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Abstract; In order to explore a water-saving planting model with high efficient of rice in the northeast
black soil area, the test pit micro area experiment was set up in Qing’ an County, Heilongjiang Province
in 2017. The effects of photosynthetic characteristics, biomass yield, dry matter accumulation rate, root
shoot ratio, intensity of injury flow, yield water use efficiency (WUE ), leaf water use efficiency
(WUE,) and yield factors on dry direct seeding rice were analyzed. Three treatments were set: drip
irrigation dry direct seeding ( DH) , flood irrigation in dry land (MH) and conventional basin irrigation
(CK). Results showed that the net photosynthetic rate (P,, except late tillering), transpiration rate
(T.), stomatal conductance (G,), the accumulation of dry matter in different organs, the cumulative
rate of dry matter in the crown (except for mid to late tillering) and crown maximum cumulative rate were
less than those of CK during the whole growth period, but WUE,, root dry matter accumulation ( except
the early and mid tillering) , the root of the accumulation rate of dry matter and root activity ( except mid
tillering and jointing booting stage) were higher than those of CK. The intercellular CO, concentration
(C,) of the three treatments had little change during the whole growth period. The maximum cumulative

rate of root, maximum cumulative rate of total dry matter, the root and crown ratio of each growth period
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were the largest in DH, and the lowest in CK. The decreasing of 1 000 grain weight and seed setting rate
of DH and MH treatments were not significant compared with CK (P >0.05). The spike length and grain
number per spike were decreased significantly (P <0.05) , the number of effective spikes was increased
significantly (P < 0.05). Compared with CK and MH, DH reduced irrigation water consumption by
63.88% and 39.52% , and WUE, was increased by 2. 66 and 1. 64 times, respectively. Drip irrigation
and dry direct seeding not only significantly reduced irrigation water consumption, but also significantly
increased the WUE, of rice, and it had considerable economic benefits and significant social benefits.
The study results can provide technical support for the planting mode of rice in the black soil region of
northeast, which had a great significance for the sustainable utilization of agricultural soil and water
resources in the black soil region.
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Tab.1 Different treatments for water treatment at different growth stages of rice
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Fig.1 Changes of photosynthetic characteristics and WUE, under different treatments of rice
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Fig.3  Dry matter accumulation curves of different organs at different growth stages of rice
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KA T4y 5t 2R B A 5 AR R A G, O [ Ak
HUKRE T4 RRGHE R WL 2, v LA ), DH MH
1 CK Ak 3 14 568 5 FHLAL T4 03 58 AR 22 1A AR (LY
AR R EB W ER T YR R R E S A F
A CBR A3 BE A BB R IS0 ) BAR T4 B o, (E2 A
Tt 2R Ry TG . 3 A AP
T AR S ST o e R SR AR SRR 1 B AR 4R T 2
TR EN HOREF A6, CK Ab PR 5638 T 4 I doe K R A R
e, DH Ab FHAR R A T 9 o e K R AU R i .
FH CK A3, DH A MH 4b 2 1) 528 58 4 it fie K R
FRHR A3 I FAIK 1. 80% 1 1. 46% ,HRFBT 1) i B K
SRR T 9. 35% 1 7. 48% , i T B A K
BRGER S5 T 5 1.58% F1 1.25% , 2% 5% K W %
(P>0.05) , AJ ULy E 5 B 3% Fh RO 380 A 0028 7K e
AR W BEA RS T LR B A7 e v T P A T4 5
R B R K, BB A B A X R
MBI FE S5 ARV 5 o BRI 3 AL F AL T 9
Jit SR A H] LUK B, i e K SR B R LA G
T S0 380 v S0 AR T 2 B S Bl R O AR T o e
RSB 3 D BEAE 43 BE R 2 P, 25 R T W) i
R SR B AR 4 A AT 2 A 3 il A O AR i
T 5 A K SRR R A il B AR 3 2L 2N i
BE e B 2K R T i R R R TR
P FRER T B B AR A I TR X R %
BT 00 BB 3 T A A o R g K R R U

5 R AN T PR A 45 SR o 23 HE op 3 S0 R UM HE 2y
BE I 2 Pt CK A 4 56 50 R AR 3 T 47 T B AR
T RRIREE R, 43 0 R % 51.72% 1 14.25% A )&
DH F1 MH &b N B i B2 B/, HR B 7 10.00% |
5.50% F119.51% 9. 32% , 32 Wi %} CK kb B T ¥y i
TS R 3 BEA A, % 2 B G I &, R M AN
Ko HBAFFAL T 9y 5t 2B S m] 50, 48715 22 1
FIHFETFAER 3 A Ab B R R BN RN 25 AR
S 0, UK DHORT MH b 3 25 T ) i B R
B CK 43 9 B AR 0. 21% F1 2. 23% ,{EAR T4 it B
HERH ST T 9.35% Fl 7. 48% 3 Vi WA [A] b
LA ) Bt 53 4 [ 58 A7 14 42 I R R e R AT i 25 5
S LA R AR A R E AN RUK RS AR R T T R A
FRREA A IS S AT T DR R 5 e (L, DA T A S RE 28 1 K
Fo o AR R A 28 3 T AR R R RE ikt 2
E G KAG R T 3E WK 4 5 R 55 TR B — Ry
o FLAEEPUW, DH AT MH 5683 1 4 it 8 5
A CK % TR 69.06% Fl 72.65% (P <0.05) ,
AR R T # Jor 2 B 3 A g 3 JH & 58.13% F
65.49% (P <0.05) , B4 T )5 1 5 B 3% /K 5 5l 35
BRNEELRI, R T LT, 458
Ty 5 BRI LR
2.4 ARENEBABREILZNET

5 B AT DA J B A R R 5 b B 2 18 T
i BB EL LS o X B 4 7 R [ Ak 3 KRG 45 4R
B IR G L AR fb 30 A7 40 A7 T 0 A A R R ik
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Tab.2 Cumulative rate of dry matter accumulation at different growth stages of rice mg/d
A H W Ak 3 i LS E Tl i e HB B R
CK 5.63" 12.50* 15. 65* 18.13* 33.77°
PT— MT DH 5.00° 11.67° 16.67¢ 16.67* 33.33°
MH 5.21° 11. 88° 16.31° 17. 08" 33.40°
CK 1.25° 7.50° 13.42° 8. 75" 22.17"
MT - LT DH 4.17° 10. 83* 15.75* 15.00* 30.75*
MH 3.33" 10. 42° 14.79* 13.75* 28. 54"
CK 2.96° 7.78° 17. 04* 8.89° 13.87¢ 36.67° 50. 54°
LT-JB DH 2.22° 6.67" 16. 30" 7.78° 14, 74" 32.96" 47.70°
MH 2.22° 6. 48" 16. 67* 7.96" 15. 02* 33.33" 48. 35"
CK 5.83° 8. 33" 41.20° 26.39° 35.67° 81.75" 117.42°
JB - HF DH 5.28° 8.06" 41.11* 25. 83" 39.00° 80. 28" 119.28"
MH 5.00° 9.17° 40. 28* 26.11° 38. 33" 80. 56° 118. 89°
CK -0.45° -0.91° 42. 58" -4.68" 45.26" 40.57*
HF - MM DH -0.61° 0. 00" 41.36° -3.91° 44.39° 40. 48°
MH -0.61° -0.61° 41.50° -4.47° 44. 23" 39.76°
CK -0.36" -0.60° -1.07° 11. 64° -7.76" 9.62° 1.86°
MM - R DH -0.60° -0.71" -1.55° 5.83" -3.25° 2.98" -0.27°
MH -0.60° -0.71° -1.79* 5.73" -2.68" 2. 63" -0.05"

VE IR R /NG A 2R A 0.05 kT2 R B, R
i CK B8 K 3.36% ~27.10% 1 2.29% ~26.41% .
B AL B AR 3 A FAR S L e 3 R R,
PR — 20, HTE I BER WA i KA (H 22 5 Rk
HYEAKF-(P>0.05), MWK IF G, DH 5
MH b 3 9 A2 56 B 43 51 88 CK 3§ K 8.34% -~
27.10% f17.03% ~26.41% , .2 5355 B &Pk
(P <0.05),DH # MH # K 0.55% ~1.88% , %
FARE(P>0.05), ZHPM, 2 EHFES CK 43
IKREAR G B 1) 25 BE 5K B 4 S A F O 22 15 oh i ek
B o P ULMIR Y 22 B T B, 52 LR KRR O T B
TR G IOCE W AR R A, AR R R 2
TR, DR E R R S R s Y Xk
W, 2 BT LU A B S KRR R B, AR
ROEA A KR FR = TR OK RE T, 12 8 IR E
- G K I W BCRE g, 1 T R v K R 7 R B UK
R RR ",
2.5 AEARBEABELEBTHRKESREKE
AT ER 3 ANl A B K R 45 A2 B WIRE K & AT
LR AL P A A AR K R AT R R A E A
ML, 2R WE(P<0.05), H DH &M k. 3 ik
PR B IR K G R I — 30, DUR T 2 R R
K, 43 BERT I s FL A /N, DH 5 MH 4k B AE 4R
2RI 4y B B CK Ak FRFE K 75. 60% Fil 56.03%
2R (P <0.05), HAhAF ] DH 5 MH ik 3
Ay B #E CK BEAR 19.66% ~ 71.74% F1 3.25% ~
42.98% , 25 WFE (P <0.05) , 24 F MKl

PT MI LT JB
HEEW

HIF MlM f{
e 4 AT b KR 2 A 7 AR L8 fl

Fig.4 Changes of root and crown ratio at different growth

stages of rice

K F/NEH K CK . MH DH, DH 4b#{Y K 172. 67 mm,
BCK Ab #5445 FE 7K 64.42% , % MH 4k #9544
39.67% ,3 H £ W% (P <0.05),MH 4 ¥4 CK
AEFEAT4E 41.03% , 22 53 83 (P <0.05) . X FKHIK
e 5 L RS R L 0 A7 A v e A 2 4 R
BHIFEKE B FEREA(P <0.05) , HF#E 5 Hi%FE
K e . DH Kb EJE K & A CK B 3 i >
63.88% (P <0.05) % MH Kb 243 K 39.52% ,
A D0, SRR P R AT AR W K R X
A K B AT R 2 A T B A o R S,
SR W
2.6 AEREBEABFEEHHEFES WUE,

AN TR Ak 3K RS 7 S HA B 5 WUE I
% 4.DH Fl MH b3 7= 5 435124 7. 27 x 107 kg/hm’
F17.34 x10° kg/hm”, 4> 4 CK Ab B REA% 5. 17%
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Tab.3 Water consumption and total irrigation water amount in different growth stages of rice mm
% HE B WRE K 2EFEM "
JGEL SE K
PT MT LT JB HF MM R FEK i
CK 35.90° 97.81° 22.58° 170. 60° 56. 68° 69.26° 32.49° 485.32° 455.26"
DH 10. 14¢ 33.42¢ 17.21°¢ 41.62°¢ 21. 80° 22.38° 26. 10" 172.67° 164. 44°
MH 24. 49" 55.78" 21. 84" 75.01" 38.02" 44,520 26. 53" 286. 19" 271.91°
4 AERBABFEREMBETS WUE,
Tab.4 Rice yield and itscomponents and WUE | under different treatments
pie s . , WUE, /
pogil K /cm N TR/ A G555/ % TR &/ g P4/ (kgohm ~%)
(4~+m~?) (kgem™?)
CK (17.38£0.09)° (420.00 £12.00)" (68.30+1.08)* (95.45+0.39)* (27.950.15)" (7.65=+0.11) x10** 1.58°
DH (16.76 +0.14)"  (476.00 £5.29)* (59.50 £1.79)" (94.84 £0.63)" (27.10+0.98)* (7.27 £0.24) x10°* 4.21°
MH (16.80 £0.04)" (474.67 £10.02)* (59.78 £1.03)" (95.17 £0.61)* (27.150.44)* (7.34 £0.32) x10°*® 2.56"

M4.31% (HERIFAERZE(P>0.05), o] L5
FRAT B A A B, 5 L A9 Ak B AR T K (R I IR A 1
B 1R 2 N R DH RN MH Ab FRAE K 43 ) 45 CK
b P R AIG 3. 70% F1 3. 41% (P <0.05) , flki 5k
A3 EE CK Ab 3 g 3% T % 14.79% F1 14.25% (P <
0.05), 04 B H % CK b ¥ 8 3% LT} (P <
0.05), b Jh g B 20 91 &y 13.33% 1 13.02% , A I
L5 A R T A T B, R R Ak B A T AR AT AR
TR 1 ) D 1 A AR B0 AT 5 R 7
AR S 3 MR AR FERIFARE
(P>0.05), X F4550 % TR it % & K +,3
AGbERIE TG B R, XS E RS
T T VR KR e 2 A R P AL 1 A7 T AR R
GRS TR R E TR RAR -3, 15
T bR 1 1 3 5 B B K RS 00 A Ak R L R
o RERLEL TR 0T i A5 T o R 0 TR AL
IKAL BRI 25 A S8 A IR . WUE 5 44 & W FEK
R AU R, CK AL BEIRAIG, DH &b 3 5
421, % CK #2585 2.66 {7, % MH #2755 1. 64 %,
LR E(P<0.05),MH % CK £ 55 1. 62 %, % 57
B (P <0.05) , 3% 2 W /KRGS B4 AR R UM L
B LA A O P A 2 R T R R T R

(I RZ A N v/ G i/ 7 B D B & T B = I T
T R AR AR S WUE AH L 12 3 5 4% oA A
KT HE B E (P <0.05) X5 FREE " s
iR —3
2.7 AEREBAKTERALLBESH

AN TR Ak R K R A 7 A BE B a3 AT WL AR S o T
DIE W, B A bW M AE B R A 4 25 T AT
IOE W AE B R, 3 AR 3 700 J6/hm? T
LR L H R e B 12 R 5 R bR 09 N T E
2, HY T R AR KIS — R AL H AR i 75
Jiti L F) N T B FH AR [ A% 760 JG/hm® i HE A
6 48w BT B A T UK B 757 J0/hm’, $5 18 i S
%48 280 56/hm’, F 4k DH 5 MH kb B () [ 2
&S CK 4y %1341 230 56/hm® 1 840 J6/hm’® | {H
375 U BT AR E1 43 514K 380 J6/hm® 170 JG/hm
XA BT R R R T G A R A Y R R
BV W T A% G K H bR 7K R AR AR AR P 3 R T
TRk e R, AR Ik R AR R R A R T AR 2
BA AR A
2.8 AERBABEFHAELRST

AN TR b R K RS 2 05 A0 4 L AT BT L3R 66
FRLA BRI A B R 3X F 2R TR A

RS FELEABESTHAEI L

Tab.5 Comparison of cost of rice production under different treatments JG/hm’
Tie Bk 4 Jita A R I L B IR ¥ Wil
hE MUBL AL BU AL HE OB B T L AL BR&E AL i AL k% % MU AL Ait
7% 54 i 54 i1 bl i 1% bt 2 7%
CK 400 300 400 300 1850 1150 0 430 1947 870 310 300 420 380 1184 0 650 400 11291
DH 400 300 0 0 0 0 669 750 1947 110 410 430 220 200 427 1750 550 350 8513
MH 400 300 0 0 0 0 669 750 1947 870 665 785 350 380 707 0 550 350 8723

TE 3R Hh DH Ak 2% 30 DM 7 5 88 A AR 276 D R AF B9 B A AR T8 0 A S 08 A B — R B A AR g 3 500 T, TE R BT I8 AT A9 6 T A
AT 2 ~ 4 a2 e MR HEATT SR AR G T A B 2 a 710, I D A B AR 4F T A I M BEART 2 T 1750 S0 R P e 35 D B4R JRAEA
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Tab.6 Analysis on economic benefit of different treatments of rice

ESGE: T it A
sy A BH AR R

I 0 K g i

IR T ey

i v LA

Ak B B L BARFORA, A, FEREMA, REEAE, . .
(JG-hm ™) . . . ) (J&+hm~?)  (kghm )  (JE-hm~?) (JE-hm?)
(J6-hm %) (JG-hm~?) (JG-hm~*) (Ji-hm™?)
CK 1 400 3000 3247 1410 2234 11291 7650 19 890 8599
DH 700 669 2807 1260 3077 8513 7270 18 902 10 389
MH 700 669 3567 2180 1607 8723 7340 19 084 10 361

SRR B 51 R S T o TR AR AR
RhR BH WA BF A B 0 1 790 JT/hm®, 4518 5
ARG N 28 JC/hm” R OK T W A SRR —
U IR AN 5/ NI (S S0 - BTV N R e s
i — M 2 ~ 4 a, DS T SE B A 7 0 T T A
e b A I AR B AR A B . P, T R R
R ME L WD T R K, B R T KA
() WUE,, ifi LA B0 ] WA 28 35 280 4
3 itig

e (SO EEN RS AR R/ URR7IE YN
AR B, A [ B R K R G & 1 D
ANTA] o AT FEAG KRS 45 0 R SR vl R
WESA BT RAR T ER S WA KRBT
TR AR B 1 A L A B R B vl P, T, G, C,
=BT BRI S5IE o (HALA 7 3 3R K R 1 9
W AR YRR SRR o A R B R Y
AT AR LY, B ERB TR P, (2 BER
WIBRAN) (T, G A8 45 A 5 W B P R 9 4 A T
R AT Il N 1 B N o S N |
FARQUHAR %5 8 th i1 7 3 3 — 25 43 07 i o 5 18
TS ELAR KA P, T R DR AT A il BT AE I 2
BT G0 C AL BA — 2k, T DU s i oy
SALAR SR P, 0T EE, X R B B A . T
MAMBETFAEWTT 46 G C i AL A F A B, AR T
FREEFLA L TE G T, C A BT R,
LTI I 5 R K R I A 40 Y O A RE D A, It
NAERALIN R B P, ATk Y FEAR, o 99 B0 Al 52
R R KR, P ELL A B . N TR E
FE KR 5, 38 Al BT A8 9 A 9 K I3 ¢, i v il A
T A B 1 3 55 K 38 0 T3 RO A AR 7w
TR i SR A R i B E

B FEVE 9 T o 3R AR Bl 25742 Al Fn R B A %
TR R R A EE AR AR IR,
5 LA R R AR A TR R ALK A 4 W B R R AR
AR BRI R AT, X — R 5
WSS IR G A S R T R e R R AR R B
TESR T 2P RE B BE T 16 10 1 BF 9T 25 2R — B0, B R

AU MRS HE R AR LT
39 (r B P U AR BR A1 ) e 38 - 1 Jot 2R B R B
KA BB K YA T R R T, AR o R
BUR RIS T WM E R, X8 T 2 ER KR
TEA A AT W13 BAT 8 i 0 AROE L, i L BRIV A8 AE AR
BRI AR B O B SR B, DL B AT R AT
AE IE 2 I B AR /KR R M RO K T B 1 DA
BRI RA R e AR T o SR B SRR R 1 )
RA T TR T L B 5 7K 0 A FH AR DL R HE 2 AR AR
T ER X A T i RS U R R A IR 5 R R
CRETARRFE Y BLAR TORPRL RS, R R R L
BORRER . al UL, 5 B K R i BT FE 0 2 05 5
AR 28 T4y ot R BRGELARFIAR 2R 37 ) X A AR AP KL A 2E I
ATRERE RIS R AR S L R
FAWI Ao DL, oy AR 52 R K R il BT B 2 s
B AR AR T i R A AR AR 95 ), B R xd
B R AR BRI R G RO IR SR A E 1T R
EUAR I AR S (v et/ I E A L R A TR Fi v
SR PR R AR AT A Rt — B

HRF AW R MR 43 FUK o3 9 A, LR
I 1 EASE WA TR A K R T A R AIE .
iz 5 R IT A R R KR 2 SRR SRR R
J1 SEGAR R, T H AL BEIT W % 7 2 Ja i &
W RTHE B SRS DR A, BRI
R AR A8 40 T 5 2 A il R A8 ) B A AR A P 4
L ARRTE AR S . KU s
EMMEiit . ARXB O LB, 5 R KRS 1 B8
A BETT B 2 )5 104 2R B I RO RS 1w
T LA B PR KR, EL TG T S B, 2 M L
PR ] BE S iy T 5 A AR R TR L A A e
TIERK MRS OL T W R E A, s T R
A W ARG CE: 3 AT RN - G /B L& -
T A5 /K R AR B 3 05 B0 A, e AR AR A R, WS UK AR
FAERE AR X s s R
o MEPIMR AR BIK 16 1K WIAE SR o0 1K g1
(1 2 8] K, A ) i = 3 R 9 K 23 RIFR 23 B e
FERHRT . HIL R H KRR RORRE A
B T A X R R, o5 — T L, 0 T
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SRR KRR L KR A H B S 43 BRI (A 4
I i ) T AR A AL, 7 B 7 A AR IR R 4
BB R T8 45 1 AT LA 0% K R
S S NG =R UL T NI R ] 2 oS
L6 EE B, 48 A3 B e L), L3 s AR A P % A
AT ot o O ol L 0 R L ML, R R
783 3o A BB — A Al A8 AR i T T K RS AR, 4R
B TR R B . B g F T, K H A
I AR JEL P A0 0 2 R S L A 4 A3 22 K e
A 2 T LA R R T R e KU &
S0 45 R B 4K R T LA AR AR R R I
WG X R E R R, T s
WFSE 2 I, Al A S8R A T b 0 K 8 kK 1 £ R
X T 2 ) 0 TR A A D v Y 2 R0 O R R L
WEREAR 16% ~49% . 7402 o 5 1 42 ol E J0R 4
IR R R BN IS . DR
PR AR X, SR 1 7K T 7 2 DA B A B 4 vt IS A ot
T K 2 R ) 2R A T A

7 L LA PR (LR 5 T K 4 IR 2K
P TR S MHERC A TR B B A R
2 M H R R R, CA TP RE
F HH b 9 Rl S A TR 2z % TS 3R 0 K R R B
ARAE R 230G IS T B R R Eh o
U R AN 24 T K g FOIEORE R I LR
FE AN T & ERERZ X A A
IR RS AR R R 7R
TS 25 U bR T 2 0, R 3 0 K R 5 A b AR

SR AT LA T LAY 28 55 3 4 o
4 it

(1) 5 E R KR 1 56 GV P 205 47 e o O Ak 2
FRREAR B2 WUE, b A-BR, THE 518 7 A%
WEE P (S BERIIBRAN) (T, F1 G e F RN
R FIfALEE , WUE 4 & Fifipods e . 3 b Hm
CAERANE B SREAR K,

(2)3 A-4b 38 1) 7K R A 5t B T Joit AR 2815 100 B
SATR] LA PR KRR S R b (R AR A
HREEENE ., HESEEREROAy 8y 2K
HAE R T o BB AR T R R R (4
BErp I R WIBR AL ) L e R R R A H
WIS TG B, (HR AR T R (e
A5 R IBR AN ) AL ES T ot R LR AR RIS )
(Y BEH I 54 AR BR A1 ) AR e He X v A
VEE , HUAL TR ST 9 o e K 3R B R M e e 1
DAV E 5 R B o

)T HE R HRE MM &4 F e KERD,
WUE, f i , 4 BV E AL AR K it e 2, WUE, e fi .
i T 5 1 A Ak 1Y) T O R 2 S R
WEHET AR ZE (P >0.05) , BRI AR EL T B
F(P<0.05) , AR FARE(P<0.05), 34
WP 22 R AR E (P >0.05)

(4 ) 7% VEE 5% T 99 R AT B e 0 4 A s P Bk
AT 2 D325 AN (B30 E5 38 0 1790 J6/hm?) |
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