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Objective: This study introduces functional analysis of variance as a method for
comparing germination trends under different treatments over a given time interval. This
approach not only enables the comparison of treatments over the entire time period but
also allows for treatment comparisons at each specific moment in time. Moreover, it
identifies critical time points at which the maximum significant difference between
treatments occurs, which can serve as novel germination indices.

Method: In this study, real experimental data from four germination studies were
analyzed: (1) the effect of temperature on Nigella sativa germination, (2) the effect of
salinity stress on Zea mays seed germination, (3) the comparison of germination among
different Triticum astivum cultivars, and (4) the effect of water stress on Brassica napus
germination. Using spline functions, germination data from these experiments were
modeled as a function of time. The results of functional analysis were then used to
compare treatments in terms of both germination percentage and germination time across
the four experiments.

Results: The results of the functional analysis demonstrated its high efficiency in
detecting significant or non-significant differences between treatments throughout the
germination period. Furthermore, this method enabled comparisons of germination
percentages at any given time point, as well as comparisons of germination times at
various germination percentiles, providing detailed insights into the nature of differences
among treatments. This approach also facilitated the introduction of new germination
indices applicable to different seed types.

Conclusions: Overall, the results of this study indicate that the stepwise functional
analysis method introduced here is an effective and precise tool for comparing treatments
in germination data. This approach not only enhances treatment comparisons but also
provides detailed insights into the nature of differences between treatments. Moreover, it
overcomes the limitations associated with using conventional germination indices for

treatment comparisons.
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Highlights

« Functional analysis was applied to compare treatments in germination percentage data.

o The method enabled treatment comparisons in terms of germination percentage at each
moment in time, as well as comparisons of germination times at various percentiles.

o Critical germination times and percentiles at which the maximum differences between
treatments occur were introduced as novel germination indices.

Introduction

In seed research, germination data are inherently time-dependent, with the germination
percentage recorded over a specific period. Traditional methods for comparing treatments
often rely on summary indices such as maximum germination percentage, time to reach
various germination percentiles, and germination rate (Haj Seyedhadi and Gonzalez-Andujar,
2009). However, since the germination process is inherently a function of time, relying solely
on indices may not fully capture significant differences or similarities across the entire
germination period (Romano and Stevanato, 2020). These indices may not fully capture the
dynamic nature of germination trends, potentially overlooking significant differences or
similarities that occur at specific time points throughout the germination period. To address
this limitation, functional analysis of variance is introduced as a novel approach that enables a
comprehensive comparison of germination trends under different treatments over the entire
time interval, while also allowing for point-wise comparisons at each moment in time. This
method not only enhances the accuracy of treatment comparisons but also identifies critical
time points at which the maximum significant differences between treatments occur, offering
new insights for germination assessment.

Method

This study utilized real experimental data from four distinct germination studies to
demonstrate the application of functional ANOVA. The experiments investigated: (1) the
effect of temperature on Nigella sativa (black cumin seed) germination, (2) the impact of
salinity stress on Zea mays seed germination, (3) the germination comparison among different
Triticum aestivum cultivars, and (4) the effect of water stress on Brassica napus germination.

Germination data from these experiments were modeled as functions of time using spline
smoothing techniques. Functional analysis of variance was then employed to compare
treatments in terms of both germination percentage over time and germination timing at
various percentiles, providing a detailed and dynamic perspective on treatment effects.

Results

The functional analysis of variance applied to the four germination studies revealed distinct
and detailed patterns of treatment effects over time. For each experiment, the method


https://yujs.yu.ac.ir/jisr/article-1-637-en.html

[ Downloaded from yujs.yu.ac.ir on 2025-12-11]

The Application of Functional Analysis of Variance in Assessing Germination ... 79

successfully identified specific time intervals and germination percentiles where significant
differences between treatments occurred.

In the study on temperature effects on black seed (Nigella sativa), the analysis detected
significant differences in germination trends across temperature regimes. Notably, the most
substantial divergence among treatments was identified at 87 hours, which corresponded to
the 30th germination percentile, rather than at the conventional 50% germination index.

Analysis of salinity stress on corn (Zea mays) seeds demonstrated a significant influence of
osmotic potential on germination timing. The maximum difference between salinity
treatments was observed at 34 hours, aligning with the 33rd germination percentile.

The comparison among different wheat (Triticum aestivum) cultivars showed no
statistically significant differences in either germination percentage over time or in the timing
of germination across percentiles. This result indicated consistent germination behavior
among the tested wheat varieties under the experimental conditions.

For canola (Brassica napus) under water stress, the functional analysis confirmed
significant differences in germination patterns among stress levels. The period of maximum
differentiation was identified between 10 and 16 hours. Additionally, a peak difference
between treatments was estimated at 38 hours at the 68th percentile.

Across the three experiments where significant treatment effects were found, the method
provided precise insights by generating continuous significance profiles over time and across
percentiles. These profiles allowed for the precise localization of periods and levels where
treatments diverged, offering a more detailed understanding than single-index comparisons.

Conclusions

The findings of this study confirm that functional analysis of variance is a robust and
precise method for comparing treatments in germination studies. This approach not only
facilitates a holistic evaluation of treatment effects over the entire germination period but also
enables detailed point-wise and percentile-based comparisons. By identifying critical time
points and germination levels where the maximum differences between treatments occur, the
method overcomes the limitations associated with traditional germination indices. Therefore,
it is recommended that researchers in seed science adopt functional analysis of variance to
enhance the accuracy and depth of treatment comparisons, moving beyond static indices to a
more dynamic and informative analysis of germination data.
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Table 1- Functional analysis of variance to assess the effect of temperature on the temporal pattern of
germination and to compare the germination timings of black cumin.
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Figure 1- Significant values of germination time comparisons for black cumin (a) and comparison of time at different
percentiles of germination (b).
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Figure 2- Spline functions of germination trends for black cumin at different temperatures along with the germination time
interval (_ ), maximum difference time (__), germination percentile range (__ ), and maximum difference germination
level ().
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Table 2- Functional analysis of variance to investigate the effect of salinity stress on the temporal pattern of germination and

to compare the germination times of corn
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Figure 3 - Significant values of germination time comparisons for corn (a) and comparison of time at different germination

percentiles (b)
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Figure 4- Spline functions of germination trends for corn under different salinity stresses, along with the germination time

interval (), maximum difference time (__), germination percentile range (__ ), and maximum difference germination

level ().
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Table 3- Functional analysis of variance for comparing germination based on time and germination times of different wheat
varieties
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Figure 5 - Significance values of germination time comparisons for wheat (a) and comparison of times at different
germination percentiles (b)
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Figure 6 - Spline functions of temporal germination trends for wheat varieties
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Table 4 - Functional analysis of variance to investigate the effect of water stress on the temporal pattern of germination and
compare germination times of canola.
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Figure 7- Significance values of germination time comparisons for canola (a) and comparison of times at different
germination percentiles (b)
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germination time interval (), maximum difference time (__), germination percentiles range (__ ), and maximum

difference germination level ()


https://yujs.yu.ac.ir/jisr/article-1-637-en.html

[ Downloaded from yujs.yu.ac.ir on 2025-12-11]

VFoF o oyl NY Jla ] o) o sl ying s

4

Siulejl dw ;0 a5 S50 10 (O JSKb) 04 sos 0dalive
Om g B Kby g 0l o) jao o8 Ko
9 Jelow g 4o anlol 4 pile Bhze 5 wSb oo la)les
(F oV ) Jgoz) adly o som sloanslie

O pladone 5ST (Siailer Oldlas jo pge 4SS
Joe S gley blae jo orezd Jiailsx duo o slaocsls
S o 95910 1y Joe calpd 5 wipd g0 (3l o d
el aalps s b oe sl (Y VA (), Som 5 ' 505)
aoys B0 U by o Siailex awye wSlas 8 5l
b Stz g9yt B ol g (Sl iSlae
Lg)‘df;ub 0923 U"L’"‘ Qf.‘ 29 OO;‘SQ MLM LD)LQ..Q
4 B g bl alsls gl gme DS ole
lojlass o5 08 oo Gl g 00,5 Jlaidd o g9090 5l Sl
3 ewdu L el bl ghle pxe S0 Sialex p
NS loyles oo Gidu o] 0 a5 g Sledlo
a5 Sy, 0,5 oo onl |y o)l sez g (gl Se
slSas ¢ Ko slagle; jo sl ) cwl S
Ot g 5B b Lo il eols &y gdilex K0
b o Sl me gloSao 5 oloy 385 Laril s
adlas cpl jo a5 shiles il o Siailex (5o
@ls olew tolejl jo WS iSTas 04d o odaline
doys FA 5 VY X leSan U ol o 1S 5 &)d
s V) G ISs) Wi ssnlin Jiaile woye Sl
b plalojl el o lales dunlie sl 5 cnl 51 Y
Ao dnlie Sidle> S as

u«.:)‘).» )| ol Cewds w‘),.a aS Conl U‘" Pow oSS
sy 3l Jol @8ly 5o (bl g I, slaoe
Jg)yo)QMl)Ua?l;o‘)ww|uS‘wcdSW‘
sob 4 g 00,5 Laas | ools ool lads (b Jodoo
Ao il sl asls dunle 4 0B 58
slaghy, 5l b e S, sladoe rizes
S adlos @loacdp 4wl 5 wdloe Sl
Judos g 4550 b awsl asls 1) lacs,d o1 wb lasols

3 Loddo

s & ol Jelow a5 ol ol adllas ol mls
» eyl Sialez (L5 oo el g ape a4 008
o3l s & ol oSk il e il (sl e
B oosly (nl yo &5 Gjalsr Swo slacil 5 S
DSl (S Bl w)ls D92y bajlesd e Jlo s
Voo Vo sladss ol oS Jlos opl dnz
e ] 55 o Sl Sao 5 oloj spige ol
bl | alais a5 5)ls 0529 by jled (g Hlo e B
aS johilen il o ghlo pixe Hlade b pioue JBlos
o Sl S L Gy by wogd o coslin
slasl jo s el YA o wloolew oLS o Jjails>
O Loy g el Y o 08 0 el o o3
Celos YA ;0 LIS olS o 5 (alojl Gloj o3l aile
ond Jol> Jloj o3l ailee 5l Somb slagle; o S
O pmion doiales] ol 5l plaS a0 &dly o Ll
I &5 Siler asye 00 U ogley yo S
Giln e eolital 3)9e (a pd slaoe sla il
Y Gl o) ais sanlivn il oo giails> sboosls
W

o 5 a5 B 455 oz ot ol 5l ookl o
slge ol o35 5 s b i o5 s 552
aSSasl aily 095 dalllas 5l selx g Canye S0
SMesie adgl (55wl laal gLl Blod 51 aSl
\lSﬁS).a) 38 Oygo o laduslie aolsl o b oo S
NAEAA R COPPRIR < (1 2% RN NCOPIN

& 05 O)go Gom lranlie b Sl &l )
2 Sl Sly sl o Hlosme addl (22
Selbgiz o bled Gm g 95l o) ke glbojlas
Al 3929 o gime WS Siaile> oS as 5 b
O 00 05 D)ge sam sleanalie (1 5l ey 5 5L
5 o ilesl 59 0550 ol Gialesl ez o canlllae
S, adsl (28 5 d9 oo puiS Bl Giallsr Euly
P8l o 998 o0 onalive a5 pshailen (Y Jyozr) w0 55
Slg 0l gy S Sidilex 56X Ll 5l puiS
s eadlbigas Juog 5 ajos aebl 4 5L 5, o0
Gilesl (b o Sloy ol @e 50 )l s IS

! Mrkvicka
? Angbangba


https://yujs.yu.ac.ir/jisr/article-1-637-en.html

[ Downloaded from yujs.yu.ac.ir on 2025-12-11]

ay Ol en g 8,08 | . Fjdilaz (o) 40 (b il sy Sk 00,

P Sl e o bl ol Al
255 )8 aslie 050 loj (ol jo Al sla Lo
2 b oelly el 05 5 Coeal vg2s L
% Shay ool Sl esliiul s addllae 5o LS el psle
OhlSer 5 KL) cul a8 O s [ Sl
YoV ol Ken 5 Sl Y-V
sz ghe o
anlie ln Jso 23 Sl 4 ) Sl
Gl 4SS e Gl Bl s
S oSfbes Sl @) lagatly el
[ me slople) 9590 50 s Slje Lol el anils
b Joe 5 (VY il aws ged )8 LS 5o
Sl shonnlin o] o a8 Al iens il

C sl oYY

Voo P S

amlie sln 1) 3 oo ad S a5 5o loy 4 andly
Sl Gy ol iz 2 ol sl Sl slajles
sl sl Gl el anlis 5 5 se
Sidlez 5l (5 anlie SO a L Ll il oo bojles
25 ralie 5 03ls o0 Gralosl (o 03l 50 Lo
Sloy 6ol 5l 38s Cledbl 4y oxie a5 oyl 5l alaxd
sl Jdo cpl o w0sd oo ajles o S
RO
MLO.A ul&al » 09)'{5 Jlas QJ‘ P 03 45|)‘ L):LB) o
ol (gley o3 IS yo Siailex Ll 5l bejles
Ot & e oS Oloj sl abasd o 0 Lo jlens aslie
S oo ol d 29h oo o)l dmmlie ;5 e slagle;
35 51 o o i ol 33 gl sl rima
a5 8,8 18 eolatl oy90 Siailex> Sas g loy am
Sdlezr Bl ) b jled glhanslie o 6 5,5 S
Abl oo

dwlio gly as ol lis asdlas cpl L5 job «

U bly Jolo gy (Siailez slaosls L lajles
(P Gl 0 Deimes el Jloyes YL LS
S o 0 g glej sl abasd o o by jlewd anlie oS

10 Gianinetti
! Continuous germination index
2 Generalized linear mixed model

NoVF o en 5 el S asl Jed LG
NAE A 1OV SPRNE IR SRL BARRIRY

pe prizan 5 ey S5 ol e b o
Olidze a5 a0 40 bl e odls o  Siaendg>
shls gialex 5l Jols sloosls a5 asils Lo
o loars,d 0 dzeid [0 9 Jil oo Cude (Suwansgs>
9 Y.VY so‘)&o& 9 fu’.».w?wp.‘.la.c) »)»))fb.c »))‘5 FIWRS
)‘ oolarul 9) L)"‘ )‘ 9 (Y‘Yf ‘Q‘)Lio.b 9 jﬁd)éb
Llod 5 Sy sy 52 olsie & o (0
Jodo a4 JSal ol 05 b bl o JSiie slls (5 o]
sldae 5l ggoge pl 5l LA laime BT sac
5 4y )0 Syl Gy al bt e S
50 Sl ool oolaiul oyl Siaile> sleesls Lo
4y Sl SoLLLL g, S (ol o oS (G50
».\.ul.:b.o.: LQM)S P9 S wb osls e
plogl 4 ol daas 3 Hals Jloadas 0929 L 2> g
slorelly 385 955 5 lly i o 5 B30
(Y10 S Blel § 5,55 ¥ Yo SBLasl) aily oo p3Y

@7 ol (0 S cwl pl Qg &S
c ol @Al g Saler )l Jed 5l Sialex
O DS Bl gloj 5 (File> gl 4 paem; Ol
Gl Zonl Pl Siailex wsje bl el
" q - . "
Syge @ oley Gl @ls 5 (VA ;8 g 8,58)
a5 A )0 40 g9 4 Al e b p)loz 59, (28
‘SaLa) 0,99 U”‘ Cn] u&o& as ‘;)9..0 3 09*‘“5"
Sly o w80 25 53 slagle; )3 90,50 cal 5l albisS
Ol cwl HolB Bime goly a4 b Ldog ) eolaiul
5 Silez @il O ol n 5 05 asia ) ol
Oialesl o anlllas ol jo oS Al 1) Gaile o3,
AY o Gley cpl IS 9 @) csloolaw Siailsm 4 bogy e

! Gonzalez-Andujar
* Anderson

3 Mamani

* Azimmohseni

’ Smaga

% Gorecki and Smaga
7 Germination energy
¥ Germination value

? Gorzin


https://yujs.yu.ac.ir/jisr/article-1-637-en.html

[ Downloaded from yujs.yu.ac.ir on 2025-12-11]

VFoF o oyl NY Jla ] o) o sl ying s

qy

20,5 pald 50 Sialer absdajalasd alie (Sl
sleosls b alae opl jog, Hop L5 4 b uxen
sl flpes dlize gl o Sl

2,5 dwle alizee slojles o f) Jiaile>

Sy Hd pliize 4 g cnl 510l S92y (Siailex
aS 4 Sl a4 bae Oldlas ;o a5 005 o
Sl a el gloj 5l onl IS 5k a T slaesls
B ol Jeldos 5l Sialer Glaasll anlis
o3l S 5o bajleg dwglie p odle b aiS oslicl

S oMo

ARy W] Jgol 31 59 m

asle] don a0l 3)50 9090 (il g Wlodgas Cule) ale Siagly cpl Ll g plbl 3 1y IS Jgeol (Bt

sl &8 Lo ol (g 5 gl gt (50 9 dlie gilupstis 1 Golue job 4 Bkinyg den

Bl o)l
)85 gdle o)l dlis (pl (B s Hleb] . L

b ol

03)S5 > (ol e b 5yl cpoges glo it 53 sliel ouiiS el (glaglojls (sou il wols o S un SimgR o

S5 Sl

A8 10508 llie gl o lisieddyl lblyiidn ol p e olyely 1Al o Y 365 Bl


https://yujs.yu.ac.ir/jisr/article-1-637-en.html

[ Downloaded from yujs.yu.ac.ir on 2025-12-11]

q¥ Olen g 36508 | . Fidilaz (b 0 (U il g el 34,15

References &b

Agbangba, C. E., Aide, E. S., Honfo, H., & Kakai, R. G. (2024). On the use of post-hoc tests in
environmental and biological sciences: A critical review. Heliyon, 10(3), e25312.
https://doi.org/10.1016/j.heliyon.2024.e25312

Alimagham, S. M., Ghaderi-Far, F., & Rabbani, M. R. (2013). Germination data analysis by using the
four-parameter Hill model. Seed Research, 3(2), 86—94. [In Persian]

Andersen, R. (2009). Nonparametric methods for modeling nonlinearity in regression analysis. Annual
Review of Sociology, 35(1), 67-85. https://doi.org/10.1146/annurev-soc-070308-120051

Azimmohseni, M., Ghaderi-Far, F., Khalafi, M., Sadeghipour, H. R., & Ghezel, M. (2022).
Comparison of time to the event and nonlinear regression models in the analysis of germination
data.  [Iramian  Journal  of  Seed  Research, 9(1), 75-92. [I[n  Persian]
http://dx.doi.org/10.52547/yujs.9.1.75

Colbach, N., & Durr, C. (2003). Effects of seed production and storage conditions on black grass
(Alopecurus myosuroides) germination and shoot elongation. Weed Science, 51(5), 708-718.
https://doi.org/10.1614/0043-1745(2003)051[0708: EOSPAS]2.0.CO:2

Colin, N., Habit, E., Manosalva, A., Maceda-Veiga, A., & Gorski, K. (2022). Taxonomic and
functional responses of species-poor riverine fish assemblages to the interplay of human-induced
stressors. Water, 14(3), 355. https://doi.org/10.3390/w14030355

Cuevas, A., Febrero, M., & Fraiman, R. (2010). An ANOVA test for functional data. Computational
Statistics & Data Analysis, 47(1), 111-122. https://doi.org/10.1016/j.csda.2003.10.021

Delaigle, A., & Hall, P. (2013). Classification using censored functional data. Journal of the American
Statistical Association, 108(504), 1269—1283. https://doi.org/10.1080/01621459.2013.827982

Frois Caldeira, J., Gupta, R., Suleman, M. T., & Torrent, H. S. (2021). Forecasting the term structure
of interest rates of the BRICS: Evidence from a nonparametric functional data analysis. Emerging
Markets Finance and Trade, 57(15), 4312-4329.
https://doi.org/10.1080/1540496X.2019.1706014

Gan, Y., Stobbe, E. H., & Njue, C. (1996). Evaluation of selected nonlinear regression models in
quantifying seedling emergence rate of spring wheat. Crop Science, 36(1), 165-168.
https://doi.org/10.2135/cropscil 996.0011183X003600010030x

Gertheiss, J., Riigamer, D., Liew, B. X., & Greven, S. (2024). Functional data analysis: An
introduction and recent developments.  Biometrical  Journal,  66(7), 353-371.
https://doi.org/10.1002/bimj.202300134

Ghaderi-Far, F., & Gorzin, M. (2019). Applied research in seed technology. Gorgan University of
Agricultural Science and Natural Resources. [In Persian]

Ghaderi-Far, F., Azimmohseni, M., & Bagheri, H. (2024). Evaluation of the generalized linear model
to the germination percentage data and its comparison with the square root transformation.
Iranian Journal of Seed Research, 10(2), 37-48. [In Persian]
http://dx.doi.org/10.61186/yujs.10.2.37



https://yujs.yu.ac.ir/jisr/article-1-637-en.html

[ Downloaded from yujs.yu.ac.ir on 2025-12-11]

V£ ) 0,leis VY Jla | o/ s slosicng o 0

Gianinetti, A. (2020). Basic features of the analysis of germination data with generalized linear mixed
models. Data, 5(1), 6. https://doi.org/10.3390/data5010006

Gonzalez-Andujar, J. L., Francisco-Fernandez, M., Cao, R., Reyes, M., Urbano, J. M., Forcella, F., &
Bastida, F. (2016). A comparative study between nonlinear regression and nonparametric
approaches for modelling Phalaris paradoxa seedling emergence. Weed Research, 56(5), 367-376.
https://doi.org/10.1111/wre.12216

Gorecki, T., & Smaga, L. (2015). A comparison of tests for the one-way ANOVA problem for
functional data. Computational Statistics, 30(4), 987-1010. https://doi.org/10.1007/s00180-015-
0555-0

Haj Seyedhadi, M. R., & Gonzalez-Andujar, J. L. (2009). Comparison of fitting weed seedling
emergence models with nonlinear regression and genetic algorithm. Computers and Electronics in
Agriculture, 65(1), 19-25. https://doi.org/10.1016/j.compag.2008.07.006

Joosen, R. V. L., Kodde, J., Willems, L. A. J., Ligterink, W., Van der Plas, H. W., & Hilhorst, H. W.
M. (2010). Germinator: A software package for high-throughput scoring and curve fitting of
Arabidopsis seed germination. The Plant Journal, 62(1), 148—159. https://doi.org/10.1111/j.1365-
313X.2010.04136.x

Khamadi, N., Nabipor, M., Roshanfekr, H., & Rahnama, A. (2016). Effect of sowing date and seed
priming on emergence and yield and yield components of three bread wheat cultivars (Triticum
aestivum  L.). Applied Field Crops Research, 29(1), 119-125. [In Persian]
https://doi.org/10.22092/aj.2016.109570

Kneip, A., & Liebl, D. (2020). On the optimal reconstruction of partially observed functional data. The
Annals of Statistics, 48(3), 1692—1717. https://doi.org/10.1214/19-A0S1856

Leng, X., & Miiller, H. G. (2006). Classification using functional data analysis for temporal gene
expression data. Bioinformatics, 22(1), 68—76. https://doi.org/10.1093/bioinformatics/bti742

Loddo, D., Ghaderi-Far, F., Rastegar, Z., & Masin, R. (2018). Base temperatures for germination of
selected weed species in Iran. Plant  Protection  Science,  54(1), 60-66.
https://doi.org/10.17221/158/2016-PPS

Lu, M., Hua, J,, Yu, Z., & Xu, Y. (2024). Towards transient connectivity of river networks during
rainfall events: Insight from hydrological observation and functional data analysis. Journal of
Hydrology, 637, 131146. https://doi.org/10.1016/j.jhydrol.2024.131146

Mamani, G. Q., Duarte, M. L., Almeida, L. S. D., & Martins Filho, S. (2024). Non-parametric survival
analysis in seed germination of forest species. Journal of Seed Science, 46, €202446036.
https://doi.org/10.1590/2317-1545v46283221

Matsui, H., & Mochida, K. (2024). Functional data analysis-based yield modeling in year-round crop
cultivation. Horticulture Research, 11(7), uhae144. https://doi.org/10.1093/hr/uhac144

Mrkvicka, T., Myllymiki, M., Jilik, M., & Hahn, U. (2020). A one-way ANOVA test for functional
data with graphical interpretation. Kybernetika, 56(3), 432—458. https://doi.org/10.14736/kyb-
2020-3-0432



https://yujs.yu.ac.ir/jisr/article-1-637-en.html

[ Downloaded from yujs.yu.ac.ir on 2025-12-11]

a7 Olen g 36508 | . Fidilaz (b 0 (U il g el 34,15

Porali, F., Ghaderi-Far, F., Soltani, A., & Palevani, M. H. (2019). Comparison of different models for
determining time up to 50% maximum germination: A case study of cottonseeds (Gossypium
hirsutum).  Iranian  Journal  of  Seed  Research, 5(2), 1-13. [In  Persian]
http://dx.doi.org/10.29252/yujs.5.2.1

Ramsay, J. O., & Silverman, B. W. (2005). Functional linear models for functional responses. In:
Functional Data Analysis. Springer Series in Statistics. Springer, New York, NY.
https://doi.org/10.1007/0-387-22751-2_16

Romano, A., & Stevanato, P. (2020). Germination data analysis by time-to-event
approaches. Plants, 9(5), 617. https://doi.org/10.3390/plants9050617

Samieadel, S., Eshghizadeh, H. R., Zahedi, M., & Majidi, M. M. (2024). The interaction of planting
date and irrigation regime effects on the yield and water use efficiency of Milk Thistle (Silybum
marianum) ecotypes. [ranian Journal of Field Crop Science, 55(1), 105-121. [In Persian]
https://doi.org/10.22059/ijfcs.2023.361558.655015

Smaga, L. (2020). A note on repeated measures analysis for functional data. AStA Advances in
Statistical Analysis, 104(1), 117-139. https://doi.org/10.1007/s10182-019-00352-6

Talska, R., Machalova, J., Smykal, P., & Hron, K. (2020). A comparison of seed germination
coefficients using functional regression. Applications in Plant Sciences, 8(8), el1366.
https://doi.org/10.1002/aps3.11366

Tjerve, K. M. C., & Tjerve, E. (2017). A proposed family of Unified models for sigmoidal growth.
Ecological Modeling, 359, 117-127. https://doi.org/10.1016/j.ecolmodel.2017.05.008 -



https://yujs.yu.ac.ir/jisr/article-1-637-en.html
http://www.tcpdf.org

