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Introduction

Mentha is one of the most important genera of aromatic plants which belongs to the Lamiaceae family. The genus
of Mentha is distributed across Asia, Africa, Australia, Europe, and North America. Mentha longifolia L., also known
as wild mint, is a fast-growing aromatic perennial herb. It is widely used as herbal medicine and is beneficial for the
immune system and fighting with secondary infections. The essential oil of this plant is partly responsible for the
decongestant, antispasmodic and antibiotic effects. Currently, much emphasis is being laid on conserving plant
germplasm as valuable bio-resources. Selection between and within accessions for a high level of herbage yield and
other characters requires an effective tool to be applied by mint breeders. Achieving to cultivars that are more capable
of optimum producing is a breeding goal. The objectives of this study were to analyze the diversion of the agronomical
traits of Mentha longifolia L. genotypes from different regions of Iran under a similar condition in order to find the
superior genotypes and introduce for the domestication of this plant.

Material and Method

This research was performed at the research field of the Ferdowsi University of Mashhad. The field is located at
36°15' North latitude and 59°38' East longitude, at an altitude of 985 meters. The information related to temperature
and precipitation was obtained from climate station. Soil sampling was done in the depth of 0.3 meter and physical
experiments on samples were done before starting the experiment. The field was fertilized by 25 kg/ha animal manure.
Seeds of 20 genotypes of M. longifolia L. were prepared from Gene Bank of Research Institute of Forests and
Rangelands and a view of the wild mint genotypes distribution was presented on the map. The experiment was
performed in a field with 500m? areas in 2015-2016 growing seasons. The experiment in form of compound analysis
arranged in complete randomized design with three replicates of 20 wildmint's genotypes in every replication. In each
furrow, fourteen bush was totally studied, in which the distance between the two plants was 20 cm. The plot was
considered 1.2 by 3 m and the distance between rows was 0.50 m. The dimension in the plots for every replication
area was 3.6 m? and the distance between blocks were 1.5 and between experimental units were 0.5 meters. Picking

©2018 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
Er any medium or format, as long as you give appropriate credit to the original author(s) and the source.
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up was done after elimination of 0.5 meters from every side of replication. The essential oil was extracted using
Clevenger type apparatus and by hydrodistillation.

Results and Discussion

Analysis of variance showed that the effect of the diversity among the genotypes on morphological, agronomical
and essential oil yield parameters of wild mint was significant (P<0.01). The results of this study showed that Mentha
longifolia L. herb has a high diversity under the same culture conditions among genotypes collected from 20 regions
of Iran. Correlation result shows that vegetative organs have more effect on the essential oil content than the
reproductive organs. This may be due to the distribution of essential oil accumulation and storage sites, which requires
further research in this regard. The study of vegetative and reproductive characteristics suggests that the genotypes of
the dry and semi-arid climates have different conditions, which may causes the separation of their genotypes compared
with the other genotypes. The bi-plot, based on PC1 and PC2, reflects the relationships between the studied genotypes.
The results of bi-plot of cluster analysis confirmed that genotypes were divided into two main groups based on
agronomical and morphological traits.

Conclusion

Finally, plants of genotype G13 belongs to Hormozgan province and then G16 genotype belongs to Khuzestan
province were selected because of more biomass, more aerial part volume and also the most essential oil performance
compared to the other genotypes. Desirable traits for the aerial part such as the time of flowering, leaf length, leaf
width, plant height, the highest number of leaves in the stem and internode distance are important traits that should be
considered. In addition, the cultivation of these genotype in order to the further production can be the great help in the
domestication of this species and, given the fact that the diversity is a precursor of breeding, this research can be an
introduction for future breeding operations. However, further research is needed to confirm the phytochemical superior
genotypes.

Keywords: Climatic factor, Essential oil, Morphological markers, Morphological traits, Superior genotype
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Table 2- Geographic location and summer season climatic conditions of the studied of M. longifolia genotypes
Wl ()b had (S,L Bl Sl jlews)

. J 5
ol S Ol l::o‘ ul;;-c Annual Seasonal [ [ U,y gedaws
No. Code Province Ld“'tﬁ?d If’ttﬁ: precipitation Precipitation Tmin Tmax Altitude
ongitude atitude (mm) (mm) (C) (C) (m)
1 Gl "L‘"'D’_ 48°0705 383921 256.60 2451 11.80 31.77 1472
Ardabil
Lo o e
2 G2 ol 564244 292806 167.06 10.04 25.62 4531 2972
Kerman
3 G3 ol 475900°  333100° 426.17 3.43 1710 4143 1043
Lorestan
4 Ga el gho00y 322116 287.80 455 7.07 3546 2533
Chaharmabhal
5 G5 Y;}; q 54°1300" 313500 53.92 0.18 18.32 3951 1914
Lo . i
6 G6 ol 571307 292339 208.57 13.25 8.88 37.40 3240
Kerman
7 G7 ! 512115 355817 245.84 11.63 12.91 37.41 2170
Alborz
¥ bl
8 G8 W. 4473440 370708 247.93 32.39 10.65 34.38 1824
Azarbaijan
9 G9 9P 502429 362849 292.18 11.76 11.37 38.15 1650
Ghazvin
10 G10 o ool 574038 370652 191.70 4,18 12.34 37.25 1689
N. Khurasan
11 G111 Y;};d 540735 31°3532" 53.92 0.18 16.66 39.11 2538
12 G12 YoM geessgt 372801 284.06 18.44 1248 3847 1653
N. Khurasan
13 G13 oo 560128" 280305 137.28 1.36 26.70 42.08 1270
Hormuzgan
14 G14 Gﬁiﬁin 49°2458" 365515 206.85 8.76 1781 3754 1348
o o o
15 G15 ol 56 3630 302930 81.73 1.96 15.43 39.71 1900
Kerman
16 G16 owis 485033" 320838" 256.86 0 25.56 48.45 61
Khuzestan
17 G17 wipr ol 584707 358931" 128.7 1.13 10.43 38.40 1959
S. Khurasan
18 G18 e ol 58'1026" 37°1703" 191.70 418 12.34 37.25 1153
N. Khurasan
19 Gl9 Rl goooer gy 224.62 2.62 676 3309 2447
Chaharmabhal
20 G20 ol 571431 29'3006" 113.2 2.65 8.88 37.40 3415

Kerman
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Figure 2- A view of the research farm used for wild mint cultivation for investigation
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Table 3- Compounf ANOVA for some morphological characteristics of M. longifolia L.

Olas o (ko
L pove L 2N “@» Squars mean
Variance WU ol gl S s s e P P S
source o 3,5das Dlant 2P0 2 SIS B » »dob rooE
Yield height Leaf fresh weight  Leaf dry weight Leafarea Leaflength  Leaf width
b 1 22687.5" 1320.03" 0.003™ 0.0009" 17.25™ 0.01™ 0.0009™
Year (Y)
b sl 4 1893.5 88.64 0.007 0.003 3.15 0.58 0.17
error (year)
5 9 966526™  190.23" 0.02" 0.004™* 75.27" 8.23™ 214"
Genotype (G)
wi’( )x E‘JL') 19 947.14™ 0.14" 0.0007™ 0.0002™ 4.64™ 0.0007™ 0.00005"™
Sl 76 1878.14 10.54 0.001 0.00009 1.10 0.4 0.13
Total error
el 6.28 4.19 24.95 17.37 11.35 13.75 19.63
CV (%)

P sire s g do 3 O Jlain] pdaw )3 Jb Gixe o V Jlain] pdaw )0 45 gxe i 54y NS g e
** * nssignificant at 1%and 5% of probability levels, and non-significant, respectively.
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Table 3 Continued- Compounf ANOVA for some morphological characteristics of M. longifolia L.

Slay o uNile
&l s _ Squars mean v '
..' 2o . NP S>O59 L . L LA _ . C’}!’.o
SN Y R IS e O b o3 Job SN N SR RRYA )
Variance df Infl oS Infl Infl Ly Fl ol
source nflorescence Infl nflorescence nflorescence 1000 ower £ ol
fresh weight nrlorescence diameter length 0 degradation =ssential
dry weight flowering oil content
Ju 1 0.01™ 0.003™ 0.002™ 0.05* 307.2™ 0.20™ 0.001™
Year (Y)
Jwo glas
error 4 0.82 0.003 0.003 0.01 8.19 4.93 0.05
(year)
SE95
Genotype 19 1.07" 0.03™ 0.06™ 15.96™ 1856.93" 858.13™ 9.66™
(G)
i ?XXGJ 19 0.0004"™ 0.00002™ 0.00003™ 0.02" 3.69™ 2291 0.01"
s
S 76 5.40 0.0007 0.0004 1.09 8.77 9.89 0.04
Total error
oy
Sl i 22.83 15.83 2.99 14.06 4.02 248 10.12
CV (%)

D ey g Moy O sl pdaw pd 5 e wo >V Jlain] mdaw )3 5 dxe cud Ay NS g s
** * ns significant at 1%and 5% of probability levels, and non-significant, respectively.
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Wby sl o (Yavari et al., 2010) ) Ken g (5y5b auls
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Table 4- Mean comparison of morphological traits of M. longifolia L. genotypes

T N N Y e N ;” 5 R £,

. Ll > s : : : » rgbe 2 :

P bl 2,8les ke Ep Sy o Leaf Leaf S o
Genotype Essential 0|I2y|eld Internode  Leaf Leaf Leaf Dry Fresh surface  pry vield  lant
(Kg.m) Distance  width  length  Weight Weight (cm) (g m?) height

(cm) (cm) (cm) @) @ ' (cm)
Gl 0.011% 6.79% 2.03% 3.83% 0.03f 0.11¢ 6.53¢ 659.17% 75.50%
G2 0.025° 7.78% 1.43M 5.97% 0.05% 0.12eh 5.93M 859.83% 69.179"
G3 0.012¢f 5.53¢ 2.34% 5.55% 0.06% 0.18% 12.33% 747.5% 78.83%
G4 0.008™ 6.51™ 1.38™M 3.65° 0.02" 0.07%" 7.26™ 6051 76.17¢
G5 0.0089" 7.86% 1.41™ 3.58¢ 0.01' 0.06" 259 510.83" 74.83%
G6 0.01° 6.06% 1.39™M 6.08% 0.04% 0.16 6.06" 609.17%9 81.17"
G7 0.006" 6.95% 1.33% 3.91% 0.05% 0.13¢ 8.98 504.17" 73.08%"
G8 0.027° 6.00% 3.13 4.27% 0.04% 0.17% 15.70* 825.83% 76.17¢
G9 0.029° 6.74% 2.14% 3.93% 0.06% 0.21™ 9.57% 844.17% 73.83%
G10 0.016% 6.72% 2.42% 5.54% 0.05% 0.25% 12.28 752 73.83%
Gl1 0.0021 6.37™ 1.46% 4.16% 0.04¢h 0.10° 9.14¢f 588.27%" 69.33M
G12 0.013% 6.46™ 2.49% 5.82% 0.05% 0.09™ 12.93 646.86" 79.17%
G13 0.0342 6.11% 2.83® 7.09° 0.122 0.31¢ 17.172 899.33% 89.007
G14 0.014% 6.61™ 2.31M™ 3.97% 0.04¢h 0.14¢% 8.68% 696.83¢" 67.50"
G15 0.009™ 7.82% 1.61% 3.87% 0.08™ 0.13¢% 8.13%" 621.67% 82.58%
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G16 0.036° 7.10% 2.16" 5.50¢ 0.10% 0.272% 9.00¢ 883.33% 87.50%
G17 0.019¢ 7.29% 2.22% 5.08 0.07% 0.14% 10.55% 752.67™ 77.50%
G18 0.011° 6.06% 1.48%" 3.37¢f 0.05¢ 0.17¢ 9.68% 687.5%¢ 81.17™
G19 0.002 8.307 0.88" 2.30 0.03¢9 0.079" 4.89' 505" 81.17
G20 0.0031 6.44 1.259" 4.45¢ 0.04% 0.13¢ 7.75% 588.83%" 79.17¢

lg; 0«7 . . o ; :

J.”'M; Vool LY S SuES i P ol P

S o3 1o+, o ol el & o3 Jgb Y Y wls

%) oo 50% 1o s0s O™ infloresce Infl sh

Genotvoe 100% Inflorescence Infloresce 0 0 nce nce lenath ntloresce  Inrioresce hoot
typ degradation (day) nce floweri  floweri diameter g nce_dry nce _fresh Diamet

i ng ng (cm) weight weight er

degradatio () (gay) M © ©  m

n (day)

G1 111.83% 71.83k 51.16"  33.331 0.68¢f 8.20 0.18% 0.73¢f 1.94¢
G2 132.66¢ 122.16®  68.33®  50.83% 0.88° 9.75° 0.22% 1.18° 1.841
G3 138.66> 123.83%® 95.33° 70.50° 0.83% 6.00% 0.13°" 1.02% 2.24%
G4 116.501 86.33""  72.66°  47.50% 0.519 4.779 0.09" 0.64 1.91¢
G5 116.001 80.16" 58.33 40.83f 0.66°" 6.04% 0.07' 0.62f 1.71%
G6 127.50¢ 100.00°  62.33¢  49.83% 0.67° 8.61% 0.24 1.10¢ 2.14°
G7 134.16% 113.33¢  61.83"  49.33 0.81% 7.32% 0.15% 1.01¢ 2.14°
G8 130.66% 114.66% 58.33 50.83% 0.79° 7.17% 0.07' 0.96 1.789
G9 138.33% 121.83%® 92.83° 55.33% 0.85% 7.06° 0.16% 0.74°%f 2.47%
G10 117.66° 79.83M 94.83° 57.33¢ 0.70% 9.89% 0.15% 0.87¢f 2.12%
Gl1 116.83 71.00 64.00%f 39.009 0.66°" 5.63% 0.15% 1.119 1.38%
G12 118.16° 93.009  69.33¢  49.50% 0.64 6.74° 0.28% 1.49™ 2.62%
G13 151.66° 128.33% 104.66° 79.50% 0.73¢ 7.69% 0.34% 2.06% 2.93°
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Gl4 110.16" 76.331 51.00"
G15 139.50° 119.83" 94.16"
G16 139.16" 124.16% 93.16"
G17 134.33" 105.00°¢ 92.66"
G18 113.66"" 76.161 63.50%
G19 113.00" 68.50¢ 52.16%"
G20 129.66% 109.66% 71.00°

29.83 0.55¢ 5.04 0.109 0.73¢f 2.07%
66.66" 0.79° 4.83¢ 0.117 1.50™ 2.21%
68.00° 0.88% 8.52% 0.20% 1.71% 267
67.50° 0.78° 9.11%® 0.14% 1.44M 2.33
43.33" 0.81% 8.99% 0.28° 1.21% 2.68%
36.50" 0.68° 8.57% 0.18%* 1.15° 1.69%
56.16° 0.82% 8.78% 0.19% 1.99% 1.48%

)5 gl e glds o yd B et a3 (S5 yg0j] Lll g il oo Sy Bs S JBlis o pla o Sile gt pa

In each column, the means which are common at least in one letter, are not significant at the 5% of probability level based on the
Tukey test.
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Figure 3- Essential oil content in different wild mint genotypes

ool Lialidl can g 2l lles cd)lﬁ.g] ol ke
AT Caosdy Srosllas uilul 033 olS

059 Slao  (Siuer a5 125 sdalie dadllas opl o 5k
S Jsbo (r=+/YY) (3N Sis ()59 dr=—+/+Y) ;38
M sime (bl gy 033L b (r==+/Y0) 0,55ke alold 4 (r=—+/1)
OS\AA ‘u:l):l.u JJ?AJ(_;A b%).a blﬁf U“‘“’l) Olas 4 u.io.lb &S D9
1 olS gy sbaplil a8 Wil LI cpl 4 gyl opl col
ol ol slazsls aioly plasl & w6yt il il ol
o 28l basye il (giloe s g goas sy Joe STy b wls
Dyl abasly opl )y (b 3uo5 4 5l

G2 oS 3 i) )90 (oS Sliao oy jlol £ Jgu
)l)B )Jb] J)}av‘_;af Cao Y5 J3A> U”‘ o Ll 04 03)51 uao?

2- Quantitative trait
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1- Descriptive statistics
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Table 5- Correlation between some vegetative and reproductive traits in genotypes of M. longifolia L.

LFW LDW LL LW LS PH Y NN IND SD EOC

LFW 1
LDW 0.75" 1

LL 0.58" 0.70™ 1

LW 0.44™ 0.54 0.41 1

LS 0.47" 0.58"™ 057" 0.76™ 1

PH 0.52" 0.71" 0.49" 0.40™ 0.39™ 1

Y 0.53" 0.65™ 0.58™ 0.73" 0.56™ 0.55 1

NN 0.58" 0.58™ 0.59™ 0.45 0.65™ 0.66™ 0.56" 1

IND -0.35™ -0.19™ -0.42" -0.34"™ -0.54" -0.08"™ -0.32"™ -0.78™ 1

SD 047" 0.63™ 0.52" 057" 0.46" 0.71" 0.69™ 0.66™ -0.35"™ 1

EOC 0.63" 0.70™ 0.62" 0.59™ 0.43™ 0.60™ 091" 0.52" -0.25™ 0.71" 1

*x *

and ": Correlation is significant at the 0.01, and 0.05 levels, and is not significant, respectively.

Y= ,Sles, PH= olS glis)l, LFW= 5y 5 59 LDW= S Siss (59, LS= Sy g, LL= Sy Jobo, LW= 5y (55, NN= 6,5 sluss, IND=
0,5be dlols, SD= il s, EOC= uill o)jne
Y= Yield, PH= Plant height, LFW= Leaf fresh weight, LDW= Leaf dry weight, LS= Leaf surface, LL= Leaf length, LW= Leaf
width, NN= Nud number, IND= Internode distance, SD= Stem diameter, EOC=Essential oil content.
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Table 5 contenued- Correlation between some vegetative and reproductive traits in genotypes of M. longifolia L.

IFW IDW ID IL HF CF HFD CFD EOC

IFW 1
IDW 0.62™ 1

ID 0.18™ 0.29™ 1

IL 0.38™ .60™ 0.46" 1

HF 0.35"™ 0.29" 0.51" 0.39m 1

CF 0.29" 0.17m 0.39 0.27m 0.88™ 1
HFD -0.003" 0.13m 0.67" 0.29™ 0.76™ 0.59™ 1
CFD 0.08™ 0.24m 0.65™ 0.29™ 0.80™ 0.62™ 0.97" 1
EOC -0.02™ 0.37" 0.44" 0.39m 0.58™ 0.61" 0.60™ 0.62" 1

*x *
’

and ™: Correlation is significant at the 0.01, and 0.05 levels, and is not significant, respectively.

IFW= 02305 5 oyj0 IDW= (395 S g, ID= (03305 jlad, IL= 0335 Jobo, HF= (a5 70+, CF= (aals 7+« HFD= (5,335 Jlg; 7o-,
CFD= 35 Jlg; %)+, EOC= bl l5se
IFW= Inflorescence fresh weight, IDW= Infloresecnce dry weight, ID= Infloresence diameter, IL= Infloresence length, HF= Half

flowering, CF= Complete flowering, HFD= Half flowering degradation, CFD= complete flowering degradation, EOC= Essential
oil content.
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1- Pricipal Compounent Analysis



V¥ 5l o) oylo VA Al o(5359LiS golow 5 poke) SLEL pole apid V¥

e (yroge 9d g0 (IS Jloj 2@V e g (p3IWS Jlg a0y
il oaddie Jolis a8 uiljlg 3l aoyd VWAY (lieeds Cusl bgsyo
5l e 1Sy 3l o5y s 0,8 3185 0,8 e Aliols sales
slgime 93, 8kos bauwgi jie adllas 5)50 (slacuisi £95 onl ke
poo U gl sloadlye plgicas 0)S0ke alol 5 (3N Jly;

a0 bl (g4 008 Bl

Jol g 0l S5 |y S by 51 Aoy OYIYY o) ailie duo
e 4 4375 by ) 2nps YEITY clize 4 bigye (PCL)
ailge 9 g0 (AAS Ko Vv g S SS9 5 g (S ooye

Jlgie Jlw g3 > sy gy L Cadgif 1D (55583101 3 90 Slho - Jous
Table 6- Measured traits in M. longifolia L. genotypes in consecutive two years

By, Cdo e sy il JERYS Sl
Row Trait Sym Unit Mean Min Max
1 SrF ok LFW g 0.15 0.01 0.34
Leaf Fresh Weight
2 Sr S g LDW g 0.06 0.01 0.14
Leaf Dry Weight
3 S g LS om? 9.26 2.06 2004
Leaf area
4 S dsb LL cm 4.60 1.73 7.4
Leaf length
5 Sr o LW em 1.89 0.55 3.2
Leaf width
6 SnopElSn db LW cm 2.60 1.27 4.56
Leaf length / Leaf width
7 S PH om 77.33 70 98
Plant height
8 o7 ol NN No. 11.41 7 16
Node number
9 o5k oot IND om 6.78 5 10.71
Internode length
10 Sy b LN No. 22.42 14 29
Leaf number
11 ‘uu_)m SD cm 2.12 1.38 3.06
Shoot diameter
12 Bli ey 5 0 BLDW g 1.37 0.02 3.3
Branch dry leaf weight
13 o S oj IFW g 1.17 0.32 2.29
Inflorescence fresh weight
14 o S g IDW g 0.18 0.03 0.35
Inflorescence dry weight
15 i ID om 0.74 05 0.94
Inflorescence diameter
16 R IL cm 7.44 4 11.33
Inflorescence lenght
17 Bl S5 g SDW g 1.21 0.52 1.94
Shoot dry weight
18 25 es Y g.m? 689.40 4415 939.7
Yield
19 25 0 500%F day 52.08 15 85

50% Flowernig
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20 PN T 100%F day 7358 47 107
100% Flowering
21 g5 Jlys o7 _ 50%FD day 99.30 65 130
50% Flower degradation
22 &5 Jlgj e _ 100%FD day 126.51 105 154
100% Flower degradation
23 il 515 3 LBN No. 14.40 12 17
Lateral branch number
24 il L3 o LBL cm 61.98 20.91 117.59
Lateral branch lenght
25 ol e EOC % 2.20 0.25 5.27
Essential oil content
26 bl 3,5es EOY Kg.ha't 150.78 10.13 461.55
Essential oil yield
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Table 7- Eigen values and cumulative variance for components obtained from principal analysis (PCA) based on the
morphological traits for the studied genotypes of M. longifolia L.

Ol ;|}e‘
Traits Components
1 2 3 4 5 6 7
Sr POk 053" 0.31 0.32 0.34 -0.13 0.16 -0.01
Leaf Fresh Weight
S S O 0.66" 0.45 0.12 0.34 0.26 0.31 0.04
Leaf Dry Weight
S o 0.38 0.18 0.69™ 0.06 0.01 0.46 0.16
Leaf area
Sr 0.47 0.29 0.40 0.58™ 0.25 -0.07 0.07
Leaf length
Sr oo 071" 011 0.43 -0.13 0.03 0.32 0.32
Leaf width
Sr o2l Sy b -0.41 043 -0.02 059" 0.08 -0.42 -0.13
Leaf length / Leaf width
oA el 058" 0.38 0.10 0.14 0.30 0.25 -0.40
Plant height
0,5 dlaay sk
)5 2 0.44 0.29 072 0.12 0.16 0.02 0.32
Node number
o5e alob -0.18 -0.05 -0.89™ 0.00 -0.01 0.26 0.06
Internode length
Syl 0.19 0.12 0.86™ 0.03 0.30 0.01 -0.13
Leaf number
“BL"_’J“ 0.78" 0.08 0.25 0.05 0.20 0.13 -0.18
Shoot diameter
Sl ey 0 0.67" 0.44 0.23 0.33 0.24 0.29 -0.06
Branch dry leaf weight
OB P o 0.09 0.60 0.09 0.39 0.50 0.28 -0.03
Inflorescence fresh weight
N 0.19 -0.21 0.10 0.81" 0.33 0.02 -0.01

Inflorescence dry weight



VEeF kg o ojlod YA als o((55,9LS aboo g pole) SLEL pole 4 pi5 VP
’*”ms"d 0.30 0.76™ -0.09 0.10 -0.14 0.03 0.28
Inflorescence diameter
o Jsb 0.30 0.27 0.06 0.74™ -0.03 -0.16 0.40
Inflorescence lenght
Bl K3 "_j’ -0.21 -0.28 0.12 0.03 -0.12 -0.81" 0.07
Shoot dry weight
)‘, 0.87"" 0.23 0.21 0.04 -0.16 0.05 0.05
Yield
J.lf '.. ok
(A5 D7 i 0.44 0.66 0.37 0.10 0.35 0.10 -0.11
50% Flowernig
=5 'A_ 0.62** 0.44 0.32 0.01 0.34 0.00 -0.07
100% Flowering
S5 sy 07 i 0.30 0.89™ 0.16 -0.01 0.01 0.07 -0.06
50% Flower degradation
N SAERYA ok
g5 Jlgs - i 0.32 0.87 0.21 0.09 0.06 0.13 -0.15
100% Flower degradation
s sl olaws o
o A U -0.50 -0.05 -0.17 -0.14 -0.37 0.38 052
Lateral branch number
'l> L‘-' Kk
il 13 Job -0.13 0.02 -0.15 0.08 0.22 -0.04 0.82
Lateral branch lenght
5 45 sk
"f”u?”"‘ 0.01 -0.15 -0.13 -0.13 -0.86 0.14 0.02
Essential oil content
5 l ok
ool 2,50ae 0.03 0.17 -0.33 0.62 -0.17 031 -0.36
Essential oil yield
o} [ sk
329 22 7.03 0.09 -0.12 -0.03 -0.69 -0.24 -0.24
Eigenvalue
H
oy %’J 24.27 0.31 0.10 0.12 -0.03 -0.03 -0.13
% of variance
lly e 2oy 24.27 033 0.10 017 -0.05 0.01 -0.13

Cumulative %
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Figure 4- Dendrogram from cluster analysis of studied traits between different Wild Mint genotypes
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Figure 5- Biplot of the first two principle components (PCs) for the studied genotypes of M. longifolia L.
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Introduction

Chrysanthemum (Chrysanthemum morifolum L.) is one of the most important cut flowers in the world, which
currently ranks second in the world after rose in terms of economy and cultivation. Stem end blockage and water stress
are two problems in decreasing the vase life of chrysanthemum cut flowers. Cut flowers undergo physiological and
biochemical alterations which often lead to an early senescence. Steps to delay the senescence process rely on
consideration of many aspects of handling process particularly the preservative solution that will influence the quality
and longevity of the flowers. Many flowers are harvested before they are fully developed, to ensure a long postharvest
life and to minimize mechanical damages which may occur during handling. Many researches have been performed
to prolong the vase life of chrysanthemum cut flowers with different treatments like essential oils, organic acids and
nanoparticles. Essential oils are aromatic oily liquids obtained from some aromatic plant materials. In vase solution,
microorganisms cause stem obstruction and accelerate the aging of petals. Microorganisms and their toxic products
restrict water uptake by blocking the end of the stem. Water balance, which is an important factor in maintaining the
quality and longevity of cut flowers and the inability to uptake water are the main causes of senescence. The presence
of disinfectants in the vase solution prevents the growth of microorganisms, protects the vessels against disintegration,
and ultimately increases the vase life. Most of nanoparticles have antibacterial effects and their application in vase
solution hinders microorganism growth and vascular blockage. Nanoparticles have high area-to-volume ratio, high
efficiency, and low toxicity. Some nanoparticles penetrate into the cells of bacteria, disrupt their respiration chain,
and cause disorder in their cell division, thereby killing them. They also inhibit the accumulation of bacteria in vase
solution and stem end of cut flowers. Various studies have reported the positive impact of nanoparticles on decreasing
microbial load, reducing transpiration from leaf surface, and preserving water uptake. Studies on postharvest longevity
of chrysanthemum cut flowers using these compounds is low. Therefore, the aim of the present study was to evaluate
the effect of orange spring essential oil, fulvic acid and cupper nanoparticles on vase life and some physiological
parameters of chrysanthemum cut flowers.

Materials and Methods
The experiment was performed based on randomized completely design with three replicates in order to investigate
the effect of different levels of fulvic acid (50, 100 and 150 mg ), orange spring essential oil (10, 30 and 50%) and
copper nanoparticles (5, 10 and 20 mg IY) in comparison to control (distilled water + 3% sucrose + 30 mg I* 8-
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hydroxyquinoline sulphate) on postharvest parameters of chrysanthemum cut flowers. Measured parameters included
vase life, solution uptake, vase solution bacterial population, stem end bacterial population, decreasing the brix degree,
decreasing fresh weight, dry matter, total chlorophyll content, carotenoid content, protein content, and peroxidase and
superoxide dismutase activity. Data were analyzed by SPSS statistical software package and means were compared
with the LSD test at the probably level of 95%.

Results and Discussion

According to the obtained results, the effect of treatments on improving the quality characteristics of
chrysanthemum cut flowers after harvest was significant. Results showed that the high vase life (16.33-17.00 days)
was obtained with all three copper nanoparticles concentrations. The vase life of chrysanthemum cut flowers was
extended to 17 days by the addition of 20 mg I-* copper nanoparticles in preservative solution in compared to control
with 14 days’ vase life. Least solution bacteria colonies was obtained through the use of 5 mg I"* copper nanoparticle.
On the other hand, least stem end bacteria colonies was obtained using 10 and 30% orange spring essential oil. Solution
uptake in these treatments was high, too. The effects of different treatments on some other physiological traits and
antioxidant enzymes activity were measured. Many studies have been carried out on the effect of essences (herbal
extracts) as antimicrobial agents on prolonging the vase life of cut flowers. In most of these studies, these essences
could prolong postharvest life. Essences have been studied with the intension of incorporating them into integrated
pest management to avoid or reduce the use of synthetic bactericides and fungicides. They also have antioxidant
properties. Application of herbal extracts improved water absorption in rose cut flowers by preventing the vessel
obstruction. The above results are similar to the results of this study. In most cases, when the cut flowers were treated
with nanoparticles, they exhibited longer vase life, higher water uptake, and lower stem-end bacteria than the control
flowers.

Keywords: Antioxidant enzymes, Essences, Postharvest longevity, Solution uptake, Vascular blockage
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Figure 1- The effect of the orange spring essential oil, fulvic a(f:lid and cupper nanopatrticles on the vase life of chrysanthemum
cut flower

B1, B2 and B3: 10, 30 and 50% orange spring essential oil, respectively, F1, F2 and F3: 50, 100 and 150 mg I-* fulvic acid,
respectively, N1, N2 and N3: 5, 10 and 20 mg I-* cupper nanoparticles, respectively and blank: control.



YA o090 o 1 IS GlrlS yos gty (o) y K0 9 SlglS

100
90
80
70
60
50
40
30
20
10

0

Jelo S

Solution bacteria
(log 10 CFU mlY)

Bl B2 B3 F1 F2 F3 N1 N2 N3 blank

i lojl g1 lo
Experimental treatments

(539913 834 1SS U5 Jgloee (555 lmm 52 (e 3951 g Saglod damsl i, o 8, 1 -Y S5
5 Ve @ iy N3 g N2 N1 «Sdsd dal 1) 33 0,5 oo VO 5 Ve e e iy F3 g F2 F1 i)l yloo ojlas 0o )3 0+ 5 Ve N+ 554, :B3 4B2 . Bl
Jals :blank 9 e ub.)yla )4.:J » 'D)fA;L.a Y.
Figure 2- The effect of the orange spring essential oil, fulvic acid and cupper nanoparticles on the solution bacteria
population of chrysanthemum cut flower

B1, B2 and B3: 10, 30 and 50% orange spring essential oil, respectively, F1, F2 and F3: 50, 100 and 150 mg I-* fulvic acid,
respectively, N1, N2 and N3: 5, 10 and 20 mg I-* cupper nanoparticles, respectively and blank: control.
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Figure 3- The effect of the orange spring essential oil, fulvic acid and cupper nanoparticles on the stem bacteria population of
chrysanthemum cut flower

B1, B2 and B3: 10, 30 and 50% orange spring essential oil, respectively, F1, F2 and F3: 50, 100 and 150 mg I-* fulvic acid,
respectively, N1, N2 and N3: 5, 10 and 20 mg I-* cupper nanoparticles, respectively and blank: control.
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Figure 4- The effect of the orange spring essential oil, fulvic acid and cupper nanoparticles on the decreasing brix degree of
chrysanthemum cut flower
B1, B2 and B3: 10, 30 and 50% orange spring essential oil, respectively, F1, F2 and F3: 50, 100 and 150 mg I-* fulvic acid,
respectively, N1, N2 and N3: 5, 10 and 20 mg I-* cupper nanoparticles, respectively and blank: control.

_ 14 a

= 12 a ab

o be ¢ o b cd o

= 1 d
% % 0.8 -

a4
§ Foe | M0 |8 205 8 L6
S5

[ 04 T

2

5 0.2 -

o

wn 0 - . . . . . . . .

Bl B2 B3 F1 F2 F3 N1 N2 N3 blank
ilojl s los
Experimental treatments

839915 oy ad Wi U5 Jolomo da (yl5me 1 (o 91,3550 9 SUgled ! gy U 4la o bas HiT -0 S
9 Ve d s ;N3 g N2 INL o Sglgb sl y2) p o5 oo VO g Voo e ity F3 g F2 F1 )byl ojlas 2o p3 0+ 5 ¥ V- e :B3 B2 Bl
aals Dlank 5 e cl)deil il 1 p,S Jo Ve
Figure 5- The effect of the orange spring essential oil, fulvic acid and cupper nanoparticles on the amount of solution uptake
of chrysanthemum cut flower
B1, B2 and B3: 10, 30 and 50% orange spring essential oil, respectively, F1, F2 and F3: 50, 100 and 150 mg I-* fulvic acid,
respectively, N1, N2 and N3: 5, 10 and 20 mg I-* cupper nanoparticles, respectively and blank: control.
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Figure 6- The effect of the orange spring essential oil, fulvic acid and cupper nanoparticles on the amount of dry matter of
chrysanthemum cut flower
B1, B2 and B3: 10, 30 and 50% orange spring essential oil, respectively, F1, F2 and F3: 50, 100 and 150 mg I-* fulvic acid,
respectively, N1, N2 and N3: 5, 10 and 20 mg I-* cupper nanoparticles, respectively and blank: control.
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Figure 7- The effect of the orange spring essential oil, fulvic acid and cupper nanoparticles on the amount of decreasing of
fresh weight of chrysanthemum cut flower

B1, B2 and B3: 10, 30 and 50% orange spring essential oil, respectively, F1, F2 and F3: 50, 100 and 150 mg I-* fulvic acid,
respectively, N1, N2 and N3: 5, 10 and 20 mg I-* cupper nanoparticles, respectively and blank: control.
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Figure 8- The effect of orange spring essential oil, fulvic acid and cupper nanoparticles on the total chlorophyll content of
chrysanthemum cut flower

B1, B2 and B3: 10, 30 and 50% orange spring essential oil, respectively, F1, F2 and F3: 50, 100 and 150 mg I-* fulvic acid,
respectively, N1, N2 and N3: 5, 10 and 20 mg I-* cupper nanoparticles, respectively and blank: control.
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Figure 9- The effect of orange spring essential oil, fulvic acid and cupper nanoparticles on the protein amount of

chrysanthemum cut flower

B1, B2 and B3: 10, 30 and 50% orange spring essential oil, respectively, F1, F2 and F3: 50, 100 and 150 mg I-* fulvic acid,
respectively, N1, N2 and N3: 5, 10 and 20 mg |- cupper nanoparticles, respectively and blank: control.
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Figure 10- The effect of the orange spring essential oil, fulvic acid and cupper nanoparticles on the carotenoid content of

chrysanthemum cut flower

B1, B2 and B3: 10, 30 and 50% orange spring essential oil, respectively, F1, F2 and F3: 50, 100 and 150 mg I fulvic acid,
respectively, N1, N2 and N3: 5, 10 and 20 mg I-* cupper nanoparticles, respectively and blank: control.
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Figure 11- The effect of orange spring essential oil, fulvic acid and cupper nanoparticles on the peroxidase amount of
chrysanthemum cut flower

B1, B2 and B3: 10, 30 and 50% orange spring essential oil, respectively, F1, F2 and F3: 50, 100 and 150 mg I-* fulvic acid,
respectively, N1, N2 and N3: 5, 10 and 20 mg I-* cupper nanoparticles, respectively and blank: control.
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Figure 12- The effect of the orange spring essential oil, fulvic acid and cupper nanoparticles on the superoxide dismutase
amount of chrysanthemum cut flower

B1, B2 and B3: 10, 30 and 50% orange spring essential oil, respectively, F1, F2 and F3: 50, 100 and 150 mg I* fulvic acid,
respectively, N1, N2 and N3: 5, 10 and 20 mg I-* cupper nanoparticles, respectively and blank: control.
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Introduction

Yew or English yew (Taxus baccata L.) from the family of Taxaceae is an ornamental shrub that is used in various
industries. Root induction and formation process at the base of stem cuttings of yew is slow. This species is in danger
of extinction. Stimulation of rooting in cuttings causes the plant to grow faster. Polyamines are a group of plant growth
regulators that play a variety of roles, including cellular differentiation and development and stimulation of
adventitious root production. Some yew habitats have been destroyed because of neglect, destruction, livestock and
ineffective exploitation. The yew is propagated by seeds or through cutting and grafting. Propagation of yew through
seed is difficult and obtained plants show non-uniformity. Therefore, vegetative propagation is used to produce plants
similar to the mother plant. The proliferation of the plant through leafy stem cutting is one of the most famous and the
best propagation methods due to the preservation of the genetic structure and uniformity. Increasing the rooting
capacity of trees and shrub cuttings is being carried out with a variety of plant growth regulators around the world.
Putrescine has shown a better response in compare with other polyamines. The stimulation effect of exogenous
application of polyamines, especially putrescine, was shown on the rooting of several plants’ cutting. Literature
evaluation showed that there is not any study on the effect of polyamines on the rooting of the yew stem cuttings.
Therefore, the aim of this research was to improve the rooting conditions of difficult-to-root cuttings with different
concentrations of putrescine (a type of polyamine).

Materials and Methods

In order to investigate the effect of different concentrations of putrescine, an experiment was performed based on a
completely randomized block design with 4 replications. Treatments included 0 (as a control), 500, 1000, 2000, 3000,
4000 and 5000 mg.I" of putrescine concentrations. In October, 25 cm of the end of the shoot of 5-years-old mother
plants were cut and used as hardwood cuttings. The cuttings diameter was 2.5-3 mm. The lower ends of the shoot
cuttings were kept at different concentrations of putrescine for 10 seconds and then placed in the cultivation bed. In
this study, root percentage, number of roots, root length, stem length, shoot number, leaf number and survival
percentage of cuttings were measured. Cuttings cultivation bed was perlite, cocopeat and peat moss. To prevent
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possible contamination, the bottom of the cuttings were immersed in a 2/1000 fungicide solution of Berdofix a week
befor cutting preparation.

Results and Discussion

The results of analysis of variance showed that different concentrations of putrescine on all traits were significant at
1% probability levels. The results of mean comparison showed that the largest number of roots (6.50 per plantlet) and
the highest root length (7.70 cm per plantlet) were observed in cuttings treated with 500 mg.I-t putrescine. The highest
number of shoots (5.50 per plantlet) and the highest rooting percentage (97.50) were obtained in cuttings treated with
2000 mg.I"t of putrecine. The maximum number of leaves (41.25 per plantlet) was counted in cuttings treated with
3000 mg.I* of putrescine. Yew can be propagated successfully by stem cuttings. Natural conditions propagation and
in vitro propagation beside cryopreservation are effective approaches to conserve plants particularly those putted in
the red list. Plant growth regulators have an effective role in increasing the rooting of difficult-to-root cuttings of trees
and shrubs. The exogenous use of polyamines as a new group of hormones stimulated root production in some cuttings.
Peach x almond hybrid cuttings treated with 2 mM putrescine for 5 min showed the highest rooting percentage, root
number and root length with the best quality. Putrescine is capable to influences on other plant growth regulators and
has less toxicity than most of them. Polyamines stimulate cellular division in dissection place cells of cuttings such as
cambium and phloem. The exogenous application of these compounds, especially putrescine during the root formation
phase resulted in an increase in endogenous putrescine, endogenous auxin and peroxidase enzyme activity. In the
cutting of the leafy stem of Corylus avellana L., the use of putrescine stimulated rooting. The study, like the present
study, confirmed that putrescine can be useful for increasing rooting percentage and root quality. Putrescine had an
effective role in the rooting of the stem cuttings. The present study revealed that the lowest root number was counted
in cuttings that were not treated by putrescine (control). Polyamines (spermine, spermidine and putrescine) increased
rooting percentage and root growth by stimulating root cell division (increased mitotic index of tip root cells) in
regenerated pine (Pinus virginiana Mill.) seedlings. Polyamine biosynthesis and antioxidant enzymes activity were
increased during root induction and formation. The exogenous application of spermidine in the apple (Malus
prunifolia) stem cutting stimulated rooting by changing the concentration of some hormones. Spermidine regulated
the expression of genes involved in the production of auxins. The study aimed to investigate the cellular-molecular
effect of polyamines on the structure and development of roots in Arabidopsis showed that these organic compounds
adjusted the size of the root meristematic zone during the effect on both symptomatic accumulations of hormones and
reactive oxygen species (ROS). The same and different results are presented with the present findings by some other
researchers. The main cause of these different results is the difference in the amount and balance of endogenous
hormones, including polyamines in different species. Plant genotype, type of cuttings, cutting age, environmental
factors, nutritional status especially type and amount of carbohydrates in the plant, the transfer rate of these
carbohydrates from leaves to roots, the presence and the amount of phenolic compounds, nitrogen compounds,
phonological stages and cutting season also play an effective role in these differences.

Keywords: English yew, Ornamental plants, Plant growth regulators, Polyamines, Tree propagation
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Table 2- ANOVA (mean squares) for the effect of different concentrations of putrescine on some traits of Yew cutting

Sy g0 @y Spola Bl dle g ady,Jeb  ady,dlan Ay, ey
Source of &3 Leaf Shoot Stem Root Root Rooting
variation df number number length length number percantage

)‘_)S_ 3 0.756"™ 0.251"™ 0.2004" 1.421™ 0.7916™ 12.50™
Replication
o 7 95.70™ 5.357™ 3.039™ 11.69™ 8.76™ 291.00™
Treatment
s 21 11.32 0.4404 0.455 1.185 0.291 57.70
Error
St e pd - 11.03 23.08 8.69 28.77 17.63 9.28
CV (%)
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*, ™ Significant at 5% and 1% of probability levels, respectively, ": Non-significant.
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Table 2- The effect of different concentrations of putrescine on some traits of Yew cutting

it 399 & slaws L alay Blw Job gy Job Qg y 3lans 2l jania
Putrescine . Shoot number ~ Stem length Root length Root Rooting
) Leaf number
(mg.I™h (cm) number (%)

0 28.75°+ 1.71 2.25%+0.96 7.02°+0.81 2.35°+0.94 1.75° £ 0.50 70.50% +5.20
500 27.50°+1.73 2.25% +0.50 7.27°°+0.80 7.70°+1.80 6.50? £ 0.57 85.50° + 0.00
1000 28.50° + 2.08 2.75°+0.50 8.07° +0.53 4.15°+ 153 2.50 + 82.50™ + 4.93

0.57
2000 34.00° + 4,55 5.50* + 0.58 9.70* £ 0.16 2.50° £0.85 3.25° +0.50 97.50* £ 4.10
3000 41.25°+4.79 3.00% +0.82 7.72°¢+0.53 3.67°+0.83  3.00°+0.82 77.85% + 5,07
4000 28.50° +2.08 2.009 +0.00 7.85" +1.05 3.12*¢+1.10 2.00°+0.00 82.50™ +5.00
5000 26.25°+1.71 3.25°+0.96 7.35%+0.39 2.87°+0.75 2.50% + 90.00% + 8.16
0.57
10000 29.25% +4.35 2.029+0.00 7.05°+0.51 3.90* +0.32 3.00°+0.82 77.70% + 11.50
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Means with different letters on the same column are significantly different based on LSD test (p<0.05).
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Figure 1- Rooting steps and growth of Yew stem cuttings
(A) Yew cuttings, detachted from 5-years-old mother plants; (B) Rooted cuttings in 500 mg.I-* putrescine solution; (C) Rooted
cuttings in 500 mg.I* (left), control (middle) and 2000 mg.I-* (right) of putrescine solution in early root production; (D) Rooted
cuttings in 500 mg.I-* putrescine solution; (E) First produced roots about 65 days after cutting; (F) Roots and leaves produced in
cuttings treated with 3000 mg.I-* putrescine solution; (G) Rooted cuttings in different concentrations of putrescine after 90 days,
ordered from left to right: 2000, 500, 0 and 1000 mg.l-%; (H) Grown plants in pots at the end of the experiment.
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Introduction

Pistachio (Pistacia vera L.) is an important crop in Iran our country and has a unique position in export goods.
The amount of pistachio production in Iran has decreased by 50% compared to 2017. The low yield of pistachios per
unit area is due to the management problems of orchards, and among these, nutrition and fertilizer management is of
special importance. Among the nutrients that are important in pistachio nutrition, especially when the brain is full, are
nitrogen and potassium. Humic acid can also improve physical, chemical and biological soil properties and stimulate
growth via its effects on plant metabolism.The aim of this study was to investigate the effect of application of some
nitrogen fertilizers with different levels of potassium sulfate and humic acid on growth, yield and photosynthetic
pigments of pistachio Badami Sefid-e-Mahvalat variety.

Materials and Methods

This research was conducted as a factorial experiment based on a randomized complete block design with three
replications at the Mahvalat during 2019-2020. The first factor consisted of nitrogen fertilizers at 4 levels (control,
urea, ammonium sulfate and ammonium nitrate). The second factor was potassium sulfate fertilizer at 2 levels of zero
and 250 g per tree and the third factor was humic acid fertilizer at 2 levels of zero and 45 g per tree which as a manure
pits after the formation of the cluster and at the same time with the growth of the bony shell in the shade of the tree
where the capillary roots are active. At the end of the experiment, morphophysiological traits were measured and
recorded. In each tree, three branches were selected in different directions and the length of the current branch was
measured in meters using centimeters. The diameter of the middle of the branch was measured with a caliper. From
the collected clusters, 100 fruits were randomly selected, and the number of indehiscence fruits and the number of
blank fruits were counted and finally expressed as a percentage. Measurements of chlorophyll a and b, total
chlorophyll and carotenoids were determined using Arnon method. The experimental data was analyzed by SAS
software and the significant differences among the treatment were tested by LSD test.

Results and Discussion
The results of analysis of variance of data in two years of experiment showed that experimental treatments had a
significant effect on pistachio growth and yield. The results of the first year showed that the combined treatment of
urea and 250 g of potassium sulfate and 45 g of humic acid had the highest diameter and branch length, indehiscence

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
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percentage, chlorophyll a, b and total and the lowest pistachio blank percentage. The highest yield in the first year was
obtained from the combined use of ammonium sulfate, 250 g of potassium sulfate and 45 g of humic acid. Combined
application of ammonium nitrate and 250 g of potassium sulfate and 45 g of humic acid resulted in the highest diameter
and branch length in the second year of the experiment. The highest indehiscence percentage and carotenoids and the
lowest amount of pistachio blank percentage in the second year were obtained from the combined treatment of
ammonium sulfate, 250 g of potassium sulfate and 45 g of humic acid. Most chlorophyll a, b and total were obtained
from combined consumption of urea, 250 g of potassium sulfate and 45 g of humic acid. The highest yield of the
second year was obtained due to urea consumption, 250 g of potassium sulfate and 45 g of humic acid. Nitrogen is a
component of amino acids, proteins, nucleic acids and enzymes and plays a major role in plant physiology, vegetative
growth, chlorophyll formation and fruit and fruit production. Potassium is also one of the elements required by the
plant that plays an important role in photosynthesis and transport of carbohydrates. The organic acids in humic acid
cause the chelating of many nutrients and increase their availability to the plant. By using these substances and its
positive and stimulating effects on plant growth and increasing root growth and its absorption power, nutrient uptake,
yield is increased.

Keywords: Blank percentage, Chemical fertilizer, Pistachio Badami Sefid-e-Mehvalat variety, Plant nutrition,
Yield
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Table 1- Characteristics the soil of pistachio orchard
e . & Calar
b o s ke il oS .
rerture oc P K Na Ca pH S
(%) (mg.kg?h) (meq.I") (meq.I") (meq.I") EC
(dS.m™)
wy 0.26 27.88 0.18 12.4 55 7.7 6.4
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Chl a= (12.7 A663 — 2.69 A645) xV/100
Chl b= (22.9 A645 — 4.68 A663) xV/100
Total Chl=20.2 (A645) + 8.02(A663) xV/1000W
Carotenoide= (1000 A470-2.27Chl a-81.4 Chl b)/227
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Table 2- ANOVA for the effect of different concentrations of Nitrogen, Potassium sulfate and Humic acid on the

vegetative and yield traits of pistachio cv. Badami Sefid-e-Mahvalat in 2019 and 2020

©la o (ilbe
gl S e a0 Mean squares
Vear SOV &3 FEARRA 5L Job 551 P RCEGEW SS9y
Df Branch Branch vield Indehiscence Blankness
diameter length percentage percentage
B‘f"*k 2 0.05 ™ 3,51 24.14* 58.14™ 17.06"
ocC
Nitr%;?:rf(N) 3 0.81** 4.77* 44.39%* 103.96 * 70.90*
oy g
Potasium Sulfate 1 2.82%* 26.70*%* 184.86** 315.18** 59502**
(S)
égig Hu“;}“:;‘”c i*é‘”('H) 1 1.54%% 35.43%* 103.78** 157.68* 123.52%
NxS 3 0.13 ** 1.25m 1.18™ 19.68"
33.85™ 9.68
NxH 3 0.02 4.39% 2.45" 27.24" 6.74"
SxH 1 0.03™ 6.09% 5.58" 13.02" 31.68™
NxSxH 3 0.08* 1.32m 1.29™ 2.68"™ 5.24ns
E":r; 30 0.02 1.54 5.76 30.90 21,377
“é’“\;’(;)f’ - 357 12.15 26.80 7.48 21.19
. 0
B‘i)fk 2 0.02 0.90™ 65.88™ 11.31% 19.56"
Nit:)g;fm) 3 0.80%* 12.34%* 220.73%* 138.18™ 109.91**
eoly Sligu
Potasium Sulfate 1 3.87%% 33.55%* 1532.95%* 540.02%* 705.33**
1399 _gm(S) el
2020 o 50 . ) 1 3.36%* 37.47%% 932.80%** 285.18*% 114.08*
umic acl
NxS 3 0.12m 0.20™ 86.53* 18.79™ 22.38"
NxH 3 0.17* 3.03™ 10.30" 6.74" 2.47m
SxH 1 0.34%* 0.48"™ 98.55™ 22.68™ 1.33m
NxSxH 3 0.40%* 1.69™ 10.16™ 5.68" 18.50"
E":;r 30 0.05 1.56 26.89 54.93 21.18
“éf\“/“(;/”)f” - 451 11.69 24.11 11.07 21.28
. 0

Ebsize pae ™ 5 00130 oV sl prdaw )3 5 jixe (s gy Fg*F
** and *: Significant at 1% and 5% of probability levels, respectively, and ™: Non-significant
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Table 3- Triple effects of Nitrogen x Potasium sulfate x Humic acid on vegetative and yield traits of pistachio cv. Badami
Sefid-e-Mahvalat in 2019 and 2020

355 glgl , S I " e
J S el OWgoo S S 5 Sos s Job 4L b3
Year 4,"”"“’ Potassium - 5‘& Blankness Indehiscence Yield Branch Branch
Nitrogen sulfate (g) Humic (%) (%) (kg.tree)  length (mm)  diameter (mm)
forms acide (g)
0 0 3.54] 6.64 f 4.05h 66.66 e 32a
ol 45 3.88 ghi 10.5 abcd 5.81 fgh 74 bede 24 bed
Control 250 0 3.86 hi 9.87 bcde 6.55 efgh 69.33 cde 23.33 bed
45 3.98gh 11 abc 9.29 bedef 76 abcd 21.33 bedef
0 0 3.96 ghi 8.39 ef 5.02 gh 72 cde 28 ab
o) 45 4.10 fgh 1249 a 7.73 defgh 74 bede 22.33 bede
Urea 250 0 441 cd 10.74 abcd 8.82 cdefg 84.33a 14.66 ef
1398 45 511a 12.53 a 12.59 abc 81.66 ab 14 f
2019 ool ool 0 0 3.731j 9.12 cde 7.41 defgh 70.66 cde 25 abc
powigel Clagw 45 4.13 efg 10.59 abcd 9.88 bcde 75.66 abcde 21 bedef
Ammonium 250 0 4.28 def 10.24 bcde 10.04 bcde 75.66 abcde 19 cdef
sulfate 45 4.65 be 10.94 abed 15.75a 78.33abc 16.33 def
ol ol 0 0 3.94 ghi 8.88 de 6.96 efgh 68 de 26 abc
Parssl Sre 45 4.28 def 9.17 cde 9.05 cdef 72.33 cde 24.33 abc
Nitrate 250 0 4.35 de 10.99 abc 11 bed 72.66 bede 19.33 cdef
ammonium 45 481b 114 ab 13.27 ab 76.33 abcd 18.33 cdef
0 0 417g 743g 952¢ 59.66 d 29.66 a
-l 45 4.76 ef 9.44 efgy 13.47 fg 62.66 bed 25.33 abc
Control 250 0 4.83 ef 10.05 cdef 14.78 efg 63.66 bcd 25 abcd
45 5.04 de 9.91 def 24.49 cd 66.66 bcd 22.66 abcdef
0 0 4.67 ef 8.96 fg 12.67 fg 62 cd 28.33 ab
o) 45 4.94 de 11.41 bede 18.52 efd 65.66 bcd 20.66 bcdefg
Urea 250 0 4.94 de 10.24 cdef 26.32 bed 70 abcd 15.33 fgh
1399 45 5.93ab 14.2a 43.09 a 75 ab 14.66 gh
2020 ) 0 0 4.52 fg 9.42 efg 15.27 efg 64.33 bed 23.33 abcde
posigel e 45 4.88 def 11 bede 22.32 cde 68.66 abcd 22.66 abcdef
Ammonium 250 0 543 ¢ 11.2 bede 24.41 cd 71.66 abcd 17.33 defgh
sulfate 45 5.61 be 12.1 be 34.25b 79.33a 12.33h
) 0 0 5.03 de 9.69 def 14.06 efg 61.33 cd 27.33 ab
pogel Sy 45 5.25 cd 11.53 bed 21 def 64.33 bed 26.33 abc
Nitrate 250 0 4.79 ef 11.51 bede 19.75 def 63.33 bcd 19 cdefgh
ammonium 45 6.19a 13.05a 30.16 bc 72.66 abc 16 efgh

A I3 e duoyd O Jlazn] aw 13 LSD (905l (he S yie Gy S JBlis gy (sl ke ygim ya 4
In each column means with the same letter are not significantly different at 5% of probability level based on LSD test.
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Table 4- ANOVA for photosynthesis pigmants leaf pistachio under the influence of different treatments in 2019 and 2020

Ol (be
Mean squares
Jw 8 e RS Mg, a Judo IS b Jidy 5 JS Jadg S
Year S.0.V Df Carotenoid Clorophyll a Clorophyll b clorophyll Total
Sk 2 0.006" 0.15™ 0.19 0.68%*
Block
. Oi9A 3 2.34%* 1.11%* 1.74%* 5.63**
Nitrogen (N)
”:"“*’ My 1 11.60%* 8.44%* 14.59** 45.26%*
Potasium Sulfate (S)
1398 Sosed ol
2019 o9 % 1 8.45%* 3.51** 5.90** 18.53**
Humic acid (H)
NxS 3 0.66** 0.50** 0.76** 2.42**
NxH 3 0.23** 1.16** 1.22** 4.32**
SxH 1 0.54** 0.08™ 0.30™ 0.06™
NxSxH 3 0.20** 0.18* 0.23™ 0.81**
e 30 0.01 0.05 0.11ns 0.14
Error
et 5 - 5.11 10.99 10.66 7.23
C.V (%)
Sk 2 0.001ns 0.27ns 0.65* 1.77%*
Block
o 3 1.97** 1.50%* 0.73** 4.23**
Nitrogen (N)
el Al 1 9.17% 6.68%* 7525 28.33%
Potasium Sulfate (S)
1399 Seoged o 1 8.14** 8.91%* 3.76** 24.28%*
2020 Humic acid (H)
NxS 3 0.56** 0.48** 0.11" 0.73™
NxH 3 0.55** 0.60** 0.42" 1.52%*
SxH 1 0.02* 0.07™ 0.01" 0.15™
3 0.12** 0.18™ 0.17" 0.60™
NxSxH
b= 30 0.006 0.12 0.15 0.29
Error
S - 3.5 15.29 11.63 9.68
C.V (%)

Gbsme pae ™ 5000 0 o YV Jlasn o )3 45 dme o yay g
**and *: Significant at 1% and 5% of probability levels, respectively, and ™: Non-significant

el clale IEE ) 18 badijey €8 5 ) pewly
ol jody g 00b (90l sla gl Sl Ol Dl el g, (ola Jskeo
loaijyy o 5k 4 jyy sladsls uiludyg lad (Rl
Fobs Fgd g odd pbxl Jde 55 OVols g 29800 et
Gl jd 280 o ol b 5135 . (Marschner, 1995) > o
o S A Oy QR cuw maly 38 (sl); plals
2 el 2)8 s on (Obreza, 2003; Taber, 2006) »q
(Dkhil et al., 2011) s @ & ju

Slassl 5 Jido)S olotsls 3 o3y JUb <8 5l
oo GBI 5955 sles Cov lalS )3 S S o lse il
SlLbgh g sk (abgls 452 )5 Slisel has 105 om J]
Harbone & Dey, ) 50 YU Coyus & 1) Judg S ol5ue jliw
S awgd aliSS) oy il a8 2l LS e gols (1997
Slilges (sloogS” lize 3131 Loss (JS 5 8) Jido 5 as8ip)S
Ol cde a8 sl Cuvddy ¢ o 365 L ol yar paiolis ldlguw 5 posigel
sdls j5Sie G358 skl 5 3555 cfssis yolis ol )
(Aryakia et al., 2017)
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Table 5- Interaction effects of Nitrogen x Pottasium sulfate x Humic acid on photosynthetic pigments leaf of pistachio in

years 2019 and 2020
395 Elgil o KV . . . .
Ju e by OlWgu Seoged Mgy, a Judg 5 b Jadg 5 IS Judg 5
Years Ni 9 Potassium SR Carotenoid Clorophyll a Clorophyll b Clorophyll Total
itrogen sulfate (g) Humic (mg.g FW?) (mg.g FW?) (mg.gFwW1) (mg.g FW?)
forms acide (9)
0 0.75k 0.82] 1.85i 2.66 |
18l 45 1.81i 1.58 hi 2.1 hi 3.69 jk
Control 250 0 1.87 hi 2.08 defg 3.18de 5.26 fgh
45 2.45 f 2.23 cdef 3.1 def 5.33 efg
0 0 0.87k 1.19ij 2.21hi 34k
o) 45 2.66 ¢ 2.43 bed 3.31 cde 5.74 ef
Urea 250 0 2.55 ef 2.02 efg 2.83 efg 4.86 gh
1398 45 3.19 be 36a 491a 852a
2019 il il 0 0 211g 1.84 fgh 2.82 efg 4.67 hi
parysl = Ey 45 2.95d 2.51bc 3.42 bed 5.93 de
Ammonium 0 2.57 f 2.37 cde 3.22 cde 5.59 ef
sulfate 250 45 331b 2.46 bed 3.93b 6.39 cd
el 0 0 151] 1.74 gh 2.35 ghi 4.09 ij
Passel Sry 45 2.04 gh 1.58 hi 2.56 fgh 4.14 ij
Nitrate 250 0 3.05 cd 2.81b 3.76 bc 6.58 ¢
ammonum 45 359a 2.82b 45a 7.32b
0 0 112k 1.09i 2.14h 3.23]
ol 45 2.16 fg 1.52 ghi 2.89 fg 4.42 hi
control 250 0 1.72i 2.01 efg 3.41 cdef 5.42 efg
45 2.27f 2.42 cde 3.67 bede 6.09 de
0 0 1.28] 1.39 hi 2.49 gh 3.88j
o) 45 2.81d 2.64 bed 3.53 bedef 6.18 cde
Urea 250 0 21g 2.23 def 3.34 def 5.56 defg
1399 45 3.36b 38la 441a 8.23a
2020 ] 0 0 1.88h 1.82 fgh 32¢f 5.02 gh
posigel Mg 45 24 3.05b 3.31 def 6.37 cd
Ammonium 250 0 2.76 d 2.17 def 3.88 abed 6.06 def
sulfate 45 3.75a 2.98 be 4.05 abc 7.03 be
) 0 0 1.79 hi 1.71 fgh 3.05 efg 4.76 ghi
pogel Sy 45 2.18fg 1.91 efgh 3.24 def 5.15 fgh
Nitrate 250 0 317¢ 2.26 def 3.27 def 5.53 defg
ammonum 45 3.48b 3.22b 4.15ab 7.37ab

Al I3 e 10)3 B Jlain] s 13 LSD (03] slis p Syniie B K Jilis gl slanSikio gty 5
In each column means with the same letter are not significantly different at 5% of probability level based on LSD test.

sl Sgoguts g yasia ol bl Jgloxe 45 53,5 by)iS (2015
M) asls Ll sl (Canino) suS o, sk g5, 2
&ﬁd‘&xohﬁulalﬁ;&):b‘w;Lf):é\aw‘JSJJ9)l§,\.uLa

Ol s Sy el il (Rl b Sagen s
o ol LSSy of s & g 09 e olS (stmgtd colled
3,8 31 s Ldo IS lie iolsal (Delfine et al., 2005) sl

sl 00 bl.:f ]a.wy ual..\.c )...aL.c u..\> uwl)_‘)‘ 4 U‘?’U‘ ).u |) &Ay.b ..\,w)‘
ORIBl ) ek w0395 (2l polie (o pd b s
& 5 45 el Shagainnl &5 05 ol Gz Glgie )1 olS SIS

Sl 5 4559525 o35S Elgil 3,218 b Ao 93 talejl s

Loy (g GBASS) 9 3 Slas ) p Sionged Sl 9 iy
5P bodle Chgon Slav 81 (035 lajles oS 0y (s
o3lil 350 lauo g el g wiiily dald b (o)l bxe MBI
A8y Jsb) 43y sboadls cnpiie Sepsba SAD 65
Je85)1S) (simgd glao ) 5 (s 9 3 )Slae) 3, Shes (3L

3,Skos 595 oS Jibgls il ol Jlisas 5 polis o
Gl o Jole sl (pddes il Wile Shog sl 500
3 56 adny Jobo Sl g Dlind Gl (gt (e (5]
Al-Ahli et al., ) st Jdg)ls™ Lilial (Koo Jlas! LYo
e Saogut Sl 5l edlaiwl didss 45 (2016; Asrietal., 2015
25 38 Sy e ggme g ale a3, Gl o
Shaaban et al., ) ,Ke» 5 ;L .(Ferrara et al., 2008)
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Introduction

Lettuce (Lactuca sativa L.) from the Asteraceae family is one of the most important vegetables due to its rapid
growth and commercial value. Currently, the market share of organic vegetables is constantly increasing due to
customer demand for safer and healthier food. Excessive use of pesticides and chemical fertilizers threatens the
environment and leads to the production of unsafe food products. Therefore, it is important to find alternatives
instead of using pesticides chemical methods to manage powdery mildew. Generally, biotic and abiotic stresses
are among the factors that have a destructive effect on growth and development, performance, and production of
plant biomass. Fungicides can be the most effective method of controlling the powdery mildew disease, but this
pathogen can develop resistance to fungicides. Rhizosphere bacteria are among the living agents that, by producing
some allelochemicals, cause the dissolution of soil nutrients, increase the availability of nutrients, and induce plant
resistance to biotic and abiotic stresses. In addition, they enhance host plant growth through an indirect mechanism,
including the inhibition of disease-causing pathogens by releasing some allelochemical substances. The biological
control of powdery mildew disease with the use of rhizospheric bacteria in lettuce and zucchini has been reported.

Material and Methods

To evaluate the biological control of powdery mildew fungus with plant growth promoting rhizobacteria
(PGPR) and effects on yield and quality of New Red Fire greenhouse lettuce, an experiment was carried out in a
completely randomized design with three replications in the Research greenhouse of University of Zanjan during
2020. Experiment treatments consisted of five levels of PGPR (Pseudomonas vancouverensis- VPM,
Pseudomonas Koreensis- KPM, Pantoea agglomerans- PAPM, Pseudomonas putida- PPM, and one level of
combined bacteria (Pantoea agglomerans+ Pseudomonas Koreensis+ Pseudomonas putida+ Pseudomonas
vancouverensis- MBPM, one level of chemical fertilizer 100% N, P and, K according to soil test results- NPK,
and two control treatment without powdery mildew condition (C) and under powdery mildew conditions (CPM).

The “New Red Fire” lettuce seeds were surface sterilized with 0.5% (v/v) sodium hypochlorite for 10 min and
germinated at 20°C. After germination, seedlings with similar size were transplanted into pots. Plants were grown
under greenhouse condition with 60/70 % (day/night) relative humidity, 15/18 °C (day/night) temperature.
Inoculation of pathogenic fungi was done 40 days after seed germination. Plants were harvested after 75 days. The
chlorosis and necrosis spots number on each plant, plant fresh weight, plant dry weight, leaf number, total
chlorophyll, total phenol and flavonoids contents, antioxidant activity, anthocyanin content, and catalase and
peroxidase enzyme activity were measured.

©2022 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
Er any medium or format, as long as you give appropriate credit to the original author(s) and the source.
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Results

The results showed that the application of potassium and phosphorus solubilizing bacteria and NPK fertilizer
significantly increased plant growth compared to control plants under the stress of powdery mildew fungus. The
highest plant fresh weight, percentage of plant dry weight, and leaf number were obtained with the application of
combined potassium and phosphorus solubilizing bacteria treatment and 100% N fertilizer under the biostress. The
maximum total chlorophyll was obtained with the application of Pseudomonas koreensis and Pantoea
agglomerans bacteria. 100% reduction of necrosis spots was obtained by using the Pantoea agglomerans bacteria.
The maximum of chlorosis spots (increase of 55.8%) and necrosis spots (an increase of 88.8%), total phenol (an
increase of 52%), total flavonoids (an increase of 39.3%), catalase (an increase of 28.4%) and peroxidase enzymes
activity (49.1%) were obtained with application of NPK fertilizer. No significant effect on antioxidant activity was
observed with the application of chemical fertilizer and rhizosphere bacteria under the Biostress. The maximum

anthocyanin contents were obtained with the application of Pseudomonas koreensis.

Conclusion

According to the results, the application of NPK chemical fertilizer and seed pretreatment of lettuce with PGPR
increased the value of antioxidant compounds including total phenol, flavonoid, and anthocyanin contents and
catalase and peroxidase enzymes activity under powdery mildew conditions. Inoculation of lettuce seeds with
PGPR, in addition to improve plant growth under biological stress conditions, increased anthocyanin contents and
induced the resistance of lettuce plants to powdery mildew. Seed pretreatment with PGPR reduced chlorosis and
necrosis spots in leaves. Therefore, pretreatment of lettuce seeds with PGPR instead of chemical compounds
(fertilizers, pesticides and plant growth regulators) is recommended to improve the yield and quality of lettuce
under powdery mildew conditions.

Keywords: Anthocyanin, Biological control, Biostress, Necrotic spots, Powdery mildew
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Table 1- The plant growth promoting bacteria treatments used in the experiment
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Composition of N, P and K chemical fertilizers (Amount of 100% of the plant’s needs)
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VPM Pseudomonas vancouverensis (Potassium solubilizing bacteria) + N and P chemical fertilizers (Amount of 100% of the
plant’s needs) with biostress
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KPM | Pseudomonas koreensis (Potassium solubilizing bacteria) + N and P chemical fertilizers (Amount of 100% of the plant’s
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Table 2- Some chemical and physical properties of the soil
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sﬁl"r "‘:l* P K Fe zn N EC pH
of Texture (mg.kg?) (mg.kg?) (mg.kg?) (mg-kg?) (%) (ds.m)
o pd 11 120 174 0.64 0.07 0.85 7.85
Sandy Loam
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Figure 1- The first symptoms of powdery mildew after a week of inoculating with fungus (A; loupe, zoom 30X) and
Harvest stage, primary and lower leaves extinction (B) of greenhouse lettuce cv. New Red Fire
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Table 3- ANOVA for the effect of NPK chemical fertilizer and seed pretreatment with plant growth promoting bacteria on
leaf contamination rate of greenhouse lettuce cv. New Red Fire

oy ube
Ol s 2alio &3l an o Mean of squares
Sources of variation df 59585 LA wo 39555 eI no y>
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Error
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Figure 2- The effect of NPK chemical fertilizer and seed pretreatment with plant growth promoting bacteria on greenhouse
lettuce cv. New Red Fire contamination under powdery mildew fungus bioticstress
The percentage of chlorosis spots compared to the control treatment with stress (A) and the percentage of necrosis spots compared
to the control treatment with stress (B). PM: Powdery mildew, C: control, N: NPK, V: Ps. vancouverensis, K: Ps. koreensis, P: Ps.
putida, PA: Pantoea agglomerans, Mb: Ps. putida + Pantoea agglomerans + Ps. koreensis + Ps. vancouverensis. (DMRT, p<0.05)

VI INTYP SV S (K WA VICR TSt O PSS | -7 SRV { JEPO
05 b b e slave 351 cleb @l s (Derikvand et al., 2020)
X. vesicatoria 4 S3gl 51 » (55,8a0e5 olS > gslas]
by solow 4 S34)1 1 )3 g6, ol > (Itako et al., 2015)
» ((Chithrashree & Srinivas, 2012) X. oryzae pv. Oryzae
(Farahani & Taghavi, 2016) Xap « SS9l 1 s Lugd ol
gl g Ty GBI Slans] o slag 3l colled 133l
oiiSly 1y cde Xap Slaw 8L 515 Lugd olS 5 jlas]y,
Oy 35 (inlS g )5 o 31 BB LAl 53 oS o
W L « (Derikvand et al., 2020) szl Lo 5g,0
@ GHawgry SISk mil Wl chlhs ol Jingl
e 88 3yl g3l cnl (2ol 4 Jled bapgus julS )3 b (2o
oo st & sl g 0ud 208 Jleb ()5S sladiS S5 4

(Kumar et al., 2015) sisy o 20 |y gy o

Suacast g JYBIS a3l cullas

58 pl b lis Wesls byl ajzs I Job mlo
bl 55 3 S un (slos S b o 5 NPK (sl
S g )3 STy 9 B 3l clled ol g2 ) A5
5 YOS iyl cdld ppiin (F Jsi2) w5 Jhine oy
tlrosd 355 3 b g S gy (IS Cod flasSTy
st 5 bl 5 NPK e 368 Jlael 1 Lol NPK
SYB o5l cled s yd YAE iali8l Coge cvgo 928 olS )
O b aals Hled 4 Cus STy wpl el o) YA/
(¥ Jse) 25,5

sty OB bl 5 STy g SYBE 3l cllad oy 208
S LA e 20 b 928 olS )3 (535 Shbe )8
dulile glis &) i L (Y JSu2) 05 Juol> )55  olipagge
Cdl 5 o0y L5 e o seiions alay dmodls ke
o slow Jole plolids 5 L s odmliie Sl 5T (olaen 5T
ollS il ROSMg (s slagusl odgl lalS by
saiss ghe ol bis 5 Lol Sl opSsle slaiea,
STy GV Glauslml glampl  Jb o (es]

1- Reactive oxygen species
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Figure 3- The effect of NPK chemical fertilizer and seed pretreatment with plant growth promoting bacteria on catalase and
peroxidase enzymes activity the catalase and peroxidase activity of greenhouse lettuce cv. New Red Fire leaf under
bioticstress

PM: Powdery mildew, C: control, N: NPK, V: Ps. vancouverensis, K: Ps. koreensis, P: Ps. putida, PA: Pantoea agglomerans, Mb:
Ps. putida + Pantoea agglomerans + Ps. koreensis + Ps. vancouverensis. (DMRT, p<0.05)
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Table 4- ANOVA for the effect of NPK chemical fertilizer and seed pretreatment with plant growth promoting bacteria on
some morphological and physiological traits of greenhouse lettuce cv. New Red Fire under bioticstress

Ol o (b

&bo Mean of squares
AT s 03U o5 .. AEENT T
btV W s L ool Sl ) L5936 cullb
Sources ¢ ' Totl B sy, R s Sy, {O‘tja’l‘s Js sl o]
variation chlorophyll ~ Catalase  Peroxidase sFr:?)Sor: Dry Leaf phenol Total Antioxidant ~Anthocyanin
: matter  number flavonoids activity
weight
"
Tre;tr"nent 7 0.02 0.58** 0.16** 146.10**  4.39**  10.37** 21316.15** 2979.34** 5.20ns 2.05**
EUa> 16 0.001 0.003 0.001 3.59 1.10 1.58 221.16 16.50 6.92 0.52
rror
(%) 2.61 4.74 7.78 2.62 4.09 241 3.90 4.03 0.60 4.76

Jopd N Jlain] o j5 45 xe g 45 dxe pd cud5ay F S
ns, **: Non-significant and Significant at p<0.01, respectively

5 SIS 9215 (S 5ol 58 5 Sl 90 lino (S by S e S L i lowd by 5 NP (opliousd 355 510 Jgoa
um j i cod New Red Fire

Table 5-The effect of NPK chemical fertilizer and seed pretreatment with plant growth promoting bacteria on some
morphological and physiological traits of the greenhouse lettuce cv. New Red Fire under biotic stress

Jogi aige 03U (39 s ool S s Slaxs IS Judg s

Treatment Fresh Sh&;t weight Dry(r;)a)tter Leaf number 'I'(tr);zl f&;g-rlo'g\r;\)/)ll
Cc 51.51+0.48bc 7.74+0.51a-d 16+0.57bc 0.63+0.01c
CPM 42.14+1.45d 6.83+0.79b-d 15+0.57c 0.55+0.01e
NPM 54.52+1.40b 7.92+0.19a-c 17.66+0.88b 0.70+0.005b
VPM 50.58+0.81c 8.16+0.73ab 16.66+0.33bc 0.59+0.006d
KPM 54.79+1.10b 5.81+0.61d 18+0b 0.76+0.005a
PPM 50.88+0.86¢ 5.99+0.73cd 17.33+0.88bc 0.58+0.012de
PAPM 54.78+1.26b 6.22+0.30bd 17.66+1.20b 0.77+0.003a
MBPM 67.23+1.02a 9.21+0.68a 21.33+0.66a 0.59+0.006d

MB uilpos5Tal PA Jady wlisegdgw P o s 55" wligogdgw K ¢ punui ;555 wligogdgw N NPK Llens 355 1N aaals 1C ¢ )09 i gz, :PM
bl oS3 hasalsaiz gail ao s 0 Jloi] g 53 3 e SIS 86 S i by Sy Sl L slagySils g2 o 53 oo 5 55
PM: Powdery mildew, C: control, N: NPK, V: Ps. vancouverensis, K: Ps. koreensis, P: Ps. putida, PA: Pantoea agglomerans, Mb:
Ps. putida + Pantoea agglomerans + Ps. koreensis + Ps. vancouverensis. In each column, the averages with at least one common
letter have no significant difference at the 5% of probability level using Duncan's multiple range test.
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Figure 4- The effect of NPK chemical fertilizer and seed pretreatment with plant growth promoting bacteria on total phenol
and flavonoid contents of greenhouse lettuce cv. New Red Fire under bioticstress

PM: Powdery mildew, C: control, N: NPK, V: Ps. vancouverensis, K: Ps. koreensis, P: Ps. putida, PA: Pantoea agglomerans, Mb:
Ps. putida + Pantoea agglomerans + Ps. koreensis + Ps. vancouverensis. (DMRT, p<0.05)
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Figure 5- The effect of NPK chemical fertilizer and seed pretreatment with plant growth promoting rhizobacteria on
anthocyanin content of greenhouse lettuce cv. New Red Fire under bioticstress

PM: Powdery mildew, C: control, N: NPK, V: Ps. vancouverensis, K: Ps. koreensis, P: Ps. putida, PA: Pantoea agglomerans, Mb:
Ps. putida + Pantoea agglomerans + Ps. koreensis + Ps. vancouverensis. (DMRT, p<0.05)
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Introduction

Since Iran is one of the arid and semi-arid regions of the world and due to the great importance of water in
agriculture, it is very important to conduct research to improve drought stress in order to produce more quality
products. In this regard, this study was conducted to investigate the effect of mycorrhiza species on some
morphological and physiological characteristics of peach seedlings under drought stress. Arbuscular mycorrhizal
fungi coexist with the roots of various plants and have a broad effect on their growth. These fungus are effective in
the initial establishment of the plant under drought conditions. Arbuscular mycorrhizal fungi increases plant
resistance to dehydration by increasing growth and uptake of nutrients, especially phosphorus.

Matherials and Methods

In order to investigate the effect of three species of Arbuscular mycorrhizal fungi on some vegetative
characteristics and phosphorus absorption of peach seedlings under drought stress conditions, a factorial experiment
was conducted based on a randomized complete block design with four replications. The experimental factors
included: drought stress at four levels (100, 80, 60 and 40 percent of field capacity) and the second factor
application of mycorrhizal fungus at four levels: application of three species of mycorrhiza fungi and three species
of fungi, each in three concentration (75, 100, 125 g in a pot) with chemical fertilizer (100 g triple super phosphate
for each pot) and fertilizer (without mycorrhiza) and control (without fertilizer and mycorrhiza). The measurements
were comprised root traits, stem diameter, vegetative growth of branches, leaf area index, vegetation index, relative
leaf water content, chlorophyll fluorescence, leaf electrolyte leakage, leaf phosphorus and colonization root percent.

Results and Discussion
Result showed that application of mycorrhizal fungi seems to be effective in reducing the effects of dehydration
stress. The use of these fungi had a positive effect on reducing leaf electrolyte leakage under severe dehydration.
According to the results obtained in this experiment, the highest efficiency in drought stress conditions was
observed in G. mosseae and G. intraradices. Under drought stress conditions, the lowest values of root volume,
greenness index, chlorophyll fluorescence, leaf electrolyte leakage, root colonization and leaf phosphorus content
were observed. With increasing of drought stress, all of the mentioned traits reduced and mycorrhiza fungi had a
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positive significant effect on all studied traits. In this study, it was found that with increasing stress intensity, the
traits were negatively affected and led to irreparable damage to the product. Therefore, it is expected that by
preventing or minimizing the effects of stress, an effective step was taken to increase performance. The significant
decrease in root colonization with increasing stress is probably due to the decrease in the growth of hyphae. The
most important step after spore germination is the growth of hyphae resulting from germination, which plays an
essential role in root colonization. Apparently, hyphae growth is more affected by osmotic potential than spore
growth. The results obtained from this research showed that the roots of peach seedlings have significant symbiosis
potential with arbuscular mycorrhizal fungi (Peymaneh & Zarei, 2013). According to Miyashita et al. (2005) Leaf
photosynthesis activity can be used as a useful tool for classification of drought tolerant plants. Sajjadinia et al.
(2010) regarding the relative water content and photosynthesis of several pistachio cultivars reported high
correlation and high diversity in different stages and cultivars and stated that the decrease in relative water content
strongly reduces transpiration, stomatal conductance and photosynthesis, which our results are consistent. With the
escalation of tension, the greenness index also decreased; So that in the conditions of severe stress (40% of crop
capacity), the amount of greenness index reached the lowest value. In the conditions of severe stress due to
interruption of continuous irrigation, the plants entered from the stage of mild stress to the stage of severe dry stress,
which seems that under these conditions, the decrease in the concentration of chlorophyll, in addition to the decrease
in the amount of synthesis, is caused by the decomposition of chlorophyll due to the increase in the amount
chlorophyllase, peroxidase and phenolic compounds. According to Schutz and Fangmier (2001), the decrease in the
amount of chlorophyll in stress conditions is related to the increase in the production of oxygen radicals in the cell.
These free radicals cause peroxidation and as a result the decomposition of this pigment. The greenness index is
considered one of the most important growth parameters, which is reduced by drought stress conditions, and the
results indicate that the treatment of mycorrhizal fungi in all three types of inoculated mushrooms has improved the
greenness index and the adverse effects It has removed the drought stress to a great extent (Figure 6), which can be
attributed to the improvement of water and food absorption by mycorrhizal roots (Larsson et al., 2008).

Conclusion
In general, this study showed that the best treatment related to the mycorrizha fungi was mosseae, which had
the most effect on reducing the negative effects of stress

Keywords: Chlorophyll fluorescence, Cholorophyll index, Electrolyte leakage, Root colonization, Root
volume
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Figure 1- The effect of drought stress levels on the branches annual growth of young peach seedlings cv. Elberta (LSD, p<0.05)
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Figure 2- The effect of mycorrhiza fungal treatments on the branches annual growth of young peach seedlings cv. Elberta
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Figure 3- The effect of drought stress levels on the leaf area index of young peach seedlings cv. Elberta (LSD, p<0.05)
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Figure 4- The effect of mycorrhiza fungal treatments on the leaf area index of young peach seedlings cv. Elberta (LSD,
P=<0.05).
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Figure 5- The effect of drought stress levels on the SPAD readings of young peach seedlings cv. Elberta leaf (LSD, p<0.05)
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Treatments of Mycorrhiza fungi
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Figure 6- The effect of mycorrhiza fungal treatments on the SPAD readings of young peach seedlings cv. Elberta(LSD,

p=<0.05)
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Introduction

Grapheneis one of the new carbon nanomaterial that has unique physical properties and potentially important

biological applications. Nanosheet Graphene Oxide has shown great potential to improve plant performance in
various areas. Microtuber production technology is also used as a tool to reduce the time needed to produce
economic plant resources, increase the quality of seed tubers, and produce microtubers throughout the year. The
aim of this study was to evaluate the effect of Nanosheet Graphene Oxide on the improvement of micropropagation
and microtuberazation in potato var. Agria under in vitro conditions.

Materials and Methods

Single node explants obtained from in vitro virus-free plantlet (maintained in tissue culture laboratory,
Department of Horticultural science, University of Tabriz) were cultured into modified Murashige and Skoog
(MS) medium containing four concentrations of Nanosheet Graphene Oxide (0, 25, 50 and 75 mg/L) carried out
in the completely randomized design (CRD) with four replications and kept at 25+2 degree centigrade and a
photoperiod of 16 hours of light. The proliferation traits such as leaf length, leaf width, plantlet fresh weight,
number of leaves and shoots were recorded. Then, single node explants were transferred to Murashige and Skoog
(MS) medium with four concentrations of Nanosheet Graphene Oxide (0, 25, 50 and 75 mg/liter) and kept for two
months in complete darkness and at 18+2 °C and microtuber production indices such as microtuber number,
diameter, length and weight, microtuberization percentage, shoot length, microtuber with dormancy were
measured.

Results and Discussion

The results of analysis of variance showed that different concentrations of Nanosheet Graphene Oxide had a
significant effect on all traits in proliferation and microtuberization stages. Among different levels of Nanosheet
Graphene Oxide, application of 75 mg/L showed the best response for leaf length, leaf width, and plantlet fresh
weight, followed by 50 mg/L for the number of leaves and shoots, and lastly, 25 mg/L for shoot length. At a
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concentration higher than 50 mg/L (75 mg/L graphene oxide), the number of leaves not only remained constant
but also showed a decreasing trend. Effect of different NGO concentrations on the shoot length showed that there
was no significant difference between different concentrations of NGO and the shoot length remained constant,
but the difference between the control treatment and NGO was significant. The maximum shoot length was
obtained at a concentration of 25 mg/l NGO. The different concentrations of NGO had significant effect on all
microtuberization traits at 1% probability level. Mean comparison results for different concentrations of NGO
showed that the highest value of the microtuber length, diameter and number were obtained at 25 mg/liter NGO.
However, all microtuber traits were not increased at above 25 mg/liter NGO. With the increase in NGO
concentrations, the yield of microtuber weight and microtuberization rate remain constant, and it is also possible
that these traits will decrease significantly with the increase NGO concentration. The highest yield of microtuber
weight and microtuberization rate were obtained at the 25 mg/L NOG, and higher concentrations did not increase
them. There was a significant difference between different concentrations of NGO and the control treatment in the
number of lateral shoots, so that the maximum number of lateral shoots was obtained at a concentration of 25 mg/L
of NGO. Also, concentrations above 50 mg/L of NGO had less effect on the number of lateral shoots and with
increasing concentration, the number of shoots decreased significantly. The maximum microtuber weight was
obtained at high concentrations of NGO. In other words, with the increase of NGO concentration, the microtuber
weight increased, and the most effective concentration was 75 mg/L of NGO for this trait. Although all
concentrations of NGO are favorable for this purpose, it is possible that the concentration of 25 mg/l is the most
NGO concentration.

Conclusion
The results of this research showed that the of 50 and 75 mg/L of Nanosheet Graphene Oxide were the best
concentrations micropropagation and microtuberization. 25 mg/L of Nanosheet Graphene Oxide was most
efficient concentration . Although these experiments were performed without the use of growth regulators, the
addition of Nanosheet Graphene Oxide to the medium increased micropropagation and microtuberization.
Therefore, Nanosheet Graphene Oxide can be used as a tool for efficient micropropagation and increasing the
quantity and quality seed tubers.

Keywords: Microtuber, Nanoparticles, Potato, Propagation, Tissue culture
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Table 1- The effect of different concentrations of graphene oxide nanoparticles on micro propagation traits of potato cv.
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*Means in each column with the same letter are not significantly different at %5 of probability level using Duncan’s multiple range
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Figure 2- The plantlets of potato cv. Agria treated with NGO in in vitro culture
Explant in the control (A), explant in medium with 25 mg.I"t NGO (B), explant in the medium with 50 mg.I"t NGO (C). explant in the
medium with 75 mg.I"t NGO (D).
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Figure 3- The effect of different concentrations of NGO on the microtuber length (A) and diameter (B) of potato cv. Agria
(DMRT, p<0.05)
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Table 2- ANOVA for NGO effect on the microtuber traits (experiment 2) of potato cv. Agria

Ol o (b
Mean squares
& o .o )bs J’.\O oo | . '.i . ' oo L.M
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Eve s? Microtuber R P microtuber Degree of Source of
y weight Microtuber Microtuber number freedom variation
dimeter length
512.381™ 0.018™ 38.660™ 13.150™ 14.022™ 3 NGO
75.107 0.004 1.835 2.940 1.208 55 riale)] ozl
Error
8.8 20.3 18.8 28.2 14.2 C.V. (%) &lyuis cups
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RULFSCSe) ol lase s s > Sles S s
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Bud . - Microtuberization ] Source
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- i freedom
microtuber weight variation
5478.108™ 8758.737™ 8471.430™ 12.005™ 0.243™ 4.092" 3 NGO
oLzl
1025.752 1838.638 372.430 2.465 0.055 1.173 55 eoles]
Error
274 16.7 31.9 13.1 27.9 30.3 - Syl g
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Doy B g ) Jlain] e )3y pixe gy JSSlo o gy g
** and *: significant at p<0.01 and p<0.05, respectively.
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Figure 4-The effect of different concentrations of NGO on the number of microtuber of potato cv. Agria (DMRT, p<0.05)
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Figure 5- Effect of different concentrations of NGO on microtuberization rate (a) and microtuber weight performance (b) of
potato cv. Agria (DMRT, p<0.05)
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Figure 6- The effect of different concentrations of NGO on the average microtuber weight of potato cv. Agria (DMRT,

p=<0.05)
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Figure 6- The effect of different concentrations of NGO on microtuber non-dormant percentage (A) and microtuber
germination percentage (B) of potato cv. Agria (DMRT, p<0.05)
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Figure 8- The effect of different concentrations of NGO on the microtuber percentage and bud length of potato cv. Agria
(DMRT, p<0.05)
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Figure 9- Microtuber produced in the different media: without NGO (1), using 25, 50, and 75 mg.I"* of NGO (2, 3, and 4,
respectively), total microtubers produced in the medium containing NGO (5), and total microtubers produced during the
experiment (6)
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Introduction

Medicinal plants have long had a special place in the traditional agricultural system of Iran and the use of these
plants as medicine to prevent and treat diseases has been considered by traditional medicine experts since ancient
times. Medicinal plants with rich sources of secondary metabolites provide the basic active ingredients of many
medicines. Although the biosynthesis of secondary metabolites is genetically controlled, but their construction is
strongly influenced by environmental factors. One of the important climatic factors that affect the distribution of
plants around the world and can cause morphological, physiological and biochemical changes in the plant is the
lack of available water. Basil (Ocimum basilicum L.) seems to show little resistance to water stress. For this reason,
there is a need for protective mechanisms for the basil plant against stress due to water shortage. Plants are able to
reduce or eliminate the effects of water shortage stress by coexisting with a number of soil microorganisms.
Coexistence relationship plant with T. harzianum fungi is one of the ways to reduce dehydration in plants. These
mushrooms by altering some of the root properties and absorbing nutrients in the host plants, they reduce the
destructive effects of water shortage stress. Observing the positive effect of these fungi in increasing the absorption
of nutrients from the soil, improving plant water relations, increasing water use efficiency in plants and finally
increasing plant resistance to water deficit stresses on the one hand and on the other hand. The existence of water
crises in different countries has prompted researchers to further study this aspect of the symbiotic relationship
between the host plant and Trichoderma harzianum.

Materials and Methods
Present study was performed to investigate the effect of T. harzianum on the antioxidant content of Ocimum
basilicum under water deficit stress. It is also intended to evaluate the effects of an endophytic fungi namely T.
harzianum on the shoot yield, photosynthetic pigments, content and yield of essential oil from O. basilicum under
water deficit stress. All experiments were performed as the factorial based on completely randomized design
blocks with three replications in greenhouse condition. The experimental factors were the different irrigation
regimes including 100, 75, 50 and 25% of field capacity and two concentrations of the T. harzianum (108 and 10°

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
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CFU/ml). At the beginning of flowering, water deficit stress was applied at four levels of 25, 50, 75 and the control
treatment (100 percent) of field capacity until three weeks later. The application of water stress was such that the
pots were weighed daily and the moisture deficiency in each treatment was removed by watering the pots until
reaching the desired treatment level. After applying the stress, sampling and measuring traits were done at the full
flower stage. After the plants reach the full flowering period, various traits including plant height, number of
leaves, fresh and dry weight yield of the plant (as the economic yield of basil) and fresh and dry weight yield of
roots per square meter, chlorophyll a, b, total (T), carotenoid, colonization percentage, yield and essential oil
content were measured in all the plants in the pots.

Results and Discussion

Increasing the level of water stress reduced the economic performance of basil (O. basilicum). Coexistence
with Trichoderma reduced the destructive effects of dehydration on the plant. With the application of dehydration
stress, the essential oil content increased in mild and moderate stresses, but the yield of essential oil did not differ
significantly from the control and plant height, number of leaves and plant pigments decreased under dehydration
stress. According to the experimental results, it can be said that Trichoderma with a population density of 106
(spores per ml of inoculum) had a better effect on most growth indices, while the effect Trichoderma with a
population density of 109 (spores per milliliter of inoculum) on important traits such as shoot fresh weight yield
(212.2 g), percentage (0.7%) and essential oil yield 1t was higher. According to the obtained results, it can be stated
that inoculation of basil with Trichoderma increased the percentage and yield of essential oil in both water stress
and non-stress conditions, and considering that in cultivation of plants the goal is to increase the effective
substance. It is in these plants.

Conclusion
Finally, the results indicated that the use of Trichoderma mushroom in comparison with the control (without
inoculation with the fungus) under water stress conditions has the ability to improve plant growth and leads to an
increase in plant efficiency under water stress conditions.
Keywords: Abiotic stress, Aerial part performance, Essential oil, Morphological traits
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Table 1- ANOVA for the effect of Trichoderma mushroom population density and soil moisture on the some traits in O.
basilicum plant
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ms, ™ and *: non-significant, and significant at p<0.01 and p<0.05, respectively.
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Table 1 continued— ANOVA for the effect of Trichoderma mushroom population density and soil moisture on the some traits
in O. basilicum plant
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Figure 1- The effect of different concentrations of 7. harzianum mushroom on O. basilicum plant height (DMRT, p<0.05)
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The index above each column indicates the standard error.

o 2 53 sael) Vo7 Camar (515 L Loy3sSo e 4 iy
(¥ JS5) sl 3l (5,5 V) /05) anlis Jlogi 5 (p,8 YIVIY) (12
5 039 28ee 5> (881" Cumer 615 (IR dy e Jaiy
boles cpl 0 G 5 (g 2das ljee g 428l @ye yio > &g
Gy g 0,8 kes Ml 3 35,85 gyl sire ] Ml jlag
2 9 485 54 olS plaw 3 olags @eas (b (L
Gl il L Loy  (sladiss 5,5 aS" A eals s gt
Polianthes ) wspe 5 olS 5,Slee ilidl el olie yole
caw il o)Slas dgu Jd uizmen g 394 o0 (tUbErosa
SB L ady, jubn wled maw coge SSgligSa Wb ol ad,
Mazhabi et ) sg oo yuins olS wyiwd BB yolie Cds 5 ol

[al., 2011

S 918 (slas ju80 4§ (yhaaii
A Hlis LopsSh 5 0 SB cugby Jlite 3l 1 Ske duwlio
Oy lalS 0 a gl lie ol 298 5l L &S
C?la“’ plod yo.cél w.mlf Lo )24S5 53 C)lsbowc_..o.bja.x»@d.:
Lo 2955 8 b o1 gl (S 132 g, e SI6 gl
o A Mo ¥ JSS 0 &S jelailan g ot guali alS I
Wald Jlogd & o @ Jdo)lS liwe (npeS 9 (rpie 298
VEIAD) (sdeson 30 53 35 V7 o 15 bk il lolS

£65) 5 So gl s ghan ] ol (xSle auslis
Ol QLS Sg gl lise (21pS b 5 53 453 (L S
Jlosi & a5 olS el (e (1 pieS g cn i (8L lalS
YO Hles g (e sl VOINY) (Llasyjo cudyb wopd Ver) wals
JS5) s les (e Bl YVYY) ol dlac) o cudils sy
doxiy g puiledyg Sl Ol g8 slaailis gl 51 (S (Y
A8 CawlaS g a8lo > pogad e Jobo sarwgs g A8, ials
18 b cos ol (a5 gy o ol (]33 o Feles Joko
Opeddy g 3980 d9a0xe plil ojlul (ol 23y (il b 3pS e
3 gy oalS 55y 2 S pogucee ST gl ol L
SIS i (Hsiao, 1973) oly jasis ol glis,l ojlul (g,
i 3 @lsp Ui om o Qe sly ol B s Ve
(S 5gid Slge 5 (6 iy whes oy Byl )3 9 995 0 gy 5
@ (GkeS (Siiwgd dlge doxiyd g WD e oladl ady; 4 )
ool 02 D3y glis) [l el yal (] oS odawy lon S0
oS i bl s cos a8 oy lis islejl gl L(Hsiao, 1973)
cdb galS (Cuminum cyminum L) op; gls,l
g dduads oL g9y p &ST w0 (Seghatoleslami, 2013)
2 olS elayl Wi saalie b plool (Calendula officinalis)
.(Shubhra et al., 2004) cél zals Gasa JleS a5 bl
358kes (59) 2 LpgSey @)l b Sl (:Sola dunlie

38des (lise cnyieS gyl 4 3 LIS @ipete )3 Wi § (g



VYO a2l oS (S35l padgd 90 lio 5 Loy 5 56 1 ey lSa 3 o

-0 A Mo O S > a8 jglailon g 0l pudls LS I i
Ver)aald jleas 4 c s b Jidg)lS lise (e g oyt 298
2 Loydsh 5 B b odd il lalS )5 ((lasje cudils sy
039 805 2 5 ke VAY) (3 en 52 53 sp) Vo7 Cmon oS5
ol gl (LS > 5 gl )ie Cudyls 8o )3 VO Jlogi 9 (S 5

D 35 (S 5 0jg 5 2 p S Ske YY)

50

Lo glasl
Plant height (cm)

2 Sl )ie cadsls 103 Y0 o 5 (Sy 5 0js p)5 2 pS ke
bl 35 (S 5 039 5 ¢ oS (shee PIAY) o il lals
b » SE oy piSeny I Job (:Ske duslie

2B Jdo)lS" olie ol 39008 (15 (2al331 L a8 o> (s Loy3gSe 5
8L S o398 5 B b ol il g o gl (b (lals
018 il JlS )3 b Jidg)lS lie SB- Cugbs) polaw plos

a a a
40 b
30
20
10
0

FC (Control) 0.75 FC

0.50 FC 0.25FC

S Cog cilio ke
Different levels of soil moisture
(O. basilicum) gyl , a9 gli5 )1 p S Cugb, Whisee zglaw il -¥ JSWS
Figure 2- The effect of different levels of soil moisture on O. basilicum plant height (DMRT, p<0.05)
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The index above each column indicates the standard error.
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Figure 3- The effect of different concentrations of 7. harzianum fungus on the yield of plant fresh weight per square meter in
O. basilicum (DMRT, p<0.05)
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Figure 4- The interaction effect of 7. harzianum population density xdifferent soil moisture levels on O. basilicum chlorophyll
a (DMRT, p<0.05)
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Figure 5- The interaction effect of 7. harzianum population density xdifferent soil moisture levels on O. basilicum chlorophyll
b (DMRT, p<0.05)
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Figure 6- The effect of the interaction of 7. harzianum population density xdifferent levels of soil moisture on the total
chlorophyll of O. basilicum (DMRT, p<0.05)
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Figure 7- The interaction effect of 7. harzianum population density xdifferent levels of soil moisture on O. basilicum
carotenoids (DMRT, p<0.05)
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Introduction

Mint has been used both as a medicinal and aromatic plant since ancient times. Peppermint volatile oil is one
of the most important essential oils and has strong antimicrobial activity. The stage at which the maximum essential
oil is obtained from the plant is not necessarily the stage at which the plant has the most biomass, therefore, the
appropriate time for harvesting the plant should be determined according to the maximum amount of the effective
substance and the yield of dry matter. In most of the methods of producing medicinal plants, quick access to the
equipment for extracting effective substances is not possible, especially at high levels, and this requires drying a
large part of the plants and extracting the effective substance in subsequent times. The quality of dried medicinal
plants is defined by the content of their biologically active compounds. This study was aimed to determine the best
time to harvest peppermint and the effect of different drying methods on the shoots biochemical compounds.

Materials and Methods

In order to increase the yield of peppermint medicinal plant essential oil, two separate experiments were
designed and conducted in Shirvan Higher Education Complex (N 26 37', E 45 57', altitude 1067 m) in 2015. The
aim of first experiment was finding the best harvest time at three levels (Before flowering, at flowering 50 and
100%) and the second experiment was finding the best method for shoot drying with nine levels (Microwave
radiation at 90, 180, 360, 600 and 900 watts; Oven at 40 and 60°C; Shade; and Sun), were based on a completely
randomized block design (CRBD) and a completely randomized design (CRD), respectively. In the spring of 2015,
tillage operations were carried out and after preparing the land, 9 plots (2 x 3 meters) were created in it. The
distance between the plots was considered 1.5 m. Rizhomes of peppermint plant was obtained from Mashhad
Agricultural and Natural Resources Research Center and transplanted at 20 x 30 cm intervals on May 26. Some
morpholocial and biochemical traits were measured. Essential oil extraction was done by distillation method with
water and essential oil components were determined by GC/Mass method.

Results and Discussion
The effect of harvesting time was significant (p<0.01) on the plant height, number of leaves per plant, wet and
dry yield of peppermint plant. The height of the plant after 50% flowering stage did not show any significant
difference, but the other investigated traits include the number of leaves per plant, the wet and dry yield of the
plant, the yield of essential oil in terms of wet and dry weight, and the inhibition of free radicals in the branches in
shoots harvested at the time of full flowering had the highest amount, which showed a statistically significant
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difference. The yield of essential oil in terms of dry matter in the full flower stage increased 1.8 times compared
to the 50% flowering stage and 4.6 times compared to the pre-flowering stage. The percentage of essential oil
components was also affected by the harvest time, and the highest amount was observed in the full flowering stage
(98.92 percent), include the highest amount in menthol (42.39 percent) and menthone (19.13 percent). The use of
micro rays caused the shortest drying time, so that with the increase of power of micro rays, the drying time
decreased and the shoots were dried in 0.16 hours at the power of 900 watts. The oven application at 60 and 40 °C
were statistically ranked second and third in terms of drying speed with 10 and 14.6 hours. Sun and shade drying
needed 46 and 109.6 hours to reach constant moisture, respectively. The highest amount of essential oil was
obtained in the shade drying method (2.13%) and the lowest amount was observed in the microwave application
at 900 and 600 watt. (0.01%). After shade drying, the highest amount of essential oil was observed in the oven
method at 40 °C (2%) and in the sun drying (1.44%). According to the results of this study, it is recommended to
harvest the branches at the time of full flowering and dry them using oven at 40 °C to obtain more essential oil
yield of peppermint shoots.

Conclusion

In general, the harvesting time has a significant effect on the morphological characteristics and essential oil of
the peppermint shoots. Harvesting peppermint in the full flowering stage resulted in the highest amount of essential
oil and essential oil yield. The maximum height and number of leaves in the plant were obtained by harvesting at
the time of full flowering, but the maximum wet and dry yield of shoots was observed at the harvest of 50% of
flowering. The amount of menthol and menthone as the most important compounds of mint essential oil in the full
flowering stage was higher than the other two harvesting times. Also, based on the results of this experiment,
different methods of drying peppermint plant have various effects on the essential oil amount of peppermint shoots.
The shortest time until drying was related to the use of microwave, oven, sun and shade, respectively, and the
highest yield of essential oil was obtained in shade, oven at 40 °C, microwave at 90 watt and sun, respectively.

Keywords: Full bloom, Microwave, Menthol, Menthone, Oven
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Table 3- The percentage of Mentha piperita essential oil components at three harvesting time

Cuild g b
Gad, S Harvesting time
No. Component X ] IS Lo 0. Jols' 25
Pre-blooming Blooming at 50% Full blooming
1 Mentone 17.69 18.81 19.13
2 Limonene 1.32 1.55 1.63
3 1,8- cineole 6.33 6.22 6.31
4 Isomenthone 7.12 7.25 7.36
5 Menthofuran 5.21 5.36 5.47
6 Neo menthol 2.06 2.11 2.09
7 Pulegone 7.1 6.93 7.12
8 E- caryophyllene 141 1.36 1.33
9 B- pinene 1.6 1.68 1.74
10 Sabinene 0.74 0.81 0.84
11 a- pinene 0.91 0.96 0.93
12 Myrcene 0.55 0.63 0.69
13 Menthyl acetate 0.71 0.81 0.75
14 a- humulene 0.26 0.25 0.29
15 y- muurolene 0.84 0.88 0.85
16 Menthol 37.41 40.86 42.39
17 Total 91.26 96.47 98.92
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Table 4- The effect of drying methods on time up to drying and essential oil efficiency of Mentha piperita
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Drying method Level (ﬁrs) ying (%) Y
90 1.12e 1.31bc
Sl 180 0.65e 0.73dc
S 360 0.37e 0.44de
Microwave (Watt) 600 0.24e 0.01e
900 0.16e 0.0le
ol 40 14.6¢ 2.0ab
Oven (°C) 60 10d 0.06de
4l ; 109.6a 2.13a
Shade
ol - 46.3b 1.44abc
Sun

5 gl e BB 1o )> B Jlain o ;3 LSD 9051 5l eliasl b g s y3 asliie cgpn b ola ke
In each column, the means flowing with the same letter have not significant difference based on the LSD test at 5% of probability
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Introduction

Olive tree, with a thousand years of cultivation history, is one of the most important horticultural crops in Iran
and has always played an important economical role for orchardists. In olive orchards traits such as an increased
formation of incomplete flowers, low yield of fruits and oil are often found as major problems. It should be noted
that these traits are affected by numerous environmental and management factors from which the nutrition status
is one of the most important ones. Proper nutrition plays an important role in both olive fruit and oil yield. There
is a wide range of fertilizer compounds with different formulas and efficiencies available in the world market,
among which nano-products are becoming increasingly popular. However, there is limited information on their
efficacy in different plant species.

Materials and Methods

In order to evaluate the impact of fertilizers on olive cultivation, a research was conducted during two
successive years from 2019 to 2020 in a commercial orchard on 15 year old olive tree cv. ‘Zard’, in Manjil city of
Guilan province. Foliar application included five treatments using two types of fertilizers; nano (nano-chelated
nitrogen and potassium: nano-NK) and chemical fertilizers (urea and potassium nitrate; NK). Treatments involved
application of two concentrations from each fertilizers sources; 1.02g and 0.81g (nano-N:K; and N1K3), 1.36 g and
1.08 g (nano-N2K; and N2K3) of pure nitrogen and potassium, respectively. Foliar application was conducted in
four stages bud-swelling, before blooming, pit hardening and shortly after harvest of table olive. Spraying with
water was considered as the control. The nano-chelated fertilizers were obtained from Khazra Company, Teheran,
Iran (http://en.khazra.ir). Spraying with water was considered as control. The experiment was performed in a
randomized block design with three replications. The measurement of leaf nutrient status and its chlorophyll and
carbohydrate contents were carried out at two times each growing season; in August (during pit hardening stage)
and October (shortly after the harvest of table olive). At the green ripening stage, fruits were collected and weighted
to determine fruit yield. At the end of the experiment quantity and quality traits of oil were measured.

Results and Discussion
©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
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The results showed that the trees under N2K treatment had the highest yield. In terms of mineral content, both
forms of fertilizers increased the concentration of nitrogen and potassium leaf elements compared to the control
trees. Chlorophyll content was affected by nano-N;K; foliar application and carbohydrate content was affected by
nano-N:Kj in the pit hardening stage and nano-N2K3 in shortly after the harvest of table olive. Nano-N:K; treatment
with the lower crop load not only increased oil content but also improved quality characteristics of olive oil (free
fatty acids, peroxide value, specific ultraviolet absorbance Kz, K27 and contents of pigments), total phenol
content, antioxidant capacity and fatty acid composition. Generally, the results showed that olive trees responded
well to fertilizer feeding. These trees produced better crop and higher quality oil in comparison with control trees.
According to the results, fruit yield is better under urea and potassium nitrate treatment, and the quality of olive
oil is more stable after nano-chelated nitrogen and potassium foliar application. It seems that the reason for the
high amount of fruit yield with N2K in comparison to the slow-release property of nano-fertilizers is that using
nitrogen and potassium in the form of ordinary chemical fertilizer regulates the biosynthesis, conversion and rapid
translocation of assimilates and mineral elements into reproductive structures, which resulted in soaring yield. We
assumed that nano-N:K; foliar spray in the pit hardening stage and shortly after the fruit harvest for table olive
might export the assimilation into the fruit to fulfill cell metabolism requirements for oil synthesis.

Conclusion

The current findings indicated that two of four treatments, i.e. nano-N:1Ki and N2K3, could be more effective
on olive trees in terms of general fruit and oil attributes. It was remarkable that nano treatment with a lower
concentration could provide adequate beneficial effects on quality characteristics of olive oil and is in line with
good management strategies regarding the preservation of the environment. To the best of our knowledge, the
current work is the first report considering the application of nano-chelated nitrogen and potassium and their is
use as a foliar application on olive trees. Additional studies would be necessary to further optimize the
concentration and timing of the applications with these new formulations.

Keywords: Antioxidant capacity, Fatty acid profile, Foliar fertilizer, Olive
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Table 1- The soil physicochemical properties of experimental orchard
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| Aged SN Calas ©lyys oloS e
Sam .:le .well water Electrical conductivity ~ PH Carbonate Bicarbonate
P (dS.m™) (mEq.I") (mEq."")
i & 1.03 7.39 0.4 34

Besat garden

Y L pawloclis olewd 395 NH2CONHz  olonds g0 )8
peols 9 039550 395 KNOs oo Jgo,d sy mawlty Loy
2o d YV L g 5,0 JoydWYW b cod gy b sl )3 i uSieS
iy b (slpas) 3,8 )n ) Heto olis (i1 <8 0l 5l (A pely
ol mje (Nazaran, 2012) as ags US 8288587 Bp
S w300 Ui (TEM) ()0 (595801 ©gSg S S1)59)S0e

01 J52) s3b o oS S5 (55l Jpane

ety 9 ()39 50 polis a8 )l gty Joli 4035 slalows

OIS 355 96 5 (grs NS 55 L) 395 9L (395 @ie 93 L
292 (NK ool &y g 0y9l) (pleonsd 365 5 (NANO-NK opusliy
slcdale 5l mdaw 9 Jold zuin 93yl onds odlatwl 555,00
V<A g VX% 5 (nano-N1Ky 5 N1K1) i 3 6,5 «/AY 9 V/-Y
0B oty 5 (5550 i (NAN0-N2Ks 5 NoKo) ) ) p 5
oo A5 (B 5l U il g dl> o oz )3 45 3y
OUS) 59y oge SopuiS Cubly Sl du g ogee w0
b Gl Jole plon 3 aals (50 ad Sy (o3l gl

2ol anllas 3 5ah 03lisu] OV U 5 (TEM) (59 9 5! WrgScurg ySemo 81,5 1Sepo — ISl

Figure 1- Transmission electron microscopy (TEM) micrograph of nano chelated applied in the current study
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Table 3- ANOVA (B) and mean comparison (A) for the effect of nano and chemical foliar applications of nitrogen and
potassium fertilizers on the leaf mineral composition of olive cv. Zard
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039 ]
Nitrogen Potassium
(%) (%)
)L°~:,5 dga0 C’M:}b).g )" RET) I ‘u}”
Treatment B s CSews A 0 59w K (3 (59 yiS Baro Canild y 31 ar
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nano- N;Kj 1.68° 2.012 1.48° 1.822
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Mean Square &l o Sl
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lew Treatment 4 0.26™ 0.29™ 0.36™ 0.37"
Yearx Treatment ,logx Jlo 4 0.03™ 0.07" 0.01m™ 0.00"
U= Error 16 0.00” 0.1 0.00 0.00
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Control, (hano-N1Ki- N1K1) and (nano-Nz2Kz- N2K?) are 0, (0.81 and 1.02 ) and (1.08 and 1.36) gram pure nitrogen and potassium,
respectively.
Means with the same letter in each column were not significantly different using LSD test at p<0.05. Data shown are means of
two consecutive years.
*** and ns are significant at p < 0.05, p < 0.01 and not significant, respectively.
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Table 4- ANOVA (B) and mean comparison (A) for the effect of nano and chemical foliar applications of nitrogen and
potassium fertilizers on the chlorophyll and carbohydrate contents of olive cv. Zard

A
by IS lgiono Jsloxs &l yaudgs 5 lyions
Chlorophyll content Carbohydrate contents
Treatment (mg.g™ FW) (mg.g”" DW)
o B 35 o Al yo S8 Ogee Canildyy jlazy O T g S ngme Caiil gy 1 ng
Pit hardening stage Shortly after harvest of ) . Shortly after harvest of
table olive Pit hardening table olive
stage
Control sals 1.14° 1.03¢ 29.14¢ 34.47¢
N;K; 2.01¢ 1.80° 33.75¢ 47.40°
N2K; 2.20° 2.08° 31.72¢ 46.16°
nano- N;K; 2.60° 2.48° 40.532 41.82¢
nano- N2K; 1.89¢ 1.82¢ 39.25° 51.02%
B
©laye (ke
Mean Square
by IS lgione Jsloxs Ol yaadgs 5 Slyions
Chlorophyll content Carbohydrate contents
(mg.g* FW) (mg.g™ DW)
S.0.v @oljl 4y L 1y (§9 S Bgro Cudld gy 3l Ay 3 L9 ymwS gao Cudld gy 31 Ay
DE ’ Pit Shortly after harvest of ) . Shortly after harvest of
hardening table olive Pit hardening table olive
stage stage
Year Ju 0.71” 0.88™ 88.37™ 114.66™
Treatment o 1.70™ 1.69™ 142.68™ 241.35"
Yearx Treatment
slewix JW16 4 0.005 " 0.03™ 9.00 ™ 14.75™
Error s 16 0.00 0.00 0.35 0.07
s e CORHf 3.23 3.68 171 0.61

Var

sl oo Al by 5 398 p35 (VA 9 VYE) 5 (AN 5V /2Y) i Jold o ey
il e Jgte Jlo 93 (pSke sdimdylis esls .aals (Nan0-N1Ki- NiKi), (nano- Na2Kz- N2K?)
355035 LSD (y90j1 70 Jlois! grbaws 13 (615 sime NS sl Gig o b ol s50Lo
M gize BB 3g59 pae 9 4V Jlain] pdans 13 45 Jze « 0 Jloin] prlaws 45 I3 e 0dimd (LS oS iy NS g sk
Control, (nano-N1Ki- N1K1) and (nano-Nz2Kz- N2K?) are 0, (0.81 and 1.02 ) and (1.08 and 1.36) gram pure nitrogen and potassium,

respectively.

Means with the same letter in each column were not significantly different using Least Significant Difference test at p <0.05.
Data are means of two consecutive years.*, ** and ns are significant at p <'0.05, p <0.01 and not significant, respectively.
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Introduction

Grasses are narrow-leaved plants that are used as cover plants in landscape. These plants are one of the basic
and necessary components of the green cover of most gardens, parks and as the background color of landscape. In
Iran, due to the high costs of planting and management of grass, high water requirements, climatic incompatibility
and damage to water and soil salinity, it is recommended to remove from the green space in some cities, especially
in areas with low water and water and soil saline. If it is possible to benefit from the role and influence of these
plants by observing the technical points and choosing the best species for each area. Salinity stress is the second
limiting factor for the growth of plants in the world after drought, which affects the efficiency and performance of
plants. Increase in salinity causes a decrease in the water potential in the soil. In this condition, the plant spends
most of its energy to maintain the water potential, cell mass, and water absorption to have minimal growth. The
aim of this research is the effect of external application of glycine betaine on the accumulation of osmolality
compounds and the antioxidant system of sports grass under salt stress.

Materials and Methods

This research was done in factorial form in completely randomized design with 3 replications on Rashid variety
cucumber. The factors included 4 levels of temperature (25, 30, 35 and 40 degrees Celsius) and 3 levels of salicylic
acid (0, 0.5 and 1 mM). When the seedlings reached the two-leaf stage, they were sprayed with different
concentrations of salicylic acid two times with an interval of five days. One week after the application of salicylic
acid, temperature treatment was gradually applied. After applying each heat treatment, the corresponding pots
were transferred to the greenhouse with a temperature of 25 degrees Celsius. Then, fresh and dry weight of root
and shoot, leaf surface, chlorophyll index, electrolyte leakage, proline, polyphenol oxidase enzyme activity and
superoxide dismutase enzyme activity were measured.

Results and Discussion

The results showed that salinity stress decreased all the study morphological, physiological and biochemical
parameters including plant height, shoot fresh and dry weight, number of tiller, leaf area, chlorophyll content,
protein and total antioxidant capacity in the studied plants. It also increased peroxidase enzyme, H,O, and proline
in plants, but glycine betaine application significantly improved the morpho-physiological characteristics of plants
compared to the control under salt stress conditions. Thus, the highest height, shoot fresh and dry weight, leaf area,
number of tiller, chlorophyll content, and protein and antioxidant capacity were observed in plants sprayed with
glycine betaine. Also, the highest content of glycine betaine and activity of catalase and peroxidase enzymes and

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
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the lowest content of glycine betaine and H,O, were observed in in plants sprayed with glycine betaine and 10 mM
glycine betaine was more effective than 5 mM. The occurrence of salinity in plants disrupts the absorption of ions
and causes the reduction of nutrients and increases sodium ions. One of the effects of salinity in plants is the
reduction of photosynthetic activity, which results in the reduction of chlorophyll, carbon dioxide absorption,
photosynthetic capacity, plant height, shoot fresh and dry weight, number of tiller and leaf area. One of the most
strategies to deal with stress is accumulation of osmolyte and increasing the antioxidant activity, which makes
plants resistant to environmental stresses. Salinity, through the toxic effect of Na* and Cl- ions, affects the growth
and performance of the plant by reducing the soil water potential, disrupting water absorption and imbalance of
nutrients in the plant. The results obtained from comparing the average results of glycine betaine show that glycine
betaine increased plant height, shoot fresh and dry weight, number of tiller, leaf area, chlorophyll content, total
protein and antioxidant capacity, but on the other hand, it increased proline and H2O, decreased, which is due to
the accumulation of glycine betaine as a protector in plants under salt stress conditions. In stress conditions, glycine
betaine can protect photosynthetic activities including photosynthetic enzymes, proteins and lipids in thylakoid
membranes in the combination of photosystem 11, and also the task of protecting cell membranes against osmotic
stresses in the plant.

Conclusion
The results obtained from this research showed that salinity stress reduced all the morphological, physiological
and biochemical characteristics in the sport grass plants, but glycine betaine application played a positive role in
reducing salinity damage and maintaining plant quality. Glycine betaine is known as one of the effective molecules
in stress signaling, so it can protect the plant cells against stress by reducing the destruction of the membrane and
by increasing the salt tolerance mechanisms. Also, glycine betaine 10 mM is introduced as the best treatment to
reduce salinity damage in sport grass during present study.

Keywords: Cucumber, Electrolyte leakage, Heat Stress, Proline, Superoxide dismutase
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Table 2- The effect of different concentrations of salicylic acid on the morphological characteristics of cucumber seedling cv.
Rashid under temperature stress

ol Salsund o >
Salicylic acid Temperature (°C) b
(mM) 25 30 35 40 Mean
il el 5 0
Shoot fresh weigh (g)
0 4.80° 4,732 3.23 ¢ 1.90f 3.66 B
0.5 4,60 446 % 3.86 P4 2.93¢ 3.96 AB
1 450® 480¢% 4.17 &¢ 3.56 ¢ 426 A
0s 4.634 4674 3.758 2.80°¢
Mean
lsp plal S8 5
Shoot dry weight (g)
0 0.44 ¢ 0.42 3¢ 0.40 ¢ 0.25 d 0.388
0.5 0.45 ac 0.42 ¢ 0.35 cde 0.24¢ 0.378
1 0.512 0.502 0.47%® 0.37 bed 0.47A
05ols 0.47 A 0.45 A 0.41 A 0.29®
Mean
Aoy P U9
Root fresh weight (g)
0 2.072d 1.812d 1.45¢¢ 0.96¢ 1578
0.5 2.23® 1.91¢ 1.53b¢ 1.01¢ 1.6748
1 2352 2.17%¢ 1.93d 1.43¢% 1.974
05ols 2228 1978 1648 1.14¢
Mean
Ady) S s
Root dry weight (g)
0 0.20% 0.19% 0.12¢ 0.074¢ 0.148
0.5 0.23® 0.21% 0.12¢ 0.07¢ 0.1648
1 0.244 0.23% 0.17%¢ 0.12¢ 0.194
05ls 0.234 0.214 0.138 0.09¢
Mean
g plul Sid g 4 ) SS9 Ao
Root to Shoot dry weight percentage
0 45.60%°¢ 46.63%°¢ 29.48¢ 27.89¢ 37.407
0.5 52.432 52.142 33.96%¢ 31.85¢% 42594
1 47.61%® 44 5774 36.210¢ 31.94¢ 40.084
0xSlss 4854° 4748~ 33228 3056°
Mean

g I3 xe duo 3 O Jlein] daws 3 LSD L’)yo)'i Slie p Syt G S Pls il oo Slhe gt o )
In each column means with the same letter are not significantly different at 5% of probability level based on LSD test.
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Table 3- The ANOVA for the effect of different concentrations of salicylic acid on the physiological traits of cucumber
seedling cv. Rashid under temperature stress

©lapo (0o
Mean squares
st ay = . s s
Ol gibe o4 Sy Judg 5 sl S
S.0vV de) Leaf area Chlorophyll index Electrolyte leakage
> 3 4804.96™ 28.94™ 370.09™
Temperature
“‘*‘“’,‘ L” 2 390.03™ 4.60™ 39.60™
Salicylic acid
el Sudlus xlod 6 307.99™ 1.37" 13.08™
Temperaturex Salicylic acid
e 24 45.50 0.31 3.03
Error
Rcabi e - 0.75 455 731
C.V (%)

o3 B gV Jlois! e )3 45 dxe g (gD ze pis s * g

® wE ‘ns

ms, **and *: non-significant, and significant at p<0.01 and p<0.05, respectively.

oA ()1 g el e 2 el Sbondlis e 3 1 b))
3 er3eST Jbb soisS ol inls b sl Sl 5
opl g L o 55 5| Gl lam 3T el Ll )b
(Prasad, 1997) &S o (spSsl> (o Cuii li8l  laaisS
)L (Sousa et al., 2022) lrosl ;5 sl Sl 3,58
(Karlidag et al., 2009) 5,5 (Yildirim et al., 2008)
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o cos (Jahan et al., 2019) Sy8as65 5 cullds 4 (g0
b G Culi (Bl Caga la)S
)8 5 s 58l o ol bl s @l toden
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Table 4- The effect of different concentrations of salicylic acid on the physiological characteristics of cucumber seedling cv.
Rashid under temperature stress

Lo
S| Sl Lo Temperature (°C) c,.&a‘lm
Salicylic acid (mM) 25 30 35 40 Mean
S pdaw
Leaf area (mm?plant?)
0 915.67 AB 917.67 A 872.67F 850.67 ¢ 889.178
0.5 909.6778 904.67 BC 889.67 PF 861.00¢ 891.258
1 908.00 AB 916.334 894.00 ¢P 881.33 FF 899.92A
Ole 911114  912.80A  885.44°  864.33C
Mean
Jibo S pasls
Chlorophyll index (spad value)
0 13.432 12.83b¢ 12.30¢c 8.67¢ 11.88
0.5 13.662 13.00%¢ 12.47°¢ 8.73¢ 11.97B
1 13.80% 13.602 12.90%¢ 11.50¢ 12.95A
Ole 13,634 13.14A 12,568 9.63¢
Mean
Sy S Gl
Electrolyte leakage (%)
0 20.06 % 20.43¢¢ 23.06°¢ 46.472 254
0.5 20.00 20.43¢¢ 22.73¢ 35.802 24,747
1 19.35¢ 19.53¢ 20.33¢¢ 27.73b 21.74B
Ole 19.8¢ 20.13¢ 22,048 33.33A
Mean

g I3 xe duo 3 O Jlein] daws 3 LSD C)?"j Sl p Syt G S Pl gl o Sle gt o )
In each column means with the same letter are not significantly different at 5% of probability level based on LSD test.

cle 4y i plm jd a5 Wb o Jae sl il o olalS Jahan ) 55,4545 4 (Taheri & Haghighi, 2018) Jals ,»
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Table 5- The ANOVA results for the effect of different concentrations of salicylic acid on the biochemical traits of
cucumber seedling cv. Rashid under temperature stress

Slaspe il
Mean squares
e . a0 . .
O s 2o o4 oon oSt 8L U gomsd daanS Ty g
S0V i Proline PPO SOD
Df
Le> 3 0.86™ 0.026" 25.77"
Temperature
Sl Sebpgll 2 227" 0.132" 18.55™
Salicylic acid
el Selpugllxlod 6 0.10" 0.027" 762"
Temperaturex Salicylic acid
e 2 0.04 0.006 0.27
Error
Sl - 8.45 16.88 853
C.V (%)

## NS
‘

o3 05 ) Jlain] pdaw )3 45 xe 5 ()l xe pis S 54 T g
ms **and *: non-significant, and significant at »<0.01 and p<0.05, respectively.
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Table 6- The effect of different concentrations of salicylic acid on the biochemical traits of cucumber seedling cv. under
temperature stress

L
o] Sdowd b Temperature (°C) sl
Salicylic acid (mM) 25 30 35 40 Mean
o9
Proline (uM.g™* fw)
0 1.60" 2.26 ¢ 2.460¢ 2.03Tg 2.09 B
0.5 1,809 2.23¢f 2.36 ¢f 2.30 d-f 2178
1 2.63 b 2,70 3.472 2.73b 2.88 A
oSk 2.01¢ 2.408 2.77A 2.358
Mean
SlansT Jib
PPO (u.g* fw)
0 0.53 b 0.39 % 0.33 ¢ 0.27° 0.38¢
0.5 0.56 be 0.43 cde 0.53 b 0.45 cde 0.498
1 0.54 be 0.47 o 0.70@ 0.64 @ 0.59A
05 0.54A 043¢ 0.52 A8 0.458¢
Mean
U gomnd 2T g0
SOD (u.g™* fw)
0 3.65° 4237 5.33 0 7.39P 5.15¢
0.5 3417 5.43 de 7.74b 6.20 5.698
1 7.03 b 5.20 ¢ 6.34 ¢ 11,532 7.52A
oS 470°¢ 4.95¢ 6.478 8.37A
Mean

A D me 1o yd B Jloss] pdaw ;3 LSD 905l (slise p S juiie B G JBlis (il (slapSilbe gt o j
In each column means with the same letter are not significantly different at 5% of probability level based on LSD test.
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Introduction

Pomegranate is a native fruit tree to Iran and has the best growth and performance in subtropical climate
conditions. In recent years, due to environmental stresses conditions such as high temperature, high light intensity
and low irrigation water a large number of orchards have faced to physiological problems such as fruit cracking,
sunburn and a decrease in fruit quality. The high temperature along with high evaporation and transpiration can be
considered as the main cause of these abnormalities, which causes disturbances in the process of plant metabolism
and finally causes physiological disorders. Sunburn of the fruit is caused by high temperature and high sunlight
intensity and has a negative effect on all the quality characteristics of the pomegranate fruit. Using net shade is
one of the recommended ways to reduce the impact of climate change. Application of net shading in areas with
high radiation levels has led to a decrease in the intensity of light radiation received by the canopy of the trees,
which causes a decrease in the temperature of the leaf surface, and decrease the level of evaporation and
transpiration in the trees.

Materials and Methods

This resgarch was conducted during 2019-2020 for 2 years in a private orchard in the Kohmar area of Kazeron
city of Iran. Rabab pomegranate trees that were planted at a distance of 5 X 5 m and 15 years old were used. In this
research, the effect of different types of net shading was investigated. The experiment was conducted as a
randomized complete block design with 9 treatments and three replications in two years. The experimental
treatments included the use of net shading in white and green colors with two different shading (30% and 50%)
and two implementation methods (on the base and on the canopy of the tree) which were compared with control
trees (without cover). During the growing season, measurements were made in relation to leaf temperature,
sunlight intensity, soil moisture, relative water content of leaves, fresh and dry matter of leaves, and prolin content,
and at the time of harvest, the percentage of sunburn, cracking and aril paleness of the fruit, thickness of fruit peel
and anthocyanin content of fruit juice in all treatments were measured.

Results and Discusions
The use of net shading increased the quantitative and qualitative characteristics of pomegranate fruits. The
results of this research showed that the use of white and green nets 50% and green net 30% on the base had the
best results. By using the appropriate type of net shading, the temperature of the pomegranate tree was reduced by

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
Er any medium or format, as long as you give appropriate credit to the original author(s) and the source.
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about 6 degrees Celsius. Net shading also reduced the light intensity by at least 50%; the reduction of light intensity
in green nets was more than in white nets.

The highest relative water content was 85% in the green net shade (50% with base) treatment. Net shading
significantly increased the water content of the leaves compared to the control.

The use of net shading significantly reduced the percentage of sunburn on fruits compared to the control.
Sunburn was about 14% in the control treatment and less than 5% in the net shading treatments. Net shading
reduced the percentage of fruit cracking from 15 percent in the control treatment to about 7 percent in all shading
treatments.

Conclusion

The use of net shading as a cover for pomegranate trees reduces the temperature of the canopy of the plant by
reducing the radiation of the sun, and by better maintaining the moisture of the soil of the pomegranate tree. It
reduces the heat and drought stress condition and has a positive effect on the quantity and quality of the fruit
produced. Among the treatments used, the use 3 types of net including 50% white nets on the base, and 30% and
50% green nets on the base had the best results. These treatments better than others in terms of shading percentage,
temperature reduction, and improving the quantity and quality of pomegranate fruits . Net shading should be
installed when the fruits are about 5 to 7 cm in diameter and will remain on the tree until mid-September. This
type of tree shading did not leave any side effects on the quantity and quality of the fruits.

Keywords: Anticyclonic, Fruit quality, Net shading, Physiological disorder, Soil moisture
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Table 1- Different treatments used in the experiment
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Figure 1 -A: Installing 50% white shade net on the bases, B: Covering the entire trees with 50% green shade net without
using a base
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Figure 2- The effect of different types of net shading on pomegranate trees cv. Rabbab on the reduction of light intensity
(DMRT, p<0.05)
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p=<0.05)
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Figure 4- The effect of using different types of net shading for pomegranate trees cv. Rabbab on the soil moisture (DMRT,
p=<0.05).
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on pomegranate cv. Rabbab leaf RWC (DMRT, p<0.05)
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Figure 7- Lack of proper coloring of fruit cv. Rabbab in 50% green shading net cover without base
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Introduction

Citrus fruits are one of the most commercial fruit products in the world, whose growth and production are
affected by abiotic stresses. Drought stress is one of the most important abiotic stresses that affects all the vital
processes of the plant. One of the ways to moderate the negative effects of drought stress is the use of polyamines.
Polyamines are a group of biochemical compounds that are used as one of the most effective compounds to resist
environmental stresses. Polyamines have a wide role in various plant growth processes, such that they play a
significant role in modulating various types of biotic and abiotic stresses. Studies have shown that application of
putrescine increases the fresh and dry weight of the shoot and root parts, leaf relative water content, photosynthetic
pigments, leaf surface, and photosynthesis in plants under drought stress.

Materials and Methods

This study was conducted to investigate the effect of different levels of putrescine (0, 0.5, 1 and 2 mM) and
different levels of irrigation (100, 75 and 50% of evotranspiration potential) on morpho-physical traits of lime
seedlings as a factorial experiment based on randomized complete block design with 3 replications.

Two-year-old lime seedlings were obtained from a commercial nursery located in Dezful city (approved by the
Khuzestan Agricultural Jihad Organization). Then, they were located in 15-kilogram pots and kept for 2 months
in the greenhouse to adapting to the environmental conditions. In order to apply the irrigation regime, 4 pots were
considered as reference plants and the amount of irrigation water was determined by weighing these pots. First,
the weight of reference pots was calculated in field capacity mode. Then, after 7 days, the pots were weighed again
and the difference between the primary and secondary weights was considered as the amount of irrigation water
of 100% plant evaporation and transpiration, and according to that, 75% irrigation and 50% evaporation and
transpiration potential were applied. The first foliar spraying with putrescine was done at first of March in Field
capacity (foliar spraying was done once every month for 4 months from March to June). At the end of the
experiment, the fresh and dry weight of root and shoot, number of leaves, relative water content, leaf water
potential, photosynthesis, transpiration, stomatal conductance, were measured. Statistical data analysis was done
using MSTATC software and, Duncan's multi-range test was used to mean comparation at the 5% probability
level.

Results and Discussion
©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
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Results showed that the rate of photosynthesis, stomatal conductance, relative water content of leaves, fresh
and dry weight of aerial part and root decreased by reducing the amount of irrigation from 100 to 75 and 50%, of
ETcrop. The reduction of growth parameters under drought stress can be due to the closing of the stomata and the
reduction of carbon dioxide emission into the leaves, which can lead to lower levels of chlorophyll and
photosynthesis, induction of oxidative stress, and finally less growth in plants. It has also been stated that the
decrease in growth caused by drought stress in the initial stages of the stress can be due to the decrease in cell
growth and development due to the decrease in turgor pressure and the decrease in the intensity of photosynthesis
due to the closing of stomata. Also, the results showed that foliar spraying with 2 mM putrescine increased
photosynthesis, stomatal conductance, relative water content of leaves, wet and dry weight of aerial parts and roots
at all irrigation levels. The researchers believed that the increase in growth parameters, relative water content and
photosynthetic pigments with putrescine foliar spraying can be related to the antioxidant properties of putrescine
and its osmolality role in dry conditions. Other researches have shown that putrescine may modulate certain ion
channels and increase the permeability of the membrane to calcium and cause a decrease in the entry of potassium
into the membrane, which causes a decrease in the exit of water from the cell. Also, putrescine may increase leaf
water potential and leaf content through osmotic regulation of the plant by increasing proline.

Conclusion
In general, the results showed that foliar spraying of putrescine, especially at 2 mM concentration has the
greatest effect on increasing growth parameters, including fresh and dry weight of shoots and roots, leaf area,
increasing the relative water content, leaf water potential and Gas exchanges and reducing the amount of ion
leakage under drought stress conditions.

Keywords: Growth indices, lon leakage, Photosynthesis, Stomatal conductance, Transpiration
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Figure 2- Effect of putrescine on shoot fresh weight of
lemon seedling (DMRT, p<0.05)

Implon  @100%FC BTRFC BNEC

3

...-vr\?-

3 2 ml b I

z 10 bcd d 1 ¢

18 et e by I

MR

o e B I I

7; 0 - — - 4
0 03 1 2
Putrescine concentration (mM)
h"._--l’-;,a’;.ﬁf.é

2lgd LSy S (59 2 omw e X 6,k Jilike 1Y USUS
095 9ol il

Figure 3- Effect of irrigationxputrescine on shoot dry
weight of lemon seedling (DMRT, p<0.05)
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Figure 4- Effect of irrigationxputrescine on root fresh
weight of lemon seedling (DMRT, p<0.05)
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Figure 1- Effect of Irrigation on shoot fresh weight of
lemon seedling (DMRT, p<0.05)
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Figure 6- The interaction effect of irrigationxputrescine
on leaf area of lemon seedling (DMRT, p<0.05)
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Figure 5- The interaction effect of irrigationxputrescine on

root dry weight of lemon seedling (DMRT, p<0.05)
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Figure 8- The effect of putrescine on shoot length of lemon

seedling (DMRT, p<0.05)
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Figure 7— the effect of irrigation on shoot length of
lemon seedling (DMRT, p<0.05)
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Figure 9- The interactioneffect of irrigationxputrescine on leaf number of lemon seedling (DMRT, p<0.05)
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Table 2- ANOVA for the effects of irrigation and putrescine levels on the physiological characteristics of lemon

seedling
Sl o (ke
ydd ailio N ETIY) Mean squares
SOV Df Ol o (glgizme S g Ol Jamiliy P i
Relative water content Leaf water potential Electrolyte leakage
‘_5)L““’_l 2 108.7** 195.36** 1089.03**
Irrigation
O 2 172.06** 96.63** 195.47**
Putrescine
omAnX bl 6 26.72* 255" 13.75"
Irrigationx Putrescine
s
22 7.16 191 5.42
Error
Sy 3.36 5.9 2,62
C.V (%)
o3 B g ) Jlain! pdaw )3 )5 e g (gl dxe ple iy B g FE B
ms, ** and *: non-significant, and significant at p<0.01 and p<0.035, respectively.
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Figure 10- Effect of irrigationxputrescine on RWC
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Figure 11- Effect of irrigation on leaf water potential Figure 12- Effect of putrescine on leaf water potential
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Table 3- ANOVA for the effects of irrigation and putrescine levels on gas exchange parameters of lemon seedling

Sla o (le
i pale 8313 ax Mean squares
S.0.v Df Fwogid 8% Slaije, colan 14395525 15 w1 (63
Photosynthesis  Transpiration  Stomatal conduction  Sub stomatal carbon dioxide
St 2 10.21% 21,04+ 0.04* 9551.69**
Irrigation
"“”’y 2 9.70** 4.27** 0.006** 7545.36**
Putrescine
. ‘)w))y Xl . 6 1.14m 0.33** 0.001** 384.47**
IrrigationxPutrescine
ks 22 0.58 0.02 0.0003 156.22
Error
ot b 9.3 46 128 36
C.V (%)

o3 0 5 ) Jlain] o )3 45 dxe g (s> dme pis s 4 F g FF S
ns ** and *: non-significant, and significant at p<0.0/ and p<0.05, respectively.
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Figure 15- Effect of irrigation on photosynthesis amount

of lemon seedling (DMRT, p <0.05)
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Figure 16- The effect of putrescine on photosynthesis
amount of lemon seedling (DMRT, p<0.05)
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Figure 17- The interaction effect of irrigationxputrescine
on transpiration amount of lemon seedling (DMRT, p<
0.05)
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Figure 18- The interaction effect of irrigationxputrescine
on stomatal conductance of lemon seedling (DMRT, p<
0.05)
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Introduction
Increasing the tolerance to drought and nitrogen stress in tomato cultivars is essential for the sustainable and
environmentally friendly production of this product. Also, knowing the morpho-physiological, biochemical and
molecular responses to drought and nitrogen stress is important for a comprehensive understanding of plant water
tolerance mechanisms and nitrogen limitation conditions in higher plants. Therefore, the purpose of this study was to
investigate the effect of different levels of irrigation and nitrogen fertilizer on the quantitative and qualitative
characteristics of tomatoes in different Cluster rows under greenhouse conditions.

Materials and Methods

The experiment was conducted at the research greenhouse of the Faculty of Agriculture, Ferdowsi University of
Mashhad, in two years, 2021-02 and 2022-03. The experiment was set up as split-plot layout based on randomized
complete block design with three replications. Irrigation levels were considered as the main plot at three levels: 75%
(l75), 100% (l100), and 125% (l125) of the crop water requirement. Nitrogen fertilizer was considered as the subplot at
four levels: control (no nitrogen), 75 kg ha* (7.5 g m2), 150 kg ha* (15 g m2), and 225 kg ha* (22.5 g m2) from urea
as the nitrogen source. Tomato seeds (Newton cultivar) were sown in polyethylene seedling trays with a coco peat
and perlite mixture as the substrate. The seedlings were transplanted to the main field at 15 cm height with 3-4 true
leaves. In all stages of growth, consistent agricultural practices were applied, including weed control, pest and disease
management. Fertilization for tomato plants was based on soil analysis. Initially, after transplanting the seedlings, a
complete fertilizer with high phosphorus (NPK 10-52-10) was applied at a ratio of 1.5 kg per thousand plants. In the
subsequent stages, complete fertilizers (NPK 20-20-20) and high-potassium fertilizers (NPK 20-20-36) were applied
through irrigation. Throughout the plant's growth stages, to prevent potential deficiencies and harm to growth and fruit
development, micronutrients were applied as foliar sprays.

Results and Discussion
The results for all three Clusters showed that although nitrate accumulation was higher in the first year
compared to the second year, in both years, nitrate accumulation was higher at Iss and 225 kg ha™ nitrogen
compared to the other treatments. The highest nitrate accumulation in the sixth (6.12 mg.kg™?) and seventh (6.29
mg.kg™?) Clusters was observed in lzs and 225 kg ha® nitrogen treatment in the first year. In the eighth Cluster,
contrary to the sixth and seventh Clusters, the highest nitrate accumulation was obtained in 10 and 225 kg/ha
nitrogen (6.43 mg.kg™) in the first year. Chlorophyll decreased with stress but increased with nitrogen levels. In
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all four Clusters, the highest chlorophyll a content was obtained in ligo and 225 kg ha nitrogen, with values of
3.75,3.70, 3.30, and 3.85 mg g* fresh weight, respectively. The highest fruit number per square meter was obtained
in lps and 225 kg ha* nitrogen treatment in the second year (260 fruits), although there was no significant
difference compared to the first year. Furthermore, this treatment produced 11% more fruits than the highest fruit
number at 100% moisture. The highest single fruit weight was obtained in l12sand 225 kg ha* nitrogen treatment
in the first year of the experiment (254 g), although there was no significant difference compared to the second
year. Additionally, this treatment showed no significant difference in fruit weight compared to the 225 kg ha*
nitrogen and ligo treatment in the first year but was 11% higher in the second year. The highest yield (65.1 kg m2)
was obtained at 1525 and 225 kg ha™* nitrogen. However, in the control treatment without fertilizer, there was no
significant difference in yield at 1100 and l125. Furthermore, the highest water use efficiency was observed at 100,
followed by I-s. In all fertilizer treatments, 1125 treatment had the lowest water use efficiency. The highest water
use efficiency (285 kg m3) was obtained at 1100 and 225 kg ha* nitrogen.

Conclusion
In general, the results demonstrated that while excessive nitrogen fertilizer increased nitrate accumulation at
different irrigation levels, the increased use of irrigation water reduced nitrate accumulation in tomato fruits while
improved yield. Moreover, no significant difference in fruit yield was observed between I125 and l100, but optimum
yield and favorable water use efficiency were obtained with less water consumption. Based on the results of this
experiment, the recommended treatment under greenhouse conditions is irrigation at 100% of the FC and the use
of 250 kg ha* nitrogen.

Keywords: Carotenoids, Crop water requirement, Nitrate accumulation, Water requirement
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Table 1- Physical and chemical characteristics of the soil of the test site
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(dS.m™)
2021-22 o 0.044 4.6 556 8.54 1.09 0.058 0.1
Loamy sandy
2022-23 e 0.058 8.75 564 8.36 2.18 0.072 1.24

Loamy sandy
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Table 2- ANOVA for the effect of irrigation and nitrogen fertilizer on the chlorophyll a content in tomato cv. Newton leaf
in two years (2021-22 and 2022-23)

©laye (ke
S zalio L ETSY) Mean squares
Source of variation d.f S pmosty WS e WS et S aoinia
5t Cluster 6™ Cluster 7t Cluster 8" Cluster
b 1 0.011™ 0.405™ 0.061™ 0.125™
Year (Y)
a5
4 0.217 0.227 0.214 0.185
Error (year)
s ) 5.34" 190" 5.06™ 6.26™
Irrigation (1)
Y x| 2 0.034" 0.499™ 0.054™ 0.005™
k> 8 0.005 0.007 0.004 0.001
Error 1 (y)
e 3 5.43" 6.25" 363" 7.20"
Nitrogen fertilizer (N)
IxN 6 0.406™ 0.999™ 0.244™ 0.543™
Y x N 3 0.081"™ 0.285™ 0.018™ 0.048"
Y x|xN 6 0.029" 0.139™ 0.080"™ 0.118™
&l 36 0.088 0.106 0.063 0.076
Total error
bl 114 128 9.95 10.8
C.V (%)

Mo ) g o) B Jleinl a3 5 e g o5yl e pae el AT, ¥, NS
ns, *, **: non-significant, and significant at 5% and 1% of probability levels, respectively.
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Table 3- The interaction effect of year x irrigation on the chlorophyll a content of tomato cv. Newton leaf in different

clusters
Jl (2 59 7) 5! Pl ooy S (el S (pelid WS (el
Year Irrigation (water requirement, %) 5t Cluster 6t Cluster 7t Cluster 8t Cluster
2.08¢ 2.00¢ 1.98d 2.00¢8
2021-22 100 2.90% 2.70° 2.882 2.83°
125 2.88° 2.70° 2.83%® 2.982
75 2.054 2.454 2.03¢ 1.95f
2022-23 100 2.952 2.58¢ 2.78b 2.73¢
125 2.78° 2.832 2.70° 2.88°

)5 gl e gl oy gy Jlosn] prdaw 1 S5l (latebiain (geil wlely S yiie g (sl (slapSile
Means with common letters are not significantly different based on Duncan's multiple range test at the 5% of probability level.
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Table 4- The interaction effect of irrigation xnitrogen fertilizer on the chlorophyll a content of tomato cv. Newton leaf in
different clusters

(o 5L 72) sl Ojar e S e e
Irrigation (water requirement, Nitrogen fertilizer Fuds S s SIS
%) (kg.h™) 5" Cluster 6™ Cluster 7" Cluster 8 Cluster

0 1.65f 1.70f 1.55¢ 1.45

75 75 1.95¢f 2.10¢f 2.00¢ 1.959"

150 2.45¢ 2.70% 2.30 2.30¢f

225 2.20% 2.40¢¢ 2.15¢ 2.201

0 2.154% 1.80f 2.20 1.70MN

100 75 2.50% 2.35% 2.80° 2.55%

150 3.30° 2.70% 3.00% 3.00%

225 3.752 3.702 3.302 3.852

0 2.00¢f 1.70f 2.10 2.05

125 75 2.70° 3.25° 2.40° 2.80

150 3.20° 2.80° 3.252 3.25°

225 3.40° 3.30° 3.30° 3.60°

55 oyl ime gl Ao yd gy Jlean] e 3 (Sl (claeldsin g0l olulp S ie gyl (o pSSle
Means with common letters are not significantly different based on Duncan's multiple range test at the 5% of probability level.
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Table 5- ANOVA for the effect of irrigation and nitrogen fertilizer on the chlorophyll b content in tomato cv. Newton leaf
in two years (2021-22 and 2022-23)

) Sl o (b
gyve iy IO LTS Mean squares
Source of variation d.f Fan WS oy WS yplinss JUIVE) VLRV T FUIE) L QNPT
5t Cluster 6t Cluster 7t Cluster 8t Cluster
Ju 1 0.0005™ 0.0002" 0.002m 0.010™
Year (Y)
s
4 0.003 0.002 0.004 0.004
Error (year)
k! 2 1.19™ 177 162" 0.910"
Irrigation (1)
Y x| 2 0.012™ 0.005™ 0.001* 0.005™
ks 8 0.001 0.0001 0.001 0.001
Error 1 (y)
. 39 °’§ 3 1.64™ 1.70™ 0.958™ 1.04™
Nitrogen fertilizer (N)
I xN 6 0.025™ 0.037* 0.022™ 0.029™
Y x N 3 0.009"™ 0.012" 0.033™ 0.067™
Y x| xN 6 0.003" 0.010" 0.026™ 0.008"
bt 36 0.004 0.003 0.005 0.006
Total error
Syt 7.39 6.049 8.08 7.98
C.V (%)

Jopd Vg o) O Jlaisl maw )3 I gze g gyl gize pas ._,,;,;)54{**, *ns
ns, *, **: non-significant, and significant at 5% and 1% of probability levels, respectively.

Cliseo gladuigs )3T 98 ) (Njdanss S b by S (soitne 1 gyl x S (S a2 T Jgua
Table 6- The interaction effect of year x irrigation on the chlorophyll b content of tomato cv. Newton leafin different

clusters
Jww Y
Year Irrigation (water requirement, %) 5™ Cluster 8™ Cluster

0.678¢ 0.728f

2021-22 100 0.963°¢ 0.993d
125 1.09b 1.112

75 0.660f 0.740¢

2022-23 100 0.920d 1.05°¢
125 1.13¢ 1.112

S5 gy me gl Mo yd gy Jlein] pdaw 43 (SO glatebtin (ygejl Lolul pr S yiie g (sl (slapSile
Means with common letters are not significantly different based on Duncan's multiplr range test at the 5% of probability level.
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Table 7- The interaction effect of irrigation x nitrogen fertilizer on the chlorophyll b content of tomato cv. Newton leaf in
different clusters

(56 7) @ole! O39S PN oy WS Gpolulin
Irrigation (water requirement, %) Nitrogen fertilizer (kg.h') 5t Cluster gt Cluster

0 0.300" 0.430°

75 75 0.5209 0.580¢

150 0.780f 0.895¢

225 1.08¢ 1.03°

0 0.5609 0.740¢

100 75 0.880¢ 0.890°¢

150 0.965¢ 1.09°

225 1.362 1.372

0 0.805¢f 0.890°

75 1.03 1.08°

125 150 122" 113

225 1.392 1.342

S5l gime glds Moy gy Jlen] a5 Sl (glaiabdais ygal olul p S i gy s sla ke
Means with common letters are not significantly different based on Duncan's multiple range test at the 5% of probability level.
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Figure 1- The triple effect of year x irrigation x nitrogen fertilizer on the chlorophyll b content of tomato cv. Newton
fruit in 6™ cluster (DMRT, p<0.05)
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Figure 2- The triple effect of year x irrigation x nitrogen fertilizer on the chlorophyll b content of tomato cv. Newton
fruit in 7t cluster (DMRT, p<0.05)
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Table 8- ANOVA for the effect of irrigation and nitrogen fertilizer on the carotenoid content of tomato cv. Newton leaf in
two years (2021-22 and 2022-23)

Sl o (ile
S aalio o3l 4 ye Mean squares
Source of variation d.f P Cproniy FaNS ymowiind PS5 pnoiin S (ol
5% Cluster 6" Cluster 7" Cluster 8" Cluster
b 1 0.245™ 0.211" 0.031" 0.080"
Year (Y)
s
4 0.260 0.275 0.275 0.353
Error (year)
. d’%”)" 2 18.2™ 16.9™ 14.0™ 222"
Irrigation (I)
Y x| 2 0.009™ 0.204™ 0.159™ 0.009™
(k= 8 0.001 0.001 0.001 0.001
Error I (y)
e 3 9.83" 12.4% 9.53" 135%
Nitrogen fertilizer (N)
I xN 6 0.702™ 0.719™ 0.832™ 0.750™
Y xN 3 0.108™ 0.145™ 0.355™ 0.290"
Y x1IxN 6 0.112m 0.192" 0.067"™ 0.099™
&5 ol 36 0.164 0.163 0.163 0.092
Total error
ot a2 9.75 9.89 9.71 7.44
C.V (%)

***ns

2oy Vg o) O Jlaisl maw )3 45 gize g (gD ize pis i GA*F,
ns, *, **: non-significant, and significant at 5% and 1% of probability levels, respectively.

Cliseo gladuiss )3'Tgn s ) (N jddrss Sy wigiis)l Ggime p )kl X S LESr - g
Table 9- The interaction effect of year x irrigation on the carotenoid content of tomato cv. Newton leaf in different

clusters
Jus (! 39 7) )l - ys - » - » - »
Year Irrigation (water requirement, %6) e e e e
5t Cluster 6" Cluster 7t Cluster 8™ Cluster

75 3.25¢8 3.20¢ 3.23f 2.98¢

2021-22 100 4.50°¢ 4.459 4.48¢ 4 .55¢
125 4.902 4,752 4,832 4,782

75 3.10f 3.03f 3.35¢ 2.95

2022-23 100 4.434 4.55b 4.43¢ 4.48¢
125 4.78b 4.50¢ 4.63P 4.68P

)5l gime glds Moy gy Jlen] a3 Sl (glatebiais el olwl p S yiie By by slapSike
Means with common letters are not significantly different based on Duncan's multiple range test at the 5% of probability level.
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Table 10- The interaction effect of irrigation x nitrogen fertilizer on the carotenoid content of tomato cv. Newton leaf in
different clusters

(1 5% %) syl Ojare S ooy S Cpolind S (peiid S eialid
Irrigation (water requirement, %)  Nitrogen fertilizer (kg.n%) 5t Cluster 6™ Cluster 7™ Cluster 8" Cluster

0 2.30°9 2.20° 2.60° 1.90°

75 75 3.30f 3.50° 3.204 2.90¢

150 4.20% 3.80¢ 4.25° 4.20¢

225 2.90f 2.954 3.104 2.85¢

0 3.30f 3.00¢ 3.45¢ 3.20%

100 75 450« 4.50° 4.75° 4.50%

150 5.05% 5.30? 4.90% 5.15%

225 5.00® 5.20° 4.70° 5.20°

0 3.80° 3.40% 3.30¢ 3.50¢

125 75 4.75 4.85® 4.95% 4,75

150 5.35% 5.10° 5.30? 5.25%

225 5.45% 5.15% 5.35% 5.40°

)5 gl i glds Moy gy Jlein] a5 Sl (glaiabdais gal olul p S i gy by sla ke
Means with common letters are not significantly different based on Duncan's multiple range test at the 5% of probability level.
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Figure 3- The interaction effect of year x nitrogen fertilizer on the carotenoids content of tomato cv. Newton fruit in 8t
cluster (DMRT, p<0.05)
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Table 11- Analysis of variance of different tomato traits under the influence of different treatments
Sl (iibe

i 2ol NEUETSY (Mean of squares)
Source of variation d.f &0 0 4D Dgue dlax dawe ST (339 dguo 3,Shos ol B yas ol,5
Number of fruits per square meter  Weight of single fruit  Fruityield Water Use Efficiency
L 1 24,51 18.0" 115" 483"
Year (Y)
e 4 41.4 111 12.8 309
Error (year)
. "”,L"" 30352 325737 3652 29668™
Irrigation (I)
Y x| 2 30.5™ 91.1"™ 0.693™ 14.0™
e 68.6 82.1 8.22 179
Error 1 (y)
. Oi9r °9§ 3 4957 28317 3392 67955
Nitrogen fertilizer (N)
I xN 6 8698™ 1429™ 252" 1620™
Y xN 3 121m™ 195" 14.3™ 173m™
Y x1xN 6 10777 228™ 11.5™ 280"
St 36 156 63.4 9.40 238
Total error
ot a2 7.20 474 9.84 10.8
C.V (%)

3oy ) Jlein] aws )3 ()l dxe 5 2o )3 B Jlasin ! e ;5 (65 e o yd O Jlein] aws )3 (g1 dxe ple i ya**, *, NS
ns, *, **: non-significant, significant at 5% and 1% probability levels, respectively.
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Figure 4- The triple effect of year x irrigation x nitrogen fertilizer on the number of fruits per square meter in tomato
cv. Newton (DMRT, p<0.05)
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Figure 5- The triple effect of year x irrigation x nitrogen fertilizer on the weight of single fruit of tomato cv. Newton
(DMRT, p<0.05)
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Figure 6- The interaction effect of irrigation x nitrogen fertilizer on the yield of tomato cv. Newton (DMRT,

ol b 238" (o (S sS Ol Bpae 2 ) olS
A Hlo 33 (S5 sS olS Ul G pne )8 oy a5 sl ol
51 ookl ol oad 3135 cpian i Juols olS o L5 do)yd
@lS 0ySlos g (hugy Wby sla et ld dey peud calidie (sladgS
Ghorbani et al., ) cusl sas 55 0lS > ol Lulgy 90 4 yoxie
Lilg) 2 85 L wesliy 9 (139 A5le (gl polic I (3 (2023
J)ﬁl§91>lp9§w)u@)> JJ)J;A uT d)aa,o L;’:‘])lf)JﬁbLngj
Oliee Ll b wa S olee (Quemada & Gabriel, 2016)

2l Gl o B pmo S (B pmo ()30

0510 &l yish (gl gine

Flipids g @id adgd 533 ol Slao (bl 428 gls
X Jlo S aw Semy 5 )l X Jlo (S ey 5 bl Lol
bl (ol 3l ot ab g )3 5 (P 0.01) (39, 38 x (gl
X olel SESeay 5 )l X Jls 49> (1S emy 5 (p < 0.01)
5 (P <0.01) 53955 355 X Jlo agd ((p < 0.05) (5955 365
&5 2 (p £0.05) 559555 365 X (ylel x Jlo Wl aw tiSon
FINY) s adgs )3 (W Jgiz) 392 53 e (558495 Ol
On e (PSS )3 p)S oo FIVA) wiin 5 (pS oS ) )5 (e
YYO (B pae 365 9 ol 5l doyd YO (ylol jlog jo cbn (ol oliue
D92 Jol o 53 ,lSe )3 p )55k

p<0.05)

;._J S pas lyls

365 5 6okl ol Sl il alis uib,lg 4550 gl & an g b
2 (P = 0.01) ojass 38 x )bl 4B (i emy g 059
awlio (V) Jodo) d91 5l pme (FodaseS Ol Grme ol
o liee cppiddies «6055 (sl jlow plod yd 0l L Gl (1 Sbe
VO )bl o 5l am gl canday oI 5k o yd Ve (oyll s cin
loylog pla )3 Cizman E)S 118 pe> ad) 3 ol b oy
@ 3 203 WO sles 3 Ol Gpae (LS e (e 5355
Voo ool 3 Ol Gyae LI Glise cpyide 55 sanlie
23 p S skS YAD) )l 1 )T olS YYD (55,55 365 5 (ol 3l 20>
O 2ol jled )3 Cno opl lise o ieS el oy (cxSo yio
Cands (cSa yi0 50 p,5okS OV) o 5L )3 VYO (gyll 5 568
(Y JSCo) el

Uil islesl ,> (Shahien etal., 2012) o, Kan g cpals
1o b (S5 arS 3 ol pre GRIBIL | Ol Gpae
(oge0 2os (dins) poS g0yt Gl o (o)) byl
ol 9> 3,8 IS ((Brae ol (gm) juS e b old
CALQ) 3d B4 090 J)SJ.Q& uwl)B‘ o &S u_;l.b)‘.mu g% wu[o)i
g oS 5 ol Gpas L ity Jpes 4 e
T s Gl dagi b o)) cud )b i (Rl Lol i S
W 2oy Ve g Ad ()bl alaw g3 3l (Hooshmand et al., 2019)



VPP e ) osloud FA alor ((s5,5LES qalio 5 pole) el pole 4ds YA

300 w0 m75 m150 @225

2
50 b

ULy
N
o
o

de

OT O e

WUE (kg.m)
= =
8 &

(&)
o

o

fg
o
ol
125

100
(7360 &k

Irrigation (water requirement, %)

Dioe 8y (N aaes Ol dpae () 5 (595 355 ()l (ISR -V UK
Figure 7- The interaction effect of irrigation x nitrogen fertilizer on the WUE of tomato cv. Newton
(DMRT, p<0.05)
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Table 12- ANOVA for the effect of irrigation and nitrogen fertilizer on the nitrate accumulation in the tomato cv. Newton

fruit
i glia ol a0 oy ebe
Source of variation df Mean squares
) 6™ Cluster 7" Cluster 8" Cluster
b 1 0.583" 1.14% 1.34
Year (Y)
e 4 0.686 122 0.548
Error (year)
Sk 2 0.516™ 0.499" 0531
Irrigation (I)
Y x| 2 0.122™ 0.154™ 0.169™
e 8 0.001 0.001 0.001
Error I (y)
i OisS a9§ 3 0.133™ 0.250"™ 0.313™
Nitrogen fertilizer (N)
I xN 6 0.467" 0.476" 0.289"™
Y x N 3 0.089" 0.898™ 0.089"™
Y x1IxN 6 0.769™ 0.496" 1.07™
& ol 36 0272 0.185 0.388
Total error
bl 9.80 7.87 11.10
C.V (%)
doyd Vg dopd O Jlein ] pdaw 13 J e g (gl bz pis 3 5aF, F, NS

ns, *, **: non-significant, and significant at 5% and 1% of probability levels, respectively.
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Introduction

Grasses are narrow-leaved plants that are used as cover plants in landscape. These plants are one of the basic
and necessary components of the green cover of most gardens, parks and as the background color of landscape. In
Iran, due to the high costs of planting and management of grass, high water requirements, climatic incompatibility
and damage to water and soil salinity, it is recommended to remove from the green space in some cities, especially
in areas with low water and water and soil saline. If it is possible to benefit from the role and influence of these
plants by observing the technical points and choosing the best species for each area. Salinity stress is the second
limiting factor for the growth of plants in the world after drought, which affects the efficiency and performance of
plants. Increase in salinity causes a decrease in the water potential in the soil. In this condition, the plant spends
most of its energy to maintain the water potential, cell mass, and water absorption to have minimal growth. The
aim of this research is the effect of external application of glycine betaine on the accumulation of osmolality
compounds and the antioxidant system of sports grass under salt stress.

Materials and Methods

This research was carried out in 2022 in pots in the research greenhouse of Ilam University as a factorial based
on a completely random design with three replications. Experimental treatments included three salinity levels with
sodium chloride salt (without salinity, 50 and 100 mM sodium chloride) and three levels of glycine betaine foliar
spraying (0, 5 and 10 mM). Glycine betaine application was performed after mowing twice with a distance of 48h
from each other, and then salinity with sodium chloride salts was applied. 4 weeks after application of salinity
stress, some morphological and biochemical characteristics of plants were measured. The results were analysed
using SAS software (v.9.2), and Tukey's test was used to compare the means at the 5% probability level.

Results and Discussion

The results showed that salinity stress decreased all the study morphological, physiological and biochemical
parameters including plant height, shoot fresh and dry weight, number of tiller, leaf area, chlorophyll content,
protein and total antioxidant capacity in the studied plants. It also increased peroxidase enzyme, H,O, and proline
in plants, but glycine betaine application significantly improved the morpho-physiological characteristics of plants
compared to the control under salt stress conditions. Thus, the highest height, shoot fresh and dry weight, leaf area,
number of tiller, chlorophyll content, and protein and antioxidant capacity were observed in plants sprayed with
glycine betaine. Also, the highest content of glycine betaine and activity of catalase and peroxidase enzymes and
the lowest content of glycine betaine and H,O, were observed in in plants sprayed with glycine betaine and 10 mM
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glycine betaine was more effective than 5 mM. The occurrence of salinity in plants disrupts the absorption of ions
and causes the reduction of nutrients and increases sodium ions. One of the effects of salinity in plants is the
reduction of photosynthetic activity, which results in the reduction of chlorophyll, carbon dioxide absorption,
photosynthetic capacity, plant height, shoot fresh and dry weight, number of tiller and leaf area. One of the most
strategies to deal with stress is accumulation of osmolyte and increasing the antioxidant activity, which makes
plants resistant to environmental stresses. Salinity, through the toxic effect of Na* and ClI- ions, affects the growth
and performance of the plant by reducing the soil water potential, disrupting water absorption and imbalance of
nutrients in the plant. The results obtained from comparing the average results of glycine betaine show that glycine
betaine increased plant height, shoot fresh and dry weight, number of tiller, leaf area, chlorophyll content, total
protein and antioxidant capacity, but on the other hand, it increased proline and H,0, decreased, which is due to
the accumulation of glycine betaine as a protector in plants under salt stress conditions. In stress conditions, glycine
betaine can protect photosynthetic activities including photosynthetic enzymes, proteins and lipids in thylakoid
membranes in the combination of photosystem 11, and also the task of protecting cell membranes against osmotic
stresses in the plant.

Conclusion
The results obtained from this research showed that salinity stress reduced all the morphological, physiological
and biochemical characteristics in the sport grass plants, but glycine betaine application played a positive role in
reducing salinity damage and maintaining plant quality. Glycine betaine is known as one of the effective molecules
in stress signaling, so it can protect the plant cells against stress by reducing the destruction of the membrane and
by increasing the salt tolerance mechanisms. Also, glycine betaine 10 mM is introduced as the best treatment to
reduce salinity damage in sport grass during present study.
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Figure 1-The effect of glycine betaine application on appearance quality index (A) and height (B) of sport grass plant under
salt stress (Tukey, p<0.05)
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Figure 2-The effect of glycine betaine application on dry weight (DW, A) and fresh weight (FW, B) of sport grass shoots
under salt stress (Tukey, p<0.05)
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Figure 3-The effect of glycine betaine application on leaf area (A) and tiller number (B) of sport grass under salt stress
(Tukey, p<0.05)

39 Jdg IS (glgime (p i bl il XS Yo Lo
Mo 5 aw Gl Lo L 5 nSgn 4 by @l
b i aw g A5 e byl 3 (Jg cdl ialS (1S9
booad db gl olalS )5 gy jlde a3 ST )Vee e
ol gladige b byl GWE Jg 0g yidey 8l S
laclale (Voo o Voo (5 aw )3 (pizren 95 )l e
Sl g RS b ogime BB o (8l NS il

(¥ JS5) K09 sl (sladiges & o (6l gy laie

0y ibesdign glagadld p Gl (padS A
GogH GRS Dl & gl
JB9 S lgie (6y98 A5 aw Rl L b L @l
Glszo (LS 13 ol e 5 L Jy il als
Pl polely 2 pin aald Gladiges 4 Cums gl g IS
OblS om igd Vo e B AT aw 5 L5 (g klpd
9 255 o gime SN LS 5 (35l M L 02d (3L J5lns
Voo b osbedises qgypd Vool Voo L5 gaw



Yy

v s 9 (o gowl LS 5 osd (S 5elg8 y90 Wlho (B il IS 5T ] e g (goo

Control ¥ aals
Glycine betaine 5SmM & xmM -

s -
Glycine betaine 10mM ol e
B MM - il GeendlS

Ind
[

bc

=
- 5] [N)
L L L

JS g ks
Total chlorophyll (g kg™ FW)

=]
4

8:mMM (555
Salinity 50mM

VoMM (98
Salinity 100mM

o Q9
Control

Control W aals
Glycine betaine 5mM

>

18 4 a a Glycine betaine 10mM MM sty IS
a B MM - sl S
16 ab s e
E 1.4
3
2 1.2
X g
£
@ 0.8 4
=8
506 -
;_g 0.4 -
0.2 -
0 B
Sopd O mMa- )58 MM+ (g5
Control Salinity 50mM Salinity 100mM

S y9 iS Co5 @ pguml o 33 (B) S Judg S 9 (A) JS coiig p sl3imo 31 (ol comm 5 3,57 51 -€ IS
Figure 4-The effect of glycine betaine application on total protein (A) and total chlorophyll content (B) in sport grass under
salt stress (Tukey, p<0.05)
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Figure 5- The effect of glycine betaine application on the content of glycine betaine (A) and free proline (B) in sport grass

under salt stress (Tukey, p<0.05)
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Figure 6- The effect of glycine betaine application on antioxidant capacity (A) and hydrogen peroxide content (B) in sport
grass under salt stress(Tukey, p<0.05)
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