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Determination of Cardinal Temperatures of Germination in Three Species of Pigweed
(Amaranthus sp.)
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Figure 1- Cumulative germination (%) of three pigweed species under different temperatures
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Figure 2- Relationship between germination rate and temperature in (Amaranthus Viridis. L) using Intersected-

Lines Model (A) and polynomial model (B).
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Figure 3 -Relationship between germination rate and temperature in ((Amaranthus retrouflexus L) using Intersected-

Lines Model (A) and polynomial model (B).
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Figure 4 Relationship between germination rate and temperature in (Amaranthus blitoides S. Watson) using

Intersected-Lines Model (A) and polynomial model (B).

5 e 53 ga5 danlous 31,57 o 4 y3 Fr 5 YD) (YO
5,51 5 ) 5 (Edalat and Kazemeini., 2014). o.blS
sy Sl jadae Sl Jlsy8 slabes
sles 5 Obl 1 kb Jae (Sisymbrium altissimum L)
a0 WY 3 NE PN 1y 0T Slas 5 osllas sl
3 A0 el bl ren 3 s ged B1S 518 Sl
53 b Jie olsolas (Ghaderi Far et al 2009) o, Ses

A4

Jolse ) ik s o 5l gealy o Sl ol sl
Sl sS15 0lE 53 syl Sl asme 5 (S35
5 30l g BB sl ) 68 oK Calies
LLolis Jas 5 (Ghaderi Far et al., 2012).01, K.
Sl Hd Siale JWa,S glabes 5,57 5 (6l
ks b gls 5 L5 S eslizul (Secale cereale)

XA S 5wl oﬁa\ﬁ\b}oﬁ\“{ oslbe (2ol



PFAA O ooled o)) Al 3,8 slacile g% dlxe

Jlus, 8 slales s sl 25l o2 e (Nigella sativa) &lis 5 b sldae 5 (Barago officinalis )ou ;58 oS

130l > g2 4ls olws (Cucurbita pepo) (sielSssuS,s ik

e B Al JJ}J.S-C\J L;Lm,?p; a5 (Slalamdi Jds 5 (1S5 55 Jube 3l oslil b Jus )87 (lales paded -\ J g

ol 5 9 o
Table 1. Estimation of cardinal temperature using the intersected-lines model and polynomial model of
redroot pigweed, green pigweed and prostrate pigweed.

61455 55 Je 3l esbizad b Jlu 3,87 slales

cardinal temperature using the intersected-lines model

e Slas aug sbes S les J")J’.'GU tSL’“‘.}f
R
2 Ceiling Optimum Base Temperature
Temperature Temperature
. G [
0.98 4576 +0.58  26.56+0.48 4.86 £0.57 e
(Amaranthus Viridis. L)
e 5 Al -,
0.95 51.06+1.63  30.56+1.37 6.65+1.98 SIS T IIE
(Amaranthus retrouflexus L)
odul o= =5
0.98 50.66+0.63  34.39+0.58 9.22 +0.90 el
(Amaranthus blitoides S. Watson)
p95 43 Gl Jue Sl eslazal L Js, 8" slabes
cardinal temperature using the quadratic polynomial
O 2 model o _
U ogla
R> ot sles wagp sleo €aS sles et
Ceiling Optimum Base Temperature
Temperature Temperature
. )
0.95 45.02 25.52 5.95 e
(Amaranthus Viridis. L)
.o )
0.83 50.80 28.82 6.77 SAIITT
(Amaranthus retrouflexus L)
odel s s Al
0.91 50.8 31 11.12

Amaranthus blitoides S. )
(Watson

Yy



(Amaranthus sp.) (w9 Szl 465 4w 34l JUsd 7 Slakd  pusi

DSz Vg ol s bl i
Spcale e 8 GbLia 5> il oa a5 akay s Sl

Al (6 ags

wlie LB ool 5 a3 als)y s gl ST los
L.@l.ﬁd,ﬂ .:ﬁjzaf}?wwjjﬁ-ctdu L"Cﬁ\\""ﬁr"
3513 Sl Sk )3 LSS ol seb 5 (S5,
A3l 3l e By s Al Iem 08 0 B 5 sl b 5o
5 S o O &y 5,8 oS ool il §a Slaile
Obsli Jlsl )3 ool s s Szl Lol o g b sy

5 Slalie )il e 8 s les Kle & 555 o o

(S 5 o

22 oAl ok Gl & SbOll G ) b
S dmdly 65 anpp b plnl s Jles auls
ol 4 S S5l g 318 Sl azs Ve glas
35 oSy a4 oS Sl amgs PO glales 3 G4l
S8 sl ay3 Fr glas 5 50 4k 5 ool s S U
3 Gl ey A B szl 5o
Bgedal B s b Sl VG e ks g e s S
3508 Ay 5 g s Al 458w Jlua)lS glales Ll
sers T o obsgme Ol 5 345 alie ool
3l S8 o s ph o bl 3 s 5l .als
Lyl i 5l ey alals 5 5 5iS Calites bl 55 Ll e
S IS 5,518 Gleallsip 53 5 S ady ol pn T

el I J:“""ij e bl Ll esy

YA

s 56 55 (Askarpur et al., 2013) o, Kas 5 5 Kus
Euphorbia ) ,sicale o35 35 Jidler Co,m
bl jleslaal L) ss0, 5 Jld Olul = (maculate
Slp o bl 0 die o 055 5)IF 5 alllae g 5
Olul & (gl CLL?L:.« bk Ju 5 s, Olol 5 o35
b Al it RE Glde 0p VL ol Jlos
sbdae o 5l (Ebrahimi., 2018) el sl slsolis
Sl auloe gy oslinal 3)pe ot b g S
Cuscuta monogyna ) o= )s e gi4le= Jls,S
w035 5 6 elsl O Joe Ol 5 035 (s (Vah

Ws0LES (g el 3 £33 4x)3 Slahordi Jde

oo s Al S 0 el ol o SNV LT ol s
4l LSl g S les s (il s s
b SRl OT (3540 Ole Las 020,30 L gy
(58l Olge 58 08 20 S L (il sl 51 e s
Sz )3 olils s Al 68 b LS 0T
2 ol 5 uS e Siale 4 Gars a0 Sl
ot Gy b Ll il ol ope 5 plde (Joad L1
FO slas yo oo aSl 0% s (Tl a5 BB OT H4gh
23 ke e Arl el (Sile Gl 4o
wals K3 48 33 4 G 4z FO L Ve les
@les )3 oa OT 54l T 3 2 s Skl
ol 0T G3ale Ol OT 1 ey 5 Sl am s Y
33 4 o 4253 FO (las 53 0T S5l Ol e Lol Ll o
o) & Sl ol SIS ik Y Kos 68
3 ol (S50l 4 538 s Fo) o 035l 53 oS

O ysas ooly; Joad olad o Yl cpl b



PFAA 6 ooled o)) Al 3,8 slacile g% dlxo

References &bo S 4

Adam, N. R., D. A. Dierig, T. A. Coffelt, M. J. Wintermeyer, B. E. Mackey and G. W. Wall.
2007. Cardinal temperatures for germination and early growth of two Lesquerella species.
Industrial Crops and Products 25: 24-33.

Ahmadi, M., B. Kamkar, A. Soltani and E. Zeinali. 2010. Evaluation of non-linear regression
models to predict stem elongation rate of wheat (Tajan cultivar) in response to temperature
and photoperiod. (In Persian, with English Abstract). Electron. J. Crop Prod. 2(4): 39-54. (In
Persian).

Alvarado, V., and K. J. Bradford. 2002. A hydrothermal time model explains the cardinal
temperatures for seed germination. Plant, Cell and Environment 25: 1061-1069.

Andalibi, B., E. Zangani. 2005. Investigation of the effects of drought stress on germination
indices of 6 rapeseed (Brassica napus L.) cultivars. Iranian Journal of Agricultural Sciences.
36 (2): 463-457.

Ansari, E., J. Gharkhlo, F.Ghaderi Far, B. Kamkar. 2017. Application of hydrotime model in
quantification of germination response of (Malva sylvestris L) seed to water potential. Journal
of Environmental Stress in Crop Sciences, 10 (1): 77

Askarpur, R., R. Ghorbani, M. Khajeh Hosseini. 2013. Effect of salinity and drought stress
and pH on germination of (Euphorbia maculate), a problematic weed in soybean fields. The
5th Iranian Weed Conference. University of Tehran Agricultural Campus

Benech-Arnold, R. L., R. A.Sanchez, F. Forcella, B. C. Kruk and C. M. Ghersa. 2000.
Environmental control of dormancy in weed seed banks in soil. field crop res. 67: 105-122.

Billy, J. G. and J. Etoler. 2000. Differential control of palmer amaranth (Amaranthus palmeri)
and smooth pigweed (Amaranthus hybridus) by post emergence herbicides in soybean. Weed
Technol. 13: 165 -168.

Bradford, K. J. 2002. Application of hydrothermal time to quantifying and modeling seed
germination and dormancy. Weed Sci. 50: 248-260.

Brady, N.C. and R. R. Weil. 2002. The Nature and Properties of Soil. 13th Edition, Prentice
Hall, Upper Saddle River, New Jersey.

Chu, C., P.M. Ludford., J. L. Ozbun. and R. D. Sweet. 2000. Effects of temperature and
competition on the establishment and growth of redroot pigweed (Amaranthus retroflexus L.)
and common lambsquarters (Chenopodium album L.). Crop Science 18: 308-310.

Colbach, N., B. Chauvel., C. DUrr and G. Richard. 2002. Effect of environmental conditions
on Alopecurus myosuroides germination. |. Effect of temperature and light. Weed Research
42:210-221.

Y4



(Amaranthus sp.) (w9 Szl 465 4w 34l JUsd 7 Slakd  pusi

Dyanat. M. 2016. Effect of Temperature and Drought Stress on Seed Germination of
(Amaranthus Viridis) and. (Amaranthus blitoides S. Watson) Journal of Plant Protection Vol.
31, No. 4, Winter 2018, P. 690-699)

Ebrahimi, A. 2018 Investigating Aspects of the Biology and Management of Weed Parasitic
Tree Cuscuta (Cuscuta monogyna Vahl.) Weed Ph.D., Ferdowsi University of Mashhad 131

p.

Edalat M. and S. Kazemeini. (2014) Estimation of cardinal temperatures for seedling
emergence in corn Australian journal of crop science 8:1072-1078

Ellis, R. H., S. Covell, E. H. Roberts and R. J. Summerfield. 1996. The influence of
temperature on seed germination rate in grain legumes Il. Intraspecific variation in chichpea
(Cicer arietitium L.) at constant temperatures. Journal of Experimental Botany 37: 1503-1515.

Forcella, F., R. L. Benech Arnold, R. Sanchez and C.M. Ghersa. 2000. Modeling seedling
emergence. Field Crops Research.67: 123-139

Ghaderi Far, F., S.M. Excellency, H. Rezaei Moghaddam, M. Haghighi. 2012. Effects of
environmental factors on germination and emergence of crop rye as a car plant in wheat
fields. Electronic Journal of Crop Production. 5 (4): 133-121

Ghaderi, F., A. Soltani and H. R. Sadeghipour. 2009. effect of temperature and water potential
on germination of medicinal pumpkin (cucurbita pepo. convar. pepo var. styriaca), black
cumin (Nigella sativa 1.) and borago (Borago officinalis I.) journal of agricultural sciences and
natural resources 2008, volume 15, number 5 (special issue agronomy and plant breeding);
page(s) 157 to 170.

Ghaderi-Far, F., J. Gherekhloo and M. Alimagham. 2010. Influence of environmental factors
on seed germination and seedling emergence of yellow sweet clover (Melilotus officinalis).
PlantaDaninha, 28:463-469.

Ghorbani R., W. Seel and C. Leifert. 1999. Effects of environmental factors on germination
and emergence of Amaranthus retroflexus. Weed Science, 47: 505-510.

Grundy, A. C., K. Phelps, R. J. Reader. and S. Burston. 2000. Modelling the germination of
Stellaria media using the concept of hydrothermal time. New Phytologist 148: 433-444.

Guo, P. and K. Al-Khatib. 2003. Temperature effects on germination and growth of redroot
pigweed (Amaranthus retrofexus), Palmer amaranth (A.palmeri), and common waterhemp (A.
rudis). Weed Science 51: 869-875.

Hardegree, S.P., and A. H. Winstral. 2006. Predicting germination response to temperature. II.
Three-dimensional regression statistical gridding and iterative-probit optimization using
measured and interpolated subpopulation data, Ann. Bot. 98:403-410.

Hejazi, A. 1994. Seed Technology. University, Tehran. (In Persian).


https://www.sid.ir/en/journal/JournalList.aspx?ID=3796
https://www.sid.ir/en/journal/JournalList.aspx?ID=3796
https://www.sid.ir/en/journal/JournalListPaper.aspx?ID=66581

(Amaranthus sp.) (w9 Szl 465 4w 34l JUsd 7 Slakd  pusi

Holm, L., D. L. J. Holm, J. V. Pancho and J. P. Herberger. 1997. World Weeds: Natural
histories and distribution. John wiley and sons. Newyork, 1129pp.

Holt, J.S. and D. R. Orcutt. 1996. Temperature thresholds for bud sprouting in perennial weeds
and seed germination in cotton. Weed Science, 44: 523-533.

Horak, M. J. and T. M. Loughin. 2000. Growth analysis of four Amaranthus species.

Jame, Y. W. and H. W. Cutforth. 2004. Simulating the effects of temperature and seeding
depth on germination and emergence of spring wheat. Agricultural and Forest Meteorology,
124(3), 207-218.

Jami Al-Ahmadi, M. and M. Kafi. 2007. Cardinal temperatures for germination of Kochia
scoparia (L.). Journal of Arid Environments 68: 308-314.

Kamkar, B., M. J. Al-Alahmadi, A. Mahdavi-Damghani. and F. J. Villalobos. 2012.
Quantification of the cardinal temperatures and thermal time requirement of opium poppy
(Papaver somniferum L.) seeds to germinate using non-linear regression models. Industrial
Crops and Products 35 192-198.

Kazerooni Monfared E. 2012. Modeling Germination and Emergence of Five Weed Species in
Lab and Field Condition PhD Thesis, Ferdowsi University of Mashhad, 184 p.

Mahmoodi, H., A. Mahdavi Damgani. and H. Liaghati. 2008. An Income on Organic
Farming. Mashhad: Mashhad University Jihad Publications. (In Persian)

Martin, M. P. L. D. and R. J. Field. 1988. Influence of time of emergence of wild oat (Avena
fatua L.) on competition with wheat (Triticum aestivum L.). Weed Research 28: 111-116.

Oryokot, J. O. E., S. D. Murphy. A. G Thomas. and J. Swanton. 1997. Temperature and
moisture-dependent models of seed germination and shoot elongation in Green and Redroot
Pigweed (Amaranthus powellii, A. retroflexus). Weed Science 45: 488-496.

Ovell, S, R. H. Ellis, E. H. Roberts, and R. J. Summerfield. 1986.The influence of
temperature on seed germination rate in grain legumes.J.Exp.Bot.37:705-715.

Rahimi, Z. and M. Kafi. 2010. Cardinal Temperature and Effect of Different Level of
Temperature on Germination of Portulaca oleracea. Journal of Protection-Agriculture Science
and Technology, 24(1): 86-80. (In Persian)

Ramin, A.A. 1997. The influence of temperature on germination of taree Irani (Allium
ampeloprasum L. spp. Iranicum W.). Seed Sci. Technol. 25: 419-426.

Rashed Mohassel., M., H. Rahimian. and M. Banaeyan. 2002. Weed control (translation).
Academic Jihad (Ferdowsi University of Mashhad); 570 pp

R



(Amaranthus sp.) (w9 Szl 465 4w 34l JUsd 7 Slakd  pusi

Riemens, M. M., P. C. Scheepens and R. Y. Van der Weide. 2004. Dormancy, germination
and emergence of weed seeds, with emphasis on influence of light. Plant Research
International B.V, 302:1-2

Santelmann, P. W., and L. Evetts. 1971. Germination and herbicide susceptibility of six
pigweed species. Weed Science, 19: 51-54

Soltani A., G. L. Hammer, B. Torabi., M. J. Robertson and E. Zeinali. 2006. Modeling
chickpea growth and development: phonological development. Journal of Field Crops
Research, 99: 1-13.

Steckel, L. E., C. L. Sprague, E. W. Stoller and L. M. Wax. 2004. Temperature effects on
germination of nine Amaranthus species. Weed Science 52: 217-221.

Steinmaus S.J., T. S. Prather and J. S. Holt. 2000. Estimation of base temperatures for nine
weed species. Journal of Experimental Botany, 51:275-28

Tabrizi, L., A. Koocheki, M. Nasiri Mahalati and P. Rezvani. 2007. Germination behavior of
cultivated and natural stand seeds of Khorasan thyme (Thymus transcaspicus Klokov) with
application of regression models. (In Persian, with English Abstract). Iranian J. Field Crops
Res. 5: 249-257. Tekroni, D.M., and D.B. Egli, 1991. Relationship of seed vigor to crop yield:
a review. Crop Sci. 31: 816-822.

Wilson, R. E., E. H. Jensenand, G. C. J Fernandez. 1992. Seed germination response for
eleven forage cultivars of Brassica to temperature. Agronomy Journal 84: 200-202.

Y



Weed Research Journal Vol 11. No. 1, 2019

Determination of cardinal temperatures of germination in three species of
pigweed (Amaranthus sp.)

E. Pirouzmand?, E. Izadi Darbandi®*, M. Nassiri Mahallati®, R. Tavakol Afshari*

Abstract

This study was carried out to evaluate the cardinal temperatures of germination of three
Amaranth species (Amaranthus retrouflexus L.), (Amaranthus viridis L). and (Amaranthus
blitoides S. Watson). The experiment was conducted as a completely randomized design with
nine temperatures (5, 10, 15, 20, 25, 30, 35, 40 and 45) and four replications at Weed Science
Research Laboratory of Ferdowsi University of Mashhad. Sseed germination percentage and rate
was calculated and regression models were used to evaluate the results and determine cardinal
temperatures. Based on the results, among the nonlinear regression models, the intersected lines
and quadratic polynomial models with respect to the highest coefficient of determination (R?)
showed the best fitting of germination rate of seeds. Accordingly, the intersected lines model was
more preferred. Generally, over the minimum temperature, optimum temperature and maximum
temperature using intersected-lines model for green pigweed of 4.86, 25.56 and 45.76 ° C,
respectively. Red root pigweed was calculated 6.65, 30.56 and 51.6 ° C, respectively, and was
estimated to be 9.22, 34.39 and 50.66 ° C for prostrate pigweed, respectively. The results of this
study showed that sow seed germination was carried out over a wide range. All three species
were able to germinate between 10 and 45 ° C.

Keywords: Germination rate, Germination of percentage, Nonlinear regression models, Weeds.
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