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Table 1- Parameter related to the sigmoid model 3 parameters of bentazon herbicide dose on weeds biomass

f = a/( 1+exp( -( x-Xo)/b)) a(st) b( st) Xo (st) R? P
s Treatment
Awls untreated 592.9(28.5) 11.9(1.8) 47.7(2) 0.99 0.007
oiSdile cdalé wo ) 0 389.5(32.3) 6.1(2.8) 47.1(3) 0.96 0.03
Herbicide dose 50 %
oiSaile cbals aop e 198.6(13) 8.1(2) 51.3(25) 0.98 0.01

Herbicide dose 100%

3ylibisl gllas ol ST o3 B+ & 5acile 0098 Cunj LialS s (iScale 5L 550 55 Xp cad i (o Cile 0095 Gy Hlake ySTus: @
a: Maximum weed dry matter , b: Slope of the curve, X0:point of dry matter to 50%, St: standard error
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Figure 1- Effect bentazon herbicide doses on weeds biomass during the growing season
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Table 2- Parameter related to the sigmoid model 3 parameters of different densities on weeds biomass

f = a/( 1+exp( -( X-X0)/b)) a(st) b( st) Xo ( St) R? P
sbowd Treatment
il digy w515 468.9(31.2) 9.8(2/2) 50.6(2.6) 0.010.98
planting optimum density
CuilS iy w515 j1 i Loy Vo, 458.9(31) 9.8(2.3) 50(2.5) 098 0.01
20% more planting optimum density
CuilS iy w515 j1 5 e Loy o7 366.9(31.2) 7.8(2.9) 47.1(3.3) 096 0.03

40% more planting optimum density

3,ylbunl gllas e St ¢ Suid odlo duo > B+ uJ g5 alads Xp cbad i D ¢yb cale 0357 Camj Hlide (iSTas:a
a: Maximum weed dry matter , b: Slope of the curve, X0:point of dry matter to 50%, St: standard error
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Figure 2- Effect of different densities of bean on weeds biomass during the growing season
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Table 3- Parameter related to the sigmoid model 3 parameters of planting method on weeds biomass

f=a/( 1+exp( -( X-Xo)/b))

o Treatment a(st) b( st) Xo ('st) R? P
51 Akhtar 4713 (32.2) (2.1)7.9 (2.6)50.3 0.98 0.01
5 Goli 390.09 (28.6) 10.2(2.4) (2.9)51.09 098 0.01
bl Intercropping 414.07  (15.6) 1.2)7.9 (1.4)485 0.99 0.006

5ylbisl gllas e St ¢ s 0dlo duoyd B+ A g5 alais 2Xp <t o D ¢yb cale 0395 Cann ) Hlade Sl a
a: Maximum weed dry matter, b: Slope of the curve, Xo:point of dry matter to 50%, St: standard error
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Figure 3- Effect planting method on weeds biomass during the growing season
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Table 4- Results of analysis of variance (mean squares) of different planting densities, herbicide dose and planting method on

bean yield
Ol pnid 2abio GMilan,y Al Slos  Sojdom d,Slos  Colls g yad L
S.0.V df Seed yield Biologic yield HI
Block <l 3 2233.12" 32766.16 ™ 12.03m™
Planting method c.ils” 39, 2 34193.86 ™ 132762.48° 2726.68™
Herbicide s e 2 213728.37" 580829.45™ 450.92 ™
Planting Density culs 1,5 2 19335.7* 832457.09™ 1016.07™
PM*H s dilescusls s, 4 198896.76™ 347471.21° 835.15™
PM*PD culs oS1 5% cusls o, 4 39177.86" 114217.86" 751.16"
H*PDcusls oS5 18 cale 4 70023.18™ 130988.55™" 922.11*
S dlencdl SRl by g 6714815  177088.58" 396.68 ™
PM*PD*H
Error ks 78 13912.4 33101.59 200.74
Total
cvel Mi 5 17 446 317 36

20> Vg0 Jlassl pdass )3 5> (dme yl> dme b iy 4y i g% NS
ns *,** Non Significant, Significant at 5% and 1% levels of probability, respectively.
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Table 5- Mean comparison results of interaction effects of herbicide application and planting method on bean yield

CuslS g, (1) s ke &l 3 ) Slos Suiglom 3y8los Cuild g bl
Planting method Herbicide (&30 5% 53 255) (@205 53 p55) (%)
Seed yield Biologic yield HI (%)
(gr/m? (gr/m?)

Akhtar ! 0 132.92¢ 317.48¢ 38.39%
Akhtar 3 50 173.62¢ 406.89% 37.45%
Akhtar ;3 100 463.862 832.632 55.42

Goli s 0 134.75¢ 428.59¢€ 23.91°

Goli s 50 341.318¢ 682.8%¢ 37.12®

Goli s 100 179.88% 571.07bcde 22.340
Intercropping Lslses 0 220.52bcd 539.64bcde 38.76%
Intercropping bl 50 372.25% 740.44% 44,052
Intercropping bl 100 246.84bcd 602.73cd 423

Lug) 3,80os 52 CdlS 051,59 CandlS' (g, Jillte 1 (S0lo dummllio g5 -1 Jga
Table 6 -Mean comparison results of interaction effects on planting method and planting density on bean yield

&> 3 Slos S 9 g 3,5es

L o 51 ] L) ety sl
""“_""S 2] “'“_"G ‘J,”_ (&0si0 2 0 5)  (@iy0ri0 13 0,5) HI (%)
Planting method Planting density Seed yield Biologic yield
(gr/m?) (gr/m?)

Akhtar s optimum density 228.26% 470.32% 42.392
Akhtar ;3 20 % higher than the optimum density 247582 478.95% 47.472
Akhtar ;3 40 % higher than the optimum density 294572 607.158¢ 41.432

Goli _Js optimum density 67.24° 311.89¢ 11.71°
Goli J5 20 % higher than the optimum density 271.132 572.678¢ 38.142
Goli s 40 % higher than the optimum density 317.582 798.13% 33.522
Intercropping L gl optimum density 226.47% 545,630 41.812
Intercropping Lyl 20 % higher than the optimum density 265.932 555,97 41,582
Intercropping Lyl 40 % higher than the optimum density 346.552 813.762 41.902

Lug) 3,Skos 2 CodlS 051,59 (39 S e Lliie 51 (5eSilee dumnllo G -V Jgo
Table 7- Mean comparison results of interaction effects on herbicide application and Planting density on bean yield

als 3,50es S joem > Nos

0 “C A - - _ _ X Caild 3 AL
() s i Csls o517 (@050 1 0)5)  (&2y0550 32 05) % HI ()‘:/:)’”
Herbicide (%) Planting density Seed yield Biologic yield
(grim?) (gr/m?)
0 optimum density 106/88¢ 340.89¢ 29.49°
0 20 % higher than the optimum density 154,71 400.7¢ 31.39°
0 40 % higher than the optimum density 226.61% 544.13b¢ 40.18%
50 optimum density 180.79¢ 427.68° 30.3°
50 20 % higher than the optimum density 398.45% 689.19% 55.62
50 40 % higher than the optimum density 307.943¢ 745.13%® 33.14°
100 optimum density 234,290 558.280¢ 36.11%
100 20 % higher than the optimum density 231.48¢% 517.7%¢ 40.2%
100 40 % higher than the optimum density 424,152 929,782 43,52

.(pS~/-£)) J.S)IJ.S LSDO’o)'T uuLul » d)bgf'*’*" C;gh’ﬁ OFw yB 5 J)uwo a_é5)> d‘)b L;LQ‘)S)LA *
Means followed by the same letter are not significantly different (p>0.05) according to the LSD test.
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Table 8- Mean comparison results of interaction effects on herbicide application x planting method x planting density on

bean yield
Cuils Lo, () pis s CullS o515 &l 3 Slos Sa5am 3 Nos Cuilay pad
Planting method Herg)icide Planting density (& y0yi0 53 255) (&0 33 £55) A
(%) Seed yield Biologic yield HI (%)
(gr/m?) (gr/m?)
Akhtar :3| 0 optimum density 107.991k 271.551 38.43bedefghi
Akhtar s 0 40 % higher than the 123.84iik 312.09hi 34,97 cdefghi
optimum density ) )
Akhtar 3| 0 40 % higher than the 166.930Nik 368.799Ni 41.83@bcdefgn
optimum density ‘ ) '
Akhtar s 50 optimum density 2042790 400.469i 37.8gbedefghi
Akhtar s 50 40 % higher than the 226.76°%N 425,968 51.39abcd
optimum density ) ) )
Akhtar 3! 50 40 % higher than the 89.83k 394.24fonii 23.06M
optimum density
Akhtar 3! 100 optimum density 372.520def 738.95b¢ 50.843bcde
Akhtar 3! 100 40 % higher than the 392.13bcde 698.80c 56.11%
optimum density
Akhtar 3 100 40 % higher than the 626.95° 1058.412 59.40?
optimum density _ _ _
Goli _Is 0 optimum density 34.12i 201.62 12.93k
Goli _Is 0 40 % higher than the 179.289" 467.28d%fghi 30.271 fonii
optimum density
Goli s 0 40 % higher than the 190.859" 616.87¢f 28.599"
optimum density ) _ )
Goli s 50 optimum density 155.56Mk 458,36d%fohi 19.49ik
Goli J5 50 40 % higher than the 553.14% 912.78% 60.122
optimum density i
Goli s 50 40 % higher than the 315.23¢%fah 675.1bcde 31.730fghi
optimum density i
Goli s 100 optimum density 12.02% 272.67" 2.7
Goli s 100 40 % higher than the 80.95ik 337.93hi 24.,09hi
ptimum density
Goli s 100 40 % higher than the 446.66" 1102.428 4(,232bcdefgh
optimum density
Lglse 0 optimum density 178.529Mi 549, 5¢defgh 37 bedefghi
Intercropping
bglsa 0 40 % higher than the 160.999hiik 422, 718N 29.049ni
Intercropping optimum density
[INES 0 40 % higher than the 322.049%f 646.720def 50.143bcdef
Intercropping optimum density
Lglses 50 optimum density 182.549Ni 424 2¢fahij 33.53defghi
Intercropping
Lglses 50 40 % higher than the 415.44bcd 728.84b¢ 55.28%
Intercropping optimum density
bglsa 50 40 % higher than the 518.773¢ 1166.05% 44 52abedety
Intercropping optimum density
Lglse 100 optimum density 221.35f9ni 663.2] bede 54.8abc
Intercropping _
bglsa 100 40 % higher than the 318.34d%fan 516.37¢defghi 40,4 8bcdefgh
Intercropping optimum density
bglsa 100 40 % higher than the 198.859"i 628.516def 30.93¢fghi

Intercropping

optimum density

(DS 1+0) 505 LSD yge5l ol 1 (gl e coglis (ygimr o j3 Sy g (gl (glavSolio 3

Means followed by the same letter are not significantly different (p>0.05) according to the LSD test.
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Introduction: Bean (Phaseolus vulgaris L.) is so sensitive to intercompetition especially with weed species.
Weed management is an essential factor for the success of an agricultural production system. The use of high
competitiveness figures is one of these approaches. Another way to manage properly is just to reduce herbicide
dose using through the mixed herbicides in crops. By intercropping, filling the empty space prevents weed
development in the area. Mixing or simultaneous cultivation of two or more species in one plot of land is one of
the oldest agricultural systems in the world. Planting density is another important factor in determining plant
yield. Planting density not only determines competition for light and nutrients, but also controls the distribution
and allocation of dry matter between plant organs. The studies showed that by increasing bean planting density
from 20 to 30 and 40 plants m?, yield increased by 15.4% and 24.7%, respectively, and the weed biomass also
increased by a density of 20 to 40 by 30 percent. The use of high competitive cultivars and increasing planting
density are the main strategies to increase the competitive ability of beans against weeds. This study was carried
out to investigate the methods of pure and mixed cultivation of bean cultivars with different densities for their
effect on reduction of bentazone herbicide dose, weed control and crop yield.

Materials and Methods: In order to investigate the effect of planting density and reducing herbicide doses
on weeds biomass and crop yield in pure and mixed cultivation of red bean cultivars, a field experiment was
carried out at Agronomy Research Field of Ferdowsi University of Mashhad during 2013 - 2014. A factorial
experiment (with three factors) was conducted in a completely randomized block design with 4 replications.
Experimental treatments including bean planting densities in three levels consisting of optimum density (Goli 40
and Akhtar 50 /m?), 20 and 40 % higher than the optimum density of both Akhtar and Goli cultivars, and
Bentazone herbicide concentrations (0, 50 and 100 %) based on the recommended dose (2.5 liters per hectare),
and separate and mixed cultivation of Akhtar (standing) and Goli (ascending) cultivars were performed in rows
(1:1). Weed biomass was evaluated every two weeks after spraying by 100*25 cm? cadaver from two middle
rows. At the end of the growing season, a 1*1 m? staff was used to determine the performance. Data were
analyzed by SAS 9.1 software and averages were compared with the LSD test at 5% probability level and the
graphs were analyzed using SigmaPlot 12.0 software.

Results and Discussion: The results showed that for the weed biomass, the mixed cultivation of Akhtar and
Goli cultivars was more than pure cultivation due to its success in suppressing high competitive weeds through
rapid space cover, which can be attributed to this feature. It was used to reduce the herbicide dose. Also, the
highest and lowest grain yield (respectively 463 and 132 g/m?) were found for the pure cultivation of Akhtar
cultivar at concentration of 100 and 0 % herbicide, respectively. However, in flowering and mixed cultivars, the
highest grain yield was observed at 372.2 and 341.3 g/m2, at 50% herbicide concentration, which was also
observed in biological yield. Results of interaction effect showed that the highest biological yield in
intercropping (1166 g/m2) was observed for 50% herbicide concentration and 40% planting density. It can be,
therefore, concluded that reduced doses of herbicides can only be used if the crop has high competitive ability
and planting density is increased, which can reduce the competitive ability of weeds. The use of high competitive
crops and increased density of crops have the greatest potential in suppressing weeds and reducing herbicide
dosage. The previous studies also showed that limiting bean growth leads to a decrease in leaf area index and
bean growth rate, which in turn reduces its competitiveness against weeds.

Conclusion: The use of high-strength cultivars in mixed cultivation due to their overlap, space conquest, and
ability to compete with weeds along with increased plant density has a high potential for weed suppression and
can be used in other ways to reduce herbicide dose. The results of this experiment showed that there was no
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significant difference between biological yield at 50% and 100% herbicide concentrations in the mixed
cultivation and the highest biological yield was observed in the mixed cultivation.

Keywords: Herbicide reduced dose, Integrated weed management, Intercropping, Planting density



