=l
b

s oa |~

oo AFYES bl

Yéo

Yoy

TYo

r4)

Ar

S Ay s
(S %
- |
Ve

(50098 wlo g pyls

Yo oyl gis

(Cucumis sativus L.) SIS jLs 4y 5 59099 399380 Dluoguas 9 3 5o g 2T Jid 9 Nigw I
G = 3T J s

S el 4y (Kis S6 4 (Juniperus Spp.) (Hs5 3 GBS (2 P9l (e

Sl (T 9 (K390 3

Gosme aible =) b om = (55 55 L0y —(alaS Sl
(Dracocephalum moldavica) 530 § (Phaseolus vulgaris L.) 3§ lgd Goby s asls owyp

OIS 35 yga 30 balse culs” Lalisee Sy 50

ip e =il olb) belanl =SB Jse) e e - AL L

........................ 2boriion § K 59lg 1 Ollan Hl oolatnl b i S5 4 S 590l pBHI 31 (S o (b 3!

B e amda— Gl e e —oslj rel daml— (6 o L
(Ocimum basilicum L.) Sl 5 obS s ST Cllad 5 sloniion S solsly S 9 (2635

o DOl gu § Cwgans” (009 4 STlg 50
Ll (suhgn = Sl soken =0l Kot dpmn =33 ol (o oo
Cadguil b o gl Y (5 30 Sl @10 Sl T BT 9 olbowdion w5 55369 r90 ilko sl

e S>3 ol 2l Sl (5B
28 ol ol — (g 5L ks.‘.“.x‘.f——)ﬁ_ (W:}IJ—UJ_L:); o3 51a SU

L S o pito iz (S oloT 4 05 31 ookl b (B P g5 (Sl cpY o hoe (b33 8 (3959590 E9iF )y

vy

e 5 e — )5 o BIST S s — LS it —aatr S Ol

SN ol (g S arer (lowdiaind 9 (59998590 ( SIS Dluogad ows g

i¢o

Ol gl bz gl SolLls 9 3o (Otostegia persica B.)
S aable 5 (6 el Lo e — iy 5 Sl —515 taxi e e
2951 8 Khae 5 (sl Ologas p 3o 9 (AT «(69) Se ) yolie (3L Jslore ilideo gt wIb

Ol Ol SBOSE S » 53 Vitis vinifera L.
Lar (o Loyams = ol 5 asmen — 6 plb slen —(oobe o= (e ol

A5 il sf6 S8 falsl § 5 hoc Ol o o A7 Dloogas 3 (53 A b S P U

AT

Logslols” o8y (S5 psgi
S

Lol 085 (T IDgT (AS § (0 ST 59 52«59 DT DS ¢l (T 3 )l

£4)

Dglate A Jole Lulph 5o
o o e Blo bl
3 (RIPR g Slie (Sp plp g e B 9 I pilded 4Y 3l Sl 4l

Soll o s Ll vl 58 (Solanum melongena L.) 3lxodly (2 bowiign

Sarsp gl =g 2l a3l @3l sgls — s s Lo jazea — 01555 (6 el s

Al 15 S g8 4ol

A
e Gg.‘d/ 4 ph

e

Lel

jice

\ré:

\ el

AN\

20022

VOISO NOW2

1NCE

Jouine! erlaeitictliviel Seic

Journal

)

Ferdowsi University
of Mashhad

Vol. 36
2022

No. 2

Contents

Effect of Grafting and Water Stress on Yield, and Morpho-Physiological Root
Properties of Greenhouse C b

of

ISSINE

20

329

R. Azarmi, Y. Hoseini

Introduction of the Most Resistant Juniperus Genotypes to Drought Stress Based on
Physiological and Antioxidant Traits

343

S. Keyghobadi, R. Fotouhi Ghazvini, Y. Tajvar, A. Sabouri

Evaluation of Growth Indices of Common Bean (Phaseolus vulgaris L.) and
Moldavian balms (Dracocephalum moldavica) at Different Intercropping
Patterns in Presence of Microorganisms

343

M. Bagheri Hamidi, M.H. Rasouli-Sadaghiani, E. Rezaei-Chiyanch, M. Barin

Evaluation of Drought Stress Tolerance among some of Grape Cultivars Using
Physiological and Biochemical Studies

343

Sh. Sorori, A. Asgharzadeh, A. Marjani, M. Samadi-Kazemi

Evaluation of Biochemical Parameters and Antioxidant Activity of Ocimum basilicum
L. in Response to Vermicompost and Copper Sulfate

389

M.H. Aminifard, M. Asgarian, M. Khayyat, M. Jahani

The Improvement of Morphological, Biochemical and Antioxidant Characterizes in

Mexican lime Seedlings, Inoculated by Fungal Endophyte Extracted from Green Seaweed

L. Baghazadeh Daryaii, D. Samsampour, A. Bagheri, J. Sohrabipour

Investigation of Morphological Diversity and Evaluation of Tomato Lines Yield Using
Multivariate Statistical Analysis

415

S. GolCheshmeh, G. Kiani, S.K. KazemiTabar, S. Navabpour

Study of Edaphic, Morphological and Phytochemical Components of Wild Population
of Otostegia persica B. in Habitats of Baluchistan, Iran

429

M. Nematinejad, A.Sh. Raisi, M.R. Asgharipour, F. Nosrati

The Effect of Different Levels of Foliar Application of Zinc, Iron, and Manganese
Micronutrients on Reproductive Characteristics and Yield of Vitis vinifera Grapes
in Some Vineyards of Zanjan Province

443

H. Mohebbi, A. Ebadi, M. Taheri, M. Zarabi, M.R. Bihamta

The Effect of Colored Polyethylene Mulch on Quality Characteristics, Yield and
Chlorophyll Fluorescence Parameters of Strawberry Cv. Camarosa

S. Shiukhy

Foliar Application of Zinc Chelate Nanoparticles on Quantitative and Qualitative
Characteristics of Sabrina Strawberry Cultivar in Different Solubilization Conditions
P. Sadeghi, H. Hassanpour

Study Application Effect of Impermeable Soil Layer and Date Palm Leaf
Mulch on Some MorphoPhysiological and Biochemical Traits of Eggplant

(Solanum melongena L.) under Low Irrigation Stress
M. Amiri Rodan, M.R. Hassandokht, D. Sadeghzadeh-Ahari, A. Mousavi

Continue Content in cover

459

471

489

Horticultural Science

(FAgrniculturaliSeienceandalechnology)).

8-4730




SLEL pols 4 g

(&39les @b g poks)

26524

Sk g oliudad agle & ylg 3
73/10/19

1401 ylieasls

21/2015

o ladd (ot g5 — sale 40 9

ﬁla#aJLu.ﬁL)

68/4/11

36 ala

38l als jaadd " cale’ da it da T ol g3 cale™ daya (gl Hle Sl pdis aals A398 Jlw 3l e &yl g da guae ubedd 43

(Agan (o 93,58 6la10) B ) sais 4das — ol

(Sgio oo 59,8 sREIN) Saew (sLiad pwdigoy (SL2L o sle - alinl

(oo (oo g5 o2 Saew slidd puigoy SLls psle =Ll
(o (w953 SISE318) 540 (555 52508 —alisl

(dgain (pun 5958 8l8E3N0) Sarw (sLidd puutigo s (Sliels o sle - olicd]
(gt (o 9053 SISEI) Saew ldd pusigoy (Slals psle - Ll
(Oleual nim slily) (Sl o sle = Hlasils

LIS 15 51 132 5 (555 5LES danca go = ,Sitia g5

(dgain (puu 5958 8l8EIN0) Saaw (sLidd puutigo s (Sliels o sle - alicd]
(lud ol€t31) SLEL asle = slia

(01568 22313 Sl o sle = olial

(DB S anb plis 5 55,5laS psle sasly) SLebs o sle = sladils
(sgtin (a5 ol&l) (15510 OLALS - olins]

(015 sl&ils) Sl asle -uli)

Kool s salal olails SL2l asle o5 S - ol

(sgetin (g 3058 81€831) BB Pl s K3 - ol

(01568 818a31) Saew (slidd uosigas LSS - obic)

(e (o953 ol&uil) ALS (355! 5058 -~ olicu

Agdin (o 93,8 slsls
saly Jy L,

5 Sl e

s 290

Lo, solasl S5
oo b S
Sgane g
ERE

Eoald weuly Sla
Opesaode I35 5 5l0
e o gaal,

Al ad o ole)

G S (Sl
e (g5

le «sabe

daclasl (a3
Sans ¢ eyl

Cruns (SIS

als sge ¢ 3 5aY

el cals
}Jghs jae
Lo g
e 3yl i luas!

Agdien (g 90,8 oty ol ,laml il

8787430 : pylos FUEL pohe ay i = cale b puid A yud = (65,98 00SW1163 comy Gguo ILTTE  guuny S - sguuiie 1 S

Jhorts4@um.ac.ir

S g i) Gy

- Caal oudi dalad Jols wlia &y geo 4 Wttps://Jhs.um.ac.ircul ju o jlasd ol &YEs

g oo pliite g oily (Jlw yo o lacti4) doliliad &y geo da d pulih (pal




331

345

357

375

391

403

417

431

445

461

473

491

507

Ql?)M

(Cucumis sativus L.) sl4els” jLs 4dy 5 S 59791 199390 Sluogas 9 5 Khos 9 T 535 9 Nigw i1

o ol (3T s

ST T 9 3905250 Slo s lo 4l (K S5 4 (JUNIPEIUS SPP.) (B g5™ 97w Sarisi3 (2 5P lin b0
Sosee aible =5 b oo = (0938 8 Lo)mealdS Gl

iz (s eI 5 (Dracocephalum moldavica) e 33k 9 (Phaseolus vulgaris L.) 30 8 lag) sy Sl sl qwy
Ol 3y yga 33 Lol s

G e~ 8l old) Jolesl = (LS (J sy (e e =6 3L Lo

Slorign 9 (59 0 Dllan 31 0Bl b (K i 4 Cumd 985l PBII T (B 3 Jod (b3

b e e = Sl 0 e —03) ol del = (655w Lot

CawganS” 039 4 iS19 58 (Ocimum basilicum L.) ol 5 obs™  Slous™ 1 ST Cudlad 9 (o lowiign S jolsl (& 9 (b3
o Sldgw 9

Ll sugn = Sler 54gn 0L s pomn =33 el e

31 ool ol il (2 3B B gl b ot zuili ¥ 5 30 (S SIS oSl (ST 9 (o bowdign 5 59999 190 Dilio £,
o Sl

28 S o s m 6 AL e 5 plans 5la - 4L 5o 0ol5la

o o Nz (Solol 4 3205 31 o3liel b (B $d g5 SlacnY O o (b33 9 (FIeIgBrg0 Y (a2

255 o =55 IS IS = LS L - e S Ll

SWolKiy gy 5 (Otostegia persica B.) yuls™ obs™ i>9 Scwros o bowiigiud 9 (K 58989 )80 « SIS Dluogas  wy y
Ol bz sb

G 4B = gy (6 ol L pilams = s 5 Sl =55 ani o e

»8 Vitis vinifera L. g5l & Khos 9 Sial) Dluogas p 580 9 (BT (59 Moy )y polie bl Jalome Lilisko zabaw W56
o) Sl SOk (B »

Las (o Lo samme = ol 5 dpme =5 b Sge (50l o m oo x>

L slol” 8 (S HDG g7 il rgld Slo el 9 3 Klas Oz AT Seogas 1 (5 A SBH9TE E
gt ne

Do (O Jgkme Lyl 5 30 Uy gl 1) (SADP AT 9 o5 ST R 2«59y DI D gl Ty

23 G e = Bobo L

Solanum) Glxedl (2 bowiign 9 958992 w99 190 Silao S plo B 5 g gl 9 TS niubdgdi 4Y 5 9l Sl adiltae
Salalas™ i Buleh 5o (Mmelongena L.

Szt il =6 Al 0315 (B3l 313 = L ki L yames = O3 55 (6 ol s

Tl Ay 9 OT WU 9 Dliud LS 9 Ofgouinw! 3393 395 3399 b od (5 (5568 Ub) Cawgned” Do guas b 351
(Spinacia oleracea L.)



Sl Lo 0L Sl = bl Lo s = s paT ol

521 S Olgr Olis 53 (B33k 9§ Sdy Shogas & Wigy 9 4k iled 3 I 51
SR e s = 315 (65313 pmomedE = ()85l g = 2 031 le ilaae

535 ol Wiy &5 o (S yTL b o el (Berberis vulgaris L.) ey by el (05889 md 9 Sy (Sbby9iB Gl
Sl T Gosh 4

Sl s 0BT ()3T sl 3= (B35 doaw



Journal of Horticultural Science
https:// jhs.um.ac.ir R

Research Article
BY Vol. 36, No. 2, Summer 2022, p. 329-342

Effect of Grafting and Water Stress on Yield, and Morpho-Physiological Root Properties of
Greenhouse Cucumber

R. Azarmi', Y. Hoseini@*

Received: 28-09-2019 How to cite this article:
Revised: 19-12-2020 Azarmi R., and Hoseini Y. 2022. Effect of Grafting and Water Stress on Yield,
Accepted: 08-09-2021 and Morpho-Physiological Root Properties of Greenhouse Cucumber. Journal of

Available Online: 21-08-2022 Horticultural Science 36(2): 329-342. (In Persian with English abstract)
DOI: 10.22067/JHS.2021.61641.0

Introduction

Cucumber is one of the important greenhouse vegetables in Iran and the world. This product, in Iran, has the
largest area under cultivation in comparison with other greenhouse vegetables, and according to the statistic in
2020, the Office of herbs, vegetables and ornamental plants Ministry of Agriculture, the greenhouse cucumbers
area under cultivation in Iran is 15000 ha. Cucumber is the product of warm and temperate season (with mild
winters) and is very sensitive to adverse environmental conditions and even rare changes in soil moisture content
will have a significant adverse effect on its growth and yield. Cucumber root is shallow, it is fibrous, and its
shallow root causes its sensitivity to drought so that its main root penetrates 5-10 cm in heavy soil and 20-30 cm
in light soils. This plant has an extensive and almost thin root system that has the possibility of expansion in a
wide range horizontally, and, therefore, it can produce mass root, at the depth of 30 cm. In order to study the
effect of grafting and water stress on morphological characteristics greenhouse cucumber (Cucumis sativus L),
an experiment was conducted as complete randomized block design with three replications.

Materials and Methods

This research has been carried out in the city of Pars-Abad, Ardabil province, Iran. The longitude of Pars-
Abad is 47°55" E, latitude is 39°38’ N, and its height distance sea level is 32 meters. This research was done in
the greenhouse of the Moghan Agriculture and Natural Resources Faculty in a complete randomized block
arranged in split plot with three replications. To determine the characteristic curve of soil moisture, soil samples
was selected and the weight moisture percentage at pressures of -0.3, -5, -10 and -15 bar, which include the
important potential of the soil, was determined by using Pressure plate’s apparatus and soil moisture
characteristic curve was mapped and soil parameters characteristic curve was determined. this study, the main

factor included water stress in three levels of 90, 60 and 40% field capacity and the secondary factor included
three rootstocks of Shintoza cucurbits (Cucurbita moschata x Cucurbita maxima), Flexi Fort cucurbits
(Cucurbita moschata x Cucurbita maxima, cucumber varieties Nagen 972 (Cucumis sativus L.) self-grafted and
check (ungrafted) cucumber varieties Nagen was studied as a scion. In this study, the grafting method of hole
insertion was used as the best grafting method for Cucurbitaceous.

Results and Discussion

Duncan test results showed that with increasing stress, the diameter of the main root, at the rootstocks of
Shintoza and Flexi Fort, increased almost twice as much as the control. The results showed an approximately 3
times increase in the yield, at the rootstocks of cucurbits at different levels of stress and it had a significant
positive relationship at 1% level with the length, diameter and weight of root. The highest yield related to the
Flexi Fort rootstocks was obtained 2.99 kg per plant in the water stress condition 90% of field capacity and then
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Shintoza rootstocks ranked second with 2.617 kg per plant, at 60% water stress. The maximum water use
efficiency related to Shintoza rootstocks was at 32% and Flexi Fort rootstocks, Nagen and control, were
respectively 30, 22 and 36% of Potential evapotranspiration.

Conclusion

The results showed that, with increasing water stress, unlike the control, which was associated with
decreasing linear trend of yield, Treatments with cucurbits grafting at Shintoza and Flexi Fort rootstock, faced
with increased water stress, from 40 % to 90 % of field capacity by minor reducing of product. This can be due
to increasing root uptake parameters such as length, weight and length of the main root in these Treatments.
Correlation analysis showed a significant relationship at **P<0.01 level between a percentage of roots and yield.
The results in all applied water stress also showed a high yield of grafted treatments about three times more than
the control. Reducing the yield sensitivity factor in cucurbits Treatments, causes the plant could maintain its
performance in irregular watering that encounter the plant with tension. The high water use efficiency in
cucurbits Treatments shows that it is possible to perform economic optimization in the production based on
water consumption scarcity of water.

Keywords: Grafting, Greenhouse cucumbers, Root, Water stress, Yield
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Table 1- Physical and chemical properties of the soil samples form the studied area
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Figure 2- Soil moisture content characteristic curve with PWP and FC potential points
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Figure 3- Grafted seedlings of cucumber before planting in a plastic greenhouse
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Figure 5- The yield of greenhouse cucumbers var. ‘Nagen 972°grafted on different rootstocks in various levels of water stress
(DMRT, p<0.05)
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Table 2- ANOVA for the effect of water stress and grafting on some growth traits in cucumber var. ‘Nagen 972’
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Water stressxGrafting
Subplot Error s & 5 U5 18 708.3 37.61 24.63 0.027 139.9
C.V (%)) yui g yoi> 14 15.8 23 29 16

Wl o3 iy 9 S Jloin ] o 13 (g3 gixe g D Gme puE (gixe b Py 1 g %2 NS
ns, ** and * non- significant and significant at the 1 and 5 % of probability levels, respectively.
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Table 3- The interaction effect of water stress xgrafting on cucumber var. ‘Nagen 972’ growth traits
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Water stress Root“s'Eock Main root length Main root diameter Root fresh weight
(% of FC) (cm) (cm) (9)
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Control
NOS - 42,7 0.4¢ 10.8¢
% o
S 132.5° 0.9¢f 345
Shintoza
gl 148 0.933% 4372
Flexifort
SN90 38.3f 0.5 11¢f
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60 agen
lig=rd g5be 12 17.4¢
Shintoza
gl 96b 0.833¢%c 31.76"
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g yut 33.5f 0.5¢d 22.7¢
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b 37.5f 0.5 7.3
40 e
A 60.5% 0.4¢ 17.5%
Shintoza
C“)ﬁé&"s_ SE 90.3bec 0.5¢d 30bc
Flexifort
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Same letters in each column indicate no significant difference between treatments at 5% of probability level based on DMRT.
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Figure 7- The stomatal conductance of greenhouse cucumbers var. ‘Nagen 972’ grafted on different rootstocks in
variouslevels of water stress (DMRT, p<0.05)
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Table 4- ANOVA for the effect of water stress and grafting on some morphological and physiological traits of cucumber var.

‘Nagen 972°
s asbio oljlanyy  wPE ek Uyl sy g Calan Sy S i
S.0.v df Number of Chlorophyll Stomata conductance Electrolyte leakage
lateral roots content
Sok 2 0.194 10.33 400300 4.42
Block
water 2 26.77 70.06™ 412800 122.99"
stress
S’L" gl 4 1.028 61.31 1485 4.13
Main Plot Error
'“’" 3 13.95 28.90m 44993™ 10.03™
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S X ol I 6 4.704 0.659" 5667 0.153"
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ns, ** and * non- significant and significant at the 1 and 5 % of probability level, respectively
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Table 5- The simple effect of water stress and grafting on morphological and physiological traits of cucumber var. ‘Nagen

972’
lowd S s i il iy s )5 sgixe oy S G
J : PP Chlorophyll )
Treatment Leaf number Number of lateral roots contepnty Electrolyte leakage
(=D cudsb) ol i
water stress
90 42.16% 6.41° 46.472 38.91°
60 37.5° 6.58° 44.1%® 43.3°
40 36.5° 9.08? 41.64° 45.142
sl
St 43.66° 8.66% 42.12 43.48°
Control
oS 34.44° 7.55% 42.36° 43.24*
Nagen
gt 41.44? 5.66° 45.87° 41.65°
Shintoza
oSl 44,33 7.55 45.34° 44,33
Flexifort
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Same letters in each column indicate no significant difference between treatments at 5% of probability level based on DMRT.
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Table 6- Pearson correlation coefficients of the traits under water stress conditions and different rootstocks
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stress diameter (cm) |2‘tlé?;?% gtfs © g lenght (kg.plant )
(cm)
L
o Pearson -0.246 0.32 -0.121 -0.206 0.245
WU‘“‘ ol Correlation 1
ater stress )b o CJ‘“’
: - 0.19 0.085 0.54 0.28 0.193
Sig. (2-tailed)
holady) b Shesmb w5y -0.373" 0.747 0.631" 0.42*
Main root Pearson 1
diameter > sime o
0.19 0.42 0 0 0.021
(cm) Sig. (2-tailed)
lo 4ty sl < “é;“e““"a°&r5(::”é 0.32 -0.373" -0.317 -0.454" 0.036
ol b e o 1
umber of Sig. (2- 0.085 0.042 0.88 0.013 0.852
tailed)
© Ssed cps g 999 0.847" 0.317" 0.598™ 0.505™
;z“‘i) )]: O); Pearson ' ' ' ) )
c\;\?etigrr?ts B e gl !
© Sig. (2- 0.524 0 0.088 0.001 0.004
tailed)
GFhed cry2 g 90 0.631" -0.454™ 0.598 0.329
chol ady) Jsbo Pearson ' ' ' ) '
Mlam rt?]ot 5 sixe s 1
o) Sig. (2- 0.283 0 0.013 0.001 0.082
tailed)
o950 3, Skas Sisad coys  0.245 0.42™ 0.036 0.505™ 0.329
Fruit yield ] 1
(kg plant) 5 e g 0.193 0.021 0/823 0.004 0.082

oy S Jloin ] o §3 b e K o)y iy Jleis ! pdaw j3 I dme F
** significant at p<0.01 (2-tailed). *: significant at p<0.05 (2-tailed).
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Introduction

Drought is one of the most important environmental stresses that affects various plants such as ornamental
plants. The identification and selection of ornamental tolerant genotypes is essential for landscape projects.
Understanding the mechanisms that enable plants to adapt to drought stress can help to select the most tolerant
genotypes for cultivation in arid and semi-arid regions.

Materials and Methods

For this purpose, a research was conducted as a factorial experiment based on completely randomized design
with eleven genotypes and two levels of irrigation (irrigation as Control and severe drought) at Ramsar Citrus
and Tropical Fruits Research Institute.

Results and Discussion

The first symptoms of drought stress were observed after 10 days in the Juniperus horizontalis (G1)
genotype (the most sensitive genotype) and were not recovered and dried after 15 days. G3 and G5 genotypes
(Ravande-mamouli and Ravande-setarei, respectively) showed drought stress after 28 days (most tolerant
genotypes) and recovered at the end of the stress period after irrigation. Drought stress decreased photosynthetic
pigments in studied genotypes. The content of soluble sugars, proline, and total soluble protein increased under
drought stress conditions and the highest amount was observed in G3 genotype 30.8 mg g* DW, 30.5 ug g*
DW, and 965.2 nug g*FW, respectively. Under drought stress condition, the highest concentration of hydrogen
peroxide, malondialdehyde and electrical conductivity were observed in G11, G4, and G10 genotypes
respectively compared to control plants. In addition, the most enzyme activity of superoxide dismutase
(85.57%), total phenol (181.09%) and total flavonoid (98.46%) was evaluated in G3, G5 and G8 respectively.
Also, chlorophyll changes indicate the response of plants to environmental stresses such as drought during
drought stress, the concentration of abscisic acid and ethylene increases, which stimulates the activity of the
enzyme chlorophilase and causes chlorophyll degradation. The reduction of photosynthetic pigments under
drought stress also seems to be related to changes in nitrogen metabolism to proline production and reduced
chlorophyll synthesis because the precursor of chlorophyll and proline is glutamate. Furthermore, one of the
biochemical changes that occur in plants under drought stress is the accumulation of ROS. Numerous reports
have stated that drought stress increases ROS production. Drought-induced oxidative stress causes lipid
peroxidation and membrane damage. It seems that in some genotypes with low levels of malondialdehyde, the
membrane damage is severe and leads to more electrical conductivity. Genotypes with more electrical
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conductivity are more damaged by drought stress. In some genotypes, such as G2 and G11, there was a positive
correlation between malondialdehyde content and electrical conductivity, but in others, such as G1, there was a
negative correlation. Although the amount of malondialdehyde in this genotype is low, electrical conductivity is
very high. In other words, this genotype should be a genotype sensitive to drought stress. The tolerance of the
plant to various environmental stresses may be related to the level of activity of the enzymes responsible for
scavenging ROS. The antioxidant response to water scarcity depends on the severity of stress and type of plant
species. Therefore, different genotypes increased their antioxidant activity to reduce the effects of oxidative
stress, and the high antioxidant activity was observed for G5 compared with other genotypes which can be
contemplated as drought-tolerant genotype. The accumulation of compatible metabolites such as soluble sugars
and proline in plants under drought conditions can help to protect them against stress. The proline and soluble
sugars accumulation under stress conditions reduce lipid peroxidation and acts as a free radical scavenger.
According to the results, drought stress induced accumulation of proline and soluble sugars in the genotypes of
Juniperus and the highest accumulation of proline was related to G3. Therefore, this genotype can be introduced
as drought-resistant genotype.
Conclusion

The results of the current study showed that drought stress significantly affected some biochemical
parameters in all eleven genotypes. However, a variation in drought susceptibility was observed among
genotypes. The studied genotypes in this experiment had different responses to drought stress and it seems that
they utilized different mechanisms for stress tolerance. Genotype of G3 (Ravande -mamouli) was the most
tolerant genotype to drought stress based on the highest levels of superoxide dismutase, soluble sugars, proline,
and soluble protein. Genotype of G5 was also tolerant to drought stress with high superoxide dismutase activity
and the largest amount of total flavonoid production. Therefore, increasing of compatible metabolites and
antioxidant system are effective protective mechanisms against oxidative damage under drought stress.

Keywords: Compatible metabolites, Environmental stress, Juniperus, Superoxide dismutase
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Table 1- The name of different genotypes of Juniperus used in the study
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Figure 1- The interaction effect of irrigation xgenotype on the content of photosynthetic pigments of the various genotypes of
Juniperus. A) Chlorophyll a, B) Chlorophyll b, and C) Carotenoid. (DMRT, p<0.05)
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Figure 3- The interaction effect of irrigation xgenotype on superoxide dismutase activity (A), total phenol (B), and total
flavonoid (C) contents of the various genotypes of Juniperus. (DMRT, p<0.05)
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Figure 4- The interaction effect of irrigation xgenotype on soluble sugars (A), proline (B), and total protein (C) contents of
the various genotypes of Juniperus. (DMRT, p<0.05)
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Introduction

The use of intercropping and the potential of microorganisms such as Arbuscular mycorrhizal fungi (AMF)
and Plant growth promoting rhizobacteria (PGPR) is one of the important strategies in sustainable agriculture.
Intercropping is multiple cropping systems, in which two or more crop species planted simultaneously in a field
during a growing season. Of course, this does not mean that in the intercropping, plants can be planted at a time
together, but is the purpose that two or more crops are together in one place, during their growing season or at
least in a time frame. Therefore, it is possible that plants are different in terms of planting date, and a plant is
planted after the other plant. Potential benefits of intercropping are such as high productivity and profitability,
improvement of soil fertility, efficient use of resources, reduction in the damages caused by pests and weeds,
better lodging resistance and yield stability. On the other hand, the use of AMF and PGPR as biofertilizers can
play a role in improving plant nutrition, plant growth and product quality. The aim of this study was to study the
effect of AMF and PGPR inoculation on plant growth indices in bean-Moldavian balm intercropping.

Materials and Methods

This experiment was conducted in the Agricultural Research Greenhouse of Urmia University, Located in 11
kilometers Sero road of the city of Urmia, Iran (latitude 36° 57’ N, longitude 45° 24’ E and 1321 m elevation) in
2017. The climate of the area is a Hot-summer Mediterranean climate bordering continental climate with cold
winters, mild springs, hot dry summers, and warm autumns. This experiment was carried out in a factorial based
on a randomized complete block design with three replications. The factors including microbial inoculation
{(AMF, PGPR, AMF+PGPR and without microbial inoculation) and planting patterns (Sole cropping of
Moldavian balms and bean, 1 row bean+ 1 row Moldavian balms (1:1), 2 rows bean+ 1 row Moldavian balms
(2:1), 1 row bean+ 2 rows Moldavian balms (1:2) and 2 rows bean+ 2 row Moldavian balms (2:2)}. For this
purpose, soil samples were prepared from Naghadeh city in West Azerbaijan Province in Iran. In order to
greenhouse tests, the soils added to the pots (in each pot containing 45 kg of soil). In treatments, soil used with
microbial inoculation. Microbial strains were used for microbial inoculation including PGPR (P. aeruginosa,
P.fluorescens and P. putida) and AMF (Funneliformis mosseae, Rhizophagus irregularis and Claroideoglomus
etunicatum). For plant cultivation, been (Phaseolus vulgaris L.) and moldavian balms (Dracocephalum
moldavica) seeds cultivar were grown in pots. At the end of the growth period, the characteristics of the
agronomic traits in the bean plant were including plant height, number of seeds per pod, 1000 seed weight,
biomass yield and Seed yield, and in Moldavian Balm were including, plant height, biomass yield and essential
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oil percentage were determined. In addition, the land equivalent ratio (LER) was calculated to determine the

advantages of intercropping. The analysis of variance for the obtained data was done by statistical analysis

system (SAS 9.4) software. The mean comparison was done using the Duncan test at the 5% probability level.
Results and Discussion

The results showed that the different intercropping and microbial inoculation had a significant effect on all
traits, in Moldavian balms and common beans. All the plant growth indices in common bean-Moldavian balm
intercropping were the highest in the combined treatment of AMF +PGPR, compared to another treatment. The
highest and the lowest seed and biomass yield of bean were achieved in sole cropping with 3.20 and 9.70 g and
1:1 with 1.57 and 4.41 g, respectively. The maximum biomass yield and other traits of Moldavian balm obtained
under sole cropping, while essential oil percentage was higher in all intercropping patterns than in sole cropping
patterns. The main constituents of Moldavian balms essential oil were Geranyl acetate, Geranial, Geraniol and
Neral. The highest LER value (1.67) was obtained from 2:2 intercropping in PGPR inoculation.

Conclusion

In general, the results showed that all of the plant growth indices of Moldavian balms and bean in sole
cropping were higher than other intercropping patterns; however higher LER was observed in intercropping with
microbial inoculation. This shows more exploitation of unit area in intercropping. In addition, the greater amount
of LER in replacement intercropping than additive intercropping highlights the necessity of appropriate density
of plants per unit area in the intercropping. It can be concluded that application of intercropping with combined
application of AMF and PGPR leads to improvement on yield and yield components of plant.

Keywords: Essential oil, Intercropping, Land equivalent ratio, Microbial inoculation, Sustainable agriculture
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1- Arbuscular mycorrhizal fung
2- Plant growth promoting rhizobacteria
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Table 1- Some physical and chemical properties of soil

a3lo Canid P
cé
K P N T H ;
S P soil texture
o.M EC
(mg.kg™) (%) (ds.m™)
75 =) 9
400 12.50 01 1.01 0.85
0 Clay Loam
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Figure 1- Phaseolus vulgaris L. and Dracocephalum moldavica in vegetative stage of growth
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Table 2- ANOVA (mean of squares) for intercropping pattern and microbial inoculation on yield and yield components of
Phaseolus vulgaris L.

e S " T T 5
& PRI Sy £lis| ol 5> dild dlaxs al3,158 39 g 3,51 ylos
) JOves) Number 1000 seed- . &l
Degree of plant f seed iaht LY
Sources freedom height of seeds per Welg Biomass yield Seed
of variation pod Y yield
S5
Replication 2 5.602" 0.16™ 197.99™ 14.44" 0.219"
S goSl
Planting pattern (P) 4 35.908™ 2.548™ 5531.41" 43.397" 4.491™
519,540 el
M'Cmb'a('l\'/l”)“”'a“"” 3 82.754™ 2.949™ 8061.781" 46.470" 3.549"
PxM 12 2.469™ 0.083™ 138.614"™ 0.850™ 0.036™
s
Error 38 5.40 0.057 99.67 0.446 0.053
Olyoss o b
CV (%) - 9.94 7.90 3.81 7.32 9.51
o) g O Jloin] pdaw p3 )b s I dxe pE i )5 4w g % NS
ns, * and ** non-significant, significant at 5% and 1% of probability level, respectively.
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25 L sumod ¢ 385 zolss .(and Sedighi Kamel, 2020
Rezaei-Chiyaneh and Gholinezhad, ) sl 18 5 sl Lo,
L by b ciS 53 3550 glis)) jialS 55 byl el (2015
4555 Ogp ) Gl 4 l) log) palls cutS 4 s alalw
e dlgs g 595 Gl S (ae wlie juw p 455 95
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Table 3- Mean comparisons of the yield and yield components of common bean at different intercropping patterns with
Moldavian balms

3 . PEEHRIREY . s S
2iS oSl &g el . &3yl 39 Com j 3 ySos TN
) N . Nos
Planting pattern Plant Number 1000 seed- 033 Seed yield
h(elgt;t of seeds per W?%ht Biomass yield (g plant?)
cm 1
bod g (9.plant?)
o8 g Al i 25.67a 3.72a 299.15a 3.26a
Solecropping of common bean 9.70a
3058 by By S+l ol iy S
One row Moldavian balms 21.10c 2.47d 246.64c 4.41d 1.57d
+one row common bean
(V¥) 3008 Lag cady 93 + b poly i3 90
Two rows Moldavian balms +Two rows 22.43bc 3.15b 258.33b 7.52b 2.44b
common bean
(V:Y) 50,8 Log cndy G+ idyol cindy 9o
Two rows Moldavian balms +One row 24.16ab 2.95¢ 260.66b 7.33b 2.62b
common bean
(V%) 308 Lagh iy gk ool iy S
One row Moldavian balms +Two rows 23.52b 2.82c 247.87¢c 6.64c 2.24c

common bean
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Means with similar letters are not significantly different at 5% of probability level according to Duncan’s multiple range test.
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Table 4- The effect of microbial inoculation on yield and yield components of .Phaseolus vulgaris L.

3,5os (s1321 9 3,Slos
- Yield and yield components
. ‘js&w . e, Pl 4> 4l dlaxs &I, o;
Microbial inoculation I IO g Cuma,Sdes dild 3 Sles
Height ~ Number of seeds 1000 seed- . ) .
er pod . Biomass yield Seed yield
(cm) per p weight 1 1
@ (g.plant?) (g.plant?)
2.39b
A5y S e slags 38 23.46b 3.03b 265.04b 6.99b
PGPR
S Swgnl 1)9Sue slag 6 23.91b 3.23b 261.79b 7.65b 2.46b
AMF
slacs S+, Y gSugl )9S sl B
e 25.84 3.56 289.20 9.22 3.02
.84a .56a .20a .22a .02a
Ay S e glo 55
+
AMF+PGPR
95550 gl gk 20.19¢ 2.48¢ 232.66¢ 4.92¢ 1.83¢c

No microbial inoculation

S gyl sine 6 ylo] BT ao > B Jlain] oy (4SSl (slaials i 90T bl Syt gy (6 slaySibie
Means with similar letters are not significantly different at 5% of probability level according to Duncan’s multiple range test.
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Table 5- ANOVA (mean of squares) of intercropping pattern and microbial inoculation on yield and yield components and
essential oil percentage of Moldavian balm plant

&l j R S )
i &3l as 4> g le5 )l £y B slass S5 38os bl ao
. Degree of plant Number of lateral branches acd Essential oil
ofsvc;:‘?gfiso . freedom height Biomass yield ~ Ppercentage
Rep;li)cgve;tion 2 9.08" 0.15" 0.20" 0.074**
w{ s 4 99.54** 2.14%* 8.95** 0.044**
Planting patterns (P)
29559 il
Microbial inoculation 3 136.28™* 4.26™* 2.59** 0.020™*
(M)
PxM 12 3.40m™ 0.08" 0.01" 0.001 ns
ks
Error 38 2.58 0.20 0.08 0.001
Sl ca - 5.73 9.78 5.22 4.12
CV (%)

o) 50 Jleis] o j3 )b dxe )3 Sxe juE (S5 4 i g % (NS
ns, * and ** non-significant, significant at 5% and 1% of probability level, respectively.

5055 gl b bolseo Culs’ clisen (el 15 oy 2,S0os cljal g 5,Sdos —F Jodo
Table 6- The yield and yield components of Moldavian balms at different intercropping patterns with common bean

2SS &g 51.9-5)1 5 SRas L sl o:,S_ Cow :-,S.l.o.c d.dlw!-.w,-:
. plant height Biomass yield Essential oil
Planting pattern Number of lateral branches 1
(cm) (g.plant?) percentage
‘?j)jt' oAl w“g 32.26a 5.14a 6.58a 0.39c
Solecropping of Moldavian balms
(120) jof Lol oy Kokl ciod) S 24.67d 4.19¢ 4.46¢ 0.52a
1 row Moldavian balms +1 row common bean
(V) o8 Lagd cod) 93 ool 3y 52 28.04c 4.74b 5.34b 0.55a
2 rows Moldavian balm +2 rows bean
(7)) jo8 Ll ey o 4o ol i) 52 25.25d 5.01ab 4.52¢ 0.47b
2 rows Moldavian balms +1 row bean
() Lol o3, 92 ool ey S5 29.45h 4.30¢ 5.47b 0.46b

1 row Moldavian balms +2 rows bean

505 gyl me (g lol VST o y3 & ezl prdawsyd Sl (glaiols in 905 olel g S pide gy (gl clanSSle
Means with similar letters are not significantly different at 5% probability level according to Duncan test.

SlosSll 4 o alls S 3 ol o8 slaadls Slass
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9295 ol GialS 9 198 503 logd (Glul b 4 ) 50 )3 Loyl
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V) by o Sl (3e ¥/18) e sloesls slass oy piaS
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Ll ) 3929 slaiss m Culd) pas & duyioo a8 4 (P J5i2)
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Table 7- The effect of microbial inoculation on yield and yield components of Moldavian balms

- g W05, R . . 8395 s § 3 3o Slwl a0 4
19 Swo gl »E®) 8 SBas LS Blass P Tty >, OB Ry
Microbial inoculation Plant height Number of lateral branches Biomass yield Essential oil
(cm) (g.plant?) percentage
Ly S o sla oS 28.05b 4.50b 5.21b 0.47b
PGPR
WY oSwon] 55550 slag 6 28.67b 4.71b 5.34b 0.49b
AMF
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Figure 2- Different intercropping patterns of common bean and moldavian balms in microbial inoculation conditions
AMF and PGPR are plant growth promoting and arbuscular mycorrhizal fungi, respectively
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Introduction

Drought is one of the most important environmental stresses. It limits crop production in the world and has
adverse impacts on growth of plants and their metabolic processes. By changing some of the metabolic
processes, drought stress changes the behaviour of plants and, eventually, makes them resistant to some stresses.
Given the water crisis in Iran, and since most of the available water is used in the agriculture sector, there is a
need to change the current cropping pattern. The substitution of low-water-use for high-water-use plants could
be an important water management strategy. Every physiological and biochemical factor involved in water
conservation in plants is an effective factor in introducing tolerant varieties.

Materials and Methods

The required chemicals ( 80% acetone, 95% ethanol, ninhydrin, glacial acetic acid, benzene, proline, pure
glucose, anthrone, sulfuric acid, potassium phosphate, polyvinylpyrrolidone [PVP], EDTA, hydrogen peroxide
and guaiacol) were purchased from the Merck Company. This study was carried out in the spring and summer of
2019 in the Research Greenhouse of Islamic Azad University of Bojnourd. The rooted cuttings of 18 dominant
grape varieties in the region (Kolahdari, KajAngoor, Fakhri, sefid Beryan, Divaneh, Sahebi, La’l, Siyah, Shiregi,
Garmeh, Khalili, SanjariKajAngoor, Keshmeshi, Ghareghat, Maskeh, Asgari, Flame Seedless and White
Seedless) were planted in plastic pots with a diameter of 35 cm and a height of 40 cm. The soil was a mixture of
blown sand, leaf litter, and garden soil in the 1:1:1 ratio. Before the experiment, all pots were irrigated to reach
field capacity.

The factorial experiment was conducted using completely randomized design with three replications. The
first factor was irrigation cessation (15-day drought stress) and control (irrigation to field capacity level). The
second factor was variety (18 varieties).

To apply the stress condition, irrigation cessation continued until leaf wilting signs were appeared. Based on
previous experience, the duration of tolerance to drought stress was approximately 2 weeks. During the
experiment, the minimum and maximum greenhouse temperatures were, respectively, 18.5 °C and 34 °C and
natural light was used.

Results and Discussion

The results of analysis variance showed that drought stress significantly increased the amount of electrolyte
leakage (6.29), and activities of peroxidase (0.056 katal per ml) and catalase (0.92 katal per ml). It also decreased
leaf relative water content (61.95%), relative chlorophyll content (16.85) and contents of chlorophyll a (3.45
mg/g), chlorophyll b (1.12 mg/g) and carotenoids (2.84 mg/g).
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Grape varieties respond differently to drought stress and, in general, water scarcity reduces their leaf RWC
and chlorophyll contents. According to Schutz and Fangmier (2001), a decrease in chlorophyll content under
stress conditions is because of an increase in the production of oxygen radicals in the cell. These free radicals
can cause peroxidation and decomposition of the pigments. The intensity and greenness of the leaves reduce with
decreasing the chlorophyll concentration and accelerating the process of aging.Reduced greenness of the leaves
under long-term stress conditions may be partially due to reduced nitrogen flow into the tissues and changing
activities of such enzymes as nitrate reductase. Since nitrogen is a constituent of a chlorophyll molecule, its
deficiency in plants may slow down the formation of chlorophyll. Lawlor and Cornic (2002) showed the
effectiveness of carotenoid, as an auxiliary pigment, in protecting thylakoid membranes and preventing
chlorophyll photo-oxidation. Drought stress increases the activity of the peroxidase and catalase enzymes in both
drought-sensitive and -resistant varieties; however, the activity of antioxidative enzymes is significantly higher
in the stress-resistant varieties.

The studied cultivars were divided into the three groups include of tolerant (White Seedless, Garmeh,
Maskeh, Flame Seedless, Fakhri, Khalili and Divaneh), semi-susceptible (Kolahdari, Sefid Beryan, Sahebi, Laal,
Shiregi, Kaj Angoor Sanjari and Asgari) and sensitive (Siah, Ghare-Ghat, Kaj Angoor Sanjari and Keshmeshi)
cultivars to drought stress. Among the studied cultivars, White Seedless had the highest levels of relative leaf
water (77.81%), relative chlorophyll content (28.62), carotenoids (4.81 mg/g) and the lowest amount of
electrolyte leakage (31.5) and Garmeh the highest chlorophyll a (6.64 mg/g) and chlorophyll b (2.12 mg/qg)
contents and peroxidase (0.0618 katal per ml) and catalase activities (0.959 katal per ml).

Conclusion

The grape plant adaptation to drought stress is the result of changes in many morphological, physiological,
and biochemical mechanisms, which cause changes in the rate of electrolyte leakage, leaf RWC, proline content,
soluble solids, speed of photosynthesis, enzymatic activities, etc. The results showed that the white seedless
variety had the highest leaf RWC, relative chlorophyll content, carotenoid content, and the lowest electrolyte
leakage. Besides, Garmeh variety with the highest chlorophyll a and b, peroxidase, and catalase contents is
amongst the most resistant varieties.

Keywords: Antioxidant enzymes, Chlorophyll, Drought Stress, Electrolyte leakage, Grapes
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Figure 1- Interaction effect of drought stress on A) Electrolyte leakage, B) Chlorophyll a, C) Carotenoid, D) Peroxidase, E)
Catalase, of grapevine cultivars
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Introduction

Basil (Ocimum basilicum L.) is an annual and herbaceous plant of the family of Lamiaceae. It is used as an
antispasmodic, appetizer, carminative, diuretic, lactation aid, and sedative in traditional medicine. In general,
basil is rich in phenols and flavonoids. Organic and chemical fertilizers are necessary for each other and both
types of fertilizers are needed to create favorable conditions to improve biochemical traits. Overuse of chemical
fertilizers has caused several problems in agriculture including changes in the soil structure, contamination of
underground waters, and heavy metal toxicity. Agricultural scientists suggest replacing chemical fertilizers with
organic products to reduce negative effects on environment and soil properties. In recent years, neglecting the
importance of organic matters to improve soil fertility has led to an increase in chemical fertilizer use in Iran.
Organic matters due to their positive effects on soil are identified as one of the important pillars of soil
productivity. However, more than 60 percent of agricultural soils in Iran contain less than one percent of organic
matter. Therefore, the objective of this study was to investigate the influence of vermicompost and copper sulfate
on biochemical parameters and the antioxidant activity of basil.

Materials and Methods

To investigate the effect of vermicompost and copper sulfate on the biochemical characteristics of Basil's
medicinal plant, a factorial experiment was conducted based on randomized complete block design with a field
experiment at the Faculty of Agriculture, University of Birjand. The factors included vermicompost in three
levels (0, 5, and 10 t.ha) and copper sulfate in three levels (0, 3, and 6 per thousand) with three replications.
After applying the treatments and after the plants entered the flowering stage, ten plants from each plot were
randomly selected taking into account the marginal effects and then samples of the developed leaves of 10 plants
were randomly prepared and the biochemical traits of basil were measured. Measured traits included
photosynthetic pigments, antioxidants, phenols, anthocyanins, flavonoids, total sugar, and biological function.
Statistical analysis of data was performed using SAS statistical software.

Results and Discussion

The results of the mean comparison showed that vermicompost had a significant effect on chlorophyll
content, antioxidant activity, anthocyanin, flavonoids, sugar, and biological function of basil so that the highest
amount of flavonoids (3.26 mg.g™) with the application of 10 t.ha™ of vermicompost and the lowest Its amount
(2.65 mg.g') was obtained from the control. Treatment of 10 t.ha" of vermicompost increased plant sugar by
37.05% compared to the control. Copper sulfate also affected chlorophyll a and total, antioxidant activity,
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phenol, anthocyanin content, sugar, and biological function, so that the highest activity of phenol and sugar
(15.29 and 12.99 mg.g?, respectively) of the treatment of 3 per thousand Copper sulfate and its lowest levels
(10.98 and 9.19 mg.g™, respectively) were obtained from the control. The results of interactions also showed the
highest levels of chlorophyll a (1.62 mg.g?), chlorophyll b (2.57 mg.g?), total chlorophyll (4.19 mg.gl),
antioxidant activity (92.57%), and anthocyanins (3.03 mg.g) was obtained by applying 10 tons per hectare of
vermicompost and 3 per thousand of copper sulfate. Furthermore, the highest increase in biological function
(20968.3 kg.ha) with the application of 5 t.ha? of vermicompost and 6 per thousand copper and the lowest
(16596.7 kg.ha?) was related to the control.

Conclusion

In general, the results indicated a positive effect of vermicompost and copper sulfate on Basil's biochemical
characteristics. Therefore, vermicompost (10 t.ha') of and copper sulfate (3 per thousand) treatments can be
suggested as a suitable treatment. From the present study, it can be concluded that the combined application of
organic fertilizers with chemical fertilizers has a useful and effective role in improving photosynthetic pigments,
antioxidants, anthocyanins, and the biological function of basil. In the discussion of basil production as a
medicinal and vegetable plant, the best results in terms of crop production were related to the combined
treatments of organic and chemical fertilizers, because these treatments have increased the production relative to
organic treatments alone.

Keywords: Anthocyanins, Biological function, Chlorophyll, Flavonoids, Sugars
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Introduction

Fungal Endophytes have symbiosis life within the plant tissues without causing any obvious negative effects.
Seaweeds are one of the large and diverse groups of marine plants that play an essential role in marine and oceans
ecosystems. Seaweeds show rich diversity of associated microorganisms compare with the other multicellular
organisms. Citrus species, are amongst the most important evergreen fruit trees, cultivated in many countries
worldwide. There are several obstacles for citrus production in southern of Iran that limiting continuity of citrus
production. Lack of suitable soil, is one of the main challenges threatening citrus industry in southern of Iran.
Similar to other citrus species, the production of Mexican lime is threatened by certain biological stresses (such as
pests, plant diseases and weeds) and non-biological stresses (such as salinity, drought, floods, cold and heat stress).
Here, we have evaluated the potential of inoculating Mexican lime seedlings with seaweeds fungi endophyte,
Aspergillus niger, to improve morphological, biochemical, antioxidant and photosynthesis pigments characterizes.
Endophytes are advantageous group of microorganisms that protect plants from biotic and abiotic stresses. One of
the alternative ways to restore normal plant growth may be to use plant growth to stimulate endophytes.
Endophytes can play an important role in plant growth. Endophytes from marine environment are gaining special
interest because of their existence in the harsh conditions of marines and ocean ecosystem such as temperature,
light availability, high salinity and osmotic stress. Fungi have already been isolated from various marine habitat,
including marine plants, marine invertebrates and vertebrates. Among these organisms, seaweeds are one of the
most prevalent sources of marine-derived fungi for chemical studies. The purpose of this study was the isolation
of associated fungi with seaweed species in Persian Gulf to investigate morphological and molecular
characterization by using PCR amplifications ITS1-5.8S-1TS4 regions and primitive assessment of their potential
as bio-fertilizer.

Materials and Methods

The main aim of this study was investigation the role of endophytic fungi (Aspergillus niger), in improving
the growth of Mexican lime seedlings. Cladophoropsis membranacea, green seaweed, was collected from coastal
region of Bushehr province. Fungal endophytes were isolated and identified based on morphological and molecular
methods. Molecular characteristic was investigated using PCR amplification of ITS1-5.8S-1TS4 regions. Mexican
lime seeds were sterilized with 0.5% sodium hypochlorite for 20 minutes and then completely distilled three times
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with distilled water. Seedlings pots containing autoclaved soil were placed in the greenhouse of the Faculty of
Agriculture, Hormozan University. Isolated fungi by MT420720 accession number was used as bio-fertilizing
agents in eight months old Mexican lime seedlings. The suspension was adjusted to a concentration of 1x108 cell
per ml. For better contact of seedlings with fungi, inoculation was performed three times. After three months,
morphological (trunk diameter, stem length, root length and width, leaf and branch number, leaf, stem and root
dry and fresh weight), biochemical (Protein, MDA and SPAD), antioxidant (CAT, POD, SOD, APX and Gr
enzymes activity) and photosynthesis pigments (Chlorophyll a, Chlorophyll b, Total Chlorophyll and Carotenoids)
characterizes in treated Mexican lime seedlings were analyzed. The experiment was arranged in randomized
complete design with three replications. Analysis of variance of traits was performed using SAS software version
9.4 and the means were compared using LSD method with a probability level of P<0.05.

Results and Discussion

The genera of Aspergillus was the most frequent isolates of the isolated fungi. The results show that most traits
were significant compared with control. For example, leaf number (144.42%), root fresh weight (144.13%), stem
fresh weight (94.85%) and root width (105.55%) were significantly higher compared with control (P>0.001).
Fungal inoculation can significantly improve the photosynthesis pigments such as chlorophyll a (10.98%) and
carotenoids (40.62%) (P>0.001) compared with control. In antioxidant capacity of seedling, CAT, POD, SOD, Gr
and APX enzymes were analyzed. Fungal inoculation can increase the enzymes activity. For biochemical traits,
fungal inoculation can significantly increase SPAD number and decrease MDA in inoculated seedlings compare
with control (P>0.001).

Conclusion

The results showed that the use of entophytic fungi increased the growth of Mexican lime seedlings. Thereby
it can be used as an effective tool for growing salinity-sensitive plants such as Mexican lime in saline conditions.

Keywords: Abiotic stress, Fungal entophytes, Photosynthesis pigments, Seaweeds
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Table 1- The ANOVA results for the effect of Aspergillus niger endophytic fungi inoculation on morphological characterizes
of Mexican lime seedlings
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Trunk Sy : Stem lenath Root Root
Diameter Leaf No. Bﬁmh g width length
0.

g 4.67 51.33 5 42 55.5 32.16

Endophyte
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Control 3.58 21 3.66 20 27 295

F 5))

F Value 24.62" 267.13™ 4ns 84.41™ 138.91™ 2.12m
U‘*“"Ed”é 4 0.07 5.16 0.66 8.5 6.62 5.04
Olyass o b
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MSE 0.07 5.16 0.66 8.50 6.62 5.04
(90) & pss 20y
Percentage of 30.44 144.42 36.61 110 105.55 9.01
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Jopd S g g o 53 JB re g 40 dxe pE s Py ki g % NS
and *: non-significant, significant at p<0.01 and p<0.05, respectively

ns **
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Table 2- Results of the ANOVA of Aspergillus niger endophytic fungi inoculation effect on biomass of Mexican lime Seedlings
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Percentage of changes
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ms, ™" and ": non-significant, significant at p<0.01 and p<0.03, respectively
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Figure 1- The effect of the Aspergillus niger endophytic fungi inoculation on biomass of Mexican lime seedlings (LSD, p<0.05)
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Table 3- Results of the ANOVA of Aspergillus niger endophytic fungi inoculation effect on chlorophyll a, chlorophyll b, total
chlorophyll and carotenoids content in Mexican lime seedlings
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Figure 2- The effect of the Aspergillus niger endophytic fungi inoculation on photosynthesis pigments of Mexican lime
seedlings (LSD, p<0.05)
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Table 4- Results of the ANOVA of Aspergillus niger fungi endophyte inoculation effect on SPAD chlorophyll number, Protein

and MDA content in Mexican lime seedlings
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Table 5- Results of the ANOVA of Aspergillus niger fungi endophyte inoculation effect on antioxidant capasity in Mexican
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Figure 3- The effect of the Aspergillus niger endophytic fungi inoculation on Antioxidant capacity of Mexican lime seedlings
(LSD, p<0.05).

Trichoderma g, ;! oslawwl b Lis (Mohammadi, 2010)
Wyl ey gyl gime 1 29y Al s 358 (leicay fungi
il a i sals sldises 4 Cawd YIS olS > aib 0y o
ol pogMe pliar—d lades By—ae EalS Ly (prizren
Sy—Sise ExSsl 35 Cj e (S3g ) Lnaisa
ol (i 355" (sl Jgeme psbots &5 olap—anlS)lg Sun
by Clind oaiS Jo b ciied (g5 oA Sl b eXigd s
sbaslas (Mohammadi and Sohrabi, 2012) w1y (S5g ¢
s 1y clawd  Suus” > oblg iy Aspergillus yuws > )8
JB s p)8 5l 1) paie ol g (NoOrjahan et al., 2019) sl oo
onl 2 e )8 ol Sl ) g 03505 o BB pjp 4y Jo
sl Aspergillus s 5l iy ©ladss 4 sl wl b ¢ uiod
ol 15 o3l Y (5550 (el Jlls (555 (i 355 B
Sl dgu el oY (5150 ol 4 A, niger o)1 cudgul
e ol )] (ial38l el )6 pudls i o] > ) )90
2 oSy Oliee ORIl Bages)S g JS Judo)ls d Sy lS
ol epols imgt (slaaidl julwl p s oad il gla sl
5 039 > 1) (s 355" (lgiear odlitwl Clbl (2B oyl
s LS Joms ial38) (el s Sl olsisas Scos
ol 298 ol (S g (5y9-0 5 Ao Sl (ae (o A5 4
5309l bl Cu 3 cawlio gy Sy plgisds Nlg e gdge
s i Gl mals 1w baue i wed 5 b
ool ) I3 oyl e ul 4 51 39 oo (pluand
ddlo ol @ bl il 5 (2byd Gl b cjon ()8

932 ey SiygSnl 5 5L 93, 55555 sl 5l
Gk 3l gl i )0 o At SlS] (5T log 5
Asada, ) S o (555> ol 5 dedes | S jew psSe
sl bl Lol s > ol o (1994; Gill et al., 2013
wialy s gl e ol 4 S5l i el Ha0;
ol 93 ol b aalibl sl (gl sine yobody () Cadgas]
w3l o3 WFIVD 4 LS00, 0ye5glS wo sl oo )3 OF/AF)
S 005 gl Y (550350 Sl Jlils > (i SppgS
o) Sl g5 L olS ablde )3 (1 JS5) 398 Sals (slaiges 4
ST (Bl e )b do pa ase delusl balyd g (s o
YL selel bl 5 b ablie (g oS (2Ulg5 il 5V olS
PH02 L O e olil cla Lol zess pie g Aalgs
o) 5T lop 3l sg2g Sy (15 byl b cov lalS
Naveed et al., ) ail oo jbgousd duuSTlyygw g jYBI o
(2014

S 5 4o

Wle GlalS 5l 3)90 whe (218 j—olie dapuilS)lg See

g oajshys do b6 pp e o LB i pp ]y land 5 508
Rokhzadi et al., ) s sy g0 daue 1y LS a5, Gyl oyl
2 S el )lg o (il (i Slaiss > (2008
Lee and ) cul 48,5 )13 adlas 5 (wyp 3590 5lb 55y9lsS
$i——> .(Pankhurst, 1992; Wani et al., 1995



1F+) QLhMAJL’ Al G)Lo.»ﬁ) NP ol s(é})sw elwo 9 F}L;) LS’L":b F’h 4_,)*';,4 ¥\Y

22 2090 §rgd Ao Sl (i g G GBS 4 G
SasS 59y (b ow)p 29500 ey ccnlpogdle 2,5 1,8
oo o Aspergillus flavus asle Aspergillus e calise
5 Penicillium chrysogenum 445 wile Penicillium s

A5 Jols 55 s gl (aBlofl slagg 51055 plsl

& 5 35wl

sz g2 8lae (Lol b diej 3 (5 lisios Lol
b oo 1) lacdguil ol (So3g)gs]
() e e Sy lpteds bl lag )6 5l oslai ]
Lol @ilsbe b5 o ipte 51 (Jud gl slacdplio o,
Strobel and Daisy, 2003; Schulz and Boyle, ) cwl 254
Sl (S0 iy gl g lag B (s jon b1 (2006
035 Uit 1) (555t (S5 4 550l (S5 51 JlSS g,

by bedl daylislw S 5 (Krings et al., 2007) a—sL,
Selosse ) suil awdly (26 lide ol (San BLS sla Joluw
.(and Strullu-Derrien, 2015

Ulgi die; 50 gy Slalllas 09 5 o dloi i colys jo
olS oz (iliel o bSls Sl b g job (slacudgas]

G 3 baumo oBinlojl g 5 50,0 o8y 5l 5y b bxiy) )
ly oot B Sl izmen emled S g B Bjeym ]
9 Syl pdiges ) &5 (Gg)wd Luiige LBl 5 (xn) S5 LB

&l

1- Alscher R.G., Erturk N., Lenwood S., and Heath L.S. 2002. Role of superoxide dismutases (SODs) in controlling
oxidative stress in plants. Journal of Experimental Botany 53(372): 1331-1341.

2- Arnold A.E., and Lutsuzaki F. 2013. Diversity and Host Range of Fungal Endophytes: are rtopical leaves. Biodiversity
hotspots Ecology 88: 541-549.

3- Arnon D.I. 1949. Copper enzymes in isolated chloroplast: polyphenoxidase in Beta vulgaris. Plant physiology 24: 1-
15.

4- Asada K. 1994. Production and action of active oxygen species in photosynthetic tissues. In: Foyer C. & Mullineaux
P.M. (eds), Causes of photooxidative stress and amelioration of defense systems in plants. CRC Press, Boca Raton,
London 77- 100.

5- Auge R.M., Stodola A.J., Tims J.E., and Saxton A.M. 2001. Moisture retention properties of a mycorrhizal soil. Plant
and Soil 230(1): 87-97.

6- Bacon C.W., and Hinton D.M. 2007. Bacterial endophytes: the endophytic niche, its occupants, and its utility. 155-
194. In: Plant-associated bacteria. In: Gnanamanickam SS. Ed. Springer: USA.

7- Beauchamp C., and Fridovich 1. 1971. Analytical Biochemistry 44(1): 276-287.

8- Bradfordm M.M. 1976. A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing
the principle of protein-dye binding. Analytical Biochemistry.
9-BuN,, Li, X,, Li, Y., Ma, C., Ma L., and Zhang C. 2012. Effects of Na,COs stress on photosynthesis and antioxidative

enzymes in endophyte infected and non-infected rice. Ecotoxicology Environmental Safety 78: 35-40.
https://doi.org/10.1016/j.ecoenv.2011.11.007.

10- Bugni T.S., and Ireland C.M. 2004. Marine-drived fungi: a chemically and biologically drived group of
microorganisms. Natural product Reports 21: 143-163. https://doi.org/10.1039/B301926H.

11- Chance B., and Maehly A.C. 1955. Assay of catalases and peroxidases 764-775.

In: Colowick S.P., and Kaplan N.O. (Eds.) Methods in Enzymology. Academic Press. New York.
https://doi.org/10.1016/0003-9861(77)90165-5.

12- Dhindsa R.S., Plump-Dhinsa P., and Thorpe T.A. 1981. Leaf senescence: correlated with increased levels of
membrane permeability and lipid peroxidation, and decreased levels of superoxide dismutase and catalase. Journal of
Experiment Botany 32: 93-101. https://doi.org/10.1016/j.jarmap.2017.06.006.

13- Driscoll C.T., Whitall, D., Aber J., Boyer E., Castro, M., Cronan, C., Goodale C.L. Groffman P., Hopkinson C., and
Lambert K. 2003. Nitrogen Pollution in the Northeastern United States: Sources, Effects, and Management Options.
Bioscience 53: 357. https://doi.org/10.1641/0006-3568(2003)053[0357:NPITNU]2.0.CO;2.

14- Ennab H.A. 2016. Effect of humic acid on growth and productivity of Egyptian lime trees (Citrus aurantifolia
swingle) under salt stress conditions. Journal of Agriculture Research Kafr EI-Sheikh Universisty 42(4): 494-505.
15- Flewelling AJ., Currie, J., Gray C.A., and Johnson J.A. 2015. Endophytes from marine macroalgae: promising

sources of novel natural products. Current Science 109(1): 88-111.

16- Gerwick W.H., and Moore B.S. 2012. Lessons from the past and charting the future of marine natural products drug
discovery and chemical biology. Chemistry and Biology 19: 85-98. https://doi.org/10.1016/j.chembiol.2011.12.014.

17- Gill S.S., Anjum, N.A., Hasanuzzaman M., Gill, R., Trivedi, D.K., Ahmad, I., Pereira E., and Tuteja N. 2013.
Glutathione and glutathione reductase: a boon in disguise for plant abiotic stress defense operations. Plant Physiology


https://doi.org/10.1016/j.ecoenv.2011.11.007
https://doi.org/10.1039/B301926H
https://doi.org/10.1016/0003-9861(77)90165-5
https://doi.org/10.1016/j.jarmap.2017.06.006
https://doi.org/10.1641/0006-3568(2003)053%5b0357:NPITNU%5d2.0.CO;2
https://doi.org/10.1016/j.chembiol.2011.12.014

FAY o il o o5 350 s Jleils (SloumsT (5T 9 (oo loouiligus 53 59198 590 lio sl yf cyl y S0 g (b 50 003l

and Biochemistry 1(70): 204-212. http://dx.doi.org/10.1016/j.plaphy.2013.05.032.

18- Golparyan F., Azizi A., and Soltani J. 2018. Endophytes of Lippia citriodora (Syn. Aloysia triphylla) enhance its
growth and antioxidant activity. European Journal of Plant Pathology152: 759-768. https://doi.org/10.1007/s10658-
018-1520-x.

19- Halo B.A., Khan A.L., Wagas M., Al-Harrasi A., Hussain J., Ali L., Adnan M., and Lee 1.J. 2015. Endophytic bacteria
(Sphingomonas sp. LK11) and gibberellin can improve Solanum lycopersicum growth and oxidative stress under
salinity. Journal of Plant Interactions 10(1): 117-125. https://doi.org/10.1080/17429145.2015.1033659.

20- Jogawat A., Saha S., Bakshi M., Dayaman V., Kumar M., Dua M., Varma A., Oelmidiller R., Tuteja N., and Johri A.K.
2013. Piriformospora indica rescues growth diminution of rice seedlings during high salt stress. Plant signaling and
behavior 8(10): e26891. https://doi.org/10.4161/psb.26891.

21- Kaaria P., Wakibia J., and Matiru V. 2015. Antimicrobial Screening of Marin Endophytes and Epiphytes Isolated
from Marin Algae of Kenyan Indian Ocean. Journal of Applied and Environmental Microbiology 3(3): 70-74.
https://doi.org/10.12691/jaem-3-3-2.

22- Kjer J., Debbab A., Aly A.H., and Proksch P. 2010. Methods for isolation of marine derived endophyticfungy and
their bioactive secondary products. Nature Protocols 5: 479-490. https://doi.org/10.1038/nprot.2009.233.

23- Krings M., Taylor T.N., Hass H., Kerp H., Dotzler N., and Hermsen E.J. 2007. Fungal endophytes in a 400-million-
year-old land plant: infection pathways, spatial diseribution, and host responses. New Phytology 174(3): 648-57.
https://doi.org/10.1111/j.1469-8137.2007.02008..x.

24- Lee K.E., and Pankhurst C.E. 1992. Soil organisms and sustainable productivity. Australian Journal of Soil Research
30: 85592. https://doi.org/10.1071/SR9920855.

25- Mayer A.M., Rodrigguez A.D., Berlinck R.G., and Fusetani N. 2011. Marine pharmacology in 2007-8: marine
compounds with antibacterial, anticoagulant, antifungal, anti-inflammatory, antimalarial, antiprotozoal,
antituberculosis and antiviral activities; affecting the immune and nervous system and other miscellaneous
mechanisms of action, Comparative biochemistry and physiology. Toxicology and Pharmacology 153: 191-222.
https://doi.org/10.1016/j.cbpc.2010.08.008.

26- Mohammadi K. 2010. Ecophysiological response of canola (Brassica napus L.) to different fertility systems in crop
rotation. Ph.D thesis. Agronomy Department. Tarbiat Modares University, Tehran, Iran. 354.

27- Mohammadi K., and Sohrabi Y. 2012. Bacterial biofertilizers for sustainable crop production: a review, ARPN.
Journal of Agriculture and Biolology Science 7(5): 307-316

28- Molinski T.F., Dalisay D.S., Lievens S.L., and Saludes J.P. 2009. Drug development from marine natural products.
Nature Reviews Drug Discovery 8: 69-85. https://doi.org/10.1038/nrd2487.

29- Morsy M., Cleckler B., and Armuelles-Millican H., 2020. Fungal Endophytes Promote Tomato Growth and Enhance
Drought and Salt Tolerance. Plants 9(7): 877. https://doi.org/10.3390/plants9070877.

30- Morton J. 2013. Mexican Lime. 168-172. In: Julia F. Morton. Fruits of Warm Climates. Miami, FL.

31- Nakano Y., and Asada K. 1981. Hydrogen peroxide is scavenged by ascorbate specific peroxidase in spinach
chloroplasts. Plant Cell Physiology 22: 867-880. https://doi.org/10.1093/oxfordjournals.pcp.a076232.

32- Nanda S., Mohanty B., and Joshi R.K. 2018. Endophyte-mediated host stress tolerance as a means for crop
improvement. Endophyte Secondery Metabolits 2: 1-25.

33- Naveed M., Mitter B., Reichenauer T.G., Wieczorek K., and Sessitsch A. 2014. Increased drought stress resilience of
maize through endophytic colonization by Burkholderia phytofirmans PsJN and Enterobacter sp. FD17, Environment.
Experment Botany 97: 30-39. http://dx.doi.org/10.1016/j.envexpbot.2013.09.014.

34- Newman J.A., Abner M.L., Dado R.G., Gibson D.J., Brookings A., and Parsons A.J. 2003. Efrects of elevated CO,,

nitrogen and fungal endophyte-infection on tall fescue: growth, photosynthesis, chemical composition and
digestibility. Global Change Biology 9: 425-437. https://doi.org/10.1046/j.1365-2486.2003.00601.x.

35- Newman D.J., and Cragg G.M. 2014. Marine-sourced anti-cancer and cancer pain control agents in clinical and late
preclinical development. Marine Drugs 12: 255-278. https://doi.org/10.3390/md12010255.

36- Noorjahan A., Aiyamperumal B., and Anantharaman P. 2019. Isolation and Charecterisation of Seaweed Endophytic
Fungi as an Efficient Phosphate Solubiizers. Bioscience and Biotechnology Research. ASIA 16(1): 33-39.
http://dx.doi.org/10.13005/bbra/2718.

37- Peng Z., Xin L., and Bin-Gui W. 2016. Secondary Metabolites from the Marine Algal-Derived Endophytic Fungi.
Chemical Diversity and Biological Activity 82(09/10): 832—-842. https://doi.org/10.1055/s-0042-103496.

38- Quan L.J., Zhang B., Shi W., and Li H.Y. 2008. Hydrogen peroxide in plants: a versatile molecule of the reactive
oxygen species network. Journal of Integrative Plant Biology 50: 2-18. https://doi.org/10.1111/j.1744-
7909.2007.00599.x.

39- Rateb M.E., and Ebel R. 2011. Secondary metabolites of fungi form marine habitats. Natural Product Reports 28:
290-344.

40- Robarge W.P., Walker J.T., McCulloch R.B., and Murray G. 2002. Atmospheric concentrations of ammonia and
ammonium at an agricultural site in the southeast United States. Atmospheric Environment 36: 1661-1674.


http://dx.doi.org/10.1016/j.plaphy.2013.05.032
https://doi.org/10.1007/s10658-018-1520-x
https://doi.org/10.1007/s10658-018-1520-x
https://doi.org/10.1080/17429145.2015.1033659
https://doi.org/10.4161/psb.26891
https://doi.org/10.12691/jaem-3-3-2
https://doi.org/10.1038/nprot.2009.233
https://doi.org/10.1111/j.1469-8137.2007.02008.x
https://doi.org/10.1071/SR9920855
https://doi.org/10.1016/j.cbpc.2010.08.008
https://doi.org/10.1038/nrd2487
https://doi.org/10.3390/plants9070877
https://doi.org/10.1093/oxfordjournals.pcp.a076232
http://dx.doi.org/10.1016/j.envexpbot.2013.09.014
https://doi.org/10.1046/j.1365-2486.2003.00601.x
https://doi.org/10.3390/md12010255
http://dx.doi.org/10.13005/bbra/2718
https://doi.org/10.1055/s-0042-103496
https://doi.org/10.1111/j.1744-7909.2007.00599.x
https://doi.org/10.1111/j.1744-7909.2007.00599.x

1F+) QLMMJL’ Al G)Lo.»ﬁ) NP ol s(é})sw elwo 9 F}L;) LS’L":b F’h 4_,)*';,4 ¥\Y¥

41- Rodrigues Costapinto L.S., Azevedo J.L., Pereira J.O., Carneiro Viera M.L., and Labate C.A. 2000. Symptomless

infection of banana and maize by endophytic fungi impairs photosynthetic efficiency. New Phytology 147: 609-615.

42- Rokhzadi A., Asgharzadeh A., Darvish F., Nourmohammadi G., and Majidi E. 2008. Influence of plant growth-
promoting rhizobacteria on dry matter accumulation and yield of chickpea (Cicer arietinum L.) under field condition.
American-Eurasian Journal of Agricultural and Environmental Sciences 3(2): 253-257.

43-Sadeghi F., Samsampour D., Seyahooei M.A., Bagheri A., and Soltani, J., 2020. Fungal endophytes alleviate drought-
induced oxidative stress in mandarin (Citrus reticulata L.): Toward regulating the ascorbate—glutathione
cycle. Scientia Horticulturae 261: 1089-1091. https://doi.org/10.1016/j.scienta.2019.108991.

44- Selosse M.A., and Strullu-Derrien C. 2015. Origins of the terrestrial flora: A symbiosis with fungi? EDP sciences 4,
00009. https://doi.org/1051/bioconf/ 20150400009.

45- Schulz B., and Boyle C. 2006. What are endophytes? 1-14. In Microbial Root Endophytes; Sieber, T., Eds.; Springer:
Berlin/Heidelberg, Germany.

46- Shukla N., Awasthi R.P., Rawat L., and Kumar J. 2012. Biochemical and physiological responses of rice (Oryza
sativa L.) as influenced by Trichoderma harzianum under drought stress. Plant Physiology and Biochemistry 54: 78—
88.

47- Smith LK., Vierheller T.L., and Thorne C.A. 1988. Assay of glutathione-reductase in crude tissue-homogenates using
5, 5’-dithiobis (2-nitrobenzoic acid). Analytical Biochemistry 175: 408-413.

48- Sohrabipour J., and Rabiei R. 2007. The checklist of green algae of the Iranian coast lines of the Persian Gulf and
Gulf of Oman. Iranian Journal of Botany 23(1): 146-149.

49- Sohrabipour J., and Rabiei R. 2008. Rhodophyta of Oman Gulf (South east of Iran). The Iranian journal of botany
14(1): 70-74.

50- Soltani J., ZaheriShoja M., Hamzei J., Hosseyni-Moghaddam M.S., and Pakvaz S. 2016. Diversity and bioactivity of
endophytic bacterial community of Cupressaceae. Forest Pathology 46: 353-361. https://doi.org/10.1111/efp.12270.

51- Strobel G., and Daisy B. 2003. Bioprospecting for microbial endophytes and their natural products, Microbiology
and Molecular Biology Reviews 67(4): 491-502. https://doi.org/10.1128/MMBR.67.4.491-502.2003.

52- Strobel G., Daisy B., Castillo U., and Harper J. 2004. Natural products from endophytic microorganism. Journal of
Natural Product 67: 257-268.

53- Tan R.X,, and Zou W.X. 2001. Endophytes: a rich source of functional metabolites. Natural Products Reports 18:
448-459.

54- Venkatachalam A., Guvinda R.M.B., Thirunavukkarasu N., and Suryanarayanan T.S. 2015. Endophytic fungi of
marine algae and seagrasses: a novel source of chitin modifying enzymes. Mycosphere 6(3): 345-355.
https://doi.org/10.5943/mycosphere/6/3/10.

55- Wani S.P., Rego T.G., Rajeshwari S., and Lee K.K. 1995. Effect of legume—based cropping systems on nitrogen
mineralization potential of Vertisol. Plant Soil 175(2): 265-274.

56- White T.J., Bruns T., Lee S., and Taylor J. 1990. Amplification and direct sequencing of fungal ribosomal RNA genes
for phylogenetics. 315-322. In: Innis MA, Gelfand DH, Sninsky JJ, White TJ (eds) PCR protocols: a guide to methods
and applications. Academic Press, San Diego.

57- White J.F.J., Morrow A.C., Morgan-Jones G., and Chambless D.A. 1991. Endophyte-host associations in forage
grasses. IV. Primary stromata formation and seed transmission in Epichloé typhina: developmental and regulatory
aspects. Mycologia 83: 72-81. https://doi.org/10.1080/00275514.1991.12025979.

58- Zhang Y.P., and Nan Z.B. 2007. Growth and anti-oxidative systems change in elymus dahuricus is afiected by

neotyphodium endophyte under contrasting water availability. Journal of Agronomy and Crop Science 193: 377-386.
https://doi.org/10.1111/j.1439-037X.2007.00279.x.

59- Zhang X., Li C., and Nan Z. 2010. Effects of cadmium stress on growth and antioxidative systems in achnatherum
inebrians symbiotic with neotyphodium gansuense. Journal of Hazardous Materials 175: 703-709.
https://doi.org/10.1016/j.jhazmat.2009.10.066.

60- Zhanyuan D., and William J. 1992. Modified Thiobarbituric acid assey for measuring lipid oxidative in sugar rich
plant  tissue  extracts. Journal of  Agricultural and Food  Chemistry  40(9):  1566-1570.
https://doi.org/10.1021/jf00021a018.


https://doi.org/10.1016/j.scienta.2019.108991
https://doi.org/1051/bioconf/%2020150400009
https://doi.org/10.1111/efp.12270
https://doi.org/10.1128/MMBR.67.4.491–502.2003
https://doi.org/10.5943/mycosphere/6/3/10
https://doi.org/10.1080/00275514.1991.12025979
https://doi.org/10.1111/j.1439-037X.2007.00279.x
https://doi.org/10.1016/j.jhazmat.2009.10.066
https://doi.org/10.1021/jf00021a018

Journal of Horticultural Science
https:// jhs.um.ac.ir PR T

Research Article
B Vol. 36, No. 2, Summer 2022, p. 415-427

Investigation of Morphological Diversity and Evaluation of Tomato Lines Yield
Using Multivariate Statistical Analysis

S. GolCheshmeh!, G. Kianil#?*, S.K. KazemiTabar3, S. Navabpour*

Received: 09-05-2021 How to cite this article:
Revised: 24-10-2021 GolCheshmeh S., Kiani G., KazemiTabar S.K., and Navabpour S. 2022.
Accepted: 13-11-2021 Investigation of Morphological Diversity and Evaluation of Tomato Lines Yield

Available Online: 21-08-2022 Using Multivariate Statistical Analysis. Journal of Horticultural Science 36(2):
415-427. (In Persian with English abstract)
DOI: 10.22067/JHS.2021.70173.1048

Introduction

Tomato is a product with a wide range of genotypes with different yields and selection based on this trait and
its components can accelerate the breeding programs of this plant. The most important goals of tomato breeders
have been to increase yield, disease resistance, early maturity, and improve the quality characteristics of the fruit.
Therefore, awareness of genetic diversity in the population is an important step in plant breeding, and to achieve
this goal, the studied genotypes must first be identified in terms of genetic potential and favorable agronomic
traits. The usual approach for describing and evaluating populations requires cultivating sample populations and
evaluating their morphological and agronomic characteristics. In this regard, multivariate statistical methods play
an important role in studying genetic diversity and selecting appropriate parents. Unfortunately, the tomato
cultivars used in Iran are often not at the favorable level in terms of important traits such as the number of days
to fruit ripening, fruit weight, fruit yield, fruit length, and width, and few studies have been done on these traits.
Therefore, this study was conducted to investigate the morphological diversity, evaluate the yield and its
components among some imported tomato lines using analysis of variance, cluster analysis, and principal
component analysis.

Materials and Methods

This study was performed in Sari University of Agricultural Sciences and Natural Resources, Mazandaran,
Iran in 2020. The plant material included 24 tomato lines imported from the Canadian Plant Gene Bank and one
check variety. The experimental design used for morphological analysis was a randomized complete block
design with three replications. Evaluated characteristics were included of the number of days to first flowering,
number of days from germination to first fruit coloring (early ripening), plant height (cm), number of fruits per
plant, average fruit weight per plant (g), plant yield (g), length and width of the fruit (cm). After measuring the
characteristics at the farm and recording the data, analysis of variance was performed to examine the diversity
between lines in terms of the studied variables, and Duncan test was used to compare the means and SAS
software was used to test the correlation coefficients of the variables. Cluster analysis for grouping of tomato
lines was performed based on the mean of the main data of standardized traits, which was determined by
Euclidean distance to determine the distance between the lines, and the UPGMA method was used to merge the
clusters. Principal component analysis was performed based on the mean of the main data of morphological
traits.
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Results and Discussion

The results of the analysis of variance showed that there was a significant difference between all lines in
terms of the studied characters. Also, principal component analysis based on morphological traits showed that
the first two main components accounted for 75% of the total phenotypic variation in the data and the number of
days from germination to first fruit coloring (-0.606), the number of days to first flowering (-0.516), fruit weight
per plant (0.492), fruit width (0.480), fruit length (0.472), plant height (-0.445), fruit yield per plant (0.395) and
the number of fruits per plant (-0.367) had the highest contribution in yield changes. Therefore, these variables
might be taken into consideration for effective selection of parents for hybridization programs for broadening the
genetic base in the population as well as to develop elite lines or F1 hybrids. UPGMA cluster analysis also
divided the studied lines into nine groups. Group IX lines were in good condition in terms of yield traits and
components, group VI lines in terms of maturity and flowering, and group IV lines in terms of fruit number per
plant. And the lines in groups | and V were in moderate condition for all traits. According to these results, the
cross of the lines in the more distant groups can produce hybrids with high diversity and maximum heterosis.

Conclusion

According to the main purpose of this study, which was to evaluate the yield and its components and
according to the analysis performed, lines 8, 11, and 17 due to showing the least number of days to flowering
and early, lines 10 and 14 due to having the highest yield, the highest fruit weight, and highest fruit length and
width and lines 2, 9, 15, 21, and 24 due to having the highest number of fruits per plant and the favorable height
are also recommended for use in tomato breeding programs.

Keywords: Cluster analysis, Correlation, Genetic diversity, Principal components analysis
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2 Bibor CN 16407 Canada
3 Century CN 16414 Canada
4 Clarks special early CN 16416 Canada
5 Earlianna special CN 16423 Canada
6 Stoners M.P. CN 16471 Canada
7 Devons surprise CN 16420 Canada
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11 Stoners exhibition CN 16470 Canada
12 Heropert CN 16446 Canada
13 Horney CN 16449 Canada
14 Marhio red CN 16460 Canada
15 Plovdiv CN 16464 Canada
16 Best of all CN 16405 Canada
17 President roosevelt CN 16465 Canada
18 Pecz gyongye CN 17689 Canada
19 Abundance CN 16396 Canada
20 All clear CN 16398 Canada
21 Vahle leader CN 16477 Canada
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24 Oahu CN 17683 Canada
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Table 3- The morphological traits of studied lines
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91/19 132.07¢f0 110.25¢7 23.00% 23.85™ 549,69 3.66¢% 4.23%
100.00° 134.44%% 110.83¢ 5.58' 96.90° 540.7¢% 4.47¢ 5.44¢
98.50% 136.12% 121.62¢ 8.411 132.65° 1116.0° 482 6.10%
96.33¢ 138.00% 113.08° 14.50¢" 30.84/ 448.2" 3.62¢fan 4,55
92.87¢%f 130.50%" 91.66' 21.33% 30.30 647.2¢%f0 3.321 4.179%f
92.87%f 136.00¢¢ 121.50 20.08"d 35.31 711,100 3.79¢ 4.62¢
85.83" 126.25' 108.25M 12.12 95.57¢ 1159.8° 4.08¢ 5.77™
97.12% 135.75% 118.12¢ 24.91° 13.69" 341.29 3.46% 3.489
87.50%" 130.37" 109.25¢f 10.75%" 183.83? 1982.5 4,96 6.14%
87.25% 128.589% 106.129 17.50% 31.66K 554,09 3.43% 4.26%
89.621 135.75% 86.62) 10.169M 62.949 640.9¢%fo 4.10¢ 4.64¢
92.87¢%f 138.00% 123.53¢ 8,75k 103.37¢ 913.1° 4.75% 6.01%®
92.33¢f 131.75¢ 91.75' 12.83 140.62" 1804.22 450 6.51°
92.75¢ 131.33¢f0 91.25' 22.83% 15.31" 349.69 3.24il 3.81%
105.112 143.16° 130.50° 7.004 95.71° 670.0¢%f0 4,90 5.64%
83.411 127.50M 118.00¢ 11.83fh 71.97 853,Qbede 3.65¢f" 5.34¢
97.08% 135.87% 117.12¢ 11.16ni 31.12/ 347.99 3.07! 3.519
85.25" 137.62% 138.91° 14.50°f 43,84 637.5%f 3.79¢ 4.47%
87.089" 133.33%f 109.83¢10 20.415 27.874m 573.0%1 415 4.63¢
90.25 130.75" 99.12" 22.50%° 26.14™ 590.7%f 3.37" 4.16%
98.25% 137.37% 119.91 12.83 46,94 601.6%1 3.76° 4.36%
93.25% 138.16™ 138.00° 11.50fh 4231 487.7 3.48n 3.97¢1
95.16%% 134,50 117.91¢ 22.91% 31.75K 733.400f 3.74¢ 4.29%f
97.58% 140.12% 119.00¢ 7.91M 95.24¢ 752,500 4.13¢ 5.38°

NP2 03, VO (Kmod culps -F Jguo

Table 4- Correlation coefficients of 25 tomato cultivars
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Table 5- Number of components, selection criteria, total variance (Eigen value), proportion of variance for each component
and cumulative variance

e A s J5 ity e 2 rdlls e xS iy
Component Selection criteria Eigen value Proportion of variance for each Cumulative variance

(PC) component

PC1 0.255 3.832 0.479 0.479

PC2 0.334 2.239 0.280 0.759

PC3 0.561 0.793 0.099 0.858

PC4 0.674 0.550 0.069 0.927

PC5 0.962 0.270 0.034 0.961

PC6 1.091 0.210 0.026 0.987

PC7 1.735 0.083 0.010 0.997

PC8 3.535 0.020 0.003 1.000
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Table 6- Eigen vector values for selected parameters in PCA
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Fruit width
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Figure 1- Dendrogram of grouping 25 lines of tomatoes based on Euclidean distance, by UPGMA method
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Introduction

One of the most important factors affecting the quantitative and qualitative characteristics of plants are
genetic and environmental factors and their interactions. Golder (Otostegia persica Boiss.) is one of the endemic
species of Iran and is in the list of top 10 medicinal plants used in Baluchistan, Iran. Therefore, in this study,
some morphological and phytochemical characteristics of this plant were investigated in the natural habitats of
Baluhistan. Essential oil components of leaves and flowers of Kooh birk-Mehrestan population also measured.
Also, with the aim of investigating the soil properties on the establishment and growth characteristics of Golder,
the soil edaphic characteristics of plant communities were evaluated.

Materials and Methods

This study was conducted in 2017 in some natural habitats of Baluchistan, Iran. Research was performed in
the form of a nested plan as completely random design with three replications in the cities of 1- Saravan
(Villages of Kooh Sont and Nahuk), 2- Khash (Villages of Panj Angisht and Posht Kuh), 3- Sarbaz (Padik
village and Kalat Sarbaz) and 4-Mehrestan (Villages of Zard and Birk kooh) using field survey. Edaphic traits
such as soil texture and chemistry were measured. Morphological traits including plant height, internode
distance, leaf length and width were measured using instruments such as graduated rulers and calipers.
Phytochemical traits including Phenol, Flavonoids and Carbohydrates in different parts of the plant and also the
components of essential oils in leaves and flowers were studied. Soluble carbohydrate by Coles and Ansel
method, photosynthetic pigments by Arnon method, total phenols with fullene-cicalto reagent by McDonald
method, Flavonoids by aluminum chloride colorimetric method and adsorption of any reaction compound at 415
nm wavelength by spectrophotometer were measured. Data analysis was performed by SAS software (version
9.2) and the means were compared by Duncan's multiple range test at 5% level.

Results
The lowest (7.80) and highest (8.50) pH levels were measured in Zard and Kooh Birk respectively. Lowest
(1.29) and highest (4.38) EC levels in Panj angosht and Nahuk respectively, the lowest (43.53(dS m™)) and
highest (50.73(dS m™)) Na levels in Kooh Birk and Nahuk respectively, the highest N (11.10%) and P (0.32

(ppm)) in the Posht kooh of Khash, the highest amount of total K (62.20 (ppm)), absorbable K (72.17(ppm)) and
the highest percentage of silt (38.30) were obtained in the Kooh sont area of Saravan. In evaluating the growth
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characteristics of plant in different regions, the maximum internode distance, highest number of lateral branches,
petiole length, leaf length and width and number of main branches in Kooh Birk region of Mehrestan city and
highest plant height in Nahuk region of Saravan city were measured. Comparing the amount of phytochemical
compounds in different organs of this plant, it was observed that the highest amount of flavonoids is present in
the leaves and the highest amount of phenols and carbohydrates are present in the stem. The lowest amount of all
three compounds was measured at the root. Maximum amount of leaf Flavonoids (1.83 mgQE/qg), stem Phenol
(mg GAE/g 1.86) and root Flavonoid (0.11 mgQE/g) in Panj angosht area of Khash city, stem and root
Flavonoids (0.45mgQE/g and 0.11mgQE/g) and stem Carbohydrate (1.99 mg/g) in Zard area of Mehrestan city,
leaf Phenol (mgGAE/g 2.38) and root carbohydrate (1.73 mg/g) in Posht kooh region of Khash, and maximum
amount of leaf carbohydrates (1.99 mg/g) in Kooh sont area of Saravan were obtained. Analysis of the chemical
composition of the essential oil using a gas chromatograph-mass spectrometer (GC-MS) showed 12 compounds
per leaf and 31 compounds per flower. The highest and lowest essential oil components were Thymol (12.0%)
and Decane (2.1%), respectively. Also, the highest and lowest components of essential oils in flowers were
Benzene, 1- (1,5-dimethyl-4-hexenyl) -4-methyl- (CAS)) (13.0%) and (0.4%), respectively. Therefore, the
lowest essential ingredient was Decane, both in leaves and flowers. In general, the results of this study showed
that there is a considerable diversity among the studied populations in terms of all the studied characteristics.
This indicates that environmental factors similar to genetic factors are effective in creating diversity in
morphological and phytochemical characteristics of this plant.
Conclusion

In general, the results of this experiment showed that the habitats of Khash are better in terms of soil
chemistry and major phytochemical traits. Kooh birk region is the best area for harvesting the aerial parts of this
plant.

Keywords: Elements, Essence components, Flavonoid, Morphology
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Table 1- Annual average of climatic characteristics of the studied cities

HKeY
. i . (g, Sars H¥lw il
.y \ ok [ Cagb, s, SBj9) o
Ol et m‘ﬁ Rain Temperature  pojsture iy a Y0 YL
City Climate (mm) Q) (%) Number  Theaverage annual number
of frost of days above 35 degrees
days
MO;‘“)“«“ 123 22 30 10 29
ehrestan ik g
sl Warm and dry 65 22 30 10 29
Saravan
ot 153 20 31 20 24
Khash
Sy 133 29 36 0 110

Sarbaz
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Table 2- Geographical location and altitude of the sampled habitat lake

Ol e @ble L g jl eyl aldlda Job ol oy
City Region Above sea level Longitude Latitude
L o8 1181 62°66' 27°19
gl s Koh Sont
Saravan Ssab 1397 62°98' 2744
Nahook
» g 1557 61'93 28'98'
o Panj Angosht
Khash 295 ey 1416 61°97 28°61'
Poshteh Koh
Sk 1000 61°86 2638
by Padic
Sarbaz . 924 6151 26°24
Kalat
>) 1128 61°51 26°62
Ol o0 Zard
Mehrestan S 09-§ 1319 61°64" 27°97
Kooh Birk
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Table 3- ANOVA for thesoil traits of Goldar plant in different habitats

zle 4 Colin .
; JBK s

Shei @l S PH Na Cio K N st sad  Clay
S.0Vv df EC T

C’:‘;; 3 6.22™ 0.11™ 549.00™ 0.01™ 813.06™ 1063.54™ 3.35™ 215.65™ 445,53 49.48™
5 ddlais

M 4 251" 0.187" 755.31™ 0.01™ 501.30™ 882.03™ 257" 31.78" 144.55" 91.29™
Region

in City

s

Error 0.07 0.01 15.29 0.00 8.97 11.26 0.46 9.12 39.95 2.35
oo

R 9.58 1.55 6.86 6.28 5.68 9.59 7.06 9.35 11.43 12.47
C.V (%)

Wl go HId gize Mo )3 Y g o) B Jlais | Zolaw jd a4 i g %
*and ** are significant at 5% and 1 % of probability levels, respectively.
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Table 4- The soil traits of Golder plant in different habitats of Baluchistan

Gbls - P JEK K N o 5
; S ~ e
Region EC P AP ppmy (ppm) (%) silt(%) Sand(%)  Clay (%)
(dS.m'l) (Ppm)
Bige o 379b  813a  9050a  017c  7517a  6220a  906c  3830a  48.75e 12.95b
Koh sont
N;’ggk 438 823  5073d  020bc 5353c  29.80d  9.40c  36.24a  49.88e 13.88b
129¢  843a  5395c  0.14dc 37.07¢ 1343  1012b 27.02b  6352b 9.46¢
Pang angosht
R 209cd  836a  4460e  032a 3640e  1863e  1110a  21.90c  69.12a 9.10d
Posht koh
pj;‘; 418a  840a  6075b  0O1led 4063d  3360c  9.60c  3346a  44.14e 22.40a
cjjt 193d  840a 5163cd 022b 6527b  506lbc  8.16d  3353a  58.39b 8.08d
2 198d  7.80a  59.73bc  012d  4860d 20054  10.90b  37.96a  50.98¢ 10.96b
K‘;ﬁ“bl’:k 280c  850a 4353  014dc 6476b 5145  903c  3416a  5330bc  1254b

Sl e SOl slaselariy yge 5T 5l eolitl b doyd & Jlais] gaws j3 o dxe BB pae otimd (Ui (gt o 50 S jide g
The common letters in each column indicate no significant difference based on Duncan's multiple range at 5% of probability level.
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Sepahi ) Euphorbia tirucali )b ;lals ;5 S35 s8 )50
Mezaka et ) Chamomilla recutita L. (Sarjo et al., 2020
«(Shahriari et al., 2018) Plantago psyllium. (al., 2020
Glycyrhiza 4 (Azizi et al., 2012) Origanum vulgare L.
9458, 41,8 wyp e |,3l (Esmaeili et al., 2020) glabra
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Table 5- ANOVA for the morphological traits of Golder plant between studied cities and areas

s P J =3 S J alold il sf adlialass
oy e e > .. > _ ) _ ad L by .
Ol p®S 2alio g e, ﬁ“’_ 9 Sy »Job 0 )ik e b
S0V &3 Height Petiole Leaf . N_umber of
e df length Leaf length  Intermedia  main pranches Number of
width te distance branches
g‘: 3 ##1052.22 0.09™ 0.08™ 0.29™ 0.96™ 411 874.81™
ity
e 5 dilaio
Region in City 4 #647.31 0.10™ 0.21™ 0.44™ 1.04™ 10.08™ 2069.54™
ks
16 21.98 0.003 0.005 0.001 0.03 0.15 20.42
Error
N 5.97 6.69 9.80 9.07 6.32 5.68 7.82
C.V (%)
il oo b bze Moyd ) g o3 0 Jlain polaw 3 Gudyi s g %
* and ** are significant at 5% and 1% of probability levels, respectively
axlbo 5,90 (Bl g o (o ;5 8LS (559098 ,90 Sl —F Jgu
Table 6- The morphological traits of Golder plant between studied cities and areas
Jgb alold s o
g ; g Al dlaxs
ble ews)! S jod J’i ":’c JI’_"’ ‘J:b 0 Sl ol 4L slaas )
. : ea ea i
- Hight Petiole - Intermedia Number of w2
Regions width length ! : Number of
(cm) length (cm) (cm) tedistance ~ mainbranches T
(cm) (cm)
bigw o5 92.00a 0.46¢ 0.70c 1.30b 2.83bc 7.33b 76.00ab
Koh sont
Soals
93.66a 0.53bc 0.83b 1.40b 3.33ab 5.33c 49.33bc
Nahook
il 78.83ab 0.46¢ 0.47c 0.56e 2.66b 7.66b 76.33ab
Pang angosht
o5 ey 43.33c 0.46¢ 0.73bc 1.06c 2.33c 4.66e 13.66d
Posht koh
Kool
nT 68.00b 0.50bc 0.83b 1.00c 2.77bc 8.33a 76.33ab
Padic
oM
68.50ab 0.63b 0.67d 1.06¢c 3.66a 7.66b 53.66bc
Calat
Z;)r}ci 77.00ab 0.50bc 0.56e 0.60d 2.83bc 5.00c 43.33c
S ?95 88.03a 1.00a 1.23a 1.56a 4.06a 8.66a 83.00a
Koh birk

Ao oSSl (glatelssin g0 5T 5l ookl b o ys & Jlois] o 4> I xe MBS pis odimd LS ygiar b 40 S it g >
The common letters in each column indicate no significant difference based on Duncan's multiple range at 5% of probability level.
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(al., 2019

O 355 9 (nyge NS olS (i 5 (3595936 mae LS 5 ]

Gairola ) ,Ken 9 Yg,,5 (Sharififar et al., 2007) sl o
Oliwe g9y i glaglisyl 456 wyp L (et al, 2010
3 MM (clgime 9 JS b Hlade o (Slus] ol lacdld
5 i bS5 Jlade o5 wisly 4lis Fagopyrum tataricum oLS
Slpen b @i b & wbe Gl e Gl L sadgsd
axs cpl 4 (Saeidi et al,, 2014) o )Ken 5 (sdmw )b
2P O 29 oS S W595e)8 e & N,
e 5 039 e 2 e e tNANA o oll e 3l
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Lol el sy (s2008) 203l 30 5 (03300303) ol ol

Llys g ol laygSl (oloa 9 Ol Jolge sazily ledl
D9 (Giwgd S, Gl 2 e el Nlge SB
Sharma et ) o)en o o ol b Gaios ol gls oo
»» Whitania somnifera  o)l> olS 5)5 ,» (al., 2012
ol ples 50) hlKen 5 8oyl oy Hllas Calisee (slaolKisg,
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Table 8- ANOVA for some physiological traits of Golder plant in the different habitats of Balochistan

T I SliadesS Lpegs Slyegs
5 ol K g it i Al : AL o
SOV Leaf Stem Root eaf Stem Root Leaf Stem Root
¢ : : ., Phenol  Phenol Carbohydr ~ Carbohy  Carbohydrat
df Flavonoid  Flavonoid Flavonoid Phenol ate drate o
Cit
)Q:)/ 3 0.12 0.04™ 0.001™ 0.28™ 0.65™ 0.16™ 0.95™ 0.96™ 0.83"
7S > eile 4 0.08° 0.06™ 0005 077" 062" 004" 0.92" 211" 0.38"
Region in City
EM 16 0.02 0.0004 0.00001 0.02 0.009 0.001 0.01 0.04 0.01
rror
Sl ey 10.31 8.08 5.60 8.78 5.83 6.12 6.56 11.42 9.35
CV (%)

do ) g ko B Jlein !l polaw jd I Gxe i S e g
*and **: Significant at 5% and 1% of probability levels, respectively.
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Figre 2- The phytochemical tratis of Goldar plant in the different habitats of Balochistan
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Table 8- Leave Essential oil components of Goldar plant in Birk - Mehrestan habitat
Y Sy ol s 8133k pad L % GC
1 Decane<n-> 1006 2.1
2 Thymol 1306 12.0
3 Carvacrol 1316 7.0
4 Geranylacetone 1455 3.6
5 Pentalene, Octahydro-1,4-Diiodo 1636 2.3
6 Dehydroaromadendrene 1670 4.9
7 Methyl lonone 1753 6.3
8 B-Turmerone 1844 8.0
9 Bisabolol oxide A <alpha-> 1871 2.9
10 Hexahydrofarnesyl acetone 1954 4.6
11 Diisobutyl phthalate 2065 3.6
12 Bicyclo[3.1.1]hept-2-ene-2-ethanol, 6,6-dimethyl 2125 3.3
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Sharififar et al., ) o, Kea 5 8 35 yinghs )d 45" (slaisS &
» o diicooctil fhthalate oS 5 lads  lo,S" \busl 43 (2007
Ohlen o (A5 Liagh ) Grzed b plulld pob iagl
oS 5 Ladd «liwa sy 5 oyl oLl 45 (TOFighi et al., 2014)
b olwlis 385 ool ) 50 hexahydrofarnesyl acetone
E55 9 il Hlade dgy glate la yimghs cpl o GluS 5 Laile
55 5 SBj g elos 4 (ool plie 4 QLS )3 090 dlge
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Table 9- Flower Essential oil components of Goldar plant in Birk - Mehrestan habitat

s, 55 oS g S o3k pasLd % GC
1 Decane<n-> 999 0.4
2 Linalool 1103 2.3
3 Campholenal<alpha-> 1129 4.3
4 p-Mentha-1,5,8-triene 1150 8.9
5 Menthol 1178 3.8
6 a-lonol 1400 13
7 trans-Caryophyllene 1422 2.2
8 (E)-B-Farnesene 1458 1.2
9 Germacrene D 1484 3.4
10 (E)-p-lonone 1489 1.8
11 f-Bisabolene 1510 3.1
12 B-Curcumene 1558 11
13 Hexenyl benzoate<3Z-> 1575 11
14 4-(3,3-Dimethyl-But-1-Ynyl)-Hydroxy-2,6,6-Trimethyl-cy 1584 0.8
15 Spathulenol 1588 5.9
16 Methyl lonone 1591 6.8
17 Viridiflorol 1598 11
18 Dehydroaromadendrene 1615 1.2
19 Caryophyllene oxide 1627 35
20 Benzene, 1-(1,5-dimethyl-4-hexenyl)-4-methyl- (CAS) 1636 13.0
21 Turmerone<ar-> 1671 1.9
22 Bisabolol acetate<epi-alpha-> 1689 0.7
23 19.83 Verbenyl acetate<trans 1838 0.8
24 Retinal (CAS) 1845 2.0
25 Diisobutyl phthalate 1871 2.5
26 Farnesyl acetone<5Z,9E-> 1919 1.1
27 Dibutyl phthalate 1966 14
28 Phenanthrene, 9-dodecyltetradecahydro 2065 1.2
29 Benzeneethanol, 4-[(2,4-dinitrophenyl)azo]- 2074 1.3
30 Cyclohexanone, 2-[(4-Methoxyphenyl) Methylene 2112 1.0
31 1-methoxyhept-1-yne 2117 3.9
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Introduction

Grape (Vitis vinifera L.) is one of the most important economic plants in the world including Iran. One of the
most basic effective factors of the growth of fruit trees is knowing their nutrition. Micronutrients are as
important as Macronutrients for better growth, yield and quantity in plants. Garden plants suffer from severe zinc
deficiency, followed by boron, manganese, iron and molybdenum. Foliar application of fertilizers is a useful tool
to increase the nutritional effects of fertilizers or eliminate nutrient deficiencies during the growing season. The
aim of this research was to study the nutritional effects of consumption of different compounds of micronutrient
fertilizers of zinc chelate, iron and manganese as foliar consumption on the morpho-physiological traits of grape
plant.

Materials and Methods

Field experiments were carried out to evaluate the effects of micronutrients alone and in combination on
growth and fruit yield in grape grown at Iran, Zanjan province during 2016-2018. Physical and chemical
properties of the soil were evaluated before the experiment. During the two years of the research, no organic or

chemical fertilizers were used except for the combination of fertilizer treatments of the relevant design.

Treatments consist of foliar consumption of micronutrients fertilizers included two levels of EDDHA-Zn (0.1
and 0.3 %), EDDHA-Fe (0.1 and 0.2 %), and EDDHA-Mn fertilizers (0.1 and 0.2 %) and control levels (0 %) for
them. This experiment was implemented in a factorial format based on a randomized complete block design with
three replications and repeated for two consecutive years. The measured traits consist of Length of the First
inflorescence (X1), Number of Inflorescences per Branch (X2), Number of clusters per branch (X3), Number of
Clusters per Plant (X4), Weight of a Cluster (X5), Cluster Size (X6), Berry Size (X7), Number of Berries per
Cluster (X8), Weight of single berry, X10: Leaf Area Surface. Leaf Dry Matter (X11), TSS (X12), Fruit Juice
Sugar (X13), Fruit Juice Acidity (X14), Fruit Dry Matter (X15), Fruit Firmness (X16), Yield per Plant (X17),
Yield per Hectare (X18). The experiment was performed in factorial format with three factors, each at three
levels, based on a randomized complete block design with three replications in three locations (g; G) and in each
location for two consecutive years (Y). The analysis of each garden was analyzed in the form of factorial
experiment design and the effect of location factor was analyzed in the form of factorial-split (time) composite
analysis in place. In the statistical model used, time and place factor considered as random and treatment was
fixed.
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Results and Discussion

Evaluation of morpho-physiological traits showed that the use of these fertilizers individually or in
combination has significant positive effects on all measured traits (18 traits) at different stages of development.
The simple effect of the factor of the years was significant only on some of the measured traits and the two and
three-way interactions between this factor with the levels of treatment in the majority of traits were not
significant; which indicates the probability that the factor of the years has no effect on the measured traits. Based
on the results, the treatment combination of Fe 0.2 + Zn 0.3 + Mn 0.2 % EDTA was superior to other

combinations, and traits of the number of inflorescence and number of clusters per branch and number of
clusters per plant showed the best response than other measured traits. Spraing of micronutrients, especially iron,
zinc and manganese, has favorable effects on yield indices, better fruit set and fruit production per unit area,
which affects photosynthetic activities and important metabolic pathways in plants, leading to produce higher
amounts of primary metabolites such as higher sugar production in fruit, increase in soluble solids, also increase
in growth indices such as leaf area, more yield-related traits such as number of inflorescences and number of
bunchess per branch and per plant, number and the dimensions of the berries are in clusters. On the other hand,
these compounds help to absorb the main nutrients and play an active role in initiating metabolic processes such
as cell wall development, respiration, photosynthesis, chlorophyll formation, enzymatic activities, production of
growth regulators, and nitrogen fixation and reduction. Accordingly, these compounds were able to show better
performance compared to the control level by accelerating the absorption of other nutrients, strengthening
biochemical pathways and growth indices.

Conclusion

According to these results, the application of three fertilizers of zinc, iron and manganese EDTA
individually or in combinations of two or three of them, especially at high concentrations simultaneously, is
superior in comparison. Treatments composition of 0.3% zinc + 0.2% iron + 0.2% manganese EDTA and then
0.3% zinc + 0.2% iron + 0.1% manganese EDTA has more significant and positive on measured traits and
therefore as fertilizer compositions are recommended in vineyards in the form of leaves.

Keywords: Acidity, Inflorescence, Micronutrient, Morpho-physiological
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.Table 1- Geographical location of three studied vineyards in Zanjan province
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Table 2- Statistical summary of the results of 30-60 cm depth of soil of the studied vineyards
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Lo ..o i . .. Ol
Seeay, ov ~ o) o 89y P ol el i osle " e
; Sand Silt Clay Cu Zn Mn K P i i A9 EC
Soil Lime S
pH
structure OoC
(%) (mg.kg™) % (dS.m?)
o) o) 389 291 320 1.3 09 110 2427 65 16.8 0.6 7.9 0.7
Clay loam
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Table 3- Separate ANOVA for grapevine cv. Bidane Sefid in the first year treated with micronutrient fertilizers

Olpts polie | (3151 a2y ;lﬁ"’ oo
ean squares
SOV. D.F. X6 X5 X4 X3 X2 X1
Sl Block 2 11.96 ns 27.96 ns 1.94 ns 0.01 ns 0.01 ns 0.12 ns
Zn 2 292111  *** 1313321 *** = 1375 | *** | Q@3 | *kx 983 | wkx  3]] 57 xwx
Fe 2 13526.2  *** 583147  *** | 11352 | *** | 1246 | *** | 1246 @ **x | 447 | x**
Mn 2 48054 | *** | 18773 | *** | 30922 | *xk | BG4 | xRk BG4 wkx | 7DD xkx
ZnxFe 4 24122 | ***x | 108782 | **x | 8l4 | Axx Q77 | Rk Q77 | %Rx 1914 | Rx*
ZnxMn 4 569.26 | *** 258124 | *** 1944  *** (023  ns 0.23 ns | 387 | ***
FexMn 4 190.24  *** | 89585 | *** 494 * | 031  ns 0.31 ns | 424 | x**
ZnxFexMn 8 391.6 | *** | 1602.88 @ *** = 392 * 037 @ * 0.37 * 141 | x*
s 52 11.41 45.13 1.73 0.14 0.14 0.25
Error
Sl s 2.02 2.02 5.02 16.96 16.96 4.08
C.V (%)
Ol glie 3151 a2y X12 X11 X10 X9 X8 X7
S.0.V. D.F.
'l Block 2 1.59 ns 0.72 ns 19.92 ns 0 ns 21.38 ns 0 ns
Zn 2 117.3 | *** | 3838.1 | ***  30602.4 *** 6.6 | *** | 179053  F** 39 | wxx
Fe 2 139.8 | *** | 26256 | *** | 120948 @ *** 29 | *kx 83405  *kx |7 kxx
Mn 2 120.3 | *** | 12183 | *** | 41851 | *** (09 | **x | 5A]Q | kxk (5 | Hxx
ZnxFe 2 14 ns 98.5 *k | DBBOG | Rk (5 | %k | 13554 | *xk (03w
ZnxMn 4 1.84 * 2576 | *** | 63123 | *** (.13 | *** | 34322  *** 008 @ Fx*
FexMn 4 14 ns 17.12 | *** | 22135 | *** (005 *** 11818 @ **x (03 | ***
ZnxFexMn 4 2.83 | *** | 6197 | *** 36778  *** | (08 *** 2381 | *** (05 @ ***
s 8 0.68 1.67 9.55 002.0 6.91 001.0
Error
Sl b 3.93 2.62 2.61 1.88 1.94 1.66
C.V (%)
Ol glie 3151 a2y X18 X17 X16 X15 X14 X13
S.0.V. D.F.
'l Block 2 8.14 ns 6.18 ns 212 ns | 1484 *** | 0.057 @ *** 056 ns
Zn 2 685.4 | *** | 5174 | *** | Q8582 | kx| D] ] | kxk | ] QB2 | x| J47.2 | Rx*
Fe 2 5554 | *** | 4201 | *** | G754.3 | *** 1582  **x | 2460 @ *** 1726 @ ***
Mn 2 31101 | *** 2357 | xkx | 17778 | **x | 1144 *xk 1102 | ** 1159 | Rx*
ZnxFe 2 8.63 ns 6.4 ns | 6934 | k| 74w (0263 | k1] ns
ZnxMn 4 224 | *** 1694 | x| 15244  *** 148 ns | 0.036 0 261 0
FexMn 4 206 | *** 1584 **% 7053 | *** 274 ns 0015 ns 1.72 0
ZnxFexMn 4 7.54 ns 5.73 ns = 2281 | *** | 5E6 | *F* 0044 | *EE 482 | wx
> 8 5.07 3.82 2.46 1.68 0.007 0.56
Error
Sl s 7.71 7.69 1.67 5.7 2.63 3.08
C.V (%)

i www NS
¢ ¢

Do 0 g ) /Y el pdaw )3 b pixe (g3 gixe pis i * g
and *: non-significant, significant at p<0.001, p<0.01 and p<0.03, respectively.
X1: Length of the first inflorescence (4315 ool Jsb), X2: Number of inflorescences per branch (aie -;9), X3: Number of clusters

per branch (45l ,» as¢s sluss), X4: Number of clusters per plant (sLS > 4545 i), X5: Weight of a cluster (as¢s ;9), X6: Cluster size

ng *xE Ak
) ’

(495 3lw), XT7: Berry size (a> »ls), X8: Number of berries per cluster (asss ) 4o slass), X9: Weight of single berry (4> S5 y54), X10:

Leaf area surface (S alaw), X11: Leaf dry Matter (5, Sis o3k), X12: TSS (Jglone tols o3ke), X13: Fruit Juice Sugar (oo ol 13), X14:

Fruit juice acidity (sgeo o answl), X15: Fruit dry matter (s Suis osl), X16: Fruit firmness (sg.e i), X17: Yield per plant (s > Sles
oLS), X18: Yield per hectare (,isa > 5,5ks).



YOV o800 S as 5 (ol Sluogas 1 58 5 ool 59y Gdhajy polis (£l slne ilido Z ok ydli (ol y50d 5 (oxe

Salowd LS5 (le )3 ol @ YU jl cud S (6395 OS5 (0 5 51 65 9 (7 3 -F g
(el 0nts ()15 gulis) Jlo y 5 El o Sk Slunlie golis ol (g0l 50
Al o S s a5y )3 (Do 355 Ao > 5 dlael 1 gyl Kie © g0 o 4 sl Sl S
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iron + zinc; Numbers are the percentage of fertilizer used per hectare.

O e P
Max Min
0.3+0.2+0.2 0+0+0
0.3+0.2+0.1 0.1+0+0
0.3+0.1+0.2 0.3+0+0
0.1+0.2+0.1 0+0.1+0
0.1+0.2+0.2 0+0.2+0
0.3+0+0.2
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Figure 1- Percentage of changes in treatment composition (a) and measured traits compared to control (percentage) as
average standard deviation

Each baseline shows the trend of changes in an attribute (a) or a treatment combination (part B) relative to the treatment level.
Levels of top-to-down fertilizer treatments: zinc chelate + iron + manganese. And attributes X1: Length of the first inflorescence, X2:
Number of inflorescences per branch, X3: Number of clusters per branch, X4: Number of clusters per plant, X5: Weight of a cluster,

X6: Cluster size, X7: Berry size, X8: Number of berries per cluster, X9: Weight of single berry, X10: Leaf area surface. X11: Leaf
dry matter, X12: TSS, (X12), X13: Sugar fruit juice, X14: Fruit juice acidity, X15: Fruit dry matter, X16: Fruit firmness, X17: Yield
per plant, X18: Yield per hectare.
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Introduction

Inefficient management of strawberry fields is one of the important factors in significantly reducing the
strawberry fruit yield and quality. Nowadays application of polyethylene soil mulch is widely considered in the
cultivation of fruits and vegetables, with various purposes such as improving quality, increasing yield and
reducing weeds. The thermal and light environment around the plant due to the use of polyethylene mulch, can
affect the quality and yield of strawberry fruit.

Material and Methods

In this study, In order to investigate the effect of colored polyethylene mulch on fluorescence parameters,
leaf chlorophyll and strawberry fruit yield (cv. Camarosa), an experiment was carried out as completely
randomized block design with four experimental treatments including; colored polyethylene mulch (black, red,
white) and control (traditional cultivation without mulch) in three replication in the Caspian Sea region, Iran
during the 2016-17 and 2017-2018 years. The experimental plots were 5 m long and 1.5 m wide, with 4 planting
rows separated by 30 cm in each plot. Then polyethylene mulch was laid on the ridge and the plants were planted
at a distance of 20 cm in a row (1 October). Three harvest times (170, 185 and 200 days after planting) were
determined to assess the characteristics of harvested fruits.

Result and Discussion

Based on the results, the effect of mulches color on fruit yield was significantly (P < 0.01). Considering fruit
yield at the first harvest (175 DAP) and the second (185 DAP), red mulch showed the highest fruit yield and the
lowest was observed in the control treatment. While at the third harvest time (200 DAP), it was the black and
white mulches that resulted in the largest amount of yield .The effect of colored polyethylene mulch on the

acidity (pH) and titratable acid (TA) of the fruit was not significant, but the amount of soluble solids (TSS) of the
fruit at different harvest times showed a significant difference between the experimental treatments. So that in
the first harvest time (170 DAP) and the second (185 DAP), the highest amount of soluble solids was observed
in treatments with colored polyethylene mulch. The results also showed that colored polyethylene mulches effect
on fluorescence parameters and leaf chlorophyll content was significant (P < 0.05). The results showed that
mulch color had a significant effect on F./F, ratio, F, and leaf chlorophyll content. During the both years, the
highest F\/F, ratio, F, and leaf chlorophyll were related to colored polyethylene mulches, and the lowest was
observed in the control treatment, while colored mulches did not affect the Fu/Fm ratio. In fact, it can be explain
that the plant's response to the colored polyethylene mulches, compared to the control treatment, improves fruit
yield and increases the strawberry photosynthetic system.
Conclusion

Comparison of the average effect of polyethylene mulch on strawberry fruit yield during the growing season
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in both years, showed similar results. Polyethylene mulches can increase yields by increasing soil temperature,
increasing nutrient availability, increasing root uptake in nutrients and increasing the efficiency of soil
microorganisms. Based on the results, in the first harvest time (170 DAP), second harvest time (185 DAP) and
third harvest time (200 DAP), the yield of strawberry fruit in both growing season showed that the highest yield
was related to treatments with The colored polyethylene mulch and the lowest yield was observed in the control
treatment. Red mulch had the highest fruit yield during the first and second harvests, but gradually decreased
during the third harvest. It seems that red color, in addition to increasing yield, has also caused early ripening of
the fruit. The amount of soluble solids (TSS) of the fruit at different harvest times showed a significant
difference between the experimental treatments. During the first harvest (170 DAP) and the second (185 DAP),
the highest amount of soluble solids was observed in treatments with colored polyethylene mulch. Based on the
findings, the effect of colored polyethylene mulch on fluorescence parameters and chlorophyll content of leaves
indicated that the color of polyethylene mulch had a significant effect on the amount of F, and chlorophyll
content of leaves. Therefore, the use of polyethylene mulch due to the increase in yield and quality of strawberry
fruit compared to its traditional cultivation method seems very beneficial.

Keywords: Day after planting, Fruit quality, Harvest time, Heat environment, Photosynthesis system
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Table 2- Soil temperature changes during the strawberry growing season in both years.
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Table 3- Combined-ANOVA for strawberry fruit yield cv. Camarosa at different harvest times in 2016-2017 and 2017-
2018
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Figure 1- Strawberry fruit yield cv. Camarosa during the growing season in 2016-2017 and 2017-2018 (SNK, p<0.01)
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Table 4- Combined-ANOVA for acidity, titratable acid and soluble solids of strawberry fruit cv. Camarosa at
different harvest times in 2016-2017 and 2017-2018
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**and ™ significant at 1% of probability level and non-significant, respectively.



YAV sloyialyly 50,5 hae o5 cobe Sloogas 5 (oK) Ml ol S B9 U o5 aed

(2016-2017)as-1va0

50 ORed EEBlack O White B Control
4 4 a a
140 % a g a 2 a a a @
.* 7
2.0
0 % %
0.0 .
170 185 . 200
(Harvest time) c.sla . 2l
017 BRed EBlack OWhite O Control
0.16
£0.16
< a4
=015 I
0.15 2
170 185 200
(Harvest time) o2, sl
BRed WEBlack OWhite El{.‘mlml
12.5 & 88
a 4 a MR
Pk,
12.0 b %
a 4 a e
.E 11 = b g
A - o
—_— ¥
- Pk,
vl 11.0 %
wo 5
— Pk,
: 5
10.5
170 185 200

(Harvest timey oo -Ls:

(2017-2018)ay-1vas

BRed mBlack OWhite

A Control

ORad WElack OWhite

200
ORed mEBlack O White B Control
1 d i
— _ a d a
h

a a a
I|_‘b

LI
170

185

S8 9 IYAD-AF (o5 sladl 13 olS by (50,95 Jsb 13 “Luwg ) ls” o8, (S5 855 ogme (ailiowion S S g (S —Y S

vy

Figure 2- Some biochemical characteristics of strawberry cv. Camarosa fruit during the growing season in 2016-2017
and 2016-17 (SNK, p<0.01)
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Table 5- Fluorescence parameters and chlorophyll content of strawberry cv. Camarosa leaf during the growing season in
2016-2017 and 2017-2018
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Introduction

Strawberry with the scientific name Fragaria x ananassa Dutch from the Rosaceae family is an important
commercial fruit in the world, which is widely considered in terms of nutrition due to its rich content of
vitamins, minerals and phytochemicals. Water scarcity stress is one of the important sources of abiotic stresses,
so that it reduces growth, development and yield during the vegetative, reproductive and maturing stages of the
crop. Studies have shown that application of nano-fertilizers can be useful in order to achieve high yield while
reducing the amount of fertilizer consumption due to its higher absorption due to its high specific surface area.
Despite its low consumption, zinc is involved in chromosome synthesis, carbohydrate metabolism,
photosynthesis, sugar-to-starch conversion, protein metabolism, auxin metabolism, pollen grain formation,
biological membrane preservation, and resistance to infections by pathogens. Zinc is also needed for chlorophyll
production, pollen grain yield, fertility and pollen grain germination. Zinc as a coenzyme is also involved in the
activation of many enzymes in the biosynthesis pathway of secondary metabolites. The use of zinc nanoparticles
can have very positive effects on the quantitative and qualitative properties of strawberry fruit during low
solubility

Materials and Methods

The present study was conducted in the greenhouses of the Department of Horticulture, Urmia
University.Sabrina cultivar strawberry seedlings were planted in culture bags containing 50% cocopeat, 25%
pithomass and 25% perlite in three rows containing 27 plants and evenly pruned. The first week was used to
establish the plants from water, the second week to the sixth week for vegetative growth of half-concentrated
Hoagland solution and from the seventh week to the end of the harvest period, depending on the stages of
flowering to fruiting, modified Hoagland nutrient solution was used. By calculating the amount of solution
output from each nozzle and the amount of each plant need, the time required for solution was calculated and
this time was divided into 5 times a day and was automatically pumped to the foot of each plant. To apply low
solubility stress, the first row (without stress) was used with solution 5 times a day, the second row with solution
4 times a day and the third row with solution 3 times a day. Foliar application of different concentrations of zinc
chelate nanoparticles was performed once a week (5 times) after pruning of primary flowers, from the fourteenth
to the eighteenth week. Zinc chelate nanoparticles were used in three levels (0, 1 and 1.5 g / I) and nutrient
solution treatment was performed in three levels (90, 110 and 130 ml) daily. Then fruits that were more than
70% colored were harvested and different quantitative and qualitative characteristics were measured. At the end
of the experiment, fruit weight was measured using a digital scale, fruit length and width by caliper, fruit acidity
by pH meter, titratable acids by titration method and TSS by refractometer. Chlorophyll a, b and total
carotenoids were also measured using Dynamica spectrophotometer (HALODB-20) according to Lichtanthaler

1 and 2- M.Sc. and Associate Professor of Horticultural Sciences, College of Agriculture, Urmia University, Urmia,
Iran, respectively.
(*- Corresponding Author Email: ha.hassanpour@urmia.ac.ir)



https://
https://jhs.um.ac.ir/
https://jhs.um.ac.ir/
https://jhs.um.ac.ir/
https://doi.org/10.22067/JHS.2021.60204.0
http://doi.org/10.22067/JHS.2021.72513.1091
mailto:ha.hassanpour@urmia.ac.ir

1F+) QLhMAJL’ Al G)Lo.»ﬁ) NP ol s(é})sw elwo 9 F}L;) LS’L":b F’h 4_,)*';,4 ¥vy

& wallborn (1985). Also, fresh weight of shoots and roots were measured in the last stage after fruit harvest. For
this purpose, the plants were completely removed from the bed and the roots were washed with water and then
exposed to air to remove moisture. The aerial parts were then separated from the roots and weighed 0.001 g by
digital scale. To measure dry weight, the roots and aerial parts were placed separately in the bag and then placed
in a 70 ° oven for 72 hours and then weighed 0.001 g with a digital scale.

Results and Discussion

The results showed that the interaction effect of low solubility treatment and zinc chelate nanoparticles
treatment on fruit weight, shoot dry weight and yield was significant, so that the highest amount was in the
treatment of 130 ml of nutrient solution and concentration of 1.5 g / | of zinc chelate nanoparticles. Also in fruit
length and width, pH, TA, TSS, chlorophyll a and b and carotenoids, the main effects of low solubility treatment
and of chelate nanoparticles were significant. As in the treatment of chelate nanoparticles, the highest amount of
these traits was observed in the concentration of 1.5 g / | nanoparticles and in the low solubility factor, the
highest amount was observed in the control treatment (complete solubility).

Conclusion

Low solubility stress reduced the quantitative and qualitative characteristics of strawberry fruit. The use of
different concentrations of nano-chelate zinc improved these properties, so that the greatest effect was related to
the concentration of 1.5 g per liter of nanoparticles. This concentration increased the yield of the product more
than 1.6 times compared to the control sample in complete solution and more than 1.7 times compared to the low
solution. Also, the growth traits studied were significantly increased by the use of nanoparticles. These
nanoparticles also improved the taste of the fruit by reducing the acidity and increasing the soluble solids.

Keywords: Deficit fertigation, Fruit, Hydroponics, Nano fertilizer, Yield
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Figure 1- The strawberry transplants cv. Sabrina in the growbags (cocopeat50% +peatmoss 25%-+perlite 25%) under
greenhouse conditions
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Table 1- The concentration of nutrients in the Hoagland nutrient solution is modified to feed strawberry plants
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Table 2- ANOVA for some morphological traits of strawberry cv. Sabrina using deficit fertigation and nano-chelate
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enlejl olzal
Error 18 0.10 0.105 5.35 42.71 0.183 25.84 598.61
CV (%) 6/68 8.01 9.53 51.8 8.006 15.54 7.57

bl oo Moy S g guy Jlein] pdaw (0 ()1 xe g I Gxe yuE )i st sgRAS
ns, * and **: non-significant and significant at 5% and 1% of probability levels, respectively.
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Figure 2- The effect of Zinc nano-chelate (a) and deficit fertigation (b) on fruit length of Fragariax ananassa Dutch cv.
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Figure 3- The effect of Zinc nano-chelate (a) and deficit fertigation (b) on fruit width of Fragariax ananassa Dutch cv.
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Figure 7- The interaction effect of Zinc nano-chelate x deficit fertigation on root fresh weight (a), and the effect of Zinc nano-
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Figure 8- Mean comparison interaction effect of Zinc nano-chelate and deficit fertigation on yield of Fragariax ananassa
Dutch cv. Sabrina
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Table 3- ANOVA for the biochemical traits of strawberry cv. Sabrina under using deficit fertigation and nano-chelate

treatment
©la e aSle
Mean Squares
U‘)'ﬁ"«"? éJL-o ) DE TA pH TSS a J‘@,)‘K b J‘@,)‘K "\'559'“3)‘5
Source of variation Chlorophyll a Chlorophyll b Carotenoid
@ 2 st of 2 0.176* 0.128* 9.26* 2.283" 0.912* 2.48*
Deficit fertigation
(b) 55y 38 b
Nano-chelate Zn 2 0.018* 0.043* 6.48* 0.925%* 0.084" 0.818*
a*b 4 0.0036"™ 0.00357" 0.34™ 0.153 " 0.035™ 0.133™
a W ol
“w;’rofw 18 0.0054 0.00748 0.824 0.117 0.065 0.089
CV (%) 13.53 2.45 12.88 13.54 14.52 16.39

bl oo Moy S g gy Jlein] e (3 () me g I me puE Cud i 4z smgndS
ns, * and **: non-significat and significant at the 5% and 1% of probability levels , respectively.
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Figure 9- The effect of Zinc nano-chelate (a) and deficit fertigation (b) on TA content of Fragariax ananassa Dutch cv.

Sabrina
3.8 - b 3.9 - a
3.7 4 2 381 c b T ;
g b 3.7 - | !
3.6 ¢ .'r 3.6 1 {
— 3.5 1 . = 3.5 1
& 34 ‘ 2 3.4 -
3.3 A
e 3.2
3.2 4 3.1 -
31 3
130 110 90 0 1 1.5
(Redslea) (280 Jslona o5 G 25 65,0 sLchle
Deficit fertigation (ml) Concentration of Zinc nano-chelate (gll)

Wyl 63 (5,595 0980 PH a0 2 (0) o3 skone o5 5 (2) (59, Y @13 3L 1Y+ U
Figure 10- Theeffect of Zinc nano-chelate (a) and deficit fertigation (b) on fruit pH of Fragariax ananassa Dutch cv. Sabrina
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Figure 11- The effect of Zinc nano-chelate (a) and deficit fertigation (b) on fruit TSS of Fragariax ananassa Dutch cv. Sabrina
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Introduction

The use of natural and artificial mulches to reduce evaporation from the soil surface and retain moisture is
one of the best measures to make optimal use of limited water resources and increase crop yields. Optimal
production of plants in sandy soils has been challenged due to their low capacity in water retention and also
production of plants in arid and semi-arid regions due to water shortage and drought stress. Water scarcity is
increasing as a result of global warming, and attention is being paid to the methods that lead to water storage.
Therefore, it is necessary to increase water consumption efficiency with new technologies. One of the new
methods of water retention in the root zone is the use of a water retaining layer below the soil surface. By
preserving water and elements in the root zone and creating a stable environmental state, it increases local
production and economy by reducing soil erosion and groundwater pollution. Also, due to limited water
resources, it is necessary to seek solutions to conserve water and increase water use efficiency. Mulch is
considered as one of the best ways to retain water in the soil and reduce soil evaporation. Therefore, in this
study, the application of impermeable soil layer on morphophysiological and biochemical traits of eggplant
(Solanum melongena L.) was investigated using date leaf mulch under deficit irrigation stress.

Materials and Methods

This study was conducted in Roudan, Hormozgan, Iran. Main plot includes deficit irrigation stress in three
levels (100, 70,40 % of plant water requirement), sub-plot includes mulch in two levels (date leaves and no
mulch) and sub-sub-plot includes impermeable layer in three levels (0, 100, 120 cm). Eggplant seeds of the local
variety Rudan were planted in the seedling tray and transplanted when the seedlings were about 15 cm long or 5-
6 leaf stage. Shortly after transplanting the seedlings to the field, daily irrigation was performed. CROPWAT
software was used to calculate 100 % of the water requirement. Stress was applied using drippers with lower
flow rate or reduced irrigation hours and by installing water meters.

Results and Discussion

The results showed that the highest plant height (78 cm) belonged to date palm mulch, layer impermeable at
depth of 120 cm and 100% water requirement. The use of date palm mulch and impermeable layer, especially
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the impermeable layer, has led to an increase in the number of leaves and fruits in the eggplant. The highest
number of leaves (189) belonged to the treatment without mulch and with an impermeable layer of 120 cm soil
depth in 100 % water requirement and the lowest (75.13) belonged to the treatment without mulch and
impermeable layer in 40 % water requirement. The highest number of fruits belonged to the treatment without
mulch and impermeable layer at depth of 120 cm and 100 % water requirement and the highest amount of dry
matter (12.5%) belonged to the treatment of date palm mulch and impermeable layer at depth of 120 cm and 100
% water requirement and the lowest (1/9%) belonged to date palm mulch without impermeable layer and 70%
water requirement. The results showed deficit irrigation stress reduced the amount of chlorophyll a, b and total in
eggplant. The use of date palm mulch and impermeable layer in water requirement of 70 and 40 % has increased
the amount of chlorophyll, which seems to be used in case of water shortage, reduce the adverse effects of
dehydration and prevent the destruction of chlorophyll in eggplant. The highest amount of total chlorophyll
belonged to the 100 % water requirement, without the use of date palm mulch and impermeable at depth of layer
120 cm. The highest amount of proline in this study belonged to treatment without date palm mulch, application
of impermeable layer at depth of 0 cm and water requirement of 40 % and the lowest belonged to the treatment
of date palm mulch, application of impermeable layer at depth of 120 cm and 100 % water requirement. The
highest amount of eggplant water use efficiency was obtained in 40 % water requirement, use of date palm
mulch and impermeable layer at depth of 120 cm. The results of this study also showed that deficit irrigation
stress reduced fruit yield in eggplant and the use of date palm mulch and impermeable layer also increased
eggplant yield. This increase in fruit yield is especially noticeable in the use of date palm mulch and
impermeable layer at depth of 120 cm.
Conclusion

It seems that the impermeable layer and date palm mulch have reduced the negative effects of water stress
on the plant, increased fruit yield and water use efficiency and reduced the effects of stress.

Keywords: Mulch, Water use efficiency, Water requirement, Yield
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Figure 1- Mean comparison interaction effect of mulch, impermeable layer and deficit irrigation on plant height of eggplant
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Figure 2- Mean comparison interaction effect of mulch, impermeable layer and deficit irrigation on leaf number of eggplant
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Figure 3- Mean comparison interaction effect of mulch, impermeable layer and deficit irrigation on fruit number of eggplant
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eggplant fruit
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Figure 5- Mean comparison interaction effect of mulch, impermeable layer and deficit irrigation on total chlorophyll content
of eggplant leaf
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Figure 6- Mean comparison interaction effect of mulch, impermeable layer and deficit irrigation on proline content of
eggplant leaf
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Figure 8- Mean comparison interaction effect of mulch, impermeable layer and deficit irrigation on eggplant yield
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Introduction

Management of municipal wastes as well as their reuse is one of major concerns of researchers in recent
decades due to the expansion of urbanization and increase in production of municipal waste. Composting and use
of municipal waste is one of the solutions used in the management of these materials. Implementation of various
additives to enrich and improve the properties of the produced compost is one of the common methods to
increase the efficiency of produced compost. Different organic and inorganic compounds are used to enrich the
produced compost. The aim of this study was to investigate the effect of two organic compounds (blood powder
and bone powder) and a mineral compound (phosphate soil) on the composting properties of municipal waste. It

was also our goal to find the effect of these treatments on growth characteristics and concentration of nutrients in
shoot of spinach was evaluated.
Materials and Methods

This research was conducted in two stages. The purpose of the first part was to investigate the effect of
organic and inorganic additives on the properties of municipal waste compost. Experimental factors included
four types of composts including control compost (without additives); compost plus 1% blood powder; compost
plus 1% bone powder and compost plus 5% phosphate soil. After sieving the waste and removing the waste
leachate, about 60 kg of waste was weighed for each treatment and placed in plastic barrels with a volume of 100
liters for better control of aeration conditions. The compost ripening factors were stable after 90 days, when it
was screened and materials were separated, then some of its properties include acidity, electrical conductivity,
organic carbon, total nitrogen, C/N ratio, iron, humic acid, fulvic acid, and other parameters including
humification ratio, humification index and degree of polymerisation were measured. In the second phase, the
effect of compost enriched with blood powder, bone powder and phosphate soil treatments was compared with
control treatment (without compost) on growth characteristics and nutrient concentrations in spinach shoots in a
greenhouse experiment. For this purpose, pots (with a diameter of 25 cm and a height of 30 cm) were packed
with 8 kg of soil in which enriched composts was mixed in 5 g compost/kg of soil ratio. After preparing the pot,
the humidity reached 65% of the field capacity and after 25 days, 6 spinach seeds (Spinacia oleracea L.) were
planted. After 50 days of planting, the plants were harvested and parameters such as shoot dry weight, leaf area,
nitrogen, iron and phosphorus were measured.

Results and Discussion

Results of enriched compost showed that the highest amount of reduction in EC (with 14.5%) and OC (with
8.9%) was resulted in phosphate soil treatment and the highest reduction in C/N ratio (with 46.8%) was related
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to blood powder treatment. Regarding to the other variables, the highest N and Fe concentrations was related to
the blood powder treatment with 2.5% and 706.6 mg/Kg and the highest P content with 1.66% was observed in
phosphate soil treatment which had a significant difference with control. Regarding to the Humification indices
the highest difference with the control treatment in Fulvic acid content with 24.5% was related to bone powder
treatment, that of Humic acid content with 32.4% and Polymerization rate with 43% was related to phosphate
soil. In this experiment, the amount of organic carbon was expected to increase in blood powder and bone
powder treatments, which was not the case. This may be due to the effect of these treatments on increasing
microbial activity such as microbial respiration and increasing the decomposition of organic carbon which
ultimately leads to a decrease in the amount of organic carbon. The increase in EC in organic treatments
compared to inorganic treatments may be due to weight loss of organic matter and release of various mineral
salts. The effect of experimental treatments in the greenhouse section also showed that highest difference in plant
dry weight compared to the control was related to the blood powder treatment with 59% increase and regarding
to the leaf area with 31.9% increase through application of the blood powder and phosphate treatments. The
highest amount of Fe and N absorption in spinach shoots was also observed in blood powder treatment with
1177 mg/Kg and 3.13% respectively. Phosphate soil with high amounts of phosphorus increased the amount of
this element in the shoots of spinach. The two combinations of blood powder and bone powder caused a
significant increase in these elements in the compost and in most of the measured parameters, due to their high
amounts of nitrogen and iron. These two organic substances were significantly different from the control.
Conclusion

The results of this study showed that the enrichment of municipal waste compost using organic and
inorganic additives can compensate for the lack of some elements in the compost and further increase the growth
of spinach. Adding blood powder increased the concentration of iron and nitrogen in the shoot and decreased the
C/N ratio compared to the control treatment. Also, the positive effect of phosphate soil and bone powder are
effective in increasing the phosphorus content of compost. In addition, the combination of phosphate soil with
municipal waste compost due to the formation of more stable materials such as humic acid and folic acid
prevents their subsequent wastage. Finally, it can be concluded that in this experiment, two treatments of blood
powder and phosphate soil have the best effect on enrichment and they had increased growth characteristics of
spinach and in general, and blood powder was selected as the best treatment.

Keywords: Blood powder, Bone powder, Municipal waste compost, Phosphate soil, Spinach
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Table 1- Chemical properties of blood meal, bone meal and phosphate soil
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Table 3- ANOVA (mean squares) for municipal waste compost enrichment under application of blood meal, bone meal and

phosphate soil
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Table 4- The effect of blood meal, bone meal and phosphate soil on the chemical properties of municipal waste compost
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Table 5- ANOVA for the effectof municipal waste compost enriched by blood meal, bone meal and phosphate soil on some
traits of spinach plant
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Table 6- The effectof municipal waste compost enriched by blood meal, bone meal and phosphate soil on some traits of
spinach plant
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Introduction

Pear (Pyrus communis L.) is one of the major fruit trees in the world which grown in temperate zones. In pear
breeding program the bigger fruit size with better quality as well as market acceptability are usually in interest. In
fruit trees, the size and yield of fruit are closely depended on cultivar and rootstocks. The variations of nutrient
uptake, water use efficiency, photosynthesis performance, and resistance to biotic and abiotic stresses have been
reported among different combinations of cultivars and rootstocks. Therefore there is a close relation between
cultivar and rootstock with yield and quality of produced fruits. In recent years the semi dwarf clonal rootstocks
of pear including OHxF, Pyro and FOX series have received more attention. However the performance of these
rootstocks varies depending on scion cultivar, climatic condition, soil type, and planting system.

Materials and Methods

This experiment was conducted to assay the growth characters and fruit yield of Dargazi and Louise Bonne
(Beyrouti) grafted onto PyroDwarf and OHxF69 rootstocks at the Orchard of Astan Quds Razavi, Mashhad, Iran
(36°17' N, 59°36' E; altitude. 985 m) during 2018-2019 and 2019-2020. The experiment in both consecutive years
was done as a factorial in the base of randomized complete blocks with four replications. The studied cultivars
were grafted onto PyroDwarf and OHxF69 rootstocks in late spring 2016. The used water was pit water with 695
pSiemens/cm EC and pH 7.17. Evaluation of plant growth was carried out at the end of the season. The studied
traits were included tree height, internode length, vertical and horizontal growth of shoots in the current season,
trunk diameter above, below and in the grafting line, leaf area, shoots angel and the number of sucker per tree.
These characters were assayed in three trees per each replication. The trunk diameter at the below and above the
grafting line was calculated according to trunk circumference that was measured at 10 cm above and below the
grafting point. Leaf area in each tree was assayed with area measuring device. Flowering characteristics (start
blooming and end of bloom) were determined. Fruit ripening season was also recorded. Yield of trees was assayed
by weighting of produced fruits in each tree with a digital scale. The combined analysis of obtain data was
conducted by SPSS and differences among means of data were determined by Duncan's multiple ranges test at
P<0.05. The reported data was the mean of two studied years.

Results and Discussion
The obtained results showed the variation in growth and bearing properties of different combinations of
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Beyrouti and Dargazi cultivars with PyroDwarf and OHxF69 rootstocks throughout the studied years. The analysis
variance showed the significant effect of year, cultivar and rootstock on growth characteristics of pear tree. Also
the interaction effects of cultivar and rootstock were significant on tree growth response with exception of
internode length. The most studied parameters showed a significant increasing during the two consecutive years.
During the studied years the height and width of pear trees were increased up to 10.44 and 14.54%, respectively
and the trunk diameter was increased by 10%. According to obtained results the growth of Dargazi cultivar was
higher than the Beyrouti cultivar. The effect of OHxF69 rootstock on growth increasing of studied cultivars was
prominent than PyroDwarf regards to tree height, shoot length and internode length. However the highest trunk
diameter and leaf area density of both cultivars was found in PyroDwarf rootstock. Although the time of blooming
and fruit ripening of each cultivar was not influenced by the rootstock but the bearing characters were varied
between the Dargazi and Beyrouti cultivars. The highest yield of pear fruit was obtained in Dargazi cultivar and
grafting onto PyroDwarf rootstock significantly enhanced the fruit yield in both cultivars.

Conclusion

The rootstocks have a key role on growth and yield of pear trees as well as their responses to abiotic stress.
Rootstocks through influencing the physiological characteristics of grafted scions regulate the quantity and quality
of produced fruits. The results of present study showed the variation in growth and bearing properties of different
combinations of Beyrouti and Dargazi cultivars with PyroDwarf and OHxF69 rootstocks throughout the studied
years. The PyroDwarf rootstock greatly reduced the tree growth and enhanced fruit yield of both Dargazi and
Beyrouti cultivars. According to the obtained results the PyroDwarf rootstock is recommended for Dargazi cultivar
to reach the highest pear fruit yield under similar environmental condition of present study.

Keywords: Dargazi cultivar, Flowering, Fruit set percent, Grafting combination, PyroDwarf rootstock
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Table 3- Blooming and fruit ripening times of pear trees in two studied years
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Table 4- Combined-ANOVA for the rootstock and cultivar effects on blooming and fruiting of pear trees in two studied years
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ns: Non-significant, ™ and *: Significant at 1% and 5% of probability levels, respectively.
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Figure 1- The interaction effect of rootstock xcultivar on primary fruit set (A), final fruit set (B) and fruit yield (c) in pear
trees (DMRT, p<0.05).
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Introduction

Barberry is one of the important agricultural products of Iran and has an important role in the economy of
farmers, especially in South Khorasan province. Salinity as abiotic stress can cause an ionic or osmotic
imbalance in plant cells. Salt stress also restricts plant growth and development by affecting water reducing
availability and affecting plant production. Despite the relatively high tolerance of barberry to environmental
stresses, increasing soil salinity and irrigation water in barberry growing areas, the growth, and yield of this
agricultural product have decreased. The use of plant growth-promoting rhizobacteria (PGPR) is a new method
that has been shown to increase the tolerance of various plants to salinity stress.

Materials and Methods

Due to the lack of information about the effect of salinity on the growth and establishment of barberry off-
shoot and the role of beneficial soil bacteria in increasing the tolerance of this plant to salinity stress, this study
aimed to investigate the role of bacteria on growth, physiological and biochemical properties and uptake of
nutrients by barberry off-shoot at different levels of irrigation water salinity. For this purpose, a factorial study
was conducted in a randomized complete block design with 3 replications. Experimental factors included plant
growth-stimulating bacteria at three levels (control (Without inoculation) and inoculation with Pseudomonas sp.
P1 and Pseudomonas sp. P2) and salinity of irrigation water at three levels (control, 6 and 12 dS/m from sodium
chloride source). The bacteria used in this study were able to produce indole acetic acid, siderophore, ACC
deaminase enzyme, and dissolve insoluble phosphate (tricalcium phosphate) in vitro. For inoculation, inoculum
containing each bacterium with a population of 108 cells/ml was prepared in the Nutrient Broth medium and
added to the root medium. The plants were irrigated with non-saline water for one month and then with saline
water for two months based on experimental treatments. Finally, leaf sampling was performed and various
characteristics such as leaf dry weight, chlorophyll, proline, total sugar, RWC and phosphorus, potassium,
sodium, and chloride concentrations were measured. Analysis of variance of traits was performed using SAS
software and the means were compared using the LSD method with a probability level of P<0.05.

Results and Discussion

The results showed that the salinity of irrigation water reduced leaf dry weight, chlorophyll and carotenoid
concentration, relative water content, and potassium to sodium ratio of barberry leaves. Decreased
photosynthetic pigments under salinity may be due to decreased synthesis of the main chlorophyll pigment
complex, oxidative damage to chloroplast lipids, pigments, and proteins, or increased chlorophyllase activity. In
contrast, with increasing salinity, the amount of proline and total sugar and the concentration of phosphorus,
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sodium, and chlorine in leaves increased. Bacterial inoculation also increased leaf dry weight, chlorophyll,
carotenoids, potassium concentration, relative water content, and potassium to sodium ratio, especially in saline
conditions. Also in saline conditions, the concentrations of sodium, chlorine, phosphorus, proline, and total sugar
in the leaves of barberry off-shoot inoculated with bacteria decreased. It seems that PGPR plays a significant role
in the regulation of cellular osmolites, including proline and soluble sugars, by producing various metabolites
and increasing the absorption of water and nutrients. The highest amount of leaf dry weight (0.70 g), total
chlorophyll (0.92 mg g fresh weight), carotenoids (0.51 mg g* fresh weight), leaf potassium (0.48 %), and total
leaf sugar (43.7 mg g* dry weight) was obtained from the application of PGPR in conditions without salinity
stress. Also, the use of bacteria in saline conditions decreased the amount of phosphorus and total sugar and in
non-saline conditions increased the amount of these parameters. PGPR through various mechanisms such as the
production of auxin, organic and mineral acids, and secretion of proton and phosphatase enzymes increase the
availability of phosphorus for the plant, root growth, and absorption of water and nutrients. Increased absorption
of water and nutrients has led to increased leaf growth and development and therefore reduced phosphorus
concentration (dilution effect).
Conclusion

According to the results, PGPR by increasing the absorption of water and nutrients such as phosphorus and
potassium caused osmotic regulation in the plant and thus increased the tolerance of barberry off-shoot to
salinity stress of irrigation water. The ability of these bacteria to improve plant growth in saline conditions could
be due to the production of auxin, siderophore, dissolution of tricalcium phosphate, and especially the production
of the enzyme ACC-deaminase (as observed in vitro). Therefore, these bacteria can be used to improve the
nutrition growth and establishment of barberry off-shoot.

Keywords: Barberry, Beneficial soil microorganisms, Nutrients, Osmotic regulation, Salinity stress
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Table 1- Soil properties before cultivation of Berberis vulgaris suckers

— S el ek
Sk cdl ca M Na K EC
Text::e ‘ & oM sP pH
(mg.kg™) % (ds.m™)
b oy 135 430 132 120 0.32 28 2.05 8.04

Sandy Loam
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Table 2- ANOVA (mean squares) for the effect of PGPR on the growth and physiological traits of Berberis vulgaris irrigated
by different levels of water salinity

039
a 3 AL 5 5 ol HIARY S
e SRR SE e e S e e
S.0vV & Sy L Chloratl)phyll Chlorophyll b Chlgfgalh I Carotenoids Sy
df Leaf dry SPAD pny! RWC
weight
Ssh
Block 2 0.001* 21.7ns 0.0006 ns 0.0001 ns 0.007 ns 0.003 ns 411 ns
oc
d”‘” 2 0.106** 126** 0.030* 0.014* 0.083** 0.124** 147*
Salinity (S)
‘5):_5]* 2 0.020** 97.6* 0.026* 0.011* 0.047* 0.026* 194**
Bacteria (B)
S8 X9
SalinityxBacteria 4 0.002* 29.3ns 0.0008 ns 0.009* 0.036* 0.013* 6.02ns
(SxB)
s
18 0.0005 10.3 0.005 0.002 0.009 0.004 21.3
Error
Recabarel 451 8.21 119 131 8.58 125 7.59
C.V (%)
)“‘“’"’G’L‘ LSJ')'T 4 u‘J9)’ JS S P Wl"i o2 chale )K""]“L“ & ety o
SOV df Proline ol P K Na cl e
o Sugars  Concentration ~ Concentration Concentration Concentration K/Na
Sk 2 0.002ns  0.003 ns 0.0001 ns 0.005* 0.15* 1.18* 0.0001 ns
Block
‘5’9‘” 2 0.155** 0.027** 0.012** 0.008** 3.27** 22.6** 0.166**
Salinity (S)
st 2 0.412%  0004ns  0.013* 0.004 ns 0.22%% 20.1%* 0.004*
Bacteria (B)
s SLxs)eh
SalinityxBacteria 4 0.003ns  0.026** 0.011%* 0.008** 0.17* 2.46% 0.007%*
(SxB)
s
18 0.006 0.003 0.001 0.002 0.018 0.82 0.009
Error
et 152 19.1 7.13 9.91 8.09 136 106
C.V (%)

Woyd 0 g ) Jlain] daw )3 (g5 gime (gl gime pis s 4 F g

#% NS
¢

ms, ** and *: non-significant, significant at p<0.01 and p<0.05, respectively.
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Figure 1- the effect of PGPR (A) and salinity of irrigation water (B) on the leaf SPAD index of Berberis vulgaris suckers (LSD,
p<0.05).
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Figure 2- The effect of PGPR (A) and salinity of irrigation water (B) on the leaf chlorophyll a content of Berberis vulgaris
suckers (LSD, p<0.05)
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Table 3- The effect of PGPR on the leaf dry weight and chlorophyll and carotenoid content of Berberis vulgaris suckers
irrigated by different levels of water salinity

<1, S S
&5 ? Salinity (dS.m?) Salinity (dS.m?)
Bacteria 0 6 12 0 6 12
S Sis 339 Sigidg,l
Leaf dry weight Carotenoids
@ (mg.g* FW)
PO 0.58b 0.46d 0.39e 042c 0.40 cd 0.34f
P1 0.70a 051c 0.44d 051a 0.45 bc 0.40 cd
P2 0.66 a 0.56 b 0.47 cd 0.44 bc 043¢ 0.37e
b by Total Chlorophyll JS LIS
Chlorophyll b (Mg.g™ FW)
(mg.g* FW) 9.9
PO 0.38 bc 0.34cd 0.29e¢ 0.83 bc 0.75¢ 0.72 f
P1 0.41b 0.39 bc 0.33cd 0.85b 0.76 d 0.77 cd
P2 0.46 a 042b 0.38 bc 0.92a 0.79¢ 0.78 ¢
)5 gl ime MBI LSD 9051 ol p1 003 0 Jlosinl prdas 13 L5)b S yndie By S JBlis &S Sl Sl oy (4l
Values followed by different letters were significant difference according to LSD test at p<0.05.
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Table 4- The effect of PGPR on the total sugars content and concentration of some elements in the leaf of Berberis vulgaris
suckers irrigated by different levels of water salinity

Sogw Sygm
SASL Salinity Salinity
Bacteria (dS.m™) (dS.m)
0 6 12 0 6 12
JSAJS 5’)_! d clals
Total sugars Leaf P concentration
(mg.g* DW) (%)
PO 205¢ 43.1a 27.6 bc 0.37d 051b 0.58 a
P1 325b 29.5 bc 27.7 bc 0.47 bc 0.47 bc 0.50b
P2 43.7 a 37.1ab 215¢ 0.43cd 0.41d 0.42cd
Leaf K concentration Leaf Na concentration
(%) (%)
PO 0.40 bed 0.44 abc 0.47 ab 131g 2.28d 3.59a
P1 0.48 a 0.33d 0.43 abc 1.27 gh 192e 3.07b
P2 0.44 abc 0.37 cd 0.37 cd 1.23 gh 164 f 271c
S kil Syt 4 polly Conss
Leaf CI concentration K/Na )
(%)
PO 5.76 def 8.03 bc 104 a 0.35b 0.22¢ 0.19¢
P1 5.01 ef 6.71 cd 8.51b 0.47 a 0.19¢ 0.20c
P2 4,76 ef 444 6.05 de 0.49a 0.22¢c 0.18¢

)5 gl ime MBI LSD 9051 ol 1 a0 )3 0 Jlosinl prdas 13 L5)b S yndie By S JBlis &S Sl Sl oy (<l
Values followed by different letters had significant difference according to LSD test at p<0.05.
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