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Selection and comprehensive evaluation of drought resistance
identification indicators in millet germplasm resources

LI Zhe"*, GUO Shuqing', FAN Zihan"?, LI Hongbing', ZHANG Suiqi'
(1. State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau,
Northwest A & F University, Yangling, Shaanxi 712100, China;
2. College of Resources and Environment, Northwest A & F University, Yangling, Shaanxi 712100, China)

Abstract: Based on 30 varieties of foxtail millet, drought resistance identification and evaluation were carried
out. During the seedling stage, two treatments, drought stress (20% PEG+Hoagland’ s nutrient solution) and con-
trol ( Hoagland’ s nutrient solution) , were set up in a hydroponic experiment, while two treatments, normal irriga-
tion (supplementary irrigation) and drought stress ( natural precipitation), were set up in the field experiment.
Morphological and physiological indicators at the seedling stage were measured to classify drought resistance levels
and screen drought tolerance indices. These were integrated with yield and water use efficiency at the maturity stage
to select high-yield, drought-resistant varieties suitable for major foxtail millet production regions.The results showed
that the morphological and physiological indicators of foxtail millet seedlings show significant responses to drought
stress. Under drought stress conditions, the decrease in morphological parameters was as follows ; fresh underground
mass (60.14% ) > fresh aboveground mass (54.99%) > dry underground mass (42.82%) > dry aboveground mass
(38.54%) > seedling length (26.97%) > root length (20.9% ). Physiological indicators generally increased except
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for chlorophyll content, with the following trends: proline content (448.13% ) > soluble sugar content (224.26% )

> malondialdehyde content (114.8% ). Principal component analysis (PCA) converted 10 indicators into 4 princi-

pal components. Based on D values, cluster analysis categorized the 30 varieties into 4 drought-resistant groups,

with Longgu 12, Longgu 32, Zhangzagu 19, and Longgu 10 classified as highly drought-resistant. The results of

stepwise regression analysis indicated that five indicators, including fresh aboveground mass, dry underground mass,

chlorophyll content, proline content, and malondialdehyde content, can be used as key indicators for identifying

drought resistance in foxtail millet at the seedling stage. By identifying drought resistance during the seedling stage

and analyzing field yield and water use efficiency, two high-yield and drought-resistant varieties, Zhangzagu 19 and

Longgu 32, were determined to be suitable for promotion and planting in the main production areas of foxtail millet.

Keywords: millet; germplasm resources; drought resistance indicators; drought-resistant variety selection
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Table 1 Varieties of tested millet

95 FhBA R R %' T4 R AU
Number ~ Germplasm name Source Number ~ Germplasm name Source
] FGH 1S LA ARG 16 KIAS 466 LLPEA-FRFT
Jizajinmiao 1 Hebei Academy of Agricultural Sciences Changzagu 466 Shanxi Millet Research Institute
) FREM3 Y LB ARBE 17 JMIEL P I E
Jizajinmiao 3 Hebei Academy of Agricultural Sciences Qinzhouhuang Qin County, Shanxi Province
3 FREGH 4T LA AR 18 4% 10 Hla ARk b
Jizajinmiao 4 Hebei Academy of Agricultural Sciences Longgu 10 Gansu Academy of Agricultural Sciences
4 39 TILEARBE 19 B4 11 Hr AR
Jigu 39 Hebei Academy of Agricultural Sciences Longgu 11 Gansu Academy of Agricultural Sciences
5 TR 42 WL AR 20 e 12 HR B
Jigu 42 Hebei Academy of Agricultural Sciences Longgu 12 Gansu Academy of Agricultural Sciences
6 R 45 LB ARBE 2 B4y 23 HR AR B
Jigu 45 Hebei Academy of Agricultural Sciences Longgu 23 Gansu Academy of Agricultural Sciences
7 T 48 LB ARBE » B4+ 29 HREARE
Jigu 48 Hebei Academy of Agricultural Sciences Longgu 29 Gansu Academy of Agricultural Sciences
8 KA 10 HRE VAR 7 Bl ¥ 32 HREARE
Zhangzagu 10 Zhangjiakou Academy of Agricultural Sciences ) Longgu 32 Gansu Academy of Agricultural Sciences
. dEmDo K ITEHS: " e AR
Zhangzagu 19 Zhangjiakou Academy of Agricultural Sciences Lianggu Gansu Academy of Agricultural Sciences
Kok 35 IPEE R B T 16 IR LA B
10 25
Changnong 35 Shanxi Academy of Agricultural Sciences Jigu 16 Shandong Academy of Agricultural Sciences
1 KAk 46 LILPEA R B % A 20 IRl Rl
Changnong46 Shanxi Academy of Agricultural Sciences Jigu 20 Shandong Academy of Agricultural Sciences
B 21 pEE AL BB ” R 2 IR AR
Jingu21 Shanxi Academy of Agricultural Sciences Jigu 22 Shandong Academy of Agricultural Sciences
3 WA 29 gl 28 N4 TR
Jingu 29 Shanxi Academy of Agricultural Sciences Xingu 4 Balin Left Banner Xinda Seed Industry
" AT 40 IRy Sl e 2 HELS CUARZE AL
Jingu 40 Shanxi Academy of Agricultural Sciences Xingu 5 Balin Left Banner Xinda Seed Industry
1 KA 07 Pyl 20 fi 1 kAR
Changsheng 07 Shanxi Academy of Agricultural Sciences Yugu 1 Yulin Academy of Agricultural Sciences

H B[R 6 T 2023—2024 4 3% 2L 4R 7E 1L PE 4
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Table 2 Analysis of differences in measured indicators of tested foxtail millet under drought stress and control conditions

. ik i3S iy e o i i 5
HR SL/em RL/em AFW/ g ADW/ g BFW
Indicator
CK DS CK DS CK DS CK DS CK DS
A Mean 2042% (A) 1491**(B) 17.03*(A) 1347**(B) 298**(A) 134**(B) 029**(A) 018**(B) 060" (A) 024" (B)
FrifEiR2E SE 045 037 0.32 025 0.09 0.06 001 001 0.02 0.01
BRFECV 021 024 0.18 0.18 028 043 0.34 042 033 0.53
[%ili Reduction/ % 2697 20.90 54.99 38.54 60.14
sop BT R [ AT g1
. d%' ’Tt‘ BDW/ g Chl/(mg - g™") MDA/ (mmol - g™) SS/(mg - g") Pro/(ug - g")
naicator
CK DS CK DS CK DS CK DS CK DS
IH Mean 004" (A)  0.02°*(B) 3248**(A) 247**(B) 1779**(A) 38227 (B) 34**(A) 1116"(B) 4324%(A) 23699 (B)
FrfEiR2E SE 0.00 0.00 0.65 0.74 035 1.19 0.11 026 1.01 933
ARSEZRL CV 0.62 043 0.19 031 0.19 030 0.30 02 022 037
[ Reduction/ % 0 30.80 -114.80 22426 -448.13

T o« FORAFRAPAI2E 55K P<0.01 EKF; « R AR FRI 225315 P<0.05 B3E K ARIKRS TR R S PR TE T R AL BEFIIE

HHEBEIR] 22 555 P<0.01 L E K,

Note: * * indicates significant differences between varieties at the P<0.01 level; * indicates significant differences between varieties at the P<

0.05 level; different uppercase letters indicate significant differences between drought treatment and normal irrigation for each trait at the P<0.01 level.
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Note; * = * indicates a significant correlation between
different traits at the P<0.001 level; #* #* indicates a significant cor-
relation between different traits at the P<0.01 level; * indicates a
significant correlation between different traits at the P<0.05 level; x
indicates no significant difference.
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Fig.1 Correlation of drought resistance

coefficients in tested millet
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Table 3 Principal component analysis (PCA) factor

loading matrix and contribution rates

etk K3 f Factor loading
Trait Fl F2 F3 F4
ik SL 0.507  -0.054 -0.130 -0.134
WK RL -0.287  -0.146  0.623 0.022
H_E IR AFW 0.117 0.317 0.027  -0.065
M ERT A ADW 0.005 0.118 0.375  -0.141

Tt T BFW 0.045 0.266 0.025 0.053

R #T B BDW 0.209  -0.090 0.380 -0.214
MERE Chl 0.389  -0.087 -0.247 0.151
N MDA 0.169  -0.576 0.170 0.045
AL PERE SS 0.018  -0.215 0.005 0.521
JHE AR Pro -0.150 0.113  -0.201 0.674
HHIEAR Eigenvalue 2.286 2.009 1.846 1.629
GIHkZE Contribution/%  42.493 14192 11.974  10.040
LTk %
cumulii ;) j—iﬁ vony, 42493 56685 68.659  78.699
A i E we 0.294 0.258 0.237 0.209
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Table 4 Drought resistance evaluation D values and ranking of tested millet varieties
F s Wi E Faga T RBE
Y Score value of comprehensive Membership value of comprehensive D1 i
Number factor of principal components factor of principal components D value  Rank
F1 2 ) F4 u (F1) u (F2) w (F3) w (F4)
1 -0.221 1.107 0.235 1.289 0.536 0.855 0.495 0.827 0.670 6
2 1.247 1.278 -0.201 0.409 0.955 0.901 0.399 0.618 0.738 3
3 1.217 1.348 0.214 2.015 0.946 0.920 0.491 1.000 0.842 1
4 0.497 1.484 1.001 1.520 0.741 0.957 0.665 0.882 0.808 2
5 0.321 1.644 0.654 -0.258 0.690 1.000 0.588 0.459 0.698 5
6 1.331 0.203 -1.339 -0.857 0.978 0.611 0.147 0.317 0.547 12
7 -1.972 0.074 -0.531 1.640 0.036 0.576 0.326 0.911 0.428 23
8 -1.797 -0.198 -0.772 -0.443 0.086 0.503 0.272 0.416 0.307 30
9 0.560 0.971 0.687 0.435 0.758 0.818 0.595 0.624 0.707 4
10 -1.434 -0.626 -1.009 1.262 0.190 0.387 0.220 0.821 0.380 27
11 -1.141 0.508 -0.153 -1.206 0.273 0.693 0.410 0.234 0.406 26
12 -0.389 -0.462 1.023 1.018 0.488 0.431 0.670 0.763 0.574 9
13 1.406 -2.009 -0.976 1.162 1.000 0.014 0.227 0.797 0.519 16
14 -0.262 -0.482 1.700 0.368 0.524 0.426 0.819 0.608 0.586 7
15 0.250 -0.747 0.447 -0.168 0.670 0.354 0.542 0.481 0.518 17
16 -1.264 0.200 -0.562 0.198 0.238 0.610 0.319 0.568 0.423 24
17 -2.098 0.106 0.546 -0.471 0.000 0.585 0.564 0.409 0.371 28
18 0.160 0.988 -2.004 -0.562 0.644 0.823 0.000 0.387 0.483 20
19 -0.033 1.213 1.151 -2.190 0.589 0.884 0.698 0.000 0.568 10
20 0.608 0.529 -0.838 -1.520 0.772 0.699 0.258 0.159 0.503 18
21 0.652 -0.047 0.044 -0.529 0.785 0.543 0.453 0.395 0.562 11
22 0.944 -1.731 -0.554 0.350 0.868 0.088 0.321 0.604 0.481 21
23 0.947 -0.412 -1.141 0.122 0.869 0.445 0.191 0.550 0.531 15
24 0.901 -0.680 0.337 -0.017 0.856 0.372 0.518 0.517 0.579 8
25 0.521 -2.059 2.516 -0.486 0.747 0.000 1.000 0.405 0.542 14
26 0.378 0.267 0.523 -1.324 0.707 0.628 0.559 0.206 0.546 13
27 -0.893 -0.394 0.425 0.095 0.344 0.450 0.537 0.544 0.459 22
28 0.022 -0.256 0.000 -0.663 0.605 0.487 0.443 0.363 0.485 19
29 -0.178 -0.682 -1.707 -0.389 0.548 0.372 0.066 0.428 0.363 29
30 -0.279 -1.136 0.284 -0.798 0.519 0.249 0.506 0.331 0.407 25

x5 RERESTINRKEXEKEHR
Table 5  Gray relational analysis ranking for comprehensive

evaluation of drought resistance

b gy REAEC KB
Indicator vy Wellg‘ht (,orrelétmn
coefficient ranking
M SL 0.796 0.1050 1
I RL 0.765 0.1009 6
Mt R AFW 0.782 0.1032 4
Mo TR ADW 0.775 0.1023 5
bR T BFW 0.763 0.1007 7
T HF i BDW 0.795 0.1049 2
4t 2 Chi 0.788 0.1040 3
N[ MDA 0.646 0.0850 10
AR PR SS 0.744 0.0980 8
W R Pro 0.722 0.0950 9

2.6 XA FRMERNEUERESN

WRYGAS TP PELE S VRN ED 24 1l
PEATRIEDNT AE A =5 PSS T 4 DA
FIR2ERI (B 2) o m PRI R BRI Ay 12 B

2532 KA 19 B 10, 23t 4 s th & dr 2
BSR4 25 10 FIBE A 11, 25t 2 4S5 — ke

6,31t 16 M an AP, TR EBURA AR KK
35 A 29 BEAF 29 0N T R A TEAY 20 KA
466 FEAY 21,331 8 A~ A,
27 B TFRWEHREIERIGIE

IR TP R LA TEM S P R BUE
T MUA BT, 8 2500 2 8 AR I BT 7 R EUE N A
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evaluation values for tested millet varieties
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