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少,导致大多数作者间联系少,需要在未来加强不同

单位、不同团队、不同作者间的合作。
尽管国内学者对于华北冬小麦-夏玉米实际生

产情况更为了解,但从文献计量结果来看目前关于

华北冬小麦-夏玉米模式优化灌溉制度的研究很少

与美国康奈尔大学、丹麦哥本哈根大学、荷兰瓦赫宁

根大学等国际知名机构展开合作交流。国内学者应

利用自身对华北实际生产非常熟悉的优势,并且加

强与国际知名研究单位的合作,以期引入新节水技

术、节水设备以及相关领域的研究内容、算法或模

型,提高该领域科研的整体水准,既服务实际生产,
又与国际接轨。本研究采用文献计量法进行系统总

结,文献计量学所有文献来自各类数据库,而数据库

内的文章数量、被引次数等在不断更新。因此,针对

特定学科领域的文献计量学研究可能会受到所选数

据库类型、检索关键词、检索时间等的影响。考虑到

数据库的不断更新,本研究只能力求客观公正的研

究某一时间段内该领域的发展态势。

3.2 关于华北地区冬小麦-夏玉米轮作模式周年节

水发展的建议

前人对于冬小麦、夏玉米单个作物的单项农艺、
工程等节水技术研究较多,本文考虑应将冬小麦、夏
玉米的农艺节水措施与工程节水措施等单一技术相

互融合,从品种选育[49-50]、优化灌溉制度(优化灌溉

时间和灌溉量等)[51-53]、栽培方式(播期[54-56]、密
度[54-56]、化学调控[57]等)、灌溉技术[58-59]等多方面出

发,选用节水抗旱小麦[60]、玉米品种[61]、精 量 灌

溉[62]、覆 盖 保 墒[63]、水 肥 一 体 化[64]、滴 灌 与 微

喷[65-66]等技术相互结合,构建整合的配套节水技术

体系和灌溉设备与技术。同时将冬小麦-夏玉米一

年两茬作为一个体系来充分考虑周年的水分利用,
合理优化周年的灌溉制度,促进冬小麦的根系下扎,
扩大冬小麦收获后的土壤水库空库容,便于更多地

接纳汛期多余的降水,减少水分的渗漏流失,同时也

更好地截留夏季未被利用的速效氮素,减少养分的

流失[67]。

4 结论与展望

近十年来,关于华北地区冬小麦-夏玉米一年两

熟制周 年 优 化 灌 溉 制 度 的 研 究 热 度 不 断 上 升,

2010—2019年间在该领域发表的中英文文献数量

占检索条件下(1995初—2019年末)总文献量的

76%,且发文质量明显提升。主要由于华北地区地

下水漏斗问题日益严峻,与粮食生产矛盾日益加剧,
相关问题引起了学术界重视,另外国家近些年对于

该领域科研的持续投入,使得相关研究可以在华北

地区大规模进行。
虽然该领域研究热度不断上升,但是引起学术

共同体的整体关注度不足,且存在着如试验站点分

布不均、作者间合作较少、缺少长期稳定的定位试验

等问题。未来,应当继续加强华北地区冬小麦-夏玉

米一年两熟制周年优化灌溉方面的研究,挖掘该模

式的最大节水产粮潜力,着重于解决现存问题并同

时结合先进的工程、农艺、生物及管理措施,以形成

整合的配套麦玉一年两熟制的节水技术体系。同

时,在相关领域的研究和技术发展落实离不开节水

政策的支持,故此在未来也应该提高节水政策的关

注度,为解决华北地区水资源匮乏与粮食生产的矛

盾问题提供切实可行的节水技术与实践依据,为服

务三农提供支撑。

参考文献 References

[1] YangXL,ChenYQ,SteenhuisTS,Pacenka,S,Gao,W

S,Ma,L,Zhang,M,Sui,P.Mitigating groundwater

depletionin NorthChinaPlain withcroppingsystemthat

alternatedeepandshallowrootedcrops[J].FrontiersinPlant

Science,2017,8:980
[2] GongHL,PanY,ZhengLQ,LiXJ,ZhuL,ZhangC,

HuangZ Y,LiZP,Wang H G,ZhouCF.Long-term

groundwaterstoragechangesandlandsubsidencedevelopment

intheNorthChinaPlain(1971-2015)[J].Hydrogeology
Journal,2018,26(5):1417-1427

[3] 彭致功,张宝忠,刘钰,王蕾,杜丽娟,雷波.基于灌溉制度

优化和种植结构调整的用水总量控制[J].农业工程学报,

2018,34(3):103-109

PengZG,ZhangBZ,LiuY,WangL,DuLJ,LeiB.

Constraintoftotal waterconsumption amount based on

optimizedirrigationscheduleandplantingstructureadjustment
[J].Transactionsofthe ChineseSocietyof Agricultural

Engineering,2018,34(3):103-109(inChinese)

[4] 曹彩云,党红凯,郑春莲,郭丽,马俊永,李科江.不同灌溉

模式对小麦产量、耗水及水分利用效率的影响[J].华北农学

报,2016,31(S1):17-24

CaoCY,DangHK,ZhengCL,GuoL,MaJY,LiKJ.

Effects of different irrigation regime on yield, water

consumptionandwateruseefficiencyofwinterwheat[J].Acta

AgriculturaeBoreali-Sinica,2016,31(S1):17-24 (in

Chinese)

[5] 刘影,关小康,杨明达,丁超明,崔静宇,黄洁,梅福建,王怀

61



 第6期 刘英博等:基于CiteSpace的华北冬小麦-夏玉米周年优化灌溉制度的节水潜力分析

苹,王同朝.基于DSSAT模型对豫北地区夏玉米灌溉制度的

优化模拟[J].生态学报,2019,39(14):5348-5358

LiuY,GuanXK,YangMD,DingCM,CuiJY,HuangJ,

MeiFJ,WangH P,WangTC.Optimizingthesummer

maizeirrigationscheduleinNorthHenanProvincebasedon

theDSSATmodel[J].ActaEcologicaSinica,2019,39(14):

5348-5358(inChinese)

[6] XuXX,ZhangM,LiJP,LiuZQ,ZhaoZG,ZhangYH,

ZhouSL,WangZ M.Improvingwateruseefficiencyand

grainyieldofwinterwheatbyoptimizingirrigationsinthe

NorthChinaPlain[J].FieldCropsResearch,2018,221:219-

227
[7] 刘巽浩,陈阜.中 国 农 作 制[M].北 京:中 国 农 业 出 版 社,

2005

LiuX H,ChenF.FarmingSystemsChina[M].Beijing:

ChineseAgriculturePress,2005(inChinese)

[8] 陈震,李金山,黄修桥,贾艳辉,孙秀路,杨晓慧.豫北冬小

麦、夏玉米多年需灌水次数及典型生育期需灌水分析[J].中国

生态农业学报,2016,24(3):274-283

ChenZ,LiJS,HuangXQ,JiaYH,SunXL,YangXH.

Multi-yearsrequiredirrigationtimesof winter wheatand

summermaizeandanalysisofirrigationinrepresentative

growingseasonsinnorthernHenan[J].ChineseJournalof
Eco-Agriculture,2016,24(3):274-283(inChinese)

[9] 张志宇,郄志红,吴鑫淼.冬小麦-夏玉米轮作体系灌溉制度

多目标优化模型[J].农业工程学报,2013,29(16):102-111

ZhangZY,QieZH,WuX M.Multi-objectiveoptimization

modelofirrigationscheduleforwinterwheat-summermaize

rotationsystem[J].TransactionsoftheChineseSocietyof
Agricultural Engineering,2013,29(16):102-111 (in

Chinese)

[10]YangX L,Wang G Y,Chen Y Q,SuiP,PacenkaS,

SteenhuisTS,SiddiqueK H M.Reducedgroundwateruse

and increased grain production by optimized irrigation

schedulingin winter wheat-summer maizedoublecropping

system—A16-yearfieldstudyinNorthChinaPlain[J].Field

CropsResearch,2022,275:108364
[11]李源方,李宗新,张慧,薛艳芳,钱欣,肖蓉,刘仲秋,高英

波.优化品种匹配和灌水量提高冬小麦-夏玉米产量及水分利

用效率研究[J].山东农业科学,2020,52(10):18-24

LiYF,LiZX,ZhangH,XueYF,QianX,XiaoR,LiuZ

Q,GaoYB.Studyonimprovingyieldandwateruseefficiency
ofwinter wheatandsummer maizebyoptimizingvariety

matchingandirrigationamount[J].ShandongAgricultural

Sciences,2020,52(10):18-24(inChinese)

[12]ZhangM,GaoYM,ZhangZ,LiuY,HanM K,HuNY,

WangZM,SunZC,ZhangYH.Limitedirrigationinfluence

onrotationyield,wateruse,andwheattraits[J].Agronomy
Journal,2020,112(1):241-256

[13]邬亚文,夏小东,职桂叶,葛磊,何建妹,鄂志国,李建,王

磊.基于文献的国内外水稻研究发展态势分析[J].中国农业

科学,2011,44(20):4129-4141

WuYW,XiaXD,ZhiGY,GeL,HeJM,EZG,LiJ,

Wang L.Status and trends of rice science based on

bibliometrics[J].ScientiaAgriculturaSinica,2011,44(20):

4129-4141(inChinese)

[14]魏珣,贾敬敦,孙康泰,葛毅强.基于文献计量的世界家畜种

业科技创新研究态势分析[J].中国农业科学,2015,48(13):

2622-2634

WeiX,JiaJD,SunKT,GeYQ.Abibliometricanalysison

technologyinnovation oflivestock breeding[J].Scientia

AgriculturaSinica,2015,48(13):2622-2634(inChinese)

[15]李晓,陈春燕,郑家奎,唐莎.基于文献计量学的超级稻研究

动态[J].中国农业科学,2009,42(12):4197-4208

LiX,ChenCY,ZhengJK,TangS.Researchdynamicson

superricebasedonbibliometric[J].Scientia Agricultura

Sinica,2009,42(12):4197-4208(inChinese)

[16]闫鹏,陈源泉,隋鹏.基于文献计量的华北地区农业用水问题

研究态势分析[J].中国农业大学学报,2016,21(9):206-214

YanP,ChenYQ,SuiP.Statusandtrendsofresearcheson

agriculture waterissuesin North China Plain:Basedon

bibliometric methods[J].Journalof China Agricultural

University,2016,21(9):206-214(inChinese)

[17]唐朝臣,黄立飞,王章英.国内外甘薯研究态势述评[J].中国

农业大学学报,2020,25(7):51-68

TangCC,HuangLF,WangZY.Advancesinscientific

researchonsweetpotatoduringtheperiod2000-2019:A

bibliometricanalysis[J].Journalof China Agricultural

University,2020,25(7):51-68(inChinese)

[18]杨晓琳,黄晶,陈阜,褚庆全.黄淮海农作区玉米需水量时空

变化特征比较研究[J].中国农业大学学报,2011,16(5):

26-31

YangX L,HuangJ,ChenF,Chu Q Q.Comparisonof

temporalandspatialvariationofwaterrequirementsofcornin

Huang-Huai-Haifarmingsystemregion[J].JournalofChina

AgriculturalUniversity,2011,16(5):26-31(inChinese)

[19]ZhangXY,ChenSY,SunH Y,ShaoL W,WangYZ.

Changesinevapotranspirationoverirrigatedwinterwheatand

maizein North China Plain over three decades [J].

AgriculturalWaterManagement,2011,98(6):1097-1104
[20]关劼兮,陈素英,邵立威,张玉铭,张喜英,路杨,闫宗正.华

北典型区域土壤耕作方式对土壤特性和作物产量的影响[J].
中国生态农业学报(中英文),2019,27(11):1663-1672

GuanJX,ChenSY,ShaoLW,ZhangYM,ZhangXY,Lu

Y,Yan Z Z.Soil tillage practices affecting the soil

characteristicsandyieldofwinterwheatandsummermaizein

NorthChina[J].ChineseJournalofEco-Agriculture,2019,

27(11):1663-1672(inChinese)

[21]张喜英,裴冬,胡春胜.太行山山前平原冬小麦和夏玉米灌溉

指标研究[J].农业工程学报,2002,18(6):36-41

ZhangX Y,PeiD,HuCS.Indexsystemforirrigation

schedulingofwinterwheatand maizeinthepiedmontof

71



中 国 农 业 大 学 学 报 2022年 第27卷 

mountainTaihang[J].TransactionsoftheChineseSocietyof
AgriculturalEngineering,2002,18(6):36-41(inChinese)

[22]任鸿瑞,罗毅.鲁西北平原冬小麦和夏玉米耗水量的实验研

究[J].灌溉排水学报,2004,23(4):37-39

RenH R,LuoY.Theexperimentalresearchonthewater-

consumpion of winter wheat and summer maizein the

northwestplain of Shandong Province[J].Journalof
IrrigationandDrainage,2004,23(4):37-39(inChinese)

[23]秦欣,刘克,周丽丽,周顺利,鲁来清,王润政.华北地区冬

小麦-夏玉米轮作节水体系周年水分利用特征[J].中国农业科

学,2012,45(19):4014-4024

QinX,LiuK,ZhouLL,ZhouSL,LuLQ,WangRZ.

Characteristicsofannualwaterutilizationinwinter wheat-

summermaizerotationsystemin North ChinaPlain[J].

ScientiaAgriculturaSinica,2012,45(19):4014-4024(in

Chinese)

[24]冯绍元,马英,霍再林,宋献方.非充分灌溉条件下农田水分

转化SWAP模拟[J].农业工程学报,2012,28(4):60-68

FengSY,MaY,HuoZL,SongXF.SWAPsimulation

studyoffieldwatertransformationunderdeficitirrigationwith

SWAP model[J].TransactionsoftheChineseSocietyof
AgriculturalEngineering,2012,28(4):60-68(inChinese)

[25]张志宇,郄志红,吴鑫淼.冬小麦-夏玉米轮作体系灌溉制度

多目标优化模型[J].农业工程学报,2013,29(16):102-111

ZhangZY,QieZH,WuX M.Multi-objectiveoptimization

modelofirrigationscheduleforwinterwheat-summermaize

rotationsystem[J].TransactionsoftheChineseSocietyof
Agricultural Engineering,2013,29(16):102-111(in

Chinese)

[26]李新波,孙宏勇,张喜英,沈彦俊,董宝娣,胡春胜.太行山

山前平原区蒸散量和作物灌溉需水量的分析[J].农业工程学

报,2007,23(2):26-30

LiXB,SunHY,ZhangXY,ShenYJ,DongBD,HuCS.

Analysisofirrigationdemandsandevapotranspirationinthe

piedmontof Taihang Mountain[J].Transactionsof the

ChineseSocietyofAgriculturalEngineering,2007,23(2):

26-30(inChinese)

[27]张喜英.华北典型区域农田耗水与节水灌溉研究[J].中国生

态农业学报,2018,26(10):1454-1464

ZhangXY.Wateruseandwater-savingirrigationintypical

farmlandsintheNorthChinaPlain[J].ChineseJournalof
Eco-Agriculture,2018,26(10):1454-1464(inChinese)

[28]张兵,袁寿其,李红,成立,蒋惠凤.基于最优保留策略遗传

算法的玉米小麦优化灌溉模型研究[J].农业工程学报,2005,

21(7):25-29

ZhangB,YuanSQ,LiH,ChengL,JiangHF.Multi-crop

optimizationirrigationmodelbasedbygeneticalgorithmsof

bestsavingtactics[J].TransactionsoftheChineseSocietyof
AgriculturalEngineering,2005,21(7):25-29(inChinese)

[29]王欢元,胡克林,李保国,金梁.不同管理模式下农田水氮利

用效率及其 环 境 效 应[J].中 国 农 业 科 学,2011,44(13):

2701-2710

WangHY,HuKL,LiBG,JinL.Analysisofwaterand

nitrogenuseefficienciesandtheirenvironmentalimpactunder

differentwaterandnitrogenmanagementpractices[J].Scientia

AgriculturaSinica,2011,44(13):2701-2710(inChinese)

[30]于舜章,陈雨海,李全起,周勋波,房全孝,王吉顺,刘恩民,

罗毅.冬小麦-夏玉米两熟农田节水效应的可行性[J].生态学

报,2006,26(8):2523-2531

YuSZ,ChenYH,LiQQ,ZhouXB,FangQX,WangJS,

LiuE M,LuoY.Feasiblestudyonwater-savingeffectof

wheat-maizerotation pattern[J].Acta Ecologica Sinica,

2006,26(8):2523-2531(inChinese)

[31]ZhangYQ,KendyE,YuQ,LiuCM,ShenYJ,SunHY.

Effectofsoilwaterdeficitonevapotranspiration,cropyield,

and wateruseefficiencyinthe North China Plain[J].

AgriculturalWaterManagement,2004,64(2):107-122
[32]SunHY,ShenYJ,YuQ,FlerchingerGN,ZhangYQ,Liu

CM,ZhangX Y.Effectofprecipitationchangeonwater

balanceandWUEofthewinterwheat-summermaizerotation

in the North China Plain [J].Agricultural Water

Management,2010,97(8):1139-1145
[33]ZhangX Y,PeiD,HuCS.Conservinggroundwaterfor

irrigationintheNorthChinaPlain[J].IrrigationScience,

2003,21(4):159-166
[34]Fang Q, Ma L,Yu Q, Ahuja L R, Malone R W,

HoogenboomG.Irrigationstrategiestoimprovethewateruse

efficiencyofwheat-maizedoublecroppingsystemsinNorth

ChinaPlain[J].AgriculturalWaterManagement,2010,97
(8):1165-1174

[35]ZhangX Y,PeiD,ChenS Y,Sun H Y,Yang Y H.

Performanceofdouble-cropped winterwheat-summermaize

under minimumirrigationinthe North ChinaPlain[J].

AgronomyJournal,2006,98(6):1620-1626
[36]ShenYJ,ZhangYC,RScanlonB,LeiH M,YangD W,

YangF.Energy/waterbudgetsandproductivityofthetypical

croplandsirrigatedwithgroundwaterandsurfacewaterinthe

NorthChinaPlain[J].AgriculturalandForestMeteorology,

2013,181:133-142
[37]WangYQ,ZhangYH,ZhangR,LiJP,ZhangM,ZhouS

L,WangZ M.Reducedirrigationincreasesthewateruse

efficiencyand productivityof winter wheat-summer maize

rotationontheNorthChinaPlain[J].ScienceoftheTotal

Environment,2018,618:112-120
[38]MaY,FengSY,SongXF.Arootzonemodelforestimating

soilwaterbalanceandcropyieldresponsestodeficitirrigation

intheNorthChinaPlain[J].AgriculturalWaterManagement,

2013,127:13-24
[39]FangQX,ChenYH,YuQ,OuyangZ,LiQQ,YuSZ.

Muchimprovedirrigationuseefficiencyinanintensivewheat-

maizedoublecroppingsystemintheNorthChinaPlain[J].

JournalofIntegrativePlantBiology,2007,49(10):1517-

81



 第6期 刘英博等:基于CiteSpace的华北冬小麦-夏玉米周年优化灌溉制度的节水潜力分析

1526
[40]MaY,FengSY,SongXF.Evaluationofoptimalirrigation

schedulingandgroundwaterrechargeatrepresentativesitesin

theNorthChinaPlainwithSWAPmodelandfieldexperiments
[J].ComputersandElectronicsinAgriculture,2015,116:

125-136
[41]伍国勇,李浩鑫,杨丽莎,孙红雨.基于CiteSpace的中国流

域生态补偿研究知识图谱分析[J].生态经济,2021,37(10):

164-172,184

WuGY,LiH X,YangLS,SunH Y.Knowledgemaps

analysisof watershedecologicalcompensationresearchin

China based on the CiteSpace method [J].Ecological

Economy,2021,37(10):164-172,184(inChinese)

[42]范金,曾露瑶,钟冬灵,李雨谿,田艳萍,黄依杰,金荣疆.功

能性近红外光谱技术的10年发展:CiteSpace知识图谱可视化

分析[J].中国组织工程研究,2021,25(23):3711-3717

FanJ,ZengLY,ZhongDL,LiYJ,TianYP,HuangYJ,

JinRJ.Developmentoffunctionalnear-infraredspectroscopy

inrecent10years:AvisualanalysisusingCiteSpace[J].

ChineseJournalofTissueEngineeringResearch,2021,25
(23):3711-3717(inChinese)

[43]YangXL,ChenY Q,PacenkaS,SteenhuisTS,SuiP.

Managingfoodandbioenergycropswithdeclininggroundwater

levelsintheNorthChinaPlain[J].FieldCropsResearch,

2019,234:1-14
[44]SunQP,KröbelR,MüllerT,RömheldV,CuiZL,ZhangF

S,ChenXP.Optimizationofyieldandwater-useofdifferent

croppingsystemsforsustainablegroundwaterusein North

ChinaPlain[J].AgriculturalWaterManagement,2011,98
(5):808-814

[45]SunH Y,LiuC M,ZhangX Y,ShenYJ,ZhangY Q.

Effectsofirrigationon waterbalance,yieldand WUEof

winterwheatintheNorthChinaPlain[J].AgriculturalWater

Management,2006,85(1/2):211-218
[46]陈素英,张喜英,孙宏勇,邵立威.华北平原秸秆覆盖冬小麦

减产原因分析[J].中国生态农业学报,2013,21(5):519-525

ChenSY,ZhangX Y,SunH Y,ShaoL W.Causeand

mechanismofwinterwheatyieldreductionunderstrawmulch

inthe North China Plain[J].ChineseJournalof Eco-

Agriculture,2013,21(5):519-525(inChinese)

[47]蔡永强,牛新胜,焦小强,程亮,刘全清,申建波,张宏彦.灌

溉条件下覆膜对冬小麦根系分布及抗倒性状的影响[J].华北

农学报,2014,29(S1):328-332

CaiYQ,NiuXS,JiaoXQ,ChengL,LiuQQ,ShenJB,

ZhangHY.Effectsonrootdistributionandlodgingtraitsof

winterwheatunderirrigationmulching[J].ActaAgriculturae

Boreali-Sinica,2014,29(S1):328-332(inChinese)

[48]高超男,赵鹏飞,张宏彦,曹国鑫,李晓林.曲周县冬小麦覆

膜栽培技术研究初报[J].河北农业科学,2011,15(12):5-8

GaoC N,ZhaoP F,Zhang H Y,Cao G X,LiX L.

Preliminarystudyonfilmmulchingcultivationofwinterwheat

in Quzhou County[J].Journalof Hebei Agricultural

Sciences,2011,15(12):5-8(inChinese)

[49]ZhangXY,ChenSY,SunH Y,WangY M,ShaoL W.

Wateruseefficiencyandassociatedtraitsin winterwheat

cultivarsintheNorthChinaPlain[J].AgriculturalWater

Management,2010,97(8):1117-1125
[50]ZhangXY,ChenSY,LiuMY,PeiD,SunHY.Improved

wateruseefficiencyassociatedwithcultivarsandagronomic

managementintheNorthChinaPlain[J].AgronomyJournal,

2005,97(3):783-790
[51]QiuGY,WangLM,HeXH,ZhangXY,ChenSY,Chen

J,YangYH.Wateruseefficiencyandevapotranspirationof

winterwheatanditsresponsetoirrigationregimeintheNorth

ChinaPlain[J].AgriculturalandForestMeteorology,2008,

148(11):1848-1859
[52]HanHF,YanZX,RenYJ.Responseofwinterwheatgrain

yieldandwateruseefficiencytodeficitirrigationintheNorth

ChinaPlain[J].EmiratesJournalofFoodandAgriculture,

2018,29(12):971-977
[53]SunZC,ZhangYH,ZhangZ,GaoYM,YangYM,Han

M K, Wang Z M.Significanceofdisposable presowing

irrigationin wheatinincreasing wateruseefficiencyand

maintaininghigh yield under winter wheat-summer maize

rotationintheNorthChinaPlain[J].AgriculturalWater

Management,2019,225:105766
[54]SunHY,ZhangXY,ChenSY,PeiD,LiuCM.Effectsof

harvestandsowingtimeontheperformanceoftherotationof

winterwheat-summermaizeintheNorthChinaPlain[J].

IndustrialCropsandProducts,2007,25(3):239-247
[55]ChenSY,ZhangX Y,SunH Y,RenTS,WangY M.

Effectsofwinterwheatrowspacingonevapotranpsiration,

grainyieldandwateruseefficiency[J].AgriculturalWater

Management,2010,97(8):1126-1132
[56]邵立威,王艳哲,苗文芳,孙宏勇,陈素英,张喜英.品种与

密度对华北平原夏玉米产量及水分利用效率的影响[J].华北

农学报,2011,26(3):182-188

ShaoL W,WangYZ,MiaoW F,SunH Y,ChenSY,

ZhangXY.Effectofcultivarandplantdensityonsummer

maizegrainyieldandwateruseefficiencyinNorthChinaPlain
[J].ActaAgriculturaeBoreali-Sinica,2011,26(3):182-188
(inChinese)

[57]管大海.不同水分条件与耕作方式对冬小麦、夏玉米根系和水

分利用的影响及其化学调控[D].北京:中国农业大学,2014

GuanD H.Effectofdifferentwaterconditionsandtillage

practicesonrootgrowthandwateruseofwinterwheatand

summermaizeanditschemicalregulation[D].Beijing:China

AgriculturalUniversity,2014(inChinese)

[58]巩文军.灌水方式对华北不同品种玉米产量形成和水分利用

的影响[J].灌溉排水学报,2018,37(3):18-22

GongWJ.Effectofirrigationpatternsonyieldformationand

wateruseacrossvariousmaizevarietiesintheNorthChina

91



中 国 农 业 大 学 学 报 2022年 第27卷 

Plain[J].JournalofIrrigationandDrainage,2018,37(3):

18-22(inChinese)

[59]杜文勇,何雄奎,胡振方,ZiaS,MullerJ.不同灌溉技术条件

对冬小麦生产的影响[J].排灌机械工程学报,2011,29(2):

170-174

DuW Y,HeX K,HuZF,ZiaS,MullerJ.Effectof

differentirrigationtechnologyonproductionofwinterwheat
[J].JournalofDrainageandIrrigationMachineryEngineering,

2011,29(2):170-174(inChinese)

[60]DongBD,ShiL,ShiCH,QiaoYZ,LiuMY,ZhangZB.

Grainyieldandwateruseefficiencyoftwotypesofwinter

wheatcultivarsunderdifferentwaterregimes[J].Agricultural

WaterManagement,2011,99(1):103-110
[61]王策.黄淮海主栽玉米品种抗旱节水性研究与评价[D].郑州:

河南农业大学,2012

WangC.Evaluationondroughtresistancewater-savingof

cultivatedmaizein Huang-Huai-haiplain[D].Zhengzhou:

HenanAgriculturalUniversity,2012(inChinese)

[62]吴文勇,龚时宏,李久生,白美健,王建东,栗岩峰,赵伟霞,

章少辉.现代灌溉水肥调控原理与技术研究进展[J].中国水

利水电科学研究院学报,2021,19(1):81-89

WuWY,GongSH,LiJS,BaiMJ,WangJD,LiYF,

ZhaoWX,ZhangSH.Researchdevelopmentonprincipleand

technologyofwaterandfertilizerregulationundermodern

irrigation[J].JournalofChinaInstituteof WaterResources

andHydropowerResearch,2021,19(1):81-89(inChinese)

[63]ZhouBY,MaD,SunXF,DingZS,LiCF,MaW,Zhao

M.Straw mulchingunderadripirrigationsystemimproves

maizegrainyieldandwateruseefficiency[J].CropScience,

2019,59(6):2806-2819
[64]LiuWX,WangJR,WangCY,MaG,WeiQR,LuHF,

XieY X,MaD Y,KangG Z.Rootgrowth,waterand

nitrogenuseefficienciesin winter wheat under different

irrigationandnitrogenregimesin North ChinaPlain[J].

FrontiersinPlantScience,2018,9:1798
[65]LiJP,WangYQ,ZhangM,LiuY,XuXX,LinG,Wang

ZM,YangY M,ZhangY H.Optimizedmicro-sprinkling

irrigationschedulingimprovesgrainyieldbyincreasingthe

uptakeandutilizationofwaterandnitrogenduringgrainfilling

inwinterwheat[J].AgriculturalWaterManagement,2019,

211:59-69
[66]LiJP,XuXX,LinG,WangYQ,LiuY,ZhangM,ZhouJ

Y,WangZM,ZhangY H.Micro-irrigationimprovesgrain

yieldandresourceuseefficiencybyco-locatingtherootsandN-

fertilizerdistributionofwinterwheatintheNorthChinaPlain
[J].ScienceoftheTotalEnvironment,2018,643:367-377

[67]王志敏,王璞,李绪厚,李建民,鲁来清.冬小麦节水省肥高

产简化栽培理论与技术[J].中国农业科技导报,2006,8(5):

38-44

WangZM,WangP,LiXH,LiJM,LuLQ.Principleand

technologyofwater-saving,fertilizer-saving,high-yieldingand

simplecultivationin winter wheat[J].Review of China

AgriculturalScienceandTechnology,2006,8(5):38-44(in

Chinese)

责任编辑:秦梅

02


