201845 f Z?ﬂ[im‘ *jﬂﬁ%iﬂi 5549 & 5B 5

doi:10.6041/j. issn. 1000-1298.2018. 05. 036

ET A° C AR R EEITKTEK ST AR AN

kA& KROBT OREMS EEET KMEY 8
(LR AR 5 A TR B WA 150030 2. Ml AR M A VE R J T A4 56 0% I KCE 150030,
3. AR 2 IR RS2 B R 150030)

WE : AR A KRS B KR F K =28 VLR, 3 F 1B A4 K & T R b & A 09k 1R L 28 43 18 R0 %
W K30 K 40 ) 803 B0 1 % 5 R 9 17 S T K G048 38 0 K RS I R AP 5 e 2 B0 T R IR B K 43 D A A
(LWUE,,,) \NTEK 43 R % (LWUE,,) FRR [ 067 22 40 B (A C) B8R, 4307 T R TR K &0 3 KR E A AR C
S5t Rk FIUHBCR KR . S5 R W - RE VR 3 h E WEAR X T B0t 2 2008 T AR S oK R e A AL R B (G, L AR
WA IR S A B R S e B R A R (P, JE R R ) LWUE, (LWUE,,, i h it 202 38 in 7K g % 7K 43
T B A U L KRS G AR, R T I R ROBE K 4 B ORI 5 ol P o E T AR T it 4 i e e e A K
43 R HZBCARBEK  [A] — it 6 b 4% ) K A% LWUE, (LWUE, Fl WUE 25 T W K % B8, & 8] 115 7K 8 7 1 3L
o AL et BT A, N R K RS B RUT B WK A A A C 5 LWUE, .LWUE,, Fl WUE ¥ 52 6 56, - F
A" C Xt LWUE, B35 " YEE T LWUE,, HFESE IR T ki A C 5 LWUE, . LWUE,, 9 AR 3¢ 1k 42 5 /K 7E I 58
S RN 2R B BT AR WK R A AR C AT AR I M AR K A WUE, 45 532 B, 3 5 00 2 K R A [ st 300 -
A" C RERS Ry B A [ K S KR K 40 A ORI S %

KEA: KRS KA HL; KRR s BRIF 2 4 B

HESHEKS: S511; S314 SCHRARIRAD : A T E 42 1000-1298(2018)05-0303-10

Effect of Different Water and Nitrogen Managements on
Rice Leaf Water Use Efficiency Based on A”C
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Abstract; In order to further investigate the high water use efficiency mechanism under different water
and nitrogen managements, theoretical analysis was combined with field experiments, and water use
efficiency research on leaf scales was integrated through carbon isotope’ s instruction on water use
efficiency based on carbon isotopic factor effect during crop growth and development. The effects of
different water and nitrogen managements on gas exchange parameters, instantaneous water use efficiency
(WUE,,), intrinsic water use efficiency ( WUE,, ) and carbon isotope discrimination (A" C) were

examined, and then the relationship between A”C in rice leaf with WUE,  and WUE,,

analyzed to further explain the water use process in crop leaf under different water and nitrogen

. at leaf scale was
managements. The result showed that the appropriate amount of nitrogen fertilizer could increase the
stomatal conductance ( G,) of leaves of rice, promote the exchange of leaf cells with outside world,
increase the net photosynthetic rate ( P, ), and maintain high WUE, and WUE,_ under controlled
irrigation. Excessive application of nitrogen would increase the sensitivity of rice to water deficit, so that
G, of rice leaves was reduced, which was not conducive to the efficient use of water at leaf scale. The leaf
water use efficiency and yield were the highest when the nitrogen application rate was high at the heading
stage, and WUE,

int 9

WUE, . and WUE,; of the same nitrogen treatment of controlled irrigation for rice

were higher than those of flood irrigation, which played water saving and high yield effect. The statistical
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analysis result indicated that leaf A" C showed a negative relationship with WUE, , WUE, and WUE,,

respectively at heading stage under different water and nitrogen managements. Leaf A" C showed a better

indicating capacity on WUE,  than that on WUE, .

WUE,., WUE,

t

Furthermore, the correlation between leaf A”C and

under controlled irrigation was more significant than that under flooding irrigation; the

leaf A" C values can well characterize rice WUE,, during the period of booting and heading. In

conclusion, using rice leaf A" C values to indicate water use efficiency at leaf levels had a certain

feasibility under different water and nitrogen managements.

Key words: rice; water and nitrogen management; water use efficiency; carbon isotope discrimination
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Fig. 1 Changes in daily air temperature and rainfall

during rice growth period
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Fig.2 Effect of different water and nitrogen managements on leaf gas exchange parameters of rice
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Fig.3 Effect of different water and nitrogen managements on water consumption of rice at different growth stages
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CNO 1. 007 15. 823 4.474 30.216 4.345 60. 185 5086. 60 1. 183
CN1 1. 141 16. 924 4,941 30.287 4.314 59.909 6699. 70 1. 434
CN2 1. 267 17.058 4.962 30. 549 4.317 61.403 7995.70 1. 645
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FN5 1.276 17. 255 5.475 31.668 4.550 59.532 10303.10  1.301

2.3 REKBLEN AR ABELESBEY

=AU

HH % 3 AT, AS ] it 60 a4 o VEE R S K AR
AT b BT A8 W B A" C AR AR S R 20. 20%0 ~
20. 79%o , ¥ 7K HEBE T H AR I 4B 0 A AT C B kT
FEl A 20. 42%0 ~ 21. 03%0, 5 7K 3 W% 152 XK A i R
A" C AR TT 76 309 AR ) it 0 T 5 4 o T Tk 43
2 0.96% . 1.45% . 1.51% . 1.22% . 1.68% .
0.59% . #5FFU], A0 ) it (& T 2 i 9 Bk K A
Fo AT C U ELNT ¥ KB TOK AR T AT C i
H T KRS A1 e A [ 23 AW i €O, , il 22 il - 440 i
T AR A i CO, 425 C, Hof i E R + 0
KRB, KR I R S AL A B R KA,

FIF AR COL AR, T T A AV C 3

5 ) HE TR K RS il B AR I R A CO it 2R
E iR | BRSNS R P/ 5 A 1
MR A" C i R0 1 4 R R S 5 D R 2
Pl )7 X R AR B CN4 L FNS (g AR C AR A
/N, 43 50K 20. 20%0 . 20. 42%0, 3% B 7E 75 2 Y K
Gy B A KO AT RASS o' AR A I 1
T T o A A AT R PR CO, T O R A
il 1 A S 46 & B B R Hah R b, A= I B 2R )
J 4 C O TR C B B A AT C i s S A
KAy BEERA A LT, AR 6 A3 KPS AR 1o
(R AW HDE G R AL B ATt 6 AP C A
s
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Tab.3 Leaf A”C value at different growth stages under different water and nitrogen managements %o
HH CNO CN1 CN2 CN3 CN4 CN5 FNO FN1 FN2 FN3 FN4 FNS5
4y BEH 21.25 21.23 21. 14 21.23 20.92 20. 80 21. 19 21.43 21.15 21. 14 20.92 20. 90
P AT 21.00 20.58 20. 54 20. 31 19. 82 20.01 21.09 20.79 20.72 20. 63 20. 56 20. 34
A6 20.79 20.73 20. 47 20. 44 20. 20 20. 30 20.99 21.03 20.78 20. 69 20. 54 20. 42

2.4 FEKEEETKBHE AC E5EZHS
# .LWUE, .LWUE,, WUE.Y % &
KREM R AV C 55K #: 58 LWUE,
LWUE,, .Y X R

XoF S AT A6 2 O 20 R A A K OF Ab
HKAEM F AV C f LWUE, . \LWUE,, (5831507 %
WI(R 4L FE R Z =ax +y,),2 My
XA bR K KR R AYC 5 LWUE,, .
LWUE, ¥ 5 5 FH ¢, 2 Bl 7 X F 7l — e &0 K °F
KFEM H ARC 5 LWUE, M E S I B FH S
LWUE, MM X 5 WEL 252 % A [ 9 8 2
B IET AR DF 45 R — B, Wk 5 Fion K TR
— WL 7 3 A [) it S Ak 3l B 6 09 T A 0 K
PEEATICSATF I, BRIV KE W G, 58,2 FhtE I 75 5
FKREM R ATC 5 P, G C T 3 R 35 R G
(p<0.05), ¥ HilHEWE R KR A AVC 5 LWUE,,
YR E A (p <0.05), F K R 7B h
-0.891, -0.903,[AFfA”C 5LWUE, T fifH% R
K -0.749, K3k B EHKF, BKERT AC S Y
BEEERME p<0.05),R Iy -0.822,A"C 5
LWUE, .LWUE, 4% ,R J} -0.606, —0.779,
LRI BRI R OKRE A ARC 5 PG C
LWUE,, .LWUE,  #A8 5¢ P L T JH 76 W K BT /9
M, B — K& & T KR A AYC X
LWUE, (48~ ML F 4 LWUE, /948 78 1t , K Rg it
F AV C AR Ry B AL R AR AR Y0 RS R 5 e S RO
R 7KSF 7K 43 F AR 0 T 248 4%
2.4.2 ANFAEFRBKREN A AYC 5 WUE 4

Kk

W 4 R, AR K R 32T KR 3k 57 22 3800
MBI A AP C #55 WUE S48 2% 6k
K(p<0.01), BEM T HEMKRENF AC Y
WUE M 51 5 3 BT 26 0 K R ik e AR C Bk
R R AT DL G R AE KRS WUE, 255 3% 0 il
IR KR AR [] B 30T AR CORE A5 R WA [] K
R T KR R KK RIS RIES S

3 itig

KR R R A KRR B 2R,

2.4.1

R4 TRAKBEETHEFLHABHA A'CE
LWUE,,.LWUE, z BHMBEXEELEEHITHRE
Tab.4 Parameters of liner regression between A" C and
LWUE,  and LWUE,  in leaf of rice at heading stage

under different water and nitrogen managements

Il )9 % %K
A 7R [R 7 AR AR . .

CNO  —0.823 -3.46  76.30

CNI -0.392  -0.39  8.32

CN2  —0.716 -2.40  53.54

CN3  -0.936 -0.26  9.66

CN4  —0.658 -0.37 1217

Lwup, ONS 0573 018 816

FNO  -0.598 -0.03  4.61

FNI  —-0.857 —0.68  18.44

FN2  -0.867 -0.86  22.01

FN3  -0.459 -0.26  9.62

FN4  -0.377 -0.22  8.80

) FN5  -0.595 -0.38  12.54
" ATC CNO  -0.832 -4.99  164.02
CNI  -0.804 -7.51  215.5

N2 -0.972 -1.74 97.12
CN3  —0.998° -14.43 357.28

CN4  —0.938 -8.94  247.3
Lwup, NS -0.612 -2.49 11448
FNO  -0.592 -5.26 165.11
FNI  -0.861 —12.34 316.87
FN2  -0.849 —-6.05 184.98
FN3  -0.975 -10.18 269.34
FN4  -0.977 -9.50 253.44
FN5  -0.741 -8.05 225.62

o FoR R ZMTE p <0.05 K225 B35, T,

5k A B AR K U B AR R S e e )
T P38 Ol R R S B K e Y R
Stz — " RN it AT LA R (L P
TRV IR (ABA) W, Xt ABA {7 “Z iz i Anfl 3t A
) S0, DA T S AL I A AL IR BE T o AR
WK HE R R S [ A UK R I G B it 48R Y
ST B A (E 4 i E B R KRS R G R 2R Y
4 S e A Ak, ELA [R] it 80 T 45 RE BE Y G,
/NTHE K HE B 3 T RE 2 T S RE B AR
XK 53 B SRR AR LA S AT, DA TG i 2D
KON o AL S BE R ARG LR R R A R A
Jetr SZMBAER  ER 45 R, AN R K RUE B K
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Tab.5 Correlation between A” C and gas exchange parameters, water use efficiency and yield
b B APC P, G, ¢, T, LWUE,,, LWUE,,
b, -0.945
G, -0.894" 0.947 **
¢ -0.893" -0.832° -0.900 "
5 1l 0 T, -0.897" 0.903 * 0. 982 -0.924*
LWUE,, -0.749 0.851°* 0. 651 0. 495 0.542
LWUE,, -0.891" 0. 940 ** 0.781 0. 663 0.714 0.963**
Y -0.903 " 0.920 ** 0. 831 -0.793 0.817"° 0. 801 0.910"
P, -0.835"
G, -0.717 0.945**
¢ -0.855" -0.968 ** -0.970 "
5 7K R T, -0.907 " 0. 889 0. 746 -0.825"
LWUE,, -0. 606 0.939 ** 0.939 ** 0. 906 * 0.616
LWUE,, -0.779 0. 520 0. 520 -0.635 0.865 " 0. 546
Y -0.822° 0. 980 ** 0.983 ** -0.996 " 0.828" 0.926 ** 0. 642
TE: #x RRAERZMTE p <0.01 KF2EFBE,
22r y=—1.1843x+26.345 221 22r
2.0k R=-0.492 p>0.05 20k y=-1.0158x+22.204 20k y=-1.5119x+32.514
. R=-0.849 p<0.01 R=-0.894 p<0.01
L8t 1.8k _18f
g 1.6 £ 1.6f
i i
< 14t < 14
= =
= 12f g 12r
= =
1.0f 1.0f
0.8F J 0.8F
o 0.6 — : : : : 0.6 — : : : :
20.7 20.8 20.9 21.0 21.1 21.2 21.3 21.4 215 202 204 206 208 210 202 204 206 208 210
IKFGI A1 C/%o IKAGH H ARC/%0 IKFGIH A C/%0
(a) 4y BEW) (b) 1T Zu 1) () FHEFFIER]

& 4

ARFEA I A B BB AV C 5 WUE 41 26

Fig.4 Correlation between A”C and WUE in different growth stages
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