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Tablel- Soil physical and chemical characteristics of the experimental site

<l ] Sl colas IS O3ek e LB s e BB pawliy
Texture pH EC (dS.m™) Total N (%) Available P (mg.kg™) Available K (mg.kg™)
¢ 83 221 0.017 9.4 229
Sandy- loam

lguw b CulS’ iliseo (6o Cond 9 pSuud (10 ol 15T Codl (155 (sl 0 53 (08 (ST tg (a0 (6Silia) uilylg 325 -2 Jga
Table 2- Analysis of variance (mean of squares) for quantitative characteristics of the Roselle by tillage systems and different
planting ratios with soybean

Olaz o ko
Means of squares

a0 _
o >° (@5g,0) 0jsk Slaws S wwslS 3, Shos 3,50os S 1 Judg IS o
S B &3 i N ol
No. of bolls (per S 8395 sy § Leaf .
SOV df . . . Anthocyanin
plant) Drysepal yield  Biomassyield  chlorophyll
A 2 354740 0.002" 5.39™ 22.34" 0.42"
Replication
| e 22763 0.79" 188.34" 579.94™ 581"
Tillage system (A)
el sl 4 441076 0.02 1151 429 0.29
Error (a)
(B) bl cutS .
Intercropping system 6 06.30116 484.8 40.2 3.42
(B)
AxB 12 03.13307™ 0.33" 60.71" 35217 17.42"
e e 36 82.457 0.04 9.15 8.56 0.68
Error (b)
e 8.07 23.73 18.17 10.76 19.7
C.V (%)

oy 195 sl maw j3 b dxe g )b mopé i gal g

ns

, “and *": are no significant, significant at 5 and 1% probability levels, respectively.
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plS by Ieo cuiS a4l 4y w5l (gl oo oy M3
g5 5l ookl 550 ialafl 4l 4y drgs b oyl (S 3L
e g (sSile Aunlio LB sy il o 9 ol
B 53t osinn 8lpo pll W6 Lol Jole gl 2 3 o 3
4 byl coiS glacu s cglae STy sias lis Jilaze
ol 3 (o iy (A Jgie) adlee o5l il (slb i
= b re Bl guly P (o (i (g > &S b ol
ol ba e cuss calises (gl (p )d &l gy e
bgles cusS glgil 558 4y s guly 05w (5yledy 2l
09 9 Sl o5ed slaptus bl <31 )k gy ol 2
39 )b pxe Slas plod 350 50 bl culS slacuus > poud
Jole s 2 )3 (28 Jelo 3l (3 S5 )3 (4 a2
Cals Cuus ) JBlis ool eolatwl 45T )5 ssalie Lol
35U cppioie b oy sl 2oy 50 Flgw doys 100bglse
i bgw 4l 5,Sloe g a5 5 0lS 3 B dlass p )
5 Js)

(CadlS i X o350l glapiune) (ESwo5 (60le dunlie
sle 15350 byl coiS b wiud il jleg o5 ol olis
442157) oy sl> o398 Shws oy i bgw 20y> 100 + 35
Lgw 2o yd 75 bglste cuiS by w5ed J3las jla ;3 ¢ (wig 3 dae
BME s o 5 i (45gr 5o 322 23/06) 35 gl noyd 25 X
(756 slaJgus) el Cowdas Lge

Lgus obaS ailayl3a 059
9 5 Lt 15U Cog by oS b ylia
(B saz) 85 3 ol JiiSom s 5 S Giliseo clacus
i 31 45 )1 (039 Fote oS 21 (LS L peSSle Ao
88/05) s ol oiasms 51 (505" 5 (5 89/BD) ol o3
L dunglie 13 pousyo piud (slaptanes (7 Jga2) dal Comdes (o5
Byg3 i S0 SB ey jl pd o 5 Sl slapia
P S0k 0395 M ) ilune ju yobody Wlgi e 1V g 039,

Gliessman, ) 1 amsle 2 dhslre 3ub (g3laiil 5 Sloe ol 5
(1997

LER=_E (2) dsleo

Yo

Yini g bolswe S ;5 olS yo 5,Slas Yy clslro ol o &S
Dy pals CulS )3 ol a5 Sles

aumlio g ploul AL ascus SAS jl53la s b baodls & oo
Jlainl o )3 5SSl (glaals win 9050 51 o3l b L pSSlio
A plol dus yd gy

Ly SDAE 55 sl oL €559 0 058 shass

Sl e obdr bgw BMUE 5 (25 sl B2 )3 0jgf S
g ClS il slaces § b Chlisie (glagtun b Cov
s St (39 2 sladsin) 85 )8 ol iSen 5
Lo yo Liguw Meg w30l (194 s ) ()5 Sl g2 )3 09
o2 4 pie (T 56 lasiz) 55 gl § Sl oo wiaes &
Lad AWl mlo Uiles oo S o )3 Llay 2539 9 S 45
OFor il Laaday oslinul (gl (S cus b g oad S b,
2 g3o50 opl (Cook & Hauguland, 1991) >3l walys |, S
ash ol b g 058 dlawy dlos 15, Slee glinl Lilidl 4y colys
S ol Sdmgly 500 @l b adly ol delsl oo 65
.(Emam et al., 2000) c.usb

oie @b lis culs it a1k dusldo
bgw 2u0yd 100 + 55 oo 00,3 50 bglsee oS 5l 0j9¢ sl
S sy pAB S Slojet S 5 (65, sae 349/63)
P BN oy 9 (0 Jgs) tel consas (w4 5> dae 196/6)
Sl 20,3 25 + Lgw 1oy 15 bglsto oS s jl Lgw g0
038 13/12) Lgw (ol cusS L oS (w0, dae 14/44) 5
3 e sy ) BME (3 58 g bl )13 ()Mol 09,8 S, )3 (w0
9/9) Liys sy 2oyd 15 + Ligus duoyd 25 bglio S g
Nazari et ) o\SKen ¢ o ks (7 Jgdo) dol Cawsay (459 e
CiS &S 10,8 35 @y g hle byl cusS y (al,, 2011

1- Land Equivalent Ratio
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1 (Gill & Aulakh, 1990) #Ysl g S Lawgi o b)l5S Jbo 1) Ay s Sl 50l Lo 390 O Mewnl iy (el g olS
O cillas puiS b Hlia y5g 9 SowysS ladss gl b oS wbl 4wl cuze ).ul; (& s

5 w5 s ne 35U5 5 e (GUrsoy et al., 2000) 4, Sen

CulS s (51 Cumnd g p3ud S oS il Cod bgw 0L 53 (o5 S S 39 (Sl o (i) (wily,lg 4235 -3 Jgu
Table 3- Analysis of variance (mean of squares) for quantitative characteristics of the soybean by tillage systems and
different planting ratio

Ola o (ko
Means of squares
>, 3 YIS dlaas 3,50 - .
5 2 o als,l52 o9 35bes Srdidels ol ol
e G wljf ¥ 1000- seed ol 8395 Comnd § Leaf Proiein
S.0.V 3 =)
df No. ;[))I(;?]St per weight iﬁjg Biomass yield  chlorophyll content
"{“ ) 2 6.22" 0.56" 0.01™ 0.35™ 2.76"™ 12.48"
Replication
bons 2 84.23" 17.06™ 0.003™ 6.88" 0.62" 33.15"
Tillage system (A)
whol sl 4 4,92 0.09 0.01 1 1.65 7.39
Error (a)
(B) Lol cuts
Intercropping 6 23.13" 1.64™ 6.46" 84.15™ 19.69™ 44.15"
system (B)
AxB 12 29.917 11.88™ 0.02" 6.6~ 42" 54.66"
b sl 36 1.99 0.14 0.02 0.45 1.18 10.65
Error (b)
Oyt 5 12.13 0.42 8.78 10.83 10.31 8.9
CV (%)

203 L 95 Jloinl oy o sime 5 B imeps gl g °

" *and *": are no significant, significant at 5 and 1% probability levels, respectively.

(50 S haangu) (58 Jols g2 53 (Dglne CuuiS” Gpiuunnns) (858 Jols T (23 1 Slasyo (50Silo -4 Jgut>
Table 4- Means of squares for slice of effect of sub plot (intercropping systems) with main plot (tillage system)

] 5,Slos ) . . 33 B ey
50 s IR LB Y ) ol 35des g S padll o p (liwe oS
Tillage s st“e ms ] 1000-seed 8395 St § Leaf Protein i
ge sy df weight Seed Biomass yield  chlorophyl content Pods no. per
yield plant
Corventional 6 6.38 1.92 31.30 10.59 11.64™ 17.77
tillage
(Fho o2 6 7.54" 2.34%* 46.07" 11.84™ 86.03" 52.52™
Minimum tillage
S g 6 11.48™ 224" 19.98" 575" 55.81" 12.66™

No tillage

oy 1 Jleis] s )3 )5 e g (6 )b ne phe cuyay X% g™

"sand “*are no significant, significant at 1% probability level, respectively.
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Table 5- Mean comparisons for means slice of interaction different planting ratios of intercropping (B) for level of tillage
systems (A)

SYE Sl . 35S kos m
- SRos 38kt N RS9 oo

PENIPCIWW Interoropping :9'3 J: &l (as) 8395 Lot § Sy Jadg S Protein

Tillage system ratio o0 1000- seed w Biomass Leaf content

pogfaf]‘t*r weight (g) S?twr'] y_if)ld yield (thal)  chlorophyll  (mg.100g™)
.na

bgléu . .~.5 ..' R

by ool 13.66° 90.05¢ 153 3.04° 10.43° 38.98*
Sole soybean

50 +Lgus 10,3 50

P sl by 11.60° 87.03° 1.45° 3.33¢ 9.34° 38.85%
50% soybean +
50% roselle

75 +Lgu 103 25

P sl by 8.26° 89.85% 0.71¢ 2.45° 14.35° 37.57%
25% soybean +

75% roselle
25 +Lgw 10 )3 15

PR o 87 30" 2 19P 6.74° 9.32° 33.30°
T 75% soybean +
@ e 25% roselle

Conventional
tillage 50 +b g 20,2 100

P sl by 8.50° 90.87° 3.02° 11.47° 8.64° 38.34%
100% soybean
+50% roselle

100 +Lgas 40)> 50

0P ly 2oy 11.50° 88.69° 1.52° 4.76¢ 10.47° 36.34°
50% soybean
+100% roselle

50 +b g 20,2 100

P sl by 7.40° 87.97° 2.68° 8.58° 9.94° 37.29°
100% soybean
+50% roselle

by ool 12.50° 85.67° 141° 5.76° 14.35° 35.32
Sole Soybean

50 +Lgus 10,3 50

0P ly 2oy 12.50° 87.06% 1.44° 5.64¢ 9.00° 48.76%
50% soybean +
50% roselle

75 +Lgu 103 25

E NP O Sl by 10.40° 88.40° 0.71 1.67" 11.72° 33.92°
25% soybean +

75% roselle
25 +Lgw 10 )3 15

0P ly 2oy 12.06° 86.847 2.39° 7.35° 9.82° 37.07°
75% soybean +
25% roselle

50 +b g 10,2 100

Minimum
tillage

P sl by 12.90° 88.83% 2.98° 9.25° 10.56° 32.66°
100% soybean
+50% roselle
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100 +Lgas 40)> 50

P sl by 12.20° 89.73 1.33° 4.36° 8.32° 35.98°
50% soybean
+100% roselle

50 +b g 10,2 100
P sl by 12.86° 89.88° 2.942 13.95° 10.67° 38.84°
100% soybean

+50% roselle

by Lalls 13.20° 92.10° 1.45° 4.29° 11.44° 25.81°
Sole Soybean

50 +Lgus 10,3 50

P sl by 8.80° 90.65° 1.38° 5.51° 9.56° 34,742
50% soybean +
50% roselle

75 +Lgu 103 25

0P ly 2oy 11.03° 87.49° 0.67¢ 2.49¢ 13.31° 36.27
25% soybean +
75% roselle

25 +Lgw 10 )3 15

. O Sl e 12.60% 91.82° 2.30° 6.36 10.20° 37.62°
o (9 75% soybean +
No tillage 25% roselle
50 +b g 20,2 100

P sl by 9.66° 87.11° 2.93° 6.99° 10.54° 38.12°
100% soybean
+50% roselle

100 +Lgas 40)> 50

P sl by 9.80° 89.56° 1.38° 4.56° 9.10° 37.84°
50% soybean
+100% roselle

50 +b g 20,2 100

P sl by 14.26° 90.18° 2.91° 10.64° 10.52° 36.06%
100% soybean

+50% roselle

B85 (I e gl 2o y3 D Jlais] a5 Sl (slatels L g0l by iy S ptiie gy oS S lapSSle gt ya 0F
*Means in each column follow by similar Letter(s) are not significantly different at 5% Probability Level, using Duncan’s Multiple
Range Test.

gl Uiliie 551 g CulS ilisoo g 5 poud (SBelS il Cov (57 o (35 ST ig (ko dunylio -6 Sy
Table 6- Mean comparisons of quantitative characteristics of the Roselle by tillage systems and different planting ratio and
its interaction effects

LRPCLIKEY S s> Slos 3 Slos

. 5 A e lowass
s (55 ) . 2399 a5 ﬁLf:: * Ar:’tz(;cygin
Treatments No.of bolls  Drysepal yield ~ Biomass — ciorophyll (m.mol.g)
per plant (tha™) yield (t.ha™)
5
Tillage systems (A)
P g 271.8" 1.16° 20.1° 23.78° 4.7°
No tillage
Sl i 271.37° 0.82" 14.89° 33.24° 4.21°

Minimum tillage
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ahes 251.72° 0.82° 14.94° 24,53 3.65°
Conventional tillage
bslé‘ﬁ . 5
(B) Planting system

A 196.6° 0.66° 11.97¢ 25.9% 4.81°

Sole Roselle
5 sl 222 50 +hg 10,550 197.85° 0.75™ 12.5° 28.09% 3.42°
50% Soybean + 50% Roselle
Uy sl 203 15 +lgw 40,3 25 . b b a .

? 293.22 0.89 20.01 29.08 3.59
25% Soybean + 75% Roselle
P sl 223 25 +hgw 203 15 314.35 0.37 6.27° 23.23¢ 3.97™

75% Soybean + 25% Roselle
Uy sl 20,350 +lgw 10> 100
100% Soybean + 50% Roselle 349.63 0.94° 15.65° 28.13% 4.96*
Uy sl 20,5 100 +lgw 10y5 50
50% Soybean + 100% Roselle

d a a a bc
by sl 2oy 100 4L g 10 100 259.75 1.5 28.42 29.17 3.92
100% Soybean + 100% Roselle 243.34° 1.42° 21.69° 26.69% 4.66%
(AXB) Jylixo 5!

Interaction (AxB)

PP sl el X ol o 218.89% 0.73% 16217 18.1° 5.63°
No tillage x Sole Roselle
bgs 203 50+ 35 (sl 2103 0 X o305 (90,
No tillage x 50% Soybean + 50% 156.92" 0.56¢ 9.9491 24,27 4.41%
Roselle
bgs 203 25+ 35 (sl 203 THX 305 (90
No tillage x 25% Soybean + 75% 228.127¢ 0.97% 25.46™ 25.88%¢ 3.86%
Roselle
bgs 203 T8+ 35 (sl 203 25X 5 (90,
No tillage x 75% Soybean + 25% 387.36" 0.42" 777" 22.54% 1.78%
Roselle
bgws 2u0yd 100+ 35 (sl 203 50 X o5y -y
No tillage x 100% Soybean + 50% 321.84° 1.23% 14.567" 24.42% 7.5%
Roselle
bgwo 10 S0+ 5 (sl 203 B0 X 5 (55,
No tillage x 50% Soybean + 50% 343.93° 2,52 38.13° 26.83%¢ 5.48°
Roselle
20,3 100+ 55 (o 20,3 100 X 505 90
by 24551 1.69° 28.67° 24.46% 4.28%
No tillage x 100% Soybean + 100%
Roselle

OF gl oAl X Bl o5l
Minimum tillage x 160.71" 0.58¢ 7.7% 32.9% 3.48%F
Sole Roselle
bgw 2oyd B0+ 35 (slo 20yd 5O X JBlas 5
Minimum tillage x 50% Soybean + 50% 209.73° 0.83°" 12.879" 34.8° 1.52"
Roselle
Lgw 2oyd 25+ 335 (slo 2o yd 75 X JBlas 5
Minimum tillage x 25% Soybean + 75% 391.91° 0.82" 21.93°* 36.89° 3.78"
Roselle
bgw doyd 15+ 35 (slo 2oyd 25 X JBlas e
Minimum tillage x 75% Soybean + 25% 239.97% 0.35' 4.19% 25% 8.77°
Roselle
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20,5 100+ 55 (glo 20> 50 X folss o5

by 442 57 0.75" 15.77°9
Minimum tillage x 100% Soybean +

50% Roselle
20,3 50+ 35 gl 20y> 100 X folss w53
bges 22120 1.17% 25,15

Minimum tillage x 50% Soybean +
100% Roselle

203 100+ 55 (o a0 )5 100 X Jolss w55

by 233.51% 1.27% 16.64°
Minimum tillage x 100% Soybean +

100% Roselle

33.20%

32.4%

37.45°

3.12°9

158"

7.24°

u:’f s ‘-)A\A Xzl pod 210.21¢ 0.67¢ 129
Conventional tillage xSole Roselle
bgw 20yd B0+ 35 (slo 1uoyd 50 Xy e
Conventional tillage x 50% Soybean + 226.89" 0.85% 1477
50% Roselle
bgw 2uoyd 25+ 335 (sl> 2o yd 75 Xl o5
Conventional tillage x 25% Soybean + 259.64° 0.9 12.65"
75% Roselle
Lgeo 20y To+ (o5 (sl 20y 25 X, s )
Conventional tillage x 75% Soybean + 315.71¢ 0.34' 6.86"
25% Roselle
bgwr 2> 100+ 3 5 (slo 20y 50 X, e
Conventional tillage x 100% Soybean + 284.47% 0.83" 16.63%
50% Roselle
bgws 203 50+ 35 (sl 203 100 X, e
Conventional tillage x 50% Soybean + 214.13° 0.86% 22%
100% Roselle
Lgw 20,3 100+ 35 (slo 203 100 Xl o5
Conventional tillage x 100% Soybean + 250.99% 13 19.76°
100% Roselle

26.7

25.2¢

24.48%

22.16%

26.75%

28.29™

18.16°

5.32¢

4.33%

3.14%

1.36"

4.28%

4.709

2.44™

B85 (I ime gl 1o y3 D Jlais] a5 Sl (slatels Wi g0l by s S piie gy oS olapSSle gt ya 0F

*Means in each column follow by similar Letter(s) are not significantly different at 5% Probability Level, using Duncan’s Multiple

Range Test.

Loyl oo i1 5 CullS ilideo Lot 5 o Sl ;T Cod bgm (ooF G Srg (il dunslio =7 Jguo
Table 7- Mean comparisons for quantitative characteristics of the Soybean by tillage systems and different planting ratio and

its interaction effects

S dlaxs 3 ,Sos
&y, 39 Al 2 Ses

Sy Judy I8

o oS 4> . 0395 Cannnd u:-'39;~’ ol
Treatments = 1000-seed  Seed yield i ¥ Leaf Protein content
No Pod weight (g) (that) Blomass_lyleld chlorophyll (mg.100g™%)
Per Plant (tha™)
3
Tillage systems (A)
P G5 9.8 88.83° 187 5.89° 10.35° 37.24°
No tillage
(b 13.77° 88.05° 1.88° 6.85° 10.63° 37.51°
Minimum tillage
&l et 11.33° 89.85° 1.86° 5.83° 10.67° 35.21°
Conventional tillage
b#ﬂ .- .‘.s

Planting systems (B)
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bgw alls 13.12° 89.27%° 1.46° 4.66° 12.07° 33.37°
Sole Soybean
P sty 202 S0+ls 20550 10.96™ 88.25¢ 1.42° 4.83 9.3 40.78
50% Soybean + 50% Roselle
7 sl 222 To4gw 20,325 9.0° 88,58 0.69° 2.2° 13.13° 35.92%
25% Soybean + 75% Roselle
7 sl 222 Bty 20315 14.44° 88.68° 2.20° 6.82° 9.78° 36%
75% Soybean + 25% Roselle
PP sl 222 B0+bpw 202 100 e 88.93% 2.98° 9.24° 9.02° 36.37%
100% Soybean + 50% Roselle
5 sl 20 100450 20250y e 89.33° 1.41° 4,56 9.29° 36.72%
50% Soybean + 100% Roselle
Uy sle 2oy 10040 0 10> 100
100% Soybean + 100% 11.51° 89.34° 2.84° 11.05°% 10.38° 37.4°
Roselle
(AXB) bilie 51
Intraction (AxB)
Cx e
by alls X o523 09 13.66™ 90.05% 1.53¢ 3.94" 10.43°F 38.98°

No tillage x Sole Soybean
sl 2103 50+ gus 3u0yd 50 X o5 190

) o7 11.6% 87.03" 1.45¢ 3.331 9.34%F 38.85°
No tillage x 50% Soybean +

50% Roselle
o 210y> 15+ gus 3> 25 X o5 9

) A 8.26%" 89.85¢ 0.71° 2.45Kk 14.35° 37.57°
No tillage x 25% Soybean +

75% Roselle
&l 20,325+ g Juoyd 75 X o5 y9s

S

i 0,
Noftillage x 75% Soybean + 7.66" 87.39%" 2.19° 6.74% 9.3 33.3°

25% Roselle
20,350+ gus 3u0y> 100 X o505 y90
oo sl

i 0,

No tillage x 100% Soybean + 8.5 90.87° 3.02° 11.47° 8.64 38.34°

50% Roselle
20,3100 +b g0 20> 50 X 5 90
o sk 11.53% 88.69° 1.52¢ 4.76™ 10.47% 36.34°

No tillage x 50% Soybean +

100% Roselle
20,3100+ gus 30> 100 X o505 190

) oF sk 7.4" 87.977¢ 2.68° 8.58° 9.94F 37.29°
No tillage x 100% Soybean +

100% Roselle

Ly s X Jolas s

Minimum tillage x Sole 12,5 85.65' 1.41° 5.76° 14.35° 35.32°
Soybean
20,5 50+l guo 20> 50X folss o5
oA sl 12.5% 87.06" 1.44° 5.64° 9eF 48.76°

Minimum tillage x 50%
Soybean + 50% Roselle
200yd 15+l guo 2umy> 25X folss o5

Tt 10.4% 88.4°F 0.71° 1.67¢ 11.72 33.92°
Minimum tillage x 25%

Soybean + 75% Roselle
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200y3 25+l guo 2uoy> 15X filss o5

S Pk 23.06° 86.84" 2.39° 7.35¢ 9.82F 37.07°
Minimum tillage x 75%

Soybean + 25% Roselle
20,3 50+l gu 2uoy> 100X Jolss o5

At 12.9 88.83° 2.98% 9.25° 10.56% 32.66°
Minimum tillage x 100%

Soybean + 50% Roselle
20,3 100 +1 gu 20> 50X Jolss o5

Tt 12.2% 87.73¢ 1.33¢ 4.36% 8.32" 35.98°
Minimum tillage x 50%

Soybean + 100% Roselle
20,3 100 +l guw 20> 100X folss w55

At 12.86"¢ 89.88¢ 2.94% 13.95° 10.67% 38.84°
Minimum tillage x 100%

Soybean + 100% Roselle

by (alBXzly w5

Conventional tillage x Sole 13.2% 92.13° 1.45° 4.29" 11.44% 2581°
Soybean
b 203 50+L g0 do > 50X ]y i
o 8.8™ 90.65" 1.38¢ 5.51% 9.56% 34.74°

Conventional tillage x 50%
Soybean + 50% Roselle
b 203 TDHL g Ao > 25Xy i

Rty 11.03F 87.49%" 0.67° 2.49Kk 13.31% 36.27°
Conventional tillage x 25%

Soybean + 75% Roselle
&b 203 25+ L g Aoy TOX ]y i

e 12.6" 91.82° 2.3° 6.36% 10.2°F 37.62°
Conventional tillage x 75%

Soybean + 25% Roselle
&b 303 50+ g 05 100X 2]y o5

Rt 9.66°" 87.11" 2.93% 6.99¢ 10.54% 38.12°
Conventional tillage x 100%

Soybean + 50% Roselle
&b 303 100+ gur 0y 50X ]y w55

oo 9.8 89.56¢ 1.38¢ 456" 9.1F 37.84°
Conventional tillage x 50%

Soybean + 100% Roselle
3003 10046 s 30> 100% gl s

ot 14.26° 90.18% 2.91% 10.64° 10.52%¢ 36.07°
Conventional tillage x 100%

Soybean + 100% Roselle

L5 ()b e gld 1oy> D ezl gans 55 5SS (glael sy 905l Al iyl S yiiie gy &S olaenSbe s s slp g g o ¥
*Means in each column and for each component, follow by similar Letter(s) are not significantly different at 5% probability level,
using Duncan’s Multiple Range Test.

oS jo Log ashy jlia oyjs a8 aaly lis yd g Logd bl aS ol s ccsls bz glacuw (wSle duslio

Wazan et ) ohLSes 5 oljg 292 byle S 5l 508 jalls + bgw 210> 100 bglses cutS 4y bgrpo b 3o (59 oot
oS )3 b it Log &l a5 45 Wl oL (al., 1997 50 bglsce cuiS 5l op S g ()5 89/34) oy sl 1oy 100
I 03938] bglsee 13 )d ppaw 45T By oguadds o)) bl Jo3o) Al cawday (5,5 88/25) 35 sls 2o y> 50 + Ligw doy
(Sl pium X @5 i) lite il duglio .l jials cuiS )y > (Koocheki et al., 2009) ), ISen ¢ (SoS- (5
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Lol Caddy (S 53 o5 0/37) Ligaw 2o > 15+ 35 slo a0y

6 Js=)

Ly oA Sl oLiS 00 gicuu ) o Slas
S e psbots Ligw g (35 (Sl oS 93 0395 Cuunj 3 Shos
DSy g CulS il Glacuns § piud slapllss b cou
3 s LapnSilie dwslio (3 5 2 slaJgus) cd)5 5,5 g
S sy 03950 2 Slos (S )3 o5 5 14189) oy 5 st
(6 Jsiz) 15 Jols Jolis w5l 5 o5ub (ygds ol 52 o 5y
(LS > o5 5/83) (50 g (LS )3 (5 6/85) e
o g B> o5 s I i Lgw 0355 3)Sles
3 0395 ) 3,Shas i3l LY 517 Jode) del cunsas o,
g S5 Gas o Laa iy, jLisl poud yoh 5 S8l slapiuw
G L e s g (lE polie Ol 4 Pt (e
e (LS b g o1 S 0 O i 39 cage 5 0iydeis
e 0y 3 Cupsby wgde o St b Il e
33,5 ool aLS Ll abusgy Ky o a5 SB xbaw slaasY
[(Larson et al., 1983) 3,ls (63b; cuenl olS 13, adsl )95
(—ibg3s ,> (Narimatsu et al., 2014) o))Sen g guiles
S @53 0 Slae gl g 3 8les (55,5 SB (slapllss 5l
3 Foie Bl g 55y g slapllas )3 )3 3 )Slas X538
Al e plawed Giolel ol ol b &S ol @l (65,58
5,8 loe oy YL ob olis cusls calises (glacuud (15S5ke duslis
byle codS @ bgye c i bgw g G55 Glo 3 035 Cum;
5 (LS > 5 28/42) Ly 20 )3 50 + 35 cls o y> 100
o= 1105) iy sls 2oy 100 +L gus o y> 100 Lglsa s
iS5l bge 9 (55 Gl o3 0, 8kes (S g (LS
5 (LS )3 5 6/27) Lgw 2o p> T8 + 55 (cls o )3 25 bglso
$ o 22) iy s 30y 15 +hgw doyd 25 bgle cuiS
i) Joalite 51 dglio (7 5 6 (slaJgan) a8l o (JiSo
O 4530 L Lgw 5 (55 sla (CdlS s Xo5d
blse S Xo3ed (94 s Sl (55 Sl 0357 j 5 Slas
&y (S 3 5 38/13) Lgw 20y3 50 + 35 sl o y> 100
303 100 (gl bgls ot Xosed Jilis oiues 5 (235 s
ol ccwsd (LS p3 5 13/95) 35 ol o y> 100 +L g

S X powye pid jladd jlail jl5m (55 (i Sb LS
by e CuiS X pgujo ooub slasi b &8 (p)5 92/13) Lgwr s
0955 S ()5 IUB2) oy oo 20325 + Ligas doy> 75
e s e 51 ashy a5 o eS¢ s 3 bl

(7 Joao) el cawnday (p,5 85/65) Lgw yalls cusX

Lo €513 3 Slat g 5 5l oS K3 S a3 Sla
slaplls ;30 cov By b olS Sid S yuals 5 Slee

il et il (slapllas Bl (2 Jyia) 6,5 5 s
i (3 Jgaz) 4wyl 8 8l cos ) Lgw b 3Slee
5 (LS 5 (55 116) w5 (igiy i 55 S puals 3,Slos
(LS o 55 0/82) Jolas oo g gy poed iaess 53 (2505
g PHp b L (55,5818 g s (B i) 2ol cndey
S L ydy BLS uled « gle dlge 39 (wyiwd 40 g sigg
{Doran, 1980) >4 s0 42alS ) aiul § jow Cunds Jgups o
e (Ll Lads Lalyd 3 (S Ll (Stwwm N5 G
(Lal & 35,5 o0 sy Juad pgd das » S Slic polic )58l
,» (Asghari et al., 2013) l,LSen 5 (il .Bruce, 1999)
9 SB Cushy p €S g (65)91 ilisee glahy, 8b o2
S5,5 5, Sloe a5 Wy L (0 pAS L ol (o S5,8 5 Shae
S Sl cwl @l 65,058 5l 5ot (Bl 5B
15 3,Skec 5 by sl S S yualS 5 Slae yy cutlS’ iliska
5y Slas 505 5 ot (39 2 sladsiz) 05 o sine Lige
100 Ly lsee coitS o ) i G35 sl Std S pls
G 5 (LS 3 (55 181) Ly 20)3 50 + 25 (sl 20>
3 o5 0137) Ly 2o > T + 5 (slo duoyd 25 bgliee oS
J o s g il 3 Sos p 508 9 (n it A8 Jols (LS
2198) Uiy (sl 20yd 50 +hgw o> 100 Lglo cuiS capns
0o sl 2oyd T g 1o p3 25 bglste cutS o (i p> 0y
w5 i) plize 517 Jgao) sol ey (1S, 5 0/69)
Bl ool gl (ol ine 15l Lgas il 5, Shoe s (il piamen X
3 Jgaz) 292 bine oy sl St Spls 5,Skos
X oo (g i 3 (055 Sl Sl 3Shos (05 e
3 5 252) b 30y 50 + 35 slo (shuoyd B0 bglseo cuiS
25 by o et X gl 5 s 13,5 2 3 (50
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OB e oL (e 30T ¢l 30

o w3 st 56 o6 (35 sly olewgs]
C8)S )18 CulS g X @50 e (IS 02 1 9 CudS ilisee
s | i lomosil liee 308 5 ot (2 Jg2)
3/65) gy w5 s 5 (P15 2 J09,50 A1T) o3 (g
SleiSilee alio (6 Jgaz) ael cossar (p)5 2 Jse9,See
S a3l ilinagl iz 025V 4570 (LS SIS s
2 Jso95Ss0 4196) Ligw 205 100 + 25 (sl 10,5 50 gl
+ Uy ly 203 80 bl cutS s 3l lie 508 5 (¢ )5
(B Jssz) ael sy (p5 32 J909,50 3142) g 205 50
3 e oolial Loty Ylans) blce <t 53 (gl ol
I bgle i 5> (55 sl olS (izen Ml (laoe gl
Abdel ) 315" Juse S o o3litl Ly bansgs 005 ()5 i
Hibiscus ) (5, sl bglse cois > (Kader, 2017
(Cyamopsis tetrogonolobus L.) ,lyS 4 (Subdariffa L.
S5 5 e bgloe S 3 lwsil e o 38 )18
o X 0300 i (SIS 02y 0650e Al Al o (IS
3 i s oleosisl liee (2505 9 ot S LS cudls
15+ iy ly 3003 25 by It S X JBlis o5l s
S8 X guly p5ed e 5 (25 12 J909,5e0 8ITT) Ligus s>
= J929,50 130) Lgws 209 T8 + 35 (sla 0053 25 bl
B Jsse) sl sy (o5

L g oLsS als Gyt g 3
9 g 45 (e Olise 1o b idiBie (Lt
CullS s X oBed s (IS oy 9 CadlS Ciliseo (glacapuns
aS b i Sk duslas (3 Jesa) o lis gyl sixe )»b
37151) Jolas w5 i 3 400> gy Jlhe oy i
sty (8 oo 30121) ol w3 s | 0 508 5 (S e
oy s csls Galise (lacuns (pwSbe duwlio (T Jgis) Lal
50 + Lguw 2o p> 50 bgl oS 5l aily cpiigp Hlade oy 5 i
by palls catS | p 508 g (5 oo 40/T8) L5 sy 20>
Sl b Jgia (1 Jpiz) 2ol cussay (p,5 e 33/37)
9 Ol (o o ob oLt Lol Jale oy (28 Jule
b 20,5 50 L gus 005 50 bglste oS g s w5us 5 iy

(7 46 (o Jss)

Liges 5 08 Sla obS S 3 Jud g 4ls (53
hligw Sy Jed9)lS (e conslyts o3ud iliseo (slagiunes
s 3 b5 sly Sy ddg)lS e Gl amd J15 556 cou
- Jsis) €88 )3 ased slagiame il cov dop K Jleis
Ol3se 02505 9 e ot 3 LS LapSile dunlie (352 lo
5 (33124) Jslas 55 s ) ey (35 sl Jids)lS
JidgslS Glsee (6 Jsa) sl cnsay (23/78) o5es (ygs ot
Oiar Lle bly g SB (5eyi (e 5 Cebl aolS
So S el o 5l S sl Sldlae col atuly olS Ly
)b 2929 S (5395 slpome g Jdg)lS (liwe (o S35 i)
AU ) )18 dg IS J5Sge )3 S 59,05 S 1
Misine bgw g sl Jdg)lS (adld p cllS il (Sl
3G sla Jdo)lS a8y i (3 5 2 o) o
Lgw 0 90 + 5,5 sls 1oy 100 byl cusS cons
Do sle o0 T8+ Lgw s> 25 bglsee S 4 (29/17)
ol @l (756 slasiz) 15 Jolb> Lgw oS > (13/13)
Jg )l bg e cutS 3 (B sl w515 GRIEIL o ae e
e dn (i )3 005 (59 p kg (gjllule § <o,
cuiS > (Ghosh et al., 2006) ), Sen g og8 13b 95 0329
2 P J89)lS (liee 45 03,5 ()1 295 j9m 5 Ligw bglove
ST ol 0390 YL 0)lgen LAl S 4 s bglste S
39 9 Sy (595 0L 95 ol (bl |y el ol e

1ol o Lgu Lawwgh b

b 9 55 Sl Sl s X 0500 ol (LS o0y
X Bl 050wl Sl Jdg)lS padld (it 29 )l de
(37/45) L 30y> 100 + 35 (glo 20> 100 Lglso oS
(14/35) Lgus (s S X Joli> o5 wiases 5 (25 Sl Sl
Al CiS Xas b gy i 1 ol (25905 9 Ligw ol
CtS X Jlas Seb plus § (5 sl lp (18/1) oy e
ol cansdy (8132) oy (slo aioyd 100 +Lgus duoy> 50 boglso
756 slaJse)
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o sl 203 50 +hgw 2o )3 50 Lglsee S X Jolas w5ui (5 o) 25,5 Jols 35
AL S Xaly w3 a3l cp 508 g () e 48/76) 2 oS Glals L byl coitS )3 (nSgn liee pl38)
(7 Jgae) el sy (p)5 oo 25/81) Lgeo ol ods )35 (ool Cpiie bhwg Lalls cuiS b dwglis

Strydhorst et al., 2008; Danaefar et al., 2001; Karadag)
o s (S oy Sl duslie .(& Buyukbure, 2004
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Table 8- Analysis of variance (mean squares) for land equivalent ratio of the Roselle and Soybean (LER)
by tillage systems and different planting ratios

H NHETSH) ¥ T
’“;xoé\;m ¥ )df i Means of squares
" LER
"?ﬁ . 2 0.07™
Replication
R e 2 0.03"
Tillage system (A)
okl ks 4 0.09
Error (a)
Lglsea cots
(B) Intercropping 5 7.43
system
(AXB) Jtes 5
Tillage systemx 10 0.62"
Intercropping system
(AxB)
oo sl 30 6.62
Error (b)
Sl o0 27.95
C.V (%) '

o 155 Juisl g 3 Jagos 5 Joos b iyt 5 O
" *and ** No significant and significant at 5% and 1% Probability levels, respectively.
il 1 g oS iz (SCuund e (Bl il Cod Ligu 5 (3 (Sl w0 51 ol (il dunnylio -9 Jgu>
L&:Oi
Table 9- Means Comparison of land equivalent ratio of the Roselle and Soybean (LER) by tillage system,
different planting ratio and its interaction effects

e RS
Treatments LER
Intercropping ratio
Uy sl 20yd 50+ bgu 10,5 50 218"
50% Soybean + 50% Roselle
Uy sl 20> T+ bgw 10y 25 169°
25% Soybean + 75% Roselle
Uy sl 203 25+ bgw 10 yd 75 373

75% Soybean + 25% Roselle
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Uy sle 20,3 50 + Lgas 20,5 100
100% Soybean + 50% Roselle
Uy sle 20,5 100 + Lgus 20,350
50% Soybean + 100% Roselle
Uy sl 20,5 100 + b gus 30,5 100 3340
100% Soybean + 100% Roselle
5 (6l mn a5 3.0y35 o) s 53 S5 (sletals sz geil bl s St gy o aipSibis gt 0 ¥
* Means in each column follow by similar Letter(s) are not significantly different at 5% Probability Level, using Duncan’s Multiple
Range Test.

3.78°

2.18°

(Eskandari & Alizadeh-Amraie, 2016; Hamzei &
.Babaei, 2016)
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Introduction

With the ever-increasing world population, over-exploitation of natural resources and the limited availability
of arable land, followed by the urgent need to increase food production, which is one of the world's challenges, it
is essential to increase crop yield to meet demand and find a solution to more sustainable agricultural
ecosystems. Sustainable agriculture is a kind of agriculture that increases the efficiency of resource use that is in
balance with the environment. The components of sustainable agriculture are conservation tillage and
intercropping. Intercropping is one of the common methods of multi-systems that it is widely used to diversify
cultivation in spatial and temporal. One of the most important benefits of crop cultivation is the increase in
production per unit of area relative to sole crop due to better use of environmental factors such as water, light,
and nutrients in the soil. Soil conservation tillage has been researchers' interest by reducing energy consumption
and soil fertility, as well as increasing soil and water production potential. The aim of this research was to study
the soil tillage systems on the ecological aspects of crop mixing of soybean and Roselle.

Materials and Methods

This research was conducted in the research farm of Agriculture and Natural resources of Jiroft, in southern
Kerman, Iran during 2016. The experiment was conducted as a split-plot in a randomized complete block design
with three replications. The main factor included three levels: no-tillage, reduced tillage, conventional tillage and
the sub-factor of different ratios and replacement of mixed soybean and Roselle in eight levels of: sole Roselle,
sole soybean culture, 50% Roselle+ 50% Soybean, 75% Roselle+25% soybean, 25% Roselle+ 75% soybean,
100% Roselle+ 50% soybean, 100% soybean+50% Roselle, 100% Roselle+ 100% soybean. Each experimental
unit has a length of 4 meters and a width of 3 meters and spaced two rows of one meter. Each plot consisted of 4
rows of planting (all treatments were a row of Roselle and a row of soybeans). The measured traits were the
number of boll per plant, 1000-seed weight, biological yield, sepal yield, chlorophyll index of Roselle and
soybean, and the amount of anthocyanin of Roselle and protein content in 100% Roselle+ 50% soybean, the soil
ratio of land parity (LER). Data analysis was performed with SAS software version 1.9 and comparison of means
was made using Duncan test at a 5% probability level.

Results and Discussion

The effect of tillage systems and different ratios of planting on the number of boll per plant, thousand seed
weight, biological yield, sepal yield, leaf chlorophyll content anthocyanin level in roselle and protein content in
soybeans was statistically significant. The comparison of the means showed that conservation tillage provides
better results than conventional tillage in terms of number of bolls per plant of Roselle (271.77) and soybean
(13.77), biological yield in Roselle (20.1 t.ha®) and soybean (6.85 t.ha®), sepal yield (16.1 tha™), leaf
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chlorophyll content (33.24), anthocyanin (4.7 pmol.g™) in Roselle and protein content in soybean (37.51 mg).
Moreover, the maximum utilization of LER was due to no-tillage (2.86). The highest ratio of land parity was
obtained from 100% soybean 50% Roselle (3.78).

Conclusion

The highest proportion of LER was obtained from 100% soybean 50% Roselle, which indicated superior
cropping compared to sole crop. Also, in most of the studied traits, the conservation tillage system compared
with conventional tillage resulted in higher value. In general, based on the results of this study, systems with no-
tillage and also 100% Roselle+50% soybean be recommended.

Keywords: Anthocyanin, Biomass yield, Conventional tillage, Minimum tillage, Protein percent



