Effect of Planting Methods and Water Consumption on Quantitative and

Quialitative Traits of Roselle (Hibiscus sabdariffa L.)

Introduction

Roselle (Hibiscus sabdariffa L.) is a medicinal plant belonging to the Malvaceae family that has been used as
medicine since ancient times. Sepals of roselle are a source of anthocyanin, vitamin C and other antioxidants,
such as flavonoids (hibiscetine, gossypetine, and sadderetine). Due to the fact that drought is one of the
prominent geographical features of Iran, saving water by cultivating drought-resistant crops can be considered
as a solution to deal with drought (Seghatoleslami et al., 2013). However, it should be noted that applying
deficit irrigation without careful planning can lead to a reduction in quantitative or even qualitative yield.
Therefore, due to the medicinal importance of roselle and its resistance to drought, the aim of this study was to
investigate the effect of different irrigation regimes and planting method on some quantitative and qualitative

traits of roselle plant.

Materials and Methods

The experiment was carried out as split plot based on randomized complete blocks design with three
replications at the Research Farm of Kashmar Agricultural and Natural Resources Research Station, during two
growth seasons 2016 and 2017. Treatments included seven levels of Irrigation (1,: 100% crop water requirement
(CWR), 1,: 80% CWR from 8-leaf stage to end of flowering, Is: 80% CWR from 8-leaf stage to beginning of
flowering, 1;; 80% CWR from beginning to end of flowering, Is: 60% CWR from 8-leaf stage to end of
flowering, lg: 60% CWR from 8-leaf stage to beginning of flowering, I;: 60% CWR from beginning to end of
flowering) and two level of planting method (direct and indirect) as main plots and sub plots, respectively. In the
transplanting method, the seeds were sown in the transplant tray on March 10, 2016 and 2017 and transplanted
to the farm in four-leaf stage. Direct cultivation was also carried out in April, in 2.5 x 7 meter plots at a depth of
1.5cm.

At the harvest time, two square meters of each plot were harvested to measure number seed and sepal yield,
biological yield, and harvest index. In addition, qualitative traits including vitamin C, anthocyanin, total phenal,
seed protein and oil were measured.

Data from the two field experiments were analyzed with SAS software; obtained averages compared with
using Tukey's Studentized Range (HSD) Test at the 5% probability level.

Results and Discussion

The results showed that the interaction effect between irrigation and planting method was significant on
biological yield, vitamin C, total phenol, seed protein and oil. The highest seed oil (21.25%) was obtained in 11
and transplanting treatment. I, and direct planting method treatment had the highest total phenol (41.96 mg g dry
weight™) and seed protein (31.32%). The maximum biological yield (9064.33 kg ha™) and vitamin C (32.35 mg
100 ml™) were observed in 11 and direct planting method and 1, and direct planting method, respectively. There
was no significant difference in any of the irrigation levels between the two planting methods except for the
total phenol at two levels of Is and lg, which its amount was higher in the direct planting method than

transplanting.



Seed vyield, sepal yield, seed harvest index, sepal harvest index, and anthocyanin were only affected by the
main effect of irrigation. As the intensity of stress increased, the yield and harvest index decreased and the
amount of anthocyanin increased. The highest seed (667.54 kg ha™) and sepal yield (392.73 kg ha™) were
obtained in I, treatment, which had no significant difference with 1801 treatment. The lowest seed and sepal
yield were also obtained in I; treatment. According to the harvest index, the only I, treatment showed a
significant difference with other treatments. So that the lowest of seed (7.85%) and sepal harvest index (4.5%)
were obtained in this treatment.

Conclusion

The results of this study revealed that water stress had the negative effect on the sepal, seed, and biological
yield and number of fruit per roselle plant in both transplanting and direct sowing methods. However, with
increasing drought stress, the plant's quality traits, including vitamin C, anthocyanin, total phenol, and seed
protein improved. The extent of drought effect varied depending on the growth stage of the plant; however,
there was no significant difference in seed and sepal yield obtained in stress-free and irrigation at 80% water
requirement from 8-leaf stage to end of flowering treatments. The greatest effect was observed during the
drought in the sensitive stage of plant growth, ie., early to late flowering. The results also showed that
transplanting method could not significantly improve the studied traits at different irrigation levels compared to
direct cultivation method. According to the climatic conditions of the study area, irrigation at 80% water
requirement from eight leaves to late flowering of roselle plant seems to be a suitable strategy to achieve

acceptable quantitative and qualitative performance and conservation of water resources.
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Fig. 1- a) Daily precipitation and b) maximum and minimum temperature of Kashmar meteorological station during
the growing season in 2016 and 2017
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Table 1- Physical and chemical particular of research station soil in two experimental year
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Table 2- Analysis of variance for effects of irrigation and planting method on gquantitative traits of roselle
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Error a
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Error b
Sl o po
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** * are significant at 5 and 1% probability levels, ns: Non-significant
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Figure 2— Effect of irrigation on a) seed and b) sepal yield of roselle
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1; : 100% crop water requirement (CWR), I, :80% CWR from 8-leaf stage to end of flowering, I5. 80% CWR from 8-leaf stage to
beginning of flowering 14: 80% CWR from beginning to end of flowering, Is: 60% CWR from 8-leaf stage to end of flowering, I :
60% CWR from 8-leaf stage to beginning of flowering, I;: 60% CWR from beginning to end of flowering.

Means followed by similar letter(S) are not significantly different at 5% probability level using Tukey's Studentized Range (HSD)
Test.
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Table 3- Correlation coefficients between studied traits

Wossle  Slasle  PF TS dbodh, Sl & omalizg bl Js s B gy Al ody,
. : Biological Seed Sepal L . " .
Seed yield Sepal yield - Vitamin C Anthocyanin ~ Total phenol  Seed protein  Seed oil
yield harvest harvest
index index
als o ,Slas 1
Seed yield
Sﬁ_.;ls >, Sles 0983** 1
Sepal yield
0395 Comj o, Slas N .
Biological 0.910 0.912 1
yield
by el
als 0.794™ 0.754™ 0.478™ 1
Seed harvest
index
by ezl
SrlS 0.730™ 0.769™ 0.444" 0.903" 1
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** *are significant at 5 and 1% probability levels.
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Figure 3— Interaction effect between irrigation and planting method on biological yield of roselle
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1, : 100% crop water requirement (CWR), 1, :80% CWR from 8-leaf stage to end of flowering, I5. 80% CWR from 8-leaf stage to
beginning of flowering 14: 80% CWR from beginning to end of flowering, Is: 60% CWR from 8-leaf stage to end of flowering, I :

60% CWR from 8-leaf stage to beginning of flowering, I;: 60% CWR from beginning to end of flowering.
Means followed by similar letter(S) are not significantly different at 5% probability level using Tukey's Studentized Range

(HSD) Test.
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Figureg — Effect of irrigation on a) seed and b) sepal harvest index of roselle
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1, : 100% crop water requirement (CWR), I, :80% CWR from 8-leaf stage to end of flowering, I5. 80% CWR from 8-leaf stage to
beginning of flowering 14: 80% CWR from beginning to end of flowering, 1s: 60% CWR from 8-leaf stage to end of flowering, I :

60% CWR from 8-leaf stage to beginning of flowering, I;: 60% CWR from beginning to end of flowering.

Means followed by similar letter(S) are not significantly different at 5% probability level using Tukey's Studentized Range (HSD)
Test.
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Table 4- Analysis of variance for effects of irrigation and planting method on qualitative traits of roselle

(MS) Ol o (Ko
. a0 :
e é"*" _ ol O omolig owlawgid] Js e ald (g oF9)
Source of variation Vitamin N . Total Seed ails
d.f Anthocyanin .
C phenol protein Seed oil
b 1 21.17 ns 0.0079 ns 14.92 ns 9.66 ns 0.70 ns
Year
A 4 1.35 0.0053 4131 9.42 0.26
Year x Replication
< L"J‘_‘ 6 212.09** 0.0818** 811.30** 144.64** 33.00**
Irrigation
|
sl Ju 6 0.00 ns 0.0006 ns 0.76 ns 0.41 ns 0.30 ns
Year x Irrigation
a ks 24 321 0.0021 1.61 0.30 0.53
Error a
<l by 1 13.02* 0.0213 ns 155.26 ns 7.07 ns 2.75ns

Planting method
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SETENEN

: 1 0.01 ns 0.0008 ns 1.36 ns 0.11 ns 0.27 ns
Year x Planting method
. WK P9 X,“’lﬁ‘ 6 2.95%* 0.0022 ns 26.74** 2.59** 2.82**
Irrigation x Planting method
clS’ gy X silel X Sl
Year x Irrigation x Planting 6 0.01 ns 0.0008 ns 0.47 ns 0.25ns 0.31ns
method
b (st 28 3.03 0.0010 1.22 0.63 0.38
Error b
Ol ks oy
- 6.78 10.45 3.82 3.26 3.56
C.V (%)

EZ3

Iosize NS oy Sy g iy Jloiol s sibiine i 4 5*

are significant at 5 and 1% probability levels, ns: Non-significant **,*
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Table 5-Mean comparison for interaction effect between irrigation and planting method on qualitative traits of roselle

S (e Vo v 3 05 o) & eling (St 03lo 0,5 32 0,5 o) JS' S (W0 53) &l (g (a2 )2) ils (59,
Treatment Vitamin C (mg. 100 ml™Y) Total phenol (mg. g dry weight™) Seed protein (%) Seed oil (%)
Transplanting 5.4z 17.83 ¢ 18.01 f 20.68 fg 21.25a
I Direct e 19.60 fg 19,33 ef 2013 ¢ 18.85 b
Transplanting .c,5-Lss 25.68 cde 20.42 ef 22.38 efg 18.25 bc
12 Direct e 26.10 cde 21.93¢ 22.70 def 18.08 bc
Transplanting 5 28.01 abcd 27.24 d 24.09 cde 17.42 bed
3 Direct e 29.27 abc 28.05 d 23.94 cde 17.05 cd
Transplanting 5 3159 ab 3511 26.07 be 17.12 cd
' Direct i 32.35 34.99 b 26.00 be 16.69 cd
Transplanting 5 23.96 def 19.93 ef 20.63 fg 17.75 bed
5 Ditect .o 22.72 efy 28.33 21.72g 18.39 bc
Transplanting s 23.57 def 3214¢ 24.72 bed 16.07 de
10 Direct 24.73 cde 37.23b 26.63 b 16.22 de
Transplanting .c,5-Lss 26.18 cde 39.97a 29.82a 1481e
7 Direct i 27,57 bede 41.96a 31.32a 14.85¢

Gl e e 4 oyl tls (a5 Sl B blgl 51 ST 5L xops Ae e d gylol tly (a5 il B (S cuia ol 5 aod Ae e 4 bl il eSSl b (S ot T 5 o3 As e 4 oyl tla (ol 5L o Ve e i 4 bl iy
25 Bl 6 bl 5l ol 5 aoyd B e 4 oyl iy o alS lanl b (S cutin 5l ol Sl doyd B e 4 ()bl il @IS Bl b Sy i
05 gl e gl Moy gty Jles] prlaws )3 (S5 (y905] bl 2 Aitan S yrie Ggpn sy &S ol ke
1, : 100% crop water requirement (CWR), I, :80% CWR from 8-leaf stage to end of flowering, I5. 80% CWR from 8-leaf stage to beginning of flowering 1,: 80% CWR from beginning to end of flowering, Is: 60%
CWR from 8-leaf stage to end of flowering, 15 :60% CWR from 8-leaf stage to beginning of flowering, 1;: 60% CWR from beginning to end of flowering.
Means followed by similar letter(S) are not significantly different at 5% probability level using Tukey's Studentized Range (HSD) Test.
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Figure5 — Effect of irrigation on Anthocyanin of roselle
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1, : 100% crop water requirement (CWR), 1, :80% CWR from 8-leaf stage to end of flowering, I5. 80% CWR from 8-leaf stage to



beginning of flowering 14: 80% CWR from beginning to end of flowering, Is: 60% CWR from 8-leaf stage to end of flowering, I :

60% CWR from 8-leaf stage to beginning of flowering, I;: 60% CWR from beginning to end of flowering.

Means followed by similar letter(S) are not significantly different at 5% probability level using Tukey's Studentized Range (HSD)
Test.
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