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1- Intersected-lines Model

2- Five-Parameters Beta Model
3- Dent-like Model

4- Papaver somniferum L.

5- Triticum aestivum L.

6- Quadratic Polynomial Model
7- Cicer arietinum L.
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2- Residuals Graph
3- R2 adjusted
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Tablel-Mean squares of seedgermination percentage and germination rate of perenial rygrass, Fescue, Prostrate knotweed
and Annual sowthistle under different tempratures

P a4 Wla po Sike Mean of squares
gevey) &5 389> awe > Germination percentage 3419 e mwGermination rate
SOV df b ez Bl wcdr Al e Ol Mpcds (A e
Perenial Fescue Prostrate Annt_JaI PR 309 Prostrate Annt_JaI
rygrass knotweed  sowthistle Perenial  Fescue knotweed  sowthistle
_ _ _ _ rygrass. _ _ _
Lo df  63869.62  5476.27  3106.48  4519.85 0.3217 0.238 0.1410 0.1995
Temperature
cllas 9 12.291 2.63 12.0 6.008 0.0005 0.0513  0.0005 0.0002
Error
CV 30 7.64 4.08 14.02 7.71 7.55 6.54 13.26 7.19

M‘)J;S\.j d\au;‘ chu Br ‘)\Ju_'u..q ekl
** :Significant at %1 level of probability
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Table 2-Mean comparison of seedgermination percentage of perenial rygrass, Fescue, Prostrate knotweed and Annual
sowthistle under different tempratures

L Fidlgx a0y

Temprature Germination percentage
OC -
1> o2 PR iy Cdp o
Perenial Red Fescue Prostrate Annual
rygrass, knotweed sowthistle
2 3.5 15.25 2.75 3.75
5 23.25 38.0 12.25 19.5
10 68.0 64.72 44.0 64.5
15 98.5 98.5 61.5 775
20 98.75 88.0 64.5 74.25
25 91.75 64.75 55.0 63.75
30 63.5 24.5 5.25 11.0
35 11.25 3.75 1.25 2.5
40 1.25 0 0.5 1.0
45 0 0 0 0
LSD 5.06 0.78 1.67 1.18
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Table3-Cardinal temperature based on three non-linear regression models

Lod bW bohs Juo Jile lady Jue 2 ax > gl Ao Wi
3,5 ol Intersected-lines Model Dent-like Model Quadratic Polynomial Model
Temperat - 5 :
ure ez ol abcdr e ol avces e oW scdr
ol a8 Pros:r R o 08 Pros:r R o 08 Pros:r R
Pereni Red K ta € Annual Pereni Red K ta € Annual Pereni Red K ta € Annual
al Fesc no v:g sowthis al Fesc no v:g sowthis al Fesc no v:g sowthis
ryegr ue tle  ryegr ue tle  ryegr ue tle
ass ass ass
al 4.12 2.0 2.85 2.0 3.17 2.31 2.95 3.05 4.22 2.11 2.23 2.0
Base
osllas 26.66 24.86 19.95 17.77 - - - - 24.22 2285 22.08 22.21
Optimum
SBgd Cgllas - - - - 25.60 2496 2221 18.29 - - - -
wollas - - - - 25.14 2349 19.94 18.05 - - - -
Sks
Ao 43.27 4448  42.85 44.86 43.38  43.17 4497 40.41 4391 43.70 42.68 42.11
Maximum
R? 0.89 0.89 0.87 0.94 0.88 0.86 0.90 0.95 0.70 0.72 0.67 0.75
adjusted
»5le i 0.003 0.008 0.0007 0.0005 0.003 0.008 0.0006 0.001 0.006 0.014 0.001 0.001

RMSE
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Figure 1- Predicted (lines) germination rate of Perennial ryegrass and Fescue at different constant temperatures using by

Intersected-line, Dent-like and Quadratic Polynomialmodels
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Table 4- Equations of regression models

g5 Je
Species Model
bl bgha Jao Wle ladd Jao ayd gl dlos Wi
Intersected-lines Model Dent-like Model Quadratic Polynomial 2
Model
PPN Regionl (t)= (- Region 1 (t)_= (-0.0008(1_5-t)+ Y=-0.0103+0.00§7X-
0.0028(26.6291-t)+0.0301(t- 0.0111(t-min t))/(15- min t) 0.00056329x

Perenial ryegrass
¥ed min 1))/(26.6291- min 1)

Rerion2 (t)= (0.0301(max t-
t)-0.003(t-26.62))/(max t-

26.6291)
30,8 ok Region1 (t)=(0.0042(25-
Red Fescue t)+0.0652(t-min t))/(25-min t)
Region2 (t)= (0.0652max t-t)-
0.0047(t-25))/(max t-25)
A Can Region 1 (t)= (-0.0002(20-

t)+0.0054(t-min t))/(20- min
t)

Region 2 (t)= 0.0054(max t-

t)- 0.0005(t-20))/(max t -20)

Prostrate knotweed

Region 1 (t)= (-
0.0004(17.7479-t)+0.0057(t-
min t))/(17.7479- min t)
Region 2 (t)= (0.0057 (max t-
t)-0.0006(t-17.7479))/(max t-
17.7479)

Annual sowthistle

Region 2 (t)=
(0.0111(25.6464-t)+0.318(t-
15))/(25.6464-15)
Region 3 (t)= (0.0318(max t-
t)-0.003(t-25.6464))/(max t-
25.6464)

Region1 (t)= (0.005(21.5971-
t)+0.054(t-min t))/(21.5971-
min t)

Region 2 (t)=0.054(23.5134-
t)+0.0757(t-
21.5971))/(23.5134-21.5971)
Region 3 (t)= (0.0757(max t-
t)-0.0064(t-23.5134))/(max t-
23.5134)

Region 1 (t)= (-
0.0003(22.3070-t)+ 0.0062(t-
min t))/(22.3070- min t)
Region 2 (t)=0.0062
(31.4035-t)+ 0.0017 (t-
22.3070))/(31.4035-22.3070)
Region3 ()= 0.0017(max t-
t)+0.0006666(t-
31.4035))/(max t — 31.4035)
Region 1 (t)= (-0.0004
(42.1874-t)+0.0059(t-min
t))/(18.2184- min t)
Region 2 (t)=
0.0059(42.1874-t)-0.0005(t-
18.2184))/(42.1874-18.2184)
Region 3 (t)=)-0.0005(max t-
t)+(0.0005228(t-
42.1874))/(max t-42.1874)

Y=-0.0114+0.0056x-0.0001x°

Y=-0.001+0.0005x-
0.00010103x?

Y=-0.0009+0.0005x-
0.00010601x2
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Figure 2- Predicted (lines) germination rate of Prostrate knotweed and Annual sowthistle at different constant temperatures
using by Intersected-line, Dent-like and Quadratic Polynomial models

) (5 yed g Ay i Spp gla il g 508 1B g el oo
bolas Jao (i pf (ygm)S) slodde om0 D908 (e e
Ao g (i g o8 L8 (el o (sl 4555 ) gbolita
A G |y (Sidilen Casyu 53 4 Al Can 4565 50 ke s

Sy gla e ) oslizul L oS sl

BRSO LEY

OL:A). ..”.. . “)i] @kj

Eypd (o2 855 93 (0D jaw 5 Jjallex (g5 o oS 8



607

Of I 5 5b Gile &igF 9 g (5 s pow (02 JUs )15 (Glalos (onni

ey G5 (lomls ol it 02 Elgl )3 455 aw ()
VL Caad el 45 gl glb o ) olitsl 4 48 o
3 pas yo N9 (e 2980 crge Wbl o)8 (LB g5 5
Al gy ol )3 g oA s (a b 9 Ay i (gladisS
Ol JyiS 0g 0 sl oS LS o Ay odled Cjguo 4y A i
S e 93 ol o pde Cap Bl (e 1 3 5990 25k ]
2y ol 55 (oot sy S le Sl g e
ol il cxily BT wiejls i cale pl 5l oolatwl )5 Cuddgn
Ol 35 ool @l Jl edlitel b el jy0 sladile Sjale

Ay daaby (ye O 1y iy sl cale co pae oS

g slad Glape (5550ke ylo (p S & dagi L g L3905 hpogi Lo
OAd e 9 S50l sl ly B3l cn e e e pS e
2yt b Jae ol 5l el by 00y (LSS () 2 2590 5940
masles lej jl cpily 2B 5,8 eoalaiwl Jiailes o) (o s
oS ey cniLel Al jo 1 ol e sl 2 slo il
65 a8 3l s JUunylS slales sy el 5pm dile 5 sl
0o 955 4 Camd 4k 6lod (92 Yol e 4 Jo ) (B ex
"o Algx 395 (A e g Ay Cin Spp gla ile g Wb o
aS ol c;)%_..,l e ol).g‘J’ 3D 04 awsls (S ypsd g (yo> W)
G 45 280 o0 Igy 9 508 (1 (3 o2 465 4 | S 5

&bo

Cardinal temperature models and

1-  Ajam Norouzi H., Soltani A., Majidi E., and Homaei M. 2007. Modeling response of emergence to temperature in
faba bean under field condition. Journal of Agricultural Sciences and Natural Resources, 14(4): 100-111.

2-  Akram-Ghaderi F. 2008. The study of seed quality development, germination, longevity and deterioration in some
medicinal plants: medicinal pumpkin (Cucurbita pepo. Convar.var. styriaca), cumin blank (Nigella sativa L.) and
borago (Borago officinalis L.). Ph.D. Thesis, Gorgan. Univer. Agric. Sci. Natur. Resour. 180p. (in Persian)

3- Amiri Nasab K., Ghasemnezhad M., Zakizadeh H. and Biglouei M.H. 2013. The Aplication of drought pre-
conditioning is a method to increase deficit irrigation tolerance in two turfgrass species, tall Fescue (Festuca
arundinacea) and creeping bentgrass (Agrostis stolonifera). Plant Physiology and Biochemistry, 47(2):132- 138.
(in Persion with English abstract)

4-  Anderson R.L. and Nielsen D.C. 1996. Emergence pattern of five weeds in the Central Great Plains. Weed
Technology, 10:744-749.

5- Balbaki R.Z., Zurayk R.A., Blelk M.M., and Tahouk S.N. 1999. Germination and seedling development of
drought tolerant and susceptible wheat under moisture stress. Seed Science Technology, 27: 291-302.

6- Bannayan M., Nadjafi F., Rastgoo M. and Tabrizi L. 2006. Germination properties of some wild medicinal plants
from Iran. Journal of Seed Technology, 28: 80-86.

7- Barbosa O., Tratalos J.A., Armsworth P.R., Davies R.G., Fuller R.A., Johnson P., and Gaston, K.J. 2007. Who
benefits from access to green space? A case study from Sheffield, UK Olga Barbosa. Landscape and Urban
Planning, 83:187-195.

8- Baskin J.M., and Baskin C.C. 1990. The role of light and alternating temperatures on germination of Polygonum
aviculare seeds exhumed on various dates. Weed Research, 30:397-402.

9- Buhler D.D., Liebman M., and Obrycki, J. J. 2000. Theoretical and practice challenges to an IPM approach to
weed management. Weed Science, 48:274-280.

10- Garcia-huidobro J., Monteith J.L., and Squaire G.R. 1982. Time, temperature and germination of pearl millet
(Pennisetum thyphoides S. and H.) I. Constant temperature. Journal of Experimental Botany, 33: 288—296.

11- Hardegree S. 2006. Predicting germination response to temperature. I.
subpopulationspecific regression. Annals of Botany, 97: 1115- 1125.

12- Hoseini M., Mojab M., and Zamani Gh. 2012. Evaluation wild barley (Hordeum spontaneum Koch.) barley grass
(H.murinum L.) and hoary cress (Cardaria draba L.) germination in different temperatures. p. 108. In proceeding
4™ Iranian Weed Science Congress, 6-7 February, 2004. Ahvaz, Iran.

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

14- Jeffrey D.W., Timothym C.M., and John T.R. 1987. Solution volume and seed number: Often overlooked factors
in allelopathic bioassays. Journal of Chemical Ecology, 13: 1424-1426.

15- Kamkar B., Ahmadi M., Soltani A., and Zeinali E. 2008. Evaluating non-linear regression models to describe
response of wheat emergence rate to temperature. Seed Science Technology, 2: 53-57.

16-

Kamkar B., Jami Al-Ahmadi M., and Mahdavi-Damghani A. 2011. Quantification of the cardinal temperatures
and thermal time requirement of opium poppy (Papaver somniferum L.) seeds germinate using non-linear
regression models. Indian Crop Production, 35: 192-198.



1396 51 3oLeus 3L alor 1(53,9La8 @alins 9 poke) Sl poke 4725 608

17-

18-

19-

20-
21-

23-

24-

25-

26-

27-

28-

29-

30-

32-

33-

34-

Kazeruni monfared A., Rezvani Moghadam P., Nasiri Mahalati, M. and Tokasi S., 2012. Investigation on the
cardinal temperatures for germination of Solanum nigrum. p. 122. In proceeding of 4™ Iranian Weed Science
Congress, 6-7 February. 2004, Ahvaz, Iran.

Khavari H., Goldani M., Khajehossaini M. and Shour M. 2016. Determination of Cardinal Temperatures and
Germination Respond to Different Temperature for Five Lawns Cultivars. Journal of Horticultural Science, 30
:643-649 . (in Persian)

Maguire J.D. 1962. Speed of germination-aid in selection and evaluation for seedling emergence and vigor.
Crop Science, 2: 176-177.

Nerson H. 2007. Seed production and germinability of cucurbit crops. Seed Science Biotechnolgy, 1: 1-10.

Page E.R., Gallagher R.S., Kemanian A.R., Zhang H., and Fuerst E.P. 2006. Modeling site-specific wild oat
(Avena fatua) emergence across a variable landscape. Weed Science, 54:838-846.

Shafii B., and Price W.J. 2001. Estimation of cardinal temperatures in germination data analysis. Journal of
Agriculture Biology Environment Statistics, 6: 356-366.

Shen J.B., Xu L.Y., Jin X.Q., Chen J.H. and Lu H.F. 2008. Effect of temperature regime on germination of seed of
Perennial ryegrass (Lolium perenne). Grass and Forage Science, 63:249-256.

Soltani A., Zeinali E., Galeshi S., and Latifi N. 2001. Genetic variation for and interrelationships among seed
vigor traits in wheat from the caspian sea coast of Iran. Seed Science Technology, 29: 653-662.

Soltani A., Robertson M.J., Torabi B., Yousefi-Daz M., and Sarparast R. 2006. Modeling seedling emergence in
chickpea as influenced by temperature and sowing depth. Agriculture Forest Meteorology, 138: 156-167.

Soltani E., Akram-Ghaderi F., and Soltani A. 2008a. Applications of germination modeling on the response to
temperature and water potential in seed Science Research. 1% National Conference of Seed Sciences and
Technology in Iran. Gorgan, Iran. 445p.

Soltani A., Ghaderi-Far F., and Soltani E. 2008b. Application of germination in response to temperature and water
potential in seed Science Research the 1% National Conference Sciences and Technology of seeds. 12-13
November. 2008. Gorgan, Iran,

Soltani A., and Maddah V. 2010. Simple Applied Programs for Education and research in Agronomy. Issa Press,
Iran. 80p.

Steinmaus S.J., Prather T.S., and Holt J.S. 2000. Estimation of base temperature for nine weed species. Journal of
Experimental Botany, 51: 275-286.

Tabrizi L., Nasiri Mahallati M., and Koocheki A. 2004. Investigation on the cardinal temperature for germination
on Plantago ovata and Plantago psyllium. Journal of Iranian Field Crops Research. 2: 143-150.

Thygerson T., Harris, J.M., Smith B.N., Hansen L.D., Pendleton R.L., and Booth D.T. 2002. Metabolic response
to temperature for six populations of winter fat (Eurotia lanata). Thermochimica Acta, 394: 211-217.

Torabi B., 2004. Prediction of physiological development stages in chickpea. MS.c. Thesis. Gorgan University,
Gorgan, Iran.

Yousefi-Daz M., Soltani A., ghaderi-far F., and Sarparast R., 2006. Evaluation of non-linear regression models to
describe response of emergence rate to temperature in chickpea. Agriculture. Science and Technolgy, 20: 93-102.
Zeinali E., Soltani A., Galeshi S., and Sadati S.J. 2010. Cardinal temperatures, response to temperature and range
of thermal tolerance for seed germination in wheat (Triticum aestivum L.) cultivars. Journal of Plant Production,
3(3): 23-42.



Journal of Horticultural Science (53,385 galeo s p5le) (Sl pole & pid

Vol. 31, No. 3, Fall 2017, P. 599-610 v, 599-610 . p 1396 jusly 3 oytas 31 als
ISSN: 2008 - 4730 A 2008 - 4730 4L

Determination of Cardinal Temperatures for Cool Season Turfgrass and Two
Common Weed Species

M. Diyanat®”
Received: 23-11-2016
Accepted: 06-09-2017

Introduction: The presence of broadleaf weeds not only reduces the aesthetic quality of the turfgrass, but
more importantly they compete with desired turfgrass for water, nutrients, and light. Weed management after
seeding is an important component to successfully establishing a healthy stand of cool season turfgrass. Weed
seed germination is a key process because determines both the number of weeds that could potentially emerge
and the timing of their appearance in the turfgrass. Temperature is of the most important factor regulating

germination of non-dormant seeds in irrigated, annual agroecosystems at the beginning of the growth season
where light, nutrients, and moisture are typically not growth limiting. Also prostrate knotweed (Polygonum

aviculare L.) and annual sowthistle (Sonchus oleraceus L.) are two annual common broad leaf weeds in cool
season turfgrass. Prostrate knotweed is very competitive in infertile and compacted soils and often invades
turfgrasses along driveways, sidewalks, and beaten paths across lawns. Annual sowthistle is found in open
habitats that include waste areas, turf, and roadsides. The aim of this study was to evaluate different nonlinear
regression models to describe response of germination rate to different temperatures in perennial ryegrass
(Lolium perenne L.), fescue (Festuca rubra L.), prostrate knotweed and annual sowthistle.

Materials and Methods: This experiment was based on completely randomized design with 4 replications at
Islamic Azad University in the laboratory of Science Research Branch in 2015. The seeds were treated with
different temperatures (2, 5, 10, 15, 20, 25, 30, 35, 40 and 45°C) Twenty five seeds were placed in each petri
dish for each species in per replication. Ten milliliters of distilled water were added to each petri dish and the
filter papers were regularly moistened to ensure saturation throughout the germination tests. Petri dishes were
placed in germinator with 16 hour day, 8 hour night and 60% relative humidity. Seeds were considered
germinated when the radicle protruded at least 2 mm from the seed coat. Germinated and rotted seeds were
counted and discarded at 24 hour intervals until no germination had occurred over four consecutive days. The
germination percentage was obtained by dividing the number of germinated seeds at any time by the total
number of seeds germinated multiplied by 100. Data from this experiment were first subjected to analysis of
variance and means of treatments were compared using the least significant difference at the 5% level of
probability. The following nonlinear regression models were used to quantify the response of the germination
rate to temperature and to determine cardinal temperatures.

Results and Discussion: The analysis of variance showed that temperature had a significant effect on all
seed germination percentage and germination rates. Seed germination percentage and rate increased to a point
with increasing the temperature. Germination model based on temperature can be used for the prediction of
cardinal temperatures. Cardinal temperatures are required because a portion of the crop model is developed for
prediction of the timing of germination. Non-linear regression models have been used to quantitatively describe
development rate in many plants. Three regression models (Intersected-lines, Dent-like and Quadratic
Polynomial) used to predict germination rate and cardinal temperature. Root mean square of error (RMSE) and
R? adjusted were used to find the appropriate model(s). Intersected-lines model was superior compared to other
models in perennial ryegrass, fescue and annual sowthistle and Dent-like model was superior for prostrate
knotweed. It was concluded that this model can be used to quantify response of turfgrass and common weeds of
turfgrass germination to temperature and to obtain cardinal temperature of germination. Also base, optimum and
maximum temperatures were for perennial ryegrass 4.12, 24.66 and 43.27°C; fescue 2.0, 24.86 and 43.48°C ;
Prostrate knotweed 2.95, 19.94-22.21 and 44.97°C and annual sowthistle 2.0, 17.77 and 44.86°C, respectively.

Conclusions: These results show that fescue germinated earliest among the studied species, because it had
the lowest base temperature. In comparison to perennial ryegrass, using turfgrass seed with more fescue seed
causes sooner turfgrass establishment and less weed competition. Because of their narrow leaves, young
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seedlings of prostrate knotweed grow upright and appear at first glance to be grass seedlings. With maturity,
most plants grow prostrate, especially with traffic or mowing, so mechanical control of this species in turfgrass is
impossible andit could be controlled with pre-emergence herbicide. Pre-emergence herbicides are applied prior
to the germination of weeds; thus, predication of timing germination help us in decreasing prostrate knotweed
competition with turfgrass and its proper management.
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