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Abstract

[ Objectives ] To screen a new wheat variety suitable for planting in southern Shandong Province. [ Methods ] The DTOPSIS based

on entropy weighting was used to comprehensively evaluate 9 traits of 19 wheat varieties planted in southern Shandong Province. [ Results] The

weight of each indicator from low to high was growth period < yield < bulk density < plant height < effective panicle < basic seedling <1 000-

grain weight < heading rate < number of grains per panicle. The C, value of 6 varieties were greater than 0.5, specifically, 0.922 1 for Shan-
nong HH126, 0. 868 for DK171, 0.851 5 for Hemai 179, 0.719 6 for Feida 6, 0.696 7 for Jinlai 36 and 0.523 2 for Yannong 301. [ Conclu-
sions ] The comprehensive traits of these six wheat varieties are good, and they are suitable for planting in southern Shandong Province.
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1 Introduction

Wheat is one of the three major food crops in the world, and
it is also the most important food crop in China. According to sta-
tistics, not only the wheat planting area accounted for more than
50% of China’s grain planting area, but also the total wheat yield
exceeded 50% of China’s grain yield, so wheat production is of
great significance to China’s food security and farmers” income'"” .
The annual planting area of wheat in southern Shandong Province
is more than 1.4 million ha, accounting for 36. 9% of the total
wheat planting area in the whole province'”’ | so the south of Shan-
dong Province is an important wheat planting area in Shandong
Province. Because of the natural environment and human factors,
the adaptability of wheat varieties to different regions is also differ-
ent. In view of the ecological environment traitistics of southern
Shandong Province, it is of great significance to accurately, scien-
tifically and comprehensively analyze and evaluate wheat varieties
for the breeding and application of new wheat varieties”” *'. For
many years, the evaluation of wheat varieties has been based on
yield as an important measure. Other agronomic traits are for ref-
erence only. As a result, the indicators would not be compared
uniformly, and some even contradict each other, which is not con-
ducive to the comprehensive evaluation of crop varieties to a cer-
tain extent, and affects the large-scale popularization of new wheat
varieties. Comprehensive evaluation of multiple traits is an impor-
tant part of modern breeding. The comprehensive performance of
varieties depends on the performance of multiple traits. Only the
varieties with excellent comprehensive performance have the value

of popularization and application. The evaluation of comprehensive
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performance of varieties is the basis of popularization and applica-
tion of new varieties.

The DTOPSIS method is an evaluation method proposed by
Yao Xingtao" in 1994. It uses multi-objective decision-making to
quantify the fuzzy indicator of " comprehensive traits" of a variety
into the relative closeness C, of the variety to the ideal solution, in
order to reduce the interference of subjective factors, to make the
research results more objective and accurate, and provide a more
accurate basis for the comprehensive evaluation and application of
varieties'* 7). The DTOPSIS method has been applied to the eval-
uation of many crops, such as maize, wheat, soybean, cotton,

BB Jin Qing et al. ' eval-

sugarcane, flue-cured tobacco, eic.
uated the 11 new varieties in the regional test of Yunnan Province
by using the grey correlation degree and DTOPSIS method, and
concluded that compared with the ranking results based on yield
performance, the ranking results by DTOPSIS method were more
consistent with the ranking results obtained from grey correlation
analysis. Through comprehensive evaluation, Yun152-484, Yun-
mai 1102 and Yul8-2 have good adaptability and high yield in
Yunnan Province, and are suitable for popularization. Huang Jie
et al."™ used DTOPSIS method and grey correlation analysis
method to comprehensively evaluate the test strains of the consorti-
um from 2016 to 2018, and concluded that Luomai 906 ranked
first compared with other tested varieties. Compared with the grey
correlation analysis method, the evaluation results of DTOPSIS
method are closer to the actual production. The entropy weight
method is based on the index observation value, and the weight is
determined by the discrimination of each item in the indicator se-
quence, which overcomes the shortcomings of the subjective
weight assignment method and improves the objectivity of the eval-

%) At present, the research of many agricultural research-

uation
ers is mainly focused on wheat yield, disease resistance, fertilizer
application and so on, while there is little research on screening

varieties suitable for southern Shandong Province by DTOPSIS
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method. In this paper, 19 common wheat varieties in southern
Shandong Province were used as experimental materials, 9 evalua-
tion indicators were selected, the weight of each evaluation indica-
tor was weighted by entropy weight method, and the comprehen-
sive evaluation was carried out by DTOPSIS method. The wheat
varieties suitable for planting in southern Shandong Province were
screened out in order to provide a reference for local wheat varie-

ties planting and promotion.

2 Materials and methods

2.1 Experimental materials The experimental materials were

Table 1 Comparison of traits of 19 wheat varieties

19 wheat varieties including Feida 6, Jimai 2, Denghai 216 and
Jimai 22, which were widely planted in southern Shandong Prov-
ince (Table 1).

2.2 Overview of the experimental site

carried out in Quanyuan Town, Tancheng County, Linyi City in

The experiment was

2019, where the terrain is flat, the irrigation and drainage are
convenient, the soil is lime concretion black soil, the fertility is
medium, and the previous crop is maize. It has a warm temperate
continental monsoon climate, with an annual average temperature
of 13.4 °C, an annual average precipitation of about 840 mm, and

a frost-free period of more than 198 d.

Variely Basic seedlings Effective Heading Plant Grains per 1 000-grain Growth Bulk Yield
10*/ha panicles /10*/ha  rate /% height // cm panicle weight /g period//d  density //g/L kg/ha

Feida 6 226.4 808.5 53.7 81.6 39.9 45.8 234.0 837.1 9411.2
Jimai 2 241.5 778.4 42.0 87.6 33.6 4.2 235.0 787.2 9 360.4
Denghai 216 214.4 739.5 50.3 82.7 32.2 48.8 235.0 816.0 9111.6
Bangmai 122 234.6 808.3 52.3 90.5 34.8 49.1 233.0 822.7 9 476.1
Jinlai 36 214.5 739.7 46.6 85.6 39.6 50.3 235.0 819.8 9348.8
Jinong CHO1 226.8 783.1 55.5 83.4 27.5 51.2 235.0 826.6 9311.3
DK171 232.5 774.8 46.6 87.6 43.5 45.7 233.0 824.6 9387.0
SH9832 225.8 774.5 48.5 75.6 27.5 50.5 235.0 802.6 91232.7
Hemai 179 231.3 795.6 52.8 76.9 42.3 47.8 233.0 816.9 9490.5
Yannong 161 222.4 765.1 53.2 75.9 41.0 46.7 233.0 816.9 9 300. 1
Shannong HH126 211.5 730.5 48.5 81.6 4.5 53.4 235.0 824.6 9465.0
BC15PT108 229.7 792.9 51.2 77.9 31.3 47.8 234.0 808.3 9331.5
Jimai 22 240.6 817.5 51.0 83.5 36.1 47.8 234.0 812.6 9264.0
Luyuan 164 235.5 813.3 52.6 83.5 29.2 48.2 233.0 797.8 9 146.5
TKM6215 220.5 760.5 54.7 85.6 38.9 43.5 234.0 800. 6 9157.8
Jinlai 37 238.9 822.4 51.5 88.4 35.6 45.4 233.0 799.7 9 288.9
Shannong 21989 240.1 826.5 48.3 83.9 35.5 48.4 233.0 824.6 9 456.6
Yannong 301 217.5 751.8 47.5 83.6 36.5 48.0 234.0 802.6 9371.3
Yangmai 49 229.3 735.6 48.4 77.6 35.6 55.7 234.0 813.1 9318.2

2.3 Experimental design Randomized block arrangement was
used in the experiment, with a plot length of 9 m, a width of 1.5 m,
6 rows, a row spacing of 0.25 m, and an area of 13.34 m’. Three
replicates were set up in the experiment, with a 1 m walkway be-
tween the replicates and a protective row around it.

2.4 Experimental method Before sowing, the maize straw re-
turning machine was used to crush twice, and the length of the
straw was about 5 cm. The soil was prepared by combining rotary
tillage for one year and subsoiling for one year. Then, 1200 kg of
organic fertilizer, 750 kg of compound fertilizer and 45 kg of
phoxim granules were applied per hectare and spread evenly on the
ground. On March 19, 2020, 187.5 kg/ha of urea was topdressed
in rainy conditions. On November 22, 2019, chemical weeding
was carried out with clodinafop-propargyl chloride, clodinafop-pr-
opargyl chloride and citrus oil. On May 7, 2020, UAVs were used
to carry out "one spray and three preventions" to control aphids
and midges, and foliar fertilizer potassium dihydrogen phosphate

was sprayed at the same time. The yield was calculated by harves-

ting in the whole area during the wax ripening period, and the data
was the average of three replications.

2.5 Investigation method The field records were carried out
in accordance with the National Standard for Recording Regional
Tests of Wheat Varieties. During the whole growth period, the
growth traits, stress resistance traits, indoor seed test and yield of
wheat were investigated. In each plot, choose the place where the
wheat seedlings grow evenly to make a fixed point of one meter
double row, avoiding the side row. The highest tiller and effective
panicle were investigated.

2.6 Excel 2013 was used to
process the data, and the DTOPSIS method based on entropy

Statistical analysis of data

weight was selected as the analysis method.

2.6.1 DTOPSIS method. The DTOPSIS method can make multi-
ple indexes of multiple varieties dimensionless, that is, unify the
indicators of different measurements so that they can be compared
with each other. The 19 tested wheat varieties were Feida 6, Jimai

2, Denghai 216, Bangmai 122, Jinlai 36, Jinong CHO1, DK171,
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SH9832, Hemai 179, Yannong 161,
BCI15PT108, Jimai 22, and Luyuan 164.

(i) A comprehensive evaluation matrix A was established by

Shannong HHI126,

processing the average values of m wheat varieties and n trait indi-

cators.
Yu Y12 o Yln
Y, Y, .Y
A=z T (1)
le sz o Ynm

(1) Dimensionless treatment. According to the breeding ob-
jectives, the indicators used for the comprehensive evaluation of
DTOPSIS are divided into forward indicators and neutral indicators
and the comparison matrix A is non-dimensionalized to become a
comparable normalized matrix Z, and the calculation formula is as
follows :

The forward indicator is calculated by the formula (2) ;

Z i = Yij/ ijdx (2)
where Y/mux = max( Y,;,') 5

The neutral indicator is calculated using the formula (3) :

Zij:Yio/[YaJ +abs( Y, _Yij>} (3)

where Y, is the trait target value.

(iii) Establishment of weighted decision matrix. The weight
a; of each indicator was multiplied by the /" column in the matrix Z
to obtain a decision matrix R.

(iv) Ideal solution and negative ideal solution of each indica-
tor; the ideal solution X and negative ideal solution X~ of each
indicator were calculated separately by formula (4) and formula
(5):

X" =Max(R;) = {X, X;', =, X (4)

X" =Min(R,) ={X], X, , =, X, | (5)

(v) Calculation of correlation. The Euclidean norm formula
was used to calculate the distance S, between each trait of each
variety and the best trait and the distance S, between each trait
and the worst trait, and to calculate the proximity C; between each

variety and the ideal material.

S5 = LS (R, =X’ (6)
S = ”é(&—&‘)ﬁ (7)

S;

GRS w
2.6.2 Entropy weight method was used to calculate the weight of
each trait.

(1) Calculation of entropy of each indicator value.

¢ = _ﬁvigpﬁlnpn )
where P is the proportion of the value of the 7" indicator of the i"
variety to the sum of the /" indicator values of all varieties; e; is the
entropy value of the i" indicator, and e; cannot be greater than 1;
N is the total number of varieties.

(ii) Weight (a) of each indicator.

:7<1 _ej)
l /;(l _e/)

where a is the weight of each indicator, and N is the total number

(10)

a

of indicators.

3 Results and analysis

3.1 Construction of comparison matrix The evaluation ma-
trix A (Table 1) was constructed based on 19 wheat varieties and
9 trait indicators. Nine evaluation traits were basic seedling, effec-
tive panicle, heading rate, plant height, number of grains per pan-
icle, 1 000-grain weight, growth period, bulk density, and yield.
Among the 9 traits of 19 varieties, the growth period was 233 -235 d,
and the difference was not significant. 2. 115 - 2. 415 million/ha for
basic seedlings; the effective panicle was 7. 305 million - 8. 265
million/ha; the heading rate was 42. 0% - 55. 5% ; the plant
height was 75.6 —=90.5 cm; the number of grains per panicle was
27.5 -44.5; the 1 000-grain weight was 43.5 —55.7 g; the bulk
density was 787.2 -837.1 g/L; the yield was 9 111.6 -9 490.5
kg/ha. The effective panicle of large-panicle varieties was lower,
but the number of grains per panicle and 1 000-grain weight were
higher; the effective panicle of multi-panicle type was higher, but
the number of grains per panicle and 1 000-grain weight were
lower.

3.2 Dimensionless treatment According to the actual produc-
tion, the nine indicators used for DTOPSIS comprehensive evalua-
tion were divided into two categories; forward indicators and neu-
tral indicators, in which growth period and plant height were both
neutral indicators. According to the experimental requirements,
the standard value of growth period was Y, =234 d, the standard
value of plant height was Y, =80 c¢m, and other columns were for-
ward indicators. The larger the forward indicator value, the better.
The plant height and growth period were neutral indicators, and
the indicator value should be moderate. The forward indicator for-
mula and the neutral indicator formulas (2) and (3) were used to
calculate the dimensionless results ( matrix A ), as shown in
Table 2.

3.3 Determination of weight of each indicator by entropy
weight method In the evaluation of wheat varieties, the greater
the entropy value of evaluation indicator, the smaller the difference
coefficient ; the greater the weight, the greater the amount of infor-
mation provided by the indicator, and the greater the contribution
to the variety evaluation. The weight of each indicator was calcu-
lated according to formulas (9) and (10) (Table 3). The weight
of each indicator from low to high was: growth period < yield <
bulk density < plant height < effective panicles < basic seedlings <
1 000-grain weight < heading rate < number of grains per panicle,
indicating that number of grains per panicle, heading rate and
1 000-grain weight indicator had the greatest impact on the com-
prehensive evaluation. The weights of neutral indicators plant
height and growth period were 0.024 72 and 0. 000 13, respective-
ly, indicating that plant height and growth period had little effect
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on the comprehensive evaluation of varieties. According to the ac-
tual situation of wheat production, yield was a very important indi-

cator, and the weight calculated by entropy method is 0. 004 30,

Table 2 Dimensionaless matrix of 19 wheat varieties

which was not consistent with the current goal of wheat breeding,
possibly related to the selection of varieties or the ecological envi-

ronment of the region, which needs further study.

Variety Bas-ic Effe-(flive Heading Plfinl Grain.s per 1 OOQ-grain Gro'wlh Bul'k Yield
. seedlings panicles rate height panicle weight period density

Feida 6 0.937 5 0.978 2 0.967 6 0.980 4 0.895 5 0.8223 1.000 0 1.000 0 0.991 6
Jimai 2 1.000 0 0.941 8 0.756 8 0.913 2 0.753 9 0.793 5 0.995 7 0.940 4 0.986 3
Denghai 216 0.887 8 0.894 7 0.906 3 0.967 4 0.7225 0.876 1 0.995 7 0.974 8 0.960 1
Bangmai 122 0.971 4 0.978 0 0.942 3 0.884 0 0.7820 0.8815 0.995 7 0.982 8 0.998 5
Jinlai 36 0.888 2 0.8950 0.839 6 0.934 6 0.888 8 0.903 1 0.995 7 0.979 3 0.9851
Jinong CHOL 0.939 1 0.947 5 1.000 0 0.959 2 0.618 0 0.919 2 0.995 7 0.987 5 0.981 1
DK171 0.962 7 0.937 4 0.839 6 0.913 2 0.977 5 0.8205 0.9957 0.985 1 0.989 1
SH9832 0.9350 0.937 1 0.873 9 0.9479 0.616 9 0.906 6 0.995 7 0.958 8 0.972 8
Hemai 179 0.957 8 0.962 6 0.951 4 0.962 7 0.949 4 0.858 2 0.995 7 0.9759 1.000 0
Yannong 161 0.920 9 0.9257 0.958 6 0.9512 0.920 2 0.838 4 0.995 7 0.9759 0.979 9
Shannong HH126 0.875 8 0.883 8 0.873 9 0.980 4 1.000 0 0.958 7 0.995 7 0.985 1 0.997 3
BC15PT108 0.9511 0.959 3 0.922°5 0.974 4 0.703 4 0.858 2 1.000 0 0.965 6 0.983 2
Jimai 22 0.996 3 0.989 1 0.918 9 0.958 1 0.8112 0.858 2 1.000 0 0.970 7 0.976 1
Luyuan 164 0.975 2 0.984 0 0.947 7 0.958 1 0.655 1 0.865 4 0.995 7 0.953 1 0.963 8
TKM6215 0.913 0 0.920 1 0.985 6 0.934 6 0.873 0 0.781 0 1.000 0 0.936 4 0.964 9
Jinlai 37 0.989 2 0.9950 0.9279 0.905 0 0.800 0 0.815 1 0.995 7 0.9553 0.978 8
Shannong 21989 0.994 2 1.000 0 0.870 3 0.953 5 0.796 6 0.868 9 0.995 7 0.985 1 0.996 4
Yannong 301 0.900 6 0.909 6 0.8559 0.956 9 0.819 1 0.861 8 1.000 0 0.958 8 0.987 4
Yangmai 49 0.949 5 0.890 0 0.872 1 0.970 9 0.800 0 1.000 0 1.000 0 0.971 3 0.981 8
Table 3 Entropy weight and weight of different indicators

Traits Bas.ic Effe.ctive Heading Pl:ant Grain‘s per 1 OOQ-grain GIU"Nth Bul'k Yield

seedlings panicles rate height panicle weight period density

Entropy e 0.999 73 0.999 74 0.999 27 0.999 87 0.996 76 0.999 38 1.000 00 0.999 96 0.999 98
Weight a 0.051 52 0.048 89 0.136 97 0.024 72 0.609 90 0.116 41 0.000 13 0.007 16 0.004 30

3.4 [Establishment of decision matrix FEach indicator weight

a; determined by the entropy weight method was multiplied by the

" column in the matrix Z to obtain the decision matrix R (Table 4).

J
3.5 Ideal solution and negative ideal solution of each trait of
According to the formula (4) and (5), the

ideal solution and the number of negative ideal solutions of 11

the tested varieties

traits were obtained.

X" =10.0515,0.048 9, 0.137 0, 0.024 2, 0.609 9,
0.116 4, 0.000 1, 0.007 2, 0.004 3|

X =1{0.0451, 0.043 2, 0.103 7, 0.021 9, 0.376 2,
0.0909, 0.000 1, 0.006 7, 0.004 1}
3.6 Calculation of relative proximity of ideal solutions of
tested varieties According to formulas (6) — (8), the distance
between each tested variety and the positive and negative ideal so-
lutions, and the relative proximity between each tested variety and
the ideal solution (Table 5) was calculated separately. The larger
the C, value, the closer the variety was to the ideal breeding goal.
From Table 5, it can be seen that the top 6 varieties in the order of

C, value were Shannong HH126 > DK171 > Hemai 179 > Yan-

nong 161 > Feida 6 > Jinlai 36 > TKM6215, and the C, value of
Yannong 161 ranked fourth. The yield ranked 13™. The C, value of
TKM6215 ranked 7", and its yield ranked 18". There were some
differences between the ranking results of C, value calculated by
DTOPSIS method based on entropy weight method and the ranking
results only using yield as evaluation indicator. Although the com-
prehensive traits of these two varieties were excellent, the yield
was not up to the standard, and they were not suitable for local
popularization and cultivation. The C, value of Jinlai 37 ranked
11", and its yield ranked 14" ; Denghai 216 ranked 15" in C, and
16" in yield, Luyuan 164 ranked 17" in C, and 19" in yield,
Jinong CHOI ranked 18" in C, and 12" in yield; the C, value of
SH9832 ranked 19", and its yield ranked 17". The yield and
comprehensive evaluation indicator of these five varieties were
backward, and they were not suitable for planting in southern
Shandong Province. Hemai 179, DK171, Shannong HH126, Feida
6, Jinlai 36 and Yannong 301 performed well in comprehensive
traits based on C, value and yield of DTOPSIS. It is suitable for

planting in southern Shandong Province.
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Table 4 Decision-making matrix of 19 wheat varieties

. Basic Effective Heading Plant Grains per 1 000-grain Growth Bulk .

Variety X . X . i . . Yield
seedlings panicles rate height panicle weight period density

Feida 6 0.048 3 0.047 8 0.1325 0.024 2 0.546 2 0.095 7 0.000 1 0.007 2 0.004 3
Jimai 2 0.0515 0.046 0 0.103 7 0.022 6 0.459 8 0.092 4 0.000 1 0.006 7 0.004 2
Denghai 216 0.045 7 0.043 7 0.124 1 0.023 9 0.440 6 0.102 0 0.000 1 0.007 0 0.004 1
Bangmai 122 0.050 0 0.047 8 0.129 1 0.0219 0.477 0 0.102 6 0.000 1 0.007 0 0.004 3
Jinlai 36 0.045 8 0.043 8 0.1150 0.023 1 0.542 1 0.105 1 0.000 1 0.007 0 0.004 2
Jinong CHOI1 0.048 4 0.046 3 0.1370 0.023 7 0.376 9 0.107 0 0.000 1 0.007 1 0.004 2
DK171 0.049 6 0.045 8 0.1150 0.022 6 0.596 2 0.0955 0.000 1 0.007 1 0.004 3
SH9832 0.048 2 0.045 8 0.1197 0.023 4 0.376 2 0.1055 0.000 1 0.006 9 0.004 2
Hemai 179 0.049 3 0.047 1 0.1303 0.023 8 0.579 1 0.099 9 0.000 1 0.007 0 0.004 3
Yannong 161 0.047 4 0.0453 0.1313 0.023 5 0.561 2 0.097 6 0.000 1 0.007 0 0.004 2
Shannong HH126 0.045 1 0.043 2 0.1197 0.024 2 0.609 9 0.111 6 0.000 1 0.007 1 0.004 3
BC15PT108 0.049 0 0.046 9 0.126 4 0.024 1 0.429 0 0.099 9 0.000 1 0.006 9 0.004 2
Jimai 22 0.0513 0.048 4 0.1259 0.023 7 0.494 8 0.099 9 0.000 1 0.006 9 0.004 2
Luyuan 164 0.050 2 0.048 1 0.129 8 0.023 7 0.3995 0.100 7 0.000 1 0.006 8 0.004 1
TKM6215 0.047 0 0.0450 0.1350 0.023 1 0.5325 0.090 9 0.000 1 0.006 8 0.004 1
Jinlai 37 0.0510 0.048 7 0.127 1 0.022 4 0.4879 0.094 9 0.000 1 0.006 8 0.004 2
Shannong 21989 0.051 2 0.048 9 0.1192 0.023 6 0.4859 0.101 2 0.000 1 0.007 1 0.004 3
Yannong 301 0.046 4 0.044 5 0.117 2 0.023 7 0.499 6 0.100 3 0.000 1 0.006 9 0.004 2
Yangmai 49 0.048 9 0.043 5 0.119 4 0.024 0 0.4879 0.116 4 0.000 1 0.007 0 0.004 2
Table 5 Calculation results of DTOPSIS method fuzzy comprehensive evaluation method"® """ | principal component

. , _ , . Yield analysis (PCA) method ™" | grey correlation analysis method"’ |
Variety S S; C; C; ranking . [20] R o .

ranking DTOPSIS method' ™ and similarity and difference analysis meth-

Feida 6 0.0672 0.1726 0.7196 5 6 od™"’. DTOPSIS is a new evaluation method, which compares the
Jimai 2 0.1556 0.0839 0.350 3 14 9 differences of indicators by means of the positive ideal solution dis-
Denghai 216 0.1705 0.0685 0.2867 15 16 tance and negative ideal solution distance of multi-objective deci-
Bangmai 122 0.1339 0.1048 0.4389 13 2 sion-making. The traits of the variety was regarded as the compre-
Jinlai 36 0.0726 0.166 8 0.6967 6 10 hensive traits of the fuzzy indicator and was transformed into the
Jinong CHO1 0.2332 0.0373 0.1380 18 12 similarity of the variety to the ideal solution, which could reduce
DK171 0.0335 0.2204 0.8680 2 7 the interference of human factors and make the research results
SH9832 0.2346 0.0221 0.086 2 19 17 more accurate. Yang Chunling et al. ™' considered that the
Hemai 179 0.0357 0.2049 0.8515 3 1 DTOPSIS method could summarize the trait indicators of each vari-
Yannong 161 0.0528 0.1872 0.7802 4 13 ety into a unified quantitative comprehensive indicator, and could
Shannong HH126 ~ 0.0199  0.2352  0.922 1 1 5 reflect the stability of each variety, which was more reasonable
BC15PT108 0.1820 0.0584 0.2430 16 3 than yield analysis alone. Zhang Shuangxi et al. ™' also consid-
Jimai 22 0.1168 0.1212  0.509 2 9 15 ered that the DTOPSIS method could reflect the advantages and
Luyuan 164 0.2111 0.0371 0.1495 17 19 disadvantages of the comprehensive traits of each variety, which
TKM6215 0.0818 0.1594  0.660 9 7 18 was more reasonable than the single yield indicator. They used
Jinlai 37 0.1243 0.1145 0.4795 11 14 DTOPSIS method to evaluate the new varieties of spring wheat in
Shannong 21989 0.1262  0.1115  0.469 1 12 Northwest China from 2005 to 2006, and screened out two new va-
Yannong 301 0.1134 0.1245  0.5232 8 8 rieties with excellent comprehensive traits, Ningchun 39 and
Yangmai 49 0.1234 0.1157 0.4840 10 11 15-1106. Guo Wei et al. ™’ used DTOPSIS method to analyze the

4 Discussion

With the development of agricultural production, higher re-
quirements have been imposed on wheat varieties, and breeder ex-
perts have changed the goal of wheat breeding from simply measur-
ing yield to positioning on the comprehensive selection of agronom-
ic traits, only wheat varieties with excellent comprehensive traits
have the value of popularization and application. There are many

methods for comprehensive evaluation of wheat varieties, such as

yield, bulk density, dough development time and other 11 traits of
7 main wheat varieties tested in Mishan area of Heilongjiang Prov-
ince in 2005, and concluded that Beimai 1, Beimai 2 and Kenhong
14 ranked first, second and third, respectively, and they had ex-
cellent comprehensive properties and were suitable for planting in
this area. In this study, 19 wheat varieties in southern Shandong
Province were comprehensively evaluated by DTOPSIS method
based on entropy weight method, and the entropy weight method
was used to calculate the weight of trait indicator, which weakened
the subjectivity and one-sidedness of artificial determination of
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weight. The evaluation results are more scientific and reasonable,
2= In the

comprehensive evaluation of wheat varieties in this study, Yang
22]

which is consistent with previous research results
Chunling et al. ™' used plant height as a neutral indicator and
growth period as a reverse indicator. In this study, both plant
height and growth period were used as neutral indicators.

We believed that using these two traits as neutral indicators
can make the quantitative indicators of each trait more reasonable,
meet the current requirements of wheat breeding objectives, and
evaluate new wheat varieties more scientifically and comprehen-
sively. The weights of number of grains per panicle, 1 000-grain
weight and effective panicle are 0.609 90, 0. 116 41 and 0. 048 89,
which are the first, third and fifth respectively, also basically con-
forming to the three elements of wheat yield. The yield is a very
important trait indicator, and the yield weight calculated by the en-
tropy weight method in this study was 0. 004 30, ranking eighth.
Because this study only selected several basic growth traits of
wheat, without considering the factors such as pests and diseases
and lodging, the weight of yield is not consistent with the current
breeding objectives of wheat. In the future study, other indicators
of wheat varieties should be improved to evaluate the comprehen-
sive adaptability of wheat varieties in a more scientific manner.

5 Conclusions

To evaluate the adaptability of wheat varieties in southern
Shandong Province, we should not only pay attention to yield, but
also take into account other growth traits and stress resistance traits
of wheat. In this study, 19 common wheat varieties in southern
Shandong Province were comprehensively evaluated by DTOPSIS
method and yield study. The results indicated that Shannong
HHI126 (C, =0.922 1), DKI71 (C, =0.868 0), Hemai 179
(C,=0.8515), Feida 6 (C, =0.719 6), Jinlai 36(C, =0.696 7) ,
and Yannong 301 (C, =0.523 2) varieties have excellent compre-
hensive traits and the yield ranking was above average, so they are
suitable for planting in southern Shandong Province.
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