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Saissetia oleae (Olivier) shagud) dpdal) Suiall cawgal) graal) au) silly daaalisal)
b sband) dina Abally o gl jladl Ae (Hemiptera: Coccidae)

Lud ¢ puad¥) Jual) ddhaia

wee

2 daaa llia aupe bluan Guual) s llae dlalS (¥ janles das Jadlae aisa

2018 sibe) hesi 14 Jlan (o yad) daalls eloandl Lune & Al sda cupal s paldtal)
Saissetia  elagull o yiall 5yaall (granll auisills drangall Luialiall ragi Caagy (2019 suisn
Jile JI Gae 32 5 48,5 160 I (gyed ani elya) a3 285 adially (5130 Acoleae (Olivier)
b il jedl DIa ghlan 59,0 yelig Bsin 1als Sha JaSs 48Y1 of ) il el sy o3l
Brdall aaine A8 (1 (558 lad L) 3gag Jangd a8y cdlial) o gign (sl (Ao Galasc]
il gy dlall e r=0.725 r=0.65 (suill e Llo)) cbllas aa ddand) 3hal) dayy
UYL Alie A el ading e #8985 e ST cilhia Capa Gare Bailall b cilopsall
sty DY) o oladl lpsall Jumdiy Sl S (gyoa) Hshall 3 (ssidl) il Bydall oai
Llle Ailan) AN @l i) apes @il (plat¥) Ao SLYI s (£95) Law (797)
Jaes Jutha Lgie cculalilall (e L) e Bpiall Lgan elacl agag Lul)ll caifiy LE(P<0.001)
ADle 3pay Jaee 25 ilusiball (e ol &)l uils Y (Metaphycus sp) dakidl & 8e Js¥
Ol Ao LV dales) culilall U e Wigaady AN ana G dfilaas) ANV iy 4o
(r=0.70 a8y r=0.71
Sp ¢adiall €053l tAaawse ASulin Saissetia  oleae :dpalizall cilall)
gl
Seasonal Dynamics and Age Distribution of the Black Scale Saissetia oleae

(Olivier) (Hemiptera: Coccidae) on Olive and Oleander Trees in Al-Bayda
City, Al-Jabal Al-Akhdar Region, Libya.

¢« Metaphycus

Abstract: This study was conducted in Al-Bayda ,Al-Jabal Al-Akhdar, over a peri-
od of 14 months (May 2018-June 2019) to elucidate the seasonal dynamics and age
distribution of the black scale Saissetia oleae on both the olive and oleander hosts.
A monthly assessment sampled 160 leaves and 32 twigs from each host plant. Re-
sults demonstrated a univoltine life cycle (one generation per year) for the black
scale, peaking in August for olive and in June for oleander. Strong positive correla-
tion results (r = 0.65 olive r = 0.72 oleander) were found for density of nymphs and
ambient temperature. S. oleae over wintered mainly as second and third instars. The
nymphs comprise the majority of the population (85-89%). The results showed
statistically significant differences (P < 0.001). In total, 97% of nymphs were locat-
ed on leaves, whereas 95% of females were located on twigs. The study confirmed
the presence of the insect's natural enemies including two parasitoids, one of which
was recorded for the first time in the region ( Metaphycus sp) along with four
species of predators. A significant correlation was found for fecundity to female
body volume on both hosts (olive: r = 0.71; oleander: r = 0.70).

Keywords: Saissetia oleae; Seasonal Dynamic; Olive; Oleander; Metaphycus sp;
FecundityKeywords: Saissetia oleae; Seasonal Dynamic; Olive; Oleander; Meta-
phycus sp; Fecundity
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dasial)

Leihge Lanyl dulle 431 (Hemiptera: Coccidae) Saissetia oleae (Olivier, 1791) slagadl L0,al) 5ydall 323
idaulsy 5ye Js¥ Ll 8 cilas (Annecke and Mynhardt, 1972; De Lotto, 1976) Lasd) casia 5 Jled LaY)
Gill, ) dloai 49 ) iy Uls L3 113 g ST e clils G Jilsall Baaxie 38 iy (1934) Zavattari
Jie Ay bl Ao il e g)d8 olé Sluasalls (Olea europaea L) osuill lebuni (e 223l Aoy (1988
e Wihaiad (3 ages lle Ay 4355 Leaia oilly olafly bS48l sy (Nerium oleander L) dku)
.(Ben-Dov and Hodgson, 1997) abLall Jilsal)

L I8 Al Bl 552300 (e 50 laaS D3 ) i b Aglal) sluanll palaial e S. oleae jua ity ¥
el Lganisi sy ) Alternaria s Cladosporium s Capnodium gelial ials ala ol ¢dall 5ol 40l
Al ahaall calad) Alternaria alternate disws Base &5 33 (Tena ef al., 2007) ddull skl cilsyxl
dunll #le e caSill e 1g3)8 cilyladl) oda (uSas (Abdul-Rauff ef al., 2019) slanl) dine 8 ddlal) 4nd bl
s o Bla 5y Ssaall Jdall Chaiy Laas ¢ (glall Jalally egual) Gaxi ¥ (o bl xie il cilall pead¥)
Chall 3490 aly aaly cd) dos Bale Jad Blaugiall llidl 4 (Santos et al., 2013) clull daaly) 4
(llias and Hammadi, 2017; Tena et al., 2007) stuilly Ciall & s ol dos Lseds Jlainl ga (5o s25)
Kapatos and ) syall slacl Qs 8 cus Al Qalsall oo Jadailly Gyl lg 8pal) A of () cladyall iy
Ll whasddl J33 Y S, oleae Jgs Lallall cluyal) 535 (0 o200 . (Stratopoulou, 1990; Mendel et al., 1984
Jual sae ddjen ) Aud)ll oda Caags 131 ¢ aaall Carmgl) ) a8 yadV) diall 3 S. Oleae Cladina o<a3 )
S Jemiil) dm s amgall Lgialiig s28Lall JlelaY) aisaty gpdal) painall (Spanll JSgl) igig did) A 5l
Ljaas Bpdiall dgaadll Clyise A jeay Adliall il isally lell Famglgadll Llatadl 58568 (ol V) Jilia G1sY))
B Lanil i psaail (g)g pum Liad g8 3 aanalS] daal 13 Lo (o 3Cialinal) 538 agh (of cdabaall dugaal) elacy)
gl elae¥l e Lalially clanall Sodall alastal) quaty Jasll ) gl o adas dlilSi

sl (3 kg 3gall

Vet 21.44 (mpall ot ol i 5umY) Juadl i el Ll 8580 JLedll 3 slimad) dune 3 dudll o3 Cappa
Jxine olad oagun acigio ¢ lias dilasall iatig o) mhaw (s5ie (368 e 609 g i) e 8,5 32.76 Jshll baa xa
oob oube (A sl (e B3l 8 Lgalina 359 ala 6005 400 G s Gy Jshas g Cila (31 Ciay e
by (ol dely i Adle Ldlie Cigyla ag Chiall 8728225 Slidll L 2"15-8 s dupedd) Bhall sy
TerraClimate Ul 320 (e (Zll) Ae g Al &y gha )l 5 ) jal) Sl jo) &y pedll Aaliall il e J geaal)
(Abatzoglou et al., 2018)

ASaalin & el dnansgall LD 2am)d (2019 s — 2018 sile) Ulliia hed 14 (s2e e ilasall wasll 3o
iy Ogusll Sladl e gl Byglaal) glalially Hidall jee daals Jama 8 iliial) allse sl 5 35 S, Oleae acins
&) ekl 3k ol LS ddyal) 558 DA dopdia Sl (6 alasiad aac g d0ydal) 5ydall Aaki Gl janiue 25 e ShI e
ki) 8 i) Lol dac)y 3 Cag plll Sy Las daliine

Clalad¥) asen (e Byt S (e Ol Ly Sl 53 IS (e Blpiie ladl L Janes Uped ciliiall Canad 28
g il ) ed calily dadya Aaudl (el B g @ o(Bad I 855 20 Jeal) reat IS (e Gl eed
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25Sms Saag iy gaall Caat A8y Lgandy Bpdiall Jlshl s aal gLz Vs (slally liad) mhacdl) (31)5Y) cuaad
50 teays (LY o wljeall) Hshall s Leadiais S, oleae bl ames disad 23 iy (Stereo  microscop)
Aodieal) ilial) Croens Lol A8 ) il yiaal) g cllalall o) 30 Cay jai g pen o3 WS (0leat V1 il G31y5Y1) LajS5
Alam, 1957; Bienkowski. 2018; Brooks, 1994; Brooks and Barnard, 1990; El-Saeady and Hafez,)
.(2016; Graham. 1969

s o8 A sl e AT 155 sl lal (e A0 18 pes 3 M5 Augaadlly AN aua aaa G ADLD) il
senall can A JS e gfiall Gasul) aae Jids g (a0 20 k) (g Gl 8 (s8I ) Gy g )
el Cnt A Sie dayd aladiuls G el g lily Gasey Jl (el &5 lld G ALYl a9Cus Saagapins)
b Bl ordindl Alsleall 385 jolaall A mlila) Chal dndy auall J<5 O Gl 8l (Caladl) acall ana Cruny
.(Pereira, 2004) dglaall ciluyall

(2019 19 ,laaYl) Genstat gualiy aladials delgall aaia cplill Qa3 S, oleae 5dall AES Cilily Cincad N,
Jiladl e adsall (ARl ly) ulae cilbysall) saill Slghal (A2 Julae Ggull) Jilell 53 128V Laaasll Jalgall e
Duncan’s Multiple Range ) ,Lasl alasiily cillassial) cuiygd ass L (1ed 14) ceills (0l dilie Gl)sY))
peal) Jsda alac) o3 Gum Javeall ol jlastV) aladiuls wfiall (gl aae g AN ana G 380 st 5 LS (Test
bal Bl dalas e 28NN 898 iy o(Llaiw) bl jstd) (sl srey (i) Jiwad) ial
.(0.05) (g5ise die Lilaan) AV @3 ill aaes liely (R?) wasill Jaless (Pearson’s r)

:Ai8lially geiliat)

S. oleae  adise 4uSualipa

(Hemiptera: Coccidae) S. oleae slasedl &yl 5phall Luadinall Lalinall ans Cun (o AY)  Lab)all 3a 35
5 S. 0leae  elagd) Ayl adine Al pacssall Hshaill Ay Cpglil g ¢ yadl) Jiall dabaies elimnll dine b
Nerium ) 4Ls (Olea europaea L) ¢suill Ao (2019 5362018 sale) Do 14 conial Ally elianl) 4
(gimal) Ldalits 8953 Aupdial) Ciladinal) s s (Augaad) 8y0all jue dpaaal) 48BN 8 4y il e (Oleander L
o381 2018 sl dlus dupl Llgs (& gl A Aaalll ljpall e 7953 g U1 138 oy Chaall Juad DIs
Cind L) 8 Tasls Sls spiall of il iy 85 Aaad) jgY) DA spdall slael b suises 2y aledl 3,3)
llias and ) LSss sl 3 oebaalls (g 8 Tans Slon s ) byl e Ll (34555 Al i) i 5100
Ghliadl 3 laugid) Gaga 8 gal cluds cilaw Lay «(Hammadi, 2017; Kumral and Kovanci, 2004
-(Orphanides, 1990; Tena et al., 2007) i 3T Jing anly Jun 3939 ardy Libiad Jie duda)l) sl
Jalgall (M Adlia) Gl Aighaylly =Ll depas Shal) dapy ia LA dalsall (10 Ba8ne daghaies Bl o3a il
Dbl e spall duangall B350 Ao dushally Bhall cilaps 53l 1 ISaN mamgsy Lgal) elae¥) b dbaall ddlal)
abaally g5l
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(2019 5552018 s:be) 5l DA Lsusil dushaylly Sl cilays il g b Alially sl ladl Lo S, 0leae dpacsall 55l .(1):084

138 (ghads 2018 abancl jed o3 il e 85 M) cwilS a8 2018 suis A AN il e 5y )3 clad Cua
A8l dslie DU 8395 Ledlysl LS gl el Saam 3 sl JSig da8al Al L3l ) a1 e sy
Uaas 525 S. oleae of giladl) capelal 3y chuganll ehac) daiing 2 Llly uadl) Ay Limjpes il 485 (4l 2ed )
ol 8Osl e 5l ol 5,0 Capglag cdaball 853 PA dbally Gl Ge IS e HES b laialy Langa
e 33 Cyels Jadl b (gpdiall adinall G (il Le (gl caugall (DIA 53530l ST las) (00 %30 5232018
Abou-Ghadir lelass &)lie w35 adiad) Geed (la Lo gl duasall 258 0 %20 5232018 sisy (8 Al
2023/202252022/2021 cansge DA M acinadl g %27.19 5 %23.49 558al) 55,3 culia Euna (2025)
ol e campall 8 Bagaed) 38 (5e %10 5la A 5553 L of (2020) .Mesbah et al s L sl e
13 dabaall gy Gulilal) G CDBAY) (LS Lagiy Tt (i) adinall aatll o V) coplilal) e sptiall 35ag (re
Glydall s il un 2018 Gulane] 8 gl e dunse LS el i ad, L (P<0.001) ddle dflas) AN
(%72.4) Lanst Zaityall Gprasil] Lishajll Caaalis LS (2°26.7) shyad) Ayl (gyes Jasssia Aol ae Lialiia 53 1,960
& (1,234) 2018 salss sed 3 D5 gpall aaine 8 A6ES el Gaias 21l Laa (gl Slga¥) il (e cinianll
o n oalaa) 13 paials (424) 2018 i (e Tes Tals Lialess) 286K caags <lld aay (656) 2018 s
l Cun 2018 s 8 5K 8550 Cpela 2 Al e W (402) 2019 sis 8 lela)) Jad of Ja (109) 2019
olanely (728) silss ysed Ll ¢(%70.8) daisa duasi dnshyy (a°24.3) Altins s iayd die 930 cihydall aae
algall aedy colially Conall LA T Bine iy LSl jadiins 3 351 () Tayas slae) it o5 (639)
S LN o saae bl cyglil ag 5ball eli eV o) a3ad) dgha g Blyall Aao Lavas Yy A5La D)
(El Aalaoui et al., 2025; Pucci As¥) duysall slae¥) b adise G5 ) (g3 all oy 8 dajiall (mliasy)
.et al., 1982)
S. Bdall 5384l dmdinal) L8 Laasall Hhall days Tassgia G Ao dlag) Ll ADle 35ag dull 220 il iy
s siall o el Ll V1 ad culS el 3 o Jdisill e(r = 0.72 5 1 = 0.65) 4y o533 Aeoleae
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r=-0.05aally oguill (e IS e diginn e dain dule ADle 5ydall Jlaal) 2aally (%) Lancdll dugha I 40)gl)
Gl le Wilias) Ala ye Gl BDle L1 dejurg U I aaal) o LLS N1 el LS il Jer = -0.02
DSl Ll asT 5301 (2002) Badaryaul duass b g dushall sda il 3ams (1 = -0.32) ddaalls (r =-0.22)
.Mesbah et al <3 ady .2k gale il 2Ll A yuns daneall Digla)ll (5 ol cpn (b duninnall B 8 5l dn )
I 5355l plad) Jlsda dadiyal) dueel) duglayl) s aaliall Cag Ll ) (5308 8yiall (395 i aae alans of (2020)
Tena et ,<3s Al AUaill 13 6 Glaadyl) glaaaall (Olalall Ly Cilaally shald) of 35 Lae (gaaall Q0 & (g5n
) pshall elay e shal) cilagy paliadl il dam il (s DA 223 Y elagadl Lyiall daef o (2007) .al
aobsale USa 2y S, oleae &l digms of ) (2025) (El Aalaoui et af jlals ¢ LY digeas (aledsly
oy o () o Les 2°18 tie Jawa il &) 2°33 2ie aul) gy eV ame el Clih Gus Blal dayn plin)
Agrdinal) GBS gaig A8Y) SIS Ll 2e (a°33-30) dxiipall 3yl
L daial) dglie 45y e bbbl e gleg Aahall oda 3 J3d 38 Lege Liashati oo Augall olac¥) Caali LS
Metaphycus sp Ja 2235 Metaphycus sp. 5 (Hymenoptera: Pteromalidae) Scutellista cyanea
Lal and ) ull) (ooall Jledll daludl 8 Leghaus o5 ey 3Y) Jaall & J5Y) (Hymenoptera: Encyrtidae)
Jiksi daws T S, cyanea Julall Jaw 85 i) ) <t S.cyanea (2004) Amin Jsw 5 (Naji, 1979
588 il 8ydlie () IS Cargion Cus (%19.5) bl ey (%26.8) 2018 sls sed & sl Lo syaall e
Jyemgs adsll o)l (ga a2l oy mnll ajiay oala Juidall 138 of ) (1984) . Mendel et al jLal s, ¢ )
Teyn ailiyy Dlginy hlai sagane e Lualaiill a3US (6 Gl e %80 5 cilumesl) e %48 ) Ll alils (o
e %8.2 =l Metaphycus sp Juidall L el Ll cdiaill cilysall (e 508 el g 20 pramss Las il (pe o
Mendel ef al. Jles ¢l yans cljsally SY) bl IS8 @lbibl) o3a aalgss 2018 sls sed 3 A
Tenaet <. %25 s gl panll ae (med asl VI LIS (andl acag aiar ¥ Jadlall o e syl il clld (1984)
oSl Sl (gt ) Jemr Y Wlle 4 V) S, Oleae spde o T Uaiia oyl cildelall of ) al. (2008)
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Evaluation of the Antibacterial Activity of Libyan Sidr Honey and Thyme Honey
Against Some Pathogenic Bacterial Species Isolated from Patients at Benghazi Medical
Center

Abstract: This study evaluated the antibacterial activity of two types of Libyan honey, Sidr
and thyme produced in the Benghazi region, and investigated their physicochemical proper-
ties and relationship to antibacterial efficacy in light of increasing microbial resistance to
conventional antibiotics. Four clinically isolated pathogenic bacterial strains were obtained
from patients at Benghazi Medical Center: Staphylococcus aureus, Escherichia coli, Pseu-
domonas aeruginosa, and Klebsiella pneumoniae. The results demonstrated a statistically
significant positive correlation (p < 0.05) between honey concentration and inhibition zone
diameter for all tested bacteria. No inhibitory effect was observed at 25% concentration for
most of the tested species, whereas the highest antibacterial activity occurred at 100%. Sidr
honey exhibited the largest inhibition zone against S. aureus (28.0 + 0.41 mm) compared to
thyme honey (22.75 + 0.50 mm). Similarly, Sidr honey showed greater activity against E.
coli (26.0 £ 0.82 mm) than thyme honey (21.0 + 0.82 mm). Gram-negative bacteria showed
lower susceptibility overall, with minimum inhibitory concentration (MIC) values of 12.5%
for Sidr honey in most cases, while minimum bactericidal concentration (MBC) values
reached 50% for both honey types. Physicochemical analysis revealed the superiority of Sidr
honey, characterized by lower pH (3.7 + 0.2), lower moisture content (6.7%), and higher
total sugar content (81.45%) compared to thyme honey. The study concludes that Libyan
honey, particularly Sidr honey, demonstrates promising potential as a natural antibacterial
agent.

Keywords: Libyan honey, Sidr honey, Thyme honey, Antibacterial activity, Physicochemi-
cal properties.
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Qe %100 385 vie ole 0.41 + 28.0 Lawin yhad sl by Cum ¢ Jiejl) Juns Alie Sl moas die daity s
elaall ) s a)al) dage Ly Staphylococcus aureus Ly ol &lid Sy« yie3ll Jual ole 0.50 + 22.75
Juaall 3 53sapall Wil saliadll liyal) il daje ST Lglang Lo caball Al LSl 3 dgagall dhaall o )lal
(2011 cpg,als Al-Waili )

Klebsiella 5 Pseudomonas aeruginosas Escherichia coli Ji a1 ddle Lyl Jiladl) & IV
S s e e b eda (dmy daiiyal) S v V) el Gl ek by o el duas daslae  preumoniae
LSl 8 Blal) jlaad sakeal) 4l of casiagl ) ¢(2019) Abushallay (2018) 5 als Elmarabet «ilu)ys
(2018) 05yals Gambo 4] Jeasi Lo o 30 o3a 35 ¢ lye (e by cAlladl) Sl Mt o JiE AL Al
S s 0S5 e 58 Ay ading Juall L€l sliadd) Balial) of 1T il ¢(2017) 09,315 Almasaudi
ST dadandn Adlad el dadi yall

die dals Byl LSl flel aes ain el due e Usies ol Sdain 40l aull Jue ell ale (S
el ey Ajlae J81 5805 e (650K Jandis Glas) e 4yah jaud) Jue s LS (%1005 %75) dadiyall 3S15
sine 33 3539 (o) Jsaal) 8 Aahise Cag s desiiall aill iy ¢ £ COH Jie plal) Allu LyaSll s Lo ¥
Al LLiil) daps waas b Lega Do lials 0355 dusall g58 0 i Laa ¢ (P < 0.05) AV (ggicna vie Gilias)
sn B opad (Sar LSl sladl LLall (3 sl deed Bgaldl Geall of duball ol gl seldy ¢l
dasi dalse A9 Sl 585 g Uy cash)ll (ggine (aliasly pH (aliasl 8 dhaa) dibeSehdl aailas
«(2023) 050315 Farhanas (2017) ggsals AImasaudi g ae i Lo gay Lyl gai Jauin e Lol (<
iyl 580 die Lapaal) LpaSl) ain Adled Juad) gleil ST (e aed o) due of S DLET @l

sleadll il b (2025) oAl Bavas (2013) Maddocks & Jenkins 4] jLal Lo ae bl sda (3ims
zlly diasandl ((gigany) Tl Jadi daid 1ialy Sale uly chedine Ul s Jeln ge gl Juall LSl
sl Ll i ddidl) GLSHall ) Adlia) g prgl) 2aaS oy

By aged geil) (g3lgy il (gals Cm (Al readlly Abaall asal) & CDRY) o Jal) (Ka el e sl
Lapb ClaliadS legillad o moasy Sl Lo 29 ¢ il dues paad) dusd Sl Sl CBa) (8 5)dln 2

Jasill
el duey o) Jue Sl 4Ll 4605l Galeal £(3) Jsan
) gl
Loyl L | L | a )| ;j:&\ R S
ot s s e gal) A8l b ’ PN el pH Al
(%) %) %l (%) 49/ -
(meq/Kg) (mS/cm)
(PPm)
s
0.0+0.5a | 2.5+81.45a | 1.2+64.8a | 0.002+1.39a | 0.2+6.7b | 5+284a | 1.5+12b | 5+440a | 0.2+3.7a N
B
s
0.03+0.7a | 1.9+73.1b | 1.9+61.6b | 0.005+1.37a | 0.8+9.2a | 9+243b | 1.3x16a | 7+412b | (0.3+4.3a )5\
e
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Jagiall (Hlaaall CahaN) £ )y <o EDU Jacsgia Joaadl 8 850l il Sl
-(P<0.05) dgina (sgiuna 2ie Ligina Dlig agag ade ) 2algll dganll 8 dgaliiall Yl

@ el dues ool Jue g daualy B8 29ns (3) Jsas (b e 58 LS ShasSoupill abanl) il capglal sad
s lolls (DlSudl ¢ el daagill cash)ll (ssine ((PH) img el sl el Ayl dae hydall (o 22e
Basa waad b laall adsally Ll Juad) il (e Gum (LSl sliadll Bladl Bl Ualsy) i ailas
O Jeonll el Sl 8 8y Bypams ik Gbaall aisall OF () Eas il jads WS L ggaall abaling Jeeal)
oalaa¥) e Jual) (gine o St Lo say diladl dualiad) Cagplally ¢ Sl elaally Al ga Dl DA
Llall a4 (2025) ggsaly Elfallah i s (2023 «ogals Hegazi) cbySully ¢ galaall cci¥gidl) (dagaal)
a5 el Juuay Alie Alladll SLSall el WhasS GaSh cuehl saul) due e of lll Juall cilig Saall sliadl)
Al duhal) #i e b

Byidall Lyl Wiall vm el Jueg jaul) Juad MBC 5 MIC i :(4) Jsaa

LiSllgss | MIC/ MBC(%) sl Jue | MIC/ MBC(%) ic3l Juc
E. coli 12.5 /50 25 /50
P. aeruginosa 12.5 /50 12.5 /50
K. pneumoniae 12.5 /50 25/50
S. aureus 6.5/ 50 12.5 /50

Jl il ) Jsag cdmidial S0 vie (<) saill Untie [l iy Joual) o (4) Json (b bl miags
2018 <03 als Gambo) Juwell L€l sliaall Labiall gl Al byl 8 ) Sie Jaas sy ¢ oY) 5800 xie
IS Gpulen SV il Staphylococcus aureus o)l dusse LSl of gl cijglil 3 (2021 <Almasaudi
s e i3l el %505 %12.5 5 < saudl Jusad %50 5 %6.5 cialy 3 (MBC 5 MIC 28 (i cilals éum Juall o 53
Lt B aud) Jusd Aef dlad ) udy Lee ¢(2017) @is0aTs Almasaudi s (2021) Almasaudi b ae i b
LSl Jig a8 Aulsidl) LSyally gy9any) Tasally cdlimganll alSll sall 3okl 138 (uSang ¢LpsSill 38 gad
+ 3.7) i PH' i nagd) )L Lgie haes dages dad jaudl Jue J3us Cus (2013 (Maddocks & Jenkins)
Slaall Lalially By Ul Jasis dpals ag ot el Lagen ) oy Las (0.3 £ 4.3) siejl) Jwny &3l (0.2
Lo g a3 35Ty . imssnell Wl Auaitie iy 3 5eUSH 5 Y dinjeal) LSSl () i (Ll
e B Gl agew duall 3 pH (alias) oL (2021) «Almasaudiy (2011) <Mandal & Mandal 4d) Ll
2 e Al pall ohn i (3815 LS (gslall cltall L3 & yalilly glall cilary) Jidant DA (g0 Lyi€ll sail 2Dl
Maal) Taliall b 485 acs Lo sty ¢ el Jowns A5lhe 8 Lagan dapu aas oull) andl Jue of cijelal Al 3y
.(2025 <Elfallah) U,a<,U

PH ad & 80 (358 Jaud ol Cus (2023 5535 Hegazi) i 3y5 Lo ae Wis milll sda Calias (Jadll o
O Al dalag ALl Cagll Gl o (S SEA) say cdibiaall ALl oladl) @iy duall gl s On
Jusnl e sy G ol e g culilall (AN ) dilia) Al (3hise
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Escherichia coli s ¢us (Juall slad Vot J8 doalis aDall Al LysSll e celld o gl e
el Jue aladiul vie %25 ) iyl L %12.5 jaull Jual dgline MIC o3 Klebsiella pneumoniae 4
el B bl Saay AU 58 o e Jay Lea cdusall e cesil) ST %50 xie dls MBC a8 iy oos
Gl Cun el e g NS dblas Llaind Pseudomonas aeruginosa ekl LS cadal) il Lol ells oy
) udng L 8ynal sl el ddy A5)ke Sl gieglie (uSey Las « MBC 50% 4@y MIC 12.5% dad
Usaing chzmitiall S8 e (5 pall b€ (amy 3 S Sl adiny oonll L€l sl L o ) Lagec
Joall gosi o Sl Sl 3 el 1) Aol 3 CDIaY) 1aa (e 385 (AeY) 3800 xe B ,ab )
.(2011) <Mandal & Mandal 4] ;Lal Lo ae 38 Le 585 Lagd 53smsall Alladl) LS)ally

O ool o (gging saudl Jue o 0 (3) sos b ey LS Auall Usa Jall i 3 Sl 5,85 ok
L sag (sl e %73.15 %61.6) sie3l Juns 43)lie (%81.45) < wliCully (%64.8) alyaal @byl
agey LSl (sima ¢ Ul of 1aST (alll ((2012) <5315 Chen 5 (2013) Maddocks & Jenkins gl ae (3
Ll 53l b LSl pgus 3 ool an 3 Upsaa g3 dmitipal) CiloySl) das anliy Lpiall slimall Lol b
SR e Alggeaal Jalgal) aal aal sa5 cduall (i die Cpnguel) wnSs ozl aed (A layes oo b cgiganl)
Lyl sbadl) Tlall 8ol oy Unla) Jagiyy deeal) 3 lSadl 55 g i) of claball (s 2585 ¢LiSll sl
.(2018 «Al-Hasani 2018 «cj521s Gambo)

Lgall Claliad) pe Gie il duey ol Jue Jayis dilaie Uil 4550 :(5)Js2s

LSl g C |CN|AX | TE | P | %100 35 ol Jue | %100 585 sieil Jue
E. coli 23120 0 | 180 26+0.82 21+0.82
P. aeruginosa | 0 | 17| 0 | 0 |0 20.5+0.41 18.5+0.41
K. pneumoniae | 17 | 19 | 0 | 13| 0 19.5+0.41 18.8+0.95
S. aureus 2412110 | 15]0 28+0.41 22.75+0.5

C: Chloramphenicol, CN: Gentamycin, AX: Amoxicillin, TE: Tetracycline, P: Penicillin

2 Dol gl chaliadl e 220 g0 %100 3850 ol dues siesl) due Lllad 23ae w5 (5) Jsas Oow
Jpdill (3lalie HUail cangli Grm Lyl 13liae Ul M Jusad) o3 US o i) cpelal L gpid) u,a€ll el
M dullad 3 rgiag i) due G By aull Jual ale (128 =19.5)5 sie3ll Jual ol (22.7-18.5) o
ks Lgaall clabiaall Lpulua) s 3l copghil Wiy ¢ siell) Juss &5lie E. cOli 5 Staphylococcus aureus
U e stel ol duslsa Lt Uil %100 5:S5 aad) due in G cagpadl) 3,50 cal) Llaiad b Al
daiil) o3 b gl ALIS daslia Ayl el il ) Amoxicillin g Penicillin e duadill digaall caliadl)
Lo LSl Aoglae seleas Jla (8 Apadl Aygoal) clabiaall Giany Alled Laganal Glldg cJusnll Alsinall Zadlall Zsany)
-(2020 ¢u5,al5 Alvarez <2015 Ventola)
Vel cajelal a8 (lgullad e Chloramphenicol ; Gentamicin (i cilaliaall (ass cudails ¢ Jilial) &
Chloramphenicol  Jau WS .ok (21-17) o Jadill shalic Sl cangly 3 cGentamicin olad daiiye dolus
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ahadd Alle doglas & el S Pseudomonas aeruginosa siul il il abas e Bas Ll
D3l Jue ze Bl 4,80 EYjall aa dpnlial) Ligaadl Slaliadl) (e 22 il s o) eyl dgaal) Glaliadl)
co3als Bava ) Ll Lo e 3 e sag S Sany 355l Gady coels ol ity 2 3aS Juaal) clazid 556 3 5m

30
i 25
] 20 3\
W E. coli 1 s "3
® P. geruginosa -+ 10 j
K. pneumoniae | N Iy E
W S. qureus 0 g
due  due P TE AX CN C
Sl
SA SH
%100 %100
O alaall

Ayl YL i gl laliaal) Gansy Jesal) e Greg (o LSl aliadl) dalial) 45)lae peas 1(1) J<E
FREON|

e 2 ae %100 S5 seil) duey ol Jue e JS LSl sliaddl Bl e (1) K& mas
Ol Jue (o il copelal il ghalie Ul e 13l syidad) 50Kl Dl s Lgall claliad)
D8l Al Gum ol Lasge LSl s dali capiad) gl cilabiaally el oy 43l 43l Japfiil) Allad Ca
O Tangl 38 (Ailie Aled dugaall Claliadl) (aes il cpn S ¢ E. cONf s « Staphylococcus aureus v ,SY)
& Cuyll el due 4l O Y cdadiye dullad ciyelal Chloramphenicol s Gentamycin Jie cilaloadl (s
e axlg il Penicillin g Amoxicillin gl Ao B olgle cisny Jy clalcaall ss dillad e YAl
lealad At Aaslie 3sa (Ao Ju 38 Lee 3pddl LSl

Jooall LyaCll sabiaall adladl) o Sh5 ilal) Adsisn oo Lea chilmal) Jolaall e e Uaas JSall gkl
Juall o sl Eaad) Ll Gluball 3y Lo ae bl o3 3y ¢ Shasll 4uSy 0Ky desi o i
Lagedl) Aapedll Lyl dgalse b Tacly Dla des oLyaSll Sliae hlis el padl Jue Liagead o ladl)
-(2019 Abushalla 2025 ¢ 315 Elfallah) Ll ciliskal) 8 asdag oK 13 cdagaal) clabiaall

guSeal) Giglil) (e (RS Las) il
23S sai (5 3sag pre (el duey pad) Jue) Juall el g Sl Caghill e CasSll lad) il <yl
L S Glyenian ¢ Jad ol Gum cdarticaa) dueh) 3l Llug¥) asen e clbhailly jiladdly (Alsel) Wil e JSI
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Aonslons Seall ALy 55l ) il oda yudy gl el 8 sadied) Auclidl)l (RSN 3pan (e el AL
algall e Aesane sy A2AA) L) sall aDle e Uy dusall 20 3) cAuball oda b deriiend) el Sl
sall dafie Glia gngy annbll dagaally (gisend] Janall glinly ¢ Al Llall Galiadl byl il
pailadll ) dila) cdaalie ity zl) gyl il ) Auball ol B g Sl Sl Qe (Ghais s )Sal)
-(2021Almasaudi ¢2011«Mandal & Mandal) 4ui Juuall Zualal

ady GlES o gsing Lo ol sasall Jle alad) Juall of (2013) <Maddocks & Jenkins i) cijglal i
Juall 2lad o (2012) 05aTs Chen T LS @lsl) (ga dlia alac] o alginl Jla 8 Jn S e 306 o
g Sl il Lo s ¢ Slasl auSn b 5ln Y LyaCll saliad

¢ Sl Blaalh Jl& ) daghll paleasl g3 Cua (Junll il (sh)ll (ggimall Galiashy milul) oda Jayy (Sasg
Jusd) o ) (2026) (Bebhameda & Attiya  (2022) «Boufa il a5 ccubiyhadlly yilaadly LyaSl) S5 ey Las
caoSall phind ety Lo sy s L zsamal) (gpalll 3gaalls 43)lke diish) (aliash S Le Gle ol

Oy dele 25 %92 siell duey A3)lie %6.7 S Ligh) (ssine sl Jue ekl (3) Jsan 8 e s LSS
ledlia b el 20,5 WIAY o elall Canee ) (5990e ) Jarall L)) (53535 «dunad) Jaby Jlad) (g39an) Jazal
Bebhameda & , (2022) Boufa )y & 3y Le ae daiill o3a (3iig ¢lgige sl Lagat Janiiiy (gouall Lghalis Ciigig
el Jusal) fy ecilag sSaall 5aliaall anlady Juuall B39l Laga Biga 203 daglall (il of oSl 3l (2026) cAttiya
o ahas Laiy (Wle LugySae Dhifind dniay Lee cddsall Lowldll sgaalls &5)lae gkl olgine (aliash Ligae i
Gl Grl G (ghah R say ¢ el Jue (& el dshay g cilaa Al ddsall cluball (s g gl
(2023 (g5 aTs Kumari) Zuda )l aliall Cagylall of opuially

Ca) oS Lo gy il Jue (B Gaw ol e il cogll a8 cala)ly el duasil) ads Led Ll
e b oalaadl of atys L) (galy Aiplae il (s0ls Akdaia b Bailad) Ll Al Aegla e @l Jaea) (gl
e sle Ju oty (5eSh) Juasill ad o)) of ) (2023) csoals AZZOUZ dudyy i Junll dugaal) oAl
el ad il Cus ((2025) «osals EI-Meihy duhn 8 355 L ae calias mill s3a o V) cdisna) ualialls Juaal
@ Y Lagas cdugyaall dball jaliadlls ddlaadl hliall COAL ol (S Lo 585 < paudl Jue (8 268 Jaill
LS als WiSHig yaliall goi o BN aainy 3) LSl liaall Jaliall 53L) 8y pually dsisnall jualialls Jusal) 2
.(2023 «us,als Azzouz) L

@) dimas pans (2023) <5 als AZZOUZ Sl Cus (Al daalily Lol il i ae Al o3a 3l (38l
LS Lol ) (ggimally dessll Baga glinl @l lshiys onlll el clie 8 AN (8 55K sl
Gagale s Ko 2l gl il ey saud) due Laws Yy colll Jsall e of ) (2025) i1 Elfallah sl
A Fuhall 25 ac sy Les adlally 3 Alasiudl Al aleas Langlsng Koo (ailoads aliaig

pailad 13 13 Baie ad ) el Juall o 00 (2011) 0saTs Al-Waili 4] HLa1 Le ae ibll o3a i
wndla o elld xhig ) e il 5l Gaall dape pae Jla 8 g Saall Cughill Gaslie aleas Lo ¢ 4313 Jaia
S sladl) Bl iy Lealall ChLEAY) b plasidl)

ralaliviy)
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@ Jand ol 3 cdnslong Sl A e Adle dapn Fie3l) Juey ol Jue (e OS g dabal) il cuell
Asg yaall A paall el man olad LyiSull 13liae Ui LagSlial catly LS chaainall CaiSl) gan Gpacan o9 S0 5l
CulS LSl sabiaall Aol o peaily ¢ Alaasl) cuSilly Slall jrmall ca) N ghad saal) Jual Jagale Gl aa
e LS i) S e Yol ik dcassid) S vie Uadie Bl Juad) ell Gim GG e Badias
O e alisily ¢(gisan) Jarall g iy skl (gginall (alisi) Laguad ¢l IS dilaSynuil) ailiasl
Of i) sy L BlSs piag il 4al) ligSe 8 Ll e Loy LyaSll L b Gyags ga (PH) (g el
@i cagal) claliadll 45)laall viey (LSl aliadl) Ll (e a3 (8 Guasla Galale (132 03855 Juall g8
Penicillin Jie duball 28 Lgall Claliad) pan e g 5 Lslus € b HUadl %100 5853 o) Jue
Jual) Cipdags Al il 2S5 celld e 2ling lgalad daialy daglia 40yl cYall o yelil s «<Amoxicillin
seesall ) Q3 L Y daganll LSl Agalse b aclyg aely anbs dliasS o) due (ald dagg ool
gl cilaliaall daglie 2]

taluagill

53 pnb GRS Fiedl) Jueg Haull due (e B3l AalSel Auhall asi lgle Juaniall @il goia b
S Legiilagi pe Lo iyl plgl) iy gat a8 dlagale duleld (e ohygll Ll Blai (LyiSill sabime (ailiad
(Dol 3 Aladll GlSyal) paat) ddlia) lidya o) Laaal 25 LS cdpadial) Do) Cabiaall saclie dalse gl dlains
Uggeaal) Zglally Ziiall SV Ay (4 Geadll uila ) dppadly dplall ilahatnad il 580l cile yall Javag
Ghlie Jadid Gl 3Uai paagy IS cagis ¢ ST dnale A8y Alledl) a3lio€a 50 macagil LypaCll aliaal) ablis oo
el dmyadll Wil e ST e zho) ge Db (Adiaall desad) glsil G A3lkd) Cangs L Jals (gl Agla
usall e A AV e Cpaations skl A o addh L (LB Aagleall Baseie VL lll 3 Ly (Uyspes
s (b agen Lo Bl Dgall cliliad) Gus 4t dainall (930 8 e Salidl] ekl ilalit
Bags Jasal 53390 diilag ulas qing 89 Akl puagi cDdly il daglaall sk (s aally Lerdiouall Sile
Yl 4 Ll 0Ll acdy dadies 8 Hje e cdaaglong Sally AdlueSeidl Cailsall dads oalll (uall
AAdlpally dasiall

Slady &l saeleadll g e (gilan duga¥ly 23l e B 5K pailly KAl (S Oslall aniy :_padilly LS
Ll s3a

Afiadly dncall Slasnsgall 8 alal) Condl 6 5acinal) 48R goalall Uiy ddyall s cappal ) clBNAY)
o Ol apall e Al ) e pand daind) cleall (e Faans )l SlElsall e Jgeanll & 85 cAladl
i claglan ol pan i ply ¢ lal) pandiall (ahed deddiee 4ids) dne e JK8 e ol Gl S
oy Gl alal) Bliall (penm Lo cda dnysia 9an A0Sl Glial) e Jalail) (58 Gun ¢ umpall G diaes il
Adlse (Ao Jpand) (e Lajlic] a3 28 ¢ jreaall Aggae 4y CWe o Al il ehals ¢ el dnagiads
syl o dplas

ashiall 03y dlaiije alain¥) 8 dunlgil agadd Gl ash Osilsall ey :alaia¥) dualoy)



10.

11.

12.

13.

14.

Al-Mukhtar Journal of Agricultural, Veterinary and Environmental Sciences 4 (1): 15-30, 2026 page 14of 15

AibaSoudl) dallaall S Calgall (gyaly canslang Saall dllall (gyals &ylail) Jo¥) Calgall sha scilfall cilatlosa
Aashaall (e dilel dnaal 8 S JsV) Guiliall (e S g clelias dldanl el

HE U\

Abushalla, Y. F. (2019). Antibacterial activity of Sidr honey of Libyan against multidrug resistant
bacteria (MDR). Journal of Science, 9, 74-80.

Al-Hasani, H. M. H. (2018). Study of antibacterial activity of honey against some common species
of pathogenic bacteria. Iraqi Journal of Science, 59(1A), 30-37.

Almasaudi, S. (2021). The antibacterial activities of honey. Saudi Journal of Biological Sciences,
28(4), 2188-2196.

Almasaudi, S. B., Al-Nahari, A. A. M., Abd EI-Ghany, E. S. M., Barbour, E., Al Muhayawi, S. M.,
Al-Jaouni, S. K., Azhar, E. I, Qari, M. H., Qari, Y. A., & Harakeh, S. (2017). Antimicrobial effect
of different types of honey on Staphylococcus aureus. Saudi Journal of Biological Sciences, 24(6),
1255-1261.

Altounsi, R. M., Ali, H. M., & Sharaf, A. K. 2024. Evaluation of the Inhibitory Effectiveness of
Some Common Honeys in

Libya against the Growth of Pathogenic Bacteria. The Second Scientific Conference for Under-
graduate and Postgraduate Students, Al-Asmarya Islamic University, 21-22 December 2024. pp:
72-86.

Alvarez, F. J., Barrajon-Catalan, E., & Micol, V. (2020). Tackling antibiotic resistance with com-
pounds of natural origin: A comprehensive review. Biomedicines, 8(10), 405.

Al-Waili, N. S., Al-Ghamdi, A. A., Ansari, M. J., Al-Akika, S. A., & Al-Meeri, A. A. (2011).
Honey for wound healing, ulcers, and burns. The Scientific World Journal, 11, 766—787.

Azzouz, A. H., Elgool, A., & Anwar, A. (2023). Study and estimation of some elements content in
Libyan honey. Libyan Journal of Ecological & Environmental Sciences and Technology, 5(2),1-7.
Bansode, D. S., & Chavan, M. D. (2012). Studies on antimicrobial activity and phytochemical
analysis of citrus fruit juices against selected enteric pathogens. International Research Journal of
Pharmacy, 3, 122-126.

Bava, R., Puteo, C., Lombardi, R., Garcea, G., Lupia, C., Spano, A., Liguori, G., Palma, E., Britti,
D., & Castagna, F. (2025). Antimicrobial properties of hive products and their potential applications
in human and veterinary medicine. Antibiotics, 14(2), 44-56.

Bebhameda, N. N., & Attiya, R. M. (2026). Study of some physicochemical properties and quality
of honey in local markets of Misrata. Bani Waleed University Journal of Humanities and Applied
Sciences, 11(1), 26-38.

Boufa, N. K. (2022). Measurement of some physical properties of Libyan honey. International
Science and Technology Journal, 29, 1-16.

Chen, C., Campbell, L. T., Blair, S. E., & Carter, D. A. (2012). The effect of standard heat and
filtration processing procedures on antimicrobial activity and hydrogen peroxide levels in honey.
Frontiers in Microbiology, 3, 265.

CLSI: Clinical and Laboratory Standards Institute. (2024). Performance Standards for antimicrobial
Susceptibility testing. (34" ed., CLSI supplement M100). Clinical and Laboratory Standards Insti-
tute.



15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

Al-Mukhtar Journal of Agricultural, Veterinary and Environmental Sciences 4 (1): 15-30, 2026 page 15of 15

Elfallah, F., Abdalla, F., Gashgash, K., & Shakmak, F. (2025). Chemical analysis of Sidr and thyme
honey using GC-MS and assessment of their antibacterial effects against some diabetic foot infec-
tions in Ajdabiya, Libya. Alg Journal of Medical Applied Sciences, 8(3), 1776-1584.

Elmarabet, N., Ben Shaban, M., Doro, B., Lwaleed, B. A., Fouch, S., & Elemam, M. (2018). The
antibacterial activity of Libyan honey against Gram-negative bacilli: Potential treatment agent for
infectious diseases. Journal of Advances in Medicine and Medical Research, 25(7), 1-10.

El-Meihy, R. M., Morsy, M. K., Kasem, S. I., Aljuweer, S. A. M., Abdelaziz, M., Saddeek, S., &
Nowar, E. E. (2025). Physicochemical properties, antibacterial activity, and antioxidant capacity of
mixed Sidr honey from Saudi Arabia. Frontiers in Sustainable Food Systems, 9(3), 163-177.
Farhana, Kalsoom, Khan, S. S., Sultan, A., Gul, H., Rahim, A., Hadi, F., Yahya, A. Z. G., Jaseem,
M., Azam, H., Aziz, M., & Din, S. U. (2023). The antibacterial efficacy of raw and Sidr honey
against antibiotic resistant pathogenic bacterial strains. Pure and Applied Biology, 12(3), 1463-
1472.

Gambo, S. B., Ali, M., Diso, S. U., & Abubakar, N. S. (2018). Antibacterial activity of honey
against Staphylococcus aureus and Pseudomonas aeruginosa isolated from infected wound. Ar-
chives of Pharmacy & Pharmacology Research, 1(2), Article 506. pp:1-6.

Hegazi, A. G., Guthami, F. M. A., Ramadan, M. F. A., Gethami, A. F. M. A., Craig, A. M., El-
Seedi, H. R., Rodriguez, 1., & Serrano, S. (2023). The bioactive value of Tamarix gallica honey
from different geographical origins. Insects, 14, 319. pp:1-12.

Kumari, 1., Hajam, Y. A., Thiyagarajan, K., Giri, A., & Kumar, R. (2023). Evaluation of antioxi-
dant and antibacterial potential of honey produced from bee colonies. Discover Sustainability, 4,
21. pp:1-9.

Maddocks, S. E., & Jenkins, R. E. (2013). Honey: A sweet solution to the growing problem of
antimicrobial resistance? Future Microbiology, 8(11), 1419-1429.

Mandal, M. D., & Mandal, S. (2011). Honey: Its medicinal property and antibacterial activity.
Asian Pacific Journal of Tropical Biomedicine, 1(2), 154-160.

SPSS: Statistical Package for the Social Sciences. (2022. SPSS users guide. Statistics, Version 22.
IBM SPSS Statistics, SPSS Institute, Inc., Chicago, IL, USA.

Ventola, C. L. (2015). The antibiotic resistance crisis: Part 1: Causes and threats. Pharmacy and
Therapeutics, 40(4), 277-283.



Al-Mukhtar Journal of Agricultural, Veterinary and Environmental Science 01 (4): 31-40, 2026
Doi: https://doi.org/10.54172/19crpt41l

Research Article $0Open Access

Effect of three grafting dates on survival and early growth performance of seedH)
ling in eggplant (Solanum melongena L.), pepper (Capsicum annuum), and tomas’
to (Solanum lycopersicum) crops.

Fayrouz Buojaylah'®, Alsunousi Masoud? and Fatma Mohamed?

123 Horticulture Department, Ag- Abstract: A study was carried out in 2025 at the Horticulture Department
riculture Faculty, Omar Al- of Omar Al Mukhtar University, Al Jabal Al-Khader, Libya to evaluate
Mukhtar University, El-Beida, . . . :
Lib the impact of three different grafting dates on the survival and early
ya .

*Corresponding author: growth performance of grafted seedlings of eggplant cv. Deep Purple F1
farouz.buojaylah@omu.edu.ly hybrid, sweet pepper cv. Bayonet, and tomato cv. Angelle. The experi-
HIOf“CU'theI Depa”melntl ﬁﬁ“- ment was arranged in a randomized complete block split-plot design with
B“n}\%fs'i:&"”Etﬁ’ég[j“:rlﬁbx“ a4 replication, encompassing nine treatment combinations representing all
Received: 27.03.2026 possible grafting date and crop interactions. The present study clearly
Accepted: 30. 04. 2026 demonstrates that grafting success and early seedling performance of
Publish online: 30.06.2026 eggplant, pepper, and tomato are strongly governed by both crop species

and grafting date, with the intermediate grafting stage consistently provid-
ing the most favorable outcomes. in addition, tomato and eggplant exhib-
ited better performance than pepper across all evaluated traits.
Keywords: Self-grafting; Healing chamber; Dry weight; Fresh weight;
Splice grafting

Al and Alaeg Sl egd Ot Joualaa (B AN <ual) gail) elafy ol Ao avalaill violga A0 5L

cebianl) il yae dnals A3l ﬁ abl—ahl|g (Capsicum annuum) J— 4\ (Solanum melongena L.)

. " .(Solanum lycopersicum)
Hﬁaé}m*—&dl—d—w_, - . . . . . .. . ) é. .
i) e aals el A (i) d..:_;l\ GJL-\MS‘ e WB.' 4..\.\.«..:,\!\ e ‘;5 2025 diw Mbﬂ\ M‘A c_\f‘);\ : Uéﬁa.u.u:d\

. O dankae COLE salg el o avalaill dahise dielse ADE a0 sl (Ll ¢ sy

) e ¢ uw L Ciiea ahlahally Crigld it slall Jalilly (1F Cagl) "Uopn ol Ciia (lasdl)
ol Sl e Anala el S Ciladig o)y o pf ae ALl Ll pial) e Undll apacad (35 Auyatll Cranda My "l
ablalally Jalally (laidlll Kol DAY elaly aedail) 7 las (f Zsunsy Auhall s3a el

Aasgiall arakaill s je (3kad ua caadail) oyl Jswanal) s s < il

Jalall (e Juail 2ol Glasdllly alaladall cpedal cells ) ddliaYl cmibill Juadl ) paialy

Alagll e ¢zl Gl elall Gl ¢eladl) Ban ¢ SIA apedaill :dualidal) clalsl)

INTRODUCTION

Vegetable grafting is widely recognized for its capacity to enhance plant growth and development,
improve nutrient acquisition, and increase tolerance to salinity and temperature stress. In addition,
grafting can reduce the incidence of viral, fungal, and bacterial diseases, thereby contributing to
higher productivity in solanaceous and cucurbit crops across many regions, particularly under the
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pressures associated with intensive cultivation systems (Bie et al., 2017; Buojaylah et al, 2024;
Coskun, 2023). In Solanaceous crops like Solanum lycopersicum (tomato), Capsicum annuum
(pepper), and Solanum melongena (eggplant), where grafted plants show better adaptation to stress,
vigor, and consistency of yield compared to non-grafted equivalents, vegetable grafting has become
an essential horticultural technique for improving crop performance. In intensive agricultural sys-
tems, grafting makes it possible to combine desirable scion and rootstock features, allowing for the
manipulation of plant design, resilience to biotic and abiotic challenges, and potential yield. Be-
cause of these advantages and its ability to maintain output under a variety of growing situations,
vegetable grafting has been extensively used in the production of cucurbits and solanaceous crops
(Kyriacou et al., 2020).

Graft union development and subsequent performance of plants are significantly influenced by the
changing dynamics time of grafting, particularly the seedling stage at which grafting is carried out.
In order to guarantee ideal tissue contact and vascular reconnection at the union connection, graft-
ing demands not only physiological compatibility between the scion and rootstock but additionally
exact coordination of seedling development. The effectiveness of vascular integration and the sur-
vival percentage of grafted plants are strongly influenced by the developmental stage of seedlings at
grafting, including true number of leaves and stem diameter, according to studies conducted in to-
mato and other agricultural crops (Martinez-Ballesta et al., 2010).

Vegetable seedlings of the Solanaceae family should be grafted when their stem diameter is be-
tween 1.5 and 2 millimeters, which is typically when they have two or three true leaves. Depending
on the growth conditions and circumstances, tomatoes and eggplant are often ready two to three
weeks after seeding. Compared to tomatoes, peppers often develop more slowly and may require
longer time to achieve the required stem diameter (Guan and Hallett, 2016; Kubota et al., 2008).
This carefully selected timing also reduces transplant handling and dealing stress and streamlines
nursery operations, thereby enhancing seedling survival throughout the healing period (Johnson et
al., 2011).

The developmental stage of the plant and stem thickness at the time of grafting play critical roles in
the anatomical and physiological mechanisms involved in graft union formation. Grafting too early,
when tissues are still immature, can hinder proper xylem development and limit the establishment
of effective water transport. In contrast, grafting at a later stage may decrease the natural flexibility
and regenerative capacity of young tissues, ultimately lowering the likelihood of successful graft
union formation (Hartmann et al., 2011; Lee, 1994).

Although grafting time is widely acknowledged as a key determinant of graft success, systematic
comparative studies among solanaceous crops are still scarce, especially those that control for ge-
netic background through self-grafting. The use of self-grafting—where both scion and rootstock
belong to the same species or cultivar—allows researchers to isolate the effect of timing by mini-
mizing variability arising from interspecific incompatibility or rootstock influences. Evidence from
pepper indicates that postponing grafting can lead to inadequate xylem differentiation at the graft
junction, highlighting the close relationship between developmental stage and effective vascular
reconnection. Therefore, investigating the effects of grafting time under controlled self-grafting
conditions is critical for delineating the ontogenetic window that maximizes union success and sub-
sequent growth outcomes across these solanaceous crops. Such knowledge is essential not only for
refining nursery protocols but also for enhancing the reproducibility of experimental grafting stud-
ies that seek to attribute performance differences specifically to timing effects rather than to root-
stock genetics or incompatibility phenomena. The objective of this study was to evaluate the influ-
ence of three grafting dates on self-graft survival and subsequent seedling growth in eggplant, pep-
per, and tomato.

MATERIALS AND METHODS
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Study Design and Treatment Arrangement: A study was carried out in 2025 at the Horticulture
Department of Omar Al Mukhtar University, Al Jabal Al-Khader, Libya (Latitude: 32.7627° N,
Longitude: 21.7551° E), to evaluate the impact of three different grafting dates on the survival and
early growth performance of grafted seedlings of eggplant cv. Deep Purple F1 hybrid, sweet pepper
cv. Bayonet, and tomato cv. Angelle (Syngenta, Cairo, Egypt). The main plot factor consisted of
three grafting dates, with grafting performed on vegetable seedlings at 17 (19 October), 23 (25 Oc-
tober), and 32 (3 November) days after sowing. The sub-plot factor comprised the Solanaceous
vegetable crops: eggplant, sweet pepper, and tomato. Seedlings were sown on 2 October in trays
containing peat moss. Details about peat moss analysis are presented in Table 1. The experiment
was arranged in a randomized complete block design with a split-plot layout, encompassing nine
treatment combinations representing all possible grafting date and crop interactions, and each
treatment was replicated four times to enhance the reliability of the results.

Table: (1). Peat moss characteristics and properties.

Measurements Values
Organic Matter (%) 85-98
E.C (Mmhos/ cm) 0.2-1.0
Moisture (%) 40-60
pH 55-6.5
(%)Organic carbon 40-50
(%) Total nitrogen 05-1.0
C:N ratio 50:3

Seedlings were self-grafted using the splice method and subsequently maintained in a healing
chamber for nine days. Self-grafting was performed to reduce the risk of genetic incompatibility
and to ensure precise alignment between the scion and rootstock, thereby minimizing potential neg-
ative effects on graft survival. Grafting operations were carried out between 8:30 AM and 11:30
AM, a period associated with lower transpiration rates and reduced water stress, following the rec-
ommendations of Rivard and Louws (2006).

Grafting Method Conducted in the Study: In the present study, self-grafting was adopted to
achieve uniform stem diameters, thereby isolating the assessment to the influence of the three pre-
determined grafting times. Successful graft union development depends on precise cambial align-
ment and intimate contact between the vascular tissues of both the scion and the rootstock. Conse-
quently, comparable stem thickness between the two components at the grafting stage is required.
Seedlings were grafted using the splice grafting approach described by Johnson et al. (2011). Root-
stock and scion plants received irrigation 12—-24 h prior to the operation, while watering was inten-
tionally withheld immediately before grafting. Because grafting clips were reused, they were care-
fully washed and sterilized before application. To enhance humidity conditions, the interior walls of
the healing chamber were misted several hours ahead of grafting. Cutting was performed with sani-
tized, sharp razor blades, and frequent hand disinfection was maintained using antibacterial soap or
alcohol-based sanitizer.

At the first grafting time, seedlings had reached the two- to four-true-leaf developmental stage,
which is considered optimal for grafting success. All grafting operations were conducted during the
early morning hours to minimize transpiration rates and limit water stress in freshly grafted plants.
During the procedure, each stem was cut at an angle of approximately 45° just beneath the cotyle-
dons using a sharp razor blade. The exposed surfaces of the scion and rootstock were subsequently
matched and fastened with a silicone grafting clip to maintain firm and accurate tissue contact.
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Post-Grafting Healing and Acclimation of Seedlings: The healing phase for grafted seedlings
began immediately after grafting, with the grafting day defined as the first day. After the operation,
the healing chamber was kept completely closed, and the seedlings were left untouched for the rest
of the first day as well as the entire second day. To facilitate a progressive adjustment to laboratory
conditions, the chamber was opened for gradually longer intervals: 5 min on the third day, 30 min
on the fourth day, 1 h on the fifth day, 3 h on the sixth day, between 4 and 6 h on the seventh day,
and between 6 and 8 h on the eighth day. On the ninth day, seedlings were taken out of the healing
chamber at 1:00 PM and relocated to a laboratory bench, where they remained until the conclusion
of the experiment. Throughout the nine-day recovery period, air temperature and relative humidity
inside the chamber were continuously recorded to maintain conditions conducive to successful graft
union development.

Data Analysis: All data were analyzed using analysis of variance (ANOVA) in JMP software (ver-
sion 11.0 for Windows; SAS Institute, Cary, NC). Homogeneity of variances was evaluated using
Levene’s test, while normality was assessed with the Shapiro-Wilk test (W > 0.80). Treatment
means were separated using the LS Means Student’s test at a significance level of a. = 0.05.

RESULTS

The analysis of variance revealed that crop species, grafting date, and their interaction significantly
influenced most of the measured seedling traits (Table 2). Crop species had a highly significant ef-
fect on survival percentage (P = 0.004), seedling height (P = 0.003), stem diameter (P = 0.004),
number of leaves per plant (P = 0.028), seedling fresh weight (P = 0.001), and seedling dry weight
(P =0.002), indicating substantial interspecific variability in grafting response.

Grafting date also exerted a significant effect on all evaluated parameters. Survival percentage,
seedling height, stem diameter, leaves per plant, fresh weight, and dry weight were all significantly
influenced by grafting timing (P < 0.002), highlighting the critical role of grafting date in determin-
ing graft success and subsequent seedling growth.

The interaction between crop species and grafting date was significant for survival percentage (P =
0.019), seedling height (P = 0.036), stem diameter (P = 0.032), and seedling fresh weight (P =
0.017), suggesting that the effect of grafting date varied among crop species for these traits. In con-
trast, the interaction effect was not significant for the number of leaves per plant (P = 0.433) and
seedling dry weight (P = 0.11), indicating a more consistent response across crops and grafting
dates for these parameters.

Results in Table 2 demonstrates that crop species and grafting date are major determinants of graft-
ing success and early seedling performance, with significant main and interaction effects observed
for most evaluated traits. The significant effect of crop species on survival percentage and growth
parameters reflects inherent physiological and anatomical differences among species that influence
graft compatibility, vascular reconnection, and post-grafting recovery. Variability in stem diameter,
seedling height, and biomass accumulation among crops has been widely attributed to differences in
cambial activity, wound-healing capacity, and translocation efficiency following graft union for-
mation.

The strong influence of grafting date on all measured parameters underscores the importance of op-
timal environmental and developmental conditions at the time of grafting. Grafting performed at
appropriate seedling stages likely coincided with favorable stem diameters, active cambial growth,
and balanced source-sink relationships, thereby enhancing callus formation and vascular differenti-
ation. Suboptimal grafting dates may have exposed seedlings to physiological stress or develop-
mental asynchrony between scion and rootstock, resulting in reduced survival and suppressed
growth. These findings are consistent with previous reports indicating that grafting timing plays a
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critical role in determining graft union success and subsequent seedling vigor (Hartmann et al.,
2011; Han et al., 2025; Wang et al., 2024).

The significant interaction between crop species and grafting date for survival percentage, seedling
height, stem diameter, and fresh weight indicates that crop responses to grafting timing are species-
dependent. This suggests that optimal grafting windows vary among crops, likely due to differences
in growth rate, stem lignification, and sensitivity to environmental conditions. For some crops, de-
layed or early grafting may disrupt vascular continuity or prolong healing, whereas others may ex-
hibit greater plasticity and tol erance across grafting dates. The absence of a significant interaction
effect for leaf number and dry weight suggests that these traits are less sensitive to crop-specific
responses to grafting timing and may be more strongly regulated by inherent growth patterns and
biomass partitioning mechanisms.

The significant effects observed for fresh weight, but not dry weight, in the crop x grafting date in-
teraction imply that water relations and tissue hydration were more responsive to grafting condi-
tions than structural biomass accumulation. Fresh weight is often influenced by short-term physio-
logical status, including water uptake and transpirational balance, which can be directly affected by
graft union functionality during early establishment. In contrast, dry weight accumulation reflects
longer-term carbon assimilation and structural growth, which may require extended time beyond
the early seedling stage to exhibit pronounced interaction effects.

Overall, the results highlight the necessity of optimizing grafting date according to crop-specific
growth dynamics to maximize graft survival and seedling quality. The observed differences empha-
size that standardized grafting schedules may not be universally applicable across crops and should
be adjusted based on species characteristics and developmental stage. These findings have practical
implications for commercial grafted seedling production, as fine-tuning grafting timing can improve
uniformity, reduce seedling losses, and enhance early plant vigor.

Table: (2). Overall probability values for crop, grafting date and interaction between them?.

Treatment Survival %Y Seedling ht (cm) Steam Diamm (mm) Leaves/ Plant Seedling Fresh Seedling

Wt. (g) Dry Wt. ()
Crop 0.004 0.003 0.004 0.028 0.001 0.002
Grafting Date 0.002 0.001 0.001 0.002 0.002 0.001
Crop x Graft-
ing Date 0.019 0.036 0.032 0.433 0.017 0.11

zAll data were subjected to analysis of variance using ANOVA in JMP (version 11.0 for Windows; SAS Institute,
Cary, NC).¥Survival was assessed through visual evaluation of scion leaf and stem turgidity using a 0-3 rating scale,
where 0 indicated fully turgid leaves and stems, 1 represented more than 50% flaccidity, 2 indicated more than 70%
flaccidity, and 3 denoted complete wilting. Only plants assigned a rating of 0 were classified as having survived.

The grafting date significantly influenced the survival rate of eggplant, pepper, and tomato seed-
lings (P = 0.002, 0.005, P < 0.0001, respectively) (Table 3). For eggplant, the intermediate grafting
date resulted in the highest survival rate of 94%, which was significantly higher than both early
(82%) and late (80%) grafting dates. Similarly, pepper seedlings exhibited the highest survival rate
at the intermediate grafting date (83%), significantly surpassing early (65%) and late (60%) graft-
ing. Tomato plants also showed a superior survival rate of 91% when grafted at the intermediate
stage, compared to 78% for early grafting and 73% for late grafting. Moreover, significant differ-
ences in seedling height were observed across different grafting dates for all three crops (P = 0.001,
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0.003, P < 0.0001, respectively). Eggplant seedlings achieved their maximum height of 16.8 cm
with intermediate grafting, which was significantly greater than early (14.5 cm) and late (14.1 cm)
grafting. Pepper seedlings followed a similar trend, with intermediate grafting yielding the tallest
plants at 15.6 cm, compared to 12.8 cm for early grafting and 12.1 cm for late grafting. Tomato
seedlings also demonstrated optimal growth in height (18.5 cm) when grafted at the intermediate
date, significantly outperforming early (16.2 cm) and late (15.4 cm) grafting.

The stem diameter of eggplant, pepper, and tomato seedlings was significantly affected by the graft-
ing date (P = 0.003, 0.017, P < 0.0001, respectively). Eggplant exhibited the largest stem diameter
of 3.9 mm at the intermediate grafting date, which was significantly thicker than early (3.3 mm) and
late (3.1 mm) grafting. Pepper seedlings showed a stem diameter of 2.7 mm with intermediate graft-
ing, which was significantly larger than late grafting (2.3 mm) but not significantly different from
early grafting (2.6 mm). Tomato seedlings displayed the thickest stems (3.7 mm) when grafted at
the intermediate date, significantly exceeding early (3.1 mm) and late (2.8 mm) grafting. In contrast
to the other parameter, the number of leaves per plant for eggplant (P = 0.224), pepper (P = 0.077),
and tomato (P = 0.119) did not show statistically significant differences across the different grafting
dates. The number of leaves remained relatively consistent regardless of whether grafting occurred
early, intermediately, or late.

Overall, tomato and eggplant exhibited better performance than pepper across the evaluated traits.
Both crops showed higher survival rates and greater vegetative vigor, as indicated by increased
seedling height and stem diameter. In contrast, pepper consistently displayed lower survival and
weaker growth characteristics. Differences among crops were less pronounced for the number of
leaves per plant, which showed similar values across all three species.

The findings consistently demonstrate that the intermediate grafting date significantly optimizes
several key growth parameters across eggplant, pepper, and tomato seedlings, including survival
rate, seedling height, and stem diameter. This suggests a critical window for grafting that maximiz-
es plant vigor and establishment. The superior performance observed at the intermediate grafting
stage can be attributed to several physiological and environmental factors. At this stage, the root-
stock and scion are likely at an optimal developmental phase, characterized by active cambial activ-
ity and sufficient carbohydrate reserves, which are crucial for successful graft union formation and
subsequent growth (Lee, 2006, Lee et al., 2010). Early grafting may expose young, less developed
seedlings to stress, which leading to decrease survival rates and reduced growth. Conversely, late
grafting could involve more lignified tissues, which are less amenable to successful union for-
mation, or expose the plants to less favorable environmental conditions for establishment, thereby
hindering growth and survival (Davis et al., 2008).

The significant improvements in survival rate with intermediate grafting highlight its importance
for successful crop production. A higher survival rate directly translates to better stand establish-
ment and potentially higher yields. The consistent positive effect across all three Solanaceous crops
(eggplant, pepper, and tomato) suggests a general principle that could be applied to other grafted
vegetable crops, emphasizing the importance of timing in horticultural practices. Similarly, the en-
hanced seedling height and stem diameter observed with intermediate grafting indicate a more ro-
bust and vigorous plant development. Taller seedlings with thicker stems are generally more resili-
ent to transplant shock and adverse environmental conditions, and they tend to establish faster in the
field, leading to earlier and potentially higher yields. This improved vegetative growth is likely a
direct consequence of a well-formed graft union that facilitates efficient water and nutrient uptake
from the rootstock to the scion, promoting overall plant development. Interestingly, the number of
leaves per plant did not show significant variation across different grafting dates for any of the test-
ed crops. This suggests that while grafting date profoundly impacts survival and overall plant archi-
tecture (height and stem diameter), the initiation and development of leaves might be less sensitive
to the timing of the grafting process within the tested range. It is possible that leaf development is
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more genetically predetermined or influenced by factors other than the immediate success of the
graft union, such as overall photosynthetic capacity or nutrient availability that might not be differ-
entially affected by grafting date in terms of leaf count. In conclusion, the results underscore the
critical role of grafting date in optimizing the early growth and establishment of grafted eggplant,
pepper, and tomato seedlings. The intermediate grafting date consistently provided the most favora-
ble conditions for survival, height, and stem diameter, indicating a balance between seedling ma-
turity and environmental suitability. Future research could explore the specific physiological mech-
anisms underlying these observations, such as hormone signaling and gene expression patterns dur-
ing graft union formation at different developmental stages.

The grafting date significantly influenced the seedling fresh weight of eggplant, pepper, and tomato
(P =0.009, 0.016, 0.037, respectively) (Table 4). For eggplant, the intermediate grafting date yield-
ed the highest fresh weight of 9.6 g, which was significantly greater than both early (7.4 g) and late
(7.0 g) grafting dates. Similarly, pepper seedlings exhibited the highest fresh weight at the interme-
diate grafting date (6.5 g), significantly surpassing early (4.9 g) and late (4.6 g) grafting. Tomato
plants also showed a superior fresh weight of 8.9 g when grafted at the intermediate stage, com-
pared to 6.6 g for early grafting and 6.3 g for late grafting. In addition, significant differences in
seedling dry weight were observed across different grafting dates for all three crops (P = 0.007,
0.004, 0.002, respectively). Eggplant seedlings achieved their maximum dry weight of 1.22 g with
intermediate grafting, which was significantly greater than early (0.94 g) and late (0.69 g) grafting.
Pepper seedlings followed a similar trend, with intermediate grafting yielding the highest dry
weight at 0.77 g, compared to 0.52 g for both early and late grafting. Tomato seedlings also demon-
strated optimal dry weight (1.14 g) when grafted at the intermediate date, significantly outperform-
ing early (0.83 g) and late (0.69 g) grafting.

Table: (3). Effect of grafting date on survival rate, seedling height, stem diameter, and Leaves/ Plant of egg-
plant, pepper, and tomato.

Crop? Grafting Date
Survival Rate
Early Grafting Date  Intermediate Grafting Date Late grafting Date P- values
Eggplant 82 by 94 a 80b 0.002
Pepper 65b 83 a 60 c 0.005
Tomato 78b 9la 73c <0.0001
Seedling Height (cm)
Eggplant 145b 16.8a 14.1b 0.001
Pepper 12.8b 156a 12.1b 0.003
Tomato 16.2b 185a 154c <0.0001
Steam Diameter (mm)
Eggplant 3.3b 39b 3.1b 0.003
Pepper 26a 2.7a 2.3b 0.017
Tomato 3.1b 3.7a 28¢c <0.0001
Leaves/ Plant
Eggplant 3.1 3.3 3.2 0.224
Pepper 2.9 3.0 2.9 0.077
Tomato 3.2 3.3 3.3 0.119

ZAll data were subjected to analysis of variance using ANOVA in JMP (version 11.0 for Windows; SAS Institute,
Cary, NC).YMeans followed by a different letter within sampling date are significantly different at P < 0.05.

Eggplant exhibited the highest seedling biomass, recording greater fresh and dry weights compared
with tomato and pepper. Tomato showed intermediate biomass accumulation, whereas pepper con-
sistently had the lowest fresh and dry weights among the three crops. These results indicate that
eggplant had the strongest biomass development during the seedling stage, followed by tomato,
while pepper showed comparatively weaker growth performance.
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The consistent observation that the intermediate grafting date significantly enhanced both seedling
fresh and dry weights across eggplant, pepper, and tomato aligns with the findings for survival rate,
seedling height, and stem diameter from previous analyses. This robust pattern underscores the crit-
ical importance of optimal timing in the grafting process for promoting vigorous early plant growth.
The increased fresh and dry biomass at the intermediate grafting stage suggests a more efficient
physiological integration between the rootstock and scion, leading to superior resource acquisition
and utilization.

Fresh weight is a direct indicator of water content and overall plant size, while dry weight reflects
the accumulation of organic matter through photosynthesis and nutrient uptake. The simultaneous
increase in both parameters at the intermediate grafting date implies that these seedlings are not on-
ly larger but also possess a greater accumulation of structural and metabolic compounds. This en-
hanced biomass production is crucial for successful transplanting and rapid establishment in the
field, as seedlings with higher fresh and dry weights typically have better reserves to cope with en-
vironmental stresses and initiate faster growth post-transplant.

The reduced fresh and dry weights observed in early and late grafting dates, particularly in late
grafting, could be attributed to several factors. Early grafting might occur when the seedlings are
too immature, lacking sufficient physiological development or carbohydrate reserves to support the
stress of grafting and subsequent growth. Conversely, late grafting might involve more mature, lig-
nified tissues that are less conducive to forming a strong and efficient graft union, thereby impeding
the transport of water and nutrients essential for biomass accumulation. Furthermore, environmental
conditions at very early or very late grafting dates might be less favorable for rapid growth and es-
tablishment compared to the intermediate period.

These results collectively reinforce the concept of a critical developmental window for grafting,
where the physiological state of both the rootstock and scion, coupled with conducive environmen-
tal conditions, maximizes the benefits of grafting. The enhanced fresh and dry weights are indica-
tive of a healthier, more robust seedling, which is a prerequisite for improved yield and quality in
grafted vegetable production systems. Future research could delve into the biochemical and mo-
lecular mechanisms underlying the superior biomass accumulation at the intermediate grafting
stage, such as gene expression related to photosynthesis, nutrient transport, and stress response.

Table: (4). Effect of Grafting Date on Seedling Fresh and Dry Weight of Eggplant, Pepper, and Tomato.
Grafting Date”
Seedling Fresh Wt. (g)

Crop Early Grafting Date Intermediate Grafting Date Late grafting Date P- values
Eggplant 7.4 Y 9.6a 70b 0.009
Pepper 49D 6.5a 46D 0.016
Tomato 6.6 b 89a 6.3¢c 0.037
Seedling Dry Wt. (g)
Eggplant 0.94b 122a 0.69c¢c 0.007
Pepper 0.52b 0.77 a 0.52b 0.004
Tomato 0.83 b 114 a 0.69c 0.002

zAll data were subjected to analysis of variance using ANOVA in JMP (version 11.0 for Windows; SAS
Institute, Cary, NC).YMeans followed by a different letter within sampling date are significantly different
at P <0.05.

CONCLUSION

The present study clearly demonstrates that grafting success and early seedling performance of
eggplant, pepper, and tomato are strongly governed by both crop species and grafting date, with the
intermediate grafting stage consistently providing the most favorable outcomes. Significant main
and interaction effects indicate that grafting responses are species-dependent and highly sensitive to
timing, reflecting underlying physiological and anatomical differences among crops. Across all
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evaluated traits, including survival percentage, seedling height, stem diameter, and biomass accu-
mulation, the intermediate grafting date resulted in superior seedling vigor, indicating the existence
of an optimal developmental window in which cambial activity, carbohydrate availability, and vas-
cular reconnection are maximized. In contrast, early grafting likely exposed physiologically imma-
ture seedlings to stress, while late grafting involved more lignified tissues with reduced graft union
efficiency. The consistent enhancement of both fresh and dry weights at the intermediate stage fur-
ther underscores improved water relations, nutrient transport, and assimilate partitioning following
successful graft union formation. Collectively, these findings highlight the necessity of tailoring
grafting schedules to crop-specific growth dynamics rather than adopting uniform practices. Opti-
mizing grafting date is therefore a critical management strategy for improving survival, uniformity,
and quality of grafted seedlings, with direct implications for efficient commercial seedling produc-
tion and improved field establishment in solanaceous vegetable crops.
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Introduction:

The anatomical and histological characteristics of the spleen were investigated in ten
apparently and clinically healthy adult rams Bargi sheep in Libya. Anatomical examina-
tion revealed that the spleen in this breed exhibited a triangular shape with rounded cor-
ners, obtuse margins and a distinct reddish-brown color. Also, biometric analysis re-
vealed that the mean values of length, width, and weight were13.3+1.0 cm, 8.2+0.9cm,
and 113.2+30.9gm respectively. Histological examination demonstrated that the spleen
of the Barqi sheep is enveloped by a delicate fibrous capsule composed of collagen fi-
bers and smooth muscle fibers. Trabeculae of varying thickness extend from the capsule
into the splenic parenchyma which composed of red and white pulp , these trabeculae
were composed of smooth muscle fibers with sparse distribution of collagen and each
trabecula was surrounded by peritrabecular sinus. The white pulp composed of splenic
follicales most of them had light germinal center. The splenic follicle was surrounded
by marginal zone and there was no distinct demarcation between red and white pulp.
The red pulp consisted of splenic cords and sinusoids.

Keywords: Gross anatomy, morphometric measurements, Histological, Spleen, rams
Barqi sheep
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Sheep (Ovis aries) represent a cornerstone of livestock production, serving as a primary

source of meat, milk, and wool (Holocomb, 1994). It is well-established that lymphoid tissues play
a pivotal role in systemic defense mechanisms against pathogenic microorganisms (Khalel, 2010).
While the immunohistochemical properties of splenic compartments have been characterized in bo-
vine (Keresztes et al., 1996) and certain ovine species (Gupta et al., 1998), precise data regarding
cellular composition remains essential for understanding the organ's immunological function and
diagnosing various animal pathologies (Ngeranwa et al., 1993).
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As the largest secondary lymphatic organ, the spleen is specialized to mount immune re-
sponses against blood-borne antigens (Elhussieny et al., 2022; Madhu et al., 2023). Its structural
organization, particularly the spatial relationship between the red and white pulp, is governed by
vascular distribution and varies significantly across species (Bhagyalakshmi, 2025). Although lym-
phoid organs persist throughout a mammal's lifespan, they undergo age-related transitions; for in-
stance, the spleen transitions from an embryonic hematopoietic site to a lifelong producer of lym-
phoid cells (Krause and Cutts, 1994).

Despite previous studies on caprine splenic morphology (Waghaye et al., 2017; Gupta et al., 2017).
Historically, the splenic surface is described as being covered by a mesothelium of simple squa-
mous cells, although some reports suggest a discontinuous layer overlying the parenchyma (Gupta
et al., 2017). Histologically, the red pulp serves as a reservoir for erythrocytes, reticular cells, and
macrophages (Yogesh, 2007). The scarcity of information and published research on the anatomical
and histological structure of the spleen in Barki sheep in Libya encouraged us to conduct this re-
search to provide information on the morphological and histological structure of the spleen and to

encourage scientific research on these animals in Libya.

Material and methods:

This study was conducted on ten spleen samples (5 for morphological and morphometric
study and 5 for histological study) obtained from apparently and clinically healthy adult rams Barqi
sheep (Ovis aries) weighted about 15 Kg and aged 6-8 month freshly slaughtered for human con-
sumption at the municipal slaughterhouse at El Bayda city, Eastern Libya for anatomical and histo-
logical studies. Immediately after animals slaughter the splenic specimens were excised and trans-
ported to the laboratory in a icebox to maintain tissue integrity for subsequent anatomical and his-
tological evaluation.

Gross anatomy evaluation and morphometric measurements including splenic length, width,
thickness, and absolute weight were performed on 5 samples. Additionally, the total body weight
of each animal was recorded to establish the relative organ-to-body weight ratio. This index was
calculated according with the formula established by Federova (1987):

waight of splaan

Relative spleen weight= =100
P s body weight

Data analysis:

The excel programs were used to analysis and draw the figure, and the data were presented
as mean = standard error values.

Histological study was conducted on 5 samples of spleen. After animals slaughter the splen-
ic specimens were harvested and small pieces (3mm) from each sample were fixed in fresh pre-
pared Bouin’s fixative for 24hr ,then the samples were washed with 70% alcohol to remove excess
of picric acid from the tissues and dehydrated in graded series of ethanol cleared in xylol, embed-
ding in paraffin wax , sectioned by rotary microtome (Leica RM 2125) at 5 pm thick then the his-
tological sections stained with Harri’s Hematoxylin and Eosin (H&E) and Crossman’s trichrome
stain according to Bancroft and Gamble (2008). Stained sections were examined under light micro-
scope with digital camera (Nikon Eclipse E400, Japan).
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Results:

Gross anatomical observation revealed that the spleen of Bargi sheep had triangular shape
with rounded corners, obtuse margins, reddish-brown color in fresh state and granular appearance
which appeared as white spots in the splenic parenchyma. The spleen was found to consisted of two
surfaces include parietal convex surface and visceral concave surface containing the hilus. There
were also two ends in the spleen include abroad, thick basal dorsal extremity (edge) and narrow,
thin ventral extremity. It was also found that the spleen covered by thick transparent fibrous cap-
sule. The average length width and the weight of the spleen were 13.3+1.0 cm, 8.2+0.9 and
113.2+30.9 gm respectively (Figs.1-3).

Histological examination of the spleen sections stained with H&E and Crossman’s trichrome
stains revealed that the spleen was surrounded with a thick fibrous capsule formed of outer collagen
fibers interspersed with fibroblasts and inner smooth muscle fibers from which extended trabeculae
with different length and thickness to the splenic parenchyma. The trabeculae consisted mainly of
smooth muscle fibers with very few sporadic collagen fibers. Each trabecula was surrounded by
peritrabecular sinus which appeared with subcapsular sinus engorged with blood cells. The splenic
parenchyma was clearly found to consist of splenic white pulp and splenic red pulp. The white pulp
consisted of splenic follicles that showed varying size and round to oval shape had prominent ec-
centrically placed arteriole branched from the central artery and surrounded by periarterial lymphat-
ic sheath. These follicles consisted of densely packed small and medium sized lymphocytes with
different type of cells as few plasma cells, macrophages and granulocytes also, most of the splenic
follicales had light germinal centers. The splenic white pulp was surrounded by the slightly darker
marginal zone and there was less clear distinct demarcation between red and white pulp. Splenic red
pulp occupied the interstitial spaces between the white pulp and consisted of splenic cords which
consisted of diffusely distributed cells mainly of lymphocytes, erythrocytes, granulocytes, macro-
phages and occasional scattered large megakaryocytes which characterized by acidophilic cyto-
plasm and lobated nuclei and irregular splenic sinusoids which lined by endothelial cells with large
nuclei protruding into the sinusoidal lumen (Figs.4A-L).
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Fig. (1): A photograph of the spleen of Barqi sheep showing triangular shape of spleen with round-
ed corners and reddish-brown color, parietal surface (P),visceral surface (V) containing the hilus
(Arrow), thick transparent fibrous capsule (Arrowhead), granular appearance which appeared as
white spots in the splenic parenchyma represent the splenic follicles in the cut surface of spleen
(Red arrow).

—

Fig. (2): A photograph of the spleen of Bargi sheep showing reddish-brown color ,triangular shape
of spleen with rounded corners (Red Arrows) and granular appearance of visceral surface (Star)
containing the hilus (Blue Arrow), thick transparent fibrous capsule (Arrowhead).

Total body weight( Kg)

B Weight of spleen( gm)

Length of spleen (cm)

Width of spleen (cm)

Total body Weight of Length of Width of spleen
weight( Kg) spleen( gm) spleen (cm) (cm)

Fig. (3): Diagram showing the average length width and the weight of the spleen
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Fig. (4A-D): Photomicrographs of a transverse histological sections of spleen of Bargi sheep ram
showing capsule (Ca), trabeculae with different thickness (T), peritrabecular sinus (S), white pulp
splenic follicles (WP), red pulp(RP), marginal zone (MZ), megakaryocyte (Arrow) (H and E stain ,

X 200).

Fig. 4 (E-F): Photomicrographs of a transverse histological sections of spleen of Bargi sheep ram
illustrating the microanatomical architecture. Panels E-F (H&E stain, X 200) showing organization
of the white pulp (WP)with central artery (Arrow) surrounded by periarterial lymphatic sheath
(PALS), marginal zone (MZ) and red pulp (RP) consist of splenic cords and sinusoids. Panels G-H
(Crossman’s Trichrome, X 200) showing capsule (Ca), trabeculae with different thickness (T) con-
sists mainly of smooth muscle fibers with red color and a few sporadic collagen fibers with green
color, peritrabecular sinus (S) engorged with blood cells.
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rse histological sections pleen of Barqi sheep ram
showing capsule (Ca), trabeculae with different thickness (T) consists mainly of smooth muscle
fibers with red color and a few sporadic collagen fibers with green color, pericapsular and peritra-
becular sinuses (S), white pulp splenic follicle (WP), central artery (Arrow), red pulp(RP) (Cross-
man’s Trichrome, X200).

Discussion:

Our findings regarding the triangular shape, color, borders, parietal convex surface and visceral
concave surface with hilus of the spleen in Bargi sheep were consistent with Suri et al., 2017) in
sheep of Jammu region in India, Khalel (2010) in adult Awasi sheep and Elhussieny et al., 2022) in
Barki Sheep. Thanvi et al., 2021) reported that the shape of the spleen in sheep (Ovis aries) was
somewhat triangular with round corners, two surfaces, three borders and had bluish red to dark pur-
ple color. Spleen of sheep had three borders was in accordance with the findings of Thanvi et
al.(2021) . On the contrary the different shape and color of the spleen in other animals were docu-
mented Elhussieny et al., 2022) reported that the color of the bovine spleen varies according to the
age and sex of the animal. Our findings regarding the length width and the weight (13.3+1.0 cm,
8.2+0.9 and 113.2+30.9 gm respectively) of the Barqi sheep ram spleen were slightly larger than
those documented by Khalel (2010) who reported that the average measurements of length, width
and weight of 10 spleen of adult Awasi sheep were 9.93+0.342, 6.48+0.233 and 69+6.663 gm re-
spectively and relatively similar observation was documented by Thanvi et al., 2021) who reported
that the average length, width and weight of the spleen in 30 apparently healthy adult sheep (Ovis
aries) of either sex was 10.03 £ 0.10 cm, 4.29 + 0.35 and 39.576 + 2.034 gm respectively. The di-
mensions of the spleen vary by sex and age and the splenic dimensions were higher in males than
females (Demissie et al.,2021). Lee et al.(2021) add that the spleen length is influenced by age, sex,
and body mass .

Our results revealed that the Bargi sheep spleen was surrounded by a thick fibrous capsule of
collagen and smooth muscle fibers send trabeculae consist mainly of smooth muscle fibers with
very few sporadic collagen fibers. Our findings were in agreement with Eurell and Frappier (2013)
who reported that the spleen surrounded by a thick capsule of connective tissue composed of two
layers of outer dense irregular connective tissue and inner smooth muscle fibers and the thickness
and amount of smooth muscle vary with the species and the same author also confirmed extend tra-
beculae from the capsule and the hilus into the parenchyma of the spleen. Similar finding was also
noticed in the spleen of adult Awasi sheep by Khalel (2010), and also (Suri et al., 2017) showed
that the sheep had a thick fibro-muscular capsule and from the innermost zone of capsule, connec-
tive tissue trabeculae extended into the splenic parenchyma in form of bands. Similar findings in
domestic animals were reported Dellmann and Brown (1987). (Zidan et al.,2002) also reported that
the camel spleen was composed of a thick capsule surrounding the splenic parenchyma. The cap-
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sule is divided into outer layer consists mainly of connective tissue including collagen and inner
layers is composed predominantly of smooth muscle cells. The presence collagen and muscle fibers
in parallel orientation in the capsule and trabeculae help in changing the volume of spleen and
pumping out the excess blood in circulation (Shringi et al.,2018). Also,( Gnanadevi et al.,2019) re-
ported that the spleen in both sheep and goat was surrounded by a thick fibro-elastic capsule pre-
dominantly composed of collagen fibres with elastic and smooth muscle fibres. Cesta (2006) and
Suri et al., 2017) reported that the presence of smooth muscle fibers in the capsule and trabeculae
indicated the capacity of spleen to expand and store large number of erythrocytes and also the abil-
ity for rapid contraction.

Our findings regarding splenic parenchyma are consistent with other mammalians in previ-
ous study by Khalel (2010) and (Gnanadevi et al., 2019) in sheep. Also, similar architecture of the
splenic parenchyma was documented by (Waghaye et al., 2017) and Devi et al. (2016) in goats and
by Mirhish (2018) in gazelle. Similar histological architecture of the spleen of sheep and goat was
also reported by (Suri et al., 2017) but the same author add that there was clear demarcation be-
tween white and red pulp. The demarcation was more distinct in goat as compared to sheep.
(Nicander et al., 1993) reported that lymphocytes, macrophages, other accessory cells and all cellu-
lar elements of blood were present in white pulp in domestic animals. (Copenhaver et al., 1975)
stated that the plasma cells and macrophages were present on the germinal centers, which were de-
veloped due to antigenic stimulation necessary for increasing phagocytic activity. (Zidan et al.,
2002)reported that the red pulp in one humped camel (Camelus dromedarius) is characteristically
divided into cords by secondary trabeculae and contains venous sinusoids of different sizes.

Conclusion: Barqi sheep spleen characterized by fibrous capsule composed of collagenous and
smooth muscle fibers and the splenic parenchyma composed of white pulp and red pulp as another
mammalian with slight different in morphological and histological architecture specialized for
Bargi sheep. Future research utilizing immunohistochemical markers, electron microscopy study
and Polymerase chain reaction (PCR) technology are recommended.
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Effect of the aqueous extract of the germander plant (Teucrium polium) on the mor-
phological and anatomical characteristics of the root nodules of faba bean varieties
(Vicia faba L.)
Abstract: This study aimed to evaluate the effect of the aqueous extract of Teucrium polium
on the morphological and anatomical characteristics of root nodules in three cultivars of
faba bean (Vicia faba L.), in the context of sustainable agriculture and the development of
natural alternatives to chemical fertilizers. A greenhouse experiment was conducted using
three concentrations of the plant extract (0.5%, 1.5%, and 3%), applied during different
growth stages. The results revealed that the aqueous extract significantly improved root
nodule traits in all studied cultivars, including nodule number, number of effective nodules,
and nodule weight, without altering their general shape. The 1.5% concentration showed the
greatest effectiveness, achieving superior values for most measured parameters. Among the
cultivars, Luz exhibited the best performance, indicating the influence of genetic variation
on the symbiotic efficiency with Rhizobium bacteria. Anatomical analysis showed that the
moderate concentration (1.5%) enhanced nodule diameter, length, and the size of the infect-
ed zone, which is closely associated with nitrogen fixation efficiency. In contrast, the higher
concentration (3%) showed a slight inhibitory effect on some traits. These findings suggest
that Teucrium polium extract, particularly at moderate concentrations, can serve as an effec-
tive natural biostimulant to enhance nodulation and biological nitrogen fixation in faba bean.
This approach may contribute to improving soil fertility, reducing dependence on chemical
fertilizers, and supporting environmentally sustainable agricultural practices.

Keywords: Teucrium polium ,Vicia faba L.,Root nodules ,Morphological and anatomical
traits, Bio stimulants .
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INTRODUCTION

Abstract: This study evaluated the effects of four salinity treatments (T1-T4)
on mung bean (Vigna radiata L.) seed germination and seedling vigor under
controlled laboratory conditions. A completely randomized design (CRD)
with three replicates per treatment was used; 50 seeds were placed in each Pe-
tri dish and incubated on filter paper moistened with: T1 distilled water (con-
trol), T25 g Lt NaCl, T3 10 g L* NaCl, and T4 15 g L't NaCl. Germination
percentage, germination energy (72 h), germination ability (168 h), shoot and
root lengths, total seedling length, and Seedling Vigor Index (SVI = seedling
length x germination %) were assessed, with mean separation by LSD at 5%
and 1%. Results showed a consistent decline with increasing salinity (T1 > T2
> T3 > T4). Final germination remained very high in T1-T3 (100-98%) with
no significant differences, but dropped sharply in T4 (63.33%), indicating a
threshold effect at high salinity. Seedling growth traits were the most sensitive
indicators, showing drastic reductions even when germination stayed high (no-
tably in T3). SVI provided the clearest overall discrimination among treat-
ments, highlighting that germination percentage alone may overestimate es-
tablishment potential under salinity stress.
Keywords: Mung bean, seed germination, seedling vigor, SVI, salinity, sodi-
um chloride, seedling growth.
(Vigna radiata L.) i\l J g B clall) 568 cliag jsid) @l o (NaCH) daslal) ciligiva 0
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Mungbean (Vigna radiata (L.) Wilczek), also known as Mung bean / Green gram / Golden gram,
is a short-duration grain legume of increasing nutritional and economic importance, widely culti-
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vated in tropical and subtropical regions. Legumes in general represent a key component of sustain-
able agricultural production systems because of their high nutritional value and their role in improv-
ing soil fertility through symbiotic biological nitrogen fixation with rhizobia, which contributes to
reducing the relative dependence on nitrogen fertilizers and improving the physical and chemical
properties of the soil. In this context, Mung bean has further agronomic importance because its
short field duration makes it suitable for inclusion in crop rotations and crop intensification pro-
grams, allowing farmers to exploit “seasonal windows” between seasons or between two main
crops, thereby achieving more efficient use of land, water, and inputs (Nair etal ., 2019).

Despite these agronomic advantages, the successful cultivation and stable integration of mung
bean within farming systems depend greatly on the efficiency of germination and field establish-
ment. Germination and seedling emergence constitute a critical stage that determines plant popula-
tion and uniformity of growth in the field, which directly affects crop competitiveness and later
yield potential. Accordingly, any disturbance in germination speed, uniformity, or early seedling
vigor may lead to variability in plant age and physiological status, reduced stand density, and poten-
tial yield losses. Mung bean, like many legume crops, faces challenges related to its sensitivity to
environmental stresses during early growth stages. These include unfavorable sowing conditions
such as moisture deficit, temperature extremes, poor seedbed preparation, and particularly soil sa-
linity, which is among the most widespread and influential abiotic stresses in arid and semi-arid en-
vironments. Salinity disrupts water uptake and ionic balance in plant tissues, which may rapidly re-
sult in reduced germination percentage, delayed germination, and greater variation in germination
time, in addition to weakened root and shoot growth at the seedling stage. In severe cases, these ef-
fects can cause substantial yield losses. Recent literature emphasizes that sustainable mung bean
production requires prioritizing improved adaptation to stresses especially salinity within research
and development agendas to support food security and provide high-value plant protein sources
(Rahat et al., 2023). The importance of this approach is reinforced by studies indicating that a rapid
and practical screening for salinity response can be conducted during germination and early seed-
ling growth stages to distinguish among genotypes/treatments in terms of tolerance or sensitivity
(Podder et al., 2020). Accordingly, the research problem centers on the need to evaluate the effects
of treatments (T1-T4) on mung bean establishment using an integrated set of germination, early
growth, and vigor indicators, in order to identify the most effective treatment physiologically and
statistically.Accordingly, the research aims to evaluate the effects of (T1-T4) treatments on mung
bean germination using an integrated set of germination, early growth and viability indicators, in
order to identify the most physiologically effective treatment, in line with calls to develop more
salt-tolerant strategies and practices in arid and semi-arid regions.

MATERIALS AND METHODS

Seed material and laboratory supplies: Mungbean (Vigna radiata L.) seeds were used for all
tests. The experiment was carried out under controlled laboratory conditions using standard germi-
nation supplies including Petri dishes, filter paper, a ruler (or measuring tape) for seedling-length
measurements, a sensitive balance for dry-weight determination, distilled water, sodium chloride
(NaCl) for preparing salinity treatments, and a 5% sodium hypochlorite (NaOCI) solution for sur-
face sterilization.

Seed pre-treatment and surface sterilization: Prior to sowing, seeds were soaked in distilled wa-
ter for 24 h to ensure uniform hydration. After soaking, seeds were surface-sterilized by immersion
in 5% sodium hypochlorite for 2 min, then thoroughly rinsed several times with distilled water to
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remove residual disinfectant. Sterilized seeds were then transferred aseptically to Petri dishes lined
with filter paper for germination assessment.

Preparation of salinity treatments: Four irrigation (moistening) treatments representing different
salinity levels were prepared using NaCl solutions:T1: distilled water (control) /T2:5g L™ /T3:
10g L /T4: 15 g L Filter papers in each Petri dish were moistened with the corresponding solu-
tion for each treatment. During incubation, moisture was maintained by adding the assigned solu-
tion whenever necessary to prevent desiccation and to ensure consistent exposure of seeds to the
intended salinity level.

Experimental setup and design: For each replicate, 50 seeds were placed evenly in a Petri dish
(100mm x15mm). The experiment was arranged in a completely randomized design (CRD) with
three replicates per treatment. Petri dishes were monitored throughout the test period, and germina-
tion and seedling growth were evaluated according to the defined observation times and traits de-
scribed below.

Measured traits and calculations: Germination percentage (%) was determined using the formula:
Germination (%) = (number of germinated seeds / total number of seeds) x 100 (Copeland&
McDonald 2001). Germination energy was assessed as the percentage of seeds germinated after 72
h, while germination capacity (ability) was determined as the percentage of seeds germinated after
168 h (Bam et al., 2006). Seedling growth parameters were measured at the final observation (14
days), including Shoot length/cm , Root length /cm, and total seedling length/cm, where total seed-
ling length was calculated as Shoot length + Root length.  For dry-weight determination, after re-
cording shoot and root lengths at 14 days, seedlings from each Petri dish were oven-dried at 60°C
until a constant weight was achieved, and then weighed using a sensitive balance. Seedling Vigor
Index (SVI) was calculated according to:
SVI = (mean shoot length + mean root length) x germination (%) (Abdul-Baki & Anderson,
1973; Sagar et al., 2019).

Statistical analysis: Data were subjected to analysis of variance (ANOVA) appropriate for a com-
pletely randomized design. Treatment means were compared using the least significant difference
(LSD) test at 5% and 1% probability levels, based on the same error degrees of freedom and residu-
al mean square obtained from the ANOVA.

Results and Discussion

The treatment means (Table 1) demonstrate a strong and coherent treatment effect on germina-
tion, early seedling growth, and integrated vigor. Across almost all traits, a consistent ranking is
observed (T1 > T2 > T3 > T4), indicating a progressive reduction in the physiological capacity of
seeds to germinate efficiently and establish vigorous seedlings as treatment severity increased. This
general interpretation is consistent with the seed-science view that seed vigor is a complex trait
governing rapid, uniform, and robust seedling establishment, particularly under suboptimal envi-
ronments (Finch-Savage, & Bassel, 2016). A key feature of the dataset is that treatment effects
were expressed more strongly in post-germination growth traits (shoot/root elongation and vigor
index) than in final germination percentage under mild to moderate conditions. Such a pattern is
frequently emphasized in the literature: seeds may retain high “maximum” germination under near-
ideal conditions, while vigor-related outcomes (rate, uniformity, and seedling robustness) decline
substantially, thereby lowering establishment potential (Finch-Savage, & Bassel, 2016).
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Final germination percentage: stability under T1-T3 and a significant collapse under T4 Final
germination remained (Table 1) very high in the first three treatments (T1 = 100%, T2 = 100%, T3
= 98%). Statistically, T1/T2 and T3 do not differ significantly because the largest difference (2%) is
below LSD (5%) = 6.611. In contrast, T4 (63.33%) was sharply reduced, and the difference be-
tween T4 and the other treatments (e.g., 36.67 percentage points relative to 100%) far exceeds LSD
(1%) = 9.62, confirming a highly significant reduction in germination success. Biologically, this
indicates that while most seeds could still complete germination in T1-T3, T4 impaired completion
of germination for a substantial fraction of seeds. This type of response is commonly reported for
mungbean exposed to increasing NaCl levels: moderate salinity may reduce performance slightly or
inconsistently, whereas higher levels typically cause a marked decline in germination percentage
(Gothwal & Kumawat, 2020; Podder et al., 2020). Mechanistically, severe salinity can reduce ger-
mination through (i) osmotic effects that limit water uptake and delay imbibition and (ii) ionic tox-
icity that disrupts metabolism and membrane integrity, often accompanied by oxidative stress.
These processes are widely discussed in salt-stress studies on mung bean during germination and
early seedling stages (Islam et al., 2025).

Early germination dynamics: Germination Energy (GE) and Germination Ability (GA): Alt-
hough final germination did not significantly separate T1-T3, the early germination indices help
clarify whether treatments altered the speed/early completion of germination.GE values were clus-
tered among T1 (50.00), T2 (48.67), and T3 (48.00). The largest difference among these (2.00) is
below LSD (5%) = 2.431, indicating no significant differences in GE among T1-T3. However, T4
(21.33) was dramatically reduced; differences between T4 and T1-T3 (e.g., 28.67 compared with
T1) exceed LSD (1%) = 3.537, confirming a highly significant decline in early germination vigor.
GA showed a similar structure: T1 (50.00), T2 (50.00), and T3 (49.00) are statistically comparable
(differences far below LSD (5%) = 3.306), while T4 (31.67) is significantly lower than the others
(e.g., 18.33 compared with T1 > LSD (1%) = 4.81). Together, GE and GA show that mild—
moderate conditions did not measurably reduce early germination performance relative to LSD
thresholds, but the most severe condition strongly reduced both early vigor and final capacity. Us-
ing fixed-time measures for early germination (e.g., 72 h and 168 h) is consistent with published
approaches for describing early germination dynamics in seed quality/vigor studies ( Podder et al.,
2020). From an applied perspective, this separation is important: even when final germination re-
mains high (as in T3), early germination dynamics can still be compromised under stress, affecting
uniformity and establishment. The literature on seed vigor and establishment emphasizes that vigor-
related traits better reflect performance across a wider range of environments than germination per-
centage alone (Finch-Savage, & Bassel, 2016).

Seedling growth traits: the strongest and most sensitive treatment discriminato seedling growth
traits showed very strong treatment sensitivity, strongly differentiating treatments even when ger-
mination remained high. Total seedling length (Table 1) fell sharply from 27.650 cm (T1) to 6.917
cm (T2) to 1.248 cm (T3) to 0.350 cm (T4). Differences between T1 and the remaining treatments
are far larger than LSD (1%) = 1.882, confirming highly significant reductions in elongation as
treatment severity increased. Differences between T2 and T3/T4 also exceed LSD (1%), demon-
strating that growth impairment is substantial even when germination is still high.  Notably, T3 vs
T4 for total seedling length (difference = 0.898) was not significant because it is below LSD (5%) =
1.294, meaning that both treatments produced similarly restricted total elongation despite different
germination percentages. This is consistent with the broader conclusion that post-germination
growth can be more strongly constrained than germination completion, particularly under salt
stress. Mung bean salinity studies commonly report reductions in seedling length and vigor index
with increasing NaCl concentration (Gothwal & Kumawat, 2020; Podder et al., 2020). Root length
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decreased from 6.450 cm (T1) to 4.300 cm (T2) and then collapsed to 0.317 cm (T3) and 0.283 cm
(T4). T1 significantly exceeded T2 (difference = 2.150 > LSD(1%) = 1.441) and greatly exceeded
T3/T4. Meanwhile, T3 and T4 were statistically indistinguishable (difference = 0.034 < LSD(5%) =
0.99), implying near-complete inhibition of root elongation in both treatments. Roots are often re-
ported to be highly sensitive to salinity because they directly contact the saline medium, and reduc-
tions in root length under increasing NaCl are repeatedly documented in mungbean screening stud-
ies (Kamrul et al., 2018;Benlioglu & Ozkan 2020;Gothwal & Kumawat, 2020). Shoot length (Table
1) showed extremely large contrasts: 20.100 cm (T1), 2.617 cm (T2), 0.955 cm (T3), and 0.067 cm
(T4). T1 exceeded all other treatments by differences far beyond LSD (1%) = 1.775, indicating a
highly significant treatment effect on shoot growth. The T2 vs T3 contrast (difference = 1.662) ex-
ceeded LSD(5%) = 1.22 but not LSD(1%), indicating significance at 5% but not at 1%.This pattern
aligns with published evidence that salinity suppresses shoot elongation and biomass accumulation
in mungbean seedlings, often in a dose-dependent manner (Gothwal & Kumawat, 2020; Podder et
al., 2020).

Seedling vigor index (SVI / seedling index): the most integrative indicator: The seedling index
(vigor index) provided the clearest overall separation among treatments because it integrates germi-
nation with seedling growth into a single measure. The use of vigor indices has a strong basis in
seed science, with vigor evaluation and the use of multiple criteria highlighted in classical work
(Bam et al., 2006). Moreover, seed-testing guidance explicitly states that SV1 is calculated by mul-
tiplying germination (%) by seedling length and cites Abdul-Baki & Anderson (1973) as a founda-
tional reference (Government of India 2008)Mungbean salinity studies also commonly compute
SVI as (mean shoot length + mean root length) x germination percentage, as cited in published
work ( Podder et al., 2020). In the present results, seedling index declined from 2655.00 (T1) to
691.67 (T2) to 124.59 (T3) to 22.27 (T4). Most contrasts exceeded LSD(1%) = 108.554, confirm-
ing highly significant treatment effects on integrated vigor. The T3 vs T4 contrast (102.32) was sig-
nificant at 5% (> 74.604) but not at 1% (< 108.554). The key applied interpretation is that T3 main-
tained very high germination (98%) yet had a very low vigor index, because seedling growth was
severely inhibited. This supports a central seed biology principle: final germination percentage can
overestimate establishment potential, whereas vigor metrics better capture the ability to produce
robust seedlings across stressful or variable environments (Finch-Savage, & Bassel, 2016).

Linking the statistical pattern to salt-stress biology: The combined statistical outcomes indicate
two distinct “impact layers” of treatment severity: Mild—-moderate conditions (T1-T3): final germi-
nation remained high, and GE/GA did not separate strongly, but seedling growth declined drastical-
ly, especially in T3. This suggests that post-germination processes (cell expansion, tissue differenti-
ation, and sustained growth) were more sensitive than the initial completion of germination under
those conditions. Severe condition (T4): both germination completion and seedling growth col-
lapsed, indicating that salinity reached a threshold where seeds could neither germinate efficiently
nor sustain early growth.Mungbean salt-stress papers describe similar trends and discuss the role of
osmotic restriction, ion toxicity, and associated physiological disturbances during germination and
early seedling development (Promila & Kumar 2000; Islam et al., 2025 ;Viswanathan & Nara-
yanan 2025).

Table:(1). Treatment Means and LSD-Based Interpretation of Germination and Seedling Vigor Traits

Treatment Germination ~ Germination Germination Seedling Root Shoot Seedling In-
(%) Energy Ability Length Length Length dex
(cm) (cm) (cm)
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T1 100.00 50.00 50.00 27.650 6.450 20.100 2655.00
T2 100.00 48.67 50.00 6.917 4.300 2.617 691.67
T3 98.00 48.00 49.00 1.248 0.317 0.955 124.59
T4 63.33 21.33 31.67 0.350 0.283 0.067 22.27
LSD (5%) 6.611 2431 3.306 1.294 0.99 1.22 74.604
LSD (1%) 9.62 3.537 4.81 1.882 1.441 1.775 108.554

Note: LSD (1%) was calculated using the same error d. f. (= 8), number of replicates (= 3), and residual mean square from the ANOVA output.

Conclusions: From a germination perspective, the results indicate that treatment 1 (T1) was the
most suitable, achieving the highest growth rates and viability index. Treatment 2 (T2) maintained
complete germination but exhibited a significant decrease in growth and viability compared to
treatment 1 (T1), suggesting that even mild stress can impair germination potential. Treatment 3
(T3) maintained near-complete germination but produced very weak seedlings, indicating a high
risk of poor germination despite a high germination rate. Treatment 4 (T4) caused the most damage,
significantly reducing germination and leading to a collapse in seedling viability. This arrangement
is consistent with studies examining the effects salinity of mung beans, which indicate progressive
decreases in germination, particularly in seedling growth and viability index, with increasing sodi-
um chloride levels (Gothwal & Kumawat, 2020; Podder et al., 2020).

Recommendations for future work: Because this study was conducted under controlled laborato-

ry conditions, extrapolation to field performance should be made cautiously; field environments
introduce additional factors (soil structure, fluctuating temperature, microbial activity, and hetero-
geneous salinity). Several mungbean salinity studies explicitly recommend field validation to con-
firm laboratory findings (Podder et al., 2020).  Future work could (i) quantify emergence and ear-
ly biomass in soil-based assays, (ii) include physiological/biochemical markers (e.g., ion balance,
membrane stability, oxidative stress markers), and (iii) test genotypic variation in response to the
same salinity treatments, as done in recent mungbean salt-tolerance studies( Islam et al., 2025).
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Water Use Efficiency in Soilless Culture Systems: A Comparative
Study of Water Requirements for Tomato and Pepper Crops
Versus Traditional Agriculture Cultivation

Abstract: This study aimed to conduct a comparative analysis between hy-
droponic systems and traditional soil cultivation in terms of water-use effi-
ciency and vegetative growth parameters for tomato and pepper crops. Wa-
ter requirements under soil cultivation were estimated using the Penman—
Monteith (FAO-56) equation based on the Omu-ET model, whereas water
requirements in hydroponic system were calculated based on the actual up-
take of the nutrient solution. The results demonstrated a statistically signifi-
cant superiority (P = 0.005) of the hydroponic system in reducing water
consumption by more than 75%, along with a marked improvement in bio-
mass accumulation of the crops.

Keywords: Hydroponics, Sustainable Development, Nutrients, Natural
Resources, Water Requirements, Penman—Monteith
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