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Coupling Experiment of Water and Fertilizer with Fixed Spray Irrigation on Alfalfa in Arid Sand Savanes of Ningxia

ZHOU Qian,XU Li-gang, TANG Ying et al (Ningxia Institute of Water Resources Research, Yinchuan, Ningxia 750021)

Key words [ Objective | To study the synergistic effects and management system of water and fertilizer of alfalfa with fixed spray irrigation in
arid sand savanes of Ningxia. [ Method ] Taking alfalfa as test materials, the plant height, soil moisture content, yield, water production effi-
ciency and other indices of alfalfa with fixed spray irrigation under different water and fertilizer combinations were analyzed through field experi-
ment. [ Result | The plant height of alfalfa increased with the increase of water irrigation amount. Water consumption in budding stage and
branching stage was significantly higher than that in other growth stages. Treatment T, and T, had higher yield and water use efficiency, and
there was no significant difference between the two treatments. [ Conclusion ] The water-fertilizer coupling irrigation system of alfalfa with fixed
spray irrigation in arid sand savanes of Ningxia was as follows: the irrigation quota was 3 600 m’/hm” , irrigation times was 9 times; the fertili-

zation amount of N, P,0, and K,0 were 75, 105 and 90 kg/hm? respectively.
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Table 1 The physical and chemical properties of the soil in the experimental area
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Soil Bulk densi . : . Alkali-hydrolyzed ~ Available phosphorus
laver ulk density  Saturated water  Field moisture pH Total salt Organic matter nitrogen content content
01;1 o/cm’ content//% capacity//% content //g/ kg content//g/ kg mg/ kg ’ mg/kg
0~20 1.62 22.51 14.21 9.67 0.59 2.51 11.27 7.98
20~40 1.54 21.48 14.45 9.55 0.47 2.24 9.28 40.83
40~60 1.61 22.49 13. 46 10. 02 0.39 1.98 10. 37 7.27

%2 EEBEEEKE—GLEAT IR E (i LT

Table 2 The treatments for the research on water and fertilizer inte-

gration technology of alfalfa with fixed spray irrigation
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Treatment  Trrigation quota//m*/ hm? Fertilizer amount//kg/hm* s

T, S,(2 250) F,(N 75.P,0; 105.K,0 90) 2 HRESH

T, S,(2 700) F,(N 75 .P,05 105 K, 0 90) 2.1 ARELEXMEEREEERSHHNE 2019 443005
T, S,(3 150) F,(N 75.P,05 105.K,0 90) e g M5 1 e f e A A S A o AT R D & Y S A
T, 5.(3 600) FL(N 75.P.0. 105 K.0 90) i 15 UCHLRAR 13 6 U, 505 2 4 4 0,30 3 4 5 1K, A
Ts S5(4 050) F,(N 75.P,05 105 K,0 90) AEFRVE A ALY 10 bR E RS AERRVE Il s 42, Jodt 1
T, Se(4 500) F,(N 75.P,0, 105 K,0 90) e = — b T by b S
T 5.(3 600) FL(N 52.5 2,04 73.5.K,0 63) MR RAEM 1A /M, BOE S, B30 B 8k, 4
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Table 3 Water and fertilizer schemes for the research on water and fertilizer integration technology of alfalfa with fixed spray irrigation

HEKEH Trigation quota//m®/hm?

JREAL e b A4 S AL 1 14 7T 23 L

IR THEK I} ] HERR T B
P i Percentage of fertilizer
Stubble Irrigation Irrigation . ) . ) ) lication i al Al
ber time sequence 1 5, 83 Sy Ss S6 application 1n fotal annu
fum fertilizer application//%
1 7E WHGREW) (4 A FaEsHA) 1 225 270 315 375 420 465 20
The first I (4 AT ~5 Hdhh)) 2 285 345 405 450 510 570 25
stubble W ~TFAEWI(5 B Fa)~6 HHa]) 3 285 345 405 450 510 570 —
2 78 e A aI~7 A LAY 4 225 270 315 375 420 465 30
The second 434511 (7 A FRIZE 4] 5 225 270 315 375 420 465 —
stubble B (7 AR =T A 6 225 270 315 375 420 465 —
FRAEWI(T A A ~8 A LA)EIET 1 JE#EK 1) 7 210 240 270 300 330 360 —
553 7E The T ~E00(8 A FEIZ T A]) 8 285 345 405 450 510 570 25
third stubble IEFI] ~FFIEHI(9 A FHIE T 4]) 9 285 345 405 450 510 570 —
41 Total 9 2250 2700 3150 3600 4050 4500 100
00r oy 0r g —1
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Fig.1 The effects of different treatments on the plant height of Fig.2 The effects of different treatments on the plant height of

the first stubble of alfalfa with fixed spray irrigation

the second stubble of alfalfa with fixed spray irrigation
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Fig.3 The effects of different treatments on the plant height of

B8-15

0
08-05

the third stubble of alfalfa with fixed spray irrigation
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Table 4 Water consumption and water consumption intensity for the first stubble of alfalfa in 2019

KA K FEK

N anE=X = o e
AbFR HEH B ﬂfJJ:E[ 0 d N aibéﬂl f Reduction value llfﬁ mfiil Trrigation Water Wat ﬁﬂ(Jﬁ’E "
Treatment Growth stages eiﬁfmmj :m Em 7 do of soil water amta amount consumption 'dler f(t)n;/umn}])/lgn
en ng ales dyb storage//mm mm mm amount//mm ienst y m
T, BT 04-10—04-23 13 4.0 0.4 15 19.4 1.49
sl 04-23—05-10 17 1.5 46.0 19 66.5 3.91
B 05-10—05-29 19 8.5 1.0 19 28.5 1.50
WAL 05-29—06-05 7 10.5 0.0 0 10.5 1.50
T, R 04-10—04-23 13 -8.0 0.4 18 10.4 0.80
el 04-23—05-10 17 0.5 46.0 23 69.5 4.09
B 05-10—05-29 19 5.5 1.0 23 29.5 1.55
WAL 05-29—06-05 7 14.5 0.0 0 14.5 2.07
T, IR 04-10—04-23 13 -1.0 0.4 21 20. 4 1.57
Ay el 04-23—05-10 17 0.5 46.0 27 73.5 4.32
BEE 05-10—05-29 19 6.5 1.0 27 34.5 1.82
WA 05-29—06-05 7 18.5 0.0 0 18.5 2.64
T, R 04-10—04-23 13 -13.0 0.4 25 12.4 0.95
AR 04-23—05-10 17 -1.5 46.0 30 74.5 4.38
U 05-10—05-29 19 3.5 1.0 30 34.5 1.82
WAL 05-29—06-05 7 20.5 0.0 0 20.5 2.93
T, B 04-10—04-23 13 -10.0 0.4 28 18.4 1.42
AR 04-23—05-10 17 -3.5 46.0 34 76.5 4.50
B 05-10—05-29 19 2.5 1.0 34 37.5 1.97
WAL 05-29—06-05 7 24.5 0.0 0 24.5 3.50
Ts B 04-10—04-23 13 -7.0 0.4 31 24.4 1.88
AR 04-23—05-10 17 -2.5 46.0 38 81.5 4.79
B 05-10—05-29 19 5.5 1.0 38 44.5 2.34
WAL 05-29—06-05 7 28.5 0.0 0 28.5 4.07
T, B 04-10—04-23 13 -9.0 0.4 25 16. 4 1.26
axsel] 04-23—05-10 17 1.5 46.0 30 77.5 4.56
B 05-10—05-29 19 4.5 1.0 30 35.5 1.87
WAL 05-29—06-05 7 19.5 0.0 0 19.5 2.79
Ty R 04-10—04-23 13 5.0 0.4 25 30. 4 2.34
sl 04-23—05-10 17 3.5 46.0 30 79.5 4.68
PR 05-10—05-29 19 5.5 1.0 30 36.5 1.92
WAL 05-29—06-05 7 17.5 0.0 0 17.5 2.50
T, BT 04-10—04-23 13 -7.0 0.4 25 18.4 1.42
Ayl 04-23—05-10 17 1.5 46.0 30 77.5 4.56
A 05-10—05-29 19 5.5 1.0 30 36.5 1.92
WAL 05-29—06-05 7 20.5 0.0 0 20.5 2.93
T BEW 04-10—04-23 13 -3.0 0.4 25 22.4 1.72
AR 04-23—05-10 17 3.5 46.0 30 79.5 4.68
BLEE 05-10—05-29 19 6.5 1.0 30 37.5 1.97
WA 05-29—06-05 7 17.5 0.0 0 17.5 2.50
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Treatment Growth stages Begl{mmg and Number of of soil water Rainfall amount consumption Waler consumption
ending dates days//d Storage,/mm mm m amount //mm intensity,/mm/d
T, RE 04-10—04-23 13 -9.0 0.4 25 16. 4 1.26
szl 04-23—05-10 17 2.5 46.0 30 78.5 4.62
AW 05-10—05-29 19 7.5 1.0 30 38.5 2.03
WAL 05-29—06-05 7 21.5 0.0 0 21.5 3.07
T R 04-10—04-23 13 -3.0 0.4 25 22.4 1.72
AR 04-23—05-10 17 1.5 46.0 30 77.5 4.56
P 05-10—05-29 19 2.5 1.0 30 33.5 1.76
WAL 05-29—06-05 7 16.5 0.0 0 16.5 2.36
=5 2019 FEUEEE 2HERFKREREKEE
Table 5 Water consumption and water consumption intensity for the second stubble of alfalfa in 2019
. EE K &b = TR K i .
Qb3 =g B ﬂ:l.JJJ:.El W KA iligdﬁjcfi((f (Jvzljeﬁ B%ﬂ‘]i Ifﬁgj':tfn *‘Efiﬁe% oK .
Treatment Growth stages ceng and Number of of soil water Rainfall amount consumption Water consumption
ending dates days//d mm intensity,/mm/d
storage//mm mm amount//mm
T, R 06-05—06—18 13 13.0 2.0 15 30.0 2.31
AR 06-18—07-04 16 3.5 45.6 15 64.1 4.01
PR 07-04—07-17 13 -14.2 45.8 15 46.6 3.58
WAL 07-17—07-23 6 -17.5 35.6 14 32.1 5.35
T, BE 06-05—06-18 13 11.0 2.0 18 31.0 2.38
AR 06-18—07-04 16 5.5 45.6 18 69. 1 4.32
A 07-04—07-17 13 -11.2 45.8 18 52.6 4.05
iRl 07-17—07-23 6 -21.5 35.6 16 30. 1 5.02
T, B 06-05—06-18 13 9.0 2.0 21 32.0 2.46
AR 06-18—07-04 16 6.5 45.6 21 73.1 4.57
I 07-04—07-17 13 -13.2 45.8 21 53.6 4.12
WAL 07-17—07-23 6 -24.5 35.6 18 29.1 4.85
T, BT 06-05—06-18 13 7.0 2.0 25 34.0 2.62
axsa i 06-18—07-04 16 3.5 45.6 25 74.1 4.63
PR 07-04—07-17 13 -15.2 45.8 25 55.6 4.28
WAL 07-17—07-23 6 -25.5 35.6 20 30. 1 5.02
T, B 06-05—06—18 13 5.0 2.0 28 35.0 2.69
oyl 06-18—07-04 16 2.5 45.6 28 76.1 4.76
A 07-04—07-17 13 -17.2 45.8 28 56.6 4.35
WAL 07-17—07-23 6 -30.5 35.6 2 27.1 4.52
Te BRE 06-05—06-18 13 3.0 2.0 31 36.0 2.77
AR 06-18—07-04 16 5.5 45.6 31 82. 1 5.13
PR 07-04—07-17 13 -19.0 45.8 31 57.8 4.45
WAL 07-17—07-23 6 -32.5 35.6 24 27.1 4.52
T, BT 06-05—06-18 13 5.0 2.0 25 32.0 2.46
AR 06-18—07-04 16 4.5 45.6 25 75.1 4.69
A 07-04—07-17 13 -17.2 45.8 25 53.6 4.12
WAL 07-17—07-23 6 -28.5 35.6 20 27.1 4.52
Ty IR 06-05—06-18 13 2.0 2.0 25 29.0 2.23
sl 06-18—07-04 16 5.5 45.6 25 76. 1 4.76
AW 07-04—07-17 13 -17.2 45.8 25 53.6 4.12
WIHE 07-17—07-23 6 -33.5 35.6 20 2.1 3.68
T, R 06-05—06-18 13 4.0 2.0 25 31.0 2.38
Ayl 06-18—07-04 16 5.5 45.6 25 76.1 4.76
I 07-04—07-17 13 -18.2 45.8 25 52.6 4.05
WAL 07-17—07-23 6 -28.5 35.6 20 27.1 4.52
Tho B 06-05—06-18 13 7.0 2.0 25 34.0 2.62
oyl 06-18—07-04 16 6.5 45.6 25 77.1 4.82
PR 07-04—07-17 13 -15.2 45.8 25 55.6 4.28
WAL 07-17—07-23 6 -27.5 35.6 20 28.1 4.68
Ty, e | 06-05—06-18 13 6.0 2.0 25 33.0 2.54
AR 06-18—07-04 16 3.5 45.6 25 74.1 4.63
BEE 07-04—07-17 13 -16.2 45.8 25 54.6 4.20
WAL 07-17—07-23 6 -27.5 35.6 20 28.1 4.68
Ty, R 06-05—06-18 13 8.0 2.0 25 35.0 2.69
sl 06-18-07-04 16 2.5 45.6 25 73.1 4.57
A 07-04—07-17 13 -14.2 45.8 25 56.6 4.35
WAL 07-17—07-23 6 -28.5 35.6 20 27.1 4.52
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Table 6 Water consumption and water consumption intensity for the third stubble of alfalfa in 2019

" e K> Bk = "
e P 1 N = SR e 1 S o~ vl T
Treatment Growth stages Begl{mmg and Number of of soil water Rainfall amount consumption Waler consumption
ending dates days//d storage,//mm mm m amount //mm intensity,/mm/d
T, R 07-23—08-01 9 3.2 11.8 0 15.0 1.67
AR 08-01—08-21 20 -4.0 46.0 19 61.0 3.05
A 08-21—09-13 23 -9.0 54.8 19 64.8 2.82
WAL 09-13—09-23 10 5.0 8.0 0 13.0 1.30
T, BT 07-23—08-01 9 3.2 11.8 0 15.0 1.67
sl 08-01—08-21 20 3.0 46.0 23 72.0 3.60
B 08-21—09-13 23 -6.0 54.8 23 71.8 3.12
WA 09-13—09-23 10 6.0 8.0 0 14.0 1.40
T, R 07-23—08-01 9 9.2 11.8 0 21.0 2.33
axsa.l 08-01—08-21 20 -5.0 46.0 27 68.0 3.40
BEE 08-21—09-13 23 -9.0 54.8 27 72.8 3.17
WAL 09-13—09-23 10 5.0 8.0 0 13.0 1.30
T, BT 07-23—08-01 9 19.2 11.8 0 31.0 3.44
AR 08-01—08-21 20 -1.0 46.0 30 75.0 3.75
BEE 08-21—09-13 23 -12.0 54.8 30 72.8 3.17
WAL 09-13—09-23 10 8.0 8.0 0 16.0 1. 60
T, B 07-23—08-01 9 27.2 11.8 0 39.0 4.33
sl 08-01—08-21 20 -8.0 46.0 34 72.0 3.60
B 08-21—09-13 23 -15.0 54.8 34 73.8 3.21
WAL 09-13—09-23 10 8.0 8.0 0 16.0 1. 60
T, R 07-23—08-01 9 30.0 11.8 0 41.8 4.64
AR 08-01—08-21 20 -13.0 46.0 38 71.0 3.55
PR 08-21—09-13 23 -17.0 54.8 38 75.8 3.30
wIAE 09-13—09-23 10 8.0 8.0 0 16.0 1.60
T, B 07-23—08-01 9 23.2 11.8 0 35.0 3.89
AR 08-01—08-21 20 -8.0 46.0 30 68.0 3.40
B 08-21—09-13 23 -13.0 54.8 30 71.8 3.12
WIAEW 09-13—09-23 10 8.0 8.0 0 16.0 1.60
Ty R 07-23—08-01 9 24.2 11.8 0 36.0 4.00
AR 08-01—08-21 20 -11.0 46.0 30 65.0 3.25
B 08-21—09-13 23 -12.0 54.8 30 72.8 3.17
WAL 09-13—09-23 10 8.0 8.0 0 16.0 1.60
Ty B 07-23—08-01 9 24.2 11.8 0 36.0 4.00
axse.l 08-01—08-21 20 -9.0 46.0 30 67.0 3.35
PRI 08-21—09-13 23 -13.0 54.8 30 71.8 3.12
WAL 09-13—09-23 10 8.0 8.0 0 16.0 1.60
T,0 R 07-23—08-01 9 15.2 11.8 0 27.0 3.00
AR 08-01—08-21 20 -9.0 46.0 30 67.0 3.35
PRAT I 08-21—09-13 23 -11.0 54.8 30 73.8 3.21
WAL 09-13—09-23 10 8.0 8.0 0 16.0 1.60
T, R 07-23-08-01 9 22.2 11.8 0 34.0 3.78
sl 08-01—08-21 20 -4.0 46.0 30 72.0 3.60
A 08-21—09-13 23 -13.0 54.8 30 71.8 3.12
WA 09-13—09-23 10 8.0 8.0 0 16.0 1.60
Th, R 07-23—08-01 9 18.2 11.8 0 30.0 3.33
sl 08-01—08-21 20 -9.0 46.0 30 67.0 3.35
PR 08-21—09-13 23 -12.0 54.8 30 72.8 3.17
WAL 09-13—09-23 10 8.0 8.0 0 16.0 1.60

2019 AFR[FI AR B E 75 4k B WIRE K I LA UL 40t SERIREAKREE RV
B 4 L AN B B TS A E B R AR EME R N T, . 2.3 ARAENEEHEEESBRNASHBRENE
Ty Ty T Ty Ty Ty T, Ty Ty Ty Ty 46 AbBE R e 003 W MRS ) Ak 350 1 7 7 Bk RV 0 /K 40 ) TR, 4
SRR O FE K B R T HABA: B B BORE K i A% 5~6, HIIRLS T, AT b 356 4K 17 557 B AR S/ MK
i B BT I T KGR . 2019 AR A BRI T 5 2 Ak O T T Ty T Ty T Ty T T T, T (T 7 i e 11
SEHPREKIRIE R A, 5 3 EVCOT R KR BER >, 45 1 3y RARI T, (HEIERE 1 3 600 m’/hm” it i N 82. 5 keg/hm”
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P,0, 115. 5 kg/hm’ . K,0 99 kg/hm’), B 1% /= & ik %
14 925 kg/hm® LU AL B T (T, F1 T, 43 51 24 14 910,
14 835 Fi1 14 805 kg/hm’ , HH &l 6 W] 1, AS[R) LB 75 /K 43 F)
FHBCRMRENIMER K T, Ty Ty [Ty Ty, Ty T, T Tg T, |
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AN BONAE K i 2 R T HA AR B BB K & 2019 4F
FAL RS B AE 5 2 FEUCTYIFE KR B K 56 3 HEUCF3Y
FEAKSRBERZ 55 1 REUCT AR KR B B/

(3) AN[EALBEEAE T 5= 8 MK B IMEICH T, Ts T, |
Ty Ty, Ty T, Ty T, T, T, \T,,, /=it i =g A A BJR AL HE T
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Table 7 Water and fertilizer coupling irrigation system of alfalfa with

FEU R MR BN MU T, Ty,

fixed spray irrigation in arid wind savanes of Ningxia

JEAE i Fertilizer

b HEKEH
& EEH Irrigation amount //kg/hm’
Stbble Growth stages uota
number = m‘}/hmz N P,0. K0

|1 The I (4 A FARIZE T 375 15.00 21.00 18.00
first stubble fi])
R4 ATTHES 450 18.75 26.25 22.50
H )
B —F £ (5 A 450
THIZE 6 AhA])
5 2 £ The WiH(6 A FTRIZE T H 375 22.50 31.50 27.00
second stub- |fi])

ble SYEENI(T A bR ZER 375
A])
WEY(T AhaIET 375
)
FFAEH (7T HFHIE S 300
A B

% 3 £ The H¥— B8 (8 A I 450 18.75 26.25 22.50
third stubble f] % FHJ)
AW — AW (9 A 450
TAETA])
411 Total 3 600

75.00 105.00 90.00
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