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PUAN it 2 i KT o R F AR R O X, FORIRERIX, KON EIX R XA B it . J8
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[458] (D Frhir=8EZEE5RE M 0.86-0.88) AR (FHEME: 0.72-0.83) #HxX, 5
KL H R R BN . TROH Y W3N2 AL FRAE =4E Py~ &t W3N3 (X D mi i 2.1%-6.3%, TR8H 7E
2021 5 2023 4 (2022 LW EZ D 1 WIN2 ZbHE L W3N3 & i 4.2% 1 2.2%. e = iR & A
AN TROH FEalERE 24 4316 m? ha'!, Jifi%( & 282 kg ha''; TRSH # 0L € 40 4500 m® ha™!,
i % & 277 kgha'.  (2) TR6H ) W3N2. W2N3. W2N2 5 TR8H [ W3N2 AR &, TR BE
b, FETFAEMMR R TR i T ARTE A (LAD RIdOGEdE% (P , IR TR SR TYRRER
WA, R TR ERM TR, RATYRMR R &R TE&EIIKT. (3 W1 EKFEEKS
iz 2 TROH Hix 4T (27.5cm) , W2 EEKEE K> Alia# 2 TR8H fikfT (37.5cm) , RHEAE
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TR, PR, (HEKE KA I FE K =N, 6 F HEWE K 2 R FH R BRI T 8.5-
14.2%. TR6H ] W3N2. W2N3. W2N2 5 TRSH ] W3N2 ZbBEAH4E T W3N3 AbEE 2 i 1 /K 43
R (3.2%-10.6%) FIEHEAR =R MR (11.3%-32.8%) , H7F TROH 5 3 HE K 2 4 3967-4169
m® ha!, Ji%(& 273-283 kg ha' ; TR8H HLA ML & 41 4427-4500 m3 ha', Jifi%( & 268-278 kg ha'! i
1% B B AR ER &R .
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Abstract

[ Objective 1 Expanding the pipe-to-row ratio (increasing the number of rows of wheat supplied by a
single drip irrigation belt) is an important measure for the cost-saving production of drip irrigation wheat in
Xinjiang, but due to the limited lateral transport distance of water, the grain yield and water use efficiency
(WUE) heterogeneity between rows in the drip irrigation mode of large pipe row ratio increased, and the
yield of long-distance wheat was significantly reduced. At present, the construction of a slope drip
irrigation wheat planting model (placing the drip irrigation belt at the top of the slope and planting the
wheat row on the slope surface) has been found to not only effectively promote the lateral transport
distance of water, but also may have the potential to further save water and nitrogen. Therefore, this study
carried out a study on the most suitable water and fertilizer supply for the drip irrigation mode of slope
large pipe row ratio, and the results of this study will provide technical and theoretical support for the
efficient and sustainable production of drip irrigation spring wheat in Xinjiang.

[ Method 1 From 2021 to 2023, field trials will be conducted in the Teaching Experimental Farm of
Shihezi University, Xinjiang, and the test variety will be Xinchun 44 (a high-yielding variety screened in
the early test). In the experiment, two drip irrigation modes were set up, which were TR6H and TR8H (a
drip irrigation belt supplied 6 rows and 8 rows of wheat respectively, with a slope slope of 15 degrees, a
wheat row spacing of 10 cm, and a side row spacing of 25 cm), and three irrigation rates of W3 (4500 m?
ha™! for conventional irrigation amount), W2 (4050 m? ha™!) and W1 (3600 m® ha™'). N3 (300 kg N ha™! for
conventional nitrogen application rate), N2 (270 kg N ha™'), N1 (240 kg N ha™) and NO (0 kg N ha™). The
experimental design of split-split zone with planting mode as the main split, nitrogen as the secondary split,
and water as the secondary splitting zone was adopted. By studying and analyzing the composition of grain
yield, dry matter accumulation and transport, the spatial and temporal distribution of soil moisture, and the
absorption and use efficiency of water and nitrogen, the optimal combination of water and nitrogen
application rates was screened out, and reveal its mechanism.

[Result] (1) Grain yield was mainly related to spike number (correlation 0.86-0.88) and grain number per
spike (correlation 0.72-0.83), but less relationship with 1000-grain weight. The W3N2 treatment of TR6H
yielded 2.1%-6.3% higher yields than W3N3 (control) over three years, and the W3N2 treatment of TR8H
in 2021 and 2023 (no significant difference in 2022) was 4.2% and 2.2% higher than that of W3N3. The
highest yield of water and nitrogen combinations was 4316 m?® ha'! and 282 kg ha! in TR6H and 4500 m?
ha™! and 277 kg ha'! in TR8H. (2) The W3N2, W2N3, W2N2 and TR8H of TR6H had high spike formation
rate and less invalid tillering, and maintained a high leaf area index (LAI) and net photosynthetic rate (Pn)

at the flowering stage, as well as a high dry matter accumulation rate, dry matter assimilation amount and



contribution rate after anthesis, and finally the dry matter accumulation amount maintained a high level. (3)
The water of W1 irrigation quota can be moved to the farthest distance of TR6H (27.5 cm), and the water
of W2 irrigation quota can be moved to the farthest line of TR8H (37.5 cm), and the soil water of the near-
drip irrigation belt in the slope mode has a compensatory effect on the long-distance soil water after
irrigation, and increasing the irrigation amount on this basis can prolong the continuous wetting time of the
soil and improve the yield, but the water consumption of the soil treated with large irrigation amount
increases, which reduces the irrigation water use efficiency by 8.5-14.2%. Compared with W3N3 treatment,
W3N2, W2N3, W2N2 and TR8H treatments of TR6H increased water use efficiency (3.2%-10.6%) and
nitrogen fertilizer agronomic use efficiency (11.3%-32.8%), and the irrigation rate was 3967-4169 m? ha’!
and the nitrogen application rate was 273-283 kg ha! in TR6H mode. The best water and nitrogen use
efficiency was achieved when the irrigation quota was 4427-4500 m? ha'!' and the nitrogen application rate
was 268-278 kg ha!.

[ Conclusion ] (1) Moderate water conservation and nitrogen reduction can improve yield, water and
nitrogen use efficiency and economic benefits. The ineffective tillering of 270 kg N ha'! decreased, and the
leaf area index and net photosynthetic rate were maintained high, resulting in an increase in the dry matter
accumulation rate, while the water could still be transported to the outermost row after appropriate water
reduction (4050 m3 ha') in the slope mode, and the dry matter accumulation time after flowering was not
significantly reduced. (2) Considering the yield, water and nitrogen use efficiency, and economic benefits,
the optimal water and nitrogen application rates were recommended as follows: the irrigation quota of
TR6H mode was 4243 m? ha™!, and the nitrogen application rate was 279 kg ha™!. The irrigation rate of
TR8H mode was 4500 m? ha™!, and the nitrogen application rate was 274 kg ha™'.

Key words: Spring wheat; Slope drip irrigation; Water saving and nitrogen reduction; Dry matter; Profit
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FNHT PEILAR SRR i
AEN agronomic efficiency of nitrogen fertilizer R A 2R FH R
CR-DAA contribution rate of dry matter accumulation after anthesis 1S5 T A = TR
DAA dry matter accumulation after anthesis 15 T A &
ETa actual evapotranspiration AHE
IWUE irrigation water use efficiency FEWE K 73 R F 2%
LAI leaf area index TR AR TR 2
PFPN partial factor productivity from applied N BN AE = 7
P net-photosynthetic rate Pl Epr e
TE-DAB translocation efficiency of dry matter accumulation before anthesis R Pie 3
TR4 one drip tube serve four rows 1 & 4 $5:50
TR6 one drip tube serve six rows 1% 6 150
TRS one drip tube serve eight rows 1% 8 5
WUE water use efficiency Ko R AR

Vil
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LIfIRERESEX

HEFA B AR /KR AZCR, BAETKTIEAMRS (E3)11%, 201D , &
W EE /N AR P R R ) ) o T RE i T IR R K K BB Ak B AR R, s KRR B
[ BEAR /K AEAE 2 S R v (R 28 BUR1I3 R (Skaggs et al., 2010) o #R1, Hrid H Ay 3 HEK
“1H 4”7 (TR WHERABEHER, BAMGE. GATNLTERA, MEBERA
FRAS 5 B AW A 30% LA E (Lv etal, 2019) . i, B4%1Z (2017) EliE
Y REATH, B TRAY KA “—4 647” (TR6) Ml “—%& 847”7 (TRR) , LUk
KR DT RET NG, WA AR AR ES. 450 878 TR6 fl TR8 W2 174 1 i
FERT BN AS, AH T KRBT L EA S N K o B S RS R S 1S I, R TR VY B AT
NG HE VLIRS TS R K BB AL, 2% 30 TR6 Al TRS FFhij~ B 3% ML (K IESE,
2021) .

R R R AT LU U R IPT DU e e K e i i ie %, A= 245 . e
BEAR SRR IS RS BE B, DRV AT A T RO E AT LU E ARG, 40 TREH
A TR8H CGBERTAL TIT, /NN T, — 250 70 B 6 4T A0 8 17/ 2, &Y
WA E R 15 BE, /ANEATEEN 10 cm, JUATEIEE 25 cm)  (FEMLE 2-2) o ATHIAR 5
RIL, R EA R AR KB R E %, RIEBAERTTK. TR, =84
MIPAER . Y5 RIS EHE B, AT %R E AT Ll TR6 Il TR8, #HH A E AL
TR6H A1 TR8H 7 & HEfS 73 7l $2 5y 4.68%-7.70% 41 3.86%-7.14%.

R E AT R RER U R B — DK BRI RE . ER R T, R
FEBEAKENI, PR AR R AT LU AR R /K A B [al ig B (R [RI B, A T B 1)
AT HIHERL, X —HL S F gt — D K B TR . RS R R AT
VR R BT B A, TR 08 L (K SR I AN B R, IR B AT T2 R i
BB WA S = e — SRS, MRS A AR ETRE
AN [ ek AR A B AT o A B, IR AN TSP S A . KRR R L. 25
MK B AT, AR AT ER s S ik — S IR B 5.

gr bR, RS T EBOKEIER, nTUTIKIRE, (HH KA SRS A B
ffo ASIRIG BT B E AR KR E AL, 8 RIS A& = N s, #HoRAR
FACEE NP EM R, TR R SIS, KEFHARE. LK N0 m, i
e KB H S, IFE BN AENLRINLEE, AT AR i i 8B e /N 22 A2 7 i) A ™
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1.2 ERSMNAR IR

1.2.1 #iesimaE N EMER R 5T R
1211 BRI R R R H M E1E

THE B s/ N A K R TT ) (EIgEREE, 2022) o HHLEEAFEKE R H
K MRS CREHESE, 2021 , THEEE RN —ME#R T AKEBRE AR, 58
FHECA AT AR UE BE iy VR = &, 38 T DL A EE A K, $R Sk BRI 2% (Jha et
al.,, 2019) , IR ESME (NO) HE (Wang et al., 2016; Tian et al., 2017) . FJE K
e T VE R 0o DAARAIG 1A 3 22 1) A 2R DX AR A /KA, e RBR 32 1) P ALK /K B £ s o A
ZEEAZIR (Skaggs etal., 2010) , FFeCE LK FRASFRAMN 4 (Lietal,
2018) , DAMEHE/NZZX K FVE F=Y W (Jha et al., 2017) o 4R /N2 AR TR
&3 A BORIIR REE, PR E /N R = D /K BRSO A A (Li et al.,
2018) , IXUEHFFUE N I EELE A AT RESE R R 7 T 1) ERTE T .

& 20 VE AR e L E AR S B2 MR R /N N EATEE R, 75
K E MR (BT, 2019) , HETHEE/NE EHER R 47 R
il (TR4) . [FEFEKERSGFATRBERGO N, MRENEZTERZ, EBIK (Chen
etal, 2015; Lvetal,2019) . MLLF “1%8 57 . “18 6”7 1 “1 % 8” MM, “1
E TR T AN B RS i, TR R S B A RS GRirsE,
2013; SKEFHESE, 2021 . HTR4ABEHEKR, BAmE. AT NTHEA, HEE
BB 5 B AL A K 30%LL_E(Lv et al., 2019). K AR R ARG HE A T Far
(R EAR S, 2 B B X /N 22 P 22 % R A RO AR

1.2.1.2 FEMER A BGE UL R B

NIRRT m AV RGBT AW SR HE /N 22 K AT LR AR A
X ERFHRMEER A NG S RET MR /NP, T 2017-2019 X1 & 67
Al 8 HERE AT T PR AR A LU RS, RIAEC] B 6 TR,
INFERERLPE B IR N BB 44 SRR TR 225 (M@ FS%, 2021; £
E25E, 20200 FUGHTHE 445 RERHESE, 2021) F1«1 & 6”1 B S & T8 SRR /)
FOAEF GRS, 2021) o HUUE Lv & (2019) AT KEAT L HE /N I &AT77
BT, RIEATHEARE AT T2 T, SECEIT N R R,
F 45 R Wan 25 (2022a) AT 2019 A1 2020 55 KA AT LI RERL R T /N 22 (4T 1) BE AN
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AT RIFEREAT 7R Wl 1-1 P, B A SRR AEATIE R 10 em MEATE U 450
R ot B B, 3R AR R AT AR SR A ) K R, I HLZE AT /N ZE AR SRz 1
FATH R PR A bR N . B 7 B 7Kg M FH R R RN 2 B Rk e 1 A B
AR REAT LI/ 2 HE R G rb R B AT (Bl S 48 R AT R PR A S5 & i 7 = |
T RETHERAMEEEHKENZ, FILMETRNE ATHEE TBUKMR R
= 35, 2023) .

tﬁ 4" ﬁiﬁfm AhA Jci{l“}éé e
| ~ i Wheat
in’f_* ’fi’f_*m #i@ . %ﬁ.*m B ﬁiﬁm

K 1-1 ANFENEEEA R Z B (Wan et al., 2022a)

Figure 1-1 Schematic diagram of different drip irrigation modes
W “PW RIRIRIE, “IBS”EA/RILATHEE, “TRVER— SR A ot /N EATHL.
Note: "PW" means wide pattern, "IBS" means wide pattern spacing, and "TR" means the number of rows of wheat with drip
irrigation tubes.

NFERILAT /N FOK [ e Bt BB K [m iz AT L3 %, it — D0l 47 (R kL
B ZER. TR (2023) KIWFFTEE R, IR i AT 18] PR 5 14T [A) BE A 2
fiti AT REIEC2E, SRR A ORI K IR = B3 1R 3 A AT e,
BETT AN AT /K RIS # e i 1m AT /N A5 ISR IBUCE 2 (KR ARt —2
WAL IEAEHET, BRSNS T 10 B3, 15 BEYEA R T/ N LMK 1E,
THIRF PR B2 (6] 22 57 R s R K vl PREIE A% 23047, JF Hisd Rz se 1k BC Ffi R
WEFUR IR EAT EERE AR 30T A9/ 22K FUF R Bl = TR 40 “1 %8 47 T E PP EAR
. (Wanet al.,, 2022b) .

122 KRR NEEKE B S=EREHE
1221 KRG NEEKEF=ERIEE
TRV K TR A T 3ok 2648, HOEHE A KK B Al ge = 2 2MH] GORAREE,
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20200 o BRFURILKST B AR AT /N R E FRAIG,  ZEATAR A, MR ARFE Bk, 6
BOLE L (Stone et al., 2006) o T /N2 HESK IR TR SR ROG G 1F & /N KL B Y
I E B[R 2K (Djanaguiraman et al., 2020) o Hif NLEXF /N 7K 4 P45 1R 5 H R B,
I HK B E K hia R RN SR S & G E R IR R (/G
2013) o WUKFIEAEAETS, 4% EYn e & D, JuaE R R,
WK EE, 0 EESBUEY TR R 28 2 KR N (Kazuma et al., 2022;
X Song et al., 20200 . {HALHWFFLIEH, TEATEET R8T 18 S TEM & B8 71 4R+
B B AR T AT LA s e S AR 2 (Cui et al., 2015) .

TR E YR R R SR, TV R R 518 2 3515 7 2 1) FE il
3R 5E, 2021) o WHFCREHBEE K BRI, AN R T AR R =
B, EFRASE A LRI K (EEISE, 2021) o IR TR R 2 ST
TYR e, SWIMBGERIEEL GO K%, 2021) . FHEIRE 50 R R
FE e T A 8 (EEARZE, 2011) . 1 Dong 28 (2011) R, ET/KEMH
T, EHUMTEpaT e TR R F— R EARE KA T, T
JRAR R R R 2 B RPN S5 H AR KRR 2 KM, H#E 1KEZERS T 6.80%-.
29.89% CikMEAZSE, 2009) o R, I& & W ol b R 7S I 48 B i R
TR EE CREIRSE, 2009) .

IK G35 R LG AAT AT N 2R BB B2 B R E I A, I8 B FEE (Wu et al.,
2018) o LHFEE (2015) BEFEKIL, S84 8 WAREKMELEL, #E 1 KRR 2 K8/
FHRLF= R e T 16.6%F 25.6% . T FAE/NZ A E A 32 ERE M /N (1) 3007 BE
B, SEUNZRALIAREECT R, S A R R R A E e E
SRR Ak, G BRI B> (IREE LR, 2014) o (EAEF G R/ N AR
RKNEREER, FNETRERIK CREBSE, 2017) o (EHEE SRR DA
HEWITE R, ARTARER, &8 CEWES, 2017) .

SR IS B RER X P E R o (BRBISE, 2016)  #f&Hi%E (2017) 4T T
ANE L JZ IR ANEAL TR,  RIIXF 0-40 cm =2 HEAT KM EE AT B 2 FE R RS B A K 43 R
RE, HHTEMRZE 60 cm Al 80 cm B, ¥R &I R EH M, KFIHBRE
ERRK. HAh, HEKE Z RS FEETE FRAKEEE, BnE BER R AR, B4R
Frr= A, UK 2 8t DI AR TN 2R PR = B (E3)115F, 201D .

1222 REMNNEE KL FM~ERIEE

BEMNNEEKKERRIAEEE 2 REEFNEN (Wangetal, 2017) « AR
AR, MERE R ZRIBRIG A, S5MERS, MHERRIZRK, AT AR SR H SR A i B A 4 44
SR B G RE T Eg MR S ER (BRI AREE, 2009) . Ru%s (2022) ANiAHN
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A, W mEE BRSO R G AR RN Ko R R, (R AL
PR E RS VXS4 Ak, SRR T AN E MR E . TR, R e E R
FEAS, MR, AREMA, M tesygin, shEoh®® 7/ AR (Liuetal., 20200 .

— R T N AR KA RUARVE A, R SR I it A0 5 T R R A e Y i T A
FRBF G ER, FEBEEN TR AR (F&RE%, 2015 . Effah & (2022)
FREERWERE, MAEFEEN T A EKNBRIDLAR, BEmEAERE TR
FOeERE T, A TEENTYRMR R &, HENGEREIF RS RN 8, X
MR EEZN, AEMERERIMS T (Zhang et al.,, 2018) . NOs-N AEVHR A E
MIEZLA (Tangetal, 2013) , WG BTG R R FIRI A, RO 42 52 M il ke
B R R AR K, B35 BFIRIED R R R A AE (Koprivova et al.,
2014) . Zheng %F (2020) 7N ANEER 240 kg N ha! 1 109 kg N ha! L, R E
9180 kg N ha ' $& 5 TEM#R B R R I E, R8T 60-180 cm L )= T AL R
B, WFFRTEARLE A R R E RCER, EIE 7R R A E R R
=77

& R RGN AT GG A R T S AR R, S HAMEEREA L,
RESAENN GRS E. CEEE, TYRABY & (Effah et al., 2022; Zheng
etal,2021) . ICARMEE IR R IE AT DO I 520 /N2 i AR R HOR 08 i 2 ' e R Rk
71 (Acreche et al., 2009) , AL I EEAR T = 25 /4 AT LR & e BT i AR R & A0 7=
&= (Meng et al., 2013) .

1.2.3 KRBT 4
1.2.3.1 KEEEH AL E Al

HHKE R B EAE, A ARBIT AR YE RRE, XA KR R R
MR R —2, HAHEAEHILFEREY A KA E (Gonzalez et al., 2010) . Kunrath
& (2018) NN /K55 SRAHEYI B B2 ] 70 NP AN 7T (D PRV R )
> FEERW B> () REOK S TR A S B, XA FEUA
W ek b o BRZK Gy ik R LA AR B &, M s R R I i HON B AR &
TBMER, HEmERER S E, FEERKS N HEa3EmsE, G801
WA I BAZTIEAK A B, Ko< B FIEA (Ashraf et al,
2016) o T HEEAL P IIN LIEE SR S R, (R EIR R A B, fERERE
I, MRS EYIN K R s AR, $8& WUE. BARI . (1) 3
i F N AT e e &, WUE BlE3g ;s (20 I U T g hnfa pk AR, s
TRz, NTHE s WUE;  (3) 385 E R A (2 R R A KA KRS T, e mEym




