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Introduction

Given the ongoing challenges of climate change and the increasing of shortages in water resources, there is an urgent
need to reconsider conventional cropping systems. Promoting the cultivation of drought-tolerant and low water-requiring
crops such as legumes can substantially contribute to agricultural sustainability and food security. Chickpea (Cicer
arietinum L.) is a major legume adapted to arid and semi-arid regions, playing a vital role in improving soil fertility
through biological nitrogen fixation. It is cultivated on approximately 17 million hectares worldwide. In Iran, although a
large area is dedicated to chickpea cultivation, the average yield accounts for only about 30% of its potential capacity.
Factors such as inadequate agronomic management, drought, high temperatures, and severe damage from pests and
diseases, especially during early growth stages are considered the main causes of low yield. Direct seeding, which has
long been the conventional method of chickpea establishment, often leads to poor and nonuniform seedling emergence
under water-limited and harsh environmental conditions. In this context, transplanting represents a novel and promising
approach to overcome these constraints by improving seedling establishment, optimizing water use, and enhancing
tolerance to biotic and abiotic stresses. Therefore, this study aimed to evaluate the effects of seedling age and tray cell
size on transplanting growth traits to identify effective strategies for improving transplant production and addressing
challenges associated with water scarcity.

Materials and Methods

The experiment was conducted in February 2024 in the Research Greenhouse of the Faculty of Agriculture, Ferdowsi
University of Mashhad, using a completely randomized design (CRD) with four replications. The treatments included
two factors: transplanting age at three levels (4, 6, and 8 weeks) and tray cell size at three different volumes (24, 38 and
60 cm?). Chickpea seeds (cv. MCC770), obtained from the Faculty’s Research Farm, were sown in trays filled with a
cocopeat—perlite substrate (7:3, v/v). To produce transplants of different ages, sowing was repeated at 2- and 4-week
intervals following the initial planting. Transplants were grown under greenhouse conditions at 17-23 °C with daily
irrigation throughout the growth period. Nutrient application was carried out two weeks after sowing, at the two- to three-
leaf stage, using a complete NPK nutrient solution (0.2%). Eight weeks after sowing, emergence percentages, leaf area,
shoot and root dry weight, root surface area, and root length were measured Prior to analysis, data were examined for
normality and homogeneity of variances. Statistical analysis was performed using Minitab software (version 20), and
means were compared using the LSD test.

Results and Discussion

The interaction between transplanting age and tray cell size was significant for all measured traits. In general, the highest
leaf area and shoot dry weight were observed in 8 weeks transplants, whereas in the 4 weeks exhibited the greatest root
surface area and root length. Increasing transplanting age markedly reduced the emergence percentages. However, 8
weeks transplants exhibited greater leaf area and shoot dry weight than 4 weeks transplants. This pattern indicates that
spatial constraints during the nursery stage induced mild stress conditions, stimulating a compensatory growth response
characterized by enhanced leaf expansion to improve post-transplant establishment. Negative correlations between
emergence percentages and both leaf area and shoot dry weight further confirmed this interpretation, suggesting that
reduced transplants density allowed greater access to growth space and consequently promoted shoot biomass
accumulation. Correlation analysis revealed significant positive relationships among root dry weight, shoot dry weight,
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and leaf area, underscoring the pivotal role of root development in sustaining aboveground growth. Additionally, root
surface area showed a positive correlation with emergence percentages, likely reflecting enhanced water absorption
capacity in the lightweight and porous substrate. In contrast, its negative associations with leaf area and shoot dry weight
suggest a shift in dry matter allocation toward root structures under spatial or resource limitations. Overall, these results
highlight the necessity of maintaining a balanced root—shoot relationship to ensure vigorous chickpea seedling growth
and successful transplant establishment.

Conclusions

Increasing transplanting age decreased emergence percentages but improved growth traits such as leaf area and shoot dry
weight. Cell size also played a crucial role in root development and dry matter distribution among plant organs.
Transplanting aged 4 weeks exhibited stronger root systems, with greater root length and surface area, making them more
suitable for field transplantation. Overall, optimizing transplanting age and cell volume can enhance chickpea transplants
quality by maintaining balanced root—shoot growth, hence a better establishment in the field.

Keywords: Chickpeas seedling, Dry weight, Growth traits, Transplanting



Ol Slge laiagy 4 pii
FO-YF .00 VF+d gl dosi ) oylans VY s

g3y e o)

Homepage: https://ijpr.um.ac.ir Loy

g https://doi.org/10.22067/ijpr.2026.97397.1131

95 razals o) s Sy p sLis (S Jobw ojlail 9 sLiS (o 5T (o)
(Cicer arietinum L.)

)9 T8 hgd B A ol sl M W‘-—?‘j—"’m“d”&?‘“’abw| euzrl
IMEATARVAR NSt PRI
VRO 81N i pdy &b

035
iloiare Bam b gy cal ol 4Bl (I3l (o5 Y uasme CiS slroged 10 6353k 9y o] e Cadgie 5 anlil Syt 4 g L
2 (cexSoyio Bl £o g YA VE) slits i Jolw oo g (sliin coiin g Licd lea) sLis w156 cow (Cicer arietinum L.) 56 agl o,
L)l 5 s 58 31 s 5 ot Sl 59 593 b Ll JS5le b (3olias AelS o B )3 95816 90 cecmaleS (g sl s L
G CabS 3l 20,5 walais 3,5 5l da 3 VYU VY o IS clod 5 8,5 & ygu0 dilig)y yguods L ()bl L us S (dus 4 Cdn Cas
Rlie Sl g pSojluil Ay Jobo g i) gaw ) SS9 «2lsp IS SS9 S g (0D Fras duo)> LIS )5 ol cuisS jl aida
slade cuia Sblis 3 e (i SS s 5 S adaw n ik S s 25 ine 1 5)50 Slio des 5y LS e S5l ol g 5L (s
2 ooy 2 oLty JUSH 1 ey (598 (sl ) i 4S0) 4 do 5 b ol (glatin Jlax slaliss |y aiiy) Jsb g o (5t &5 Iy b osalitie
535y )13y55 5 6yt st Wl sl ) Capmd (14 i Jai ) chin lon clalis & cudly oLl i 3,05 plpwds il il il

4 (Niwly Sl 9 SB (g53 Jools dgue 53 Wl oo (L9
osMea .(Jukanti et al., 2012) 555 #8ly 330 olossd (sladsS
G 331 BT @il dnwgs clay9uiS )3 o9 pdl claJlo ,
R W )A)B w; d).:.a.o uu.ml.{w» ub.&mu.uu) JjL.wa 4
2o dge g yud (pie 5l agllae oS5 1 4 (Bimbo, 2023)
AAJWOJ‘&M]OA_»)M)PU))(dg)QQA])b)
Db Jias Gledl 4dss > eyl (rite
0ol )3 (6 Koy s OME  dn 2555 094 Slges
¢L51]3..é Casol dgape 5O oS Oil Caod| 4 A>gf L .J.S)b éal? dll&
3955wl a8l ol 331 Mol oy g o pdaw 55 o cutS 4 an g
\VDL‘EJ‘U—“'{)’)@Q—“’9>9—”L§°U—“§ULQ>)9—“§\C' 2
2956 Mei Ao Yo L s ((FAO, 2023) cwl s yi)l55
Parsa ) D9l g0 o gumo J9_.a.>uu_»| o.\.ufJ.Jy PP S )3 ol
—al) LS e Yoo i o)l 4> (& Bagheri, 2023
2 gl 1 ool o 45 A 3955 C S (65,5l
Ql?;..{l.g):)i cL;g)..C‘_’)l.?ng):)i olimwd,S o liw J ol S (gl bl
Statistical Yearbook ) 1,5 1,8 (g9, el g olaed (8

SS9 B 0959 axalS (udy Sliw 15l G0

.

Aol
i dlge sy 5L Gl o] e g Camen Gl
Il Cae ol hgy Jida aS a3 ol 1) oS imgh
Ooyl55 ollyp aisl byl 51 o ST onlaianl ¢ wlio 51 (690500
Voo Jluw b glie el el o slea (6509l o 1 olojluw
e el Slie g (giylisS slapls o —wlwl oo dojls
O|9;.c U’Mb égl.i.n )‘1 )b.,\..l,‘\, odle ! 9 (£)90 ¢ uwl)sl Lao‘_'j alo>
oy cylojpn &S el Jbb jd pl (FAO, 2023) cwl oa i
GiyglsS oy CunS g cwl S Jb el s
(IPCC, 2021; FAO, 2015) b o ialS zu, 54
‘.\)b u_cl))' L\\/9_,.a;>u AJy 9 LS ‘_’)l)’*n 5 d\o.&.:.;.{ Oy s
Koocheki & ) So—i o gylro (5560 Cys—iody LJ Ol):m.
L ols & 4y o Jul, i s > (Khajeh-Hosseini, 2016
el (8] ) ore (i i e Slige el ulas (o8 L Sl
5SS oleisan (Cicer arietinum L) sgs oS Lol olie
Wl e S—is g Sidded gblie 3 Slge on finte

Culs u.:u?.a gram) 51 L: c\fl.s U.s‘.\.c U"))‘ )’.°5M‘° °L‘!§ L)’I bQ_JL;o

Ol e g gwgdy oINS (65y5liS 0aSutly ¢(55e)9iS59,5T 09,8 —
(saleh@um.ac.ir : Jstue odiw s —)


https://doi.org/10.22067/ijpr.2026.97397.1131
https://ijpr.um.ac.ir/
mailto:saleh@um.ac.ir
https://orcid.org/0000-0001-9931-0305
https://orcid.org/0000-0001-9490-6935
https://orcid.org/0000-0003-1390-8942

1o Jal dous o) o)lads Y ol cyl sl Sligus old id gy as ymii £ A

Fusarium l_wg 45 olagylon (oloo opl o olac sl
<o) Ascochyta rabiei g ( es,l508 (S53,05) OXysporum
s lon 2wl Olysa ci ia Wgd e dbml (ol Sl
955 S & ml Crge & Wil o ABLS (S g slaty)
(Kulshrestha et al., 15,5 o Jo—ame 3 Slos Ha b ials
95 oS 505 daas s asile alise Lol (ol pogdle .2018)
R )‘ 9 o.)JL_M:) W__M:T .)97:.) dom:L:f 4 ,\u‘yua ”)L‘bw})
a5y adgl olpe y3 o obaislan 5 Gl 4 Cons aalSunglio
(elids cdS gblie ,500 3l g S o wigg 1y oS oMl
Jo U 1y a8l joms ol 5l gy o oS e wl e iS7 )by CGllaxil
oyl |y e S el a8 5k s fales Jadsd (ool
oS )3 (oguaday gy cnl yliee wal® (los 6 s
S (o SaS b Jgl sloju jl ealS (aile (igume 4 o)l
odlys By wao ialS o wilgh o Guyb oyl du lalSec us
(Koocheki & Khajeh s__sb iS5l 5 Sa i &y oy
ca—w ile> ol Jalpe > Sis i Hosseini, 2016)
ool I S plgisd )hi cd)yum g Siale o ials
o ,dy coiS oS S lg5 o ol pl e o (6555LuiS” (booslys
9 L;‘))_.a.o u] u])a.cuu,blf )409)49 L5 dLﬁ‘_;U_MJ d9dote ylums yd
5 il Car it baulid 5] wald 4 b Sl adgg odlizl
ohg%) d—in) Moi S 25 Bo)b jl adyl Jolye 3 axalSa )
Koocheki & Khajeh ) w5 oo oS (a9 slra iy,
.(Hosseini, 2016
S Labal) p Sl Cldlas g5k asul s arg b
O u])J‘u.w))J )9]a¢.céb T3 U" ol 0duiS fl?vl .)970 u.»l.u.u
296 wxalS () Choguad sl (uw Joboo w2 5 Lt

, W o9, 9 319
o b 8ol SIS o B 3 555 gty o]
a3 2L s ol 93 Sl inlo] slojlogs s 1yal S5
a3 Ll (g Jolao ojll g (i Cotin g id lex) gase
oddbodliuwl (gla s Ndgy (xSo yio il £ g YA FF) o
3956yl Wad Ll B yman b g9 5l (g5 Lt Wy sl
g yh oIS (g5ysliS 0 uSLitils 430 j1 (MCCTT0) L
Cumd Joo5 9 Vb &byl 059 b o) ol 03,5 4d gt
o ol ol dgie olgmgl Ll b b cnlize doyun 4
Jisu o e S oy g e iy deyio 51 VFY oloys jo

bwgio jl olpl 3 2450 5,Slee SSko L(OF Agriculture, 2023
Jo—a> BB 3 Sles a3 Ve 3905 5 Somb b Sl
.(Rahimi-Moghaddam et al., 2023) .5l .

pac & ylo¥ oy i 13 355 ol 3 Slas 1Y) dles ]
Naseri et ) 5,8 o,Lil (saudy oluws ol po 13 Cugby 35008 5 YU
o iS ogMeay (al., 2012; Amiri Dehahmadi et al., 2015
Mo 45 31,5 o Cygo 4 peaiane CS Bayb I bides 3450
b colBy e yio )0 i o (B9 pas (SB gaidl oomen
Pl kS Gla)len g bl o)lus Jlsl g 50 slacile
5, 80as HinlS Gl ge ol Cpad )ld ol yor &4 (gady adgl Jolye
(McVay et al., 2017; Bhargav et al., 2018) > 9] o wal, |,
bl o s CuiS b (230l Jb 50 o) ol Sl )l
Jolge Sl slts Wdg g (o) cnl Cuise iee Jlocull
.(Ghadamgahi, 2019)
Jyere ssbds (e jls slis (Jlio plgieds ool Coonl Sl>
Alsyg p Jae (Sla i L dgalye ) (Gl Jeou )48
Iy Jsl 5l o S'ais Llgi oo 55 dsyj0 & plKm o JWS! 0gMeay
Jeday e Hlu slalis > (Halimi, 2019) sas 558l
ae)yyo & JUBL I g S9ud o ylad ¢ alug) by digy0 il
el JUml (el die oo e el s D9ud o0 )L I
a5l e Ay Cadge 5 (iS50 Jule ¢ Joame
w2 S0 (g4 jl (Koocheki & Khajeh-Hosseini, 2016)
Slgo (55loo 3> ity w515 1 (6,138 55 b o slits s Joluo
Jolye o 1) aalScwglio Sl o ol ciS ( JS &g
5 5 plls sloazalS aSblil 5 ams (il adg) oo (s,
Lads 1) Lo ccisS o oplply b o JWsl Lol fye; 4
dcyie matiwe CdiS b diuolie (0 (53160 Lais 5 gllas oS5
Sl S8 mlio laigs ool wl ay G35l cpl il 90l 5959
laazals aSlzal;) . (Haghighi Khah et al., 2016) »,5" sslgs
At oy el 5y slacale b ol



FA L sazals oy b Sig pslid (Samw Jokw 0310l g sLiG (pw f1 oy g ) Ko g S us

(Protected LSD) sascdasls LSD (yg0il jl lapuSilio dunslia
F ogoil bl pilely 528 Jga )3 (Jlize 31k ol )
zls g5y By LSD O}Aﬂ 5 B3eod oyl 50 Bl Hlo pme Lei>

2g003)S a0l 1y bl 390 s ins F 905l &5 i plosil (6 pis

Cou g b

LS  Jolaw 031051 lize 311 LES 1yl o D
J992) 292 o gine GBS )3 lalits (j4d S o> o oLl (o
2 A e duo)yd cdian (b & Hles 3l slis e (il b ()
ol el ials 1o )d YV o VY i g S g bewgie sla ol
5 o QRIS LY J5i) 3955 o sino <S58 (sl Jobos )3 e
i bawgle g S g8 (Sl Joho ) (A8 Fuw doyd tin Cudn
S aze s Sy slaJslw o .8l ials 4oy 0F o V-
taoyd 1 ) Jslas o3l glecam jlan (clis ) i oanlie
Jolaw o310l iul38l 50 (slasan yid slalis jd .Cubly b
Sl SIS (b jw o> g 4 So 68l
YE SialS el 55 d SosS 5 ke o5l il Ul ecusliss
030l o ¢ laan Cuin glalil jd Wb b Jew duoyd (duoyd
lis (53 o do)d 3 (6 e 1 laswgie 4y S8l Lt
S5ty S8 ) oLts s Jobos o3bl G158 Jy ety
(S gl s (A ews dao > (il VIO ) i I3l g
&0 odaliin (slasan Hlan (bl o yaud fow duoyd (o piuds
O e deopd 3 (), Jole Bl loj S s oo sl
Yioisl joy Jobo il 5 sloe & (Ko cnlplis ol 0352 L
Zhou ) sl 03,5 walyd lalis ad jeas (gl (6 b bylyus
(& He, 2020; Dove, 2010

ol 31 L e GBI () J5a) 350 fosine 5y s
dawgio gl Joluw 13 09 do 3 FY 5 OF Cuipty S5 5 So 68
Oy D J}l.w a)‘J..s‘ ).s] (Y Jj\-\})u).‘l).‘ duw dgl> kj))é.b.»)
o3Il iul38l ¢ clazan cuim g ke slis (0 055 s caliee
$iaod W o VY Liulidl el s pay S5 4 S o8 51 ol
9)9{&9&.«: xj)u;‘cd‘mwwdul_w)bu ‘5).:@9_»4
Jobo 031l i3] cgg0ome jo bl (ialS Lo YY Sy o
13 Ll gy olyen 5y oo yial33l b asim cin g \loa cppicw 59

Pl layds (59, (3jlge s Ll @lBtylojl )3 605 ()l
i)l 290 35 Jlog sleomalS oy 5 (il o> W) 45
0154005 (sloydy ay (izmen (Jloy walS Lo 3 AY) 85 )3
(29 puS.emtgt) b gpSejlasl (S puSI colia ey
e RS SRS jglateds aie jols (59) 01 pladl sla il
Ll (ISTA) it 051 lloll i oo slos il ol b 3illas
(ISTA, 2023) 33 5

oISl (gysltS Sy Sl alIS 5 S sy
agg gz 5 T VFY Lo olo gy pdin )3 dgahe g3,
940 Ao 4 S S b Sl 9 oS5 51 (ogle sl i
blo)ds 08 @iy st (slagiw )3 C31iSy 9o
lod cod G o sLis gl o > diin 9> Jloj slaal ol
b e 50 31,5 ol doyd WY g 595 50 01,8 Sl anjd VY-
P B LIS CdS do 3 PV s Cugby 5 by bl )8
2 e blS) laiia g g i i sl G dw ol
235 Juols (5397 (S e 5 i scatin bga (g8 Jole
4355 ol pegMe b plonil L3 o )3 (ol wte ] o
oalitwl b (1395 (S dao b g3 oS Sloj) S 1 dmy atan 43 laliss
(5 2 53 05 53) dops + 1Y lale L NPK o8 Joloa §
(Jatetal., 2023) cd 5 & 50

USRI T SR VR KPP W I VW WS DL S SV Y
Og—ods bl ) 9 Uhled b Sl ploj U wliy) ©jgoas
Lt (gl kS 1 At okt IS 1 g A Aeaoles o>
Slio g Ctldy (Bolal ©)gods diged Jog sl I lS )
gaw cdudy) SiS (g (2lgp i SUiS (g S p s las
s 5 S s (6503 1,5 S0l iy Jobo 5 4
Leaf ) 'Sy pdaw ¢ pSo0jlul ol jl osliwl b s a iy,
Sl oled Lisy s b pldl (Area Measurement System
2 1me ysbasadn) g 2l Si5u 93 g 2938 e 4y
ar Ve by b gl o celw FA Gaoay celS clacs
8 b Jlusud s95ly5 5l eoliiwl b L 8,5 1,8 0,5 olw
s e A e lndigns Sis s 5 ol
A5 6503l LS b alasgdy A

AT i 51 e ol ly (5158 5 sl (352 Jlos
o> Gty & Glio & o0 Caa (L8 8 () )90
51 oalawl b laodls & 5505 s b edlitl (slaggly bas 5l iog
30 Sl dunlie .85 sl (Yo aoews) Minitab 1331
Cop L85 ygo Aoy gy Jltol o 3 LSD (2950

1- Leaf Area measurement system, Conveyor belt unit; DELTA-T Devices Ltd., Cambridge, England



VP8 Jol aowd ) o lals VY ol (Il Gligas sl gl 4 yid Ve

D)L\J] 9 PR O JJ‘.M ).J‘ Z‘g"’é ¢ ,.;.09"‘ > 4 M& A ‘:’}9
J9az) 292 o dxe lep s SLiS (g p sl (s Jobw
sl sl o SLis jg ctan Codan e 3l e Gl L ()

(Halimi, 2019) o> ol .5 osnlie jsals ain iub o
ol 1) Sy e Wl e Jolow pom Saljal a8 0> (i 0
e Ao )d 9 Sy e cpo oS 0b LSyl gk pult e

Al (A Jgu) il 2929 o gine 5 (e (Siamsod ¢
QOR339 03,5 by sliad (lidl g w51y halS el (b few
s 950 (cliad )0 ddol Wby yuisren (8L 38l Sy o
& S o 31 L Vet oS S sl A5 (o5 W55 on
0393 Jsb slin e lis ;3 el ool gl Lyl oyl

ool dewgio sl Joluw y3 .l (li8l Ao yd Ve (55 g S oS
3 ol ojlasl Gl (Y Jguzr) 392 2y 93§ e (a8
Slopleasan i b oy pd 0b Lol o) YAl Llsa o
(Salariet | )\Kan 5 5,Y 0w sboaidl b zols cpl g0 )by gxe
(Solanum lycopersicum L.) 55, 84 >55 ;> al., 2022)
10 1 Jgls o el 331 85 155,8 GI5S 55 ol ) s en

Cmo oS cplpl D9 S b jw S0 )d g st )
=9 Mg Bl opl ety S oo (I (65 A
.(Salehi et al., 2018) wsl (55 4 Sy gl

Wl

LS (o Jobuwr 03151 (i o i T i 2950 aoxad S gy ilino Cilas po (3iSilo 9 (3131 sy ¢ puadd @il =Y Jgan
Table 1- Sources of variation, degrees of freedom and mean square of growth traits of chickpeas seedlings affected by
transplants age and tray cell size

Glaypo (Silso
Mean of squares

b SLS (339

St iy o Jsb

) . 4?)»3 }.:.w M)b
Syt gilee i o Sy sl ady, Aoy adu,
S.0.V &l i
Leaf Areal dry Root dry Root Root
df Emergence% . .
area weigh weight area length
. ‘I .l
i Jsb > > 2 61.9" 1.61M™ 0.10™ 0.006 ™ 348" 15.42 ™
Tray cell size
L o 2 4453™ 528 ™ 0.61™ 0.069 ™ 1161™  15.00
Transplant age
LW G X Joho o1 4 1310™ 104 ™ 0.03™ 0.016 ™ 310™ 23.93 ™
Cell size x transplant age
. 27 181 1.12 0.001 0.00018 291 0.12

Error (residual)

St pis 5 Aoy gy 5 Mo S gk 53 Sl Sk i
** *and ™: indicate significance at the 1% and 5% levels and non-significance, respectively.

3950 WAL o w0y g3 Jobw 031051 g sl Cpw 51 - Jous
Table 2- Effect of transplants age and tray cell size on chickpeas emergence (%)

Jokw 5311 (adn) £Lis cpow
Cell size Transplants age (week)
4 6 3
;n:i; 86.7 71.3® 25,94
M:l?:ﬁm 83.8° 55.4" 36.6%
iu
[;?ge 74.5% 47.0° 68.0%

505,00 b (gl e Cglis oy gy o] pedaws 13 LSD (9051 ool s i)y Syitio B o S Jilis oS ooy Sileo
* Means that share at least one common letter are not significantly different according to the LSD test at the 5% probability level.



VY L azals oy b Sig pslid (Saw Jokw o310l g 5Ll (pw f1 oy g ) Kod g S uns

(2250 Y0 H5lw) 3956 S o 2 Johow 051l 9 £LAS (o H1-F Jgur
Table 3- Effect of seedling age and tray cell size on chickpeas leaf area (cm?)

Jg.l.w o)‘|-.\3| (axhn) LS o
Cell size Transplantig age (week)
4 6 3
s&i 4.19¢ 6.48° 6.43°
ma
M:?:Jm 3.06° 5.06¢ 8.442
Lj:ge 5.1¢° 437¢ 7.39b

5,05 0S5 b (6l gime Cglds oy gy Jleinl gdaws )3 LSD 9031 yoluol s ciyls S yitio by S Jolas 487 ooy Silio 3
* Means that share at least one common letter are not significantly different according to the LSD test at the 5% probability level.

Lasgio 5 ol o3l zol58) o glazam s slalis )5 .43 )5 s,
Joaz) b ady) i jg (gawep Ve el cage S o
N

Jslw px> 138l L 50 (Citrullus vulgaris L.) alaaa )
SiB Gy saSa gt Bl Fody erSlo o Slas B+ 1oL s
bl Slaw o by, asdles (Halimi, 2019) el yil38l as,
Taw g 2lp it SIS (g ) SS9 45 2 gL
el (A Jgoz) sl jS3S6 b ol g g Custo S
SRl lsn s yiag dning e 5 slaaiy) Ve
oL 3 o tmgty (S0 5l ol ol .l alits 5y ebas
9 lor it Sid g o) Sid jg Slimo G oS 2D
Cwl gl e cllae (ol )5 3929 ()l dne (Stamsors Sy o
Sinlonr jguody el slis dls o > plomplisl g dily ) dauwgy &S
Bayat et ) 15,13 ;1,5 o yiwd 3 lad asle Jelge b cov
al., 2016; Liuetal., 2023; Ergun et al., 2024; Chen et al.,
b wg olie dlae g Ol Cla e 30 Suglg b s 51.(2021
SuiS ()9 Calod )3 9 03) Cagli |y Sy (S g Jiwgid iy
J(Poorter et al., 2012) sa> o [il58l ]y sloa yiso

L5 s Jsho 1l 5 oLt (o i 51 iy g
4l sl o GRIEIL () J9az) 392 s sme ad) o
eV i i S)i g bugie «So 8 la sl ) atin i
i jloz G 3 (F Jgozr) 4b ALalS ) pdaw jlao 3 ¥e
MO 5l Gl aca) gass « 55 40 Sor8 5l Jolow o5l 381 L
Jolw 0311 1% et slatan b slalis o .cal ioli8l ol
5 glaan Cudn Cpw pd WA duly pdaw (o > VY ialS o ge
oV |y o S 4 Sa S ) Sl ol il 39l
(F Jpaz) ols Ll

aS ol LS Gadzd pl il Juols cleodly  Siwwod awyp
g obdisne g (ite dal) (b Jew o3 b alga is SuS i
@ g LA Joaz) ey o gime g Cute dlaly Sy e L
(Shod ()92 (o oS p o g (D Jaw Mo (e (ke dlal
ORI 25 il sl B (0 oo o3 5 SES g o
lop i > Sis odle il cudlil & oo Ygane Sy plaws
Ol g (AD Jiw o> (LS S Sy sl 255
Ol 9 39— o0 sy (gl oy p3 SLodS Gl g o815
O SB35 S e dawg
Oy GBI b (e (gl cpl S o St ) (20
{Hordeum vulgare L.) s> wg3) oly) oo (slaaiss 1o
Bayat ) 5 )by Jlssea ((Cucumis sativu L.) L5 4 55,8455
ks 5l (et al., 2016; Liu et al., 2023; Ergun et al., 2024
Ay S oS 92 o 3 Olgien |y Bl pl «Sojolgn 58
P &S GBS 0,8 il Jaoe slacodgione cov ad i 4
@ ke dlge oS cmlio & (o yiwd dgu0 9 o515 SRR Ll
O Caato (S umod yolipl 5 23 0 (ol aid] Llsa slaplul
I GRS e daoyd (g (e (Siaod 9 St (595 S e
(Husakova et al., 2018) uS o an g5 |, Sid 39

o 55l i Jolus o1l Jlie 3l 1dudy ) SWES 439

LAY Jgoz) 2 40 gme a5 50 aliis yaid jusw dusyd sl
Ol asy ) S yjg cdtan Codd 4y Hlea 1l il
Ad ply 93 dgd dulyy SS9 dawgio (sla Johw 13 g duoyd
i Jskw ol molial o slacen cuin g 5l slblis » (O Jgox)
S 0jg she Frog Ve Gl cel c i S)n 4 S8



VP8 Jol dows ) o)l VY ods (ol Olgus (sld idgiy @ yid VY

(055) 3959 (g Wiy Suid (359 32 Jobw 251051 g clid oo 03101 51 -F Jou>
Table 4- Effect of transplants age and tray cell size on chickpeas shoot dry weight (g)

Jslaw 5101 (4x82) sl oy
Cell size Transplants age (week)
4 6 3
s& 9; 0.123¢ 0.172¢ 0.210°
mall
Ja.m -
Med?:m 0.109 0.170 ¢ 0.236"
Lj:ge 0.170¢ 0.173¢ 0.2902

5,05 oS5 b (gl gime Cglds oy gy Jleinl o )3 LSD 9031 yoluol s ciyls S yitio by S Jolas a8 ooy Silio 3
* Means that share at least one common letter are not significantly different according to the LSD test at the 5% probability level.
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Table 5- Effect of transplants age and tray cell size on chickpeas root dry weight (g)

Jokw o311 (wdn) sl cyaw
Cell size Transplants age (week)

4 6 3
jn?;; 0.085 * 0.080¢ 0.069 ¢
osie 0.0419 0.083 ¢ 0.090

Medium
Lj:ge 0.061 ¢ 0.066 ¢ 0.1112

505 035 b (6,3 gime Sglis oy gy Jloin] pedas 33 LSD (905 ool c3)ls S jiitio Gy G Pl a5 ol Silee
* Means that share at least one common letter are not significantly different according to the LSD test at the 5% probability level.
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Table 6- Effect of transplants age and tray cell size on chickpeas root area (cm?

Jabus 051t

? Transplants age (week)

Cell size 4 6 3
;;;; 33.20* 38.9¢ 24.6°
M:f:m 444 39.5¢ 1741
L‘;;"e 58.2° 33.74 34,74

S K30 b ()l stee gl oy ety Lol prba 53 LSD gl ol eyl S o b S ¢ Jilis 45 o nSile
Means that share at least one common letter are not significantly different according to the LSD test at the 5% probability level.
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Table 7- Effect of seedling age and tray cell size on chickpeas root length (cm)

Jokus 8311 vl
’ Transplants age (week)
Cell size 4 6 3
;%’; 1.41¢ 133¢ 1.96¢
mal
Mt‘af“m 2.05 < 2.41° 141¢
18]
L‘;;"e 20912 2.10°¢ 135¢

505,00 b (gl e Cglis oy gy o] prdaws p3 LSD (9051 ool s ety Syiio o S Jilis oS ey Silee
* Means that share at least one common letter are not significantly different according to the LSD test at the 5% probability level.
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Table 8- Correlation coefficients among chickpeas transplants traits in the greenhouse

1 2 3 4 5 6
Transplanting traits
Emergence
Sy gl 2 -0.44™ 1
Leaf area
wlp e K2 039 3 g g 1
Arial dry weight
Ay S g 4 020" 083" 090" 1
Root dry weight
4oy gho S 1 -0.46™ -0.43" -0.29" 1
Root area
Ay b 6 -0.01m -0.42™ -0.30" -0.39™  -0.004" 1
Root length

ns * **

(ol gme ple g Mo gy § Mo )d K zska )3 (g1 e Sl i i P g
** *and ": indicate significance at the 1% and 5% levels and non-significance, respectively.
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