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KA AL B BT AE I AR S 20 d AN [R) i 7K e X K R AR RIEAS 40 AR EE L= det AR 23 R R R 15 i
SRR, WA A5 20 d 45 )2 T-43 WA K% (RLD) MRF U E (SAD) MRAFR% E (RVD)
W2, W3 Ab B4 FIHE 8 T 22.8% F133.1% .21.8% F137.7% .27.7% F132.8% , Hr A 15 W43 514 80.2 %% Al
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B AR IS 20 AR R B E AN B E W A AT T EE R T KR AR s 2 AR 7 L i AR K e b ot

IR W AR PR AN )] 5 - L R SR 2, LS 81 B o 2 D Ak i
KRR UKL ; TV AR5 KR s RARAEAE s R KR IR

RESES S511; S275.6 XEHFRIRAE A

KFEREREFERTENZ —, 2EHAE —F
PAE TR 2 AT, TR I S e T
Z WEZ, W3 S AEY oK 73 R FHRCR i 29 5 5t
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FEPLR A AP o AR, R K 2 i 1 4™
e 20 W SRR S B AT LR A BRAL 05, BUfd K A
AR BUEA B T M 7K 3 7 50 WAL, 32 1T s
AR AR AEAR 2R A AR AR NG A6 DA Aol 3 i TR A2
U BEA A TR SRR i £ ER)Z (0~5 em) R
FF R I BT R K 65 %0 LA B SR R
PR 7 B AR A 2 3K 7 28 A SRR AR R A K Sk
FRRMEERHEERZER ., Wb, &4 LERREN
e B DL AZ BK 7 R . IR AR AR Y o
T AT RRAE 5 R OC R | Gale 55 TER i k7
Y=1—p%p (HH I FIRZ PR R 10 1
Iy HEROR, B AELH/ N AT 23 A T IR R O AR A
Z N 2 RS R W AR B 3 R TR
WA B AE, HA T X 23 7K 43 (0 W e A )
b, WA R K A A R E R R R A R A H
R L AT B T A S K O S5 B D] R B
PR 9 20 A AR DL B 5 M O AR IR BIK AR o
7RI R FHRCR S = ) F Y

24 Ak, BTN GEHE THE A7 ] R TR R ]
BT A RO AR RIE S S iy T
P BGR RROE HE LA K] B8 2 D T AT TR AR
FEHT A A T T K R P R IR B AR AR B 5T
I OGRS K R AR R 25 AR AR
e KR L ™ i R g M B8R A 7 T B BIE S S
A o Rt , AR e BT 52 R CRe el b T-43 A1
UK A MR R 1S5 VR s AR, 2R 3 i
KR B RE KA (AR R IE SRR SR £ )2 73
At 00, A R R IE A5 )7 4 K23 M TSR B e ]
AR AR S, LA = e ISR R /R A v R B B A
KRR HE A S Bt PR

(44°18'N, 86°03'E ) AT , iz 46 iy a8 i iy Bl 1 522
TR OCIR TR L BRI ZE R R AL, AR
115 mm . Z£ & & 1 942 mm ., >10 CI% 3 LR K
3729 CA AT o 2019 4F 7K A8 4 A F IR W it 103.9
mm, >5 mm A FEN A 7025 E I H
R 27.78 °C, HAF B R AR 8.17 °C.

5 R EEJE 1 em ., B 42 35 em, i 60 cm [
PVC A HEAT T ARG | 28 HUA b X EL A R
A HE B I 1 (FE IR Bk N £, calcaric fluvisals) ,
1AL 2 e W fS 3% 75 kg/ A AR ff 5%
5 PVCHE T, ARG T2 60 cm IR A HUKE LA HEA
FH 0], fef 87 T 5 i 3R DR A5 557 IR DK TS, LABY 12
% (e il B 2 AR BN IR e R B R 25 o R 1R
BE S5, $5 152 7 T A e AR IO P, AR DR A T i 4 iy 2
LSS TR SHEASE, RS USRS o pbia - 8 pHL 8.4 A LT
7 11.21 g/kg. &% 0.74 g/kg. # &% W (P,O;) 51.2
mg/kg ERLA (K,0)193 mg/kg Bl f A 61 mg/kg.
1.2 iK@igit

RIS R I [N 2 B AL X 4IRS Rk
AT B 24 KRG S T-43 Ch J0 BT SR UK R ) AN
ARG 15 O R A S AOR KRR ) , g Rl (S 1A1)
A BRA F A T R0 58 e i vE PRk . 8 34
T 7K 2 K, 430 S WL i 7K R & L T R s 5
12 000 m*/hm?, #r& 115.44 L/%) . W2 (i /K &
15%) W3 K8 25%0 ) , BRAH AL P 1248 (4 ) , 3k
TF72% (bF) , HARBEB AL LR 1. KFEed & A
AN 29 g, P,0; 26 g, K,0 23 g, BNE KW IR %
(N46 %) , BN R B lR — % (N12%6 . P,O560% ) , #IE
FELIR A (KO 50%0) o Wi HE 5 B0 I8 42 it , U
Foiti 20%6 , HAY 800 #5e IR 2: 3: 4+ 1 A Eu A9 4351 - 20
70.90.120 diBjfi. 20194F5H 1 H A T &% K f

1 MRSTA FAERE 370 B 10 BRI B 2 e AR
1.1 R EHR T T e A 2 O M JE A o, AEABLO TR K
BEG T 2019 4R A A7 10 3 R AU AR X ot B S B R, AR v 8K, T 9 30 Hlisk .
®1 AEIEKALE
Tablel Different irrigation water treatments
Ab 3 TR /A KU TR/ [L/ (- 0] SR/ (L/ %)
Treatments Drip frequency Number of drips Dripping count Total water consumption
Wi 2 50 2.31 115.44
W2 2 50 1.96 98.12
W3 2 50 1.67 83.41
1.3 WEERSTIE (HS) A AR5 20 d(20 DAH) 73 B BURE: , Y1 # ] #4  A:

D) MAREASHONE . TEKRA K ZMED  SMIR PVC B RIRERBURE  #5 K R B bR A P2
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o942 %

o R HB T 0~20,20~40,40~60 e Rl 43 M 3 )2,
B E T 0.85 mm Wi, JE K HE TR 7R K R AR
F M A RS0 S AR R K AR R
T AR RIS bR . MIRARETH
PLEE I AR A8 (K 28 em X 55 21 em) , {73040 £ P 25
A 2/3MK)E BT RBHAR R TEOT , AR R AL
A AC S, TR R S22 & T, ff ] Epson
V800 FAHH AL LA 200 dpi 43 #2850 Ak Ay BIE S,
53,

FI I WinRHIZO Pro 2017 (Canada, Regent Co. ,
Led. ) MR 2R 20 B 30, 00 7 5 TR B /K R AR 2R 1 AR
KRR E Y E AR R AR K Bl AR 1 43
fi . Hod AR E4#<0.3,0.3~0.9.20.9 mm ¥
A3 2 SE HE S R MR &R 80 CHL T 2 E i, T4
Z—HTFRVPHRELZERR TR, IR EK
W MR R A B R AR K SRS AR .

2) Witk R ST, Wik R y=1—p" "
FHAAERARANEY) FEBAE ) R % S5 3 AR
AL GAE O, AT R IR KRR AR R EAR K |
FETE A AR BURIAR T 45 T8 A 2F 48 bl 1o A
LR, d B  om; YRR R )2 d K TE
AR bR 5 SR L 5 3 o TR BE R A, 5 R/ NAR
G A RRAE T IR T 5 0 (BB AR 43 A R TR 5 A5
Y&t d=20 e WY Y (BRI S (E .

3) Ty a MBS I e . il
Fh AR 20 d SR A2 K R AR R A b (4 [ B, BB 4 3
My FARAEBRAE AL, 40 2R i BEAEERE 105 CTF AT
30 min, 80 ‘C Rt T EAHFT i, T4r 2 —HL 5 K F-Fx
HAAM TP, R 3R, TR KRR L

4) PRI o TR A K R A SRR AR R
SURLEL RN R B S TORLER , O 4k RO A
14.5%0 bR S KR A 3

5) 7K ar BRI AE o K53 R RCR N KR
5 AT WK Y L, I d AR TR K
P& A kg/m?.

1.4 HIELESLE

% H Microsoft Excel 2017 #1DPS 7.05 4t i1 4k {F
AR B |, R H LSD i 2 ks S i A T ME T3
SigmaPlot 14.0 22 #]

2 FHRE5HMH

A EEAKEIAFEIR RS FIEIRA M

W 2 Jiw KX T-43 Mg AE 1 S R E
AR 0T W, AR W2 b B R
T-43 WA % B AR 2 10 BUR MR RO 3 AR
W1, W3 & 10.3% HF15.3% ,15.1% 1 37.4% ,9.4%
F118.0%0 , AR %5 B A 1 35 25 5, 1 W1 Ab 3R 7 A

2.1

®2 KBREESFIERFLE

Table 2 Morphological index characteristics of rice roots

MR B/ (cm/dm?) RBMBEIE/ (cm?/dm®)  RRPHER/mm  REBEE/ (cm®/dm’)
HAR(C) LB (W) RLD SAD AvgDiam RVD

Cultivars  Treatments 4oy fiRE 20d RS MME20d  AWEES mES 204 B RS 20d

HS 20 DAH HS 20 DAH HS 20 DAH HS 20 DAH
Wi 2822.51£170.4b 4 919.51262.2a 413.4453.2a 533.3%£29.5a 1.382£0.02a 0.924-0.03a 6.144-0.27a 4.334-0.22a
T-43 w2 3114.7468.2a 4 004.6:£36.7b 476.0£50.3a 438.04=5.5b 1.51£0.09a 0.920.02a 5.8720.21a 3.394-0.03b
W3 2956.2=51.4ab  3694.94-15.4c 346.5+22.9a 387.2:£7.7b 1.2820.11a 0.92+0.05a 4.96£0.42b 3.262£0.13b
— Wil 34135481.2a 5357.2463.0a 324.9£10.9b 513.0=8.1a 0.8740.04a 0.9340.05a 3.43%0.30a 3.90%0.15a
NindaoNo.1 W2 3109.8421.5b  29734453.9c 411.5415.3a 314.24-17.8b 0.94+0.01a 0.864-0.05b 3.214-0.16ab 2.004-0.08c
w3 1989.4489.2c  3497.14150.7b 303.6+11.8b 271.6£12.3b 0.98%0.03a 0.84+0.00b 2.7540.08b 2.9540.19b

F{f F-value

C 2.056 9 30.501 77 11.194 8™ 37.601 7 68.704 57 2.7426 193.270 3" 95.450 6™
W 27.707 8™ 205.353 9 17.992 9™ 84.510 2™ 2.5393 2.5721 9.007 2™ 118.284 3™

CXW 34.3375™ 45.619 2™ 0.2213 4.340 8 4.1313 6.351 4% 1.0527 224315

TE:RLD ARG ¥ 5 SAD  ARUR IR ; RVD : RA B 2 s HS AN ; 20DAH AT 20 d5 A 7] 5 B3R [l — 5 ARTE Al — i F A
) &b L 2 (B A7 A f 3 25 53 (P<<0.05) 5%k 0.05 7K I i 3 AH 56 5+ 0.01 K- 1 B 3 A4H5¢ s TR, Note: RLD: Root length density. SAD:
Surfarea density. RVD: Root volume density. HS: Heading stage. DAH: Days after heading. Different letters indicate that the same index has
significant differences among different treatments within the same variety (P<<0.05). *: Significant correlation at 0.05 level; **. Significant

correlation at 0.01 level. The same as below.
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15 MR K % 3 FOAR IR AL 2% B 5 W3 W2 i 3
71.6% F19.8% .24.7% F16.9% . HhE 20 d W1 4k
R T-43 M2 AR 3R 1 AR 3 R (AR FHU % 3 A
A &b B 43 90 88 i 22.8% 1 33.1% . 21.8% Al
37.7% .27.7% F132.8% , B FF 15 W4 i 80.2 % Al
53.2% .63.3% 1 88.9% .95.0% #132.3%, 2 % &
o hnAPE, BRAR A R AR S 20 d R AR
HE, HMiErr Y ER N T-BHLEHLS®
0.16%6~45.32% . Jr 22 % & W], il A 00 AR 4 %5
JEE RS 2 1 R B AR RT3 AR RO AR R B
1 Sk oAb O K = T K LA Rl LR F(E B
s AR 20 d i i (R AR G 285 B AR 3R T AR R
HR AR R B 35 S i /K 2 1) FAE K, R MR R 20
KSR e K, 5 K 45 T S SR R R AT AE
ITE A ETEANER-A 1R

22 AEERCENERAESFERS RIFE
5%

% 3 T2, &40 B R RLD BV 2 142 19 52
TR . HA<0.3 mmyEFP, T-43 RLD SAD il
RVD#E W3 AT /Iy s A A B A 15 RLD .SAD
K RVDTE W2 AHEF fe i, A5 20 d 7 W1 Ab g
FheK . EHAE0.3~0.9 mm i BN, i B T-43
RLD .SAD & W2 i & , RVD I8 Wl ke . HAA=
0.9 mm 3 fEl N, T-43 RLD 7 W3 5/ , SAD AIRVD
TEW1 R B8 15 RVDAE W1k, Hp, T-43
RVD7E W15 W2 b3 i) 22 5O 3. R ), B
#<<0.3 mm & Bl N, T-43 RLD L H #8615 &
6.99%~53.93% ; F 4% 0.3~0.9 mm i FEl Y, W2 kb 3
T, T-43 SAD.RVD ¥ @& THifd 1 %5 ; H & =09
mm {8 [l N, T-43 RLD. SAD #1 RVD ¥ & T #
15,

®3 AREREEAZREARSEERNSH

Table 3 Root length density, surface area density and root volume density distribution

classified by various root diameters

S EAE/mm AvgDiam

LiES 203 =27
S i Jis: | <0.3 0.3~0.9 =0.9
Root morphology ) - — - — - —
o Cultivars ~ Treatment g ] RS 20d Eilipo3:1] WG 20 d Eilipi3:1] MEJE 20 d
characteristics.
HS 20 DAH HS 20 DAH HS 20 DAH
W1 1678.44+35.2b  4050.34+7%9%  871.8+17.1ab 1194.04+41.6a 411.0421.7a 407.64+32.3a
o T-43 W2 1868.04+25.5a 3447.74185.5b 927.0434.7a  969.6+171.5ab  390.1-£17.5a 342.2+33.1ab
AR/
(em/dm®) w3 1538.4+31.5c 3024.8495.7¢c 712.5£77.8b  822.9430.2b 337.04+3.8b  292.444.6b
RLD R W1 1 389.34+20.3b 3719.1+44a  604.64+20.2c  1116.5+E61.4a 209.5£13.7b 336.7410.5a
k15
. W2 1737.4+104.4a 1588.2+123¢c  920.2+£42.0a  526.84+206.2b  307.0419.0a 155.9453.8b
Xindao No.1
W3 1338.04+32.6b 2605.84+117.9b 782.5450.7b 936.14+56.7a  213.0:£15.7b 222.0+19.9b
W1 86.7+7.4ab 141.7+4.1a 107.4+4.1a 124.0+4.0a 213.7t3.0a  218.3%5.3a
T-43 W2 91.2+0.5a 112.041.7b 153.243.5a 137.943.0a 185.443.1b  133.8+5.4b
1135 fir
m%ﬁ?*ﬂ%&h/ W3 75.8+2.8b 105.045.0b 125.245.1a 133.343.0a 159.34+1.5¢  123.340.2b
(cm?/dm?®)
SAD A1 W1 72.9+2.3b 144.340.8a 92.5+1.4c 180.3+3.1b 95.6£2.8b  140.3+4.4b
Wik 15
. W2 96.1+3.1a 82.9+1.1b 80.8+0.8a 54.1+1.3a 142.945.8b 115.5+1.1a
Xindao No.1
W3 79.6+8.6ab 79.2+0.9b 95.4+13.4b 77.6+3.5ab 144.14+29.5a 119.4+2.7¢
W1 0.417£0.02a 0.58=+0.02a 2.160.12a 2.67+0.11a 9.45+0.11a  6.52£0.10a
T-43 W2 0.4070.00a 0.5370.12a 2.1540.02a 2.260.16a 9.13+0.13a  5.114+0.21b
R/
R W3 0.3370.01b 0.427+0.03a 1.8440.06b 1.9240.03b 7.80+0.10b  4.91-0.13b
(em®/dm?)
RVD RS W1 0.2540.01c 0.6270.02a 1.464-0.07b 2.760.07a 4.20+£0.11a  5.3240.16a
Rl
. W2 0.48+0.02a 0.44-+0.02b 2.15740.08a 1.5640.02a 4.3840.12a  3.10=£0.03b
Xindao No.1
W3 0.41-0.02b 0.44=+0.05b 1.694-0.02b 1.824-0.08b 2.6940.12b  2.704+0.10c

23 AEEREENZSRALSEREIFNE ST

HAA<<0.3 mmyuHE N, W3AbH F T-43 RLD G471t

R4 TTAL FESE S EHARRIN, A T RLD A B WL W2 54.9% . 1.5%, #ifd 1 57 W2 b 3

O H W REAG, T RVD B 4 b W& . dh A

SAD A W1 W3 & 7.5% .19.5%; B 4% 0.3~
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Table 4 Proportion of root length density , surface area density and root volume density
with different diameters in total root length %
e e P EAZ/mm AvgDiam
FRIL T8
. I i3 <03 0.3-0.9 =0.9
Root morphology . - — - — -
haracterist Cultivars ~ Treatment A i) 20 d ity 1] i) 20 d Eiiig ] A 20 d
Characteristics.
HS 20 DAH HS 20 DAH HS 20 DAH
W1 56.7+0.4b 71.7+0.4a 29.540.9a 21.1+0.7a 13.94-0.6a 7.2+0.5a
T-43 W2 58.6+0.3b 72.6+2.0a 29.1£0.9a 20.2+1.9a 12.34+0.7a 7.2+0.3a
HRICHL W3 59.5+1.7a 73.1+0.5a 27.4+2.0a 19.94-0.6a 13.04-0.4a 7.1+0.2a
[
RLD percent PR 1 w1 74.5+15.6a 71.940.9a 32.7+8.1a 21.6+1.1a 11.34+2.6a 6.5+0.2a
. W2 58.6+0.9a 70.9+6.0a 31.1+1.2a 22.4+4.8a 10.44-0.5a 6.7t1.1a
Xindao No.1
W3 574+1.1a 69.2+1.7a 33.5+1.0a 24.9+1.3a 9.1+0.6a 5.9+0.4a
W1 21.2+1.1a 29.3+0.5a 36.8+0.2a 37.4+0.7a 42.00.9b  33.47+0.3a
T-43 w2 21.240.3a 29.2+0.1a 35.6+0.3ab 35.9+1.0b 43.14+0.2ab  34.941.0a
R T8 43 w3 21.0+0.4a 29.040.7a  34.740.6b  36.940.1ab  44.24+0.8a 34.14+0.7a
SAD percent — w1 27.9409b  31.0+0.1ab  3554+0.1b 3884081  36.6-0.8a 30.240.8a
A L
. w2 30.0+0.3a 32.8+0.2a 37.5+0.7b 33.8+0.4a 32.54£0.6b  33.4+0.4a
Xindao No.1
W3 25.1+1.2b 28.7+0.3b 45.2+1.3a 38.3+0.5a 29.6+2.3b  33.0+0.6a
W1 3.4+0.1ab 6.0£0.1a 18.04-0.8a 27.3+0.5a 78.6+1.0a  67.740.6a
T-43 w2 3.47+0.1a 6.7+t1.2a 18.440.1a 26.5+0.6a 78.2+0.2a  64.71+1.8a
MR AR
- W3 3.3£0.1b 5.8+0.4a 18.540.6a 28.6+0.6b 78.2+0.7a  66.7+1.1a
[
RVD percent AR W1 4.31+0.2¢ 7.140.3a 24.740.5¢ 31.741.0b 71.0£0.4a 61.241.2a
. w2 6.8+0.4b 8.7+0.4a 30.7+0.3b 30.5+0.3b 62.5+£0.2b  60.84+0.2a
Xindao No.1
W3 8.6+0.4a 8.8+0.7a 35.4+1.0a 36.8+0.1a 56.1+1.4c  54.5+0.6b

0.9 mm v [ Py, W3 2 B RF 1% RLD A 43 L Al
RVD A 73 b W1 . W2 5 2.4% 1 7.7% .43.3% 1
15.3%; HA=0.9 mm {E[FE A, W1AEFE T T-43 RLD
H AT RVD A 43 e W2 W3 433l &5 13.0% i
6.9%.0.5% F0.5% , B kG 15 RVD B 4 A W2,
W3 45l e 13.6%6.26.6 %, ifE )5 20 d, £ <0.3
mm 78 B A, WA R T-43 RLD [ 20 b W1, W2
7 2.0%.0.7% , ¥ fid 1 578 W2 4B SAD A 43 [
W1, W3 5 5.8%,14.3%; F 4% 0.3~0.9 mm 35
W, W3ALHE RS 15 RLD @ 4> L MTRVD @ 43 8
W1 . W25 15.3% F111.2% .16.1% F120.7% ; &
#=0.9 mmiEFEHN, WLEETF T-43 RVD H 45 i
W2 . W32 &4.6% . 1.5%, 3k 15 RVD A4 It
W2 W34 lE0.7%.12.3% .. dhFpfa], BA£<<0.3
mm BN, Y W1 4B R T-43 RLD.SAD 1
RVD H 7 LB B AF 15 1K 20.9%~24.0%; H &
0.3~0.9 mm @ [F P, i #EH] T-43 RLD .RVD H 47 It
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Fig. 1 Distribution of total root length density(A),surface area density(B) ,root volume density(C),
average diameter(D),dry weight(E) and specific root length(F) in different soil layers
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43.1% MI1118.6% .25.2% F1 26.3 %6 5 i A je Hb D) 2 7
W3 AR KA . S A a], fl A T-43 M4 5t i S
MR = TR 155 . 20 Iras R ER, K E
XoF 4 i AR e L SRR S 20 d AR 5 R 5 )
TR, i B 5T K B 2 B A AR R S RS
EM -
27 AREHAKEXKE=E SR~ EF
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Table 5 The progressive equation /5 value of root length density , surface area density,

root volume density and root mass distribution in rice

MK/ (em/dm?) MR FREE /(cm®/dm®) HARAE E /(cm®/dm?) A i/ (g/m?)
SRR(C)  AbEE(W) RLD SAD RVD Root dry mass
Cultivars - Treatment iy G 20 d Eitipti R 20d Eiip S| R 20 d Eitipi AR 20 d

HS 20 DAH HS 20 DAH HS 20 DAH HS 20 DAH

W1 0.964+£0.003a 0.963£0.001a 0.9524-0.014a
0.968+0.001a 0.958=+0.001a 0.9684-0.006a
W3 0.968+£0.000a 0.966+0.000a 0.96540.001a

T-43 W2

WG Wil 0.9530.002ab 0.956+0.001ab 0.937-£0.001a

0.964£0.002a 0.957£0.002a 0.959£0.001a 0.942-£0.003a 0.955-£0.003a
0.959-+0.002a 0.960=£0.002a 0.951=£0.001a 0.956-£0.003a 0.934=£0.005a
0.96540.001a 0.968+0.002a 0.960+0.002a 0.95540.005a 0.95140.004a

0.9564-0.001a 0.95440.003a 0.9544-0.002a 0.9424+0.003a 0.948+0.002a

Xindao w2 0.961£0.001a 0.952+0.002b 0.9534-0.003a 0.940+0.005a 0.95140.002a 0.93940.005a 0.94140.009a 0.92140.002a
No.d W3 0.940£0.004b  0.97240.002a 0.942+£0.007a 0.9544-0.002a 0.9544-0.002a 0.9744-0.003a 0.9414+0.013a 0.9184+-0.012a
F{ F-value
C 2.162 0.982 0.183 0.432 0.202 4.688 5.961* 3.040
A 1.112 2.469 0.095 0.185 1.788 0.204 0.904 0.125
CXW 0.692 0.061 2.596 0.786 0.178 2.174 1.871 0.420
®6 KETYRE RTRERREL
Table 6 Dry matter mass, root dry mass, and root-shoot ratio in rice
Tkt /(g/m?) R Bk /(g/m?) WIE /%
HANC) JAER (W) Dry matter mass Root dry mass Root shoot ratio
Cultivars Treatment FiliEzs )5 20d EiliEEEin] s 20d e iFEJE 20 d
HS 20 DAH HS 20 DAH HS 20 DAH
W1 109.794-3.27a 189.114-4.28a 5.81£0.68a 11.3240.78a 5.58+0.01b 5.66+0.01b
T-43 W2 84.87+2.67b 162.0946.73b 5.70£0.67a 9.85+0.89b 6.38+0.01b 6.09£0.01b
W3 60.07£3.69¢ 79.58+£2.31c 5.18£0.49a 8.004-0.24b 8.6340.01a 10.2740.00a
LR W1 117.324-3.22a 173.734-6.83a 4.7040.26a 10.094-0.62a 2.2940.01c 5.83£0.01b
Xindao No.1 W2 112.284-2.20b 121.4147.86b 5.63£0.63a 8.0641.06b 5.00£0.00b 6.95+0.01b
W3 62.17£3.91c 79.47+6.35¢ 2.7740.55b 7.9941.08b 7.56=+0.00a 10.624+0.01a
F{H F-value
C 50.917 153.62™ 24.227 14.85™ 20.82" 1.12
A 195.66™ 732.76™ 5.20° 16.13™ 29.80™ 45.40™
CXW 14.86™ 40.54™ 7.06" 1.27 3.34 0.25
72.9%.38.4%0.395.87 (P<<0.05) . T-43 WUE & HRA77E W3 il W 3% IEASG . dhAllA], T-43 20~40

W2 ik Bl KA, RS 157 W1k Bl K fH .
FT], T-A3 47 RUBEEL 2550 % TR EEHF LS
2.0%~59.1% , B A 5000 AL 8.4 %0~24.5% ¢ 7‘7%
Sy MTEE SRR A R R KA R R
RFIAH W>C>CX W, LELFRATRE R C>W>
CHX W, FEGE 23 b Sl 50 7K i 2 [ A A 2 1
EHAEM.
28 ARAIERZAESERSHTFHNTE.7EN
B E F Kok 4 Fl AR B X 94

MMM (8 BN, 24 f A 0~20 cm
RLD.SAD . RVD 54 285 Fokr 5 7K 23 #1124

cm RLD 58 ZEE 255905 77 i K o3RI HIRBOR AT
7 S 25 B 2 A IEAH G, 0~40 em RLD 577 i &
W 5 2 TE A OGRS 15 20~40 em SAD 5 B0R %L
SR CTORLEE 7 o MoK 3 R 2 B
FIEAE 1T 40~60 cm P AR S TRIE 78 K
3R PSR AFAE i 3 A G

3 it #
3.1 B 7k 23T EKBIR R SR I

*E%E*E*ﬂ@’%ﬁ%ﬁ%ﬁ%ﬁﬂﬁi%%% R
BROKZEAETT AR AT LIE I AR R A e b B
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Table 7 Yield, grain yield components and water use efficiency in rice
AR TRk o o KGRI IR/
BEIC) AW R By TR/ i/ KRR
. . Effective panicles  Spikelets number . . . . (kg/m®)
Cultivar Treatment . Seed setting rate  1000-grain weight  (g/pot) Yield .
per pot per panicle Water use efficiency
W1 51.3+1.25a 93.4+3.27a 90.4+1.23a 23.3+1.27a 101.54+4.62a 0.88+0.04a
T-43 w2 50.9+1.51a 91.0+1.63a 87.3+£1.70a 22.27+2.24a 90.7+£12.00a 0.92+0.12a
W3 39.7£0.94b 59.9+7.46b 81.7£7.72a 21.4+1.17b 41.8+7.15b 0.50£0.09b
R W1 49.3+3.09a 106.3+3.86a 88.7+2.49a 22.7+0.76a 106.6+11.99a 0.92+0.10a
e L
. w2 48.045.89a 99.3+2.62a 75.3+2.49b 21.3+0.84a 76.4+6.98b 0.78+0.07a
Xindao No.1
W3 30.7+3.68b 79.3+6.18b 51.3+2.87¢ 16.44-1.45h 21.5+£7.07¢ 0.26+0.08b
F 1l F-value
CF ) 6.1381" 29.256 2 38.9759™ 7.982 5" 4.814 7 4.284 3
W 7K ) 25.5501" 53.842 0™ 28.307 8™ 4.3370" 82.1355™ 34.168 8™
CXW 0.782 1 2.234 8 10.060 3™ 2.2520 3.077 1 2.268 3

xS MKTE RXERBE FHER RERTESTE FEMREFRKSFARERHEXESH

Table 8 Relationship between root length density , surfarea density,avgdiam, root volume density and yield,

yield components, water use efficiency in rice

. - - . . KRR/
A R BFE/ % THT/g Pt fiie
Effective panicles Spikelets number Seed setting 1000-grain (g/pot) Wa?e c
y MR per pot per panicle rate weight Yield e
LEES |24 efficiency
Rvicem ¥
- . - . WA 1 - - i
Soil depth B 1S WS e W15 Wil 15 i 15
T-43 Xindao T-43  Xindao T-43 XAZ— T-43 Xindao  T-43 Xindao  T-43 Xindao
mdao
No.1 No.1 No.1 No.1 No.1
No.1
K 0~20 0.664™ 0.850" 0.678"  0.783" 0.638 0.917 0.383  0.950" 0.617" 0.983  0.533"  0.967"
R<I ; 20~40 0.807"" 0.100 0.770 0.533 0.800" 0.583 0.533 0.467  0.800" 0.517  0.767"  0.417
’ 40~60  —0.345 0.383 0.192 0.500  —0.264 0.583 —0.200 0.517 0.000 0.617 0.000 0.550
R 0~20 0.731" 0.717" 0.745" 0.867"  0.672 0.867""  0.483 0.867 0.750  0.900™ 0.667" 0.850""
SAD 20~40 0.345 0.600 0.502 0.767 0.000  0.850"  0.300 0.833" 0.533 0.817"  0.667  0.783"
40~60 0.546 0.000 0.736  —0.450 0485 —0.467 0.567 —0.350 0.700 —0.433 0.733 —0.317
Vi 0~20 0.269 0.100 0.427 0.217 0.579 0.000 0.150 0.083 0.367 0.050 0.283 0.030
< oy
ADW 20~40 0.067 —0.467 0.000  —0.183 —0.183 —0.250 0.000 —0.283 0.089  —0.383 0.133 —0.400
40~60  —0.080 —0.867" 0.167 —0.367 —0.090 —0.567 0.000 —0.733" 0.112 —0.767" 0.133 —0.817"
AR 0~20 0.773™ 0.717 0.753" 0.8677  0.690" 0.867"" 0.350  0.867" 0.650" 0.900  0.600"  0.850™
RVD 20~40 0.000 —0.317 0.092 0.117 0.621 0.100 0.400 0.000 0.167 0.067 0.067  —0.056
40~60 0.143 —0.417 0.192 —0.415 0596 —0.433 0.233 —0.450 0.083 —0.367 0.000 —0.400

T 48 0.05 K- I B A SC 5+ 0.01 K I B 3 M & . Note: *: Significant correlation at 0.05 level; **

level.

PR B AR 2 3 A5 i A2 S 1 s % -+ HE /K 43 (4 R FH AR
RO T AR RO g S B, K4y T fifi K R Y
ANEARE AR TR ERR BRI E L
fbo ARBFFE T, B W2 4b R, T-43 19 RLD
RVD SAD & 3 AEF RS 15 A B B i A

: Significant correlation at 0.01

J5 20 d S IEASFEAR I TE W3 A B e KM . RIS Y
Wl D i KA B T AR R R AR (T-43) R
FRERET , it AR BT E SR, MR A 15 4R
FAERIE , FTREE S A [ B PR O
A, SRR JE 20 d 78 AR 4K 23 TE T T L {6l 37 THE K AR AR
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I B AR &R fe 0 1 X302 0.5~1.0 mm
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mm [ X 38§ &7 66.4%, 1 SAD K& RVD 7 548 R =
0.9 mm [IFL I 5 27.3%~35.6 %% , # Z K 8 32 B e
T HA<0.3 mm MR FR , =0.9 mm KR R W XHR %
AT FRURT AR AR RE RS ok s P A, 3K 5 i N A A0F 5 4%
SRR —E (22 Sk X AT RE S I KRR &R
AR EEREAMNAL Gl KRS R R EAR T i 4
VI . 1 W2 AN [R] ARV N T-43 1)
SAD RVD % & THif8 155, 3R T-43 A8 4 M id
IO 38 FE B K B A F o e Ah , W2 S R T i A
0~0.9 mm H 4 3 [ N K #5 AR & 19 RLD . SAD ;&
RVD, W3 425 =>0.9 mm R 2 &L S35 65, 3 i B
T B DA/ 7K R HE R AR I K R <<0.3 mm AR R 1Y
K, EAKN A R TR RS 20 d HAR=0.9
mm MR R WER R, KRR R X K5 570451
WS 3 AR <C0.3 mm (AR Z R Y gk — 2B
AF A R 013 32 PR AP /K R T /K e R IR R AR
R, T8 5 <<0.3 mm 1942 0 Bl YRR 2R 10 0 i
tig.

32 AREFEAENHEKBRAMERRBELLRN
A

VEYIAR R A R B TR R S48 b5 525
B 43, o] $PE 5 PR 85 PR i AR Ak 2 DI AH G T 4
HOK A RV AR R A i A 2 2R
S I KRS £ 38 20 em AR LR T
WA HR e TR AR TIRARS
Mo EER B AcH . AT, W2 HR i T T-43 il
] 0~40 cm RLD 1 SRL L & #r f§ 1 5 SAD Al
RDW, H T-43 RDW iy g {H & T#ifg 1 5 . uh Wl
K AT U0 P AR S T KR TR E AR R 1) L R AL
O3 AR T KRS L2 T-43 fFP) R RIE A #
B, HEmAR S AR PR R dE R . X S AT
58 R IR Z AR R A B TR s oK RO R R ERBE 38 N
e gkt —8%,

VEY) A AR 5 LE 2 P R M | R 3R A K
FESH . AV L A I T 5
3t g —Ffi LA RLAR Y . AT, W2 W3 kb
T, T-43 S A AR 5 AR Y TR 1,

FEH T-A3 (1 Tt S AR G A0, 32 TR 7K SR ek 11 52 1)
BN o WA K B T B 2 AN ALK SRR R
i SR BT 34 0 AR (B L R, X S
AT NI FE s S — 5 HR AT B Rk Ay Bz 5
AP TE 25 B TR R AR K RS A K
TIOKAHER 7 JE , LA EIAE R e 58 £ oK
o3 AR E KR FBCR I B
3.3 AREBAKEX FHEKE=ERKDF AE
5RARSHEXENZ N

KEWFFEUEL AR RIES L E AN
of AR R E A - K AR AT IR IR e VR
P K A R AR 3 5 o i A9 3R B3
ol /L THE R /K B BB e AR, S8 IR 25, DA T B
KRR A 7, SR K R AR T TR e A A
Sy T VEE 7K R AE — 7 3 B P B VB K o T I, RO 4
PSR AT ) | NS o s T X754 W S
LA BRI B K A 5 A U R KRR I 454 A K4
T B2 7K 4 ) FE 80 A i L TG S B . AR F 5
h, TA3FUHTRE 145 7 ek S A o R 7 349 B 7K et e
I 0 2 BEAIG, iR K dE 1596 (W2) B, T-43 7
W WILREIR T 10.6%, 22 5 A 2, K40 R AR
e T ASY, B R 15 = 8 X WUE ¥ 8 3% T %
39.5% WM 17.9% . X B, 3 Y B AIK I HE KA i 7K
S E R A T 4R K 2 A SR SR BT DS B
), AEL A 75 MR 40 AS ] i o SeF 7K 3 Wi 17 25 A AN ) ) 2
G R HE R SRS

AN+ 2K R S8 b 5 7 5 Z A 7E
WU ZR . BRIk RO 5 2 B0, KR P 1 Tk
SRR S A AR e 1 A AR B R
825 TE A OG5 X 3R A R ISR BRI R LR 2
WA, EARAHR R SES ™ & Z A DG W% K
SRS, £ HERJZ (0~20 em) IR R KL S
Fe bR 5 = it KSR R ) S 0 2 R B 3 E
FHOG, [ BF i - R B 1S i (20~60 cn) AR RIE A5
7 i ) R S ARG 3k 5 i A B B 5 4 SR — B
HE— B IE HERZ M R S m e R EmE Y, v]
A S PR R 2 (0~20 em) MR R TE 2508 B4R = K R G
Pt ROR A R RCR A H . R, RAF5R 2 R T
TR KT, AT RE S BR IR R W T IR BT
FEPEAT R IR 5 E

T E T K A AT OK R A A R AR R OE
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Effects of drip volume on characteristics of root,yield and water use
efficiency of different rice varieties in Xinjiang

LIU Runhui',ZHAO Lei', TANG Qingyun', WANG Zijian',
ZHANG Gaoyu', WEI Meng', WANG Guodong®, LI Yuxiang'

1.College of Agronomy /Xinjiang Production and Construction Group Key laboratory of
Ooasis Eco-Agriculture ,Shihezi University ,Shihezi 832003, China;
2.Institute of Farmland Water Conservancy and Soil-Fertilizer,Ministry of Agriculture and
Rural Affairs Key Laboratory of Northwest Oasis Water-Saving Agriculture, Xinjiang
Academy of Agricultural Reclamation Science ,Shihezi 832000, China

Abstract  Paddy rice cultivars T-43 (drought-resistant type) and Xindao 1 (drought-sensitive
type ) were used to study rice yield and water use efficiency. Three irrigation modes including W1
(115.44 L/Pot) , W2 ( 98.12 1./Pot) and W3 (83.41 L./Pot) were set to study the effects of drip volume
on the morphology and distribution of rice root, the ratio of root to shoot, yield and water use efficiency at
the stage of HS (heading stage) and 20 DAH (20 days after heading). The results showed that the root
length density (RLD) , root surface area density (SAD) , root mean diameter ( AvgDiam) and root volume
density (RVD) of T-43 at the stage of 20 d after heading under W1 treatment increased by 22.8% and
33.1%, 21.8% and 37.7% , 27.7% and 32.8% compared with other treatments, respectively. However,
those indexes of Xindao lincreased by 80.2% and 53.2% , 63.3% and 88.9%,95.0% and 32.3%. Under
W2 treatment , the 8 value of RLD and SAD of T-43 varieties at the stage of heading increased by 0.4%
and 1.7% compared with W1 treatments, the 8 value of Xindao 1 increased by 0.3% and 1.1%. Among
them, 0-40 cm RLD and specific root length (SRL) of T-43 increased by 1.2%-55.2%,1.6%-29%. Com-
pared with other treatments , and 40-60 cm SAD, root dry weight (RDW ) and AvgDiam of T-43 in-
creased by 7.2%-13.8%,1.9%-3.0%,8.8%-9.4%. Thus, T-43 maintained a lower drip volume compared
to W1 treatment. Under W2 treatment , there was no significant difference in yield and its components com-
pared to W1, with a 4.5% increase in WUE. However, the yield and WUE of Xindao 1 decreased by
28.3% to 79.83 and 15.2% to 71.7% with the decrease of drip water. The results of correlation analysis
showed that there was a significant or extremely significant positive correlation between various morphologi-
cal indexes of yield, yield components, and WUE of the 0-20 ¢cm shallow root of rice, greater than that of
the 20-60 cm deep root of rice. It is indicated that there is a close correlation between morphological index-
es of root and the yield , WUE of rice. It is feasible to regulate the distribution of shallow roots in crops and
promote root development at the stage of 20 days after heading by appropriately reducing the amount of
dripping water (about 15% ). The water use efficiency is improved without significantly affecting yield.
Reasonable irrigation systems should be formulated based on the different water response characteristics of
rice varieties in production to achieve higher economic benefits.

Keywords water-saving irrigationdrip; irrigation; rice; irrigation volume; characteristics of roots;
yield ; water use efficiency
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