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The ecophysiological and morphological characteristics of maize in seedling stage

under water stress
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Abstract: Using a movable rain shelter to keep off precipitation, field experiments on the morphological and physiological
characteristics of the seedling stage of three maize cultivars were conducted under different soil moisture treatments by controlled
irrigation. The studies provide scientific bases for economical irrigation, and ensure the stable and high yield of maize.

The experiment was carried out at the agrometeorological experimental station of the Chinese Academy of Agricultural Sciences
(Beijing) from May to July, 2004 . The maize cultivars selected were Chidan 202, Zhengdan 958, and Ludan 981, based on their
different water-consuming characteristics. The relative soil moistures for the different treatments were controlled at 40% ~ 50%
(heavy water stress), 55% ~ 65% (mild water stress), and above 75% (control) . The treatments ran from the three-leaves
stage till the end of seedling stage .

According to the morphological data, the three maize cultivars under mild water stress had similar values to that of the
control, while under heavy water stress Ludan981 was lower than Chidan202 and Zhengdan 958. From the analysis of
morphological characteristics, Chidan 202 was the most drought-tolerant, while Zhengdan 958 and Ludan 981 were drought-
sensitive. The results showed the photosynthetic rate and transpiration rate of Ludan 981 were influenced more heavily by water
stress than the two other cultivars. To a certain extent the water stress increased the water use efficiency of maize. The water use
efficiency of drought-tolerant cultivar increased more than that of the drought-sensitive cultivar. Water stress had a larger influence
on the drought-sensitive cultivar. In the seedling stage, adequate irrigation for drought-sensitive cultivar was more important than

for drought-tolerant cultivar.
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KEEY AR TER S Z— , HAEY AR BTHFE R K 22 Y 4 58 0% i 89 7k B By 7R 20—
o @ RE B ESRBERTEARR, YKOFAEH ST LEEMA, X—FEFESILEB L
HAKBBL 7 —FEBREEATFH CO, BD, FBASEREME, ATMRNERES . EKSREN . BY
WERSMERFEFEET PR, MEKE TURBURBEHLMNERE  FAARERER. A
— S TR B K A3 AR R AR B, V) 7R MR R PR AR B S e A R K, ST BB 43 O B A A Al LUAR B K 4 FU
&

WRXAEMEHEYE IR TR B S A A EA 00, 8 R 207 3558 B i o A K AR Y
HERYY, KOMETEXEBRESHE—ENANFER BN FEEPENRSHE K4H AR E
(WUE)% 5T, REAE  MAXAMEREX EXRMRAHMH R KR HRBYGHT THE, A RE KK
SFMARESAGER BERENXRARKOHEUE. B, BIRERIEBRAKS P R EST T R RE
LA RS A BURAE, U R RIER R 40 ~ 2C 2 HRT , AL SR K, A E] 140 ~ 200mmol/ (m’ +s) Z 8] B , 7K
SAFASARER M. WRAFESLE T SILSERE AN, KXKSFARRBTREAME TE,
B AR ERBFZERSFIARRERKNTARERERINERRRHNIILSE(G)5HEEE
(Pn) ZBER(INHBLEMRE, B 6 XHTr BAHXRERBKT Gs 5 Pn AR RE, K- a3t ZE
EHEATHRAEN, EXHETRA Jenson M T H LK EARKK MR AN ARIB KT ZGT B
BN EREKEREERERNERSER, FETELRMTHEX P EW KT 740 5K 6 1 % v ; 5 A
L BEHE 2 RB 3 B0 Ok 0 2 1 R AR (FLBN A X K A I R A e U TR K 3 R 1 0 B T ARG AR L
BEAR AT USR8 B K A9 0t WUE, BEAE X £k WUE SRt I B R T RABR(E S /E A . XUBR L™ % 8 3 %
MEFFE BT EXA A RBRAKSR AR THR, AN ERENE =0 B8 & KRB K
SHEANE, ARETFEIWE G HFREREZTWERE RS UNEE R EKEEREMmERT AR
LFEMAEGER, BEM KT EAKSRARE, SNETTEKEBERIBEE T EA R RR,

AR A B 75 8 7R IR) 3R BE 9 7K 43 Whaf b B8R LA R B AR i BRI S A SRS M AR b AL IR R E Ok R
%t T R EK BB
1 EBRHEMAZE
1.1 A

(DRABREE FHERUAFERLIFEES TR RO L5 (N:39°57.822°, E: 116°19.602') .
ik H WAL ER L, TR pHEN 7.43, HHILR I BN 28.1 mg/kg, AN 126.8mg/kg, B BE N 38.4
mg/kg, R R 118 mg/kg, HHX L EAN 8 mm I, FHPIA 22.5 kg, REWSERHTER  HABWE -
BAEN1.18 glem’ , LB KFFKE N 28.2%, HIFHZAIWE, B 45 cm, N2 35 em, B T B IEZ WA K
DR ERANE—-TBOENE, EEAPHEA S ¢ B AR _BIENKE.

(Q)K5T4EFE  FI A S = B A 1Y B AR K, REVE W i B MK E#H T AR, LKk 3
Ao W NERBKCGHR) LB KBRS EHBRRFKEN 715% 0 £, W, I EKIHE, F 15
FOKBERAEHE R KEN 0% ~60%, W, HEFEM:E L EEKBERFEBRERF KRN 5%
~45% ., B ER 4 4, LK AHS . 2004 £ 5 H 28 BHHFER FEHERIFEFHK,6 H 6 HEX
3 MH, IR BB K, IR B 2 3 — B RAR , P IRIE— D E 2N 10 om BFLH T, Bk BR R s 20 K
SEER, BREEIPAMEREREB SHHAG A 2 8) . BK—ERLREIMEPERTAIA),

R SHF  FRGFHAFRKEEERR AR 202, 8 5 981 FIXRH 958, By P BRIV BHEBREY B '
LR TRG, R RBE 2023 EM) A FH 118~ 119d, RATHE, ME  MAHR, MEHRASFES. &
B 9R1(FE/KFH) /L EH 100d, A B JUR JAR EFHFRRER A BH 58 (FEFEKFR) AT S
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~98d, BB &= YR WA T )T A
1.2 MR FEk

() E@ARSE HFASWERRABETE,

(2)k4EH  EXRFEHKSEHRFARE, I AR B & 7= 0 B 1 R F ES50ke-15 Ml , SR8 4
50kg/0.5g, 45 H 0.5g, Bk 4 ZHITHE, TR VLHE, B2~4dHFE 1K,

GEAHEmMNE AHERVEEKPHHRE MK . S HFRFRVEEKROHEZH, EH 4 K.
HERRAARHEK x0T x0.75"1HE A TREENHER, R CRERNTRNMSBEHHE. Hb2
BHAHEEC MBI R AEREE LKA R

(A)EHAESERONE FAHEE LICOR-6400 XS ERAME ERNELSHER(P) HBER
(Ir) HBHEEERBHS. MERREFEFXK, N 6:00~18:00, FMETRIEHNE 1 FLBH, BB 2h
WE 1R, EE 4K, KRR RBIE WUE = P/ Tr(pumolCO,/(mmol H,0)iHH B,

2 BR5H5W
2.1 KAMHEMEXRERESHLENER

e EEER/RKMFERAT, 3 MRS ZH.MRENMEHEREESERES -, &
HBIFEA LR S8 081 ¥ K TR 202 ¥ H 058, HAHEZRAIAFAERERER ., MEEREWHEE, X34
EXGFHESERRALEZR, &9 081 W ZEEM G ERS /N T 58 202 FIERH 958, HEMTR
AR K 440 38T B 82 981 FIAER L 202 MR At AR 2= T A B K F AR 82 202(& 1,2) . BHIKET R, K5 B
BT 8 981 MTE SRR IR K, LKA 958, AR 2 202 R B E /. XL ARE 202 ML Rk
BOR , F0 8 958 HOK , 6 8 981 XK 4 il B L E B 59 o

®1 3NEKRIJMEER (6 A 22 BH)HRERMEER

Table 1 Morphological characteristics of 3 cultivars in seedling stage
it % Number of leaves (}i' Piece)

b em J 2
Cu]ﬁ:ll;vtt Trf:!ment Heiztf; cm) ;?‘ef iidt; SR Rk B’I‘ztalﬁ;?jf(:::a)
Unfolded leaves All leaves
X RR Ck 77.3+8.7A - 2,3x0.1 5 9 1157.6 + 246.7A
ijﬁ?& o B 38 Middle water stress 66.5+ 5.4AB 1.8x0.1 5 9 852.8 + 231.6A
18 Heavy water stress 56.2+4.3B 1.8+0.3 4 8 502.7 £ 100.7A
#8958 X #8 Ck 75.3£6.3A 2.5%0.2 5 10 1203 = 180.9A
Zhengdan 38 Middle water stress 61.2+ 2,98 1.8+0.2 5 9 746.9 £ 61.3B
958 EE A Heavy water stress 55.4+5,98 1.6£0,2 4 8 558.1x 101.58
Xt iR Ck 82.6+6.5A 2.420.1 6 10 1430 £ 234, 4A
Ejﬂg:; o B 3 Middle water stress 66.2+2,0B 1.8+0.2 5 9 951.7 + 99.7AB
B B Heavy water stress 52.2+2,2C 1.4+0.2 4 8 570.5%118.4B

FHWERE 4 RWEHTHE R IEIRUESE 2 A SAS M4 One-way ANOVA 4147, "F B %R p > 0.01  The data in the table obtained by the average
values # SD; Using SAS One-way ANOVA ,the alphabet is p > 0.01

£2 EXBSEFEHRIFR "
Table 2 The ANOVA outcome of morphological characteristics

B4R Index B F# Cultivar F Fy.os Foo P
B 202 Chidan202 5.772 5.143 10.925 0.0400

n} 1 R Leaf area ¥R B 958 Zhengdan958 21.134 5.143 10.925 0.0019
£ 5 981 Ludan98] 21,156 5,143 10.925 0.0019
7B 202 Chidan202 10.834 4.256 $.022 0.0040

R Height #8958 Zhengdan958 15.104 4.256 8.022 0.0013
# % 981 Ludan98l 54,204 4.256 8.022 0.0001

* Foos+Foon @K a=0.05M a=0.010F FRUKSAEME, p HFWBEAMHSE  Fogs, Fyo mean @ =0.05,2 =0,01"s F value respectively, p

means probability value
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2.2 JKAYMRAXT EREHIE & RN W
2.2.1 ARGKAABEI EREEGERGER BERYER 6 H 26 AT T EXKHHHLEGATL, 4
RICEABIEGT AF R 233, 5pmol/ (m’ - 8) FF IR L LMW N, 7E 12:00 BHIA B IE(E, 24 1251 . 8pmol/ (m® +s), BEJE
BT AR , 1800 B FE ZE 165, Spmol/ (m’ +s) .

mE LA EHEARRE KT 3ANERSFHE G ERAE RS LREMY, 3 MNRREE
HHKMPEME T SRR N AL, & 12:.00 A BBEFME, XBXSENEN B &L
M —BGMATEMIE T, EX 606G 3R 2 T £, i 5 4> 5] 1 BL7E 8:00 0 12:00, A L 12:00 f9 i
HHXH. XFELEGKIMER TAEIHXR, EEMESBMKTERAL, BEREEKCEEMANT
B8 10:00 EANEERLEBZAEERE,

3INMRFZENEAER, EEFRHEKT,12:00 281 3 MR EEIER R, B 14:00 LIF,
£ 5981 VLA R I & T AR 202 AR 958, MG AN MFM e G EIER BE. FEME F,712:00
ZHT, AR EA 202 Al , AR BOR LR, 12:00 Z )5 3 MR LT, FEEBEME T, &R 8 202 i
Jof HE SR B F AR SR, A8 058 Fuk , B 8 981 K. HI UL TT WL, 2k 43 B 28 X HE K R & B 981 £
Emm R, HTE 3 MK P LSRR RIEER K, HKEPER KRB L 058, B/ R I PRk
202,

—— E R LK Water sufficiency —O— EHHIE Middle water stess  —&— EFEB3E Heavy water stess

350 - 350 350
300 30.0 30.0
&8 20 250 25.0
Qo
g g 20.0 20,0 20.0
=2 150 15.0 15.0
M2
W=
@ > 100 10.0 10.0
i 50 R A 202 Chidan202 5.0 F 8 958 Zhengdan 958 5.0 # % 981 Ludan 981
0 1 i i 1 1 ] ] 1 ) i ) Y i 0 1 1 il i 1 il
6 8 10 12 14 16 18 6 8 10 12 14 16 18 6 8 10 12 14 16 18

B 1 Time (h) B} 1] Time (h) B @) Time (h)

B L AR KA ST B8 202 6088 058 B B4 981 A B H L
Fig.1 The daily changes of photosynthetic rate of Chidan202, Zhengdan 958 .Ludan981 under different water treatment

2.2.2 ARKAAEHEN EKRE AR ERGENE 2 REE RS T LR BAE Y B 43 64 6E 0 0 - 8K &
FAk. ERFEKSLEET IMIERSFHEPOEREER A TESEAR3,6:00 2 8:00 A FH, —
fRZ 8:00 MUUGHBEEMRE FF,12:00 B 14:00 ZPFBEHE A HARELTHEE?2) , X5%E6F
MEHGA RS -3, BRARG.

AT, MEEREBRARERS M EAEEERFEER, ERSHKFR T ,12:00 Z H1H 82 981 2%
s T R BRI T 2R 58 202 AR B 958,12:00 ZJ5 , B 5 981 BRI B R E b A 3 HAR B A&, 14:00 A
LB, K 6.6mmol/(H,0m’ ) o FEFEKSMET 3NMEXRRFMAEBEREAR—F,7£0.1~5.4 mmol/
(H,0m’+s) Z B h, MAEBEEKSIE T, 858 981 178 s AT A 202 A AR5 958 MM RIT, K 40
1T & B 981 K B 7 A R AR 9 18 B e R, KO 7 B8 202 FRABER 958,
2.3 KATRE R K & R E HE K A A SR Y B

KRB RK/DBRETF CO, #RABBEEEBEER, EANZHEDR X HAREYEWE
MR, BB 5 H K IR CASBRESHFERTFEIMEX", ERFEKKILET,3 #EXY
KAHMARFHAZHEEARESH(EI), HF8:00 E5HHBH— I HiE,10:00 DGR EEE,
UBHBTER, 54 st e KR AN RE BB, 75 8:00 #RH 202 #9/K5F A RAEE R4
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—o— [EM4tK Water sufficiency  —0— A Middle water stess ~ —h— EALHHE Heavy water stess
70 70 1 70 r
6.0 6.0 - 6.0

50 5.0
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40 40

3.0

=
o
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20
1.0

2.0

#4202 Chidan 202 1.0

! i a 1 L o n i 1 ! I ] 0 i : 1 1 1 J

6 § 10 12 14 16 18 6 & 10 12 14 16 18 6 8 10 12 14 16 18
i 1] Time (h) Ht 1] Time (h) Bt 18] Time (h)

#FMEE (mmolH,0m2-s71)
Transpiration rate
— N ()
[—] o

£ 981 Ludan 981

F# 958 Zhengdan 958

o ©o ¢

B2 RRKS AT ARG 202 405 958 .8 8 981 REEE A A AL
Fig.2 The daily changes of transpiration rate of Chidan202. Zhengdan 958 \Ludan981 under different water treatment

KRR B A T BT, B0 B S T2 M ; TS0 4 958 7E 78 JE A0 o B 8 F HL AR BRI , K T IE 2 K 5 %
FEEK R G A E 8 981, ok 4y R FIBCRAL F P EEM A > BEME > EHHEK, 10:00 24,3 &K KL
FIFEMBAETRE, MKYIRET KK F M REMEITHW,10:00 LUS 3 MRS EIE, E 4.1~
7.3umolCO,/ (mmol H,0) Z WIPE ., il 3 A LAFE WM, 2K AT 3 A& F 7K 50 B R e A Xt 5 1E 46K
BE - ERENEE, BT R RN 202 1B NIEE SN E , WX T o B FEKFRH 958 MEEKME H 981

MBEFAHE,
—e— TEHtK Water sufficiency  —0— S A Middle water stess  —&— HAZHHA Heavy water stess
30.0 300 300
- #7# 202 Chidan 202 XB% 058 Zhengdan 958 8% 981 Ludan 981
Q |
E“ 25.0 25.0 25.0
g 200 20.0 200 |
§ 15.0 150 ¢ 150 -
i 10.0 10.0 10.0
§ 50 5.0 bt 5o |
0 0 L { i L 1 ( 0 1 1 | [ | 1
6 8 10 12 14 16 18 6 8 10 12 14 16 18 6 8 10 12 14 16 18
At [ Time (k) Bt 1] Time (h) Bt 1) Time (h)

B3 REASFAET A 202, 58 958, B 5 981 WUE H 44k
Fig.3 The daily changes of WUE of Chidan202, Zhengdan 958 .Ludan981 under different water treatment

3 NG

FEEXREH, KB EREEEFUEFETEENE W, NEBERE ST R BB SBE TR
F KA WA R Kb S 4 981 BRI B K, FOR B B RE K 88 058, /NI R T B A0 AR B8 202, MEHR
TR M AEEH 981 FI AR TRERK, KR H 958, BAAMERF 202, MEREETHEREH
981 PRI IR B B K, HO R 7R B8 202 FRKKS B2 958,

KA BEE R AR B KA R AR, AR TP K A A TE— E R LR AR B TR MK R
B OWIES B RARBK, TR R MRN8 FE KRR AR R

K43 T E A R K A Tk SRR R K, A0S 981 MITE SARIE M AR MRARAE AR R A 5 1k, T B 48 £ K #EK
SR WEBRAK AN THREESHREENEE , FZXIEEEHAEEESTEE, S RHE™
BEERR .
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