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Abstract

One of the most important factors in achieving optimal yield of sugar beet root and affecting the ripening and root size
uniformity during mechanized harvesting, germination uniformity through the use quality seeds. Of factors determining the
quality of sugar beet seeds is the physical and chemical properties of the seeds. For this purpose, the physical and chemical
characteristics of sugar beet seed and its relationship with germination traits was studied. This traits were evaluated on 10 sugar
beet singles crosses obtained from three locations including Ardabil, Firuzkuh, and Karaj. This study was conducted in a
randomized complete block design with four replications in 2014. Results showed that bulk density, true density and electrical
conductivity are influenced by environment and genotype. Percentage of solids soluble in sugar beet pericarp (germination
inhibitors) it was only affected by the seed production environment. Genetics and environmental conditions on the maternal
plant during seed development and maturing were effective on germination percentage, germination velocity and mean
germination time. But the germination uniformity of sugar beet seeds was only affected by genotype. On the other, the
correlation between bulk density, true density, electrical conductivity, porosity and percentage of solids in pericarp solution of
sugar beet seeds with some germination traits was significant. But, the germination uniformity had no correlation with the
physical and chemical properties of the seed. Increased density of the seed pericarp caused a decrease of seed quality factors
including electrical conductivity and percentage of solids solution on pericarp. Therefore, germination uniformity, which is less
affected by the environment, can be used in breeding programs as an indicator of seed quality selection. Physical and chemical
traits that was a significant correlation with germination traits, in the management of sugar beet seed production with the aim of
increasing the extraction coefficient and quality of sugar beet seeds are recommended.
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Table 2- Results of combined analysis of variance of physical and germination traits of sugar beet seed
monogerm in different climatic regions
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5 9 1829.95°* 6939.28* 13.58 1.244* 2.14% 750.68 ™
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Lo x 3 55 us " .
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* ** and ns: significant at p <0.05 , p <0.01 levels and non-significant, respectively.
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Table 3- Means comparison for physical and chemical traits of seeds of sugar beet single crosses in
different climatic regions at p< 0.05 level using LSD Test

Ol o Ske
S . el 3l 30 Aoy . 5o
. SN ol ol e s e D) i Sl
Traits ) . (1) J goma ) (r;)mbﬂ}agﬂ (1) $541 g Aoy
(et i 550 (b n ) 1000-seed Germination Gay)
il Electrical conductivit Percentage of 1000-seed o 11!
ik hos/ Y solids soluble ) weight (gr) percent (%) Mean
Location (numhos/cm) %) Volume (cm3) germination
time (day)
|
AJ;};)'I 312.93a 0.38a 15.71b 10.13b 82.38b 4.72b
rdabi
Ff; Jl’(’*h 229.40b 0.41a 18.88a 12.35a 81.64b 4.99
1ruzkul
KC;. 184.19¢ 0.31b 13.60c 9.83b 90.65a 4.47c
araj
LSD 5% 26.79 0.06 0.39 0.44 4.96 0.13
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Means in each column followed by not similar letter(s) are significantly different at p< 0.05 level using LSD Test
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Table 4- Means comparison traits of physical, chemical and germination rate of
sugar beet single crosses in different climatic regions

P s B _ il
Slie Gon ufjjjw:,i.-) (i) o J&i o J&f i::)a/ ::L:
Traits Elec::;cal:onciuctivity Seed porosity s r" (5 (oS P.}! 0 A Germination velocity
(umhos/cm) (Percentage) True density (Kg/m’) Bulk density (Kg/m’) (hour/percentage)
e g %% 33 wf 3% 33 wr 3% 3% .% 3% 3% wg 3% 3%
Environment * X3 W 2 X e W3 W e HE RV W, B 452 RV Vi, E 4 F CAv W B 5=
Genotype °m < °E < °E < °E < °E <
SC(231*261) 185.77 226.65 308.66 63.78 66.03 68.83 697.24 652.54 643.39 252.52 221.45 200.55 0.0172 0.0125 0.0136
SC(231*7112) 172.70 235.83 296.92 64.05 66.46 67.56 750.52 67231 685.47 269.90 22543 22236 0.0162 0.0128 0.0154
SC(231*419) 205.38 231.64 307.99 64.35 66.76 68.33 687.62 636.04 61431 24536 211.41 193.82 0.0225 0.0129 0.0156
SC(231*436) 188.83 236.83 323.60 65.08 66.18 69.82 72328 631.27 664.02 252.67 213.49 20031 0.0198 0.0124 0.0142
SC(231*474) 187.63 230.81 314.36 65.33 67.32 68.64 73453 679.94 637.98 25432 22222 200.01 0.0174 0.0124 0.015
SC(231*452) 201.89 226.29 306.12 65.14 64.81 67.49 715.53 648.65 613.57 24930 228.24 199.37 0.0221 0.0133 0.0175
SC(231*428) 175.18 222.11 326.49 64.57 66.32 68.36 698.09 635.96 610.66 247.23 214.17 192.85 0.02 0.0157 0.0156
SC(231*FC607) 173.77 211.11 286.43 63.04 66.05 67.00 72644 667.96 631.54 26847 226.72 20841 0.0128 0.012 0.0126
SC(231*FC708) 167.04 220.82 344.56 61.67 66.48 66.87 777.40 678.92 716.18 298.11 22735 236.82 0.0122 0.0119 0.0124
SC(231* SB37) 183.75 251.89 314.19 61.15 64.09 65.31 72925 642.27 64448 283.15 230.69 22347 0.0183 0.0123 0.017
;r:i"‘:" 184.19 229.40 312.93 63.82 66.05 67.82 723.99 654.59 646.16 262.10 222.12 207.80 0.0179 0.0128 0.0149
LSD 5% 27.82 1.68 33.54 11.14 0.0033
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Table 5- Means comparison for germination traits of single crosses sugar beet seeds in
different climatic regions

o 2l e . S8l S 39l 0l Sk
Single crosse (50 81> 5152 05 ; (o)) el . .
gie cro ] (S o 5L) o (csl) (3
EEgc 1000-seed weight Germination L L
) 1000-seed percent (percent) Germmatlon Mearll germination
Volume (cm?) uniformity (hour) time (day)
SC(231*261) 10.86bc 16.41ab 86.49abc 72.15abc 4.744b
SC(231*7112) 10.94b 15.66cd 89.38ab 74.41ab 4.683bcd
SC(231*419) 10.46¢ 16.28ab 82.41cd 72.17abe 4.538cd
SC(231*436) 10.59cde 15.88bcd 83.51bed 77.41ab 4.780bc
SC(231*474) 10.45¢ 15.36d 83.46bcd 68.08bc 4.698bcd
SC(231*452) 10.97b 16.73a 79.33d 80.87a 4.539cd
SC(231*428) 10.59cde 16.44ab 84.22bcd 81.68a 4.514d
SC(231*FC607) 10.54de 15.68cd 91.84a 60.23¢ 5.003a
SC(231*FC708) 11.51a 16.01bc 82.53bed 47.11d 5.093a
SC(231* SB37) 10.81bcd 16.20abc 85.71abcd 75.77a 4.744b
LSD 5% 0.31 0.58 6.92 12.23 0.19
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Means in each column followed by not similar letter(s) are significantly different at p< 0.05 level using LSD Test
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Table 6- Correlation coefficients among physical and chemical characteristics with germination traits of
seeds of sugar beet single crosses

G
(53l Slaw N B N E g g5 — 322 °: ) )
'53_'55*3‘- ':‘~'¢='f}‘,‘“°‘,‘“:§3 8 4 3= ’Loo
bt s S5 igé 1%%1%‘5;\1%55,&%%\%%%3\&‘2 %zg" ‘KEE
Traits of germination, 3, gé 3 g 53 = g'\g N §§ 3 § s %E_X 28 T g5 2 g2
physical, chemical Yo YO 1 ) \43 33 L2 - o
o I
~ 0.65™ 0.32 -0.21 ™ -0.21 " -0.68" -0.78™ -0.54™ -0.20 " -0.55™
Bulk density
51y J&s
il 0.67" 0.26 ™ -0.22 1 -0.30 ¢ -0.70™ -0.65™ -0.52™ -0.28 ™ -0.65™
True density
. -0.53" -0.33™ 0.16 ™ 0.07 ™ 0.53™ 0.79" 0.45™ 0.06 ™ 0.33 "™
Seed porosity
Sl
".SV"Q o -0.48" -0.31™ 0.20 ™ 0.06 ™ 043" 1 0.43" -0.06 " 0.23™
Electrical conductivity
J b ol . « . - . . .
e el e o -0.61 0400 0.67 028" 0.62 0.43 1 0.66 0.73
Percentage of solids soluble
als i * o ™ x o o
. -0.38 -0.46 0.72 -0.21" 0.43 -0.06 ™ 0.66 1 0.91
1000-seed weight
L
e -0.60™ 047" 0.66™ -0.02 ¢ 0.64™ 0.23m™ 0.73™ 0.91™ 1
1000-seed Volume
i o A
T e 1 0.19ns  -024™ 012"
Germination Percentage
il
it 0.19™ 1 0747 045
Germination velocity
54l g Ol - <M
0l Sj e 024 074" 1 0.5
Mean germination time
e
il 20027 045 =055 1

Germination uniformity

Loltsle3T 55 Siailer eSS o oS0 5 ol
ez 334 g )l asalS b S
Stibbe and Mirldder, 2002; ) Cul odid 3,155
.(Marcinek and Harper, 2013; Alipour et al., 2019
S i 50 oS amils o il 55 s i
4S5 il pr AL Y s 3 4zl g
AL e (S5 3 Sas Sl iy JB s Shes
TeKrony and Egli, 1991; Finch-Sawage and )
WS ol ol 5538 bl as , .(Bassel, 2016
L 5 )bt Sl 53 s 48550 S ke Sy gy
sl bt (S35 S Lol b S 5 6 (ST 5
93 Do 31 (B gl 53 B 5 Sas 5 akyy 3 Slas
pU ol y b 515Ky sl b o e

A¥

(A yutire o S Sliw laadd e ;K05

S es) b Cow b oS Sl aler S5
ol eSS o i g op meS (Y i)
MS 428*0T231 s MS FC708*0T231 wl;‘}izz_ﬂ
(0 Jsaz) 59 by e el AVEA PV L 5
il 0Ly Sl 5 el o
S b (/00" ke g (44 /FO") Cote Ko,

O Rt g sy Jam g 4l | (7 Jgdr) dizils 354 s
Yousefabadi and Rajabi, ) cusl ouis J‘J‘jfj:‘ﬁi.’
Sl il 20K 5 Ce m Sliws (2012
Gt Ll SRS AR PR e
S Fpr woalS g 4 pete (i i e S S

(P st s Nas BIHN e 5o 5 SIS



VRO Sl /¥ o ples VY o /Ol 5 (65503 5 pske 4,25

35t 6l m o (SC 5 sl el Sl eslinal s
ods S 5 K 0 sy b g pdo S
Ol s dew y oo b3 4 (Kaliniewicz ef al., 2014) C.u!
Ol jme 5 Jsdous dslo 3150 sy ¢ K Sl
e et L Ol e a0 elf i oy (SC SIS ls
Cdo 1.5 gad onlinl (d e 5o i L5
Loses 30 S a8 oS A ki Sialer 55K
2 558 b 5 e 5 Sl ) Ll e 0,8 o 5l 3
55 Pl e ls oS Ol e 4 (Sl el
5SS Slio bl 4 ar 5 Lo pd ) glate A )ik
Al $ o By s G5l Slie L ody g led
it R P a5 A S Sy e o

AL ae § J{G csl~:5.:§) Jlasul

Reference

U‘J&"‘a)d‘)j’:"

> .(Podlaski and Chomontowski, 2020) > 4 sl o=
SN Do (5 5 3 e (Soan 4 5 L g
ot Ol 5 o G5l Do by S gl
4y A8 btk y S5 Sl gt 5 CiS S 3 S
Ly ot il il K55 5 (s Ll S
Coste and Crozat, ) Cul odd Ji )| 8 55 K5 piies
.2001; Galloway, 2001; Alcaraz et al., 1998
Slesliul Ly Ol g5 o 1) Ad jlider Hd S
oSln 303 3 gy 5o glmd 5 (S8 Sl e L
G /80 31 b i sla l S K 5o oaily JE
A8 Sl 2 eiie oS a0 5 VY
Sl s i il S 5 e JES L
1y 8yl 5o (S5l 025k ol ol zals 6 5L

3 Lol 005 J& o8 5l b 1015 e

@liw

Alcaraz, G., T. Genter, G. Laillet, and D. Rageot. 1998. Sugar beet pollen biology. Pp 393-399. Proc. 61st
IIRB Congr. Brussels, Belgium.

Alipour, S., M. Taghvaei, A. Jalilian, A. Kazemeini, and H. Razi, 2019. Hydro-thermal priming enhance seed
germination capacity and seedling growth in sugar beet. Cell. Mol. Biol. 65(4): 90-96.

Amin, C., and L. Brinis. 2013. Effect of seed size on germination and establishment of vigorous seedlings
in durum wheat (Triticum durum Desf.). Adv. Environ. Biol. 7(1): 77-81.

Blunk, S., A.H. Malik, M. I de Heer, T. Ekblad, K. Fredlund, S.J. Mooney, and C.J. Sturrock. 2017.
Quantification of differences in germination behave our of pelleted and coated sugar beet seeds using x-ray
computed tomography (x-ray CT). Biomed. Phys. Eng. Express. D0i:10.1088/2057-1976/aa7c3f.

Bradford, K.J., J.J. Steiner, and S.E. Trawatha. 1990. Seed priming influence on germination and
emergence of pepper seed lots. JPN J. Crop Sci. 30: 718-721.

Bradford, K.J. 1994. Water stress and the water relations of seed development: A critical review. Crop Sci.
34: 1-11. Doi: 10.2135/cropsci1994.0011183X003400010001x

Chachalis, D., and M.L. Smith. 2011. Seed coat regulation of water uptake during imbibition in soybeans
(Glycine max L. Merr.). Seed Sci. Technol. 29(2): 401-412.

Chegini, M.A. 1999. Effect of environment (temperature and photoperriod) on bolting, flowering and seed
production in sugar beet (Beta Vulgaris L.) Ph.D. Thesis. The University of Reading, UK.

Chomontowski, C., and S. Podlaski. 2020. Impact of sugar beet seed priming using the SMP method on the
properties of the pericarp. BMC Plant Biol. 20(32). Doi: 10.1186/s12870-020-2246-4

Coste, F.M., and Y. Crozat. 2001. Seed development and seed physiology quality of field grown beans
(Phaseolus vulgar L.). Seed Sci. Technol. 29: 121-136.

AD



VRN Gl /¥ esled V) o/ 00 5 (6555 5 p ke 420 L OT LUl ,d J&s  syole slaal 5 Lo 3U

da Silva, C.B., M.D.M. Lopes, J. Marcos-Filho, and R.D. Vieira, 2012. Automated system of seedling
image analysis (SVIS) and electrical conductivity to assess sun hemp seed vigor. Revista Brasileira de
Sementes. 34: 55 -60.

da Silva, L.J., A.D. de Medeiros, and A.M.S. Oliveira. 2019. Seed Calc, a new automated R software tool
for germination and seedling length data processing. J. Seed Sci. 41(2): p. 250-257.
https://doi.org/10.1590/2317-1545v42n2217267

Donohue, K., and J. Schmitt. 1998. Maternal environmental effects in plants: adaptive plasticity? Pp 137—
158. In T. A. Mousseau and C. W. Fox (eds). Maternal effects as adaptations. Oxford University Press,
Oxford, UK.

Durrant, M.J., and A.H. Loads. 1990. Some changes in sugar beet seeds during maturation and after
density grading. Seed Sci. Technol. 18: 11-21.

Dursun, 1., K.M. Tugrul, and E. Dursun. 2007. Some physical properties of sugar beet seed. J. Stored
Prod. Res. 43: 149-155.

Farzaneh, S. 2015. Investigation of relationship between phenological, morphological and physiological
characteristics of different maternal and paternal lines on quantity and quality of sugar beet seed. Final report
of Sugar Beet Seed Institute. (In Persian, with English abstract).

Fenner, M. 1991. The effects of the parent environment on seed germinability. Seed Sci. Res. 1: 75-84

Galloway, L.F. 2001. The effect of maternal and paternal environments on seed characters in the herbaceous
plant Campanula Americana (Campanulaceae). Am. J. Bot. 88(5): 832-840

Gizbullin, N.G. 1984. Effect of ecological conditions of seed production on yield and quality of monogerm
sugar beet seeds. Wisscenschaftliche Beitrage Martin Luther Universittat Halle. Wittenberg. 55: 528-536

Gornik, K., and M. Grzesik. 1998. Genetyczne, siedliskowe i maternalne uwarunkowania jakosci nasion.
Postepy Nauk Rolniczych. 5: 38-47.

Gruszecki, R. 2013. Wplyw normy siewu na wielkosc i jakosc nasion pasternaku. Annales Universitatis
Mariae Curie-Sklodowska Lublin — Polonia, XXIII (1). P. 18-24.

Grzesik, M., R. Janas, and K. Goérnik. 2012. Romanowska-Duda Z. Biologiczne i fizyczne metody
stosowane w produkcji i uszlachetnianiu nasion. J. Res. Appl. Agric. Eng. 57(3): 147-152.

Hadas, A. 2004. Seedbed preparation- The soil physical environment of germinating seeds. P. 3-36. In R.L.
Benech-Arnold, R.A. Sanchez (ed.) Handbook of Seed Physiology Applications to agriculture. The Haworth
Press, Inc., Binghamton, NY, USA.

Hampton, J.G., and D.M. Tekrony, 1995. Handbook of vigor test methods. 3" Edition, ISTA, Zurich.

Hermann, K., J. Meinhard, P. Dobrev, A. Linkies, B. Pesek, B. Hess, I. Machackova, U. Fischer, and
G. Leubner-Metzger. 2007. 1-Aminocyclopropane-1-carboxylic acid and abscisic acid during the
germination of sugar beet (Beta vulgaris L.) a comparative study of fruits and seeds. J. Exp. Bot. 58(11):
3047-3060.

Ignatz, M., J.E. Hourston, V. Tureckova, M. Strnad, J. Meinhard, U. Fischer, T. Steinbrecher, and G.
Leubner-Metzger. 2019. The biochemistry underpinning industrial seed technology and mechanical
processing of sugar beet. Planta. 250:1717-29.

Inoue, K., and R. Yamamoto. 1974. The growth inhibitors in sugar beet balls. I. isolation of mono-sodium
oxalate as a root growth inhibitor. Proc. Crop Sci. Soc. Japan. 43(3): 439-444.

Inoue, K., and R. Yamamoto.1975. The growth inhibitors in sugar beet balls II. Isolation of potassium
nitrate as the germination inhibitor and hypocotyl stimulating substance. Proc. Crop Sci. Soc. Japan. 44(4):
465-470.

International Rules for Seed Testing (ISTA). 2009. International Seed Testing Association, Switzerland

Juntilla, O. 1976. Germination inhibitors in fruit extracts of red beet (Beta vulgaris cv rubra). J. Exp. Bot.
27(99): 827-836.

%4



VPN Sl /¥ oled VY o / Ol nl 5 55k 5 ke 4 5 OLen 5 ol

Kaliniewicz, Z., K. Jadwisienczak, D. Choszcz, E. Kolankowska, M. Przywitowski, and D. Sliwinski.
2014. Correlations between germination capacity and selected properties of parsnip seeds (Pastinaca Sativa
L.). Agric. Eng. 1(149): 39-49.

Kaspas, A. 2006. Physical properties of monogerm sugar beet (Beta vulgaris var. altissima) seeds. New
Zealand J. Crop Hortic. Sci. 34: 311-318

Lacey, E.P.1996. Parental effects in Plantago lanceolata. I. A growth chamber experiment to examine pre-
and postzygotic temperature effects. Evolution. 50(2): 865-878.

Lukaszewska, E., and E. Sliwinska. 2007. Most organs of sugar beet (Beta vulgaris L.) plants at the
vegetative and reproductive stages of development are polysomatic. SEX Plant Reprod. 20: 99-107.

Luzuriaga, A.L., A. Escudero, and F. Rez-Garcia. 2006. Environmental maternal effects on seed
morphology and germination in Sinapisarvensis (Cruciferae). Weed Res. 46: 163-174

Marcinek, R., and S. Harper. 2013. Speed and uniformity of sugar beet seed germination and plant
development determined by image capture and analysis. 37" Biennial Meeting of American Society of Sugar
beet Technologist. Feb. 2013.

Martinez-Villaluenga, C., E. Penas, E. Ciska, M.K. Piskula, H. Kozlowska, C. Vidal-Valverde, and J.
Frias. 2010. Time dependence of bioactive compounds and antioxidant capacity during germination of
different cultivars of broccoli and radish seed. Food Chem. 120: 710-716.

Finch-Sawage, W.E., and G.W. Bassel. 2016. Seed vigour and crop establishment extending performance
beyond adaptation. J. Exp. Bot. 67(3): 567-591.

Marcos-Filho, J. 2015. Seed vigor testing: an overview of the past, present and future perspective, Sci.
Agric. 72(4): 363-374.
Mirzaei, M.R., J. Asghari, D. Fatholah Taleghani, and S. Sadghzadeh Hemayati. 2017. Effect of

environmental factors and female parent on some sugar beet seed traits. J. Sugar Beet. 33: 73-87. (In Persian)

Mirzaei, M.R., J. Asghari., D. Fatholah Taleghani, and S. Sadghzadeh Hemayati. 2016. Effects of
environment and genetic on yield and seed size of single crosses of sugar beet (Beta vulgaris L.). Iranian J.
Crop Sci.18(1): 258-270. (In Persian)

Morris, P.C., D. Grierson., and W.J. Whittington. 1984. Endogenous inhibitors and germination of Beta
vulgaris. J. Exp. Bot. 35: 994-1002.

Nik, M.M., M. Babaeian, and A. Tavassol. 2011. Effect of seed size and genotype on germination
characteristic and seed nutrient content of wheat. Sci. Res. Essays. 6(9): 2019-2025.

Oakley, K., S.T. Kester., and R.L. Geneve. 2004. Computer-aided digital image analysis of seedling size
and growth rate for assessing seed vigour in Impatiens. Seed Sci. Technol. 32: 907-915.

Orzeszko-Rywka, A., and S. Podlaski. 2003. The effect of sugar beet seed treatments on their vigour. Plant
Soil Environ. 49(6): 249-254

Platenkamp, G.A.J., and R.G. Shaw. 1993. Environmental and genetic maternal effects on seed characters
in Nemophila menziesii. Evolution. 47: 540-555.

Podlaski, S., and Z. Chrobak. 1986. Germination ability and germination rate of sugar beet seeds, in
relations to the content of germination inhibitors measured by the conductivity of aqueous extracts of seeds.
Seed Sci Technol. 14(3): 631-40.

Podlaski, S., and C. Chomontowski. 2020. Various methods of assessing sugar beet seed vigour and its
impact on the germination process, field emergence and sugar yield. Sugar Tech. 22(1):130-136.

Podlaski, S., H. Wzorek., and C. Chomontowski. 2019. Effects of the physicochemical properties of
pellets on the germination of pelleted sugar beet seeds. Int. Agrophys. 33:175-183.

Ranal, M., D.G. Santana, W.R. Ferreira, and C. Mendes-Rodrigues. 2009. Calculating germination
measurements and organizing spreadsheets. Rev. Brazil. Bot. 32(4): 849-855.

Richard, G., P. Raymond, F. Corbineau, and A. Pradet. 1989. Elect of the pericarp on sugar beet (Beta
vulgaris L.) seed germination: study of the energy metabolism. Seed Sci. Technol. 17: 485-498.

AV



VRN Gl /¥ esled V) o/ 00 5 (6555 5 p ke 420 L OT LUl ,d J&s  syole slaal 5 Lo 3U

Sadeghi, H., F. Khazaei, S. Sheidaei, and L. Yari. 2011. Effect of seed size on seed germination behavior
of safflower (Carthamus tinctorius L.). ARPN J. Agric. Biol. Sci. 6(4), 5-8.

Santos, D.S.B., and M.F.A. Pereira. 1989. Restrictions of the tegument to the germination of Beta vulgaris
L. Seed Sci. Technol. 17: 601-612.

Salimi, Z., and B. Boelt. 2019. Optimization of germination inhibitors elimination from sugar beet (Beta
vulgaris L.) seeds of different Maturity Classes. Agronomy. 9(763). doi:10.3390/agronomy9110763

Schopfer, P., C. Plachy, and G. Frahry. 2001. Release of reactive oxygen intermediates (superoxide
radicals, hydrogen peroxide, and hydroxyl radicals) and peroxidase in germination radish seeds controlled by
light, gibberellin, and abscisic acid. Plant Physiol. 125: 1591-1602.

Stibbe, C., and B. Ma“rla"nder. 2002. Field emergence dynamics significance to intraspecific competition
and growth efficiency in sugar beet (Beta vulgaris L.). Eur. J. Agron. 3: 161-171.

Sultan, S. E. 1996. Phenotypic plasticity for offspring traits in Polygonum persicaria. Ecology. 77(6): 1791-
1807.

TeKrony, D.M., and D.B. Egli. 1997. Accumulation of Seed Vigour during seed development and
maturation. Pp 369-385. In R.H. Ellis, M. Black, A.J. Murdoch, and T.D. Hong (eds.). Basic and Applied
Aspects of Seed Biology. Kluwer Academic Publishers, Dordercht.

Wood, D.W., R.K. Scott, and P.C. Longded. 1982. Effects of seed crop ripening temperature on bolting in
the sugar beet root crop. Proc. 45 Winter Congr. I.LR.B. Brussels, Belgium. Pp 15-24.

Yousefabadi, V., and A. Rajabi, 2012. Study on inheritance of seed technological characteristics in sugar
beet. Euphytica. 186: 367-376.

M



