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Kondagrkd EH TRt Bt ot @R ARK BRAR ETE SRR AR E SREEFTEESEF 15 MK, R E
AR 6 AR ST AEAF A H B 4547, A A TR 2T (T 2 M A R E ST 3F L AT AR AR A 09 52 8 . R AV RR &
KA KA A AR RHERAR 2R ARE 1 5 BEE 909, EX 619, ELr 102 48132 5 E402 Faf{kekse 458, &
rH rhE AR AR ARTE SRR TN 2 RAHKER A G 1 4547 TA A 2 R G AT IREk et o9 @ a4 . D =
( -384.23 +2.71X, +2.50X, +3. 22X, +1. 70X, + 4. 86X,,) x 10 ~* 2 E K 3§ (K 4k 48 A SEAT TR

KR E K WA KSR 2 AR T

Comprehensive Evaluation and Forecast of Low Iron
Tolerant Ability in Maize Seeding Stage

LONG Wen-jing" *, WAN Nian-xin', GU Tao', ZHA Li', ZHONG Lei',
KONG Fan-lei'**, YUAN Ji-chao'*
(! College of Agronomy, Sichuan Agricultural University, Wenjiang 611130 ;° Key Laboratory of Crop Ecophysiology and
Farming System in Southwest China, Ministry of Agriculture, Wenjiang 611130)

Abstract; In order to screen and identify maize cultivars tolerant to low iron stress applied in production, 23
maize cultivars were cultured in low and regular iron supply conditions, then low iron tolerance comparative values
of plant height, stem diameter, visible leaf number, expanded leaf number, leaf area, root length, root volume,
chlorophyll content, shoot dry weight, root dry weight, root shoot ratio, total dry weight, active iron, iron content
and iron accumulation were evaluated by the principal component analysis, subordinate function analysis and cluste-
ring analysis. The results showed that the tolerance to low iron stress among 23 cultivars were markedly different,
and Fangyul, Fukangyu909, Zhengda619, Zhenghongl02, Fude2 and Zhenghong?2 had strong resistance to low i-
ron. Comparative values of expanded leaf number, leaf area, root length, root dry weight and iron accumulation
could be considered as low iron-tolerance selection indexes in maize seedling stage. The regression equation D =
( =384.23 +2.71X, +2.50X, +3.22X, + 1.70X, +4.86X,,) x 107, can be used to predict the low iron — tol-
erance ability of maize cultivars in seedling stage.

Key words: maize; seedling stage; tolerant to low iron siress; comprehensive evaluation; forecast
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PAG BRI B P I ERa AR PS, Wi e v
Rk SRR T 52 T R A7 K VE 3, R0k
ek I R SR ™ H TR AE AR TR
fift DR AR R BR B R T A 22 L T A% 8 O AR 2R A ok
5 ZERT ST AN R | P AR 2R AT
BAET ST, 5 2 T2, HRPRAIRA, A fE
MRS AR i e 3 K e 2k 8 o [ 7
B ANTRIAE B b 288 o8 (7] — 00 19 AN [i] i o 22 1 i
RBRBE A7 0 5 M SE P A 2 S 5 BRIt S
AT F oK it Aol B TRARR R BE 3, B e TR Rk T oK i ol
XF TS B IR S DX K B v AR B
MBS S

TR AR B P — AR 3 2R i AR, 5 — L8
AN A B AR IR U0 AR G, W By 2 B B AR AF R
Wi, F R, A AR P A A Bk RE D B oY B A
TEARER M0 T A9 2R B AR AL 8 AR AR AL 5 1, VR 2 o7
FWHMIE R A B S5 07 AR T AN Y 42 R
FabR. AR SR AR R T A K
PR 16 A6 A A Bl AE 25 A AR 7 I 1R I A
AL RE R E R B R 22 R L A
A, SRR, A AR 2R B AL
JEE PR S R A 2 (A] S A E  AH OEOE
Z | B I I 2 AR AT AR D A A T AR Bk b O T2 19
—ATTRERR AR, RATAE X 14 AR ARG R
HEATIRT, e 2= S0 X 11 Al SR AR Bk
36 P 3 R BN AT BT SE , 00 20 B E R W Bl
5 RPBR pH (B R R A BRI BRRE 1l 1 S A Bk
AR AR Y FE by, A AR R BBk B IR W
XF 3 AN AR SRR HEAT 2 AR I LU BOE SR 45 OR
FWY, A [R) A St b it R K 3 E ) 22 S
I I G 2t 2 A1 e Bk R 38 A R AT SE
PpgE s AEALEL T AL, i AL B IT AR 4 R OR B A
5 12 R 8 4 A ok = BF ST L AR AR AT AT ST 4G
R AR B IR BOK B D5, 0B 23 A0k
il BT 1 ) R BR 2R PR R 22 IR 25 R A B AR Y
ARA T T 050 M T 6 6 5 oK i Bl ) i AT 2k
RE T HE 47 25 5 VAN, O i 57 FE 245 b A 1] )5
A, LASHI U 358t 3 oK W S0 TR 2K BE g /Y S 2
5 b R PR K 3 0 50 5 ) K i B, O ik — 25
FE AN A 7 I B BEA 2 A

1 HEE %

1.1 #ikmH
396 FH ) A3 Rl A 7 i b X s K e AR T g

s R A LY 23 S0 RS TR ah A U1
AV B BE AU A A S 43, bl Bl 20 5 e 44 B
W1,

®1 HAFAKARMESRER

Table 1 Number and name of maize varieties in test

i H = EA4
No. Name No. Name
1 % 1210 13 T 10 5
2 D6 5 14 BAREL S
3 KE 19 15 EX619
4 B 30 16 1E4T 102
5 JI B 189 17 1E4L 2
6 JII 5418 18 141212
7 JE 15 19 1E41 311
8 a2 = 20 1E4T 505
9 3 E 909 21 1E4T 532
10 UHL 999 22 IEH 1%
11 X 158 23 1 808
12 SEE 508

1.2 RIEigit

I N iR % RN K B, B R R VS
IREREROR, B LR A A, H 70% W5 K5 1 5
30 s, I VEBOR G FHZE IR /KIR I 10 h, AP 71
SIHETRAEN 1 ~2 mm BRI A SRR -, b
iR aeny, R Bk 1 R, fF T
12000 Lx Y¢i K 14 h/10 h (26 C/22 C) K
S JE LA K 60 % AH X W BE A N T AR AR N 8
o 9 dEk 2 i1 A BR L IR FL A R 2
MK Hoagland ¥ 72 W (& 100 pmol/L Fe (II)-
EDTA) H#5 3% fFah i K 2= 3 iF 1.0 B k47 R4k
Jil 38 AR FH (B FR S 10 pmol/L Fe( I ) -EDTA) ,
PLIE # Hoagland & 7% W A S X B, & % W
0. 1 mol/L NaOH % 0. 1 mol/L HCI ## % £ pHS. 8
+0. 2, Jffif SO R, PRIE R R R R R
. IKIEAREE N 45 em x 33 em x20 em & 58
B, LA 20 L2 em EAHIR N, B
FLERE 1 MR B K, I 2 A0 25 D) A Pk
AhPHEE A 3 R AR A b B 7 d S BRORE I E 4%
RS
1.3 WEmBMFE

=T NEMSIE 3 CRVIESS S N U U RPNIUEN
B ZEHL . RS R RO & oK 4l LR AR 1 em
b By B K AR /N AR B9, ml L4k
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wOW % 16 %:

ARG DI TE R BT A A L 58, R R E
i R — A g, T AR D g
REOF oy N S i N o I 2 Rl U R S R
SEBCI U [ A5 0 ¢ 58 4 1) e R G e R
Pi , KT RBOLTHAE G AR RO A
PRAR 2R P ) — SRS B, AR AR SR R HE K
ME, MR SR SPAD U 5E Tk f | —
F g B v LR SR AR S, T ERTAR
T L O R K AR R 2 2 A R AR
PIER, T 105 C AT, 80 CHET i, Fr Xt
AR, FE A R BT E AR e, 3RS
B A RIS 1 mol/L HCL 32 1: 10 By 1
Bl GESARY 5 h) i U8 )E , R F IO
BETEON 2 2 B P R, SR BRI
1. 000 g ZeHEH3 i TR ARAT i T 5RbIR H , imA
25.0 mL Ve-HC1(0.40 g 44 % C )5, in A
166.0 mL ¥REREAE 1 L), BT 80 ClHEIEY
i DARY 2h, 228K R 2 0 o 5 o g, 1R T
WA EREETHIN E B T R S R, BB R =
R x kTR E
1.4 HFEK/EESF

F Excel2007 #4740 e 21 I 11530 45 Ak 2
AR B48 ;] DPSv6. 55 B A k4705 22 43 4 A
B 0o TN 7, 2 o TR 7 S A I 2 0 VS L S
ST,

2 ER5HMH

2.1 {REKAMBXTAREE K &R0

10 pmol/L IREIMEALHE 7 d Ji& , BRARE LA, e
TFEHRERE BRI, AN S A AR B R BE AN A, 45
AR N 15.9 ~47.6 em,Z2HL M 2.4 ~6.4 mm, 7]
WA 3 ~7 F it 1 ~5 F MR 22.2 ~
256.4 em® , MK 10.5 ~39.2 em, RAEFK 0.4 ~
6.3 em’ ,ZEM-TEH 4 0.06 ~1.51 g, R TEH K 0.03 ~
0.56 g, BT K 0.09 ~2.07 g, iR H K 0.22 ~
125,368 6.1 ~28.2 mg/kg, S8k 142.0 ~
920.2 mg/kg, BRI RE N 17.4 ~509. 4 pg, HERERE
4.9 ~51.4, R TIHRIEA B S HAELE ) 2
St A R ARG (R P38 T i MR il
{H 55X BT E 53 L) AT 20T, 025 PR B 48 %o (e
Ui, BE S A b S AN]SR AR RE ), & 2 1]
I Bk ZEAL AT UL R T A AR ARAARER
AT ARTE MRS BT SR SR
BRRR R | & 2% B £ 100 A X (E 28 A L 23 ) R

60.85% ~ 103.27% .60.61% ~ 98.90% .66.67% ~
100. 00% .50. 00% ~ 122.22% .25.93% ~ 103.33% .
47.93% ~ 98.37% .27.83% ~ 83.15% . 45.44% ~
89.72% .57.75% ~ 93.06% . 75.61% ~ 166.38% .
54.12% ~ 90.30% . 56.35% ~ 98.80% .25.95% ~
50.47% 16.45% ~ 35.28% .19.96% ~ 81.16% , H:
iR i IR R B ARABURIR A
RBUB KR, B A 36.43% | 33.67% . 25.08% .
24. 63% F120.91%
2.2 {REREME T E X &M &R ENMERE X

S

PO (/917 S1E N N 5 ey I N R N O E DO R 2
FFAHCHE T, S5 R 36 3, IR IE Pk 5 HoAb 4% 45
PrlB] TG 2 A AR DG VE AN, AR A HR bR R X A AE 6
O ARG BT R R bk A
TR SC P fe g, 23 AR B T 0. 94,091, Hk 2 B
T AIARAREY T AR ZE AR i BURT AT DL
KRB MK 0.78.0.77 0. 70, B R & 54
Exs DYSE =S NGRS N Y & T
DG, 5 a5t B 3 IE A OG, T & e S 2Rk
BT ERICN BTG,
2.3 {REAME T EXBSMRBIHENER S

BN %0 IREN et VN N 12 i By (=0 S N WA 7
KA BIIENLT K 2 A28 5 D BOUA TR
K, B JUANE 1] DA e BE A R it 5cdie mh 45
B RIS T AR B N, SCRE R EAR B A N
EHEZR ) FIH DPSv6. 55 B A% 15 A48 47 (9 4H
SHE AT RS HT (e 4) 1T S A F RS BTk
BNk 42.278% (15.550% . 12. 613% 8. 306% .
6.637% , BFUGTHRRIA 85. 386% , n] WL 5 A~ F M4
JE DAV EE 1 At ka3 OB 5 AN FERLME R
Bl AUy, X 5 AT 15 AR
PER A AEGHE (BRI 5 6 ), OB T BT T2 E Y
FHICME(RS) o AT A RS 57
Gl

Cl = 0.350X, + 0.267X, + 0.278X, +
0.224X, + 0.346X, + 0.257X, + 0.285X, +
0.308X, + 0.192X, — 0.174X,, + 0.324X,, -
0.032X,, - 0.112X,, + 0.227X,, + 0.282X,
(Xl \Xz \X3 \X4 \Xs \Xs \X7 \Xs \X9 \XIO \Xu \Xlz D
X3 Xy X5 2 BIAC MR E 2 AT I R
M A R AR E T E ORTE BT
HOME L TR Ak B R RS
s AXHE, T L)
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551 E R

€2 =0.076X, +0.260X, +0. 149X, + 0. 216X,
+ 0.166X, + 0.132X, - 0.264X, — 0.304X, -
0.213X, + 0.096X,, - 0.337X,, - 0.246X,, +
0.490X,; +0. 426X, +0. 030X
S5 15

€3 = - 0.056X, — 0.010X, - 0.285X, -
0. 040X, — 0. 082X, +0. 301X, +0. 109X, — 0. 189X,
+0.536X, + 0.581X,, + 0.023X,, + 0.253X,, +
0. 086X ; +0. 195X, +0. 187X,
HIVERY

C4 =0.026X, +0. 111X, +0. 266X, +0. 508X, +
0.092X, +0. 198X, — 0.031X, — 0. 194X, - 0. 0556X,
+0.125X,, - 0.162X,, + 0.480X,, — 0.268X,, —
0.249X,, 0. 404X,
5V ERSY

€5 = - 0.020X, — 0.360X, - 0.226X, +
0. 174X, - 0. 177X, +0. 312X, - 0. 170X, + 0. 209X,

R4 BESERPRYHEE. TERE

- 0.265X, - 0.326X,, + 0.097X,, + 0.498X,, +
0.300X,, +0. 172X, +0. 181X

901 F AT LLfR B 15 A T AR 2k v AR
42.278% (W7AEA LSRR AR AT E BT
FASE R B, BRTE 0. 3 Db, 250 A R vk
FEAR IR A RRA 3 585 T =8 100 v DASF R 15 ARk
PEIR 15.550% W28 4k, 5 & gk B R A
KIUTEAHR KR MR RBUYAE 0. 4 VUL, FE B
TR RAIROL . 5 T 32 0 AT LAS#BE 15 STt
fRERANEIR 12. 613% 172240, SR AR T 5 M
AR SE R BUR K, 439 4 0.301 ,0. 536 ,0. 581, F %
S FRARERAERIRIE 5 55 IV FE 153 7T AR 15 4
MR IR 8. 306% M9AE 4k, H 50 WLt |t i
PR & 8 A OC R BUCKR, 73 W o 0.266 0. 508
0. 480, F 2 Bl £ ORI A9 AE KRB 55 V E 15
AT DA RS 15 AT BRER 6. 637% 7284k, H 5 1R
T T PR B R A O R B R

Table 4 Correlation and characteristic value of comprehensive indexes and their contribution

£t F R 1 F 2
Index Component 1 Component 2
Pk Plant height 0.350 0.076
254 Stem diameter 0. 267 0. 260
A LIt Visible leaf 0.278 0. 149
B Expanded leaf 0.224 0.216
AL Leaf area 0.346 0. 166
MK Root length 0.257 0. 132
HRAAF Root volume 0.285 -0.264
25T Shoot dry weight 0. 308 -0.304
T Root dry weight 0.192 -0.213
HR5E L Root shoot ratio -0.174 0. 096
ST Total dry weight 0.324 -0.337
ML Active iron -0.032 -0.246
B8k Tron content -0.112 0.490
BRI R i 0.227 0. 426
Iron accumulation

Mok E 0.282 0. 030
Chlorophyll content

FEAE{H Eigenvalues 6.342 2.333
DR (% ) 42.278 15.550
Contribution rate

BHTRE (%) 42.278 57.829

Accumulative

contribution rate

Y3 EL ES W
Component 3 Component 4 Component 5

—-0. 056 0.026 0.020
-0.010 0.111 —-0.360
-0.285 0. 266 -0.226
—-0.040 0. 508 0.174
—-0.082 0.092 -0.177
0.301 0. 198 0.312
0.109 -0.031 -0.170
-0.188 -0. 194 0.209
0.536 -0.056 —-0. 265
0. 581 0.125 -0.326
0. 023 -0.162 0. 097
0.253 0. 480 0. 498
0. 086 -0.268 0. 300
0. 195 -0.249 0.172
0. 187 -0.404 0.181
1. 892 1.246 0. 996
12.613 8. 306 6. 637
70. 442 78.748 85. 386
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FEo0HT, ALK 45 S R A5 B 8 8 B R0 [0, 1] 1]
DX L, DT 35 5P 5 s v A A B AR XA
FRARRL I HEA T I S PR 0 SRR BRI u(x) =
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2.4.2 WMEMBE RHELS T 5T KN
(4351 42.278% 15.550% . 12.613% . 8.306% .
6.637% ) 15 E A IANE g =x/ X x, A x

x5 BEaMUESHEREMNEU(X).DERESTFN

M, &8, 5 A F B ALE 53 58 0.495,
0.182.0. 148 .0.097 .0. 078 (£ 5) .
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THAAS TR SR HIRER B J1 255 0 D AE, %
itk fe S TR s HEY B £ 1 S8 D (H
He K, W 2k g 77 A i 5 HOR R AR B K 9095
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FHIR G 5 AR B % D {E #8472, il 23
ASER RN 53R 3 2B E 1 5 AR E 909 1E K
619 IEZL 102 #@15 2 5 IE4L 2 52—, @ it
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T 1210 #9999 AT 15 IEM 15 1F41505,
KE 19 1E R —2, J@ — Mt Rk AR 7 />
FlERAHHMRERTY , (F£5),

Table 5 Comprehensive index value, index weight, U(X), D value and comprehensive valuation of each variety

o F 4 Component SR PREUE Subordinate function value gz 4 gy LA
Varietios ! 2 3 4 5 u(Cl) u(€2) u(C3) u(C4) u(C5) i Comprehensive
D valuation

T 1210 182.68 35.13 137.53 64.98 -12.52 0.381 0.562 0.709 0.241 0.153 0.431 — TR 2R General
w2 5 199.48  6.57 153.44 80.41 -6.62 0.508 0.065 0.927 0.515 0.274 0.472  —J@EmHEEk General
£E 19 192.28 6.78 123.90 77.41 -13.63 0.454 0.068 0.522 0.462 0.130 0.369  —fBiiHK4k General
HLHL30 132.07 21.86 115.60 64.61 6.92 0.000 0.331 0.408 0.234 0.552 0.186 ALK Sensitive
JI| #4189 161.05 16.87 122.60 51.48 ~-16.11 0.218 0.244 0.504 0.000 0.079 0.233 TR ER Sensitive
JI[ 418 151.48 30.45 145.74 75.13 -19.97 0.146 0.481 0.822 0.421 0.000 0.322 ATtk Sensitive
E1S 220.68 46.19 125.92 107.60  14.33 0.667 0.755 0.550 1.000 0.704 0.701 AT Resistant
g2 5 229.68 40.43 108.28 67.55 6.94 0.735 0.655 0.308 0.286 0.552 0.600 EETMHIKAR Resistant
iR E 909 244.00 15.02 117.91 87.31  28.77 0.843 0.212 0.440 0.638 1.000 O0.661 LT IKAR Resistant
LHL 999 185.99 28.43 112.78 91.57 -7.88 0.406 0.446 0.370 0.714 0.248 0.426  —MBHEEZ General
FER 158 195.25 2.86 85.83 58.34 3.32 0.476 0.000 0.000 0.122 0.478 0.285 AR Sensitive
JEE 508 173.60 20.24 131.78 105.87 6.51 0.313 0.303 0.630 0.969 0.543 0.440  —J@EMH{EEL General
Mk 10 = 158.50 22.10 112.33 83.45  13.73 0.199 0.335 0.363 0.570 0.691 0.322 AR Sensitive
BARELS 207.60 20.99 99.83 75.41 -15.58 0.569 0.316 0.192 0.426 0.090 0.416  —REi{EEk General
EK 619 264.82 12.27 121.47 80.52 -13.86 1.000 0.164 0.489 0.517 0.125 0.657 HETHIRAK Resistant
1E4L 102 217.95 46.59 131.80 86.49 -15.79 0.647 0.762 0.630 0.624 0.086 0.620 BT AR Resistant
1E4L2 219.99 38.51 134.46 68.68 -10.09 0.662 0.621 0.667 0.306 0.203 0.585 AETHAIR4K Resistant
1E41 212 182.13  5.48 111.35 83.14 -6.71 0.377 0.046 0.350 0.564 0.272 0.323 AN Sensitive
1E4T 311 197.54 60.26 105.17 94.00 -17.27 0.493 1.000 0.265 0.758 0.055 0.543  —BiKE% General
1E4T 505 182.20 37.35 88.27 100.85 -19.21 0.378 0.601 0.033 0.880 0.016 0.388  —JRiiH{EEk General
1E4T1 532 160.41 25.72 113.50 95.45 -2.23 0.213 0.398 0.379 0.783 0.364 0.339 AT IRk Sensitive
EM1 5 158.25 31.72 158.76 89.85 —19.59 0.197 0.503 1.000 0.684 0.008 0.404  —JEiHEEk General
1B 808 182.16 18.31 157.86 102.04 —11.29 0.377 0.269 0.988 0.901 0.178 0.483  —HKi%k General
FUE Index weight 0.495 0.182 0.148 0.097 0.078
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