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Effects of Irrigation and Drainage Modes and Nitrogen Levels
on Rice Plant Height and Tiller Growth Dynamics
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(College of Agricultural Engineering, Hohai University, Nanjing 210098 , China)

Abstract: In order to study the effects of irrigation and drainage modes and nitrogen level on rice plant
height and tiller growth dynamics, the water level in the paddy field was taken as the control index in the
leaching-pond. Logistic curve and DMOR mathematical model were used to quantitatively analyze the
effects of drought and flood alternating stress in tillering ( FHL) and the drought and flood alternating
stress in jointing-booting ( BHL) stage and controlled irrigation and drainage treatment ( CID) at different
nitrogen levels on plant height and tiller dynamics. The results showed that the irrigation and drainage
modes promoted the plant height and tillers mainly by changing the growth time and increasing growth rate
of plant height and tillers. The maximum of plant height was shown as BHL, FHL and CID in descending
order and the maximum number of tillers was shown as FHL, BHL and CID in descending order.
Nitrogen fertilizer application promoted the plant height and tillers mainly by increasing growth rate of
plant height and tillers. The maximum of plant height was increased with the increase of nitrogen
application rate, from 98.9 ¢m and 97. 8 c¢m with 150 kg/hm’® input to 102.4 ¢m and 101.2 c¢m with
300 kg/hm” input, and no further significant increase was observed with more nitrogen input. Under the
treatment of CID and BHL, maximum number of tillers was increased with the increase of nitrogen
application rate. Under the treatment of FHL, the maximum tiller number under low nitrogen treatment
and high nitrogen treatment was less than that under medium nitrogen treatment. The interaction between
irrigation and drainage mode and nitrogen level had a very significant impact on the dynamic process of
plant height and tillering. The decrease of plant height and tiller number caused by water stress could be
alleviated by increasing nitrogen fertilizer to some extent. However, high nitrogen level can aggravate
water stress, which was not conducive to the growth of plant height and tillers.
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Tab.4 Fitting parameters of DMOR equations of stem tillers
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Fig. 1 Observed and simulated values of plant height and tiller number
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Tab.5 Characteristic parameters describing plant height dynamic process of rice under different irrigation and

drainage modes and nitrogen application levels

HEHERE Jiti K- H,,./cm Vpay/ (cm=d ~1) Uppaye/ (emed ™) T hman/d
LN (98.9£0.1)°¢ (1.159 £0.078)" (0.896 £0.037)" (33.604 £0.348)"
CID CN (102.4 20.2)™ (1.242 £0.022)" (0. 955 +0.006)* (33.345 £0.428)"
HN (103.4 20.2)" (1.301 £0.043)* (0.983 +0.019)* (33.793 £0.081) "
LN (97.8 +0.8) (1.158 +0.047)" (0.898 £0.019)" (32.389 £0.357)
FHL CN (101.2+0.6)" (1.287 +0.066)* (0.974 £0.033)" (32.106 +1.430)°
HN (101.5+1.1)° (1.282 £0.094)" (0.975 £0.038)* (31.761 £0.937)¢
LN (96.5£1.1)° (1.042 +0.008)° (0.813 £0.004)° (36.121 £0.328)*
BHL CN (98.4£0.5)° (1.080 £0.001)° (0.845 +0.004)° (35.477 £0.244)"
HN (96.8 £0.7) (1.009 +0.063)° (0. 805 +0.032)° (34.978 £0.478) "
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Tab.6 Characteristic parameters describing stem tillers dynamic process of rice under different irrigation and nitrogen regimes

L —4 VSave U xmay’ t‘Xmg/
A Jiti 7K T ymay/d

(JiH-hm ~?) (FHhm = 2ed ™) (JiHehm 2ed ™) (J7Hhm ed ) (7R hm 2ed )
LN (34.5+0.5)°  (381.221£22.207)¢ (27.243 £3.036)*>  (9.031£0.776)>  (4.700 £0.436)¢  (3.326 £0.222)"*
CID CN (34.0£2.0)°"  (465.190 £14.392)*"  (31.942 £6.140)"  (11.669 +1.128)"  (6.966 £0.924)"  (4.382 £1.186) "
HN (34.0£1.0)°"  (472.935£11.792)* (31.595 £5.118)™  (11.848 +0.713)*  (5.345 +1.696)°  (3.866 +1.112)"°
LN (36.5+0.5)"  (335.665+13.766)" (17.393 £1.247)°  (7.267 £0.484)¢  (4.427£0.571)¢  (3.197 £0.524)°
FHL CN (38.5+£1.5)*  (434.090 +12.409)" (23.462 +1.872)>  (9.453£0.697)"  (5.816+1.286)>  (3.858 +1.224)"
HN (39.0+1.0)" (364682 +18.203)°  (16.872£0.720)°  (7.490 £0.277)¢  (4.363£0.210)°  (2.997 £0.036)
LN (32.0£0.1)%  (356.883 £30.157)° (27.232 £4.438)™  (9.001 £0.983)"  (5.120 +£0.128)°  (3.263 £0.497)°
BHL CN (33.0£0.1)°%  (439.125 £32.698)°> (31.102 £0.864)%>  (11.258 £0.906)*  (8.468 +3.627)%>  (4.903 +1.159)
HN (31.5+1.5)°  (453.8019.088)*"  (35.465+8.316)"  (12.205+0.891)*  (10.997 +1.053)*  (5.783 +0.635)"

Ak ok ok ok ok ok *

ESWIE-Vidil} i 2 % ok * *

HEHE X A ok %

Hm , HN (CN AR B 5 LN 4b B 2% 55 B 2% HN 4b 35
CN b ¥ 22 B R i 2 N i Jiti &0 150 kg/hm® fiy
381.221.356. 883 J3 f#/hm’ 14 i1 ] jifi & 300 kg/hm’
1y 465. 190 439. 125 F f#i/hm’, FHL Z¥F ,LN 4b
FRA HN A FRAY N, B 3% /N T CN 4 FH LN 43 5
HN b3 22 B AN B % o F B K —B, N, WK F]
/NRIL A CID 4b ¥ BHL 4b 3 FHL 4b #,3 F 4b 2
N, F{H 350k 439. 782 416. 603 378. 146 J5fd/hm’,

FHL 4B, T, B 20 4k A9 38 0 i 384 i, N
CN 4b# 5 LN gh ¥ 22 55 1 2, HN 43 5 CN b3
A2, CID 4b 3 BHL A BT, A [R] A9 i 0 K F
) Ty BT 22 570 T RK P — 2, Ty, TR
F)/NFEP K FHL 4 ¥ CID 4b3  BHL &b 3,3 Fhib
B R B f K 4 BE IR I 18] 1 3408 43 0] R B RS o
38.000 34. 167 32. 167 X ,FHL &b ¥ 5 BHL 4b ¥ 2%
SR R A W 8 5 G b A B 2K BE A
TR #9532 ) AN — 2,

Vsman 3 Vo M PR HR 5, AH G 5 035 3 0. 948,
TR A A — SOk, A W] 1Y e &K T vy, SR
XS vy, TE CID BHL Zb PR £ 8% CN HN b
& KT LN b #, oy, B % 150 kg/hm® (1)
27.243 27.232 Jif#/ (hm® - d) $ i ) it 4 300 kg/hm’
() 31.942 31.102 FHE/(hm’-d) , 44 A% H
i E AR, 7E FHL b3 Ry CN b3 g 2 KT
LN HN b 3, 2 B AN [6) 8 HE A 20T, il & i X oy,
I FZM A —B B K T — B v, 5 v, BRI
CID .BHL 4b3f i 2% K T FHL 4b 3

Vs 5 Uy 1 VR B, AH OC R BUEK H 0. 985,
CID \FHL Ab ¥R AN [8] 19 it 20 K 7 F 1 01005 Ve
¥R #E2%S, BHL &3 T v, 5 o JIRA N
CN HN b ¥ & 2% KF LN &b ¥, LN CN &4 T,
Vina T Uy, 28BN CID FHL FI BHL 4b Bl G i 2% 22
5o HN ZfFF, BHL & 31 vy, vy, B KT
CID FHL &b
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3 it

W 555 2 B S 15 R R IR AR O ik LA B 7
YIAR 5 B 4 2otk E HE S 28 0 e 8K T 2 5 i vk
Tk S IE AP R b G e
B e AR K S AR RS RSB AR
11T 25 BE R B 25 A B R R 10 A 6 5 T 1 4 K 3 M
JIN B R BRI ) £ A
3.1 EHERMKE . ZESNEW

G HE A R W KR AR K 1 T R B R G, 3
R I HE R G 7T LA A b 280 0 7, % 8 A
FA . RREIF Y 2 W] 32 5 X bk e 2 B A K A
HIVEFS T BB Ay 5 BRSSOk, bRd R K
Py os b BUAME L AR T L AR T 5 R 2k
W] FHL b PRG35 4 AT T 35 3 5 K 2R K o % i ]
Xk 5 2B KR TG B, BHL 4 B GE R T
A B S5 L K A B ], O L b A AU b
KPR, X AT el T A BF 5% FHL 403 b 525
S T KRR Rk S A K KRR K A I RS
TE 43 BE J5 W1 7 He — 28 B RN 38ORE , I WE R 125 B G
M 45 58 T K RS 3% B e K A K B R [y i ),
Logistic 77 F F Al 3 7K A bk 25 % A 2 & 300 79 4 1
AR AR S, TG A 3R 4 B T I K T R bR e R
S b B, AT JE 1 S e FHL b F342 7K 300 6] 51648 )5 e
b 5 A K R A A #A, BHL AL PRBEIR T4 &
PRI F) S A7, 5% KRR R MK 4y 5 3R R
H. BHL &b B J5 2 M/ T FHL gh gt =2 G5
b 1 v 4B 2N T CID 4b B,

XS BR 4 4 43 BE K 43 AN [ B2 B 1 ok 2 2
5| J 1 0 LA R B i 1 U I ) A R AR BT 5 2
FHL &b B4R A 7 3% 21 4% K 20 BER i ], 3 B 8 3%
0 KRG 2R A I, IR 25 R K R, BHL b 3t
K R 2 T T R Ok ZE N K R
e AR
3.2 MEENKE. ZERNEM

£ B S A3 RE A 32 7K 484 7 1 A, Tl i T L
REARFREE fE 3 . KM F R AWE K 7 UL 78
0 ~ 180 kg/hm jiti % 4 75 1Bl P4 , Bifi % i 20 % fy 38% KC
W 25 B R MR A A 3 S 8 A, (R e R 3k
| 270 kg/hm’ I, M 5 S BRI MR A AR IR (83
g AR . KRR R I E—E N
BBl A b 5 25 B H B 0 NE R RE B G T e
It AR BESEAE A [ G K R A5 5B AT 45
SF W U R TE — S VL B 2R BE RO b

SRR D 50 8 0 8, L 2 B it R K T 4
$g i B AN 25 5] 362 K e ik e R0 25 BE 0 1S, JK A
SEEERO A K TR Y T R A B R A A
o XA RER TR R R A R S UK R
A7 15338 0 ML R R K N LN b B T
7 CN Ab L, 7K R X 580 26 1 MR AR 9 O, fH 2 7
RK T 5k 5 — V08 Bl 4k 2 B TR, 2K R X 2 A 0%
W ) RS 2, O L2 5 BRI I ) P R 1
B
3.3 EHEATMEERNGE EENNTEER
IR CRAEAE Y A K % B O A TR A R
FEL I 2009 B T, AS [ B9 38K 40 468 F 3R &
A g A )2 BT 5 2 B R K 20 T 3 4%
P KR B LAURE I K 1 32 3 4 38 T S A %
i R R W O A I S o K it R 38 AR
R A 7K 8 F o e R 25 BE B8 A W B 1 S L 4 i
FUIBTE — 5 TR BE AT LG ik R K 2 36 7 518 1
O EHERO R M, R 2 BHL 4 H8 R (9 HN 403§
FEAMH T B R K FHL L0 38R g HN &b B0 ) T
ZEHEA K AT AE R Hh T KR R A T T 2 R X
KGR o R LR, ZEHE A KA 43 BE B T K SR A R
ARG AL - 1T R AR R E, S AN E T K5
T3t B T AR R 1, A AR I A K

4 it

(1) Logistic J5 & Al DMOR 45 5 a] L1 4y v i
M AEADUAS [ FHE HEASE XA 87K 1 1 2K R b g 2B I o
FEMZEBE S S 2

(2) JE HE A 5 2 B0 i O K R b o L 2R BE S
9 A R ] A B A R RO B IR R e 2R B A K
FHL 4b B 25 42 A i 21 dg K 73 BE XA I 1], R fiK =5
BEROH A R DT 0 7] /Kl 25 B 4 i< o BHL Ab 3
I AR R e 0K B i R AR R R I ] AR TR
2R T R DA 5 AR TR R . IR, BER
R S K AR 23 BE S 4R T 2R R R B R A A
Ao il R T B I R R KRS PR 2R R A
AR MR R K

(3) JEEHIASE 5 it 287K P 1 5 B A AW kg A
K EBESN 25 AR A B I B e o 3 SR A —
FEFEBE b Al LS A IR OK o 19 388 i 51 6S 1) PR g 25 B
RO R R (HUR s A2 i T K o A, B AR AR R R
T AR TFAER A o R, FE KR8 A2 7 3 N 2R AT
A LAY K HE 32 % AT L 3K B 45 o AR bR AR I A A B AR
BRI R = A IR0 AT H N
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