 Lgaaa g5 (AW 31, 5Y))
(o Al ) A8 (il (5S35 e el (e 1.25) Al s 153l e VAVIV (5 53 5 12) alaa ¥l (p s saY)
(PH = 2.5)) Wl (water phase) dslal dadall pH Jaxg a8 Jaadll g aladiinly 4y glall A8l 2365 J) 3565585 510
QLAY A slae (pa(Uoe 2.25)A8uls gms Seal) Galitany GL13 2ny o5 Caiiall (HCI) Sl 518 5 5038 (mals clasily
Ol—ea plaaiul (0.D)Absorbance —abaia¥) (il Lty Ldall 3 als 0 il Jadi ( Ethyacetate)
CpeS ¥ S 55 a8 g(Blank)d siall Al e Sleall Javia 223280 nM)a < J sk e U.V.spectrophotometer
AR e TAA OS5V 58S 5zl sadul s S 52U (standard curve) (bl Gisiall o g Jead & g )l B e

: Statistical analysis (Sbas¥ Jaail)

O 4adl (L.S.D) 4 el (C.R.D) Completely Randomized Design JalSll ) séall aseaill Jaaind
131 (0.05 50.1) dllsia) (5 siusa e O badll

dEBliall G.MJ\
Uial) / H3a 7.33) bl 38 deli 24 5aaly Gl o AN clall ALl (il Jie o)) ) (2) Dl iy
JalSidll 39S g J slaay Alalaal) Jinll i€ ey (IAA) eradal) (S V1 (5 i I (5 a3 Ailainl) o2 ()5 (32a 5
Lalad) 5 yhapudl dlelae e 9%114.9 (55t 333 sl e / 53 15.75 (C.H.S) Complete Hoagland Solution
%100 Wil
e e g mally (8l pualiall da siall dillaall paen 3 Caadddl 38 pdadll st o Ly Jsasdl s WS
Al Al pliily ¢ Alie / 53a (15.75) (C.H.S) = 4 jlie dlie / J3a (12.6-10) Oy seane s2al)
@l cilie / 381733 Hsdall axe (IS Cua (B) 0sosll g siiall Jslaall 3 5 shall e AV pdal) i) s34 5 -
. %10.03 LSJLM-‘}(C H. S):\LL’-ALJQL‘}\MQJLI‘).}
Muud‘ L,,J\j.d\éc (J_\.;766 }65) Caaill u}qé\ K anm}s.\.d\ d.d\;.d\@)m;_d\ Al ua\ﬁ;_\‘ -«
JalSil IS s djxu s (\ﬁ; 7.33) PR RN )L.us\ ilead 4 sinal) Aalil)
Jare AV 2,80 e (g saeall 5 Sl pualiall da sinall 5 ALl Jallaall 55 (2) Jsaall c a8 AN il (a5 120
Alalaall Jaall A& &l Lain aw 0.85 (D/HZ0) dlslaall Jeall (& jiall Jgha Jara OIS Cus ¢ Alie /3 Joha
Adadl 8 sl 2 9665.8 (5515 3350 gl e 1.41 (C.H.S)

ALIS (Half strength s sill cual) 35 (Hoagland) diltaes Adiaall (il Jie jpdas sl | (2) d s
SEN e g pall s Sl pualiall da il

Treatment for 24 hour in : Mean root Mean root length
No. / cutting Cml/cutting
Deionized water 6.54 7.33 0.85
Hoagland sol. Complete 15.75 1.41
Hoagland sol. Minus : N 11.75 1.16
Hoagland sol. Minus : P 12.66 1.33
Hoagland sol. Minus : K 7.66 * 0.97
Hoagland sol. Minus : Ca 10.42 1.15
Hoagland sol. Minus : Mg 10.00 1.10
Hoagland sol. Minus : S 12.33 1.03
Hoagland sol. Minus : Fe 11.50 1.17
Hoagland sol. Minus : Zn 6.50 * 0.77
Hoagland sol. Minus : Cu 10.17 0.85
Hoagland sol. Minus : Mn 12.42 1.10
Hoagland sol. Minus : CI 12.00 0.73
Hoagland sol. Minus : B 17.33** 0.80
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Hoagland sol. Minus : Mo 10.25 0.98
L.S.Dat:0.05 1.05 0.19
L.S.Dat:0.01 141 0.26

Cile e adey bl 3 e 324l g (Deionized water) <l s (e ‘;Jl;l\ PN < daal &l b (sa BSFL sl Jae *
Aol 24 saals 38 e (5 hall s (s Sl yaliall La giiall ol ALK (g 58l Cial) 23l Hoagland Jillaes (Jial
b skl s siall de Jaee s Wadey (Ladadll Jas €) ol 6 5245 (1OPG/MI) S s sl (adla ) culis

sl ) Alial)

Jic 8 A0Sl gl Joha 3 Lla 3 08 o jauall / S0 jualiall o jeaie of e ol ¢ 4313 Jpanll (WS
A5 ¢ Lsina e adlie Ll OIS Cus (P) siadll il oliialy ¢ LRI 00 %1 (5 siae e 5 (5 sina S (il
50.77 (Cl L35S £linly) W puadl S Eim ¢ o3le ) O llnall 8 Taae W SS) me (el 35 8 53al) J) skl J) 350 o ale
Gowall [ Sl aliall a0 (0 6.5 Jsdal) (e 2o J8 idS ) Alabeally calias SV A o) e an 0.8
) (Zn) €l Ga siiall J sl Aliaiall

o siiall Jslaally Aliaiall 5 13s (17.33) sdall dae (A 4y sia 304 o ot 3 s sl) Alalaadly e 400 A0
W50 e Sbad (P) siudl) oliuly ) sdall Alldaiul (3 (pme 550 L) pualiall e o) (I @l 5 Laa ¢ (B) sl
A il Las g0 oSy Las ¢ gl e sdall e sae il et WSS Il (Zn 5 B A <lallyg) ¢ il sk &
el e e ¢ JAA oXidase ail ddled sl JAA Galas @llia 8 53OS e ¢ JAA 0SS oY) (s sina 33l ) /
Ol Jie b el dlaciad AV (ZN0) €l 5 (B) 095 Ol s Lagin Jaliall Jadl) 4l

/ S yealiall da giiall g ALISH 3IS 58 Jillaey 5 el Gilall Jie b pdadl) ddsiad ) (3) Jsandl
¢ dlic / i (7.33) sl dlxall ds:d\us.uSc_u;d.\mSuw\ Si oSl peainy i sadl 5 ol @ e 5 jrall
Jstae cilisSa b (el jualiall Ga) O sSlall e aladl o LS T3a (15.75) C.H.S b Alabaall Jial) S Loy
(15.25) Lisine A02S5al) ) gdall 22e (A i ol 23S 58

oo S Si gsSalull dilal 5 5 pall /g Sl pualiall (e (5Y dia sfie dillaay Jaall yueasi 8 AT ula a5 10

4 siaall 334 3l L odle | daadisal) Jiladl) paead 285S5) ) gdall dae (0,05 G siue o) Lisine s ol Lia U
4l dlie / i (18.08) LAY Jslaall CadS dua S L 4313 Bl (A (i saall 5 (MN) Dpiiell G ssiall Jslaall
12.75 510.25 59.75 ) Dsiall ase (alias) M 2LaYL (C.H.S) oo %14.79 L5 53k sl (C.H.S) skl
Sl e (Ca s K ¢ N) abiall a siiall ddlaall (e IS (8 %(19.1 535 538.1) 5 sbes aléds) iy

- Aeladl Ly ¢ o 0.85 s Sl e JAN elally Aldbeall Jiadl & (S8 Alic /) gaall Jsha Jare AV W
Jama (IS 388 AN Qs ey, gl e AW W) e 9%65.8 W 330 (sl (an 1.41) Jaxall IS 388 (C.H.S)
SN Jeass (C.H.S) 0= (%41.2) Ay pmisd) S (s 0.83) (Si) 0 sSelal Led padl 3l Jilaall (5 ) 53al) Jsha
JalSiall IS g4 J slaa ):\SUGAJE Si ol oAl 3 by, (QU};\Y\ tm;u_ﬂ:uu LS\) GO LJALAIAM PN &o\;ﬁ.um
Jare OIS Cua ¢ JaaS (i) oSl ea (A (g all / Sl ualiall da siiall Jllaall g ae Jlad) 1385 ¢ LS
Sels (Mn) Saaiell Gasiiall Jlaall (3 5l ase ol we Gl 35 535 (pme 0.67) sl (8 smne 552l Ik
dillaal palic 436 e aals s a¥) OIS Cus (K) poplisall puaind Ga il J slaall ae (el 5 (531 (2 0.97) Lot
JJ';;J\ auu:m\ L R ERENY )‘UAJL (Si) O5S Nga g Jj’hj\ e b ua\ﬁ;.:\ et Joan (Ca; K « N) J@Au}m
g_U)Ja Km\j ujs.\} 3ax%la \J\}J\«ﬂﬁm(sn o) Ll J}A;j\ e oab)u‘eg)ﬂ‘_gn (dAS.ml\ 20IS s d}h.a)
clall e Y Al Ay g el il e Canny Y sed Jil 90 05 o)) 3K dpndall Cagylall st Ll ¢ [14] 2leaY)
Lo laall Claliall ad g (8 Jlad 50 Al @A yuaial) @lld 4l (g 4 guzanl) cliaflially ) U5 Bawtia o ) 50) ()5S [3] e
[14]

ALl (Half strength s sl aai) L3adl (Hoagland) Jdillae dldbaall ilal Jie judai dlaial | (3) Jsos
Leie IS (Si) OsSaladl (Ll Gladll) A gaall 5 31 i) o 5 jrall 5 5 Sl jualiall dua siidll

Treatment for 24 hour in : Mean root Mean root length
No. / cutting cm/cutting
Deionized water 6.54 7.33 0.85
Hoagland sol. Complete 15.75 1.41
Hoagland sol. Minus : (Plus : Si) 15.25 0.83
Hoagland sol. Minus : N (Plus : Si) 9.75 0.95
Hoagland sol. Minus : P (Plus : Si) 14.50 0.93
Hoagland sol. Minus : K (Plus : Si) 10.25 0.97
Hoagland sol. Minus : Ca (Plus : Si) 12.75 0.80
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Hoagland sol. Minus : Mg (Plus : Si) 15.50 0.73
Hoagland sol. Minus : S (Plus : Si) 15.75 0.75
Hoagland sol. Minus : Fe (Plus : Si) 14.25 0.88
Hoagland sol. Minus : Zn (Plus : Si) 14.75 0.68
Hoagland sol. Minus : Cu (Plus : Si) 17.17 0.73
Hoagland sol. Minus : Mn (Plus : Si) 18.08 * 0.67
Hoagland sol. Minus : CI (Plus : Si) 15.17 0.78
Hoagland sol. Minus : B (Plus : Si) 17.42 0.88
Hoagland sol. Minus : Mo (Plus : Si) 15.33 0.75
L.S.Dat:0.05 1.84 0.07
L.S.Dat:0.01 2.47 0.10

Jiall cila se ey oL 3 yiie 3345 (Deionized water) <l s¥) e MAN elall & dpals l 5ol e 33 ke (il Jae *
Cilaall) A gaall 5 2 il e 5 s jiaall 5 (s Sl pualiall da iiall ) ALSH (5 il Cami) 4358l Hoagland Jillse:
(aaill Lo ) ) 6 33als (10pg/ml) 5 sl Gamala ) s 5 Gl 24 saals Lo il (o sSlull (Led)

Bas) sl Alaall 8 L) glal 5 ) gdall dae Jans Cos Laday

Y 31, (Free IAA) Dl oS ¥ 0 (initial amount) &) s siadl of A (4) Jsaadl jada g WS
e Al Y B )Y ssina Gy HY e ‘;A (O 507) OliaW Jallaas Leildlaa Jid g (.Y\ Al e AR Jls Gilad) Jae
Jaall et ol JY}A ‘_AA (0 601) 9 SligW ga ‘;1;5\ slall delie 24 3adl dlalall Lﬁ‘ aosbl Gl il JAA
AV IAA (s sine (e Lo 305 38 3e b 24 52l iV e AT eLall (e Y (o Al i) JalSiall 29S8 Jslaes
okl 02 %11.8 4wty sl ¢ )Y 50 e (0.672) S A5 B,V S

da g Jillae 43 e (Modified Hoagland Solution) sl 3MS 8 Jslae jaead U DA cuila (e 138
MJ&N‘M@}Y‘ d\)}‘ﬂ\‘; 1AA 4 &ﬁuuab&mmabgﬁ@d)@\_gdﬁ\ )..a\.ud\uady
e (Mo 5 B ¢ Cl ¢« Mn) u=ii el5G LS. D aVa Lllaia¥ (e %0.05 s e g 5 5iaa JShag paliall
3L Ay sl ¢ LY 50 e (1,036 50.758 50.745 50.982) ) TAA (s sima 334 3 (3 o 315 (5 el jualinl)
IAA D adll et culS Cua (C.H.S) adiciall 3 sl )i M sill e (%54.1 512.7 5%10.8 5 %46.1) s stus
4l5a (%46.1) Mn Dsinial 3y (%54.1) (M0O) psinl sall paial (o sdiall Jglaally dlabaall Jeadl 3l 40 A
3okl

a.\.u\.u\ )S\_)A \A‘)UA.GLI (4 djh) u.ul.d\ d&ﬂ UJ‘}“ db;‘}!\ g_é ‘)Aj\ IAA u\.ij.\.u.m Aalxidl oJe) th.\.ﬂ\ ;\J‘)IA.A u\
e Jare Yy Lg\ adail) Alail = O bzl 022 ).u\_u Calaiall @lu.\sn N & « Endogenous 1AA Caaladl
dus ¢ _)JJ;J\ e dym‘ﬁﬂ}wﬁj\ sl CJAA&AQJLL.}JL\A O Oped a8 (2 djh) saall d,bdmd‘}!mj\ saall
DY UL 0] (s st e i Gl (S5 (CLH.S) 5kl 43 )lie Lm gitall Jullaal) aas (B 33al) inid
)JJ;J\ JA:AM‘)AALA@_\SSS%SO UAJASLJ \J.mu uls Zn « K u,ndﬁ‘\...ajs.m“ d.dl;.d] ‘)JA;J\ e ‘_gu.auuy‘ u\ -\

(DIH,0) aslall 5 jlasedl 3 sl sie a5 sl 5 (i) 138 () S e Sl ¢ (CLH.S) &bl Jie o
B_).L:\.wj\ e 9%10.03 aJLiJ w,(17 33) _)AJ;.\]\ el % LIJJM J\J Lsﬂ‘ J.\;Jl\ BY) UJJJ—‘M (B) Al Ul o)~

ABTN (15.75) 44 (C.H.S)
& AA G 5ine 48 xe (2 Js2n) Zn ¢ K s sl o3ke ) (1) Aladl 8 ) g3a) sac 488yl 33 AV Caa g o3le ) 5ildaill ()
Ososd) Glay Hsdall aae 3305 b Al cails ey (4 ) sl e (0.640 50.565) ilall Jaad 4 5Y1 315 5Y)
Y 5a e (0.758) ¥ B A TAA G sine g8 ) e (el 3 38 (2 J53n) (B)

ol 5 Sl jualiall dia gisall s ALSH (Half strength o sill caal) L3xall Hoagland Jise L3l . (4) Jsoa
il Jaad primary leaves 4 sY1 31 sY1 8 (10°X LY 5« Lally) Free auxin sadl ousSsY) s sisa (e 21l e

Treatment After 24 hr. After 72 hr.
Deionized water 0.601 0.571
Hoagland sol. Complete 0.672 0.655
Hoagland sol. (Minus N) 0.593 0.575
Hoagland sol. (Minus P) 0.582 0.586
Hoagland sol. (Minus K) 0.565 0.564
Hoagland sol. (Minus Ca) 0.603 0.624 *
Hoagland sol. (Minus Mg) 0.578 0.564
Hoagland sol. (Minus S) 0.549 0.767
Hoagland sol. (Minus Fe) 0.559 0.497
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Hoagland sol. (Minus Zn) 0.640 0.590
Hoagland sol. (Minus Cu) 0.586 0.582 *
Hoagland sol. (Minus Mn) 0.982 0.901
Hoagland sol. (Minus CI) 0.745 0.979
Hoagland sol. (Minus B) 0.758 1.016
Hoagland sol. (Minus Mo) 1.036 0.755
L.S.Dat:0.05 0.018

Zero time = 0.507 ;
cale ge 5 2Ll 3 e 324l(Deionized water)<li sV (e Al clall 8 dadli(seedlings) ! ab (e 83 sale (il Jic *
(Aele 24¢72)53d (s yaaall 5 (5 Sl pualiall La siiall ) ALalSI((s i) Ciaiyidaall Hoagland Jallaes Jial

Ja¥l 2y Ay Tryptophan Gadss (B o5 s jlemdl M (8 Zn &lijll e Tus Cag yeall s el e
et <8 Al gaill il yhge A8 e 1Kah 70 A Gl [AA A8 o5 [15] TAA A s saall 34035l 8 Precursor
Jaall 8 daa pall sdall (oS3 8 ol Agll s IAA A Cagmall sall AV Laal Js da Lgia 3aa) 5 Cad dail
[16]

activator budieS Jdexy s¢d ¢ 5,08 LSy GUL Lealiad Al daa gall GU ) ol (e 43l K o sausl sall 2l L
(Laall) ol a5 S0 iy ) 5 Lal LS [3] sl 5 5 sl oLl Dl 8 Jay Lgadina Cilay 3V (e S 20a]
(s yra e i) Adlad) A all il 45S) L 128 5 K ey iy GlIAS ¢y g 5l

2 ) Free cytoKinin e sise (e 3 4l Y1 (4 Js2a) Free 1AA U=l 4 cuid K pali o oo Db
OS5 Ladie ) dall CalSS aia et Al 5 (Tissue culture technique) ) 4w ae (55 x50l oda Jasg Las (a5 j2a
Adle G Y1 A Cytokinin A1 A

Aty il doladin) (dd A Cnd oY) UL S jeaall ddlaall 3 K gt o I [17] L) 288 o Le e 5 0le
Ol Jiad) head ae Lilue G oMol @l of WS ¢ quall Jie & (Las@ odle) il i a) %42
Ledaa M A";“d\} oY) ctilall Zn ) clalasial o Sicad ¢ uinll BRLENE R EC MNP é_'\..a.d\ (Tryptophan)
J15] Je=ll (Mariana —iw) Plum gala¥) il i< J3A e Ly 8) i gin A

Jaall ) delu 72 2 (Free IAA) 1) GaS oY) e B1)sY) Gsine O (4) Joaall G 288 AN Giils (e s 1
Craaly A asa Lo oew o=l 1385 ¢ 5Y se e (0.571) ) Lisine (i) 08 i V) e JA el (3_enal)
ealiall da ginall Jllaall maen A Lsine (mish ol Loy BaY Lgidilie s Gl 5 ppeadl) 3 alay laii il 3 3 0
@) ¢ Akl Jaall 45 5ie 5 e (e (0.767) sinall OIS Cua ¢ Jaid § iy Sl (i ga Ay gimall 3200 eliinly 5 S
8L 0 ) ALY L (%39.7) (ssbaad 33l dasin g1 Y 50 e (0.549) S U G stiall Jslaally deli 24 3l Alalaal
(Ca) p oI L siiall J slaally Alalaall Jinll 8 (%3.4) Adlall

Ve Sl (0.767) S A L siiall Jslaally Alalaal) 3 jenal) Jinll 20391 Gl sY1 3 JAA G sine 8 5351 s o
= (0.329) S Al [ stiall J glaall pudiy Alalaall Janl) (uds U35 68 sua (Hypocotyl) 2 TAA & sisa 8 (=il Ll
+0.511) Akl diall J5sS s + A0V 3OV (8 JAA aS pea diala () Cua (Ragome e @) Y s
1835 (& DAY o) S Laa (1,096 = 0.767 + 0.329) _sanall Janl) b Gaall) i L i (5 5k (1.060 = 0.549
Les sdall ¢ s dilaia g1 U5 o sl ) (315 5Y) (e TAA JUEm) A5 (e 20U 5a 5 jeaall Jaall 20531 31,590 8 JAA
Ao Al siliall 3o / sl ge 85 JAA I JEEY) A o) (2 i) odled) Allaall b 5 sdall sae 3B a3
oweail) 3 jala J3A [18] Callose I cp <l

3Ll oLl (g _pall ualiall da siiall Jllaall maen b Ligine IAA ) (5 5ina (mliadl L (4) s o LS
3305 Ay (51 ¥ 50 Le(1.016 5 0.979)Aelis 72 2m (s sinall OIS Cum (B) 5 (Cl) Jie A iiall jualiall 4y sindll
Nl sl e 5Y 50 1e(0.758 50.745)Aels 24 sadd Ay pkall Jaally 45 jlae il e (%45.2 5 %31.4) ¢ s
Lisina CU 5 N g mainl (o siiall Jgladll 3 JAA G sine il aae e Slad

Jiadl 45 )i )Y 5a e (0.571) SlisV) e (Jadl clall b Aol 72 3aal 5 janall Jaall & [AA G sine paliss) ()
g5 ) sliacl€y danilS e il MR e 3 janall Alal) Tniil) (8 ) ¢ JY 50 Lo (0.601) delu 24 324l 4, k)
207 e JS Wi SI (Al 5 [19] (s s¥) (5 simall alias) dpun j8 ae (38 Cam ¢ S 3e g 4nle (Bila Y 4l

Jsan axe 5 S 58 Jolaa 35 penall Jind) 3550 3 Acla 72 22 Lsina JAA (aliddl aae (b AN ila (s
[22 ¢« 21] o3I Lo e (3 138 5 ¢ Aiamal) Aalill (g 45 )) gie Ay Jiay 0958 Jolae 0 sK1 Gl g 2012l ANal) 8 Sac
ol (Zn) U G siid) Jslaall ae (4 Js3n) TAA G sise 021033 o _SH sia saley | il 5850 sl i Jie Jsa
(Zn) A Gasiiall Jslaall (udiy Jiall dlalas 2ic (957.8) 252 pdadll il (alidd) e (el 35 dua ¢ 4l je 4
(2 ds»)

(4 ds22) Mo 5 Cl s Mn -l dua sl Jdlaally dlalaall Jaadl & sl JAA (5 st 32L ) hill Caila g (iasa salag
¢ 12.42) Jsdall aae Jare S Gun (2 Jan) Lpdail) lainl Aalatiall alodll Qiladl (8 (5 sine alidil ae Cuiel 35 8
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Ly Mn o Cus L Gaglle ¥ (Gussidl) Mn 3 Gl TAA G e 3305 b Wle ) e (10.25 512.0
A Gl o) siee 408 5 anihant ) (525 Lae (SUbsTate) Jel 3l JAA e Jers 3 ¢« [23] IAA oxidase a3
(4 Jsaall & deas Lo 138 5) TAA 5ol of (eSall Ghany o) s Min e Als 3 (K15 [24] Lsdal) s
C\JﬁLSc b%\u&.\nﬁhﬂj;&\:ﬂ&&\ u&ﬂ\dmhdg&a;ﬁé\&Js‘)jb;ﬂ JJ&:EJQJGJS:L)»S:J:\Q\ u'AJJéAX\j
A bl Ay 5 AV ) sa¥) (8 Daadl GBI ¢ A ) saall (oS5 8 Laaaal ¢ s AN Hlsal 5l Ha Al Min o) s
A W IAA 334 b Siaia 1553 Cl 5 MO swaind o) sy, Faa jall g3all 00585 o aila il Sty 8 Min
(2 ) Wild oy Hsaadl aae 30l e (uSay

A a sl Jlladll 8 (Rela 72 am) 3 jendll 5 (Relu 24 aa3) 4y yhall Jial) & JAA (s st 3305 OB AT Qils (e
b A pall H5dall 65 3 Ay 5 e 4l Aalalls B )50 o) Gam ualiall o3 ile N ma ¥ e 252 Cl < B
(phenolic compounds) 4 sidll LS yall e complexes iz (55 (A s prall o505 (AL Galall Jie ) Jind)
o-diphenols 3 La sead s LS jall o3 o Cua | [25] Jaadl sgd (e A 5¥) dele 24 IO %45 Ay aenii Al
) Aol 5 e ¥V alaail) e JAA A an L) 5 A1 55l T (AuXIN — protectors) cpeSSU sl Jeas
< yig deldill dalu (e Lo s 43 5l LS jall 038 ae Ciltine S35 e Jary 7 A} (e B 4Ll o)) 5 IAA-OXidase
&b A skl (of (il y gaill) GadUl skl Lidle ()5S 5 ol siase ity S JAA-OXidase w3 sl s i JAA
Jiall et (b Slaglaall oda I ol 5 | & pe Jsda I A dal) cllialll CadSs ga g Jiall (& dpm jall sl o oSS
iy (Y1 Aelu 24 DA (4) dsia g gals ALS TAA gead I g sl B U dagiiall Jalladlly
Ay GY e Hda A el Clalll el gai ol ae Linlud (gl 35 (53 5 8 pamall Jiall (8 Aol 72 4la) 4aens
152 s CIA ) sale e s [26] Asaall s3al (5SS skl b Ulle JAA G s Jaia Als & Jeas,
A Silaa

(0.334) ) Free TAA dad (e bisine (it 8 JalSiall 50IS 58 il sa 8 Si eaie alad) o I (5) saall ey
A i)y A i) Qo maen o condl (aleaW) 138 s Y 5e e (0.672) (C.H.S) = lie ¥ 5 e
50.707) e mlll il Eua (Si) = laial Jllg Mo 5 Zn U da g@iall Jillaall 8 4 simall 32050 o LiELL (Si)
a8l ) OIS 58 Jslaa (A TAA ) G sioas )l il e (%161.6 5 %111.6) 3345 dains )Y 50 e (0.874
5 Zn ol (%5.2) 33030 s Y sa e (0.672) C.H.S 8kl Lt Jlia vie 5 | ¥ e o (0.334) (Si) I 48
Sl (Si) = Legllagind 323 Mo =il (%30.0)

35 e s yrall g 5 Sl jualiall da il 5 4LS) (Half strength s sl caai) 4324 Hoagland Jdlse Ll | (5) Jsoa
ikl =1 primary leaves 48 ¥ Gl sY) 8 10°X Y 5« Ll Free auxin sl omsS ¥ G sine (e 0 sSaladly da szl 5

Treatment After 24 hr. After 72 hr.
Deionized water 0.601 0.571
Hoagland sol. Complete 0.672 0.655
Hoagland sol. (Complete plus Si) 0.334 0.492
Hoagland sol. (Minus N plus Si) 0.455 0.582
Hoagland sol. (Minus P plus Si) 0.458 0.546
Hoagland sol. (Minus K plus Si) 0.356 0.450
Hoagland sol. (Minus Ca plus Si) 0.545 0.439
Hoagland sol. (Minus Mg plus Si) 0.348 0.545
Hoagland sol. (Minus S plus Si) 0.521 0.635
Hoagland sol. (Minus Fe plus Si) 0.560 0.549
Hoagland sol. (Minus Zn plus Si) 0.707 0.503
Hoagland sol. (Minus Cu plus Si) 0.440 0.610
Hoagland sol. (Minus Mn plus Si) 0.473 0.537
Hoagland sol. (Minus CI plus Si) 0.471 1.762
Hoagland sol. (Minus B plus Si) 1.383 0.482
Hoagland sol. (Minus Mo plus Si) 0.874 0.473

L.S.Dat:0.05 0.070

Zero time = 0.507 *

all 5 8e s34l (Deionized water) <bs¥) e JAN oWl 8 4l (seedlings) <l oo 33sale (i) Jie ¥

A gl 5 g puall s SN ualiall dua gaiall 5l ALK (g5dl) Caal) A3l Hoagland dilaey Jiall cilage
(3eLa 72 « 24) 535 (Si) 0 sSibull
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AESAl Hshall aae Ay pdaill Al ae 438 gie (S5 6l (5 Jsan) oSl ) ddlaall i jall JAA G sise 833050 )
Zn ke die sl J)shl [alids) e dadie odle | il Gudi el 4313 Bl 8 (S (3 Jsan) dllaal) s Jie 8
(2~ 0.75) MO 5 (= 0.68)

JR it et 305 e i 38 (Si) = Jaid (g3 s M U G sl Jlaalli ¢ odle) <3 Ll sSae JU3S
5350 oda o) Lo (3 Jsan) LAY O lalaall maeny 43 5l8e H3a (18.08) AV wldall b s gl) 53l 5o 5 (5 5ina
=Rl Aty g (5 dsa) J¥ e e (0.473) G o=t i TAA (st (B 8L A i (S5 ol aludll (ilall 8
Y50 1e (0.672) s S5 (C.H.S) 3okl e (%29.7)

O 3OS 9 Jslae (A MN e diadl JiaS s MIn ) dae dag o 484l (Si) A O ) 7m0l oBle) il ()
IAA O Eua ¢ Lalai o sSaa i galld JAA (5 sie AV Ll Jaal) 8 daia jall ) all 0 oS3 AV 5 dpaluadll Zualil)
A (Si) O ) il 3a i Lea ¢ Jiall B el Cliaiu) (8 4l s¥) L) il oY) ol Lle 94297 dawiy (aidsl
sa) Aladl Uaia (Si) ) 058 8 £ 58lS s L jal) 50ad) 0365 8 sl oaladl) 050 e Slmd g0 (e S
[5] oSl 5 sailly A yall sl el A s ey 285 JAA ) G Sl (pan iy 3V

3 S) Al da saiall Jllaall & cuilS (Aol 72) 3aal 3 jemall Jaall & adl JAA ) (e padl) el ld JA) Qils (g
GRS Y adll o3y I e Y e e (1762 5 0.610 5 0.635) : all) ilS Cua (Si) b a5 (CI 5 Cu
OY 1538 (Si) 08 ) sds e 5 50 e (0.655) (C.H.S) (2 _enall Jaall 4 Y1 31,5090 8 JAA I e Lisine
Leies [27] Sea¥) g bk i 55 dany (Si) 058 S5 135 il jead AV dle) SOBN jualiall doad) 50 Gy
[29] Asenll e s A sanll lalea¥) Gawad A (Si) 5o Jsm 5 e Ao} elllia 5 [28] L sl sansd Tolga) W jliiely yendil)
A 48 Loy Aamal 5 e ol CULSlSie o VI [4]

35 8 (3 penall Jiall 8) dele 72 any ol JAA G oY) G sY) (s sine ) (5) Jsaad) Gm 288 208 e e 350
Ly (Si) OsSladl juaing lgie puaic IS Jlasin) &5 Gl gomall / S pualiall da giid) Jllad) alies 8
(0.473 50.503 50.439) L IAA G siae S Cua MO 5 Zn 5 Ca Ul da siiall Jallaally dlabaal) Jéall & aualéss)
2 e S al (Si) b aaadl Fe Jlagiul o)) e Sbad (el 24 5aa) dlebaall 3 k) Jiadl) 3 jlaglly 45 jlae sl e
S 58 Jslae A vaall Fe Al xals oS (Si) aladdiud Sl (1 jady Lee Ay plally 45 5l80 3 janall Jind) 3 JAA (6 sisse
slally Janl) dlalaa b ol sinn 2 Y 50 e (0.549) Lisine il o dlalaall 038 & JAA (s sia o) Lale ¢ ypanill DYy
Y e ‘QA (0. 57]) Gl g (e ‘;BJ\

Ca -l da siie Jallaall 85 panall Jinll 8 JAA G sisse (alidd) o)) 5V 3 0 sa lis 36 I s odle ) il ()
oaaadll st padd (M ga Sl peatl) Glilee (3 5 Y (Si) O G el (Si) AL Ldlaiud &3 Sl g Mo 5 Zn ¢
J19] 0S¥ (5 sine paladi) oo llaall 038 g2al Lle ¢ o)\.c\ O pualiall yali die (il Jie 8

L;):uﬁ(Si)Jh:dM\jd‘);Y\ Jmhd\e@mjmtﬁh.n@ 3 yezall dsﬂ\‘_g TAA (s st 330 ) o) ¢ Anll)
LA\ AA\A.\ A.\SL\SL} B Lg.ﬂ\} dd\_\.mj\ d:ASL} (s L (pa (S|) A & (MO 3 Zn 3 Ca) oole ) ELDIE )Al_ul\ Qg ‘;\
MLSMAM\‘)J

(C.H.S) & (Aol 72 3n3) s yandl) Jinl (3 JAA (5 siose (BRI pe ) (5 AT 2 50 s AL (5) o) (e LS
K513 O ¥ s e (0.672) o5 (Rl 24 axy) Lkall Jaalls e )Y 50 L (0.655) (o 431 sie Ay o ey
el 40080 DA 3 Jae dgas adad @iy [22 521] U8 00 Winaa (e S &5 5 401300 Allal) dn b Allad
A ) sie Ay any JalSall 23IS g8 Jslas Hliely

: e Adlife Cilpia jiy O pud peatl) 5 jalls A 5 AT Gililee J s A5 Y 138 o) Y)
¢ [21] 3l Al jac ¢ [30] desladl il jlaal ¢ [29] cadall de o) dawl « [19] TAA SmS 5Y) (5 sinall (alissl
3L « [18] Callose s\l salay d3laial) milaall 3le ¢« [31] Rooting co-factor _sdaill 4al yall Jal sall 418 ¢ [22]
¢ [35] 32uSY) dpia 85 [34] ABA (et (5 5ima 33 ) ¢ [33] Al suall il yall 418 ¢ [32] IAA oxidase s 4dlad
Rl oyl AUl s Aading /s ol Jaad O Sy Slaleal) 524 o) Cua 4cadd e Y JAA 3L ) sl e
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