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Table 1- Physical and chemical properties of soil (depth of 0-30 cm)
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Soil texture  Matter Organic pH EC N P (mg.g™h K Na Fe Carbon
(mg.g?) (ds.m™) (mg.g?) (ppm) (ppm) (mg.gh)  (mg.g?)
s Py 0.052 7.2 2.7 0.0015 0.045 56.7 95.5 0.014 0.03
Clay Loam
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Chlorophyll a= (19.3xA663-0.86xA645) \//100W,
Chlorophyll b= (19.3xA645-3.6xA663) VV/100W
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Table 2- Analysis of variance (Mean of squares) light to the canopy and dry sepal yield of Roselle

ol gt a0 NSRS Y SWid & gl 3 Slos
S.0vV df Light Dry sepal yield
’I’g" . 2 23.77™ 15128™
Replication
" 1 181" 173400™
Planting direction
obol st 2 36.1 1256
Error(a)
03975 3 1654.90" 71960™
Nitrogen
CulS s X 368 - o
Nitrogenx Direction 3 702.98 86232
o sl 12 243 4810.66
Error(b)
C.V(%) - 13.2 124

Bl eyl gre BMA] oty 5 uoyd ) o )3 O Jlein] polaws 45 45 xe us 54y NS o *F X
* ** and ns significant at probability levels, respectively %1, % 5 and non-significant
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Table 3- Mean comparison of interaction effect planting direction x nitrogen fertilizer split light to the canopy

and dry sepal yield of Roselle

cusls > ;95 e Sia 5,,...:& 5.5l
Planting direction Fertilizer Light %(Ix) Dry sepal yield (kg.ha™)

A 45.3° 504°
T B 24.6° 488°
East-West C 27.27% 408"
D 21.89° 504°
A 77.3% 7122
5> —Jlosd B 34.99« 312°
North-South Cc 43.56™ 776%
D 25.01° 784°
LSD5% 8.78 123.4

The difference in the letters in column shows a significant difference based on the Duncan test at 5%
Sag V) D (58 48l VY < 55 5l VV) C (S slee VY S 51 3 VY)Y B (532, 48l MY (S Jlea WY cuslSjl 3 V/Y) A
(2S5 VY oy a8l VY ¢ Sy
A: (1/3 before planting, 1/3 four leaf, 1/3 stem elongation), B: (1/2 before planting, 1/2 four leaf), C: (1/2 four leaf,
1/2 stem elongation), D: (1/3 four leaf, 1/3 stem elongation, 1/3 Flowering)
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owbwgsl 4S5, (Rahimmalek and Khorsandi, 2015)
g0 13 45 ] b glacdplio 5| (clod S 0,8 4y 3o
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Bl (35 b opleogl Gl S (So csl ygi o5ga g O
o (Nowruzi et al., 2017) cul (g,9 (5 Jlie p Lyl
T 3158 = dglle luwgsl dlex 5l oassigge ag Lol osle
Gl el 5 s Gl aisle T sl —JlesS g 5
Kakavand and Mahna, ) >4d 0 olS )5 edlo i (ol 5w

1- Malonyl-Coenzyme A and P-Comaryl-Coenzyme A
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Mo pyiio (T Jgio) M5 (o) 0) Jbgme Sliamg S
Sosd 3,8 51 (S plS 5 139 )5 )3 p,5 Jee FIFY) lyding S
sl Cnday (18 Bl dl> po pg> S ¢ Sy Jlog dlo o pg> )
e plgisd g )y Jwgd Cepw o3l Sl 8 (0 Jei2)
oliel ol 58 Gl S 4 o 5 COy s lp 5y

358 Jlasl b cplply i o olitl (6 pcanlio g ol g0
S o3 g 555 oo g (dugy M) gl g eles Ualye 5 (300
Sedie ol 53 ailyumg S jiw Ll 4 oxie Jolpe ol
pl>l (Hordeum vulgare L.) ¢ olS (cg, » a5 ivlojl 5

obls 5 by S juw (LIl 4 pie j9 ola ©us
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Table 4- Analysis of variance (Mean of squares) physiological characteristics of Roselle

Oy gaio @Milaays  adsl,l adsdg i b Judy i 2R 9 Ol g S
S.0.v df Carotenoid  Chlorophyll a Chlorophyll b Seed protein  Anthocyanin  Carbohydrate
Replication ,l,ss 2 0.0007 ™ 0.001™ 0.02™ 0.01™ 0.01™ 0.18™
il e 1 0.00003™ 0.05" 0.60™ 6.77" 0.59 ™ 6.95"
Planting direction
Error(a)  Jo! slas 2 0.0001 0.001 0.03 0.007 0.03 0.02
Nitrogen s, 3 0.0007 "™ 0.06™ 013™ 356" 0.53™ 470"
iy 3 0.01™ 0.07" 017" 181" 0.24" 171"
Nitrogen x Direction
Error(b) _e,5 slas 12 0.0003 0.003 .007 0.05 0.02 0.45
C.V(%) &l yis oy - 6.6 9.7 15.4 155 6.3 12.2

Al oyl gme BMB! oy g duopd Vo3 B Jlain] zolaw 15 jId Gz iy NS g e ¢ %
#, %% and ns significant at probability levels, respectively. %1, %5 and non-significant

0P Sl ol (S jelen b Ol CullS g X (9.5 395 La il 1 (0l duglie -0 Jgaa
Table 5- Mean comparisons interaction effect planting direction x nitrogen fertilizer split physiological characteristics of

Roselle
Culls g 355 595,15 8l 15 b b 5 A oSen  odbesdl  Olasys
Planting Fertilizer Carotenoid Chlorophlyll a Chloroph%/II b Seed protein Anthocyanin  Carbohydrate
direction (mg.g™) (mg.g™) (mg.g™) (9/100g Seed) (mg.g™) (mg.g™)
A 0.28 bc 0.60 bc 04b 1.88b 2.35cd 6.37 a
S — B s B 0.29bc 0.47d 0.35b 1.77b 2.66 b 5.35ab
East-West C 0.30 b 0.68 b 0.41b 0.73 de 1.88¢ 4.26 bc
D 0.19e 0.49cd 0.38b 0.51 de 193e 3.64c
A 0.24d 0.60 bc 0.42b 0.9de 2.98 a 6.11a
oy —Jlowd B 0.26 cd 0.48d 0.92a 1.46 bc 2.45 bc 6.41 a
North-South C 0.21e 0.62b 0.42b 3.8a 2.51 be 6.63a
D 0.36a 0.93a 1.03a 1.07 cd 2.13 de 4.77 be
LSD5% 0.03 0.10 0.15 0.41 0.26 1.19

LSl e 70 aw jd (SSb 09‘).] ool b gime M oniad yLis ygiw yb )d Bgy> gles
The difference in the letters in column shows a significant difference based on the Duncan test at 5%
(Lo VY 538y 4Bl VY (S 30 ke MY) D (033, 48l MY ¢ Sy Jla VY) :C (S slea VY caslS'3) S8 VIY) B (8, aBlo VY oSy o VY cclssl 3 V/¥) A
A: (1/3 before planting, 1/3 four leaf, 1/3 stem elongation), B: (1/2 before planting, 1/2 four leaf), (C: 1/2 four leaf, 1/2 stem elongation),
D: (1/3 four leaf, 1/3 stem elongation, 1/3 Flowering)
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Introduction
Roselle (Hibiscus sabdariffa L.) is one of the important medicinal and industrial herbs in tropical and semi-
tropical regions, which, in addition to multiple drugs use. The quality and quantity of the active ingredient of
medicinal plants are affected by the applied crop. Light is recognized as one of the most important factors in
competition in ecosystems. Nitrogen is the first element that has a shortage in arid and semi-arid areas due to
lack of soil organic matter. Since the use of maximum environmental capacity and the most suitable growing
conditions in order to increase the quantitative and qualitative yield and maximize productivity, it is important
for agricultural management. The aim of this research was to investigate different cultivars to determine the most
suitable culture for planting, optimum use of chemical fertilizers and determine their best time for increasing the
quantitative and qualitative yield under Zabol climatic conditions.

Materials and Methods

A split-plot experiment was conducted in a randomized complete block design with three replications at the
Research Institute of Zabol University during the growing season of 2016-2017. Treatments experiment included
two levels of planting directions (North-South, East-West) as the main plot and the split of nitrogen fertilizer
from the source of urea in four levels (1/3 per planting, 1/3 four-leaf stage, 1/3 stem elongation; 1/2 post
planting, 1/2 four-leaf stage; 1/2 four-leaf stage, 1/2 stem elongation; 1/3 four-leaf stage, 1/3 stem elongation,
1/3 flowering stage) as a sub-plot. Ecological parameters such as light, at the end of the flowering stage,
Biochemical characteristics and yield were measured at the end of the growing season. Analysis of variance done
by software SAS ver. 9.1 and comparison of means treatment by Duncan test at 0.05 level.

Results and Discussion

The results of the analysis of variance showed that the interaction of planting directions and nitrogen fertilizer
split exception for the traits vitamin c, for all traits measured is very significant. Based on the results of the
comparison of means treatments showed that all traits had the highest amount in the planting directions (north-
south). The highest dry sepal yield (784 kg.ha™) and anthocyanin (2.98 mg.g™) were obtained from north-south
planting. The correct timing of fertilizer use is more important than the total amount of fertilizer used. Split
timing of nitrogen application for the use of 1/3 four-leaf stage, 1/3 stem elongation stage, 1/3 flowering stage,
increased the qualitative and functional characteristics of roselle. The effect of Interaction planting direction and
splitting of fertilizer was significant on carotenoid, the highest of carotenoid was obtained at north-south with an
application nitrogen fertilizer at 1/3 four-leaf stage, 1/3 stem elongation, 1/3 Flowering stage (0.36 mg.g™).

Conclusions

In general, the results of this research showed that for planting directions North-South, using better
ecological factors such as light, temperature, nutrients, and followed by application of nitrogen fertilizer, split in
four-leaf stage, stem elongation, flowering Improvement of growth, an increase of yield and quality of sepal in
the Roselle plant. Since nitrogen is one of the most effective elements in increasing the quality yield of medicinal
plants, optimum management of nitrogen as a split application at times that are more adapted to the critical
stages of the plant's needs. It is recommended to achieve sustainable agriculture and environmental protection.
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