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Screening of Indexes for Drought Tolerance Test
at Booting Stage in Foxtail Millet
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Abstract ; Foxtail millet( Setaria italica( L. ) Beauv. ) may suffer from serious drought stress during growth peri-
od ,which affects its morphological characteristics and physiological metabolic activities. Previous studies identified
that booting stage before heading is the most sensitive period to water shortage in foxtail millet development,but no
detail study on the response to drought stress was reported in both morphological and physiological traits. In this
study , the morphological and physiological characteristics correlated with drought resistance index were monitored
under both normal and drought stress conditions during booting stage using 20 foxtail millet cultivars. The results
showed that relative panicle weight, grain weight per panicle, plant height, length of rachis, and thousand-grain-
weight were significantly correlated with DRI under drought condition,which could be used as the morphological in-
dex to test drought resistance. Relative chlorophyll, soluble protein, malondialdehyde ,and superoxide dismutase were
significantly correlated with DRI under drought condition, which could be used as the physiological index to identify
drought resistance in foxtail millet. Integrated drought resistance indexs including the relative TGW , panicle weight,
chlorophyll, and contents were selected by principal components analysis. The drought resistance performances of

foxtail millet varieties in field conditions confirmed the efficiency to predict the drought resistance during booting
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stage in foxtail millet using the integrated identification index and the recursive equation established in this study.

Key words : Foxtail millet; Booting stage ; Drought resistance index ; Drought tolerance
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Fig.1 Comparison of soil moisture (0 —60cm ) between drought stress treatment

and the control of the test,indicating drought stress occurred during the booting stage
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Table 1 Yield performances under normal and stress condi-
. . . . Treatment Control
tions and their drought resistance index ( DRI)
— Q —H PN ;. . . .. .o
T 7Bt (kg/hm? ) Yield PSR I K4 Hongmiaodabaign — 2578.04ijk  3206.27ij 0. 86defgh
Cultivar Ehaa it R DRI ARFEE Langweiba 2472.23jk  2979.56j  0.85efgh
Treatment Control /NS Xiaosuihuang 187.83fghi  4085.82cd 0.81fgh
%4 1% Yugulhao 3269.21a 4483.550b  1.25a 4 14 Gushanggu 2621.48hij  3648.31efg 0.78gh
K573k H Dagqitoubai 3622.24a 4398.89h  1.24ab TIEAEREAT Qisiqueniangu  2052. 031 2481.261 0.71h
£ # Qiyuehuang 3391.18abc  3880.13de  1.23ab LSD 0.05 304.83 266.87  0.23
#7% Huanggu 2889.66efgh  3007.40]  1.16abe I — 5 AT B3R 2 OB 5k B 5% WK, T
L Values within a column followed by the different letters are significantly
E 57 A Maojiangu 3084. 86.def 3511.38fgh 1. 13abc .
different at P <0.05 level ,the same as below
HRAEY Esilv 3145.98cde 3801.72e 1.08abcd . R _ .
2.2 TEpENAFREHAESERAZIDRET
A 11 5 Jigullhao 3555.57ab 5001. 16a 1.05abcde . — .
& SRk FckitoN: v
/NI Xiaobaigu 3269.21bed 4242.07bec  1.05abcde FH%%Z ﬂﬂ,%%ﬁﬁ??ﬂﬂ;ﬂ?ﬂfﬁ R\Hi%\
%% Dongfangliang 2631. 83hij 2507.40k  1.04abc TR AT ER AR E A TR, DR 5 Mk
% Dagingjie 3062.39defy  3773.31ef  1.03bedef I8 B2 i A, JE LA TR R A2 ) 52 M oK, 7K 43 TiiE
THRZ Honggengu 2881.58cfzhi  3469.90ghi  1.00cdefe T BRE A TERR T REAFR, AR R TR RS o Rt

R, W TR ERER 73 AR E 0. 60 7247 (HAFEHT R

% 61Jian61 2779. 31ghi 3368.77hi  0.95cdefg

VR , . , VLI SR NI T S b O YISV it
JEEA Eyanggu 2732. 84hij 3328.43hi  0.93cdefg . N ) . N )
e XSRS, BAIX 3 AMRIR A FAHE R E AL/, $T
21 iR 4+ Hongtuigu 2291.43kl 2213.081 0.92cdefg E‘@?ﬁﬁ@,ﬂ;ﬁ—?*ﬁﬁ E’J?I‘HXQ%E%’@(Y—F 1 EE’ i}é‘%%
SICHA Qisibaigu 3244.71cd 4931.84a  0.89defgh TS E A T R g 5 o Tl T MR
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Table 2 Relative values and indexes of morphological traits at booting stage
A Fri 3N MTER ESIE E T AR H RO E Lk i T
Cultivar Height Panicle Rachis Node Stem LAI Grain Spike TGW
length length numbers diameter weight weight
o B4 0.89%a 0.96a 0.98bcdefg  0.97abed 0.89de 0.80a 0.92abc 0.79abed 0. 89ij
HE 0.86abcde  0.84abc  1.00bcdef 0.99abc 0.96¢cde 0.63bed 0.83a 0.85ab 0. 99cdefghi

WA 0.774g 0.84abc  0.79hi 0.93bcde 0.78e 0. 64bc 0.91abc 0.90abed 1.0lcdefg
WED 0.75gh 0.76d 0. 84ghi 0.91cde 0.81le 0.69b 0.76de 0.85de 1. 04bcdef
AR RERS 0.85abcde  0.82abc  0.89efgh 0.83e 0.78e 0.58de 0.97a 0.90abc 1. 03bcdefg
KI5 0. 84bcde 0.8labc 0. 88fghi 0.96abed 0.96cde 0. 65bed 0.89abc 0.75abe 0. 96efghij
WER 0. 82ef 0.77bc 1.03abcde 0.93bcde 0.73e 0.55def 0.86abed  0.87abc 1.07bed
EELIES 0. 88abed 0.80abc  1.04abc 0.96abced 0.87de 0.62bed 0.93abc 0.79abed 1. 11ab
%61 0.83de 0.8labc  0.87fghi 0.96abed 0.69¢ 0.50gh 0. 80abc 0.83abc 1.09be
TILAEREAY 0.84bcde  0.94a 1.05abc 0.94abed 1.48a 0.58def  0.99ab 0.79abed 0. 89ij
K5F3kH 0.89ab 0.84abc  1.07abc 0.98abc 0.96¢cde 0.65bed 0.85abed  0.92abed 0. 93 ghij
BA 15 0.85abede  0.83abce 1.16a 0.91cde 1.23ab 0.53bed 0.94abed 0. 89%bed 0. 98defghi
N Y 0.83de 0.86abc 0. 88fghi 1.03a 0.93cde 0.531gh 0.93abc 0. 88abed 0.90hij
wWAY 0.75g 0.85abc  0.97bcdefg  0.88de 0.87de 0.47gh 0.91abe 0.85cd 0. 97defghij
RS 0.84abcde  0.92ab 1.09ab 0.99abc 0.90de 0. 54efg 0.78abed  0.97a 1.00abc
ANSER 0. 84cde 0.85abc  1.04abed 1.0lab 1.10bed 0.61cde 0.89bcd 0.94abc 0. 94£ghij
AN NS EA 0.75gh 0.78bc  0.90efgh 0.90cde 1.20bc 0.53fgh  0.83abc  0.87abed 1.01bede
Ay 0. 89abc 0.85abc  0.96bcdefg  0.95abed 0.70e 0.60cde 0.90abc 0. 87abed 1.20a
LHH 0.68i 0.76¢ 0.75i 0.87de 0.85e 0.48h 0.79¢d 0.68cde 0.87j
SIEMAE 0. 69hi 0.57d 0.95cdefg 0.94abed 0.89de 0.59de 0.71e 0.65e 1. 00cdefgh
LSDy os 0.057 0.153 0.138 0.099 0.265 0.055 0.138 0.148 0.107

FAXHE . FAL B/ K AL R TR

Relative values: Drought values /Water values, the same as below
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Table 3 Correlational coefficients between relative value of morphological index and DRI and the gray relational grade un-

der drought conditions at booting stage

EAS PR SN MTFERK  EPH el WA BAREE AR TORIE

Varieties Height Panicle Rachis Node Stem LAIL Spike Grain TGW
length length numbers diameter weight weight

FHIZREL Correlation coefficient 0.246 0.194 0.375 0.088 -0.080 -0.101 0.459* 0.814*  0.326

KABKEELSE Gray relational grade 0.478 0.467 0.436 0.436 0.386 0.378 0.478 0.547 0.417

* Frn P <0.05 B EKF, =+ R P<0.01 IREKFE, TH

# significant at P <0.05, ** significant at P <0.01. The same as below

2.3 TEMENBTFZ2EHEEENISRNZME
B 2L EIEIRA L

4 AR ERH, BT 28 4%
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Table 4 Relative values of physiological and biochemical indexes at booting stage
w A RS AT A IR [t T S AL Ul A B AL FUk =Ry
Cultivar Chl Sp Pro MDA CAT SOD POD
A 0.96ab 2.85de 2.43cdef 1.19ab 0. 88cde 1.07ab 0.81a
KER 0.95abe 3.00bed 1.761jkl 1.23ab 0.97bed 1.08ab 0.75abed
WA 0.98ahc 3.61bcd 0.711 1. 04bed 1.00bed 1.21a 0. 80ab
RED 1. 00abc 3.56abc 1.01kl 1. 11abed 0.70e 1.03ab 0.58fgh
AR RERS 0.97a 3.0lcde 5.31a 1. 13abc 0.92bcde 1.05ab 0. 64defg
KIj5e 0.92bed 2.83cde 4.98b 1. 16abc 0.78de 1.00b 0. 44ijk
BER 0.97abc 2.87de 3.18kl 1.04bed 0.78de 0.95b 0.43ijk
EBHH 0. 94bed 2.94bed 2.6lc 1. 11abed 0. 80cde 1.00b 0. 54ghi
%61 0.96ahc 2.89bed 3.81ijkl 1.05bed 0.78de 1.01b 0. 66cdefg
SACERAY 0. 96abc 2.98bed 1.48ijkl 1.04bed 0.90cde 1.00b 0.79abc
KA 0.92¢d 4.44a 2. 11ijk 1.24a 1.06abc 1.06ab 0. 50hij
BA 15 0.98abc 3.89ab 3.11cd 1.01abed 1.20a 1.05ab 0. 58efgh
/N 0.99ahc 2.80de 1. 74hij 1. 08abed 1. 16ab 1.05ab 0. 76abcd
A1 S 0.98ahc 2.77de 2.58¢cde 1. 14abe 1.03bed 1.02ab 0.36jk
21 R4 0.99abc 3.57abe 2. 02ghij 0.97d 0.81cde 1.00b 0. 69bcdef
INE 0.97bed 3.69bcd 2.40cde 1.00bed 0.97bed 1.03ab 0.72abcde
AN NEES 0.93cd 3.94ab 2. 99fghi 1.02bed 0.94bcde 1.01ab 0.54ghi
ey 0.97abed 3.26ab 4.05jk1 0.96¢d 0.86c¢de 1.06ab 0.35ghi
L H 0.88d 2.45bcd 2.99efgh 1.19ab 1.15ab 1.01b 0. 71abcdef
SAEHA 0. 94bed 2.32e 1. 56defg 1. 15abc 0.96bcd 1.0lab 0. 47hijk
LSDy o5 0.072 0.839 0.649 0.189 0.245 0.18 0.136

Chl ; chlorophyll ; SP; soluble protein ; Pro; proline ; MDA : malondialdehyde ; CAT'; catalase ; SOD ; superoxide dismutase ; POD ; peroxidase. The same as below
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Table 5 Correction coeffcient and gray relational grade between relative value of physiological and biochemical index and

DRI under Drought conditions during booting stage

R nhERE AR IR oS i E LA AL L i E A
Varieties Chl Sp Pro MDA CAT SOD POD
M ZR B Correlation coefficient 0.6931™  0.5919 ** 0.115 0.5656 ** 0.117 0.322* -0.04
KATEERBE Gray relational grade  0.545 0.621 0.363 0.564 0.537 0.626 0.477
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Table 6 Characteristic values and characteristic vectors of integrated index of drought resistance during booting stage
F R SFIEAE. HHAE M4 Characteristic vectors FrZETTHRR(% )
R Y RE
Principal Characteristic ~ #kE ThiE FMTFEK AT PATHR T N Variance
G HebE PIsEibG
Rachis Spike Grain )
component value Height ~ TGW Chl Pho SOD MDA distribution
length weight weight
1 3.63 0.306  0.508 -0.089 0.017 0.266 -0.035 0.33 -0.503 0.044 36.29
2 1.749 0.203 -0.3 -0.418 -0.093 0.705 -0.069 -0.02 0.397 0.05 17.49
3 1.408 0.278 0.38 -0.377 0.302 -0.11 0.337 0.231 0.29 -0.318 14.08
4 1.02 0.275 0.437 0.076  -0.377 -0.23 -0.535 -0.11 0.466 0.126 10.20
xR7 ATFEREPREEEREXREY

Table 7 Characteristic values and characteristic vectors of index of drought resistance during booting stage

EiELAN

PR

TR E

NS

AR

=%

PREE MERER S TR N R BRI

=8
Index Height TGW  Rachis length  Grian weight  Spike weight Chl Pho MDA SOD
P 1
ThiH 0.1593 1
N RERS 0.587*  0.1115 1
MRk 0.602* -0.118 0.337 1
LERE iy 0.462*  0.2728 0.368 0.3904 1
LRSS oSy 0.2651 0.2258 0.2566 0.3331 0.575* 1
AL 0.302 0.1276 0.3609 0.1317 0.722* 0. 1409 1
[t -0.0712  -0.514*  -0.2105 -0.253 -0.467" -0.472*  -0.2819 1
AL B AL 0.1078 -0.086 -0.2489 0.1823 0.3013 0.2439 0.318 0.0539 1
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Fig.2 Dendrongram of 20 Millet cultivars

based on the drought resistance
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