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Abstract 

Plant root development and archRtecture are experRencRng a perRod of Rncreased Rnterest due to clRmate change and RncreasRng drought 
stress pressure. It Rs known that root has a 3-dRmensRonal and complex developmental system, just lRke above-ground organs. 
DetermRnatRon of abRotRc stress factors affectRng root archRtecture and development Rn forage legume specRes Rs essentRal for developRng 
abRotRc stress-tolerant cultRvars and sustaRnable agrRcultural productRon. In thRs study, Rt was aRmed to RnvestRgate the effect of 0- to 300 
mM salt (NaCl) doses on early root development, root archRtecture, and endosperm usage ratRos Rn two dRfferent common grasspea 
cultRvars (Lathyrus sat9vus L.) wRth known basRc developmental dRfferences. As a result of the study performed wRth the modRfRed cRgar-
roll technRque, Rt was observed that Rn general, 100 to 150 mM and above doses RnhRbRt root growth. The number and length of roots are 
affected parallel to each other. It was observed that the genotypRc dRfferences between the cultRvars for the measured parameters related 
to root development were also reflected Rn the results. DRfferent cultRvars had dRfferent levels of tolerance, and the total number and 
length of roots affect the salt stress RnhRbRtRon. As a result of the stress encountered Rn the seedlRng stage, Rt was observed that the seed 
endosperm usage ratRo decreased up to 4-fold. It has been observed that evaluatRon of salt stress tolerance at the seedlRng stage may shed 
lRght on genotypRc dRfferences for germRnatRon and early development speed, and maybe Rmportant for earlRness.  
 

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

Yaygın Mürdümük (Lathyrus sat*vus L.) B7tk7s7nde Tuz Stres7n7n     
Kök Gel7ş7m7 ve M7mar7s7ne Etk7s7 

Öz 

Bitki kök gelişimi ve mimarisi iklim değişimi ve artan kuraklık baskısı nedeniyle artan bir ilgi ve önem dönemi yaşamaktadır. Kök 
gelişiminin aynı toprak üstü organların gelişiminde olduğu gibi, 3 boyutlu ve kompleks bir gelişim sistemi olduğu bilinmektedir. 
Baklagil yem bitkisi türlerinde kök mimarisi ve gelişimini etkileyen abiyotik stress elementlerinin belirlenmesi, abiyotik strese tolerant 
çeşit geliştirilmesi ve sürdürülebilir tarımsal üretim açısından elzemdir. Bu çalışmada temel gelişimsel farklılıkları bilinen iki farklı 
mürdümük (Lathyrus sativus L.) çesidinde 0-300 mM arası tuz (NaCl) uygulamasının erken dönem kök gelişimi ve kök mimarisine 
etkisi ve endosperm kullanım oranının incelenmesi amaçlanmıştır. Modifiye cigar- roll tekniği ile yapılan çalışma sonucunda, genel 
olarak 100-150 mM ve üstü dozlarının kök gelişimini inhibe ettiği, kök sayı ve uzunluklarının birbirine paralel düzeyde etkilendiği 
görülmüştür. Kök gelişimi ile ilgili ölçülen parametreler açısından çeşitler arası genotipik farklılıkların, sonuçlara da yansıdığı 
görülmüştür. Farklı çeşitlerin, farklı düzeylerde toleranslarının olduğu, toplam kök sayısı ve uzunluğunun tuz stresinin etkisini belirgin 
bir şekilde yansıttığı anlaşılmıştır. Erken dönemde karşılaşılan stress sonucunda tohum endosperm kullanım oranının 4 kata kadar 
düştüğü görülmüştür. Fide aşamasında tuz stresi toleransı gözleminin çimlenme ve gelişme hızı açısından genotipik farklılıklara ışık 
tutabileceği ve erkencilik açısından önemli olduğu gözlemlenmiştir.  
 
Anahtar Kel?meler: Kök mimarisi; baklagil yem bitkisi; NaCl; lateral kök gelişimi; endosperm kullanım oranı. 
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1. Introduction 
Forage crops constRtute one of the most Rmportant parts of 

anRmal productRon and affect end-user prRces sRgnRfRcantly 
(Özyazıcı & Açıkbaş, 2019a). Common grasspea (Lathyrus 
sat9vus L.)  Rs a legume forage plant used Rn human and anRmal 
nutrRtRon (AhmadR et al., 2015), tolerant to dRseases and pests 
(Talukdar & BRswas, 2008), and grown for both forage and graRn                      
yReld (Özyazıcı & Açıkbaş, 2019b). Grasspea has a known 
tolerance to drought, cold and moderate salt stress and can be 
cultRvated Rn dRverse clRmate and soRl condRtRons (Noto et al., 2001; 
Talukdar, 2011a).  

AbRotRc stress factors dRrectly threaten food safety and affect 
productRon all over the world (Yavaş & İlker, 2020). Salt stress, 
one of the abRotRc stress factors, Rs an Rmportant problem lRmRtRng 
plant growth, yReld, and qualRty Rn agrRcultural productRon 
(McMaster & WRlhelm, 2003). As a result of the accumulatRon of 
salt Rons Rn the soRl, Ron toxRcRty causes Ron Rmbalances and 
consequently has negatRve effects on the yReld and qualRty of the 
plant growth (Kwon et al., 2019). BesRdes, the photosynthesRs 
capacRty of plants grown Rn salty condRtRons decreases dependRng 
on the stress level, duratRon, plant age, and specRes (Najar et al., 
2019). Each plant specRes reacts dRfferently to salt stress. 
SometRmes sRgnRfRcant dRfferences can arRse even between the 
cultRvars of a plant specRes (AlmansourR et al., 2001).  

It Rs known that salt stress affects germRnatRon sRgnRfRcantly 
and even completely prevents germRnatRon dependRng on the 
amount of salt Rn the soRl. It Rs stated that the most sensRtRve growth 
stage to salt stress Rs germRnatRon (Ahmad et al., 2013). It Rs 
extremely Rmportant that the roots, whRch are one of the most 
Rmportant parts of the plants, are also sRgnRfRcantly affected by salt 
stress and that the plant has an effectRve root system for Rts 
development.  

The effects of salt stress on root archRtecture Rn legumRnous 
plants have been demonstrated Rn some studRes (ArRel et al., 2010; 
EgamberdReva et al., 2017). However, there were no prevRous 
reports on the effect of salt stress on common grasspea seedlRng 
development and root archRtecture. In thRs context, Rt Rs thought 
that thRs prelRmRnary study may form the basRs of future studRes. 
Therefore, thRs study aRmed to evaluate two dRfferent common 
grasspea cultRvars for salt stress tolerance wRth a specRfRc 
perspectRve on root development, archRtecture, and endosperm 
usage ratRo. 

2. Material and Method 
2.1. Plant Mater-als and Growth Cond-t-ons 

The study was planned to examRne the root archRtectures of 
common grasspea cultRvars under salt stress. It was establRshed Rn 
the Laboratory of the Department of AgrRcultural BRotechnology 
Rn SRRrt UnRversRty, Rn 2020. Common grasspea (Lathyrus sat9vus 
L.) cultRvars Gürbüz-2001 and GAP mavRsR were used as plant 
materRals Rn the study. The temperature was ranged between 25-
27 ° C and the humRdRty level was 60-70% as controlled 
condRtRons. The study was establRshed accordRng to randomRzed 
complete blocks desRgn (RCBD) wRth three replRcatRons and nRne 
plants per replRcatRon. The experRment was set up on November 5, 
2020, and was termRnated on the 15th day to examRne the early 
development stages.  

Seed surface sterRlRzatRon was carrRed out Rn 70% ethyl 
alcohol (C2H5OH) and then Rn 5% sodRum hypochlorRte (NaCIO) 
for 5 mRnutes each. The sterRlRzed seeds were rRnsed under runnRng 
water for 1 mRnute. The seeds were RmbRbed Rn water for 24 hours 
to allow the seeds to germRnate homogeneously. The seeds 
showRng homogeneous germRnatRon were placed between the 
germRnatRon papers (40 x 40 cm) as 3 seeds per set (wRth 10 cm 
Rntervals). GermRnatRon papers were turned Rnto cRgar rolls and 
placed Rn cylRndrRcal contaRners and left to grow for fRfteen days 
(Zhu et al., 2005). The control treatments had no salt, whRle salt-
treated applRcatRons had 50, 100, 150, 200, 250, and 300 mM NaCl 
concentratRons. The amount of water Rn each contaRner was at the 
same level and each set receRved specRfRed salt doses. The 
experRment was completed at the end of the 15th day and root and 
shoot growth parameters were measured. To examRne the 
endosperm usage ratRo of cultRvars under dRfferent salt doses, dry 
seeds were weRghted RndRvRdually before and after the 
experRments. 

2.2. Root Tra-t Measurements 
Root samples were scanned Rn color scale at 600 DPI wRth a 

handheld scanner (Iscan Color MRnR Portable Scanner). Root 
Rmages were analyzed usRng ImageJ (Rmagej.nRh.gov; SchneRder 
et al., 2012) software. In the study, pre-experRmental dry seed 
weRght (PreSW), post-experRmental dry seed weRght (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 
examRned (Bektas and WaRnes, 2020). 

2.3. Stat-st-cal Analys-s 
StatRstRcal analyses were performed usRng StatRstRx 10 

software (AnalytRcal Software; Tallahassee, FL, USA) to measure 
the varRatRon wRthRn and between the cultRvars wRth two-way 
varRance analysRs (ANOVA). VarRance groupRngs were made usRng 
the Least sRgnRfRcant DRfference (LSD) tests (Steel et al., 1997). 
RelatRonshRps between parameters were examRned wRth Pearson 
sRmple correlatRon analysRs. 

3. Results and Discussion  
The effects of salt stress on early root and shoot development 

Rn common grasspea cultRvars were examRned Rn thRs study. Two 
dRfferent common grasspea cultRvars wRth dRfferent growth 
characterRstRcs (Özyazıcı & Açıkbaş, 2019b) were selected (Table 
1) for the evaluatRon. The developmental varRatRon observed 
between cultRvars was effectRve Rn salt tolerance levels (FRgure 1 
and Table 2). AccordRng to varRance analysRs, the effect of seven 
dRfferent salt doses on root development of common grasspea 
cultRvars was sRgnRfRcant. DRfferent response levels of the cultRvars 
to salt doses and the cultRvar x salt dose RnteractRons were found 
statRstRcally sRgnRfRcant at the p <0.05 level (Table 2 and 3). 

Each cultRvar had dRfferent salt stress tolerance levels at the 
seedlRng stage. As the salt dose Rncreased, GAP MavRsR started to 
be affected at 100 mM salt dose, whRle Gürbüz-2001 was affected 
at 150 mM salt dose Rn terms of total root lengths. It was 
determRned that 0 and 50 mM salt doses dRd not have a sRgnRfRcant 
effect on root development Rn both cultRvars (Table 2). Total root 
lengths were determRned as 114.57 cm Rn GAP MavRsR and 114.02 
cm Rn Gürbüz-2001 Rn the control group. At the hRghest salt dose 
(300 mM), the total root length Rn GAP MavRsR was decreased to 
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11.05 cm and Rn Gürbüz-2001 to 9.58 cm (FRgure 1). PrevRous 
reports suggest weakened above and below ground growth Rn 
common grasspea due to salt stress (Talukdar, 2011b; Tsegay and 
GebreslassRe, 2014). The results of thRs study suggest that 
cultRvars react to salt stress at dRfferent levels and dRfferent doses 
(FRgure 1), possRbly due to dRfferences Rn root archRtecture and 

varRous above-ground characterRstRcs. PrevRously known above 
and below ground growth dRfferences between these two cultRvars 
were also effectRve Rn salt tolerance levels (Data not shown). 
DetermRnatRon of the varRatRon Rn salt stress tolerance wRthRn the 
specRes could contrRbute to the development of new cultRvars for 
the specRfRc needs of the salRnRty-affected regRons.

Table 1. Descr9pt9ve stat9st9cs 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 we9ght before (PreSW) and after the exper9ment (PostSW), root th9ckness (RT) and shoot length (SL) 

 
Cult?var NLR TRL LRL Tap RL Mean 

TRL 
Mean 
LRL PreSW PostSW RT SL 

Mean GAP MavRsR 16.76 61.78 40.31 21.41 3.29 2.11 0.14 0.08 0.17 31.05 
Gürbüz-2001 16.19 56.57 35.14 21.45 2.96 1.69 0.15 0.10 0.16 29.20 

SD GAP MavRsR 12.37 47.73 41.05 9.98 2.88 2.85 0.02 0.05 0.03 11.41 
Gürbüz-2001 12.19 43.99 36.21 10.44 1.84 1.31 0.02 0.05 0.02 12.65 

VarRance GAP MavRsR 152.89 2278 1685 99.54 8.28 8.12 0.00 0.00 0.00 130.22 
Gürbüz-2001 148.65 1936 1311 108.90 3.38 1.71 0.00 0.00 0.00 160.06 

SE Mean GAP MavRsR 1.62 6.27 5.39 1.31 0.38 0.37 0.00 0.01 0.00 1.50 
Gürbüz-2001 1.60 5.78 4.75 1.37 0.24 0.17 0.00 0.01 0.00 1.66 

C.V. GAP MavRsR 73.78 77.26 101.83 46.61 87.43 135.25 17.01 59.28 15.33 36.75 
Gürbüz-2001 75.31 77.77 103.05 48.65 62.08 77.22 13.66 52.60 14.23 43.33 

MRnRmum GAP MavRsR 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.02 0.11 4.00 
Gürbüz-2001 0.00 4.23 0.00 4.23 0.00 0.00 0.10 0.02 0.07 3.50 

MaxRmum GAP MavRsR 54.00 212.1 186.08 36.91 21.21 20.68 0.21 0.22 0.23 52.00 
Gürbüz-2001 52.00 187.1 161.29 39.12 9.04 4.81 0.22 0.23 0.20 57.00 

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

When the total lateral root length was examRned, the hRghest 
values were found Rn the control group (GAP MavRsR 85.28 cm, 
and Gürbüz 79.06 cm). It was determRned that the dRfferences 
between the control group and 50 mM Rn GAP MavRsR and 100 
mM salt dose Rn Gürbüz-2001 were not sRgnRfRcant. Each cultRvar 
was affected dRfferently dependRng on the salRnRty level (FRgure 1 
and Table 2). The fRrst sRgnRfRcant effect of salt stress was seen at 
150 mM salt dose (Table 3). It Rs reported that the effect of salt 
stress on the plant varRes accordRng to the dose applRed, the tRme 
elapsed after salt exposure, and the specRes (Hasanuzaman et al., 
2013; Özkorkmaz and Yılmaz, 2017). AccordRng to the results of 
the current study, 150 mM salt dose was the crRtRcal threshold for 
both cultRvars tested, and plant growth values decreased 
sRgnRfRcantly above thRs dose. SRnce thRs Rs a prelRmRnary study that 
examRnes the early seedlRng development perRod, Rt may be useful 
to control the upper lRmRt of tolerance Rn further growth stages and 
dRfferent growth condRtRons. WhRle 150 mM Rs a sRgnRfRcant 
lRmRtRng threshold Rn semR-hydroponRcs culture (Tables 2 and 3), 
lower or hRgher doses may be effectRve Rn the solRd growth 
medRum, such as sand, vermRculRte, perlRte, or fReld condRtRons. 
Even under fReld condRtRons, sowRng practRces affect avoRdable salt 
and other abRotRc stresses (Akdağoğlu et al., 2020). Therefore, 
there Rs a need for the evaluatRon of salt stress tolerance under 
varRous growth scenarRos.  It Rs planned to examRne salt stress and 
root development RnteractRons under fReld condRtRons wRth the 
shovelomRcs technRque (ColombR et al., 2015; BurrRdge et al., 
2016).  

It was observed that the taproot lengths of the cultRvars 
evaluated were not sRgnRfRcantly dRfferent between control and 50 
mM doses, and two constRtuted the fRrst group (Table 2). The 
hRghest values were determRned Rn Gürbüz-2001 as 34.95 and 
32.95 cm Rn the control group and Rn 50 mM dose, respectRvely. 
The lowest values were determRned as 10.57 cm Rn GAP MavRsR 
and 9.70 cm Rn Gürbüz-2001 at 300 mM salt dose. Even though 
300 mM had the lowest values for taproot lengths, the values 
obtaRned at 250 mM dose were not sRgnRfRcantly dRfferent from the 
hRghest dose. ThRs sRmRlarRty suggests that, after a certaRn 
threshold, plants can only grow to a lRmRted sRze. In thRs parameter, 
the fRrst sRgnRfRcant effect of salt stress was observed at 100 to 150 
mM salt doses (FRgure 1 and Table 2). It was observed that 100 
and 150 mM had a sRmRlar effect on root development, a sRmRlar 
observatRon was also seen between 250 and 300 mM doses. Here, 
250 mM and above was perceRved as a very hRgh dose for common 
grasspea taproot RnRtRatRon, and the taproot remaRned at one-thRrd 
of the sRze compared to optRmum development (control group). 
HRgh levels of salt stress not only restrRcted lateral roots, but also 
the taproot, and as a result, the taproot remaRned very short 
compared to normal growth. The shortened taproot may cause the 
plant to have lRmRted access to deep water layers Rn the soRl durRng 
summer droughts and the plant may not survRve the dry season. 
As a result, even short-term salt stress may cause the plant to fall 
behRnd Rts survRval potentRal. Salt stress at early growth stages may 
have a lRmRtRng effect on plant productRvRty and product qualRty 
(Koca et al., 2007). 
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Mean lateral root length hRghlRghts, plant’s overall abRlRty Rn 
rootRng. It was determRned that the least affected cultRvar was the 
GAP MavRsR wRth a mean lateral root length of 4.49 cm at 100 mM 
salt dose. The control group and 100 mM dose were statRstRcally 
Rn the same group for GAP MavRsR. DependRng on the effect of 
salt, the lowest mean lateral root length values were obtaRned Rn 
Gürbüz-2001 wRth 0.62 cm at 250 mM salt dose, and Rn both 
cultRvars at 300 mM salt dose (Tables 2 and 3). The mean lateral 
root length Rs a parameter that reveals the rootRng potentRal of the 
plant Rn terms of number and length. The decrease Rn the            
mean value from  4.49 cm to  0.62 cm  RndRcates  that  the  plants'  

photosynthesRs, respRratRon, and carbon cRrculatRon are 
sRgnRfRcantly Rnterrupted under salt stress. The negatRve 
RnteractRons of the seed's fRnal weRght wRth the Rncreased salt dose 
also shown that even the stocks Rn the endosperm cannot be used 
under salt stress. There was a 4-fold dRfference Rn seed fRnal 
weRght between control and 300 mM dose. 

Although Rt Rs known that salt stress affects plant growth 
negatRvely, there Rs no study reportRng Rts effect on the seedlRng 
root archRtecture of common grasspea. Talukdar (2011a) reported 
that low salt doses had a sRmRlar effect on root growth and hRgher 
doses led to a sRgnRfRcant RnhRbRtRon.

Table 2. Genotype x dose 9nteract9ons for the cult9vars GAP Mav9s9 and Gürbüz-2001 for total root length (TRL), lateral root length 
(LRL), taproot length (TapRL), mean lateral root length (MeanLRL; LRL/NLR), root th9ckness (RT), shoot length (SL), number of roots 
(NOR), number of lateral roots (NLR) and seed we9ght after the exper9ment (PostSW)

Dose Genotype TRL LRL TapRL Mean LRL    RT SL NOR NLR Post SW 

0 GAPMavRsR 114.57 a 85.28 a 29.30 a-c 3.20 ab 0.19 a 40.78 ab 31.11 a 30.11 a 0.04 fg 
Gürbüz-2001 114.02 a 79.06 ab 34.95 a 3.05 a-c 0.17 a-d 44.53 a 27.27 ab 26.27 ab 0.03 g 

50 GAPMavRsR  94.45 ab 63.28 ab 30.78 ab 2.50 b-d 0.18 ab 37.22 a-c 26.56 ab 25.56 ab 0.05 e-g 
Gürbüz-2001 89.34 ab 56.87 bc 32.59 a 2.58 b-d 0.16 b-d 37.69 a-c 24.52 ab 23.51 ab 0.10 b-d 

100 GAPMavRsR 77.61 bc 56.15 bc 21.45 d-f 4.49 a 0.17 a-c 35.83 a-c 15.11 c-e 14.11 c-e 0.07 d-f 
Gürbüz-2001 93.43 ab 67.76 ab 25.68 b-d 2.52 b-d 0.17 a-d 31.35 c-e 25.67 ab 24.67 ab 0.08 c-e 

150 GAPMavRsR 57.83 cd 34.13 cd 23.69 c-e 1.62 b-e 0.16 b-d 33.17 b-d 20.56 bc 19.56 bc 0.08 c-e 
Gürbüz-2001 35.61 de 16.94 de 18.64 e-g 1.48 b-e 0.16 b-d 26.17 d-f 11.00 d-f 10.00 d-f 0.11 bc 

200 GAPMavRsR 30.14 e 13.98 de 16.16 f-h 1.01 c-e 0.15 cd 23.00 e-g 11.67 d-f 10.67 d-f 0.10 b-d 
Gürbüz-2001 34.27 de 15.64 de 18.66 e-g 0.87 de 0.17 a-d 26.10 d-g 18.67 b-d 17.67 b-d 0.12 ab 

250 GAPMavRsR 19.62 e 6.53 e 13.11 h 0.74 de 0.17 a-d 19.28 fg 8.47 ef 7.61 ef 0.15 a 
Gürbüz-2001 19.02 e 7.95 e 11.10 h 0.62 e 0.16 b-d 20.78 fg 9.78 ef 8.78 ef 0.13 ab 

300 GAPMavRsR 11.05 e 0.55 e  10.57 h 0.21 e 0.17 a-d 21.53 fg 4.21 f 3.2 f 0.10 b-d 
Gürbüz-2001 9.58 e 0.39 e 9.70 h 0.11 e 0.14 d 16.95 g 2.71 f 1.7 f 0.13 ab 

Means followed by dWfferent letters wWthWn columns are dWfferent accordWng to the least sWgnWfWcant dWfference (LSD) test at p< 0.05 

Although the effect of salt stress on root thRckness Rn common 
grasspea was statRstRcally sRgnRfRcant, Rt was observed that Rt 
followed a fluctuatRng as hRgher doses were applRed. WhRle the 
hRghest value was determRned Rn the control group as 0.19 cm Rn 
GAP MavRsR, the lowest value was found Rn Gürbüz-2001 as 0.11 
cm at 300 mM salt dose (Table 2). Although the effect of root 
thRckness by salt dose was sRgnRfRcant between control and 300 
mM, no dose-dependent RnteractRon was observed. The reason for 
thRs may be the small number of cultRvars or the duratRon of           
the experRment or some other complex RnteractRon.  The  extent  to  

whRch the root dRameter changes accordRng to envRronmental 
condRtRons, the level of RnherRtance, and Rts effects on thRs 
parameter should be revealed wRth comprehensRve studRes. No 
sRmRlar studRes were found Rn common grasspea or related specRes.  

Shoot length varRatRon under salt stress Rs also evaluated for 
two cultRvars. Gürbüz-2001 was the least affected Rn the control 
group wRth a value of 44.53 cm. Along wRth thRs cultRvar, the GAP 
MavRsR had a gradual decrease Rn shoot length as the salt dose 
Rncreased. There were sRgnRfRcant, but relatRvely small reductRons 
between control, 50, and 100 mM doses (FRgure 1). The salt doses   

Table 3. The effect of salt dose 9n 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 th9ckness (RT), shoot length (SL), number 
of roots (NOR), number of lateral roots (NLR), and seed we9ght after the exper9ment (PostSW)

Dose TRL LRL TapRL Mean TRL Mean LRL RT SL NOR NLR Post SW 
0 114.29 a 82.17 a 32.12 a 4.25 a     3.12 a 0.18 a 42.65 a 29.19 a 28.19 a 0.03 d 

50 91.9 b 60.07 b 31.68 a 3.74 a 2.54 ab 0.17 ab 37.46 ab 25.54 ab 24.54 ab 0.08 c 
100 85.52 b 61.95 b 23.57 b 4.49 a     3.5 a 0.17 ab 33.59 bc 20.39 bc 19.39 bc 0.08 c 
150 46.72 c 25.54 c 21.17 bc 3.19 ab 1.55 bc 0.16 b 29.67 cd 15.78 c 14.78 c 0.09 bc 
200 32.2 cd 14.81 cd 17.39 c 2.16 bc 0.94 c 0.16 b 24.53 de 15.17 cd 14.17 cd 0.11 b 
250 19.32 de 7.24 cd 12.11 d 1.64 c 0.68 c 0.16 ab 20.03 e 9.12 de 8.2 de 0.14 a 
300 10.32 e 0.24 d 10.12 d 1.8 bc 0.16 c 0.16 b 19.24 e 3.46 e 2.45 e 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 Güzbüz-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 
Gürbüz-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 

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 Gürbüz-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. 

 
F9gure 1. Changes 9n 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 th9ckness (RT), number of roots (NOR), 
number of lateral roots (NLR), and seed we9ght after the exper9ment (PostSW)
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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 Gürbüz-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, Önal Aşçı 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). 

 

4. Conclusions and Recommendation 
IdentRfRcatRon of the changes Rn the root archRtecture of 

cultRvars wRth dRfferent root characterRstRcs under salt stress Rs an 
Rmportant outcome to understand plant growth under abRotRc 
stress. Further studRes examRnRng dRfferent genotypes                     
under controlled and fReld condRtRons are  Rmportant  Rn  terms  of 

 

understandRng root archRtecture and unRversal responses to salt 
stress Rn legume specRes. ThRs prelRmRnary study aRmed to examRne 
the root development patterns of common grasspea cultRvars 
under salt stress. An average of 100-150 mM salt dose seems to 
be the threshold for growth lRmRtatRon Rn the root system and salt 
tolerance Rn common grasspea seedlRngs. The salt stress tolerance 
thresholds should be revealed wRth further studRes and specRes to 
breed cultRvars wRth hRgher tolerance rates.  
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NOR NLR TRL LRL Tap RL 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 0.77 0.99         

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 0.56 0.57 0.34       

0.24 0.24 0.00 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 0.32 0.32 0.27 0.27 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 0.73 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 
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