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Evaluation of germination indices in Festuca spp. under chilling, osmo-
and hormone priming
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Extended abstract

Introduction: Festuca species are forage grasses that are very important in terms of fodder supply and
soil protection. The seeds of these plants have internal dormancy (physiological) and are unable to germinate
easily. Therefore, they must be subjected to various treatments to germinate. In nature, this dormancy is
broken during the cold period of winter (chilling). The purpose of this research is to investigate different
methods of dormancy breaking in Festuca species for large-scale production and accelerate the germination
process.

Materials and methods: In this research, three species of Festuca (Festuca arundinacea, F. ovina, and
F. rubra) were subjected to different treatments of chilling (4°C, 14 days), osmo-priming with potassium
nitrate (KNOs) 1.5% and gibberellic acid 150 and 200 ppm. After 14 days of germination test, various
germination indices including percentage and rate of germination, mean germination time, seed vigor index,
length of radicle, shoot and seedling, and the ratio of radicle to shoot length were calculated.

Results: The results of the analysis of variance showed a significant difference between species (except
for germination percentage and root length traits) and treatments (for all traits). The interactions between the
species and treatment were also significant for all traits (except for the length of radicle and seedling).
Among the three species, the percentage of germination varied from 26.67 to 30.67% and the value of the
germination rate varied from 1.92 to 3.31 n/d. The average time required for germination varied from 3.75 to
4.36 days and the seed vigor index varied from 26.74 to 43.02. The radicle length was between 37.22 and 45
mm and the shoot length was between 37.34 and 81.33 mm. Based on principal components analysis (PCA),
percentage and rate of germination, seed vigor index, and length of radicle and seedling were introduced as
the most important factors in creating diversity in Festuca species. In determining the correlation between
traits, a high correlation of 70% was observed between germination percentage, germination rate, and seed
vigor index.

Conclusion: Among the three species, Festuca rubra was superior to the other two species by having
the highest percentage and rate of germination, seed vigor, radical length, and the shortest time required for
germination. Among the applied treatments, 1.5% potassium nitrate (KNO;) with chilling (4°C, for 14 days),
had a positive effect on the percentage and rate of germination, radical length, and gibberellic acid (150 ppm)
treatment had a positive effect on the length of shoot and seedling. The presence of high germination
percentage and rate indicated higher seed vigor.
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Highlights:

1- Using potassium nitrate as a pre-treatment of seeds is better than watering seeds with potassium
nitrate.

2- The effect of osmo-priming (potassium nitrate 1.5%) on the germination characteristics of Festuca
seeds is better than hormone priming (Gibberellic acid).

3- Pre-treatment with 1.5% potassium nitrate increases the number of germinated seeds, while treatment
with 150 ppm gibberellic acid increases seedling length in Festuca seeds.
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Table 1. The characteristics of Festuca spp. seeds used in germination test
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Fig. 1. Germination test in Festuca spp. seeds

aoyo=(pl Mg, B ooojalle [ay slawsX Ve ) 0 slows
& 3le=

oolaw! ) d,.la;‘) )| ‘5,)4_,|5> C“;)‘“’ Ml?bo (5‘)'.‘
QY jeSl) o
Ni
Di
9395 00y S e Sialer ey =V

Vg =Z% ) adal,

59, o)l =D g 59, 2,5 e53aile> )3 slaws =Ni
ably 5G4y 5%y Pl arulxe Gl
QAvY ‘YC)%’)*"] 5 S Waue) ol eolatul ¥
¥ aba,

*
Vi :LS Pg
100

! Maguire
2 Abdul-baki and Anderson

Sy (sladanS )3 9k i (554 Bgyk
Cagb) i 5l B wad eols 13 ead pee g e
250 T ose & Gialer ogal 99d 6T sl
b el A ugads d3y8 10 SYOE) slos
J58) (0287 D) 0l Job ol celes VP
Sl 0ols #) gloy Siailem 45wl a8 3 L o ()
ol ansl asly Jsb e doe YV Blas baaiy, a5
g doy0 sl Sud 35, B g, 58 e5aile> slayd,
25 sdserd Gk )d 4y 23lh (Sidler e
3o azalS g azddle wsdiy ;) Job iud sl
il (6 Sl wad ez 9,
sloydy ol (Giler woys anulxe gl
ooy M) o a8 5 a5 o 3T 59, 50 oo 0854l

(ol gyals> )'ls':T 5 AL 5,



Vay

e 5 giond Gilizeo odigS Jjailen s asli oU )l il g (g0lg>

ms (Festuca arundinacea) sl S gnd
it liogas plas o oy olas il s 405
5 Sy syl U cos wily GBgad pB)
S e i Sl 31 50 K0 asddllas jo aiiie ol
IS8 ol Ly Gl slaclle L acly ol
o azys YO 5 N0 ST s (mlnsesh)
o Hh Gialer Sleogay dwmlng,aee)
loles 36 (V1) o) San 5 | >s)) el oy
arps Frog YO X YO Y N0 N D) il
F. o3y it Slogas 5 5 (pgande
Sen 5 Ysysls) os Ll e arundinacea
YNy
Sy90 Slao polie (nKle awglic V' Jou o
oads 03,5] Festuca Spp. 4s5 aw G 0 owyp
polie aisS dw o (Sl doys Cas o
o gme byl cpo S g wsls ylis | epay S 3
iy o 50 gy duo 3 Vo B YF 5l solae ol og
Ol 909 o s aigT o piolie BT ( Jjals>
WYY G F. arundinacea 55 5 VIAY 5l polie
Sl S Rl oy e FLorubra 45
@ oy lr Y Oley Sae ogeS <V L
On &S ol 4 azg bl eojailez glaydy ol
S (5,0 gre WS Sjailem do o a5l laaseS
p N Foruba <555 o el ey Gog YU
obey orlpli sl (Siailex sl o3¥ ooy o9 oS
50 a8 el 59, YIVO aisS cpl jo Siaile> slp a3
ibise Y Oley S S0 &5 g0 b alie
o sz BB oglds Gl e el che
B OYPIVO o cbo ol polie ol oles baaisS
olaws Jole g0 3l jlie ;i s Cbo g it FY/Y
el azalS Jsb g (S5alsr 2o y0) edjailex )
Wlao ool polie oy i cpdls L F. ruba «s8
Fooas5 ols olas 1, (FY/Y) L4 4t Jlade o oo
g Sy oS A 50 4igS g0 4 S OVIRA
G5 (nl 5o 0l adgi slaazalS gedse (ul bl
Om 0 Azl 5 azady, Job il S Job

* Rouhi
3 Khavari

5 bazelS Jsb el =Ls iy 4ty (a3ls =Vi

8l ao o =Pg

B o ilesT ibeests g kel Judoxi g 4y jxi
O L g syl 2ae VO 1SS aw b Bolay DL #,b
Ohg) 4 oSile il plodl allislesl & jpar L
Wad alie (P <0.05) 70 Jlozs! gl ,5 LSD
acliyy 5l oSl avalie 5 ulyls wjes sl
Ot Knad CypaS (5l b oslizl SAS (V.16)
Minitab l33le 5 5l Lol sleailse 4y 4320 5 Slao
plod polae y0g Jlojiyné moras gl ol oolaiul
2 sl Gladedos 5 i wad g pSoslail Clao
s pll e ond o poliae s,

Festuce Spp. x> 5l 455 4w Gz pl o

(F. rubra 5 F. ovina F. araundinacea)
o 5 485 8 (Sl ae) Ssener s
aolie 0590 9 §pSojlal Siailex alie slaadlge
o6 S ojlal Glas o dodisS o yo s S )3
Wxdiy; Job g Sl doye Sl glinul 4
plad (g3, bjlag SISl 0l cnnlice o Sse B
Solal Gglis g Jlo me 0l (5 Soslail Glas
Sl ladiged b 955 5l (S dadist Gl gne
sy, YL o) g cpl il oo 6,0 las
S5y A oo lid Slae ol g o 1, S
A lcsisy Sl Gl dadiges ()3 £95
ldslecse Al ) (wyp 3)50 sladiges (9)0
ax 0 ditwd Ll Bgd slaass a5 olxl
3 g9 YL Gl obml coge S S oYL

Y =

(V¥ Bea 5 SIs5) 20500 alsz 00
Foooh Sl Slae o o gre LS
oo o)l35 oo 1,0 wlllas o arundinacea

o byl g, YV 0) T sae addllas s ool

'Squar
? Kolliker
3 Majidi



Vay

VF¥ 90 olauds /oo Jlw [yl ! jdu v gy

Goy ¥V oo @y (oo 42,0 10 lod jo o
T osles o @oloyw i) ) le o coalin
ooy bawgie ;3 Gy VWV S 4 el a0
@ azady; Job Cuwd 5 azady; Jsb (Sl
yadYs gaose cpl (ClBlS (g lo cixe HSU azddle
VP Coe 4y ogeds 4250 F) pols s a5 0)l0
ol ol Gialer ey @ 0 6t G,
el S el Gole 30 Y Jles sl JYanl
@l 5l e SV el s b eyl
0 sless 0)lai (Gjailez ooy (rals o (53l 059, VF
Pk O Sy sl b Seep9p Jled i)
Gey VDo 4 ugade az 50 VO gloo o )
@ g az )0 Fogles o ol iy e
sl Sl Dlas p gude 6530 (g, VT Do

L Sislsz wnlB ln ¥ oy oyeS T jles
Ls obey oS b (G Gy YITOO) ol las
2gr slesd al 5o (Giallez seys iy b ey
VP ooe 4 oolojwind) Vo jles L1 Y les ST
wald led plpie 4 (Gugred 42,0 F slos )3 55,
oley Hlewd ol o a8 al dales cnalive 8 5 duslie
g 22y g 3by (Sl wnld JooSS lp 5l 990
Sl LU Y o5 cll ol Sialer ey
Silsz 2 V¥ oless 1o VD eyl s blesd s
RUV Y

sl jo Slao jl plaS )2 ot b (i gl
osliiul | Lol sloadlse 435 5 daaisS  £95
Sy e 9 p9d oJgl adlge aw B Joaz Gl ad
WS dezgi |) ladisS p @Sl g9 5l a3 AD I i
P adlgs 9 20yd TF pgo adlge ao)s O+ Jol adlse
Qa3 AD S jo g wiads Jelis |y g9 IS 5l a0 VY
W8S pye ) @Sl s

ey Syl weys Slis ol adlge o
dsb 5 azats, Job o 4 e3ls (il
Somd g azadle Job Slio pgo adlge )3 azals
bsgie Cho pow adlse ;0 g axalle @ azaty; Job

(V' Jgoz) aitd Zonl Gl 55 Ay o

'pcA

dzxdiy, Job ol lad 1) Jelaie olyallys loases
FO U YV oogaome ,0 5 o2 4 SGo3 aigs 0 o
YV om Ol ol cazdile Jobo )3 (Jy 09 she s
F. a4sS  og yee AVYY L e Lo
MIY) azasle o5l sl b arundinacea
b Graghee TVIVY) azais; 0o absS (oo
VMDY L azals oppaddy axad 0 5 <l
VAIBY L azal S (n 2alisS 5 aig5 cnl )0 yoichee
Cdo He Nad end FLoovinag 48 o e L
5 F.oovina &5 wxdile & azaiy, Job Cous
5 (VYV) cpyci ouyo Flarundinacea 445
Gt 23l |y Cio Cpl (+1OF) ey yieS
Wl g Zoew A olawd (auds i laazal S olass
Fooa8 wolas olad o cxe s baiss
YI28V) Sialer aope polae ooy rubra
i 223 (g 53 L0 TIT) (Sailenr Sy b0
b 5 (el T8) azaiy, Jsb (FFT) L3,
ol I s ol Sl Lt |y (e s $V/8) azal S
e Jabe op S L FL arundinaceae 445 oS
el |y (il sl o3V pley cn s (Spals>
ol 2 Giler ploy o (Yo asms plis oS
oY ol cpyeS o Floorubra &85 13 el 465
el 03,8 0o 1y azal S (p i o S3als> sl
5 Syl (Boloye lojless 136 Y Joor b
QLS a5 592 I3 Sre aslllan 590 Slio (59, (S90y90
Lol Olae (g9, bbyles 5l plas o Sglaie 30 oaims
Sl ot Slis uSile awlie o M ol
ol oals ool LS ¥ Jgam o bt slejles
oy YAN-0) Sialer dojpn Jlade o iy
axade) Jsb Gy 5o L, TIVAY) Siailen e
el & araty, Job S 5 Giaske OYTY)
b ocpoml ladiie) ¥ ke o (VYIR)
Q@ g 420 V0 gl j0 VD gl ol s
20 ¥ les jo (aolesuion e 9 59, T e
e (e ol o (o) VT Do 4y e
Gioshos AY) azailes Job (FIYY) Ldy ay Lasls
Pl 0 G WP azals Jsb s
PRk V00 Sl el b (Sgej90 i i)



\a¥

e 5 giond Gilizeo odigS Jjailen s asli oU )l il g (g0lg>

Ogesep haid &S ¥ jles )30l Siailex gla,siSe
ab eslinal 2 p e S e VO Clile b G s
BE sy iy a5l o 55,5 swalis
Ol ] il a8 A e o il38l slala>dle
LY s dglie 5 ienl oealsS 5 azailes Jobo
Sl b led i) ¥l a5 0l asein ¥ lews
¥ O 4 ugmades 4250 10 glos jo SVD el
g 4250 ¥ glod o (mole o e 9 59,
oRlB ) Sialez Ce 5 9o (9, VF o
cod |y azalS ol g 50 4 Bl Jy seoee
a5 w5 asie Adsd 0 o e B LSL
@ (Sehpmez o) @lord (S e I ool
Fo lhazals oi, ol cow Jled i Ojao
(YNF LS 57 6 1lo) 355 e arundinacea
039 b jledhn I oS5 &S0 Jles o
@@loyw 59, VO L ) p S e 000 Gl
oays Jiiler Sl jo azy LB oole ol
D9 505
ey Sl b olaS i) ¥ jled g0 et o
558y ¥ Sde dy (g a0 V0 gles o SN/
@ b 420 Toglos o omolo b
Selrezanl b jlas ) Yoles 5 Gy VF e
@ gedes 420310 sles o i) S e VO
0 ils a6, ) Sl e Gsy Vo
@lr s ¥ oslees eoailsz slaydy slaws 2ali8l & )90
doog ¥l 55,5 gleazals ooyl cusw
235 oo
aS w8 atie ol slbadlge 4 a5 o
bisS et £35Sl Jyl el > s Ol
ey Siilex asye Ol I S s
bS5 azaiy; Jsb ol an a3l (Gl
Gk 0,5 ooliiul beaisS Jh o pled 0 (g
Slao o (Sod oyl F SS9 Jyoe
GR jale> cepw b (GP) Sialez aoye
ooy R*=78%) VI iy sy p3ls 5 R*=75%)

6 Saberi

03,5 (Fialyz Sl (Srwron ¥ Jpuz o
Sy b Siailex deye g dalyy sl ea
Job wazais, Job ol a4 a3l (Siale
N 23l b Sl Cepe alal, el
dsb b hdan a3l o ahal) wazasy, Jsb
dsb om alaly 5 amelS Job azaile azad,,
el S35 peinns azal S L azaBle g azasy,
o 0 Fre eyl ) Slao ady o

Slae 51 So,e L (GP) Sialsr as s o da)
ay VO G5ailsr s pos b byl ol 4 4 ols oLt
150 azalS Jsb 5 ¥ azaiy, Job JVA i
el 0 00,91 ¥ S j0 s Sledol .l

shils sals slo,d 4 cans ool Hled slayd
30 AN ) 0500 Dlae Ll g e o, Sles
@ Comd (2Yb 0 Sos el ol i b les e )
Cely el Sl ey ge s bajlas S0
o HIF 55 5 (Slplie s i
Sgdse odiylad gloydy ads ) S o (Jeke e
Sl & gn g paS QLS 990 )0 4058 (nl &S
Hon g Ty QY Mt 5 dug)) Canl s,
ST oSKen 5 6oye) e o (VoY
5 el eSS L el e
cbamals woys bl el Tolasaalygo
Voroo by Sls 5l eoliul o8 b
Sdler g g Aoy iolidl el s 65 Lo
Crataegus pseudoheterophylla .5 & ;s
(Y8 o K s ansl) 0t

olyor 4y (oasloy Jlai i &5V o)led las o
a ol sln ) g0 5 VO il b byl 2
loans T oo, glalimdle B 5l a solicl b
slr ¥ ol e glmen 5 il gialse
el mo (Sialsr woys g e s g ol (Syals>
wsb e gly ekl 51 eslizal ol .l
95 &3k b Sl e o by il oSS

! Bose and Mishra
’ Basra

3 Zomorodi

* K,HPO,

> Ahmadloo



AR

VFY [ p90 0 3lols oo Jlw [yl ol ydu s g

Table 1. Mean comparison of different germination traits in three Festuca species
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iz aes Sl Ce iy haen azan;  adls als & azaiy,
Germination ~ Germination Mean Seed  Radical Shoot Seedling azasls

percentage rate (n/d) germination  vigor length length length Radical/Shoot

time (d) index  (mm) (mm) (mm) length
F.arundinacea 28a 1.93b 4.36a 37.78b 37.22a 81.33a 118.56a 0.54¢
F.ovina 26.67a 2.38b 3.96ab 26.75b 41.18a 37.34c  78.52b 1.12a
F.ruba 30.67a 3.31a 3.76b 43.03a 45a  61.62b 106.62a 0.82b

sz LSD (5031 Goluslpp 00 0 Jlozorl o 5o (g,Lel GBS 2105 oaies (i (ygim 2 50 dlie g,

Similar letters in each column represent the lack of significance at p <0.05 based on the LSD test.
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Table 2. Mean comparison of germination traits in five different treatments

obej Lawgie a el Jsb Jsb Jsb ady) Job S
s Slsr aeyy (Gl Ce iy Sls> o N azaiy, azails analS azaile a ax
P . . . .
Treatment Germination  Germinatio Mean S > Radical Shoot Seedling Radical
L eed vigor
percentage n rate (n/d) germination ind length length length length/Shoot
time (d) fnaex (mm) (mm) (mm) length
1 26b 1.43c 5.86a 28.21a-c 51.80a 41.08c 92.88b 1.25a
2 10.22¢ 0.98¢c 5.53a 10.28c 11.10b 44.80c 55.90c 0.25¢
3 38.11a 3.39a 3.26¢ 39.04ab 53.21a 45.05¢ 98.26b 1.22a
4 32.44ab 2.50b 3.54c 46.31a 43.04a 93.00a 136.04a 0.65b
5 21.78b 1.35¢ 4.61b 25.99bc 17.29b 72.27b 89.56b 0.22¢
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(0 jlesd 155, ¥ S dy ugedis a2 3 10 (slos 1o () 5 p S e V00) S il b Sgey90 Jlesi ian (T jlens 45, VF o a0 F gles
VF oo az )0 F sloo jo (oolojwion puw ) ¥ S 4 Gugaadis a2 10 V0 (5los ;0 (i 5o p )5 (o 00 0) Sz 0l b S50 y90 Jlend i

9

aized LSD (5031 Guluslys 0030 8 Jlazol s 4o (gLel GBS 2l snims (Lis (ysies 0 50 dlies (g >
Treat 1: Pre-chilling at 4 for 14 days; Treat 2: Pre-chilling at 4 for 14 days, watering with KNO; (1.5 g/1); Treat 3:
Osmopriming with KNO; (1.5 %) at 15 for 2 days, Pre-chilling at 4 for 14 days; Treat 4: Hormone priming with
gibberellic acid (150 ppm) at 15 for 2 days; Treat 5: Hormone priming with gibberellic acid (500 ppm) at 15 for 3 days,

pre-chilling at 4 for 14 days.

Similar letters in each column represent the lack of significance at p <0.05 based on the LSD test.
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Table 3. Eigenvectors from the first three principal components analysis for germination traits in Festuca

spp-
T Jsb Cond '
PH PCSIWEIRY Siasles> O o JTJN e Jsk Jsb Jsk 4 dxdds, sloaty, e iy Sesd
O ey VYT —E %l . . . = . | L (oS
Germination  Germination Mean o ?4‘_“{) azedle mL.S el b\s ? o~y Cumulative
percentage rate inafi Seed Radical Shoot Seedling Radical Eigen Percent of ccent of
gerﬁiﬁz ton vigor length  length length length/Shoot Value variance p\?ariﬁ;ncz
index length
Jsl adlge
First 0.37 0.35 -0.18 0.36 0.39 0.12 0.33 0.30 5.53 50 50
component
P> adlye )
Second -0.15 -0.12 0.19 027 0.20 -0.54 -0.31 0.40 2.62 24 74
component ’
pom adlgs 3
Third -0.11 0.21 -0.70 019 0.03 -0.14 -0.10 0.16 1.30 12 86
component ’
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Table 4. Correlation matrix of measured traits

5 esls
e T S~ S
Sidler oy Sl ey Sialle pleg lawgie e o il als
Germination ~Germination Mean Seed i R
percentage rate germination time vigor Radical ~ Shoot  Seedling
. length length length
index
Germination rate _jaly> e o 087"
Mean germination _g;«ls> o\l lawgio 032 0.60
time ' '
Seed vigor index ,& au asls 0.88" 076" 028
Radical length «zaz,, Jsb 0.64" 0.62" 0.30 0.62"
Shoot length ez« Jsb 0.36 0.21 024 0.65 000
Seedling length azals Jsb 0.67" 0.54 037 089 060" 080"
sl & ey, Job Son 0.42 0.48 023 025 088" 043 0.8

Radical length/Shoot length
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Fig. 2. Diagram of germination percentage (GP), with germination rate (GR), mean germination time
(MGT), seed vigor index (VI), radical length (Rl), shoot length (Shl), seedling (SI), and radical length/Shoot

length (R/Shl)
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