20188 A REBLHE K 4 $37% %8
Aug. 2018 Journal of Irrigation and Drainage No.8 Vol.37

NERS:1672 - 3317(2018)08 - 0076 - 07

METFEREKSNEERELE SEFFENFMN

=ZEN', xLE", THE', & [H’
(1. A Jb kAR o K5 KA TR, #-M 450000
2. P E R WA K\ EBA LA, T A% 453002)

B Z:AIWIARRRAAL TN B RRAETFEHaR LK DAL KRR Ao fEE0Hn.[7E1AL ]
Foe AP HR 58 A K I A, R T I AR A E R I AR E R T F (RS KRR A FKEY
60%~70%) ¥ & T F (LA K F 45 £ 8 10 K E 45 50%~60%) A= F & F F(LEARKF4H £ HFHRE
89 40%~50%) , Fo s £ F B A 5B K (R A K B 45 ) 1R ) 8] 1 K 589 70%~80% , CKD4 AN K -F 3t b 4047 T TR )
MBELFREKREHETRANEGAILAESBARTAEAZ (L R T I 2RI 4 8 R b B A E B K Mhia xt
DR G It ARG RA R RFERKT, AP R TA KRG At @A E KBRS, KB CK T % T 18.6%F=
29.0%, "t @ ARE CK T4 7 18.2%F= 49.5%; Ko Wi /32 k694 Ao EF AL FHEECKEREE, LKE,
BEKRSMET N AeF SR ER AL FESCKALFER, P AT ERDMEE T A0S SR EfA
LB E CKZ MR AR B AL R F 2 F KB KAME B B R A, BB/ K 0908 LAk £ A 305 B LK T Aot AR
BRAERE, AP RERAARSERGE RN, LILFEECK THE T 28.7%.34.0%F= 49.4% , % K 4% &
CK T % T 10.5%.23.2%%= 28.0%. ¥ A& E Kb 3t )N & 69 5 2 09 %5k 3] 35 K -F 3 K57 BAFe b AR K 4
i AR RO AR AR AR FE TR BRI F RN ETERE TR, #EmilL 2%
IR MR VE AR FM T, BEKPHATERAT Ko Z0R— AR DN ERSERNF R, S2H
M ik KA T T RINZ =

X B WAk TFEK RS FE

hESHS: $279.2 XERFRERD : A doi:10.13522/j.cnki.ggps.2017.0555
FEW,KLME,FER, S MRTEREKNNEEKEET EEMZEWEII]. ERHKFER,2018,37(8):
76-82.

035l 5

M T AR AR A SIS ST, R B KR OO A T R ZLI A2 AL, 5 BUR 22 H X A I
FAET T B K BRSO K AT E AL, 7K B K o o BR A AR b R 5 88 JEE RIS B AR M TR
PR el A5 T BRI R AR AR A O B TR 32 T S e SO — M s B R . K7 XHEY)
(RISZ I LK AR 7K 73 B A 0 B B 5 [ P A B — S 78 DL S T — € IR o {5 SCR SV 7T
TR W B RE 5 FR /N A B R R B R IR AR 5 OB R SEE FU SR ] 1 v SR A e
JEEA T IR K A A M RN B A 5 SR SE I ST 3R WK 20 i 8 25 1F T AR BE S B35 S /N2 )
JRIAR B o —SEBETCUE BT K 2 B8 X ) AR I AN 58 4 N, A2 B e Be e 1 i K 7 il
Ja KR A AN B A M REO8E HLBE 4 i /K 0 F T RGR s I A — S8 SN T 5 K e i P B Ab
52 RUNE R A W B AN [ T A A 22 O ORI 5 TR B8 A8+ R AR B BB 58 B3R s 13T 5K
Dl 5 TR R AFAEE B IR AR, ] DO T 35T R R TN T 0K R 8 175 O 5 L A ) — S5 #7171
PR AR KR T 52 o 87 K HE ok 7 e T R s 1o H 22 B0 S 2 BT AN R AR B A R R R bha , H

Wik HEA: 2017-09-11

ESWA : HEBRRFHESITH (51779093) ;70 B4 mARHE BB B S R HRI5TH (17IRTSTHN026)
TEEENFEW 1973, 50 FL, WA AE S0, 1t 78 75 170 9 AR Ml K 98 U5 e RO S5 7 9¢ i - E-mail: liyb101@sina.com
BIE1EE AR WR(1990-), 5. Wi+t . E-mail: 1534755675@qq.com

76



ARG X 22 57, TR T R A T R e s Z R LR, R T NEARLE TN B 2B AT
0t 5 AT 5 B AR B TS AN 2 I o

WEFEA R A B B BOAS [F) T 502 2 2K e S E M AR B A B I, 72 32 5 R I 75 /K I 18] < 75
KBRS B o B R HE R ) PSR K B S5OM Y R 2 A A o RV A SR S AR AL,
TR RO /N A B AN P B TR AR TS A BN R GUR N RGBT 7T DIt , 28 LASR iR T S
DX/INZE AT TR G, W FEAS R A 7 B BOAS RIRE BE 7K 2075 Wk S KR 4 /N2 AR T AN AR BRI 520,
BT 2 /INZE RIRR R P TR S Ol B g A AT B0 5 (R i AL, D94 i D0 A JRE B ) PS8 A 000 1 5 e e x /A
R JEREH W FE A — % BRI -

1 #RI5 5%
1.1 Rt

W36 T 201642 10 H—2017 4 6 A 7 7b E A LR ol *Mifﬁi -
e L s s A oor N 4 SRR i R K L

81 m)P MM T AR I X 34T . RIGX LTI — K 70%—80%  70%—80%  70%—80%  70%—80%
KR 14 °C, B W210 d, H GRS A 2 399 h, BRok R TT o TO%TE0%  60%T0% 0% E0% 0% 0%
i e ™ 70%~80%  50%~60%  70%~80%  70%~80%
580 mm. HARA/NEMHPCN“EPLS]”, T 2016 7F 10 T3 70%~80%  40%~50%  70%~80%  70%~80%
H 15 H#EM, = — 00 /R, B 60 Bk . RIGE A T4 70%~80%  70%~80%  60%~70%  70%~80%
e s - = " , TS 70%~80%  70%~80%  50%~60%  70%~80%
IR F W B B AN R ) AT, TR LA 1. K T6 70%~80%  70%~80%  40%~50%  70%~80%
3 W38 BT AR B B B a3 nll AT A A AR R 7 70%~80%  70%~80%  70%~80%  60%~—70%
AN B A A KT, B 70 40 i 7k (48 8 7k 22 4 T8 70%~80%  70%~80%  70%~80%  50%~60%
- 9 70%~80%  70%~80%  70%~80%  40%~50%
175 H TR REZK R 11 70%~80%) 18 B T 5 (IR 5K
458 1| 75 H [B] RF 7K 241K 60% ~70% )  H % T+ 5 (398 55 7K e 458 11l 7 HH [A) 457 7K 2 1Y) 50% ~ 60% ) Fl 8 B+ 5
(395 7K R 4 1 £ HH [B] 477K 2R 1K 40%~50%) » 73 7 FI CKAL M RIS o i & H R o7 B 428 49K 47
HEKE A2 difR i E 22, B E L 60 cem IR T ETHE, HE AR E N H/KE, B S kA
FEFVEI 58 THRIVE I 2 (0~60 cm) T35 /K=, JE KL IR BZ A B K 45 0] EFR . dhah, 50 B 1 A4 4
F A 78 40 BE K AL AR S0 B, 0 3 10 AN b B, BN Ab R E T 3 R 158 BT AR Y BLAR R 40 em, RN
60 cm. FEFIEINE AL 10 g(NLPOs i & LL A 20 1), FEAR 2% - AR =355 8 1.36 g/em’s o, N R
50%FE it , 73 AT S0%7E 3 15 BAGE e , BT Ab EE A /N 22 1 P B KA 4 350 32 it
1.2 I B
D HIEE AR PN E . BREATEKENE L EKE, R EE T E LIESKE, TR4
PR 46 5 08 5 d R A BTV 52 1 R JZ (0~ 60 ecm) 138 5 7K %, 6% 20 em B4 1 7%, DB 2 #E K
=, 1EN:

W=y HAW-W,) , (D
A WK E () s v N EIRARBURE (gem®) s H AT RIVEIEZ (em) s 4 NHRRIZR TR (em?) ; W Wit
IK PR (%) s W R RETT 338 S5 7K 2 (%) o

2Bk AN THAR o TR $0  la el 0 AR R U 7K 3 P e v ) B U7 % b B v B ATLOGE B 5 PR i AR
PR IA R S LR 23 00 5 /) 22 Pt CAN I 38 P20 1 189 ) AT et 5 (ot T o 5 AR PR R 8D, 98 I 42
T AR =K X 5 X 0.85 T B FLTHI AR < T B 43 il 00 5 /) 22k v (BT, P B L AN I 2 81 2 5 1
B, AR, MR T o e 380 25 R A PR ) L BRYT A RO RO E S K o e Ak R E Hh 4 H 6 H 21 H
MSH4H.,

DM EERSE 3T 8 BRSO, e 430 B G XU R, 7 09:00—11:00 A LI-6 400
{485 30 & A (LI-COR,, 3 ED I & M 6 &l 26 P, A8 APA A S AL E AL T goo M B 8258
CO, B /K 43 #1400 umol/mol, It 3% ¥ A 500 pmol/(m? - s7) , Y65 H 2 45 H 47 (1) LED #2441, % B ¥ 1 000
mmol/(m?-s?) , 38 T B B AE K — B HL 826 7 17)— B0 A — B0H 58 4 R T 481 2 1, b AU R 42 2 34 34 B
A KB HLAZ T 1] B0 AL — SO R, AR AR FR R A 5E 3 UK, KA a4 Rl E H I N4 H 8 H .

1



23 HA5 A5 H:8EKS5 dJa B xile /N2 KR E 6 EE-Z 8 Q2~5 d I — A EK Ik E JH
D, MEHY N4 12H 2805 H10H .

Oreg . NTUWEINE G, IR A SOEE, ok T vt I RO EOR T4 5 &
1.3 St oth

K FH Microsoft Excel #1DPS 12.01 #AF3EAT Givt 7387, SR FH fe /N i 35 22 8506 (LSD ¥ 3047 2 7 i 2 1k
3% (a=0.05)

2 HERERH

2.1 FEIEEMERK S MBS N EfkEFI EmFRA R0

Bl 125 7 AR AEE B B RIK 2 I a R FE T /N bR s A T AR 284k . H 1L 1 ] %0, B 7K 43 i
FEIIN R 5 70N 22 P Ak v AR TR AR 20 (KR BB 0 K5 T T4 AN T7 AR B (K Bk i AV T AR 5 CK OIS 28 2 57, 11 T2+
T3.T5.T6. T8 Fl T AbHE ¥k i A AR 5 CK 2 57 353, IX U AN [F) A6 7 o B /K o 3 3ok /N 22 vk v
TR TR PR 52 MR AN K, T F 2 R B B2 7K 2 A R i 3 PR IS 17 /N 22 B v AT TR AR o FEE R 3 /K 4 e B
A LU &N A B B B /N 22 IR i A0 e TR PR 52 00 DR /NI A < 38755 1A > TR A > E SR B . BT i R
IR J5E 7K 43 W 6 /DN 22 R i R TR T PR R K, 5 COMA BL, T2 R T3 AR BRI PR 7 N F% T 18.6% 1 29.0%
T2 AIT3 AL P ) T RR R B 1 18.2% 1 49.5% « #E 4 19 v 52 A0 B J52 7K 7 Joih A /) 22 ok v 1 P T BRI B 22 e
/N, 5 CK A EE, T8 AT TO AL BRI #k 1 T & T 5.0%A1 8.0% , T8 A1 T9 AL FE () - AR R B4 1 8.0% A1 10.0%. 4K
T -Hh AR AL AN S R A TR K ) SGB FR A, /N2 2 (SRR B E R AR K B, B Bz K
3 I 2338 B AR AR PN 7K 43 SR K, 5 T 24 40 2R DT 5 BOPE e AT T AR ) 5 2 R B I AR B S L NI
PR A AR AR AN K AR A DLS N AR K R B E B A A K, 1 HoK e g el 1 /N2 A
PERTAR T I, MO AR S AR S CK 4RI

70 ¢ OCK BLAGHE IMAE mSibs 200 ' OCK ELAH BMAE =Sk
a a b a
60 Tk b j}-::.b —I—bb
55 | Ed . I. © ..:::E N150 - {a_h .
: ' i 5 : : ‘\\ B
540 | |- R S g c e [
iE . .' 100 : ""\Q
1]:30 L - i = A . % i
ol % i 50 % i
HATHI0406)  HiFEIH042D  HERO0504) HATHI0406)  HhEEHIC042D HEH 1 0504)
AHW LEM
(a) i (b) AR

B 1 TR A W SRR K Wit 4 22 64 )k th & Aot @ AR
22 AEIEEMERK T INEREKITNEM FSFALSEMSEERENFN

B2 25 T ANFA B BIK 5 i J K G /N2t e REL S AR AL, B 3 45 T R IR AR & /K 43 e
R IKGAINEM e A i R Ak . BB 2 AT 3 (a) al &, B 5 /K 43 Il A6 R FE A 0] L /N 22
LS EREOE AR RIS TR . BRI S AT ATRRE 7K 2 BiE & 2 0 /N 22 11 e 6 R R
SALGES CK B 22 5 o 35T 3 B R R 8 2 U 3 A 26 & I U o AR SR S /K 20 i ot /N 32 004
GRS T O B M T CK, T7.T8 AT AR BE (S FL S B0 ) T B&E T 17.4% . 33.2%Al1
66% , {F A TH A T BT 22.1%-47.6%H158.1%

HHE 2O FE 3 Al AT, B G /N B BRSSO CE R A A B B, T1 A T4 b3 /N2 1S
LSE S CK LR E 2R, T2 T3 . T5. T6 . T7 - T M T AL B /N LS AL 5 5 CK ¥y 2 5 2% {2 T7 A T8 kbR
INETCRE R T T4 M T7 BN B G d 2% S CK G R 3 2 7, T2 T3 T5.T6 . T8 1 T9 AL # /N (1)
SALFEE CK EREE . Wi R K G 57K B RN B 35 e Gl ML T B BB B K 43
B K AMERN I 2, /N R i e Sl R S AL S E S CK I W3 22 57, v B RN 3 ) /K 4y B 52K Ja
WMER R, N R EAERRIAZ B R ZHH], AN 3 b G B RIL ST ES CK EZ 5 B3 [F% K

78



I EFEEE R, T7. T8 M T9 AL H & /K J5 /N 22 B B 48 b 52 B B 52 e N 38 35 5 A6 T CKL, T7. T8 A1 T9 A £
IS FLEE 5 R T 28.7%34.0%F149.4% , T7 T8 F11 T9 b B (K115 % & 43 5 T B T 10.5%+23.2%F1
28.0% , Fl7K 43 Wp e B AR B 5 CKORR 22 5 R R0, 3% Ui B H BT ¢ W SR A M RGN, (B VR A2 )R B A A2 DA

TH IR IR RE
250 250
a OCK BLAH aMAicF mSiz! BCK BLAE BMAE  mS4h
2 200 a 2200 a a
150 g 150
Q
g z
é 100 ;;( 100 |
i
il iy
= 50 = S50}
r r
0 Y 1 A 0 C é L
L&t HEZZI(0505) HRATH0412)
E=pC
(@) /K4y Hria (MHE K
B2 AR AFIHRE RS MG R L KRG D& LT A
20 OCcK ELALFIEaEJMﬁLFIE S 20 ¢ BCK ELA&%& aMALFE mSibEE
> 18 ~ 18 |
5 16 | & 2 2 16 |
Fqg | [HE ; ot T
(=] -—o' T
g12} " £ 12
%i 10 + d <10
® 8| t:g 8 1
:g 6t o 6}
;53 4 r ﬁ 4}
2 | el 2 |
0 . L o L e 0 £ L el . - ]
PATHI0408)  HhAEII(0423)  BESII(0505) HATHI0412) HFEH0428)  HELZIA0510)
B GR=Fl]
() /K5t (K

3 RR AT IRE KD ME R IR A At
2.3 REIK T B IEX Z N =2 KA E FHI R0
R2LH T AFIRG s AT &0 2 E2 A MET kA LARE T
FEE MR TR . R 2 TR R,
T1.T2.T3.T5.T6. T8 Fl T9 4b ¥l /N3 (1 4L

W ARGEEUAS D BEREUEL TRIEg PR R/ (g D

N o s o - CK 70.3a 51.2a 52.6a 1.64a
i%ﬁ*n‘*‘%‘*iﬁ% CK%#HM% ’ﬁl}é%*ﬁ‘p /H:H T1 67b 44.6b 48.6ab 1.59a
ETFEE /K 4y e ) e B 2 R R /N EE Sde 413¢ 46.5b 1.54b
ROREEOR AR 5, SRR A E R P RE DL Bk T 50.6d 384d 44.3¢ 1:33¢

o o o T4 68.5ab 47.6ab 47.8b 1.56 ab
43 8 A B8 S 3 BRAR /N 22 B RO A A Ts 66.3b 4 sh 45 4be 5o
FIEL; T2 T3. T4 T5.T6 . T7.- T8 F1 T9 &b FE/N 16 62.4bc 40.9¢ 42.1c 1.28¢
iﬁg :F‘*j}ﬁiili CK;’%EE% , JX-LE‘E EH ?Hﬂ;’r%/ﬁﬁ T7 69.3ab 48.5ab 47.4b 1.5ab

O A TS B g B 2 T8 68.3b 44.7b 43.8¢ 1.47be
FNE 3% HAATART F2 5 7K 4 i 18 350 RE 080 I8 35 FARAIG o 6450 1o 1064 e

ANZERITRLIR B, SO BECA LRI NE T T RN R e A S G B (P=0.05).

Rety o 2 R /NE M TR & . [F55E K5

18R A AN AT AR EOR RO B R T A« T7 AR B > T4 AbFH > T1 kb B TS b B > 4bFH T5>T2 4bFE ; T9
AbFE>T6 Ab3 >T3 AbHE, 456 AN K AL BES CK 22 St o] LAt 3515 17K 3 Bt o /N 22 (1) AR5 R
TR 5 (1) 52w LU S R AN E S 3 SR N B R, 5 CKOAH L, T T2 F T3 AL BRI A A N B T 4.6%-23.1% A1
28.0%, T1. T2 Al T3 AL FE A BRI EL R BE 1 9.6%19.7%F125.0% ; b4 54N A B )T i R BN - T1 AL EE >
T4 KbFE >T7 L3 T2 4bFE >T5 403 > T8 AL FH ; T3 AL FH > T6 AL FH >T9 kb FH , b R 1 A1 FE 37 1 7K 43 I 360 %5F /)N
2210 TR0 5 R ) S0 B R T A N R R, 5 CKAR LR, T7. T8 A1 T9 [Tk it mE il 2> 1 9.8%+16.7%41122.8% .

79



TR HHIK 53 iy 3 6E /N2 () A RSORBASORARORE B 11 52 ) B A K, o S R 8 S AN R) 2 1) 7K 4 o J e /N 22
bR RIS . T1 AR T3 Sk B 5 CK T 5, X 3R BT HA R B T 52 /K 43 il /N 32 1T 2
PR BRI AN K, T2 T3 T5.T6 T8 1 T9 AL BH )~ 25 bk ™ & 5 CK A 2 2% 72 57, 1X Ut Wil A A0 M 5
WA R BE K oy B # 2 T 80N (P 3 Bpk = s B3 TR [FAS5E7K 70 W d T s & A A 3 (1 7 35 B
FRPE RN : T1 AT > T4 4bFH > T7 ZbFH ; T2 KB >T5 Kb B > T8 AbFH ; T3 4bFH >T9 AL FH > T6 kb FH ; ¢
HHHR R X N S 88 R R PR I T AT S A R R AR B K

34t i

IG5 R, AR AL B 2 18] /N 32 bk R 5 35 AR AN B B B o, S A SR UEATE AT 2 5 1 7K 0 Py
TBERARI TNk i A, ELBEAE /K 23 B3 R B L i A i o ) S5 7K 4 i 3 R B8 4 ) o R L P K
Jol AL /N S Ak e AN AR T B P AR, 5 KM EL, T2 T3 AR R =1 R B T 18.6%F1 29.0% , T2 F1 T3 4bHE
T AR R BE T 18.2% M1 49.5% . R 1T -4 5 /N A KR B B R AHAE KM AT &2 I EH/ET
AR B LE RUG /NZE RR AN S FER AR AR B KOG /N 22 IR T T AR K e 5 55 o BT — Bl
R 7N 22 1k vy R T R R R AR A, o ke s AR P TR 4D 52 T e K TV 2R A, I S5 A A S I AL R —
Bro A/NFE ST T K0 A R/INE B B A B AL R 2K AR AR 45 R e S A 3, AU 4k
TR0 2 e/

BE 5 7K 70 I JE AR FE IR0 /N2 Gl BN S AL BT B 342 ST N R 44755 1A e A R S AT e
FEFEAK Gy a0 N Gl R A SIS E MBI R E . KGN EFDLEREMSIL T ESE —
SE TR P T (R T CK, K VB T MBS, 52 7K PRI M 255 52 1 B B3 AR fulp 3 52 88 52 T, iy
B AR FE RO AMEE RSB/ . T1 T4 A1 T7 AbHE K Ja #ME RN B &, N v (i b & MBS ALSES
CK L% 5%, T2 T3 T5.T6. T8 Fl T9 kb B E /K G #MEA R, /N i L GBS REE CK ZR7 W
PTG A 3 AR B R IR KR AN E OB TR AR Z B IS i oA R . S T
T4FT7 A H /N e Al R R TR B SRR, KRS B 1S FLBE 77728/, S FLXT COL PR AL T BR il yek
559, 2K G 6 E R AR 32 3 B35 30 BEMA T2 T3 T5.T6 T8 I T9 4b FH 5 253 2 fit) 3 BRI & /N 22k P i
SRR, PR AT S, AL , SRR IR 45 M R T B B IR , b 4 M5 4 , 6T B B e PR 4
T K AT, K AR KSR 32 2 3 4],

INFAED I AR B AR 28 7 R B B, SEBR FJRAEY) S AN IR I e A e B2, R BRTE e i
VE R RE ARG T4 AR B 1 A2, r= BB A /K 2 B F2 P (IR, 22 S ek 23, T1. T4 I T7 Ab B
INE RS CKIK P 2R EUN, T2 T3 T5. T6. T8 M T9 4L B /N E ()77 B 5 CK Z R K. FIZ /Kl T
T HH/N R IO OB BRI 20 5 CK 2 18] (1) 22 5 LUl RS AR 8 5 1 o Oy 60 3% T ol RS R S 1R /N 22 1)
TR RS CK 2 5 Lk 1 B N B35, 1% 5 45 M S0P RGeS I AL 4 SR — 3. a2 RUNHR T K 2
3B R AINEAR P KO g o 3, S EUNE A KRGS AR RN, S B S /NEEOE D, AN 2
ANFEECE N, Aok Rk D 5 HE SR K 40 Tl 25 T R AR KT PR AR AR AR AL NS d i i B R
WA AR5, Inss e AR Y Sk ad S AN B AR 7K 23 e 51 kS B A 25 L A5 17 50 R ,  BOFF R (1) B 1 o
FRERY 9D, 5l TR R /N, 5 CKAHEL, T8 ARFR 17~ & k> T 10.3%, T2 FI TS b #7751
6.0%F1 7.3% , = E2 R 9 HE K B AL /INZE 6B R A ) 7N 22 AR A ) FE ST 30, /DN 52 R 7= K 40 o
KIARDLA FEA =™ 5 CKAHEG , T3.T6 A1 T9 Ab B 1) 7= & /D T 18.9%-20.1%1 21.9% , X 5 R Y 557
SR ARG P TR 8E J 3T[7 7K 23 AH B, 375 J 7K 23 Pl T ) 7= () S ) B K 25 SR 7 1T 5 X A S5 PRI 9 45 SR —
B, FEE AT R SR AR IR R K E /N E B AMEA KA G . AR UGRES /N 22 R AT AT 2 1K 2 A
FEALE JRy 3k , 50 AR, R B K, 5 K SEBRAE PR AR AR — S 78 S, DRI 25 SRAFAE — 8 11 =) PR, 16 75 22
ShG R H SEESE—B IR NI, 7K 2 38 B 27K AR 400 o Jo s Ml FROFE 9, 7K 73 Pl 8 A VR 1) o I, {HL
FOOTER 5T PV PR A UE K S Rt R e A A L IR 2 o

4 25 i

1 F5 390 Frbn RS S 300 w2 60 82 7K 23 FA 3 0T /N 22 PR e e M T A S 25 S e R K 23 A )
INZZ R R AT T AR TE R 35 5 o 35T J DR /N ZE ke AN T AR (0 SR B 75 /KU, bR i CKOR B 17 18.6%

80



H129.0% , MR CK N FE T 18.2%F1 49.5%.

296 1E F SZAM B R A2 7E 7K 43 Bl il s il RE v, KR AR 32 31— s I3, JLH0 i 72 B2 5
B B AA B B BOA OC , WE SR 32 27K 43 138 BT SR A il AR S AWK, AL S R CK R R T
28.7%-34.0%7F1 49.4% , 1§ 6E T ZHL CK T FE 1 10.5%23.2%711 28.0%.

3R S Fl R IR AR SR S AR P 7K P S 2 A58 /N 22 P A RNCRE 5 RO ORI B AR 7 5 PRI, R R
HVEE B2 7K 73 B 25 A1 N /N2 8 T BRI R o ST SR AN AR /K 3 a3 BN 22 (1) &5 S/ KR D, B
I 7 /INZE A AR EIORN AR 25, AT 51 R 7 B 1 B s HE SR K 40 il R BUNE TR = F B PR T, 51k
Fe K.

S 3 -

[1] FRRIP, BRANR &GS, 55 . AU K SCK SRR 0 AT 70 3E 2 D). HEZE A2 12, 2008, 27(3):60-67.

[2] Fks, T, B, 5. AU AT B EUK X g REEREoK SO R 2 m ], T2 X BRI 55, 2013, 27(10):70-74.

[3] &30, 3k B . KoMkl fa KR A INEE AR K S = B A [/ R AR TRE2E 45 2011 SE2 RAE SR S04 . IR, 2011:814-821.

[4] AR, SRAHSF, 308 . AN F 7K 43 et KA G SOMERA IR I]. Aolk TR 2441, 2010, 26(7):71-75.

[5] SEMsE, BORE, WA, &5 . K W S0 FRIRATINE4 i AR KR & M), MK 54K, 2017, 36(4):53-58.

[6] &L, FReE, X, LK AR B A& /N A K 7 B Jo K oy R SR IR s e [T, A0l TAE 243k, 2007, 23(8):52-58.

[ 71 FJBYL, BEORHR, X2 R, 45 . VA5 BEMERT & /N2 AR B AL B K 43 ) F A% 2 D] Aol AR 240, 2003, 19(4):66-69.

[8] HWHIUML, 5k4k 5%, FARLE, 55 . K0 hie J KR b 58 5 X B SR AR A R b T IRl D], R ZK 2731, 2015, 34(4):61-66.

[9] ERM, FATE. AR E I WK A IR 5 o 2 /N 7 8 HAs s F 520 ], TEALR 4], 2000, 20(2):193-200.

[10] JERKUE, K&, TR, TRBax N A KR E o m T R sz m 7], Aol BHEE R, 2011(9):129-133.

[11] Z5RAR, RS, SR0RME, &5 . RHOK X &/ N A KR B K= A BT IALT]. RS B4R, 2014, 30(5):90-97.

[12] KU, %848, 5K -1, 55 . A A & BAFRS T 200 FK 52 m) J L 5k 26 (1) 52 106 R [J]. ML AR A5 241, 2017, 28(5):1 563-1 570.

[13] KATOY, HIROSTU S, NEMOTO K, et al. Identification of QTLs controlling rice drought tolerance at seedling stage in hydroponic culture[J]. Euphytica,
2008, 160(3):423-430.

[14] SEREGIN I V, KOZHEVNIKOVAA D. Strontium Transport, Distribution, and Toxic Effects on Maize Seedling Growth[J]. Russian Journal of Plant
Physiology, 2004, 51(2):215-221.

[15] AAHFHL, BR4R, SRR, &5 . K5 ot & /N AR K R B = BRI ARG AT 72 [J]. HEEHE/K 43R, 2013, 32(1):116-120.

[16] TSy, A=k, BB 2, & T S 5 5 KO AN [ ok A A K R 2= B S D). B 05 A2k, 2017, 48(3):408-415.

[17] UWRF, BRBEAT, B2 05, 5. Bt T2 R EZ A /N e B et = i (1 sgma[J]. AR A5 22446, 2012, 31(11): 2 797-2 803.

[18] SR, #AME. KA N2 G IR T]. Z2RIEYEAR, 1995(5): 49-51.

[19] HE/KEE, XBPEF . 55 E KN 22 66 R 5 1 52w [J]. PEALAEY) 274, 2004, 24(7): 1 250-1 254.

[20] ZErirh, £ 5, EEESR, S KA BB AN R OR B RIS R R ], HA RO RHE, 2007(10):3-6.

[21] RUE, FASME, FhEEAE, &5 . /KO0 et AR A& /N P B R 40 IR B R D). 22 84243, 2009, 29(3): 476-479.

[22] Wheye, ARFI L=, X, &5 AN FAKB BOK o3 i B IX A /N 22 A KR8 A= B s [T]. w EROL R, 2015, 48(12): 2 379-2 389.

[23] FBRFE AW CINZE AR KA W3 14 AR AR AL R S FE[D]. # « TH AL R MRORHE K 2, 2010,

[24] B, B FHIE . AR WITF0 &N P 8 KoKy R RCR 52 ], #ERHEZK 223]), 2001, 20(4):56-59.

Effects of Alternating Drought and Watering on Growth,

Photosynthesis and Yield of Wither Wheat

LI Yanbin', ZHU Yanan", LI Daoxi', GAO Yang’
(1.College of Water Conservancy , North China University of Water Resources and Electric Power, Zhengzhou 450000, China;
2. Farmland Irrigation Research Institute, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China)

Abstract: [Objective] The purpose of this paper is to study the effect of alternating water stress and rehydration
on growth, photosynthesis and yield of winter wheat at different growth stages.[Method] We took the variety of
Aikang 58 as the model plant and examined four levels of water stress: slight water stress (60%~70% of field ca-
pacity), moderate water stress (50%~60% of field capacity), severe water stress (40%~50% of field capacity)
with each occurring at jointing, or heading or filling stages. The control (CK) was to keep the soil moisture at
70%~80% of field capacity. In each treatment, we measured the physiological and growth characteristics under
different drought-watering cycles. [Result] Moderate and severe water stress occurring at the jointing, heading
and filling stage significantly reduced plant height and leaf area, especially at the jointing stage where moderate
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and severe water stress reduced the plant height by 18.6% and 29.0% and leaf by 18.2% and 49.5%, respectively,
compared to the CK. Net photosynthetic rate and stomatal conductance were sensitive to water stress. Watering
can restore the reduced net photosynthetic rate and stomatal conductance after a slight water stress, but not after a
moderate or severe drought. The net photosynthetic rate and stomatal conductance were more difficult to recover
after moderate or severe drought occurring at the filling stage than occurring at the jointing or heading stage.
Grain filling stage was most water- demanded for photosynthesis, during which slight, moderate and severe
drought reduced the stomatal conductance by 28.7%, 34.0% and 49.4%, and the net photosynthetic by 10.5%,
23.2% and 28.0%, respectively, compared to the CK. The yield under moderate and severe water stress differed
significantly, and water stress during the jointing and heading period reduced not only panicle number and the
number of grains per spike, but also the yield and 1000-grain weight. [Conclusion] A slight water stress can save
water without compromising yield. The grain filling stage is the key period for wheat photosynthesis and keeping
sufficient water at this stage is critical to achieve high yield.

Key words: wheat; drought; re-watering; photosynthesis; yield
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Effect of Water Depth over Paddy Field on Nitrogen and
Phosphorus in the Water After Storms at Tillering Stage

WANG Jiao?, YU Shuang’ en"”’, WANG Mei'?, ZHANG Yidi"?, GAO Shikai'?
(1. College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, China;
g y ydrop g g Yy jing
2. Key Laboratory of Efficient Irrigation-drainage and Agricultural Soil-water Environment in

Southern China Ministry of Education, Hohai University, Nanjing 210098, China)

Abstract: [Objective] Canopy density at tillering stage is low and the biofilm crust has yet formed. Rainstorm
splash at this stage could therefore break the fragile soil crust resulting in soil erosion, and nitrogen and phospho-
rus loss from the paddy field. The purpose of this study is to investigate the impact of water depth over paddy
field on this process. [Method] The experiments measured the changes in nitrogen and phosphorus concentra-
tions in the surface water following rainstorms under three pre-storm water depths: shallow, moderate and deep.
[Result] After a rainstorm, the concentration of nitrogen and phosphorus in all treatments increased steadily, espe-
cially when initial water depth was relatively shallow. Few days after the storm, the concentrations attenuated.
The loads of nitrogen and phosphorus one day after a storm under different treatments were ranked in shallow>
moderate>deep. [Conclusion] To abate non- point source pollution, drainage immediately after a rainstorm
should be avoided. If drainage is indeed necessary, it should wait for at least four days until the concentration of
nitrogen and phosphorous in the surface water declined to steady state.

Key words: Rainstorm; water depth; nitrogen and phosphorus load; rice
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