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Introduction
Due to rapid population growth and the reduction of arable land, the most effective way to increase crop
yields is by boosting production per unit area. So far, many studies have shown the positive effect of
intercropping on LAI (Leaf area index), TDM (Total dry matter) (g.m?), CGR (Crop growth rate) (g.m2.day™?),
RGR (Relative growth rate) (g.g.d%), and NAR (Assimilation rate) (g.m_ear.day™) growth indices, and so on.
Therefore, this study aimed to evaluate and compare the yield and growth indices of green bean and black seed
in sole culture and replacement intercropping ratios.

Materials and Methods
The experiment was conducted based on RCBD design during the growing season 2018-19. Treatments
included replacement intercropping ratios including 25% green bean + 75% black seed (P1N3), 50% green bean
+ 50% black seed (P2N2), 75% green bean + 25% black seed (P3N1), and sole culture of green bean (P) and
black seed (N). Irrigation was done once a week, and sampling was performed once every 10 days. The effect of
different replacement intercropping ratios on growth indices during the growth period was investigated. The
curve function was fitted using Slide Write ver 2.0 software, and Excel 2016 was used to draw figures.

Results and Discussion

The results showed that the treatments affected the growth indices of green bean and black seed. The highest
LAI of bean and the black seed (3.53 and 0.5) were observed in the sole culture of these crops. The lowest LAl
of green bean (1.14) and black seed (0.2) were obtained in P2N2 and P3N1 treatments. The sole cultures had the
highest TDM for green bean (973.34 g.m?) and black seed (339.55 g.m™). The lowest TDM of green bean and
black seed were observed in PIN3 (164.25 g.m?) and P3N1 (91.18 g.m?) treatments, respectively. The highest
crop growth rate (CGR) of green bean (10.83 g'm™-d™') and black seed (25.71 g'm™2-d™") were recorded in their
respective sole cropping systems at 73 and 82 days after planting. P3N1 and P2N2 treatments had the highest
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RGR of green bean (0.1 g.g* d) and black seed (0.13 g.g™%.d2), respectively. The highest NAR of green bean
(14.95 g.m2.d?) and black seed (48.24 g.m2.d") were recorded at 72 days after planting in P2N2 and 63 days
after the planting in sole culture of black seed, respectively. The highest yields of green bean and black seed
were obtained in P3N1 and P2N2 treatments, respectively, which did not differ significantly from their sole
culture. The land equivalent ratio (LER) for the P1N3 treatment was close to one, while the LER values for the
P2N2 and P3NL1 treatments were greater than one. This suggests that the P2N2 and P3N1 treatments utilized
arable land more effectively and ecologically compared to the P1N3 treatment. The findings can be considered
as a reason for improving crop yields due to improving ecological efficiency in the intercropping.
Conclusion

The results revealed that the intercropping of black seed with green bean improved the growth of this
medicinal plant. In both crops, the Leaf area index, total dry matter, and crop growth rate in sole culture were
higher than in other treatments due to their higher plant density; however, the relative growth rate and
assimilation rate were also improved in the intercropping treatments. Thus, the intercropping of green bean and
black seed would be beneficial from the perspective of ecological management. In general, the replacement of
half of the black seed planting density with green bean can be considered beneficial in terms of productivity in
crop production.
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Fig. 1- Effect of different replacement ratios of intercropping on the trend of leaf area index (LAI) in green bean (A) and
black seed (B) in different treatments
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Table 3- Equation and the coefficients of curve fitted to the TDM data of different treatments of green bean (P)
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Fig. 2- Effect of different replacement ratios of intercropping on the trend of total dry matter (TDM) in green bean (A) and
black seed (B) in different treatments
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Fig. 3- Effect of different replacement ratios of intercropping on the trend of crop growth rate (CGR) in green bean (A) and
black seed (B) in different treatments
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Fig. 4- Effect of different replacement ratios of intercropping on the trend of relative growth rate (RGR) in green bean (A)
and black seed (B) in different treatments
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25% green bean + 75% black seed (P1N3), 50% green bean + 50% black seed (P2N2), 75% green bean + 25% black seed (P3Nz1), and
sole culture of green bean (P) and black seed (N)
The curves indicates daily values of relative growth rate (RGR) and the points are calculated values of the index based on observed

data.

g Msom] 50 ANAR) LaIls gesMuonmw] i pus (2

Sy pdaw daly 0 Sid 03l zezd syl ol @ jle 2l
(S ddas) @resin 29 5 Sopots Ygoan & (man loj 3
P Sy gttgs LI 5l g)lme pals ool 250 oo o)
Ciliso alS wlg g o 5l eslitl L &S sl 2l ansle
olS 5> (Koocheki & Sarmadniya, 2011) 55" auslis oo L |,
V0 yl5meaPaN2 53 Lalls g Mogw] cae o yiSTos janlog)
Ol PiNa )3 adls cpl (lsee JBlus g 59y 53 @perie 2 )5
oMol oy (DA JSS) 52 59y )3 @pesie 2 p)SATY
(390 % &reyie 32 )5 YAVY) cpyidin N jloss 3 ailsoliw alls



YA o logd iy s aslis 5 0,Shas oy (3]s S0R g s s idad

(¥ o) 45

YO Cans > (LS 15 p,55kS VWASD) suslog) 3 Slos s
M3 Lo ol b 4" ol Cawd @ (PN Hlod) 4565 ol sy
CiS ) (jewwlis)) 4565 ol Caud l58l b cdly (g)ly e
Oy oplplis 0, S s iols 8l oy Sles ol b bl
L (2350l bobe i’ )3 dbglie lajlos 13 jalug) 3 Sles
LS 3 p S5 S OYVAQ) whaolas Ly olS ol deo 3 VO s
o) oLS oyl el S Hlow b a8 ol cows 4y (P3N1 Sl
LA JSE) cusls (o)l bme OS] (cuslS woy Voo

o Bl o caslio (gl o 5! Ll el b (gjllasLo
Sl Sls a4 by S Jalpe 1) iiwgid

Jyaao o Slas
SN ()5 ggerme Jolis byleo 4igS 93 (golaidl 3 Sloe
g 0dey SIS (g 9 My Jad (b )3 fewlog) oadudlyy o)l
by Ioe i i Lo glyless 3 48 eaol ool LS
bl i g 4o 3500 ] (el CutS iz 5 3ol
9 jrlog) Jomazo 93 50 3y Sles 1 Lajless STk .85 1,8
odaliin duoyy S Jlin! mdaw 10 (6 sxe (slaciolas caildolow

""""" Green beans25% ~ Black se=d75% (PIN3)
Gmen beans50% + Black seed30% (PIN2)
= = = Greenbeans75% <+ Black seed2 3% (P3N])
— . - Sole cropping of the Green beans (P)

--------- Greenbeans75% + Black se=d2 3% (P3N1)
Green beans50% + Black s2ed50% PIN2)
= = = Green beans25% + Black seed75% (PIN3)
= + « Scle cropping of the Black seed (N)

S, 15 -

[3+]

©

5

i 12 A

o

€ A

(=2)

N 9 -

&L

S~

c

o 6 1

=

<

IS 34

k%)

w)

<

= 0 : : : .
Z 0 20 40 60 80 100 120 140
g v

5 B
o 40

€

9 30 4

=)

E :‘\

= 20 A

o

E

= 10 A

k7

w)

< 0 : : : : .
-

[ 0 20 40 60 80 100
Z

Days after sowing
2 (B) &ilsslyns 5 (A) srustets) (NAR) (als ¢pguusMlpmsn € pos 3ig, 1 bglice S 13 o580l lizhn sacums il -0 UK
Ao (51 lowd
Fig. 5- Effect of different replacement ratios of intercropping on the trend of Net Assimilation Rate (NAR) in Green bean (A)
and black seed (B) in different treatments
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25% green bean + 75% black seed (P1N3), 50% green bean + 50% black seed (P2Nz2), 75% green bean + 25% black seed (PsN1), and
sole culture of green bean (P) and black seed (N)
The curves indicates daily values of Net Assimilation Rate (NAR) and the points are calculated values of the index based on
observed data.
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Fig. 6- The yield changes of green bean (A) and black seed (B) in different ratios of replacement intercropping in comparison
of their sole crop (upper horizontal line)
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bean + 75% black seed (P1N3), 50% green bean + 50% black seed (P2N2), 75% green bean + 25% black seed (PsNz), and sole culture
of green bean (P) and black seed (N)
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Fig. 7- The effect replacement intercropping patterns of green bean and black seed on the land equivalent ratio (LER) based

on their economic yield
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