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Table 1. The consumption inputs and agronomic operations level in various bean agronomic managements
(Ghadiry, 2014)
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Irrigation (Irrigation period with identified water used)

(Conventional) Jglace (Low Input) solgines

=N W N
RN e

- 50%
- 50%

Based On Soil Test Results

Based On Soil Test Results
Based On Soil Test Results - 50%
Based On Soil Test Results - 50%

- 40

- lor2

10

Mean Productivity (MP)=(Yp+Ys)/2
Fernandez, ) lowgie 5,90 1t (oot Siloo 3L
(1993

Geometric Mean productivity (GMP) = ,/Yp X Ys

VOV

Ly g9 0 ails 3 Shoe Slpis Glime (o pslaieds
o ml Slts 9o )8 wilenS 5 Joeme (2l) Cupoe
S bl g o lacaisi; o Shee 4 azgi Lol (6550l
1035 drlxe 5 la sl onl
(Rosielle & Hamblin,1981) Lugio 5,90 o (a5l



VA% 099 doud ¥3 Lo Al /Q‘ﬁ" Olg,g’ ‘slbu?ab,jg. [ 2ol g 20551 ¢, K0 g (g s

5 Gl an e Loyl s  Sied da a3l dclxe (Rosielle & Hamblin,1981) |oss asls
S ostiecnar s 0 el Ll (s (ol sloadlie & a3 Tolerance (TOL) = Y, - Ys o
25,5 oslil SPSS l3ils 5 (Fernandez,1993) i 4 Joos jasls

Stress Tolerance Index (ST1) = (Yp)(Ys)/(Y p)?
Fisher & Maurer, ) i 4o cowlus jals

£ x w

, . ‘ i E 1978
L —olesl ool o3 1guSy Com by oy jokiiods Vs
Yyeas Lol 5 sl olsisas oS wlabd (28,5 i o 1-¢p
O 3 S5 Ol . “’J’f’b)" Stress Susceptibility Index (SS1) = —F
olas oS slSsl 7,k &0t (uib)ls a2 Lo -2
A5 ol s il a3 gl . plodl L 50 o 4o P

Lyl Slaw 0 S L N .
S 5des e 2la)) 990 33 Sl boaye il ety e 3 iy o 5,Skee Ypluls, cpl o

S i AS Ses o, Sy digr daws ¢ il S .
et TR Bt 2 TR T Yp oolesnS (o215 Cupoe )3 gy ;o 0 Shos Vs ¢ Jgone

Loools pumeal 4y (3l ai ;0 5 00 LSl 5160 ¥ 5 J el s 5 Lae e o Shes aSilis
Y ; . . . i <.
T o0 gy sl o oslego bl 55 i 3 Shas is

03legeS'y Jgaro (€155 Cu e SOS gl 33 (ialo3T o3le (193 (y9051 —F Jgu
Table 2. Uniformity test of experimental material in conventional and low input agronomic management blocks

(MLS) oy po (055lso
Joore (£ly5 S e ool (£ly) Cup e
(Conventional Management) (Low Input Management)
SOV oy golie &ol3T a0 Zayo yo yd A gy Sluxs 4ils o ,Sdos Eyo o 3 A5 gy Slasi als 8 ,Slos
o d.f. Plants/m’ Yield Plants/m’ Yield
Block Soly 17 91.68"s 1506676.95 s 89.93ns 588407.71"¢
Treatment Slows 2 84.96" 345330.22"¢ 541.72* 4380005.14™

Error Uz 34 125.39 1468285.92 45.89 393151.02

% CV T JUUES STV - 24.53 18.83 21.32 19.14
S.0.V: Source of Variation
CV: Coefficient of Variation percentage
d.f.: Degree of Freedom
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Table 3. Correlation coefficients between seed yield in two desirable and low input conditions and stress tolerance

indices

Indices r Y MP GMP STI ssl TOL
o sl h":’;;ﬂ“ b""’: ;;:f“ “’::” 2155 i iSilhe Jad 25D gl 23D o
YP

Ys 0.342"

MP 0.911* 0.700™

GMP 0.740" 0.877" 0.948"

sTI 0.731* 0.830™ 0.921* 0.960™

ssi 0.376" 0.676™ -0.012 0.277 0.227

TOL 0.828" 0.244" 0.522* 0.240 0.259™ 0.701*

*and **: Significant at 5% and 1% probability levels, respectively.

YP: yield in potential condition; YS: yield in stress (low input) condition; MP:

tolerance index; SSI: stress susceptibility index; TOL: tolerance index
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Table 4. Clustering of Pinto bean genotypes based on stress susceptibility and tolerance indices, in conventional and
low input managements

Uaa'l.& unau _ _ él.S.Ln.c Q)S-Ln.c
gl e T TR O e e e
. . Joxi 62905 63903 i ) Number of Clusters
ond o ToL GMP MP o3l Jalaie genotypes in cluster
SSI STI Ys Yp
ol Mean 0.96 0.42 1727.4 2031.4 2265.1 1401.4 3128.8
I Sl 5 Sl as 529 1
% Deviation from %1.05 -%12.5 %2.9 %4.9 %4.7 -%5.7 %4.2
Total Average
ol Mean 0.38 1.35 915.6 3776 3813.1 3355.3 4270.9
I Sl 5 Sl as 18 2
9% Deviation from %60 %181.2 -%48.5 %76.8 %60.5 %125.7 %30.8
Total Average
Sk Mean 1.37 1.24 5468 3619.2 4580.2 1846.2 7314.2
IS oSl 31 Syl o s 8 3
% Deviation from %44.2 %158.3 %207.5 %69.5 %92.8 %24.2 %124
Total Average
oSk Mean 0.82 2.56 3176 5221.1 5488 3900 7076
85 oelee 51 Sl 0o 2 4
% Deviation from Total -%13.7 %433.3 %78.6 %144.5 %131 %162.3 %116.7
Average
Sk Mean 1.23 3.24 6844.3 5869.21 6816.1 3394 10238.35
85 oelee 51 Sl ao o 2 5
% Deviation from %29.47 %575 %284.9 %174.8 %186.9 %128.3 %213.6
Total Average
N 0.95 0.48 1778.3 21355 2375.9 1486.7 3265

Total Average

YP: yield in potential condition; YS: yield in stress (low input) condition; MP: Mean Productivity; GMP: Geometric Mean Productivity; STI: Stress
Tolerance Index; SSI: Stress Susceptibility Index; TOL: Tolerance Index

o @ o sl ol saadlye (s caS § ol -0 Jgux
Table 5. Linear combination principal components of tolerance indices
Indices axjlao S)g0 ‘_glbua’bn

SSl STI GMP MP YS YP Variance Eigen values Component
0.425 -.0107 0.961 0.977 0.991 0.771 0.858 61.830 4.330 1
0.896 0.967 -0.152 -0.189 0.107 -0.629 0.505 35.920 2510 2

YP: yield in potential condition; YS: yield in stress (low input) condition; MP: Mean Productivity; GMP: Geometric Mean Productivity; STI: Stress
Tolerance Index; SSI: Stress Susceptibility Index; TOL: Tolerance Index
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Table 6. The list of Pinto Bean Genotypes contained in Cluster 2
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5 103 Ks-21184 14 730 Ks-92257
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Introduction
Legumes such as Pinto Bean (Phaseolus vulgaris L.), in addition to the value of food and proteins

production, they are able to fix biological nitrogen and therefore, are desirable for planting in sustainable
agricultural systems in order to strengthen and preserve soil fertility. Low input farming systems (LIFS),
which are a part of sustainable agricultural systems was defined as a way to optimize the use of ecological
inputs and to minimize the use of inputs such as chemical fertilizers and pesticides in every time and every
place to reduce the cost of production, reduce pollution of groundwater and surface water, reduce of
pesticide residues in food, reduce total risk in agriculture and an increase in short and long term profitability
of agriculture. Evaluation and identification of the suitable cropping plant cultivars for planting in low-input
agricultural systems has begun three decades ago, in the world. The aim of this study was to identify of pinto
bean genotypes suitable for cultivation in low input crop management system and use them in breeding
programs and the cultivar release process of this crop.

Material & Methods
In order to evaluate Pinto bean genotypes (Phaseolus vulgaris L.) in terms of response to low input crop

management, 559 Pinto bean genotypes were evaluated using augmented design in both conventional, and
low-input crop management conditions. According to grain yield of genotypes in the two conditions, MP,
GMP, TOL, STI and SSI were calculated and then, the correlation between the index and the main
component analysis was performed. All Statistical analysis, correlation estimates, factor analysis and graphs
performed using SPSS software.

Results & Discussion
According to correlation between grain yield in optimal and low input conditions (r=0.34", n=559), it

was found that genotype selection based on grain yield in both conditions can identify genotypes with high
yield and stable production. The correlation between grain yield in conventional condition and MP, GMP,
STI, SSI and TOL was positive and significant. In addition, the grain yield in low input condition had a
positive significant correlation with GMP, MP and STI. Negative significant correlation was shown between
grain yield in low input condition and SSI and TOL. According to cluster analysis, the bean genotypes were
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placed in 5 cluster that genotypes in cluster 2, in term of GMP and STI were 76% and 181% higher than
overall average and in term of SSI and TOL were 60% and 48.5% lower than overall average, respectively.
Therefore, they were selected as the best genotypes for cultivation in low input conditions. Based on the
main component analysis on five indexes and YP and YS in evaluated genotypes, it was observed that two
main component explained 97.8 percent of the total variation. The first and two principle components
explained 61.8% and 35.9% of total variation, respectively. The highest positive factor in the linear
combination of the first component was related to Yp, YS, MP, GMP and STI. Therefore, this component
was called as yield component and tolerance to low input conditions. Because of high levels of these
indicators are favorable, due to the positive and high values of these component, to select genotypes were
acted that have a higher grain yield in both conventional and low input conditions. The highest positive
factor in the linear combination of second component was related to SSI, TOL and a little Yp and the highest
negative factor was related to Ys. So this component was called as sensitive to low input conditions. The
genotypes that had lower values of second component had the least sensitive to low input conditions.
According to biplot of two main components, genotypes were classified into four groups. Genotypes that
were in the A zone, in terms of the tolerance index to low input conditions (MP, GMP and STI) have higher
values than average and in terms of the sensitivity index to low input conditions (SSI) have lower values than
average so they were most suitable genotypes.

Conclusion
According to grain yield and tolerance indexes to low in put condition, the group 1 genotypes (Ks-

21184, Ks-92021, Ks-21119, Ks-21280, Ks-21461, Ks-21362, Ks-92198, Ks-21671, Ks-21673 and Ks-
21236) as the best genotypes for cultivation in low input farming systems (LIFS) were identified and
selected.
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