¢o) WAA JUo ¥ oyledds ¥ oo oyl o815 sl g3y adixo

9 dugi Plos> Slgisl o 450 b3
ol 55 bl o

Y. . VoL ate .
pide Silgd) gy 9 L U3l Aok

4]

.o

s Sy 3 3l STy (53 Sl Glial e ] gy i 2 85 ol oy il e GBS ST (55 S oS
a5 )3 Cyusi polate 4 (Crambe kotschyana)cwl S aiog (09,05 olS jody J3j diler p calisen (sl anyd 5l o alKiule]
st (3l (Sl B )S B oy 390 )y S5 o b (ol el g a0 < LT (55 Wl S g e (Sl (Sles
2ok 23 YO 1SS (gl g ST ()l les 23 935 (Bl 423 Fe VAN FON - DN - DYl &l > 42> 6o )lows
. (Siales 70+ & iy ploj e ¢ 5 dlgn s p () Algr Jo 43 1l B3y jlie (655 0511 5)yg0 Slho S a8 S L
s dnles plas )3 (1) 7 ) j5s (55 &l s S oy I (tme 5y (55 Wl 2039 s (65 Sl s il oS ol s
e BMS] Caliseo (lamlod y )5 ko a3 )3 Fo oV XD (slalod clisol 4ol Cowty 3,5 los a3 )3 ¥o oVXD (slalod el

ol olawly ad saalied] S ol ax Ve (glod 0 (5 dlgn Cam o o i D935 (b ol ot liio (55 dlen Caspu jo ()b
o VDA WY s (5y iz o) JIn)lS (sl 423 < o3 5 (55 &l i (o (a5 (igm S 51 ool

) Sl Co e 51 AU Wlg e el ol (YY) H0s 5L
Dl gl m S5 ol (SIS Gl L s ol
A(ORV-IENV- SRy
Slgmosdmee 5 5l Ol s adex Sl gadae JuYs
NI VST S O P e S v ™. 7S
ol SIS L Las £ ol o 55 il 8
P sLajl aLE 65 2 ol a5 L (YY) 0
U3 D S N P P S v Jeupp J par e
S ABTIN AL o ke 5 (Senl (slalasms 4 LT
oS (5l (alanT 5 b s sl (55 4l LS,
Sk e & g ind 8 s i S8 S Lo sy
il o alial LT 55 il slasls s S LT
OOl 5,00
LaamalS 1l 53 ol e 005 Sl S (G5 4l

VAW RWes g L gie

el S o 55 Wl oy (JLad)S Sl 42 L g8 (5 8l

4o

Kl s 0 5 3 (Crambe  kotschyana) el " oL
S5 sl Ly 5T Gblie 5o g Conl &l mde o g
odote SYLI y Jlos I 0T 5 Lg)l bl o je s S s
0350 1ls e a0 oLE ol OA) L o 0T 1 0T
e 53 (9oL n! 1Sy ) il (VL (sl s
o=l e (F) sl oy S iy s5lwgyls
B Ol 53 OT (5w (sl o s 55§ 55 50
el 43 K Sy g

S EADT (a5 OLalS Sy (il ol Eomy )
oS ogllany 35 sm 1l 5 ate 5y 5 4l 0
SaS b 0l 81 St Lo gast. 5l &y 0
SLaai F Sl (b on Sl b laas o
= Bl Gl 6 Dby Dode w0l # Mol (215

Agta g b ol8iils (655518 0aS il skl 5 ey axd yl ) wlis )8 i gl Hls o )



S (535 g 5T g At JBlas s> 4y 3 £OY

Dlass 2 53 5 1l (olai Sl = b IB s 2T
Az an § s ol ess ol sl LSS F Sl
3 S 938 Ad Ol L e Y0 LSS sl
AS paily Lo SIS sl ¢ me Slad lia sla
51 ) B ldie 4 doys /0 Y0 &S el Lo
A 815 s g el h Db s (o Olss 05 0
lales 53 s, ST a5l (sl Sla s (65 e
Ll e b s, g6 S0

S vl (SOl DS s Emsb, i Cgr
L 5 (5SS ey v el 055 )3 iy
o3l (b s ps il s s et 61 0503 Sl
b w3 O b e

g3 oy ol YF 035 Sl Hedo Sols
S a8l U 5 a8 S elowl il 5sb 45 2l
3G VL)) b o & w03 il 9y rens
pale 5 e sk A8 ol (5wl TN Sl L
e s o ond G5 ale Gl 35 e
30350 hs b i L OT 005 sy JBs 5ol
(7

Sl ar s 2 53 seds (B Al ey Loy
L gin oy a 53005 aler ek Jioled b dd dcloe
o5 Al T as Oy Ole3 L (MGTY) G &l g Ole
=5 &Sl o oy (IF) A ailne 50 (6
(UMGT) 55 adl g 10+ as Oy Olaj oK bl
O 303 5 aulowe

1OVEs S el 15 G b 4 MGT 4w

MGT = 3(nt)/Z(n)

330 A 03 Lk o) dil e layds sl =

Sl a3 8 plonil 5l o7 (555 0 ek =t
5ot can L)l gl am s e
Sl S b G S Sl S oslizal L (S
LeT 53 48 05 5 & s Caliins Sl a5 5 65
(X ) gmen) Jois iin Ol sy Calies gl o @ o
B 53 (Y e Jaly pite Olge 4 (G5 il o s
AF) 5 SVslae jleslizul L (ISL?) b g bt Ju

dlg 52 45 6 0S5 e 5 6oL el 5 AL e
sk kl o 8 Gl o s w5 CIEL 5515 s
aioy osgb LanT 3 ol (1F)3 58 e 3 sdous (ol Cunlie
I ol iy LT O4s fosb 5 e 6l 4>
e Jalse (V) i e SLET (i ) 5ome 4y 0 3
AU oy 5wl «Cusbys Sl dlas I Calies
(F)das oyl 3

Jol oo a0 Dl a3 4 S 35 il Jadll oS0
¢ iy adlaie cazn s ALE Glaw S a1 (gadae
(3513 (Kes oils 5l oo Oles Se 5 )k i
2y ) Al S g Led o o adaly e
S 3l 05,5 13 F LS G F s
Sl S g s Ay (a5 S (5 O g 5
(T 1S o oslinl 3

S5Ol 55 248 6 AL L el Gl 4o
5 Al S 5 Ui Sl el (S (i1 s
OP)asl e aE claw & 1l Ll

Js 4 o8 558 o plal SeaT 4l S G @l
¥ s 5l A0S 05 g ] OT oy Hds Ol =
st 03 ot 31 8l VDB o sy Ol bl s
slgin 1y 5 J:-\j»(\qa!@jdlﬁ doys bl g Hd
Awl )3 H9du Osls 1,8 =Y H0 (b g mdls 5 =) 1 ga
0315 1,8 el VA Sode as oy /0 Y0 &S o
R O A R L IR

Skl 4 S ge 4 Ll g o (5 Wl b )
Q)3 55 Ol Js,l8

3 e en I O3S E Sl 4 a5 L
Sl 0ts 3L Ol 3 el S ol s, slgsl
Q\ﬁwbéﬂfub;msj&ﬁ:u'@lj\d.u\ﬂc
S Al Co w9 Ol am s e daly gLl 9 S5
I3, Gl o a3 S e 039 Gl S 55y o
W35 15 ool sy 55 0T S5 4l

&&5}36‘9&
VO B Cob slales j5 g5 &l STy b))
VY 350 g5 S 51,8 il a3 Fr g O (YO
.uitwtu,&m);é,uc,pmv/”sc,pu



(oY WAA JUo ¥ oyledds ¥ oo oyl o815 sl g3y adixo

16
14
12
10

(j;;)hiéj il g Ola s BESCH

[ TR S R - = A T « - ]
>

0 5 10 15 20 25 30 35 40
(:’; Sl a2

S las cox cwl S 59y (MGT) o5 ailgz o Jawgio Hloges ) JSC&

oo il apalS g il e s ST

L Jsens yoda aS Sl OT j1 ST Slalllas 5
wles aals SO s Jild 5 ailer e bes 2l 58!
AL lales 53 (b oo 41531 (o ey e
s e Ol gl 3l

o9d a8 0l B o3l QLA L )y 5 ) 93 pioman
ol 5 AS1s Olajans i e (35 6l ol DaLE
ils p om0y 3 ity (5SS o
o Ol e 4y ey 0S5 Sl 55 5 5 s

S g w2y p il slo3 > 4z 3l GaSils amlie Y Jga

ol S sl 5 ails

') Wlgz &k pu oyd | Wyl a0
(593 58 yie 3las) | (5 &g | (31,8 i)
+[+b slee Y
YIfY a Yeofea [
Y/Idda Yeofon 1.
YI/¥Aa Yeofsa \[}
YIFYa Yoofen Y.
YA a Veofea Yo
YI#Y a Yes/+a Y.
«[f&b V#lsb Yo
+[+b sfsc ¥

U5Ln; LS)L“] JJa.\ )l “5)......4: n.éj).> Lgl)l.) LSL“ u..fab.a (g R 50
2,185 g)ls (pxe

el s (YF 514
f=if (T<To,region1(T),region2(T))

Regionl(T) = b(T-Th)
Region2(T) = c¢(Tm-T)

T, ToTo d syl > 53 Teyads 35 4l by =f
A3 Sy o pllas canly Glgl 4 ss o 5 4
Sld oyl osliul U Juie 35 o g i s 4 S
sigmaplot version7.0.2001 {33l p ,— 5l ¢ (g s 5,
A ealaral

2 el S sl 5 il e L 5Dk
wles slasles plv g G az o Fr Y0 oo jles
Lales pluys ) a6l Co o 9 (p<0.05) 55 Hls oas
3 G s (Vg )il LGS (gyls —me gl
G s G 4l o S s S 8 (Y01,
Wl aS 40 b Sl 6 pulas jestls ) &l Aoy
Sl ek Sole3T ol ys Ll sls 15 35U s 1) g5
A8 S al il (Gl s Loy
e ol ST 5wl sy p Calibes sl a5
slabes 55 S5 il o)y JJ_:JA_Q_)}L;.Q}{)\:
Lo s deo Labes sl jagdd ol ax s Fr oFOCY
S odaline g @l g

Slaslad 53 (55 il s 6la o Silee glin
az 5 Y 5l Il aS sl Olid Oyl o s ys Calides
Gy ol mlsl 55l doys sl 8 sle 450 4
53 ces sl L 0T 51 s 5 ey JolS 55 4l g
9ol ralS 5 Al oy am ;3 Fr 5 Y0 slabes
O g ) ey Joo 4 Sulg o

MGT sl slales 534S sl OliiV Kb )
e 803 D)l w35 (55 6l Ole o 20)
s A &l g 59y ) caws 45T OT (65 0l (6 e Ola
U sl amm)s Gl 8l kg a8 (55 al e o s
Sl o 9 A MGT ¢ ) &l o aigs slales >
MGT Tsdoms clos 21531 b e 5 b il 590 S5
g 55 8l V)l S el 3l )
sk S eslimaly pdi Sl ax 4l g0 s & Jlel



S (535 g ST g At Sl iy a0 iy £0€

S 513 OLs ¢« (R=0.96) YU Ko L ¢ g o)l 1~
Olsie & o 5 a0l S o a3 VA P49 5\ /Y bl
sl Sl a3 5 S e g Pl sl sl a0
(Y JSK8) il o G5 4l

Lyl b 5 olE S 4 oo (55 4l aig sles
.(Y).Ub&cﬂwﬂjﬁ)OTﬁagS&m
Sl S g ag slos ( ALE w81 5k 6l
3,8 Sl amys P V0 S A (S
Q)lods il

Lo 0Ll el a8 slgsl o a3 et L
e LT i8S Olajs b S oWl i (slgn s gulons
(Pl Oyl a3 a8 i Ol e (Y3 F
g Ay Jln o ey ) ST s
Sl 4 i it s Slgas L (o5 DS
S s3It Sl T oS Sl L a5 ol A

N

0.30

0.25

0.20 4

0.10 4

(V35055 g o
o
B

0.05

0.00

e

T T T T T T T
o 5 10 15 20 25 30 35 45

(51,5 sl = axys

el )S oy (55 Wlsz ey iz (sleg 4z Sl Y S

oS b 5 e B L 55 Al Ol S a
.(Y\)b;@&)ﬂd;

I e P S oL

a5 3 YLy 5 ol oles auls 3 4l ks cles

&b
Sl ol a3l pls5 w5155 IS A3l s Sl ol il slebonily STV UL 5 63k pe st Db -

rV.—ﬁ‘\.dp.\.UZ.O.C.dj)jLis GW} (}l& s\lmﬁv.is r.\..f s o3y )

L7<:’&;; C,_wg.«j:)éjj_;_ﬁ J_A\)& Lﬁ-]’x‘ﬁ‘u‘j Q}Lﬁ.ﬁ.& .]ailsz)é ij;.} qYﬁ )‘5.'\.3 L;v) c\jlﬁ L;.»)ﬂ.\‘“/\'. L;LL)—;("} T ¢ L;o?L.»—Y
) .—OO.U..&.Y.G Lé«:\:ﬁﬂj)u\d

. (Cicer arietinum)s so,in 55 sl Sl g S o3y OF Jile JAYVO (655 aLS asom 55 Sor S =T
OF N ot YT 5 0kl

OW. (oS35 ol Slin] [Kon b Ciglas . ok sy sla Gl YV Coig ol —8
5-Adam, N. R., D. A. Diering, T. A. Coffelt and M. J. Wintermeyer. 2007. Cardinal temperatures for germination
early growth of two Lesquerella species. Industrial Crops and Products. 25:24-33.
6-Bradel, M. and K. Jensen. 2005. Effects of temperature on dormancy and germination of Eupatorium cannabinum
L. achenes. Seed Science Research. 15:143-151.
7-Canter, P. H., H. Thomas and E. Enst. 2005. Bringing medicinal plants into cultivation: opportunities and challenges
for bio-technology. Trends in Biotechnology. 23:180-185.
8-Cerabolini, B., R. D. Andreis, R. M. Ceriani, S. Pierce and B. Raimondio. 2004. Seed germination and conservation
of endangered species from the Italian Alps: Physopleis comosa and Primula glaucescens. Biological
Conservation.117: 351-356.
9-Copeland, L. O., and M. B. McDonald. 1995. Principles of Seed Science and Technology. Pub.Chapman and
Hall.USA.
10-Evers, G. W. 1991. Germination response of subterranean, berseem, and rose clovers to alternating temperatures.
Agronomy Journal. 83:1000-1004.
11-Flores, J. and O. Briones. 2001. Plant life-form and germination in a Mexican inter-tropical desert: effects of soil
water potential and temperature. Journal of Arid Environment. 47:485-497.
12-Fusheng, J., N. Peron, and N. Blachard. 2006. Effect of different pre-treatments to overcome the dormancy of
Seakale (Crambe maritime L.) seeds. Available at:
http://www.actahort.org/members.




§00 WAA JUo ¥ oyledds ¥ oo oyl o815 sl g3y adixo

13-lannucci, A., N. Di Fonzo and P. Martinello. 2000. Temperature requirements for seed germination in four annual
clovers grown under two irrigation treatment. Seed Science and Technology. 28:59-66.

14-Jordan, G. L., and M. R. Haferkamp. 1989. Temperature responses and calculated heat units for germination of
several range grasses and shrubs. Journal of Range Management. 42:41-45.

15-Kharkwal, A. Ch., O. Prakash, A. Bhattachaya, P. K. Nagar and P.S. Ahuja. 2002. Method for inducing improved
seed germination in Podophylllum hexandrum.Council of Scientific and Industrial Research.

16-Kocabas, Z., J. Craigon and S. N. Azam-Ali. 1999. The germination response of Bambara groundnut (Vigna
sublerrannean (L) Verdo) to temperature. Seed Science and Technology. 27:303-313.

17-Matthews, S. and M. Khajeh Hosseini. 2006. Mean germination time as an indicator of emergence performance in
soil of seed lots of Maize (Zea mays).Seed Science and Technology. 34:339-347.

18-Oplinger, E.S., E. A. Oelke, A. R. Kaminski, D. H. Putnam,T. M. Teynor, J. D. Doll, K. A. Kelling , B. R. Durgan ,
and D. M. Noetzel. 1991. Alternative Field Crops Manual. Available at:
http://www.hort.purdue.edu/newcrop/afcm/crambe.html.

19-Phartyal, S. S., R. C. Thapial, J. S. Nayal, M. M. S. Rawat and G. Joshi. 2003. The influence of temperatures on seed
germination rate in Himalaya elm (UImus wallichiana). Seed Science and Technology. 31:83-93.

20-Ramin, A. A. 1997. The influence of temperature on germination of taree Irani (Allium amploprasum L.spp.iranicum
W.). Seed Science and Technology. 25:419-426.

21-Rojas — Arechiaga, M., A .Casas and C.Vazquez-Yanes . 2001. Seed germination of wild and cultivated Stenocerevs
stellatus (Cactacea) from the Tehuacan-Cuicatlan Valley, Central Mexico .Journal of Arid Environment .49:279-
287.

22-Runham, S. 1998. Small scale study of yield and quality of oils from six herb species. MAFF project Nf0505.pp.30.

23-Schimpf, D. J., S. D. Flint, and I. G. Palmbland.1977. Representation of germination curves with the logistic
function. Annual of Botany.41:1357-1360.

24-Summerfield, R. J., R. H. Roberts, R. M. Ellis and R. J. Lawn. 1991. Toward the reliable prediction of time to
flowering in six annual crops. I. The development of simple model for fluctuating field environment. Experimental
Agriculture.27:11-31.



S (535 g ST g At JBlo im0 syl €07

Investigations on the cardinal temperatures for
germination of Crambe kotschyana

N. Naghedinia, P. Rezvani Moghaddam

Abstract

Cramb is an important medicinal and industrial plant which distribute in a vast area of Khorasan
Razvi rangeland. A laboratory study was conducted to investigate the effect of different temperatures
on seed germination of Crambe kotschyana in a randomized design with four replications of 25 seeds.
Various constant temperatures (2, 5, 10, 15, 20, 25, 30, 35 and 40°C) were considered. The
characteristics such as percentage of seed germination, rate of seed germination, the time of reaching
50% seed germination were recorded. The effect of temperature on rate and percentage of germination
was significant. Maximum seed germination (100%) occurred in all temperatures except 2, 35 and
40°C. In All temperatures except of 2, 35 and 40°C, there was no significant difference in rate of seed
germination. However, the highest rate of seed germination was obtained in 20 °C. Based on linear
regression between germination rate and temperature in both species, the cardinal temperatures:
minimum (T i), optimum (T,) and maximum (Tm.x) Were determined which were: 1.7, 18 and 43 °C
for Crambe abyssinsca, respectively.

Keywords: Cardinal temperature, germination percentage, Crambe kotschyana.
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