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Abstract

Plant root development and architecture are experiencing a period of increased interest due to climate change and increasing drought
stress pressure. It is known that root has a 3-dimensional and complex developmental system, just like above-ground organs.
Determination of abiotic stress factors affecting root architecture and development in forage legume species is essential for developing
abiotic stress-tolerant cultivars and sustainable agricultural production. In this study, it was aimed to investigate the effect of 0- to 300
mM salt (NaCl) doses on early root development, root architecture, and endosperm usage ratios in two different common grasspea
cultivars (Lathyrus sativus L.) with known basic developmental differences. As a result of the study performed with the modified cigar-
roll technique, it was observed that in general, 100 to 150 mM and above doses inhibit root growth. The number and length of roots are
affected parallel to each other. It was observed that the genotypic differences between the cultivars for the measured parameters related
to root development were also reflected in the results. Different cultivars had different levels of tolerance, and the total number and
length of roots affect the salt stress inhibition. As a result of the stress encountered in the seedling stage, it was observed that the seed
endosperm usage ratio decreased up to 4-fold. It has been observed that evaluation of salt stress tolerance at the seedling stage may shed
light on genotypic differences for germination and early development speed, and maybe important for earliness.

Keywords: Root architecture; forage legume; NaCl; lateral root development; endosperm usage ratio.

Yaygin Miirdiumik (Lathyrus sativus L.) Bitkisinde Tuz Stresinin
Kok Gelisimi ve Mimarisine Etkisi

Oz

Bitki kok gelisimi ve mimarisi iklim degisimi ve artan kuraklik baskisi nedeniyle artan bir ilgi ve 6nem donemi yasamaktadir. Kok
gelisiminin ayni toprak iistii organlarin gelisiminde oldugu gibi, 3 boyutlu ve kompleks bir gelisim sistemi oldugu bilinmektedir.
Baklagil yem bitkisi tiirlerinde k6k mimarisi ve geligsimini etkileyen abiyotik stress elementlerinin belirlenmesi, abiyotik strese tolerant
cesit gelistirilmesi ve siirdiirtilebilir tarimsal {iretim agisindan elzemdir. Bu ¢alismada temel gelisimsel farkliliklari bilinen iki farkli
miirdimiik (Lathyrus sativus L.) ¢esidinde 0-300 mM arasi tuz (NaCl) uygulamasinin erken donem kdk gelisimi ve kok mimarisine
etkisi ve endosperm kullanim oraninin incelenmesi amaglanmigtir. Modifiye cigar- roll teknigi ile yapilan ¢alisma sonucunda, genel
olarak 100-150 mM ve iistli dozlarmin kok gelisimini inhibe ettigi, kok say1 ve uzunluklarinin birbirine paralel diizeyde etkilendigi
goriilmiistiir. Kok gelisimi ile ilgili dlgiilen parametreler agisindan cgesitler arasi genotipik farkliliklarin, sonuglara da yansidigi
goriilmiistiir. Farkli gesitlerin, farkli diizeylerde toleranslarinin oldugu, toplam kok sayis1 ve uzunlugunun tuz stresinin etkisini belirgin
bir sekilde yansittigr anlagilmistir. Erken donemde karsilagilan stress sonucunda tohum endosperm kullanim oraninin 4 kata kadar
diistiigii goriilmiistiir. Fide asamasinda tuz stresi toleranst gozleminin ¢imlenme ve gelisme hizi agisindan genotipik farkliliklara 151k
tutabilecegi ve erkencilik agisindan 6nemli oldugu gézlemlenmistir.

Anahtar Kelimeler: K6k mimarisi; baklagil yem bitkisi; NaCl; lateral kok gelisimi; endosperm kullanim orani.
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1. Introduction

Forage crops constitute one of the most important parts of
animal production and affect end-user prices significantly
(Ozyazic1 & Agikbas, 2019a). Common grasspea (Lathyrus
sativus L.) is a legume forage plant used in human and animal
nutrition (Ahmadi et al., 2015), tolerant to diseases and pests
(Talukdar & Biswas, 2008), and grown for both forage and grain
yield (Ozyazici & Agikbas, 2019b). Grasspea has a known
tolerance to drought, cold and moderate salt stress and can be
cultivated in diverse climate and soil conditions (Noto et al., 2001;
Talukdar, 2011a).

Abiotic stress factors directly threaten food safety and affect
production all over the world (Yavas & Ilker, 2020). Salt stress,
one of the abiotic stress factors, is an important problem limiting
plant growth, yield, and quality in agricultural production
(McMaster & Wilhelm, 2003). As a result of the accumulation of
salt ions in the soil, ion toxicity causes ion imbalances and
consequently has negative effects on the yield and quality of the
plant growth (Kwon et al., 2019). Besides, the photosynthesis
capacity of plants grown in salty conditions decreases depending
on the stress level, duration, plant age, and species (Najar et al.,
2019). Each plant species reacts differently to salt stress.
Sometimes significant differences can arise even between the
cultivars of a plant species (Almansouri et al., 2001).

It is known that salt stress affects germination significantly
and even completely prevents germination depending on the
amount of salt in the soil. It is stated that the most sensitive growth
stage to salt stress is germination (Ahmad et al., 2013). It is
extremely important that the roots, which are one of the most
important parts of the plants, are also significantly affected by salt
stress and that the plant has an effective root system for its
development.

The effects of salt stress on root architecture in leguminous
plants have been demonstrated in some studies (Ariel et al., 2010;
Egamberdieva et al., 2017). However, there were no previous
reports on the effect of salt stress on common grasspea seedling
development and root architecture. In this context, it is thought
that this preliminary study may form the basis of future studies.
Therefore, this study aimed to evaluate two different common
grasspea cultivars for salt stress tolerance with a specific
perspective on root development, architecture, and endosperm
usage ratio.

2. Material and Method
2.1. Plant Materials and Growth Conditions

The study was planned to examine the root architectures of
common grasspea cultivars under salt stress. It was established in
the Laboratory of the Department of Agricultural Biotechnology
in Siirt University, in 2020. Common grasspea (Lathyrus sativus
L.) cultivars Giirbiiz-2001 and GAP mavisi were used as plant
materials in the study. The temperature was ranged between 25-
27 ° C and the humidity level was 60-70% as controlled
conditions. The study was established according to randomized
complete blocks design (RCBD) with three replications and nine
plants per replication. The experiment was set up on November 5,
2020, and was terminated on the 15" day to examine the early
development stages.
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Seed surface sterilization was carried out in 70% ethyl
alcohol (C2HsOH) and then in 5% sodium hypochlorite (NaCIO)
for 5 minutes each. The sterilized seeds were rinsed under running
water for 1 minute. The seeds were imbibed in water for 24 hours
to allow the seeds to germinate homogeneously. The seeds
showing homogeneous germination were placed between the
germination papers (40 x 40 cm) as 3 seeds per set (with 10 cm
intervals). Germination papers were turned into cigar rolls and
placed in cylindrical containers and left to grow for fifteen days
(Zhu et al., 2005). The control treatments had no salt, while salt-
treated applications had 50, 100, 150, 200, 250, and 300 mM NaCl
concentrations. The amount of water in each container was at the
same level and each set received specified salt doses. The
experiment was completed at the end of the 15 day and root and
shoot growth parameters were measured. To examine the
endosperm usage ratio of cultivars under different salt doses, dry
seeds were weighted individually before and after the
experiments.

2.2. Root Trait Measurements

Root samples were scanned in color scale at 600 DPI with a
handheld scanner (Iscan Color Mini Portable Scanner). Root
images were analyzed using ImageJ (imagej.nih.gov; Schneider
et al., 2012) software. In the study, pre-experimental dry seed
weight (PreSW), post-experimental dry seed weight (PostSW),
shoot length (SL), number of roots (NOR), total root length
(TRL), mean total root length (MeanTRL), taproot length
(TapRL), number of lateral roots (NLR), total lateral root length
(LRL) and mean lateral root length (MeanLRL) parameters were
examined (Bektas and Waines, 2020).

2.3. Statistical Analysis

Statistical analyses were performed using Statistix 10
software (Analytical Software; Tallahassee, FL, USA) to measure
the variation within and between the cultivars with two-way
variance analysis (ANOVA). Variance groupings were made using
the Least significant Difference (LSD) tests (Steel et al., 1997).
Relationships between parameters were examined with Pearson
simple correlation analysis.

3. Results and Discussion

The effects of salt stress on early root and shoot development
in common grasspea cultivars were examined in this study. Two
different common grasspea cultivars with different growth
characteristics (Ozyazic1 & Agikbas, 2019b) were selected (Table
1) for the evaluation. The developmental variation observed
between cultivars was effective in salt tolerance levels (Figure 1
and Table 2). According to variance analysis, the effect of seven
different salt doses on root development of common grasspea
cultivars was significant. Different response levels of the cultivars
to salt doses and the cultivar x salt dose interactions were found
statistically significant at the p <0.05 level (Table 2 and 3).

Each cultivar had different salt stress tolerance levels at the
seedling stage. As the salt dose increased, GAP Mavisi started to
be affected at 100 mM salt dose, while Giirbliz-2001 was affected
at 150 mM salt dose in terms of total root lengths. It was
determined that 0 and 50 mM salt doses did not have a significant
effect on root development in both cultivars (Table 2). Total root
lengths were determined as 114.57 cm in GAP Mavisi and 114.02
cm in Gilirbiiz-2001 in the control group. At the highest salt dose
(300 mM)), the total root length in GAP Mavisi was decreased to
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11.05 cm and in Giirbiiz-2001 to 9.58 cm (Figure 1). Previous
reports suggest weakened above and below ground growth in
common grasspea due to salt stress (Talukdar, 2011b; Tsegay and
Gebreslassie, 2014). The results of this study suggest that
cultivars react to salt stress at different levels and different doses
(Figure 1), possibly due to differences in root architecture and

various above-ground characteristics. Previously known above
and below ground growth differences between these two cultivars
were also effective in salt tolerance levels (Data not shown).
Determination of the variation in salt stress tolerance within the
species could contribute to the development of new cultivars for
the specific needs of the salinity-affected regions.

Table 1. Descriptive statistics for the number of roots (NOR), number of lateral roots (NLR), total root length (TRL), lateral root
length (LRL), taproot length (TapRL), mean total root length (MeanTRL, TRL/NOR), mean lateral root length (MeanLRL; LRL/NLR),
seed weight before (PreSW) and after the experiment (PostSW), root thickness (RT) and shoot length (SL)

Cultivar NLR TRL LRL  TapRL l;’ll:;“ 1;’[1:;“ PreSW PostSW RT  SL
Vean GAP Mavisi 1676 6178 4031 2141 329 211 014 008 0.17 3105
Giirbiiz2001 16.19 5657 3514 2145 296 169 015  0.10 0.16 2920
- GAP Mavisi 1237 4773 4105 998 288 285 002 005 0.03 1141
Giirbiiz2001 1219 4399 3621 1044 184 131 002 005 0.02 1265
, GAP Mavisi 152.89 2278 1685  99.54 828 812 000  0.00 0.00  130.22
Vanance 001 148.65 1936 1311 10890 338 171 000  0.00 0.00  160.06
CEnen, GAPMavisi 162 627 539 131 038 037 000 00l 0.00  1.50
Giirbiiz2001 160 578 475 137 024 017 000 001 0.00 1.66
. GAP Mavisi 7378 7726 101.83 4661 8743 13525 1701  59.8 1533 3675
Giirbiiz2001 7531 7777 103.05 4865 6208 7722 1366  52.60 1423 4333
N GAP Mavisi 000 000 000 000 000 000 009 002 0.11  4.00
Minimum
Giirbiiz2001 0.00 423 000 423 000 000 010 002 0.07  3.50
Vaximun  GAPMavisi 5400 2121 18608 3691 2121 2068 021 022 023 52.00
Giirbiiz2001 52.00 1871 16129 39.12 904 481 022 023 020  57.00

SD: Standard deviation, SE Mean: Standard error mean, C.V.: Coefficient of variation

When the total lateral root length was examined, the highest
values were found in the control group (GAP Mavisi 85.28 cm,
and Giirbliz 79.06 cm). It was determined that the differences
between the control group and 50 mM in GAP Mavisi and 100
mM salt dose in Giirbiiz-2001 were not significant. Each cultivar
was affected differently depending on the salinity level (Figure 1
and Table 2). The first significant effect of salt stress was seen at
150 mM salt dose (Table 3). It is reported that the effect of salt
stress on the plant varies according to the dose applied, the time
elapsed after salt exposure, and the species (Hasanuzaman et al.,
2013; Ozkorkmaz and Yilmaz, 2017). According to the results of
the current study, 150 mM salt dose was the critical threshold for
both cultivars tested, and plant growth values decreased
significantly above this dose. Since this is a preliminary study that
examines the early seedling development period, it may be useful
to control the upper limit of tolerance in further growth stages and
different growth conditions. While 150 mM is a significant
limiting threshold in semi-hydroponics culture (Tables 2 and 3),
lower or higher doses may be effective in the solid growth
medium, such as sand, vermiculite, perlite, or field conditions.
Even under field conditions, sowing practices affect avoidable salt
and other abiotic stresses (Akdagoglu et al., 2020). Therefore,
there is a need for the evaluation of salt stress tolerance under
various growth scenarios. It is planned to examine salt stress and
root development interactions under field conditions with the
shovelomics technique (Colombi et al., 2015; Burridge et al.,
2016).
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It was observed that the taproot lengths of the cultivars
evaluated were not significantly different between control and 50
mM doses, and two constituted the first group (Table 2). The
highest values were determined in Giirbiiz-2001 as 34.95 and
32.95 cm in the control group and in 50 mM dose, respectively.
The lowest values were determined as 10.57 cm in GAP Mavisi
and 9.70 cm in Glirbiiz-2001 at 300 mM salt dose. Even though
300 mM had the lowest values for taproot lengths, the values
obtained at 250 mM dose were not significantly different from the
highest dose. This similarity suggests that, after a certain
threshold, plants can only grow to a limited size. In this parameter,
the first significant effect of salt stress was observed at 100 to 150
mM salt doses (Figure 1 and Table 2). It was observed that 100
and 150 mM had a similar effect on root development, a similar
observation was also seen between 250 and 300 mM doses. Here,
250 mM and above was perceived as a very high dose for common
grasspea taproot initiation, and the taproot remained at one-third
of the size compared to optimum development (control group).
High levels of salt stress not only restricted lateral roots, but also
the taproot, and as a result, the taproot remained very short
compared to normal growth. The shortened taproot may cause the
plant to have limited access to deep water layers in the soil during
summer droughts and the plant may not survive the dry season.
As a result, even short-term salt stress may cause the plant to fall
behind its survival potential. Salt stress at early growth stages may
have a limiting effect on plant productivity and product quality
(Koca et al., 2007).
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Mean lateral root length highlights, plant’s overall ability in
rooting. It was determined that the least affected cultivar was the
GAP Mavisi with a mean lateral root length of 4.49 cm at 100 mM
salt dose. The control group and 100 mM dose were statistically
in the same group for GAP Mavisi. Depending on the effect of
salt, the lowest mean lateral root length values were obtained in
Giirbiiz-2001 with 0.62 cm at 250 mM salt dose, and in both
cultivars at 300 mM salt dose (Tables 2 and 3). The mean lateral
root length is a parameter that reveals the rooting potential of the
plant in terms of number and length. The decrease in the
mean value from 4.49 cmto 0.62 cm indicates that the plants'

photosynthesis, respiration, and carbon circulation are
significantly interrupted under salt stress. The negative
interactions of the seed's final weight with the increased salt dose
also shown that even the stocks in the endosperm cannot be used
under salt stress. There was a 4-fold difference in seed final
weight between control and 300 mM dose.

Although it is known that salt stress affects plant growth
negatively, there is no study reporting its effect on the seedling
root architecture of common grasspea. Talukdar (2011a) reported
that low salt doses had a similar effect on root growth and higher
doses led to a significant inhibition.

Table 2. Genotype x dose interactions for the cultivars GAP Mavisi and Giirbiiz-2001 for total root length (TRL), lateral root length
(LRL), taproot length (TapRL), mean lateral root length (MeanLRL; LRL/NLR), root thickness (RT), shoot length (SL), number of roots
(NOR), number of lateral roots (NLR) and seed weight after the experiment (PostSW)

Dose Genotype TRL LRL TapRL Mean LRL RT SL NOR NLR Post SW
0 GAPMavisi 114.57a 8528a 2930a-c 3.20ab 0.19a 40.78 ab 31.11a 30.11a 0.04 fg
Gilirbtiz-2001  114.02a 79.06ab 34.95a 3.05 a-c 0.17a-d 4453 a 27.27 ab 26.27 ab 0.03 g
50 GAPMavisi 94.45ab 63.28ab 30.78ab  2.50 b-d 0.18ab  3722a-c 26.56ab 25.56 ab 0.05 e-g
Gilirbtiz-2001  89.34ab 56.87bc 32.59a 2.58 b-d 0.16b-d 37.69a-c 24.52ab 23.51 ab 0.10 b-d
100 GAPMavisi 77.61bc 56.15bc 21.45d-f 4.49a 0.17a-c 3583ac 1511ce 14.11c-e 0.07d-f
Gilirbiiz-2001 9343 ab 67.76 ab 25.68 b-d 2.52 b-d 0.17a-d 3135c-e 25.67ab 24.67 ab 0.08 c-e
150 GAPMavisi 57.83cd 34.13cd 23.69c-e 1.62b-e 0.16 b-d 33.17b-d 20.56 be 19.56 be 0.08 c-e
Gilirbiiz-2001  35.61de 16.94de 18.64e-g 1.48b-¢e 0.16b-d 26.17d-f 11.00d-f 10.00d-f 0.11 bc
200 GAPMavisi 30.14e¢ 1398de 16.16f-h 1.01c-e 0.15cd 23.00e-g 11.67d-f 10.67d-f 0.10b-d
Gilirbiiz-2001  34.27de 15.64de 18.66e-g 0.87 de 0.17a-d 26.10d-g 18.67b-d 17.67b-d 0.12ab
250 GAPMavisi 19.62e 6.53¢ 13.11 h 0.74 de 0.17a-d 19.28 fg 8.47 ef 7.61 ef 0.15a
Gilirbiiz-2001  19.02e 7.95¢ 11.10 h 0.62¢ 0.16 b-d 20.78 fg 9.78 ef 8.78 ef 0.13 ab
300 GAPMavisi 11.05e 0.55e¢ 10.57 h 021e 0.17a-d 21.53fg 421f 32f 0.10 b-d
Giirbiiz-2001 ~ 9.58 ¢ 0.39e 9.70 h 0.11e 0.14d 1695 ¢ 271 f 1.7f 0.13 ab

Means followed by different letters within columns are different according to the least significant difference (LSD) test at p< 0.05

Although the effect of salt stress on root thickness in common
grasspea was statistically significant, it was observed that it
followed a fluctuating as higher doses were applied. While the
highest value was determined in the control group as 0.19 cm in
GAP Mavisi, the lowest value was found in Giirbiiz-2001 as 0.11
cm at 300 mM salt dose (Table 2). Although the effect of root
thickness by salt dose was significant between control and 300
mM, no dose-dependent interaction was observed. The reason for
this may be the small number of cultivars or the duration of
the experiment or some other complex interaction. The extent to

which the root diameter changes according to environmental
conditions, the level of inheritance, and its effects on this
parameter should be revealed with comprehensive studies. No
similar studies were found in common grasspea or related species.

Shoot length variation under salt stress is also evaluated for
two cultivars. Gilirbiiz-2001 was the least affected in the control
group with a value of 44.53 cm. Along with this cultivar, the GAP
Mavisi had a gradual decrease in shoot length as the salt dose
increased. There were significant, but relatively small reductions
between control, 50, and 100 mM doses (Figure 1). The salt doses

Table 3. The effect of salt dose in mean values for total root length (TRL), lateral root length (LRL). taproot length (TapRL), mean
total root length (MeanTRL,; TRL/NOR), mean lateral root length (MeanLRL; LRL/NLR), root thickness (RT), shoot length (SL), number
of roots (NOR), number of lateral roots (NLR), and seed weight after the experiment (PostSW)

Dose TRL LRL TapRL  Mean TRL Mean LRL RT SL NOR NLR Post SW
0 11429a 82.17a 32.12a 425a 3.12a 0.18 a 42.65a 29.19a 28.19a 0.03d
50 919b 60.07b 31.68a 374 a 254ab 0.17ab 37.46ab  2554ab  24.54ab  0.08c
100 85.52b 61.95b 23.57b 449 a 35a 0.17ab  33.59bc  20.39 bc 1939bc  0.08c
150 46.72 ¢ 2554c¢ 21.17bc  3.19ab 1.55bc  0.16b 29.67 cd 15.78 ¢ 14.78 ¢ 0.09 be
200 322cd 1481 cd 17.39¢ 2.16 be 094 ¢ 0.16 b 24.53 de 15.17 cd 14.17cd  0.11b
250 19.32de 724cd 12.11d 1.64 c 0.68 ¢ 0.16ab 20.03¢ 9.12 de 8.2 de 0.14 a
300 1032e 0.24d 10.12d 1.8 be 0.16 ¢ 0.16 b 19.24 ¢ 346¢ 245¢ 0.12 ab

Means followed by different letters within columns are different according to the least significant difference (LSD) test at p<0.05
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showed different effects on the cultivars in terms of shoot growth.
While salt showed its first significant effect on Giizbiiz-2001 at

100 mM, it started to affect GAP Mavisi

at 150 mM (Table 2) in

shoot length. The sharpest effect of salt stress was observed in
Giirbiiz-2001 with a value of 16.95 cm shoot length at 300 mM

dose. Considering that the shoot and root

growth are significantly

correlated (Bektas, 2015), and root growth is significantly
affected from 100 to 150 mM doses, shoot growth is followed a

similar trend.

When the cultivars were evaluated

for the total number of

roots, the highest mean values were found in GAP Mavisi with
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Figure 1. Changes in mean values for total root length (TRL), lateral root length (LRL), taproot length (TapRL), mean total root length
(MeanTRL, TRL/NOR), mean lateral root length (MeanLRL; LRL/NLR), shoot length (SL), root thickness (RT), number of roots (NOR),

31.11 roots per plant in the control group. The lowest values were
determined as 4.21 and 2.71 under 300 mM salt dose. The first
significantly limiting salinity level was 100 mM for GAP Mavisi
and 150mM for Giirbiiz-2001 (Figure 1 and Table 2). Increasing
salt dose is thought to inhibit lateral root development and root
differentiation from root epithelial cells. This directly effects
features that determines the fate of the plant in both water and
mineral uptake, such as total root length. Evaluation of the
number and length of roots of a cultivar under salt stress is
important to reveal the performance of the plant under stress, even
though each genotype has a genetic potential for the number of

roots.
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The effects of salt stress on the number of lateral roots in
common grasspea cultivars were observed at a salt dose of 150
mM for Giirbiiz-2001, while it was observed at 100 mM dose in
GAP Mavisi (Figure 1 and Table 2). Although no similar studies
were investigating the relationship between root architecture and
salt stress, Onal Asc1 and Zambi (2020), stated that salt doses up
to 150 mM negatively affected root biomass, number of leaves,
and above-ground biomass in pea (Pisum sativum L.).
Considering that root biomass and the number of roots is two
correlated traits, the results in this study were comparable with the
previous report.

Pre (PreSW) and post-experimental dry seed weights
(PostSW) were also examined in this study. It was seen that the
PostSW was increased as the salt dose increased and the highest
PostSW values were at 250 mM and 300 mM salt doses (Table 2).
The lowest values were found in the control group. According to
these data, it was concluded that the endosperm usage ratio was
reduced due to increasing salt doses. Under salt stress, the
seedlings could not use the endosperm stocks and as a result, early
root development progressed slowly. Similar results were
observed in both cultivars with very similar pre-experimental seed
weights (Figure 1). A similar study in another legume species

(Pisum sativum arvense) has been shown to have different
endosperm utilization rates (Semih Acikbas, personnel
communication) between cultivars during the same growth day.
However, the endosperm utilization rates of different cultivars
under salt stress have been shown for the first time in common
grasspea with this study. As the salt dosage increased in both
cultivars, PostSW was increased, but the ratios were different. The
cultivar with a higher salt tolerance level used a higher proportion
of its endosperm compared to the cultivar with a lower tolerance
level.

To examine the relationships between seedling root traits, the
correlation (Pearson) test was applied, and a high level
of correlation was found between the root parameters. A positive
correlation was observed between taproot length and, the total
number of roots (0.74), the number of lateral roots (0.74), total
root length (0.75), and total lateral root length (0.63) (Table 4).
Besides, a negative correlation was determined (-0.34 to -0.63)
between dry seed weight (PostSW) and all root traits (Table 4). As
a result of this study, it was seen that root development proceeds
with a system logic (Lynch, 2013) and there is correlated
developmental progress that forms the basic architectural
structure among all root parameters.

Table 4. Correlations (Pearson) coefficients between the number of roots (NOR), number of lateral roots (NLR), total root length (TRL),
lateral root length (LRL), taproot length (TapRL), mean total root length (MeanTRL, TRL/NOR), mean lateral root length (MeanLRL,
LRL/NLR), seed weight before (PreSW) and after (PostSW) the experiment, root thickness (RT), and shoot length (SL).

NOR NLR TRL LRL TapRL Mean TRL Mean LRL PreSW PostSW RT
NLR 1.00
p-value 0.00
TRL 0.81 0.81
0.00  0.00
LRL 0.77 077 099
0.00 0.00 0.00
TapRL 0.74 0.74 0.75  0.63
0.00 0.00 0.00 0.00
Mean TRL 0.11 0.11 056 0.57 0.34
024 024 000 0.00 0.00
Mean LRL 0.23 0.23 0.69 0.72 0.34 0.90
0.01 0.01 0.00  0.00 0.00 0.00
PreSW 032 032 027 027 0.19 0.04 0.10
0.00 0.00 0.00 0.00 0.04 0.65 0.28
PostSW -0.54 -0.54 -0.63 -0.62 -0.52 -0.34 -0.40 0.26
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
RT 0.41 0.41 0.41 0.40 0.29 0.20 0.27 0.29 -0.28
0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00
SL 0.73 073 0.74  0.69 0.71 0.35 0.43 0.19 -0.62 0.43
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00

4. Conclusions and Recommendation

Identification of the changes in the root architecture of
cultivars with different root characteristics under salt stress is an
important outcome to understand plant growth under abiotic
stress. Further studies examining different genotypes
under controlled and field conditions are important in terms of
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understanding root architecture and universal responses to salt
stress in legume species. This preliminary study aimed to examine
the root development patterns of common grasspea cultivars
under salt stress. An average of 100-150 mM salt dose seems to
be the threshold for growth limitation in the root system and salt
tolerance in common grasspea seedlings. The salt stress tolerance
thresholds should be revealed with further studies and species to
breed cultivars with higher tolerance rates.
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