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Abstract

Introduction: Roselle from the Malvaceae family, which specialized in warm climates (Copley, 1975), is
considered a medicinal plant (Aziz et al., 2007). The growing trend towards the consumption of medicinal
plants without proper planting methods, proper management and planning will have alarming
consequences such as environmental degradation. The evaluation of plant nutrition systems is one of the
most important crop planning needs in order to achieve high yield and optimum quality. Soil fertility and
plant nutrition can improve input efficiency while preserving the environment, water quality, and
reducing erosion. The results of numerous studies indicate the significant effect of combined fertilizers
along with organic and biofertilizers on plant height, leaf protein percentage, anthocyanin content and dry
weight of roselle (Mohammadpour Vashvaei et al., 2017; Ahmad et al., 2011). Due to the importance and
role of medicinal plants in various industries and the need for their production in agricultural systems and
the need to manage plant nutrition to increase production and environmental protection, it is necessary to
conduct this type of research.

Material and methods: Experiment was conducted in a completely randomized block design with four
replications in Ghale Ganj city in 2017-18. Treatments comprised NPK fertilizer, humic acid, Nano
Biozar, 50% NPK + 50% humic acid, 50% NPK + 50% Nano Biozar, 50% humic acid + 50% Nano
Biozar and control. The measured traits include characteristics plant height, stem diameter, dry weight of
sepals, number of boll per plant, weight of boll, weight of fresh shoot, percentage of leaf protein,
chlorophyll, relative leaf water content and anthocyanin. Finally, data was analyzed using SAS9.1 and
means were compared by Duncan’s multiple range test at 5% level of probability.

Results and discussion: Results of analysis of variance showed that plant height, stem diameter, dry
weight of sepals, number of boll per plant, weight of boll, weight of fresh shoot, leaf protein percentage,
leaf chlorophyll, relative water content were affected by different feeding schedules. The highest amount
of mentioned traits belonged to the application of 50% NPK and 50% humic acid and the lowest values
belonged to the control treatment. So that dry weight of sepals increased about 47% in 50% humic acid +
50% NPK fertilizer compared to control. The lowest amount of dry weight of sepals was obtained from
the control treatment and the highest amount from the use of 50% NPK + 50% humic acid and the use of
humic acid and Nano-biozar had 27.0% and 21.2% higher dry weight of sepals compared to the control,
respectively. The results showed that the highest amount of anthocyanin were obtained from the use of
50%fNPK + 50% humic acid, although the difference with NPK treatment was not statistically
significant.

Conclusions: Results showed that the combined application of humic acid + chemical fertilizer improved
the physiological and morphological traits and increased roselle growth by accelerating root nutrient
uptake and this resulted in rapid establishment of plants.

Keywords: Anthocyanin, Humic acid, Sepals yield, Leaf chlorophyll, Nano Biozar.



mailto:mramroudi42@uoz.ac.ir
mailto:m_asgharipour@yahoo.com

SFEL ObLT 4 oals 4 5l
(VWY 2VFF o) P44 Glicus) § 5l ¥ o lack ¥ 0,90

(s 9 59 e

DOI: 10.22070/hpn.2020.5037.1067

o)ﬂ.o.: 4&‘.213919.9)9.0 é&;ﬁg ¥ Sl aw Laliseo gslibt\.ols)g ‘5311)')'
(Hibiscus sabdariffal..) ¢ Sl (S ywgid S0 355 5 9 (SLB!

f Y Y *

08 S0 Lojdemme o (6 al8 e ¢ SIF end) desme o (634 0 3 geee
"’/J'/‘UL/J ‘UL/J oKL’/A “-:"G/JJ ojjfjé‘@'/)j J}IM.A a./l;mi};‘*’
mramroudi42@uoz.ac.ir
Il ( Jol e ol olKiils ey iy pule )5 (5 peiiils =
mraisi@yahoo.com
Ol Jol e ol oLty by 05,5 slecd =
mgalavi@yahoo.com
Ol o ol o ol olKiils el j o5 8 sloel —F
m_asgharipour@yahoo.com

VAR YIVY (o dy g, WWAAN[F bl s &yl

RVLCY

v

P sl bl Ol 5 olal 3 Shas (SSSdsose Gla Sy o adn e Gl o p sk
A2 L APV Jl 53 Olo S bl 8 aall Ol g L3 LSS Jler L3 ol JelS slacS 5k - b B s siales]
Loy 00 (Sasen dowl Lo s 00 + NPK s 55 00 (550 50 o Sogen dl (INPK) Juls SLars 558 el Lajles
2la Ol s L5 (Aald) 558 B jeme pde 5 y55m $L o2 O + oo gah desl Lo 3 00 (330 66 Aoys 00 + NPK
(sl oIl 5 055 ceis8 O35 Wig 53 0558 2l (Sl S 035 Ble b g pliL) s 250 S8 S &S
L S8 s calise glaael 36 o (ol e ssb 4 (S O el lses 5 by IS S s Ao s
dals 51 Lol slis o S 5 Sooger el Aoy 00+ NPK o3 00 5008 51 5 S sla Sy polis op 2i
33 Al 4 s S elS St 05 «Somser dowsl Ao 3 00 +NPK o5 00 il 5,08 00 cod el s
O +NPK o3 00 5,08 51 0T o mi 5 dals Jlas 51 S ulS St 035 o 5eS S 6sbar (3L 2l ds s TV
033 Aoy YWY 5 YV/o gy dals e 4 Connd 53sm 56 5 Soogen ol 3508 5 ol sty S el A
Songer el Lo ;3 00 +NPK i j3 00 31508 51 il 53T Olen o 2ty 3l 0L ol kinitls (g 2t S puls S
Loy3 00 3,18 oS sy 0Lt il gsazme 3 3sd Ll ime o1 L 5 NPK Sls L ol osls 8 4 S el s
Sor sl omlbsnl e 5 S alS Wy (i sla Sy ssp 3 ke 56 Sasen Aol Ao ys 00+NPK

ol

e $6 S s IS (S ls s Sas «Sonsen doool il 55T 16 3lS colals”

AR


mailto:mramroudi42@uoz.ac.ir
mailto:mramroudi42@uoz.ac.ir
mailto:mraisi@yahoo.com
mailto:mraisi@yahoo.com

VA4 Glicusy 9 b oY o lacki F 099 8L GLALS dadii ale dy el

e oS el 5 S D555 aleerd slas S
e 5 gle —obie ool sild a5 0L,
OLals aals 5 ~tag) by =4S (6,00 L OJu 8
3N d g 3 Shas 53 s Soly jls )l
3 B e 5 ) Ll e i oole CnS 5 i
(Griffe et al., 2003) x> .

S35 ol e slas Sl pglite ealin
e Sl s das e 2l 1 0T g0k s S
e sl (Sl e 53l 0Ll cadl
1 slas S (Ayala and Prakasa Rao, 2002) 5 S
Sl Al e a8 s (gt Ol slaes sl
sla s Sl eslial al cbie 65,5058 oIk
a5 B s e e (i slass s I
o Sl ol s Jesle il (S olaxsl
S ol sl oslinal 3550 03le § 5 4y 4t S 35 5
LassS 3l aslial s ls o an 4y ollse olS 5 St
CdS 5 CaS Rl Bl 505 sl 0858 a
o a5l 3, Sl G gl 5 s DY peams
o)l it 53 s Sl Olse 4 o8 s S
A5 SOl Al el slas S JaSe Ol
Han and Lee, ) 1S a2 | (53,508 6urLﬁ;
.(2006

5 as Pl i S B 0L e S il
L (’iy” Sl slassS 5,08 am 53 55 by 6l s
Ebramizadeh abdashti ) <ol sl fol> Koo gon Sl
s Ko g sl ol S geS 5,505 (et al., 2016
2 (S nlS Sl 035 Ble Jas g plis ) Sl
Ahmad et ) 53,5 o 55 gl low 55l Olss 5 0 500
iedls 3,8 45 3l 0L s il (al, 2011
s S ol sk 5 s sl S
5 S lS 5 Sae 25l s ol il 5 0T 81
MIr ) A5l axils s fsn 28 G35 slr A4S sla S5
S el OF 5l Sl (6,50 Gt = (et al, 2018

\YY

LVRT-7Y

5 bt DS 5 5l eslinal 5Loks Lt 4 a5 L
ALS slees sl 5l eslinal woosbss o (S 5l g
DLalS G me il 3l a5, LS el 03,51 (S5
3 o pde 5 CA il gla By anw S Do (290l
A B SIS 0L ladaly s Sl
OLLS Coad o Slacail dalz 0 ) oy Lo
Slm Sl SO o mnb Lo 3l o (55l e
et 55 Slwa)ls mlos 5Ld 3 e el sl e el
oo s Ol s 5 iS aS s S s
3ol Slkes g aly cpl 53 5 50y il (g
b O e 5 4 i iS5 0o (IS Olo aheor
93 e i 3l ey e s s
Codls dalg als slaes sl b CudS 5 eSSl
.(Omidbaigi, 2005)

s3> aLS (Hibiscus sabdariffa L.) % 5 b=
Sl s alS 5w S i85 5 bS5,
Gloa 5 Ol Loyt (Malvaceae) OLS o o3l 5l
Ulse S Aib e (Copley, 1975) U 31 o 5 p S
Azizetal, ) coul ax g 5,50 Sl 5 oaslsolS
—r i sl i sla S s (2007
Olays gl - 4S o35 (Raifa et al., 2005) oLS (g3l
Sl Olays 5 0l (Sole gl Vb O L
Faraji and Tarkhani, ) > 33 e e3laal(C pslty 9 3 50S)
(1999

b p 3 e sl 51 (S i S L
iS5 VL s Shes a5k 4 2l glag s
S gt Jol s s bl QLS (sl
55 5 ol kS (o3 James Bi as oS wdiS
L lreslg oLE Olf e Sl p Jals s fs
S 3 Sos e = 20l Sl ol Ll
G““’b slaalle js sl falS ) laagsa ( lde L ole

S pshs eslizal o Sles Sl g sl 655U



535819890 SLaGS g s laaiid Alids sladsl s (b)) glylsan 9 5550, 9 gane

S s e bis g J e W5 2l
ke glaael 30 s sk G
Ol 5 S pelS A5 S350 0 sla S5y gl dis
sl bl s s 55 gl aals oS s sl i3

5 S plandl Sl Ol gl sa

sy 9 Slgo
Ole S Ol 55 Wbl 8 anld Sli e 53 ol o
Y cj axld i s S aYar-ay el e s
slBlrr dsb L adds YV 5 ar oYY LUl (50
DAL w5l 2e Yo gLl 5o 435 00 5 4 OV
o3l 5 sb e aas glan 5 Of (gl adlaie opl sl
Ol 5 pokea 192 VL 201 ke 3L o SLL
53 e JSlus orud e ke YYYO OF 5 VL s
31,8 Sl a5 Y Ol 5o of Jlus 5 0Y Olsls
33 il e SL Ll d 4 2 =l Lk

.CA.N‘AA.::&J)}T\ J)J@-

Siz O sl had ooy e S S g Al
Sanjari et ) s ls 5 5 sl b 5l Ol 5 S lS
9 g)":;jj_’ oy ngff_wls Jjgla& U:“)‘Jﬁ‘ .(al., 2016
il Jslome 30 o 1 55 gl il 55T (gl 2o
Alizadeh ) c—ul oo J:J)‘JJ/J_;J u_ATj S H-’J
oal OIS 6 3L Jgles 56 .(Moradi et al., 2018
ff_..uls S Q)jﬁ 6,2‘.,:)23 LsLAej.i.:) Q‘):.AJ:JA.:
Hashemi Fadaki ) ol s (55158 Jiolssl 5 5 sl
308 Llapme 53U 5 S R il (et al., 2018
O s A3 ) ) 5 bt Glas S 2D
Gl S ls i U35 5 omlw sl Gl gme oS 5
.(Mohammadpour vashvaei et al., 2017) .l % 5
Syt 53 bt 5 JTslas S il 5 )8 cote 6
Sl 0 ui)ljf 3L lidss s Olals i ol
Olaniya et Mohammadpour vashvaei et al., 2017)
.al., 2010;
slapldss 53 ools LS Wy Coenl 4 a5 L

55 Glots el 1 T glas S 5 008 Gl (g5,5LES

(aslo +=¥0) byl Jowe S pland 5 S5 b Sy - Js
Table 1. Physical and chemical characteristics of soil (0-30 cm)

Texture Sand Clay Silt P K Total N Organic matter EC
PH ———
% ds/m % ds.m™
Silt loam 13.3 21.2 65.5 13 188 0.06 0.52 8.43 3.36

o (35 5 At ge S0 oal s S b e
S 2 Jonlly s Galal S s g SHLS el
o313 olal ST Ly (addS 51 13 5 alS o ge i3l
<L natural green gl L S g Sl LS
YV Soogadnd o3 V8 (gl e LT Green s i

Frooalppm Y e (ool do s Y/0 (0352 Aoy
2l Lol e 4y 55 555 ppm 04+ (55,pPM
el DB D3 p S SN e 4 (S ler 4l
0315 oLS 4y ola sls 5 Lawslgl 53 oS A8 fandly s

\YY

Vs ke lS sl - b oo 4 e

FE ot oS Jala bjled AS 21 LSS Y 5 ks
D+ + NPK s ys 00 ¢5m 5 « S op ol ((NPK)
Aol o 55 00 + NPK bo )5 00 (50 50 dm s
5 St sl o3 00 4550 5L A3 O (Sn g
ol YooY oY S lar B35S disg dald
$sl=) e 5528 (Mel Spring) Kl e oS 5
5 A 055,50 QLS 5L ) 5e G sy olis
=S ol s o Y bl LS e el



VA4 Glicusy 9 b oY o lacki F 099 8L GLALS dadii ale dy el

Celu Y Sl w0 S il a0 3 s (5, S5l
J“‘ZLSJ;°JU""J'Z" ;ff&?u)jj@;)\ﬁdjijb
Vadsbes Sleslial U S O o glsims Sulg s

:(Bian and Jiang, 2008) L& dusl=s

RWC = (FW-DW/TW-DW)x100 \ dsles

5 85 FW O s gl gme RWC (lslas ol 5
ol S el 055 TW 5 S S 035 DW S
815 s 3 ol il Slde (5 1S3l ¢l
33 S S Lyl clale s osleal (Wagner, 1979)
(Armnon, 1967) o 5=,1 s, 5l esliul b aulS al>
S8l G b 5l S s oy A S s
(JIdS) ol Ay Ol 25 sy 0 5 JS 055 %0
L s lel bl (Lowry et al.; 1951) i eslia
La oSl aemglin 5 4/ a5 SAS i531 o 5 5 sli
Jlait s 3 Sl (glasals i 05031 51 e3lizal L
W rl?u.‘ o3 7y

Jsde) 3 8 13 6558 lasles 56 o (ls ine
A3 B0 Gl Sl g fE ) o s oS g5k 4 Y
Sas 10T S 5 Smgn Al Ao 3 00 5 NPK
O~M>ﬂ)5)MT¢M>@(>§JW¢J&)ML§
Dlad 4 Cad S Al ds 3 O s NPK s s
V/Yv\)@‘f&[_ﬁ)\v_u:‘))\ﬂrj)u)))ﬂ\SNPK
j\éuﬁz}_&)\.(\‘ Jed) sls Jauldl aws s
bl glasles 5 ol elss 5l aS el Lls S
JWJMQL;:[QM&U;)UJ@;@
»> 7 (2016) Ebramizadeh abdashti et al. ..l
Mugwuigdlgdﬁtw)\dwﬁm/?\‘

uNLN‘jJ .))‘) L;;Lbj L;:.ZDJ U:)-\ @b L: LY v\.:loJJS ULJ‘;

\Y¥

53 p S S Y Ol o 5gm SCSdam SU 35S A2
g Jeady s Gb O s Jkome &) s 4 1S
o=l A esls olS w (sm sy osld oS 5) eis
ol b L g 5, el 3l oo S 5 sl 358
53 A3l e S s e O g K 85
Lol 2 i 3 5L8 wliie 358 (il slajles o goa
d=lsl 5o s O S s S esla
e Sl 0BT Gas 5o by .25 S plasdl Cigns
i 3l e 31l s 0T (555 5 A3 S S
Shls &S a dd slili g Sialer 5 g sk
O alolb Ly e Jlgr Jpb am oils i) Ll
Sy e Slw Yoty () b 5 ol 5 e Lo
J il d e 53 e S5 .(Mir et al., 2018)
03 s slacile &:;.-jj.lﬁi(sb_dl s L (S, ¥-9)
b8 elml A 0555 Ik

53 31 5 0L laele 53 S5 Sk 3l oy
Sl Ol 8 el S S oils > e 5
53 5h il g Olosan Ll Oy L L8 S S
el s S g 4 lanils Gl b Sle i
Sogmo d Sy gy oS Ay SLL e 5o 08 S
SLesl U sk b D) wip gl 5 sl sl
g YU e mle gy 5 Bl sy (el oy Sl
LI (6 Sl ul g 53 e sme S 5 (L S LS
g e S S S e 0 ol
bl Aty s Sl glacis; ) slas o 50
Sl azin ¥ Sl o wlu o LS ,ulS 5 el
<y L ef-300 Jue Jlozes (5315 b e 5 LS
55 e a5 05 )

S ismd T o S (5 S5 55k
oS S e s S a8 S LBl be oS s
Ol s celu YF Soe 4 bk el e (S0 5 059)

(gfj_: wLﬂTOjj)LfﬁOjjJW_}Mbb‘J)‘}Jlﬂi‘

1. Relative Water Content



535819890 SLaGS g s laaiid Alids sladsl s (b)) glylsan 9 5550, 9 gane

(Y Jsd) L5 S5 Jls prs do s G mlas o Sobl
Ao > O fijJ 3,0lS Sl Jlad o 2l oS (g, sba
irieS 5 Saer Aol oS a0,2 00+ NPK s 5
L tbesl onl s (F Jsir) el s w4 dals 51 0
S mals oS (g Oldize S0 slaasil
Mentha ) s — (Foeniculum vulgare )
Hazarika et al., 2000; ) > > c—ilze (piperita L .
aS sl OLES (glaadlas o .(Swaefy Hend et al., 2007
555 38 L Sonen il dlisen claclli 5,8
38 K5 e S Gl s il 4 e NPK
S 6503 andlas 5 pioeen (Turkmen et al., 2004)
o ove S ses dowl 3 ,LS (Eruca sativa) olae
Albayrak and Camas, ) .l odd a3l a3 2153
Aol G me Lol 5 s as Ol 5158 5 (2005
el eels Larm:;@,lj;:ﬁ W PY I EF I WPV
(oS! it Al ak; slaeiS iy el s
S S GRIP BB S 5 05 e S s 5 O e
Lol 5 ko 05 S s I i 2l ey
De Sanfilippo et ) 53,5 o oLS a3l s 2153l el
5 I slas S Slosen 035580 dey o ks 4 .(al., 1990
S35 oAm oS 5L 3500 055,55 el e (il
54l EalS (Cuss b ods deluse o g pial) 0550
a3 Isdme DA dens A3 WS 4
o 5 odal 3 ol S Ol BB S 4 oy D50
Amara and Mourad, ) 554 s olS i gy Ay il

(2013

o 13 5 bt Glas S il 51 s s
Cicer arietinum ) >, 5 &)l (oo T 2l 50
Rezaei-chiyaneh) ¢l e ius S sl jles 4 oo (L.
YO el 58l o e G ol S L oS (et al,, 2015
O SNPK 558 o) 00 2l sl 50 oo
Slaen S5 gl S 0l Seass el A
3 ag pLil Gyl S sls Ol i il 5l
P Rl AU s slas S 3 S e
dae g5 hal 53l O35 8 5 Sid s 2le ol
e A5 5 b sl 5 Of g Sl 5 Aty
Wil e L ST 5 o ahar 51 sdiS s
o sbad 5 ey slas S 540 (Vessey, 2003)
3 OLES s gl 33,5 oo OWALS gy gl 230
S8 3 S denl U i B 5 gl gLl S
o O b e pde b aylin 3 Koo gt dml 518 5
280 L Sengen Al Yozl s S 5 gl ) 5150
Sl 035 Sy 4 LB Rl s d gl ud
g S ped Al 5 5L (Sanjari et al., 2016)
Sladyoy s lad S o 5 2l sl ge o (118
S A Sl e e al 5350 e A
O e Lo il 4 Ll 2l pal sl LalS
St el pl W3 sl 0dd 518 ren slas S
23 b ole 0UE s LB 5 St Sl st
Ol s 5 et 35S ) Aol ealital s
(Yadav etal., 2002) <l oo S

535S Jlas 5 cow il b table s

6255 il glajles U Cow B 5 gl S5dshiee s Sy (Fp bl ws Y dad
Table 2. Analysis of variance for some morphological traits of roselle under different fertilizer treatments

MS
SOV df
Plant height Stem diameter  Boll number per plant Boll weight Dry weight of sepal per plant
Replication 3 0.02" 3.94" 2.60™ 24.28™ 4.04™
Treatment 6 0.21" 40.99” 157.05™ 890.73" 19.06™
Error 18 0.004 0.96 2.63 7.95 0.26
CV (%) - 4.35 4.34 5.80 2.19 2.58

ns, * and ** are not significant, significant at the 5% and 1% probability levels, respectively
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Table 3. Analysis of variance for weight of fresh shoot and some photosynthetic pigments of roselle under different
fertilizer treatments

sov df MS
weight of fresh shoot  Leaf chlorophyll  Anthocyanin Leaf protein RWC
Replication 3 51.79™ 0.09" 0.001" 0.72” 59.24™
Treatment 6 386.18™ 6.90" 0.005™ 5.83" 388.02"
Error 18 4.56 0.09 0.0002 0.08 6.26
CV (%) - 3.21 3.21 2.72 4.74 4.08

ns, * and ** are not significant, significant at the 5% and 1% probability levels, respective
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Figure 2. Effect of feeding schedules on anthocyanin of roselle
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Different letters indicate significant difference between the values of pairs of treatment within columns at P < 0.05 according
Duncan’s multiple comparisons test
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Table 4. Comparison of mean for some morphological traits and photosynthetic pigments of roselle under different
fertilizer treatments

Treatments Plant  Stem diameter Boll number Boll weight weight of fresh shoot Leaf chlorophyll Leaf protein RWC
height (m)  (mm) per plant (9) (g.plant™) (mg.g™") (%) (%)

Control 0.96' 17.05 18.25¢ 104.59 51.329 7.50° 3.89' 46.11°

NPK fertilizer 1.65° 26.19% 34.25° 148.0° 77.70° 10.96" 7.35° 73.01°

Humic Acid (HA) 1.48° 24.76° 31.50° 134.5° 71.53° 9.97° 6.23°  63.90°

Nano Biozar (NB) 1.34¢ 22.62° 28.00¢ 127.5¢ 66.66" 9.18¢ 569"  59.24¢

500%NPK+ 50%HA  1.77° 27.57° 39.50° 154.0° 83.99°% 11.54% 8.11*  79.33°

509%NPK+ 50%NB  1.16° 19.04° 20.25° 111.0 55.46 7.53f 4.87° 52.39°

50%HA + 50%NB  1.25° 20.70° 23.50° 119.5° 59.31° 8.35° 5329  5457°

*Means in each column having at least a common letter are not significantly different by the Duncan test at 5 % probability
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