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E S AL IEXS Z/NE 7k 5 T R B 20

Ok, AN, R, ROy, W, Fdep

(1 PEILAMRHOCRR R SIS TR, BERT % 7121005 2. I3RS T Bkl TR
BOPATIRAT, L3 1004885 3. AEZEIEXCRILR, BRIT AE% 716000)

OE. BN FEEE S AA HLICHLUIE B Y 2 A Ak B AN A A K B R RCR IR, & /NE R
FACAE BRI S DO LXK AN O ME 227 SHRFFERTS:, AT B AR, SR FH A AUR XA AL 5 el
NE AT AT E BB (K1, 100% FCHLAE; F2, 24% A4 HLUAE +76% FEHLIE; ¥3, 48% A HLIE +52% TEHLIE ), 4
B2 HERE (A WA §OE R w2) , it e MEM A & 43 (WIFL, WIF2, WIF3,
W2F1, W2F2 Fl W2F3 ), il 4/ N AR K e b CREMRRE AT ARFES) © 0 ~ 200 em 4 )2 R AP K
(LA 20 em HIREERING ) FUNEZR = KA RE R (T, B, G805, TREERFR= &), 7
B K & 5 A HLICHUIEBCHEXT A /N2 A BOK A RIS (WUE) i, Z9RER0 . (1) 750l (W1) 4
PETR, F2. F3 AbFRRRE R F1 AL IR 4R 0 3.4% ~ 21.2% F10.8% ~ 15.9%, MR 5.7% ~ 18.5% il
168% ~ 474%, TH R BEIE 12.1% ~ 26.1% 1 21.1% ~ 36.0%, T E 12.5% M 14.5%, AR 5
6.6% 1 9.3%, TR 18.3% 1 24.4%, FFkiy™= 4= 14.8% H128.6%, WUE #25 14.6% H127.5%; 7 #kt
HEWE (W2) 54 F, 5 F1ABEHL, F2. F3 3RS 3 04E 5 8.5% ~ 16.2% F10.5% ~ 10.6%, W1 BHE e
B 4.9% ~ 20.7% F1 17.0% ~ 50.0%, TYEE3eE 7.7% ~ 25.7% 1 15.0% ~ 34.6%, FEK3EE 12.3% F1 18.5%,
F AR 7 7.4% F118.0%, T-RLFi it 3 5 15.3% F1 25.1%, FFki = hb 4 55 13.1% F131.8%, WUE #2755 21.4%
H1352%. FEMIRIREEKSE T, A HLICHUIEE b b 3R] AR s 3R FR Sk A, (2) W2F2 b BR R4/ A2 bk v 4
KA, HERBR R, 8 WIF] A 10.4%; W2F3 ZhBEX &/ NE AR Te 80, T, ik, A
SOER . TR R, A WIFT 234 53 5 23.6% . 39.0%. 20.3%. 18.4% #133.1%. (3) W2F3
RS AN KPR WUE 89520 8% 9 W3, WIFL, WIF2, WIF3, W2F1 Fl W2F2 4b BEFFRL ™ 43 38 55
T 355%. 18.0%. 53%. 31.8% #l116.6%; WIF1, WIF2, W1F3, W2F1 Fl W2F2 £k B WUE 43 5l 32 & T 52.6%.
33.2%. 19.7%. 35.2% H121.4%. THEMS 48% AHUE +52% FCHUIELAL A B A&/ NZ FPRLy= 1 WUE S5,
T IRt A A B 7 58 A DG P T B B R B A (U IX A& /N2 (R B2t N A B (4 T B2 A4

KR THIEM; AVUCHURENE; &N okt KRR R

INAE BRI RN A 2 —, WRPEE NI R R AR B TR, T AR

SR X o AR, X 2 AR 2 4 A
VR KRR TIRA . K X K i A2y
HFEWET R0k, &/ A P AT K LA
BN 7 5 RORK AEA IR BARSE R R, 1)
FA/NERI, HEEWN ST, A/ NE
7 KSR 78 73 E 0™ B S OK BT R, O
AR R IR AL, B LT
R, et ™, AT Y A it
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BEEWH: EFEEALITRITBE (2023YFD1900300 ),
EEEN: 20k (1997-), W-EAFgEAE, 3% ik K AC Ak
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127 %, Wei % BFGE R B, KA HLEHLAL
Hcsit oy DL E S RN B e, 5 A P KA
Ji JCHLALAH L= 5280 0 il = 1 29% F 8%, 73
Ah, 324K Ay BT LB R K 43R R
(WUE), K iat BEEFE, 2y 7K
W, BUFTRM], FE&/NE N R R
BB — MK o7k, nl LAPI 8 g4 K mife
PEARFE A BN T RS, AR R
B B - 18 K R g i A H AR/ K 5 1Y 45% ~ 50%,
FEAR SR AL, BT BB 3 S PEY K o
FIFHRCR, WA E I, T/ NE G T—
SERRRE /KAy, AT ML E IR ks R,
R R KRR X BV E AR S PST
(), AR EAER . AHE R, R PR,
A HIK AT SR IS AHSS &, S ar A Bl
TYEW g .

AR H T OC Tt A0 sl X & /N2 AR K R TR
KRR 2, (BRE X P b IX 455
A HLICHLAC AL i = S AL A A BRI gT b .
KU, X T S Hh i DX A FE K A4S B R St ok A7
IRIK Z B8, ARBFFEEEE 3 BT HLICHLIE Bl i
IR 2 ANHEBE KT 2 IR GRS, i H:
MANESA TR AERKES . Fhsa, +
HRRLEKCR | I K& RAEY K R RCR %
IREI, B e BRI A K AR AS B it , R4
1o R 22 XK MR A AR 48 Sl A= 7= S e g A1t
5%,

1 #REIZE

1.1 WFSE X MR

F5E XA T PP 48 DG P b IX A B A Ml
7R X PG AR A7 B IX 5 K AL A e (7]
RIGX (34° 16’ 56" N, 108° 4’ 30" E), YHuiFk
521 m, ZAEV-HIFEKE 617. 8 mm, [FKEZET
BiAY), FEEDERE (7—9 H); 2475
RHEA 1440 mm, J& KBl B 22 XU 2P0 1 <
s AESFEIREE Y 13.0°C, 4F H B4 2196 h, TG
FEWIN 169 ~ 200, 0 ~ 20 em 2 HHHAFR RN
1.40 g/em’, AHUTEH N 13.1 o/kg, AN 097 ¢/
kg, AN 19.97 mg/kg, HBE N 173.35 mg/ke,
pH 4 8.17, I [E] 47 2019 4 10 A 1 H & 2020
AE6 A 10 Ho a5 1 E] A R K & S HSE 340 0
K1,

70 140
B ok — HTAH

60 20
- o
e N2
E S
8 LE:
% 08
& o
= jung

10 [

“‘ L |l -
) || A 1 I Inl Adia 1 | 1

2019-10-01  2019-12-01  2020-02-01  2020-04-01  2020-06-01
H (4E-H-H)
1 RBHENHEREKER
HEHSE
1.2 gt
5% 8 A HUIE FR A 2 BB E SR A BR
A5 R K R I S R, Ak (R
HAE) 2 T 45%, TEYIRS A 25%, SR
8%, FHEEMENLSBET M 4%, A 5%, 1K
SRR 3%, fHVER ZEARATIE 1%, 3% PER s
JREE A 4%, BNHBIE 5%, EiR R 2t i
Ml Bk, BEESE— R TZAM, AUES
AHLET. N, P05 . K0 BB 53- 8055 79.2%
6.7% . 2.3% F10.3%.
P /N ZZ SRR /IMIE 22, Y T R
mn . ISR AN 2 MR, R 2 R
Xk i it, FEPLIXAHES, HrhiEit i 3 4K
Fr 100% TEHLIE (F1) . 24% F HLIE +76% TG HL
e (F2) i1 48% A HLAE +52% JCHLIE (F3); HEM
BT HERE (W1) Al BB (W2) 2 K, i
A WIF1, WIF2, WIF3, W2F1. W2F2 il W2F3
e abHE, BEASALER 3 RE R, 4540 iR
AE KNS B 1. KR A mEE T =, 4 )
TE A /IN 23R I I SR eV K e S R — K
IR IR 18 /MK, BA/NXIE AN 18 m® (4.0
mx45m), TCALIEE IR E (N 46.4%) . W
BR B (N 12%, P,0561% ), ik fit + 3 Ky v 3
+, M A /NEWMESEME R I (N) 1500
ke/hm®, ®EAE (P,05) 120.0 ke/hm®,  FiF 47 A 2
YERFRER A, HEWERRBIAFERE, £/
XY FhAl 4 /N2 1647, F7HE25 em, fEAP N
187.5 kg/hm’,
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x1 ZNEFHNLVIEEESERASLE

R HERE EF0E K E
HLIE HLAL (LA N I,
e ﬁﬁﬁi ﬁN " WKER  ABIEN zi 4/“&%
(thm*)  (kg/hm®) (mm) - Chg/hm) (%)
WIF1 0 0 60 225 0
WIF2 4 53.44 60 171.56 24
W1F3 8 106.88 60 118.12 48
W2F1 0 0 30 225 0
W2F2 4 53.44 30 171.56 24
W2F3 8 106.88 30 118.12 48

e A HUIE A FH 4 B0 BR 4 R 8 vh” B, SR 4R IE 6.68% 1T
B R, NG AR 20% TR AL, RS R 26 N #h
5 1 205 kefhm’o K 5 0 % 26 HR1 I91 A 00 43 BIE K 60 AN
30 mm,
1.3 0 P b S HA 5 i
1.3.1 MR KSR

TEA/NEBAY (5 72d) . BEW (&5
131d) . #5H (F&)5 162d) . W ()5 190
d) . HERW (85 207 d) . B (#BJ5 231d) HF
FPHURE, AN H I E 3 . AN /NX BE
HU10 B SAI AT BRI RE, MHZE I 5 34y
FEJE I RO 22 3 S T (AN FEE) 1
N R IR e S S TR U S R EILESRS
FE ), B ik E. AR /N X B R 3 17K
RIS RERE, B 52 AT Suncan ( Delta-T
Devices Ltd, Cambridge, UK ) g M- FRFs %, DA
TGS/ INDK I 5 1 S AV kg Wk s R 5018 3000 2 {1
FERRR T W iR T RO FR i . AR Z R4
MERNZE, fAEJE A . 2R RS+ ST ARk
495, FEREPRAE AR A BEAR T 105 C R
0.5h, 75C LT EEFE, /34N 254
LUNAEYE, BRI EEERR T
132 HEEBEKE

IR KA s Y TDR( TRIME-
IPH, IMKO, fE[E) ME. fERA/NX O E %
% TRIME 45, DL 20 em HEE R, 7EA/NER)
FAHA . SO BRI 4 AR F I
FE 0 ~ 200 em L JZWREEM L IEIARE KR, K5
A2 Rk E, HaRAR:

H=3"_, 100, (1)

A H RS E)ZHENKE (mm) 5 6, 85 i )2
FIERFRE IR (%) 5 hy N (R TIERE (em )
n R T - SRR AR RS ) )2
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1.3.3 k=i 57K R HRR
FEAC/INAZ S I s = i SOH M B R
BEA/NXFEHLERC 1 m ? BYBCERE, TR 3K, UH
SEIE A2 N A REERL (CFPRIBOR T 5 R
0o WO M2 e M E b FL AR T S e F
2 e P T M R AR 5 0 e S ROR e i
ARAE R AL K 788 (ET) HHEAEY K
SAFIHRCR (WUE ), HitE AR,
ET=H,—H,+P+I+K (2)
WUE=Y/ET (3)
K ET e WK 25 i (mm) 5 Hyo H, N
WA 5 R BRI A5 890 ~ 200 em £ 2 7K &
(mm) ; P AYEWAEBEIREOKE (mm) ; 1 RFEEBEK
 (mm ) ; K BFBE R KRN (mm ), BT
IZ3R I s R /KEER 5 m LATF, AT T KRR
05 ANGRES AN R UR)Z 5 T Mt AR i
Ko WUE F7KAAFIHECE [kg/ (hm® - mm) ] Y
R i (kg/hm® )s
1.4 Gitortr
FH Excel 2021 X} 55 £ 4 i 47 2L 15 FH SPSS
20.0 % 12X 5 £ 95 47 J7 22 43 Hrs FH Origin 2022
YRR

2 ERESH

2.1 A HLICHLAE FLit 5 L A b B 4 /N7
KAGHRI 5]
2.1.1 FRE

PP 2] L, A U 45 A R A Ak v G B (AR
o IR T W 2 E R PR DR G K A A 3 R
2R S, bR T I A A 9 K R A
PR, BRI R, HEA B S PR g
AR, XEFHZERURREL, MR RKZEE T
o FER—HEBAIET, AT A LR a4 et
HJF2>F35F1, BRI 5T, 24% A HUIE
F1 76% TCHUAE FLHt B 4 /N2 bR i 3 e it . L AR,
W2F2 Zb34E W1F2 Kb EERR S35 T 0.9% ~ 6.1%,
VLA 5 BIHEBE b 78 70T X 28 /N 22 Bk e I By
B TEFA AT, W2F2 AbFbk A 3 kMl
H70.72 em, % WIF1 AP RMEREIN T 10.4%.,
2.1.2 M AFEEL

Kl 3 A HLICHLAE F i 5 R4 & b 3 44/
HEERK L E I AE £ (LAT) B8 fb A,
DN 3 AL 25 Ak AR TS B E A B A R B

S
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g s
el E%ii
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| | L
bl ONER
el i
P55 e
P Il I
L] 1058
o N
N
NN N ¢
TR TSN I
EREM

B2 BHEHREESERESLEIZNERTHIZN
I NG FHAFRFIRA RS Z M2 83 (P<0.05). T,

80 -
70 F
ok I W1F3
B W2F1
sol  HEHEw2F2 ‘
Gl EE war3
8 058
o 40 ]
IE 15
2
30 NE
N
20 ; %;:g
: 4
10 NEY
N
< - 2
A R P
10-

TR EEL

A

I

THESIN
EE

B3 BHEVEERESERASSEXN L/ NEMERIEHHR

HRJG U/, HAEER WA SRR, R
Wz A, LAL A /N2 B R s It g 248
B, TEAREK AT, APLICHURBCEA T3
KE/NE R TBFEE &4 T WA/ N fTE
BONEBA F3>F25F1, UL WAL AT Bk o 2 5%
SO NEAK, RIS, S E A
INZE T RS B R B W2SW L, 1A 75 Sl
L2 a7 17 SR S T L AT A = 0B N 229 1 W
MR AGEET, £4E WA/ NS LALRAS
W2F3>WIF3>W2F2>WIF2>W2F1>W1F], X 368 =
TRREE S 48% A HUIEHN 52% TCHLALLL A b BXFAE /N
F M AR R, Hdr, 5 WIF1 4 FEAH
Fo, W2F3 AbFRA/NE LAT IS T 20.1% ~ 34.1%.,
213 TWYria

M 4 W] 0L, A /N2 A R A 0 T

S |

Jo e 38R AR T SR & A A R — VTR
FKMEF, AP LB, A&/ T4
K, RIHN F3>F2>F1, AYLTCHUIEEEANEE T /)T
) I 1 TR A A5 K B B o5 T PRt TE AL Ak
B, JCHARER R B R I R A e, X R
HLICHUIEBCHE RE RS N2 /N2 T it gk Al ik
ZNEMAERER . FER—HIERET, MR
IR T W AL BT W2 4b B T4 R 25 S8/, TE
a4 EE I, A AR A& 1 W2 Ak BE A T
Yy T W1 ARS, Horb W2F3 Zh A T ) T i
b WIF3 AbFEIEAN T 2.8% ~ 14.6%, X FHTE R4
FEAEAL PR, 0 208 A T4 /NE T TR
Ho EWHERZENHASLHT, &N E 6 EFMN
W2F3 b PR B AR R AR, B WIFL 2R T
30.1% ~ 39.8%
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25000
CIWIFL
I WIR2
20000 - SWIR

15000

10000

THBtR (kg/hm?)
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A R

P

R

A Y

B4 BHELHEEESERESLEXNZNETYRENRN

2.2 A HLICHLIE FC it 5 AL A b BEXT R
EIK AR B

El 5 A HLICHLIE it 5 4] & AR BT 4/
B AR E ORI B, B 5 AT LA
B, KN BT MR 4 N EE
P, A SRR T 145 A P - SRR S K R Bt 1 2
TRIE R I K5 FEARMRFEARAS . A W1F3 4b
B HUARIE KRR K (Bl Sa), SEAHHT,
WA 0 ~ 200 em + 23 HHERFLE K
RREART 1.4% ~ 5.1%, VEIHZAE & W T K i
B, AERKIEFE T —i oy RS KA (& 5h),

TE SR R UA R EOK RN E K, KRR IR
R E KR IR IR, SR B E (R R o 3
KR LB RN T T 3R 2 RIRIR Bk Z, 0 ~
40 em TIEIRBE K AR = KNI )ZE R 2R E
2B, NERBWFEEPEZLEN, 2L
KAEKFIZE UL BYFEM, 25 A0 3 I IR FR Sk ek
R RE, X H A £ 200 £ AR K R /)
(K 5¢ ), BEAMISALEE 20 ~ 40 em 1 )2 TR
TGRSR LA AN FEREEE R, WIF3 4b
SRRSO R K (K 5d), &/NERLEFH
N WIF1, WIF2, W1F3, W2F1, W2F2 1 W2F3

——WIFl——WIF2—4—WIF3——W2F]1 ——W2F2 —+—W2F3

S
B0
<
!
B ol
ﬁ 20 40 60 80 100120 140 160 180200
B "
304 TG
*—
- 281
———q
261+
2ul ¢
22+
2 20 40 60 80 100 120 140 160 180200 20 40 60 80 100 120 140 160 180200
L2 (em)

B 5 BHEVRERESERASSENZNETRERSKEHZMm

— 148 —

S

(T




| T T

rhE ISR 2024 (3)

——

REFEAE O ~ 200 em )2 F- 34 + AR B 7K 5853 51
1 27.03% . 27.56% . 28.62% . 26.65% . 27.17%
H128.18%, F* W K WIF3> W2F3>W1F2> W2F2>
WIFI>W2F1, B A R IR 4500, 7o i
BT RE R A R TR AR A KR, Hir
WIF3 AbHEE W2F3 Ab R R T 1.6%. #EAH [A]HE IR
KT, WIF2 A1 WIF3 23 5 4% WIFT &b 3 4 3 {k
A K AR T 2.0% F15.9%, W2F2 Fl W2F3 4b
RO B W2F1 Ab# RS KRS T 2.0%
F15.7% . 3% 3 WA HLICHLAE Bt %o 398 1) 57K PR
JKEE S E T RAUIEALFE, HANUC LG s, &
IKORKRE Ty Mk, FEPINRA G AT, WIF3 Al
W2F3 Ab H A AR 5 7K 28 48 Al A 38 43 3 42 1
T 3.8% ~ 7.4% M 22% ~ 5.7%. 154 4B,
WIF3 2R & KR KBE ST 5k, W2F3 ZbHRZ

2.3 A ALICHLIEBC it 55 7 B 4G b BEGTFF
KoKy F R 5

M 2 A0, AR ZE XA NERRK | AR
B, TR AU RL B A A A R e, A
T2/ N A BB TR A W B &5, it
JIES T R 1) 2 A Ak BT AR A R, X
Fra M HA MR TE B o, R 2 WK, W2FL,
W2F2 Fl W2F3 4b # k7 7= 5 3 WIF1, W1F2 Fl
WIF3 &b B 2» 542 & T 2.7%. 1.2% F15.3%, {8
ToiEMEZES, AR KT,
TBE L 58 40 T JBE Ak B A R T S A /N2 R A RO
BOM TR, HE AR SRR I, W1F3
T WIF2 4b B WI1F1 AL BEFFRL P2 45 20 942 7 T
28.6% Fl 14.8%, W2F3 Fl W2F2 b ¥%g W2F1 AbF
KR R T 31.8% M1 13.1% , TEHATER]—E
BKSET, AYLCHLEECiERE &35 1 A/ N
ARFEEC TR &, Mg m =&, F3. F2. Fl
A LR AU s, B M i A
A Ak B L W2F3 A BEOFF AL f d i (9043.0 ke/
hm’ ), UEH 5 B 5 489% A HLALFN 529% T HLAE
YA A FEXS A /NFZ 3 P RO e i, 7 A E A
TCHUNELH A AL BRI 3G N T 35.5%

HH 2% 3 AT, PRI I 4 A AL FEXT 0 ~ 200
em 1+ ZRBIK & IC B E W, 7E R — LK
™, 5 WA, W2 48R ET 4 W1 ACBRRRAK T
8.4% ~ 13.7%, HAFEREMEES ., W2 48 WUE
MWL T 23% ~ 14.0%, Hrh W2F2 4t
5 WIF2 25 8%, WIF2, WIF3 A FE ) ET 4%

x2 BAHLAVEEESERASLEXNE/NEFERNZIT
MIC A TRIBTR APk

(T

i (em) (4 /m*) (g) (kg/hm®)
WIF1 6.4¢c 481.7¢ 35.6e 6675.9¢
WI1F2 7.2b 513.5b 42.1c 7664.6b
WI1F3 7.3b 526.7b 44.3b 8585.4a
W2F1 6.5¢ 483.4¢ 37.9d 6859.3¢
W2F2 7.3b 519.3b 43.7be 7757.8b
W2F3 1.7a 570.3a 47.4a 9043.0a

o TEWEA NS o H NS

(tj{*; ) R NS * NS NS

it HE K

e 1A B IS AN 6] /NS R R R OR ) A B 2[R 9
(P<005); * £/ARAREFZN (P<0.05), ** FRA W E L
(P<0.01), NSFE/RTLREFMW, £3F,
R3 AYEHVIERESERESLIE
TR Ak ZEE R IK ST AR R0

0~ 0~
IR K5I
Bk o 20 sk
/K T PUEES
ey R L i
(mm) (mm) | . e o [kg(hm .
ks ok
(mm)  mm]
(mm)  (mm)
WI1F1 213.1 120 576.8 519.5¢ 390.4a 17.1c
W1F2 213.1 120 5932 5352b 391.1a 19.6¢
WI1F3 213.1 120 613.0 552.3a 393.8a 21.8ab
W2F1 213.1 60  599.6 517.3c 355.4c 19.3c
W2F2 213.1 60 6154 527.7b 360.8b 21.5b
W2F3 213.1 60 6169 543.5a 346.5d 26.l1a
e THEMR NS ok o
2
LA
THEMIRY x
(F1H) NS s ok
A

WIF1 23R, HER AR, AL THLE
e i A 45 B4t TG ATL A Ak B A 4% DN 32 e o T T
BUIs RO K ek, MRA KRR, TR K. M
FIVEE ST, AYLTCHUIE ALt i T &K
TRk, & T WUE, H A3 ML H i S, WUE
MR, FEFL A HEWE SRR, WIF3 F WIF2 &b 2
) WUE %8¢ WIF1 4b #8235 52 /5 T 27.5 % F1 14.6%,
WIF3 5 WiF2, WIF1 A 25 53 0 3% 78 S ik
T, W2F3 Fl W2F2 4b B ) WUE %88 W2F1 &b 2 43 51
PEE T 35201 214% , =HZBBFEREES.
P 3R, it AT ANV R A4 2 A /E HT G ET il WUE
AR S R, A AL A b B DL W2F3 4b B
B WUE £ &, # WIF1, WIF2, WIF3, W2F1 Al
W2F2 WA IR RS T 52.6% . 332%. 19.7%. 35.2%
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1 214%, Vil GRS 48% A HLIEFI 52% JCHL
HEZH G b TR 4/ NAE WUE FOSEIa i N 3

3 itig

3.1 TEREBEX AN A R KoK AL
R

IR RENS IS T MR X ERI A RIER, JF
B KRR, HEmAER - A, T
REWRAE N —FoA S RE I 7 e R
YEPIA TR X 7K o BB EE AN R], AEVE AR Y
I B B A TS B K Ay T, e i VR R Ty
TR A, AT DA [ 25 5 1) ) 1) A 0 8 43I
7 3 A K A5 300 o T A B A T AR
FEXT BTG 48 O b X8 A& /N A2 STt AT /) 77 ke
B, R TRV S M X AR N —ROK R R
., 1E9—10 A EARPAMI KRR Z, HERK
PR T A, SN SR AL T E KR
WG R AEA R W RAE S5 F T, 5 B At B
/N Rk A T RRAE B v T A o v, S
B A BEmEY K, 5 B K IS EY
PR T AR S AR AT DL, TR R S
FOVERE, 1A T BRI A HE R AL BEXT A N
PR R TR B B A Ak, 3= PR K
I TR R A PR DR R K 32 380 400 i AR 3R A A
Y, TEEBFE KGR DR A K R E WA G R,
MR A KT RE, RE TAMEE KRR Y, 55
ATTEIRAR LY, o B R T AP AR A /N BT
AR, (R TYRRIRE ", ABsEh, 78
A — B 25 T 5 SRR A R4S /N2 BT 40 Jo e
FARWERE, AR W2F3 b B T4 i i b
WIF3 LB T 9.9%, [AAE, — 2 B I B
Bt A BT 7 i M B R R 0 AR
W, TER—HIEAKE TR, 5 BB e oo A
FITFHE A /N2 AT OB ORI TR o i, F I i
KPR = B, [RIEHA T LS/ ET, $#5 WUE,
AR T KR, XGRS Xue 451
IR FE 45 A — B
3.2 APLEHUIERCEXT A& /N A 77 i oK
&SR

AHLICHUEBCHE RE 8 s - ey 3ibE o, 44
TSR, RHHEYER L A, 5
PG TCHUIE AN (F1 AR ) AHEG, A HLEHLIEED
JfiAb3E (F2, F3 AbHE ) HA w0 & Kae M
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TEEEKE, SRR OA VUL T A 3 R i
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Effects of irrigation and organic fertilizer treatment on water use efficiency of winter wheat

LI Bin', SU Shun-shun®, FENG Hao', WU Shu-fang'", HU Ya-jin', WANG Jian-ping’ (1. College of Water Resource
and Architectural Engineering, Northwest A & F University, Yangling Shaanxi 712100; 2. Beijing Liangxiang Lanxin
Water Conservancy Engineering Design Co. , Ltd. , Beijing 102488; 3. Yan’an Baota District Fruit Indusiry Bureau,
Yan’an Shaanxi 716000 )

Abstract: The effects of different irrigation amounts and combined application of organic and inorganic fertilizers on winter
wheat growth and water use efficiency were explored to provide reference for scientific fertilization management of winter
wheat. Taking the winter wheat ‘Xiaoyan 22’ in Guanzhong area as the research object, through field experiments, the
organic fertilizer and inorganic fertilizer were applied in different proportions (F1, 100% inorganic fertilizer; F2, 24%
organic fertilizer+76% inorganic fertilizer; F3, 48% organic fertilizer+52% inorganic fertilizer ) according to the principle
of equal nitrogen, and 6 irrigation and fertilization combinations ( W1F1, W1F2, WI1F3, W2F1, W2F2 and W2F3)
were designed in combination with two levels of irrigation ( full irrigation W1 and deficit irrigation W2 ). By measuring
the growth indicator ( plant height and leaf area index ) of winter wheat, soil volume moisture content in 0-200 c¢m soil
layer (with a depth interval of 20 ¢cm ), wheat yield and its components ( dry matter weight, panicle length, effective ear
number, 1000 grain mass and grain yield ) , the effects of irrigation amount and organic and inorganic fertilizers on winter
wheat growth and water use efficiency ( WUE ) were analyzed. The results showed that: (1) Under the condition of full
irrigation (W1 ), the plant height of F2 and F3 treatments increased by 3.4%-21.2% and 0.8%-15.9%, the leaf area index
increased by 5.7%-18.5% and 16.8%-47.4%, the dry matter weight increased by 12.1%-26.1% and 21.1%-36.0%, the
panicle length increased by 12.5% and 14.5%, the effective ear number increased by 6.6% and 9.3%, the 1000—grain mass
increased by 18.3% and 24.4%, the grain yield increased by 14.8% and 28.6%, and the WUE increased by 14.6% and
27.5%, respectively. Under the condition of deficit irrigation (W2 ), compared with F1 treatment, F2 and F3 treatment
increased plant height by 8.5%-16.2% and 0.5%-10.6%, leaf area index by 4.9%-20.7% and 17.0%-50.0%, dry matter
weight by 7.7%-25.7% and 15.0%-34.6%, panicle length by 12.3% and 18.5%, effective ear number by 7.4% and 18.0%,
1000—grain mass by 15.3% and 25.1%, grain yield by 13.1% and 31.8%, WUE by 21.4% and 35.2%, respectively.
Combined application of organic and inorganic fertilizers improved the soil volume moisture content under the same irrigation
level. (2) W2F2 treatment was the most effective on the growth of plant height of winter wheat, reaching the maximum
value at the filling stage, being 10.4% higher than W1F1 treatment. W2F3 treatment had the greatest impact on the leaf area
index, dry matter weight, panicle length, effective ear number and 1000—grain mass of winter wheat, and it was 23.6%,
39.0%, 20.3%, 18.4% and 33.1% higher than WIF1 treatment at the maturity stage, respectively. (3 ) The effect of W2F3
treatment on the grain yield and WUE of winter wheat was the most significant. Its grain yield was 35.5%, 18.0%, 5.3%,
31.8% and 16.6% higher than that of W1F1, W1F2, W1F3, W2F1 and W2F2 treatments, respectively; Compared with
WI1F1, W1F2, WI1F3, W2F1 and W2F2, WUE of W2F3 treatment increased by 52.6%, 33.2%, 19.7%, 35.2% and
21.4%, respectively. The combination of deficit irrigation and 48% organic fertilizer+52% inorganic fertilizer had the highest
yield and WUE of winter wheat. The irrigation and fertilization management plan laid the foundation for scientific fertilization
management of winter wheat in the Guanzhong plain and similar environmental areas.

Key words: deficit irrigation; combined application of organic and inorganic fertilizer; winter wheat; output; water use

efficiency
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