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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.
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Table 1. Analysis of variance (mean square) for the effects of storage temperature and moisture content on the
germination traits of German chamomile seed
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sl 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 Cagb,
Seed moisture 2 41454* 4.99* 336™ 554* 1744**  0.00000762**  815** 1.49**
content (M)
&l oyg0 x Leo » ) » . . » )
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 V-1
(%2,3) 10.5 4.4 2.5 9.9 59 7.9 11.5 13.8
C.V (%)

** 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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studied temperatures. Same letters indicate non-significant differences based on Duncan's Multiple

Range Test at p<0.05.



\Al

el Al )3y Fiails Glaasli p (6510,Lil 0395 3 o iy Cugby sl (w1 10yl ) o 9 £

(5 ohos) A8l o

15°C
20
18
16
E 14
Eqz
£ 10
as
g 8
= 6
S 4
g 2
&
0
(a5} gl slait
Storage (day)
18 35°C
o=
3 B -
5) g4 E; E u_4 e -
- =12 | ME B - %! ] -
iz B B 2
- N K] K B ]
<4 g | K] [ ] 4]
= = 8 | &Kl 5 (4 - |4 (<l ma%
: B - [ Nl 2| N |0
1w 80 B A o B
F RNl 0 G I -
1% ¢ | H08 B (2 B B
TEIRE R N B o~
o 4

(3a1) o120
Storage (day)

@O NRD®

(550 ohos) aalef g
Seedling length (mm)
a

o N

(7 Slos) aaleS gl

Seedling length (mm)

SN & @

8%
o12%
m16%

(3830 5l st
Storage (day)

(as) oL
Storage (day)

20 e Dglas pas saims lid LSy g, dalllas 5550 slales jo Sl wigl azalS Jsb 5 3 b g 6l Ll 0,90 51O JSS

Range Test at p<0.05.

0.0000

15°C
0.0010 | © o ™
.1 = o
- BB | E =3 - W,
‘5 T o008 | MHET oy ] - -] oy ey
4 |2l E4 i -[i=] - o
42 gnd -1 .0 B g
fooos GV B B =@ B R
we (|BE BE & BB H -
P [Boil BF B R B- B oo
=~ .8 |4 [ |4 | ] ¢ e
o= B % e i [, =1e%
e BH BE R BH R R
& |2 [ |4 - B »4;1
0.0000 LS el Wl illlsl LS
30 60 20 120 150 180
(39,5) 502,k
Storage (day)
0.0010 isecC
o E
3 = 0.0008
% IR ,
£ 0.0006 e f{ ~
- £
e T 4 : < 8%
g S, 0.0004 - : ?:
¥ 3 g ‘: @12%
", = . N
- "E 0.0002 : ;E H16%
- [
150

g

30 60 90

SIS
Storage (day)

el 00,0 0 (sl Jlaiml mhaw j5 (SSls (glacels iz g3l ulal
Fig. 5. Effects of storage duration and seed moisture content on seedling length of German chamomile in the
studied temperatures. Same letters indicate non-significant differences based on Duncan's Multiple

0.0010

0.0008

0.0006

0.0004

0.0002

Seedling dry weight (g)

(p5) apalS Sos 5

0.0000

o0.0010

039

0.0008

0.0006

0.0004

(a5 azals

Seedling dry weight (g)

0.0002

0.0000

m8%
m12%
a16%
30 60 90 120 150 180
[SERREFESUS
Storage (day)
45 °C
5 S 8%
= £
B
;= - :g @12%
2el - 14|

m16%

00

(530 gt 5L
Storage (day)

e Dol pac saias las LSy By, aslllae 0,90 slales o ‘SsLe..” Gl azals Sz yie p 0 Cagb ) g 5,00 Ll 0,00 518 SCS

el 3,0 0 sz el o j0 5SSl slasals sz yge;] ell 5l
Fig. 6. Effects of storage duration and seed moisture content on seedling dry weight of German chamomile in
the studied temperatures. Same letters indicate non-significant differences based on Duncan's Multiple

Range Test at p<0.05.



Yy

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

i p a4 azelS 4y b paslh als g
azalS 4 Jig parld els o L TRV 5 LAY
o8l bl cvalie YYFN g TVANY sy
ol gy (b als TAY a4 TA Sl cosb,
sl malS LY g Ve i 4 aselS 4y Jig
sk Al 5o 0 UNF a TA Gl Cagh, lE L
50l (malS VA axalS 4y Jig el g 4
5 % Zusb, «gylo)lil oys Bl L Grassy oyl
ool azalS 4y S5 9 Jsb el L sles
(VYY) e 5 Sos8 e @l b o wdly
b debual xS jo azelS a4 el e
3 sl IS jsbay ojls calhe g)lo,Lsl Ll
5 % Zasby g gylo,ll oyg0 I8l Azl o A
5 isler do s o alS @ g ee 1) ke sleo
biye azmels Sas )9 5 axelS Jsb o (ielS
L oaS W, Gl (VYY) ol Ses o gl .cadls
GBS Jlsy o)l az e s s Cusb, Sl
Ol Hd @ja8 Wb oo el Hdy Ay ase o asdl
5 Wbgo SRals Jlgy by a5 conl iy coalS s3>
5 il n (RIS 4l 038 5 jalsz T Lo @
3 S Cad b aS WS olo (YY) oK
S5 adg el (pl a5 Wb e (alS (s )ls LSl Jobo
S mals ol )8 e b pBd Gpae g
A 0dlo S gdie olge 4l Looljes ( owisS
Jeily o Zoles 50 5 0ad mie Hdy 4y el

oIS o 3l azals 0 5 Ssaly>

a5 amo o i Lidgh ol 5l el Cows s
G, sle sl u;;Lo.ﬂ Gl 0 ao,o A Cugby o
039 9 axdle wzaly, Job «(Sialsr we s wile
L Llaszals )13 Jed LB mlaw ;o azals S
GBI L Glojes 5 deys VF a4 jd Cush, RS
)55AA L;[:oua>b..; GALA) > LS‘L"A u‘):‘ ng)L))L?.ﬂ 0,99
Jolis aelusls (g lo Ll oyl Lol cdwlice Zgdgds
Cugby 5 (Uogemdas a2 50 YO 51 i) Lo (]38l

2
Rao

3 .
Lei

Sl L as el ) Sl i sla )5S
039 bmme sl g 5d Sagb; s lo)ll epen o
2dl salys palS g)ls e joba azalS Sas
ol @l b aS (VYY) en 5 S3S oljee)
ORIBl A 0 SiS 5y SRl (e Ghagl
s Sasby b8l g 5, VA a el gl Ll o0
O 410l Lo los iuli8l g aoyo VF 4 A 5
i iy o G ey Slia o)l azels
a0 aelS Job o el Jdoay azelS
30 LublS Ll eogs (gl lal Iyl in ol aelul
Jodo @ wlgiee yd lgy b o ezl Sas (5
Slge JUtl (pals g Jlg; 51 o azalS an) als
San 5 gaemme) Wil amalS 4 &y (gl
GalS b ono 53 olge o Sidgilie pelavys (Y4 ))
L gl QU5 a5 wigdioe azlse 5550 adsi ool
was e w8l con e slas Sles Lis o
@ polae LS L olen (Splie QLS el
9 28 (o, Al 4 el eSS i
2% lopd slge JUSI 2als g 50 59 M RalS
VY (e 5 5000) 09d o0 azalS o

azels 4y Fig 9 Jeb pslo
5 b ALl 90 deazalS ay vy n oz
@l b awlie 5 pSojlul azalS 4 (S
Skl 0y90 Sl iiSom (B3 (Sl Al
39 4 g Job a5 o plas yh cusb,
Jsbas 15,03l 0595 ialzdl b balos solod , azals
&S sk a A g Y UKD él el (gl s
B 5 YO YO OO slabes yo Jsb ks oyt
Ligrye QXD 5 VS YD AVIOA uSiloo b o iy
Loog oy A Zush, g glo)lil oyge 59, Yoo
Solds ugadw a0 YO 4 VO ) Lo ol
S 4 Sis 9 Jeb slatls s bl
a0 TO 5 YO 410 5l Lo mldl b o ssslin

! Mohammadi



\Al

ST Wigil 3y Jalez At (5 10, 630 3 Lo )iy cusby il oy 50 9 £

14
12
10

e sl
Seedling length vigor index

e N b &

-

15°C
M =
= - . = =
B gl : h
N N - } ~ @
g 35 % |8 73 o0
R B B -] | b4 8%
i -0 0 B i
g e B Bl # e B12%
i Rl— M b e
i gl 1 el K 9
|4 Els| R {i B Bl Rmi1e%
-1# el W 2 [# i -
19 Els] R P 2 ¥
g 0 -] ‘|t Fq— i
1 i RSl B B B
Ll [l [ - || nz )
30 60 20 120 150 180
(3as) gylaslat
Storage (day)
35°C
8%
H12%
H16%

amald dy ok asll
a m O © O N

Seedling length vigor index

Gay) sl
Storage (day)

14
4 B 12
3,'5:10
15
12
EZ
“ o
g °
= .
.JlEs -:
s B
;1;-:5 e
= q
12| g
1. |
= 2|
2 1
o LB

8%
H12%
016%
(as) alasbl
Storage (day)
45°C
i
- @
g 8%
14 14 o4
R |4 = P N 012%
‘ :, B E S
b | e -
B BB M
- M- Rk R B

(5250 sl

Storage (day)

pas odipy lis Sy By asdllas 5)50 slales o GSLQJT Wgl aalS auy Job jasls )0 cugb, g )Ll oy0 1LY S

ol 20y0 0 s Jleis] s 10 (Sl (glasals aiz ge3T wlal 5 jls ime Siglis
Fig. 7. Effects of storage duration and seed moisture content on seedling length vigor index 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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