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Objective: The objective of this research was to evaluate the effect of temperature, salinity,
and seed priming on germination and to determine cardinal germination temperatures (i.e.,
base, optimum, and maximum) of Camelina seeds.

Method: Experimental treatments included different levels of seed priming (control,
hydropriming, priming with gibberellic acid, and brassinosteroid at 50 ppm), salinity (0,
100, and 200 mM), and different temperatures (5, 10, 15, 20, 25, 30, 35, and 40°C). To
estimate cardinal temperatures, three nonlinear regression models (dent-like, segmented, and
beta) were fitted, and their accuracy was evaluated using RMSE, CV, R?, and SE criteria.
Results: The results showed that Camelina seed germination was significantly affected by
the interaction of temperature, salinity, and priming treatments, and none of these factors
could be interpreted independently. The highest germination percentage and rate were
obtained at 20°C under non-saline conditions, particularly with the application of gibberellic
acid and brassinosteroid at 50 ppm; whereas the combination of high temperatures
(especially 35°C) and 200 mM salinity caused a severe reduction or complete inhibition of
germination. Hormonal priming, in addition to increasing germination percentage, reduced
the time to 50% germination, thereby increasing germination rate, decreasing base
temperature, and improving the thermal tolerance range. Among the three models evaluated,
based on RMSE, CV, R?, and SE criteria, the segmented and dent-like models were the most
suitable for estimating the cardinal temperatures of Camelina. The results also showed that
the most effective priming treatment was priming with brassinosteroid.

Conclusion: The use of priming, especially with brassinosteroid and gibberellic acid, can be
recommended as an effective strategy to improve Camelina seed establishment under
salinity stress and temperature fluctuations. The use of nonlinear regression models,
including dent-like, segmented, and beta models, can be effectively used to quantify the
response of Camelina seed germination to temperature, salinity, and seed priming.
Therefore, by utilizing the output of these models across different temperatures, it is possible

to predict the germination rate under various priming treatments and salinity levels.

Cite this article: Ghabeli, Sh., Ebrahimi, H., Miri, H. Jafari Haghighi, B., & Jafari, A. (2026). Investigation of the effects of
temperature, salinity, and seed priming on germination of Camelina sativa and modeling of germination response
to temperature. franian Journal of Seed Research, 12 (2), 223-247. https://doi.org/10.66224/yujs.12.2.223

(c9) (D o autors),
BE DOI: 10.66224/yujs.12.2.223

Publisher: Yasouj University.



https://yujs.yu.ac.ir/jisr/article-1-672-fa.html

[ Downloaded from yujs.yu.ac.ir on 2026-09-20 ]

Iranian Journal of Seed Research, Volume 12, Issue 2, 2026 224

Highlights:

e Assessing the combined effects of temperature, salinity, and priming on Camelina
seed germination.

e Quantifying the impact of seed priming on cardinal temperatures of Camelina
under salinity stress.

o Comparing and selecting the superior nonlinear model (dent-like and segmented)
for estimating Camelina cardinal temperatures under salinity stress and priming.

Introduction

Camelina sativa (L.) is an emerging oilseed crop of significant agronomic value,
particularly for dryland agriculture. Its high seed oil content and unique fatty acid profile
position it as a critical resource for biofuels, biopolymers, and human nutrition (Popa et al.,
2017). Despite its adaptability to low-input environments, the small seed size of Camelina
(approx. 0.7 x 1.5 mm) renders seedling establishment—the most vulnerable stage of its life
cycle—highly sensitive to environmental stresses such as salinity and thermal fluctuations
(Na et al., 2018). As climate change increases the frequency of extreme weather events,
understanding the factors governing germination in Camelina is not only a botanical necessity
but also an agricultural imperative for stabilizing productivity in arid and semi-arid regions.

While previous research has established the individual effects of temperature and salinity
on seed germination (Hosseini Sanehkoori et al., 2023), there remains a notable knowledge
gap regarding the interactive effects of thermal stress, salt concentration, and seed priming
agents (e.g., gibberellic acid and brassinosteroids) on the 'Soheil' cultivar. Most existing
studies focus on single-factor stress; however, under field conditions, these stresses act
concurrently. Furthermore, while the general behavior of Camelina is known, precise cardinal
temperatures (base, optimum, and ceiling) under multifaceted stress conditions have yet to be
fully elucidated.

The primary aim of this study was to quantify the interactive influence of temperature,
salinity, and chemical priming on the germination parameters of C. sativa cv. 'Soheil'. This
research adopts a post-positivist quantitative approach, utilizing non-linear regression
modeling to explain germination responses. The rationale for this experimental design was to
isolate variables in a controlled laboratory setting, allowing for the construction of predictive
mathematical models that can assist in determining optimal sowing windows for agronomic
success.

We hypothesized that: (1) Salinity would negatively correlate with germination rate and
percentage; (2) Seed priming treatments would mitigate these adverse effects by shifting
cardinal temperature thresholds; and (3) A mathematical modeling approach (specifically,
segmented, dent-like, and beta models) would provide superior predictive precision compared
to descriptive statistical methods.
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Method

This study was conducted as a quantitative laboratory experiment in 2021 at the Seed
Research Laboratory of Islamic Azad University, Arsanjan Branch, Iran. A factorial
experiment based on a completely randomized design was employed to evaluate the effects of
temperature, salinity, and seed priming on the germination of Camelina sativa L. cv. 'Soheil'.
Treatments included eight temperatures (5—40 °C), three salinity levels (0, 100, and 200 mM
NaCl), and four priming treatments: control (untreated seeds), hydro-priming (distilled water),
priming with gibberellic acid (50 ppm), and priming with brassinosteroid (50 ppm). For each
treatment, four replicates of 50 seeds were used.

Germination was recorded at 24-hour intervals until no further germination was observed
for three consecutive days, and seeds with a radicle protrusion of at least 1 mm were
considered germinated. Final germination percentage (FGP), time to 50% germination (Tso),
germination rate (GR), and cardinal temperatures (Tb, To, and Tc) were calculated. Four non-
linear regression models (logistic, dent-like, segmented, and beta) were fitted using SigmaPlot
14.0, and model accuracy was evaluated based on RMSE and parameter standard errors.

As the study did not involve human or animal subjects, ethical approval was not required.
The study was not mixed methods because only quantitative experimental data were collected.

Results

Analysis of variance (ANOVA) showed that the main effects of temperature, salinity, and
seed priming on germination percentage were significant at the 1% probability level (p <
0.01). In addition, all two-way and three-way interactions among these factors were also
significant, indicating that germination responses were strongly dependent on the combined
effects of temperature, salinity, and priming treatments.

Germination percentage varied widely among treatment combinations, ranging from
approximately 98% under optimal conditions to approximately 2% under the most
unfavorable conditions. Increasing temperature up to 20°C significantly improved
germination, whereas higher temperatures, particularly 30 and 35°C, resulted in a sharp
decline in germination. No germination was observed at 40°C.

Salinity stress significantly reduced germination. Seeds germinated best under non-saline
conditions, whereas moderate salinity (100 mM) caused a moderate reduction, and severe
salinity (200 mM) caused a substantial decline in germination, particularly at higher
temperatures.

Seed priming improved germination performance under most conditions. Priming with 50
ppm gibberellic acid and 50 ppm brassinosteroid generally resulted in higher germination
percentages compared with the control and hydro-priming treatments, increasing germination
percentage by approximately 10-20% in several treatment combinations. However, under
high temperatures combined with severe salinity stress, priming treatments could not fully
compensate for the reduction in germination.

Cumulative germination data were modeled using a three-parameter logistic function to
estimate germination rate parameters. The results showed that germination rate increased with
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temperature up to 20°C and decreased at higher temperatures. Seed priming reduced the time
required to reach 50% germination (Tso) and increased germination rate, with brassinosteroid
priming resulting in the shortest Tso in most temperature treatments.

Camelina seeds germinated across a relatively wide temperature range but were sensitive
to temperatures above 30 °C. Under severe salinity (200 mM) and high temperature (35°C),
germination was extremely low or completely inhibited.

Estimation of cardinal temperatures using dent-like, segmented, and beta models indicated
that salinity increased the base temperature (Tb), whereas priming treatments reduced Tb
under saline conditions. Salinity also decreased the ceiling temperature (Tc), while priming
tended to increase Tc and expand the optimal temperature range (To) for germination.

Evaluation of model performance based on lower RMSE and CV values, higher R?, and
closer fit to the 1:1 regression line showed that the dent-like and segmented models provided
the best fit for describing the germination response of Camelina seeds under the tested
conditions.

Conclusions

The results demonstrated that germination rate increased significantly with rising
temperature up to the optimal range, after which it declined. Under non-stress conditions,
priming treatments had no significant effect on base temperature (Tb); however, as salinity
stress intensified, Tb increased, and the application of priming treatments reduced this
increase. Priming also expanded the optimal temperature range (To) for Camelina seeds
compared with non-primed seeds and decreased the thermal time required for germination
(i.e., biological hours), indicating a positive effect of priming treatments on germination rate.

Based on RMSE, CV, and the 1:1 regression line evaluation criteria, the segmented and
dent-like models consistently outperformed the beta model and were identified as the most
suitable for predicting germination responses and estimating Camelina cardinal temperatures
(Tb, To, and Tc).

Finally, the results indicated that priming with 50 ppm brassinosteroid produced the most
favorable outcomes and appeared to be the most effective treatment under salinity stress.
Therefore, priming with 50 ppm brassinosteroid, in combination with dent-like and segmented
modeling approaches, can be recommended for assessing and improving Camelina seed
germination under saline conditions. These findings can assist in determining optimal sowing
windows and developing effective priming strategies for Camelina cultivation in saline-
affected regions. Future research should validate these findings under field conditions and
explore the physiological mechanisms underlying the observed priming effects.
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Table 1- Segmented, dent-like, and beta models fitted to
germination rate data at various temperatures to estimate
cardinal temperatures. Tb, Tol, To2, To, Tm, fo, and T
represent base temperature, lower optimum temperature,
upper optimum temperature, optimum temperature,
ceiling  temperature, constant  coefficient, and
experimental temperature, respectively.
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s ) ) f(T)= (Tc-T)(Tc-Tyy) if Te< TS T,

(\a4g f(T): 1 ifT01< T< Toz
Dent-like f(T)=0if T<T,or T> T,

SlaSs g8 f(T)= (T-T)/(T-Ty) if T,<T< T,
(O g Slale) f(T)=[1-(T-T,)/(Tc-T,)] if T,< T< T,
v f(T)=0if T< Ty or T= T,
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Table 2- Germination percentage under different temperatures, salinity levels, and seed priming treatments for camelina
seeds.

CC) Lo 5 Sipesl Salinity (mM) (Yse ko) &30
Temperature (C°) Seed priming 0 100 200
mon-primed) wl, ;30 86.00 jkl 0.00 z 0.00 z
Hydroprime) o1 b Sl 88.00 ijk 78.00 nop 66.00 rst
S 0 S e 0 S pm al b Sl X
5 (priming with 50 ppm GA) 90.67 ghi 80.00 mno 68.67 qrs
e 50 08 e B0 0y lginsl b Sl
(priming with 50 ppm Br) 93.33 efg 84.67 klm 70.67 pqr
(mon-primed) sl o9 88.67 hij 86.00 jkl 70.67 pqr
(Hydroprime) o b Siayly 91.33 fgh 81.33 mno 70.00 pqr
S 0 S e 0 S pm al b Sl )
1 . f .00 jkl1 .
0 (priming with 50 ppm GA) 93.33 efg 86.00 j 78.67 nop
: $ oo B+ ag ialginl b Koo
Fel e B Syl Senly 94.67 def 90.67 ghi 80.00 mno
(priming with 50 ppm Br)
(mon-primed) sl o9 93.33 efg 91.33 fgh 76.67 opq
Hydroprime) o1 b Sl 94.00 def 93.33 efg 78.67 nop
VIIRIPNR 4 o S Al b Sicees)
15 Aol 96.00 bed 94.67 def 80.00 mno
(priming with 50 ppm GA)
2 5o oy ke O g sl b Kias)
PP ek O Sl |« Sienis 96.00 bed 94.67 def 82.67 Imn
(priming with 50 ppm Br)
(mon-primed) sl o9 94.00 def 93.33 efg 86.00 jkI
(Hydroprime) o1 L ey 98.67 a 96.00 bed 90.00 ghi
Sl 0 08 e 00 Sz asl b St .
20 (priming with 50 ppm GA) 98.67 a 96.67 abc 90.00 ghi
VURRIPNR (AR PYC S PSSO SV PR < SONY Y
el p e b gl b Siemly 98.67a 96.67 abc 93.33 efg
(priming with 50 ppm Br)
mon-primed) s, g 86.00 jkl 76.67 opq 48.67 w
(Hydroprime) o b Kiayly 88.67 hij 82.67 Imn 77.33 opq
Sl 33 08 e 00 Sz asl b Sl .
25 (priming with 50 ppm GA) 91.33 fgh 88.67 hij 78.00 nop
2 50 oy ke O g sl b Kia)
ol pF e b gl b Siomly 92.67 efg 90.67 ghi 80.67 mno
(priming with 50 ppm Br)
mon-primed) x5 ;50 76.67 opq 54.00 v 24.67y
(Hydroprime) o1 L Kooyl 77.33 opq 56.67 uv 28.67 xy
Sl 3 S ke 00 Sz sl b Sl
30 e b S ” 82.67 Imn 59.33u 3133
(priming with 50 ppm GA)
C IR 5 O 3Sg ywlgiwl p b S
e B il b Sl 8333 kim 64.67 st 36.67x
(priming with 50 ppm Br)
(mon-primed) sl o5 38.00 x 18.67 yz 0.00 z
(Hydroprime) o1 b Seesl 42.67 wx 6.00 z 0.00 z
2J 05 o S Sl b Sias!
35 e B Sl el Sl 44.00 wx 7332 0.00 7
(priming with 50 ppm GA)
. S Lade e isder ol Fel
e B il b Sl 4733w 9337 0.007
(priming with 50 ppm Br)
LSD 2.6 6.9 4.8

0955 polie avslie (gl 1add LSD0.05 polie .ol plowl aillax jsbay (5,98 mhw ;o sy bl 432 (5,90 obw ol Xso polie asals obj wolas Loay

s o0lial BB (6595 ok G deslie (Sl 5 S pitne abgrye (5098 (gt
Due to substantial variation in the range of X50 values across salinity levels, statistical analyses were conducted separately for each salinity
level. The LSDy.q5 values are valid only for comparisons within the same salinity level and should not be used for comparisons between
different salinity levels.
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Table 3- Germination tso values (hours) estimated by fitting the three-parameter logistic model to cumulative germination
percentage data under various temperature, salinity, and priming conditions in camelina

CC) L S Sl Salinity (mM) (Yo o) (559
Temperature (C°) Seed priming 0 100 200
mon-primed) wly ;30 230.65 - -
(Hydroprime) o1 b Siees) 182.54 432.65 676.54
e S e 00 Sz ail b Sl
5 el el b K ” 135.67 343.76 620.54

(priming with 50 ppm GA)

Sl S pS e 00 oS mlsinl p b Sl

(priming with 50 ppm Br) 122.65 310.76 600.54
mon-primed) plys cys0: 88.43 273.98 421.87
(Hydroprime) o1 b Sies) 83.54 235.43 420.54
o 5 0 S Al b Sicas!
10 o2 0 S el Sl 75.43 186.43 321.54
(priming with 50 ppm GA)
. c B oe rwleiw o b Kool
PP e O Saruionds s Sinis 62.65 176.61 263.15
(priming with 50 ppm Br)
mon-primed) wl, ;30 63.49 168.65 234.65
Hydroprime) o1 b Sl 57.63 134.65 201.65
VIIRIPNR 4 o S Al b Sieas)
15 23 psf s B S sl Sl 43.67 108.87 197.43
(priming with 50 ppm GA)
: $ oo B sy ialginl b Koo
e B il b Sl 34.87 105.65 190.54
(priming with 50 ppm Br)
mon-primed) !, ;g0 44.87 110.54 180.76
(Hydroprime) w1 Szal; 39.98 98.43 167.76
Sl 3 S ke 00 Sz sl b Sl
20 e b Sl ” 33.65 96.76 150.76
(priming with 50 ppm GA)
: $ o 00 0yl b Saa)
e B il b Sl 32.45 93.54 146.76
(priming with 50 ppm Br)
(mon-primed) /o5 60.56 213.65 -
Hydroprime) o1 b Sl 58.65 145.65 328.46
VIIIRIPNR 4 o S Sl b Sieasl o
25 Aol 5234 139.87 297.12
(priming with 50 ppm GA)
VISR O aSg wlgiawl p b S|
PP e O Senuieds | Sy 46.76 136.76 260.54
(priming with 50 ppm Br)
(mon-primed) /o5 137.76 300.65 -
(Hydroprime) o1 b Seesyl 112.44 555.55 -
2J 06,5 o S Al b Sices!
30 e B Sl el Sl 100.65 384.6154 -
(priming with 50 ppm GA)
C IR 5 O 0Sg gl p b S
e B il b Sl 99.54 33333 -
(priming with 50 ppm Br)
@mon-primed) !, g - - -
(Hydroprime) o1 Sl - - -
15 Sl 9 e S e B0 Sz al b Sl i i i
(priming with 50 ppm GA)
o) 50 S e B0 Sy plginl b Sl
(priming with 50 ppm Br)
LSD 13.65 37.43 52.43

0% polie duglio (sl LB LSD o5 polie i plonl oz jsboay (650 g 12 gl (65lel 42525 60 ol (oo Xso polie adels ol Sslis Loy

i 03laul L (5 )5 zslaw (o duliie (61 5 W ptne abgp (553 (g
Due to substantial variation in the range of X50 values across salinity levels, statistical analyses were conducted separately for each salinity
level. The LSDy.q5 values are valid only for comparisons within the same salinity level and should not be used for comparisons between
different salinity levels.
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Figure 1- Predicted (solid lines) and observed
(symbols) germination rates of camelina seeds under
non-stress conditions at different temperatures and
priming treatments, fitted using segmented, dent-like,
and beta models.
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Figure 2- Predicted (solid lines) and observed
(symbols) germination rates of camelina seeds at
different temperatures and priming treatments using
segmented, dent-like, and beta models under 100
mM salinity stress.
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Figure 3- Predicted (solid lines) and observed
(symbols) germination rates of camelina seeds at
different temperatures and priming treatments using
segmented, dent-like, and beta models under 200 mM

salinity stress.
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Table 4. Estimated base temperature (Tb), optimum temperature (To), lower (Tol) and upper (To2) optimum temperatures,
ceiling temperature (Tc), biological time (fo), intercept (a), and slope of the regression line between predicted and observed
germination rates for camelina seeds under non-stress conditions, as derived from nonlinear regression models. Values in
parentheses are standard errors. A, B, C, and D denote non-primed (dry seed), hydroprimed, gibberellic acid-primed (50
ppm), and brassinosteroid-primed (50 ppm) treatments, respectively.

Jaa slass gn asile olas [
Model Segmented Dent- like Beta
ot
B [ D A B C D A B [ D
(Parameters)
¢ 0.98 08 0.74 0.66 0.99 081 0.66 0.63 034 023 0.2 0.2
v (1.48) (L.13) (L6E) (1.48) (1.95) (1.46) {131) (1.08) (5.08) (5.43) (4.41) (6.42)
20 19.57 19.69 19.54 20.59 19.57 19.56 19.56
o (191} (1.54) (1.32) (L91) (4.84) (4.34) (5.35) 437)
¢ . . R . 20.11 18.8 18.13 16.5 R
Wl (6.09) (5.51) (3.78) (3.44)
¢ . . R . 2158 20.22 19.84 19.6 R
o2 (5.63) {4.36) (3.09) (2.55)
343 36.1 36.8 3644 3392 343 36.84 368 3388 359 3571 357
ke (1.68) (1.76) (1.06) (1.68) (1.97) (3.02) (1.73) (1.46) (3.04) (3.29) (3.29) (3.3)
£ 4245 41.54 3411 2949 4485 40.25 341 3233 49.13 49.09 36.7 36.7
a (1.53) (L.79) (1.73) (1.53) (4.38) (4.38) (2.73) (1.22) (7.02) (7.57) (5.18) (5.86)
a 00001 000003 00002 000001 0.00004 0.0003 0.0003 0.00002 0.0007 0.0007 ”'”4”00 0.00008
b 0.99" 098" 097" 099" 0.96" 0.99" 0.99° 0.99" 0.94° 093 0.90" 096"
RzAdj 0.90 098 093 093 080 0.96 092 0.98 0.91 074 072 0.78
RMSE 00008 0.0005 0.0009 0.008 0.001 0.0006 0.0009 0.007 0.009 0.003 0.008 0.008
CV % 512 B84 876 9.65 B89 899 BEE 899 2245 19.11 20.76 20.16
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Table 5. Estimated base temperature (Tb), optimum temperature (To), lower (Tol) and upper (To2) optimum temperatures,
ceiling temperature (Tc), biological time (fo), intercept (a), and slope of the regression line between predicted and observed
germination rates for camelina seeds under 100 mM salinity stress, as derived from nonlinear regression models. Values in
parentheses are standard errors. A, B, C, and D denote non-primed (dry seed), hydroprimed, gibberellic acid-primed (50
ppm), and brassinosteroid-primed (50 ppm) treatments, respectively.

Joa (W55 g azile olass =
Model Segmented Dent- like Beta
il . -
A B C D A B C D A B C D
(Parameters)
& 19 121 11 1.03 1.62 121 11 1.03 434 323 02 0.2
b (2.48) (1.65) (1.74) (1.12) (0.76) (L11) (1.03) (L.01) (5.87) (5.12) (4.87) (6.11)
19.89 20.1 19.54 19.9 ) B R A 19.59 19.67 1945 19.48
b (1.21) (111) (1.65) (1.87) (4.92) (4.87) (5.11) (4.87)
¢ A A . R 19.11 19 16.76 16.84 R R
ol (3.54) (5.8T) (1.92) (2.76)
19.91 20 19.86 19.84
b2 - - - - (4.54) (5.76) (.11 2.12) - -
30.23 3243 3334 33.76 3033 32.43 33.34 3421 30.97 3143 3265 3372
te (1.35) (111) (2.86) (2.98) (1.97) (3.02) (1.73) (1.46) (3.8u) (4.76) (4.76) (6.43)
£ 113.27 99 92,07 89.25 11634 98.33 96.38 96.25 127.43 11121 10592 102.79
o (8.6T) (4.15) (5.04) (4.88) (9.64) (4.98) (4.45) (3.22) (20.29) (10.59) (1022)  (10.76)
a 0.0001 0.0001 00002  0.00001 000003 0.00003  0.00002  0.0002 0.0004 0.0009 0.0004  0.00006
b 0.99" 0.98™ 097 0997 0.96" 099" 0.99" 0.99™ 0.94" 0.93" 0.90° 0.96™
R*Adj 0.99 0.9 093 0.87 0.98 0.79 0.97 0.98 0.64 0.82 0.73 0.72
RMSE 0.0003 00005  0.0006  0.0009 0.0003 0.0008 0.0004 0.0004 0.007 0.005 0.009 0.009
CV % 5.2 596 4.76 6.65 5.16 7.84 3.88 31 19.96 18.32 17.87 17.53

Slelw oloss o(To) ancin sbes (T2) SBgd allas slos (To1) Slizs wgllae slod «(T) wgllae slos (Tp) al slod 3,51 =% Joux
2l bt s S5 Sladae 5l eslitl b osd (i 5 8l Sialsr Ce e )Ty B e 5 @) I Sl o o) (e
syl saimo olis e sad gc b a il e o laibinl glas oaias Hlad sulyy J3ls slael . Voo Lo Yoo (g0 iid Loyl i o LiLalS
b Simlyn 5 (S sl b Simlp 090598) 00 Sz sl b Sl (malpgyoem) o b Sl (25,50 el o9

ABlge il 3 05 e (sdg nlsianln b Sirmlyy (90598) O ag hulginnl

Table 6. Estimated base temperature (Tb), optimum temperature (To), lower (Tol) and upper (To2) optimum temperatures,
ceiling temperature (Tc), biological time (fo), intercept (a), and slope of the regression line between predicted and observed
germination rates for camelina seeds under 200 mM salinity stress, as derived from nonlinear regression models. Values in
parentheses are standard errors. A, B, C, and D denote non-primed (dry seed), hydroprimed, gibberellic acid-primed (50
ppm), and brassinosteroid-primed (50 ppm) treatments, respectively.

Jae (glass s aile sy =

Model Segmented Dent- like Beta
iy \ -
B C D A B C D A B C D
(Parameters)
481 178 167 1.56 481 155 0.69 16 456 155 142 127
b (2.65) (1.02) (1.12) (1.01) (1.95) (2.59) (1.99) (1.98) (6.43) (8.98) (7.65) (4.88)
19.54 19.87 19.78 19.89 R . ) A 19.04 1932 19.23 19.11
b (1.44) (151) (1.54) (1.22) (7.65) (8.87) (9.22) (9.54)
¢ A A } ; 17.98 188 18.43 17 R R
a1 (6.76) (5.76) (4.32) (3.44)
19.72 19.14 20 20
to2 - - - - (6.46) (4.99) (4.87) (2.55) - -
25.54 29.87 29.87 31 25.43 29.87 29.87 30.87 25.87 2897 2998 29.67
L (1.32) (1.24) (1.43) (1.59) (7.56) (4.86) (2.67) (1.46) (7.78) (7.76) (7.35) (787)
£ 165.74 16487 15281 144.44 178.09 166.53 160.01 169.37 180.7 194.36 177.52  169.77
o (4.54) (1586)  (109)  (12.10) (14.76) (4.16) (19.62) (24.08) (33.83) (28.8) (2265)  (28.86)
a 00001 000003 00001  0.00002 000007  0.0003 00003 0.00002 0.0009 0.0007 0.0009  0.00008
b 0.99" 093" 0.98" 098" 0.93° 09" 097" 093" 08 0.84 0.8 0.96"
RlAdj 0.99 0.85 092 0.87 0.81 0.69 0.83 0.88 0.52 0.56 0.64 0.69
RMSE 0.0004 0.0009  0.0005 0.009 0.0007 0.006 0.0007 0.0089 0.01 0.009 0.009 0.009
CV % ERS 7.84 4.84 8.66 785 15.87 9.54 8.93 33.76 22.65 21.76 26.93
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