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Control of spatial variability in safflower (Carthamus tinctorius L.) germplasm
evaluation under dryland conditions
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Table 1. Parameters of 18 spatial variation models in evaluation of safflower germplasm under dryland

conditions.

Model

AICDيييمع Wald

Grain
Yield

Plant Height Days to
Flowering

Grain Yield Plant
Height

Days to
Flowering

Randomized complete blocks design (RCBD)
1206.44 461.95 132.52 - - -

RCBD with first order auto-correlated errors
along rows (RCBD)

1166.12 444.92 132.42 - - -

RCBD with first order auto-correlated errors
along rows and along columns (RcArAr)

1168.12 442.04 134.35 - - -

لاتيس
Lattice design (Lt)

1160.86 439.37 134.52 - - -
لاتيس

Lt with Ar  (LtAr)
1161.24 441.37 134.42 - - -

لاتيس
Lt with ArAr (LtArAr)

1162.11 442.68 136.35 - - -

Rc with Linear trends (RcL)
1204.60 466.36 138.22 0 0.012 0.093

Rc with L and Ar (RcLAr)
1162.62 449.06 138.09 0.018 0.015 0.097

Rc with L and ArAr (RcLArAr)
1164.60 446.21 140.02 0.018 0.013 0.097

لاتيس
Lt with Linear trends (LtL)

1157.12 443.13 140.22 0 0.02 0.093

Lt with L and Ar (LtLAr)
1157.56 445.13 140.09 0 0.02 0.097

Lt with L and ArAr  (LtLArAr)
1158.42 446.48 142.02 0 0.019 0.097

Rc with cubic splines in column numbers
(RcCs)

1206.02 466.44 140.22 0 0.013 0.093

Rc with Cs and Ar (RcCsAr)
1164.62 450.51 140.09 0.018 0.016 0.097

ستونها
Rc with Cs and ArAr (RcCsArAr)

1166.60 447.90 142.02 0.018 0.013 0.097

Lt with Cs
1159.12 445.04 142.22 0 0.02 0.093

Lt with Cs and Ar (LtCsAr)
1159.56 447.04 142.09 0 0.02 0.097

Lt with Cs and ArAr (LtCsArAr)
1160.42 448.36 144.02 0 0.019 0.097
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Table 2. Relative efficiency of selected models over randomized complete block design

ت يخصوص
Characteristic The best model Relative

efficiency
Heritability

SE of heritability

Grain yield
لاتيس

Lattice with first order auto-correlated errors along rows 209.66 0.46 0.091

Plant height
لاتيس

Lattice 151.05 0.71 0.054

Days to
flowering

Randomised complete blocks design bloks with first
order auto-correlated errors along rows

100.32 0.96 0.009
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Table3. Original and adjusted grain yield, plant height and day to flowering in safflower germplasm under

dryland conditions

Entry

)/(
Grain Yield (kg/ha)

)سانتيمتر(
Plant Height (cm) Days to Flowering

Entry

)/(
Grain Yield (kg/ha)

)سانتيمتر(
Plant Height (cm) Days to Flowering

Adj Obs. Adj Obs Adj Obs Adj Obs
تصحيح
Adj Obs Adj Obs

1 548 689 45 48 103 103 51 761 756 58 58 110 110
2 370 533 46 49 105 105 52 542 558 55 55 111 111
3 342 536 51 53 107 107 53 458 506 58 57 112 112
4 583 747 50 52 105 105 54 613 631 50 49 105 105
5 600 761 53 55 107 107 55 752 767 57 56 108 108
6 331 486 39 42 102 102 56 700 708 64 63 112 112
7 652 811 55 56 107 107 57 522 533 59 58 111 111
8 370 483 45 47 104 104 58 284 250 61 60 123 123
9 553 697 55 57 110 110 59 553 550 58 56 110 110

10 477 572 51 53 104 104 60 785 733 54 52 107 107
11 819 903 49 52 107 107 61 416 397 52 52 110 110
12 614 719 53 55 104 104 62 605 608 49 49 105 105
13 569 706 52 54 108 108 63 538 572 49 48 103 103
14 599 706 70 72 117 117 64 643 647 52 51 105 105
15 638 742 49 52 111 111 65 620 622 47 46 104 104
16 574 672 56 59 110 110 66 857 853 57 57 108 108
17 668 769 54 56 108 108 67 759 758 64 63 108 108
18 553 608 45 47 102 102 68 533 486 49 47 108 108
19 516 603 47 48 104 104 69 529 514 51 50 110 110
20 476 514 48 49 109 109 70 714 650 48 46 102 102
21 737 756 46 49 103 103 71 736 636 52 51 110 110
22 504 544 50 53 104 104 72 581 503 48 46 108 108
23 495 567 52 54 107 107 73 1061 1014 55 53 108 108
24 523 564 54 57 112 112 74 805 728 51 49 107 107
25 773 811 63 66 112 112 75 857 778 47 45 108 108
26 812 844 64 67 112 112 76 661 575 56 55 111 111
27 434 469 54 56 114 114 77 563 481 52 49 107 107
28 299 289 55 57 124 124 78 603 475 56 53 107 107
29 415 436 47 49 108 108 79 569 472 47 45 110 110
30 680 653 48 49 109 109 80 643 497 55 52 112 112
31 622 656 49 50 111 111 81 753 653 53 54 110 110
32 520 575 49 49 107 107 82 678 600 47 46 103 103
33 666 753 55 54 108 108 83 551 504 53 52 110 110
34 466 522 53 53 104 104 84 763 686 56 55 108 108
35 713 767 60 60 112 112 85 424 344 53 53 111 111
36 572 619 58 59 109 109 86 503 417 40 40 103 103
37 585 636 58 58 108 108 87 594 511 44 43 107 107
38 634 639 48 47 105 105 88 576 447 44 43 110 110
39 413 450 53 53 111 111 89 675 578 55 54 110 110
40 698 686 60 59 110 110 90 663 517 56 54 111 111
41 565 589 61 62 112 112 91 811 656 54 53 109 109
42 782 828 46 47 105 105 92 761 628 53 52 110 110
43 518 594 63 64 113 113 93 957 856 50 48 108 108
44 662 708 60 60 112 112 94 665 533 38 37 108 108
45 567 611 52 53 108 108 95 768 633 49 48 107 107
46 873 911 55 56 108 108 96 666 525 53 52 111 111
47 262 303 52 52 108 108 97 668 531 53 51 105 105
48 394 389 49 49 117 117 98 803 619 56 54 110 110
49 412 439 54 54 105 105 99 885 733 52 50 111 111
50 722 700 60 60 111 111 100 692 492 42 40 105 105

Adj.= Adjusted Obs.=Observed

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
25

54
0.

13
86

.9
.2

.1
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 a

gr
ob

re
ed

jo
ur

na
l.i

r 
on

 2
02

5-
10

-2
3 

] 

                             7 / 10

https://dor.isc.ac/dor/20.1001.1.15625540.1386.9.2.1.9
http://agrobreedjournal.ir/article-1-264-fa.html


٢،١٣٨٦نهمجلد،"مجله"

١٠٦

References

Akaike, H. 1974. A new look at the statistical model identification. Rothamsted Experimental Station,

Harpenden, Herts, UK. pp. 8-70.

Alizadeh, K. 2003. Oilseed crops for cold drylands of Iran. ‘Proceeding of Seventh International Conference on

Development of drylands. Tehran, Iran. pp. 33-34.

Alizadeh, K. 2005. Evaluation of safflower germplasm by some agronomic characteristics and their

relationships on grain yield production in the cold drylands of Iran. Int. J. Agric. Biol. 7: 389-391.

Allen, F. L., R. E. Comstock and D. C. Rasmusson. 1978. Optimal environment for yield testing. Crop Sci. 18:

747-751.

Blum, A. 1985. Breeding crop varieties for stress environments, CRC Critical Reviews in Plant Sci. 2(3): 199-

238.

Cressie, N. 1991. Statistics for Spatial Data. John Wiley & Sons. New York. pp. 1-50.

Cullis, B.R. and A. C. Gleeson. 1991. Spatial analysis of field experiments - an extension to two dimensions.

Biometrics. 47: 1449-1460.

Genstat 5 Committee. 1997. Genstat 5 Release 4.1, Reference Manual Supplement. Lawes. pp. 20-46.

Gilmour, A.R., B. R. Cullis and A. P. Verbyla. 1997. Accounting for natural and extraneous variation in the

analysis of field experiments. J. Agric. Biol. Env. Stat. 2: 269-293.

Grondona, M. O., J. Crossa, P. N. Fox and W. H. Pfeiffer. 1996. Analysis of variety yield trials using two-

dimensional separable ARIMA processes. Biometrics. 52: 763-770.

Hinkelmann, K. H. and O. Kempthorne. 1994. Design and analysis of experiments: Volume I: introduction to

experimental design. John Wiley & Sons. New York. pp. 145-148.

Nyquist, W.E. 1991. Estimation of heritability and prediction of response in plant populations. CRC Critical

Reviews in Plant Sciences. 10(3): 235-322.

Patterson, H. D. and E. R. Williams. 1976. A new class of resolvable incomplete block designs. Biometrika.

63: 83-92.

Pearce, S. C. 1984. The Agricultural Field Experiment: A statistical examination of theory and practice. John

Wiley & Sons. New York. pp. 11-20.

Sabbe, W. E. and D. B. Marx. 1987. Soil sampling: spatial and temporal variability. In: J. R. brown. Soil

Testing: Sampling correlation, calibration, and interpretation, SSSA Special. Madison, WI: Soil Science

Society of America. 21:1-14

Sarker, A., M. Singh and W. Erskine. 2001. Efficiency of spatial methods in yield trials in lentil

(Lens culinaris ssp. culinaris). J. of Agric. Sci. Camb. 137: 427-438.

Singh, M. 2002. GENSTAT programs for spatial analysis of variety trials. ICARDA Biometric Report No.

2/2002.

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
25

54
0.

13
86

.9
.2

.1
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 a

gr
ob

re
ed

jo
ur

na
l.i

r 
on

 2
02

5-
10

-2
3 

] 

                             8 / 10

https://dor.isc.ac/dor/20.1001.1.15625540.1386.9.2.1.9
http://agrobreedjournal.ir/article-1-264-fa.html


"..."

١٠٧

Singh, M. and S. Ceccarelli. 1995. Estimation of heritability using variety trials data in incomplete blocks.

Theor. and Appl. Genet. 90: 142-145.

Wilkinson, G. N., S. R. Eckert, T. W. Hancock and O. Mayo. 1983. Nearest neighbour (NN) analysis of field

experiments. Journal of the Royal Statistical Society Series. B45:152-212.

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
25

54
0.

13
86

.9
.2

.1
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 a

gr
ob

re
ed

jo
ur

na
l.i

r 
on

 2
02

5-
10

-2
3 

] 

                             9 / 10

https://dor.isc.ac/dor/20.1001.1.15625540.1386.9.2.1.9
http://agrobreedjournal.ir/article-1-264-fa.html


٢،١٣٨٦نهمجلد،"مجله"

١٠٨

Control of spatial variability in safflower (Carthamus tinctorius L.) germplasm
evaluation under dryland conditions

Alizadeh Dizaj, K.*

ABSTRACT

Alizadeh Dizaj, K. 2007. Control of spatial variability in safflower germplasm evaluation under dryland conditions. Iranian

Journal of Crop Sciences. 9 (2): 99-108

Effective assessment of genotypes superiority is possible by identification of spatial variability and selection

of appropriate methods of statistical analysis. In order to select suitable genotypes for advanced trials in dryland

conditions, 100 safflower pure lines were evaluated using simple lattice by accounting for spatial variability.

Results showed that, the lattice design with correlated errors along rows, the lattice design and the randomized

complete block, design with first order auto-correlated errors along rows were the best models and most effective

in accounting for spatial variability in grain yield, plant height and days to flowering, respectively. There was not

any evidence for fixed trend in this experiment. Broad sense heritability estimates revealed a significant genetic

potential for selection for all of the measured characters. Based on the selected models, the best linear unbiased

estimates for all genotypes were calculated and the superior genotypes were selected regarding related standard

errors. Since the criterion used was based on maximum information of the data, the interpretations drawn from

the best model for each trait would give the most realistic assessment of the performance of genotypes. Hence,

for breeding objectives, it is recommended that at first a best model be identified to describe the spatial variation

in the data, followed by evaluation of the genotypes based on that model.

Key words: Spatial Variability, Experimental design, Safflower, Germplasm.
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