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Table 1. Total of water regirement (M2 per irrigation) and No. of irrigation in different systems
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%50 of Water %75 of Water % 100 of Water .
: : ) %125 of Water requirement
e requirement requirement requirement
W Syl Soran ol Syl Sopan ol
SH Slosy Slasy Sloxy _
Irrigation 0399 y2 50 o 0399 30 39 o 0399 30 59 o 0y9% & 39 Skl slasy
system Water ol Water ol Water ol Water No. of
useinperiod ~ No.of  ysein period No. of usein period No.of  useinperiod  Irrigation
(m3 ) irrigation m*) Irrigation (mz ) Irrigation )
J_z_]a_.: 3 lo 3
28 “Jd 460 27 690 27 920 27 1150 27
Sub surfase trickle
o L2
¢ ) 8 460 27 690 27 920 27 1150 27
Surfase trickle
S S 590 19 890 19 1180 19 1480 19
Center pivot
o b
: _‘5’)' 590 19 890 19 1180 19 1480 19
Solid set
a,\..@l.ol@dw‘_g)u
Modified surfase 520 3 780 4 1040 4 1300 4
irrigation

! Modified surface irrigation
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Table 2. Effect of irrigation sysem, water requirement and reciprocal in dimension, volume and sphericity per cent of bean seed

R 4l Job ails gl s Cwlus 1S oo (Wi Hhs CugyS
boles Seed height Seed width Seed thickness Seed volume Geometric Diameter Spherity
Treatment (mm) (mm) (mm) (mmd) (mm) )
LS)L:)-.J (oo
Irrigation system
St = o (slo ka3 13 9.6 6.6 816 9.3 70.1
sub surface trickle = S1
Sz = v slo,kd 12.7 9.5 5.8 731 8.9 70.2
surface trickle=S2
S5 = Sy i 124 9.5 5.7 667 8.7 70.7
center pivot=S3
S4 = el gl 12.8 9.7 6.4 793 9.2 71.7
Solid set= S4
Ss =oads ol . ‘5)lﬁ’\ 12.1 9.3 6.1 681 8.7 71.9
Modified surface irriation= S5
LSD 0.32 N.S. N.S. 26.03 0.28 N.S.
<l
Water requirement
W, = 50% ETC 119 9.2 59 647 8.58 72.3
Wa = 75% ETC 12.5 9.6 6.1 738 9.03 72.3
W; = 100% ETC 129 9.6 6.2 775 9.08 70.3
Wi - 125% ETC 13 9.5 62 790 9.18 68.8
LSD N.S. N.S. N.S. 24.01 0.48 1.63
@b s 6olal piass Jlize 31
Irrigation systemx water
requirement
Wi ><S] 12.5 9.4 6.3 740 9.05 72.4
w2Xs1 13 9.5 6.3 778 92 70.6
w3 Xs1 13.5 9.9 6.5 869 9.54 70.6
w4Xs1 12.8 9.5 7.2 876 9.75 66.9
W1 XS2 11.9 9.3 59 653 8.68 72.9
WZXSZ 12.4 9.3 6.1 703 8.9 71.8
w3 Xs2 13 9.6 6 749 9.08 69.8
w4Xs2 13.6 9.7 5.2 818 9.04 66.4
w1X83 11.8 9 6.3 563 8.26 70
W2XS3 12.5 9.7 5.7 691 8.84 70.7
W3Xs3 12.5 9.9 5.7 705 8.9 71.2
w4Xs3 12.6 9.2 6.1 707 8.91 70.7
wi1Xs4 12.4 9.4 6.3 734 8.73 70.4
w2Xs4 12.8 10.6 6.4 868 9.54 74.5
W3XS4 12.9 9.4 6.6 800 9.3 72.1
W4XS4 13.1 9.3 6.3 768 9.15 69.8
wi1Xss5 10.8 9 5.6 544 8.17 75.6
w2Xss 11.7 9.1 6.1 649 8.66 74
w3 X85 12.7 9.4 6.3 752 8.58 67.6
W4XSS 13.1 9.6 6.2 780 9.21 70.3
LSD N.S N.S N.S. 58.8 0.43 3.96
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Table 3. Effect of irrigation system, water reguirement and reciprocal on volumetric properties of bean seed

o o (x> Al (*8lg duild NEats) &9t sl Al Ve 39 Ry GFxo
Treatn{ent Bulk density Actual density  Prosity Floating index Weight of 100 Mooisture content
(@ (g.om?) (%) (cm’.g?) seeds (g) (%)
6ol s
Irrigation system
St = s (slo, kb
sub surface trickle = S1 689 1.24 42.5 8.3 61.5 16
S2 = b (gl kb
surface trickle=S2 708 1.25 42.8 7.5 60.2 15.4
S3 = g
center pivot=S3 717 1.22 45 72 56.4 16
S4 = el o)l
Solid set= S4 691 1.25 44.3 8 59.6 16.4
Ss =ouds C)La‘ ‘52.]4...4 d)l_u]
Modified surface irriation= 722 1.22 44 7 56.3 15.7
S5
LSD 17.1 N.S. N.S. N.S. 2.94 0.36
&k
Water requirement
W = 50% ETC 725 1.25 43.6 73 56.3 15.6
W, = 75% ETC 701 1.22 432 7.6 58.7 14.6
W; =100% ETC 690 1.24 44 7.6 60.4 16.3
W4 =125% ETC 704 1.24 44 7.8 59.8 16.9
LSD 11.1 N.S. N.S. N.S. 1.58 0.22

&35 9 6okl pitass Jilie I
Irrigation systemx water

requirement
wi1Xsl 694 1.25 43 8 58.9 15.2
w2Xs1 681 1.23 41 8.4 59.8 15.7
w3Xs1 684 1.23 43 8.7 66.3 15.8
waXs1 698 1.25 43 7.9 61.5 17.1
wi1Xs2 714 1.25 40 7.2 56.9 14.3
w2Xg2 723 1.25 44 7.6 59.3 15.5
w3 Xs2 698 1.25 43 7.3 60.5 15.6
waXs2 697 1.27 44 7.7 63.9 16.1
wi1Xs3 753 1.24 48 7.5 54.1 16.7
w2 Xs3 723 1.22 44 6.2 58.2 12.1
w3Xs3 680 123 45 7.7 59.8 17.3
waXs3 713 122 43 7.5 53.6 17.7
wi1Xs4 712 1.26 44 8.1 57.4 16.8
w2Xs4 649 1.26 42 9.2 59.6 14.1
w3 X34 701 1.26 45 6.8 60.2 173
waXsa 701 122 46 8 61.2 17.4
w1Xs5 753 1.24 43 5.9 543 15.2
w2Xs5 733 1.18 45 6.4 56.7 15.5
w3Xss 688 1.23 44 7.7 55.4 15.6
Ww4Xss5 714 125 44 8.1 58.6 16.4
LSD N.S 0.4 N.S. N.S. 3.84 0.54
So Leasdl ol ojle 0525 alls Cog,S 5 pox pm Ake e Ty asls slal o i8S oS a5 slaasls a5 Jb> 0
Flwy b jo oolaiwl 550 Jool 10 s (6 S s 3oy (i eslails (ol 5L o ,000) Ol liee /..;L,
Ao oo Ll dils (gilulas g ganaz o S CEVNON-JE W LA J g I IV R N K W PRV 3
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Table 4. Effet of irrigation system, water requirement and cross effect on mechanical bean characteristics

Lo (a5 0) |yl 4 gl SEhol oo o als s
Treatment Establishment angle (degree)  Friction coefficient  Seed hardness (N/mm?)
6ol s

Irrigation system
Si= b slobd 232 0.388 615
sub surface trickle = S1
Sz = v (sl lad 2 0379 60.1
surface trickle=S2
S3= Dy i 20.6 0.370 56
center pivot=S3
§4= o sl 20.9 0.360 506
Solid set= S4
S5 =ous C)La‘ u;da...; 6)1...;1 204 0.355 56.3
Modified surface irriation= S5
LSD 1.73 0.008 N.S.
<k
Water requirement
Wi =50% ETC 21.2 0.379 62
W2 =75% ETC 21.7 0.374 59
Ws = 100% ETC 21.7 0.366 57.6
21 0.363 56.2

Wi =125% ETC
LSD N.S. 0.008 N.S.

u‘j B ) d}':ﬁ" e e 51
Irrigation systemx water requirement

W1Xsl 229 0.39 66.4
w2Xs1 238 0383 61.3
w3Xsl 233 0.39 59.3
w4 Xs1 22.8 0.387 58.9
wW1Xs2 213 0.387 63.9
w2Xs2 23.5 0383 60.5
w3Xs2 23.5 0370 59.3
W4Xs2 19.8 0377 56.5
W1Xs3 20.8 0.390 59.9
w2Xs3 21.1 0.390 56.3
W3 X3 203 0.344 54.1
W4 Xs3 203 0357 53.7
W1Xs4 20.5 0370 61.9
w2X 54 20.6 0357 60.3
w3 Xs4 203 0370 59.6
w4Xs4 223 0.344 57.4
W1Xss 207 0357 58.6
W2Xss 194 0357 56.7
W3 Xss 213 0357 55.5
W4 Xss 20.1 0351 543

LSD N.S 0.02 N.S.

WA
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Table5. Effect of irrigation system, water requirement and cross effect on biological bean characteristic

Lo (a0 y0) il Gijaile (W0 y0) ails @ yud
Treatment Seed germination (%)  Seed power (%)
Skl i

Irrigation system
Si= o slobed 933 75.2
sub surface trickle = S1
S22 (b sloyhs 92 784
surface trickle=S2
83= Sgey s 89.3 82.3
center pivot=S3
S4 = b el 90.7 76.2
Solid set= S4
Ss =ead kel (o 5Ll 94.7 79.9
Modified surface irriation= S5
LSD 4.42 6.45
sl
Water requirement
Wi = 50% ETC 2.7 %0.7
W2 = 75% ETC 941 8.8
W; = 100% ETC 86.9 76.1
Wa = 125% ETC » 78
LSD N.S. N.S.
&35 5 okl pis Jlie 51
Irrigation systemx water requirement
wiXsl 933 81
w2Xs1 78.7 66.3
w3Xs1 85.3 76.3
waXsl 933 773
w1Xs2 9% 96
w2Xs2 86.7 723
w3Xs2 933 69.7
waXs2 92 75.7
wiXs3 92 733
w2Xs3 88 83.7
w3Xs3 78.7 84.7
w4 Xs3 89.3 873
wi1Xs4 85.3 733
w2Xs4 74 83.7
w3 Xs4 84 84.7
w4Xs4 90.7 87.3
W1Xss 96.7 80
w2Xss 93.3 88
w3Xss 933 753
waXss 94.7 76.3
LSD N.S 7.74
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Introduction

Dry beans (Phaseolus vulgaris L.) or common beans have been characterized as a
nearly perfect food because of their high protein, fiber, perebiotic and vitamin B (Lymo et
al, 1992; Geil et al., 1994). Dry beans can also be grown in a variety of eco-agricultural
regions. As a result, dry beans are used throughout the world representing 50% of the
grain legumes consumed as a human food source. Bean forms a good source of income
for farm families. In Iran, bean is a major source of food security, readily available and
popular food to both the urban and rural population. Of the different dry bean varieties
grown in Iran; "Red, Naz, Goli and Sayad "account for vast majority in term of production
and consumption. Although all the varieties contain similar major components (protein,
fat, carbohydrates and minerals), each have unique minor physical, mechanical and
biological profiles that can affect their functional food outcomes. Yet, dry bean is
understudied with research programs remaining critically underfunded compared to other
commodities. Therefore, the objective of this study was to provide physical, mechanical
and biological information on Red dry bean as an important crop.

Materials and Methods

The beans were selected and cleaned manually. It was ensured that the seeds were
free of dirt, broken and immature once, and other foreign materials. The experiment was
carried out for five irrigation methods (sub-surface trickle, surface trickle, sprinkler center
pivot, solid set sprinkler and modified surface irrigation) and four water levels of crop
water requirement (50%, 75%, 100% and 125%) on yield and physical and mechanical
properties of red bean landraces in central of Iran. Experiments were conducted in a
randomized complete block design with three replications for one year in Isfahan. In this
research parameters such as geometrical diameter, sphericitypercent, angle of repose and
grain strength were measured and the effect of experimental treatments on these
parameters were investigated.

Results and Discussion

Physical, mechanical and biological properties of agriculturally, nutritionally and
industrially valuated seed materials are important in designing the equipment for harvest,
transport, storage, processing, cleaning, hulling and milling. The analysis results showed
that increasing the amount of using water, increased the grain volume. Else the irrigation
systems showed different effects on kernel parameters. It was notable that none of the
treatments of using water and irrigation systems did not affect the grain hardness. With
increasing water requirement from 50% to 125%, the volume seeds of bean gradually
increased from 647 cubic mm to 790 cubic mm. Most of bean seed volume with 876 cubic
mm was achieved with 125% water requirement under sub-surface trickle irrigation

* Corresponding Author: n-ganjikhorramdel@araku.ac.ir; Mobile: 09393975257
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system. The most of establishment angle of seed with 23.2 degree and friction coefficient
with 0.387 was achieved under sub surface trickle irrigation respectively and the least of
them with 20.4 degree and 0.355 was achieved under modified surface irrigation
respectively. The results of statistical analysis of biological characteristics showed that
only irrigation system had a significant effect on germination of seeds. The maximum
percent of germination was 94.7% in modified irrigation system and then sub surface
trickle, surface trickle, solid set and center pivot respectively.

Conclusion

This study provided basic information on physical, mechanical and biological
properties of common bean (Phaseolus wulgaris L.) The current investigation was
conducted on dry red bean. Physical, mechanical and biological attributes including
geometrical diameter, sphericity percent, angle of repose and grain strength, seed mass,
seed size, seed density and seed germination were measured and the effect of
experimental treatments on these parameters were also investigated. The results of this
study are expected to be useful for plant breeders, consumers and the food industry.

Key words: Biological properties, Deficit irrigation, Irrigation systems, Mechanical properties,
Physical properties, Red Bean seed
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