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Abstract: In this paper, maize varieties which had been widely popularized since 1970s in Jilin province re-
leased in three different eras(1970s, 1990s and contemporary era) were used as the materials. The effects of long
term water deficit on photosynthetic characteristics and dry matter remobilization of maize varieties in different eras
were studied by tubular column cultivation experiment with rain shelter. Compared with the control, water deficit re-
duced the net photosynthetic rate(Pn) and maximum photochemical efficiency(Fv/Fm) of ear leaves of old varieties
(1970s and 1990s) more than that of contemporary varieties(2010s). Under long—term water deficit, the dry matter re-
mobilization rate of leave and stem—sheath of contemporary maize varieties was higher than that of the old ones. Rel-
ative to the control, the average translocation rate of leaf and stem—sheaths dry matter in 2010s, 1990s and 1970s in-
creased by 48.9%, 47.7% and 33.8%, respectively. In addition, under water deficit, the contribution rate of storage
assimilates before anthesis to grain yield decreased with the advancement of the era, while the contribution rate of
dry matter accumulation to grain after anthesis increased with the development of the era.
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Table 1  Details of the maize hybrids used

fi A HE) AR A B LA
Variety Age of popularization Hybridized combination Breeding institution
101 1970s T 63xH 4 T LRl BE
DU 10 1970s 7 14x75 63 PPl B2 B
thep 5 1970s Mo17x [ 330 rhE L R B
A 180 1990s T 853xMol7 TR AR B
Y19 1990s 444xMol7 POl R E B
159 1990s T 846xJ7F 340 TR LR B
JeE 335 2010s PH6WCXPHACV UG SERERIL AT BRA
H5958 2010s H58x [ 7-2 TR A AR B
FAE101 2010s NH60xS121 dbmt AR R AT B

1.2 Rt

RS T 2018 4EFE N TR Mt i A7, R FH PVC
FHERR B, PVC A FENAE 35 em, 25 60 em , H# T 1l
To EERHERACHE A AL T30 cm £ TZ,
b I 5 AN VR 2 1R E)IR ) IR R 38
Feor o, AL 104 gkg. 2R 0.9 gk 4 W
0.3 gkg. 28 12.4 o/kg . S AW 17.6 mg/kg . H A H
105.3 mg/kg. FEFPEIFREAMEHAERENCHEALEN 3.5 ¢
P05 3.0 ¢.K,0 3.0 g, 1T B LEN 3.5 ¢,

RIS 24N KRB E 5 K AR PR (CK) , A2
T-80% ~ 85%I1) H [A]FF /K 5t 5 7K 5375 BRALHE(WD), AH

MF50% ~ 55% 0 H Al FEK . 4K P4 SM300
(Delta=T , UK) 327K 430 2 00 i 438 15 7K o AT
SEANKEE K535 B Ab BRERH ] D K 8 JE I 4 2]
A€ 30 d.
1.3 MEmMBS5AHE
1.3.1 AR HAS

Kt 22 W 4R 45 10 d F B4 9:30 ~ 12:00
B H Li- 6400 29 {5 #5 =056 A 00 % & 48 (LI-COR,
USA), B A TGRSR E K 1600 pmol/(m*-s), il &
TS ¥ ' 4 3 % Pofpumol /(m? - 5)] 75 [ R Tr
[mmol/(m’+ s)] . K AL F & Gs[mmol/(m’.s)]F1 4 i [5] B
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CO, Y JE Ci(wmol/mol), AL BRI 2 3 4%
132 =@ EAREID A FEK

F FMS-2 Jik il il 226 564X (Hansatech , UK) I
SRR VO SEL, W EiE b PRS2 (F)
B K (Fin) e/ INGE G (Fo ) R 38 1V 20 min J& Y
IR 28 56 (Fo) | fie K28 (Fm) 256 S50, & I
Demming—Adams AEgr vl RO RCR Fv/Fin=
(Fm—Fo)/Fm, SR 77 2 @PSII=(Fm "~ Fs)/Fm”,
22956 K 2B gP=(Fin = Fs)/(Fm'~ Fo?), A 6L 2 1%
R EZH gN=(Fm—Fm")/(Fm~Fo).,
1.33 TR

53 00 T ik 22 39 I IRURE 3 RS S i 2R
B (U S R A ) AN TR 3SR, T 105°C
A 30 min, 75 CHEZREE R, R,

Z BB R A RS B R AR E (M A
FZEHE) T W) B e iz & % iz 8 S X 1R 1 5T

BRAGE TY iz a=T e ERGE T
YR R -OR IS SR B T AR R

TW i =53R4 B T Y s /T e
HETAE TY R R 5Ex100%;

Yz vk =T W % s 8/ A 7k T E x
100%

AL G T 9 ki A TR = i b T 8 —
FACRTE TR B T i ;

AL )G T AR SR b e 1) BTk R =TT

A5 R i A A A R T EE X 100% .
1.4 HIFELESHH

X Fi Microsoft Excel 2010 $E47 %545 4 P , SPSS
17.0 A AT J5 22 530 , AL 3R IB] P340 88022 S 1) b 5
A6 F Duncan’ s 725 5 5K FH Sigmaplot 14.0 5 4EK

2 ER550HT
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UL NI S S VTR QNS R AL S am i A - SO E2 W)
2010s>1990s>1970s, K435 8k T, Hpk = AR ]
S 1R 0 KT BER AL FORLEE 20105, 19905 5
1970s 25 55 18 35 s AE B W HOK R T ANFARAR oK
i Bl RL R O R M 22 S, BLRR T A R OR AL
2010s.1990s 5 1970s 2= 55 2 2, 11 2010s F1 1990s 25
SARRE . SR, KT S EOREEC T
KRR A REURT S | T R R i S R,
1970s.1990s F12010s 3 4448 T K i i 19 Rk 24
b M R R o A ) LG RIS 28.5% |
24.2% .19.7%,16.0% .15.0% .2.4%F139.9% .35.6% .
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Table 2 Effects of water deficit on yield and yield component of maize varieties released in different ages

b # G TR TR (g) FARRT i (g)
Treatment Age Kernel numbers per ear 100-kernel weight Grain yield per plant
CK 1970s 404 b 32.1a 129.8 b
1990s 499 a 32.6a 162.7 a
2010s 497 a 338a 1679 a
WD 1970s 289 b 27.0b 779 ¢
1990s 399 a 28.2b 1147b
2010s 406 a 33.0a 131.6a
AVONA
IR ALER 17.58%* 28,61 106.24%
dh Bl 29.56* 32.65% 65.62*
IRk FEx it 8.09% 11.09% 9.78%x

2.2 XHSSHRIAFERERBAESHIERNZID

F P T RIS TR AR AR T K ot b SRRl
A ER (Po) B Bl A 7 AR A AR RE TR A, 7K
5 RAL BRI ] P 32 0 B IRT XS IR . SRS IRAT L,

IR G375 A 2 R Po B ATCIR B R T 24 AR S A,
I K5 40 d, 1970s . 1990s F12010s T K i it 5
T Po gk 4375 BleAb R S5 X6k BEAH Fb 4% Bsf 39051 24 46 iR
I 29.4% . 21.8%F116.1% ., 4£)5 0 ~20 d, i
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Fig.1

Effects of water deficit on post—silking photosynthetic rate(Pn), stomatal conductance(Gs), intercellular

CO; concentration((i1) and transpiration rate(7t) of maize varieties released in different eras

IG5 BRAL BB B AR T FORAE AL
(Gs), TE1EH K AR 43 5 BT A [FAEAR K 5 Fh
Gs 5 Pn ARG SEAR —F, RIRE R A A B ERR 4
HET AR, A6 5 16)5 40 dAH L, 1E 3 Kk &40 F
2010s . 1990s F1 1970s £ K SR FHL I Gs 73 HI FEAL T
40.9% .48.4%154.2% , N AE K 5377 B45F T 2010s
1990s A1 1970s K M H Gs 43 5l FEAR T 54.1% |
56.8%M171.2%.

Jfa] CO M B (G a S Pa R RIS — B
LT R AR 3 AN ] 7 b R TR AF AR ] T K i
RN G YR N 1970s>19905>2010s, H K43
BRAhER 2 T R AR EOR (T AR R L TR
PRI AR BT ASFARAR oK b A T R B
1970s fie 51, 2010s B AL, 1B 25 S5 AN G, A [R) R4
T KRR T IEH KB B 2 KAy T BAb B

23 FTEMEBMAFBEREARHHEZEENS
M2
B KA F R (Fv/ Fim) S dPSITFE ) e KO
REFIHIRCR . AL)5 b A UE AR EE AN [R] K 43 4b
P [R]AE AR T K Sl B/ Fim 52 R B34, HAS R
7K 4375 BRAL PR R/ 35 5 35 AT IR W K (E 2),
EXHIRA L, B 2 AE )5 40 d,1970s,1990s F12010s
TR AR F/ B 7K 5y 5 B BRI P-4
B0 19.4% 13.2%F1 11.1%. )75 0 ~ 20 d Fif
K I3 b BN AN R AF AR K fh Bl B/ Fm 22 57 35 A
. IEW UK #6)5 30 d.40 d T2k A Fv/Fin
2010s 43 %] b 1990s F1 1970s 42 & 4.4% . 9.2% F
12.2%124.9% ; 7K 737 8 T, 46 )5 30 d.40 d F K
A Fv/Fm 2010s 43 51 F 1990s A1 1970s #2755 7.3% .
24.4%M 13.3% .54.5% . SPRit 7 45 (DPSI) S e
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Fig.2 Effects of water deficit on maximal photochemical efficiency(#m/Fv), actual photochemical effective quantum yield(@PSII),

photochemical quenching(gP), and non—photochemical quenching(gN) after silking of maize varieties in different ages
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Table 3 Effects of water deficit on dry matter translocation and translocation efficiency of maize varieties in different ages — ¢/ff
R ZMTE
i it Leaf weight Wit B2 (%) Stem weight st HAB (%)
Treatment Age e e l-:{err.lobil Rer.n(.)bilization LI Py f.{errllobil Relln(‘)bilization
= ™ ization efficiency = ™ ization efficiency
Silking stage Mature stage Silking stage  Mature stage
WD 1970s 37.7a 326a S.lec 135b 949 a 793 a 15.6b 16.5b
1990s 395a 323a 72b 18.2 ab 96.4 a 79.1 a 173 a 179a
2010s 40.2a 32.1a 8.1a 202 a 99.5a 79.7 a 19.8 a 199 a
CK 1970s 42.6a 378 a 4.8b 113 a 1158 a 1029 a 129b 11.1b
1990s 448 a 395a 53 ab 11.8 a 118.7 a 104.2 a 14.50 a 12.2 ab
2010s 43.6a 377 a 59a 13.5a 120.4 a 104.3 a 16.1 a 134 a
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H 3R 3 PR, PIRIK 3 Ab 3T FOKE IR A8 B i
R R T s s R B AR AR 1 e
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Y4552 5K 2010s 43931 L 1990s F11970s #2155 T
11.9%H120.1%; TEK 3 5 8F B IRa B A 258
T 5 - 255 12 5 20108 43591 G 1990s 1 1970s 4215
T 13.8%F133.5%., SXTRAIL, TR B TA
[ AEAR oK S A E F RZE RS T4 % 2 i Mg is
R H A 1970s,1990s F12010s A b Fp i F5 28 B i
J FZE B T W B Y- B 5 G5 R 45 ) L R v T
33.8% .47.7%F148.9%,

TS e 1E F K IR KAy 5 BT, FRAERTI

FR R4k 0 1 7 38 R = i DR R Bl AR R 4
PEMTREAR . Ko7 BT, ERAGTHTI 8L [m] A 4 4
iz X R R BT RCR B 1990s F12010s i 3
fTF 1970s, MiFEIEH KT, ASRAE 0 i A a] 22 5
AN . FEJE T R B b e sk R A 1
K T R IH 1990s>2010s>1970s , {HARAR ] 24 F:
AW E A KT THT AL T YRR R xf
FRE BT R 25 000 Bl A AR A A HE R I 4R e, e 20108
43 ) He 1990s F111970s 42 55 2.7% F1 7.2% ., 7] L, 7
K5 8 B EOK S BIE S T4 B R X ™ &
DUERECE S AT B

F4 KSTRTARERERBMEREFEY FERIE R LT TR BN FH TR R

Table 4  Effects of pre—anthesis dry matter translocation of vegetative organs and post—silking dry matter accumulation

on contribution of grain yield of maize hybrids in different ages under water deficit o/ B
BT E TR B I Rl fe THESE TR R
Dry matter accumulated in vegetative organs before silking Dry matter accumulated after silking
b 3 4
Trestment  Age o TR 2 R PR LR A TR i R PR
Amount of translocation (%) Amount of distribution (%)

into grain Contribution ratio to grain into grain Contribution ratio to grain
WD 1970s 20.7 ¢ 26.6 ¢ 57.18 ¢ 734D
1990s 26.5b 233b 78.21b 76.7 a
2010s 279 a 21.2b 103.70 a 78.8 a
CK 1970s 177 ¢ 13.6a 112.10b 86.4 a
1990s 19.8 b 122 a 138.90 a 87.8 a
2010s 22.0a 12.1a 149.90 a 879 a

3 R R A AR AR AL R 2 K

FeEVERRVEY A = B Y B i e A AE
FH Y 5 55 B H 52 W BIMEY) I A Kk B Mo &
®Y, T REIBOCAEER T R FOKE)™ Y 2R
U AHIFST 45 RF W, KAy B B I i A
(456 B R (Pn) LT B (Gs) N2 1 TR (Tr) 1
WEFARTR EARAEC K A ROt A R
X7 G35 BRI S AS [ , 7K 53 SR 2 S il P P AR
W B2 O T4 AC S A, Herh fE I 2 AR S 40 d, 1970s .
1990s F12010s F K S B SR AE I Pk 5375 SAb P
X BECRH LU 45 B 00 ~F- S8 RA 1 430 4 29.4% . 21.8% F1l
16.1%. K55 g RS ER TR HE RS
KALAEHEARFLF K", Farquhar 1 Sharkey" i 5% %
B, AES LI RS2 K 435 B AL BES ERAS [FARAR ok
fn PO A R T R 2 E A 07 L 2010s F K 5
Pk % A 1 F 22 JE SFL 2R BR i B 1970s 1
1990s (1) S AR . PSIT G Ak 16 M A R A oA Ry 2

BT /N R G BORTT R SRR R BRI R
A MUK PSTT Z 2R , 330 PSIEL R & SR B4,
6 A LT 1L 8 B U M RN Bk [ Ak A O i T 1 R
IR0 ARG o, KA T B R TR AE AR K
Filt @PSIL, qP F1 Fv/Fm ¥4 38 3 T R, 5% A
2010s B K G AT EAE2A 3R HE 19705 F11990s T [
/N, Horh B 246 )5 40 d, 1970s . 1990s 12010
PR A R PPSITK 375 B AL B 5 0 A L 4%
ISP AT 43 K 12.4% 9.2% 1 7.1%. [Fli}, 5
X HEAH EE L K 5 5 B N g 35 i, {H 20108 T2k
i gN KT 1970s F11990s, i 2010s K S A 7E
K35 BT AT 3 A g A T e RN 1) A
QAR ARV G RN p i

A TR E SR TR s 2/ D TR
P I R T L) SO, B A KB R K
AR e A F R E G- Rk hg
I AR R 5258 0 T R S Ay et FOR T
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