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Abstract

Introduction: Brassinosteroids play an important role in plant growth and development. Seedling is one of the most
important factors affecting plant establishment and crop production.

Methods: The effects of tomato seed pretreatment with 24-Epibrassinolide (EBL) on germination indicators, seedling
growth in the greenhouse and the effect of foliar spraying on plant growth and yield in the field were investigated. The
treatments in the germination and seedling production stage included seed soaking (priming) in distilled water (control)
and EBL solution with concentrations of 0.25, 0.5 and 0.75 uM for 24 hours. Seedlings obtained by seed priming in EBL
(0, 0.5 and 0.75 pM) were transferred to the field and after one month, they were sprayed with concentrations of 0, 0.5 and
0.75 uM.

Results: Compared to the control, EBL increased the percentage and speed of seed germination and all physiological and
growth parameters, and the effect of 0.75 pM was more significant. The effect of EBL on the measured parameters in the
field was also very impressive. Although the effect of seed priming alone in all treatments was significantly better than the
foliar spraying alone in all stages, but the combination of these two treatments in both concentrations of 0.5 and 0.75 uM
was more significant than seed priming or foliar spraying treatments. Tomato production from the combination of seed
priming along with foliar spraying increased by 74% at 0.5 uM and 145% at 0.75 pM concentration compared to the
control.

Conclusion: The concentration of 0.75 pM of epibrassinolide as a combination of priming and foliar spraying had the
greatest effect on seed germination, seedling growth, fruit yield, and quality traits of fruit extract.
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Table 1- Physicochemical characteristics of the soil where the experiment was carried out
Soil texture  pH EC(dS/m) (%) Organic Carbon K (mg/kg) P (mg/kg) N (%)
loamysand 7.5 1.8 1% 320 4.8 9




44
P00 daxino IF-V Ll VA aly o 1o,led V5 90 60})3w|~“~ ) ole dolilad

F38lgn S g g Mo yd

w2 ;0 03ailez Hody olasd (A5led b g wand o3l 18 Aads 7 50 Jlesd 2 sl 2baaSe H1S5 e 5o (SRS slayd
(Germination Rate) Jjails> e, 9 (Germination percentage)  ojailss duoyo .ol dewlxe 5 Jge,8 &b 51 Siails>

[21] o aslos 15 Jgey8 3o

GR-X (%‘) sz%m 100

3y Slass it asine Hloy SO0 00 dilex sla,dy Slass N e )& S slaw N oo dlez sla,d sl G

S o3l 3 )5 555 Sy (539 9 428,518 lges Ty el O ke 4y Wadigad e 05 (6 eS0T LS S 5 (5 ot
30,5 Sis ol 5 Gl a0 Ve sleo b yglye el VY oo s g o 00ls 418 cagiagll g8 50 aaiges o] 51 s o
dslone 90,0 e g1 g alaly Sl ookl b Sy 2l Ol (o s5me 5 05 5T ojll g3l L Leaiged Sas (59 e

[22] 5o 5

RWC(%) =(5 (9 — &3 (591 5 )9~ (y59) xV

Sy 40 Py Sl (g 50 310]

S et Gl sgiint) gasud ey 0lS o3l (5 8l 5l el k8 4y ahatte mhaw ¢ Sg Sedd Al sl
Y 5lam g 00,5 adlol T a jhaie OF yid o Ve g o ools )13 oz o iulesl sladdg) 19,0 e O L (oLS mlaws
(g <L) Metthom Jow (e EC) (So i8Il mwcalon 5 osliiul L (ECL) batiges S 2SIl culan oljee el
sals 1,8 olBiule;l Joere (slos ;o ladiges o] 5l ams g 0uzd 5 15 1508 10 el YT Gioe a4y digas s .o (5 S0l
225 Al 5l eolatal b badiges 13 Sgrceds (ljme Caled 10 5 08 (6,50 il Toases (EC2) aiges (Ko Sl Colod yljus 5 0

[23] 08 5 acilxe

EL= EC./EC,%x100

LS (algp plail g audy ) g3 9 Jobo

Jsb 5 atilos (B pllus loady) plel B ond dincd ady ) SLLI S 280 by g Lol Jlad o 0 4is 0 olaad jslate cnl 4l
D (g yeS ol GBS e L (5 84T sag g sLis e plail g ats; el )l

olS (olg ol g aud ) SUiA g 5 (39

SE ples jolate cpl sy s )5 SB 5l ass b olen S lanl e e 0 (S5 34205 ady) g 2len plul (glala sl
Ssysb a ) ady, SlLLI S STl 00,8 gyl Jo b1y e ciles ¥ as & gy slailagls pelans b adls 5l ey, LI
Caond 93 4 0LF A3l >l 5l 5 00,8 St 1) laaty ) (GAEL Sl b e vy g i 390 35 Lot ) &y (oo 0 oS
S rSolal gl ab 5 pSejlail o5 lie S o b Jluzms (55515 b allloz jsbo 4 plaS 10 g ouds o gy 5l adsy ) g eendid




45

(Solanum lycopersicum L .) (85,9465 dga0 3 ,Sloc gt o 2l 51 / OSon 9 (S8

g o ools 18 oS bl ax,o Ve gl o el FA oo 4 g (coguinnglT o8 0 allas dy ) g i dadiges Sis (59

Al (6 S oslail Ages SLis 39 (e
Ay b JS duigh duai g wils ASLS dlani
Gt (il (slaasls slaws s Gyie Loy ladis (o) 08 5 0l (a0lS al> o sl bty caad Lo a5 a5l 5l oy

) 0,5 ol b 4 g9yl S g dia; JeolS ol 4 saims IS sleasls a5 lej U ac )50 po slis clS 7o)l 51 o
8,518 ke 050 S5 slealigS g aid S Sl o ealST L 55, lse

g 3D Mot 5130 09a0 (439 ruwgio § BASCLIND 3 (G0gm0 DIurT 0w JSWiT (Sogme JS dlaad

w‘bf )‘ = A ra‘.?u‘ L(bosm u,u)Lo.m (609}9 dl},c) KW L\.im-u.) 0ga0 9 MQ; u)ﬁm leJf @L&S‘oo; J.Q.c as ‘S)LA)
65)‘)4 c\l.u..:s:b ‘) )Lo...: ® )‘ 4;9.: ® ‘5L{ba9~a 9 u,u)l.o.m Le,j Slows ‘Mbsc MJIJL: 9 JJ')L) Ls.)l..a...ﬁ‘ U""))‘ as @L@O}.\A
sl lgieas Jlesd o 5l boges (39 dawgio 5 00,5 (59 p,5 /o) 35 L AX204 Jow Mettler Toledo  alKisle;l

ab e gl
Mgl 9,5 9 Jadg,l5

3 olS o5l oS 5l o, /Y Lo ool [23] (YAAY) Lichtenthaler g, 5l abeisig)lS g Judg IS jlade iowiw iy

UV-Visible ).».Aj.,.ﬁs)&.uu‘ oo l.: Uj u&> ué; o )I o9 W) OJ.».jLw Qo yo A w‘ J.a..J‘éJ.o..a AN 65L> = uij
Syg0 oy Ayl olfiws wulats Caga . odilys yiagil BV FEVIY e FELIA Glazge Job o oldl cile cary50 Joo
[23] w8 5 ailne 5 slaalal, 5l oolisl b 0S5, cldalé .o 8 1,3 ool

Chla = (12.25A,, —2.79A55)
Chib = (21.21A,4, —5.1A;,)

ChIT =Chla +chlb

Car — ((1000A470 —1.8Chla —85.02Ch|b)}
198

5 1o p,l5 ali) louisisIS 5 S Lubs IS b Jubs IS @ Lubg IS alé o 5 4 Car 5 ChIT Chib (Chla la Jse 3 ol 5
6 nsszh (0 35 o (6 03Il 1 ol gl 0y )5 Cyeass o0lS o lae MG MIF ey lalé bl o (o Jdgiil3S
28,5 &l g ale 5 59 05 2 e S e o

bw pH

(PrismaTech BPTR50, Iran) Jlious yiegiS |8, olfiws lawgd 5 oSG 5 s o ladigad Jolore dule dlge yl5ue (5,505l

PS5 Ve e e Sl ply eSo ol el egnS )8, (sladel axmio (69, ogie oylas oylad iz (i3, by 085 50
124] ssl oo oo o Lac



46
P00 daxino IF-V Ll VA aly o 1o,led V5 90 60})3w|~“~ ) ole dolilad

C omoling ool

o 2 o] ol 5 28 00 0 sl Jidganl Jidg IS (60 £-Y Jalowe b (ygemsl i (39, b C mslisg Gliee 6 5051l
o3 bgoasle ao)d VS hadlio s oo B ogdlear (aLS 03l 0570 By ol )3 08 Olo S ose S ) po S e
woys 1 V0 Libgan] LIS 60 b aslsl 3 ad oS o s ) S piedlie il Lo O b azsloy |y o 6,50 (Lo
Eran J8ganl 185,15 65 (liee 5 05 4B VO L Ve De ] ()0l 5 K o5 ge Sy 55l by ABg b 25
1251 0t e 5 s 5 Vo0 50 p S skee o 2 Ol polie 5 o S S

C‘).».ala.aj :(V XT)/( W)X\ .

Oyl pid J9B oy o]

U5 j9i 9 Jlas +1) Sy 5 0 323, il lon Ar ol 1 i oo Vo gl M8 sl 5,53l pliins
Sga yged Adlal il o sl pH AIY o Yw aS (5,05 30,8 Jlaul SO e ol comlie b ol roriw Jlid
Sl ke ¢yl yid Jos 50 00B8 pan md S g 08 ade ol e 1000 ,8 Cllilosly (B ran g )l g B85ie
[26] 00,5 dwloes o abaly 5l ogae o)las S Lo Voo 08 5L o )0 O jsods 05 ojlac (o

Sgw 0> V (Jlo g +/V) (B ran dgw aldlo 5 N ((d Lo Voo )0 0,5 o) 0500 0 lac 10 39250 Gﬂ ol jlode A
(&JLA M‘) ).'a..'»é)s.n \.\.».M.vl QY|5C’5| E 9 ()"'Jk.';l"'c) 090 o)La.C )L.\.DA :M s‘_;‘?).a.o

NXVXE

A= < 100

&bl o g & o

S35 S5 ¥ L el wdgs talesT o ol elS auly 5o b (Gaocs sy 52 53 5 ¥o) LS5 ez by (sl il
solatul b g plol dolas JolS slacSsly LB 1o 1S5 Y L slac 0 iolejl g Solas Mals o B o (GlalF sae Ve ol
O Jlis! mhaws j0 Sils slasals six g0l 51 ool b o pSileo SWS g a8 5 )15 il g 5JUT s SPSS 13316 5 5|
IRV I LRI WS

P4l S g Aoy
Cilises glacdale ol oad @) Jgaz o slis adgi 5 Sailsr Al e 43 yiell byl il s pSoshl 5 ol gl
Mgl gl Yaag,San VO cbale 4 Glate bo)] (l5ae o i 39 o gime (S3ailg2 e s g Qo )0 By ianlginnl
SYL cdale g0 o a4 o o caslin LioliEl saigy axalS Jiailex ey adgiinl ol cdale I8l L g
Sy g o0 b Fay wald b avnlie )0 gl p gl [Ygeg,Se /YO clale .Clli 052y (Sl o Sdsienlngl

(Y Jguz) ol ialidlas o YF g YV 1) o5 sls>




47
(Solanum lycopersicum L .) (85,9465 dga0 3 ,Sloc gt o 2l 51 / OSon 9 (S8

;M‘S’)Jui‘;mw “_59.0%" S;W@%W ""M)b

Hlos &) Sl Sgr Ca duoys bl sloyles gl jo andl ol zalS 1, T as o VY wals b dawslie 10 5 0l sasliv
clale ol L olS 50 Ol s Ggime bl 9929 Ay 00 pedaid CaliBie Zokaw o (6,18 cire Dglas Lol 0y e sl

25 Sysb g adgialp ol (VO e 4 baaye ol lade o i g Cenl aidle Sl sald 4 S adgialp o
(¥ Jgoz) i o] (souo,0 V8 il 4 yoeie canlis b alis

Lis u.}“yb ,c‘dﬁ‘ 5&3,1 9 duwg) J,lo
O S e gl Al wh iy Job (gauo ;o YTV Lilidl 4 e als b avglae (o gl ol (Vaeg S < /YO leus
Cls 3925 dall o (i gle YIA) glas )l (s S aS i o 50 gy £lad )] 0 )50 y0 .0uid sdwlive adginl p ol aliee glaw

Mgl p gl Vg5, S0 IV Jled jo Gialidl Jlade (pl g Bl Gralidl 55 slis el ol ) cassSepdas cdale ulidl L Ll
(¥ Jguz) 0 o1 (630,0 VYY) Golibl ay yomie ol b dunlie ;0 5 00 a5 iy

S Pax g8 Ll w9 5y (Fiailer b polily p (EBL) adgiomwl gl Jolone cilisio slocdile Sogealpy 551 - Jgox
Table 2- The effect of seed priming with Epibrassinolide (EBL) solution on parameters of seed germination and seedling
growth of tomato

EBL Germination percentage Germination speed lon leakage Relative water content  Seedling height Root length(em)

(uM) (%) (Seed per day) (%) (%) (cm)

0 80.4+4 9 2.40+0.16 ¢ 69.54+2.2 2 56.03+1.8 ¢ 3.80x1.2° 16.20+1.4 ¢
0.25 93.5+4 ¢ 3.11+0.16° 64.17+2.2° 62.1743.3 ¢ 8.20+1.12 18.60+2.0°
0.5 955+5.3° 3.22+0.16 2 57.77+2.2 ¢ 63.50+2.2° 8.20+1.3 2 20.40+2.4 @
0.75 97.345.5¢ 3.30+0.2 2 53.41+2.2°¢ 64.80+2.52 8.40+0.2 @ 21.60+2.6°
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Table 3- The effect of seed priming with Epibrassinolide solution on tomato seedling growth parameters
EBL  Shoot fresh weight  Shoot dry weight  Root fresh weight  Root dry weight

(M) @ (mg) (%)) (mg)
0 1.54+0.16 © 129.20+11° 0.994+0.13° 43.60+2.1°
0.25 2.93+0.16° 248.80+8 2 1.59+0.132 81.20+4.12
0.5 3.47+0.16 267.80+10° 1.42+0.21 2 81.00+3.22
0.75 3.92+0.24 2 298.20+14 2 1.7140.12 82.60+4.32
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Table 4- The effect of Epibrassinolide on physiological parameters and tomato growth in the field

EBL Method of applic_ation Relative water Ton Plant fresh Plant dry Number of lateral
(UM) Priming Folla_r content leakage weight weight branches
spraying (%) (%) ()] ()]
Control 0 0 40.60+1.8F 70.461+4.6 2 990460 401428 f 11.00+1.4f
05 + - 58.00£1.5°¢ 47.60+2.1° 1660471 ¢ 672125 ¢ 20.00+2.4 ¢
' - + 60.00+2.4 9 37.00+1.8¢ 1175491 ¢ 475426 ¢ 15.60+2.1 ¢
+ + 63.80+2.6 ° 35.20£2.6 ¢ 1689482 © 68428 ° 21.30+£2.3°
075 + - 58.10£1.5¢ 45.00+1.8 ¢ 1709494 b 691427 @ 21.60+£2.5°
' - + 61.80+2.2 ¢ 34.80£1.4¢ 1214467 4 491+25¢ 18.00+1.5 ¢
+ + 66.20+2.4 2 30.80+0.9f 17474922 703+29 2 24.00£2.6 2

50 8 L 610 sine B w00 Jlato gebas 10 S0 3051 bl g (g s 0 oS s by Sy Bl sl (slocyeSiles
R PR W 43‘)‘ I Jgn.\? o (;v).%\?; Q)S.Lo.c Slaw » ‘-\-‘-"j)-‘-“-"j-‘-*-ﬂ")-' (_;‘l.é)l&.u );‘ ‘_g)jo)L.b‘ )‘ J..al} C.sL..s
0ga0 dani g HAIS U 5o, dani

(PASB lej (0 50lisS 4 glaigFas (5 )15 otlesT calises (slajles il o (g )lacinn jobas 5 (BAIS S 5 Sl
g ob pll aly eaisSedas L0l Jslme b olien Siveulyy a5 05 (alpd 50 9 asisl pgl Yaeg e VO Jlas o
A Jslne § Simln Jlosd 93 0 23l coui gl siee jsbay ogee slani g walis Lot 4 bgyye 5 ooy on S SYsb
@ bogye SRl Gy Ll 8l Rl 5 ogee Sl ) eaniSieplas clale alBIL el b a5 5158 adsinl gl




49
(Solanum lycopersicum L .) (85,9465 dga0 3 ,Sloc gt o 2l 51 / OSon 9 (S8

2 ey WV flie 4y g 0l planil L0b Jole oo 5 Sialyy oo a5 0 (al il )0 adsisl gl Ve, See /YO jlas
Sl las iali8l sals b dawslis

W92 53 0ga0 3,5Mas 9 (59 dawgio

0y oS pelats Cilides zobaw s (6 0 sime olis Lol ool 0013 Laal33l 55 1) o 359 Lawgie gl ool caliSes mglaw
VO Lo 5l g 2,8 18 o lews il cou aalis b awslie ,0 a9 40 sgee o,Shee (yljee i sdalice 25 less 095 g
2oy PO (Lol Joloe jland oo Ve Sl Jled canld b anslie ;0 a5 (5 jsboas g 5l adsinl ol ;Y 505,00

(B Jgax) ols GlBl ogee o Shoe 00,0 VFO (8L Jslows § Simaly <55

S Fw g (50 550

o 9 Bhdslos ol pents Siealyy Sl 93 008 Ll 50 (J3g)IS (a5 JS L35S b @ L9l jlade 0 i
L e3hdslne olyenar b Siauly (e85 )lS a3l 5 S Jdo)lS @ L3515 3,50 0 00 oSl i Sl 50 53 )]
WyegSae [0 chile b 39157 (liae 0 1y S cpdn o8 Jl o 2l |y Sl Gt sdstinl ol Ygag,Se -+ IVO
e 0, oaiiS ity ke mliEl b bl Jslne olyen 4 Sivaslyy 05 Gl o (8 Jguz) cudls agianl
SpoaisS paliss gleil Galises slacilé alax 3l o Jlacl olo o colod pmr 45 oty 2l Ligl3él 3 ladigy 3gig 1S
e 4) 0sB5,lS cyteS dals Jlegs Lol cutlis ogzg (g loline NS WisSmen o] cikie Jlael slacdl> o u)

(6 Jga) 591 ilizes sl ,lass oo b jloline GBS glls g culo |y (5y3s 2 psS ceo YAIFE

ac 30 0 (Nidaz S o Sdas p odginl il -0 Jaux
Table 5- The effect Epibrassinolide on tomato yield in the field

EBL Method of application Number of Number of Number of Average Fruit Total fruit
(M) Priming Foliar flowering days to fruits per weight weight per plant
spraying branches flowering plant (9) (g
Control 0 0 17.00+1.4F 57.30+4.62 29+2.7°¢ 128+0.22° 377646 ¢
05 + - 31.30+2.4°¢ 47.60+3.8 ¢ 4242.3°¢ 141+0.26 5950453 ¢
’ - + 22.60+2.2 ¢ 51.00+4.2° 35+2.3¢ 140+0.33 * 4928+48 ¢
+ + 34.30£2.1° 47.20+3.6 ¢ 46+2.9° 141+0.36 * 6556+66 ©
0.75 + - 31.60+2.2 ¢ 47.00+2.9 ¢ 56+4.1° 141.5+0.322 7882+73°
: - + 25.30+1.8 ¢ 49.30+3.1°¢ 44+2.8°¢ 141.640.34 2 6215458 ¢
+ + 37.00+2.6 2 45.00+2.6 ¢ 65+0.2 2 142+0.312 9236+82 @
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Table 6- The effect Epibrassinolide on tomato photosynthetic pigments in the field
EBL Method of application Chlorophylla Chlorophyllb  Total chlorophyll . Carotenoid
(UM)  Priming Foliar spraying  (mg.g' FW) (mg.g"' FW) (mg.g"' FW) Chlorophyll index (mg.g' FW)
Control 0 0 3.99+0.3 ¢ 6.94+0.6 ¢ 10.9+1.4¢ 44.3+3.4°¢ 29.3+1.9°
05 + - 5.13+0.4 b 8.11+0.7°¢ 13.2+1.4°¢ 51.6+1.4°¢ 30.8+2.9°
’ - + 4.56+0.4 6.60+0.5 ¢ 11.1+1.4 % 47.6+1.4¢ 30.8+2.6°
+ + 5.74+0.5° 10.00+0.82 15.7+1.6° 53.0+1.8° 31.6+2.2%®
0.75 + - 5.68+0.5° 9.56+0.8 ° 15.2+1.5° 53.3+1.6° 31.7+£1.9%
' - + 4.660.5 6.93+0.6 ¢ 11.5+1.6¢ 48.0+1.7¢ 31.1+2.1%®
+ + 7.1540.62 9.41+0.8° 16.5+1.7° 55.6+1.82 32.0+2.82
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Table 7- The effect of Epibrassinolide on quality traits and physiological and biochemical characteristics of tomato in the

field
EBL Method of application Vitamin C Acidity of fruit extract TSS TA
(UM)  Priming  Foliar spraying  (mg.100g! FW) (%) (%) (%)
Control 0 0 25.0+2.3F 4.93+0.72 4.35+0.3¢ 3.37+0.1°
05 + - 26.0+1.4 ¢ 4.46+0.5 ¢ 485+0.2¢  3.90+0.4°¢
' - + 25.1+16°F 4.59+0.4° 485+0.2¢9  351+0.4¢
+ + 32.0£2.6" 4.05£0.4f 5.42+0.3° 4.36+0.44°
0.75 + - 26.3£1.6° 4.40+0.4 ¢ 5.02+0.3¢ 3.93+0.37°
' - + 25.8+1.3°¢ 452404 °¢ 5.00+0.2%  3.57+0.39 ¢
+ + 32.7£2.82 3.89+0.39 5.62+0.22 4.49+0.49°
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