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Fig. 1. Probability distribution function of the predicted sub-optimal thermal-time based on the Log-Normal
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\YY

15 o) e slgl 0ud S jailen dewly (g 3bw oo 1oyl 5o g Slrso

0.35
0.30
0.25

0.20

(V393) (53 dlgzr Cat g
Sproutimng rate (1/d)

30

(v gnbs 4> 33) Lod
Temperature (°C)

10
@50

A 90

40 50 60 70 80

(51)._: calise ‘_;Leol.,oo S 6"5")‘ ‘A)L.;)Lj‘ sloas (Josja>) JA.A .Ia...ue.\ 0l S g (oled) ool sualive LS‘)A"I? LIy Y JS.M:

T P W A L K LYW 3

Fig. 3. Observed (symbols) and predicted (lines) sprouting rate for purple nutsedge tubers for fractions, 10

(GR10), 50 (GR50) and 90% (GR90).

algz oot L ydy 5l (st o ps leS pled o)
aile siug, sleplail Siailes L) aulie 0 o
ol o Cal G151 (Sl ied pgin; wizran 5 00
Slgo (HBlS g 39 S5 )5 08 (e (SRag; slapla]
Sy 5l i (2l o) 4 5L alanlgas ((glo S
OhlSen o (Lis;0) jio 4 Cund 68 Salsr
slabes Jlais| ajsi als aiien I8 53 5 (V4 VA
slooas sln JolS @js8 bl 2 ol 9 aiin
Lo Ao Consl 0 &5 ¥ S, s | sl
ao,s A Te10)) Sy Ve Jloiol b giaile> sl
O« Tes0)) dmoyo B o Hiaslex oles (Sailosl
Ao, e g (el olos (Saslojh ooy
3 (=asler alwes (Saslozlh oo, Ve Teoo))
g YRV SYIAY Jolow iy o ol (Siasile>
=Ll 5l jehiles 0 il oo wgamdis a0 YA/ O
J58) e sboo pj gled ploj @jg el pateiee
Sloosd Cumex (¥ JS5) aiion labes @595 5 ()
Ny sl ol @i bl p Slosl pdlo g
2 2led gy Jae 53 icnl ogdle aidly oo cunl) 4
3ol asb VIE 5l YL A azaulp 31 5l 4l

9 u‘)im-ﬂ) Cmwlosls &’)9_\ 099 u_w‘) L ‘;J?

U2 aziwl 3 (YA o) g lic o mls o

sleg s an ainn (RGS003) o8 o)l S35 sl
s 42 )3 YY/ED B YYNY i, IS, calidee
Ot dlizee Sl (ol 52 02 il 30 0 5l
(St S Jae) VHIOY b (Seoand Joo) ¥V E
S sladoms 1m A2 il 5 Gugeads a2 0
S 05l VD 5 YAY s 4 Sy 5 Sancnd
o0 8,51 (led ooy Jlozol w55 @b () Jgaz)
o bigl slooas (Sialsr sl ool Joo Loy
VS e A sbes 1 S slales o Silss )
les Hloy a8 ygo ol 4l oald cols Lis
5 OTis0)) 0+ «OT(10)) * 4z o) sl p3Y OT(g)
b (F5lex 4 i (S5alez 2o y0 OT(00) A
YYO/+ A g YYYIAY YO/ITF Jolso oy 4 (Gmax)
slr Y 2led Gloj adloo 5L 59, ugmada a0
ad> 50 b ined oS 0 g poin ) (S54le> o y0 O
385 0% ogembes a2 )0 VYA 5 AF iy @ o (S0 9
9 Ll Sl ond 09l (lae 5o Lailyh cod
Sy g 4 OT) (los Gloy (V2R ¢ uge (puins]
e sled pj slales yo (Siailexr Sae s 5l Lo
o) (el Sy 0Bl S Az e g 009,
LS pme (o (Vo V8 ) e o )l j0) by oo



'Y

VFeoo 19l o lods [ iy Jlus [ oyl ol ydu g g s

ey sl Jos a5 ols s ol aios guls
P e (Sl (i lp 4l anng oles
Lo a4 Glse )l ool slaone Sailea Faly winsn
Gl Joe oS s RP=1R0) YL cés b 35,
<Y 5 /A o | (Gmax) ol Shailee s
vy 4ol slos asiles . 5 a)ﬂ,’ (20,0 AF L AY)
ogaabes A S VIV L VIV ¢y diliie (sla Joe
by o Joe oo o 50 00 Bk jlab oyl
slos 5 (2lod Gloj Gog Soly 4 Aoz (ol @8
ol Jos 5l ol slrasminl b o5 Ll 1, axiny
sloosst (Siaslyx (i sl esliiul LB
slooae a Solsl 5 sl o Slg )| oD )bl
568 Gragilo Yo 1) ol slages 51 (Slse ) @3l Ll
A lie (005,55 ounline) o)l Hod jew ol
slogs jlas)re bl b 0 ales oloj slaoe
Lalyds 5o Ladl 0o 5o 5 55 GeBo ts) eilizee
YU PP UG£ R O 2

&l Sl
u_P Q.Q_.M ‘f..oﬁé)ﬁ o il )‘ C\J.._ws u.JJ—J
S8 YIYYEYY o Loy oy Goivs ol 51 Jbo colos

D9 s

AR IS P PR IK JUSCK P PRE SPRANIE OV
Sl azul 3 ool Giolesl cpl jo (Y V8 o) Sen
o Lal sl oo VI8 51 500 angs slos 5 mbos oole;
dilen () Jouz) b oS arcion slalos 890
59 ;2 (O Sl ay adgz ol 5o gl
Jier ST Jame B3l 50 IS sl (sl azeial 3
YA G g las o) cowl oo (5,155 50
£ el 15 S los ol ey 4 (Sgz
Ol lade Ly ol i (s (eae) (5,00 Cumer
g ) sloles jo aS wil oo (5508 Jlows obeo
GhlSes g gLas o) atjoe dllsz (VL Sy b
Cosly & ( Mgz aredn lalos gl Grizpan (Y4)A
(00£) (5 00 slotmax (pl aS aib oo 0l SSbo
&l eSS L._.*.JA.;.._.:;...;L;I_aol_;G’Lm.LLgI lo
YA LS g ol o) il e (—jasile>
slod 5 cignl lasme ro sles IS 4! b4
S b L (G5elez doyd g Sae s p Ao
Sty slales )3 (008) (5,0 Scenex I s i
@led (S95)35k 5 wsls (Sl bl age
Sl 6 3YL sleos o bicumas (pl 5l paduin i
S oslizal Ly (Y VA oo lSan 5 i ,8) adl e
i Jdl.alf oo Syl Jaw 5l Jol> ol
VY sleadal) dilbie glacarer nj sly (Sialr
Gl a les polae (V' JSK&) o dwloee (VY
slogls pled abali aslos 3k I Comez 5 2
5 Jog®) 9 el it 5l i g ) oles Gy
5 am be e a i Lo (VAR (LS
slooss Siasler doyo A0 500 o)
YOI A 5 YEEY XEIY e sy an sl bl
Lol eo)ls ciuli8l &g, a5 ol awle ugaudis a0
Slacamor ) @l ante slod SN Geios po
5 ‘é_.;"..:olf Ay, (il ao 3 D B Y ) il
5 olaz o) ol Hlas Gegeadis az 0 YV/AY B YY/AY

IARAVRA NS

c sblire

! Watt
2 Dumur



WY
gl Pl gl oud (Sjailgr Tl (3lwoeS 1oy Ren 9 (Slxe

&Ll
Aikman, D.P., Benjamin, L.R., Bond, W. and Mead, A. 1995. Use of a simple mechanistic model to

simulate weed and crop growth. In: Proceedings of the Brighton Crop Protection Conference -
Weeds. Farnham, UK: British Crop Protection Council, 906-910.

Akaike, H. 1974. A new look at the statistical model identification. IEEE Transactions on Automatic
Control, 19(6):716-723. https://doi.org/10.1109/TAC.1974.1100705

Alvarado, V. and Bradford, K.J. 2002. A hydrothermal time model explains the cardinal temperatures
for seed germination. Plant, Cell and Environment, 25(8): 1061-1069.
https://doi.org/10.1046/1.1365-3040.2002.00894.x

Araya, A., Kisekka, I., Gowda, P.H. and Vara Prasad, P.V. 2017. Evaluation of water-limited cropping
systems in a semi-arid climate using DSSAT-CSM. Agricultural Systems, 150: 86-98.
https://doi.org/10.1016/j.agsy.2016.10.007

Bradford, K.J. 2002. Application of hydrothermal time to quantifying and modeling seed germination
and dormancy. Weed Science, 50(2): 248-260.  https://doi.org/10.1614/0043-
1745(2002)050[0248:AOHTTQ]2.0.CO:2

Burnham, K.P. and Anderson, D.R. 2002. Model Selection and Multimodel Inference: A Practical
Information Theoretic Approach. Springer, New York, USA. p.488.

Cousens, R., Brain, P., O'Donovan, J.T. and O'Sullivan, P.A. 1987. The use of biologically realistic
equations to describe the effects of weed density and relative time of emergence on crop yield.
Weed Science, 35: 720-725. https://doi.org/10.1017/S0043174500060872

Covell, S., Ellis, R. H., Roberts, E.H. and Summerfield, R.J. 1986. The influence of temperature on seed
germination rate in grain legumes. I. A comparison of chickpea, lentil, soybean and cowpea at
constant  temperatures. Journal of Experimental Botany, 37(10): 1503-1515.
https://doi.org/10.1093/jxb/37.10.1503

Derakhshan, A., Bakhshandeh, A., Moradi-Telavat, M.R., Siadat, S.A. and Andarzian, B. 2018.
Comparison of probability distribution functions in thermal-time models for modeling of spring
oilseed rape germination to temperature. Iranian Journal of Field Crop Science, 49(3): 83-98. [In
Persian with English Summary].

Derakhshan, A., Moradi-Telavat, M.R. and Siadat, S.A. 2016. Hydrotime analysis of Melilotus
officinalis, Sinapis arvensis and Hordeum vulgare seed germination. Iranian Journal of Plant
Protection, 30(3): 518-532. [In Persian with English Summary].

Dor, E. and Hershenhorn, J. 2013. Effect of low temperature on purple nutsedge (Cyperus rotundus)
reproductive biology. Weed Science, 61: 239-243. https://doi.org/10.1614/WS-D-12-00061.1

Dumur, D., Pilbeam, C.J. and Craigon, J. 1990. Use of the weibull function to calculate cardinal
temperatures in faba bean. Journal of Experimental Botany, 41(11): 1423-1430.
https://doi.org/10.1093/jxb/41.11.1423

Ellis, RH., Covell, S., Roberts, E.H. and Summerfield, R.J. 1986. The influence of temperature on seed
germination rate in grain legumes. II. Interspecific variation in chickpea (Cicer arietinum L.) at
constant  temperature. Journal  of  Experimental Botany, 37: 1503-1515.
https://doi.org/10.1093/jxb/37.10.1503

Favreliére, E., Ronceux, A., Pernel J. and Meynard J.M. 2020. Nonchemical control of a perennial
weed, Cirsium arvense, in arable cropping systems. A review. Agronomy for Sustainable
Development, 40(4): 1-17. https://doi.org/10.1007/s13593-020-00635-2

Garcia-Huidobro, J., Monteith, J.L., and Squire, G.R. 1982. Time, temperature and germination of Pearl
Millet (Pennisetum typhoides S. & H.) 1. constant temperature. Journal of Experimental Botany,
33:288-296. https://doi.org/10.1093/jxb/33.2.288




YO
VFeoo 19l o lods [ iy Jlus [ oyl ol ydu g g s

Gonzalez- andujar, J.L., Chantre, G.R., Morvillo, C., Blanco, A. and Forcella, F. 2016. Predicting field
weed emergence with empirical models and soft computing techniques. Weed Research, 56: 415-
423. https://doi.org/10.1111/wre.12223

Graziani, A. and Steinmaus, S.J. 2009. Hydrothermal and thermal time models for the invasive grass,
Arundo donax. Aquatic Botany, 90(1): 78-84. https://doi.org/10.1016/j.aquabot.2008.06.003

Grundy, A.C., Phelps, K., Reader, R.J. and Burston, S. 2000. Modelling the germination of Stellaria
media using the concept of hydrothermal time. New Phytologist, 148(3): 433-444.
https://doi.org/10.1046/j.1469-8137.2000.00778.x

Hardegree, S.P. 2006. Predicting germination response to temperature. I. Cardinal-temperature models
and  subpopulation-specific  regression. Annals of Botany, 97(6): 1115-1125.
https://doi.org/10.1093/a0b/mcl071

Holm, L.R.G., Plucknett, D.L., Pancho, J.V. and Herberger, J.P. 1977. The World's Worst Weeds.
Distribution and Biology. University, Press Hawaii, Honolulu.

Holt, J.S. and Orcutt, D.R. 1996. Temperature thresholds for bud sprouting in perennial weeds and seed
germination in cotton. Weed Science, 44(3): 523-533.
https://doi.org/10.1017/S0043174500094285

Lati, R.N., Filin, S. and Eizenberg, H. 2011. Temperature- and radiation-based models for predicting
spatial growth of purple nutsedge (Cyperus rotundus). Weed Science, 59(4): 476-482.
https://doi.org/10.1614/WS-D-11-00007.1

Loddo, D., Masin, R., Otto, S., Zanin, G. 2011. Estimation of base temperature for Sorghum halepense
rhizome sprouting. Weed Research, 50: 10-11. https://doi.org/10.1111/.1365-3180.2011.00886.x

Mayer, D.G. and Butler, D.G. 1993. Statistical validation. Ecological Modeling, 68: 21-32.
https://doi.org/10.1016/0304-3800(93)90105-2

Mesgaran, M.B., Mashhadi, H.R., Alizadeh, H., Hunt, J., Young, K.R. and Cousens, R.D. 2013.
Importance of distribution function selection for hydrothermal time models of seed germination.
Weed Research, 53(2): 89-101. https://doi.org/10.1111/wre.12008

Nishimoto, R.K. 2001. Purple nutsedge tuber sprouting. Weed Biology and Management, 1: 203-208.
https://doi.org/10.1046/j.1445-6664.2001.00037.x

Shcherbakov, M.V., Brebels, A., Shcherbakova, N.L., Tyukov, A.P., Janovsky, T.A. and evich Kamaev,
V.A. 2013. A survey of forecast error measures. World Applied Sciences Journal, 24: 171-176.

Singh, M., Bhullar, M.S. and Chauhan, B.S. 2017. Relative time of weed and crop emergence is crucial
for managing weed seed production: A study under an aerobic rice system. Crop Protection, 99:
33-38. https://doi.org/10.1016/j.cropro.2017.05.013

Siriwardana, G. and Nishimoto, R.K. 1987. Propagules of purple nutsedge (Cyperus rotundus) in soil.
Weed Technology, 1: 217-220. https://doi.org/10.1017/S0890037X00029560

Steinmaus, S.J., Prather, T.S. and Holt. J.S. 2000. Estimation of base temperatures for nine weed
species. Journal of Experimental Botany, 51: 275-286. https://doi.org/10.1093/jexbot/51.343.275

Thullen, R.J. and Keeley, P.E. 1979. Seed production and germination in Cyperus esculentus and C.
rotundus. Weed Science, 27(5): 502-505. https://doi.org/10.1017/S0043174500044489

Tumbleson, M.E. and Kommedahl, T. 1962. Factors affecting dormancy in tubers of Cyperus
esculentus. Botanical Gazette, 123(3): 186-190. https://doi.org/10.1086/336148

Watt, M.S., Xu, V. and Bloomberg, M. 2010. Development of a hydrothermal time seed germination
model which uses the Weibull distribution to describe base water potential. Ecological
Modelling, 221(9): 1267-1272. https://doi.org/10.1016/j.ecolmodel.2010.01.017




2>

Yasouj University

Iranian Journal of Seed Research, 2021, 8(1): 123-136

Research Article

Quantification of Tuber Sprouting of Purple Nutsedge (Cyperus
rotundus) Response Against Temperature Using Thermal Time Models

Sajjad Mijani ', Mehdi Rastgoo " *, Ali Ghanbari ', Mehdi Nasiri Mahallati '

Extended abstract

Introduction: Purple nutsedge (Cyperus rotundus.) is one of the problematic weeds worldwide
prevalent in tropical and subtropical regions. Tubers are major tools through which purple nutsedge is
propagated, whereas its seeds have a low ability to germinate. Therefore, evaluation of the response of tubers
against environmental agents is great of importance to know the germination and emergence time.
Germination, in turn, is mostly affected by temperature, among other environmental factors. Various models
that are recognized as the Thermal Time model have been introduced to describe the seed germination pattern
against temperature. Since predicting the emergence of reproductive organs through the modeling is great of
importance for improving the control strategies; the present study was carried out to investigate the response
of tuber sprouting of purple nutsedge (Cyperus rotundus) against temperature using thermal time models.

Material and methods: The experiment was carried out as a randomized complete block design with
three replications in a germinator. Each replicate was placed on a separate shelf. For each replicate, 15 tubers
were placed inside a 20 cm Petri dish on a filter paper and then 100 ml of water was added. The experiment
was performed separately for constant temperatures of 10, 15, 20, 25, 30, 35, and 40 °C in absolute darkness.
To analyze the data as modeling, five thermal time models were evaluated based on the statistical
distributions of normal, Weibull, Gumble, logistic and log logistic. Indices such as R?, RMSE, RMSE%, and
AICc were used to evaluate the models.

Results: The results showed that all models predicted the germination response of purple nutsedge tuber
with high accuracy (R* = 0.95). A comparison of models based on AICc values showed significant
superiority of the Gumble model over other models. According to this index, there was no difference between
logistic and log logistic models with normal. Among the models, Weibull was identified as the most
inappropriate model. Different models estimated the final germination (Gmax) between 0.93 to 0.94 (93 to
94%). The base temperature was estimated through different models from 7.10 to 7.47 °C. Among the
models, the model based on the Gumble distribution proved the skew to the right of the thermal time and Tm.
According to the Gumble model, the thermal time parameters required to reach 50% germination ( 0 T (50))
equals 123.8 ° C day and the maximum temperature for germination at 50% probability (Tc (50)) was
estimated to be 46.10 ° C.

Conclusion: the thermal time model based on the Gumble probability distribution was most plausible
among the models. Also, a distributed right skewness related to the thermal time and Tm was proved through
the Gumble model. The parameters obtained from the Gumble model can be used to predict the sprouting of
purple nutsedge tubers.

Keywords: Vegetative organs, Gumble distribution, Cardinal temperatures, Modelling

Highlights:
1-  Thermal time models were evaluated for prediction of tuber sprouting of purple nutsedge.
2-  The thermal time model based on the Gumble distribution was superior over the normal distribution.
3-  Thermal time and Tm for tuber sprouting of purple nutsedge were distributed as right skewness.
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