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Abstract

A field experiment was carried out during the winter season 2021-2022 in Anbar
Governorate in the Al-Saglawiya region located on the banks of the Euphrates River
to study the effect of cytokinins and licorice extract on some active compounds of
fenugreek seeds. The experiment included the use of four concentrations of cytokinins
(225, 150, 75, 0). L™t mg, which was in the main plots, and four concentrations of
licorice extract (30, 20, 10, 0) g L were used, which occupied the sub-plot panels of
the experiment. The results showed that the concentration of 225 mg L was
significantly higher than cytokinin in traits. Quality (protein percentage and
carbohydrate percentage in seeds). While the concentration exceeds 30 gm. L™ was
significantly increased from licorice extract in qualitative traits, so the percentage of
protein was 27.48 and the percentage of carbohydrates in seeds 10.31. Licorice root
has the highest rates in the qualitative traits, and the results also showed an increase in
the percentage of active compounds diagnosed by the HPLC technology, where the
concentration of 225 mg L of cytokinin gave the highest rate of scopolinin 54.96 mg
L%, choline 88.9 mg Lt and yamogenin 94.4 mg L and diosgenin 266.0 mg L except
for trigonelline.

Keywords: Cytokinins, Fenugreek, Active compounds, Licorice extract.

dasial)

le3s) paall die Lphall o) @S 3 mpall 2o b Akl lblall alasiad ) oiald) ass)

LsaV) dpal (g atsl) ey celially calall 3 allall Joo e Lgade aainy Al dagall laaasY) (e 23
4D Bpaall Gl e HES G LDy cdaulal) (abeV) o LA Ll () ) A8l ciladlally
Aily Aladl) GlSiall o wal) o Wlginly lgisea sV Y dudal) llall alaa¥ly el oals
Ald) Jgo el 3 lgalasiad syl G clgalatind Asgus Lydsily Wjlewd (aliadly Llall bfyeal
«bilall (10 Fabaceae 45l Alilall 2525 3l Trigonella Foenum — graecum L Zall <l (13)
b i) Anbll Lgied) Cueng (A3l daudall Lalil (e el @ialy)) Al Gl dudal) ddsal)
b)) Claliidly saill cilabiie alain) ) Ogiald) asl d ¢(7) daapall VW e el dallas

1515


mailto:usamahm79@yahoo.com
https://orcid.org/0000-0002-1667-489X

ISSN: 1992-7479 E-I1SSN: 2617-6211 2024 2 sl 22 saa L) aghell LY Alae

5 OlSeuladl ey Adall Jyane Lalil ad)s igaadly apalidll Glleall aalats (8 S )0 el A
bl gai Baliyy lall Jals asaludll clleall adan & jalie il 4l (63 Aol saill cileliie o]

) salyy (Jalby anadll Babedl Jidg daslad) achd) sa Jasdsg WAY sl 5ol o damy Cas
asil as (125 11) @heY) dasias aliy )l deals (e Lee LplSall aelll 52L3s daslad)
W A8l slsall alasnul (e Jallly cdalall il gais Bl jhain dpas bl g lal () Ggiald)
BaL3l ol e Ly Al colaliioall aladin) culla) oda Geg cdially ol e spcan ) 5
G s aliiee  claliied) s gaaly (65 4) Lol paliall (e @l salil
Ol a5l e (Allg L33 jualiall e aaall e (g5 (53 Glycyrrhiza glabra Ll
Y e Balsyy bl Jals gl eliy Jaee 83L) o Jand ) saill Cilalaie Jand Jilaa il 4l (53
haslSl e gl gpndlly all sall s DEb Al Gusedl Bie paliiue o) WS ¢ ail
Ge paliiuey Gl (o JSI 5815 Juadl ddjee ) Aahall sda aghy ¢ 3) clisaliadlly Galaall

LAl Mgal) e il (ginag e gill cleall o Loty sy Lagia Jalailly uged)
Jaad) @ik Jlgal

& Aasldl) cliadl Aalill udlieal) dali (8 Gueiall sl Jois b Llks Lijad i 1datll alge
0) oSauladl (e 3805 ansy) iy L8l Auhal 2022 — 2021 i) ausall PlA LY dlailas
Llall @ls e (17l a2 30520 <10 <0) Gusedd) Gye 0o 3815 dayls (17l azle 2255150 <75
Laysdy 8 Aladl) Ssall 3815 8ab3s

Randomized sliaal) 4LlSN cileUadl) avaai (385 (Split plots) dadaall g0 alasy 43jaill il
Lot il =051 cilSauladl 3805 cabial (il )Sa &My (RCBD) Complete Block Design
dayad 8ang 48 dual) 8 Lupall cilan gl dae iy gl £ 1N Gasedl e paliies €15 Cabial
bl e G Gl ce anal

sl 2 3% 2 laalad) Luwad Clasg ) Crend o dagudiy aanily Dla (e dpaill ) dael &
ba o aw 50 d8leas o 3 Joka asha das)) o danpanl) sassll cagind L2 o 6 danyaall sasgl) daliw
o 25 (9Als Bron G ddluall Laghadll Jaly jea I Ao 2021/11/3 Al ddal) joh caeyy ¢ JAls
4)9 4-3 bl Joeag vie aaly @l @bl 5 s 43 e e 9% 573 sy IS J gy
sl xie MM Jl) are Glacal 2 2 jals 5 Se (s a1 ddlise lguans oo dunadl) Glasgl) Jie
psgall b lpe DB Cudatll dilee Cuya) Dol Aishyg L Aals Gaes el (5 3 L Gl Addens
el b Aaelil) JesY) (e paliall

1516



ISSN: 1992-7479 E-I1SSN: 2617-6211 2024 2 sl 22 saa L) aghell LY Alae

July DAPON| BTSSR

b e 3€5 IS AN ge (17l ik 2255 150 75) olSailall 3805 Copan :cpilSailad)
el Lab 17 10300 0,15 355 5,30 50l (alll) cadanll Jolae antiady i) el e il 8
g all g g (el dsye (A) deh e an 65 2 Gl ddlee cass (dalih elalls cad) 288 43,ladl)
10) dugtlad) SN jaaail Gugedl B 93 (e (oSl Bomanall 3] 5t pusndl Gpe aliiions
Olecal Aol 24 5aal el elal) (e i1 6 san o DS duglladl) £aal) (s (7 a2 305 20
& Alei Sala (el Al (L dadads aldied) s 5 slal) (& onesal) (e 2aS ST s
Ofimdy blall Ao 585 JS G5y i kel elall ledy o Al Al dlelee ) diLYL ()0
sl Bl 8 Alilly Sl ALl (e Gass e (AoY) (Cnfimdal AaaSl) psnik)

IO [RERFIA

damiall Adphall (4 S5 Lo e ol (B g yull Dot a8 5 2 sl B Gig sl Aagiall sl
@ Ofig ) s Gls 3 dlld aay &5 Micro kjeldhal Slea aladiuls (1) Gasbesl) cullaal)l Ji (1
:QQYEiiulﬂ
6.25 X (%) Crano i) A =(yiig pall A

Herbert &k cas dulall 5 & cilan s S das a0 251 ysl) 5l )l & gial) 2ol
T Lginas g Ailall okl (ga pile 200 32 Cun iy S imalag Joiadll Ay slacsdl) (8) 055305
ey Sl I Sl Aands Tl Jomd o5 Ll uilad cpualy (B33 Gsn 3l laiall oLl o
Fom 15 dilial 2 ate Llal) dadall cilie Juadl) dilee JLaS) 2asg 3283 15 3aaly 4283 & 3y50 1500
%5 S5 Joudll CaslSl e do 1 4 Ailal wig mabll e do 1 380 canall JLSY kel slall
=25 Bla dap o Sl pleal) (B ey Tus Jaldl) e sy SOl i) Gaala e do 5 pa
Cilihaall len sy Ol 808 (el s slSI) ol 5 Gl asg 3383 20 Ly e 52als %0 30
- uagili 488 asall Jshll e Spectrophotometer sl

S 3613 il Oy JsSels

el gl dgalall aaall = 1= 2
ST Jalae (7 & i)

Gkl Clilee e Caals At sang IS (e gk o 100 351 5 £ (aDlAnSl Clisel) Hgs
oY) Sl ehal s s Lt osaal A 3xs 53l Ll (e phe 80 331 5 . Jaill

A glal) Glaus SOl i glall LS yall

1517



ISSN: 1992-7479 E-I1SSN: 2617-6211 2024 2 sl 22 saa L) aghell LY Alae

Lyl ns Al il S yall G ddee slyal 23 tddal) Alledll LS pall sy adain)
EDalaal) aeady LSl (e de gana JSI Jiinn (<0
360 Jlexialig 3als 5 aan 500 Gs sl Calsull Slens isaladll j5adl e ysaall i
Bgabaall ) Wy S5 Jendll Gilee el 2u5 ¢(16) Aol 48 520 Pla il N1 e il
b A5 il ol e e Gglatio (e 330 5 Gl ey Aol 24 saalg Al Bl dag b Casdl
Lol e Classlill (odlsial & Lo Jo¥) gl Cam oz 40 lgke ga JS (39 Cum Al Bl dap
tolia) (8 mange LSy diliidiag (pimaguall (adlaial &5 (SEI gl

(15) Ozer s Tugrul (e JS 4 ela e s Slaglall adlani) dolee ud rlaglal) adlasa)
o el o) 53 Wiy %96 U Il e ille 120 3 5l Y e ol 40 J) e 5 s
Al Lgaadlaiad bl CLSsal) e (ggimall SN (e 5 Gy aasg AV el (o adaitiall
Aila) g cayghg sl Balag %5 385 HOI el jol<g gl (maals ddlal pa jilile 250 A Jod pad
gsimal) AL malall dls Jeadt Glld dasg (535805 Syl gl (mala) 53la US (e e 50
O S sl sl Sl 3 A (malall ging o5 b g s o Al e gl Slpe e
Activated Ladidl Jlgall asdll (e 20 Galdicad) ) Caliay . 3alall Oslll ) Galiiead) (sf Joaty
lisa il anddall eliay 8ials Gliall o<l dnaailly o5lll Alls 851ldl) Sllee ¢ljal S5 charcoal
~Aaaslal) LSl

W els A daylall (385 ailiidiag Cpincgall (AR dilee Cua railiidiag Grisaegal) Gl
Bl dapd (B S Al Hedl) Ll (e pe 40 pumg 83 L Adpih Glpsal slal) aa (14) gpals Taylor
Ao 1 @iy &ll Gadls e @le dslae (0 %105 %80 Jelil) (e silile 120 ddlial 2ey 48 21)
geass ¢ 5l Wiy (oo SN ey Galaall Jglal a5 (il g p0 3y (DAY Slea b
25 355 e Al b Jsemnll anlio bia cin3 2745 s dag sl Ll Slen b Jsladl
505 el (s ilile 50 dilial e jibile 250 e 53 Jeaill g b Galiiol) guasy Gl 3y e
Carang il a (itth N Gl (ondiy Bymg 558 dasg Sy 820l )] o silisadl a sl
pan Il il Sles daalyy L Galiidl S5 5 Gl dug (ald Byg b Jeilisd i
Bals clual) muas %90 JoliYl e D 3K e daald) elal¥) dalae g . ille 250

saddnuwy) dlee Cid Gl am :GGGLLU Cinagall) dong i) Gliglally Gluglal)l Gadids
3 (asliidiag Cpimesgually lasslall) Al Cant Luds Aladll LSl s mpal Siala Ciliall Canraly
High-Performance Il ¢l3¥) (53 Jiludl Lihe silag S Slga Jlaatials 3he silag I 40 Cleatiad
(e Aaphall 03a Chagi 3] cdalall ek o Luds Alledl) dgall el (HPLC) Liquid Chromatography

0o Lt el Lll) LSl e iy BaeS i 3 Belislly Allal) Bl S ) ) 3L

1518



ISSN: 1992-7479 E-I1SSN: 2617-6211 2024 2 sl 22 saa L) aghell LY Alae

Jesdy Gty i 3 (HPLC) i alaaial o) (17) o 385 -olSal s 3815 a3 Pla
(Koyota) g4 HPLC Jlexiul o3 . (6 AY) @yhall Jleatials &)l 28 <) il dnkall 2l LSl
g5 (Uv-Vis detector) agall —dauidl 358 42 eaas Lasyally (Shimad Zul C-6A)
haiall pohall ads e )08 diias e (93] elial) 82e (e O<u il WS (Shimadzu SPD.6AV)
) Loyl (e gaian Jeab 9ac g dids [de 10-0.1 o ol culh Glys Jarar Jeadl) 3900 PDla
Cnl 3 Sleal) g Bally pantill Aee b 2eld 1 GAY) Slead) el ) S faall Jia
O Agaaiall dong i) Gligbally laglall e JSI T Jgaall 8 Al Cagylall Cres Jeadll didae

cDlaleal) puanly Zulall s

Sl yally Aty i) lbigsbally laglal) (e daldl) g dladll Gadds dales gl i1 Jgaa
Adal) ek (e A gaaial)

il silall iy oY) FON
(50% 4.6 MMID) s sSaall yshall 3gee (50 4.6 MMID) o sSaall shall 3 gac 2 ganl)
PH 8.2 (V/V 92:8) Jijiisimsl abaia Jslaa PH (V/V 60:40) Jaii s alaie Jslaa ¢ adall ) ghal)
8.2
1.2 ml.min 0.9 ml.min 2kl Qb de
Sl S 8 Al S8 4 ghaal) digl) aaa
203 250 sk e (UV) il 35 2] s s i (UV) il 6 202V S g 5
i gils i sl 220
388 fom 388y fau 2 Joaeil) Ae o

Table 1: diagnosis of standard sample conditions for the steroidal alkaloids and saponins and compounds
isolated from fenugreek seeds.
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Table 2: Retention time for standard forms of alkaloids and saponins identified using the
chromatographic separation (HPLC) method.
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Table 3: Effect of cytokinin and licorice extract and their interaction on the percentage of protein in
seeds (%). The results indicated a significant effect of the study factors and their interaction. a significant
increase in the percentage of protein in seeds by adding cytokinin. Plants sprayed with a concentration
of 225 mg L™ of cytokinin achieved the highest percentage of protein in seeds, amounting to 26.54%
and differed significantly from the other concentrations. The comparison plants have the lowest average
for the trait, amounting to 19.17%. Plants sprayed with a high concentration of it (30 gm L) gave the
highest percentage of protein in the seeds, amounting to 27.48%, compared to other concentrations. the
comparison treatment recorded the lowest percentage, amounting to 17.37%. It is clear from the
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significant interaction that the plants sprayed with the concentration (225 mg L) of cytokinin and the
concentration (30 g L) of licorice extract gave the highest rate of protein content in the seeds, amounting
to 34.36%, compared to the other interaction treatments. The comparative treatment (Sprayed with water
only) gave the lowest rate was 16.03%.
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Itis clear from (Table 4) that the concentrations of cytokinin and licorice extract had a significant effect
on seed carbohydrates percentage, while the interaction between them did not have a significant effect.
The concentration (225 mg L) of cytokinin exceeded the highest rate of carbohydrate percentage in the
seeds, reaching 11.32% which significantly differed from the other concentrations and increased by a
rate of 28.98 compared to the comparison plants (sprayed with water only), which gave the lowest rate
for this trait, amounting to 8.77%. The carbohydrate percentage in fenugreek seeds increased with
increasing concentrations of licorice extract. Plants sprayed with a high concentration of licorice extract
(30 gm 1Y) outperformed significantly, with the highest rate reaching 10.31%, compared to the other
concentrations. The Comparison treatment gave the lowest rate of the trait reaching 9.16%.
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cis 3 cpul€ailall Gl aie ol (e ol (o5ine S5 (A Ligiee B3l 259 5 el B
o Lsine cilidly 17 1 aale 54.96 3l o0l (ggima el 17 11 aile 225 55l dgdiall il
Orialio€n g ol (sgina o (L olalls Aiigidpall) A laall il Lo cilane S (6891 585 bl

07l 20,11 gl
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(A i) it
S gLl 3581 B s o) 3£ 815 S gl 381
PP - il sila
30 20 10 0
20.11 2022 2071 1994 1959 0
37.84 3867 3923 3719  36.25 75
38.76 4103 3801 4081 3519 150
54.96 6036 5232 5370  53.46 225
4007 3757 3791 3612 s 3y T s
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The results presented in Table 5: show that there is a significant effect of cytokinin concentrations on
the scopolinin content of fenugreek seeds. While the concentrations of licorice extract and the interaction
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between the two study factors did not have a significant effect on this trait. The results indicated that the
plants sprayed with the cytokinin concentration of 225 mg L achieved the highest seed content of 54.96
mg L, and differed significantly from the other concentrations as well as the comparison treatment
which recorded the lowest content of scopolinin in the seeds reached 20.11 mg L.

5ine (2 OS] (gyina AD dgag (I bl jadn o(M U aale) CalsSH e sl 5 (ggine
cgsima e Al lele G Jalsly Gusedl (e Galiiadd I OIS Lan culsS) e Bl s
ecblall e b gdyall GuulSguladl 5805 53l ae (oSl dacs A dagine 5315 929 6 Jsaad) (e ualy
" pile 88.9 4l (oSl danstl Jaee el 17l e 225 ate Jladl S5l Adsdipall L) culac) 1)
Jaee JB o lly (b oLl Assdiall) 4)ad) bls e 17l aile 60.9 cily 4sgies 5aljas !
A7l axle 28.0 538 daeall s3g]

(17 ple) sl ope L) gk (Gina (A Guged) B8 Gl CuilSoilad) Ll :6 Jgas

S Sl 3580 5 B e sl 32 5805 S Sl 80 5
- jilae 1- il aila
30 20 10 0
28.0 29.8 28.1 28.1 26.1 0
87.5 92.0 79.0 96.0 83.1 75
48.0 46.1 50.1 49.8 45.9 150
88.9 90.5 85.9 90.6 88.5 225
64.6 60.8 66.1 60.9 Gusaall (3 Jan gl
Salaladf Jadas caged (32 Ol bl 6 sie die | S.D asf
N.S N.S 10.59 % 5 4 gira

The results of Table 6: indicate a significant effect of cytokinin concentrations on the choline content of
fenugreek seeds, while the effect of licorice extract and the interaction between the two study factors
was not significant. It is clear from the data that there is a significant increase in the choline percentage
by increasing concentrations of cytokinin. The plants sprayed with a high concentration of it (225 gm L-
1) gave the highest rate of choline rate of 88.9 mg L1, with a significant increase of 60.9 mg L* compared
with control plants (sprayed with water only), which recorded the lowest rate for this trait of 28.0 mg L-
1
Sl (i) (gyinn il a9 ) bl cplal (17 aale) CpllsigSilis (e Aall 5 (g5ina
5% A Calli s das dha 8 Ligien [l Legin oty Gugad) Gpe paliind @lllia ¢S ol Loty
s ooadl 8l dneatl Jane o) o 8 17l adle 75 35 gy ) cblal) o) Laudad)
oe Lgine cathia) Wmaens 175l axle 2255 150 oSl e Lginae cabian Ay 17l a2le 287.2
Jsaadl 17 il aile 121.6 s dacall 23g) Jane () culael A 17 gl ale 0 5l gyl il
i
(7 Jsaad) 17 5 aale 223.9 iy ol sl dnel Jana o) Jacl 38 4

1523



ISSN: 1992-7479 E-I1SSN: 2617-6211 2024 2 sl 22 saa L) aghell LY Alae
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OIS sigaad) 3 55 Jas s cusedl 35 38 5 OIS sl 380 5
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30 20 10 0
121.6 116.9 123.3 113.2 132.8 0
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257.8 265.0 248.5 267.1 250.5 225
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N.S N.S 43.39 % 5 4 sina

The results in Table 7: showed that there was a significant effect of spraying cytokinin, while there was
no significant effect of licorice extract and the interaction between them on the trigonelline percentage
in fenugreek seeds. The plants that were sprayed with the concentration (75 mg L) recorded the highest
rate of trigonelline in seeds, amounting to 287.2 mg L™, and it did not differ significantly from the other
two concentrations (150 and 225 mg L), which differed significantly from the control plants (sprayed
with water) Which gave the lowest rate for this trait, amounting to 121.6 mg L.
Gy gl 05S5 l lall Jals S A Lganl) cillaall (553l (AN @il e sl e
b dylaal) (malsally aely (s¥) (e AN Lal) Galea¥) Ll G Al dpall) Cilileall
SlssSally sl ISl s Arael] (mleaS dagall Cllasll (o ly s lly G nlally )
Oy ) iy daiag b liSie e Hlae (& LgSH danlay laglall (Y claglal) el Ly ulall
CWSsiladl 38158 80l il slal) £0aS 8015 Gl 13g1 (10) uilaiall ye sl alaill ol 3 o) oS
Baliyg bl Jala dugaal) Slilaal) audaw & OulSaulall Caly (A oall I (ghen culilal) e ddigdi sl
Bl e ) G il adly luglill (u€p 8 Jas A dighaal) jealial) Galoaial alas
cOlelall 4 AU Glayy) dee PO PR AN & 05 Pl (e iy laglall (365 8 Al
ArnaY) Galeal) el daldll gl
S ggina il agag () il camagh (T pale) Gangeldl e Adall e (ggina
stmsaldl o Adall 5k (sgima b Ligina Lagiyy 31y Gaped) i Galiiusal (S oy (oS5l
o Lbsdiall CulSauldl 5805 5ab) ae Oatemgelll dusd (8 dasine 8315 29m9 8 Jsaadl e Cpib
cilae) L 17l aale 9404 4l Jaes ol 17 aale 225 350 Ldsdpall bl cadae) 3 ccball)
sl Gsine o 8 Jsaadl (e Jaadls 17 axle 47.2 s drall Jame BB 17 aale 0 d3)laall il
vie 17 gl aale 7401 s bl e ddigdna) Gesall (e paliis 3805 8aL5 303 Gaimseld) (g
&V deags cqalills 17l ae 205 10 oSl aie 17l aile 74.8 5 75.7 () 22 a8 &3 )laall Alalas
Agieall 3g3n M e ol 33b3l s3a o WV 1Tl a2 30 Sl wie 1T aale 81.0 4l Jaea e
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S siaad) )5 Jaa e Cusedl 38 3815 OIS sl 80 5
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30 20 10 0
47.2 47.4 48.0 44.0 49.0 0
86.5 88.7 85.4 89.4 82.4 75
77.5 76.9 79.0 79.6 74.7 150
94.4 111.0 86.7 89.5 90.5 225
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The results of Table 8: showed that there was a significant effect of cytokinin concentrations, and the
licorice extract and the interaction between them were not significant on the yamogenin content of
fenugreek seeds. It is clear from the table that there is a significant increase in the percentage of
yamogenin with increasing concentrations of cytokinin sprayed on the plants. The plants sprayed with
the concentration (225 mg L) gave the highest rate of 94.4 mg L%, while the control plants (0 mg L)
gave the lowest rate of the trait. 47.2 mg L.
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5aL3s 17 il adle 266.0 il deall odgd Jare o) unl€siladl (e 17 51 aale 225 350 cubils cilae)
Jaall odgl Jane JB cilaes Ally (L olally Asdipall) A3l Slils e %97.62 lgisas citly 4ssine

07 ke 134.6
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The results of Table 9: indicate a significant effect of cytokinin, while licorice extract and the interaction
between them did not affect the diosgenin content of seeds. It is clear from data of the same Table, that
there is a significant increase in the diosgenin content of fenugreek seeds with increasing concentrations
of cytokinin sprayed on the plants. Plants with a concentration of (225 mg L) of cytokinin gave the
highest rate for this trait, amounting to 266.0 mg L, with a significant increase of 97.62%. Compared
to the control plants (sprayed with water only), which recorded the lowest rate for this trait, amounting
to 134.6 mg I,
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