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Abstract; In order to explore the response of growth physiological characteristic and yield of rice to the
water consumption process in black soil region, the experiment was carried out by lysimeter at the rice
irrigation experiment station of Heilongjiang Province in 2017. The U,(7°) experiment was conducted to
analyze the effects of water consumption at each stage on growth physiological characteristic and yield of
rice. The results showed that the water consumption intensity during the growth period of rice generally
showed a trend of rising firstly and then decreasing, the maximum water consumption intensity at heading-
flowering stage was 5. 66 mm/d; the maximum water consumption percentage during the whole tillering
stage was 43.98% , which tended to be stable after the heading-flowering stage. The water consumption
at the late tillering stage had the greatest influence on dry matter weight of rice leaf; the dry matter weight
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of stem sheath and spike had significant response to the water consumption at jointing-booting stage and
heading-flowering stage (P <0.01) ; the water consumption at the mid-tillering stage and late tillering
stage showed a greatest positive and negative effects on dry matter weight of root, respectively; except for
the early tillering stage, the effect of water consumption from the mid-tillering stage to heading-flowering
stage on the amount of bleeding of root was represented as ET,, ET,, ET, and ET,; the water
consumption at the mid-tillering stage, jointing-booting stage and heading-flowering stage had a positive
effect on G, and T,( P <0.05) ; the water consumption at the early tillering stage showed a negative effect
on T (P <0.05) ; except for ET, , the effect of water consumption from the mid-tillering stage to heading-
flowering stage on C; and P, were represented as ET,, ET,, ET,, ET, and ET,, ETs, ET, and ET;,
respectively. The A at the mid-tillering stage, jointing-booting stage and heading-flowering stage were
0.120, 0.244 and 0. 252, respectively, and the water consumption of these three stages had more
significant effects on rice yield. The research result would provide a basis for making water-saving
irrigation of rice in black soil region.

Key words: rice; black soil region; water consumption; growth physiological characteristic; yield;
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Tab.1 Water control standards at different growth stages of rice

Jb 3 I3 BERT Y] Iy BEh ] Iy BEJE ) PO 2R AT AEW] LA
T1 60% ~100% 70% ~100% 80% ~100% 90% ~100% 0 ~30 mm 20 ~30 mm
T2 70% ~100% 90% ~100% 20 ~30 mm 60% ~100% 80% ~100% 0 ~30 mm
T3 80% ~100% 20 ~30 mm 70% ~100% 0 ~30 mm 60% ~100% 90% ~100%
T4 90% ~100% 60% ~100% 0 ~30 mm 70% ~100% 20 ~30 mm 80% ~100%
T5 0 ~30 mm 80% ~100% 60% ~100% 20 ~30 mm 90% ~100% 70% ~100%
T6 20 ~30 mm 0 ~30 mm 90% ~100% 80% ~100% 70% ~100% 60% ~100%
CK 0 ~30 mm 0 ~30 mm 0 ~30 mm 0 ~30 mm 0 ~30 mm 0 ~30 mm
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Tab.2 Water consumption characteristics of each growth stage

R2 BEFHRKEIE

izt PO Sy BERTIA Sy BETI IrEEIE I WA MBI LA

T1 2.87¢ 2.33¢ 3.548 4.94! 6. 13 3.91%

v 3.13¢ 4. 18% 4.72¢ 3.788 5.80° 3.81"

T3 3.21% 4.14° 5.03¢ 5.72° 4.35¢ 3. 044

T4 3. 66° 3.55¢ 4. 03¢ 5.31¢ 5. 94 3.93

FOKSRIZ/ (mm-d ™) 15 3.61° 4.78¢ 3.90! 5.51bd 4.81" 3.36°
T6 3. 64° 5.11° 5.48* 5. 40¢ 6.07 2.82°

CK 3.74* 5.30° 5.25% 5. 394 6.51° 4. 05"

Ty 3.41 4.20 4.56 5.15 5.66 3.56

Tl 14. 19" 7.70" 14.03f 24.48¢ 20. 24° 19. 36*

T2 14.81% 13.17¢ 17. 85" 17. 88¢ 18.27° 18.01"

T3 14. 82¢de 12.75¢ 18. 58 26. 39" 13.39¢ 14. 07"

T4 16. 28" 10. 54° 14.35% 23. 661 17. 63¢ 17.52¢

FABRER % 15 16. 43 14. 50* 14.20¢ 25.04° 14. 58! 15.26°
T6 15.36" 14. 37° 18. 49° 22.81°¢ 17.07°¢ 11.91¢

CK 14. 80°¢ 13.99" 16. 63° 21.33f 17.20% 16. 041

Ty 15.24 12.43 16. 31 23.09 16.91 16.02
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Fig.1 Dynamic curves of dry matter accumulation of rice various organs at different growth stages
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Tab.3 Moisture response equation of dry matter accumulation in various organs of rice

IR 53w gy R? P
y, = —1.506 +0. 017ET, +0.049ET, +0. 058ET; +0. 040ET, 0. 880 0. 007
y, =5. 113 +0. 014ET, +0. 062ET, +0. 008ET; +0. 064ET, +0. 118ET; 0.748 0. 035

y. =1.082 +0. 059ET, +0.095ET, +0. 062ET, +0. 115ET, +0. 132ET, +0. 069ET, 0.903
y, =14.701 +0. 002ET, +0. 040ET, - 0. 043ET, —0. 021ET, +0. 008ET,

<0.001
0. 826 0. 005

Wy, UHL ET, R B E R (P, =
0.089) , Hoax 7% & 38 B 35 8tk & & KF (P, =
0.017,P, =0.002,P, =0.031) , S BERTHITEY T K
WA ET, ANSXE y w5 5, Horh ET, R4
K, UL AR A v BISEm B K, T v, 7]
HLET, ET, KiE it 8 % PR 5 (P, =0.063, Py =
0.067) , H 4378 5 38 3% ol il W K (P, =

0.038,P, =0.025,P, =0.004) , i ET, Z% 5
ET 2K, U6 BT A~ 2 7 B3 AR 7K 6 7K g 22
BTy o e R O s BT R AR K, U]
FREIAFE K XSy, S K, TR y, AT, & 722
SRR, Xy 2 e 3 OE
S (P, =0.035,P, =0.004, P, =0.037, P, <
0.001,P,; <0.001,P, =0.029) , ET, &%} 0.095,
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Fig.3 Leaf G, C;, T, and P, of different treatments at heading-flowering stage
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Fig.2  Dynamic curves of bleeding amount of root

at different growth stages
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Tab.4 Moisture response equation of different photosynthetic characteristics indexes

K53 1 7 7 R? P
G, = —0.434 +0. 001ET, +0.004ET, +0. 003ET; +0. 006ET, +0. 013ETs; 0. 801 0.028
C, =97.507 +0. 003ET, +1. 183ET, —0.275ET; +0. 932ET, +2. 223ET; 0.811 0. 005
T, = —3.50 —0. 034ET, +0.039ET, +0. 008ET, +0. 061ET, +0. 073ET, 0. 895 <0.001
P, =8.819 +0. 007ET, +0. 08ET, —0. 019ET; +0. 039ET, +0. 072ETs 0. 882 <0.001

SALGEE R T A AL AN AR B K 2R S A%
SR RSEAEHBE VM — 865, B
& G RIH L ET, ET, A W R (P, =0. 075,
Py =0.052) , HA4x7Ar & 35K 3] i 3 ol B 3 K OF
(P, =0.037,P, =0.016, P, <0.001), ET, # It
ET, ET, 30K, 3R W15 BE b WIRE K & LU 73 BERTI
SYEEIG IR G R R 2 ET, (ET, % G ¥1EE
B FIES (H G X ET, B0 1 5 e

i = A 27 - R A S 0Bt
YEFARE ST, T LAAE Ay 0 Wt 5 i) ' B 3 3R A8 4 3 2L
ARHE , O RE C, AT, ET, Al i i 5 PR 56
(P, =0.089) , HAx AR i 35 7K 1) 1 3 oA B 2 /K-
(P, <0.001,P, =0.021,P, =0.009, P; <0.001),
H ET X CAFTERE RN, ET, REGH T ET,,
FEUA S BE R FE K it AT 2RI X C R R
ET, ZECh A, R W53 BEJ5 WIAE KX ¢ 3
TS, ET, 80 K, 13X i WA Pk A 43 BE 15 301 0%
FeRAFMAE K R B BTN ET A 2 X C,
AR ETE IR

ZR I R ANUZ AN IR B S5 1 5% i HL A
SZREYIAR By (s AT e —Fp A A A P R
MR T oA, ET, Kot B FEMWAR (P, =
0.072) , HA7E 2 ¥k 1) i 3 oo b & 3% KF (P, =
0.028,P, =0.019, P, <0.001,P; <0.001) , ET, %}
T A BEGR, W& A E A E K
TR R 200 R 78 B R E BN K L ET, (ET, |
ETX T ¥R 3 3 BR800, o ET, ET, REER
435124 0. 061 ,0. 073, F& B4R 15 2 Bl A 1610
FEATRXT T 114 5 M) 5 H At Fsf J09 By Jd 5

Hol AR R RV G EH AT — 1
B AR, A S SRR BRI A AL
MR P, Al A, ET, & b Z R (P, =

0.092) , HAARFXT P, 05200 2435 3] I 35 ol B 3%
K (P, =0.001, P, =0.038, P, =0.009, P, =
0.004) . SrBEFTIZKFEE Fede B MR LT B, it
FOGCERETIHES , S BERT AR K fEXF P, 52 M AN I
¥, ET, 2808 ET, ET 5K, R4y BE R #E K B
XF P, IEROS R, W T 3 BE P I K 78 /2 451
TR RAFERS PSR R A EEAIIE, 1 ET, &R
Bk i, T EE S IIRE K XS P AT i R
2.4.2 LA HEENRILTE ME CO, M K7
J1 ST 1y i 7 O R B LA B A

MHEIF WIS A 6, C, . T, P, Z F L&
RORNE 4 s, &G TR R ¥ m, JRW T
FRRBHS AL IT L e B R Z M X R .
Pl 4l i LS B R A s HE ) CO,
W FE S ZR s i g i C S GRS N &
TURERBOCER TSI G, IR C bl BRI,
Mg TVE, T5 62 IKEEIMYL LR, T,
BEAE G, 3G i 3G i, (H g hn g B2 A W B A5 fh
K de 4d AT LA B, B8] CO, MR 25 1 1 5 40
AHFBFAERBCR,T.5 P, & IEMH L
R, R P BEE T X2 Bk mint R
P Bl CYGINEIALE

ST G, .C, T 5K FEFEAK G FR IR N G 2R AT LAk
—L W P, X RE K RS LR, &5 A K 4 A
Bl 4 Sy B nl 0, 43 BE R A R AR B TE Sh AL 55 , ET, Xt
G AR K B KF (P >0.05), N5 A
CO, (LR 3Z B, HE T Xt P, JC i 5w, ET,%f P, 4
P8O B R M ST K 25 I 2 5 e il R T A 1)
G, ,FHRST CO, MBER HETT 3L C 0N, 235 AL i
FEAEW P BEAR . ET, X P AFAE—E UL IR, 3X 02 B
TKFEXT AL CO, ¥ 7L = 4 M FHL S AR /1N, X A IR
VR T BHARRPE (45 1 R 2835 2 <AL DG AT R B 4



BUKE 5. B XOKREA KA R 5 77 B XFE A S R A i iz 221

380- L
y=1224.3x-750.99+444.7
370+ R=0.9140

360
350F
340+

330+

ﬂ[t![li]{'.!l_,ﬁ'u’]iff{|.|.1nu|-mu{ L

320k

310 Lo o TE
025 030 035 040 045 050 055

SALFHE(mol»m2s71)
(a)
24r
_ y=4.0233x-0.3637
T R=0.8351
i 2
= 20}
3
=
4o 18
i

o .
4.00 425 450 475 500 525 550 575
FEME S (mmol sm 2 -s7")

{e)

5.75

y==3.2524x*+8.0692x+2.2623

R=0.8122

= 5501
525
5.00f
475}
4.50f

FefE S (mmol e m e s

425}

4.00— A = 5 : L A
025 030 035 040 045 050 055
SALFHE (mol sm2-s7")
(h)
24r it
y==0.0005x"+0.4489x-74 559
R=0.7564

A A (pmol - m 25!

16 g . n 2 z 7
320 330 340 350 360 370 380
L EICO, H#e HE (ol - mol )

(d)

K4 ST AEWDL SRR PESE AR ] 405 R

Fig.4 Fitting charts of photosynthetic characteristics indexes at heading-flowering stage
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