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Identification and evaluation of drought resistance in different
maize varieties widely grown in Yunnan

DU Cai-yan'">, DUAN Zong-yan', ZHANG Nai-ming®, QIU Xue-li', HU Wan-li',
CHEN An-qgiang', FU Bin', PAN Yan-hua', YU Xiao-fen!, CHEN Shi-hua', YANG Yan-xian'
(1. Institute of Agricultural Resources & Environment , Yunnan Academy of Agricultural Sciences, Kunming, Yunnan 650205, China;
2. Plant Protection College , Yunnan Agricultural University , Kunming, Yunnan 650201, China;
3. College of Resource and Environment , Yunnan Agricultural University , Kunming, Yunnan 650201, China)

Abstract: This research took eight main maize varieties in Yunnan (Tiannuo888, Yunnuo6, Yunrui999, Yunrui6,
Yunrui47, Yunrui88, YunyoulO5, and Yuntianyu2) as materials to investigate possible influences caused by water
stress. A pot experiment was conducted to examine 14 morphological and biochemical indexes (plant height, fresh
weight, ratio of root to shoot, POD, and SOD etc. ) that were related to drought resistance under two levels of water con-
tent (70% ~80% and 50% ~ 60% of field moisture capacity) at seedling, flowering and filling stages of the maize vari-
eties. Capabilities in drought resistance of varieties under water stresses were scored by the drought coefficient and subor-
dinate function value methods. The results showed that the same index of drought resistance characterized in different
maize varieties at various stages existed differences, and 8 maize varieties were divided into three grades: high tolerant,
weaker tolerant, and drought susceptible. The high-tolerant cultivars include Yunrui47, YunyoulOS5 and Yuntianyu2;
The varieties with weaker drought resistance were Yunrui6, Yunrui88 and Yunrui999. However, Tiannuo888 and Yunn-
uob were drought susceptible. Moreover, all morphological and biochemical indexes and their comprehensive D — values

could be taken as evaluation criteria at seedling stage of maize varieties under water stress. From seeding to flowering
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stages, under water stress, only plant height, leaf area, SOD and Pro showed significant correlations with drought resis-
tance indexes. From flowering to filling stages, under water stress, significant correlations between shoot fresh weight,
plant height and MDA and drought resistance could be observed. No matter what growth stages the maize varieties were
at, seeding, florescence or filling stages, underwater stress, the comprehensive D — value of the indexes had a significant
correlation with drought resistance, which could be used to identify maize drought resistance, nevertheless any single in-
dex.

Keywords: maize; varieties grown in production; comprehensive evaluation; water stress; drought resistance
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Table 1  Subordinate functions and drought coefficients of morphological indexes of different maize varieties at the seedling stage
K JE SR Subordinate function

- P A ‘ ‘ —"

e Drought ~ HLBAREEEE U EASTE MR MGEE MM TE  RER AR B

Variety coefficient Shoot fresh Shoot dry Root fresh Root dry Ratio of root Leaf Plant D - value

weigh weight weight weight to shoot area height
ik 888 Tiannuo888 0.360d 0.181d 0.000d 0.041d 0.006d 0.205d 0.000c 0.000d 0.061d
285 6 %5 Yunnuo6 0.610c 0.069d 0.264¢ 0.000d 0.000d 0.519¢ 0.067¢ 0.370c 0.160d
i 999 Yunrui999 0.789¢ 0.496¢ 0.496¢ 0.398¢ 0.359%¢ 0.458¢ 0.093¢ 0.476¢ 0.369¢
zHi 6 5 Yunrui6 0.623¢ 0.606b 0.708b 0.630b 0.523¢ 0.000d 0.357b 0.490c 0.477c
i 47 Yunruid7 1.368a 0.649b 0.772b 1.000a 0.887b 1.000a 1.000a 0.911a 0.893a
Z:Fiti 88 Yunrui88 0.509¢ 0.000d 0.308¢ 0.205¢ 0.339¢ 0.338¢ 0.384b 0.620b 0.386¢
2z 105 Yunyoul05 0.989b 0.448¢ 0.493¢ 0.251¢ 1.000a 0.830b 0.955a 1.000a 0.700b
ZHE 2% Yuntianyu2  1.012b 1.000a 1.000a 0.635b 0.892b 0.811b 0.815a 0.719b 0.836a

TE B e bR AR R FRESAE 5%KF B2 B, TR,

Notes: Values followed by different letter are significantly different at 5% probability level. The same below.
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Table 2 Subordinate functions and D — value of physiological index of different maize varieties at the seedling stage

)& PREE Subordinate function

;
Vo WAMPIE RIS N AR HAE.  HEED  HEEGED) Dl
SOD POD MDA Pro Chl a Chl b Chl (a+b)
FiiPkF 888 Tiannuo888 0.303cd 0.000d 1.000a 0.181d 0.000d 0.000d 0.434¢ 0.303d
A% 65 Yunnuob 0.585be 0.55¢ 0.985a 0.215¢ 0.752¢ 0.225¢ 0.000d 0.426bc
i 999 Yunrui999 0.136d 1.000a 0.240d 0.000d 0.714c 0.891a 0.551¢ 0.376¢d
=3 6 %5 Yunrui6 0.000d 0.577¢ 0.597¢ 0.273¢ 0.860b 0.837a 0.897b 0.510b
= H 47 Yunruid7 1.000a 0.939b 0.364cd 0.816b 0.911a 0.959a 1.000a 0.834a
23 88 Yunrui88 0.450¢ 0.561c 0.736be 0.131d 0.661c 0.619b 0.176d 0.401c
A 105 Yunyoul05 0.779b 0.628¢ 0.000d 0.794b 1.000a 0.907a 0.945h 0.706a
ZHIE 2 Yuntianyu2 0.566bc 0.857b 0.013d 1.000a 0.998a 1.000a 0.943b 0.782a
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Table 3  Subordinate functions and D — value of morphological indexes of different maize varieties at the flowering stage

)@ PR Subordinate function

fit WG b EEWTE MFMEE MFHTE AR Fes D
Variety Shoot fresh ~ Shoot dry ~ Root fresh ~ Rootdry  Ratio of root Leaf Plant D - value
weigh weight weight weight to shoot area height

FPHE 888 Yunnuo8Ss 0.432c 0.062d 0.549b 0.714b 0.882a 0.093c 0.000d 0.372¢
Zok 65 Yunnuo6 0.610b 0.000d 0.111d 0.695he 0.515¢ 0.067c 0.167d 0.292¢
Zi35 999 Yunrui999 0.339c 0.513¢ 0.873a 0.000d 0.925a 0.000c 0.040d 0.378¢
ZH 65 Yunni6 0.000d 0.704b 0.619b 0.910a 0.057 0.357b 0.384c 0.470be
Z8 47 Yunruid? 1.000a 1.000a 0.329¢ 0.537c 0.128d 1.000a 0.947a 0.711a
Z:3 88 Yunruiss 0.211cd 0.634b 1.000a 0.329¢ 1.000a 0.384b 0.085d 0.516b
Z:4f 105 Yunyoul05 0.952a 0.896ab 0.000d 0.781b 0.779b 0.955a 1.000a 0.773a
ZFHE 2 Yuntianyu2 0.846a 0.873ab 0.900a 1.000a 0.000d 0.815a 0.579b 0.697a
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Table 4  Subordinate functions and D — value of physiological index of different maize varieties at the flowering stage

)& PR EUH Subordinate function

.
s GRS L ol AR WEe WEED WEEGD) D e
SOD POD MDA Pro Chl a Chl b Chl (a+Db)
il 888 Tiannuo888 0.167¢ 0.460b 0.000d 0.179d 0.500b 0.000d 0.000d 0.250¢
k% 6 5 Yunnuob 0.448¢ 0.000d 0.615b 0.203¢ 0.000c¢ 0.452¢ 0.460c¢ 0.305¢
ZFit 999 Yunrui999 0.446¢ 0.293¢ 0.605b 0.494bc 0.554b 0.696b 0.576¢ 0.484b
ZHii 6 5 Yunrui6 0.000d 0.599b 0.563¢ 0.641b 0.684b 0.477¢ 0.490c¢ 0.447b
= Fit 47 Yunruid7 1.000a 1.000a 0.891a 0.823a 1.000a 0.738b 0.300c¢ 0.776a
ZHi 88 Yunrui88 0.284c¢ 0.421c¢ 0.755b 0.000d 0.626b 0.633bc 0.739b 0.482b
= 105 Yunyoul05 0.716b 0.647b 0.693b 1.000a 0.798a 0.897a 0.641b 0.704a
=~ E 2 Yuntianyu2 0.608b 0.421 1.000a 0.802a 0.669b 1.000a 1.000a 0.731a

FEIEIA A PR AR S D (AR R 2 55 &8

Phzdii 47 K, ot £ 2 5IRZ, = 105 35 =, = B B T E
BEA DAEHKT 0.7, W HR P i Fl Hax M5 A, 15T 5 0ha 2 R A R
D H/NT 0.5, NEIRPLREME(F 4), TESAEIR o (EF S 845 B AR A [ [ — 48
B o (EAE SRR B2 5 . AR 888 Myt I

2.6 SHEXMMERPESERE RMREME



186 T2 X AR A5

:33%

BREEE MR o (B RN, HEEE D EIR
B, AN 0.386, ANHATFM: ; B 999 1T i fif 5
TR o ¥ m K, HEES D HINBAL, A
0.425, N HYL M = f T 2 S bR &A1
U a (B MHARIE IR K8/ o (HERITE
AN S, RO, RO B — T S AR AR AN BEVE

AL S AD TR R .

WIS IE R LE A D HRTF 0.7 B9 Fh
Bz H 47 M 105, e 2GRS =6
F2%5 DIHAE0.6~0.7 Z[A], LA G2 M H
&S5 AMMIESIERNLES D EB/NT 0.5, 8 A
Pt

x5 SHEXRBHERPELSEGRERYES

HZE&DE

Table 5 Subordinate functions and D — value of morphological indices of different maize varieties at the filling stage

)@ BB Subordinate function

ik WOEASET b LETE WFHME WTHTE  OREk hER B D
Variety Shoot fresh Shoot dry Root fresh Root dry Ratio of root Leaf Plant D - value
weigh weight weight weight to shoot area height

ik 888 Yunnuo888 0.000c 0.637b 0.251d 1.000a 0.929a 0.000d 0.000d 0.386¢
=A% 65 Yunnuot 0.423b 0.000d 0.134d 0.368c 1.000a 0.140d 0.360c 0.346¢
3 999 Yunrui999 0.398b 0.839a 0.000d 0.844a 0.000d 0.570¢ 0.385¢ 0.425h
zHi 6 5 Yunrui6 0.283¢ 0.532¢ 1.000a 0.743b 0.155d 0.194d 0.522¢ 0.485h
i 47 Yunruid7 0.811a 0.738b 0.478¢ 0.732b 0.757b 0.780b 0.787b 0.725a
Z:Fiti 88 Yunrui88 0.212¢ 0.654b 0.706b 0.196d 0.655b 0.513¢ 0.558bc 0.497b
4 105 Yunyoul05 0.589b 1.000a 0.522b 0.753b 0.359¢ 0.887a 1.000a 0.723a
2l E 2 Yuntianyu2 1.000a 0.190d 0.611b 0.000d 0.806a 1.000a 0.954a 0.668a
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Table 6  Subordinate functions and D — value of physiological index of different maize varieties at the filling stage

)& PR Subordinate function

.
v”aﬁy ERIHEE  TRIGHE A WAR  WHEe WAL ERGD) Do
SOD POD MDA Pro Chl a Chl b Chl (a+b)
P47 888 Tiannuo888 0.504bc 0.896a 0.000d 0.000d 0.622b 1.000a 0.821a 0.483¢
2 Hf 6 %5 Yunnuo6 0.000d 0.308cd 0.003d 0.423¢ 0.537b 0.364c 0.000d 0.214d
=i 999 Yunrui999 0.625b 1.000a 0.217¢ 0.557b 0.587b 0.553b 0.490c¢ 0.548b
=i 65 Yunrui6 0.071d 0.883a 0.297¢ 0.617b 0.717b 0.513b 0.29%cd 0.457b
K 47 Yunruid7 0.36lc 0.780b 1.000a 0.717b 0.839a 0.920a 0.636b 0.748a
= %i 88 Yunrui88 1.000a 0.591¢ 0.488bc 0.560b 0.567b 0.000d 0.381c¢ 0.525b
=k 105 Yunyoul05 0.927a 0.790b 0.974a 0.839a 0.000c 0.919a 0.387¢ 0.726a
ZfE 2 Yuntianyu2 0.350¢ 0.000d 0.611b 1.000a 1.000a 0.586b 1.000a 0.667a

KPR R BN SRS pR B S AL
B D AETEXS FOK SR AR R SR B R
WATPEMY , HEE A 45 R UL =5 47 . 4 105 . =6 E 2
SRR P RE )RR
2.8 MBMEERNESTM

HI 7 AT, SEOK B A5 TR S48 AR A A B

PRAGSR T pRAIAE, 15 P05 28 i IA] 24 2 2 it k%
FARIEFR o VLR TR BT A4 b R R B E 2 T A
M E R i AT AN s T 5 bhia =TT 1E
FIE SN BHR AR5 T R AR AR AR R
HOE R a6 TN A R < b w4 N W S R RN
i R R R A YIEAE I (SOD) LN - (MDA) |
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Hfi 2R (Pro) M 2% 38 b 5 H0 5 A BUH B A 56 56 &R
0 O R KR T B R R T R
L G ALY (POD) (4% 3K a A2 3R (a + b)
SRR IR FM KRR, NIk, BRI
LIRSY Nichy SIZ0% gy itle s sy AR (EVSE Lk
PEAE PRI AR ; T 5 = RERIY AR AR A B
FEPR ST AR BRI 2 5 M OGS R R
Wb A M I R TR T R (MDA)
T 21 (Pro ) -5 3705+ A8 A 8] 1Y A 56 56 A8 12 4 35 1
AT /G W w4 R LS N AN £
F JHL R AL (SOD) | id S AL P i (POD) 4
R a MEE b HIFER (a + b) SHUF R AR BT
KR Fo P, VPRI TORAE AR A5 1 b A A B
FEBRE N S TR A AR BT AR AR I R AR R

* 8 R, A AT RHHA LIRSS D (EIR &
SPUR R A A SR BEAN R o B T A A
KIWPEEIEIRAABEAR D (HIA], A S & 2646805 D
(ES U R BN A7 35 O 3 A R R R
P, TOREE T I MRIE 51505 EBR R R R
PRECELLL S Zi 7 D B3 ) A D 2 il b e 521 119
EL 298

Fx7 AEALEEMBASEREERHES
MERBEINEX R
Table 7  Correlation coefficients of subordinate function values

and drought coefficients at different stages

T FIEW
WH Item Seedling ~ Florescence  Filling
stage stage stage
iy b FBAEE Shoot freshweigh 0.68" 0.76" 0.88"~
Hi_ T Shoot dry weigh 0.75" 0.77" 0.20
iR FEEE Root freshweigh 0.78% -0.26 0.06
1R FBTHE Rhoot freshweigh 0.83** 0.07 -0.09
M5 L Ratio of root to shoot 0.87°* -0.52  -0.08
B Plant height 0.85"" 081" 0.80""
M-I Plant area 0.82°"  0.85"" 0.77"
ALY AL SOD 0.70" 0.89"" -0.01
ALY POD 0.75" 0.24 -0.14
% MDA -0.73" 0.73" 0.83" "
Ji%A/R Pro 0.78" 0.81°% 0.73"
2% a Chl a 0.71" 0.63 0.15
M4£% b Chl b 0.75" 0.74" 0.39
4¢% (a+b) Chl(a+b) 0.71" 0.27 0.26

Teeox, ¢ o 4pf3 0.05 F10.01 BFHAT, T,
Note: * and * * denote significance at the 0.05 and 0.01 probability

levels, respectively. The same below.

x8 AREBERAMSRERIEREGS D HEMNHEXEN

Table 8 Correlation coefficient of morphological and physiological indices D — value at different stages

EAUB AR WSS TR SRR TR A B AR TRAEWIA: B AR TR S8R
- Morphological Physiological Morphological Physiological Physiological Morphological
i H Item . ; . .
index at index at index at at flore at florescence index at
seedling stage seedling stage  florescence stage scence stage stage filling stage
A B bR .
P . 0.9529" *
Physiological index at seedling stage
- ARG bR - )
JRAERITD & iibi 0.9090" 0.8856"
Morphological index at florescence stage
. e

#Egﬁiimhﬁ‘ 0.9831" * 0.9246" * 0.9273" *
Physiological at florescence stage
) A S b
ORI AGbs 0.9444" 0.9263" 0.9903" * 0.9575"
Morphological index at filling stage
THESR I A B b . o - .
Physiological index at filling stage 0.8167 0.7164 0.8893 0.8625 0.8935
P R EL Drought coefficient 0.9032" " 0.9120" " 0.7626" 0.9097" " 0.8421" " 0.7242"
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3.1 ERAEMLEEIRFOEE TN

EYIH TP 5 2 OB IR, 52 22 3L D
ALV R SRR T 25 IR S 2 B
TSI e, T FLAZ T SR S 2R B 3R 3 S
B e B , SR 400 P 1 7K 4 5 2 B A P
(925, A SR ) 5 R M A R T 5 S

KARMFTERIT, FIFAAFEAR VRO A 248 bR s
VPG I R R g BB ek
WP SR — 3R R P A 4 8 BT A7 A T 1, >R T
ZIEPREEA VRN, B RE S w0 7 1k S 4 R A v
BRI AT 0 . 2 SR DR B R A
SLTRIAEHR , S8 — A~ i Pl ) 7 52 1 5 53 7 B
TEVR AT LA VAN o IXAERETHER 1R Rl R /Y
Fr i, SRR 2 5 A A 5 A 9
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AP AR W], T 5AE N B8 (Medicago sati-
va ) FERR I AE 1 8 ) 2 S Wb BT R Pk i de L3 HL
RN , IERIH 6 MESTRRXT 18 I 548
TR PR VR AT T 480 s g 250
XPrpEAE T ERAR A R B R T T RS, R
PR RBOE AR R BUE T, A 13 A SR AR 4T
Hyr 217 7257

AW AR S LR R BOE M AL LR ISR E
PRECEEZE ST s A . 25 2R R0, B2
TR KBS, & RAB8 bR 285 D (EX AT fE
Ry S P BT R AR s AR R b e
My AR E AR T R L A Ak B G (SOD) |
N B (MDA) 2R (Pro) FIMF 2% % b 54T R R
() PR A G O 2R 2 0 2 sl S KO T SR b
TESTE AR 2 A AL (POD) (RS R a A
M2g 2R (a+ b) PR R BB LR EMCK R, #
R A b AT AR TR P R (MDA)
FIH 2R (Pro) 5 15 R 800 By AH OGO R 2 I 3 8l
R K, M b AR M T AR A L T AR
Lt B E ALY B (SOD) (i AL (POD) | -4
Fa MR b MR (a+ b) SHEREEITL
AR FR . B, B 1 4% 2S48 A S RE B A b S 1 i
FhBTRE, ATVE P Al AT SR 8 A s (H BT
A6 A FIHE S FORAE MR TE S8 A A AE B R bR A 45
FE R R AR AR EE o X T A2 T
PURPESEE AT B S8 bR AR B AR feda bR M
PR HAE G ST B E S A A TR T
S, T4 S P 4 0 I AT SR PR AR
3.2 AEAEEMNEHEEERNERASEHR

B3 52

YEYIHT PR B = 38 S R HEPFAN AR R © it
PR RO MR, TR A PR A E
PEALFE PR R H H AT ARTE B — £ V) 520 17 1Pt
PHEERRERR, UM RAED IR 8 in
i, 2o M A &R b S P RPER G R RITET
FPR AR X SR AR Y 25 1k BB T B i A A BT 5
£, T3 R L S A I ST TN € S £ S 1<
PRI 2 AR TR SRR R R KA
JEASFEFR A S MDA % & .SOD ., POD, CAT %54 # A
FEFEAR , SR MK B Aff 53 45 SR Tk LB A S Pt 1
KRB/, A 53 TB LA 0% A B Ha it
ToAEH G — BbR i, O ELAE B A= fb 48 b xE DL N
KB ity o 2 5 (23 2734 =30

AR SCAE A I A AN [ A= 7 4 14 AR SR 90 5
AR FERS b X X LERE AR BEATAH SR T, Bt HH A
R 7 I S PR O R IR AN R i i, A
JESL FOKRANIA] AR 7 IS0 it A0 P R S E R AR IR R
(=l 1R 7B VR SRR ORI S i BUR S I 5P N ]
1 T AE S FIRES I UL 2SR ik B 7 o 2E BRAS AR
55 14 MEPR S PR R BN R, T R E
X S AR AR 285 R A B Sl 2 W K, B AR F
FEHTIE I 14 A48 AR Al AE D H5E PR dh P 5
PERSFE bR, HICAS AR IR28 5 D (HR/ MR HE R
SR b T RE 50 o T S E 2T AR
HESI AR E B3 AR b —2F K UL B SHUR R B0
W AHSRSCR TP AE A b RS 3 T
i TR S AL W) AL B (SOD) L N R
(MDA) il 28R (Pro) A28 3% b 3 Al /F 424 7 1)
PO SEE A AP DTSAVE AR DR (R A0 R R |
NESTE ARE L i A AL (POD) 4% 3R a Al
2R (a + b) SRR A BEAE Jy bl Bl BT 521 25 72 95
P s FESR I M b bR R T B (MDA)
T 2R (Pro) WA D 42 AR B WP 28 7 a4 5
(DR G 7 7 T S e 141 A T
LG AL ALEE (SOD) (i % Ak g (POD) (I
ZRER a MR b A2 (a + b) SR 4E IR A REAE N
A PP PESEE SR AR o AR SCOE H i FE AR S AT
MIBEFEHEA T L35 0, i Sr — B 58 3 R by
KRG Rt — P IRADI

4 4 e

RIAPUR RBCE I 2 SR ok B (R T A 25
B D AEEER TR T ARSI i ST
KW, BHn 47, 50 105 = E 2 5 i A RIS E
T

TR A AR T Y, S e s S R
ZRRR] AR S R BT AR ) R AL B AL M i K
B SE LG R 2082 (Pro) IR Z 5 T 53 T, £k
PTG HR A A B AR (L 18 br XL ZE S D HY
IR (VSR Sl B i DS e e D/ B E A R i
HUA B AL SOD Al Pro 5471 5 28 K301 A &
5 T A FERE S, A R bk
1 MDA 547 52 28 B8] g A S 25 AR G 5 JCIBAE 1 8
T BHES I, 255 D A ATV o S W A it 4
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