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Effects of drought and irrigation after sowing on maize seedling growth

XIE Qian, CHEN Guan-ying, TAO Hong-bin® , ZHANG Ping, ZHOU Nan, Ren Wei, WANG Pu
(College of Agronomy and Biotechnology/Key Laboratory of Farming System of Ministry of Agriculture,

China Agricultural University, Beijing 100193, China)

Abstract Seasonal drought frequently occurred at maize sowing stage due to unevenly distributed precipitation in
China, which limited seed emergence and seedling growth severely. Irrigation after sowing played an important role on
maize seedling developments, and the corresponding irrigation amounts shall be determined to ensure plant
establishment. Therefore, a pot experiment was conducted under greenhouse condition to clarify a proper irrigation
amount after sowing under drought stress. Seven treatments were designed: sufficient water supply,light drought stress
with 0,15,22.5 mm water after sowing and medium drought stress with 0,15,22.5 mm water after sowing. The results
showed: root development and growth were inhibited as soil moisture decreased. Simultaneously, emergence rate, leaf
area,shoot and root dry matter accumulation decreased with an increase of root-shoot ratio due to drought stress;
Supplemental irrigation after sowing is one of the effectively agronomic measures to release drought stress, which
significantly increased emergence rate, shortened emergence time and promoted root growth. Compared with no
irrigation after sowing,root number, root layer number, root length, root surface area and root volume were all significant
increased after irrigation; Irrigation after sowing had more significant effect under medium drought stress than under light
drought stress. In addition, higher amount of irrigation water led to stronger recover effect. Irrigating 22. 5 mm water
after sowing relieved drought stress and promoted root establishment when soil moisture was between 50% — 65% of
the field capacity.

Key words maize; root; growth; sowing stage; drought; irrigation after sowing
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Fig. 2 Effects of irrigation amount on leaf area of maize under light and medium drought stress
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Table 1 Effects of irrigation amounts on root development and growth of maize under light and medium drought stress
T3 s F i /mm R 4% Root number R JZH Root layer
Stress level Irrigation amounts 15 d 22.d 29 d 36 d 15 d 22.d 29 d 36 d
JE 0.0 6.2a 11.5a 17.7a 18.8a 1.7a 2.5a 4.0 a 4.0 a
Sufficient water supply
L= Y50 0.0 3.0bc  3.2bc 3.7cd 3.2b 1.0b 1.0 ¢ 1.5bc 3.6a
Light stress 15. 0 45b  2.8bc 7.8b 9.0c 1.0b 1.0c 2.2b 2.5b
22.5 3.3b 4.3 b 6.8 bc 12.5b 1.0b 1.7b 2.2b 3.8 a
i g 0.0 1.5 ¢ 1.6 ¢ 1.3d 1.0d 0.8bc 1.0c 1.0 ¢ 0.5d
Medium stress 15.0 l.3¢c 1.3c 2.2d 2.7d 05c¢c 10c 1.0c 0.8cd
22.5 4.2 b 3.2bc 2.3d 3.0d 1.0¢ 1.0 ¢ 1.0 ¢ 1.3 ¢

T« [l — S BT R BN TR 2R A R ) 22 53 4 35 (P=0. 05.1=6) ,

Note: Figures within each column followed bydifferent letters are significantly different

table.
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JEE 7K 53 Wik 38 R I R Ak B A SR K EE K
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60 96 ~65 U0 i, R0 52 Sk 7K Ik 4G AR A KR R
R M AR AR OB E B B A S 29 dL 4 E 22,5 F
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jég 2000 b B #MIEIS.0 mm (HhJE) Iirigate 15.0 mm (MS)
® 'g 0 #M#E22.5 mm (HHFF) Drrigate 22.5 mm (MS
E{_ = 1500
1 000
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0

Fig. 3
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(P=0.05,7n=06),the same as in the following
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BOAREFARE ., ELhm AT, 5 kK
JE 7K 43 Wiy 36 Ak B ) A2 0 AR K TR B K A ik aE . L
X R WE G AR S 15 d, b EEK 4R A T Rh
22.5 mm b 3T A AR A LI A s A 0y b B
172.0% , M BEK 43 B 18 F 40 22,5 mm 5 iR K
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Effects of irrigation amount on root length per plant of maize under light and medium drought stress
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Root volume
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Effects of irrigation amount on root surface area per plant of maize under light and medium drought stress
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FOME A K B R A K RE S, 52 3k UK Y 00 D
AN EBZ KRS fE R S 15 F1 36 d.rh
BE KA T8 R #MEE 22,5 mm Ab B AR (R B R 4
SRR A B4 SN 207, 2% F 117, 3% . Rk
3 IE SRR L 52 Sk KR EE BB OK L AR R Y A KRR
P R R LY AT T Al L — R
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a
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Fig. 5

Effects of irrigation amount on root volume per plant of maize under light and medium drought stress
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AR AR AR R X 7K 43 B R s, L e AR A Y R
IRk o B K Gy Tl 38 > B B K 4y ik 3 0 22,5 mm
55 kK >AMIE 15,0 mm 523K . 7ERERIS 36 d. 4%
JEIK 43 Jip 38 T A 22,5 mm A1 15, 0 mm 40 3 i) b
R T R B R IR A R AL B 43 50 3

11 1% 4. 5%, MU &6 40 + 4 B 8845 3] 3% Jn
23. 3000 6. 1%, Xt v B K 43 Jop 38017 5 #ME 22,5
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5 b A B3 A I 460, 3 %0 212, 1% . Hb R B4
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W 454 R . 3B RS 15 d, 583 7K 43 W 38 A ep
JE K G 38 45 A R IR A 4 R AN E 15 mm b
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Table 2 Effects of irrigation amount on shoot and root dry matter accumulation per plant and

root-shoot ratio of maize under light and medium drought stress

MG 15 d DASIS

MG 22 d DAS22

i, BETRE T WETHE T TR
iy 38 72 2 . HE/ HE/ HE/ HE/
B Irrigation & & AR5 g 8 R L
stress level Shoot dry Root dry Shoot dry Root dry
amount R/S R/S
weight weight weight weight
accumulation accumulation accumulation accumulation
SR 0.0 0.73 a 0.14 a 0.19 d 1.64 a 0.29 a 0.18 ¢
Sufficient water supply
12 B 0.0 0.11d 0.08 d 0.72 a 0.27 cd 0.09 de 0.32 b
Licht stress 15.0 0.18 ¢ 0. 10 bed 0.54 be 0.33 cd 0.10 cde 0.29 b
.1gnt stress
22.5 0.25b 0.11 be 0.43 ¢ 0.74 b 0.19 b 0.26 b
B 0.0 0.12d 0.09 cd 0.75 a 0.17 d 0.08 e 0.46 a
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22.5 0.76 d 0.19 d 0. 25 abc 1.08 d 0.16 d 0.15 b




5 6 19

WA AE TR F IR 2 30 B b A 4l A2 K B 23

3 Wis%n

3.1 BMBIEBREAENERHEMEHRR

=R A

5 300 5 KRR AERIR 1 AN 2 R R R K
EMAE AR ERNRZ — AOF5EERD, TX
TR TR) - STESF1F T BB AT LV IRF ) | SRR o 5
25 (Do LN 2, Bl 1 oK g & 240
] o T B VT LR R SR R R B S R
FEFRE LE L v BE K G B A B Y B R R AR35. 206
H P I ) A A BSR4 d A A (B DD . HTAHE
FEARW L B LK &8 R L ORI R 2R AK
ZEHIY TR B Y RS KRR T 1006 I FOKFh
TABEIE H B & 3% IR B TR B R 500 /Y
h e K AR S R Al AR KR B AR OK g
(T BRI AN R X K A A= T K
(I35 W) o 100 0T 4 A 5 Aol 0] SR A0 A DR I R A 2
e e I R RN S I N DA B NESP S EE -

B - e K B BT B A AR K 2 BR [R) R
JE RS, A ) i BB AR HE R R (B 2D M
S A AR R A A T R S AR R R K
R JRE R JRE D) 0 ek 22 AR A HIORIAR = M0k /b (3R D)
0T AR 2R X b S K S5 SR 43 0 A 7 5 - P A R
25 MR BB . BB Rl K o 38 T B G AR R
(9 A= AR AR 1 T R ORG R  AR BR 9 AR KT . B
EFEOKHW T SR R A R R AR L
AR ZR TG ) B2 R MR A AR K T L /D BB R OK
$2 w5 7K 3 R R0 RObR B AR B0 R R
AR BEAS AR 28 B 2B s R AR R A9 BRI AR SR T
RROMAR A FR it 35 39 15 1) 748 22 T S8 3% 0ok /) » L X AR 1A
FRAY S B (BT 3~5) o i i R A K o 5 ks AR
B2 A0 A /N o AR AR A T AR ) L B B
TR i) F) 228 < o AR 2 b A58 S HE B SR L A M A A R
T o L Z A A L T R A AR AR I R

A0 A I 4 ) A R BEAT L el TR
A B 55 R A — E 19 22 5 » ELJE AR U A 52
Sk oK B 95 25 A AT RE X 3 56 4 R — R B 5
M o {ELJIT A 0 A LTS 2 7 A [ B9 2% 1 A L AR L
Z (BB FE B A 04 e 3990 A O T 3 3 46 ik i
LoaicE S T B o AR NS 11 B R W = NP 7
WAL BB FE A LR, B8 ok o) 3 i
N TR B R AT A T TR B4R R K O B o A

3.2 BWMEMRRIAGSEXREHERKNEZ M
HDE 52 S KR X K T A A N 2 1
T il 22— BE A AU 2% At 1 B8 B /K B I L I B 5
T = L B S e ol e N R B i T e WO Y| 2
. AR FRI AR LR T 3 R 5 A E 5
oK, RAEARAS B 2 A R UE B OR T, R R
11.4% ~48. 6%, H 4 & 4% K, 1 50 47
(B Do AEA ™, P A K X4 B0 1% b D)
5 A R R K R DX R R T R B
SRIGI [F) Asf A2 31422 24 A% st i) IR ) A 0 30 496 Al
FLEF R 5 M 52 S KR — T Z A BRI R
FE G4 AT J5 X A /N - oK i e, oy
TR /N R OKRRE RS A L 5L B R
AN, T R A 52 Sk oK AR R K MR R
WA, M FE PR R Y R K 7R 1 B Rl
N R IR, R 2 L [ B i 2K R 6 5 AR
B AT TG 4 49 R, P e 52 Sk K HRT 5 Sk
KHy iz F 32 2 A h AR /N 2 Rk o #R b A B
GEH AN GEE 5 Sk UK 43 B R /N 22 BT I RN 4
A= T WA FE K [R] A K R R A% SR RN A 8 K R
BURAR R 20 00 A2 AT {H THE R K R SR BT R R
H2, PSS oK & BB T R R HERZ RS
W AME 22 A5 AL el R A 52 S K B P A 1 A
B 10 BE HE S AN GEE B ] L[] B 40 37 52 Sk 7Kl ok iR
IS, 2 R B 5 S K X — it ) G B ) A
A SE R B L GETHE 5 Sk K R A AR i 4 R DT T 5 %
T KA A S 0 A0 B R R AR 38 n
T ALCEL 2) B XA R AR ik, —E R E L
HEOMAR S8 AR Z B GR DA R & U A B 2 1
(P 3~5), #ME 52 3k /K 34 BE 1) 55 4R 576 L 1) B4 A1 R
L 52 Sk K B R £ L IR K AT R OR
MR et FE AR 4K 5 58 kK A ok, £ ek 2
ZETICIEHE I, M 8 )2 0 IR AT HEAT A B A B AR 4 2
Henag M R B AN IR TT AR S R T L AT R
Wi &)y B 0 A AR BB T A SR R IR AR AL, SR 221
R s HEAT AN 7 . 38 A AL F B X LAY, R W)
oA EAME 22. 5 mm 523K 0K B R T K A
ERARKE 1.3 D, H 55 Sk K 4 1 5 1% B
25 ) Ak P2 fift 5 R AT o MR R AR A T D A7 A
523 K BRI 30 32 B 27 - HE K 4y B R (R 4)
A 5 Sk K i 42 1A G IS B 100 A K B oA N R R
USZ R TR AR 7 RO 5 Sk K R 4 T AR R
2R AR KR AT BB R W 2, 2t - HE K AR



24 GNP APNE S

2015 4 25 20 &

ST 25 FE KA b 400 0 930 15 ™ B 52 o 14
A E AR A RBURAR R A K T A
A E RS R R A KRB ZEENG . TR A A
T — A 58 Sk K R A0 R A L A k&) AR R A
Ho b BB AR RO AT BRI . — E R BN L B A T
BT AR AR A AR A bR SRR R R TR R AR A R
S NPDIC e o= S i i B IV [ O L e o
Sy HE ] 45 7K H2 F) 50 %6 ~ 65 %0 I 3 ‘76 4% i 5 #h v
22.5 mm B 5K Z M A AR A AR

& £ X o

[1] WSRO M. v [ K A 7 & e 5 R A7 7E o) B B x5k LT .
rhE Al B B T 417, 2013(3) < 1-6

[2] EZHE 2R, K4 BRE BE RTS8 A KT P
[E el BF 2% ,2010,43(6) :1136-1146

(3] Wi FE.ZER . F 05 . 1951—2010 4E AR LT gk R4 K F
FRAE A3 0T BOR B 0 KU A LT ] oh Rl K%, 2013(2)
197-203

[4] Sudozai M I, Tunio S, Chachar Q,et al. Seeding establishment
and yield of maize under different seed priming periods and
available soil moisture[ J]. Sarhad J Agric,2013,29(4);515-
528

(5] E3, BRR T, . ARIH X B E Rl K A
bR BT, B R S, 2011(5) : 141-147

[6] SRR WAL T J5 X/ 22 -3 OK i 7™ i AH AR R & Y 2k
S IELD] A bRk RS, 2011

L71 XUMERE, R R, £, HRAR Rk 5 3t b 3R R A 40 5GP F
FELT 1. AR K224, 2007(1) : 1-6

[8] Jackson R B,Sperry J S,Dawson T E. Root water uptake and
transport: Using physiological processes in global predictions
[J]. Trends in Plant Science,2000,5(11) :482-488

L9 BkESr. pfe i, & BbKk, 55 8 E =& R IR RARAEL) . 1
W . 2011(4) . 735-743

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

i FE I, TR 7 A7 K AR T KRR R 2 RO A K 5
Wi [, 2 AR 2% 4l , 2008 (14) :40-52

SR X S LT ARFR R A A ERAERKRET
By iy sema [T, v B AR 238 4 . 2014(27) : 66-71

AR AL OB T B R PR L] E KR
%,2006,14(6) :162-166

T A4S RRIB R R T 5. /NEE 5 S KO RE KRR TR AL Y
R[], 2R . 2012(6) . 1124-1127

AW T AR R S RFRE KT K sh B R E
KK 43R FHRCERAF T LT ], Wb Aol K224 31, 2010(4) £ 17-21
A PR R DL AL ORI X L E R AR EE KA FIH
Fer= g iy sema [J]. i B ARl K% 244 . 2013,18(3) : 34-38

ik s JE /N 5 EUB AL AN TR IME R X R R R R K K
ARG R R R [T ] Al TR 2% 42, 2009(10) : 1-6

TR SCHR A AR L A 1R XL AL IR S K A X TR R il &
B A K AR e ma )], BokRH,2013,21(1) :69-74
SRS B AR P, S AR OR A S R HOK AR R R
KA A KRB A S [T, o AR5, 2014,35(1) :55-61
VR, T, B4 S 00 $ K T R [8) Bk 28 ok K 4 A
ROCRARE 0 ARE [T ] Al TR %4, 2014(15) : 148-156
T A SR TSV AL K T3 X AR % K R K
oA AR A e A S e L. VY b RE ) 2 4. 2013,33(2) £ 343~
351

SRR, % TR BOK 4 5 ot TR IR R & & I
FIGE R Y R[], 0 2B A5 4%4H. 2010(7) 1 1731-1736
Fipdk, FHEE B AW, . T 2T B KR 4h v 5 45 0 W
B ERRRLT]. T2 X A& 5T . 2008, 26(5) :143-147

T 2073 R KAy T O R OR AR B X 2 ) 45
FA S L], V6 b R bR BB K 2F 2 i AR BRI 2011, 39
(10):111-118

KSF AR T E ) R A A BV X BT T oK B e AR B
ARBFFE)]. B E R 25EHR . 2009,25(14) :130-133

SRHE B L A N2 R W K 4 A B AR A g
[ IR AR BE 24 ,2013(8) 1 58-60
R, A XIVERT 4. £ 88 A K B ok s R R
AR, 2R AR 2007 (1) :70-73

WA E Lk



