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Introduction

Psylla is a key pest in important pear (Pyrus Communis) -growing areas in Iran. Detection of population

fluctuations in ecological models can be traced with time series data. Population dynamics are the result of
changes in the population size that ascend from the random and independent contribution of births, deaths, and
migrations of population individual members. Population dynamics can be simulated by considering the role of
each individual in a time unit as an independent and separate random variable. Mathematical models of resource-
consumer relationships can be helpful in understanding miscellaneous patterns of population dynamics, leading
to a set of population behavioral patterns under the influence of food resources. This research was conducted on
the population dynamics of eggs, nymphs, and adults of pear psylla Cacopsylla pyri L. under feeding conditions
from nine pear cultivars in field conditions. Psylla is a key pest of pears and is distributed worldwide. In the
climatic conditions of regions like Iran, where spring and summer are dry and rainfall is rare, the indirect
damage of honeydew secretions is more than the damage from sucking plant sap.

Material and Methods

The time series of the population of each growth stage of pear Psylla is a group of observations obtained by
regular variable sampling of the eggs, nymphs, and adult Psylla population in a period of four years (2020-2023).
The integrated autocorrelated moving average (ARIMA) model was used to forecast the future pear psylla
population on nine pear cultivars. ARIMA model suitability criteria and information criterion Bayesian
normalized (BIC) were calculated. The plots of residual autocorrelations and partial autocorrelations that show

©2024 The author(s). This is an open access article distributed under Creative Commons

Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
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the degree of correlation of the residuals of the model were premeditated in the actual forecast. A cross-
correlation model was used to replicate the population model of each developmental stage against the population
route of another developmental stage.

Results and Discussion

The fitted models were significant at the 0.01% level for the populations of pear Psylla on nine cultivars. The
ARIMA time series model showed good capacity in forecasting the population of egg, nymph and Adult.
Differences among the fit indices of the model were observed in all three developmental stages. The mobility of
the growth stage has been one of the most important reasons for these differences. Because with the increase in
mobility, the accuracy of sampling usually decreases and population sampling becomes more difficult. The type
of host cultivat has also been effective in determining the predictive power of the model. The values of residual
autocorrelations and partial autocorrelations in most growth stages and different pear cultivars were smaller than
0.5 in absolute terms, and this indicates that the remaining effective data was not included in the fitting of the
time series model in the minimum amount. A sinusoidal trend occurs in the curve of pears Psylla population
density fluctuations. The trend of changes in observations was the same as predicted by the model. In some
stages such as adult and in cultivars such as Shah Miveh where the population densities were higher than normal,
the sinusoidal trend was not observed in the population forecast by the model. The relationship between the
population of alternating developmental stages has been direct and increasing and inverse and decreasing at
different periods of seasons. These changes were caused by the difference in the pear cultivars quality for pear
psylla growth stages. The average absolute value of the cross-correlation varied between 0.3 and 0.4, which
indicates the average detection power of each developmental stage compared to the subsequent developmental
stage. The maximum detection power in different cultivars was related to the transition of the population from
the nymph stage to the adult. In pear cultivars with higher population density, which most of the times had a
population above the normal limit, such as Shah Miveh and Dargezi cultivars, the model recognized ability was
less, and instead, in cultivars with subnormal population density, such as Boheme and Harvest Queen, the model
recognized ability was lower. In cultivars that have less population carrying capacity, births, and mortality reach
the equilibrium point earlier than other cultivars. In natural environments, the measurement of living spaces has
different dimensions, including nutrition quality.

Conclusion

Flexibility of the models in describing different annual phenological behaviors of various growth stages of
the pear psylla and the possibility of self-calibrating the models with the help of autocorrelation and cross-
correlation models make this approach a valuable tool for monitoring the population of this insect.

Keywords: Autocorrelation, Cross-correlation, Forecast, Population analysis, Time series
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Table 1- Fitting time series models of different developmental stages of pear psyllid on nine pear cultivars

Pear cultivars Model t-R R RMSE MAPE MAE MaxAPE MaxAE N-BIC Sig.
Egg 0.06 0.06 2544 55.34 21.38  234.15 47.66 6.72 0.00

Bohemeh Nymph 0.06 0.06 3282 40.16 27.16 107.61 56.71 7.22 0.00
Adult  0.06 0.06 27.07 5242 2281  232.63 52.09 6.84 0.00

Egg 0.06 0.06 3282 40.16 2716 107.61 56.71 7.22 0.00

LouisBonne  Nymph 0.07 0.07 79.34 22272 46.17 2459.11 373.33 8.99 0.00
Adult 0.04 0.04 10.70 36.54 9.18 56.27 17.79 4.98 0.00

Egg 0.06 0.06 27.07 5242 2281  232.63 52.09 6.84 0.00

Potomac Nymph 0.07 0.07 64.02 26243 39.67 2998.71  294.77 8.56 0.00
Adult  0.06 0.06 6.94 29.12 533 67.62 19.75 4.12 0.00

Egg 0.08 0.08 17.38 60.23 14.18  341.73 32.05 5.95 0.00

Darghazi Nymph 0.07 0.07 5746 399.71 3275 478598  276.55 8.34 0.00
Adult  0.05 0.05 577 50.13  4.52 188.50 16.43 3.75 0.00

Egg 0.04 0.04 2764 4490 23.07 143.27 65.11 6.88 0.00

Sebri Nymph 0.07 0.07 67.03 499.36 4059 6101.83  309.81 8.65 0.00
Adult 0.02 0.02 7.08 3024  5.77 62.09 15.34 4.16 0.00

Egg 0.05 0.05 26.33 58.17 2256  261.14 55.24 6.78 0.00

Natanzi Nymph 0.07 0.07 67.82 52253 4181 6403.92  314.63 8.68 0.00
Adult  0.03 0.03 6.97 32.09 5.63 64.87 17.00 4.13 0.00

Egg 0.02 0.02 3278 4361 28.24 70.71 72.62 7.22 0.00

Harvest Queen Nymph 0.06 0.06 7371 10950 47.31 114132 337.05 8.84 0.00
Adult 0.00 0.00 11.07 43.08 9.77 106.32 18.09 5.05 0.00

Egg 0.03 0.03 2950 4125 2514 69.83 62.50 7.01 0.00

Coscia Nymph 0.06 0.06 6520 111.12 4211 1119.89  288.84 8.60 0.00
Adult  0.00 0.00 9.36 36.73  7.98 61.66 16.95 4.71 0.00

Egg 0.02 0.02 46.66 4448 4054  100.99 100.65 7.93 0.00

Shah miveh Nymph 0.05 0.05 121.14 106.23 72.08  967.89 585.02 9.84 0.00
Adult 0.00 000 16.80 4191 1441 101.85 33.76 5.89 0.00
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Figure 1- The trend of the population fluctuations of different developmental stages of pear psylla on the nine studied pear cultivars
based on ARIMA model prediction and observations

e dialy Comar Sl odimd ol Cul (Sen (55 Jiles
slaShy plw (Jooll il boce Jood cub b 4 o815
A aS Sloj gy p 1) S ih Ol cunl (Sae Curar
~dged sllad (ol jobds nd Fow A dlunly Cupme 1515
w515 L Ml o8 S o sl (2S5 (]S o Jis gl
)it (ranb lacunes 45 Ol il 2)0 bLS)| coumes
O)ygmods @SS (ped g BB e (2l Blhae o515 ©jg0ns
Sl slallad 5y i oo pll Cuzen | gyl pdises b o
Sl J5esb 3390 Jlogs 25 31 5Vl (slonos 58 s 5 or

(Shenk et al., 1998)

9 DJ_:Louéb Lgl_mM.)? )J.)l_QAY Jg_w U»Lwl).:

4SS ol ol odima s 5 039y jSaeS /0l sllas &ygod
Sly Sloj sy Jio 35l 55 o 138,51 swsle Bl (slaesls
ol Jzs) &5 Cumon o515 g5l Lulyd 3 pogaias 48,5 )18
Sidly s gygel lce SR o lopdiges 5l Jol oanlie
bl camer ey slags i bl sl & Cumex 1515
Canez CatS3b OMles b5yl sl coylel (slaylil Lol cailonss
O b ()13 pdiged 0y93 Job 3 (S ploj Joli s 4,



1P Glinoy oF oyl YA ol (((55y5LS @slus g pale) oyl ! (LS cblis sba dagh

Y\A

Residuals Autocorrslation Funcion  Residual partiz! comrelation Function

Residuals Autocorralation Functic

Residual partiz] corelation NC"«‘ Residuals Autocomrelation Functior  Residua! partiz! corrslation Function

[ — - “- - m
o\~ 3 = - . 2-;- »
‘-; -E —'-EF g i:_ 8 -

i g i & gLl
— - < < <
f‘”é&.."j“* \":f‘g { \f:/ Falllk

= 1" N = e
6 = 1 | @ =
1) B — T J— .
21 _-'__': = ;.5" ';;. z
A ZJ & Y = s
8 e i = A
; ol
Ly - o
w | \ o) i -|'r = : | 8
1 -l s
: E| =] | bl -+ |
2 - 3 - - 5 -+ © o
. : 2 |1 1 8 Al </ § |L i
2% AR = S| &
5 il Ll =L
L - - %
21 -I_- : :__ .=
:f \ jz I_—r H =t H— E
6 - = —t=-
1 ol — R
2 '_‘; p— - :; §'
16 F - = =
1 -+ g 3 -

1 | Tl w ol Ml g AL

2 g - - é ) § d .
® 0 T 3 LR b = 3 g |- 3
S = © J
L Wi -1 4 4 “ a =L

| T — 1 e -

# 3 = - = | - g

1" i pr—t— I_ =

6 * . L b 1-__

1
10 05 00 05 10-10 -05 00 05

Residuals

0.0 05 00 05

10 <10

Residuals

10 05 00 05 10-10 05 00 05 10
Residuals

05 00 05

M iy il slpe loj 550 sla e (RESIAUAI PACF) i sla Sisansss s (RESIAUAI ACF) ssibo 3l clo Sronsss —F JSib
Lﬁ% Fls)‘ SSE 4y

Figure 2- Residual autocorrelations (Residual ACF) and partial autocorrelations (Residual PACF) of different stages of pear psylla
time series models by pear cultivars
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Introduction

Acyrthosiphon pisum Harris is one of the most important aphid species in alfalfa fields. In the case of a large

population, it directly and indirectly damages the host plants. Reports have shown their presence in several
regions worldwide, including Iran, particularly on fodder plants and most plants belonging to the legume family.
Geostatistical analysis provides an alternative approach for characterization of spatially variable ecological data,
particularly for insect population. Geostatistics includes two parts, variography and kriging. The foundation of

geostatistics is semi-variogram, which is a variance diagram based on the distance between samples, which
shows the structure of spatial relationship among the samples. Kriging is one of the geostatistical methods that
are used to estimate the regional variable value in different areas of the farm. Regarding geostatistical estimation,
the value of a quantity in areas with known coordinates is estimated by using the same quantity in other points
with known coordinates. This method allows for precise estimation of the value of a local variable in areas where
sampling has not been conducted. These maps can accurately predict population changes and the likelihood of
reaching the economic threshold in various parts of the farm. As a result, they can be highly effective in pest
management programs.

Materials and Methods

This research was carried out in the crop year of 2021-2022 in two three-year alfalfa fields located in two
cities of Dezful (Khuzestan) of Baghdadi variety and Borujard (Lorestan) of Hamadani variety, with an area of
five and seven hectares, respectively. To record the population density of desired pest in different parts of the
selected farms, the number and location of each sampling station were determined based on their length and
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width coordinates (in meters) were considered constant during the sampling period. To determine the location of
sampling stations, first, four main directions were identified in the fields and from the southwest area of the
fields, and to eliminate the marginal effects of the fields, a point with coordinates (0,0) was selected two or three
meters from the edge of fields. The desired fields were divided into regular grids of 25 x 25 meters. The farms in
the Dezful and Borujerd areas were examined, and a total of 90 and 130 sampling sites were identified and
labeled with plates. Parameters of each station were recorded on these plates. The sampling started in March
2022 and lasted until mid-November 2022. To sample the population of aphids, a 1 x 1m quadrat was used in
such a way that two quadrats were randomly thrown in each grid and six stems were selected from each box, and
a total of 12 stems were selected, shaken inside a pan, and counted the aphids. A total of 22 sampling stages
were performed. Excel 2010, SPSS ver. 26 and GS+ version 5.1 softwares were used for data analysis. The data

related to each station were checked for normality by helping Kolmogorov-Smirnov test, and if necessary, they
were placed in the determined coordinates by helping one of the appropriate data conversion methods. Then,
variogram curves, as well as kriging maps for each sampling date were presented in the data that had the highest
R? and degree of spatial dependence.

Results and Discussion

The results of surveying the geostatistical characteristics of A.pisum aphid in an alfalfa field in Borujerd city
showed that out of 22 sampling cases, 12 cases were fitted with spherical model, eight cases with exponential
model, and two cases with linear model (without spatial structure), which in all cases which were fitted with two
spherical and exponential models, spatial dependence was observed. In these two models, the ratio of the nugget

to the sill was very low, which resulted in an increase in the percentage of spatial dependence. The degree of
spatial dependence varied between 0.500 and 0.999. Effective range in the spherical model was between 121.9

and 221.2 meters. In each of the variograms, except for three datasets, in the remaining datasets, the R? was high

and between 0.55 and 0.95. Its distribution pattern was aggregative. Regarding this aphid species, in alfalfa fields
of Dezful city, out of 21 sampling cases, 12 cases were fitted with spherical model, eight cases with exponential
model and one case with the linear model. The spatial dependency in the two models ranged from 0.500 to
0.986, indicating a correlation between the distributions of aphids. Furthermore, the population distribution of
this aphid species was shown to be aggregated. Effective range for them in the spherical model was between
137.9 and 493.4 meters. Percentage of the degree of spatial dependence for both farms was estimated to be more
than 0.5, which means that more than 50% of variability among the data can be described by the spatial
dependence, as a result of which the high degree of spatial dependence increases the accuracy of statistical
estimation. By kriging maps, the density points of aphids population were checked on different dates, which can
be used for advance warning at the beginning of the damaging stages, and by spraying about one-fifth of the
field, a high percentage of the pest population can be reduced and avoid unnecessary spraying.

Conclusions

Finally, better outcomes in terms of the environment and control of the targeted pest may be achieved with
less pesticide use by applying the science of geostatistics and creating kriging maps. To accomplish this
important objective, using targeted pest site control is a good option. Moreover, preparing spatial distribution
patterns of insects and preparation of distribution maps (kriging) make it easier to achieve this goal.

Keywords: Kriging, Pest management, Population dynamics, Semivariance, Variography
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Figure 2- Changes in the population of green pea aphid, Acyrthosiphon pisum in Boroujerd and Dezful alfalfa fields in 2022
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Table 1- Geostatistical characteristics of green pea aphid, Acyrthosiphon pisum population in alfalfa field of Boroujerd city in 2022

Sampling date Model Nugget Sill Rang Effective range DD R?
2022.05.10 Spherical 0.01 18.04 1219 121.9 0.999 0.95
2022.05.17 Pure nugget effect  16.48 16.48 280.8 280.8 0.00 0.00
2022.05.24 Pure nugget effect ~ 19.57 19.57 280.8 280.8 0.00 0.00
2022.05.31 Exponential 0.01 26.24  40.6 121.8 0.999 0.64
2022.06.07 Spherical 0.3 3198 1226 122.6 0991 0.71
2022.06.14 Spherical 1.63 3206 1314 1314 0.949 0.57
2022.06.21 Spherical 3.08 30.71 166.1 166.1 0.900 0.94
2022.06.28 Spherical 0.01 23.81 1479 147.9 0.999 0.91
2022.07.05 Spherical 1.94 23.11 149.0 149.0 0.916 0.89
2022.07.12 Spherical 0.35 18.27 155.1 155.1 0.981 0.86
2022.07.19 Spherical 2.47 19.79  188.0 188.0 0.875 0.81
2022.08.09 Spherical 4.65 26.01 2025 202.5 0.821 0.94
2022.08.16 Spherical 0.19 2589 134.2 134.2 0.993 0.77
2022.08.23 Exponential 1.80 4712 373 111.9 0.962 0.55
2022.08.30 Exponential 429 85.81 7109 2132.7 0.500 0.19
2022.09.06 Exponential 43.0 86.1  404.1 1213.2 0.500 0.22
2022.09.13 Exponential 51.0 102.01 710.9 2132.7 0.500 0.14
2022.09.20 Exponential 0.1 69.43 352 105.6 0.999 0.63
2022.09.28 Exponential 24.1 7208 751 225.3 0.666 0.83
2022.10.05 Exponential 12.9 6192 654 196.2 0.792 0.93
2022.10.12 Spherical 17.25 442 2212 221.2 0.610 0.89
2022.10.20 Spherical 13.24 4381 1731 173.1 0.698 0.87
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Table 2- Geostatistical characteristics of green pea aphid, Acyrthosiphon pisum population in alfalfa field of Dezful city in 2022

Sampling date Model Nugget  Sill Rang Effectiverange DD R?
2022.05.10 Spherical 829 2750 1594 159.4 0.699 0.85
2022.05.17 Spherical 10.24 3361 1853 185.3 0.695 0.90
2022.05.24 Exponential 759 3344 1264 379.2 0.773 0.98
2022.05.31 Spherical 1453  29.07 209.03 209.03 0.500 0.90
2022.06.07 Spherical 146  41.03 4833 483.3 0.644 0.86
2022.06.14 Exponential 6.69  30.28 121.2 363.6 0.779 0.98
2022.06.28 Spherical 11.46 2443 1658 165.8 0.531 0.71
2022.07.05 Spherical 8.05  33.01 4934 4934 0.756  0.97
2022.07.12 Spherical 6.83 1534 204.3 204.3 0.555 0.86
2022.07.19 Exponential 9.63 3405 504.6 1513.8 0.717 0.75
2022.07.26 Exponential 9.60 19.21 299 897 0.500 0.37
2022.08.02 Spherical 6.13 12.7 172 172 0.517 0.82
2022.08.09 Exponential 3.07 1096 384 115.2 0.725 0.59
2022.08.23 Exponential 4.75 1453  46.3 138.9 0.673 0.62
2022.08.30 Exponential 8.85 3511 5058 15174 0.748 0.80
2022.09.06 Spherical 4,02 2886 1379 137.9 0.861 0.81
2022.09.13 Exponential 12.75 2551 276.6 829.8 0.500 0.40
2022.09.20 Pure nugget effect 1543 1543 2084 208.4 0.00 0.05
2022.10.05 Spherical 4.3 424 1789 178.9 0.899 0.95
2022.10.12 Spherical 0.6 425 1784 178.4 0.986 0.91
2022.10.20 Spherical 7.16 344 1481 148 0.792 0.79
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Figure 3- Semivariogram and contour maps of Acyrthosiphon pisum aphid population on different dates in alfalfa field of Boroujerd
city in 2022
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Introduction

Cabbage aphid Brevicoryne brassicae (L.) (Aphididae: Hemiptera) is one of the important pests of
cruciferous plants, which causes a lot of damage to plants of this family by feeding on plant sap and transmitting
disease. The use of plant derived chemicals such as Diabon and Persian lilac (Melia azedarach L.) extract as an
alternative to synthetic insecticides in the integrated management of this pest has been studied and considered.
On the other hand, the use of synthetic insecticides in order to control sucking pests is common, and the high
percentage of mortalities by acetamiprid and clothianidin against sucking pests was investigated and it was
proved that the insecticidal properties of these pesticides are based on the systemic property of them. Potassium
element is also important because it plays an important role in the general balance of phosphorus and nitrogen
inside the plant, and if potassium is at the level required by the plant, it has an inhibitory effect on the growth
and reproduction of insects. In this research, the effect of mineral compounds, plant derived chemicals and
synthetic insecticides on the cabbage aphid population was investigated in open space conditions of the urban
landscape.

Materials and Methods

This research was carried out in the green space of Zarand city, Kerman province on ready-to-plant
ornamental cabbages that were contaminated with cabbage aphids. For each experimental treatment, sixteen
infected cabbage plants with aphids were randomly planted in plots with an area of one square meter (1x1) at a
distance of 20 cm from each other. In order to evaluate the effect of mineral, plant and chemical compounds to
control the population of cabbage aphid on ornamental cabbage, experiments were carried out in the form of 9
treatments as follows: (P-N): Potassium nitrate at a concentration of 3000 (ppm) - (P-S): Potassium sulfate at a
concentration of 2000 (ppm) - (P-Si): Potassium silicate at a concentration of 2000 (ppm) - (MI): Water-ethanol
extract of Melia azedarach (fruit) at a concentration of 3000 (ppm) - (CT): commercial form of a concentrated
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suspension (SC-20) of clothianidin at a recommended rate of 500 (ppm) - (AT): commercial form of water-
soluble powder (SP-20) acetamiprid at a recommended concentration of 500 (ppm) - (AM): commercial form of
emulsion concentration (EC-1.8) abamectin at a recommended rate of 500 (ppm) - (DB): Diabon 10% to the
recommended concentration of 8000 (ppm) - (C): water as control. The foliar spraying with each of the
treatments was carried out in one turn by a 20-liter backpack sprayer with a certain volume on the ornamental
cabbages of each treatment. Sampling of the aphid population was done on three occasions at 7, 14 and 21 days
after foliar spraying at 8 am. The population of aphids on the leaf was counted by a stereomicroscope and in the
area of the template of 1.5x1.5 cm, which was placed on a specific area of the leaf. In this study, the population
of living aphids, including: nymphs, wingless and winged insects, were counted and used for statistical analysis.

Results and Discussion

In the first record, the population of nymphs, wingless and total insect in MI, CT, AT, AM and DB
treatments had significant differences with the control treatment. But the treatments containing potassium
element (P-N, P-S and P-Si) had no significant difference with the control treatment. Comparison of the results
14 days after foliar spraying showed that AT and CT treatments had a significant difference with the control
treatment in the stages of nymph, wingless and the total population. Also, in the other research, it was found that
fourteen days after the use of acetamiprid, this insecticide was still successfsul in controlling the rose aphid
population, which is also consistent with the results of this experiment. Fourteen days after foliar spraying, the
treatments that contain potassium element have reduced the population compared to the control only at the stage
of wingless insects. Past research showed that potassium element was effective in the reproduction of this aphid.
In other biological stages in three recording times, the population density of the treatments that had mineral
compounds were not significantly different from the control treatment. This suggests that these compounds may
not have an effect on the control of cabbage aphid. Investigations showed that twenty-one days after foliar
spraying, in the nymph stage, P-N, CT, AT and AM treatments had significant differences with the control
treatment. Other treatments had no significant differences with the control treatment. In the stage of wingless
insects, it was found that there is a significant difference between the CT, AT and AM treatments with the
control treatment, while the other treatments did not have significant difference with the control treatment. In the
total population of aphids twenty one days after treatment, it was found that CT, AT and AM treatments had
significant differences with the control treatment.

Conclusion

Based on the results of present research, acetamiprid and clothianidin have more effects in controlling the
population of this aphid than other insecticides. But in the third record, in clothianidin treatment, beauty of the
appearance of ornamental cabbages was reduced. Therefore, it is suggested to test lower concentrations of this
insecticide in the next research. The short-term effect of M. azedarach extract on the population of this aphid
may be related to insufficient persistence, low concentration or slow penetration of this extract in the plant tissue.
But due to the importance of this botanical compound, it is suggested to conduct new research in relation to
increasing the effect of this compound by increasing the concentration, changing the formulation and increasing
the number of times of foliar spraying. Mineral compounds containing potassium element did not have much
effect in controlling the population of this aphid, which can be related to the activity of cabbage aphid under the
leaves. It is obvious that the lack of contact of recent mineral compounds with aphids is effective in the failure of
these compounds.

Keywords: Abamectin, Acetamiprid, Clothianidin, landscape, Melia azedarach
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Table 1. Treatments used in this research.
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Figure 1. Effect of potassium fertilizers (potassium nitrate (P-N) 3000 ppm, potassium sulfate (P-S) 2000 ppm,
potassium silicate (P-SI) 2000 ppm), Melia azedarach extract (MI) 3000 ppm, Clothianidin (CT) 500 ppm, Acetamiprid

(AT) 500 ppm, Abamectin ( AM) 500 ppm, Diabon (DB) 8000 ppm and control (C) on the population of different life
stages of Brevicoryne brassicae (first record-seven days after treatment)
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Figure 2. Effect of potassium fertilizers (potassium nitrate (P-N) 3000 ppm, potassium sulfate (P-S) 2000 ppm,
potassium silicate (P-SI) 2000 ppm), Melia azedarach extract (MI) 3000 ppm, Clothianidin (CT) 500 ppm, Acetamiprid

(AT) 500 ppm, Abamectin (AM) 500 ppm, Diabon (DB) 8000 ppm and control (C) on the population of different life
stages of Brevicoryne brassicae (second record-fourteen days after treatment)
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Figure 3. Effect of potassium fertilizers (potassium nitrate (P-N) 3000 ppm, potassium sulfate (P-S) 2000 ppm,
potassium silicate (P-SI) 2000 ppm), Melia azedarach extract (MI) 3000 ppm, Clothianidin (CT) 500 ppm, Acetamiprid
(AT) 500 ppm, Abamectin ( AM) 500 ppm, Diabon (DB) 8000 ppm and control (C) on the population of different life
stages of Brevicoryne brassicae (third record-twenty one days after treatment)
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Introduction

Crown gall is an economically important plant disease that affects dicotyledonous and a few
monocotyledonous plants in orchards, farms, and nurseries, worldwide. The disease is caused by Agrobacterium
tumefaciens (Smith & Townsend, 1907) Conn 1942, a Gram-negative bacterium from the family of
Rhizobiaceae in the class of AlphProteobacteria. This bacterium can survive in the soil as well as within host
plants. The key characteristic of this bacterium is its ability to transform regular plant cells into tumor cells.
Once this transformation is complete, the cells can continue to grow and divide independently of the bacterium.
Molecular methods play a key role in the identification, classification and taxonomy of prokaryotes.
Housekeeping genes are highly conserved protein-coding genes used to distinguish between different taxa of
bacteria. In this study, the recA gene sequence was used to evaluate the efficiency of this gene in identifying and
determining the phylogenetic relationships of tumor-forming Agrobacterium tumefaciens and Agrobacterium
rubi (Hildebrand, 1940) Starr & Weiss, 1943 isolates.

Materials and Methods

The pathogenic isolates were obtained from tumors on the branches of cherry, plum, and apple trees in the
orchards of Urmia, Nagadeh, Sardasht, and Khoy; located in West Azerbaijan province of Iran. In a previous
study, phenotypic identification of the isolates was done, as well as the pathogenicity test with the gall formation
on tomato crown. In this study, the recA gene sequence of four isolates (AT-U2, AT-K2, AT-N25 and AT-N15)
was used for drawing the phylogenetic tree. After DNA extraction, polymerase chain reaction (PCR) was done
using 91F/595R primers. Each PCR reaction was performed in a 25 uL PCR cocktail containing 12 uL of Taq
DNA Polymerase 2x Master Mix RED (Amplicon, Denmark), 1 pL of each primer (10 pmol puL™), and 1 pL of
template DNA (50 ng). The PCR amplification program was carried out under the following conditions; initial
denaturation cycle at 94 °C (5 min), 35 cycles of denaturation at 94 °C (50 sec), annealing at 57 °C (50 sec) and

©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
B distribution and reproduction in any medium or format, as long as you give appropriate credit to
the original author(s) and the source.
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extension at 72 °C (1.5 min), and a final extension at 72 °C for 10 min. The sequences of the studied isolates
were compared with the sequences of the reference strains registered in the NCBI database. Sequence of the
recA gene of A. tumefaciens and A. rubi strains, as well as strain AOL15 of Agrobacterium albertimagni
Salmassi et al., 2002, as an outgroup strain, was obtained from GenBank. Phylogenetic relationships were
inferred, by applying the Kimura-2-parameter model. The neighbor-joining (NJ) method and the adjacent
method by MEGA 11 software were used for the phylogenetic tree and tested by bootstrap analysis with 1000
repetitions.

Results and Discussion

A 462 bp fragment was amplified in all bacterial isolates. Comparison of the recA sequence showed
similarity of 99.95%-100%, with the reference strains of A. tumefaciens in GenBank. In the phylogenetic tree,

sequence of the recA gene of studied isolates and reference strains of A. tumefaciens and A. rubi obtained from
GenBank were used. The phylogeny tree included two main clads. The first clade included two subclades. AT-
U2 placed in the first subclade and AT-K2, AT-N25 and AT-N15 placed in the second one. All the reference
strains of A. tumefaciens from different countries were placed in the first clade, as well. In the second clade, A.
rubi was placed separately from A. tumefaciens isolates. Currently, the analysis of housekeeping genes
sequences is widely used to achieve higher accuracy in the phylogenetic relationships of different bacterial taxa.
Among the bacterial conserved genes, sequence of the recA gene has been the interest of bacteriologist scientists
(Costechareyre et al., 2010). Tumor-forming bacteria isolated from grapevine (Vitis vinifera L.), rose (Rosa sp.),
red raspberry (Rubus idaeus L.), and cornelian cherry (Cornus mas L.) were classified in the Agrobacterium
genus based on the 16S rRNA gene, but the result of phylogenetic analysis based on atpD, recA, and rpoB
showed that some of the studied strains classified in Agrobacterium rosae Kuzmanovic et al., 2018, which is
close to the species A. rubi and Agrobacterium skierniewicense (Putawska et al., 2012) Mousavi et al., 2015
(Kuzmanovic et al., 2018). A study of the recA gene sequence in 138 strains from 13 Agrobacterium species and
genomospecies led to the differentiation between A. tumefaciens, Agrobacterium vitis Ophel & Kerr, 1990, A.
rubi and Agrobacterium larrymoorei Bouzar & Jones, 2001 species (Costechareyre et al., 2010). In a multilocus
sequencing study using rpoB, recA, gyrB, and atpD sequences, Agrobacterium isolates from various plants
identified as A. larrymoorei and A. rubi (Mafakheri et al., 2019). The study of housekeeping genes has been
proposed not only as a phylogenetic tool to clarify the relationships between prokaryote taxa but also as an
alternative to previous methods, such as DNA-DNA hybridization and ITS sequence (Costechareyre et al.,
2010). According to our results, A. tumefaciens strains were situated in a separated clade from A. rubi and A.
albertimagni strains. Therefore, the recA gene sequence is a suitable tool to identify A. tumefaciens from other
Agrobacterium isolates.

Conclusion

Results of the phylogenetic analysis revealed that using the recA gene sequence has enough efficiency in
differentiating A. tumefaciens from A. rubi strains. This finding suggests that employing the sequences of the
recA gene in phylogenetic relationship studies of Agrobacterium species provides accurate results in bacterial
taxonomy.

Keywords: Crown gall, Housekeeping gene, Taxonomy, Tumorigenic bacteria
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Table 2- Host, location and sampling time of Agrobacterium tumefaciens isolates

Isolate code Host Sampling location Year

A. tumefaciens AT-U2 Apple Urmia 2018

A. tumefaciens AT-U6 Apple Urmia 2018

A. tumefaciens AT-U9 Apple Urmia 2018

A. tumefaciens AT-U18 Sweet cherry Urmia 2018
A. tumefaciens AT-U22  Sweet cherry Urmia 2018
A. tumefaciens AT-U31 Sweet cherry Urmia 2018
A. tumefaciens AT-U37 Plum Urmia 2019
A. tumefaciens AT-U46 Plum Urmia 2019
A. tumefaciens AT-N3 Apple Naghadeh 2018

A. tumefaciens AT-N15 Apple Naghadeh 2018
A. tumefaciens AT-N21 Apple Naghadeh 2018
A. tumefaciens AT-N25 Plum Naghadeh 2018
A. tumefaciens AT-N27 Plum Naghadeh 2018
A. tumefaciens AT-N50 Sweet cherry Naghadeh 2018
A. tumefaciens AT-S5 Apple Sardasht 2019

A. tumefaciens AT-K2  Sweet cherry Khoy 2018

A. tumefaciens AT-K9  Sweet cherry Khoy 2018

A. tumefaciens AT-K23 Plum Khoy 2018
A. tumefaciens AT-K28 Plum Khoy 2018
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Table 3- Accession number of Agrobacterium tumefaciens isolates based on the recA gene sequence in GenBank
Isolate code Accession number Isolate code Accession number
A. tumefaciens AT-U2 PQ335015 A. tumefaciens AT-N15 PQ300108
A. tumefaciens AT-K2 PQ300110 A. tumefaciens AT-N25 PQ300109
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Figure 1- Neighbor-joining phylogenetic tree of the recA gene from Agrobacterium tumefaciens isolates.

Agrobacterium albertimagni AOL15 was used as an outgroup strain.
Bootstrap values were calculated from 1000 replicates.
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Introduction

Grapevines, as a vital agricultural product, face significant challenges from pests and diseases that adversely
affect both quality and quantity of the crop. Among these, viruses are particularly detrimental, with 86 different
species identified in grapevines. The viruses associated with grapevine leafroll disease (GLD) are considered the
most prevalent in vineyards. Specifically, six species of grapevine leafroll-associated viruses (GLRaVs),
belonging to the family Closteroviridae, are linked to this disease. These viruses typically enter vineyards
through infected cuttings and are disseminated by vectors, notably mealybugs. The symptoms of GLD manifest
as downward rolling of leaf margins, leaf interveinal reddening, and leaf interveinal chlorosis across various
grapevine varieties. These symptoms negatively impact the quality of the berries, ultimately affecting yield and
marketability. The GLRaV-1 genome is composed of positive-strand RNA and contains ten open reading frames
(ORFs), which play crucial roles in its biology and pathogenicity. In Iran, GLRaV-1 has been identified as one of
the most widespread grapevine viruses, exhibiting high genetic diversity that complicates management and
control efforts. This study focuses on the identification of GLRaV-1 and the phylogenetic analysis of its isolates
in the vineyards of Razavi Khorasan province. By understanding the genetic relationships and variability of
GLRaV-1 isolates, this research aims to provide insights which could be useful for designing effective
management strategies and improving the overall health of grapevine in the region.

Materials and Methods
In the spring of 2020, a study was conducted in the Kashmar region of Khorasan Razavi province, focusing
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on grapevine plants exhibiting distinct symptoms of viral infection. A total of 70 samples were collected from
affected plants. The RNA was extracted from these samples to facilitate the detection of grapevine leafroll-
associated virus 1 (GLRaV-1). The initial identification process involved reverse transcription-polymerase chain
reaction (RT-PCR). This method confirmed the presence of GLRaV-1 in 22 samples, marking a crucial step in
understanding the viral infection's prevalence. To ensure the accuracy of the RT-PCR results, Sanger sequencing
was used on the amplified fragments from three selected samples. This technique provided definitive
confirmation of the viral identity by analyzing the nucleotide sequences, thereby validating the initial findings
from the RT-PCR. Data analysis included several critical components. Nucleotide sequence similarity analysis
was performed to compare the identified GLRaV-1 isolates against known sequences in databases, assessing
their similarity and identifying potential genetic variants. Following this, multiple sequence alignments were
conducted using MAFFT software, arranging the sequences to highlight similarities and differences among the
isolates. The phylogenetic tree was constructed using the Maximum-Likelihood method with MEGA?7 software.

Results and Discussion

The samples collected from black grape vineyards in Kashmar exhibited mild yellowing and downward
rolling of leaf margins, symptoms commonly associated with increased anthocyanin levels in red grape varieties.
In samples infected with GLRaV-1, a fragment of the minor capsid protein 2 (Cpm2) gene was successfully
amplified, while no such fragments were detected in healthy plants. This indicates the presence of GLRaV-1, a
virus recognized as one of the common pathogens affecting grapes across various regions of Iran. The GLRaV-1
is primarily transmitted through vectors or contaminated cuttings, which emphasizes the importance of
monitoring and controlling these pathways to prevent outbreaks. Sequence comparisons revealed that nucleotide
identity among Iranian isolates ranged from 84.2% to 100%, while identity with GenBank isolates varied
between 77.6% and 87.7%. This high level of genetic diversity among the isolates may enhance the virus's
adaptability to different grape varieties, posing challenges for management and control. The observed diversity
at the genomic level was consistent with previously reported data regarding the sequence divergence between the
two GLRaV-1 groups (Alabi et al., 2011; Sabella et al., 2018; Fan et al., 2015). Phylogenetic analysis further
demonstrated that Iranian isolates of GLRaV-1 clustered into two main groups, indicating that the phylogenetic
relationships are not strictly related to geographical origin. In previous studies, global isolates of GLRaV-1 have
also been distinguished into two different groups based on the gene encoding the minor coat protein 2 (Alabi et
al., 2011; Elci, 2019). This finding suggests that spread of the virus may occur independently of the location,
highlighting the need for comprehensive management strategies. To mitigate the spread of GLRaV-1, the use of
virus-free plant materials is essential (Alabi et al., 2011; Bruisson et al., 2017). Genetic diversity of GLRaV-1
significantly influences the epidemiology of grapevine leafroll disease, underscoring the importance of
producing virus-free plants. Continued research is crucial to understand the underlying causes and effects of this
virus. Additionally, developing more sensitive and specific diagnostic tests, along with new control strategies, is
vital for effectively managing GLRaV-1 and safeguarding grapevine health.

Keywords: Ampelovirus univitis, Closteroviridae, Coat protein, Phylogenetic analysis, RT-PCR
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Table 1- Characteristics of specific primers used for study of GLRaV-1
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Size Region Reference
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Figure 1- Viral symptoms including downward rolling of leaf margins, leaf interveinal reddening in red grapevine cultivars in
vineyards of Khorasan Razavi infected with GLRaV-1
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Figure 2- Electrophoresis of the RT-PCR product in 1% agarose gel using specific primers (LQV1-H47/ LEV1-C447)

Lane 1-4: GLRaV-linfected samples from Khorasan Razavi vineyards, Lane 5: positive control, Lane 6: negative control, M: 100bp
DNA ladder plus (Sinaclon, SL7041).
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Table 2- Characteristics of GLRaV-1 isolates that were used in molecular analyses in this study. The sequenced isolates in this study
are showed with *. The host of all isolates is Vitis vinifera

Accession no. Origin
HM636889 Chile
HM636890 Chile
HM636891 Chile
HM636892 Chile
HM636893 Chile
JQ023131 Canada
KF029723 Poland
KF029724 Poland
KF029725 Poland
KF029726 Poland
KF029727 Poland
KU674796 USA
KU674797 USA
KY827404 Czech Republic
LC746709 Japan
LC746710 Japan
LC746711 Japan
LC746713 Japan
MF565505 Nigeria
MF565508 Nigeria
MF565509 Nigeria
MF565510 Nigeria
MHB807213 Canada
MH807217 Canada
MH807219 Canada
MHB807220 Canada
MH807221 Canada
MHB807222 Canada
MN871916 Turkey
MZ344577 Canada
NC_016509 Canada
ON620255 Russia
ON645908 Russia
ON645910 Russia
OP718744 Nigeria
00Q029645 Slovakia
0Q029646 Spain
0Q849147 Iran
00849148 Iran
00849149 Iran
0Q849150 Iran
0Q849151 Iran
00849152 Iran
“* PP069515 Iran
**PP069516 Iran

**PP069517 Iran
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Figure 3- The phylogenetic tree of GLRAV-1 strains was reconstructed based on the nucleotide sequences of a portion of the minor
capsid protein 2 gene (398 base pairs) using MEGA7 software. Bootstrap values (1000 replicates) are shown on the branches.

.®Bootstrap values less than 50 are not displayed. Iranian GLRAV-1 strains are highlighted in red
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Figure 4- Nucleotide pairwise identity matrix of partial ORF CPm2 sequences of three Iranian isolates (red circle) with 44 selected
isolates from GenBank using SDT v1.2 software
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Introduction

Among oilseeds, canola is one of the most important oilseed plants in the world. Weeds are a very important
competitor and one of the main factors reducing production in canola cultivation. Early control of weeds with
pre-emergence herbicides reduces weed damage in canola. A herbicide acts selectively and controls weeds
without harming the crop, if applied correctly and at the right time, otherwise, it will not only fail to control the
weeds but also reduce the crop yield. Weed are sensitive to herbicides during a specific growth stage, and if the
recommended time for the use of herbicides is not observed, it will cause damage to the yield of the crop. To
prevent increasing weed resistance to post-emergence herbicides and diversify timing and mode of action for
herbicides, this study aimed to investigate the effectiveness of imazathapyr, trifluralin and oxyfluorfen herbicides
on rapeseed (Brassica napus L.) weed control.

Materials and Methods

In order to investigate pre-emergence herbicides and application time on weed control and canola yield, a
research was conducted in the agricultural year 1401-1402 in the research farm of Department of Production
Engineering and Plant Genetics, Faculty of Agriculture, Shahid Chamran University of Ahvaz. The experiment
was conducted in a factorial experiment based on a randomized complete block design with three replications.
The experimental factors were the type of pre-emergence herbicide at three levels (imazethapyr, trifluralin,
oxyfluorfen) and the time of herbicide application at four levels (two weeks before planting, one week before
planting, at planting, and one week after planting) along with an unweeded control. The Hyola 50 canola variety
was planted on October 23. The number and dry weight of weeds per square meter were measured by identifying
the species and separating broad-leaved and narrow-leaved weeds at five times including 30, 60, 80, 100 days
after planting and harvesting time. After ripening of rapeseed plants, seed and biological yield were measured.
To estimate the yield components, including the number of plants per square meter, the number of branches and
siliques per plant, and the number of seeds per silique, 10 plants were randomly selected from the middle lines of
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each plot by removing the marginal effects. The data were checked for normality and analyzed using SAS 9.4
software through analysis of variance. The means were separated using the Duncan test at the 5% level of
significance.

Results and Discussion

The results showed that seed yield of canola, under the application of trifluralin herbicide (on average of all
four spraying times) and oxyfluorfen herbicide two weeks before planting, increased by 18% and 12%,
respectively, compared to the unweeded control. There was a positive correlation between seed yield with the
number of plants per square meter at harvest time (90%) and a negative correlation with the number and weight
of weeds (between -34 and -39%). The yield components, the number of plants per square meter, the number of
branches and siliques per plant, and the number of seeds per silique were also affected by the interaction of the
type of herbicide x time of spraying. Among the yield components, there was no significant difference in the
thousand-grain weight of canola between the levels of herbicide type, spraying time, and their interaction. The
results showed that canola was very susceptible to imazethapyr herbicide at all four application times. Compared
to the other two herbicides, imazethapyr caused the highest percentage of canola burn and the lowest number of
plants per square meter at harvest time. Imazethapyr also resulted in the lowest seed yield and other yield
components. There was no damage to canola plants in the trifluralin herbicide treatment at all four application
times and the yield components were superior until harvest. All three herbicides significantly reduced the
population of broadleaf and narrowleaf weeds in the canola field compared to the unweeded control at 30 and 60
days after planting. The reduction in the population of broadleaf and narrowleaf weeds continued from 80 days
after planting until harvest in trifluralin and oxyfluorfen herbicides, although this effect of reducing the weed
population was more pronounced in trifluralin herbicide than in oxyfluorfen herbicide. At the end of the season,
the population of both narrow-leaved and broad-leaved weeds increased in plots of rapeseed that had been
damaged by application of the herbicide imazethapyr. This was due to the decrease in interspecific competition.

Conclusions

It seems that for early weed control, when rapeseed is growing slowly in the low temperatures of autumn, in
addition to the herbicide trifluralin, oxyfluorfen, as a pre-emergence herbicide, can be a good option for further
research to introduce it in rapeseed, especially in fields with dominant broad-leaved weeds.

Keywords: Early weed control, Pre-emergence herbicide, The number of plants
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1- Brassica napus
2- Glycine max
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Table 1- Physicochemical properties of the field soil

Sampling depth EC
(cm) Texture (dS.m) pH

Organic matter  Total nitrogen Potassium  Phosphorus

(mg.kg?)  (mg.kg?h)

0-30 Loamy-sandy 3.2 7.4

(%) (%)
02

0.098 130 11.3
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Table 2- ANOVA (mean of squares) for the effects of herbicide type and application time on Canola yield characteristics

Mean of squares

Density of Canola per

- Number m2 (after herbicide
SOV df Seed Biological  Harvest 15223 S|Ié?ue Se::i of application)
yield yield index weight plant siﬁ e branches Before on
9 P q Per plant o harvest
thinning ]
time
Replication 2 6.4 439.7m 0.11* 0.10" 7.4* 0.08" 0.55* 3.1m 0.7m
Herbicide 2 1004.5**  6368.2** 0.25** 0.31" 53.3** 3.9** 2.03** 38.8** 96.7**
Appt'iﬁi“"” 3 650%  1045.8%* 005 001  17.9%  2.4%* 0.71* 30.6%* 19.3%*
Herbicide x
application 6 37.7%* 318.3™ 0.03™ 0.45™ 14.6** 2.1%* 0.48* 21.5** 8.4*
time
s
22 10.0 159.3 0.04 0.36 2.1 0.15 0.15 2.0 2.4
error
C.V (%) - 14 25 18 16 13 9 20 10 22
o> gy 9 So Jlnl gaw 13 (6l (dre 6 sine pas e T

ns **
’

and *: non-significant, significant at p<0.01 and p<0.05, respectively

Application tinfd2w before planting B 1w before planting Oat planting date B 1w after planting
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Figure 1- Canola grain yield affected by herbicide type and herbicide application time
(Duncan P < 0.05) 123l 0I5 gxe M) 3816 oS jie By SO JBlan b oo 1 Sko sl ool ln Julos § 43550 13 (pmvg 9 2als 4 bgaye 151 gt
The last column (weedy check) was not included in data analysis. Means with the same letter are not significantly different (Duncan
P <0.05).
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Table 3- Mean copmparison of interaction effects of herbicide type and herbicide application time on canola yield components

Herbicide  Application time  Silique per plant  Seed per silique  Number of branches Per plant
2w before planting 105b* 17.9b 3.2bc
1w before planting 132b 22.3ab 4.1ab

Imazethapyr at planting date 103b 16.9b 2.8bc
1w after planting 7c 2.0c 0.2c
2w before planting 161a 22.6a 6.5ab

Trifluralin 1w beforg planting 152ab 20.9ab 4.7ab

at planting date 150ab 20.9ab 5.9ab
1w after planting 140ab 21.9ab 5.0ab
2w before planting 151ab 21.8ab 5.3ab
1w before planting 135ab 20.3ab 3.3b
Oxyfluorfen at planting date 142ab 22.2ab 3.7ab
1w after planting 143ab 19.4ab 3.6ab
Weedy check 141 20 5.5

(Duncan P <0.05) il oo o gize AWM 18l oS o B> G JBlis b olo Sl (gt o o 3
* In each column, means followed by the same letter in each treatment are not significantly different, (Duncan P < 0.05)

Application time: 02w before planting B 1w before planting Oat planting date B 1w after planting
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(Duncan P < 0.05) sib e I ne M) 236 oS jnie Gy o Jolis b plapSibe
Figure 2- Canola density (Plant m'?) at harvest time affected by herbicide type and herbicide application time.

The last column (weedy check) was not included in data analysis
Means with the same letter are not significantly different (Duncan P < 0.05).
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Table 4- Dominant weed communitiess in the field

Scientific name Family name  Growth cycle Scientific name Family name  Growth cycle
Emex spinosa Polygonaceae Al Cynodon dactylon Poaceae FUNKIEN
Chenopodium album Chenopodiaceae Al Cyperus rotundus. Cyperaceae PUWRTES
Malva parviflora. Malvaceae Al Polypogon monspeliensis Poaceae Aoy,
Sinapis arvensis Brassicaceae Al Lolium temulentum Poaceae Alucsy
Sisymbrium erysimoides Brassicaceae Al Avena ludovisiana Poaceae Alucsy
Lactuca sativa Asteraceae Al Hordeum murinum. Poaceae Al
Carthamus tinctorius Asteraceae Al Hordeum spontaneum Poaceae s,

S 4o 50 5mslaile Sis o3le g slasi (59) (Bl oloj 9 piSle 98 Sl (lape (k) by 4jo5 -0 g
Table 5- ANOVA (mean of squares) for the effects of herbicide type and application time on number and dry matter of canola weeds

Mean of squares

Density of weed per m2

Dry matter of weed per m

S.0.V df
Day after planting Day after planting

30 60 80 100 160 30 60 80 100 160
Replication 2 0.035™ 0.012™ 0.16* 0.11™ 0.11™ 0.11™ 0.01™ 0.11* 0.20* 0.16™
Herbicide 2 0.018™ 0.041* 0.25** 0.06™ 0.17™ 0.01"™ 0.02" 0.27** 0.06™ 0.47"
Application time 3 0.057™ 0.009™ 0.06™ 0.06™ 0.13™ 0.05™ 0.02" 0.04™ 0.01™ 0.27"™
Herbicide x applicationtime 6  0.019™ 0.015™ 0.07™ 0.06™ 0.16™ 0.14* 0.03™ 0.03™ 0.06™ 0.29™
error 22 0.023 0.011 0.04 0.05 0.13 0.05  0.02 0.03 0.04  0.23

C.V (%) - 9 6 11 14 25 23 11 13 14 25

oy gy 5 Sy Jleis] o 50 (6 gime (gl Lhre pae i pay g

## NS
¢

ms **and *: non-significant, significant at p<0.01 and p<0.035, respectively
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Figure 3- Changes in the weed density (Plant m-?) during Canola growing affected by application time Imazethapyr (A), Trifluralin

(B) and Oxyfluorfen herbicide (C)



YAY L 5onslaiile o 5 o589b T 5 ol yslis 5t Bilag] S AT Gile o )l8 o il ol (5a 5 (pollus

ot 5 Bam 350 1y 5mile ool 0lS & sl (9 9 A5 0
Obes 519335 Bpas (a5 cuslio (loj > 45 3o 1,8
dloul s yoie gt coley iSle Bpas sl odd duoy
; Tozzi etal., 2015) 53,5 o <l); oS 5, Sdae 0 ojlus

.(Zargar et al., 2014

IS (8 35 do

(281 g Ol 5 Uil AS e 4w Gl
g clio jlae L (Bbew gloj 2 53 ollyglts 5 (A il 318
ole3 B 1S 5y 4l Jole o 5 pslacile Cone Jl
dald 4 o IS aily 5 Slas (gm0 VA il 8] s bl
L el 5l Jod aian 93 (8,0l ST (A Cide 30)LS 40,8
Srdss s i Ohylud e aib 5 Sles glo > WY i34l
1 s ol a3 g0V oS5 L b 135
dmog Wglite Jos 090 b (slagyole ASUle S plyied fo
CalSl G jay £ U adals b awslie o yoblilel iS'cale 508
plale G Sl Jy 05 oo | Sypslacile a3
Syl aaly asly 5, Slee alS g by le; B ol 5l
55 9 pllw laasy Sl wons )3 5 LIS sladis (gjswelS
35 coindl ) i (5L Slgicgo IS 15 5 lyess 2
il el SLalS (sl (bl cmnlin oloj s 5 5 ile
3ySdes szl jl (o @peyie ) Gl b g 2l o515 (S
2y Sdes L 2Vl g e (Stumon 55 ulejl cpl 3 &5 AL
93y Sloe slial g o M) (Sigdon 3, Shas (ds)d Ae) &l
(o V) 5o slacale slaws b (g)b mo 5 Lble (S
Db ol

d;‘}iw‘-:rw

Aol laal (lien sured oltily (piaggy Cuglae 5 Al

alagls o)lod) 33,5 o (S0 8 i ol sladuje o
.(SCU.AA1402.224

References

oy b yidslivey) srbonds 03l 1 pubililey] S ile
e >SS answl g Jolge lime g B9 o0 aSlS Lis
U WA jos dag) ol Jibay s JJ3S,50 S 4y o Gl
o Oylad Ulilel piSade (YL 530l ol 5 (5, T
Sondhia et ) cowl sad j5)l55 ely; wgls o ely; Y guane
=gy yd dliwly e 53 (5 Concato et al., 2022al., 2015
oLS 53 gy Cogods mblilel S Gile 5,87 &S 05 ol
=i oSy gppladle e 3 oo (28 (il (ped YsiS
5l esleul (YL LTS (Abbaspoor, 2022) cusly (o8 @ )lus
e higoin Oped b g <SSl U8 bl (Sl
5 Lo jpuladls Jlee ) plliey (iSale L BMST p L
Younesabadi et al., ) cewl oais i35 a0l 5 Sloe yiol38l
(2021

O als b dwolie 3 (llygliy 5 a8 Cile o oy (lits gl
039 9 (BY USa) o515 (o) Joad plod )3 0 slacils (g
2,8 e wndan 1y jpslacale (Cosl oadds o3l oyLis Waosls)
o 53 gl 5 S Gle 351, 5 S15 5 s 3 Shae oty
A @l @ deg b ol polail g 4 (ibewlo) sl
g Csl iy piScide S plsiedr Gillygln 5 & e
i A8 (Bl ey ain S plRin3g5 ()i
oiScile o oloj Wl el o aSile 93 4 G
L amlio )3 Jad Job )3 jraplacile jlee $9) 2 085l 5]
3 g8 asin 95 (b (Lo 3 (sl ST 29 e S0l
L ipglacils (el)) babd plad )> diwgy 5 jlul ©)gon cuilS
OiSide 48 olae)S )3 (g 0,8 lae dald 4 s
S ol 3lam L g el L5 atin S 5 585 b 9l pu
ol 03l L eodls) 59 9 (C V USS) slaw iialS” gy 2,
Sl 51 50 g ieS dald 4 Caus jalacale (sl

(hsl st piSile b el 5l LS ain 53 (il o)
05135 5 (1 JS) sy 1515 als 3,Shae 5 i syl o
sbaple) 500 5 GiScile (pl2p)8 4 Cus (V JS3) 65V
il (CS ) dny tin 5y g lojod < sb At (Sy) b yuno
Jes sl o) GiScide Sy sl oLt 3 e S50

1. Abbaspoor, M. (2022). Herbicide Screening for weed control in quinoa (Chenopodium quinoa Willd.). Journal of

Plant Production Research, 29(3),
https://doi.org/10.22069/jopp.2022.19425.2866

89-104.

(in Persian with English abstract).

2. Ahmad Khan, I., Hassan, G., Marwat, K.B., & Daur, I. (2008). Eefficacy of some pre and post-emergence

1- Chenopodium quinoa


https://doi.org/10.22069/jopp.2022.19425.2866

VFor b F o yloid KA wlr (((55)9biS” @abuo g pole) ol ! (LS cbilis slaipss  YAY

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

herbicides on yield and yield components of canola. Pakistan Journal of Botany, 40(5), 1943-1947

Concato, A.C., Galon, L., Sutorillo, N.T., Tamagno, W.A., Paula, M.O., Vanin, A.P., Alves, C., Silva, J.D.G.,
Concengo, G., Perin, G.F., & Kaizer, R.R. (2022). Does the application of herbicides with distinct mechanisms of
action change enzymatic activity and grain yield of Clearfield® canola? Australian Journal of Crop Science, 16(1),
93-102. https://doi.org/ 10.21475/ajcs.22.16.01.p3282

Cook, S.K, Ballingall, M., Stobart, R., Doring, T., Berry, P., & Ginsburg, D. (2015). New approaches to weed
control in oilseed rape. Available at: https://www.researchgate.net/publication/282362621

Deligios, P.A., Carboni, G., Farci, R., Solinas, S., & Ledda, L. (2018). Low-input herbicide management: Effects
on rapeseed production and profitability. Sustainability, 10(7), 2258, 1-16. https://doi.org/10.3390/su10072258
Dhammu, H., Seymour, M., Hashem, A., & Bucat, J. (2020). Chemical weed control in canola.
https://www.agric.wa.gov.au/sites/gateway/files/Weed%20Control%20in%20Canola.pdf

El-Metwally, 1., & Shalaby, S. (2019). Herbicidal efficacy of some natural products and mulching compared to
herbicides for weed control in onion fields. Journal of Plant Protection Research, 59(4), 479-485.
https://doi.org/10.24425/jppr.2019.131266

FAO (Food and Agriculture Organization of the United Nations). (2018). FAOSTAT database for agriculture.
Available at: https://www.fao.org/faostat/en/#data/QCL

Firouzi, H., Mirshekari, B., & Khorshidi Benam, M.B. (2011). Assessment of interference of growing period of
amaranth (Amaranthus retroflexus L.) and lambs quarter (Chenopodium album) on yield and its components of
rapeseed. Crop ecophysiology, 5(18), 1-10. (in Persian with English abstract)

Gul, B., Marwat, K.B., Saeed, M., Hussain, Z., & Ali, H. (2011). Impact of tillage, plant population and mulches
on weed management and grain yield of maize. Pakistan Journal of Botany, 43(3), 1603-1606.

Harker, K.N., Blackshaw, R.E., Kirkland, K.J., Derksen, D.A., & Wall, D. (2000). Herbicide-tolerant canola: weed
control and yield comparisons in western Canada. Canadian journal of plant science, 80(3), 647-654.

Haskins, B. (2012). Weed management, using pre-emergent herbicides in conservation farming systems. NSW
DPI, District Agronomist, Hillston Broadacre Cropping Unit. Available at:
https://www.dpi.nsw.gov.au/__data/assets/pdf_file/0003/431247/Using-pre-emergent-herbicides-in-conservation-
farming-systems.pdf

Jabran, K., Faroog, M., Hussain, M., Ehsanullah, Khan, M.B., Shahid, M., & Lee, D.J. (2012). Efficient weeds
control with penoxsulam application ensures higher productivity and economic returns of direct seeded rice.
International Journal of Agriculture and Biology, 14(6), 901-907. https://doi.org/12-405/AKA/2012/14-6-901—
907

Jhala, AJ., Raatz, L.L., Dexter, J.E., & Hall, L.M. (2010). Adventitious presence: Volunteer flax (Linum
usitatissimum) in herbicide-resistant canola (Brassica napus). Weed Technology, 24(3), 244-252.
http://www.jstor.org/stable/40801432

Kadivar, S.H., Ghavami, M., Gharachorloo, M., & Delkhosh, B. (2010). Chemical evaluation of oil extracted from
different varieties of canola. Journal of Food Technology and Nutrition, 7(2), 19-29. https://sid.ir/paper/143261/en
Lekhanath, P., Bishnoi, O., Kegode, G., & Cebert, E. (2008). Influence of timing of herbicide application on
winter canola performance. World Journal of Agricultural Sciences, 4(S), 908-913.

Lemerle, D., Luckett, D.J., Wu, H., & Widderick, M.J. (2017). Agronomic interventions for weed management in
canola (Brassica napus L.) — A review. Crop Protection, 95, 69-73. https://doi.org/10.1016/j.cropro.2016.07.007
Mirshekari, B. (2010). Study effects of different times of weeds control on morphological traits, yield and harvest
index of three winter rapeseed cultivars. Electronical Journal of Crop Production, 4(4), 51-66. (in Persian with
English abstract). https://doi.org/20.1001.1.2008739.1390.4.4.4.2

Modhej, A., Zarezadeh, H., & farhoudi, R. (2018). Chemical weed control in onion (Allium cepa L.) under
Ramhormoz conditions. Journal of Iranian Plant Protection Research, 32(3), 409-417. (in Persian with English
abstract). https://doi.org/10.22067/jpp.v32i3.68514

Richards, M. (2019). Winter oilseed rape —integrated weed management. Technical note. TN727. SRUC, West
Mains Road, Edinburgh, EH9 3JG. Pp: 9. Available at: https://www.fas.scot/publication/technical-note-tn727-
winter-oilseed-rape-integrated-weed-management/

Saadi Al-Kasir, F., Modhej, A., & Farhoudi, R. (2014). (Brief report) Efficiency of doual-purpose herbicides
application at different stages on weed control and grain vyield of wheat under shoushtar conditions. Journal of
Iranian  Plant Protection Research, 27(4), 513-515. (in Persian with  English  abstract).
https://doi.org/10.22067/jpp.v27i4.29915

Samtani, J.B., Ben Weber, J., & Fennimore, S.A. (2012). Tolerance of strawberry cultivars to oxyfluorfen and
flumioxazin herbicides. Horticultural Science, 47(7), 848-851. https://doi.org/10.21273/HORTSCI.47.7.848
Sangeetha, C., Chinnusamy, C., & Prabhakaran, N.K. (2013). Early post-emergence herbicides for weed control in
soybean. Indian Journal of Weed Science, 45(2), 140-142

Sarani, M., Oveisi, M., Rahimian Mashhadi, H., & Alizadeh, H. (2016). Modelling interactive effects of herbicide
application timing and dose for the control of Bromus japonicus in wheat in an arid environment. Weed Research,


https://doi.org/%2010.21475/ajcs.22.16.01.p3282
https://www.researchgate.net/publication/282362621
https://doi.org/10.3390/su10072258
https://doi.org/10.24425/jppr.2019.131266
https://www.dpi.nsw.gov.au/s/redirect?collection=nsw-dpi-web-meta&url=https%3A%2F%2Fwww.dpi.nsw.gov.au%2F__data%2Fassets%2Fpdf_file%2F0003%2F431247%2FUsing-pre-emergent-herbicides-in-conservation-farming-systems.pdf&auth=Ir%2FauzMAoJc%2F%2FSJPrkYdKQ&profile=_default&rank=7&query=using+pre-emergent+herbicides+in+conservation+farming
https://www.dpi.nsw.gov.au/s/redirect?collection=nsw-dpi-web-meta&url=https%3A%2F%2Fwww.dpi.nsw.gov.au%2F__data%2Fassets%2Fpdf_file%2F0003%2F431247%2FUsing-pre-emergent-herbicides-in-conservation-farming-systems.pdf&auth=Ir%2FauzMAoJc%2F%2FSJPrkYdKQ&profile=_default&rank=7&query=using+pre-emergent+herbicides+in+conservation+farming
https://doi.org/12–405/AKA/2012/14–6–901–907
https://doi.org/12–405/AKA/2012/14–6–901–907
http://www.jstor.org/stable/40801432
https://sid.ir/paper/143261/en
https://www.sciencedirect.com/journal/crop-protection/vol/95/suppl/C
https://doi.org/10.1016/j.cropro.2016.07.007
https://dorl.net/dor/20.1001.1.2008739.1390.4.4.4.2
https://doi.org/10.21273/HORTSCI.47.7.848

YA

w3 REBGLE s 2 (89l ST 5 ol pals 55w bTilea! Sl AT le 0 ,1)8 oy T ol Ko 5 ol

25.

26.

217.

28.

29.

30.

31.

32.

56(1), 50-58. https://doi.org/10.1111/wre.12182

Shivani Grewal, S.K., Gill, R.K., Kaur Virk, H., & Bhardwaj, R.D. (2022). Impact of post-emergent imazethapyr
on morpho-physiological and biochemical responses in lentil (Lens culinaris Medik.). Physiology and Molecular
Biology of Plants, 28(9), 1681-1693. https://doi.org/10.1007/s12298-022-01244-x.

Sondhia, S., Khankhane, P.J., Singh, P.K., & Sharma, A.R. (2015). Determination of imazethapyr residues in soil
and grains after its application to soybeans. Journal of Pesticide Science, 40(3), 106-110.

Tozzi, E., Harker, K.N., Blackshaw, R.E., O’Donovan, J.T., Strelkov, S.E., & Willenborg, C.J. (2015). Late
glyphosate applications alter yield and yield components in glyphosate-resistant canola (Brassica napus). Weed
Technology, 29(4), 675-683. http://www.jstor.org/stable/43702557

US EPA. Pesticides- fact sheet for Oxyfluorfen. (2002). United States Environmental Protection Agency
Government agency. Available at:
https://www3.epa.gov/pesticides/chem search/reqg actions/reregistration/fs PC-111601 1-Oct-02.pdf
Younesabadi, M., Nouralizadeh Otaghsara, M., Habibian, L., & Savarinejad, A. (2021). Evaluation the effect of
Imazethapyr, Pendimethalin and Oxyfluorfen in soybean weed control. Journal of Iranian Plant Protection
Research, 35(1), 103-115. (in Persian with English abstract). https://doi.org/10.22067/jpp.2021.32671.0

Yu, L., Eerd, L.L.V., O'Halloran, I., Sikkema, P.H., & Robinson, D.E. (2015). Response of four fall-seeded cover
crops to residues of selected herbicides. Crop Protection, 75, 11-17. https://doi.org/10.1016/j.cropro.2015.05.005
Zargar, M., Pakina, E.N., & Romanova, E.V. (2014). Herbicide doses and application times in weed suppression
on different red bean varieties. APCBEE Procedia, 8, 75-81. https://doi.org/10.1016/j.apcbee.2014.03.004
Zohrabi, A., Naderidarbaghshahi, M., & Jalalizand, A. (2012). Chemical weed control of autumnal rapeseed in
Isfahan (Iran). International Journal of Agricultural Science, 2(8), 696-701.


https://doi.org/10.1111/wre.12182
http://www.jstor.org/stable/43702557
https://www.sciencedirect.com/journal/crop-protection
https://www.sciencedirect.com/journal/crop-protection/vol/75/suppl/C




Iranian Plant Protection Research

https://jpp.um.ac.ir R

Research Article
Vol. 38, No. 4, 2025, p. 387-406

Study of Comparative Phenology and the Effect of Emergence Date and
Scarification on the Growth and Performance of Caspian Vetch (Vicia
hyrcanica) and Narbon Vetch (Vicia narbonensis) in Wheat (Triticum aestivum)
Fields

V. Kamari Direh?, S. Babaei'®'2", I. Nosratti"“'3, I. Tahmasebi Khorne"*

1, 2 and 4- Department of Plant Production and Genetics Engineering, University of Kurdistan, Sanandaj, Iran, respectively
3- Department of Plant Production and Genetics Engineering, Razi University, Kermanshah, Iran
(*- Corresponding author's Email: s.babaei@uok.ac.ir)

How to cite this article:

Kamari Direh, V., Babaei, S., Nosratti, I., & Tahmasebi Khorne, 1. (2025). Study of

comparative phenology and the effect of emergence date and scarification on the

growth and performance of caspian vetch (Vicia hyrcanica) and narbon vetch

(Vicia narbonensis) in wheat (Triticum aestivum) fields. Iranian Plant Protection

Research, 38(4), 387-406. (In Persian with English abstract)
https://doi.org/10.22067/jpp.2024.88318.1193

Received: 31-05-2024
Revised: 13-08-2024
Accepted: 17-09-2024
Available Online: 03-03-2025

Introduction

Wheat (Triticum aestivum L.) is one of the most important cereal crops in the world as a source of
carbohydrates, protein, and minerals (Esposito et al., 2023). Its yield and planted area account for about one-
third of food production. Thus, wheat plays a significant role in global food security. Various factors such as
climate change, food shortages, and weeds are the most significant challenges for wheat production and seriously
limit continuous improvements in wheat yield and grain quality. Vetch species are among the most important
weeds in wheat fields. Since knowledge and awareness of weed phenological stages play an important role in
weed management, the present study was conducted to investigate the comparative phenology of caspian vetch
(Vicia hyrcanica) and narbon vetch (Vicia narbonensis) as two problematic weeds with wheat.

Materials and Methods

The experiment was conducted in the 2022-2023 agricultural year on an irrigated farm with a sprinkler
system in the village of Chaqgazard, 24 km from Kermanshah, in the Mahidasht district (46°48' E, 34°17' N,
altitude 1362 m) at Kermanshah province. The area has a temperate to cold, dry climate with hot, semi-arid
summers and cold, wet winters. The average rainfall during the experiment was 347 mm. The experimental
factors include the date of vetch planting (once every three weeks after wheat cultivation), the scratching of
vetch seeds (scratching and non-scratching), and the presence and absence of wheat cultivars. A separate
experiment was designed using the above three factors for vetch species. For this research, irrigated Pishtaz
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wheat seeds were purchased under Kermanshah Agricultural Jihad supervision, and narbon vetch and caspian
vetch seeds, considered weeds, were collected from the region. A factorial experiment was conducted in a
randomized complete block design with four replications, including vetch planting dates (every three weeks in
autumn, every five weeks in winter), seed scratching (scratched, non-scratched), and the presence or absence of
wheat. A weed-free plot of wheat was included. The land was prepared on November 6, and wheat was planted
on November 15 with 20 cm row spacing. narbon vetch and caspian vetch were planted between the wheat rows
on November 15, December 5, January 25, and February 27, with irrigation starting November 16. Growth stage
development of the vetch was monitored twice weekly, focusing on germination, cotyledon emergence, branch
production, flowering, and pod formation.

Results and Discussion

The results of this study showed that on the first planting date (late November), the highest vegetative and
reproductive growth of narbon vetch and caspian vetch was observed, and the lowest amount was obtained on
the fourth planting date (mid-March). On the other hand, it was found that scraping had a different effect on the
characteristics of narbon vetch and caspian vetch and increased some of the traits of these two weed species. In
addition, the most significant increase in the growth and seed production of narbon vetch and caspian vetch was
seen in their pure planting, and by planting these weeds between the rows of wheat, their amount decreased.
Based on the results of the phenology stages in narbon vetch, the GDD and the number of days required to
complete the emergence stage in different planting dates varied between 35.9 to 164.65 and 19 to 75,
respectively. In caspian vetch, the GDD of growth and the number of days required for the emergence stage in
different planting dates varied between 24.1 to 68.8 and 9 to 83 days, respectively. The results of comparative
phenology stages showed that the life cycle of narbon vetch and caspian vetch was 16 days earlier than wheat,
and their ripening did not coincide with wheat ripening.

Conclusion

The study results indicated that delaying the emergence of vicia (especially on March 9) benefits the crop.
Specifically, the later establishment of narbotn vicia and caspian vetch on March 9 reduced their competition and
seed production compared to other emergence dates. Thus, delaying the emergence of these weeds can mitigate
their impact on fields. Conversely, narbotn vicia and caspian vetch seeds exhibited dormancy, and scarification
broke dormancy, leading to quicker weed emergence and crop damage. The emergence of these weeds between
wheat rows also showed a negative impact due to better resource use and intense interspecies competition for
light and space. Phenological stage analysis revealed that except for the maturation stage, other growth stages of
these weeds matched those of wheat. The Vicia life cycle was 16 days shorter than wheat's, with their maturation
not coinciding. The optimal herbicide application time for these weeds is at wheat’s 3-6 leaf stage for the first
and second emergence dates and from tillering to the first detectable node for the third and fourth emergence
dates.

Keywords: Competitiveness, Growing degree- days, Planting date, Vetch
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Table 1- Monthly variations of weather conditions during the experiment

Temperature (°C)

Relative humidity (%0)

Month Minimum Maximum Minimum Maximum Rainfall (mm)
October 1.8 17.1 44 70 0
November 1.4 11.7 54 85 17
December 3.2 5.9 69 85 35.4
January 1.8 6.7 63 84 30.3
February 2.8 11.2 51 74 49.4
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Table 2- Analysis of variance for the effects of the treatments on V. narbonensis traits

Mean of squares

SOV d Plant height No. leaves No. branches No. flowers No. pods No. seeds
Block 3 2.14ns 16.84 ns 0.83 ns 1.85ns 2.60ns 12.96 ns
Planting date (P) 3 43.86 ** 1231.27 ** 37.86 ** 197.20 ** 1850.48 ** 1651.89 **
Scarification (S) 1 12.07 ** 6.25 ns 0.23 ns 6.12 ns 68.89 ** 93.12 **
Cropping (C) 1 496.17 ** 16724.95 ** 1029.60 ** 530.15 ** 6233.10 ** 7301.70 **
PxS 3 2.80 ns 181.92 ** 0.76 ns 3.93ns 84.27 ** 151.35 **
PxC 3 0.90 ns 240.32 ** 7.27* 58.99 ** 1058.26 ** 1096.06 **
SxC 1 1.62 ns 4.62 ns 1.72 ns 4.20 ns 3.61ns 0.01 ns
PxSxC 3 3.17* 288.97 ** 19.45 ** 1.85ns 147.22 * 111.09 **
Error 45 1.07 30.72 2.49 211 5.10 12.02
CV (%) - 9.06 13.78 13.30 27.42 16.01 26.57
Am3 e Gl |y (5l sine pas g hoyd iy heo 3 o Jlats] s 3 (5 gne g 5T
** * and ns indicate significance at the 1% and 5% probability levels and non-significance, respectively.
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Table 3- Analysis of variance for the effects of the treatments on V. hyrcanica traits
Mean squares
SOV df Plant height No. Leaves bNO' of No. flowers No. pods No. seeds
ranches
Block 3 1.64ns 497.24 ns 5.12ns 8.12 ns 65.77 ns 3.94ns
Planting date (P) 3 104.72 ** 90488.49 ** 544.18 ** 702.85ns  10065.3 **  524.47 **
Scarification (S) 1 415* 1551.37 ns 7.91ns 0.08 ns 71556 ** 13514 **
Cropping (C) 1 179.89 ** 264697.38 ** 2663.85 ** 240.22*%* 545222 **  5704.02 **
PxS 3 0.69 ** 852.64 ns 36.57 ** 3.55ns 102.43 * 214.09 **
PxC 3 2.32ns 1169.72 ns 15.24 ** 23.75* 6782.79 **  436.69 **
SxC 1 0.43ns 980.47 ns 1.02 ns 11.30 ns 625 ** 136.30 **
PxSxC 3 1.90 ns 2137.93 * 54.35 ** 48.01 ** 148.79 ** 355.27 **
Error 45 0.89 539.63 2.08 6.91 27.28 5.33
CV (%) - 6.72 11.64 7 18.37 14.03 18.97
amd e G5 1) (5 o gtae ple g doyd gy ehio > S Jlos] o 13 ()b i 9T T
** * and ns indicate significance at the 1% and 5% probability levels and non-significance, respectively.
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Figure 1- Means comparison of the simple effect of planting date (A), scarification (B), and crop (C) on the plant height of V.

hyrcanica
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Table 4- Means comparison of the interaction effect of investigated treatments on the growth traits of V. narbonensis and V.

hyrcanica
V. narbonensis V. hyrcanica
Planting date  Scarification Cropping IfeliZ?Itt No. No. No. No.
(cm) leaves branches leaves branches
Scratching _ Wheat 15.3> 31.4¢ 8.85¢f 211.19 20.35¢f
November-15 ' Without-Wheat 10.57% 63.07° 15.37%¢ 396.382 38.222
Without- Wheat 15.92% 30.1¢% 6.17" 233.48¢ 21.5¢
scratching Without-wheat 9.85¢f 82.62 19,052 355.9° 33.95P
Scratching ) Wheat 14.62° 23.659%f 6.429" 137.419 13.82"
December-05 _ Without-wheat 8.471 57.3° 13.42¢ 282.48° 30.32¢
Without- Wheat 11.67¢ 24 559%f 6.8219" 165.8f 15.979
scratching Without-wheat 7.89n 48.77¢ 12.7¢ 268.35°¢ 25.27¢
Scratching ) Wheat 17af 20.17; 8.65¢f 82.78“; 10.47;
February-05 _ Without-wheat 9.87¢ 63.72 18.92 202.15% 19.15
Without- Wheat 14.67° 23.27¢f 10.17¢ 106.89 10.9'
scratching Without-wheat 9.55¢f 48.35¢ 16.37° 228.55¢ 28.52¢
Scratching ) Wheat 12.45¢ 20.12f 8.42°1 73.75N 10.07'
March-09 _ Without-wheat 6.9" 42.72¢ 15.42b¢ 169.83_Ef 19.65e_f
Without- Wheat 12.35¢ 17.07* 7.377n 69.65' 10.17!
scratching Without-wheat 6.42" 42.45¢ 15.82° 206.14 21.4¢
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* Means with the same letters in each column are not significant differences based on the LSD Test (p<0.05).
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Figure 2- Means comparison of the interaction effect of planting date and the presence or absence of wheat on the number of flowers
per plant of V. narbonensis
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Table 5- Means comparison of the interaction effect of investigated treatments on the reproductive traits of V. narbonensis and V.

hyrcanica
V. narbonensis V. hyrcanica
Planting date Scarification Cropping No. pods No. No. No. pods No. seeds
seeds flowers
Scratching _ Wheat 9.5 7.65¢ 12.3f 11.5% 4.82°1
November-15 Without-wheat 44.5° 482 33.872 88.75°¢ 17.3d_
Without- Wheat 4,250 1.85° 17.25¢ 9.5fen 1.559N
scratching Without-wheat 53.52 48.72 26.87° 115.252 46.85°
Scratching _ Wheat 6.5 4,49 11.3f 11,5 0.97!
December-05 Without-wheat 32.25¢ 35.45° 22.27° 100.25° 23.45¢
Without- Wheat 69 1.22¢ 11.1f 15.25f 5.32¢f
scratching Without-wheat 17¢ 16.5¢ 22.35¢ 105.5° 22.25°¢
Scratching _ Wheat 49 2.05¢ 2.89 4,59 2.6oni
February-05 _ Without-wheat 21.5"_ 12.97¢ 14.079%f 45¢ 29.50 _
Without- Wheat 2.75N 1.22¢ 39 6.59" 2.62fhi
scratching Without-wheat 15.5¢ 17.4¢ 16.420% 61.75¢ 21¢
Scratching _ Wheat 0.15" 0.15¢ 4.5¢f 3.75" 2.55hi
March-09 Without-wheat 2.75“_' 3.37% 13.05¢f 5.759" 4.55f€_Jh
Without- Wheat 0.75' 0.4¢ 3,20ef 2n 1.4
scratching Without-wheat 4.89n 7.45¢ 14 55%f gfon 8¢
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* Means with the same letters in each column are not significant differences based on the LSD Test (p<0.05).
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Table 6- Degree of growth days required to complete different phenological stages of V. narbonensis established in different planting

dates
First planting date Secong r;lantlng Third planting date Fourth planting date
Phenologic date .
al stages Duration of Duration Duration of Duration
stage (day) GDD of stage GDD stage (day) GDD of stage GDD
(day) (day)
Emergence 75 359 35 77.1 19 94.05 29 164.65
Branching 6 253 8 52.6 9 49.85 19 120
Flowering 19 120 13 114.3 19 176.8 19 176.8
Podding 19 176.8 19 176.8 20 535.9 20 535.9
Total 119 358 75 420.8 67 856.6 87 997.35
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Table 7- Calendar date of different phenological stages V. narbonensis established in different planting dates
First planting date Second planting date Third planting date Fourth planting date

Phenologic ot . L -

al stages Beglgnnm End Beg;nnln End Beg:gnnln End Beglgnnln End
2022.12.2

Emergence 0 2023.3.4 2023.2.5  2023.3.11 2023.3.11 2023.3.29 2023.3.19 2023.4.16

Branching  2023.2.27  2023.3.4 2023.3.4  2023.3.11 2023.3.11 2023.3.19 2023.3.29 2023.4.16
Flowering  2023.3.29 2023.4.16 2023.4.16 2023.4.28 2023.4.28 2023.5.16 2023.4.28 2023.5.16
Podding 2023.4.28 2023.5.16 2023.4.28 2023.5.16 2023516  2023.6.4 2023516  2023.6.4
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Table 8- Degree of growth days required to complete different phenological stages of V. hyrcanica established on different planting

dates

First planting date Seconga[ileantmg Third planting date Fourth planting date

Phenologic . .

al stages Duration of Duration Duration of Duration

stage (day) GDD of stage GDD stage (day) GDD of stage GDD

(day) (day)
Emergence 83 24.1 28 33.6 13 68.8 9 49.85
Branching 13 68.8 21 114.9 19 94.05 29 164.65
Flowering 19 120 13 114.3 19 176.8 19 176.8
Podding 19 176.8 19 176.8 20 535.9 20 535.9
Total 134 380.7 81 439.6 71 oS 77 927.2
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Table 9- Calendar date of different phenological stages V. hyrcanica established in different planting dates
First planting date Second planting date Third planting date Fourth planting date

Phenologica Beginnin Beginnin Beginnin Beginnin
| stages g End g End g End g End
Emergence 2022.12.7  2023.2.27 2023.2.5 2023.3.4 2023'2'2 2023.3.11  2023.3.11 2023'3'1
Branching 2023227 2023311 2023227 2023319 200> 2023329 2023319 20204
Flowering 2023.3.29 2023.4.16 2023.4.16 2023.4.28 2022'4'2 2023.5.16  2023.4.28 2022'5'1
Podding 2023.4.28 2023.5.16 2023.4.28 2023.5.16 2022'5'1 2023.6.4 2023.5.16  2023.6.4
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Table 10- Degree of growth days required to complete different phenological stages of wheat

Stage date Sum
. Duration of  duration (day
Phenological stages Beginning End stage (day) after GDD Total GDD
planting)

Planting to emergence 2022.11.15  2022.12.20 36 - 253.25 -
Emergence to one tiller 2022.12.20 2023.3.19 90 126 418.55 671.8
One tiller to fourth tiller 2023.3.19 2023.3.29 11 137 101.7 773.5

Fourth tiller tostemnode 5553359 50234.16 19 156 1115 885
production
Stem node production to 2023416  2023.4.28 13 169 1793 10643
spike production
Spike production to anthesis 2023.4.28 2023.5.16 19 188 271.8 1336.1
Anthesis to grain dough stage 2023.5.16 2023.6.4 20 208 373 1709.1
Grain dough stage to ripening 2023.6.4 2023.6.20 17 225 363.4 2072.5
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