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Table 1. Non-linear regression models for calculating time up to 50% maximum germination at cottonseeds
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Table 2. Coefficient of determination (R?), the root of the mean square error (RMSE) and akaike information

criterion (AIC) for different non-linear regression models fitted to germination percentage of cottonseeds
versus time at three temperatures of 15, 25 and 40 °C.

AlC RMSE R (Model name) Jos b
40 25 15 40 25 15 40 25 15

-0.84 1575 19.34 0.473 3.673  2.892 099 099  0.99 (Gompertze) 3 ..l
125 1639 18.84 0.714 4267 2910 099 099  0.99 Hilly Jo»
440 17.84  19.70 1.004 4670 2974 099 099 099  (Logesticl)) i
547 1971  21.63 098 4970  3.080 099 099 099  (Logestic2)y i
049 1653  20.84 0.481 3780  3.038 099 099 099  (Logestic3)Y S
639 19.84 21.17 1.00 467  2.86 099 099  0.99 (Richard) s,
022 17.03 23.07 0.500 4.000 3.570 099 099 099 (Weibull) Jsos
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Figure 1. The fitting of nonlinear regression models germination percentage of cottonseeds at three
temperatures of 15,25 and 40 ° C.
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Table 3. Estimated parameters for cumulative germination percentage versus time in cottonseeds by different
nonlinear regression models at three temperatures of 15, 25 and 45 °C.

(15°C) o135 iilos 4,0 10

(Model Jaw gl

Yo X, K c b a D5, Giax name)

- - 0.0631+0.006 - - - 62.1+0.99 78.6+1.0%  (Gompertze) 5,5

0 - - - 6.32+0.61 - 68.3£1.07 78.7+1.1 (Hill) oo

- - - - 0.102+0.01 - 68.7+1.01 78.0£1.0  (Logestic])) S

- - - - 0.099+0.01 -0.76+2.08 68.4+1.26 78.842.4  (Logestic2)Y Sy

- - - 0264222  -6.37+0.76 78.43+2.61 68.4+1.36 - (Logestic3)Y Sutuzd

- - 0.1022+0.010 - 1.016£0.0129 - 68.6+0.97 79.0+1.0 (Richard) s,

- 27.0+22.1 - - 2.53+1.45 - 69.7£1.61  78.2.73+1.3 (Weibull) Jgus
(25°C) ol,5 il az 0 YO

Yo Xo k ¢ b a Dsq Grnax

- - 0.212+0.023 - - - 22.73+0.35 91.7+1.7 (Gompertze) j .8

0 - - - 7.40+0.97 - 24.58+0.45 91.8+2.0 (Hill) L

- - - - 0.313+0.047 - 24714047 91121  (Logesticl)) S

- - - - 0.3040.05 -1.99+4.87 24544066  93.3+54  (Logestic2)Y S

- - - 40.27+48.  -4.81+1.49 133.9450.14  21.43+3.40 - (Logestic3)¥ Situd

5

- - 0.313+0.044 - 1.03+0.024 - 24.71+0.47 92.542.1 (Richard) s,

- 18.04+0.9 - - 1.12+0.27 - 24.29+0.51 93.0+2.5 (Weibull) Jgus
(40°C) oI 3 ilos a0 ¥+

Yo X, k [¢ b a Dso Gnax

- - 0.403+0.008 - - - 18.16+0.04 79.8+0.2 (Gompertze) j .als

0 - - - 11.34+033 - 19.24+0.06 79.7+£0.4 (Hill) Jeo

- - - - 0.610+0.024 - 19.36+0.09 79.7+0.5  (Logesticl)) Sy

- - - - 0.595+0.027 -0.912+0.84  19.30+0.10 80.6+1.0  (Logestic2)Y S

- - 16 6;0.71 -10.84+0.29 81.43+0.76 19.14+0.06 - (Logestic3)Y Sutuzd

- - 0.610+0.024 - 1.00+0.006 - 19.36+0.86 80.9+0.5 (Richard) s,

- 1225409 - - 2.8740.41 - 19.28+0.06 79.740.2 (Weibull) Jgus
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Gmax is maximum germination percentage; Ds, is time up to 50% maximum germination; a, b, c, k, and y, are
the model parameters representing the shape and slope of the germination curve, X, is time until the start of

germination .*. The Standard error is considered for each parameter.

3yl (S sl oo 51 (VA1) LS
ool ol boydy (Sjailez (i S Joms 5 5w,
oSl yiz) g)lal glaas L pulul 5 3is S
) alsz St ln el Joo s Slay e
50,57 (Byxe Jomg Joe
99 4 ol celie Jow S bl o IS jsboa
@l ol Jos asial Jol 0,5 azgs 05 9,5
50 bosls a4y cowlio (3l g 0l oYL (6 pdyBlaxl

Jome 99 51 (V1 F) Lo o' Lsgus aslllne 4o

ostd sloyd (Sialer (i 5o Pl 5 S
B0 5l 3 el S Jow a5 sy Gl g 95s,S eolal
dlie ;o 0908 sla)dy (Giailsr (St o YL
eyt 9 STyt elsl 1 Sd Joo b

5 o ,500 slanlllae ;3 Cubld ond e Cyanss

"'Sousa
? Shafii



g )0lgm S 1as o y0 B0 Uyl (e S i (g Juo o Lo 11550 o e 99

Lo oo plw b aiglan jo 35 ,0lS Jow ol 5 il
Ale 10 (658 0490 F Sizd Jow aiiles
Sloie s o, 8 il azj0 T glos jo il Dsg
VY2 YA )l L@J..\_A .b_wy 03— »))5])_3 D5()
Slaie o ieS K50 glos g0 aiilen g e el
) gA_S; gy ).v).uolf JJ.A Ja.u}: D50 03l o)ﬁ]ﬁ
J».\_o Ja_w}a 03— wl;m D50 iy L)‘?"L;—o @‘9
ol |y (Hiasiler iSlas a0 0 b loj 55,8
5 4 auzdls (la (Vo VF) )Ken g Lugus 000 g0l
o, B0 L ol o ylis Dsp o5 pel S Jus
do,o YV L..’)_c.. odmolid aSly abb ced gjaile
0,5 G pSam Yl g Ml (il il
b oley Olse & quyd il 3l Olgees 5el8 Joe 5o
o li ol g 0,8 colaiul giaile iSTas ws o B+
D37) (—3a5lgz iSlas ao 0 YV B o) cosmolis
Llad 51 (g wanils bools 4y cowlie (31 b Jow
o=l 50 g Cils g9 BB lales 0 Dsg 0)5])3
9 Je ol b Ll Joo ¥ ) Seiad sl Jae
539y 10595 1 (6 5Yb <3 51 Dso 3,91 50 Jsm
el 8l o de oo () SeSTL ik 51 S5
PRSP PENERNIE XS PUWE
B8 L glsj o jelez dweyd yiSlas Jud 5l (S5l
(=ials oo B U lej ¢ Siaile> SiSTas ws o
) ialsr (B3l s (Hiadlez 9,0 U ol
Germinator da |38 o5 oyl 51 So (V) o), 5o
ool axs-luw Q.il,:.lflj oy yds 09,5 yo a5 MLGA
5955 35U 5 33 m oolitad om0l ez Jo
ogde by ol jo rezd Jiailsx do s slaesls
5 Obey hlie )o (e Giallsz doys dgad )
oot S8 Sialsr slaaddse plo (fop Joo (3312
Ao dy HolB 1381 o 5l piomen WS o Ao
Al o 00l (6 S ojll Jialer slaadse Sl
5 Slble) ail oo Germin® ;oo Jl33le 5 corizmon

alisde 45 o bolan sl axils cilises o log
oy YL i land 5 Lo Jas 48 555
il gl (30 alizie glod aw ;0 5 Wiy
Wbl ey potde bl Jae sla )y aSenl pgo
il slaae )0 (LS (Bl ©)9e 50 G
et 6L el (el as oS Ll ) Jue
355 5 s 13 Ll ool 31 5 il (5
sls Xo 9 Dsp Gmax Lo Jae cpl jo .05 ool
ST 0aa00 )i ey oS Wad (Sl oo
5 =i8ls Sl as 0 00 U lej ¢ Siaile> as o
35 15 L Joe a3l e 58l £3,5 b olej
S Jaw lizul @) wog Dsp s Gmax il )l
«shlo el 99 ol ogdhe Jomg Joo Lo 5 (F
Joe 50 050 53 Xo) S3alsz g9,5 b ploj sl )y
spban (Sialez amops Sl el )l Sl
B C 5l oo 3oy b g ogd cad 05 e
e 2 35515 Jlisay Gaze ST ecnlpl soul dnnlos
9955 ooliial Joumg Joo 5l by el (G5aile el
ol Dsg g Gmax yxel )Ly 90 4wl Jlisas ST
S oolaiwl b Jus des 3l Wilgs oo
Los au jo 0 s laJoe culpo ¥ Jouzr o
Glos ;o 0g-d o alaxde a5 jghailen .ol ouls &l
L 3 LaJocs oo o8 il a0 £+ 5 Y0 0
5 3,l00 0525 glaiz BT Sidile> as e iSlas
Frg V0 A0 slos jo Giailsz oo (5:Kke j5bay
ogm amo o A gAY VA oS gy o 5 sl ax o
Ol (G38lgz Sy 3l (paSlh plgieay) Dsp Ll
Bl ol F il az 010 sles o Gz slo o
LAY 5l Les ol jo Dsg .ccisls 429 (510 sixo
o Le Joae 5,9l o BWS 5 09 puriie Cels PV
Dsp Jloie oy eS oo cpl jo 09 cels VI Los oyl
3551 5o ladoe plo 5 0l 35515 5550l8 Joe Lo
YO slos ;o 0ais 0,5l Dsp .aiog asline yial,b oyl
A 3 alite glo oo jo o Kl az o
L YV/EY 5l Lo ol ;0 Dsg g asiils p b (5,10 sxe
50 LaJoe 0,915 o M 09y paite el YE/VY
a>,0 10 lod i ilon g el YIVY Lo ol



YWY (g0 o lods [ paxiy JLu [ oyl ) jou sl g

%0
j§§ 30 &

ig 70 . ’?
15 60 .
7 £ 01 %
~E wlR é
12 w0} .
- a /
?ié 10-% é
32 al é

BMGT
mFarooq
Hill

B Logisticl
OLogistic3
Weibull

25

(015 lw ax0) Lo
Temperature (° C)

lises slo Jow b oslarul b Sialer as o iSTas as )0 00 b olej dwslie - &

Figure 2. Time comparison up to 50% maximum germination using different models
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Comparison of Different Models for Determining Time up to 50%
Maximum Germination: A Case Study of Cottonseeds (Gossypium
hirsutum)
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Extended abstract

Introduction: Germination speed is one of the most important germination indices, used in most studies
to compare the effects of different treatments on seed germination. Researchers use the reverse time up to
50% maximum germination (1/D50) to calculate the germination rate. One of the methods used for
calculating the D50 is the utilization of nonlinear regression models such as Logestic, Gompertz, Richard,
Weibull and Hill. In addition, for the purpose of calculating this parameter, simple empirical models such as
the model presented by Farooq et al. and Ellis and Roberts are used. The question which arises is which of
these methods has more precision predicting D50. The purpose of this study was to calculate D50, using
different methods in seed germination of cotton.

Material and Methods: In this experiment, cottonseeds were placed at three temperatures of 15, 25 and
40°C with three replications, and germinated seeds were counted daily several times. To calculate D50,
several nonlinear regression models including Gompertze, Logestic, Hill (the four-parameter), Richard and
Weibull models were used. Moreover, for the purpose of calculating D50, the models presented by Farooq et
al. and Ellis and Roberts were used.

Results: The results showed that all nonlinear regression models exhibited suitable fit to germination
data. However, logestic, Hill and Weibull showed better predictability of D50, compared with other models.
Besides, D50 calculated by the Farooq model was similar to that estimated by nonlinear regression models,
whereas D50 estimated by the Ellis and Roberts model was higher than that estimated by other models.

Conclusions: The results of this study showed that both non-linear regression models and the model
developed by Farooq could be used to calculate D50 of cottonseed. In general, the results of this study
showed that nonlinear regression models could be used to calculate D50. In this research, Logestic, Hill, and
Weibull showed good fit for cumulative seed germination data of cotton seeds versus time at different
temperatures. These models have coefficients that have a biological concept that includes maximum
germination percentage, time to 50% maximum germination and time to start germination. Moreover, when
researchers only seek to measure D50 and are not familiar with the statistical software, they can use the
empirical formula presented in this research.

Keywords: Germination rate, Seed vigor, Nonlinear regression model.

Highlights:

1- Calculating D50 in cottonseeds, using different methods.

2- Using nonlinear regression models to calculate D50 in cottonseeds.

3- Developing a proper method which is more accurate, and better lends itself to calculating D50 of
cottonseeds.
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