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Abstract

Crop coefficient and water production efficiency are the basic parameters for analyzing and eva-
luating irrigation water quota and irrigation benefit. Based on the actual production investigation
in drip irrigation area, the crop coefficient and irrigation water productivity of 12 Kinds of field
drip irrigation crops were analyzed by mathematical statistics method. The results showed that
the crop coefficient and water productivity of spring wheat under drip irrigation were 0.79 and
1.52 kg/m3 during the whole growth period; rice coefficient and water productivity were 1.04 and
0.76 kg/m3; potato crop coefficient and water productivity were 0.74 and 8.08 kg/m3 under drip
irrigation; millet crop coefficient and water productivity were 0.70 and 2.04 kg/m3 under drip ir-
rigation; soybean crop coefficient and water productivity were 0.83 and 0.87 kg/m3 under drip ir-
rigation; rape crop coefficient and water productivity were 0.89 and 0.54 kg/m3 under drip irriga-
tion. The crop coefficient and water productivity of drip irrigation sunflower were 0.85 and 0.82
kg/m3; the crop coefficient and water productivity of drip irrigation beet were 0.64 and 17.05
kg/m3; the crop coefficient and water productivity of drip irrigation melon were 0.78 and 0.55
kg/m3; the crop coefficient and water productivity of drip irrigation tomato were 0.81 and 24.12
kg/m3; the crop coefficient and water productivity of drip irrigation carrot were 0.80 and 19.18
kg/m3; and the crop coefficient and water productivity of drip irrigation alfalfa were 0.80, 4.15
kg/m3. The results provide a reference for the evaluation of crop water requirement and irriga-
tion water production efficiency under drip irrigation.
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HE

YEM) R BURK 43 A2 72 30 2R R A PR PR /K e AV IR R O A S 8, AR T M X A P2 s
VAR RS GH ik, X120 K HiREED REFER K EF=RBITT o0, GRRB: 24FH
HREEZEEMREAKSEZEN0.79. 1.52 kg/m3; HEKRBIED REAKSE~EAH1.04. 0.76
kg/m3; R+ TR REFK 422 P2 240,74 8.08 kg/m3; TR FEM REK 4472 %:40.70.
2.04 kg/m3; HERX GV RBAKSEF=F50.83. 0.87 kg/m3; THEEMSIEY REFKTE=FA
0.89. 0.54 kg/m3; HEZLIEY REA/KHEFZEK0.85. 0.82 kg/m3; THERSKIEM REFIKH 4
F=E50.64. 17.05 kg/m3; HWEFT EMRBEAKSEF=EA0.78. 0.55 kg/m3; HWEEMEDRH
FKSHEF=EK0.81. 24.12 kg/m3; HEHET MEMREF/KS 4722 450.80. 19.18 kg/m3; HESH
MR KSR N0.80. 4.15 kg/m3. % R ATENEN T KE RER KD £ R IMER
BT SEKRE.
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1. 5|8

YEV) RBUE D T EVIRERE K E B R AR S, 3o 2o w5 VA B E Y REGRI rii 2, BEE T
FETOKBORIIN T, TR RECGT A T 7 1], MIRNRIGRRES 22 . IR, R, JTFIERER.
WK AE T WEM R A 5N 0761 0.77. 111, 1.16. 0.46, 2EFWFHEWREN 0.87. HIERK
SRR SR EYIRE K A F IR S ST AR R B0 5008 0.34 1.06 F1 0.72, A& FHIEY
FREORK . KB TRETK. 1) B2 K BRI T R3], KA. PUl AR, K
1. I, JE R SRR R B N 0,164 0.724 1.25. 0.41; JIE i #E1A) H ZEVEM 2305 918 019,
0.78+ 1.26. 0.32. UTHiRHEAM /K E LAEM KRB e 2, o b m E X AR A FREKE . A
[FE K B ED) R B iR IR R B 4], AEY) R EERE /K 8 R HE K B0 I 38 K, A0h i 2 Je ik 44
FRACAL BT, R K. BRBHED R 70N 0.47. 0.65. 1.15. 1.13; BRIUK G B[S0 50 W0 A b
W ZF SR AR R RS KA SR ST EY R 50508 0.504 0.68. 1.26. 0.94; HisEt 7
X sk i EE AR H RS R B (6], B 27 R IEY) R4k 0.74~0.86, JFAEALSUAEY R4 1.24~1.36, R
S R 2 %0 1.22~1.45, SZRHTEY) 250 0.63~0.92. LA HEARRHEY R BT LAE Y, AFEH
DX A KR FEAS [ A KA NE D) R BN R, 8B BT /N AR AR A DK AR K 5 3980/ PR A TR AR A A
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o, AT

FEBR K o A 7= 2 I B T ARV REBR P KRR, AT i XA AR P2 K . R TARIRDL . I H /K 148
FR[7]. HRAE[8] 1998~2010 4 FEME/K FEERURL £ 7 H Hicdis 2 M 4 [ EE K 4026 72 A 1,108 kg/m®, R IHTK
& B KRR O 1 kgo MM VE S0 BT 8 HEWE /K 20 A2 P2 2R R0 45 SRR W9, MM ME SR AL B A5 #E
KB PR AR A3 AR 7 8 b e VR /K 1 i S S5, WK 2B PR AR 1.80 kg/m’ o T HE AR PH 4T A 7
FEE K o A = ARG 45 TR A[10], SVARER LUK 26 7= RI2 M T 31.2%; PR MR AL I/ E R U
TR HEVEWR /K 3 A 7 BB 5 SR B (11, HEWE K 7328 7= R LUV Ry 17 14.9%. 9.2%; [121KRFH GiH BTk}
PR TR AN S R R AR 45 A 725, 0T 2005~2013 £E A2 4E T RS H P HEWR K 20 PR 0N 1.17 kg/mP.

gil, HATEWMERNE, Kk DRE. mHEUSCOWED R, WEEE. S TEam.
VER FRACSEREME K 2 A = ik e 2, AR ELEY) MR B8 2 I AU RIE, AN 705 T HE X A 7
AR 12 B EVIEEAEY) REOFEEBL K 7 A2 = 263047 7 20 b, T 52 DX HE AR W0 E R FH /K S A EE R FH 7K
Rad AT R S K

2. RS EZE
2.1. REXER

Wt 50 DXL 5 508 S AT sk R L L e i R S b P 5 B i REAR ML X, 87°18'E. 44°01'N, “F-3ifg#k
600 m. ZAFHIFFKE 181.7 mm. K E 1739.1 mm. “F¥HEE% 7.8 h, “FHHE 13.1°C, >0°CH
I 3834.3°C, JBMMANRET 2%, BEX EE ML, B . B, B SERRRE Akl gh
ST, 0 cm~30 cm BHEE 13825 5 DL FH 1A RF K &40 5108 1.50 g/lem®~1.60 g/em®. 20.1%~23.4%. HEX
TNUKHEIR 3.0 m~4.5 m, MR GHIKE 2 FIEENT 1 gL, BHELIEAIR S E 0.10%~0.20%
B TR, 9% pH fH 8.7 et . HHEIZ LIEANIR & EE 1.05%~1.95%, 241 1.51%, TiEjE
HHR T, ZETFHEESE. S0 S 2508 0.09%. 0.07%. 1.51%, TIEFEHRDNEE D B4
BHIRE

2.2. EXPFESGE

BEXMIEAEYIA 20 RFh, AU MEKEFEDNEZCHE 6 F). KRBCHE 11 9). LEERSEE).
B (SF &%) K5(95-33) WIS (FE 2 ) ZELE(m i £ DK567). &= (Flt 2 5). FT/R(SWBB-01).
FEARER B T NOOED) . B AR, B 12 i A4 A b AR A VEE VR 7K R R A A
B RRGEIRERATRES . VR S R R AR AR, AT 3 R BITEEAE KT
Wis A LA R6 A& a7 B LA)sgit, AT E 375 kg/hm®~450 kg/hm® . 375 HH AR ) “ 78
B 1 2477 BI 1 SR B OMHER) 2 IRV T, B, KR, Lo, Mg, % b B85 6 MEY
P [ AN SR 8, oAt 6 FRYE NI i 7 2. SVEAR B/ R B05 ol JR) L SR Rl R4, v
VIR AT R K & AR FAE B AR KB B )L AR B R & AN RME P RIS AN %
SRR, YRR LR E ST
2.3. SRR AE

SRR R AR, 1552 - SRF(Penman-Monteith) A 3040 #1[ 13]:

0.408-A~(Rn—G)+7/~ 200 ~u2(ea—ed)
ET - T+273 )
’ A+y-(1+0.34-u,)

s ETy NS HAEWZ R AR, mo/d; AJSIRE - WRUKIRER R MHZAE T AEKTILRER, kPa/C;
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R, NIFHEST, MI/m’-d; G NHIEHGEE, MI/m*d; y NIBERFEE, kPa/'C; THTHSE, C; A
2m EACEAEXGE, mis; e, NIEFIKIRIE, kPa; e, ASEFR/KIRIE, kPao
HA(DE B TETESEIRZ, A1 AR AR R BRI Sl v B A A, R 2 P35S
(D) K E (e 2 K\ RE (uy) HIBNE(n) S LS E Wit B ET 4.
VEM RECTEEY L B BN B KBS S B YA K ZEBEIE, % N5
Ke=Y ET/ET, @

K Ke MEVIREG @ NEWAKKE i MBS o AEDARKRID MBS E;: ET NEWAEKIE i
WrBedKE, mms ETo AMEYIAERKES | MBS EEM A K EERE, mm.
TEIFRKE. ZHEEYEREBE. FORBCCAWNT:
ET = ET,-K,. 3)

Ab: ET NEMIROKE, mm; ET, NS HAEMIZKAGE, mm; Ko ARV REL.
TRELEAR 3 A7 3, ARV AL TR B 52 E 2L B RK R, [ K & n] U™
Ve BT, F R (14
0.=Y/E Q)

X YOREREY RS, kg/hm?; E NIZEY4 4 S WK E, m’/hm’,
PTG HAE R FH Excel 2007 #4702 & .

3. ERESH
3.1. HEEMRBTU SR

EV R BUK) RNV T K EB(ET) 5 S HAEM A RE(ET) WAL, ET @RI MZRA, ET, % 4H< %
PR 2 AR . BRIV REBUFE, BRI A KR 73 A A Bod AT 04 1) EYIWIaa 4
K, MIRFBIEDE 52T 10%, M BAEYM REON Ko 2) 1EVPUER K E, WEHE 10%3 R
R, REKHEIEYE B 3RILE] 70%~80%, WHTBIEYMIRECH Ko 3) EMAEET, 1EWEKAR
SR BN GG, R TTFIRRE, HBIEYMI RECN Ka: 4) 1EVIRGAN, Wit R JFaa32 s BIEY
A EE RS, B BAE I RN Koo

BT HEDAEY AL KA A AN GO I B8 S K B AE O, R R (D)~3) 3 12 P #EEA
AR BAE REOLE | Fon, Badras Bolkn, WilERZAEEHEM R K=0.79, HEFEK
e EIEM R Ke=1.04, HELS2EFIEM R K=0.74, WHERTLELEFTHEVM R K=
0.70, HERE AL FHEYRE Ko =0.83, HEMEEETED R K= 0.89, WHEELLAFH W
TEMIRB Ko = 0.85, TERME LT IEY R Ko=0.64, T N4 FIEM RE Ko =0.78, Wi
EMEEEIEDRE Keo=0.81, WEHAS MAF H1EY 228 Ko = 0.80, T E 15 24 8 WIEY R23L
Ke = 0.80. WHEEM LG IEY R RN N FEEY LG IEY R 8 KRB, wHERAE
JKFE 1.04 > FHHEME 0.89 > THHEZEAE 0.85 > HHE RS 0.83 > JHHEFEA 0.81 > JHEHHE b 0.80 = THHE
EifE 0.80 > R 0.79 > WEFTIN 0.78 > MWL E 0.74 > HES T 0.70 > WHIERISE 0.64. HEEF
W REED REONI T ERE N, FAEKRER R K S S KB 280K, H U HE K&
G sE . . RS #h. Y PSR EY R EE 0.80 DAL, TEMERIKEAXNOFL . 1T
Ry LG B EESAEY) 247 0.65~0.70 [A].
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Table 1. Analysis of crop coefficients at different growth stages of drip irrigation crops

= 1. RN RE KM BRIEM R RS

e e {EPAS R A K i B
% ATTRHA — - -
HIGRAEKI Koy PR H I Koo AE I K B Ko EHEH K,
EXSTRA(CH) 23 30 14 24 92
= W ET, (mm/d) 5.20 6.17 5.90 5.73 5.74
% T/KE ET (mm/d) 2.59 6.63 6.55 2.65 451
1EV) 250 K 0.50 1.08 1.11 0.47 0.79
KR H(d) 33 66 22 36 157
jé 7555 ET) (mm/d) 5.66 5.83 4.55 3.64 5.13
;Jg FIKE ET (mm/d) 4.98 6.55 5.52 333 5.30
EMI 28 K 0.88 1.12 1.21 0.95 1.04
ERSTRAC) 13 33 32 54 132
+ W5 ET, (mm/d) 5.13 5.49 5.79 5.52 5.58
. T/KE ET (mm/d) 2.49 5.28 5.84 2.59 4.14
1EV) 250 K 0.48 0.95 1.02 0.47 0.74
KR E(d) 33 44 24 33 134
n 7R ET) (mm/d) 5.66 6.16 6.09 4.82 5.67
el FIKE ET (mm/d) 2.75 521 6.05 2.15 4.00
1EV 250 K 0.48 0.85 0.99 0.45 0.70
AR RH(d) 16 47 21 28 113
* W& ET, (mm/d) 5.89 5.70 5.98 5.77 5.76
. T/KE ET (mm/d) 3.95 5.55 6.29 2.86 478
TEMRHL K 0.67 0.98 1.05 0.50 0.83
KR E(d) 34 18 19 22 93
o 7B ET) (mm/d) 5.11 6.59 5.57 5.54 5.48
* FIKE ET (mm/d) 3.75 7.48 5.35 435 485
1EV) 250 K 0.73 1.14 0.96 0.79 0.89
HRKRE(D) 10 39 25 47 121
% W5 ET, (mm/d) 5.53 4.05 4.99 5.80 5.07
1 T/KE ET (mm/d) 3.56 4.10 5.57 3.76 425
TEMIRHL K 0.64 1.04 1.12 0.64 0.85
A K RKH(d) 11 26 13 87 138
T ZE R ET) (mm/d) 5.26 5.35 6.10 5.37 5.39
* FIKE ET (mm/d) 237 527 6.63 2.59 3.44
1EV) 250 K 0.45 0.98 1.08 0.49 0.64
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Continued
AR R H(d) 9 28 27 57 121
T W& ETy (mm/d) 5.30 527 6.01 5.08 5.32
R /K& ET (mm/d) 3.25 4.59 6.12 3.21 4.13
YEMIRE K 0.61 0.87 1.02 0.62 0.78
K RE(D) 11 41 31 34 116
% W5 R ET, (mm/d) 5.19 5.58 5.75 5.59 5.59
2 /K& ET (mm/d) 1.83 5.52 6.46 2.38 448
YEVIRE K 0.36 0.98 1.13 0.43 0.81
K RE(D) 11 20 27 60 118
i W5 ET, (mm/d) 5.64 5.57 6.02 4.60 5.17
% /K& ET (mm/d) 3.16 5.03 5.32 3.28 4.07
YEVIRE K 0.55 0.90 0.88 0.74 0.80
K RE(D) 11 111 11 10 143
o ABEET (mm/d) 4.26 5.51 4.49 4.59 5.29
i F/KE ET (mm/d) 1.67 4.56 441 3.29 424
1EV) 250 K 0.38 0.83 0.98 0.71 0.80

B0 12 R RS FE KB B R O, BT R AT, 12 R AR RECRILN L
LA A R

) fEDAERE R REBCRACRIUN, IR Koy /N, POER & ) Ko THAIE R, A8 T Ko
BRI, BRI Koy B0 T FE, AFY RS ARBLET /N, (R RRERRIIRCR, 5 0 H /) .

2) AAFBAEMRBONE AR, ZREY A SAEY AR R, E5EMRE. M. EE
AR AR A - T AR i AR AL R AT R

3) HREAE ) A B T HE DK R N 2@, (AR REAEA R A KB BOR N 2 A AL
L XTREBEWNE, EFHNBIEM R 0.36~1.21 [, 2AEFH 0.64~1.04 Z[H]. BRI &
L ACR 2 SEEM AL, i, B oK 2 MEYI K T ROH RS, AR T4
b K HE o

1.40 -

1.20 -

& 0.80

o
8
Z 060 J J v

0.40 -

—e— WA K e Pud K
020 - HH T R
—x—AEEM

0.00 : : ‘ ‘ : ‘ :
B HE BB kE A/T KT WK SR BRI Ea M EHE

Figure 1. Crop coefficient distribution under drip irrigation at different growth stages

B 1. FREKMEBHEIEIR RS

DOI: 10.12677/hjas.2019.95056 382 b k=


https://doi.org/10.12677/hjas.2019.95056

o, AT

3.2. EIEMERK S E RO

BT REXAEM A B W KE. BRE. S, DU 12 Pl K e, 7R
BB E ST, %I (4)FF X E RV K 0 AR P2 R W2 2 o e AT d R T LLEH: 1)
EONTHE X AE Y24 B WK E 51.3 mm~97.2 mm, HHHEKENAE 26.7 mm~50.5 mm, EKE
880.0 mm~1555.5 mm, 7&K EAEMFKEM 17.3~16.0 5, i 21.8°C~23.1°C, e T KA il
R BB 5 X A WK R E L B B A R o 2) WEWEAK oA 7 R v E T s AR R P B KT B
AARCHE, EWE K 7 A 7 2 b A HE W S R/ D R B KON I, AN IR AR E K AR
PERRA: THER ML E N 3435 m/hm®, PRREKOT 5220 kg/hm®, FEBEK AR SR 1.52 kg/m’s
JKFEHEBE 2 40 7845 m’/hm?, 7= H /K F 6000 kg/hm?, HEBE/K 2042 72 2R 0.76 kg/m’ s i #E + G HE L 2 41 3435
m’/hm?, 75K 39225 kg/hm?, #EBEK 2L 773K 8.08 kg/m®s HHES THEME E M 4395 m’/hm®, AR
K 8985 kg/hm?, FEME /K 73 2677 5 2.04 kg/m’ s 5 #E K 5 HEWEAE A 4545 m’/hm’, 7 B /KT 3945 kg/hm®,
WEWL K 0 A7 2 0.87 kg/m’ s 10 HE I SEHEE € 41 3855 m’/hm®, 7 & /KT 2085 kg/hm?, HEML /K 70 A 77 %
0.54 kg/m’; T HESEACHERL € A 4395 m*/hm®, P2 EKF 3600 kg/hm?, #EBE/K 24772 0.82 kg/m’; i
VEFH SEHEWL E A 4260 m*/hm?, P E KT 72645 kg/hm?, BEWE K247 2 17.05 kg/m®s T HEFT JICEE L 2
#3990 m*/hm?, 7= H /KT 2190 kg/hm?, JEBE K 7342 7 5 0.55 kg/m’ s 75 ¥ Tl 2 56 B 2 41 4395 m*/hm?,
P E KT 106005 kg/hm?, WERK 70477 % 24.12 kg/m®; THESHEY N EWLE 41 4395 m’/hm?, P2 EIKT
84285 kg/hm®, MK 73 A2 77 5 19.18 kg/m’ s 09 1 7 ¥R 2 471 5220 m’/hm’, 7 & 7KF 21645 kg/hm’,
VWK Y A 415 kg/m's

Table 2. Water production efficiency of drip irrigation crops in irrigation area

2. EXTRIEERK D £ R

ey SRR, k. KR i&igﬁ‘tifﬁ ,ﬁimﬂf 7J<ﬁ%$;j$
WK (mm) 15 %7K (mm) Afmm)  Agee) @/ (kg/ hm?) (kg/m’)
B 53.8 28.0 1027.3 22.1 3435 5220 1.52
A 97.2 50.5 1555.5 22.2 7845 6000 0.76
+5 79.0 41.1 1351.5 23.1 4800 39225 8.08
“Br 77.4 40.3 1427.5 23.0 4395 8985 2.04
K& 61.2 31.5 1203.0 23.0 4545 3945 0.87
K 51.3 26.7 880.0 21.8 3855 2085 0.54
A 63.9 332 1245.5 23.0 4395 3600 0.82
HiSE 752 39.0 1398.4 23.0 4260 72645 17.05
IR 58.3 30.0 1239.5 22.5 3990 2190 0.55
F il 59.4 30.9 1246.8 22.8 4395 106005 24.12
RN 88.3 45.9 1210.4 22.8 4395 84285 19.18
EEH 81.6 425 1403.4 226 5220 21645 4.15

REBRIK I3 A R AL AL A BUK S B E P Behe 71, A RBUKE ™ 2, Ul WK 2 2R 7 2k
b o V2 W TURE 12 RV MIREB K 2027 RN A, A G5 RAE AR AT LK
NEZEAETS DRI REAE VRE R 7o /K AN (R K 0 A7 R R/ ZE R A OR, 12 Pl EA R WD E K 2 267
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G 0.54 kg/m’~24.12 kg/m®, FEBK 3L 7= FARN NIVE VI TSR, HEBRAK 43 A 7 o R N it 7K
SR G/NBIRIBT . e TR, BAEKRE. e, KRE. FAhE. #7. B, L8, #k.
L2 2 NN i

30

24.12

N
%3

19.18

[sS3
(=1
T

17.05

—_
(=1

8.08

WK 437 % (kg/md)

4.15

ost  o0ss 076 08 o7 L2 o
e= e o= o= o= O ‘
kR ki k-

iES TR £ #1E KE. BE 7

= L 2 5.

Figure 2. Distribution of irrigation water productivity of different drip irrigation crops

2. NEFEEMERKSE=ER NS

4. g5
4.1. &g

VEDCTHREAEYD I A A 45 R W], 2R IR R B RN R BAEKFE 1.04, IS 0.89.
546 0.85. K5 0.83 #Ah 0.81. #1125 b 0.80. H75 0.80. HFF 0.79. 1)K 0.78. 15 0.74. 1 0.70.
HH2E 0.64. FAEKFEEY REURR, WEE. 6. K. #Fin. 1Y MPREEED R 0.80 LLE, HE.
IR, £G5B TR AEY R B B NE 0.65~0.70 22 18] 135 HE VR0 0E IR 7 /K B AN [E) HE R K 20 4=
PERKNZERAEKR, T 12 R RETEYI K A P2 3R N 0.54 kg/m*~24.12 kg/m®, FLrh i 3K 7
A e R/ NAE N 0.54 kg/m?®, ko Tl A& il 24.12 kg/m’.

4.2. #ig

SR HER T ITRIT 1 12 PR RE, DU REEDERE K A 72 303, T EAE e D
TR EEAT TR AR T, R S SR GG B AR T K E, DL RVPAk i HEAS (R PR K A 7= 2
R T A HLIE . SCPEEE T R EE T EX AR EED R E G, A PRI X 24
T REAEND) R BN K 53 A 72 RO T A i R, IR RE XA & Gevt o0 M it Eadk— 2B 45 & H A ale 77
A TP RIS, DLIRTSERE N 78 S 4 1 AR SR IS B 7L 7 A 4

&E ik

[11 REF, TRE, MEHR, &, JLEHFER/DZFEREELED RBWHED). fHieRk %, 2013, 2203):
58-63.

[2] BR&3E, T, sKiEMR, & WA TR DR ET RN L EMARFEREM A [T]. FEBHK SR, 2013, 32(2):
122-124.

[3] AR, S, T, S NSETEREX K HEYIE N REED REGRE R[], FEBHK SR, 2014, 33(4):
16-20.
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