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indices
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Extended abstract

Introduction: This study investigated the effects of storage temperature, humidity, and storage duration
on the germination indices of German chamomile seeds. Given the significant impact of storage conditions
on seed quality, the primary objective was to standardize optimal storage methods for this medicinal plant.
The research aimed to evaluate the influence of seed moisture content, storage temperature, and storage
periods on the germination performance of German chamomile seeds.

Materials and Methods: The experiment was conducted in 2019 at the Faculty of Agriculture, Yasouj
University. It was designed as a split-split plot arrangement within a completely randomized design, with
four storage temperature levels (15, 25, 35, and 45°C), three seed moisture content levels (8, 12, and 16%),
and six storage durations (30, 60, 90, 120, 150, and 180 days). Initial seed moisture content was measured,
and the desired moisture levels were adjusted using specific formulas. Germination tests and related indices,
such as germination percentage and germination rate, were conducted. Data were analyzed using SAS
software.

Results: The results from the mean comparison of the interaction between storage duration and seed
moisture content at temperatures of 15, 25, 35, and 45°C revealed that germination percentage significantly
decreased as storage duration increased. The lowest germination percentage was observed after 180 days of
storage at 16% seed moisture content. Similarly, germination rate decreased significantly across all
temperatures with prolonged storage. Seedling growth analysis under different storage conditions showed a
significant reduction in root, shoot, and seedling length at all temperatures as storage duration increased. The
shortest lengths of these components were observed after 180 days of storage at 16% seed moisture content,
attributed to seed aging and reduced germination capacity. Increasing seed moisture content from 8% to 12%
resulted in an average decrease of 9% in germination percentage and 5% in germination rate. Further
increasing moisture content from 8% to 16% led to a more substantial average reduction of 73% in
germination percentage and 72% in germination rate. Raising storage temperature from 15°C to 25°C, 35°C,
and 45°C resulted in average decreases in germination percentage of 9%, 25%, and 42%, respectively.
Similarly, germination rate decreased by 14%, 33%, and 43% at this respective temperature.

Conclusions: Overall, the results indicate a decline in the germination indices of German chamomile
seeds with increasing seed moisture content and storage temperature. The optimal seed moisture content of
8% and a storage temperature of 15°C were identified as the most suitable conditions for maintaining seed
quality.
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Highlights:

1. The optimal storage environment for German chamomile seeds was determined.
2. The effects of inappropriate storage conditions on the germination traits of German chamomile
seeds were examined.

" M.SC. Student of Department of Agronomy and Plant

Breeding, Faculty of Agriculture, Yasouj University, Yasouj, http://dx.doi.org/10.61882/yujs.11.2.63
Iran.

% Associate Professor of Department of Agronomy and Plant CrossMark
Breeding, Faculty of Agriculture, Yasouj University, Yasouj,

Iran.

3 Department of Agricultural Machinery Engineering, College of ISSN: 2383-1480 (On-Line); 2383-1251 (Print)

Agriculture and Natural Resources, University of Tehran, Karaj, ®

Copyright: © 2024 by the authors. Submitted for possible

*Corresponding author, E-mail: amoradi@yu.ac.ir open access publication under the terms and conditions of
the Creative Commons Attribution (CC BY) license
Received: 2.8.2024; Revised: 3.2.2025; (https://creativecommons.org/licenses/by/4.0/).

Accepted: 4.2.2025; Online Published: 21.3.2025


http://dx.doi.org/10.61882/yujs.11.2.63
http://yujs.yu.ac.ir/jisr/article-1-567-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-01-01 ]

[ DOI: 10.61882/yujs.11.2.63]

——

e gy llia
SEED res

~ PY-VF iolxho NP4 09 olas /o3l Jw [ olnl 30 slogings G,

Sl aigl yd Jiailee b asli p 6oLl )93 g b ydy cugby il gy
(Matricaria chamomilla)

v Yo .. %Y [P .
(e A o ¢ 9 pligS LS e T (6000 (e g5l L pedle

b gno 00Kz

b ojlo e Sl digls i Gailsz sas Ly » (631050l 090 5 Lod (s Cughy ST quwyy 4 Galizd (nl tanuie
2l 3 6515 (52 At D9 (530 il g anlllao (3l )dy CondnS (65105l (slod 9 33 Cugby il @ a2y
SWT a9l 13 F5alsn sty p 610l Sloygs g Lo iy Cughy 3l (o) Bud b Guos ol ol (29,0 obS
s ploxil

Slod b 5loz b (39Ul oS Al 5l I 53 )55 dus 55 ols 3,5 3l 93 SOSS © 90 & GiwlejT g 3 lge
B ¥e) diizko (6,10 kil 5l 593 3 (duy3 15 31T (A) st Caroby (6la3x0 gelams dus c( yogummncas 42 33 FO 9 ¥ YO NB) (5,1,Ll
51 ool b g (5 yFo3lail Uiy adgl agby Tl s 1yl gy olLESlS (5353LaS ouSiils 10 IFAA Jlw 5o (395 VAs
W yd ahozr 3l biye s ALl g Fiailer s mSoiINl (T 5 ey 0)F Slml S 3550 Cugb (At gl Jgesd
s ooliciasl SAS 13510 55 31 Wools Juloi 3 43 325 (g1t s plonil 33 4lg2r ik pas 3 53 5ailg

4z ;0 FO 9 YO Y8 A0 sbaled j0 50 Cugh) 9 6,18, 0,98 JiiSod p (8O 2 (ke dumlio I ol gl :laaidly
boryo (Failgr woyd (oS g Ll Bl (5l Sme sebar (Jiailgr wo ) (6105l 0593 (AulBI L AT ol (LIS (pgrmdi
sgbar )10kl 0y90 (b (Vg L lales (oolod 50 5 (Fiailer S pw 09wy VP 5 Cagb) 9 65l0sLEl 595 VAL 4
gy Job Hlocine (AL owmdlis (6Isylsl ciliss byl pd T co 4zl aby () p S 3L SRBL 5l e
w0 318 Cagby 9 65105L3 595 VA 50 1 52 (ol Job (ot yieS 091 5105Ldl 0590 (Al B L ales (colod jo 4zl g azadlu
30l s LD Siailes Cupw 9 18 Fidilen o0 (ke job 4 o0 VY W A I 0 Cagby luliEl Lol cualice
ol B L8l Gl IV (Siailer Cuepw g LYY (Giailga waoyd (il job 2 eo;3 V7 4 A Sl Cush) Gl b s >
o LFY 9 YO A iy A Fiailes w0 (il job a wgmadis 450 FO g YO YO sbalod 410 I 5 10,6l slos
Bl Gl TFY 3 IVY NP oy 4y o ailger et 3 Bl

Slod 9 )k Cugby Gil3El b ST gl yd Jiailer Gbgasli Gals owps L gl (I jbay g pSami
ol Canwd &1y S’ Bk (631 (gammndas 423318 (6310,L1 (Slod ¢y 3 Mo )0 A 4y Sargh ) o Yk 9 092 (6,151

9510 LS Gy cadns (I s 1 guuls’ slaojly

162919 sloari
WUV s} syl.oﬂ gl (5,0l gl fame cp Pl -)

A oy SledT gl S5ails> sla Shg o)l Ll caslial Loyl 31 -

(6579 0aSsils (bls Mol 5 ceel)) 09,8 el olid S sgmmiils |

Sl sl gl oSl

http://dx.doi.org/10.61882/yujs. 11.2.63 Tl oyl oS (S oS 2l Al 3,7 T

Il
o
@ CrossMark oS5 sl i 5 (65 )5LES ooy w08 5LES byl saskigs 09,5 "

ol S ol
(2) YYAY-A YOV ¢(las ) YYAY-VFA- LLs amoradi@yu.ac.ir :Jstes soimy s asblyl)’

VECYINNG il g g, OV FVIONTY il &b
VEYNYIYA idas o Lasl g )5 VE-YINVE sy b


http://dx.doi.org/10.61882/yujs.11.2.63
http://yujs.yu.ac.ir/jisr/article-1-567-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-01-01 ]

[ DOI: 10.61882/yujs.11.2.63]

70

V¥ 9o oslos o233k Jlw /ol ! Hdo slasang sy

aS ol lis g oy 0 |, (Foeniculum vulgare) a3,
Oloy bdS L gyloylil Cogbo, g Lo iuli8l L
Slp Lo oy cdl ials Siaile> sl asls
a0 )V sl L o alsly, sleyds (6,10
S5y oo 50 g wey T Zusb) 5 gl
(Bunium persicum Boiss) Jlul ol 0,5 (5,l0,L!
a4 £, oo VY 3l am Lo )y ael 098 a5 ol oualiv
deolie o als ao o Ve ole FY jlaw 50,5 rals
5 Loyls) ab oaslie oad cubley o laydy b
KA R PR
ol sl Jlss sleydy yo 5k @D I S
ol el (B0l Glej o laydy 5l slge fais e
5 Sl ydy o Jolo slie g 59 sasmslis s
s Jlgy azpe Sl slalas plaieas slge cnl (e
b Vgone Slsa ol clale (5 Fo5hsl 395 0o Cogmimo
Joie eSS Colaa s, 5l eslin
;S oo pll adly il Jalowo [0 09290 slould
Sl ogal @l AV L guyail 5 (Stae)
ool oS 5l Cg oy S il e o S S
3 sy o399z )3 (ol 0 Shes ols i sl Hd
@ sl Gl e 1B L Lasl o ) as s Llys
WS ogi | g 5 03 0 ay Sl ally 95
bors Gi)l3S otagy b (V00 F oo Kan 5" Jud)
STy SYBIS (sloey T e 3y g 53 el
Bl el gl gime ok 4 Bgensd ST s
T LR IR R LoV IPRRHEO
G b lazan Sy Jlys Gl 45w esls ol
syl o Hdon Glgme Gl carge ugh,
FerSolr 4 oS5 pl &5 wedige Vg ail Iy
5 K WS o oS ok o (350l S e
(YN ), San
Sygre g dgh (@)l olF Cueal 4 axg L
Geizs onl ol yloslal ange Ll b (3les st
CadsS 5k Sask) 5 )0l sles 5l oy

7 Sharma and Sharma

8 Abdul-Baki and Anderson
% Fessel

' Demir Kaya

H Kong

doddo

So (Matricaria chamomilla L.) L_,>_3L<,JT Sab
alaly 4y 4 Coul lS a3l 5l AllucSy il oS
&olozr 4z 9550 5Lpo sl st el 29l ol
sl Jaine Bolie (sogr o5 ol (ol ool 033: (52
4 9 99de SiS Oloz yul w55 03958l el L g
Bebse ASLD (9l OLS nFeee 5 (So Olgre
Sl g bl g9l glie ;o ol S cnl el
Lis (VoY) oo, San 5 lagls) o)l olshs o,,l8
S o)lpen an] Jpab sy layds 6)leSS
Ysora OliplsS aul 005 (555laS 5o b
ol Ly S oo QB 1) YU adsl 4 b olayd
5 Sleodij bl g Wls gyin e Job o)l
5| SbsS ) wmaee ol e Sl
SaolS 4 e a5 Gl Jlgy e ld (YY) Ko
SladSie §| (S st Sl Sl cois
1y 395 Ygana Jlg; cnl ol (500 (55,5158 50 (Lol
sazals obxl (Jiailex doys Juall O seq
5 s W ol sk 4k el g s
(YA Ko
Aloldly cils 3l e Ygoro 29yl HblS L
SIS L e Fae gl el wigdpes S
=z BB sb 4 po)ls bl Sialsr el
S5 n B SIS sled 5 b g, 3l s
el Dglite alide SadsS (rm ydh oslhas Cugb,
S a5 4 yzmie Wl ge 9> Sl Gl Cugh,
S a5 L Cush, o5 o 0 053 Sjal
sdle (Y VF o) San o S 05 o |, 0]
Sleossj L )5 cage b 5,55 sl a2
ot e LV (s slabes Ly aasS ol 5
Sh ) e Gialex sl bk Ul wsls o
SO Graam (VoYY L 550 0l
oad)lil slayde 2 1) )bl sles 5 0 Cash,

! Chauhan

2 Mehrabi Kooshki
3 Piri

* Singh

> Paravar

® Jafari


http://dx.doi.org/10.61882/yujs.11.2.63
http://yujs.yu.ac.ir/jisr/article-1-567-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-01-01 ]

[ DOI: 10.61882/yujs.11.2.63]

55

el digly )3 Jiailsx Gl asLi (551050l 095 3 oo (ydy Cugby w1 10yl 9 £

Jie Sl 4 byl wam a>je 0 aial 6l
S50 5 0d s aigai 050 ;2 bl Sl ey 5 3)F
i8S 18 s

&i4lgr g aslis ¢ S ojlul

ab pll jailex glagyse;] dadiges a5l g
ol azdle g azals) 035 9 Jsb (Sl
oghie Gl 08 (Dbl azmalS s 559 9 Job
Jele b ol o Ol Jles 2 5l )4 soe YO
A O S 4 do VIO o oSl
9 oalo wew J]cubc g_)—‘ L: B PR ‘js.n.cd..o
Sk e S oS 8 g b b by
sailuns Hhaie O o a8 yally Slo 5 S sy
B RT3 TR T-Y 31 - WO W Y\ I S PR YV
a5 wid)S 18 ugeede az o Ve glos b gl
A hled e0jailex sl )y slass g, cute Do
)Lg 99 9 =\.3|)'9) O ygody J")l‘o““’ w (Y' -Y “NL...»:‘)
(Syalyz Ly b Sl e g 285 el g, 50
8h aelsl pie 5e, U oge, 5o )b SO a4 el ol
Olyeds Jadhes g0 Bl ojlal 4 azasy; g5
Al i8S e s Giailsr sl

ssbas 4zl Ve e o) 50 (sel lel o
arady) Jsb g QL 4 S)b e Sl 5l (Bolas
A 6 pSeslail yie Lo ar (1S a3 L la] axddl
83 b e 593l 5 b azalS 5 059 (i
S 039 Oy 6‘)3 .).J.))f oS f’)? o/
a0 YO glo o celn Y Gone a4 kaxals
Sz 059 Ol 5 om g 285 518 Gl o (gl
A (6 S0l wla 9515 b lay]

)| 0L ;b LsLmua?Lw 9 Slao d)jo)lu\;‘ LS‘)J
0 8 solazl ¥ gl \ Ly,

OAFY S 1s5e) 5ailyz ooy Y ala
= (00;dilez sl ,d dlaws [ Lo ,du S olaws) x Vo -
Sylsz Sy

*ISTA
* Maguire

Sl slaasly 5l eslanwl b Sl agl &
5 S0 wilgee aslllas ol mls ojle s e
e ‘3"5)‘0 oS Cﬁ‘ L;Lb).lg oS laas> §>5§>
S9laS sl byy S9ne 50 (il U g S SWS

09, 9 Slgo

38 odd 8,3 b 90 sl S & o Lisley] ol
oKislesl 5o LS5 4w b dolas SLlS il )b B
woSiils bl ol 5 el 05,5 Lk (65slsiS
B W r:L?u‘ \VCU\JLM: 5o Cﬂ‘“’b oKiils dj)ﬁw
slos gz Jalb Jl 56 oS o
1551 (ugemlos a3 )3 B0 5 YO YO OO) g oLl
5 (2,0 V8 5 VY A) )& ssb) mhaw 4w Jold pgo
A £ X s)M) L.S)‘Q)L.";‘ 0)50 J}.‘o Py )5.»515
553 GayVAe 5 )0+ Y-

astd )he O 50 5l gmyy o8, Sl Wil
a2 LSS aw Ol adsl Cagh ) 6 pSeslal sl s S
Ol 5o el VWiow a5 5 00 (39 Sdods 4 oS
Ol o wais 318 gends 4z 0 VO gleo L
2ol Casby ol 5 0ad ()39 0,lgd Laaiged coae
9 S w3,F dle S0 s Djgods 5 (359 el
NARES P

Cagb, obml ly sl Cughy s 5 e
1o ool iy akal) 5 1A jea

) alal,

(4-8B)
L (100 — 4)

Sype Cugb, woys A Gd adsl Cugb; wo o B &S
e Ol sz Wa g (p,9) 4 0095 adsl o2 Wi ks
Wlal Has 0,90 Cugh 4y ol Cgz Wb a5 (e ,5)
sy sl sl (1820 T 55,85 5 oogpale) 5
e 9 SD ey Ayl Cush, lal Glais e
SrSolr ly g ad alal o)y & jlisyee ol Jlade
oseosl| SRSl o baydy waghy (38, Cuss
s casb, Gleplesy Hslateds ol (gaisaing
oo 4z 50 VO o o cele VY Gon w

) =

! Jorg and Ray
? Hampton and TeKrony


http://dx.doi.org/10.61882/yujs.11.2.63
http://yujs.yu.ac.ir/jisr/article-1-567-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-01-01 ]

[ DOI: 10.61882/yujs.11.2.63]

44

V¥ 9o oslos o233k Jlw /ol ! Hdo slasang sy

SHaolo,lal les aulidl b bl alS /Y Sjals>
OeSleo yob 4 pugadis 4z 50 FO 5 YO YO 4 VO
28l a8 LY G UV A e g 4 Sialer wsye
Sialdl b aS Wlesls les 5 (Yoo o) o Son 5 o
Silez aoy ol Cugb, g Lo (g)lo il o)
ol gy @l b o il G2alS (s o stan ;5bay
Od asluwl ases o Jiailex oy rals e
3 Ly e GRIEIL ol ciillae o)Ll Ll
@ £9,0 Wl (Sdlie slaailbols s )ls,Lil 090 Jsbo
Silsz 4 e Wl oo yal (ol &5 WS 0 425
doyd 4o Gals (YeYY ‘VI,.;) Ol A pasS
Jods @ wlgiee 0,6l 090 (o yo baydy (Sails
o1 slaiGol, jo Lialidl g Lae slao g oo
Lasly 0l 50 09d o joo 9 S o GalBl o o5 w2,
Y clos a5 Woged Glo (V- +0) oLKon 5 o0l
3 oSty 5l (S g8y o g Gl s
9,0 JLis 41y g5 s o5 g0 (STl
5 B b palS Sl seys Gosb ol
doy 4o el bYs Ks (Y- fQI)B:..:
ool #) wlewdgn Sl a1, gyl liloy0 b jo
G Gl a5 Cwl oaly s @il Jlgy sloydy o
Al pdS dajls ol colad o tals
o )Ll (ST Tl gl 5T il pam (60 land
Syl
& 4lgr ey

o)l )98 AiSeny (B30 L s e gl
a0 FO 5 YO YO N0 sl yo0 0 Cugb, 4
ol b olales ol jo as ol las ugade
ialer Sy )10, 0y50 5 )0 Zugh) (slgioe
oled 5o &5 gk a8l falS (gl g jsbay
59 YA & baye Gialsr e (5eS Lales
s (V JS8) 05 aoy0 VF 4 Cagb,y 5 (55l0 L]
G o, VY WA A Cogby ol L as ols lis
5 adl el V0 Sl e ke b
9 a3 VP Al cagb; 2l L oS J

! Bailly

2 Sera

3 Lin

* Goel and Sheoran

e Z%

L;%Loﬂ Eayi sloj 3l baeaelus olaws Ty
el ;50 00 dilg> sla,dy olass N;

5 St [ am Job asls f dal,
VAV cygm il
wals = (G4le ao o x (cm) axalS Job)/V -+ -
a Job

5 Sbdee) s 4 iy pals 0 dhl,
VAV gm0l
= (G8lsz oy x (M) azalS Sid 59 x )+

A Gy el

Syt Slawlxo

5l ooliil b i ol 5l Lol sloosls claslona
S losed mwy sl oS plxil SASl8le
sasls gly g ol oolanwl Excel 38l s
alie 285 Ojse i has Sl
Juzol gl o oS 03] Gk ) lagnSike
(GRSerp (A I3 e Djgo )3 g aeys B sl
2%y oy i Lulpd gl (Sopd 2ot
2 pldl (65l bl 5l s

i8lgr oy
OiSen 5 a5 ols Hlis beosls il ylg 4528 gl
2 Silsr Slao p yd Cugh; g Lo (5,05l 0599
S sl gme 1Y las Jlisl mhaw jo ST asl
PSS o0y (B30 5Kl dmlie b () J9u)
s YO YO A0 slabes o ;3 Cugb; 5 s lo,lsl o0
L lo oloi jo as ols lid ugande a> 0 FO
S¥lezr oy 60l 0y99 5 Cash; vy il
oled 5o aSgysbay il rals (o)l e jsboas
59 YAr a4 baye Sidiler woys (nyteS lales
L) JSE) og oy VF L& Cushy 5 eyl
Ol sk 4 o) VY ar Al 5 gy il
sl b as J o cdl palS /A Sialex s
doyd 5Nl jsb 4y oy VP4 Al Cush,


http://dx.doi.org/10.61882/yujs.11.2.63
http://yujs.yu.ac.ir/jisr/article-1-567-en.html

[ Downloaded from yujs.yu.ac.ir on 2026-01-01 ]

[ DOI: 10.61882/yujs.11.2.63]

e ST Bgaly 5y G3aile ol 1 5519,Lil 6595 9 Lod )iy Cugby il w10yl y 802 g £l

A

Slell b 43 Siailez lio 61y 50 Cusb; g 5510kl )90 5 Lo ST (Slas e (2Sile) (il )ly 455 =) Jgur

Table 1. Analysis of variance (mean square) for the effects of storage temperature and moisture content on the
germination traits of German chamomile seed

e azyd . . Jsb Jsb Jsb S 09 >l
Dl gl G Sl e il Ce pw ] . - Sk T
@l dzdis, azasl axalS axalS Al S
Source of Degree Germination Germination  Root Shoot  Seedling Seedling dry Le:ngt h W.elght
variation of Percentage Rate Length Length  Length weight vigor vigor
freedom & & g g g Index index
Skl oes Jsbo
Storage 5 3443* 0.52* 0.87**  62.43** 237 0.00000017%*  149** 4.4
Duration (S)
&kl sles
Storage 3 5484°° 0.82°% 44T 259% 497% 0.00000046%  229° 5.9%
temperature (T)
s Cugb
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ST 15 417" 0.06** 1.98**  3.13* 8.25* 0.00000020*  6.75"  0.20*
0,99 %y Cusb, 6.11%
s oLl 10 162%* 0.05* 0.56** ' 5.11% 0.00000010**  2.26*  0.06*
MxS
x &, Ll sles
S Cagh, 6 1006** 0.09** 3.00*  15.04**  26.63*  0.00000031** 12.35** 0.29*
TxM
X & Cugby x Lo
&l Ll 698 30 222%™ 0.04** 1.83**  9.15* 18.14*  0.00000004**  4.09**  0.16™
SXMXT
Uas-
142 21.38 0.0005 0.01 0.32 0.32 0.000000001 0.42 0.02
Error
[GAJOUES NUVE-1
(%2,3) 10.5 4.4 2.5 9.9 59 7.9 11.5 13.8
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** indicate significant difference at 1% probability levels.
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Fig. 1. Effects of storage duration and moisture content on germination percentage of German chamomile in
the studied temperatures. Same letters indicate non-significant differences based on Duncan's Multiple
Range Test at p<0.05
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Fig. 2. Effects of storage duration and moisture content on germination rate of German chamomile in the

studied temperatures. Same letters indicate non-significant differences based on Duncan's Multiple
Range Test at p<0.05.
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Fig. 3. Effects of storage duration and seed moisture content on root length of German chamomile in the

studied temperatures. Same letters indicate non-significant differences based on Duncan's Multiple
Range Test at p<0.05.
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Range Test at p<0.05.
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chamomile in the studied temperatures. Same letters indicate non-significant differences based on Duncan's
Multiple Range Test at p<0.05.
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