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20 {20 80 AR Lok L3 AE ) e F2 o3 Ar — ELUR AT IR i S, PRI B2
FLAHTBAR FUAS [R] R 2R 52 ) T (38 A FUARE ) R L2 (R AR A R S5 Bl e i T2
Bl gz N, 7= R 3SR A0 R 23 (0] 23 A R AiE S A S A R R Bk T 4
o EERRAESLEI RN SORS HEAOV RS X iz F LGS T2 0 7 b R 23 7 S5 VEY =
M 28 AR S, P m2s 0 BB R R HIEFR A i aS AR S v, Hop R AR
HUUE & B STEY =m0 A —E BE%EYs S 1245 GIS L & a7
TEXTEZ 1B A M BB X i i 39857 028 (R AR S RRAE DU A EAT T Z B i 2 R T, %
XISAEY - SR . SRS EREIEMAEE, HIL, W58 X 2R B s B 2R
R ARIEY T RN EEN R, A, AU R & X 8 SR AR
B2 IR B S 3 R, AR /INITAE R T m B £ a2 FHGE T 165341 1986-2002 4F JHLFR 43 4% A
EXVEY AR s, oML AR B BN P 5 B ARG PR RN, AR it
. P.0s. KO£ 1.00 kg, TI4H5I37 11.60 kg. 18.68 kg % 33.76 kg, +HEhF4r% 4
T, ARF R E . SR, HATER XL R S | B E X AR = i
FROTTCR MR 28 AR FIE iR /b X BRI Tz M XA AR B 3277 X A Ja Al e i & B
BC B RN A 7= I T Lk R

I, ASCLAAEICT RS | &R X R e A aE X, ST Ho RAEE . e &5 s B
GtEdE, RGOV IR S B R . AU SRR AR R, DA
B X AMY BRI A BRACE , DA e RS R Al 45 PR HERL AR I

1 W57k SRR

1.1 SRR

WF5E DX TR E P AR A 5 B DX, M BT 0 35°5522"~38°10'7"N, 115°27'
54"~118°58'10"E Z [i] . % X Ils T By = WA e, i, maserdr, s,
Bk e, 6-8 HBE/KEE 5 2R K R 1 60%~70%
1.2 HiHERiIR

T X AR A 7= S B SR A AR ML SRR AR Y A B A T & ) LR VE RS 2 (http://
202.127.42.157/moazzys/nongqingxm.aspx ) , A0HEERIET (PESGITHELE) (hELIS
THERD o ot 5 I sl AR kSR 1980 AR5 R 62 i i s 5 SR
i, ARdb VIR | wE X A ML SR 4 & s BIR A 8E >k A 2016 A S R A
B (B, AN BN Tre . B, RETD, REREE D E AR RGN
(CERN) HFFEH O REREMER, RIS81AHES, KRHRBHHSREZK N 0~15,
15~30 0)2 CREEN SERHRAHFE) o SREERTIE 2016 4 11-12 H , SRAFE 55 A7 1 1) Bt LA
SEREI RN, R GOAE S N A ALY A5 R MR A, DRAIEAH R AR PE R AL TE
Bl R S RRRIE B S A Ty, MR AR R L R R AR . U B
(AN FORFEAVEIX B 1) PHREHR
1.3 ARFE
1.3.1 FF S RAE RN H I (4 7 1k

HRECRER G RZE T, READKTE, PRBRARELY, 4r5id 1.0 mm F10.25
mm i . AU & A AR e, AR E R CE KR A =
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Fig. 1 Distribution of the sampling sites for soil nutrients
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ARSCRHT SPSS 22.0 Fil Excel 2016 X %4 EATEL 0 Ar Ml I, iz H AreGIS 10.0 0%
R A KU S N2 ArcGIS Hh AR s 18] 734 ]

A BB S R BT A

C, =(SD/Mean)* 100%

Kb G REFRI (%); SDREMREmZE (gkg); Mean 2 FHIMH (gke). C, MI{EI
ANEBERZH A LB A AR E o[RBT LI AR e s s R A

2 ERAHT

2.1 EXKHBEFNRZTE
2.1.1 RWA )23 (Al 53 AT FEAE

RAE A BT G E Y = B, B BT e | SR DX AR A 7 s ) gy
s (B2, E3), 85RBR, &/NE V357 fi i 20 T 300 T b B rh b X
Fi B, 35 6861.0 kg/hm’, KRN F FlFm R & E B . EXEmAE B, 7%
6084.0 kg/hm? DA I Hp g 7= HH 240 AR BT R UG R eI, AR e RV B4 A T P
AT R A X, b R A BRI, 47055 kg/hm?®, AHX R R, dbiR AR H A
7338 58

KR KX = S v [ v R A B A (R A AR AR . Ho, SR B R, N
7524.0 kg/hm?, HUORA T T ERS 5 00 i ELRARE B ¥97E 6973.5 kg/hm? L s s
P X FRA AR TR R AL E R, R AR TS PR, i BRI A
TART U v b DR DY R T R e X, R R ELRAIK, 95092.5 kg/hm's
2.1.2 R A= I B R AR AL REAE

F P 4 AT, Al | B DA F AR 7= Ty KOS R b oHka s, (IR B A7 7E i 3 1
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Fig. 2 Annual yield of winter wheat in the irrigation area at the lower reaches of the Yellow River in the North China Plain
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Fig. 3 Annual yield of summer maize in the irrigation area at the lower reaches of the Yellow River in the North China Plain
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HB= M 1990 4F1#) 3930.0 kg/hm?’ 34K 51| 2000 4F () 5790.0 kg/hm?,  IMUJE SAFELERFAZE, M
2005 4F XT3 2011 4F3% 6585.0 kg/hm?,  BA AASALEFE AL A IESE T . Sk
MERX; (2) WK —Peag A, mpEas . R A0 BT B Bk HR S
R R R S, RIS K B RRE ;. (3) R KA, antE
- 512002 AR AR B IR A FRE TE 4950 kg/hm?, UJEHEAPGEIE K BB, #2012 4F
i£7050.0 kg/hm?; (4) Pusd Kk —Eaia, fEE H, KE = h 1988 4F /) 5295.0 kg/hm?
H428 2000 41 8715.0 kg/hm®, HIK T 64.5%, 1M 2000 4F 5 Fi = ARG K
22 EXKHEFSTETL
2.2.1 AEdEHh XS B X R A P &

AU 5 | DO R XA DL B i A s (3R 1), HIEAHL & iR w2
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Fig. 4 Change of grain yield of farmland in typical counties in the irrigation area

INARAEM T, 41630 ghkg, TEBINMERET, 5990 gkg, HALTNT 12.00~
15.40 ghkg Z 0], HIEAHR G ELS REUR KRR ET, 739.1%, Ha&aiiaiEhy
21.4%~35.0%, MPEESR AR 5 1980 4F R A A L, N TR 5.47 g/ke, T
MG TR BIREAR3.86 g/kg F16.24 g/kg, HARBTIABAKR,
222 AEdbHbIX G| X - A B i

ARG BE X AR IX rh A &mifid Ba (R, INRISHET 2 E & ik
B, N7 gkg, SREBARKERET, N0.60 gkg, HARTNT 0.74~1.02 gkg 2
], HIERR S BT R K IET T R 53.7%, HAKTEE R 19.9%~36.3%, J&
HAETR AR S . 5 1980 AF R AT B AT EL, N L WIS AEE N T Bl T 0.23 . 0.24
H10.32 g/kg, ZEZFAE /IR 0.17 g/kg #10.16 gkg, HAKTILAK,
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R1 1980 FF2016 FEL TR HEXR THNEEXRBRIERMETHELRANRNEEIE

Table 1 Soil organic and total nitrogen matter content in plough layer of wheat and maize rotation region in the irrigation

area at the lower reaches of the Yellow River in the North China Plain in 1980 and 2016

AL Kl

Wit 2016 4F 1980 4F - 2016 4F 1980 4F o

¥ia/, R ¥/ BT e g Byfi/ 5 5 ¥iE/ S o,

(glkg)  REU% (g/kg)  ZREU% (ghkg)  ZEU% (gkg)  FEU%
WM 13.30+4.6  34.8 12.31£6.0  49.0 8.0 0.97+0.3 274 0.74£0.2  30.0 31.1
W 12.0052.6  21.4 15.14£7.0 462  -20.7 0.83£0.2 229 0.90£0.4 389 -7.8
R 14.80+4.0  26.7 16.42£10.0  61.0  -9.9 0.74£0.4  53.7 0.85+0.3 343  -12.9
T 147044 29.7 17.03£7.3 434  -13.7 0.95£0.3  33.6 1.0120.4 356 -5.9
W 13.8043.7  27.0 1239452 42.1 11.4 1.02+03  29.0 0.78+03  34.6 30.8
ZREET 148052 35.0 17.75¢13.0 734  -16.6 0.90£0.2 245 1.07£0.5 507 =159
T 1540445 292 19.26£10.9  56.6  -20.0 1.17£0.4  31.6 0.99£0.4  41.0 18.2
WG 13.60£3.3 243 1559465 417  -1238 09002 227 09303 325 -32
AT 13.50£3.6 267 19.74£137 695  -31.6 0.90+02 199 1.06£0.5 506  -15.1
M 16.30+4.0  24.6 10.93£3.4 313 49.1 1.00:02 214 0.68+02  29.0 47.1
AEH 9.90£3.8  39.1 10.56+6.0 567  -6.3 0.60:02 363 0.60£0.2 345 0

2.2.3 bl X5 | X 3 s A B

AR J55 | 8 T XS TR b X P oA el & A o (3R 2), INARZR T A Rmls &5
R R 34.56 mgkg, FEBMAERET, H19.10 mgke, HARKLTN T 2143~
33.70 mg/kg Z 1], AR A AR T R BUR KRR ET, N85.1%, HAKITLF
$950.9%~81.9%, JEHPESREARS . 5 19804F " A RUEA L AL, A TA S E
PIRAR, FRRm MR ARE T, F#K53.30 gkg.

R2 1980 FF12016 F L TR HEX TN EERRIERMBHHE LIREUBMELHSE
Table 2 Effective phosphorus and available potassium content in plough layer of wheat and maize rotation region

in the irrigation area at the lower reaches of the Yellow River in the North China Plain in 1980 and 2016

R T
i 20164 1980 4F o 20164 1980 4F- 1
e/ AR5 i/ Ap 5 WE /% ¥i(E/ AR5 Yt/ AR5 W%
(gkg) E¥%  (gkg)  ZEU% (gkg)  FH% (gke)  F¥u%

EMTT 2338119 50.9 65.03+26.6 409 -64.0  112.00£42.0 374 168.63+80.1 47.5  -33.6
WP 2143112 523 52.05£16.0 30.6 -58.8  102.00+38.0 37.1 123.06+29.7 241  -17.1
TR 2333163 70.0 49394225 456  -52.8  118.00£42.0 352  114.76+29.1 254 28
HTHT 27314153 560 54.11+184 340 -495  128.00+50.0 39.3 118.33+32.8  27.7 8.2
W 27.63£17.3  62.6  51.89163 31.5 -468  121.00£39.0 325  107.09£232 21.6  13.0
B 34.56£20.6  59.6 4745188  39.6 272 119.00436.0 307  100.0+29.44 294  19.0
T 28.01416.7 59.8  44.04+17.1 388 -36.4  135.00+45.0 33.1 117.18£32.7 279 152
IGYTH 33.70422.9  68.0  46.49+19.1 410 -27.5  121.80+283 23.2 99.37426.0 262  22.6
AT 32.60£19.3  59.1 52.25426.5 50.7 -37.6  133.40+454 34.1 99.66+48.8  49.0 339
T 33.10£27.1 819  59.06£242 41.0 440  202.40+78.8 389  116.45+245 210 738
REN 19.10£162  85.1 72404273 377 =736 159.00£61.9 389  205.00£92.8 453  -224
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2.2.4 HEALH X 5| X 4 e A

AEC G | B HE XA ) M X P s B B A s (362), s & B s 2 L
ZRAEM T, 4202.40 mg/kg, FEBANAZENREET, 4 102.00 mgkg, HRKHNT
112.00~159.00 mg/kg Z [B] . 3 AR & AR 5 R AU KRB T8 39.3%, HARK
TV N 23.2%~38.9%, J& H AR EAR S . 5 1980 4F kWA i AH Ltk , A8 T 42 7
85.95 mg/kg, EMARE TBEAIRAIEK, 5300 56.63 mg/kg Fl146.00 mg/kg, HAp#T
AR A

3 e iie

3.1 it

BT S | B DA AR P2 KA e B i s A Sk fEss il b, &/l
P AR R LR, dU AR AR PR e TR R eI, 20 4R
SOAEMRLIR, HE X NAR AL 17K S BT, AR b IX Y ™ f B (] 22 £k 1Y)
FRIEHEL T 20288, R TR R M X = i AR AR AN TR 25 o B DR U 7= 1Y) 28 [ A S5
P 2B A2 b X B A A R e, WS IR) L AR S R R ARG S R R &
VRE DX e T A LSRN R A AR AN IR X A 0 S A e 2 A8 S, A2 M M 45
AR . MEY 5 D s S pysgmm, oo i . . BHE 8. Bfram
Sk HAE B A LS IR 40 s AR ARG He e VR T, RIS RE i 3 A AR g
X B s A B P fEH
3.2 i

ARG R WA S5 |V X N VR 7 S A7 A B 35 (0 2 ) 22 S bk, Ak 10
R X = R LURS o A Al F 55 4307 1999-2000 44 T8 R I X AU A9 1L 4R
AR | O X FOR RN e, R i R LU PO R i . AR AR
B A% R R AR AR A KR 2 (8] 43 A e s BFSE XAE D - BB R 2248 B, &
B Rz b DA R A A KO AR W B R, R AN R R AR B
HoK RGeucss . ARRER AR ™ | BEREm A ™ AP ECEA S0k B 32 Fde
o AR S0 LAV AR FTAA F 43 B2 R HAAE AR B 1 SR, il
1988-1993 VEIE FIHER; A< HF I kst , A BHERA (RFVFIEIEAE ), HREFHH KR
iK4.0%™; 1980-2008 4F:[H], ALALMH FHEIEA 729445 . BEBRETRUE N 129 20% . YEY) i
PO PR 5RY , DRIt, FEARET SR | B DE A S B AT . 3 A R T AR
BEPRR KL A AR LRI TR FRAA BRI B OB S S RS e 7 it

SE0LEIR . 1980-20164F, HIEAT ML hit i VG 1) 7R 2 00 v ) s P (IR A RETE . HL -
A B A RS RIZES . A¥E RIILARE P S EE P
BRAB AL, 2N RGBT BB R R, SARSCEIRAML, 20 40 804F
FRZE 200047, AtV J5 5 ERE X AR S Ehms > T 29 70% , 4 H A HERE 2 48 B 8 ok
5, IR ZRE, B T EEEA PR & w0 A FAR RS | s Xy rh
IRl e IR LR A gl K s S e B, Kt AL A5 T R HEA LR & &
FREEHEIN, 7E0~40 cm +JZ P RHAER IS IS 2153 182.8 kg C/hm’, R A HLEHEFAE )
AIAE) 1.6x10°~2.4x10°kg - C/a™", J34h, BTG B A . B St 22 fk
ZRNE, SNEHEMAEESEG . . MR F R HARRRR, X2
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ZXIRA. B MRS SR EFNEEEREC, HAEREMZ, 20 2 50 4FL
H, FeEA B RS T/ E AR 7R, #EA 20 22 60 4E A0S JT 43 i FH B AR, 2] 1T
20 tH22 70-80 4EA0AR H B R AL T RAYIRES, AR & B AR R E 0, ABFFEH, 20
28 90 AEAR LR ARIE - J5i 5 | B X AR H AT O i 5 1 B % T 24 27%~65%, J R Z—7]
A 30 47t qk H rh i M it FH 35 e, VR AR W P i (B R 2 67%) B AE I K
VEYIXT 35645 BB W SOR) 3G I B & B R R 55—l B R R i X
BEAEHGE A A EE, A0 T IR 5 [ EE G UTTH A 2000 45 LLUE A& HR A B iR
MG, HREBA ™ R, SEOZHIXEEE B BT B,
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Abstract: Understanding the spatial and temporal variations of crop yield and soil nutrient can
optimize the agricultural resources utilization and sustain the agro- productivity, which is of
great significance for agricultural production activities. In this study, the quality monitoring
data of crop yield and soil nutrients were used to analyse the evolution of crop yield and the
spatial distribution of soil organic matter and other nutrients in the irrigated area at the lower
reaches of the Yellow River in the North China Plain. The results showed that there were
significant spatial and temporal differences in the level of agricultural productivity within the
irrigated area. Since the late 1980s, the overall level of farmland productivity had been on the
rise. The high yield field of winter wheat was distributed in Qihe county in the north part and
the three counties in the south part of the lower reaches of the Yellow River with a range of
6084.0- 6861.0 kg/hm’. The spatial distribution of summer maize yield showed that the
intermediate area was higher than the two sides, and the yield of Qihe county was the highest
with the yield of 7524.0 kg/hm®. The lowest yields of winter wheat and summer maize were
found in Dongying county, which were 4705.5 and 5092.5 kg/hm’ respectively. The distribution
of organic matter and nutrient of farmland in the irrigated area had obvious spatial and
temporal differences. The highest organic matter content and available potassium were
observed in Dezhou, being 16.30 g/kg and 202.40 mg/kg, respectively. The highest total
nitrogen content was in Zibo, being 1.17 g/kg. The highest phosphorus content was in Tai'an,
being 34.56 mg/kg. However, the lowest contents of organic matter, total nitrogen and available
phosphorus were observed in Dongying, being 9.90 g/kg, 0.60 g/kg and 19.10 mg/kg,
respectively. The results suggested that the level of agricultural productivity in the irrigated
area had been continuously improving, which indicated that a great potential of agricultural
productivity still exists. In addition, identifying the spatial difference of nutrient distribution
can give the guidance to design the reasonable fertilization strategies for precision agriculture,
and higher and more stable productivity.

Keywords: irrigated area of the Yellow River; crop yield; soil quality; organic matter; soil nu-
trient



