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Relationships between some Morphological Traits with Grain and Plant Dry Weight in
Quinoa (Chenopodium quinoa Willd.) Genotypes
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Table 1: Some descriptive statistics in 21 studied traits

Ol S g o Sl ol eibes Ol s aials iy oS Slaw
(%Y Standard Error Mean Range Maximum Minimum Traits
0.40 1.30 38.32 88.87 98.86 9.99 (PWW) (25 %552 5035
Plant wet weight (PWW) (@)
0.68 0.24 423 14.80 15.00 0.20 LWW) (#5) S 2 503
Leaf wet weight (LWW) (g)
053 0.54 11.95 53.04 56.40 3.36 SWW) (p,5) Lo 5059
Stem wet weight (SWW) (g)
0.41 0.76 2171 55.39 58.53 3.14 PaWW) (p5) 59> 5039
Panicle wet weight (PaWW) (g)
0.47 154 38.47 100.67 116.00 6.33 (NLD) V5 olass
Number of leavesl (NL1)
0.74 5.49 88.23 363.65 366.00 2.35 LA (o e i) S n gl
Leaf area (LA) (cm?)
0.59 0.22 434 15.04 16.40 136 SDW) () 8l St 5
Stem dry weight (SDW) (g)
0.45 0.29 7.65 17.53 18.48 0.95 (PADW) (p 5) ads> S22 039
Panicle dry weight (PaDW) (g)
0.83 0.09 1.28 7.14 7.27 0.13 (LDW) (5) S » S22 039
Leaf dry weight (LDW) (g)
0.41 0.46 13.28 30,09 34.62 453 PDW) (p,5) 90 S22 059
Plant dry weight (PDW) (g)
0.42 0.19 5.34 10.43 10.96 053 GDW) (p5) alls S22 059
Grain dry weight (GDW) (g)
141 0.11 0.93 15.02 15.32 0.30 TCW) (¢, ails 32 059
Thousand grain weight (TGW) (g)
0.23 0.31 16.47 22.66 29.16 6.50 (PHL) (o sl ) &5 gl
Plant height1 (PH1) (cm)
0.47 051 12.85 72.34 81.00 8.66 (NL2) V5 olass
Number of leaves2 (NL2)
0.19 126 79.53 93.33 116.33 23.00 (PH2) (o sile) Vi glis |
Plant height2 (PH2) (cm)
0.22 0.39 21.16 24.00 34.33 10.33 PaL) (ol ads> Jsb
Panicle length (PaL) (cm)
0.17 0.15 1041 1267 18.00 533 (NSS) (58 8 adls slass
Number of sub-stem (NSS)
0.16 0.31 22.70 27.14 34.33 7.19 (NSP) (% adg> olass
Number of sub-panicle (NSP)
053 0.35 7.90 49,58 54.05 447 (D) (oshee) adl b
Stem diameter (mm) (SD)
0.11 0.56 58.10 52.90 76.50 23.60 CCD VL5 (s52ee
Chlorophyl contentl (CC1)
0.21 0.77 43.28 46.85 69.55 22.70 (CC2) ¥ J8s)5 (s52ne

Cholorophyl content2 (CC2)
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Table 2: The results of multivariate variance analysis

&olel slaasls ol lade T

Foses!
Statistical indices Index amount o7
Pillai's Trace 11.6 1.22%%
Wilks' Lambda 0.0002 1.33%*
Hotelling's Trace 44.8 1.45%*
Roy's Largest Root 9 9.03%*
foY Jloizl mlas (o Sl S taa
**: Significant at the probability level of 1%
axdllans g0 Slao Sy ool il g 450 ¥ Jgax
Table 3: Simple variance analysis of some studied traits
Slazye el i
MS @bl az o e gle
ccl NL2 TGW LDW NIL df SOV
12 0.56 0.15" 0.07 924" 1 {"S .
Replications
47.22" 254" 0.49™ 018" 355" 69 w555
Genotypes
2515 163 0.23 0.1 218.66 69 ialojl sl
Error
8.6 9.9 20.1 24.8 285 - (20,9) Olyess oy
CV (%)

Sl oads a1l Wuls s e a5 Slae gl aid il )ly 4o bl ey ) 5 0 Jlaisl mhaw jo o pe o iy g%
* and **: Significant at the probability level of 5% and 1%, respectively. The results of analysis of variance are presented only for
the traits that became significant
V5 s 8y, IS (ggu5e :CCL ¥ 5y olaei :NL2 (ails I3 59 TCGW (5 5 Sz (55 LDW V5 5 slaas NI
NL1: Number of leavesl, LDW: Leaf dry weight, TGW: Thousand grain weight, NL2: Number of leaves2, CC1: Chlorophyl
contentl

Olao Sl anslie gl F Jgux
Table 4: The results of traits mean comparison

VS JedolS soime VS sl (25 w32 03 (5 SpSed 5 VS pols 95
CC1 NL2 TGW (g) LDW (g) NI1 Genotypes
66.82b-d 11.83d] 1.10b-h 1.686-j 56.160-1 G5
62.90b-f 10.83h-j 0.5 2.47e-g 79.50¢ G6
59.70b-j 14c-h 0.70b-j 2.97d-f 58.83cg G7
50.95b-j 11.990-j 0.10b-j 0.88f-] 24.83f.j G8
50.95f-j 12.99d-j 1.15b-g 0.89f:] 26.66F-j G19
51.20fj 12.33d-j 0.75b-j 1.64e-j 24.21f-j G20
67.72b-c 12.49d-j 1.25a-f 0.63g-j 3e-j G36
55.67¢-] 10.16i-] 0.90b-j 0.52i-j 25.49F.j G37
53.07e-j 12.83d-j 0.80b-j 0.86f-j 40.16d-j G38
49.12i-j 12.16d-j 1.10b-h 1.13e+j 40.66d-j G39
57.40b-j 12.99d-j 0.95b-i 0.650- 26.58F-j G40
57.25b-j 13.66¢-h 1.10b-h 3.77d-f 21.66h-j G41
58.92b-j 11.83d-j 1.35a-d 0.690-j 25.82f+j G42
53.65¢-] 12.160-j 0.70b-j 0.90f-] 37.33¢- G43
56.15¢c-j 11.83d-j 0.70b-j 0.98f-j 26.66f-j G44
60.72b-i 12.99d-j 0.75b-j 1.29%-j 60.83c-f G45

2l oo 3 Sre DoliS pas e 4 S i B> Sy Plax b slainSle i 2 50
In each column, averages with at least one common letter are not significant.
VS 5 g, IS (ggux0 :CCL s‘lhj)? olass NL2 wails 50 039 - TGW shj).? S 09 LDW A S olaws :NIL

NLZ1: Number of leavesl, LDW: Leaf dry weight, TGW: Thousand grain weight, NL2: Number of leaves2, CC1: Chlorophyl
contentl
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Table 4 continue: The results of traits mean comparison

VS5 b 5 s VS olass () @)l 059 (p)5) Sy Sas 0o VS olass 55
CC1 NL2 TGW (g) LDW (g) NI1 Genotypes
49.85h-j 11.83d-j 0.85¢-j 0.67g-j 36.33e-j G46
61.10b-i 14.33c-f 0.50g-j 1.11fj 24.39f- G47
59.30b-j 12.16d-j 0.55f- 0.60i-j 27.66f-j G48
57.80b-j 12.50d-j 0.70b-j 1.22e-j 43.50c-j G49
62.77b-f 13.33d-i 1.45a-b 0.750-j 31.41e-j G50
62.15b-h 11.49e-g 1.25a-f 1.45e-j 54.49c¢-j G57
56.45¢-j 12.66d-j 1.30a-e 0.679-j 30.49¢-j G58
53.57e-j 12.66d-j 1.05b-h 0.93f-j 35.83e-j G59
62.07b-h 13.66¢-h 0.55f-j 0.56i-j 36.33d-j G60
60.35b-i 11.83d-j 0.90b-j 0.87f-j 39.83e-j G61
52.12e-j 13.33d-i 0.500-j 1.86e-j 40.99d-j G62
58.320-j 11.83d-j 0.75b-j 1.46e-j 44.49¢-j G63
67.75b-c 10.83h-j 0.45h-j 0.96f-j 34.83e-j G64
57b-j 11.99d-j 0.80b-i 0.93f-j 36.66€-j G65
50.15€-j 11.66d-j 0.70b-j 0.40j 23.669-j G66
53.66e-j 11.66d-j 0.60e-j 0.56h-j 26.49f-j G67
54.27d-j 13.66¢-h 0.65d-j 0.95f-j 18j G68
59.47b-j 14c-h 0.90b-j 1.49¢-j 48c-j G69
47.62j 12.99d-j 0.65c-j 1.72e+j 57c-h G70
51.17b-j 13.66d-j 0.60b-j 1.32d-e 45.16¢-j G71
58.95€-j 12.66d-j 0.85¢-j 3.62fj 36.33e-j G72
52.60b-i 12.99d-i 0.65b-h 0.95f-j 37e-j G79
60.65b-i 13.33d+j 1.05b-h 0.84f-j 30.33e-j G80
63.42b-f 14.16¢+j 0.60e-j 0.96f-j 55.99c-i G81
64.20b-e 11.16d-j 0.95b-i 0.38j 20.33h-j G82
63.52b-f 12.16d-j 2.70a 1.24e-j 38d-j G83
59.70b-j 9.99j 0.85h-j 1.06f-j 27.16f-j G87
57.62b-j 12.16d-j 0.70b-j 1.58e-j 50.83c-j G8s8
58.47b-j 11.49e-j 0.55¢-j 0.95f-j 31.49¢-j G89
58.57b-j 11.49e-j 0.50g-j 0.789-j 26.66f-j G92
61.07b-i 11.99d-j 1.05b-h 1f-j 52.83c-j G93
6.42b-i 41.14c-e 40.1a-c 26.1e-j 43.16d-j G94
45.55d-j 12.66d-j 0.95b-i 1.13f-h 43.83c-h G95
49.72h-j 16.49¢c 0.90b-j 0.760-j 33.16e-j G96
62.27b-h 11.50e-j 0.80b-j 0.96f-j 37.16e-g G97
58.07b-j 11.16f-j 0.65c-j 1.16f+ 31.33c-h G98
54.12e-j 11.50e-j 0.45h-j 1.25e-j 43.33c-j G99
54.12e-j 11.66d-j 0.70b-j 0.86f-j 28.99f-j G100
69.55b 11.49¢-j 0.35j 0.82f-j 40.66e-j G101
58.22b-j 12.16d-j 0.70b-j 0.59i-j 19.83i-j G102
58.22b-j 11j-i 0.500-j 1.12e-j 31.5e-j G103
53.85€-j 12.49d-j 0.85b-j 1.45e-i 27.66f-j G106
55.77¢c-j 10.99g-j 0.55f-j 1.69-j 57.33c-h G107
58.65b-j 11.16e-f 0.80b-j 0.84f-j 25.16f-j G108
64.55h-e 12.33d-j 0.45h-j 1.98e-i 67.16¢c-e G109
62.47b-g 11.86f-j 1.25a-f 1.83e-j 16.90e- G113
64.52b-e 11.83d-j 0.90b-j 0.51i-j 35.83e-j Gl14
61b-i 11.83d-j 0.90b-j 1.19e-j 28.66f-j G115
54.20e-j 12d-j 0.45h-j 0.90f-j 17.50j G116
60.40b-i 11.66d-j 0.65e-i 5.62d 74.16¢-d G117
63.97b-e 12.49d-j 0.75b-j 2.45e-g 59.16¢-j G118
62.72b-g 14.83c-d 0.40i-j 2.57e-h 35.99¢-j G119
62.80b-f 11.66d-j 0.90b-j 1.20e-j 32.33c+j G120
55.25¢-j 12.36d-j 0.82b-j 1.28e-j 46.50c-j G122

S8l ss o s Dol pae gal e 4 S e 8o S Blas b sl el G5t 8 0
In each column, averages with at least one common letter are not significant.
VS 2 Judg 1S sgime 1CCL Y5y slaws NL2 il 58 (359 TOW o5 5y i (35 LDW ) 5y slass NIL

NL21: Number of leavesl, LDW: Leaf dry weight, TGW: Thousand grain weight, NL2: Number of leaves2, CC1: Chlorophyl
contentl
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Table 5: Path analysis of traits with significant regression relationship with plant dry weight (data with replications).
The values of the direct effects (standard beta coefficient) of traits are presented in the main diameter

I“r::(;;c:l:af;‘cfe)c-’t| olao
NSS cc2 LA NL1 SDW PaDW Traits
0.004 0.0001 0.02 -0.01 0.18 0.69™ PaDW
0.003 0.0005 0.01 0.01 0.4™ 0.01 SDW
0.01 0.01 0.03 0.06™ 0.06 -0.08 NL1
0.001 -0.001 0.06™ 0.03 011 017 LA
0.001 0.024" 0.02 0.02 0.10 0.01 cc2
0.02" 0.001 0.01 0.02 0.01 0.01 NSS

*and **: Significant at the probability level of 5% and 1%, respectively
3y a8l oloss :NSS ‘Yfﬁ Jedg 15" (5450 :CC2 “5),3 CJG.-J LA ‘\5).5 Slaws NI (sl S 059 SDW aiigs iz 59 :PADW

PaDW: Panicle dry weight, SDW: Stem dry weight, NL1: Number of leavesl, LA: Leaf area, CC2: Cholorophyl content2, NSS:
Number of sub-stem

3,5kl o 38) paivnn Sl 51 0lae (1SS L osle) wils iz (59 b jlo g (ygum )55 alaly sl)ls Slas Code 3o Jgun
Sl ool &l Lol Jlad jo Slaw (L

Table 6: Path analysis of traits with significant regression relationship with grain dry weight (data with replications).
The values of the direct effects (standard beta coefficient) of traits are presented in the main diameter

Im)g:fe)(:t olio

PaL SWW PaDW Traits

-0.058 -0.048 1.064 PaDW
-0.041 0.087" 0.597 SWW
-0.086" -0.041 0.719 PaL

foN g0 Jiol maw jo jlo g cod ey s g
* and **: Significant at the probability level of 5% and 1%, respectively
abg> Job Pal w@ile 5558 SWW dlgs Sis 59 PaDW
PaDW: Panicle dry weight, SWW: Stem wet weight, PaL: Panicle length

o y8) s 31 polie (1SS Sl L) gy Sz 55 b jlo cire g )55 alasly gllo Slas code a5 Y Jgun
Sl oals &3l Lol a8 o Slas (Lo o lasli]
Table 7: Path analysis of traits with significant regression relationship with plant dry weight (data with mean
replications). The values of the direct effects (standard beta coefficient) of traits are presented in the main diameter

Iml;if;t slao
LDW SDW PaDW Traits
0.03 0.16 0.65™ PaDW
0.06 0.49" 0.21 SDW
0.23" 0.12 0.08 LDW

foN g0 Jiol mhaw jo jlo g cod ey e g
*and **: Significant at the probability level of 5% and 1%, respectively
S p Sz 59 LDW dle Sz (59 SDW cdlsg> Sz )59 PADW
PaDW: Panicle dry weight, SDW: Stem dry weight, LDW: Leaf dry weight
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Table 8: Path analysis of traits with significant regression relationship with grain dry weight (data with mean
replications). The values of the direct effects (standard beta coefficient) of traits are presented in the main diameter

m;;’;fé: ols
NSP PaDW Traits
0.03 0.8~ PaDW
0.18" 0.13 NSP

foN Jlis o jo ko e s
**: Significant at the probability level of 1%
S8 aligs dluxs NSP aligs Sis 39 PADW
PaDW: Panicle dry weight, NSP: Number of sub-panicle (NSP)
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2. Pleiotropy
3. Close linkage
4. Epistasis
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Relationships between some Morphological Traits with Grain and Plant Dry Weight in
Quinoa (Chenopodium quinoa Willd.) Genotypes

Esfandyari!, J. and Fotokian?*, M. H.
Abstract

Quinoa (Chenopodium quinoa Willd.) is a plant that is commonly grown for its edible seeds but is also used as fodder.
To study the relationship between 21 morphological traits of 70 quinoa genotypes, an experiment was conducted in the
form of the randomized complete block design with three replications in the research farm of the faculty of agriculture
of Shahed University. The results of multiple variance analysis showed a significant difference among the studied
genotypes. The mean squares were significant for stem wet weight (SWW), number of leavesl (54 days after seed
sowing) (NL1), leaf dry weight (LDW), thousand-grain weight (TGW), number of leaves2 (harvest time) (NL2), plant
height2 (harvest time) (PH2), and leaf chlorophyll contentl (54 days after seed sowing). The mean squares were
significant for SWW, NL1, LDW, TGW, and PH2. The results of the mean comparison with Duncan’s test showed that
the G117 genotype had the highest SWW (33.35 g), NL1 (74.16) and the LDW (5.62 g). The highest TGW was
estimated in genotype G83 with 2.70 g. The results of path analysis using raw data (with replications) were different
from data with the mean data (mean of replications). In both cases, the panicle dry weight had the greatest direct effect
on the grain dry weight and the plant dry weight. Due to the average traits associated with grain and leaf yield, the G117
genotype is introduced as the superior genotype.

Keywords: Path analysis, Panicle, Step-by-step regression, Duncan'smeancomparison, Collinearity

1 and 2. MSc Graduate and Associate Professor, Respectively, Department of Agronomy and Plant Breeding, Faculty of
Agriculture, Shahed University, Tehran, Iran
= Corresponding author Email: fotokian@shahed.ac.ir

This paper has been extracted from the first author's MSc thesis under the guidance of Mohammad Hossein Fotokian.

VF5


mailto:fotokian@shahed.ac.ir

