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Tab.1 Water quality index of fertilizer water

R /(mg- LT

K pH (i Epl R EC O
a (gem®)  (mS-em’')  LFFTHEECOD  EFMSS AANH-N EBETP T HAEA TSR BODs (MPN-L')
K 738 0.99 0.404 10.8 048 0.11 27 6.9
WFKbRHE  6~9 / / 20 1 0.2 4 10
FEMAK 795 1.05 3.08 135.2 76.9 5532 428 79.5 35760
JEAKBEHE  5.5-8.5 / / 200 60 8 100 40 000
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AR . WIS B E KR GB/T
22999—2008 { fig ¥t X misk) PR GB/T19795. 2—
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/B(%%: }:Ejji%\ %Eﬁ%ﬁ%i"‘\ %%\ ?T#Eh%&%o
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GG B RGR E T EAS R 2R ARE W
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200, 250. 300. 350. 400 kPa. T4 £kkM&E4%
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Tab.2 Comparison of main parameters of sprinkler irrigation for fertilizer water and clean water

KR JEAikPa  BERALAY  EHREEREC RRHRRES TR (mm hY) wgmmﬂm —
K 200 2.80 331 779 3.92 0.63 S
FRAEAEK 2.62 34.9 728 4,05 0.41 SE
K 3.19 29.2 63.6 4.45 0.59 S
FRAE ALK 230 3.02 38.1 64.8 431 0.42 SW
HK 300 347 26.7 63.6 451 0.66 S
FRFAREK 3.32 395 425 413 0.47 W SW
HK 250 3.68 29.2 61.3 484 0.53 E
FRBANEK 3.54 36.4 65.3 4.32 0.48 W
K 400 3.920 272 776 4.86 051 NE
FRBANEK 3.82 33.8 75.1 453 0.18 SE
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2.1 EH-RE. HEXR

#* 3 N 20PY,H & Ak E I K A FREE ALK
TIEATHFRIE R E R R, R 3 AT, fEAHIE
JE 1560, EKRIFRGE AL KIS AT Wk = A B
E5. TAEE /128200, 250, 300, 350, 400 kPa I,
FEHE B ZKIZ AT I S Sk i B BUE KRR T 5.38%.
4.74%. 3.62%- 3.13%- 2.06%, 151 F%58 AL 7K X
KL B 1) s e R R B s g B B KT o)y, e A R
FEEEA B

F 4 RFRFEREKFNE KIBIT KM 20PY,H W
SRR . FRFENEKIZATIE, 200, 300 kPa T.{E
JE 71 R WL R EE K R B 1.75%. 1.07%, {HE
400 kPa TAF & 71 F FRFENE KIZ AT I i Sk B R 5 7K
Tt 3.16%.

& 3 2MKBRIBITHARE TR TRKAE
Tab.3 Flow rate of sprinkler under different working pressures

for two types of water sources

- JE J1/kPa
Eistan
200 250 300 350 400
KA R iR/ (mhT) 279 316 345 366 3.89
FEAAKA T PR E/(m>h") 264 301 3325 356 381
REY 538 474 362 313 206

& 4 2 A KRBT RE R A T k4042
Tab.4 Wetted radius of sprinkler under different working

pressures for two types of water sources

sk & J1/kPa
200 300 400
FEFA LKA 5 T S 2 /m 16.8 18.4 19.6
TERA TR T F2/m 17.1 18.6 19
WRE /% 1.75 1.07 3.16

2.2 NEIHEN FRXT RS KE 5 200

Bl 3 Sk AEFRFANE K AITE K 2 PhIsTEEAJot |
TAEJE 7729 2004 300 400 kPa N FI4% [ 7K B 43 A
HHE 3wl %1, B TAERIMR, HmiskKEs
AN DL SR T NELEE. S
LR A5 48 ISE Sk A 0o A3 328 Ak 522 2 D2 T 48 K ik /)
%, RmZKEMATTAFAE 1 AMESF 1 A E A
B SRWELAR A 2R HNaR . T/EE S
N 200, 300 kPa B, AS[E] KR Sk 7K 73 A i 2%
Ze EEAERTH B IR AR KIS AT I 5 Sk 7E 1 BT
B HESR EEAE 200 300, 400 kPa TAEE /1 N 5N
5.88. 6.22. 7.28 mm/h, R RN AN 23.37%.
7.86%- 12.37%. {H/KISAT IS FEAH [R5 R~ 2 e
SRIEN 6.36. 7.19. 7.65 mm/h, PR RBUN 27.45%.
12.90%- 13.88%. it B FEHAE AL /K A% [a] 7K £ 43 A i 28
TE R BOE MBS K EINF4% . TAEE 718 400 kPa
W, FREEALKTE 0~6 m SFERIBHRE KA AR T
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X LeE. B 4 v, JE KW B TAE &2
300 kPa TAEE 771+ 1.0R A TR]EE, FRFENC KSR G
FETAEE J172 300 kPa TAEE /1. LIRHAATEEE. 78
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200 kPa AR, FREEAE/KIZATH G35 REUIR
B K IBAT 7 3 A 4 T7-0.40% -1.32%- -0.48%-
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A RBUBIFKIBAT 0 0224 7 -4.39% -1.23%
1.15% 4.60%- 3.56%. FriEAL/KIZIT/E 1.0R~1.1R
HENRPBETFHAEHYRBMWIKTIEKEIT, £
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Fig.4 Comparison of simulated values of uniformity coefficient

for sprinkler irrigation
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1.3R. 1.4R 1 CUEEAHATEE N 1.0R 1] CU W&
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B TAEIE 0. HA TR EEXE/KIZAT MW 21 R
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2.3.2 FRFAFEAKAnF K B ] 20 A 0k i K I
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S FHE S R A ARG LS R . B 5 W%,
FE [) 58 2% A T % 58 A /K AN 7K 8 HE 1R 25 350 50 &
) SEER MBS REHER, RN
LOR~1.1R H A& RIFERT, /KA G5 REH & T 7%
VAR K-S 5 280 1.2R~1.4R A& IRIFERE, 85
JEK A A5 2 ¥m TiEKA YA R . 2wk
[FEEN 1.4R B, JEKFFEFAMIKLE 200~300 kPa T
YEH 777 F IWERE RS &) RECHIET 0.75, AW LG
ok, PSR R HIZE 1.3R AN,

HH (ARS8 2641 N IB7KIEEEAE 200, 250, 300 kPa
TAEE 1 R s AR A B4 38 1.0R. 1.0R.
L1R; FRVANE/KIHEEZE 200, 250, 300 kPa T.{FJE /)
AR & FE N 1.0R. 1.3R. 1.1R. 300 kPa L{E
JE77+ 1LAR HERIEERS, KA EHEIRECN 0.61,
FRFANE KA GBI Z R BN 0.67. £ TAEEIRAE
(BRI T, FRAEAE K RE S5 5] 2R AR I B A

SETE, SRISC 2 PR BUBHIEDN EE BT 4 R 5
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233 HE A EEE M FES D ZHGR R

HEWEMEISH A5 25 KHRGEE
BMKZER, B, B MATLAB 442 #88) CU
BB ANE R TC IR T I RAR R TAE ). 44T
RIS RE, BB AR T L.

5N 15 HIRFEAE K ARG 1) B
ZH UL RS REERME A K H R E . HE
5 WA, CU MIEAN 0.74~0.88, CU I MH N
0.66~0.79. HIRMKHS G &M FEAEEGH R
T 6.28%~12.78%. Wik EMEM 1.3R &N
LAR B, W& R TR K, 200, 250,
300 kPa TAEK )T CUREIME TFE T 6.10%. 8.54%.
10.84%, CUREAE FFE T 5.48% 9.10%. 8.22%,
DR s Sk 2H 45 (R FEAS R 1.3R: 7EAHIF TAE R 7
T, WL AR 1.0R AN 13RI, HEHEIAR
B ESEEA—, BERINARK%
AT LA 3 5] RECPRAK, 7R L BRmiFE AR LI S 5T
A S 3 R0 24 16 S o) W5 JE 48] 750 2 80P 58 W R R Dk /1 o

& 5 FRIARRAKBAT TR O R EARIME L KA b

Tab.5 Comparison of simulated and experimental values of uniformity coefficient under the fertilizer water sprinkler irrigation

JEJikPa &R S5FE/m A/ (m ™) PR REYS  CPERIREIC AEWHERE/(mmhT)  CURIRME  CUBERIMY
14R 0.24~1.56 70.6 22.9 5.47 0.69 0.77
1.3R 0~1.11 67.2 25.1 6.3 0.73 0.82
200 1.2R 17 0.94~2.14 57 29.2 6.72 0.74 0.84
1L1R 0.22~1.37 50.6 35.1 8.53 0.77 0.86
1.0R 0.2~0.95 62.4 25.9 103 0.75 0.84
14R 0.3~1.15 66.7 235 5.09 0.7 0.75
1.3R 0.68~2 718 27.6 7.59 0.77 0.82
250 1.2R 17.8 0~0.83 48 31.6 7.36 0.75 0.84
11R 1.12~2.77 63.6 29.4 8.57 0.75 0.85
1.0R 0.29~1.28 67.2 28.7 10.41 0.74 0.83
14R 0.09~1.23 47 33.9 5.18 0.67 0.74
1.3R 0.15~0.88 73.9 26.3 6.01 0.73 0.83
300 1.2R 18.4 0.39~1.71 67.9 28.3 7.22 0.75 0.86
1L1R 1.12~2.41 73.6 29.4 8.69 0.78 0.88
1.0R 0.39~2.05 52.9 33.4 10.64 0.76 0.86
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GHIEA . bR TWHEN T AE7 NERERmS, (g
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KL A E A 5] R B BN Bl B, R %
6.28%~12.78%. TEH WK, KifEizshid
PP A m A, T BRI T HH (A1 50 R M e Y 5T 1

AT TR 5 5E R K B 2 45 1) 1T B FH AR A
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IEAR KM — DI A

4 25 i

1) FREEAE/KIZAT (153 78 1 Ami Sk A [ 45 TR
J1 R AR . KU 0] 38 8 At Sk A% ) 7K & 40 A 1)
Fomy AR TRk 0~9 m &b, ESHAREREL,
FRIANEK 5IEKIZAT T Bm Sk & 70 A 22 R 8D o
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in the Huaibei Plain. [Method] The analysis was based on the drought severity index (DSI) from 2010 to 2019
calculated using metrological data measured from weather stations across the region. We focused on the top 0-10 cm
soil layer and the root zone from the soil surface to the depth of 50 cm. The M-K test and the Kriging spatial
interpolation were used to analyze the spatiotemporal variation in droughts over the region at different time scales.

[Result] @O Since 2016, the severity and frequency of droughts have both significantly increased in the areas of
Dangshan, Mengcheng, and Qiaocheng, while decreased in the area of Fuyang. In Suzhou, droughts mainly occurred
in 2010—2012 and 2019. Compared to seasonal scale, some drought events exhibited greater severity and higher
frequency at the ten-day scale with unpredictable onset. @The highest average annual drought index and frequency
both occurred during the sowing-emergence stage, reaching moderate level or above, with the frequencies exceeding
40%. Severe droughts or worse at both timescales occurred in northern Dangshan and central Mengcheng and
Suzhou. The frequency of the 0-10 cm soil-layer droughts was higher in the southwest, while the frequency of 0-50
cm soil-layer droughts was higher in the east and north than in other areas. 3 At the ten-day scale, the periods with
the highest drought severity in each growing season mostly started in the early stage of sowing - emergence,
emergence - jointing, and the mid-stage of jointing - tasseling. Severe droughts occurred primarily in August and
September. [Conclusion] Since 2016, there has been a significant increase in drought severity and frequency for
summer maize in the Huaibei Plain, particularly during the sowing seedling stage. Severe droughts were observed at
uncertain ten-day scales, with increased drought frequency.

Key words: summer corn; comprehensive drought index; time scale; growth stage
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Experimental study on the hydraulic performance of impact-sprinkler system

using aquaculture water for irrigation
JIANG Yue!?, WANG Lishat, LI Hong!, ZUO Xinle!
(1. Research Centre of Fluid Machinery Engineering and Technology, Jiangsu University, Zhenjiang 212013, China;

2. Changzhou Engineering and Technology Institute of Jiangsu University, Changzhou 213164, China)

Abstract: [ Background] Sprinkler irrigation is a widely used technique across various sectors. This study examines
the impact of using aquaculture water for irrigation on the hydraulic performance of the 20PY,H impact sprinkler
systems. [ Method] The experiments were conducted under varying working pressures and nozzle spacings, with
clean water irrigation serving as the control. Measurements in the experiments included the pressure-flow
relationship and water-droplet distribution around the nozzle for each treatment. The relationships between irrigation
water type, working pressure, and nozzle spacing were analyzed, along with the influence of meteorological factors
on irrigation uniformity. [Result] (O Compared with the control using clean water for irrigation, irrigation using
aquaculture water reduced flow rate of the sprinkler system by 2.06%-5.38%. @ When working pressure was in the
range of 200-300 kPa and nozzle-spacing was in the range of 1.0-1.4 of the radius of the covered area of the nozzle,
the value of the CU calculated by our proposed model varied from 0.74 to 0.88, close to the measured CU which was
in the range of 0.66 to 0.79. The erratic change in meteorological conditions in the field could reduce irrigation
uniformity by 6.28%-12.78%. [ Conclusion] Using aquaculture water for irrigation decreases the flow rate of the
sprinkler systems. The effect of working pressure and nozzle spacing on irrigation uniformity is more pronounced
when using clean water than using aquaculture water.
Key words: farming fertilizer water; impact sprinkler; hydraulic performance; test water distribution; uniformity
coefficient
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