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Introduction
Syrian bean-caper is one of the important weeds in orchards, especially pistachio orchards in Kerman. Seed
germination is a critical event in determining the success of a weed species in an ecosystem and is regulated by
several factors such as temperature, light, soil salinity, moisture and pH. Seed dormancy is the most important
factor that prevents seed germination, especially in weeds. Breaking seed dormancy by sulfuric acid scarification
is one of the most common methods of stimulating seeds for germination. Temperature is one of the factors
controlling the germination and distribution of plants in natural and agricultural ecosystems. All biological

events respond to temperature, and all responses can be summarized in three main temperatures. The effects of
temperature on plant development are the basis of the models used to predict germination time. The seeds of any

species could germinate in a certain temperature range, which is described as the cardinal temperatures
(minimum, optimum and maximum) Knowledge of seed germination characteristics, seed dormancy mechanism
and response of these phenomena to environmental conditions in weeds, including Syrian bean-caper, can be
useful in predicting its spread potential to other areas and its management, so the aim of this study was to
identify the methods of dormancy breaking (knowledge of seed dormancy mechanism), the effect of light and
alternating temperature on seed germination and also to determine the cardinal germination temperatures of this

species.

Material and Methods

To evaluate the effect of some methods on breaking seed dormancy, and to evaluate the effect of alternative
temperatures and light on seed germination and to determine the cardinal temperatures of Syrian bean-caper seed
germination, experiments were performed in the weed research laboratory of Ferdowsi University of Mashhad in
2016. The experiments included: Experiment 1: Evaluation of different treatments for breaking Syrian bean-
caper seed dormancy: This experiment was performed as a factorial in a completely randomized design with
three replications. The first factor is constant germination temperatures at five levels (15, 20, 25, 30, 35 °C) and
the second factor is different methods of breaking seed dormancy at 5 levels (without treatment (control),
concentrated sulfuric acid (98%) at times 10, 15, 20, 25, 30 and 35 minutes, seed stratification at 5 °C for 7 and
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22 days, water soaking the seeds at 25 °C for 7 days and seed scarification using sandpaper for two minutes.
Experiment 2: The effect of fluctuating temperatures, light regimes and breaking seed dormancy treatment on
Syrian bean-caper seed germination: This experiment was performed as a factorial of three factors in a
completely randomized design with three replications. The first factor is alternating temperatures at four levels
(10/20, 25/15, 10/30 and 20/30 °C (Day/Night)), the second factor is the light regime at two levels (light and
dark treatment (12 hours of light and 12 hours of darkness) and continuous dark and the third factor was the
breaking seed dormancy treatment with concentrated sulfuric acid, (the best treatment of the first experiment) at
two levels (application and non-application). Experiment 3: Determining the cardinal temperatures of Syrian
bean-caper seed germination, this experiment was performed completely randomize design in three replicates.
Experimental factors included constant temperatures of 0, 5, 10, 15, 20, 25, 30, 35 and 40 ° C with a light / dark
period of 12/12 hours. SAS 9.1 software was used to analysis of variance and compare different treatments. To
calculate the germination cardinal temperatures were used, 1. Segmented 2. Dent-like and 3. 4-parameter beta
models.

Results and Discussion

The effect of breaking seed dormancy treatments, temperature and interaction of temperature and breaking
seed dormancy treatments on Syrian bean-caper seed germination were significant at 1% level. Maximum
germination (96%) was obtained in sulfuric acid treatment for 15 minutes. The results of this study showed that
all of treatments have a significant effect (at 1% level) on seed germination rate and total seed germination of
Syrian bean-caper. Seed germination of Syrian bean-caper was in the range of 10 to 35 ° C. Seed germination
increased with increasing temperature from 10 to 40 °C. Because this plant is native to dryland, it also had
significant seed germination at high temperatures. The best temperature for seed germination of this plant was
between 20.5 and 25.5 °C. Seed germination stopped at temperatures below 5 °C and at 40 °C. Besides, seed
germination was strongly affected by alternating temperatures. Light had not impact on the seed germination of
Syrian bean-caper. The highest total seed germination was observed in breaking seed dormancy treatments
related to sulfuric acid treatment for 15 minutes at 30 °C and in alternating temperature of 25/15 °C (Day/Night).
The four-parameter beta model described the relationship between seed germination rate of Syrian bean-caper
and temperature, better than other models. Based on the estimation of this model, the base, optimum and ceiling
temperatures for Syrian bean-caper seed germination were 9.83, 16.33 and 39.29 ° C, respectively. Knowledge
of these ecological parameters can be useful in quantifying the behavior of weeds in response to various climatic
variables, especially temperature.

Conclusion

The wide range of Syrian bean-caper seed germination from 5 to 35 °C indicates the ability of this weed
species to grow in different seasons and in various climatic conditions. Considering the mechanisms affecting
the breaking seed dormancy of Syrian bean-caper seeds (remove of seed coat (hardness) and alternating
temperatures) as well as the temperature range of seed germination of this plant, it seems that the spread of this
plant would be possible in temperate and semi-arid regions. Also, due to the high competitiveness of this species
and the ability to produce abundant seeds, this weed might be included in the list of problematic weeds in these
areas.
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Table 2- Mean comparisons of the effect of alternative temperatures, light regimes and breaking seed dormancy treatment
on total seed percentage of Syrian bean caper

@53 ) (9, ) rglite slales b Ulad Sy -
(31,5 i V)\/.:ir‘:),j:breaking‘;z; Pl s
Alternative temperature Light regime dormancy Breaking seed dormancy
(Day/Night) (" C)

S, Dark 16.0 % 90.6°

2010 »9 Light 17.3 ¢ 82.62

S, Dark 54.6° 82.6°

2918 s Light 20.0 % 90.6

30/10 e, Dark 17.3de 84.02

,s Light 13.3¢ 86.6 2

5o, Dark 22.6¢ 88.02

3020 s Light 53f 84.02

REY (PSOOS) G xe Colas (LSD) S gme Cgles J8las 09‘}] ool st 2 0 alie By sl sl W SSlo
The means within a column followed by the same letters are not significantly different at p<0.05 according to the
LSD test.
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Table 3- Means comparison of total germination and germination rate as affected by different temperature in Syrian bean

caper
(o1 St a2 53 ) Lo (woy9) J5' (350152 (395 % 334 Fjiln oo poo
Temperature (° C) Total Germination (%) Germination rate (seed per day)
0 0.0°¢ 0.00°¢
5 2.7bc 0.06 ¢
10 17.3 % 1.05°
15 61.3 ¢ 2252
20 86.7 2 2208
25 77.3% 2072
30 37.32¢ 1.12°
35 21.32¢ 0.51°¢
40 0.0¢ 0.00°¢

35,15 (P<0.05) (¢ )b sixe ol (LSD) (sl ime glis Jhis 9031 oliol o gt y2 p3 ailiie Bgy> syl (slo ke
The Means within a column followed by the same letters are not significantly different at p<0.05 according to the
LSD test.



VFeY by oF ojlouds (Y'Y ol (55,9l aulus g pale) ol pl (LS Cblas by pdg}s 4 yid ¥Y.

100

80 +

ales doyd

60 A

PO SO R[>-408

40

e )]

Cumulative germination (%)

(%)

20 +

0 100 200 300
Time (hours)
e saled & gl )3 loj (b )3 (g g8 ()b (e (Fidiler ey ) S
A3 g 0ytall A (chSgeSinw Jio bl 5l Jols bglas g adly clialin bl
Figure 1- Cumulative germination percentage of Syrian bean caper seeds over time in response to different temperatures
Points are real observations and lines resulting from fitting three parameters sigmoid function.
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Table 4- Time to reach to 50% seed germination and parameters resulted from fitting three parameters sigmoid function to
seed germination of Syrian bean caper over time at different temperature

il Loy 00w ydwwy (e

(a) oz Fjailgs ySTas [ o o .
(o1 ySwiilw 4 53) Lod (3053) (b") ' (el ) Xso r“ S Fjbﬁ-éwn
Temperature ( C) Maximum seed Time to l_’eac_h 50% g-za; role\alell v
germination (%) (a) b (slope) germination R
(hour)

0 0.00 - - - -

5 2.66" 0.96" 240.00" 0.97 0.0001

10 15.25" 12.32% 171.14" 0.99 0.0001

15 63.11" 32.55" 249.61" 0.99 0.0001

20 83.83" 23.55" 201.00" 0.99 0.0001

25 72.98" 20.78" 199.93" 0.99 0.0001

30 35.49" 26.98" 211.61" 0.99 0.0001

35 19.69" 16.79" 206.29" 0.98 0.0001

40 0.00 - - - -

So)3 0 ghaw b il bl o jlo me s
*: Significant based in t-Test at 5% probability.
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Figure 2- Relationship between temperature and germination rate (seeds per day) based on (A) segmented (B) dent-like (C)
four parameters beta models for Syrian bean-caper
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Table 5- Coefficient of determination and cardinal germination temperatures of bean shears estimated based on fitting
equations of Segmented, Dent-like and four beta parameters to the relationship between germination rate and temperature

(o1, R5lw 4> 3 ) Ly abliio bohd Juo  (DL) wile plaid Juso U oyelyl sl Jso
Temperature (" C)  Segmented model Dent-like model Beta 4 parametrs model
(To) &b 1.57 2.07 9.83
(To) wollas 20.72 16.30-23.10 16.33
(Ti) 251> 39.29 39.29 39.29
(R?) (s p 0.88 0.88 0.97
RMSE 1.368345 1.36973 1.36002
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