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Identification of drought tolerance in foxtail millet during its entire growth
period based on principal component analysis and membership function
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Abstract; This study aimed to screen drought tolerance materials and indices in foxtail millet germplasm re-
sources to explore drought tolerance genes and improve the efficiency of drought tolerance breeding. A field experi-
ment was conducted using a randomized incomplete block design (alpha-lattice design) and repeated thrice in 2019
—-2020. Each experiment was consisted of 30 foxtail millet genotypes treated under drought stress (DS) and normal
water supply (CK). The agronomic traits and drought tolerance coefficient of the genotypes were assessed during the
entire growth period. The drought tolerance of foxtail millet was identified by the comprehensive evaluation index D.
Combined analysis of variance showed that soil water environment and genotype significantly affected the indices.
Besides, the interaction between genotype and soil water environment significantly affected the growth traits of
foxtail millet,but not yield traits ( except 1000—grain weight) . The results of i-test showed that the effect of drought
stress was significant (except 1000—grain weight). Principal component analysis transformed eleven single drought
tolerance evaluation indices into three independent comprehensive indices, and the cumulative contribution rate of

variance reached 81.27%. The first principal component was equivalent to 5.866 original indices, which explained
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53.327% variance, in which the absolute values of load coefficients of plant height, top second leaf area, dry
weight of stem and leaf, spike length, spike weight and grain weight per spike were larger. The second principal
component mainly reflected the top node length and kernels per spike. Stem node number, 1000—grain weight and
yield played major role in the third principal component. According to the cluster analysis of the D-value unweight-
ed pair-group method with arithmetic means, the drought tolerance of foxtail millet was divided into five categories.
Discriminant analysis showed that plant height and spike weight per plant should be used as indices for drought tol-
erance identification in foxtail millet. Based on principal component analysis and membership function, the compre-

hensive evaluation index D of drought tolerance of several agronomic traits should be used to identify drought toler-

ance during the entire growth period in foxtail millet.

Keywords: foxtail millet; drought stress; principal component analysis; discriminant analysis; drought toler-

ance identification
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Table 1 The tested foxtail millet materials
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Forestry Research
P SRS I NN PN
L wmise LT AR . WK 1S AER IR
G4 Liaoning Institute of Dry Land Agriculture and || G19 o . .
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Fig.1  Soil water of different treatments
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Table 2 Combined analysis of variance for agronomic traits of different foxtail millet genotypes under drought stress and well-watered

Source of  PH/cm LA/ cm? SNN TNL/em — SLDW/g SL/em SWP/g KPS TGW/ g GWP/g Y/g
variation
W .
L 984.65 265.09°° 779 729.07 66.56" " 261.27" " 381.89" 300.15 4.75 326.88° " 1234577
Environment
11.57 20.16 4.57 13.51 6.48 11.14 3.50 1.61 0.52 1.95 0.69
Repeat
X 4
],3:10011 0.30 0.76 0.48 0.44 0.67 0.92 1.01 1.01 0.24 1.06 0.98
BN . . . .
32.97 46.28" " 51.55 15.63 %" 2.97 19.58 " ° 1.77° 2697 15.94*° 1.68 5.16"
Genotype
b x
HE R 7Y - . . . - . -
. 3.66" " 4.06" " 463" 251" 251" 245** 1.22 1.50 213" 1.40 1.21
Environment
Xgenotype
R2% Error  58.92 45.30 0.11 3.47 96.59 2.75 5.72 510400.1 0.02 4.07 982529.7

How o, x o= PPIFERTE 0.05 F10.01 K225 0E, TR,

Note: #* , * * means significant at 0.05 and 0.01 level of probability, respectively, same as below.

x3 Ml S FMREENE gt RS T

Table 3 Descriptive analysis of morphology and yield indicators of foxtail millet

s iz

. PH/em  [A/cem? SNN TNL/em  SLDW/g  SL/cm SWP/g KPS TGW/g  GWP/g Y/g
Treatment  Indicator
T
150.45 85.45 14.62 28.74 39.64 221 15.88 3989.02 2.88 11.41 3304.54
Average
CK ﬁ‘;%i 19.65 20.11 1.02 3.08 14.65 3.78 3.17 990.06 0.23 2.67 1598.01
AL Z
ng/—iﬁ 13.06 23.54 6.95 10.71 36.96 16.98 19.98 24.82 7.94 23.40 48.36
0
MZAA
P 114.54 69.11 14.17 21.25 27.69 18.28 8.91 2143.92 2.84 5.98 1303.40
Average
DS 1‘/]?;127‘3? 227 21.57 1.21 4.15 10.93 333 1.95 650.99 0.26 1.64 564.67
AR Lz
Aﬁ/‘{#& 19.45 31.21 8.53 19.52 39.49 18.21 21.86 30.36 9.27 27.38 43.32
CV/ %
I -359 -17.2 -04 =15 -12.0 -4.0 -7.0 -1845.1 -0.04 -54 —-2001.1
Average
T/]?‘;%E 15.67 12.85 0.74 3.44 17.46 2.90 3.59 1071.84 0.21 2.98 1686.95
DS-CK p—
/FEEBQ 1.65 1.35 0.08 0.36 1.84 0.31 0.38 112.98 0.02 0.31 180.86
/ value —-16408" " -9.724 -4.1027 " -17.040" * -5.153 -10.327" " -17.673" * -14.153 -1.485 -15.280 -8.884
2.3 ATFMEFEREMESEEEN 3T WERAT i 5 PPAN i B 2 R) B A e, U

BISCE LT, BT & ZARIRAE bR 3 T 2 ha Az F 380 73 B ik i 1 ) e e 4 - it 5 i

B AU A A (0 35 22 5, DA R AR X 48 Tt A RN T R AR O 50 08 B 00 7 14 2% T 25 AR
PPN R ERRE AR, W R 2R LS T, W& 2 AT UL (I 40 50) |, 25 R 2k
oM. BRI IR RE S i R RN OT RIRARIEAEAE—E B R S | A SR AR A G R K
iERy1RaYSS = R Y VI VAR A 4 O s o N SR T &3 T E ) G S N S 7 =G 8 N 2 By T2
B W — 4R A TE RGO FIZEM T 2 1) A T AR RO B TR AR O, B
HE B LAEARPRIUAE . M SPSS XS 30 4y FURCAR DR H A H 2 (] A TR 5 2R 5OH k2 TE A
BTFORAY 11 D SEE SR PRI 7 R BT By R ES M B,
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Table 4  Drought tolerance coefficient of each trait of foxtail millet genotypes
é’ii PH LA SNN TNL SLDW SL Swp KPS TGW GWP Y iﬁa{i
Gl 0.886 0.835 1.005 0.782 0.837 0.867 0.701 0.838 0.936 0.789 0.704 0.835
G2 0.770 0.811 0.975 0.731 0.809 0.868 0.512 0.427 1.107 0.475 0.447 0.721
G3 0.760 0.820 0.961 0.736 0.918 0.765 0.574 0.482 1.024 0.500 0.427 0.724
G4 0.804 0.954 1.002 0.770 0.713 0.923 0.655 0.636 1.012 0.636 0.550 0.787
G5 0.739 0.735 0.957 0.752 0.435 0.837 0.673 0.739 0.961 0.680 0.920 0.766
G6 0.567 0.581 0.886 0.538 0.335 0.647 0.405 0.399 0.937 0.379 0.250 0.538
G7 0.751 0.756 1.061 0.692 0.491 0.823 0.603 0.621 0.884 0.560 0.576 0.711
G8 0.696 0.661 0.936 0.643 0.506 0.734 0.489 0.442 1.014 0.450 0.385 0.632
G9 0.820 0.875 1.021 0.716 1.193 0.641 0.527 0.536 1.000 0.533 0.483 0.759
G10 0.749 0.723 0.962 0.758 0.893 0.779 0.568 0.678 0.976 0.680 0.553 0.756
G11 0.577 0.608 0.930 0.583 0.334 0.706 0.425 0.395 0.972 0.393 0.290 0.565
G12 0.716 0.709 0.965 0.686 0.282 0.765 0.525 0.424 0.939 0.339 0.239 0.599
G13 0.805 0.934 0.983 0.845 0.970 0.891 0.439 0.313 0.995 0.311 0.228 0.701
Gl4 0.806 0.950 0.970 0.777 0.932 0.921 0.648 0.613 0.970 0.598 0.734 0.811
G15 0.868 0.940 0.940 0.877 0.534 0.871 0.660 0.569 1.100 0.626 0.609 0.781
Gl16 0.809 0.804 0.969 0.847 0.970 0.864 0.492 0.376 1.029 0.391 0.319 0.716
G17 0.843 0.928 0.975 0.820 0.967 0.989 0.591 0.548 0.981 0.535 0.534 0.792
G18 0.623 0.699 0.915 0.582 0.463 0.682 0.449 0.453 1.024 0.456 0.378 0.611
G19 0.751 0.751 0.955 0.661 0.672 0.833 0.466 0.526 0.974 0.479 0.460 0.684
G20 0.627 0.753 0.927 0.684 0.410 0.804 0.488 0.434 0.985 0.437 0.393 0.631
G21 0.684 0.848 0.975 0.685 0.591 0.839 0.575 0.535 1.053 0.563 0.651 0.727
G22 0.778 0.784 0.992 0.738 0.681 0.869 0.561 0.612 0.958 0.586 0.535 0.736
G23 0.737 0.939 0.960 0.766 0.674 0.714 0.650 0.590 0.949 0.568 0.520 0.733
G24 0.786 0.681 0.898 0.839 0.511 0.784 0.533 0.395 1.044 0.417 0.345 0.658
G25 0.739 0.816 0.913 0.718 1.181 0.923 0.673 0.691 1.015 0.693 0.871 0.839
G26 0.852 0.852 1.030 0.704 1.177 0.903 0.752 0.721 0.995 0.722 0.940 0.877
G27 0.675 0.817 0.995 0.686 0.485 0.809 0.510 0.513 0.922 0.478 0.394 0.662
G28 0.817 0.650 0.963 0.872 0.482 0.795 0.431 0.415 1.031 0.421 0.366 0.658
G29 0.815 0.806 1.001 0.900 0.955 0.925 0.659 0.573 0.944 0.549 0.492 0.783
G30 0.900 0.960 1.051 0.729 1.093 0.889 0.783 0.840 0.843 0.735 0.728 0.868
S
Average 0758 0799 0969 0737 0716  0.822  0.567 0544 098 0533 0511 0722
data
ﬁiéﬁﬁ 0.085 0.107 0.042 0.089 0.276 0.088 0.101 0.136 0.056 0.124 0.194 0.086
CV/% 11.209 13.438 4.303 12.044 38.490 10.656 17.799 25.025 5.720 23.350 37.895 11.975
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Fig.2 Correlation analysis on drought tolerance coefficient of agronomic traits in foxtail millet
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Table 5 Characteristic vectors of each index and contribution

rate of principal components of foxtail millet

PR K F# A Factor loading
Character PC-1 PC-2 PC-3
PH 0.334" 0.307 -0.132
IA 0.310" 0.230 -0.119
SNN 0.275 -0.047 -0.576"
TNL 0.206 0.514* -0.032
SLDW 0.288 " 0.196 -0.057
SL 0.290 " 0.256 0.047
SwpP 0.378* -0.152 0.124
KPS 0.347 -0.357" 0.101
TGW -0.087 0.445 0.624 "
GWP 0.352" -0.274 0.270
Y 0.334 -0.244 0.377"
FAE(E Eigenvalue 5.866 1.961 1.113
ﬁ%mﬁﬁ(?/% 53.327 17.825 10.117
Variance contribution rate
;%.ﬂ“mﬁk%/% 53.327 71.152 81.269
Cumulative contribution rate
[AFALFE Factor weight 0.656 0.219 0.124

TE: * IR FARPRIERS TS P A S R

Note: * means the maximum absolute value of each index in all

principal component.
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Table 6 Comprehensive evaluation on

drought tolerance of foxtail millet
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Table 7 Analysis of correlation and grey relation between

DC and D values of each index of foxtail millet

DCES DA DC{H5 D fH
N ZZ H i -
pe  FOREC g RERRE
Character orrelation coefficient Rank Grey relation Rank
between DC betweenDC
and D value and D value
PH 0.870" * 1 0.832 1
LA 0.782* " 3 0.788 6
SNN 0.486™ " 10 0.777 8
TNL 0.700 " * 8 0.792 5
SLDW 0.728* * 5 0.795 4
SL 0.780" * 4 0.806 3
SwP 0.796* * 2 0.808 2
KPS 0.624 " * 9 0.743 10
TGW 0.133 11 0.670 11
GWP 0.707 " * 6 0.773 9
Y 0.702* * 7 0.777 7

' () X(EN Herr
Code Hy Moy My D value Rank
Gl 0.872 0.171 0.460 0.667 4
G2 0.453 0.737 0.647 0.538 10
G3 0.474 0.524 0.494 0.487 18
G4 0.726 0.493 0.432 0.644 8
G5 0.663 0.024 0.789 0.538 11
G6 0.000 0.000 0.469 0.058 30
G7 0.592 0.048 0.000 0.399 22
G8 0.251 0.306 0.561 0.301 26
G9 0.555 0.445 0.218 0.488 17
G10 0.577 0.232 0.577 0.501 14
Gl1 0.082 0.124 0.441 0.136 29
G12 0.252 0.334 0.156 0.258 27
Gl13 0.435 1.000 0.059 0.512 13
Gl4 0.747 0.459 0.524 0.655 7
G15 0.674 0.764 0.888 0.719 2
Gl6 0.450 0.889 0.325 0.530 12
G17 0.703 0.703 0.383 0.663 6
G18 0.170 0.194 0.660 0.236 28
G19 0.405 0.348 0.415 0.393 23
G20 0.267 0.333 0.522 0.312 25
G21 0.506 0.358 0.713 0.499 15
G22 0.582 0.321 0.365 0.497 16
G23 0.566 0.290 0.403 0.485 19
G24 0.313 0.707 0.680 0.444 20
G25 0.730 0.289 1.000 0.666 5
G26 0.912 0.233 0.600 0.723 1
G27 0.408 0.235 0.150 0.338 24
G28 0.341 0.734 0.423 0.437 21
G29 0.704 0.596 0.245 0.623 9
G30 1.000 0.063 0.043 0.675 3
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Fig.3 UPGMA clustering analysis of D value of foxtail millet
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