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Abstract

Introduction: Roselle is the English name for Hibiscus sabdariffa L. that is an annual or perennial
medicinal plant. Roselle is specific to the warm and indigenous climate of Africa (Rahbarian et al., 2011).
Roselle is one of the most important crop plants due to its medicinal properties and use in local and
industrial foods (Sanoussi et al., 2011) in some countries. Also, its leaves as edible vegetable and its seeds
have been used as enhancers and a rich source of protein (Maksoud and Hosni, 1997). Sepal is the most
important part of the plant that can be green, red or dark red and in traditional medicine use to treat
hypertension, liver lesions, cancer, fever, and inflammatory diseases. Nutrients, including nitrogen, have
effects on vegetative and reproductive growth and economical yield of medicinal plants. Moreover,
nitrogen affect on quantity and quality of its ingredients. Plants' need for this nutrient varies according to
plant type, climatic and field conditions, including plant density per unit area. Proper plant density is one
of the most important factors affecting the growth and production of medicinal plants and is an effective
factor in achieving optimum yield through maximum use of light and other resources (Omidbeigi and
Hasani Malayeri, 2007).

Material and methods: The experiment was carried out in a farm located 6 km east of Iranshahr near
Iranshahr-Abtar road with 60 degrees 45 minutes east longitude and 27 degrees 13 minutes north latitude
with a height of 580 meters above sea level in 2014. This research was conducted as split-plot experiment
on the basis of a randomized complete block design with three replications. In this research nitrogen set
as main factor with four levels (0, 100, 200 and 300 kg N ha-1) and plant density set as sub factor with
four levels (5, 6.7, 10 and 20 plants per m2). The studied traits were plant height, number of branch per
main stem, stem diameter, fruit length, number of fruit per plant, number of fruits per m2, dry weight of
sepal in fruit, dry yield of sepal, biological yield and harvest index of sepal. In the end, all data were
analyzed by MSTAT-C statistical software and means were compared by Duncan multiple range test at
5% level.

Results and discussion: Analysis of variance revealed that number of branch per main stem, number of
fruits per plant, number of fruits per m2 and biological yield were significantly influenced by simple and
interaction effects of nitrogen and plant density. Also, stem diameter and dry yield of sepal were
significantly influenced by simple effects of nitrogen and plant density. Means comparison showed that
increasing of nitrogen application from 0 to 300 kg N ha-1, stem diameter, branches number of main
stem, fruit number per plant, fruit number per m2, dry yield of sepal and biological yield significantly
increased by 15.8, 135.8, 104.4, 108.8 and 30.5%, respectively. Moreover, increasing of density from 5 to
20 plants m-2, stem diameter, branch number of main stem and fruit number per plant significantly
decreased by 24.1, 76.6 and 37.3% respectively, but fruit number per m2, dry yield of sepal and
biological yield significantly increased by125.6, 105.7 and 88.5%, respectively. It seems that the reason
of significant increase in number of fruit per m2 and sepal yield per unit area with increasing application
of nitrogen fertilizer can be development of shoots and increasing branch number thus more uptake of
sunlight and finally the assimilates production in the plant. Also, significant increase in dry yield of sepal
with increasing plant density per m2 was mainly due to significant increase in number of fruits per m2.

Conclusions: In general, according to the results of current study, application of 300 kg N. ha-1 and
density of 20 plants m-2 can be suggested for roselle cultivation in Iranshar, Iran.

Keywords: Roselle, urea, density, fruit number, sepal, number of main branch.
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Table 1. Results of soil analysis for experiment local in depth of 0-30 cm

EC

Soil PH Organic carbon Total nitrogen Available P Available K
texture (ms/cm-1) (%) (%) (ppm) (ppm)
loam 3.21 8.17 0.33 0.025 6.27 204
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Table 2. Analysis of variance of the effect of nitrogen and plant density on morphological traits of roselle

Mean square

Source of variation df
Plant height Stem diameter Number of branches Fruit length
Replication 2 5140.045 ™ 13.941 ™ 0.619™ 0.639 ™
Nitrogen (A) 3 738.145™ 25.294° 8.744 ™ 0.081™
Erorr a 6 2435.522 5.074 0.466 0.901
Density plant (B) 3 199.683 ™ 46.631 " 24.688™ 2.657"
AxB 9 230.453 ™ 8.316™ 0.99™ 0.646 ™
Erorr b 24 302.419 4218 0211 0.713
CV (%) 102 11.73 18.06 4.18

Al e slam s 510 a3 s Lxe S S 4 nS

** * and ns are significant at 1 and 5% probability levels and non-significant, respectively
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Table 3. Simple effects of nitrogen and plant density on morphological traits of roselle

Treatment . . .
reatmen Plant height Stem diameter Number of branches Fruit length
(cm) (mm) (mm)
Nitrogen (kg. ha-1)
0 163.00 2 15.55 © 145 ¢ 2022 2
100 165.98 2 18.55 @ 2350 2028 2
200 171.99 @ 1791 2 2.96 2b 20.11 2
300 180.78 @ 18.01 2 342 2 2028 2
Plant density (m2)
5 164.63 @ 19.79 2 4302 2072
6.7 170.56 @ 18.02 © 3.03 b 20.22 %
10 173.26 2 17.18 ® 1.83 © 20.11 @b
20 173.30 2 15.04 © 1014 19.83 ©
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Figure 1. Comparison of the mean of nitrogen interactions and plant density on the number of branches main stem of

etz 5 osle i 5b o o 43 S ls Six
2 S e 2555 S G (SIS 5 05585 28
S 3, Shes as g 0S1 5 5 O350 B e e
So g 53 5 s pae ssba |l Al 3 S S

S unls 3 yShec 9 3 )Shas slial
Jlize 5 esle Sl S aS by Ol bl QFJ@L{:
)‘M}dﬁ)bdﬁi\@ﬂdﬁé';ji)jjﬁ st

OJJLA'QJ{)‘}JLMM))&c}d—ﬂ)}cﬁfﬁ))bxﬂ



VP9 licasli g 5l ) o ladk ¥ 0,90 L HLALS daddi gale do yudid

Ol sy Al S s el 05555 05 Al
Sadeghi and ) s30T plss 5 S o o 2L
Izadi ) o s cled 21530 L 5 (Bahrani, 2001
Sl i3l e 0355 5 sl ge eal b 5 (et al, 2010
ogen Sl il el Y Jsis) Lol aile Dbl
S lS S 5 Slas ol 5 o A1y 55 5 6 5o
puuw&,;.»ﬁwd@»bﬁ
P Sl S elS 5 Ses 0550 3 LS SR
Timothy and ) ab o 20530 (g)ls e sboas
Las s 2ol 6,5 s o> (Futuless, 2014
DL 53 p SAS Y @ i 51 055 50 2 8 Bl
St 3, Ses 5 e 3 o g A (S sl Lo
o3 BEN YV S w s s e ysbay S kS
(Sepahrom and Moosavi, 2016) =il !5l
534S UV ST s sl ol La p SSle anslie
332 an ) a3 o Sl A TV/OA L m e e
Golsgme Mt (g 5lel Llod 5l a8 ol o3ls olans]
Dl mme 65 3l bl il B 03 K 0 Sles b
VGt S @ Cand S s he 3 OUA 5 1V/0
Ot 25ms il b2 Dl w50 G5 Y
Yo oS e YT (o Slo b mjo 20 53 0 gen 3l
VY 0 slanST 5 4 Sl o ol s w0 20 3
SV AYOM 5 n Sl o f e mp e > V0 s
L e (0 Jsdzr) 35 Hlo, 55 5 (gdm ;3 YV
e 5> B Y 5V T 0 5l (S5
VOOV 5 08/A XY/ s 5 an S eals St 5 Slas
(0 Jadr) 58 Iy Rl Jls sme 5 sbas 5 Aoy
Ol SlaaST S 53 1y a5 0 gme slad L1550
A5 s Al sl LS slld o 5SS 5l OlS e
e e Y L e
5SS e cnls) alS 4 Kos (s ) s o shlas
o asls Cad sl eslizal 53 ol S s i g

5 olS st Ul a4 VL Slapss 5s

ARRS

i opl 0T blize 31 Ll sl 13 5b cos dw s
(8 Jgdr) LS Jls pas

355 s oo U Sl e Sl i
“SSosba ol musn e 5 &5 53 0 SlaS 5 055,50
2 eSS T s 5l 05 e SRl L
S5ba e e 53 0 BT 5 g 53 6 s ol LS
8l SalBl d s Ve E/E g VY S S g Sl s
053 e G 05550 358 e il e
s Shas e S5 il S S
LS 53 p SkS Vvt (Sl L S ls S
A Jeol LS 3 O30 p SAS T )8 L
4 Gl 3 V0N VBN N NA Sl e (55 5 5 S
Vor gV er ol 5 05058 5,00 pde w Cod 5 5
(0 dor) 25 s g2 0 S 53 055 0 0 S LS

35 0o Sln s ime el Mo Sl e
L o dmls 03 Sl s Shas 55 e e 5 4
colis a5 5 A5 05 0SSl
3ty eps b (S, 5 barls) s slaglu
S il 5 Al s ) 5l dde esliul 4
e e Ol o see 3l L ASL e olS 5o (6 R g0
sle 2 Shee s 53 53550 Jled 4 olS 3 Shee
Lo e oy 5o (Garsid, 2004) 5,5 sl5w & i&
LT & (re) S o 3l (6 5 5 3150 o Lin J3ls
5 050) 95wl e ol e e 3 Al e Js
Al e oMl ole o 2us pde 5 (e
S Oile s 5 W5 55 oage sl SHED 45 055 55
ool L 035,50 romed b e 28l 6 s sl s
sl dgb 53 oS > sl pen S il Sl s, S 0
oI S e b RSSOk
oosms 5 J5 IS Ao s g GLSdles ;5 0l
el syt 5l 5 (Rahemi, 2004) osls ool 531
Eor e 03 3 W 53 o g BlaS (IO A8 D s



agslas 15al 9 (59188590 Slhes s a3 5s SIS 5 05800 S 0 lSen 5 (5 gun g L yodle

S (S s a2 ) U e b e
Ll s as il 2lpS 5 slr s S 1|
o g SISm0 53 & VYT 4 WY 1 GST S 5
0% o ge sl Ll 8l falS i s )3 YO/ a5 s
Moosavi, ) »,5 Iy (il 3l do s YAN oy
Maurya ) oL 5 Lol Lo 5 golie ol (2012
Marvi et ) 0l,Len 5 55, 5 4l s (et al., 2013
Citrullus colocynthis) |ex sl &l s (al., 2017
el el 5158 50 (L
AU o g 3 S penlS S 03y oS ol )
Sl e RIS S Ol e (23S0 15 W s oS
e 5> S oS5 LS s St s Ses
by o 53 0 g S s e Gl Tkes
SalS o e sy (ST I L Soke 4ol
Cle s S ls St 5, Slos 4y 55 6 g0 sl
Ol ol e b e e 55 0 s sl 15
2 s sl S nls s Sl Jls axe il 5l .5l
5ot Lusl v g as vSIJJ Jiil)-é\l{ckw.x}\)
o135 5o (Parsa Motlagh et al., 2017) 0l,as

RGO P W4

Sollale Js & O35 4 i 51 (6 5 5 050 JLi)
GAMESS i il 3l 5 KA (555 2 S 5L
e 4 kol @l Slledsl slaes 5 asly ialS <y
o a5 Al e Sl s e sl eV slad lals
Sg oS3 SRl b g 55 o gen SlaS Sl sme 2alS O
Parsa Motlagh et al.,) 0 )San 5 Glas Loyl AL o
G o Sl 4T 5 0 sluws als (2017
o)l Ay s dliw sl als (Dorry, 2006)
Sepehri and Vaziri Amjad, ) dsl 555 5 S e
Sl Ll aalS aS g s STl 2als (2015
LS IS Sy oS15
e 03 S m Ve 051G SIS sl s s
Ay 45 g 3 e g SldaS (Ao 3 VY 5 5ls ae JalS
Gy YO/ il § gamen )3 Lol sl azils JLos
JU I UPEPRCHII P W S P Erir 53 oy A
Ol 1 odle Eore oS A E{NEL S-S TR W
Dl e ol bl ol il 5 4 g 5 6 g sl Ll
Lo ol w3 S sl ) mpe e 53 6 s ol
45 g 5 0SS ‘ém A=l 53 g (SIS B
@ b ssbay et 53 oge slas Ll 3L lalS
BRGNP L] Clw Al s iy oS Rl cle

Pl SplS s S lizl 5o Shas g (S15 5 03055 S Sl ws @b ¥ Jsar
Table 4. Analysis of variance of effect of variance effect of nitrogen and plant density on yield and yield components of

roselle
Source of variation df Number of fruTi\tI;1 B Dry weight of Sepals dry yield Biological yield Sepals harvest
fruits in a plant n;igesrquare sepals in fruit “CP2!S Ay y1e 1ological yie index
Replication 2 13.714™ 1026.141 ™ 0.006 ™ 8752.74™  7914283.14™ 0.307 ™
Nitrogen (A) 3 318.718 28945.047 0.021™ 882997.47"  119761574.82 " 5.821°
Erorr a 6 9.493 259.12 0.019 36430.92 14573925.1 0.682
Density plant (B) 3 173.837" 46429.186 ™ 0.0001 ™ 702372.52"  717345602.9 ™ 0.554™
AxB 9 30.770 4239517 0.013™ 34773.42™  17921855.3 " 0.89™
Erorr b 24 6.241 228.59 0.01 17487.57 71591727 0.427
CV (%) 13.33 8.46 52 15.34 10.07 17.53

AL e Jls g 8 570 ) Cls.w).: Db g S 5 ans 4
** * and ns are significant at 1 and 5% probability levels and non-significant, respectively
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Table 5. Comparison of mean yield traits and yield components of roselle sepals influenced by simple effects of
nitrogen and plant density

Number of fruits Number of fruits Dry wgght (?f Sepals dry yield Biological yield  Sepals harvest
Treatment . sepals in fruit h o
in a plant per square meter (@) (kg. ha-1) (kg. ha-1) index (%)
Nitrogen (kg. ha-1)
0 1187 © 107.50 © 0.479 2 512.56 © 2335922 © 2270
100 18.80 b 190.42 © 0.494 2 936.34 b 27606.07 20 3.40 2
200 20.06 © 197.17 ® 0474 2 929.46 b 24802.96 b¢ 3.88 @
300 2426 2 219.79 2 0.489 2 1070.34 2 30498.79 2 3512
Plant density (m2)
20 13.50 © 260.33 2 0.464 2 1216.73 @ 37612.96 2 3212
10 18.36 © 189.17 b 0.481 2 915.65 b 2571871 © 3532
6.7 21.58 @ 150.00 © 0.480 2 725.00 © 22983.83 © 3302
5 2153 @ 11537 @ 0.510 2 59132 d 19951.54 4 3.02 2

P Ze/00) 1) Kase b gl e Mzl S5l g3l elid S i Goy > slls o Sle ¢ als a1 5 052 a3
In each column and for each factor, the meanings of the letters based on Duncan's test were not significantly different
(P=0.05).
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Figure 2. Comparison of the means of interaction of nitrogen and plant density on the number of fruits per plant of

roselle
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Figure 3. Comparison of the means of interaction of nitrogen and plant density on the number of fruits (in square
meters) of roselle
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Figure 4. Comparison of the means of nitrogen interactions and plant density on biological yield of roselle
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