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Effect on canopy structure based on growth characteristics of two red bean
cultivars under sole and inter cropping conditions at different cultivation densities
and weed management
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ABSTRACT
To evaluate the effects of plant density and reduced herbicide concentrations on the vertical distribution
pattern of leaf area in red bean canopy profile in mixed bean cultivars, an experiment was conducted in a
double-cropping plot design with 3 replications in the research farm of Tehran University in 2016. In this
experiment, the reduced concentrations of herbicide at 5 levels (0%, 25%, 50%, 75% and 100% of
recommended concentration with hand weeding treatment) were the main plots, bean plant density at
three levels (40, 50 and 60 plants). M / s) were sub plots and pure cultivation system of standing cultivar
and 50%-50% mixed cultivation in row of standing and creeping cultivars were sub-plot. The results
showed that herbicide concentration increase resulted in the bean biomasses increase in different layers
and the highest bean biomass (228 g/m?) was observed in the intercropping system and 60 plants/m?
density f in the hand weeding treatment in 30-40 cm layer and the lowest (123 g/m?) was obtained in pure
planting system and 40 plants/m? density at 0% of herbicide concentration in 50-40 c¢cm layer. The
interactions of herbicide application and cultivation system and also herbicide application and planting
density were significant on bean yield and with increasing the herbicide concentration and plant density,
bean seed yield increased. Based on the results of weed biomass analysis, imazapapir alone was able to
reduce weed biomass up to 65%, and this was increased up to 75% under mixed cropping system and
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increase in density conditions. This suggests that increasing crop competitiveness by increasing plant
density and using a mixed crop system instead of a single-crop system, can reduce weed biomass through

faster and greater crop formation.

Keywords: Beans, canopy distribution, height, interference, reduced concentrations of herbicides.
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Tablel. Weeds type and average density in the experiment

Name Spices Density (m?)
&5 (Lamium amplexicaule) 11.87(1.06)
e Sony (Convolvulus arvensis) 8.41(0.91)
0y dolus (Chenopodium album) 12.22(1.9)
il (Anchusa arvensis) 2.35(0.13)
ol (Amaranthus retroflexus) 2.87(0.33)
59 (Xanthium strumarium) 5.53(0.9)
b (Sonchus asper) 2.62(0.12)
FEYE (Portulaca oleracea) 1.1(0.14)
psS s (Sorghum halepense) 1.2(0.18)
oyl (Heliotropium europaeum) 3.1(0.53)

Nimbers in the parenthesis are standard error (SE).
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Table 2. Variance analysis of the effect of planting density and imaztapir dose on weed control on the intercropping of

standing and climbing red bean cultivars (Phaseolus vulgaris)

MS
Source DF Bean yield Bean dry Weed Weed dry
matter density matter

Rep 2 2466.53 1.40 0.43 5.60*
(A) Herbicide 4 40221641** 21476.6** 231.40** 28984.9**
(a) Error A 8 7138.1 2.93 0.69 13.11
(B) Density 2 52293** 3307.37** 32.23** 2997.55**
(AB) Her*Den 8 4708.6* 155** 1.12** 232.83**
(b) Error B 20 702.66 17.35 0.38 7.24
(C) System 1 67787** 33.12 100.27** 231.04**
(AC) Her*Sys 4 8331.8** 251.53** 0.13 0.90
(BC) Den*Sys 2 740.04 113.55** 1.01* 4.91*
Her*Den*Sys o
(ABC) 8 839.65 155.28 0.12 0.42
(c) Error 30 1064.44 7.99 0.15 0.67

*and **: Significant at 5% and 1% of probability levels.
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Table 4. Triangular model parameters and relationship between reduced herbicide concentrations and vertical distribution
of bean biomass

R%qj H™ hm™ Max v*
0.86 83.28 40.00 30.73
0.81 82.85 47.29 32.42
0.88 83.56 40.42 32.44
0.83 83.99 47.09 33.92
0.85 83.32 40.58 33.68
0.84 83.04 47.19 35.23
0.79 82.49 44.98 36.68
0.85 83.56 46.88 36.72
0.84 83.12 44.49 37.62
0.86 83.37 46.13 38.42
0.84 83.05 44.23 39.90
0.85 83.27 44.63 40.69
0.83 82.91 46.94 40.67
0.88 84.06 45.00 41.04
0.82 82.96 45.90 42.76
0.86 83.35 44.80 43.87
0.90 84.11 43.94 42.74
0.88 83.44 43.65 45.64
0.88 84.15 45.27 45.64
0.89 84.17 43.96 47.88
0.87 84.16 44.98 48.61
0.90 83.75 42.77 50.89
0.89 84.99 42.80 49.23
0.89 83.65 38.21 54.23
0.87 83.94 45.86 47.68
0.90 84.10 42.94 49.49
0.90 84.37 44.66 51.10
0.90 84.53 43.12 51.72
0.86 84.87 42.40 50.70
0.88 84.00 37.86 54.98
0.87 84.02 45.54 48.97
0.89 84.53 42.20 50.45
0.90 84.47 43.68 52.52
0.90 84.57 42.41 54.08
0.89 84.32 41.31 53.67
0.87 84.27 37.45 57.04

Planting system

Planting % From the recommended
density concentration of herbicide

Sole cropping 40 0

Inter cropping 40 0

Sole cropping 50 0

Inter cropping 50 0

Sole cropping 60 0

Inter cropping 60 0

Sole cropping 40 25

Inter cropping 40 25

Sole cropping 50 25

Inter cropping 50 25

Sole cropping 60 25

Inter cropping 60 25

Sole cropping 40 50

Inter cropping 40 50

Sole cropping 50 50

Inter cropping 50 50

Sole cropping 60 50

Inter cropping 60 50

Sole cropping 40 75

Inter cropping 40 75

Sole cropping 50 75

Inter cropping 50 75

Sole cropping 60 75

Inter cropping 60 75

Sole cropping 40 100

Inter cropping 40 100

Sole cropping 50 100

Inter cropping 50 100

Sole cropping 60 100

Inter cropping 60 100

Sole cropping 40 Hand weeding
Inter cropping 40 Hand weeding
Sole cropping 50 Hand weeding
Inter cropping 50 Hand weeding
Sole cropping 60 Hand weeding
Inter cropping 60 Hand weeding
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9
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*: maximum density of beans biomass, **: height which the maximum biomass of beans is formed and ***: maximum bean plant

height.
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Figure 1. Effect of reduced herbicides concentrations on beans dry weight in different layers, plant densities and mixed
cropping systems.
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Table 4. Triangular model parameters and relationship between the reduced herbicide concentrations and the distribution
of bean leaf area

2 . . " . Planting From the recommended
Rog H hm Maxv Planting system density concentration of herbicide
0.85 81.41 50 0.54+ Sole cropping 40 0
0.85 81.53 50 0.54 Inter cropping 40 0
0.89 82.01 50.00 0.53 Sole cropping 50 0
0.85 81.45 50.00 0.55 Inter cropping 50 0
0.83 82.72 50.00 0.56 Sole cropping 60 0
0.80 81.92 50.00 0.58 Inter cropping 60 0
0.86 83.83 50.00 0.72 Sole cropping 40 25
091 86.00 51.48 0.86 Inter cropping 40 25
0.89 84.19 50.00 0.77 Sole cropping 50 25
0.92 85.99 51.82 0.87 Inter cropping 50 25
0.91 84.91 49.70 0.84 Sole cropping 60 25
0.93 86.27 50.72 0.90 Inter cropping 60 25
0.90 84.77 49.55 0.79 Sole cropping 40 50
0.95 86.94 50.99 0.96 Inter cropping 40 50
0.91 84.97 49.03 0.83 Sole cropping 50 50
0.92 86.41 51.71 0.99 Inter cropping 50 50
0.93 85.72 49.53 0.84 Sole cropping 60 50
0.92 86.48 51.97 1.02 Inter cropping 60 50
0.97 87.86 49.73 0.96 Sole cropping 40 75
0.92 87.89 51.24 1.15 Inter cropping 40 75
0.97 88.44 49.30 1.00 Sole cropping 50 75
0.88 86.80 51.57 1.20 Inter cropping 50 75
0.98 89.08 48.94 1.05 Sole cropping 60 75
0.89 86.51 50.80 121 Inter cropping 60 75
0.96 89.07 47.79 1.15 Sole cropping 40 100
0.92 87.39 50.59 1.25 Inter cropping 40 100
0.95 90.42 46.93 1.22 Sole cropping 50 100
0.93 88.84 51.21 1.29 Inter cropping 50 100
0.95 90.13 45.96 1.35 Sole cropping 60 100
0.88 87.70 51.33 1.36 Inter cropping 60 100
0.92 88.85 50.48 1.13 Sole cropping 40 Hand weeding
0.88 87.16 51.37 1.21 Inter cropping 40 Hand weeding
0.90 88.74 52.11 1.28 Sole cropping 50 Hand weeding
0.87 87.82 51.43 1.24 Inter cropping 50 Hand weeding
0.90 88.67 51.84 1.33 Sole cropping 60 Hand weeding
0.86 88.30 51.72 1.29 Inter cropping 60 Hand weeding
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*: maximum density of beans biomass, **: height which the maximum biomass of beans is formed and ***: maximum bean plant
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Figure 2. Effect of reduced herbicides concentrations on bean leaf area in different layers, and plant densities and mixed



(Y)\Vjﬁéuy&o u,ijladeu/(\iﬂ)g\)&wj:\jiaej\ YA

cropping systems

ol L S e Ol S ile glachle
3L Gl e e s A N i b Sl oSS
e 53 5 S ile VL slaclils s Sl )
dsﬁbwwwj\ﬁﬁ‘ﬁuw
2l @) 55w Gl S 05 a5 L
IS Ols e sy 050 byl CiS ars
Zedls OF Y

symdle 0395

O Ay o e Jis a b e sls el
S i L SSide il Al glac ble
ed—dosls OIS 0 o 5 5 pacie s g

]

Bil s 53 S e Gatls p S bl
e
seldawsy chle 5l iSCie dops Ve bl

ol s oacile xed s a2
chle Bl S sl pasli Ol Sl
slackle ol s 55, S g, fSils
£ il s S e Ol S s 03 S
S el 35 A3 ST 6 e L 00
SScide S bl a8 Saly L olS i)
Sl (S le Ci s sl s 55l
Wl 2y B SIS o S S s Gl
5 oAl CiS bt 55 S o e Ol
ol o Ul el glalimdhe L5 sl oo slsn

SR8le 60095 § (3908 &2 b piScle adly yials cbicdale o aluly g Lo Jso s ol )b -0 Jous
Table 5. Triangular model parameters and relationship between reduced herbicide concentrations and vertical distribution
of weed biomass

2 . - " . Planting % From the recommended
Rog H hm Maxv Planting system density concentration of herbicide
0.90 90.53 37.59 31.45 Sole cropping 40 0
0.93 88.69 37.88 31.98 Inter cropping 40 0
0.91 89.70 36.65 29.45 Sole cropping 50 0
0.91 88.19 37.25 38.55 Inter cropping 50 0
0.90 87.56 36.57 26.85 Sole cropping 60 0
0.92 87.52 36.11 26.13 Inter cropping 60 0
0.92 88.21 39.06 28.68 Sole cropping 40 25
0.92 87.22 38.52 28.81 Inter cropping 40 25
0.93 87.57 37.79 27.37 Sole cropping 50 25
0.91 87.31 37.58 26.55 Inter cropping 50 25
0.90 87.12 36.16 24.45 Sole cropping 60 25
0.92 86.09 36.37 24.47 Inter cropping 60 25
0.93 87.13 37.18 27.04 Sole cropping 40 50
0.93 86.88 36.64 26.28 Inter cropping 40 50
0.92 85.06 37.29 26.50 Sole cropping 50 50
0.92 84.90 37.36 25.35 Inter cropping 50 50
0.85 82.02 35.55 19.83 Sole cropping 60 50
0.85 81.81 35.04 19.14 Inter cropping 60 50
0.81 81.06 25.76 17.36 Sole cropping 40 75
0.81 80.86 25.46 16.95 Inter cropping 40 75
0.90 81.09 24.28 16.65 Sole cropping 50 75
0.89 80.71 23.42 15.36 Inter cropping 50 75
0.87 79.69 18.15 15.97 Sole cropping 60 75
0.85 79.68 22.70 14.85 Inter cropping 60 75
0.86 77.63 15.25 10.67 Sole cropping 40 100
0.89 77.60 15.38 10.45 Inter cropping 40 100
0.87 76.56 13.99 9.93 Sole cropping 50 100
0.91 76.00 13.60 8.84 Inter cropping 50 100
0.88 76.00 14.81 8.88 Sole cropping 60 100
0.88 75.85 14.88 8.33 Inter cropping 60 100

Lig) olS glis)) Sl saesese

9995 o0 JuSuis Log odgicunm; yiShis o] 13 a8 el s dog) odgicum; S piShis

*: maximum density of beans biomass, **: height which the maximum biomass of beans is formed and ***: maximum bean plant

height.
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Table 6. Triangular model parameters and relationship between reduced herbicide concentrations and vertical distribution

of weed leaf area

% From the recommended

R2Adj H™ hm™ Max v* Planting system Planting density concentration of herbicide
0.87 88.25 41.61 0.74 Sole cropping 40 0
0.84 87.17 42.14 0.70 Inter cropping 40 0
0.86 86.75 41.72 0.72 Sole cropping 50 0
0.83 85.97 42.32 0.69 Inter cropping 50 0
0.82 87.66 41.75 0.70 Sole cropping 60 0
0.84 87.65 40.86 0.67 Inter cropping 60 0
0.86 89.87 41.89 0.73 Sole cropping 40 25
0.85 87.05 41.74 0.70 Inter cropping 40 25
0.84 90.05 40.00 0.68 Sole cropping 50 25
0.84 89.04 41.57 0.69 Inter cropping 50 25
0.92 91.01 41.49 0.68 Sole cropping 60 25
0.88 88.21 41.81 0.67 Inter cropping 60 25
0.87 85.94 42.61 0.68 Sole cropping 40 50
0.95 85.32 42.20 0.66 Inter cropping 40 50
0.89 86.16 42.78 0.67 Sole cropping 50 50
0.88 85.33 42.76 0.63 Inter cropping 50 50
0.96 83.90 42.32 0.62 Sole cropping 60 50
0.89 83.87 42.27 0.61 Inter cropping 60 50
0.93 81.92 40.00 0.53 Sole cropping 40 75
0.92 81.53 40.00 0.51 Inter cropping 40 75
0.85 81.13 30.00 0.22 Sole cropping 50 75
0.85 78.95 30.00 0.22 Inter cropping 50 75
0.83 80.25 30.00 0.22 Sole cropping 60 75
0.82 79.99 30.05 0.21 Inter cropping 60 75
0.80 80.00 16.60 0.10 Sole cropping 40 100
0.92 76.36 21.53 0.08 Inter cropping 40 100
0.92 76.30 18.87 0.09 Sole cropping 50 100
0.92 76.36 21.53 0.08 Inter cropping 50 100
0.80 76.30 23.20 0.08 Sole cropping 60 100
0.87 77.50 18.73 0.07 Inter cropping 60 100
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*: maximum density of beans biomass, **: height which the maximum biomass of beans is formed and ***: maximum bean plant

height.
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in different layers, plant densities and mixed Figure 4. Effect of reduced concentrations of herbicides on weed dry weight
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Table 7. Parameters of dose-response model fitted to the relationship between grain yield and different doses of imazatapir
herbicide in different red bean varieties.

dEr?:i?y System cultivation Rlag RMSE (SE)** b (SE)**X0 A(Kg/h)'(SE)
40 Sole cropping 0.99 61.52 20.40(0.65) 51.01(0.53) 4266(34.1)
40 Inter cropping 0.99 52.60 20.36(0.46) 47.96(0.56) 4197.3(28.8)
50 Sole cropping 0.99 62.36 20.26(0.42) 48.85(0.65) 4300.6(30.4)
50 Inter cropping 0.99 55.65 20.16(0.43) 45.76(0.58) 4231.3(28.9)
60 Sole cropping 0.98 92.57 20.38(0.71) 48.56(0.61) 4451.3(29.1)
60 Inter cropping 0.99 80.35 19.74(0.53) 44.80(0.7) 4355.4(30.5)
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" maximum biomass, **: concentration of herbicide required to achieve 50% of yield, " diagram slope.
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Fiugre 5. Effect of different doses of imazotapyr herbicide on bean grain yield in different planting systems and densities.
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