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Fig. 1. Scatter diagrams of grain yield and plant height of dryland chickpea in data bank (A) and averaging data (B)
under cold winter areas of Iran
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Fig. 2. Scatter diagrams of grain yield and 100 seed weight of dryland chickpea in data bank (A) and averaging data
(B) under cold winter areas of Iran
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Fig. 3. Scatter diagrams of grain yield and day to flowering of dryland chickpea in data bank (A) and averaging data
(B) under cold winter areas of Iran

LS ol Gillae .ol (g, TO sg0) alive 090> U o] S Sy L g, oo Cio 4 bg e glmosls

59, YOIY - Sl g)ls (2a S L 55, sl hils slacasss L2V 5l owin 3590 Sl SSL )0 @5 9558 SG5ele 2
ol lacciS 6l 59, 1-VYD 5 0,k oS (ol y 59, olaas digy o> (AT JSE) Conl i, Sud 4 59, V0
Olye g anled adgi ) (ogdlae slas Slas willys ood &l s 59, AT o)l slaceis (gl Sujslsiied (S, b
(AY gAY JSCs) il o8, Gleme 4 By gl luails A S plS losls L 59, VY /A 050l slacus
SOl sl So5eden 3ud (S LS 59, ool aigy 90> Sy U gy olass agp o> a S Jls o (AY US)
FYIV aalo b 59, APIA — VYA 00 (6,05 1Sl Sledlbol Ol og, 4o Bbloe ol 10 o 9558 Sojel g ud
S5 Sl ax Slaals (pl (BY JS5) 00,8 s 39, JSi) acel ccws s 5, Ve AA Sl ST 5 oals g 5
SSb 0 0jmb 5 o)l slacisS (gl sdnliwwsas aals 5l 5 abg e (53, 0/)) Sl 51 in 59, VIV sae ol (BY
Syl0 Lan T L wgaime gl Lal ol oo pls  Sledlol ple Sledbl SGL ;o 05l 5 0 )l oS aigy 9> g0 4
A S99 § A dunlie ( 2AS L 59, Slaws i wiiles JSi) el ] 4 Koo 3 (g890 b (go0e Ll 5l 5 0l oo
ST 5l 006 55 peSila g a5 00ls by, 90 5l sdwl s 3950 00 8 yre a8l SG5ele 38 (S, U 5, olass (BY
LS 59, olasd dige Sgas g dm a5 v o lis Sledlbl ol o aS aes oo lid ,giS 5w bl sl o
Sglicte SalS” o52ly 5 05l o 99 Sl Seielsazed (S Ol g (gblae ol 53 059, Ve oty 0)93 ok
b g o gl o0 SO (Byre | 0ged oolaiwl Sledlbl SOL Kanouni et al., 2013; Saeed et al., ) ol oo 59,V FY/0
Oleme 4 Sledbl SO 51 (6,05 1uSibeo 3k 5l aigy Sgu> 59y dlows allas o b o8, aw ol glas .Sk a5 (2017
(20 9959 0)laz 5 05ly Dgliie SlS e 5 52 (sl (g lere VYNV ZIA) 595V omb ood 6l Seiglgnsed (S, U
Slogsred glae,ie byl 10 ol ol 05290 S8l L S Sy LT 59, slasd dige dgam o ls B3 (59,
ol érfu,itg 09y ol ‘511)[5 gl ol ey valez ol sloc i8S ol — Sg— U S5elgn d
5 Olao dgs aials sl [0 (550 gl g, b auglie ol laccis lim g 59, FO aulo b 5, VA=Y
550G 5l s 9956 0,lee 5 05l ot SIS oy pae Ea—o90 (pl 50,8 s 59, TV aklo L g, A /51 YF/Q
L 59, olass ciao alen (BY 5 BY o) aes o oylis 59 50 Sedenpnd (S, B g, olasd ax 51 awo oo olis
s a0l 5, Shac 5 Souw; LS 59, Slorss s o a0 lS aials Lol ey o glite SalS 030l 5 0,k <SG

YA



WY-IVF azmiio ATA8 Lo (Y5 ,lods N (0,99) Jlu /3 31 U 9o G 3 [...aiols il 5 10y, Ko g 00133500

9 ;B 30 10 3958 Al 0, Sles (S5l ud (S, U 39, SRS S CE T R 8] O R S P C PP SO GO
=l (F JS) aoly oo ialS Cal 4y 050l g 0,lee ool byl, b 0 aS slacadgs as col oud polae .ol oo
0950 (siagy 050 Job wwd e (ylis b Sell sl el ad> o ;5095 9 039 gy |) 093 A o SiS 25
Wyl ol ol il o Sles (59, (oYL g Codie e ,3U I YL o, Slee 25 51 18 2500 (bl sy il
S Sy L5 59, olass g alils ya i S oy90 4 S Jls o zL .(Moosavi et al., 2017)., 5 o_alys o Jg
0)‘\) \))_i.l.o.c K9y rﬂ...a p...a.._m.a )_|‘ ;S_U}[y).d U_" s)_.ol.‘> w.ma)_' )J ‘S'LCBUQ‘ &L 50 )_cn )‘ OM]WQC\.‘
(Mansourifar et al., 2012) Slass digy Az 5l jeee b aS dao o ylid padg 4 1) o090
B) A)
2500 -left:y=30.554€0.0402x Right:y=-68.983x +9920.3 4000 = Leftl:y=4.02x2 - 570.88x + 21,164.23
R?=0.9894 R*=0.9674 Rightl:y = 228|253=93.73161%.55x—3.59
3500 - R? = 0.940
— 2000 - Left2: y = 24.356e0.041x
o 3000 - R?=0.979
< - Right2: y = 2.96x2 - 914.88x + 70772.8
¥ 1500 - < 2500
- =
o T 2000 -
> 1000 A 2
£ £ 1500 -
ol o
© 500 4 “ 1000
b 500 -
0
80 a0 100 110 120 130 0 -

50 60 70 80 90 100 110 120 130 140 150 160

Day to maturity (day) Day to maturity (day)

(B) ouuies 35 cpaSilen 9 (A) ol LeMbl CS3l 53 015 295 5 5ol 8 (5Fokpmsy B 33, SN g &l 0 ,Shae STy fog0i —F S5

olrl o pw 3bla 5o
Fig. 4. Scatter diagrams of grain yield and date to physiological maturity of dryland chickpea in data bank (A) and
averaging data (B) under cold winter areas of Iran
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Fig. 5. Scatter diagrams of grain yield and grain filling duration of dryland chickpea in data bank (A) and averaging data
(B) under cold winter areas of Iran
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Table 1. Optimal levels of chickpea agronomic characteristics using averaging and boundary lines methods
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Table 2. Principal component analysis and eigenvalue and variability of dryland chickpea genotypes in high and

low yielding groups

High yield ¥b s Slos

Low yield ;wb o Slos

Trates el Jol Jele p9d Jole pow Jole Jyl Jole 9o Jole pow Jole
First factor ~ Second factor ~ Third factor ~ Firstfactor ~ Second factor ~ Third factor
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Fig. 6. Biplot of grain yield and crop properties of dryland chickpea in high (a) and low (b) yielding

group
DM: Date to maturity; DF; Date to heading; GFD: grain filling duration; 100SW: 100 Seed weight; PH: Plant height; Yield: Grain yield
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Introduction

Pulses play an important role in human nutrition. Among the pulses, chickpea (Cicer arietinum L.) is the
valuable food in terms of carbohydrates and protein. Chickpea with more than 8 million tons per year ranks
third crop in the world. It is planting in 48 countries with more than 12.11 million hectares. The aim of any
breeding program working for unpredictable and rainfed environments is to develop varieties with high and
stable yields. Breeders take advantage of the selection for several traits to achieve maximum economic yield.
The selection of genotypes based on indices using yield components was used by breeders for a long time.
Breeders were believed that obtaining a linear function of traits or selection index could lead the selection of
genotypes with better genetic values but including economic weights in this function have been expressed by
many researchers. Simultaneous selection using characteristics with important and heritable economic values
is more effective. Crop yield is a function of multiple interrelated variables and cannot be defined only by a
single-variable equation. One of the most effective method is boundary lines that was introduced by Feiziasl
et al, (2003 and 2010) for the first time to determine the optimum levels of plant (dryland wheat)
characteristics and yield stability analysis. In this paper, “Boundary Lines” and averaging methods and PCA
are used to determine optimum levels for some traits of dryland chickpea in cold areas, Iran.

Materials and Methods

More than 8000 data for each trait were collected from national and international trials conducted in
Dryland Agricultural Research Institute (DARI) experimental stations in Maragheh, Kurdestan, Zanjan,
Uromieh and Ardabil from 1996- 2016. The traits were days to flowering, days to physiological maturity,
grain filling period, plant height, 100 seed weight and grain yield. The Excel software was used to develop a
scatter diagram showing the relationship between each trait with grain yield in each location. Two methods
were used to determine the optimum value for a given trait. One is based on the boundary lines method
where the maximum grain yield and the optimum value for the trait considered coincide with the crossing
point of the two boundary lines. “Boundary Lines” method was used to determine the maximum limit for
each trait. The scatter diagram is surrounded by two regression lines, one on the left and the other on the
right called boundary lines. Then Maximum yield was obtained at the intersection of both boundary lines.
The other approach, called averaging method, is based on subdividing the data into two groups: high and low
yielding groups.

Results and Discussion
The boundary lines method determined the optimum levels for days to flowering, days to physiological
maturity, grain filling duration, plant height and 100 seed weight which were 56.2 days for spring and 89.2
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days for autumn, 89.4 days for spring and 120.8 days for autumn, 33.1 days, 29.8 centimeters and 34.0
grams, respectively. By averaging of high yielding group method, optimum values for days to flowering,
days to physiological maturity, duration grain filling duration, plant height and 100 seed weight
characteristics were 75.6 days, 108.8 days, 37.7 days, 30.2 centimeters, and 26.0 grams, respectively. The
optimum values for plant height and 100 seed weight were almost the same in both methods while for other
traits optimum levels were so different. Principle component analysis (PCA) show that, the most important
traits to select high yielding chickpea varieties were days to flowering, days to physiological maturity, and
plant height. These methods could help breeders to determine the range of optimum value for traits
determining the adaptation of genotypes to a given environment. Boundary lines method is more reliable to
determine of characteristic’s optimum levels in comparison with the averaging method.

Conclusion

It can be concluded that, determining the optimum levels of some dryland chickpea characteristics were
closely equivalent in boundary lines and averaging methods while, for some characteristics, the estimated
optimum levels by these methods were so different. Because boundary lines method is considered the data
distribution process and gap data in databank, therefore, its estimations for the optimum levels of the
characteristics are more accurate and reliable than the averaging of the high yielding group.

Keywords: Boundary lines, Crop traits, Optimum level, Principle component analysis (PCA)
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