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Introduction.

Phalaris minor Retz., commonly known as little seed canary grass, is one of the most troublesome and
competitive weeds in wheat fields. Due to morphological similarities and growth requirements with wheat, the
yield reduction of this crop is reported to be between 28 and 95 percent. Furthermore, the resistance of P. minor
to herbicides that inhibit PSII, ACCase, and ALS has been documented in Iran as well as in other nations, with
research results suggesting that this issue is proliferating swiftly. Therefore, understanding the biology and
emergence patterns of P. minor is crucial for designing effective integrated weed management strategies. The
use of predictive models of seedling emergence is essential for successful management and for reducing the
population of resistant biotypes. These models allow farmers and agronomists to anticipate periods of high weed
emergence and optimize the timing of cultural, mechanical, and chemical control practices. A precise
understanding of plant developmental responses to temperature is a prerequisite for developing accurate models
to estimate emergence timing under variable environmental conditions. Despite its significance, data concerning
the cardinal temperatures for seedling emergence of various Phalaris ecotypes (Phalaris spp.) remains
insufficient, thereby restricting the effective application of predictive models under field conditions.

Materials and Methods

This study was conducted to investigate and quantify the response of four Phalaris ecotypes (Gorgan,
Kordkuy, Ziarat, and Kalaleh) to temperature, and to estimate their cardinal temperatures using appropriate
mathematical functions. The experiment was carried out across 12 sowing dates (from December 2023 to
November 2024, one sowing date per month) in a randomized complete block design (RCBD) with three
replications under non-limiting water and nutrient conditions at the Agricultural Sciences and Natural Resources
University of Gorgan. Prior to the experiment, all weeds from the experimental site and its surroundings were
completely removed to minimize competition. The soil was then manually tilled with a shovel (surface tillage)
and mixed with farmyard manure to provide a soft and suitable seedbed that facilitates uniform seed-soil contact.
Before each sowing date, seeds were subjected to appropriate dormancy-breaking treatments to ensure maximum
germination potential and were immediately transferred to the field for sowing. Different sowing dates were
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selected to expose the plants to varying temperature conditions and to examine the effect of temperature on
seedling emergence. Emergence was recorded according to the Zadoks scale when the coleoptile or any part of
the seedling was visible on the soil surface in 50% of the viable seeds sown. Observations were conducted every
other day and daily during the warmer months to accurately capture emergence dynamics under fluctuating
environmental conditions. Data analysis was performed using SAS statistical software, while the plotting and
analysis of data-related graphs were performed using Microsoft Excel to visualize trends and model fits.

Results and Discussion

Among the models used, the two-segmented and three-segmented models showed similar performance based
on statistical indices, with RMSE values of 1.60 and RRMSE values of 14.2%, respectively. The beta model,
with an RMSE of 1.94 and an RRMSE of 16.8%, exhibited weaker performance compared with the other two
models. However, model fitting results showed that the beta model failed to estimate the base temperature,
yielding an unrealistic value of approximately -20 °C. Consequently, in the next step, a constraint was imposed
on the base temperature (a range between 0 and 5 °C was selected for the base temperature; however, this
constraint also had no effect on model performance and failed to estimate the base temperature and its standard
error). Additionally, the three-segmented model was also unable to provide a valid standard error (SE) estimate
for the ceiling temperature. As a result, both models were unsuccessful and unsuitable for integrated estimation
of cardinal temperatures, and only the two-segmented model proved effective in this regard. Therefore, the two-
segmented model was selected as the superior model, and the cardinal temperatures derived from this model
should be adopted. The two-segmented model indicated that the base, optimum, and ceiling temperatures were
3.8, 21.8, and 30.2 °C, respectively. The duration required for seedling emergence (expressed as biological days:
the number of days to emergence at the optimum temperature) was estimated to be 5.34 days. Statistical analysis
showed that, within the framework of the superior model, no significant differences existed among the ecotypes
regarding the cardinal temperatures or the biological days required for emergence. Our result showed that high
temperature (above 30 °C) could be associated with the absence of emergence on certain sowing dates (from
May to August 2024).

Conclusion

The findings showed that different ecotypes of Phalaris in Golestan province exhibited a similar response to
temperature, indicating ecological stability and high adaptability of Phalaris under diverse environmental
conditions. Therefore, their management can be carried out using common strategies. Also, further studies are
needed to quantify the temperatures that may induce dormancy.
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Table 1- Geographical locations of Phalaris minor seed collection and their 100-seed weight

Ecotype Latitude (°N) Longitude (°E) 100-seed weight (g)
Gorgan 36°49'35.37" 54°22'38.44" 0.15

Ziarat 36°42'23.34" 54°28'43.34" 0.13
Kalaleh 37°21'56.00" 55°29'45.00" 0.19
Kordkuy  36°47'19.00" 54°05'18.00" 0.16

(Soltani et al., 2006) ¢y jow JUs3,I5 (gdlod cpmi g (i3l yolihods laSTam o Ly ¢ 51aST g sl -F Joua
Table 2- Two-segmented, beta, and three-segmented functions used to fit and determine the cardinal temperatures for
emergence (Soltani et al., 2006)

Models Mathematical equations
T-Ty .
= <
M= if T, <T<T,
fM)=1— == if T,<T<T
Two-segmented M=1- T.-T, ! e £
f(M=0 if T=T,or T=T,
Te-Ta
o ﬂ)‘?u Ty e .
f(T)={ (Tc—'fu X r—— }¥if 5T, and T< T,
Beta £ (T)=0 it T<T,or T<T.
T-Ty .
f(T)=— if T, <T=<T..
T,,~Ty b ol
T.-T
f(T)= =5 if T,<T=T
Three-segmented M Te—Tps ' o= €
f(M=1 if T,,=T=T_,
f(T)=0 ifT<T,or T=T,

e Jlie o i ow B sl 1 9ol e v Cuogs >
J(Soltani, 2009) 15 salaztwl ¥ sl

(V) abslso

p=l_f®

e €
g g0 am;m sadosks cups lsica & FE) &b

e glod ) Ko g (i slod 5 Al slod ) yho G ylMe
3 59y S JBlis Sk B, eiomed )l (4 ol b
o=l 48 il dips (slod o olS JolS s juw b bl alasd
Sosliwl Loy TS5 (il g b 5 Lapual)l
Soltani, ) a/f axs SAS ,l;8la ,» PROCNLIN s,
L 5 () 0 o s (5 4 Mg 911 (2009
o= 3 (Panahi et al., 2014)55,5 o cay 5 ol (pl 4 4o
odlaiul b ol oles polie g o 3lg byl )b adol 123lie ¢ g,

5- Iterative optimization

S5 3 Bl 5l ptlejl 5l 250 (wlidlsn (slaodls
Cd g mlilon clmodls Sl g0y b b ang Silejl (e
Slasls olujl pgatens | gles soly Glie (o e oloj 385
(b e (il de gl )T duwlore il juw dlsye )l
08 L ptalejl) 295 pasiie Lo 4y STy @l g5 S 392 p3Y
slalod pizmen g (c;‘_.»l ol plosl adgl Clod i 4l
o 1y 3,5 (e (G g Al il slod Jol3) JWo)l
&b Jels olod @b g9 dw jlod g ()0 jaw Copo oo b
(Soltani et al., ws 48,5 o400 (slaSdw B 5 by b ¢ 5laS40
S sl o o3l @) Y Jgin > o b, S¥slee 45 2006)
1 Tg sl clod T dga clod bawgio oaimsylis :T oyl ,
okl slod Tz cinge (slod atald g9, slod Ty sy slod
ik G (glod (T 9 At slod dlold

4- Temperature unit



A LY bt Glaoai g b o (iaSTg (g5lw oS (3]s S0 g 595,

2 oYL lacas s sl (b o ad>se £989 f0)6

Ao ) sy 9o SLag )b (i > el 0ad S Y Jgar
D) i o 5 Sl oleg ool (508 aiais]
V¥ ao ccdlS oyl 50 9 59y & dlied d o (i juw Cas o
OrieS) b e U plejds (e o (Joyd g2 bgiye
et 9 3 CuBlS )l 93 )3 5 59y V7 ol (g4 Saes sy

45

35

15

Temperature (<C)

-5

oy g o 23,5 o S5 Sl cul 2950 035 (a55 Slagye Sl (39, 5]
sl g ol Lajall jl (Sas 359l o0 45 Sloj b
Sl 08 (SE) jlame gl jlis lajline olily iy o
5 a5 (RMSE) Ui 0liayo (550 4y oJis
Ol diyy (RRMSE) claalie xSk 53 (500> &ygods
Panahi et al., ) ¢35 &y9u0 5wl (o Uad Slaye

J3dle s Lasee 5 Waodls b Lasye (clalgas oo g o, .(2014

A ploolExcel
A Cd VERY

o VB Ll sST (g1 (b e Al 5o £989 U Y oo

Table 3- Date of eme'gence stage for Phalaris minor ecotypes

Sowing date  Gorgan Kalaleh Kordkuy Ziarat
1402.09.22  1402.10.08 1402.10.08 1402.10.08 1402.10.08
1402.10.19  1402.11.04 1402.11.04 1402.11.04 1402.11.04
1402.11.18  1402.12.05 1402.12.05 1402.12.05 1402.12.05
1402.12.19  1403.01.05 1403.01.05 1403.01.05 1403.01.05
1403.01.18  1403.01.28 1403.01.28 1403.01.28 1403.01.28
1403.06.19  1403.06.31 1403.06.29 1403.06.29 1403.06.31
1403.07.18  1403.07.24 1403.07.24 1403.07.24 1403.07.24
1403.08.19  1403.08.28 1403.08.28 1403.08.28 1403.08.28

Daly max. temperaure Daly min. temperature 11

50 100 150 200 250 300 350
Days after the start of the experiment (December 13, 2023)

OB 5 55 Y8 e CllS GG )b 45 iulejl Jgb 0 (led Ol puidd — Y JSUS

Figure 1- Temperature variations during the experiment across different sowing dates of Phalaris minor in Gorgan
Fo b AVFY (e, VA sl gu)l i VP Y el VA sl o, F OF-Y e VA cdlS o, AF-Y (00 V8 cuslS o)y AF-Y BTYY cusls gl

Gl VY AFY a0 8 CuslS oyl i) e VF T sl VY S o)l A AFY 15 VY cuslS gyl A VFAY a5 V8 cusls ol AF Y gl YY culs

AYY LA Bl F Y Y g VA cuils
Slodds yasuie o908 b3 b odds jow culs dhzg’_q)b“

1: December 13, 2023, 2: January 9, 2024, 3: February 7, 2024, 4: March 9, 2024, 5: April 6, 2024, 6: May 11, 2024, 7: June 8, 2024,
8: July 13, 2024, 9: August 12, 2024, 10: September 9, 2024, 11: October 9, 2024, 12: November 9, 2024.

Sowing dates without emergence are indicated with vertical lines.
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Figure 2- Relationship between temperature and emergence rate of all Phalaris minor ecotypes based on two-segmented, beta,
and three-segmented models.
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Table 4- Estimation of cardinal temperatures and biological days for 50% germination of Phalaris minor ecotypes based on
two-segmented, beta, and three-segmented models, along with model evaluation indices (RMSE, RRMSE)

Model Ecotype Toxse Torx seTo £se Tostse Tcxse eo*se '?d'\:;_I,E) RI?O% )S E
Gorgan  3.8%£1.62 21.9+0.62 28.6=x0.79 5.28:0.43 159 13.9

Kalaleh  3.8+1.62 21.6x0.84 31.99£1.78 5.37£0.39 160 143

Seg}"ﬁ'ted Kordkuy — 3.8+1.62 21.6+0.84 31.99:1.78 5.37£0.39  1.60 14.3
Ziarat ~ 3.8£1.62 21.9+0.62 28.6=x0.78 5.28+0.43 159 13.9

Total 3.8=0.80 21.8+£0.36 30.2=0.61 5.34=0.20 1.60 14.2

Gorgan 0.0=ND* 203021 2752047 5377033 208 17.7

Kalaleh ~ 0.0=ND* 20.8x0.26 291071 597032 189 16.5

Beta Kordkuy ~ 0.0£ND* 20.8x0.26 2912071 597x032 189 165

Ziarat 0.0£ND* 203021 2752047 577033 208 17.7

Total 0.0=ND* 20.6=0.12 2842051 5952017 194 16.8

Gorgan  3.8£1.62 19.8x1.81 23.1=0.56 28.1* 5.99+0.32 159 13.9

Kalaleh  3.8=1.62 19.8x1.81 23.8=0.60 30* 5.99+0.32 1.60 14.3

segm:r‘ft'ed Kordkuy —3.8=1.62 19.8+1.81 23.8=0.60 30* 5.99+0.32  1.60 143
Ziarat  3.8+1.62 19.8+1.81 23.1x0.56 28.1% 5.99+0.32 159 139

Total 3.8£0.80 19.8x0.79 22.7=0.20 30.2£0.61 5.34=0.20 1.60 14.2
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Tb: base temperature, TD: optimum temperature, Tm: lower optimum, TG:: upper optimum, Tc: ceiling temperature, & : number of

biological days for 50% germination, SE: standard error, RMSE: root mean square error, RRMSE: relative root mean square Error
and ND: not determined
*In Beta model, the estimated base temperature (Ty,) was -20 °C; therefore, a lower limit of 0 °C was imposed, and the standard error
(SE) could not be estimated by SAS
*Estimation of the standard error (SE) for the ceiling temperature (T ;) in the three-segmented model was not possible
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Table 5- Frequency of days with high maximum temperature (in the range 30-40 °C) for each sowing date in the experiment

January,

November  October  September  August July June May February, December u'evrl:g):;ggur?e
2024 2024 2024 2024 2024 2024 2024 March, April 2023 o
2024 (°C)
0 1 5 13 14 14 2 0 0 30
0 0 4 13 14 14 2 0 0 31
0 0 3 13 14 14 1 0 0 32
0 0 2 12 13 12 1 0 0 33
0 0 2 5 9 11 1 0 0 34
0 0 2 4 6 7 1 0 0 35
0 0 1 3 1 5 1 0 0 36
0 0 1 2 1 3 1 0 0 37
0 0 0 1 0 0 1 0 0 38
0 0 0 1 0 0 0 0 0 39
0 0 0 0 0 0 0 0 0 40

* Indicates sowing dates with no emergence. For these sowing dates, the frequency of maximum temperatures was examined during
the 14 days following sowing.
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