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This study aimed to determine whether there were the differences for germina-
tion performance and seed vigor among the seed colors (Brown, green and
army green) in forage pea cultivars (Ozkaynak, Tore and Taskent) after har-
vest. Second day germination percentage, final germination percentage (FGP),
mean germination time (MGT), shoot length (SL), root length (RL), seedling
fresh (SFW) and dry weight (SDW) were measured. The seed vigor tests,
electrical conductivity (EC) and accelerated ageing (AA) conducted at 42°C
for 48 h were used for distinguishing the vigor of seed colors in forage pea
cultivars. The results showed that the final germination percentage was not
significantly changed with seed color and cultivar while 2™ day germination
was recorded in cv. Tore and army green seeds. Army green colored seeds
germinated faster than brown ones. Among three genotypes, cv. Tore had the
highest final germination percentage, shoot length, seedling fresh and dry
weights, and the earlier time to germination. There were significant differences
among seed colors and army green and green seeds produced more vigorous
seedling than brown seeds. The EC and AA tests confirmed that vigorous
germination and seedling growth were obtained from green colored seeds in
forage pea. Lower EC values and higher germination performance in AA test
were recorded in army green and green seeds. It was concluded that the forage
pea seeds after harvest should be sorted for seed color and removing of brown
seeds may be beneficial for improving seeds quality for their high seed vigor
and seedling growth ability.

Germination
Seedling growth

1. Introduction

Forage pea (Pisum sativum subsp. arvense (L.), an
annual forage legume adapting in the cool season, is
used for hay and seed production in feeding ruminants.
It might be also cultivated as green manuring to en-
hance soil fertility. It is a high-quality feed source for
livestock as roughage and intensive feeding. The nutri-
tional value of forage pea as roughage and seed is
about 18-20% and 20-30% crude protein, respectively
(Mishra et al. 2010; Tan et al. 2012; Acikgoz 2001).
Because it fixes nitrogen into the soil between 5-15
kg/da and leaves a clean stubble for subsequent crops,
it has a high potential in winter sowing in irrigated and
fallow land in the central region of Turkey (Parr et al.
2011; Uzun et al. 2012). Therefore, forage pea sown
area (104 377 da) and green production (210 706
tonnes) in Turkey has increased by 3 times in the last 5
years (TUIK 2018).

Variations in seed coat color in forage pea are asso-
ciated with seed harvest in different development stag-
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es of fruit and some genetic differences (Atis et al.
2011). The seed coat color might be different in the
same varieties due to different ripening period of pods.
In some research, it was reported that different seed
coat colors affect water imbibition and seed quality
characteristics in various legumes. Dark colored seeds
in Pisum sativum L. (Atak et al. 2008) and in Lotus sp.
(Bhatt et al. 2016) indicated that superior seed quality
characteristics were observed in dark colored seeds
than light ones. In contrary of these findings, light
colored seeds had higher germination rate and lower
EC values in Vigna subterranea L (Mandizvo and
Odindo 2019) and in Cicer arietinum L. (Anuradha et
al. 2009. Also, green colored seeds gave better seed
vigor and quality than dark ones (Ertekin and Kirdar
2010; Atisg et al. 2011).

Despite the high rate of different seed coat colors in
forage pea varieties, no previous studies have been
conducted on seed vigor and quality. The aim of this
study was to investigate the effect of three seed colors
(brown, green and army green) on germination and
seed vigor characteristics of three forage pea varieties
with purple flowers (Taskent, Ozkaynak and Tore).
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2. Materials and Methods

Forage pea genotypes of Ozkaynak, Tére and
Taskent purchased from local seed suppliers were pro-
duced at the experimental fields of Eskisehir Osmanga-
zi University, Turkey in 2018. Until the start of the
experiment, the seeds were stored at 4°C. The three
seed colors were visually screened and separated by
previously reported as brown, green and army green by
Santos et al. (2019) as shown in Figure 1.

Germination test were performed by four replicates
of 50 seeds from each cultivar and seed color. The
seeds were germinated in three rolled filter papers with
Brown

Taskent

Figure 1

7 mL of distilled water. To avoid water evaporation,
the rolled papers were put into a sealed plastic bag and
transferred to incubator arranged at 20 + 1°C in the
dark. A two millimeter of root protrusion was consid-
ered as germination criterion. The germinated seeds
were daily counted and 2" day germination expresses
two days after the start of germination test. Fnal germi-
nation percentage (FGP) was recorded at 8" day of
germination (ISTA 2003). The germination speed was
evaluated by using mean germination time described
by follows: MGT = XDn/ Xn

Where D is the number of newly germinated seeds
on each day and n is days of counting.

Seed coat colors of forage pea cultivars after visual separation.

Root length (RL), shoot length (SL), seedling fresh
weight (SFW) and dry weight (SDW) were measured
on the 10" day.

Seed vigor of the seed color of forage pea was de-
termined by two vigor tests. First, the electrical con-
ductivity (EC) test was conducted with two replicates
of 50 seeds from each cultivar and seed color. The
seeds were firstly weighed and then soaked in 250 mL
deionized water at 20°C for 24 h. The EC of soaked
water was measured using a conductivity meter (Model
WTW Cond 314i, Germany) and the results were ex-
pressed in pS cm™ g™ to evaluate the variability in seed
weight (ISTA 2003). Second vigor test was accelerated
ageing (AA) conducted with four replicates of 50 g
seeds. It was performed by using an ageing temperature
and time combination of 42°C for 48 h in a dark
growth chamber (Atak et al. 2008). After incubation,
4x50 seeds were germinated between filter papers at
20°C in dark growth chamber for 10 days as described
in germination test.

The experiment was designed as two factors facto-
rial arranged in completely randomized design with

four replications. The first factor was genotypes and
the second was seed colors. Data for germination per-
centage were subjected to arcsine transformation be-
fore statistical analysis. Analysis of variance was per-
formed using the MSTAT-C program (Michigan State
University, v. 2.10). Significant differences among the
mean values were compared by Duncan’s Multiple
Range test (p< 0.05).

3. Results and Discussion

The main effects of forage pea cultivars, seed col-
ors and analysis of variance with their significance
levels for all the germination and seedling characteris-
tics were described through Table 1. Among the forage
pea cultivars, cv.Tore had the highest 2™ day germina-
tion, final germination percentage, SL, SFW while it
had the shortest MGT. There were significant differ-
ences among seed colors and the lighter colors (green
and army green) resulted in the higher SL, RL, SFW
and SDW.
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Factor 2" day FGP MGT SL RL SFW SDW Electrical co_rl1dl_chtivity
GP (%) (%) (day) (cm)  (cm) (mg/plant) (mg/plant) (MSem™g")
Cultivar
Ozkaynak 43.0° 96.6°  261° 519° 7.03 203" 19.4 18.0
Tore 67.8° 98.6° 232" 7.01° 7.6 243° 20.1 19.3
Taskent 473 943" 261° 506" 8.00 199° 18.8 18.8
Seed color
Brown 51.6® 96.5 251  501° 6.77° 181° 17.9° 25.3°
Green 48.3° 96.3 257 6.04° 8.04° 232° 20.1° 15.0°
Army green 58.1° 96.8 2.45°  6.20° 7.68° 232° 20.2° 15.7°
Analysis of variance
Cultivar (C) ** faled faled faled ns ** ns ns
Seed COIOr * nS * *%x *x ** ** *%
(SC)
CxSC ** ns ** ** ** ns ns ns

*, **: significant at 5% and 1%, respectively. GP: germination percentage, FGP: final germination percentage, MGT: mean germination time, SL:

shoot length, RL: root length, SFW: seedling fresh weight, SDW: seedling dry weight

No significant changes in FGP was observed while
2" day germination was the highest in army green
seeds (58.1%). The electrical conductivity values were
not affected by genotypes but it was varied by seed
colors. Green and army green colored seeds gave lower
EC values than brown ones. Similar these findings,
Mandizvo and Odindo (2019) and Atis et al. (2011)
reported that brown colored seeds indicated the lowest
seed vigor and highest EC values than light ones in
Bambara groundnut and red clover, respectively. How-
ever, Atak et al. (2005) stated that bleached pea seeds
produced the minimum germination and the maximum
EC value.

A two-way interaction (cultivar x seed color) was
significant for 2" day GP, MGT, SL and RL (p<0.01,
Table 1). The army green seeds in Ozkaynak and
Taskent gave the highest 2™ day GP while Tére pos-
sessed it in brown seeds (Table 2). But, no significant
differences between seed colors were determined. Con-
trarily, previous researches demonstrated that seed

Table 2

colors clearly affected germination percentage in pea
(Atak et al. 2005), in guar (Liu et al. 2007) and in red
clover (Atis et al. 2011).

Cv.Taskent with army green seeds led to a decrease
time to germination while the fastest germination was
obtained from brown seeds of cv.Tore without signifi-
cance between seed colors. Similar results were ob-
served by Atak et al. (2005) who determined faster
germination in dark green colored pea seeds. Shoot
length was significantly changed by seed color and the
forage pea cultivars. Green and army green seeds of the
cultivars had the longest SL, except for cv.Tagkent
with green seeds (Table 2). The highest root length
(RL) was recorded in brown seeds of cv. Tore with
9.10 cm and it was gradually decreased when the seed
colors were green. However, no significant changes in
RL of cv.Tagkent were determined among seed colors
and green seeds of cv.Ozkaynak gave longer RL than
the other colors.

Germination and seedling properties as affected by the cultivars and seed colors

Seed color Ozkaynak Tore Tagkent
2" day germination percentage (%)
Brown 33.5' 73.5° 48.0°*
Green 41.0% 65.0° 39.0°
Army green 54.5° 65.0" 55.0°
Mean germination time (day)
Brown 2.74° 2.26° 2.55°
Green 2.63° 2.34% 2.76°
Army green 2.47™ 2.36° 2.51
Shoot length (cm)
Brown 3.82° 6.13" 5.09%
Green 6.09° 7.23° 4.81°
Army green 5.66™ 7.67° 5.28%
Root length (cm)
Brown 5.96° 9.10% 7.81°
Green 8.01° 8.22* 7.77°
Army green 6.35% 7.29™ 7.45°

*: Means followed by same letter(s) are not significant at 5%.
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All the investigated parameters after AA test were
significantly different (Table 3). Higher 2™ day germi-
nation and FGP were recorded in green and army green
seeds. Cv.Tore indicated the superiority to the other
cultivars in terms of the investigated parameters. Also,
its seeds germinated faster than the others did. The
seeds colored army green produced more vigorous
seedling while mean germination time shortened in

Table 3

green and army green seeds. The study of Mandizvo
and Odindo (2019) on structural and imbibitional char-
acteristics of dark and light seed coat colors of Vigna
subterranea L. landraces was confirmed by these find-
ings. They reported that the light colored seed had the
highest germination while the dark colored one had the
lowest final germination after 120 hours of seed age-

ing.

Germination and seedling properties as affected by the cultivars and seed colors after AA test

2" day GP FGP MGT
Factor %) %) (day) SL (cm) RL(cm) SFW (mg/plant) SDW (mg/plant)
Cultivar
Ozkaynak 35.0° 93.8° 2.84° 5.21° 6.32 188° 16.8°
Tore 58.6° 98.0°% 2.42° 6.40°% 6.55 217° 18.1°
Taskent 49.0° 94.8° 2.59" 4.68° 5.85 176° 15.4°
Seed color
Brown 37.1° 89.6° 2.77° 4.85° 5.63° 171° 14.7°
Green 51.3% 98.3% 2.51° 5.35° 6.30° 199° 17.0°
Army green 54.1% 98.6° 2.57% 6.08° 6.78° 210° 18.5°
Analysis of variance

Cultivar (C) ** ** ** ** ns * *
Seed CO|OI’ (SC) *%* *%* * *%* *%* *%* **
Cx SC ** ns * ** ns *k ns

*, **: significant at 5% and 1%, respectively. GP: germination percentage, FGP: final germination percentage, MGT: mean germination time, SL:
shoot length, RL: root length, SFW: seedling fresh weight, SDW: seedling dry weight.

The 2" day GP after AA test was dissimilar to the
germination test because army green seeds of cv. Tore
gave the highest value of 74.0% (Table 4). Green col-
ored seeds of Ozkaynak and Tagkent germinated better
than brown seeds. Also, time to germination retarded in
Table 4

brown seeds of forage pea cultivars and, green and
army green seeds gave faster germination than brown
seeds. The brown seeds had the lowest shoot length
and seedling fresh weight and cv. Tagkent produce the
lowest seedling growth.

Germination and seedling properties by the cultivars and seed colors after AA test

Cultivar
Seed color Ozkaynak Tore Tagkent
2"7 day germination percentage (%)
Brown 14.0° 51.5° 46.0°*
Green 52.0° 50.5 51.5°
Army green 39.0° 74.0° 495
Mean germination time (day)
Brown 3.14° 2.51% 2.64"
Green 2.50% 2.49% 2.55%¢
Army green 2.88% 2.27° 2.58"
Shoot length (cm)
Brown 4.34° 6.08™ 4.15°
Green 5.57° 6.37% 4.10°
Army green 5.72° 6.75° 5.78°
Seedling fresh weight (mg/plant)
Brown 142° 207 165°
Green 209% 229° 158
Army green 212% 214 204"

*: Means followed by same letter(s) are not significant at 5%.

EC values of forage pea cultivars were similar to
each other while seed colors gave different EC values.
The higher EC value was measured in brown seeds but
green and army green seeds gave lower EC values
(Figure 2). No significant differences between EC
values of green and army green seeds were determined.

Moreover, the results of AA test appeared in corrobora-
tion with EC test. Brown seeds after AA produced the
lowest 2" day GP, FGP, seedling growth and retarded
germination time.
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Figure 2

EC values and 2" day germination percentage after AA
test of brown, green and army green seeds of forage
pea.

In conclusion, seed color is an indicator of seed
vigor in forage pea cultivars and the darker seeds pro-
duced a delayed germination and restricted seedling
growth. However, forage pea genotypes showed differ-
ent responses to seed color and cv. Taskent did not
show the sensitivity to seed colors. It should be advised
that the seed lots after harvest should be selected for
seed color to attain vigorous seeds, better germination
performance and seedling growth in forage pea culti-
vars.
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