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Abstract

In order to analyze the impact of soil, fertilizer, and water on arid farmland in Xinjiang, this article
uses agricultural production statistical data and applies stepwise regression statistical testing
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method to screen and analyze multiple factors and target input-output indicators, forming a ref-
lection of the theme of farmland input-output-soil texture area ratio, pure fertilizer application
amount, irrigation water consumption and main crop yield. The Cobb Douglas model is used to
analyze the correlation and impact effects of soil, fertilizer, and water, the results indicate that the
quality of arable land (characterized by the proportion of loam soil area), fertilization level, and
irrigation water consumption, namely soil, fertilizer, and water, are the basic elements of farm-
land input-output. The marginal effect of farmland quality and fertilization and irrigation water
usage on crop output is as follows: Fertilization level > irrigation water usage > farmland quality.
The proportion coefficient of the impact of soil, fertilizer, and water on crop output is as follows:
Irrigation water amount > fertilization amount > farmland quality, reflecting the primary and
secondary relationships between irrigation, fertilizer, and soil texture conditions, reflecting that
soil, fertilizer, and water are the core content and irrigation attribute characteristics of high stan-
dard farmland in Xinjiang. Optimization analysis shows that the irrigation water consumption of
8344 m3/hm? is similar to the current situation, and the optimized fertilizer application rate of
251 kg/hm? can save 12% compared to the current situation. The analysis results provide a basis
for improving soil fertility and improving water and fertilizer efficiency through high-quality
management.
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1. 518

A\ FFEVA LG 1 AR e B, B KA P Se O AR B bR e, AR T
JE KL Bl BB FR dhs ZECOT)” B\NF2]. AR, RAARREME “EL BB K. M IRE&AE T
FARMAL, R bR KNSR B U R AR [3] . Bt A AR, B & 5
WA ROR, BEBAEAILMEYDE. T K TR IR BEAT I A B, E SR [SIA R
SEAHHBR BN sk BRI H . —T PR HER G277 1[6] . TR B2 50 T3 R AGE A EY
AR FEARIRE SF A, Z2WHE S5 N [TTHEAT AN [R] 338 Bt TR RAE K i 18], ERAEH W
SRR A A AR g W] R TR ARG BT, RO R IE KPR RELF, E SRR
REMTPFRAR8], 278 F5 55 [91FEAT AN R] -39 o3 b — P LR K I LR P ARG, 398 it FH R K ) 5 7K i
Z Ty L AR L, ERTBFAE[10]H A1AIG R B, LSRR AL AT i 3R L 3Ky S R Tab +-
FEMIEIAET, R IR FUA R IE M, A E SRS B TIE B IR [11]. HIRIERLE Y
BRI HEEAREE, EEMEL2 000 8 S XA R SRR R, Bt #E, L B
AR MECR NS RRY], . RS HECR SR S, BE R3]
JERIRE B 213 /KRG X IR AR Y, KM . BRAEATESR L AR RS = B L3RR P AR LR
TR, REE O A AT Bt 4 B AT AR AR AL S AL . AR B IR, BB X
VEMNIEH A H Y SRR, B /K RO B HAE R Sl o 2 BT 9 A 2R [14] 5 FKIIE R R MVEY) A BT &
KRR, HATKIERE G0 FEBE N BT BL[15]5 3R 3C 55 S8 [16 ] N HEML A ML o 80R T2 AR BARAL
WE RN giE, b EROKIEARLEZ AT, X EALRK RS ERORBRN, PAR EIEKE R
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XA A 52 DA T T

ASCULT-FFr B e X OB e R, H TAOWAE ™ P st R51HE, M2 R R e - &, +
AR AAEAE R KR DI ANEAR, DA™ H R SR A A B JEK M RN, N
AR 7K B BE R[5 v 2R AR (AR -

2. MRXHSA

T HELE BV R AR A EE /6. SEEIREUK 154.1 mm, EFEK 21254 mm, T-RiE%10~15, &
WA TR R SE, KD, ZBREE. RETR. RSN, RRE AR TEERSE N A E AR
Ao HraE 14 AN TR TR REX /A T ra sl ZREEAALER A X, & IX ERMEE, AKOOUKE. BIERA, X
(BIREE 2 5 K. Bkt 3 o b2 AR AR 7 () S B, BT 42K 36 Fh[17], (HARH ZAS ., B+,
R KAFE L, b, Wk, REFUhE K. W, iR, BRI oA, TIEEHURE
B A AR A IR R TG A . BRI, ErERRol AR P R R E S A KOt R E L, #ub 2020
SEBSERE LI A 602.09 5 hm? [18], e TH AR 5 LEIL 60%; ARk A7k 496.2 12 m® (5 EL 87.0%, P TH
R 7K 8241 m¥hm?. 2020 4ERAEIBRITHIAA 628.261 75 hm?, Ferfokd. #i. W, B, JRABEE S KIEY)
R T AR o5 LA 35.5%. 39.8%- 2.8%- 5.1%- 1.9%411 1.0%; #17>y 7100 kg/hm?. 2063 kg/hm?. 3070 kg/hm?.
53,055 kg/hm?. 41,136 kg/hm? 71 38,084 kg/hm?,  ASSHE. i B #5. JRAIRE2EA 616 kg 201 kg 21 Kg.
667 kg 186 kg 1 180 kg; 2020 £ aE/K ¥ &1 B 801.1 12 m? 5 4x[E /K %5 [19] & f 2.53%, 4V HI7K 496.2
f2.m® L AE 1 13.7%, HEREHF 604.75 77 hm? i 4= [E (1) 8.9%, A:i% 45 o [+ 1H AR 17.3% s A 1.

3. BRI
3.1. BiEKIR

AW FEAE TR R B 14 SN T T R AR XA S, IR T R E R AR X Geit
XY CEEERAFMHESRBSG I AR) (1978~2020 4E); HrsE 14 AN Hu M T 2% & HE X 7K ¥ 95 K
FIARCEEE, T CREDKEEAR)  CHrisKFG i wrNC G CGorisRoll F /K & Fith 7 bruE) (DB
65/3611-2014); Frae 14 A~HH 117 2 438 5 b 23 [B] A A 2R 0B SO SR BRI, VR T (E Kbk KGR
FHAR P OHRERSEE)  CHrisfEEY K2 5 8 I ORI dw ) (2013~2018 4F). #iiH
M T GAMEHE X T B RS R IR T R, 05k 1 R

Table 1. Overview of geometeorological soil elements in Xinjiang agricultural irrigation area

=1 HBRIGEXHIBS KR TIRERER

Hi M R i BRIRIC T ERK ERR FEX R IR K
N 1 m
(e g =10  Md /mmo o /mm B 2 58 5
F1H 1262.8~ 104~ 40653~ 210~ 18.1~  2309.7~ RbE. KEEA.
i [X 14270 126  4360.9 230 52.1 28240 kg4, it

"EfP 11165~ 33- 15069~ 79~ 432~ 20180~ BRBEERMIER i
Hi[X 30909 133 43637 241 723 2618.4 . Ryt I 5 e
gy 12979~ 65~ 24347~ 138~ 743~ 17124~ BRI SR YO, R ER
35052 131 46977 261 2290 29387 it #h(k4)L- />

Fi[7e75  980.4~ 7.8~ 3327.3~ 162~ 451~ 13841~ AEIEL SNIKESR - o

WX 13956 116 43788 248 1173 28719 it. okt o P OHRAL L
846.0~ 6.2~ 25240~ 167~ 231~ 18204~ AREEb . GRMNIKER
24580 118 43539 235 1951 27775 @ik, k)L

kb, Wik, D

ELH SR L
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& 1.0~ 11.3~ 45181~ 263~ 8.0~  2597.3~ K. K(HEWE)
1 977.8 144 53913 295 25.2 34039 AR BV L

na 469.0~ 2.0~ 17350~ 101~ 12.0~  1606.4~ KiE-4. K(EEWME) V3E. R, BRA -
X 17286 100 41783 279 2439 44013 K RV I5i

L BRI

BEK 6003~ 5.0~ 33350~ 170~ 2351~ 2100.0~ K. JK(HERL)

2 5
F i 9350 80 35475 181 2001 21718 g p. eiggp 0T oeBL BRARR

Wi 5221~ 7.0~ 3500.3~ 160~  150.0~ 2129.6~ K¥At. FK(EEWE)

A o Vi3
ki 3400 7.3 35055 175 1790 25000 gl ybp e DRI SCEERRAE

471.4~ 24~ 17322~ 123~ 127.6~ 16357~ KA. K(HERE) e . o
Sy 3 Is-E- 75 J3
=M 1650.1 7.3 3561.3 174 318.7 23500  fREL, EAEL B DR

320.1~ 3.8~ 23954~ 138~  102.2~ 1501.7~ ZKEEA. IK(EE)
1133.0 7.7 3582.5 174 222.7 15633 kiRt Fifgt

A 291.0~ 2.4~ 1688.0~ 133~ 1432~ 12258~ AEEht . BEEERES
Hh[X 14935 76 36856 183 2735 2114.4 +. Eifgt

A 600.0~ 3.0~ 1316.7~ 100~ 220.1~ 1259.2~ IRFEE+L . FEIEE
a 18486 95 35340 179 507.6  1887.0 B4

Fi#iZE 4756~ 1.0~ 1983.9~ 75~ 1101~  1371.2~ K4S HERER s .
% v
i [X 1225.6 48 30812 160 2051 23311 FEA Bt R BRI L

T R, EEEL
BruEp. BR L

B, b EEELT

3.2. AR5 E
3.2.1. RPIER
I FEE X BN R0 77t bR IR A RN, SR A A — T8 i 307 [20 A AL ek 23
Y = ax™xi? 1)
XY NG s X 0 HINTFEN. BABN; a. by, by NfFE R H.
IZRERUHENPE H 2Z ARAF % RBUAR, A R S ARBE: © @) 306t xo Fl x, 3R Y w5,
BIRE Sl 78=AU Tk A

Y Y
——=b—
X
Y oY
i / x1
O]
Y
=h,—
X2
Y aY 6x2
b = 6x2 X,

HRQFE W, by AL FNHNE, RIH @ WA by AR AN BRI %A 5] ™
HAR L a B R BRI EAESSHRABKAR. @ ERWEX Y, SHEAMNE S
et Hbn 2 (AR R B YR RECK,  DUZAERL 7342 T AR o
322 R¥Y R

HITHEX 2 R BN B, ek () #h e A 4t

Y = axxp X oo X A3)

n
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X as byy by bsy by NREEREL LAZNE GRS, X 3 (B) L BUR # A5 -
IgY =lga+b lgx +b,lgx, +b,Igx; +---+b, 1g x, 4)

AY'=IgY, A=Iga, x=Ilgx, X=lg%, % =Ilgx,, X =Igx, .
= (4)
Y'= A+bX +0,% +0yx5 +---+Db X! )

MG EH, FIHRENEMIEIS TRAEER i (1=1,2,3, -, n)WEZRERE Y RELWEIEE, &
(5] U 2% B 2 AR F 2R G R A
Ep=Db +b, +b,+---+b, (6)

— A R RLR Ep (&N, HIRFEZ Ep> 1.
SRR R G AN [F] R 2K R AR E o L AR 3

K :ibi/Ep @

Kb K AR by SR Ep LufE; n A5k R % b ¥ H
4. EREHH
4.1. BIETHED

AEET RGO BE R TTE, Al ORE L™ o ke o MR . “EE
TEVIF=8” o “MEr=H” « “UBFE” « RErE” M R FHE” 8 AR AT T B
[, % FE IR FB BB B o 7 s 8t R0 & BRI S, [, SR krfie “ EEMEY~ 8 (R,
Mo . BHEE. B, UK. EHRE)ENMH B A H RS ERARNERRE L, gGitskcas
BEEA: YA Eom e, s sma). EAmA G, iR (LIELi &), REBH K
EEHKEE, BRI KE) . BRI (ECE KT, B RBCT KR RV T CR A
BRI LA AR ) SR, R, AHEEE. HAEEHEEMMEHHRARER, FREMSIT
A I AH O H A

BT BB EIAG TR A B, RSN E RTINSy, I SR 2 b b o == )
BENFEZ —, RANAEFON T 5t TR, DA i X F 2 - e T AR S E T AR L, R <
FR G VNN R R AR B, AT s P % A [ X TR 7 B4R R RO AR . %
TR Gt S Se v s IR AR A & B MK D 28 R BRE, R AR AR B IR
BER. HBEATHRGE S, AR RES SRR Z UG LA E:, SR, T “RPLA
BN717 WG AR LE, AERET 7t H bR E = A 58, L T RN H R g R = R R,
BURHUR RN B AR R B m . D, 25 R RE X5 B R A SRR 56, A o g 198 L T AR
G, RS R, EE KRS R EAEY T B AR U R 5.

4.2. ANFEH AR E M E = 4
4.2.1. TREKXRERR

WrEE 14 MR EX FEAEY AR C 5 LA St (hRgiiEH R f, EBAHKE s
=R Z A5, KHRQ)ZG)HATIA S BIAG - AR R 2 s . S8R o i
R, BERMKERHR K% F¥RTIRAE, WAL EZEKE, K5 S i B0z
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Table 2. Douglas model of input factors and output of main crops in Xinjiang irrigation area over the years

=2 HBEXNFRARRSEEZFY- HERRHMRE

JFafea TE AR L A A X RHR HEF
1978 C=0.0028 t0%2341 036330 070173 0.965™ 45.82"
1980 C=0.0027 02341 036330 070173 0.965™ 45.82"
1985 C=0.0037 0241 036330 4070173 0.965™ 45.82"
1990 C=0.0057 0241 036330 4070173 0.965™ 45.82"
1995 C=4.0281 018794 061008 4015656 0.952" 3256
1996 C=6.1840 018610 068156 40U 0.962" 4214
1997 C=3.9410 018198 063657 015498 0.963" 42.99"
1998 C=9.6907 01555 068564 015600 0.963" 42.64"
1999 C=2.4746 014514 £060010 5021411 0.958™ 37.29"
2000 C=0.8746 %205% 060787 029042 0.969" 50.73"
2001 C=1.2356 019814 064050 4026160 0.975™ 65.28"
2002 C=4.1323 015684 073773 4017627 0.978™ 71.88"
2003 C=1.0536 019754 06403 4028908 0.980™ 84.55™
2004 C=0.9418 016506 066942 029851 0.981" 83.82"
2005 C=1.7747 016085 071011 024266 0.981" 81.13"
2006 C=1.3713 016014 069626 026767 0.981" 83.38"
2007 C=0.7703 015527 068863 4030271 0.980™ 79.33"
2008 C=0.0076 02341 036330 4070173 0.965™ 45.82"
2009 C=0.0061 02139 027630 4074836 0.964" 43.80™
2010 C=0.0121 %1875 038147 5068504 0.962" 40.91"
2011 C=0.0109 01908 034600 069342 0.967" 48.28"
2012 C=0.0113 018605 038814 5067519 0.957" 36.43"
2013 C=0.0118 0218605 03814 4067519 0.957" 36.43"
2014 C=0.0123 018605 038814 4067519 0.957" 36.43"
2015 C=0.0128 0218605 038814 4067519 0.957" 36.43"
2016 C=0.0140 018605 038814 4067519 0.957" 36.43"
2017 C=0.0137 018605 038814 5067519 0.957" 36.43"
2018 C=0.0134 018605 038814 5067519 0.957" 36.43"
2019 C=0.0131 018605 038814 5067519 0.957" 36.43"
2020 C=0.0141 018605 038814 4067519 0.957" 36.43"
éﬁé$i® C:00437 t0.19327 f0'48707 S0.55183 0986** 4931**
SR SE R = 0.433~0.549; F =8.70~26.87.
1E11 0.3%~-9.8% (W.1¥ 1), WETTREMGEMERIRE, IS AL BEAT E AL AR o
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Figure 1. Comparison of simulation and statistical results

B 1 BEUE 5 ERLEER

Table 3. Effect of input factors on yield of main crops in irrigation area (kg)

2004

2005
2006

2007

2008
2009

2010

2011
2012

2013
2014

2015

2016
2017

2018

2019
2020

7 3. EXHAE RN EZEY R0 (kg)
kS At Af 4s DI At Af As iEE At Af As
1978 0.466 10.855 1.050 2002 1.507 26.461 1.101 2013 2.937 9.198 4.734
1980 0.501 8.863 1.050 2003 1.898 21.937 1.762 2014 3.081 9.373 5.027
1985 0.737 10.567 1.270 2004 1.694 22.065 1.879 2015 3.217 9.510 5.294
1990 1.171 14.212 2.047 2005 1732 22306 1598 2016 3499  10.024 5.899
1995 1.099 16.665 1.050 2006 1903 22130 1.884 2017 3.384 9.378 5.914
1996 1.199 18.189 1.050 2007 1.682 18.025 1.898 2018 3.168 8.486 6.061
1997 1.218 15.694 0.613 2008 2.686 8.567 4.408 2019 3.215 8.319 5.903
1998 1.149 18.399 0.713 2009 2.964 7.394 5.569 2020 3.457 8.585 6.543
1999 1.082 17.822 1.014 2010 2.713 8.150 4971 RE 2.146 12.538 3.350
2000 1.573 18.914 1.398 2011 2.813 8.230 5.178
2001 1.613 19.502 1.293 2012 2.786 8.977 4.459

Table 4. Proportion coefficient of different factors affecting the elastic modulus of irrigation district

4. EXBRMHIRETRERZINREE SLRY
4 Ky Kz Ks J4E Ky Kz Ks 4 K1 Kz Ks
1978 0.180 0.280 0.540 2002 0.146 0.689 0.165 2013 0.149 0.311 0.540
1980 0.180 0.280 0.540 2003 0.175 0.570 0.256 2014 0.149 0.311 0.540
1985 0.180 0.280 0.540 2004 0.146 0.591 0.263 2015 0.149 0.311 0.540
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1990 0.180 0.280 0.540 2005 0.144 0.638 0.218 2016 0.149 0.311 0.540
1995 0.197 0.639 0.164 2006 0.142 0.619 0.238 2017 0.149 0.311 0.540
1996 0.189 0.692 0.119 2007 0.135 0.601 0.264 2018 0.149 0.311 0.540
1997 0.187 0.654 0.159 2008 0.180 0.280 0.540 2019 0.149 0.311 0.540
1998 0.156 0.688 0.156 2009 0.172 0.223 0.604 2020 0.149 0.311 0.540
1999 0.151 0.626 0.223 2010 0.164 0.273 0.564

ZiE 0.157 0.395 0.448
2000 0.186 0.551 0.263 2011 0.155 0.281 0.564

2001 0.180 0.582 0.238 2012 0.149 0.311 0.540 Ep 1.232

KA A BRNF(2), BN R Z X 3 BAE 77 B R i B OB A0 AT 4 SR e 3 i, 45 SRR,

B L A Lt ARG R f, A KE s BN ZE I, X RGE 0 LA
B, 1EP) 5 C BIRINIERN . X T34 L RE AKX ED P 25 A BRN A: RF 0 19638 L 1H AR & Lk
At/EY = AT 2,146 kg; AR 1 kg (LRI & A E4)~ B A1 12.538 kg; & 1 m®, #EBHK gs
R~ R ATHY 3.350 kg, LRl BRRNI AN ALIELE & AF > BB K s> HERWR G L At X
AL ARG B 5 R K BN 3R, S DX = Ak S a8 B A FH IR e, 398 TR o L B
RAFACAH XS AR E o R 2(6)~(7) X RGeS B AN [F] R 3R S AR BE 7 L R4, Wik 4 B Barir
SEITTA, RRBRMERLE Ep KT 1 OAIERRDIRE, Ji4E LARKIHED P R e B i & L RO 1
TG Ky = 0157, R4 & K, = 0.395. #EMEFH/KE Ky = 0.448, RIZRFLMFRE &t RECK/N N
Ks > Ky > Kyo IX BT A A = BEAR B R FEWEK . AR R I i 2R OC R, RI 1 HEE AR AR 72 95
ANBEE R RIEAR A, RO T AN AR S bR A i 2 3

4.2.3. PR KB
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= o
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6000 EE 2
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= =
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0 T T T T 1 l Il 0.000
0 (=} gl (=3 wy el o~ 0 (=)} (= — ol o < wy el o <] (=)} [=] — o on e & wy o | o 0 (=)} (=]
M 5 5 5 38 838822222 EE 92822 92
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Figure 2. Correlation between input factors and marginal effects in irrigation areas. (a) The relationship between the pure
amount of fertilizer and irrigation water consumption and 4t; (b) The pure amount of fertilizer and irrigation water consump-
tion are related to 4f; (c) The relationship between the pure amount of fertilizer and irrigation water consumption and 4s

B 2. BEXBARZRSBFRER XK. (a) HAREREFERMAKES 4t; (b) HWARLREFERMAKES 4f;(c) 1t
REREMERAKES 45

BT AR H 1978 & 2020 FEKRVIGEE, FSIEL A& BEH KBS 0 BRss B Hr s Sdn 1
2 Fioc. ATCAEH, ALHEal & H 1978 4E () 58 kg/hm? 1 2 2020 4E 1 303 kg/hm?, 4E4#4 215 kg/hm?;
W 7K B 1978 4E 11 12,649 m¥hm? J& & 2020 4E (1) 8117 m*/hm?, 4E1) 9830 m¥hm?, 7ESLAEAKBENIRZS
T, LA b At PR 2R B AER (WIBAH & Af ABRAS 1978 2 2002 AR SeH fE R T
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2k, 2008 £ 2020 4 S ILEC P FRNE T4 E H BEBLFH K& s 1A BR8N 1978 42 2007 4 2 HL/MEH N5 42 2020
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