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Abstract

Mechanical injury can significantly cause losses in both the quality and quantity of the legume plants at the
germination stage by affecting the stage directly or indirectly causing a pathogen attack. The objective of
this research was to determine the mechanical injury effect on seedling development and visible disease on
Vicia faba L. seeds at different seed ages. The germination and seedling experiments were conducted using
one and two years old faba bean seeds with or without mechanical damage: [1) Non-injured 1-year-old
seeds, 2) Mechanically injured 1-year-old seeds, 3) Non-injured 2-years old seeds, 4) Mechanically injured
2-years-old seeds] under climatic growth chamber. The trials were conducted a using completely
randomized design with three replicates. End of the study, the results were obtained about seedling
emergence ratio, seedling emergence time, seedling ratio, root and shoot length of the seedling, diseased
seed, and seedling ratio. Faba bean seedling emergence time, seedling ratio, root length of the seedlings
and diseased seed-seedling ratio were affected by mechanical injury and age. One-year old non-injured
seeds showed a higher seedling rate than the other treatments. One-year-old injured seeds showed the
shortest emergence time, and the highest diseased seed-seedling ratio. Two-year old seedlings from
mechanically injured-seeds showed the least root length and disease ratio. This study made us think that the
pathogen load may be higher in younger seeds.
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Introduction

Mechanical injury can significantly cause losses in both the quality and quantity of the legume
plants. Mechanical injuries can occur at shelling, combining, transporting, and packaging. In
seed pathology, microorganisms-related factors are not only mentioned alone as seed internal
factors.

An external pathogen can turn into an internal pathogen when the seed begins to absorb water
(Baker and Smith, 1966) [ and a mechanical injury may also encourage this situation more than
necessary. Injuries also cause an open door to an influx of pathogen pests besides
microorganisms. In addition, not only visible damage, but also invisible damage can affect seed
physiology, quality, seedling, and full-grown plant growth. Most of the studies on this subject
have been on seed damage caused using mechanical tools or combines during harvest (Pacheco
et al., 2015; Govindaraj et al., 2017; Gu et al., 2019) > & 71, There are some studies and reviews
that indicate the effects of mechanical injury on increasing infection (Bell, 1974; Lamichhane et
al., 2020; Rehman et al., 2021) [3 8 101,

Faba bean (Vicia faba L.) is a model plant in this study, and is an important legume crop with
high pod and seed yield. This plant can be exposed to many biotic and abiotic stress conditions
during cultivation, harvest, and storage steps. One of the abiotic stress conditions is mechanical
injury, at any of the steps. While injury is already a problem, it is also an important open door
for the entry of soil-borne diseases. Faba bean faces symptomatic Fusarium root rot caused by
Fusarium solani (Ali et al., 2019) ™M, and Aphanomyces root rot caused by Aphanomyces
euteiches (van Leur et al., 2008) [ etc. In addition, in some environmental conditions, root rot
pathogens were found in complexity (Sisi¢ et al., 2022) [11],
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On the other hand, seed age is a significant factor in both plant
growth and pathogenic microorganism load. The factor not only
affects seed deterioration, but also causes seedling rotting and
abnormal seedling growth (Gebeyaw, 2020) . On the contrary,
sometimes infection may not be affected by seed age at all
(Warham, 1990) 31, When all these results are evaluated, both
seed age and mechanical damage should be considered together
at the level of genera, species and even pathogen interaction
with these factors.

In this study, the effects of mechanical damage applied to one
and two years old stored seeds of the faba bean (Vicia faba L.)
on seedling development and degree of visible disease were
investigated.

Materials and Methods

Seeds of Vicia faba L. cv. Major bought from a commercial seed
market one and two years ago were used in the experiments
(Fig.1.a). The seeds were kept under the same dark and airy
conditions in the paper bags under laboratory conditions at 25+2
°C until the conduction of the experiment. The experiments
consisted of four applications; 1) Non-injured 1-year-old seeds,
2) Mechanically injured 1-year-old seeds, 3) Non-injured 2-
years old seeds, 4) Mechanically injured 2-years-old seeds. Just
before the experiment, the weights of 1000 one-year-old and
two-years-old seeds were 1335 g and 1273 g respectively. For
mechanical damage, the applied force was at a level that would
not break the seed but would damage the seed coat and
accomplished with a single blow with a stone. After the
application, the seeds of faba beans in each group were planted 2
cm deep, one in each eye on trays (Fig. 1.b). The peat was used
for the first time, 30 mL of water was given to each sown seed.
Again 30 mL watering was done every five days during
experiments. During the experiments data for germination time
were obtained daily. At the end of the experiments, after the 14
days of seed sowing, seedling emergence ratio (%), seedling
emergence time (day), seedling ratio (%), root length (cm),
shoot length (cm), and seed-seedling disease ratio (%) were
calculated (Fig. 2). Seedling ratio calculated from seed that
included at least one 2 cm primer root and 2 cm primer shoot.
The seedling disease ratio was calculated from rotted seeds
without germination and rotted seedlings without healthy
growth, because of fungal and bacterial invasions (Fig. 1.c, Fig.
1.d). The study was conducted in a Completely Randomized
Design with a total of four treatments each comprising three
replicates. Each replicate consisted of five seeds that were
placed in a seedling tray and a total of 60 seedlings from seeds
were evaluated. The recorded data were analyzed via using
statistical software (SPSS Statistics 16.0). A two-way analysis of
variance was used to test differences among treatments.
Comparisons were made using Duncan’s Multiple Range Test at
least p<0,05 degree.

Results and Discussion

Mechanical damage did not affect the seedling emergence ratio
at 1- and 2-year-old seeds (Table 1). However, the mechanical
damage application was significantly effective on seedling
emergence time, seedling ratio, root length (Table 1, Table 2,
Figure 2), and diseased seed-seedling ratio (Table 3). In the
seedlings, emergence ratios of non-injured seeds were higher
than the same old injured seeds numerically. The 1-year-old
seed showed the highest emergence rate (80%), and both of the
injured seeds showed the lowest (60%). Data for the emergence
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time showed that mechanical injury and younger seeds
shortened the emergence time. In this manner, 1-year-old injured
seeds showed earliness in the emergence time statistically (4.5
days) and the other treatments shared the same statistical group.
Root length of the seedlings from 1-year-old non-injured and
injured seeds showed the highest results with 6.2 and 6
cm/seedling, respectively. The seedlings from 2-year-old injured
seeds gave the lowest results with 4 cm/seedling. According to
visual observations the root of 2-year-old seedlings showed
browning.

The seedling ratio which consisted of at least 2 cm root and 2 cm
shoot, was statistically highest in 1-year-old non-injured seeds
(80%). However, some of the seedlings showed disease
symptoms with root and shoot rot. Because of this situation, it
became necessary to compare cases with the seedling ratio and
diseased seed-seedling ratio. The data showed that a maximum
loss was observed from 1-year-old while 2-year-old in a
minimum loss among injured seeds. The results gave us the idea
that seed aging may cause the pathogen load to decrease. Among
the data from non-injured seeds 1- and 2- years old supported
that idea.

In one of the studies (Pacheco et al., 2015) I, soybean seeds
were harvested at two moisture content (16,6% and 13,7%) and
combine adjusted three different threshing (highest, lowest, and
ideal). Their results showed that the lesser moisture content and
the highest threshing caused significantly broken seeds, lesser
seed viability, seed vigor, and germination capacity. In another
study (Gomes-Junior et al., 2019) I maize seeds were used as
mechanically damaged and undamaged seeds. In addition, the
damages were confirmed with an imaging system. Their results
clearly showed that mechanical injury reduced seed mass,
seedling length and dry biomass. Another study about the effect
of harvesting-threshing methods on rice varieties (Govindaraj et
al., 2017) [ indicates that germination percentage and root
length were not affected by varieties and harvesting methods.
The study concluded that a manual/combine harvester can be
recommended without affecting the germination and seedling
vigor.

i

-
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.

Fig 1: Vicia faba; a) Seed samples, b) One of the trays, one week after
sowing, ¢) Rotted non-germinated seed samples, d) Rotted germinated
seedling samples
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Fig 2: Vicia faba; a) The seedlings from 1-year-old seed (left fives) and 2-years-old (right fives) from non-injured application, b) The seedlings from
1-year-old seed (left fives) and 2-years-old (right fives) from injured application.

Table 1: Seedling emergence ratio, seedling emergence time, seedling ratio of 1 and 2-year old non-injured and mechanical injured seeds of Vicia

faba
Non-injured 1-year- | Mechanically injured 1- | Non-injured 2-year-old [Mechanically injured 2-year-old
old seeds year-old seeds seeds seeds
Seedling Emergence Ratio (%) 80+20* 60+20 73,3115 60+20
Seedling Emergence Time (day) 5,8+0,7 b** 45+0,6 a 6,5+0,5b 6,3+0,5b
Seedling Ratio (%) 8020 a** 40+0 b 53,3+23 ab 40+20 b

* Denotes no significant differences at the p<0,05 level within the treatments in the line
**Different lowercase letters denote significant differences at the p<0,05 level within the lines

Table 2: Root and shoot length of 1 and 2-year-old non-injured and mechanically injured seeds of Vicia faba

Non-injured 1-year-old | Mechanically injured 1-year-old | Non-injured 2-year-old | Mechanically injured 2-year-old
seeds seeds seeds seeds
Root Length (cm) 6,2+1,1 a** 6,010 a 5,3%1,1ab 40+05b
Shoot Length (cm) 17919 * 19,3+7,3 13,2+2,6 13,9+1.2

* Denotes no significant differences at the p<0,05 level within the treatments in the line
**Different lowercase letters denote significant differences at the p<0,05 level within the line

Table 3: Diseased seed-seedling ratio of 1 and 2 year-old non-injured and mechanically injured seeds of Vicia faba

Non-injured Mechanically injured Non-injured Mechanically injured
1-year-old seeds 1-year-old seeds 2-year-old seeds 2-year-old seeds
Diseased Seed and Seedling Ratio (%) 40,0+0,0 ab* 60,0+0,0 a 33,3+115hb 40420 ab

*Different lowercase letters denote significant differences at the p<0,05 level within the line

Conclusion

The study has shown that the seedling ratio in non-injured seeds
is higher than in injured seeds at similar ages. In overall
evaluation, being young and non-injured contributed to the
seedling rate. Similarly, younger seeds showed the highest shoot
length numerically and the highest root length statistically.
Injured seeds helped shorten the germination time. When the
seedlings were evaluated, it can be said that although some seeds
could turn into seedlings, it was observed that they lost their
health in a short time or were infected by the seed rot pathogens.
In this context, the fact that the highest rate belonged to 1-year-
old seeds-seedlings suggested that the microorganism load in the
seeds may gradually decrease.
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