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1.1 REXEXER

ARRANTFFEFINFUS LB TRHFAE
BA,db % 36°56', F 22 105°15', ¥ 4K 1 697 .8 m, A%
ErHEADEL, TEFAEN 1.37 g/on’, HEF
KEH23.3%(FEK), LELIHEN1.58 g/kg,
2EN0.68 g/kg, BN 0.64 g/kg, 2 K 26.3
g/kg, EREN 44 mg/kg, HERLBEH 8.2 mg/kg, ERL
K 143 mg/keg, BHLE N 9.45 g/kg, pH {H N 8.04,
1.2 REgHE5XHE

REFRA=ZEEZKEHEAEERAG T
BU I RBATENER AT, RREKR R
BRMEEERRKEEEMERERERE £H
EEBWMEW, BELRRZBTHK B . BERL
HEFR. BEKFHEBALE L.

%1 BEXKFRT
Table 1 Code of factor level
A HKEH x, i x, BREE x4
Level Iirigation quota Pure nitrogen Planting distance
(m’/hm?) (kg/hm?) (m)
+7 90.0 40.5 2.0
+1 78.0 36.0 1.8
0 60.0 27.0 1.5

-1 4.0 19.0 1.2
-7 30.0 13.5 1.0

HBAEEH MBI, MK K 30 m, T 2
m, BN 60 m*, HAERABEENAKFTR, BER
BHRIERS S, T200644 48 22 HEM,4 A 23
BEBE,5 20 HEM,6 A1 BMHE,6 430 Bk
BRI FRER, ABEHBELESE NP KE
B 15% , B 5 38 7k .

sH30H.6H 198682 7A3H.786
H.7 8 14 HERB&T 7 ERAEEHNK, # KB
JeIL % 48 7 R A B B UK B % g B iRt .
1.3 RARERFZ
1.3.1 AFHELA NAEREKHEREHNERE
R, T B AR X B HE R
50% FtrHE o
1.3.2 ¥¥kua HEREKBTRE, FEhE
MARERMEETERBIERPKE,

1.3.3 #HkzLR HE AERMEIHEE,
1.3.4 2SR ERR W EEEKK HTHE
YRAKBITE, FEARAS TR E L EEKE,
1.3.5 248 RAWNEENZR, FEINRE
MEBVHEMARXEHRBERER REKRESAH
HREBEENETE,

2 HRESN

2.1 EmERAKBEAEENRISRY
2.1.1 EFABAKERSENGEL EDi
T MK B 484 B A Fl ik B H e i B R o),

REZ2FEER, ®HEF LR, KRB E
BT K AR A [ AR RY Yy .

y =16893.0 + 1038x, + 148.5x, — 2563. 5%, —
321x,%;, - 150%, x5 - 96,5 — 397.5%,%
-232.52,2 +397.5x5°

RP,y NEBHBE LB (kg/hm®) ; K0TS & X
%2,
2.1.2 EBAGBAKESSEASHE SRS
FREHATRE, 2HHEB . F =2.37< Fo_»(fir,
fa)=Foo(5,5)=3.45,F,=8.92>F,_.(fa,fu)
= F.05(9,10) =3.02, L ARIAF BEE, MAH
FS5EMNEMXEAR R=0.94, MIXHKEHEE
B E#HT - RER, RABRE N TR,
REPEREERRR S RERES 23
BERERTM—KTFHEKER «, F=BMNE
WA B E(* » * ) — KT BBk BE XS 7= B R 4
BE() ATRANHSERNES LS FH W
KEH, RBRRITHHMKEHERK, MZEL™E
FROVBHMAKAN FREPUKEAZEERALR
T+HEE EA  RRTUFBEKALERE —EMN
ZEER . KARBYAREE, TRIBARMLN:
y = 16893.0 + 1038x, — 2563. 5x; - 321x,x,, B ML &
HERSBHE2EEARELEF L, KB —KT .
i BE A — YK 39 A B K R 8L 9 38 LI % D b 7 IR 7
B %Rk,
2.2 ERHAMRKERSERSH
22,1 FREHE HTEBANABSABEHR
EREIBEHCEAZEERENR/AAMBAH
Ew HEmEd RN UEERBEREXN =8
WEMBE, SaXEREAARERE  RBNER,
AR IR P& EHEX BP0 K E
(11)>$§Eﬁ(13)>5ﬁﬁ.§(x2)o
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Table 2 The structure matrix{x) and test yield of the current rotary combination
design method of square regression with three factors and five levels
- _ I RS
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Treatment o o 5 R “2  Planting  Planting  Quadratic  Quadratic @™ Yield
No. Constant Irrigation Nitrogen P‘lnntmg V{ater & distance  distance term of term of nn.of (kg/hm?)

sequence quota distance  nitrogen and water and nitrogen  water nitrogen p?antmg
distance

(1) (2) (3) (4) (5) (6) (7 (8) 9) (10) (11) (12)

1 1 1 1 1 1 1 1 1 1 1 13674.0
2 1 1 1 -1 1 -1 -1 1 1 1 19599.0 °

3 1 1 -1 1 -1 1 -1 1 1 1 14022.0
4 1 1 -1 -1 -1 -1 1 1 1 1 19761.0
5 i -1 1 1 -1 -1 1 1 1 1 13219.5
6 1 -1 1 -1 -1 1 N -1 1 1 1 18742.5
7 1 -1 -1 1 1 -1 -1 1 1 1 12480.0
8 1 -1 -1 -1 1 1 1 1 1 1 17419.5
9 1 1.682 0 0 0o’ 0 0 2.828 0 0 19216.5
10 1 -1.682 0 0 .0 0 0 2.828 0 0 13878.0
n 1 (] 1.682 0 ‘o 0 0 0 2.828 0 17149.5
12 1 0 -1.682 0 0 0 0 0 2.828 0 16872.0
13 1 0 0 1.682 0 0 0 [ 0 2.828 14967.0
14 1 0 0 -1.682 1] 0 0 0 0 2.828 22627.5
15 1 0 0 [} 0 0 0 0 0 0 17857.5
16 1 0 1] 0 0 0 0 0 0 0 15292.5
17 1 0 0 0 0 0 0 0 0 0 16446.0
18 1 0 0 0 0 0 0 [} 0 0 17169.0
19 1 o 0 0 0 0 0 0 0 0 16816.5
20 1 0 0 0 0 0 0 0 0 0 17496.0

222 #AX%E WHEERFHK EAEKE
ERFHIHEIEEEZKE, REREEMN T2
BB FRAENF

KBy = 16893.0 + 1038x, - 397.5x,%;

MEE:y, = 1126.2 + 9.9x, — 15.5%,%;

B BB:y = 16893.0 - 2563.5x; + 397.5x5%

RE ERWEIS FER, 5354 dy,/dx, = 0,
dy,/dx; = 0,dy;/dx; = 0, A% %, = 1.31,2, =
0.32,x; = 3.2, F d’y,/dx,%.< 0.d%y,/dx,? < O,
M ox =1.31,x, = 0.2 FBEBZGAME, ARG
BA%HK y, = 17 571 kg/bn® # y, = 16 915.5
kg/hm? o B F & y3/d2y? > 0,8 2y = 3.2 BB R
fH, X8 KMH. '

B LR F R E T FER, Al 453k E &
BEEARKEFFH-2MBME, REI, HTLHB
Z0E 1.E 2 fiA 3,

MNELVES EBmH IR SEKEXEE
REXKEANEEORYRE, YEKEHEH 30
m’/hm’( - 1.682 7K ) 3 i ) 84 m’/hm’ (1.31 K

SE)RY, B B 14 022 kg/hm? 3 H1E]17 571 kg/hm?,
B 38 Jm 26 oy 2 K B it A 7 B 4 N 10.95 ke/m’;
YEKEETF 84 m*/hn? (1.31 KF), =Rk
17 571 kg/hm® B1& F X 17 514 kg/hm?, B 18 fin 82
LK BB E B MER 1.58 kg/m’,

23 BRAK S KE=ZAFH~RFTNME (kg/hm’)
Table 3 Forecasting watermelon yield with three factors

of water, nitrogen and planting distance

AR AR R FUE XS 7= & BREEX 7 &
Level ) B B Fi :oBiib
© With water With nitrog With planting di
+7 17514.0 16485.0 13705.5
+1 17533.5 16809.0 14727.0
0 16893.0 16893.0 16893.0
-1 15457.5 16512.0 19854.0
-7 14022.0 15985.5 22329.0

MNE2EH ER#AR=BS5HEARXEE
HKEXEAZE LOANYEE, SHEREH 13.5
kg/hm?( - 1.682 /K ¥ ) ¥ ZE 29.6 kg/hm*(0.32 X F)
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B, =R 1 15 985.5 kg/hm® 3 0 %] 16 917 kg/hm?,
B 538 fin B 67 s R S A P B B R 5803 kg/kes
Wi B B AT 29.6 kg/hm? (0.32 K F )% F 40.5
kg/hm?( +1.682 /K F )i, =& i 16 917 kg/hm® B
/B 16 485 kg/hm? , BV 38 fin 8467 1 B BB B9 7 B R
ME K 39.45 kg/kgo
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Fig.1 The relationship between watermelon yield

and irrigation requirement
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Fig.2 The relationship between watermelon yield
and nitrogen requirement

MNEIEL , EDPHARFRESHEXEER
BXEAHAELETOHRYERE., HHEH 1
(-1.682K¥)HZE 2 m(+1.682 KF)M,E&H

22 329 kg/hm® B & 13 705.5 kg/hm®, B B & Bk FE Y
B, FRETHRAYS, RUKEMN=BEREKE
574.9 kg/m,
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B3 ANTFRSHENXR
Fig.3 The relationship between watermelon

yield and planting distance

223 BEMMXEIAA HEPFRXEIHN
R RBERTH.EXBNEREBAES —EH
ZEER % x BEEBKE, BTHARREN
2.
y = 16893.0 + 1038, + 148.5x, ~ 3215, %, — 397,51,

-232.5x,°

WEHE, REZELEARLE 4.

HEATH  EREAE—F, YHEEE <0 KF
(54 kg/hm?) B}, 7= & B #h /K B 69 3% 0 g 38 40 5 24 56
B & >0/KF(54 kg/hm®) B, = BBt & 4K BFE—
E Y11 B 4 fn T 38 m , B — 2 PR B B, 7 B R
MNo HKB—E, HKE = - 1.682 KEot, =
BREEGRRAE MMM, Y3 kE > -1 KF
(30 m*/he?) B}, 7= B B & G 8 B2 3% om i 38 A, 4B

—EREER, R RN X B ARLLURK .

FREURK=RR,

®4 ARMARSHEABRHXELR

Table 4 The interaction of water and nitrogen

HE B i (x3) Nitrogen %1+ 5 B Statistic parameter
Item ~1.682 -1 0 1 +1.682 X s c,
-1.682 12207.0 13101.0 14022.0 14478.0 14523.0 13666.5 66.41 0.073
EAE -1 14010.0 14755.5 15457.5 15694.5 15589.5 15102.0 47.46 0.047
Water 0 15985.5 16512.0 16893.0 16809.0 16485.0 16537.5 23.76 0.022
(=) +1 17166.0 17473.5 17533.5 17128.5 16585.5 17178.0 25.11 0.02
+1.682 17515.5 17673.0 17514.0 16890.0 16198.5 17158.5 41.00 0.036
G 8%K x 15376.5 15903 16284 16200 15876
Statistic s 149.29 129.68 101,34 74.01 56.69
parameter C, 0.i4é 0.122 0.093 0.069 0.053

22.4 BHhELFE BECEIMHEDHKE
BERABrER HHTENERF, 7 -1.682 ~
+1.682 2 EB 7 4KF(-1.682, -1, -0.5,0,

+0.5,+1,+1.682), EHLH#EFT AR Bir T &K
HEFREW, ELEMRSE=HE 12 000 ~
15 000 kg/hm” B9 A 107 A& FFB 7 15 000 ~



28 F R X R B

#28%

18 000 kg/hm* I A 114 NH & ; =& 7 18 000 ~
21 000 kg/hm? 9 74 M A, HEEFEEKHEMN

K EAKERRAAHERARS KR6MET, XF
B AR 95% B A5 XA KT E L A EE,

%S5 /M~ 12000~15000 kg/hm* FRFRBIRE
Table 5 The plan and frequency for optimizing of watermelon yield 12 000 ~ 15 000 kg/' hm?

x¥5 * %2 *3

Level WH Times 3% Frequency WA Times A% Frequency W Times $ % Frequency
-1.682 21 0.1963 16 0.1495 0 0
~1.0 21 0.1963 15 0.1402 1 0.0093
-0.5 18 0.1682 14 0.1308 3 0.0280

0.0 15 0.1402 13 0.1215 9 0.0841

0.5 12 0.1121 15 0.1402 19 0.1776

1.0 9 0.0841 16 0.1495 35 0.3271

1.682 1 0.1028 18 0.1682 40 0.3738

AHEKHK Total 107 1 107 1 107 1
{8 Mean -0.2974 0.0455 1.0213
#¥E % St deviation 0.4298 0.4572 0.259
95% B {7 X A 0.1001 - 3.1731 0.4683 ~ 1.5962 1.2608 ~ 1.7345
Confidence interval
HHiFE B Range 48 ~61.5 24-~31.5 1.7~1.9
%6 TN~ 15000~ 18 000 kg/hm’* FRATREIAE
Table 6 The plan and frequency for optimizing of watermelon yield 15 000 ~ 18 000 kg/| hm®
K¥5 ) *1 *2 *

Level W Times $% % Frequency W Times 3£ Frequency K Times 45 % Frequency
-1.682 12 0.1053 16 0.1404 2 0.0175
~1.0 15 0.1316 17 0.1491 10 0.0877
-0.5 18 0.1579 17 0.1491 2 0.0000

0.0 16 0.1579 18 0.1316 40 0.3509

0.5 16 0.1404 16 0.1404 29 0.2544

1.0 19 0.1667 15 0.1316 11 0.0965

1.682 18 0.1404 15 0.1579 0 0.1930

AW Total 114 1 114 1 114 1
BJ{H Mean 0.1148 ~0.0367 0.0100
FRAEE St deviation 0.4290 0.4323 0.2400
95% R {5 X [ :
Confidence intervl -0.2819 ~0.5116 -0.4364 ~ 0.3631 -0.2120 ~0.2319
H#HERH Range 55.5~69 24~ 30 1.4~1.6
3 & # kg/hm2Z18 FBEH 17 514 kg/hm?, T ., BRI 44

EIRRHR,E—EBELERET HHED
WAEMAKNERTEARUERAHETE, AXE
BB MTER:

D EBBARERESEKBXRERRXE
HEEMBYARE, YEAEHEH 30 o'/hn’
(-1.6827KF) ¥ nE 84 m*/bhm*(1.31 K ) B,
B 14 022 kg/hm?® 3 N B[ 17 571 kg/hm®, B K B
BT 84 m*/hm?(1.31 KF), =BIF 17 571

TR KERH 84 m’/hm” BHEE;

) ERHAEMEFESHARXAERRKH
NEEMHEYER, YHEREH 13.5 kg/hm’
(-1.6827KF )1 FE 29.6 kg/hm® (0.32 /K F ) B, &
B 15 985.5 kg/hm® M%) 16 917 kg/hm?, i &
E#it 29.6 kg/hm?(0.32 K ¥ )5 B 40.5 kg/hm’
(+1.682 K F)0t, =B H 16 917 kg/hm® ¥ /) B
16 485 kg/hm? , AT WL, XA B EZH T, BB N 29.6
ke/hn? 3R iE H ;
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%7 FELFE 18000~21 000 kg/hm* BRARRHME
Table 7 The plan and frequency for optimizing of watermelon yield 18 000 ~ 21 000 kg/hm’

K¥EH %1 % 23
Level W Times 5% % Frequency W Times $# & Frequency W Times $# Frequency
~1.682 5 0.0676 9 0.1216 12 0.1622
-1.0 9 0.1216 10 0.1351 38 0.5135
-0.5 8 0.1757 1 0.1486 24 0.3243
0.0 11 0.1486 11 0.1216 ] 0.0000
0.5 14 0.1892 12 0.1622 ] 0.0000
1.0 14 0.1892 1 0.1486 0 0.0000
1.682 13 0.1081 9 0.1622 0 0.0000
A &K Total 74 1 74 1 74 1
¥4 Mean 0.2899 0.0203 -0.9484
FFRE 2 St deviation 0.4060 b.4182 ' 0.1601
95% B {5 X
Confidonce interval ~0.0856 ~ 0.6655 ~0.3665 ~ 0.4070 -1.0965~ -0.8003
M E Range 58.5~72.0 24.0-30.0 1.2~1.3

3) EMHAEMTREHREXRERBRXEA
WETFTOBYRY, LkEDH | m(-1.682 K¥E)
HE 2 m(+1.682 KF)rf, =& 22 329 kg/hn” BE
% 13705.5 kg/he®, BI R & REE S N, =B E T H&
B LAY ER, T RESRMKEAGAEMN
BT EERER1.5m;

4) EERBEGT , FREZWED TN
BHIBFENHKE > RE> AR ESHEXE
ERTF AKBESEABNZELERAKREE HEX
64T 0 A RO LA R K LR RS AR K R
o

ERuEAAR=EKFTHERBREAAF
RH:(1) ED# ALK& 12 000 ~ 15 000 kg/hm?,
#KEH 48 ~61.5 m*/hm®, HEH B 24 ~ 31.5
ke/hm’, %k FE 1.7 ~ 1.9 m; (2) EB# )N~ &
15 000 ~ 18 000 kg/hm? , MK E 5 55.5 ~ 69 m*/hn?,

Ji BB 24 ~ 30 kg/ho? ,BRBE 1.4~ 1.6 m;(3) FERPHL
787 Bt 18 000 ~ 21 000 kg/hn’, #h 7K 5 #i 58.5 ~
72 m*/hm?, 1 % B 24 ~ 30 kg/hm® ,#KBE1.2~1.3 m,
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Study on effects of different dripper discharge on wetting
soil characteristic of drip irrigation

ZHAO Ying-na', WANG You-ke''?, MA Li-hui'?, LI Peng-hong', DUAN Xue-song', ZHANG Lu-jun'
(1. Northwest A & F University , Yangling , Shaanxi 712100; 2. Institute of Soil and Water Conservation ,
Chinese Academy of Sciences and Ministry of Water Resources, Yangling, Shaanxi 712100, China)

Abstract: The experiment was conducted to investigate the effect of different dripper discharge and irrigation amount
on the characteristic value of soil wetted volume and the course of soil water distribution with drip irrigation in Jujube
demonstration base of mountain micro-irrigation in Mizhi. The results show that horizontal and vertical advance distance of
soil wetted front conforms to power function of infiltration time for point source drip irrigation and calculated value is all
above 0.99; the soil wetted volume and the distribution of socil water content in wetted soil controlled by dripper discharge
and irrigation amount. The soil wetted volume reduced and average moisture content increase with dripper discharge in-
crease under same irrigation amount. Some models were presented to predict horizontal and vertical wetting front and vol-
ume of wetted soil .

Keywords : drip irrigation; characteristic value of wetted volume; dripper discharge; imigation amount
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Model of coupling water with fertilizer in gravel-mulched watermelon
field and its optimum combination scheme

MA Bo'*?, TIAN Jun-cang'**

(1. College of Civil and Hydraulic Engineering , Ningxia University , Yinchuan , Ningxia 750021, China;
2. Ningxia Research Center of Technology on Water-saving Irrigation and Water Resources Regulation ,
Yinchuan, Ningxia 750021, China; 3. Center of Engineering Research on Efficiens Utilization of
Water Resources in Modern Agricultural in Arid Regions , Yinchuan, Ningsia 750021, China)

Abstract: Based on the current rotary combination design method of square regression with three factors and five
levels, experiment of coupling water with fertilizer in gravel-mulched watermelon field was conducted in central arid re-
gion of Ningxia. The results show that irrigation quota is the main factor affecting watermelon yield, and the planting dis-
tance was the second factor, while the nitrogen quantity was the third one. Water and nitrogen quantity interaction has
certain effect, and it will get high yield when low nitrogen quantity and high irrigation quota are combined, middle nitro-
gen quantity and high irrigation quota combined. Optimum combination indexes of water and fertilizer on different water-
melon yield were gained through the model simulation and experiment. The optimal combination scheme of factors on dif-
ferent yield level of watermelon in gravel-mulched field is: (1) When watermelon yield is 12 000 ~ 15 000 kg/hm’, irri-
gation quota is 48 ~ 61.5 m*/hm?, nitrogen quantity is 24 ~ 31.5 kg/hm’,and planting distance is 1.7 ~ 1.9 m; (2)
When watermelon yield is 115 000 ~ 18 000 kg/hm?, imigation quota is 5.5 ~ 69 m>/hm®, nitrogen quantity is 24 ~ 30
kg/ hm?, and planting distance is 1.4 ~ 1.6 m; (3) When watermelon yield is 18 000 ~ 21 000 kg/ hm?, irrigation quota
is 58.5 ~ 72 m’/hn, nitrogen quantity is 24 ~ 30 kg/hm?, and planting distance is 1.2 ~ 1.3 m. All these can provide
reference for water-saving irrigation of watermelon in gravel-mulched field in central arid region of Ningxia.

Keywords : watermelon ; gravel-mulched field; coupling water with fertilizer; function of water and fertilizer with yield



