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Table 1- Physical and chemical properties of field soil and manure used in experiment
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Table 2-The rate of consumption of inputs and agricultural operations require in different cropping systems
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Table 3 —Characteristics of climate factors of synoptic stations Iranshahr in the year 2013
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1- Effective growing degree day
2- Active growing degree day
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Table 4 -Principal growth stage 0: Germination

.o . . Code .
Cuils 51 g W59, &b s Sogs
' DAP Data Description
4/6/2013 00 S
1 Dry seed
1 4/6/2013 01 SR A
Beginning of seed imbibition
2 5/6/2013 03 e
Seed imbibition complete
3 6/6/2013 05 ok g
Radicle emerged from seed
3 7/6/2013 06 A o sk
Elongation of radicle
4 2/6/2013 07 yh sisgy D G e b 4 5y
Hypocotyl with cotyledons breaking through seed coat
4 8/6/2013 08 S gl S ot 85 b & e
Hypocotyl with cotyledons growing towards soil surface
S gl S Gl I e L ad 5 e 108 o
5 8/6/2013 09

Emergence: hypocotyl with cotyledons breaking through soil surface

1- Days after planting



IVAY GLawsl (¥ o)losds 3¢ ol (65,9Lis wlich pgr 4y y s Yvy

Codn g (WY AS) b (S dw A odalie ole D5 YO
Y 55 Seilyd o ol i JlS Syt ol Jg i S
oSl b ooy LS B Jodo 50 Unlie (pl b (g9, oledls 5
5 Jilis (sled Lo 5 31,5 il a3 YY/¥ ol ale; slod

D91 3,5 5l ax 3 YN XVIVO Cus o piShas

LaS ju dau gh dla 50
Sy Jsb) s Sy i eS8 ST L b yo oyl
olosly 3 YV oyl 53 595 3o als yo 395 o ST (i0 o ¥+ ojllay
S0l g 5b Sy cdn s Al je ol 335 asuie
Ey5 0 s o ol s iy e S5y 4 S s JolS

(ol d8lu) Sy dzwgi 1 ool auiy (V) s jo -0 Jou>
Table 5- Principal growth stage 1: Leaf development (Main shoot)

Csls o s, &0 KLy oy
DAP Data Code Description
8 11/6/2013 10 4 Jol8 sl
Cotyledons completely unfolded
12 15/6/2013 11 ol S s AB3k
First true leaf unfolded
15 18/6/2013 12 chol S magd (a83k
2nd true leaf unfolded
18 21/6/2013 13 hel Sy g 355k
3rd true leaf unfolded
29 2/7/2013 1 Jole aebl
Stages continuous
38 10/7/2013 19 Bly Sp W sk

12 true leaves unfolded
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Table 6- Principal growth stage 2: Formation of side shoots

Cwils 5l s s, &L s oy
DAP Data Code Description
41 14770013 21 “bedB et oo Slh o
First vegetative side shoot visible

44 1772013 22 oo oo el o
2 vegetative side shoots visible

47 2072013 23 SRl ey (£ L g
3 vegetative side shoots visible

54 27/7/2013 29 saalia B o2 A

8 side shoots visible
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Table 7-Principal growth stage 3: Main stem elongation (Area cover)
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DAP Data Code Description
R AT
56 20/7/2013 31 o o OLS AN s ely5 Gibyy £9yb
Beginning of crop cover: 10% of plants meet between
053y o LS 51 Y-
58 31/7/2013 32 <2y O olabs Y
20% of plants meet between rows
853, oy olalS 5 7y
60 2182013 33 <22 O el ST
30% of plants meet between rows
053y o LS 5 LE
63 5/8/2013 34 <22 o ol AT
40% of plants meet between rows
853, oy ollS 5 o
65 7/812013 35 2 O olels Sl
50% of plants meet between rows
053y o LS 5 75
67 0/8/2013 36 <2y Om ool S 22
60% of plants meet between rows
03y o LS 5 Ve
68 10/8/2013 37 <22 o el 2V
70% of plants meet between rows
5 e LS il LA
70 12/8/2013 38 <2y 0w plals 1 2
80% of plants meet between rows
71 13/8/2013 <25 O Rl 03 b, b 00 e

Canopy closure: 90% of the plants meet between rows

iy o) e g Sl (slod (1S3l 5 YD il 4l slod
Gl ssboald HLis ¥ Jods > Jolye cpl 2g ¥Y/Q YF/5

G231US ) 94 ala 50
Gl ol bl g olye Y )b j3 (31 S jsels dls o 51
Osles gl Jobo a9y WY pSde 0)93 392 olo )9 05 Y

(bl al) 02315 50 (ol iy (0) s yo —A Jgor

Table 8- Principal growth stage 5: Inflorescence emergence (Main shoot)

Cwils 51 g 5B 59, &b a5 dpog
DAP Data Code Description
75 17/8/2013 51 0B S Sleale ool
First floral buds detectable
81 23/8/2013 52 osalio B LS slasl> ool
First floral buds visible
84 26/8/2013 55 P slasl i3 et 5 S
Floral buds distinctly enlarged
G A TS las o . 5 ol L
92 3/9/2013 59 iy jyi IS sladly rosnlio LB S IS

Petals visible: floral buds still closed

ol Bgd o 3 S Lo yd Ve dgas p3 &S cul Slej (FY) )
23S 2ol iman Cusgny £89 4yt ST i 53 alsye
ol sl osd b b JS ao s 00 JBlis oS cunl Sl (S0 5)
b ) samliie oleyg o Yo 3 oglojl 4850 5 dlsye
LSS oo e ey 45 el 5o 35 (P4 55) a8

(A Jgi) ad e ole LT A oyl )3 5 dls o ol aisly aiso,

RS dla e
b JS sleasse gl &8 Sleoj jl el )lis als o )
P> doesd 3 IS5 A gl (il Ly ks e (ol Mg
P LadS il (i g5 i Al je 35 (0 g9 b oloyg 0
0399 Jsb e pnl 4 g 3y b 4 ole (LT 50 alojl ae s
235 S oS sl S5 4 p5Y el Jobo 4 g, VY (2 S
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Table 9- Principal growth stage 6: Flowering

Sl 5l g Gy U - Syl
DAP Data Code Description
97 802013 60 (e oSl coges)eril S oy
First flowers opened (sporadically within the Farm)
104 15/9/2013 61 Kbty
Beginning of flowering
110 21/9/2013 65 JE (225
Full flowering
115 26/9/2013 67 5 AT 0 02,05 iSOkl
Flowering finishing: majority of flowers faded

120 1/10/2013 69 R okl

End of flowering

oddboaly L Ve Jadn 50 Jole cpl a8 04 o pusnids 2 (Lao a8 gad) Ladila g Lao gas g3

ol dlopo A &y yS o dl> po 9 o el 058 JSt Ll po )

(Lo;9€ god) Laild g Ldgae g 1 ol sy (V) dls po =Y+ Jgi>
Table 10- Principal growth stage 7: Development of fruits and seeds

Cuils 51 ey (5B 59, &b =] Cmogi
DAP Data Code Description
124 5/10/2013 7 103yl s a5 1y 395 kg 05151 Lmojgé 5l o> Vo 3ga
About 10% of bolls have attained their final size.
128 9/10/2013 72 lodygl s 4 1y 3¢5 oleg 05105] lojee jl o> Ve dgus
About 20% of bolls have attained their final size.
131 121102013 73 lodygl s 4 1y 3¢5 oleg 05105] lojee jl do > Yo dgus
About 30% of bolls have attained their final size.
134 15/102013 74 lodygl s 4 1y 365 oleg 05105) lojee jl do > Fo dgus
About 40% of bolls have attained their final size.
137 18/10/2013 75 o3yl s a5 1y 395 kg 05151 Lnojoé 5l o> B+ 3ga>
About 50% of bolls have attained their final size.
140 21/10/2013 76 103yl s a5 1y 395 log 05151 Lmojoé 5l o> £+ 3ga
About 60% of bolls have attained their final size.
143 24/10/2013 77 lodygl s a1y 365 oles 0510l laojeé | o ys Ve dgus
About 70% of bolls have attained their final size.
146 27/10/2013 78 losygl s a1y 365 oles 0510l laojeé | o yd Ae dgas
About 80% of bolls have attained their final size.
148 29/10/2013 79 lodygl s a1y 365 oles 0510l laojeé I o y> Ae dgus
About 90% of bolls have attained their final size.
S ladspo (Sa3glgn 8 Eols iy oo (S8 Eob 4 g 03900 Ladals g LS paals sy ala 5o
Jolse w5 cos ol o] (b aS ol i le g0i 5 88y Ve S dlo e o) 058 o) 5] el Sl by
gady |5 45005 Mg i)y slaplil iy bylyd 9 Jeme 03> LS VY Jgdn 30 Jolye cpl aS 00 oo il (058 dl> yo
S oles e (Su5ader b foby slaay all aS WS o adgr il Lol 0045
g5 odlitwl 35 (So5elesiad (S pMaw] Sy 0y93 Job 0 YU (slaled 3929 o & pautil )l ddlate 4o

by 255 (Sis s Jolye syt o b olS (5 sl
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Table 11- Principal growth stage 8: Ripening of sepals and seeds

ol g slie, &L . oy
DAP Data Code Description
149 30/10/2013 80 (1230 2 0251y S508) o2 2352 (2
First boll Ripening (sporadically within the farm)
151 1/11/2013 81 mojgf 22> 1+ 392> 08 () L
Beginning of boll Ripening: about 10% of bolls
152 2/11/2013 82 Lnoj Jl oy Ve 94> 0jsh ptom, 1
Beginning of boll Ripening: about 20% of bolls
154 47112013 83 lnejsf Jl o2 ¥ 2932 0jsh ptom, 1
Beginning of boll Ripening: about 30% of bolls
156 6/11/2013 84 lnejsh Jl o2 Fr 290> 0jsh ptom, 1
Beginning of boll Ripening: about 40% of bolls
158 8/11/2013 85 mojgf 3l 22> B 392> 058 () L
Beginning of boll Ripening: about 50% of bolls
160 4112013 86 mojgf 3l 22> P 393> 0jf () L
Beginning of boll Ripening: about 60% of bolls
162 12/11/2013 87 Lnejsh Jl o2 Ve 293> 0j5h ptomy 1
Beginning of boll Ripening: about 70% of bolls
164 14/11/2013 88 nojgf Jl o A 940 0jsh e, 61
Beginning of boll Ripening: about 80% of bolls
167 17/11/2013 89 baojgh o> 1 253 ijgf b, ]

Beginning of boll Ripening: about 90% of bolls

(A 25) dcy e 0Lk o Lo pled (525 b 3985 alaye
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Tabel 12- Principal growth stage 9: Senescence

N w U a5 Go gl
CudlS 5l w9, DAP T ity
S B Data Code Description
Gl a8l i 5 5 Syl Ve
169 19/11/2013 91 BLERETL 5 ) el S 202 1 25
About 10% of leaves discolored or fallen
171 21/11/2013 92 bRl Ly ) i oSy Slao Ve 290
About 20% of leaves discolored or fallen
173 23/11/2013 93 bl Ly ) i oSy Slann T 250
About 30% of leaves discolored or fallen
175 25/11/2013 94 ) Shoia Ly Sy el S laos ¥ v
About 40% of leaves discolored or fallen
177 27/11/2013 95 S BLORE Ly Ky i Sy a0, 01 290
About 50% of leaves discolored or fallen
179 20/11/2013 96 < BhOBEL 5 S, i a0 P o9
About 60% of leaves discolored or fallen
181 11212013 97 oS ol
plant dormant
183 3/12/2013 99 (2l 5 S lS) Jpama 31

Harvested product (septal and seeds)
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Tabel 13- Mean effective and active degree days and duration of phenological stages of roselle in ecological systems

oy el P50 59y dayd ST 550 joy JUs 59,42 oot JUd jo a3 jesaeyed Jsb oI 095 Jgb
Cropping systems Degree days Degree days Degree days Degree days Duration Cumulative
effective cumulative effective active cumulative active (day) duration
c = 5 c ® 5 c ® 5 c ® 5 c ® 5 c ® 5
28 2E_ 28 oE_ 28 oE_ e oE_ L oE_ e oE_
N2 YES D2 VLS w2 YPs© 52 WES H2 PE© 2 P
lx g8 g 38 g v 8 g g8 g g8 § 93 g
s w o w o w o w o w o w o
S
Phenological stages
@j_‘ﬁ"?_ 186.47 153.20 186.47 153.20 215.22 176.95 215.22 176.95 5.75 4.75 5.75 4,75
Germination
S dep 1149.9 1051.47 1336.37 1204.67 1324.9 12115 1540.12 1388.45 35 32 40.75 36.75
Leaf development
o ’5_5“““? Jess 497.10  501.01  1833.47 170568  570.87 576.01 211099  1964.46  14.75 15.25 55.50 52
Formation of side shoots
_”L” Jsb ‘):”"I}sl_ 460.85 506.86 2294.32 221254 537.10 588.11 2648.09  2552.57 15.25 16.25 70.75 68.25
Main stem elongation
3] 8 enls
ol 562.07 583.01 2856.39  2795.55 657.07 681.73 3305.16 32433 19 19.75 89.75 88
Inflorescence emergence
@“\K_ 740.26 730.47 3596.65  3526.01 867.76 855.46 4172.92  4089.76 25.50 25 115.25 113
Flowering
il 5 0500 god
Development of fruits and ~ 828.95  892.07 44256  4418.08 99270  808.82 516562  4898.58  32.75 34.75 148 147.75
seeds
4> 9 S plS e,
ripening of sepals and 339.30  349.76 4764.9  4767.84 43430  447.26  5599.92  5345.84 19 19.25 167 167
seeds
S e 246 246 5010.9 5013.84 326 326 5925.92  5671.84 16 16 183 183
Senescence
Total g s 5010.9 5013.84 5925.92 5671.84 183 183

aS o)y 5L A9y dayd ¥ /A 290 4 SG5eleST oly; pllas
P )3 JgusS’ Sl U (IS al o 1 g 390 (2lS dl> ya )l
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Table 14- Correlation coefficients of roselle phenological development stages with effective degree days

NES 1 2 3 4 5 6 7 8 9
Stage
1 Sl 1
Germination
2 Sy duwgs ok
Leaf development 0.78 1
3 P gasls JSas *
Formation of side shoots 034 0.78 1
4 Wl Job i)l - - .
Main stem elongation 0.79 0.42" 0.77 1
> ool o 061" -013 078" 083" 1
Inflorescence emergence
6 - 041" 0006 083" 0717 095" 1
Flowering
7 il g ogeo 9o * - - - - -
Development of fruits and seeds 0.312 0.225 0.899™ 0.716™ 0.911" 0.97 1
8 @l g Syl ) - - ) - ) ) S - ok
Ripening of sepals and seeds 0.37 0.63" 0.57 0.07 0.40 0.60 0.65 !
9 Sy Ay Fx ~ - - - - *x *k
Senescence 0.40 0.21 0.57** 0.54** 0.70** 0.71** 0.73 0.38 !

Y e B R L &S Jlez| G 53 13 gme S B g I3 me 2 NS
ns: Non-significant, * and **: Significant at 5% and 1% probability levels, respectively.

Fhe a5 el U0 Gle (K3 Jole o (Stumen bl o (o)) Y gazme (Sofodgd Jolpe (it
ol odd o0y L5 VO ol 53 Jlad 59y=dn )0 5 VY Jodo plol 3yl 5529 Lod Gl pust 5 god Jolpo oy &S Siiads
wlys (Koocheki & Nassiri Mahallati, 1992) >55
JUud joyma2,d b iy5 sl (Sujgleid 903 Jolie (o (Shuamed ol pd —10 Joao

Table 15- Correlation coefficients of Roselle (Hibiscus sabdariffa.L.) phenological development stages with active degree days
al> 50

1 2 3 4 5 6 7 8 9
Stage
1 Sivle 1
Germination
2 LSy dawgs ke
Leaf development 0.787 1

3 P casls JSas . *

Formation of side shoots 0.350 0.072 1
4 alo Job il8l - - -

Main stem elongation -0.802 0.371™ 0.816 !

> 01 95 06197 -0136 0781 0896~ 1

Inflorescence emergence
6 - 0334" 0135 0813 07287 09177 1

Flowering

7 aly g ogeo gos B ) _

Development of fruits and 0.350 -0.015 0801~ 0714~ 0733 0.733 1

seeds
8 &by 9 5)1-4[5 Oty _ ok - - _ - - ok
Ripening of sepals and seeds 0.379 0.635" 0576 0.171 0.395™ 0.592™ 0.611 1
9 oy o - - - - -
Senescence 0.430 -0.085 0576** 0706** 0596** 0476** 0.552 0.234 1

R S L E &S Jla| cb.m)b DI sre S s g Ll e 2 NS
ns: Non-significant, * and **: Significant at 5% and 1% probability levels, respectively.
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Fig. 2- Releshenship between phenological development
stages with active degree days of Roselle in ecological

systems
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Introduction

Study the phenology of the medicinal plant is important to manage the timing of recurring plant primary and
secondary material utilizations, seed collection, pest control, prevent harvested untimely and weed control.
Based on the weather conditions each plant for completing its phenological stages needs certain amount of heat
units. The use of special codes to describe Phenological stages of plants has a long tradition in agricultural
science. This scale has a table of 100 sections from 0-99 designed for different phases of the plants’ growth. In
this scale, the growth stages are divided into two principal and secondary stages. The principal growth stages are
described using numbers from 0 to 9; each principal stage is divided into secondary stages through coding from
1 to 99. The objective of this study was to describe the Phenological growth stages of ‘Roselle” based on BBCH
scale.

Materials and Methods

Phenological stages of ‘Roselle’ were described and defined according to the extended BBCH scale. The
experiment was carried out as strip plot layout based on a randomized complete block design with three
replications at the Experimental Farm of the Faculty of Agriculture, Iranshahr Branch, Islamic Azad University,
Iranshahr, Iran (Latitude 27°12 ' N and longitude 60° 42' E; 591 m above sea level), during the growing season
of 2013-2014. The experimental factors were: four rates of consumption of inputs and agricultural operations
require in different cropping including Ecological system (No-tillage + Disk +Leveler +Furrower + 100%
Manure), Conventional systems with low inputs (One-tillage + One- Disk +Leveler +Furrower + 75% Manure
+ 25% NPK), Conventional systems with average inputs (One-tillage + Two-Disk +Leveler +Furrower + 50%
Manure +50% NPK) and Conventional systems with high input (Two- tillage + Two-Disk +Leveler +Furrower
+ 100% NPK) and wheat straw application as residue mulch in four levels (6, 4, 2 t.ha™ and control). In order to
recognize the different stages of Roselle, three plants were appointed in each plot and monitored during growing
season. All phenological stages of Roselle from germination to senescence were recorded based on BBCH.

Results and Discussion

The extended BBCH scale considers 10 principal growth stages, numbered from O to 9. Starting at
Germination (stage 0) and ending at the beginning of the rest period (stage 9). Based on BBCH scale, nine
phenological stages were recorded for Roselle that included: (0) Germination, (1) Leaf development, (2)
Formation of side shoots, (3) Main stem elongation, (5) Inflorescence emergence, (6) Flowering, (7)
Development of bolls, (8) ripening of sepals and (9) Seeds Senescence. Growing degree days to reach each stage
were 153, 1051, 501, 506, 583, 730, 892, 349 & 246, respectively. Due to the high temperatures during the
growing season of Roselle, the plant phenological stages were occurred more rapidly and the plant reaches its
physiological maturity. Despite the interesting characteristics of this plant (Heat and drought tolerance), a
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detailed description of the phenological growth stages of Roselle has never been performed. A precise
description of the different growth stages of this crop will provide a useful tool for agronomic and research
activities. In this Study, the description of the phenological development of Roselle was proposed utilizing the
expanded BBCH scale.

Conclusion

Roselle plant phenology is described here for the first time, according to the BBCH General scale. The use of
extended BBCH scale for Roselle is important for successful implementation of farm management practices
including disease and pest control. Based on our results it seems increasing wheat straw on the soil surface
increased water holding capacity of the soil and reduced soil temperatures, which causes delay in the occurrence
of Roselle phenological stages.
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