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Abstract

Introduction

Cooper's haworthia (Haworthia cooperi), a succulent native to South Africa, is distinguished by
its small, fleshy, and semi-transparent leaves forming a rosette shape. This plant is well-regarded
among succulent enthusiasts for its attractive appearance and relatively easy-care requirements.
The primary aim of this study was to investigate the growth response of cooper's haworthia under
in vivo cultivation conditions following in vitro cultivation. In vitro propagation techniques offer
a controlled environment to initiate growth, but transitioning plants to in vivo conditions is critical
for their survival and subsequent development. Understanding the effects of different substrates
and irrigation methods on this transition is essential for optimizing cultivation practices for
cooper's haworthia and potentially other succulent species.

Materials and Methods

The experiment was designed as a factorial study, implemented using a completely randomized
design with five replications to ensure the reliability and validity of the results. The initial
propagation of plant samples was conducted in Murashige and Skoog (MS) medium, supplemented
with 3 mg.I"t benzyladenine (BA) and 0.5 mg.I™* naphthaleneacetic acid (NAA) to encourage robust
shoot formation. Rooting was achieved in half-strength MS medium containing 1 mg.I* indole-3-
acetic acid (IAA), providing an optimal balance of nutrients and growth regulators for root
development.

Following successful acclimatization in a greenhouse setting, the plants were subjected to various
substrates and irrigation levels to assess their effects on growth and physiological characteristics.
The substrates tested included peat moss-perlite, cocopeat-perlite, and a mixture of sand-
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vermicompost-perlite. These substrates were selected for their differing properties in terms of
aeration, moisture retention, and nutrient availability. Irrigation treatments included saturated,
semi-saturated, and dry conditions to mimic different moisture availability scenarios.

Results and Discussion

The results demonstrated that the cocopeat substrate under dry irrigation conditions provided the
best overall growth performance. Plants cultivated in this medium exhibited the highest fresh shoot
weight, dry leaf weight, shoot volume, and shoot surface area compared with the other treatments.
In addition, these plants showed increased concentrations of carotenoids and chlorophyll a,
indicating enhanced photosynthetic capacity and improved physiological status. Fresh and dry root
weights were also significantly higher in the cocopeat substrate, highlighting its effectiveness in
promoting both shoot and root development. In contrast, the peat moss substrate showed superior

performance under semi-saturated irrigation conditions by producing the highest number of leaves.
This finding suggests that peat moss may offer a favorable balance between moisture retention and
root aeration, thereby supporting enhanced leaf proliferation. Furthermore, saturated irrigation
conditions in the peat moss substrate led to the highest chlorophyll b content, indicating a positive
response of the plant's photosynthetic machinery to high moisture levels. Conversely, the mixed
substrate of sand-vermicompost-perlite demonstrated the lowest performance under dry irrigation
conditions. Plants in this treatment had the lowest fresh shoot weight, dry leaf weight, shoot
volume, and shoot surface area, likely due to poor aeration and limited oxygen availability. These
conditions are less conducive to the growth of cooper's haworthia, highlighting the importance
of selecting appropriate substrates that ensure adequate aeration and moisture retention. The
superior performance of cocopeat under dry irrigation conditions can be attributed to its high
moisture-retaining capacity and nutrient availability. These properties are crucial for the growth
and development of succulent plants, which typically thrive in well-drained yet moisture-retentive
substrates. The findings also highlighted the significant role of irrigation methods in influencing
plant growth. Optimal irrigation practices can prevent issues such as root rot and improve water
use efficiency, further enhancing plant health and productivity.

Conclusion

This study demonstrates the critical impact of substrate and irrigation method on the growth and
physiological characteristics of cooper's haworthia. The results suggest that cocopeat, due to its
excellent moisture retention and nutrient provision capabilities, is the most suitable substrate for
the optimal growth of this succulent. Additionally, adopting appropriate irrigation methods can
significantly enhance plant performance and health. These findings have broader implications for
horticultural practices, offering valuable insights for the cultivation of other succulent species. By
selecting the right combination of substrate and irrigation, growers can ensure the successful
adaptation and thriving of cooper's haworthia plants, paving the way for improved horticultural
outcomes.

Keywords: Acclimatization, Irrigation stress, Micropropagation, Morphophysiological traits,
Ornamental plants



Y.0-1A4 ‘(f)ii BEXY-) c‘sh'u; Q'V\“Jy“

https://plantproduction.scu.ac.ir/ ’

ISSN (P): 2588-543X; ISSN (E): 2588-5979 ‘
Doi: 10.22055/ppd.2025.48287.2230 ~
O ADA G PLY gl

VRPNV i b

Sl L 59l il g5 Lo ol B iS5 Sl Wy Lyl yd (5 ihedng

(Haworthia cooperi)

M pals 03131 ' (G315 4ge ok FOLS 50 u1 50 FPARL (S g 1305 (! B o Mo

Ol cdgtin g gy Ol 5 A1 Slga Olajle ¢ gntns (658555 g 00Kin 55 ¢ SLEL OLLE (65 55 5 hp 9% 05,5 —)
Qlj.llc.\.«,.i..ac.\.@,i..nw}b}oki.i..?\.sc‘gj))l.&fa&ﬁ(:‘@géalji@j&j)};ﬁﬁa}f—‘f

ol
4 95 ool el Sliddes 9 (ADgT ST 2 b 29> Gl AT (g STl ol D (Slaled L gl
(Sl 9930 Sl 3l g (SlAdad 090 dumo 3 Zol Sl Ll ph 4 oS ol ) Fwl (o  sgtie
oAb plosil (Sgo ) Gl B>  BIKES Slga  xo (55909 g 0BG S LBl Sl ol )T 30 16+ Y Jlu 5o
Bosb 3 Lisgls Sdmals .ab 1ol 51,5 g b 9 B0lad Sl 7o IB 13 gl b ygod halosT
+10 9 (BA) cysT iy yud 58 p 5 o ¥ 9l (MS) o5 gul 9 el yan Al Culs” Lasmo 50 b ol
g 30 p 5 e ) S9l> YoMS s o 38 e 9 WS (NAA) owwleCowl JUa gl 50 p 57w
bolyod who Cu) S g £95 4w J1 bl 10 (S jlo 31 gt Al 5184 5 (TAA) spleCanl Jguis !
4o (L) ST gt 4w b ol ot (Sl 3 9 Cwgund (039 cdulo Lglduo 9 Sl 2 b 0l 508 St 85 Sl
95 9 S sy 457 31D S (g @l D () Ol S0 Sg0g 300 5 Sy Dlhe p (S g ELA!
(P57 o YUY) &5 g aCis 039 (P 5 1Y/R) (Mgt pINT 3 939 4 31 (S yigr S yhos Cis (5ol Ll 4 38
YIY) @ Jdg b5 sl @y o gilo 1) 2gd Il aedaw (oo s il 1Y) 2lsd A1 aome
VIeV) 4dss 5 039 wamed 3 318 O (5 039 P57 2 P07 e V1Y) BASeS5 9 (5 039 P57 2 P57 Mo
w2330 (5sbol geaw 38 O (nf .9 sl (e gF BB JSD 4 38 (P57 o 10/1) 4y S 039 9 (P
plogols 4l Aoled (Cugb )y i 10 Sl p-CwaF oF Lol (YL oblgd Sudd Ol g 009 HIS Jxe
A le S et 9083850 (29 PINT 5 IS fig ) Ll 4 ol OT (2bond o 39 S S 329
V) D Jdg 5™ slado oy g comcmold 9 b oudlin SLbland (Sl tuleh 50 (3 1E/A) &F g Slow
P Bl 33 (o oy Sl F18NAOLES gl (ol b udgF ELM Sl wod (F Lig P 2 P 5 (e
20 bole yius K3 Ggm H AT oS 0LF <3090 39 S T 59 2 Sgu@ 4 N1F 0 4 el ST
i (338 P71+ 11) (219 PINT 5 (339 oyt e 45 (Sl (S 130 ;Chos 9 yioS” i (S ilT Lol y
(@ o Bl 1TIY) (2gn Pl w5 (o o Hlo AIA) (2198 PINI @2 (5 o OF/Y) &5 3
JB 59k 4 s 1l 90 35 (P57 ke Y/T) )y &S 039 9 (P57 /) 4lsy § 59 comad L ol

(}G a)\jT :JW eMs}
azadeh.khadem@jdm.ac.ir :4ebb 1


https://plantproduction.scu.ac.ir/
https://doi.org/10.22055/ppd.2025.48287.2230
https://orcid.org/0000-0001-5612-238X

\4y

S 5\.&4{;&\.; Ly bl b g leang 0, Ken S

Ailgi oo Dgloro g 33 O a1 4 oS (ow yiwd 9 Linrd 4868 45 MRS 0 UL Wl 8L Al e g
Pt EP 4TS LS fag (pf @ (U7 gbd NI bl B (S14ked gl oS ) Sl 2 Slue Ll
ST S Sl 5+ g 959 s § 3518 (Sl LW gle Cundhs 9 M) 3 ar e B Wb 3T Olsme 9
il 4l 3 (T hgr T 9 Ay S9ag STy il (ST ¢ g 41965 9 Cugb s wlio Tad> S 4 (eis

) OBLE (0 59799 g8 190 Dlao (&3 3w (S olaT (i (S g 10319 Wl

Al 353 oS 35 o 51 alg 53 5 arsB slacsles
oS Cniy 5 OIS S5l ¢ olen 5 T Ll 4 g
Hammo, ) Cul (55,2 (s kT ol 5 Ol s (51
Sl et bl 58T i K Solg 53 (2023
2T sllan 3K BT a3l pp o 3505 051
5 A Sl 2l gl PH dsle 5 b s
Gl Sl LI STl il 5 0lE ol il 5l
(i8S 6l 2 OLe s (Nerlich and Dannehl, 2021)
358 S Gao S PN Ol sie 4 Ly S S5 ple Ty
- 5 S DALE LDl 5 Ay 4 5 S o 1B ealind
Kitir et al., 2018; Joy et al., 2020; Prisaand ) .s”
Wl WS S g, b g ol (Caro, 2023
Crassula 5 Aloe vera (Echeveria pumila
Sy lie ol i Ol g 4 5 s e SArCOCaUlis
Arellano-Ostoa et al., ) wleds b me b Slo Al
(2019; Pourkhaloee et al., 2023
O 4 aid Sl ciS G, bes 8 b ginn
b 3l alis 6l S35 (gl 48 Sl (6 s 0355 00
Sl osllas i Slge 5 S5 polpr o S5
dle JT 3lsn 3l (oS 5 s ol Sl LS ol A
Lile (Gidae 3l3m 5 S5 yd Loy b S a8 0y S S
Krawczyk et) ol st S5 a5 5 b & s canle
L5 g slpe ol wwels @, 2021; Olkova, 2022
sl e gl 5 O daul 5 5olS ol (slajls 4 sy
Oy @ISl fosp 53 b SO e
Jl 3 eslizul 5 5o Crassula helmsii s Aloe butteneri

.Brouwer et al., 2017; Hammo, 2023) 5,5

doio

b S slaeS L d Sl asle 568, ol
~tas 5 S S Ghle 3 S pop3 ], TS 5
5T & oS 5h s 4 s S e LSy (s S
Chen) s, o sl & galasil glaay 5 o 2338
B S5 03 Lls s & bed Sl (et al., 2002
5 05 b S S SaeS lagel goge iy ke
b GospS il o cbibue eSS L bl
sin 3l ge 5 ST6 55 (6 om0 5 oot 503 28
Aol e i (o it bl S Ll 5 (ol
291y S S8 b s o Ol BOT 4 4wy gl S
ST 3% 56 S eslad 55 53 508 ol b
(Griffiths and Males, 2017) wlas (5,8 Jo

S SaS  hls bas L sla Calten slass
Lol olS le oyl 53 zed &lu Oay Il 5 03
O3y Lls Jds & (Haworthia cooperi) (glac.s
S i,y 5 Oolisiaes gaeS il 25 6l S
Ll S5y 5 3k 53 Vb g 315y S s
2 @V U5 5 e psr QBT en oS o
Kharrazi et al., ) s ls s saef s 55 OT (6,146
(2022

SN 5 LS oy oy glates L sla ol S oS 4l
ST ayy (S gy e il Ll 53 e
P3b Sl o ge T yal S8 i Ol g kel
S 3 ey Gl el ods T (S 5 S
S i 6,505 4 b ol en o (LT S
4y S Ay, (EMming, 2023) ol £3Y sl s

@ e Ll s (ol ol i (LT 5 B0 el &S



AR\

VF20 Okl oF o)les FA Wl ¢ LS Sl 5

2T Olin 5 CAS e £ 5 S (2 skt
RPN ICRC P FI IPRCXCIRE ISP
Sl 53 5 Sl iy B 1 OLSS slaamalS
o Sl = E 5SS o ol Sy e 228
Y 4 s 5 G gaST g ctle L glies 5 Y0V
Lds S e gle Sk oo L gbOIE Y10
Vst 55 S e obed 5 (S5 s S
O i b S ey L3 T 55lae ol oks S73
o5 4 LOTPH 5 (S S olia e 5 ol 498
OS5 Lol e Syba s e PH oKos bu g
Baruah ) wi (s,8e5lul (HIB733 Jue HANNA
3 eSs JT S ol (and Borthakur, 1997
Lo 5 T 055,25 5 &S (S oy 3l oslizal b ad ol
(afari Haghighi, 2003) w& px JllxS 53,
2 SAL o gaie 055 5 (b o sl 5 Dliw
Loy 3o (5,8 o5l e za o 2 530 S o
Baruah and ) 4 awle \GT ulal 5 55 Jadss
.(Borthakur, 1997
a3 CES s Yl a3 ks CiS e S
5 bl dad a5 LT gLl d > (5LT 05 5
s Gluaed g OAE S > s (LT
St 1S Ll (s 5 3550 ST Ole (6,8 o5l
S5 Ll sl ST (o P00 B ¥ sl Ol lazaS”

Sl s o5 S5 ade) Shs dawlilS s

ol OWLE ol O s iy, Lol 5 bed Sl
(Nerlich and Dannehl, 2021; Hammo, 2023)
5 SoslS pile Loy 03 e G0 05s )
O& was g ONie 03 8 o b 0 yke (5905
S g sl ol g Oodn il oyl o
4 0l b oy gladed Wysle I ST LT 65 5 g
o) 8L ST Gl sty 5 Shes Ol o 5Vl
3 > OT ) (S by S 2S5 S 6

b 9y 9390

S laamalS ol sy S b e ol

SIS a8 Ll (gl sl SIS L
Sler Olile GLaL O (5555 08 5o
ssbite 4.5 § 1ol ol b g, Olul 2 2Kl
St 555l SIS ol (g3l ¢ AL B a4
2 ANVItro) 55 ol Lol & 3 &8 oS8, 55 (ol
4BA & 3o da¥ s MS 4L S Lo
S Las 53 5 HSENAA 2 530 8 e+ /0ol jon
s asy, IAAQ}A)}»,Q,>¢J?L;:4\ $s-Y2 MS
e ok, 5L 0lelE (Kharrazi et al., 2022) iz
Ldw g e Ll s Slides 4l 4 Jlsl

(ol 5 b 4y e ) &l 5335 50 LS s 2 2
1 puy (2l g0 3 ST 39 -1 Jou
Table 1. Physiochemical properties of the substrates.
Growth pH EC CIN Nitrogen Organic Bulk Particle Porosity
Substrate (uS cnmr (%) matter Density Density (%)
h (%) g.cm3 g.cm3
Cocopeat 6.20 1.94 126.44 82.48 0.16 1.81 90
Peat moss 481 0.52 87.71 84.94 0.2 1.74 87.8
Mixed 7.35 4.45 10.15 9.27 0.81 2.27 62.2

359,55 4 25 w1 CIN tlaCises

Abbreviations: C/N: Carbon to Nitrogen Ratio

- S S g o &7 Gl Pl da e

s 000 Ol 4 ol Gl eSS 55,0 ,8) s

Ol 4 5L K 5y 53 2 OWLE (pLsl Hles o



\a¥

S suqatsf Ly bl b g leang 0, Ken S

Ggod o 3 A5555,8 sb @ Jos IS oo Cad

ot 3 okd il e b Sl o8 Sl ealizel |

A bl sss 25 swdsep 53 G sl
(Arnon ,1949; Datt, 1998) .= §

Ca =(15.65 Agss-7.340 Ass3) FW

Cpb =(27.05 Ass3-11.21 Ases) FW

Car=((1000. Ao -2.860 Cs-129.2 Cy) /245)/
FW

Do 5 a5 2 5 EXCEl asb 5 55 Laesls (gjluesleT
fglie s il IMP8 5300 5 51 oslitul L Laesls
& b o 55 LSD 05057 b sl o SiLs
Gl 31 eslizal b 55 lajlages 5 285 plnil Ao
L Excel
oz gl

2198 AINT Ay 9 CulS g 9 (ST Bguid ST

ST 05 5 S s g 547205 0SS g, oyl e
A Sdnzd 5 ki) Do Sy m 5 B
bty & (Y Jade) by (gladad Losle I ST
o o3y (65T o 92 5 S el 51315 05 Lnosls
(elop il e 5y oS 5 5 03y Jalb gy 3590
Cd A3 g5y 5D Js 5@ Jos JS hile 5 sl
0335 50T S om 5 5 2l 5o ol el 5 (S
@ 35 JS ke (5 a5 gl gp ploll g 5 St
2 2l gl a5 K s ok 15555557 5D Jo5 S
(¥ Jsr) 35 s gme oo 3 iy el

2 6T Sl s daasls Ks dulie b 4 57
oAV~ 5SS s T (S il e
VoY) o5, oSas 039 c(@? WA) ol el 5 055
ol s (aSK a S VP 58 ol g o S ke
0F ke VN s IS Sl 5 (0 o S \PI9) o5
g PH b o ) (Y o) A sdlalie (5 035 05
w505 g o LS s ) s EC e 5 Y il
j.\,ﬂ’j\,m@\;guxﬂjﬁjuws

Sl s s 8 e LT YU 51 ol Ve ol
i S S CiS g S Sl oS
s 0t O LT GL eSS 5, Ve ol ®)
Jglos 51 e0lalS & 085 (g1 r s planil OIS D (1
ol s eslizal (XY2) splulul bl L AU s
a3 31 S Kl 5 (Sada Sy g 4y 2335
B35S sbomn e i 2 5323 8 plowil J game (5,517
(Sl et Jleel OIS & e gL 1
) glsey Cele VP gy ol d s LollE
G ) YOEY gles 53 b sl A 5 (WS I YO
A 0305 51 3 Ao y5 PO o Cugby 5 o & sl
Gy Oliw wiS Gl Gy, FrocsdS o
A (6 S o3I 3kl gla pg, b laasealS
Coils gy 51 ey oD ol pa pll g ale ) 5055
oS ) Sds L sy il Sl eslizd L
wl:f FLEBE Ladfﬁ EINE. SOV Lgﬁfaj\.\}l
5 ks (SLad gos (S 055 S 81 A oled
ax 3 V0 sl L osT js Celu VY Seay 158 plut]
e 3 Ky ol 035 4 b s esls 5 sl Ksle
b i S ) s L JISIT sl L
/0 8l Jsb L) 4l anw g Sl glaeS ), sl
Sl s s ket ges Do 4 (el
e i Bl Slalos 3 [ail L oty T
G35 e &l gzl 53 ST plamle S5, b ol g0 pltd
Jﬁlfol.:fd).\')znaf.\p;@:ﬁ(j-:]é:ﬂ AR EY
Lol T 2o 5 old yyab b laie OT 5 )T &
@,5@\ﬂ¢\x\cbw.u6,_fg\.uuu
o G 555 2 laats, b s S L S O iy
5 WS sl (a3 3l eslizal L 5 esls 13 ol
Cobs IMAGRT 153l i b s i 43 5 aaia b
35 (K jre O a5 S 03100 o
S JoSy 03 o 65 Sk 5e S eslizal L
3 5l eslizel b baagalS 5, s )3 g e

L 4wl IMagel AN ple s 5o RGB measure



V40

VF20 Okl oF o)les FA Wl ¢ LS Sl 5

s ol 53 pmen (il 5 @5 08 e VA) e
@lsr Ul 5 055 0 7S b ine LIS s Lol o ()T
ol g (o 5 o O/) &5 6t 035 o §14/9)
Fo s W) gl plobl pelas 5 (CaSo jia SLoAA) g5
(s ind b 5 (M3 4 Sl S o8 sl (o0
SV EC YU e s w6558 55 W 5 058 T 40 S

X Jgdr) Sl 03 39 CiST i

(S i gl 53 o 53 () Jgder) 355 (6,8 g aty)
o gl b () JS8) s 87 sy sl 5l glaenalS
2 S Sad 2 33 (8 530 8 da s/ VID Jig 57 ke
o ol o S (LT e S ey Sl 1y de
033 ¢ glsp ol 5 05 ek osliad Sy = e Ly ST
3le glom ] bl 5 lgn ol o (5 ST
Sy S5 & S o3 iy (S0l s 53 (g S
O Sl ol 93 4555558 Olje el ol b s edalin

(51 4ded L339l ol Tgn A1 (Sl inl )b (51 » (Foluis) ANOVA mls aods -Y Jaus

Table 2. Summary of ANOVA results (F-values) for shoot parameters of cooper’s haworthia.

S.0.V df SFW SDW SV SSA LN Chla Chlb Car. GClI
Irrigation (A) 2 074 355* 070 064 3.94% 12.9%%* 27.15%%* 457%  §3.4%%*
Substrate (B) 2 ABTTR* §28%%  1477%%*  591%* 289 0.66 191 151 10.70%*
AxB 4 42129%%  440%%  470% 160 124 13.73%* 233 061 3.02*
Error 36 459 0.009 515 506 190 1.00 029 159 92.39
CV (%) - 1210 142 138 156 183 16.8 195 224 11.7

CV (MSE) st Slas o Kb EITOT tlaiiies . +/0 01 31 208 ()13 gm0 o™ /01 51 2087 ()15 (onn o ™% 0/ 1 a8 (6l e peba’
el o SV (o S ) algp plil 6SCis 055 SDW (0 9) (glm ot 5 055 SFW e x (o Sl o 80k 5 dome / ST 5:5000) ()
Jbs 48 cbale ChID (50550 8 50 8 )@ J5,08 ol Chl A0S, sl N (o a5 215 161 o SSA (aSe o ) ol pn
Kz a5 GOl 0550 8 7 05 o) s 55518 (sl sn AN (5 055 5 20 S Al D

Significance levels: *p<0.05, **p<0.01, ***p<0.001. "Error" = Mean Square Error (MSE). CV (%) = (VYMSE/Overall
mean) x100. Abbreviations: SFW =Shoot fresh weight (g), SDW = Shoot dry weight (mg), SV = shoot volume (cmd),

SSA = Shoot surface area (cm?), LN = Leaf number, Chl a = Chlorophyll a concentration (mg g' FW), Chl b =
Chlorophyll b concentration (mg g™ FW), Car. = Carotenoids content (mg g™! FW), GCI = Green color index.

833 S NIV alsm el 5 055 eidy — bl
Aol AN) olsm el wm (p S OMT) S Sz
s (g n sl WW0) ln ol a5 (S
FaS Aod iy a3 (S ols s gk 4 ol ol &S
ol S 5 S S S Sl 53 ek sdalle 3lis
S e Vb D el 5 O3 Mo sy
225 om0 s 5 Shes 5 Yl S iy 55
o Sl (See 038 s I PH 4 ST
(O dsdr) 3l o3 8 3 5dme | Sole
W~y 5SS e 5 el b s 5o
OF/F) Sy St 035 o S YY) Lilgs ol 5 035

~Ca S S A4S G s Ll aes LT Dy s

O ‘(C; VO/Y) ol el 5 055 YL S e,
Fale VW) olgp oldil oo (o S W) S S
e 5 (pye paBle VU olos ol ans (s
53 s etalie (5 035 05 o S e VDA s S
i o m e Sy S8 w5 LT b e
e oeb sl & L edalie (e VF/A) &5 sl
st Ohs opomad g fuw ol 53 Cusby g (i 5l
Faile V) lsa dlbl e (oS W) S,
O 03 (o o Sl 10/0) lsm ol a5 (oo
CiS s 33 ST Hles opl sl oYU ol Hls



Vag

S 6\.&4{;&\:? Ly bl b g leang 0, Ken S

Ll o ole o Llos ST S (gdmte Slalllas
Ll bedsle G Fp Ll il e
2l b awlis > 1,Sedum 5 Echeveria, Crassula
Lee el) das mljil a L &y o oSS Asle s 2
Sladllas oJl- o1 b .@l, 2021; Prisa & Caro, 2023
Slaplhtl g 5 0 Ty S8 4 ol Ol Ko
Kalanchoe Aloe vera wib bed Sl 3l & 5 ol
Lile b 2w sl L awlas s |, Euphorbia tirucalli o
Garg & Kumar, 2012;) aas ials S w0
(Kaur et al., 2015; Hammo, 2023

oS5 s M5 2 kT ey s Ol b
DLE olm ol ey ol g sl 55 OLLS
(T 5 e (S R B 53 (sage A 4 A
5ol Il 4 Ll e el (55LT L0 Lo
ST 4 Jlo 55 S LS blS ) b
OLLE &, ps b el Esl L5 e il
(Faraji, 2015) » 4

o sl LT la tay 5 Caliee gls e
DLLE 55 @ by IS Olje ol Sl S1 g
S 315 s lalllas gl (s Olsie 4 2Bl bl
Sl 355 b edd G S Gl 2 Olals
S S OLLE 528 Js IS Ol ] B sy
3phie SSmahs DA e 53 aBl A
S sls olis 55 ey (Aydi et al., 2023)
S sl Ygans 5 oy S Olen b JSL b
3 A Jds IS Ol 58 oo eslinal ST O
g r LS gt 53 S K PO 5 0bLE
Ebrahimi et al., ) wisy o 55 S o ws)
(2012

3 (e 2 Sl VD) lsr gl o (oS e
lsleg & Cond (m 0 o Sl VEV) ol g2 ol o
CLlE pmen (Sl (5 ST polie Ll aed 5 oS
L oie oy a8 Sl o2 03 () 5 08 eI S35 5
o5 O plal Ll s s & Sl (Sen il
08 s ol e EC Ol s B el oS 4 568
5301 Jgder) sl osls als olE 51y i sl Jlez
ID Jos JS Ol o 5V € Sy = e Sy ST
4 0B 3as0lis o A edalie (b 5y p 8 ke VA
(e 33 Sy e Sy e 53 ie g0 9 s
23 gl ol a5 olsm ] o (28 i 0035
Cdp—bgbee i8S p & Sl e b6 s o
2lsp el 5 055 o S Al ealisd T les ol 5o
oMl e c(p 8 e FON) &5y 6 055 oo 510 10)
W) (olsn ol e 5 (G o o D) (glp2
a5 b Sy S5 SIS e A odalia (e e Sl
T Lol yon T (6,146 VL U1 5 5 ol st L
Slr osllen Ll 2 5 o e GV e glaell o
Gl Sps S Palp glatad Lsle SIS s,
ST Jol$ 5o OlE 5580 Lol i ol (So58
23 5 Hdl @by wgws S5 Cugby 4 Wl 5 oYk
Cy S S S s 5957 kins OLi (6 i Ay e
3 98 gn e Do GV 5b Sle (slaeil s (soLT Lol jes
Sl Sy Sl 5 s i Gree SISl OIS laasy
el Dlalllas b, (Qietal, 2009) 5o 6 2t s 0
o glp oS 5 055 Mg e Dy 8 8
» L Kp g s A (K wle oS
Kowalczyk et al., ) aas il S oS oS | anslas

2014; Kalaivani & Jawaharlal, 2019; Madhavi et
S lesls 0Lz Kos Slallas (- o1 L (@, 2021

o sS S iS fs 53 55 S 51,05 ol sl plalS
GUNQOr &) dijls pwle S @ S 55V 5 Shes

Yildirim, 2013; Khalaj et al., 2015; John et al.,
(2020



AR\

VF20 Okl oF o)les FA Wl ¢ LS Sl 5

(Slaled Lsgle ol 2lgh Pl (SADs ST 39 » ST Sl by HT Y oo
Table 3. The effect of irrigation methods on the shoot growth characteristics of cooper's haworthia.

Irrigation  Substrate  SFW SDW sV SSA LN Chla Chlb Car. GCI

Cocopeat  17.88*  76.21*  16.30° 16.92°  14.8° 7.19° 0.07¢ 1728 112.44°
Dry rrI:g:st 11.42%¢  49.48%  9.1d*f 13.84¢ 13.6%* 6.67% 0.43% 1.85%  102.43%

mixed 10.61%  53.14°¢ 8.8°f 13.17%  13.4%¢ 3.99% 1.29% 0.86% 97.96¢

Cocopeat  15.18%®  61.287° 12.6%° 1593%  14.4® 6.65" 1.09% 1.11%*  137.63°

Semi- Peat

saturated moss 14.26%¢ 62,34 12.6%° 1552%¢ 148 5.46% 1.04% 1.35®  106.78%
mixed 11.66* 58.34*¢ 97%¢  1355%  14.0% 6.73% 0.88°¢ 1.12%  134.19°

Cocopeat  13.15™ 5331 113"¢ 1472 12.6° 3.02" 1.56%® 0.59%  148.22*
Saturated nfgsst 14.83° 59.80%¢ 13.2®  16.66°  14.2%¢ 5.63% 1.912 0.46°  138.61%
mixed 1054  4529° 8.5f 12.09¢  12.4° 6.15%¢ 1.59% 0.58¢  137.96°

plsl 5 055 SFW :laaises .ol LSD 05037 ool o3 oy Jlazl eba 53 13 e OBl 5 g g ol oliasOLES O g 53 il 5 >
3145 LN e o ) (g0 oIl o SSA (e jin 5l) ol g2 o1l o = SV o(p 8 o) (g0 plutl STt 055 SDW o ) (o5
,Df_;l:»)h,\:s};})lf‘sl,mcar n(jo)jcﬁfefég)bdg)ﬁwchl bu(jl_))_;(;f(;g;lrﬁah}:{,)fg.usChlacd?}'

LS-'-:}:*"U‘”"L:’:GCIJQ;OJ.J(’J?

The similar letters in each column indicate no significant difference at the 5% probability level based on the LSD test.
Abbreviations: SFW: Shoot fresh weight (g), SDW: Shoot dry weight (mg), SV: shoot volume (cm3), SSA: Shoot
surface area (cm?), LN: Leaf number, Chl a: Chlorophyll a concentration (mg g FW), Chl b: Chlorophyll b
concentration (mg g! FW), Car.: Carotenoids content (mg g~' FW), GCI: Green color index
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Figure 1. Micropropagated cooper’s haworthia: a healthy plant (left) versus a plant affected by root rot (right)
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Table 4. Summary of ANOVA results (F-values) for root parameters of cooper’s haworthia

S.0.V df RFW RDW RGA
Irrigation (A) 2 6.76** 12.75%** 71.10%**
Substrate (B) 2 33.52%%% 8.99%** 33.43%**
AxB 4 8.13%** 4.02** 15.27***
Error 36 0.068 0.0007 0.93
CV (%) 8.2 105 6.7

CV (MSE) s Sl o 5 85ka EITON 1 laCinisen 0/0 0 3 S olagime law T 00N )5S ool e e T 00100 1 28T (gl e a7
.@)&JCL“:RGA‘QJ&:Q'Q;,:RDWLQJ;QJJ:RFWL\H X (U Solay po 5 Sla ygidme / IS 8000 (s 53)

Significance levels: *p<0.05, **p<0.01, ***p<0.001. Error: Mean Square Error (MSE). CV (%): (VMSE/Overall mean)
x100. Abbreviations: RFW: Root fresh weight, RDW: Root dry weight, RGA: Root growth area.
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Table 5. The effect of irrigation methods on the root growth characteristics of cooper's haworthia

Irrigation method Substrate RFW RDW RA

Cocopeat 2.01* 15.58° 7.77°

Dry Peat moss 1.14% 10.36 6.31°

mixed 0.64¢ 7.58% 2.88%

Cocopeat 1.19>¢ 9.66% 5.59°

. 1.41° 12.29° 8.922
Semi-saturated Peat moss

mixed 0.96¢ 9.21¢ 5.98¢

Cocopeat 1.09% 8.12¢ 3.22¢

Saturated Peat moss 1.30% 8.29% 3.88¢

mixed 0.57¢ 5.38° 2.11¢

e(rj?) A\.&.ﬂ)}: [S3%) RFW I aades .ol LSD g)".ﬂ)T uﬂLw\j ‘M))@JW‘ é’ﬂ);)‘;@*‘ M| S r-\b s lasOlis Lu_,:..ujbjé AJL&.A J}f
(g Fo ) 4y mlaw RA “r;ér‘) azyy oS 055 RDW

The similar letters in each column indicate no significant difference at the 5% probability level based on the LSD test.
Abbreviations: RFW: Root fresh weight (g), RDW: Root dry weight (mg), RA: Root area (cm?)

cocopeat peat moss mixed

' semi-saturated

saturated

ST g5 bss Sl S95 b akisee (S i 33 055 by (ST4ded LWiogls Sl -F IO
Figure 2. Cooper’s haworthia plants grown in different substrates with various irrigation methods
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