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Abstract

Background and Objectives

Spearmint is a perennial plant with creeping and underground stems, which belongs to the
Labiatae family. After drought, salinity is the second most common environmental agent that
restricts agricultural production. Glycine betaine is the most widely used organic solution known
for its quadrature ammonium compounds and the largest and most abundant compound in
response to stress. The purpose of this experiment was to investigate the effect of glycine betaine
on some quantitative and qualitative properties of mint under salinity stress.

Materials and Methods

A factorial experiment was conducted based on randomized complete block design with three
replications in 2017-18. Experimental factors included salinity stress (4 levels, control, 30, 60
and 90 mM NacCl) and glycine betaine (at 3 levels of 0, 100 and 200 mM). In the present study,
some growth traits, height of plant, fresh weight and dry weight of shoot, root volume, fresh and
dry weight of root, photosynthetic pigments (chlorophyll a and b and total), protein, proline and
soluble sugars were measured.

Results

The results showed that salinity stress was significant for all characteristics, so that by increasing
levels of salinity all traits were reduced except chlorophyll b, total chlorophyll, proline and
soluble sugars. Salinity reduced plant height (29.47%), fresh weight of shoot (49.56%), dry
weight of shoot (56.87%), root volume (47.89%), fresh weight of root (52.15%), dry weight of
root (43.92%), photosynthetic pigments (a) (18%) and (b) (29.41%), protein content (17.79%),
proline (30.98%) and soluble sugars (3.58%). Application of glycinebetaine reduced the negative
effects of salinity stress, but it caused reduced height (9.16%) and chlorophyll b (26.31%)
compared to control. Also, interactions between salinity stress and foliar application of
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glycinebetaine were significant for shoot fresh weight, shoot dry weight, root fresh weigh, root
dry weight, proline, protein (p<0.01), root volume and soluble sugars (P<0.05). The highest
values of the studied traits were obtained for the interaction between 7 mM NaCl and 200 mM
glycinebetaine.

Discussion

Salinity stress reduces the growth of plants through osmotic stress, ion toxicity and nutritional
imbalance. However, glycine betaine, as an important osmolite in plants, increases the osmotic
potential and improves the water relations and increases the activity of photosynthesis and the
production of hydrocarbon materials. In this way, glycine betaine can protect against the stress of
salinity by increasing the mechanisms of tolerance to salinity and will provide better conditions
for plant growth in a saline environment.

Keywords: Chlorophyll, Compatible solutions, Growth, Proline
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Table 1. Results of the physical and chemical properties of the soil used in the test

Soil texture Clay (%) Sand (%) Silt (%) Electrical conductivity (dS.m™) pH
Loamy sand 2 80 9.15 7.99
jY"i‘/WcY~/a~\_jgr_;j@&\}ar\.\ﬂjojjjyfdl:n wsab}

5 2l S i 0 5 LS Ay FA/BF
g0l on 18l Ao )3 OF/AV 5 FANY Yo/ L s
033 5 L D b slown 2131 L L Jger)
il e S 5y 5 (slepd YE/FD LRI L 5
Yoo bd st Jlad 5 dall () 00 2T (5ol
GRS sulr) el o5t oSS Y 5o s
diy LS )3 0l oa by ol ol oSTas 5 5 0
U5 il S 3 ¢S Odd 8Ll .ty Cans oS
Sist slaul U g osls talS O wds gl m 15 ol S
b 31,8 o sy ialS el (6558 (K5
oo o G b ol S 5 026lE 35 0L 2005 K
iy Sl 503 S sl Sylast 3w b s glacS
2 3L O 1L 5 o s il 53,
S5 slad g 457 o LssT 3. (Munns, 2005)
031323 33 (55 5, ooy 4SSl oo M5 0
53 Je 0587 Jlge 534S Sl ok ot 5 L5 S
s S ol dls A i 8 4 sazs
4s gaza 1S o 30l o a5 (gla s 1 J S
.(Papageorgiou and Murata, 1995) ._S" » ¢ ,f gl
slon slaphl 6Sas 5 5 055 Ll Pl e ol S
S s 4 3L D8 L (3 o 4
5 53 R At 53 51w 8 4 Ol
Sl (6 55 (glres 55l 5
528 LS 5 05 Ol e Sl S Clale 2l 1L
Setayesh Mehr and ) «(Coriandrum sativum L.)
eSis 03 momen 5 (Esmaeilzadeh Bahabadi, 2013
«Borago  Officinalis) ol—; 58 s sl S
Olysla 55 5 Jahanbakhsh Godehkahriz et al., 2017)
Dehghan and Rahimmalek, ) «(Achillea millefolium)

s awlS (2018

RSy Ok iy b 0T 55008 Lyl 3 55 3 b S
oo L e 5o 5 Al o BB Jsbe J515 CO,
T ladlSosly JSis (551 s 09, s
@S bl 5 5 ek s la oShaS” SeasT
Griffiths and ) 53 & o s, 2al8 Culgys 5 s g
Sl ol T epl 53 oS Olowen (Parry, 2002
AL 5 (3 eSSy 2alS (5558
s 8 el iy Al Culgss 5 R S
M L 53 ()58l H1IL Ll el
alles 5 (Rostami et al., 2018) (Mentha piperita L.)
gl 8 55 55 (Trigonella foenumgracum)
o 31 535 e (B e CBL 13 olS
SVIP0 AL i sY e e Yo )0 4 dals
b sl sme sl slas 33 opl 3 3.9 0l o (Soy3 /NS
O Jad) sl oS

il el OS5 3ty M ST 5be
g OT Gl Lc o 53 5 el el Jouily
diy &S T3S ol il il ad gl wleT ol
Os 5 A e 4 (S DS el
(T Sl s L Olals 55,05 s slad sk
Loy T S sl b cdin (Sl s 4 536
Sy 53,8 Iy I sk e 8y S
ol 0l s 1y 03be ) (5L ghous Il 5 ol E
.(Kadkhodaie et al., 2014)
219 Pl =l 9 5§ 059

S o3l e ol 48 51 oo g o
PSKen e g (S e )l 5 (6550 A5
1 A ¥ B e 5 (6558 5 (sla s
sy (P< ~/~\))t>w$|ﬁ¢t.u|¢§.:.>'};o;“;ﬂ
L 47 sls 0L Kl Syl OLE syl ¥ Jseor)

Qe ol s Sl o) sd i Olgme Sl



Table 2. Results of ANOVA test of different levels of salinity and glycinebetaine foliar application on evaluated traits in mint

SOV, df  Height Shoqt wet Shoqt dry Root Roof[ wet Roojc dry Chlorophyl Chloroph Total Proline Protein Soluble
weight weight volume weight weight la yllb chlorophyll sugar
Block 2 2858 559 0.05 9.02 1.01 0.07 0.01 0.00 0.03 0.91 113616.76  1.53
Salinity stress (S) 3  554.76" 1516.65  246.69" 1141.43" 1799.017  42.09”  0.03® 0.017 0.05™ 30617 39172349~ 3.53™
Glycine betaine (B) 2  60.08° 104.13" 32637 71527  24650" 578" 0.01™  0.01™ 0.09 24.978" 2103661.87 6.80
SxB 6 20.04™ 22687 155" 59497  83.63" 470" 0.03"  0.01™ 0.06" 2766 2288541.80" 10.26"
Error 22 1558  4.96 0.18 11.3 0.81 0.2 0.01 0.01 0.02 4.76 60706.57 1.58
C.V. (%) - 7.39 4.99 2.58 7.22 173 6.52 2384  16.65 22.62 1775  9.93 1.63

ns, * and **, Non-significant and significant at 5% and 1% level of probability.

Table 3. The results of the comparisons of the average effect of different levels of salinity and glycine betaine application on height and chlorophyll b in mint

Salinity stress (mmol) Glycine betain (mmolar)
Experimental treatments  Height (cm) Chlorophyll b (mg/g FW) Experimental treatments Height (cm) Chlorophyll b (mg/g FW)
Control 61.44*  0.13 0 55.41% 0.15°
30 57.33" 0.23% 100 53.83% 0.19°
60 51.55°  0.14° 200 51° 0.16°
90 4333 015

Means in each column followed by similar letters are not significantly different at 5% probability level.

Table 4. The results of the comparison of the average interactions between different levels salinity and glycinebetaine foliar application on evaluated traits in mint

Levels of salinity Glycine Shootwetweight Shoot dryweight Rootvolume Rootwetweight Rootdryweight Chlorophyllb Total chlorophyll  Proline Protein  Soluble sugar
stress (mmol)  betain (g per plant) (g per plant) (mi) (g per plant) (g per plant) (mg/g FW) (mg/g FW) Mg FW)  (ug/mg FW)  (mg/g DW)
0 56.05" 22.56° 81.54° 8.32° 58.33° 0.4b° 0.49™ 4.66° 1585.193° 78.4°
7 (control) 100 63.49° 21.58° 70.83° 10° 60° 0.54% 0.72% 10.24° 2118.666" 77.96%
200 62.88° 19.37° 60.94° 10.95% 60° 0.58% 0.73%® 5.81°°  4524.903% 72.5°
0 40.65" 18.37° 55.07¢ 7.43° 55% 0.47% 0.67% 4.45° 2202.236° 77.68%
30 mmol 100 51.50° 17.49° 41.08" 6.21° 51.66™ 0.55% 0.86° 8.53° 3107.53° 76.76%
200 52.86" 14.03° 50.77" 8.22° 46.66° 0.63% 0.85% 6.56°° 2377.896% 78.16°
0 39.88% 13.96° 53.01° 3.95Y 38.33° 0.43° 0.56™ 8.88°° 2783.343™  77.93°
60 mmol 100 51° 12.15" 48.27° 7.78% 50b° 0.47% 0.64*° 5.06°  2305.763° 77.36°
200 25.19° 11.15¢ 50.31' 6.38° 38.33¢ 0.54% 0.67%* 8.48" 2082.83° 77.46%
0 24.91° 9.66" 36.01 4,539 31.66° 0.5% 0.68% 7.06™% 1980.113% 77.43%°
90 mmol 100 36.24° 7.53' 36.2! 452" 30° 0.5% 0.87% 9.22"  1982.046% 75.56"
200 30.87' 10.21" 38.94' 4.97 38.33¢ 0.23° 0.39° 15.41* 2802.333° 77.36%°

Means in each column followed by similar letters are not significantly different at 5% probability level.
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