8

=N

x>

&L=, IWNITY colris [1YAR [pgs o loid i Jlu [ oyl yds b ide

293 dllio
Lo 4 cums (Cyamopsis tetragonoloba) 145 35 J34lg> (g 5lw o8

T o e dazmo T geyl Ly b T Gl Lo james

b garo oS

39290 o gl Juols) 195 duomo sl Y gy 00lgils 31 oLS Cyamopsis tetragonoloba L. ool oU b 415 :a0uio
Syg0 0 ymidn lgo ugi 9 (lud (gHla> 9 Ll (oo MEL s (liE 9 (29,10 @bho Wil @lus I gl 53 (58
Ao 5o 2 30 55 9)90 (12 Gaasly (i 9 LS Gy Sl (Suniie 53 AT Sl (L9 (g3l e 0 S (o0 5 eoliul
S35 9 Sledbl 051 g 455 ol (Sixiuo 3 loyd o SOy 4 4z gl L0l lglyd 0 yl5 Jiailexr (pgatty gl
9 azalS adgl wd) g (Jiailer Glio p b Sl (o p g h (rl plil 5l Buw ol ol JUao, 5 bles (i p (S (S
091 0bS (nl (Fialga (STas g ity (JBlaz) JUao,l5 glalos (Somtfion

WAF Jlo 50 wior y oIS (bl (6559La 0uSiils Hdy (§59995K5 3 pole olliulosl yo gy ol i) 9 Slge
Az 0 Fe g YO Fe YO X 0D N B sblos Jold olod slow g A b dolas SlS b B 50 Gialesl ays,5 1o
Job azdBln Job iljg; (Jiailsn buwgie dilig; (JFiailen oo pw (Jidiler woys Glio .ol el )15 8 g wgmmdw
oS 4 9 (FgmwyS) Jlxi g 4 eolisiwl b (Fiailer JUo)l5 gbiled .o dmwlxoe 9 (5 puFojlil azals Job g azads,
ey 3l 00liiwl b g (pgw 4230 9 93 42 )0 (glakorr Wiy (1T 98 (St (oS yué (ygum 5 S J0) o0y &l sla Jore
et s (51010905 sy (51 )5 @ y9u0 o yd gy Jlasiol e 50 SIS (59031 b LpSilae s Lo s dulone (3 jails
s 0Ll & Lo 51331 5 31 (cidisn b Jow 331y Lod yilp 50 S5j4ilg>

0 (38l Lanwgio § Caf puw ko yd AllG0 duw y )ToF Hi (Al p Lo iliske Zolaw il 45 oo LIS i Hlaaisly
azyd Frog e B slalos 1o 3ailger bawgin 9 Cu yu o yd 4 gy po polie oy ieS kel Cawas b 4 Az gl b 091 l0 Sixe
by yo y0lie oy (rizad 3 (wgmmdas 423018 (glod 30 (3ailser a4 bgyyo 3 0lie (9 s 9 ol Gty ogrannds
4l by p oo ke ok pil @ls b oablive Gugmbis 4250 YO slod 33 Jjailsx bugio 5 H3aile oy 4
4 byrye polio oy yieS 45 5y5b &1 .ad 4lo San yiy azdidy g azable azalS Job ailie aw p Lo 5T a5 ol LS LTS
Slod 50 azdllu g azalS Job (o yidon .03 5 oudlio (g 4253 e g 10 B Sbales y0 azaln) g azddlu azals Jsb
092 (o gamds a0 e

St (laTgs @b Hkz 3l eolitwl b Lo Gilide zohw 4 ,le8 jdy (Jiailsxr STy GilwoeS i S Al
15250 o500 9 (RY) sl i ol 95 4255 (glalosraicz (ygmms y5 5 Jobo 85 &30 duw 4253 9 99 4253 (glalor iz
Joe o pol)ly (bl clls bos Jiue it Jlio j0 (Jjailgr S pw 4 bgrpo slaosls b 5yl sme g cuwlio (03152
Fo g f1o8 iy 4 )98 (Fjailg piS1as g JBlas (glod g ol Cawiy (ugmndis 42 )0 Y800 )ToF (3ailser dnte slod 555
o dmline (gl 4250
duw 4z 50 (glakozr iz Juto TS ( iailger cas s (JLo )l slod 1guls 5Ll

16919 slbase
b (i el )l 50 (Gielexr Js )l slales (i -)
0,8 it BB Siaile Lol slales ull p 168 clls &5 -Y

bl 5)sleS sasizils .obls ol 5 el 09,5 Jbobial

http://dorl .net/dor/20.1001.1.23831251.1399.7.2.13.2 iz oKl
bl (65,588 oaSiasls .bLs Mol 5 el a) plis 15
DOI: 10.29252/yujs.7.2.121 2 e oKl

wi s olKls (65,5LaS suSasls L BbLS Lol 5 cacl; 05,5 sl

CrossMark Hrramazani@birjand.ac.ir : Jgus saius g5 4sbb),”

OTAAN N0 15y o, OFAANN/Y il s & b)


pazhoheshi
yasouj logo

pazhoheshi
cross


\YY

Lo & Cuwi (Cyamopsis tetragonoloba) 155 1 5jailen §3lw o5 1] )Kod g Sliro,

Ve TS 5 e 3 ol 5 Shac Jonily
lazals il Jole il 5l (Sl
by ulpd ple (599 ke g 3 9 Sl GlalS
spama o3 bgs g 35Ty 3 Gy sl oS5
AR EalS 3l 5 50 ,52) S5 oo
Sidler a9 Ce gy Led Coenl 4y axgi L
slyd Slex sl Lo e Gme o)l
A5 ppbtr 3,55 (slotg el | cchlisen
Ded oo Slo Juo, 5 ol sz Siaile> 0 Leo
(Ty) ObL L JBlas gles aw ol Jluo )5 slales
(T) iw b pSlas 5 (‘T oslae L argy
Ol o a8 canl sleos (yieS ¢ JBla> slos aiil o
ol o Sialer &dly o 5 Cel Hho Jidilex e
aS Gl oloo (5 5YL 50 iSlas sles Lamo od &
g Slod 5y 0 Hho 4 Fialez Sy o] 50
oanlice Jiailex e ps o YL ol jo aS el sleo

). 1 . .
5 S5 VooV copdsly g gollod) sedee

Jlas,ls gles .(0V2Y Ml Yees o) Sen

ol it wsiledae o &8 cwl gl
205k e Gl Glaaxly resd 5 b5 g0
=hy slaiss ;5 5 o)l plgld 95 gud; al> e
Sl Az )3 g celie S5 b e sl
PRI B Y S R SN
Jss )5 slales s b gdls po (Fo)) oS
Sl eoguze (med wiliie sladisS
2ROl ol eslie b, 5 2SS Gl oslhe
RSO KRV A NGV SWGQM) dgs Jale>
Salr wslhe sl U Les Rl b Sails
O 3 Sl Sl b e 1alS T 5o 5 Gl
ssbas (Voo Tagnge 5 ) wle talS

* Rahimi and Kaffi

> Jordan and Haferkamp
% Base temperature

7 Optimum temperature
¥ Ceiling temperature

? Alvarado and Bradford
' Koocheki

"' Ramin

'> Gholami-Tilebeni

"> Mahmoodi

' Kebreab and Murdoch

doddlo
Cyamopsis tetragonoloba  _ole o ‘ Jgs
5 ladss olS ol el DY oy oolgils I aLS L.
5ol 30 5 LSL 5l awg 08 0 el Wl S
30 led S gy o0 S des U S slgn
5 St )S ot Ol b p 5 slgn 5 o b bl
s B ) oS ol S n ol i o5
Senr el S Ll o938l 5 (59 (e
MY iSan M) 5800 5 S sl
shlo a¥edy oolsils lals ple asle le8 ady,
P a8 wBlios (e oaiS el slas S
J5) )55 o S gn S 350 5] S 90
Ablge 5l ol A 50 Sszge p gl Jol> (B8
5 @l glee wile glie jl il yo I8 oo
5 ol (ol 5 Cd e (el Cario ol
! 0,5 o0 13 oolaiul 550 0pmaie olge adgs
e o BT 6l o5l Glgear ol 5l solawl
(Vo) e oSan 5 Mgo) Consl s L5155 il s
Sae gly o5 lsr g ol Lulyd o wilgi e olS
il Cuglio Y )95 5 2l o5 pl o SYsb
dyame o Ol @ wlgioe Jods o 4 il
S anilS Kis e 5 S blie o ceslio
Gy S olS csls (Ye)e o Sen 5 Sl
Mg 0590l 00,5 o0y Gliwgain ;oiS 4 )b e
95 OlSh win layaS 5o Gl ;o eole (nl odes
20,155 olS AT el 53 LB s pdy o O ygeo S 6l
Ae ogicn odls S o e 4 L 8T g LIl
Olee crl 59 s 5928 )3 Ol (Brae JleS wo )0
BRI R P IRV P vonc S PG | 7 ERIR WIS
VY TUR0) Sp5ioe st Sl ol jgole e
b o Sy Jelge 2 opdle ol 5ei 5 0,
Jole (nitoge Oyl a0 g o)l 1B ase Jalge
e alS 0 (Sielsnsed slocald p f5e ane
i g Fregid ) (2alS (Siailex l el 0,
59 0SS (ad R Jelse ple ol e 4 a5 wll oo

! Guar
? Mahla
3 Narigol



\YY

YVWAQ [ 090 o lols [ piid Jlw [ oyl ! jdu v g

Jaw g eolaxwl (Papaver somniferum)  iluis
ra> S NS BIE e e | eSS
0 (65500 ddie Sladsd Jlso IS slales s
05 59y Dlinkos & Gl o aloz ()] 5145 Conl i S
5 SIS 035 (5305 (YA K 5 IS (Sl
Clae VoA o San 5 os o) ailsol
Sz dle (vVF sl L5 oLl
) e adees (Vo0 e 5\56“’93)5%)
e 57 6 ,0l) SlS (Yo 1F ) SKen 5 puil
5Ly Ve (Len o) sueml) pasS (Y
LdsS (For Y hKen o' aisS ¥ )l San
(&,50,8) oS Gile (YY) oS 5 0,5, 500)
o)Ll (YN bl g Loyye) oSl o (Yoo
als

olS geio 5 Sloyd e sl p)lS @ az g L
e 2 e POl s Sledbl 095 g leS
ool bl 5l Goe 1A ol cpl Jluo,l5 slabes
adsl ad) g (Syailez Slao p Led Sl (o) Giagh
(JBlaz) JLoo )5 slales aSiul (od w052 1S azals
i)l 090 5 olS cnl Gialsx (ISl 5 e
L8513

b9y 9 dlge
S SRS g psle oRiglel jo teghy ol
Jo 0 sm s Rl bl (65,5laS eaSiils
olas SlS b LB s aabejl s 5 121 VYAF
Yo a0 0 slales Jols gles s mhw A L
ol 1S5 0 5 g 43,0 Fo 5 YO N YO
S 4 oy O i Co IS g Jaloe b e ,dy ]
Shado ol b A5y ¥ G 00,5 Jeaeds aads ¥
SS9y oyl Coles o g Wak oold gl
0 5 Slo 3ol Y 90 (gol> a5 o il Vo s 4

12 Gulzar

13 Ghaderi-Far

' Jalilian and Khalili Agdam
'S Poortoosi

16 Balandari

'7 Ahmadi

18 Zainali

1 Condon

la.j Cl )_0..0 d.vl) 6Lco 59 9.9.» CaL yw ‘QLQL._? o ‘lef
» Py b Gl A gles b L Gl
" sl ams e lis sauad 2l T 5l YL slabes
NARRI IR JCOUIN
sy abaly Golol o Jlao)l5 slales apulxe
"5 col ond GaliF Sialer Jlas)ls slales
S O Tzl 5 Sl VoY L San
Cewdy sl 1y 2ol sl aw 1 eolaiwl ladss
“JT o) oS oyl Jlas)l5 lales (0]
I = ¥ .
¢ J‘)‘““"""“S 9 6;0)115 YooV o ‘_glf 9 65\.@?‘
o Jow sl eslazwl ey o (g0l sl o 138 (Y- F
3929 Jles )5 labes (ress sl (a1t g S
‘LS)""""")‘? 9 (SO yw Sisle 3 )) ‘SG.JDU e ..))b
Jlas)ls sles 0,500 4 0B et slaSSge Jow
5 S (Y10 ol g puil LIS sg Siails>
L1y ol 468 dw Jluo )5 slales (Y2 #7) )] Ken 4
ablie bglhs s & w5, Jow 5l oolatul
olas 5 (V-1 )) o) Ken 5vo|)6)w A ged yuats
Olas gz g a0 Ly sla Jae cds a5 wols
slocuisy Jo)l led (medt )3 (S1aSS 90 5 wile
(V) s 5 " glake ol Sl g,
g Lo il ol 4 055 Sials muly b))
...\J‘oo; ool wsle ul..x..o 9 Lo (':"9’ )| csls S
5 puS Gl |y Seead Jae (V42)) Tea
5 GlaSTgs Jow (Yo oA Yo L lKen o Il
aw Gialler Jlas)l5 slaled e sl | S
38,8 oolawl (ad) pasS Al ly SO g o) AsS
5 GaSGgs Ly Jae aw (Y41Y) o e o 'Sl
s oS Juo )5 slabes (s (gl 1) asilelais

" Oyedele

? Colbach

3 Jacobsen and Bach

* Jami Al-Ahmadi

> Hardegree and Winstral
¢ Khalili Aqdam and Jalilian
7 Sabouri-Rad

¥ Soltani

? Blackshow

10 Kamkar

"' Kamkar



\Y¥

Lo & Cuwi (Cyamopsis tetragonoloba) 155 1 5jailen §3lw o5 1] )Kod g Sliro,

(aels 053) 2l S5als> doys FGP' b, ol 5o

sl Gl Sl 4 gaw, b g, ol d g

oo . L

< ogly 5 WgenST) aBbige (Galejl 0)9 Job)
(VAaM

:(DGS) ailyg, Fiailes sy
Loy alyy, Gialsr bawgie oSe asls
(YooY e 5 | rle) wily o ¥ ala

-1 .
DGS_MD G Y alal,

5 g 5l ool b Sjalyx Jlus,lS clales
Loy oad ail)l slaJae S 4 5 (S5, Jelos
dolee 0l anle  Jiailex G 5l colail]
Lo g Siailex ce s adaly oluly Jlyo IS slales
slabes ot 4 by Slalllae 0 pomye (o,
M 53500 wlige Sl 4 Giallsz Jlus)lS
e @l (VoY (o Ken 5 gldsS 1A9F
sladae 5515 Lk gl Jlo)l5 slales
Slaboz iz (laSTg0 (S sl e )T
(\ Jjb) A eolazwl Pow 4,0 g P9 LEST)

SAS version 9.1.3 ,l58ls 5 5l solawl b osls
oS5ls ge3l b Sl sl g o (6 kel 4320
) Sl S5 Djp0 sy mh ekl mhaw
Gl L pln e Sialer Sesn slajloges
(SigmaPlot) <HleXew 38l 5 5l (alie sl oo
b oolazwl

sl s 5o
215 5 Gl p Lo Gilise polaw 55
s Sl begle 5 Cepe o) adlie A
@ 4 a2 L (Y Jsaz) o (P<0.05) ls sxe
g g daoyd A bgiye polie (p pieS soel Cawdy
azn T Ve b lales o Sialer lawgie

' Final Germination Percentage
" Lexmond and Vandervorm

"2 Majer

" Bradford and Haigh

G Byl ad CtS gy shie Ol ) e
O Gl ooae YO g p B S gl
9 A0 50 ol les o oad udal gl siliwe )
BEGERCPIVRY SRNITSCINEY ST g
o= 59 VY B eojailez laydy 5)led ol Jae
plsl atie clo Sy 5 595 50 Slejl 9,8
axly o 0 as il asbl Sy U5 ol g o
oy olass 0 g Jlgte gy dw iale)]
zor b,k Gialex slas ais csalie osjails

5 oD og ahea ¥ im0,k gl azaty,
axalS Vs )lez ey ol (Ve ol e
Jsb g oad andloy (olesl axly ya 5l Solas jgboas
Srugle 1SS L ladge azale 5 azasy,
a,ds S 5l a3 oloy Saw 3l e 0l (5 S ol
iler doys deazals Cgllae wly g (g, 1Y)
Luge ('DGS) alyy, Sials> ey (GP)

Jsb «(PL) azals Jsb ((MDG) ailys, 55>
(SL) azals Jsb 5 (RL) azasy, Job
O Al 5 (6 8051l

H(GP) Sj4ils> wuoys

GP=()x100 b,
sr,ds sl n o Siailez woye GP adal) ol jo
S asSle) wilie byl JS olws N g esjaily>
VAP Sa g JeSes ) AFY

:(MDG) ailyg, i4ilg> bawgio
Syl garls &S Al Gialsr Lawsie
130,85 xd ¥ oalal ol oo ailys, ‘53)’4515_?

FGP
MDG:T Y 4]4.3‘)

' Adam

* Germination Percentage

’ Daily Germination Speed

* Medium Daily Germination
> Plumule Length

% Radicle Length

7 Seedling Length

¥ Maguire

? Nichols and Heydecker



YO

YVWAQ [ 090 o lols [ piid Jlw [ oyl ! jdu v g

)]; see Jloo I8 slales cpss (gl 00l o0ls ui'a)‘l).g sl oo ) Jous

Table 1. Fitted models for determining the cardinal temperatures of guar seeds

Model) Joo

. 1
S T)=
Logistic U [(1+Exp(_2+(T_TC)))]

< IfTb < T < To f(T)=(T = T,)/(T, — Th)
(sl IfTo < T < Tc fD=11 - =)
Segmented Tc-To

IfT>TcorT<Tb f(T)=0

AN T,~Th\ 2
guadr':ltic f(T): [(T - Tb) * (TC - T) * ( 2 ) ]
P 4250 _ 2 3
Cubic f(Ty=a + bT + cT> +dT
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Table 2. Analysis of variance of the studied traits

Ly
s lie R T e P
SO V &3l Seedling plumule Radicle ailjg, N i Final
e df length length length DGS ety germination
MDG
Lo
T > . 7 160.14%* 63.85%* 26.45%* 0.000217* 0.854* 103.36*
emperature
Uas
E 32 6.7437 3.8144 2.5913 0.000065 0.2830 34.240
rror
¢ )c \I’“Z‘V)ﬁ 23.6 23.65 22.89 6.47 6.61 6.61
. . 0
oo Bl il
Standard 12.25 7.12 454 2.68 0.26 1.04
Deviation

Db e o yd V50 Jletil mhans 0 (gl sre glacgles Siloy i gay *F 5 F
* and ** indicate significant differences in the probability level of 5, 1%, respectively.

g S0 Slao jo Gl s les 1Kl auslin .Y Jgus
Table 3. Comparison of the mean of different treatments in the studied traits

oo azalS Job azadls Jsb aasy, Jsb Gilr cem Fialz g o
(oo 42,3) (oskes) (roskes) (oskes) ail3s, a3, "Le;; ;T'?
Temperature Seedling Plumule Radicle Gy 5o ) Gy 5o y4) germination

O length (mm) length (mm) length (mm) DGS MDG

5 0.000 ¢ 0.000 ¢ 0.000° 0.000 ¢ 0.000 ¢ 0.000¢

10 0.000 ¢ 0.000 © 0.000° 0.000 € 0.000 ¢ 0.000 ¢

15 2.524°¢ 2.524° 0.000° 0.5304° 1.8908 ¢ 20.8°¢

20 7.928° 4.132° 3.796 ° 0.526° 1.909 ™ 21"

25 13.602 8.074° 5.527° 0.4784° 2.091% 23 %

30 15.700 ° 10.420° 5.280° 0.4888 *° 2.0546 ™ 22.6 "

35 15.240° 10.160 ° 5.080° 0.476° 2.1092° 23.2°

40 0.000 ¢ 0.000 © 0.000° 0.000 € 0.000 ¢ 0.000 ¢

Al 5SSl (glaraloaiz a3l )8 (gl sre M| ao )0 B e j3 e o 0 alie slas
Similar numbers in each column in the probability level of 5% have no significant difference in the Duncan
multi-domain test.
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Table 4. The values of cardinal temperatures of Guar seeds based on the fitted models
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Fig. 1. The response of the germination rate to different temperature levels based on the fitted models
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Quantifying Guar (Cyamopsis tetragonoloba) Seed Germination Relative
to Temperature
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Extended Abstract

Introduction: Guar (Cyamopsis tetragonoloba L.) is a plant from the legumes family. Guar gum is
obtained from endosperm in guar seeds. Guar gum is used in many industries such as pharmaceutical and
food industries, paper, mining, oil and drilling, textiles, and explosives industries. Modeling is a method that
is widely used in predicting plant growth stages and determining the required thermal units in each growing
stage, especially germination.

Considering the important therapeutic and industrial uses of guar and the lack of sufficient information
and reports to determine the cardinal temperatures of this plant, this study aimed to investigate the effect of
temperature on germination traits and early seedling growth and predict the cardinal temperatures (minimum,
optimal and maximum) of germination for this plant.

Materials and Methods: This research was carried out at the Seed Sciences and Technology Laboratory
of Agricultural College of Sarayan, the University of Birjand in 2017. Experiments were carried out in a
completely randomized design with 8 levels of temperature treatments (5, 10, 15, 20, 25, 30, 35, and 40°C),
with 5 replications. Germination percentage, daily germination speed, mean daily germination, plumule
length, root length, and seedling length were calculated. Cardinal temperatures of germination were
calculated using regression analysis with the aid of the proposed models (logistic, two-way, quadratic, and
third-order polynomials) using germination speed. The data were analyzed using SAS software and the
comparison means were done by Duncan's test at a probability level of 5%. Sigma Plot software was used to
plot the germination rate against temperature graphs (for fitting different models).

Results: The results showed that the effect of different temperature levels on the percentage, speed and
mean seed germination was significant (P <0.05). According to the results, the lowest values for percentage,
speed, and average germination were obtained at 5, 10, and 40°C, and the highest germination speed was
observed at 15 °C and also the highest percentage of germination and average germination was observed at
35°C. The results of the effect of different temperature levels on seedling growth showed that the effect of
temperature on the seedling length, stem, and root length was significant (P <0.01), so that the lowest values
related to seedling length, plumule and radicle was found at 5, 10 and 40°C, and the maximum seedling and
plumule length were 30°C.

Conclusion: Quantification of the gauge seed germination reaction to different temperature levels was
carried out using four dual-functions, logistic, quadratic and triple polynomials. The second-order
multitasking regression model, based on the coefficient of explanation (R?) and the amount of deviation, had
a suitable and significant fit with the data related to germination rate against the independent temperature
variable. Based on the parameters of the model, the optimum temperature was obtained at 26.05°C and the
minimum and maximum temperature of guar germination were calculated to be 6.09 and 40°C.

Keywords: Cardinal temperature, Cubic model, Germination rate, Gouar

Highlights:
1- Cardinal temperatures of guar seed germination were predicted.
2- Based on cardinal germination temperatures, the planting date of guar became predictable.
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