R A DL b P 43 I | 5 . |

s Journal of Drainage and Irrigation Machinery Engineering

doi:10.3969/j. issn. 1674 —8530. 18. 1075

R s R B A% 1 T B AR R RS R B K
R L e €A

BAEAR, BT, B, BY, TE&, FHK

CEI R AR A2 T 2R, IR KD 410128)

K\S

B Ag

THE . BB R 2687 XA, R A RRE W ARRERMLE LS, XE 4484

P20 R AP AE B R BERE R (JX) AT B I R (WP) (426 B (CK) & K Bt

(YS) , B 545 5 i B4 T 3 BT R AGHE R 2 RAFAEBOK 5 A R R e %ol 45 R AP 42 3

WA TR S BRI, AT A AREKRIE15.3% , AH FTIRHBLAAL KT

KRAGEIR T HRRE, KT RGO E THRRE ;R G T KB AAE T P76 R

TR EBKREURREN , EERBRARAGEL, T2 L Bh BB AL LR &%

IR AR R TR E KHyHRARXEARL T ERELE.

RHRIR : LG RRBAR A F 2 ke A AR E

RESES: $277.9 XHIRERG: A XZHS: 1674 —8530(2018)09 —0920 - 05

BEERE, PEE, 8, & EHEREG TESNBEAERZEREASFANENZWI]. HHZEVMITIESR,2018,36(9) :
920 -924.

LIAO Jiancheng, HU Deyong, PEI Yi, et al. Effects of aeration on root growth and water use efficiency of super rice under controlled

irrigation conditions[ J]. Journal of drainage and irrigation machinery engineering ( JDIME ) , 2018,36(9) :920 —924. (in Chinese)

Effects of aeration on root growth and water use efficiency of super
rice under controlled irrigation conditions

LIAO Jiancheng, HU Deyong™ , PEI Yi, CHEN Zhe, DING Xing, LUO Dongcheng
( Engineering College, Hunan Agricultural University, Changsha, Hunan 410128, China)

Abstract; Super rice—Lingliangyou 268 was used as test materials, by combing controlled irrigation
and aeration technology. Four treatments were set up, namely mechanically controlled irrigation aera-
tion( JX ), super-micro-bubble controlled irrigation aeration ( WP) , controlled irrigation ( CK) and
flood irrigation( YS) , to identify effects of aeration on root growth characteristics and water use effi-
ciency of super rice under controlled irrigation conditions. The results show that the effective water sa-
ving is up to 15.3% in maximum due to aeration under the controlled irrigation compared with food irri-
gation condition. Additionally, the root growth is promoted and the dry matter weight of rice roots is in-
creased and the dry matter weight of both stem and leaf are reduced. So the root volume and thickness as
well as dry matter weight have been improved significantly, and the root activity is enhanced, the aging
of rice roots is delayed. In terms of yield, the controlled irrigation aeration is similar to the flood irriga-
tion, but the seed setting rate, 1000-grain weight, and water use efficiency are better than the latter.
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BPEN e NN PN DRI R 3 YN ]
VPO T 3 XL 9 ORI B A ] B K R R
“BRMIL 2687, BLAR T 2017 4E 3 7 20 SR E I,
4 20 SRR REET, BT 7 A 14 S0k,
SEHE W 116 d.2017 46 J1 18 HEW,7 15 H
AL, 10 15 HiscH), 247 121 d. i 3%
T R ARl R~ s el X6 66 b S 55 DU 20 % 7 Y 4104
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Tab.1 Basic physicochemical properties of soil

w/(mg - kg~1)
[ipg Gl ~ - pH
Bo:0 ¢ 7 A il B A AT
R 60.7 3900.0 51.7 31 900.0 105.0 1 760.0 21 000.0 6.5
ki 51.2 3 600.0 75.6 32 900.0 113.8 1900.0 21 000.0 6.2

T T %3 3 N FIIRE (0 (N) =46% ) |
P05 Al BER S (0 (P,05) =12% ) Al K,0 FIG AL
#(w(K,0) =60% ), N,P,0,,K,0 ] &>
oM 135,75 F1 90 kg/hm”.

B AEAE RS AR AR FENE — Uit FH 2008 FH 1 4%
FENE: Sy BENE: BEAL BT LE 3:3:4 it H, IR 2 FH 44
JIE: 3 5 4 BENE: REAE BT it LY 5:3:2:1 i, H A4k
P B — B0 2R R RO O R AR AR 25
em, FFEMEA 30 cm, 5 30 cm.

1.2 58igit

RIS E 4 AR B, 530 Ry HUBEA i
S (IX) 78 A o 97 ) BE 3 A (WP ) | 45 1 i R
(CK) E/KHEBECYS) , AP E 12 ~HE R
P o3 BEW AT AR BRI AL IR R 3 A
TR ARG I FR bR, B 5 B8 3 20 7™ i ™
AR bR, o IX, WP, CK b B SR B+ 44
FIEIKFET0% AT R, LR L e A& /K32, YS
PR 2 em BYK ). K B TR )
1 000,500,200 mL BEAR7EGEHE Fif 52 B0 SR K &
TR AEAE I FE /K 5 55 T e il s i E K 2. R K 43
PR = K Fe 7 1t/ Fef B K 304735 LK
AR AR P HE AR 20 T/min 28 SR #1730
L1051 M 17 RS AT AR, BEGIE A S min.

B AR R A AT 5 ~9.0 me/L B4
KB HENE.
1.3 WERERA®

B KRR R B 1 ~3 d T 1
YR HI: [ SPectrum TDR300 4558 1 5k 43
IO MR R 2K 30 M A K R
T0% i, FFUAHEAK BB . 4L FRBE L YE R
3 KRR R L1 = 3 D R (TTC ) 36 5t 1
ERAIE S, R WinRhizo 540 B AR 2 A KA1
He . HETR ] BE B A KA T BT R L SRR R
TR R 1 T TS B A
B BRSORA TR A it

Bdh % SPSS 22 il EXCEL 2013 #4704 5
STl b B2 SEPER T LSD HelbAT 0T

2 HBREHMH

2.1 ERERFHETEENBEBRAEAKZSER
HIR2
2.1.1 SRR AR ARG H
2 AR I A5 A AR R PR AR AR, A
PR BR,A NRR BRI, w PR, V
AR BT, n IHRISEL.
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Tab.2 Root characteristics of various treatments in different stages

l/cm A/cm? w/mm V/em?3 n/ >
EEY Qb3

A M e g W e e e A M e g W

WP — 4 486. 68 — 1277.35 — 0.57 — 56.09 — 365

JX — 4245.15 — 1275.82 — 0.58 — 37.06 — 319

SRR CK — 3855.12 — 1117.43 — 0.49 — 30.79 — 288
YS — 4 878.34 — 1 .309. 62 — 0.52 — 47.56 — 236

wp 9 752.33 8 385.02 2 786.38 2 502.99 0. 69 0.67 108. 68 144. 26 378 415

KA JX 8 561.28 8261.92 2339.15 2311.03 0.78 0. 63 116. 25 110. 15 407 403
ZR R CK 8 684. 67 8 137.59 2 285.43 2 170. 02 0.76 0.59 109. 37 120. 63 368 314
YS 10 027. 35 8492.17 2 514.70 2 136. 39 0.61 0.57 103. 86 112.98 392 354

Wwp 13 052. 67 12 105. 14 3729.33 3293.92 0.74 0. 69 145.38 169.77 537 500

Eilighd JX 11 268. 44 12 636. 69 3174.21 3082.12 0.88 0.65 135.93 120. 27 522 436
i CK 12 689. 85 11 518.53 3 554.96 2997.70 0.83 0.71 128.28 144. 26 503 400
YS 13 680. 56 13 646. 37 3 530.47 3308.21 0.71 0.63 138. 64 157. 64 481 409

2 2 AT LA 123 B (WP, IX, CK) AR
FAMKHEHET VS, [7 ] 76U H 4 7
W3, 1L WP, IX BI0F T CK, IR S e — e R
B KRR 2R 1 1 I 5 3 T BE A 1 T A L
IKHEWE , T 7776 2 K 40 195 8, KB 19 AR 3R AR X
FerfE KAE R, T K E IR L, T R
KA BT B 00 A A U X 43, § B K
IEE R 2R K B, T A R S 1
AR 2 D T, 95K 22 T4,

2.1.2 RAARELN YR

RIR I 3 B AR B AR SEE L R e 3 7
TR m (AR m (G B0 AR R T4 R
£ TY R R

=3 FEARELEMIRELL
Tab.3 Root to crown ratios of various treatments in
different stages

m(#l)/g m( i) /g R
EEW A — — — — — —
R MR BRSO MBS BRSO MFE
WP — 0. 88 — 6.52 — 0.135
. JX — 1. 053 — 6.63 — 0. 159
B
el CK — 1. 083 — 6.27 — 0.173
YS — 0.976 — 5.79 — 0. 169
WP 8.17 9.71 39.37 38.31 0.207 0.253
AT JX 7.26 7.97 35.39  31.83 0.205 0.250

AT CK 7.86  7.08  33.95 28.93 0.231 0.245
YS 7.26  6.31  43.38 42,55 0.167 0.149

wP 12.83  11.37 65.23 63.86 0.197 0.178

i JX 11.68  9.61 59.54 51.23 0.196 0.188
Pigia ] CK 10. 51 8.53 55.79 49.54 0.188 0.172
YS 10.17  7.94 62.33 55.67 0.163 0.143

H13% 3 T LA« AN [l A BR & ) s 4 Bt K
R A R T AN T8 9, 3 3 o 4 TR 4 R4 B Y
ARZ W) 55 R X T K T TR AL B A —
ADLH s R L B A 52 B e T By a3, TR
TESR AT REI K o0 5 K, KRR AR B o UK, g
P HRIE L , K 0 B 75 LR AR Z ) R A, T

K5 - fl TR AR IBUK 43 5 R RE th FAE 7R K
4y 5 R, S8 AR K R T B BOA TR L K
SR AR ZE 130 4 B A A, (o 75 s o VR M 446 SR 4L
FIAR T EAE A K 2 B

s Tl TR T 448 A4 A R TeE U AR B B — s o R K
(A EL BTG, 3T BB PR A 7 I BEE 2 1 AU
HE— 2R TR R XK A3 55 43 B, IR T K 4
i 1 R 12 = B 0 o e B A 211 i
22 BREEREETHEENBRABRREFTHHN
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AT DL AN ) b A AR 2R 95 g & niEl 1 p
IR, AT LAE Y AS TR AL BEAR 296 7 Bl KRR AR K
KB YIBEIRG ; 78 24 B W N, 58 i A A
R T 1 #0  [v) B B0 A L, L e 4 1
TR, o AE 3T A R A o ) s I A
T WP b B4 58 F CK, YS Ab P 11.5% ,44. 6% ,
IX AbEAY 5 T CK, YS AbFE 8. 7% ,41. 0% , J2 it
T A T W e AR P R VR A i — 2P 0 T R R
VEZ SR R8T 8 35 4R o5 8 R R A AR &R 3%
J1, 05 T A FIAR R .
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Fig.1 Treatment of root vigor at different times
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Tab.4 Yield and yield components of various treatments

e af (B - 451 ¥/ KL /% m1000/8 0/(g- %Y
R WE R wR W Wi RR B R i
WP 20. 30ab 19.67a  2232.70ab 2 274.00a 73.00 76.00 21.47a 22. 64a 46.70ab 46.02a
X 16.70b 18.33ab  2083.00b  2134.67ab  75.00 74.00 21.21a 22.28a 44.97ab 44.61a
CK 18.30b 17.67ab  2079.00b 2 033.33b 70.00 71.00 21. 74a 21.23ab  43.12b 43.87a
YS 23.30a 20.00a  2471.30a 2 309. 14a 68.00 71.00 19. 80b 20.07b 50.23a 47.20a

T RN 5 B R AR FRAL 2 ALY 22 57 A GE 7 8 3L (P < 0. 05)

2.4 IHIEBRFHTEENBRBEKIFIARE
EopEAG)

25 AR AL B K 43 B HRCEXT L, #rh Y
R RAG LIS B, M R S FEK &, WUE K5y
FIFRCR , S BUE G AN R B R Ab H 4 22 8] 1 22
SHAGIFEX(P<0.05). HERS ATLIAEL M
TR A AR S R R ER G2, FARE K 43
F R AREL = TR AT s RS 4 FP AR 19 K 43
FARCR R B/IMK R A WP, X, CK, YS, {H A B
WS X FHAMN S, WP, CK 4b 35 YS kb¥ >
B fE1E B E S, WP, X, CK Z B LR &L R,
EIK A F R MR B/ IMR IR R JX, WP, CK, 15
B S BT K 3 R R BLAT — s A A 5 SR I
2 T THE T 448 S AL B WP K2 RICR e K s 3]
1.10, FLWSES T JX AbH.
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Tab.5 Comparison of water use efficiency among
different treatments

Y/ (kg » hm ~2) M/mm WUE/ (kg « m ~3)

Kb — — =

L W e A W e A M e

WP 6607ab  651la 601 692 1. 10a 0.94a

JX  6362ab 6 362ab 611 666 1.04a 0.95a
CK  6100b  6206b 592 713 1.03a 0. 87ab

YS 7 106a 6 678a 704 817 1.0la 0. 82b

AT 7K 73 AR LR, 7 4 B 7 =X
WP AR B d5e A 07 X, A A Y 2K BRI il
KGR AR R B B e R A O IX AR B, 3l
REPRTT T, JX A B 4 7K 20 A AR IS AR T WP Ak
HE o TR AR AT =S ARG A, B o
K AT EE M WA S min, BAS 73R, 1
WP AR HT 9 8 Sl & KA AR O A e s 50 O,
LA ORI Bk N 0 7 2 T Sl T TR Ko i L e Ak B
FREE UK, B SEB v LU 28 5 Rt R 1) ffy
A, IX Ak B R — 23 nl A7 R T 5K

3 S s

FEPE WL O T 3 2040 IO SR A 0 o 7
P2 7R BT 00 A 28 W, 42 1 OB R 2% 7 3 ST
PAS iR K o RIS R 2R 06 A 2 35 i S THE
- PEHITERE UL TR SR RER S, AT A T
FKES, $2TH T FIKBCR, FE ISl T 81738 4, it
— BT TR UK R R R, R AR AR
771 SR ZR . [ i o 7 B o K R B, AT
DAAT HE 2R R ity PRGBS R L

AR K o0 B IR LA B S8 A e, 5 B0
[ Ak BT K R I AL R B R R AR T —E
ARk 5 K HE TR L, 42 T R BRI SR AR F R, T
DM R A K AT RERA TR R &
PR AT ) GEZAR R . FEMRE LT T, R
sl PR TR S Ak LA vy TR E AL B, X R T K
ORI A A B AR A AR T 2 B AR
P v s O SR i i e o N /N e w3/ 7
R, IR LA E A PR T IR AR
L WA AT AR R A, AR R D 7Kk 20 1
SN I NS O e e R R R o
HROEE HEAR . H T o 3 Ak 1) 0K 2R, TR T
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