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Introduction

Stevia rebaudiana Bertoni is plant perennial medicinal of the Asteraceae (Compositae) family. Stevia plants
contain many compounds with medicinal properties, importantly steviol glycosides (e.g., stevioside and
dulcoside), in the leaves and shoots that are used as natural and useful sweeteners in the food industry. These
sweeteners are 30 to 400 times sweeter than glucose and sucrose and calorie-free. Salinity stress causes major
constraints factor affects crop production in world. The adverse effects of salinity stress on plant growth can be
related to factors e.g. induced osmotic stress and ionic imbalance. lonic imbalance is due to high presence of
sodium and chloride. There are several strategies for reduce salt effects in plants that including have been used
biofertilizers, organic fertilizers and nanoparticles. Nanoparticles (NPs) as one of the most important effective
methods, to reduce salinity stress condition. Proline (Pro) is one of compatible solutes and cellular protector
accumulated in response to abiotic stress. Organic fertilizers reduce reduces the harmful effects of chemical
fertilizer and improve the chemical, biological structure of soils, leading to increased crop yield. Fish processing
waste is rich in essential proteins, macro and micronutrients that causes reduced salinity stress.

Materials and Method

Stevia seedlings were purchased from a medicinal plant greenhouse (Zargiah) in Shiraz city and planted in 12
L pots. This study was conducted in a factorial experiment and based on a completely randomized design with
four replications in the spring-summer of 2022. Planting bed includes containing a mixture of cocopeat and
perlite. The plants were first irrigated with half-strength Hoagland’s solution and then irrigated with full-strength
nutrient solution. The first factor was salinity stress at four levels (0, 30, 60, 90 mM NaCl) and the second factor
salinity reducer at five levels (control, 15 and 30 mg.L™ glycine betaine without liquid fish waste fertilizer, 15
and 30 mg.L? glycine betaine with 15% (v/v) liquid fish waste fertilizer). Then growth parameters, relative
water content, a* and b* color indices and total phenol, hydrogen peroxide (H20;), malondialdehyde (MDA),
proline, and total carbohydrates were measured. Data were analyzed using SAS 9.1 software by analyzing the

means using Duncan’s multiple range test, with a significant difference level at p < 0.05.

Results and Discussion
Salinity stress significantly decreased plant growth traits. Salinity, increased proline and total phenols,
MDA, H,0,, EL compared with the control. Fish waste fertilizer with proline nanoparticles increased
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morphological parameters, RWC, proline, phenols, sugar, and reduced EL, MDA, and H,0,. Salinity stress
caused a 39% reduction in plant height, 50.24% in root fresh weight, 70.93% in root dry weight, 46.15% in
relative water content, 55.93% in a“color, 51.16% in bcolor, 39.44% in proline, 71.68% total carbohydrate,
42.7% by phenol and 73.33% by hydrogen peroxide by compared to the control. The application of 20 mg.L*
proline nanoparticles simultaneous with liquid fish waste fertilizer resulted in reduction a 31.7% by membrane
electrolyte leakage, 56.66% by root sodium, and an increase of 78.23% proline, 72.98% by total carbohydrate,
71.42% root potassium, and 62.45% by root calcium under 90 mM salinity stress compared to the control
treatment.

Conclusion
Results showed that salinity due to accumulationin Na* and disruption to the absorption of essential nutrients
especially N and K, negatively affected plant growth and yield and overall. Proline and fish waste bio-fertilizer
with increase in potassium causes open of the stomata, increase of photosynthesis and plant growth. Application
of proline especially when used at a concentration of 20 (mg.L™) and fish waste bio-fertilizer could be
considered as a sustainable, for the mitigating of salinity stress effects in stevia plants and potentially other crops.
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Figure 1- TEM images of proline nanoparticles
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Table 2- Amino acid composition of fish waste liquid fertilizer
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Table 3- ANOVA for the effect of stress modulator application on morphophysiology and physiological characteristics of
stevia under salinity stress conditions
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Salinity stress
A 08 s 4 20.48 ™ 12.68 ™ 68.4™ 2119
Stress modulator
oy X T 05 s 12 0.4 0.71" 2971 0.2
Salinity stress x stress modulator
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ns, * and **: non-significant, and significant at the 5% and 1% of probability levels, respectively.
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Continued Table 3- ANOVA for the effect of stress modulator application on morphophysiology and physiological
characteristics of stevia under salinity stress conditions
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ns,* and **: non-significant, and significant at the 5% and 1% of probability levels, respectively.
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Table 4- Effect of various concentrations of proline nanoparticles and fish waste fertilizer on morphophysiology
characteristics of Stevia under salinity stress conditions

. - PR N 7 .. 1ad 39 o0 lad
B, lo Gy gl Ay P 039 adeyJob Ol o slgie LsSté?riatal
Treatrr;en t Shoot length  Root fresh Root dry Relative water conductance
(cm) weigth (g) weigth(g) content (%) (umol.m2.s%)
0 74.12 5252 18.46°2 0.782 10.248
30 63.65° 44.64° 15.3 0.67° gb
o i
Salinity stress (mM) 60 52.55¢ 31.9°¢ 11.15°¢ 0.54¢ 7.14¢
90 44,91 26.12¢ 5.73¢ 0.42¢ 5.54¢
oalax |
] pae 0 54.45 ¢ 36.22°¢ 11.23¢ 0.52°¢ 6.8¢
Non-use
cd cb c d d
ol 10 56.18 38.16 11.86 0.56 7.34
Proline 20 58.62 b 38.37° 12.84° 0.6¢ 7.91¢
. ab b b b b
(/00) (oale 395 + s 10 61.5 39.31 13.28 0.64 8.35
Proline + fish fertilizer (15%) 20 63.252 4192 14.08 2 0.682 942

Al e Sl glaely x> g0l B9, doyd gy Sl s 53 o dme S pae (SIS gt ya 0 S jide Lgy>
* Same letters indicate no significant differences (p < 0.05) based on Duncan’s Multiple Range test.
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Table 5- The interaction effect of proline nanoparticles and fish waste fertilizer on morphophysiology and physiological
characteristics of Stevia under salinity stress conditions

Sy AT o oy Ay SES (g9 sl Gy i8Il culs a0y, bops,
Salinity Treatr}1ent Proline Root dry Membrane Pigment  Pigment
stress (mM) (mg.L?) weigth (g) electrolyte leakage(%o) a
ool _
'\;on_':; 0 8.124 29.07 fon -11.71k 11/851
O 10 8.87°¢ 27.57 fon -12.21k 11.451
0
Proline 20 9,27 be 25.81 9 -12.25k 10.7%
(/30) oo 265 + gy 10 9.77" 26.3% -124%  9/78!
Proline + fish fertilizer (15%) 20 11.92 24.29" -13.09' 9.21!
i pie 0 5.35 9 42.89 ¢ 9279 1459
Non-use
30 oo 10 5.8f 40.89 ¢ -9.77h 14.39 9
Proline 20 6.58¢ 38.09 f -9.84hi 14.07"
(£10) (2l 355 + o5 10 6.96° 37.34 ¢ -10.097  13/84"
Proline + fish fertilizer (15%) 20 7.84 35.8 ¢f -10.86 13/19'
,\’l‘;“n”‘ S ;‘e 0 4.4h 60.75 bc -7.86%  17/48¢
60 odon 10 4.6 % 57.003 ¢ -8.36 ¢f 17/17 %
Proline 20 4.48 N 55.78 ¢ -8.65 T 16.67 ¢
(10) Lale 365 + gy 10 4,889 54,03 -855¢ 158"
Proline + fish fertilizer (15%) 20 5.67f 51.9« -9.53 N 14.97 9
oolawl
,\’l‘;“n” J ;; 0 236k 88.22° 5162  20/63°
90 odon 10 2.864 84.972 -5.91°b 19/58°
Proline 20 2.95K4 68.58° -7.07°¢ 18.83°¢
(730) (o 595 + 009 10 3.231 61.08 be -7.42 19.36 ¢
Proline + fish fertilizer (15%) 20 4.071 60.25 be -8.31¢f 18.86 ¢

Al o 5SSl (el iz g05] B9, Mo yd iy Jlein] o 53 5 sime BB pae LIS ygiw yb ) S e gy
* Same letters indicate no significant differences (p < 0.05) based on Duncan’s Multiple Range test.
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Alikhani & Mahmudi Zarandi, 2019; Hu et al., ) caol oai
(2016
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Table 6- ANOVA for the effect stress modulator application on the physiological characteristics of Stevia under salinity
stress conditions

oy ©lrspe ik
Ol pans &ale ) i Mean of squares
SXeRY; CU cire Sy U wille ol odax 5 &l S
H,0; Phenol MDA Proline  Total carbohydrates
Salfr:iﬁ/ﬁess 3 0.0044 ™ 12236.43™ 1.09 ™ 143.07 ™ 114532.12 ™
Stgsgj f;:or 4 0.00026 ** 5268.87 0.05* 178.56 ** 11715.7
u
o9 X S 0aiS s - o . s o
Salinity stress « stress modulator 12 0.00024 674.24 0.0027 310.58 10411.99
s
Error 6 0.000052 64.43 0.001 5.05 210.24
‘“'é\‘;’ (;/”)’" 6.85 8.22 7.03 10.68 9.1
0

Wdoyd K g guy Jlesisl e 53 )0 gz g D gine e oS 5y s g 2 NS
ns, * and **: non-significant, and significant at the 5% and 1% of probability levels, respectively.
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Table 7- The interaction effect of proline nanoparticles and fish waste fertilizer on biochemical characteristics of Stevia under
salinity stress conditions

w5y y ol AW
3909 A s oan odan Jgid o ciated
L Pl - ; Oiayd KWRV Total
Salinity Treatment Proline Proline Phenol carbohvdrates
stress (MM) (mg.L)  (ug.g?) HO: — (mgg?) MDA e
(umol.g?) (umol.g?) (H9.97)
ool . _
'\ion J;; 0 7.69M 0.016! 4057k 0.28 i 36.98!
o 10 9.94 m 0.0151 4357k 0.25H 4448
0 Proline 20 12,7 00151  49.85k 0.22! 101.74 1
(10) (ol 365+l 10 13.95% 00141 55.6 0.21' 11724
Proline + fish fertilizer (15%) 20 16.42 9hi 0.015] 61.44 M 0.2' 1628
ool . _
'\ion_lj; 0 13.92" 0.034 fo 62.15 i 0.489 74.37k
o 10 17.35 ohi 0.0329 66.9 9" 0.41"h 81.12k
30 Proline 20 20.308'h  0028"  73.650 0.351 122,67 i
((410) oale 355 +0sls s 10 202970 002" 789 0.327 122,67
Proline + fish fertilizer (15%) 20 21.08 efg 0.016 j 91.25 d 0.31 ji 162.41 f
;:‘J; 0 10.67 km! 0.044 d 69.96 fon 0.62°¢ 72.63k
o 10 13.92 K 0.039 ¢ 74.96 o 0.61°¢ 81.63 ki
60 Proline 20 15.1 M 0.036¢  8659%  0.59¢ 161.29
(/3) alo 365 + oy 10 17.35%0 00349  90.34¢ 055 193.79°¢
Proline + fish fertilizer (15%) 20 20.3 def 0.033¢ 112.11¢ 0.45 9" 357.29°
ool -
l\ion- ! ; 0 13.83 ik 0.06¢ 70817  0.86° 130.6 9"
o 10 18.83 defo 0.055b 75.81 ¢f 0.8° 150.6 ¢
90 Proline 20 21,20 0.049 112.88°¢ 0.77bc 250.6 ¢
((%30) (alo 365 + 3oy 10 24.49 de 0.046 ¢ 130.38° 073 285.6°¢
«® 92
Proline + fish fertilizer (15%) 20 63.54 2 0.044 ¢ 157.79 2 0.7¢ 483.45 2

Al o 5SSl (el iz g0l gy Moy gy Jlein] o 53 5 sime BMS pae LS ygiw pa 0 S yidie gy
* Same letters indicate no significant differences (p < 0.05) based on Duncan’s Multiple Range test.
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Table 8- ANOVA for the effect of stress modulator application on the essential nutrients of Stevia under salinity stress

conditions
Olasyo (55ke
[CAPOVES 2P 9IS NEHES Mean of squares
S.0.V df ANl y (ol et Ay el Ay 5 anddS
Root Na (%0) Root K (%) Root Ca (%)
e 3 16.36 ™ 0.96 ** 9.69 "
Salinity stress (mM)
N 4 16.97 ™ 481" 11.54 ™
Stress modulator
g RS oS s 12 *2.63 0.38" 0.34°
Salinity stress x Stress modulator
ks 6 0.026 0.015 0.006
Error
Sl ey 3.01 6.19 3.36
CV (%)

il oo Moy K g gy Jloin] a3 )1 pxe g I o puE iy s g % NS
ns, * and **: non-significant, and significant at the 5% and 1% of probability levels, respectively
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Table 9- The interaction effect of proline nanoparticles and fish waste fertilizer essential nutrients of Stevia under salinity
stress conditions

S S o Y9 Al ) oaandS Al y oty Ay o
Salinity stress - Proline Root Ca Root K Root Na
(mM) Treatment (mg.LY) (%) (%) (%)
,\’l‘;;"lj;‘e 0 2.59° 1.85°¢f 3.42"
odan 10 2.82¢ 2.008 ¢ 3.241
0 Proline 20 2.64°¢f 2.31¢ 3.07 Kk
(/30) alo 365 + oy 10 2.74% 2.49°¢ 2.94k
Proline + fish fertilizer (15%) 20 4.23° 2.64 ¢ 2.57!
e 0 195" 161 458°¢
odan 10 2.01h 1.84¢ 4.41
30 Proline 20 259" 1.93°f 3.83°¢f
(/30) oo 368 + oy 10 2.74 ¢ 2.005°¢ 3.669
Proline + fish fertilizer (15%) 20 4.89°2 2.69%® 2.55!
oalax | . .
,\’ll;“n"lj;‘e 0 1.421 1.041 5,66
o 10 1571 1.29" 5510
60 Proline 20 2.05h 1.79f 4.48¢cd
(/30) Lale 365 + sy 10 2199 2.018° 4329
Proline + fish fertilizer (15%) 20 3.75°¢ 2.58 3.11K
o3z '
Noi 0 0.95' 0.8 7.5
o 10 1.07k 0.99i 7.27%
%0 Proline 20 1.36] 2.29¢ 3.91¢
(/00) Lale 365 + sy 10 1.461 2,56 b¢ 3599
20 253" 2.8° 3.251

Proline + fish fertilizer (15%)

Al o 5SSl (il iz g0l gy Mo yd i Jlein] prdaw 53 5 sime MBS pae LIS ygiw pp D S yidie Ly y>
* Same letters indicate no significant differences (p < 0.05) based on Duncan’s Multiple Range test.
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