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3 it

EARBFFL A, MEILPEE £2K 2010—2019 F4E
KZET, M AR R T R E AR A N
(Z<0), Hpuh iR EEN L& (2>2.326),
B M-K BRI, ANk ST R A R K
HRAELE 2017—2019 FAEKT, X5LZEEFIHE
s 28T e ) B SRR B K AR A — 2
AR EE T AR B Bt T R, AR KRN GG A 2 1
10 d B R R)F R AT AR m . SR
B Z 4P DSI B UER R & 8 S5 2O R 5K g
JREEPON B FOR T RAHEIF L5 8, e —H
ISR “HIE S, W TREERK, TR
BtiE. REFZEBIUNT 1961—2015 MR TR E FoK
T BRI M R R, B KT Fh—dh e xS 7K
YA TR BUR, TEINEE 5 K AR A e, [R5 H
REEARLE, FREENBT R 4. 0~50 cm
TERETS, BT R4 0~10 cm
T EAFTEA, HRAEKM BT R R T
B, ANFEE TR R AR X R Ry m, Fk
ERER, HERSERNRAENERK.

2010—2019 FEA A A=) 542 B 3 [A) 43 A
ZAEAE B R PRZ S, 1E 2010 fFAEKZE, 2 ff
T2 TR REEARIGHER, 7£ 2011—2018 4F
AKE, WEEHTREEERE R, 2019 FAEKZEN
J& T A R AERS), YL R R AR A BORTE L R
HAk, 2 PR IREE o AR LN S X IR Nk B T
FER, IX 15 e S0y bk 1 T R AR AR
FEMIBE FE 5B AT, 5 80 2 TE VAT Stk fr 5 X

82

5 DY X3, R PG R R P AL AT R
3. BT REENS AT LRI, e, F
W A PNk R G b R B R P R X, 2
TERE TR TRREEMETFRAAMX ER, X5
o AR RS T UETAR IR 1961—2015 EE EKAEH
B B T /K R IR B 25 A A A T 458 A — B, TR K Em )
Hh X ERZE 5 52 2T R I . A ER 10 d RE
TR ] A S AR KB BORE T 14 A AR X
BITET, A KA KM BOREE MR 5
B R IHIX, fERGAER 10 d RE T SHR
il B e - AR L

HEALP R 0~10 em 2RI FA0Z P B HLIX 3
1, 1M 0~50 cm 2 T FEARIE AR X IR . &
M REY T, 2255 R IR A SO X5,
X5 R A B AL X 3T SPET $5 300 228
B 1960—2018 4F [T R = RHAEHEAT 43 T i 45 18 A
—8, SEKMBREML, BHEAER 10 d NE
N, B AR SR T R ARER A PR ARE, R
BRESRAG T N, E SRR 2, e
HAKBILE 0~10 cm IR L2

RCIEAEM 10 d U TR E DSIAH ST
IR B DSTEARLL, FTE RN HEE S, KR
R EA LT iR T 5 R B B AR RO s, A
WIS AR ERT 2K XA SREE L
KAEKMBRETN, —SEe R R EmEK A
B PP AR S AN FIRR B (PARAY, X — R R
WP TR, WREZREECON T R ET R
— M ASEY, SRS TR I A X R R
MBAAFEREE RIS, KRR A 7~20d,


http://www.ggpsxb.com/

% 6 ZER &

HEAL T JEAN [ i 18] RUE R (19 B FOR T AR

EiR IR INAE 20 d PLb. fEVEIRHLIX, ZREMT
BIFRFEEIKAE 10~25 d, A HSfAE— 57 di) (g
RO ER . D, SRR, AR AR R R
R R, E R A BN AR, X T4 F
HIAEN 4 S HIE KR, FEARE 2R E Bty K
G R REBOO@ ML X MR E R R R, A
VWA T X (W PR G 2 I A, R A
HHEIEK 76%, T-FFULREIEAK 78%, R} [H]HHE
ARG fEREAEM 10 d RETN, BEEEN
TR R R 2 HAE T A — R L,
— PRI, BT — R [4]
ARSCAE R MEICP IR 5 AN/K S, A5 sl -+
HOK B, SR LR AR PRSI =
WAL R e, [F DR oK AR, T L
TR BN EFEY S b= Em i B
Botsih. BEHEILFET RO K, W)
IR NI F 2 M EALE 52 BT 552 iR I ARARFAE, AT
SN EA BRI RO 5 A0 B ORI A

4 &5 [6]

D) Ty S, R 3 Nl AT RE R
2016—2019 FAKZ, FRFHuEH7E 2010—2015 4F
KT, 1E 2016 FFAEKTZ G, RIS SHAER |
AR, T AE PG T R AR AE AN AR K R
SERMBREMLL, Z2HTFFAERANEN 4
10 d REE FAZRESE Ry, BN (] ROBE BRI H B
(TS, IS ECT FAER 38 .

2) {EERM B ZEFBLEHAS, . g
ERH M 2 B X, 75 2 KB R —H 1,
i — 3T S IR R T R AR 0 L RIS
PO PR —HOTT A, HESR — RO 2 IR
ET 2R, 0~50 cm -2 /A EK M BUR T 552
FERARI S DSI REREAE AEAL T b X AN 7] 1 43828
HEY T 5ebs, HERBLZAME.

3) WAL IR ) b b R 7Y R b X T SRR R A
FE L HA L X sy, 7E 2019 4F LAY T RN LK)
BHNRH . 0~10 em 2 FAZ R 5 X3 7E 5
FH, IR PE R I, 0~50 cm + 2T 24058 5
DX I SE FRE A M AR HBIX, SRR 5 = 78N 38%.

4) ARFHEEAEH 10d RET, MK
Z= (1) 5 AR B B I B R AR I ) 22 4 T B R —
R, ORI, RO B, eAIE
AN SRR E R KL UL R, 5X A K B
RETFHTRERBERLZME 0.1~0.2, DHETERE
8. 9 H.

(e B AR ISR R 3 24 08 )

-

1

[10]

[11]

[12]

[13]

[14]

S E R

U, AR, SRR BT R R OR R A N R SR
PRSI o E R AEIE R, 2013, 29(17): 208-216.

LI De, QI Huan, MA Xiaoqun. The climate index and assessment about
drought and flood in maize’s key growth stage in Huaibei Plain in Anhui
Province[J]. Chinese Agricultural Science Bulletin, 2013, 29(17): 208-216.

TR, SEUIAL, 54, &5, HEIEP LXK SCRAELT]. 7K3C, 2000,
20(3): 55-58.

W, £75, KB, T CWSLINZBUE 5 R AE B0 R 3 53
Hr[I]. EARE IR AR, 2018, 33(5): 853-866.

WANG Zuo, WANG Fang, ZHANG Yun. Spatio-temporal distribution
characteristics and influencing factors of drought in Anhui Province
based on CWSI[J]. Journal of Natural Resources, 2018, 33(5): 853-866.
EInE, kg, R, & P EIKERAF T AE R KA
RERHR, 2023, 34(1): 1-14.

HUO Zhiguo, ZHANG Haiyan, LI Chunhui, et al. Review on high
temperature heat damage of maize in China[J]. Journal of Applied
Meteorological Science, 2023, 34(1): 1-14.

MY, BEI, A, & AN - TR T KR
e DO IXOBI[T]. WEBHEK R, 2019, 38(9): 63-72.

WEI Tongtong, PENG Zhigong, LIU Fusheng, et al. Trend of net
irrigation water requirement of wheat-maize rotation in North China: A
case study of Daxing district[J]. Journal of Irrigation and Drainage,
2019, 38(9): 63-72.

REFH, B, i, 4.
2021, 37(1): 36-45.

WU Zhiyong, CHENG Dandan, HE Hai, et al. Research progress of
composite drought index[J]. Water Resources Protection, 2021, 37(1):
36-45.

LENG G Y, HALL J. Crop yield sensitivity of global major agricultural

GO T RIRBT U] KBRS,

countries to droughts and the projected changes in the future[J]. Science
of the Total Environment, 2019, 654: 811-821.

YAO N, LI Y, LIU Q Z, et al. Response of wheat and maize
growth-yields to meteorological and agricultural droughts based on
standardized precipitation evapotranspiration indexes and soil moisture
deficit indexes[J]. Agricultural Water Management, 2022, 266: 107 566.
DAI M, HUANG S Z, HUANG Q, et al. Assessing agricultural drought
risk and its dynamic evolution characteristics[J]. Agricultural Water
Management, 2020, 231: 106 003.

UL, WIS, TUHE, & Pk IR T RN AR L S %)
HEKPEMEWI]. LIRREE, 2018, 46(10): 69-74.

BELE, VR, TR, &5 BT SPEI SR ILE MR £k
AERKFETBAHEHTI]. AR FHE, 2020, 48(5): 766-773.

ZHAO Yubing, SUN Donglei, JIA Qiulan, et al. SPEI-based
characteristic analysis of summer corn drought in growing season in
Southern Hebei Province[J]. Meteorological Science and Technology,
2020, 48(5): 766-773.

LN, HiE, B, % BT SPEL Kc WAL PR INE TR FET
SRHED AT Aol TRE2AAR, 2020, 36(21): 164-174.

MA Xueqing, HU Qi, WANG lJing, et al. Spatiotemporal variation
characteristics of drought trend at annual of wheat-maize in the North
China Plain based on SPEI K¢ index[J]. Transactions of the Chinese
Society of Agricultural Engineering, 2020, 36(21): 164-174.
CAMMALLERI C, MICALE F, VOGT J. A novel soil moisture-based
drought severity index (DSI) combining water deficit magnitude and
frequency[J]. Hydrological Processes, 2016, 30(2): 289-301.

LIU Q, ZHANG J H, ZHANG H R, et al. Evaluating the performance of
eight drought indices for capturing soil moisture dynamics in various
vegetation regions over China[J]. Science of the Total Environment,
2021, 789: 147 803.

83



HEMEHE/K 3] http://www.ggpsxb.com

%43 %

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

ELHAG K, ZHANG W C. Monitoring and assessment of drought
focused on its impact on sorghum yield over Sudan by using
meteorological drought indices for the period 2001—2011[J]. Remote
Sensing, 2018, 10(8): 1 231.

HAROON M A, ZHANG J H, YAO F M. Drought monitoring and
performance evaluation of MODIS-based drought severity index (DSI)
over Pakistan[J]. Natural Hazards, 2016, 84(2): 1 349-1 366.

ZHANG J, MU Q Z, HUANG J X. Assessing the remotely sensed
drought severity index for agricultural drought monitoring and impact
analysis in North China[J]. Ecological Indicators, 2016, 63: 296-309.
WANG H S, ROGERS J C, MUNROE D K. Commonly used drought
indices as indicators of soil moisture in China[J]. Journal of
Hydrometeorology, 2015, 16(3): 1 397-1 408.

Ji e, R, W, % 19612015 EHERRISS R TR R BN
REAEASRFAE DT TEI]. KHI%-4R, 2019, 50(5): 598-611.

FANG Guohua, TU Yuhong, WEN Xin, et al. Study on the development
process and evolution characteristics of meteorological drought in the
Huaihe River Basin from 1961 to 2015[J]. Journal of Hydraulic
Engineering, 2019, 50(5): 598-611.

ZANG, TREE, T b E AR R AT o v R X AT i
AUARARALC/ B L2 Bttt 5 5 IR BT TE R 2015 AR BECE 15 Ji)
FARWIC G FrAAHR SRR, L5, 2016: 503-518.
KIFEHE, MRPARA, J540i, 5. WA K 25 R AR AU RFALE (],
7KL, 2022, 42(5): 102-108.

LIU Saiyan, XIE Yangyang, FANG Hongyuan, et al. Spatial-temporal
variation characteristics of precipitation pattern in the Huai River Basin
during flood season[J]. Journal of China Hydrology, 2022, 42(5):
102-108.

KA, TR, FK, 5 1960—2019 4 P E TSR T R A
ASRFIERFAC[T]. BEBEHEK 4R, 2022, 41(8): 122-129, 138.

LAI Hexin, ZHANG Zezhong, WANG Fei, et al. Spatiotemporal
variation in catchment-scale droughts from 1960 to 2019 across
China[J]. Journal of Irrigation and Drainage, 2022, 41(8): 122-129, 138.
FEBIRR, SRz, FIROE, 5. BEdbARE TR KA LK AR AR
AE S BRE R T W FL[T]. KBRS 7K TAR A4, 2022, 33(1): 206-214.
DU Mingcheng, ZHANG Jianyun, WANG Zhenlong, et al. Soil
moisture content change characteristics and driving factors of maize
farmland in the Yanglou Watershed, Northern Anhui Province[J].
Journal of Water Resources and Water Engineering, 2022, 33(1):
206-214.

ZRUE OKFIFB T AR ZR 5122 ) KRR A0 A Be. B v 0k
IR [Z]. IR, 2019,

SHEFFIELD J, GOTETI G, WEN F H, et al. A simulated soil moisture
based drought analysis for the United States[J]. Journal of Geophysical
Research: Atmospheres, 2004, 109: D24 108.

R, FXE, DY, 5 BKEZ 040 KARACRHE S T L2
BB RBIT]. FEBHEK SR, 2023, 42(1): 112-120.

ZHA Xianbao, WANG Shuangtao, LUO Pingping, et al. Spatiotemporal
variation in precipitation across Anhui Province[J]. Journal of Irrigation
and Drainage, 2023, 42(1): 112-120.

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

WRoChs, JBEZR. ANTR) AR KW B B ko0 BBk 7™ AR R D). 46 R
AR AR (2 FHERR), 2022, 21(4): 91-103.

CHEN Wenting, ZHOU Shudong. Impact of precipitation at different
growth stages on summer maize yield[J]. Journal of South China
Agricultural University (Social Science Edition), 2022, 21(4): 91-103.
ZRAEGHR, BRGIHRZHAE SN, ZHEGHE % 2020045
32 WHIM]. dbxt: HE G R, 2020,

R, AR, IMERR, S MRERRIRE OKAE A B KR SR
TR AL, (EY243K, 2019, 45(2): 297-309.

GAO Chao, SUN  Yanweli,

characteristics of water requirement and agricultural drought during

LI Xuewen, et al. Spatiotemporal
summer maize season in Huaihe River Basin[J]. Acta Agronomica
Sinica, 2019, 45(2): 297-309.

TKIRIE, FhEE, KB, S5 FETAEYIK A 5 SRR BN BT R
HEXRSLEFTHTROMFLEQD. P ERLIR, 2021, 42(6):
495-506.

ZHANG Xiaoxu, SUN Zhongfu, ZHENG Feixiang, et al.
Characteristics of drought distribution for summer maize over whole
growth period in Huang-Huai-Hai Plain based on crop water deficit
index[J]. Chinese Journal of Agrometeorology, 2021, 42(6): 495-506.
S, ERAE, ARTEE S 19612015 R T R E TR TR
B 2 RAE S AT (D], AR T A2, 2019, 35(18): 189-199.

WU Xia, WANG Peijuan, GONG Yanduo, et al. Analysis of drought
identification and spatio-temporal characteristics for summer corn in
Huang-Huai-Hai Plain in year of 1961-2015[J]. Transactions of the
Chinese Society of Agricultural Engineering, 2019, 35(18): 189-199.
whits, B, P, S5 RN R AR RIE SRR )], RS
247, 2021, 41(1): 333-347.

YAO Rui, XIA Min, SUN Peng, et al. Spatio-temporal distribution
characteristics
factors[J]. Acta Ecologica Sinica, 2021, 41(1): 333-347.

AL, FTET, %), 55 SPEI M2 T 5 S AR AFAE 2
Br[d). BIETLTRES: B dik, 2023, 37(2): 14-21.

ZHENG Xiangyue, ZHOU Liangguang, HUANG Xiaoli. Analysis of

spatial-temporal variation characteristics of drought in Anhui Province

of meteorological drought and climate influence

based on SPEI[J]. Journal of Heilongjiang Institute of Technology, 2023,
37(2): 14-21.

FUE, EEER, W, & ORTRERN—REET]. RIS
%, 2020, 43(6): 1 086-1 095.

YUAN Xing, WANG Yumiao, ZHANG Miao, et al. A few thoughts on
the study of flash drought[J]. Transactions of Atmospheric Sciences,
2020, 43(6): 1 086-1 095.

TR, BRAEAK, SHEENN, 5. 1983—2015 AR E L X % = KB S}
AR T[], HuERFHS R, 2018, 33(10): 1 048-1 057.
ZHANG Xiang, CHEN Nengcheng, HU Chuli, et al. Spatio-temporal
distribution of three kinds of flash droughts over agricultural land in
China from 1983 to 2015[J]. Advances in Earth Science, 2018, 33(10):
1 048-1 057.

REL. PREIR S K B A A2 734 (D). R L
FIRUE R LRERAE, 2023.

Spatiotemporal variations in summer maize droughts in the Huaibei Plain

PENG Yujie!, ZHU Yonghua'*, LYU Haishen'!, LU Wen'!, ZHU Wanting', WANG Yining!?, WANG Zhenlong?

(1. College of Hydrology and Water Resources, Hohai University, Nanjing 210098, China;

2. Nanjing Hydraulic Research Institute, Nanjing 210029, China; 3. Anhui & Huaihe River Institute of Hydraulic Research,
Anhui Provincial Key Laboratory of Water Resources, Hefei 230088, China)

Abstract: [Objective] Drought is a significant abiotic stress affecting agricultural production in many regions of

China. This study investigates the spatiotemporal variations in drought during the growing seasons of summer maize
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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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