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辽河三角洲地区水稻化学氮肥投入阈值初探 ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙宫 亮，隽英华，王建忠，刘 艳，孙文涛  (34) 

长江流域单季稻种植区氮肥利用率研究 ∙∙∙∙∙∙∙∙丛日环，鲁剑巍，李小坤，任 涛，李 慧，张 智  (35) 

高、中、低产田水稻适宜施氮量和氮肥利用率的研究 ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙冯 洋  (36) 

寒地稻田土壤氮素矿化特征的研究∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙刘 洋，于彩莲，王 迪，彭显龙  (37) 

氮肥用量对旱地冬小麦产量及夏闲期土壤硝态氮变化的影响 ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙戴 健  (38) 

不同施氮水平对茶园土壤N2O 排放的影响∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ 

∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙王 峰，陈玉真，尤志明，吴志丹，江福英，张文锦，陈芝芝  (39) 

作物种植对土壤钾素形态转化及运移的影响 ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙李小坤，占丽平，鲁剑巍，廖志文，李继福  (40) 

不同 pH 值灌溉水对土壤中微量元素有效养分转化的影响∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ 

∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙洪 娟，黄 翔，张利红，叶莉霞，陈 涛，陈 钢  (41) 

水旱轮作和旱地轮作冬油菜产量及施肥效果差异研究 ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ 

∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙任 涛，李 慧，鲁剑巍，卜容燕，李小坤，丛日环  (42) 

连续 4 年种植并翻压豆科绿肥对冬小麦产量和土壤理化性质的影响 ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙张达斌，高亚军  (43) 

我国小麦锌含量及调控技术∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙刘 慧  (44) 

硼泥资源化利用生产生物硅硼钾镁肥在蔬菜上的应用效果∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙江志阳，尹 微  (45) 

有机无机养分配比对梨树生长及土壤特性的影响∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙刘秀春  (46)



iii 

常规与缓释硼肥连续施用及停施后对脐橙叶片硼营养的动态影响∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ 

∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙王瑞东，刘桂东，董肖昌，刘磊超，王运华，姜存仓  (47) 

长期定位施肥对夏玉米钾素吸收及土壤钾素动态变化的影响 ∙∙∙张水清，黄绍敏，聂胜委，郭斗斗  (48) 

基于土壤硝态氮测试的春玉米氮肥实时监控技术∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙隽英华，汪 仁，孙文涛，邢月华  (49) 

水分调控对水稻根际土及产量的影响 ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙刘 艳，孙文涛，宫 亮，蔡广兴  (50) 

不同水分条件下高锰胁迫对苹果幼树根区土壤酶和养分的影响 ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙陈丽楠  (51) 

不同移栽方式对油菜根系形态构型和产量的影响∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙张 瑛，石 磊  (52) 

不同营养液配方对甘蔗组培幼苗生长的影响 ∙∙∙∙∙∙∙∙∙∙∙∙∙∙陈迪文，黄 莹，卢颖林，江 永，李奇伟  (53) 

生物炭改性聚丙烯酸酯包膜控释肥料的研制 ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙周子军，杜昌文，申亚珍，周健民  (54) 

水基聚合物包膜肥料养分释放模型研究 ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙申亚珍，杜昌文，周健民  (55) 

NO介导铜胁迫下番茄幼苗活性氧与NO 代谢途径 ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙崔秀敏，李晓云，梁国鹏，李絮花  (56) 

不同氮吸收效率小麦根内氮转运蛋白基因表达差异研究∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙田 慧，付 捷，高亚军  (57) 

红外光声光谱技结合区间筛选测定油菜籽粗蛋白含量 ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙陆宇振，杜昌文，余常兵，周健民  (58) 

苹果树花期冠层氮素营养的遥感反演研究∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙王 凌  (59) 

高粱分泌生物硝化抑制剂的机制研究 ∙∙∙∙∙∙∙∙∙∙∙张明超，曾后清，王火焰，徐国华，沈其荣，朱毅勇  (60) 

叶绿素仪（CL01）在甘蔗氮营养诊断中的初步研究 ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙敖俊华，陈红香，江 永，李奇伟  (61) 

数字图像技术在西瓜氮素营养诊断上的应用研究∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ 

∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙王素萍，洪 娟，黄 翔，张利红，叶莉霞，练志成，陈 钢  (62) 

油菜根系发生与土壤磷高效利用∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙袁 盼，丁广大，徐芳森，石 磊  (63) 

油菜根系发生与磷、硼养分高效∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙石 磊，丁广大，袁 盼，徐芳森  (64) 

甘蓝型油菜磷营养高效的遗传机理研究 ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙丁广大，石 磊，徐芳森  (65) 

炭/钾互作对棉花生长发育的影响及对钾素替代的效应 ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙王 典，张 祥，郝艳淑, 姜存仓  (66) 

铵硝营养影响水稻根尖铝累积的机理研究∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙王 伟，沈仁芳，赵学强，陈荣府  (67) 

不同钾效率棉花基因型耐低钾适应性的吸收差异∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ 

∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙郝艳淑, 王晓丽, 王 典，雷 晶, 吴礼树, 姜存仓  (68) 

硒锌和富啡酸配施对紫花苜蓿生理特性的影响 ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ 

∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙刘世亮，田春丽，刘 巘，胡华锋，刘 芳，介晓磊  (69) 

硼胁迫对纽荷尔脐橙叶片代谢及细胞壁结构的影响∙∙∙刘桂东，王瑞东，董肖昌，刘磊超，姜存仓  (70) 

铁镉互作对水稻光合作用和脂质过氧化的影响 ∙∙∙∙∙∙∙∙∙∙∙刘侯俊，李雪平，韩晓日，刘轶飞，芦俊俊  (71) 

水稻植物细胞壁中是否存在有机硅？ ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ 

∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙贺从武，王荔军，刘 建，刘 欣，李秀丽，马 捷，林拥军，徐芳森  (72) 

土壤微生物胞外呼吸及电子转移机制 ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙周顺桂，庄 莉，袁 勇  (73) 

细胞壁上的有机硅抑制水稻细胞对镉离子的吸收∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙



iv 

∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙马 捷，刘 建，贺从武，李秀丽，张文君，徐芳森，林拥军，王荔军  (74) 
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Effect of Irrigation Methods on Soil Phosphorus 
Leaching Potential in Greenhouse

Liu Chang Zhang Yulong Dang Xiuli Fan Qingfeng Wang Zhan
Shenyang Agriculture University 110866

Abstract:Water-saving irrigation methods have been increasingly used for vegetable cultivation in 

greenhouse. The Change-Point has been proved to be useful tool for predicting potential P release from 

soils. In this experiment, drip and subsurface irrigation methods were applied, with furrow irrigation 

method as control in greenhouse in northeastern China. The Change-Points were calculated and the pH, 

organic matter, active Fe, active Al and available P contents were measured for different irrigation methods 

under different soil layers (0-80 cm). The results showed that Change-Points were 59.4 mg kg-1, 65.4 mg 

kg-1 and 68.6 mg kg-1 for furrow irrigation, subsurface irrigation and drip irrigation, respectively in 0-20 cm. 

The Olsen-P contents of soils were 106.4 mg kg-1, 117.9 mg kg-1 and 122.6 mg kg-1 for furrow irrigation, 

subsurface irrigation and drip irrigation, respectively in 0-20 cm. It was found that all Change-Points were 

higher than Olsen-P contents in topsoil (0-20 cm) indicating that significant P losses by leaching should 

occur. The values of Change-Points were 60.6 mg kg-1, 66.8 mg kg-1 and 70.6 mg kg-1 for furrow irrigation, 

subsurface irrigation and drip irrigation, respectively in 20-40 cm, while the Olsen-P contents of soils were 

62.6 mg kg-1, 67.3 mg kg-1 and 69.8 mg kg-1, respectively. It was found that there were no significantly 

differences between Olsen-P contents and Change-Points for 20-40 cm indicating that signi

by leaching should not occur. No Change-Points were found under different irrigation methods throughout 

the depth of 40-80 cm. Statistical analysis showed that the pH, organic matter, active Fe, active Al and 

available P contents of soil had significantly effect on the Change-Points. The order of P leaching potential 

for different irrigation methods were furrow irrigation > subsurface irrigation > drip irrigation. 

Keywords: Greenhouse; irrigation methods; phosphorus leaching potential; Change-Point
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Effect of pyrolysis temperature on biochar mineralization 

and nitrification potential of biochar-amended soil1

Key words: Biochar; Switchgrass; Mineralization; Nitrification; Soil

Xiuli Danga,b, Mark Radosevichb , Meiko Thompsonb, Nicole Labbéc, Pyoungchung Kimc,
Yulong Zhanga, Jie Zhuangb, Timothy G. RialsC, Amy Johnsonb*

aDepartment of Land and Environment, Shenyang Agricultural University, Liaoning 110866, China;

bDepartment of Biosystems Engineering and Soil Science, The University of Tennessee, Knoxville, TN 37996, USA;

cCenter for Renewable Carbon, The University of Tennessee, Knoxville, TN 37996, USA

Abstract: Pyrolysis of biomass produces a co-product known as biochar. The incorporation of this material 

into the soil may act as an important long-term carbon (C) sink because its microbial decomposition and 

chemical transformation is slow. The stability of biochar and its influence on the terrestrial nitrogen (N) 

cycle are not fully understood. This study examined respiration and nitrification potential in 

biochar-amended soil. Biochar was obtained through the pyrolysis of switchgrass at two different 

temperatures, 450 and 800 . Two rates of biochar (22.4 and 44.8 mg ha-1) were applied to soil with and 

without nitrogen (0 and 33.6 kg ha-1) fertilization. Incubations were carried out in microcosms for 180 days.

Respiration rates were estimated by monitoring CO2 evolution during the 180 days incubation period. 

Nitrification was determined by measuring extractable nitrate concentration using an aerated slurry assay 

method. Oxidation of biochar-C to CO2 was very slow and estimated at approximately 1.6×10-4 d-1 and 

2.8×10-5 d-1 for biochars pyrolized at 450°C and 800 , respectively, which corresponds to a biochar 

decomposition rate of approximately 5.8% and 1.0% of biochar-C per year. Considering slower 

decomposition of biochar under natural conditions of approximately 10 times slower than the 

decomposition under incubation, the mean residence time (RTM) of the low and high temperature biochar 

is about 160 and 970 years, respectively, and the half-life is about 110 and 670 years, respectively. Biochar 

addition did not affect nitrification potential. We conclude that biochar produced from switchgrass 

pyrolyzed at 800 can sequester C in soil over a long time scale without negatively impacting N 

transformations.

Email: dangxiuli@163.com
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Hyperspectral Quantitative Estimation of

Saline-alkali Soil Salinity Content

in the Yellow River Delta*

(1. College of Resources and Environment, Shandong Agricultural University, Tai’an 271018, Shandong, China;

2. Key Laboratory of Eco-Environmental Science for Yellow River Delta of Shandong Province, 

Binzhou University, Binzhou 256603, China)

Abstract: This paper is to use hyperspectral data to conduct quantitative estimation of saline-alkali soil 

salinity spectrum in the Yellow River Delta, to provide a quick, real-time and accurate estimation method for 

soil salt content. As the Yellow River delta area for research area, based on the change regular analysis of soil 

spectrum curve, by means of related analysis on the content of soil salt and the transformation of first order 

differential and the logarithm reciprocal of spectral reflectance, screening sensitive wavelength, it used

principal component regression analysis method to set up the soil salt estimating model and verified the model 

accuracy. The results shown that first order differential transform was expand the difference of spectrum 

characteristics between samples and improve the correlation; According to the correlation analysis it selectd

388nm, 515 nm, 962 nm, 1164nm, 1623 nm and 2150 nm as sensitive wavelength; Using principal component 

regression analysis to establish the soil salt estimating model 

y=4.389-798x388 -632x515 -151x962 -184x1164 -138x1623 -217x2150

the model (R2 = 0.8405, RMSE = 1.152) was good. Principal component regression analysis method was

suitable for the estimation soil salt content of the Yellow River delta. It provided theoretical basis and technical 

support to realize the soil salt quantitative estimation .

Key words: Saline-alkali soil; Hyperspectral data ; Salinity content; Yellow River delta; Principal 

component analysis

Zhu Xicun1, Wang Lina1, Liu Qing2, Wang Ling1

Fund project: The open fund of Shandong provincial key laboratory of eco-environmental science for Yellow River Delta (2010 KFJJ01); Chinese 

postdoctoral fund (20110491616); Postdoctoral fund of Shandong agricultural university (89841); Specialized Research Fund for the 

Doctoral Program of High Education (20103702110010); Independent innovation major projects of Shandong province (2009 

ZHZX1B0801)
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1 1* 1 1 1 1 2

1. 110161 2.

2010 2009

49.03% ~ 72.94%

50.00% ~ 87.91%

- - 4 1 1



28

AM
†,

:

arbuscular mycorrhizal AM

2006 - 4

conventional tillage CT - no tillage NT alternating 

tillage AT 3 2010 9 18

0 ~ 15 cm AM 3 30 3

Acaulospora Scutellospora relative abundance RA

Glomus 35.1% ~ 38.2% 33.7% ~ 37.1% 26.2% ~ 30.8%

A. denticulata RA 21.9% ~ 25.1% 22 3 8

1 G. globiferum G. monosprum

NT 2 G. geosporum CT 3 G. clarum

S. heterogama I G. sp. I CT AT 4

A. scrobiculata CT NT 5 G. aggregatum NT AT

RA G. constrictum NT > AT >

CT G. verruculosum CT > NT I S. sp. I NT > AT

II S. sp. II CT > AT CT NT AM spore density

SD species richness SR - H E

D 3 5 15.2 ~ 19.2 g-1 17.8 ~ 18.3 2.49 ~ 2.53

0.856 ~ 0.882 0.890 ~ 0.905 AM Jaccard NT-CT J =

0.767 < NT-AT J = 0.793 < AT-CT J = 0.893 NT

CT P < 0.05 4 135 mm g-1 0.285 mg g-1

24h-1 5.50 g kg-1 204 mm g-1 0.322 mg g-1 24h-1 6.31 g kg-1 AT 153

mm g-1 0.306 mg g-1 24h-1 6.13 g kg-1 AM

: Jaccard

1,3 2 1,3* 1 1,3 1,3

1. / 210008

2. / 241000

3. - 210008)

(2011CB100505) (40801090)
1982 ~ E-mail: jlhu@issas.ac.cn

* Tel: +86-25-86881589 E-mail: xglin@issas.ac.cn
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110161

( )
4 15000 kg hm-2

37500 kg hm-2 60000 kg hm-2 6
17.6% ~ 77.8% 11.3% ~ 55.5% 17.7% ~ 36.5% 506.2% ~

1378.5% 29.2% ~ 203.3% 7.7 ~ 10.7 10.6 ~ 19.9
> > >

P < 0.05 
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150086

5

32.3% 15.6% 21.0% 14.2% 7.1% 1800 hm-2 915 hm-2 1485 hm-2 1245

hm-2 630 hm-2 N 14.9 kg kg-1 P2O5 18.0 kg kg-1 K2O 18.5 kg kg-1 ZnSO4 61.5 

kg kg-1 4.7 kg kg-1 0.85 0.96 0.50 35.7%

23.3% 49.5%
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/

( ) 2012DDJTZ-14 CARS-20-3-2

/ 510316

LER 1
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, ,
010010

2 (W0)

1 2 25mm W1 50mm W2 75mm W3 4

F0 P2O5105 kg hm-2 F1 210 kg hm-2 F2 3

1

0 ~ 20 cm 20 ~ 40 cm

pH PH 20 ~ 40 cm 2

3

W2F2 W1F2
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1

41201283

*

/ 110161

2009
4 4

2012
4 2 2 m2

1 4500 kg hm-2+NPK 2 13500 kg hm-2+NPK 3 1500
kg hm-2+NPK 4 750 kg hm-2

C/N > > > pH
> > >

>
> >

5
GMD 4

> 0.053 mm

1987— E-mail: 15004983714@126.com
* :E-mail:xiumeizhan@163.com
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*
110161

:

(TN) NH4
+-N NO3

--N
0 ~ 20 cm NO3

--N
147.58 ~ 229.45 kg hm-2 210.99 ~

293.04 kg hm-2
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*

430070

3000

97%

> 10% 5969 ~ 6462 kg ha-1

8317 ~ 8455 kg ha-1 29% ~ 42%

33% ~ 34% 19%
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430070

2011

180 kg hm-2 CK 10.70% 27.23%

240 kg hm-2 CK 44.70% 2012

180 kg hm-2 CK 12.43% 74.19%

240 kg/hm2 CK 28.80%

N 120 ~ 180 kg hm-2 N 180 ~ 240 kg hm-2

> >
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1 2 1 1*

(1 2 150030)

-SH -SM -NH -NM

25 30 40 28

25 28

40 28

One-pool 

NM NH N0 SM 

SH N0

k0 25 N0

35.9% ~ 36.3% 30 40

N0 6.1% ~ 32.7% 20.9% ~ 36.7% 30 40

K n

n

K n

25
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712100

0 80 160 240 320 

kg hm-2

0 ~ 60 cm 160 kg hm-2 56.8 ~ 211.7 kg hm-2

64% ~ 90%

160 kg hm-2 100 kg hm-2

27 cm 80.4 kg hm-2 10 mm

2 ~ 4 mm

51.8 ~ 160.9 kg hm-2 31.6 ~

109.2 kg hm-2 146 ~ 163 kg hm-2
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N2O

N2O

- N2O N2O N2O

N2O N2O

N2O N2O

N2O

2.78 4.66

N2O

*

355015

(CARS-23-9) — (201181014-5) 
(1985-) E-mail 82458lin@163.com.

* E-mail 847842412 @qq.com.
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H2O-K NH4OAc-K HNO3-K

1 ~ 6 cm H2O-K 14.0 11.5 6.9 5.7

5.7 5.6 mg kg-1 1 ~ 5 cm NH4OAc-K 30.1 

mg kg-1 21.4 mg kg-1 16.5 mg kg-1 14.7 mg kg-1 9.3 mg kg-1 1~3 cm HNO3-K

14.7 mg kg-1 14.7 mg/kg 13.1 mg kg-1

H2O-K NH4OAc-K HNO3-K

H2O-K NH4OAc-K HNO3-K 6 cm 6 cm 5 cm H2O-K

NH4OAc-K HNO3-K 7 cm 7 cm 6 cm

430070

41001178 201203013 2009BQ080

1979~
E-mail: lixiaokun@mail.hzau.edu.cn
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pH

1,2 1 1 1,2 2 1*

1. 430345 2. 430070

pH

2011

8 pH 3.00, 4.00, 5.00, 

6.00,  7.00, 8.00, 9.00, 10.00 30 60

1 pH 7.00

2 pH 7.00 pH

3 pH

pH
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*, ,
430070

2009 ~ 2010

70 - -

96.6%

N 47.8 kg hm-2

N 192 kg hm-2 P 29 kg hm-2 K 63 kg 

hm-2 N 177 kg hm-2 P 29 kg hm-2 K 67 kg hm-2

41.7% 20%

27.6% 20%
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4

712100

4

N 0, 108, 135, 

162 kg hm-2

1 2008 ~ 2012 3

2 2011 12

2009 2008

3 4

33%

5

6 4
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712100

1

20%

40 mg kg-1 88%

DTPA-Zn

83% ~ 350%
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e_mail

    110016  

jiangzhiyang0416@iae.ac.cn
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115009

2009 2012

15 1

F10M0 2 60% 40%( F4M6) 3 40% 60%( F6M4) 4

(F0M10) 5 F0M0 5 1 4 5

40% 8 60%

F10M0

F4M6 F6M4

pH
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2007 12 2008 12

B: Na2B4O7·10H2O 15 g -1 UB: NaCaB5O9·8H2O 18 g -1

2008-2011

B UB B

UB

B UB

UB B

UB B

CK

*

41271320 2013PY093
1987—

E-mail: jcc2000@mail.hzau.edu.cn
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*

450002

136 6 1 CK 2 NP(

3 NK 4 PK 5 NPK

6 1.5MNPK +

NK

3
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*

110161

60 kg hm-2

6.43%
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: (20100314-4); 2011201029-2

: (1980-) Tel 024 31028698 E-mail liuyan1980@163.com

110161)

Eh

: Eh

Eh

W2

85%

85%
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115009

2 400 mg

kg-1 4 water saturation WS common 

water content CW moderate drought MD severe drought

SD

SD CW MD

WS p < 0.05 SD

CW

WS CW SD MD

SD WS

WS CW N SD MD 400 mg kg-1

N SD

CW

CW WS SD MD

SD

WS pH 400

mg kg-1 pH
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1,2 1,2

1. 430070

2. 430070

5 10

> > 10

5
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510316

22 55

60 3

SPAD 22

55 60
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*

210008

GA-1711
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210008

R2 0.93 10.28%

5.5%
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NO NO

271018

NO Lycopersicon esculentum Mill.

NO

NO NR NOS SNP NO NO

NR NOS NO NOS 100 mol L-1 BSO GSH

NO NR 100 mol L-1 BSO+

NO NO NR NOS NO

NO NOS NOS NO

NO
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712100

XY107 LM1 XY6 XY107,YM18

XY6,LM1 4

NRT2.1 NRT2.3 NRT1.2,

AMT1.1,AMT1.2

5 5

YM18 5 3

XY107 5
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1 1* 2 1

1. 21008

2. 430062

FTMIR-PAS

135 55 Savitzky-Golay

full-spectrum PLS

iPLS siPLS

biPLS dyn-biPLS FTMIR-PAS

RMSEP 0.396 RPD 3.215

1198 ~ 1335 cm-1 1614 ~ 1753cm-1
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271018

Landsat-5 TM ALOS AVNIR-2

1

NDVI

2

> >

2 3 4

3

> > 0.799 4

N 3 ~ 4 N

2 ~ 4

N N 5 2 ~ 4

3 80% 3~4
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pH H+-ATPase

1 1 2 1 1 1*

210095 210008

N2 N2O

BNI

AMO HAO

BNI pH H+-ATPase

pH H+-ATPase

BNI pH H+-ATPase

BNI

: MHPP 31172035

NCET 11 0672



61

(CL01)

“ 2010EG111024

/ 510316

SPAD

SPAD SPAD

SPAD

SPAD
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1 1,2 1 1 1,2 1 1*

1. 430345 2. 430070

10

SPAD

G/(R+G+B)

SPAD B/(R+G+B) SPAD

0.3518 ~ 0.3586 0.3036 ~ 0.3158 105 ~

130 kg hm-2

SPAD
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1. 430070

2. 430070

11

× × 67 cm×18 cm×98.5 cm P2O5 0.02 g kg-1

P2O5 0.15 g kg-1

40

20 cm

3 ~ 4
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1,2 1,2 1,2 1,2 

1. 430070

2. 430070

QTL

BnBOR1s BNNIP5;1s
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430070

97081 97009

19 840

1913.6 cM 2.3 cM

WinQTLcart2.5

QTL QTL

QTL
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/
1

, *

430070

1/3

2

C0 C1 1% K2O 5 K1 0 mg kg-1 K2 75 mg kg-1

K3 150 mg kg-1 K4 225mg kg-1 K5 300mg kg-1 C0K1 C0K2 C0K3 C0K4 C0K5

C1K1 C1K2 C1K3 C1K4 C1K5 10 2012 5 15

2012 12 13 C0

C1

C1K2 76.53g -1

C0K2 115.72%

12% ~

93% / /

C1 / C0

C0 C1

C1

C0 C1 > > > >

> > > >

40801112 201303013;201303095
1988-

* E-mail: jcc2000@mail.hzau.edu.cn
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*

210008

7

pH

pH

pH pH4.0 5.0

pH pH

Al(OH)2
+ AlOH2+

pH

pH
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103 122 K1 2 mg L-1 K2 

20 mg L-1

K+ 0.015 0.03 0.06 0.12 0.24 0.48 mmol L-1

103 Km Vmax 0.36 mmol L-1 3.76 -1 g-1 RFW

122 1.13 mmol L-1 12.2 -1 g-1 RFW 103 K+ 122 8

103 122 K+

0.21 mmol L-1 0.14 mmol L-1 103

122 4.13 -1 g-1 RFW 3.71 -1 g-1 RFW 103

K+ 103

122 103

, , , , *

430070

40801112 201303013
1987-

* E-mail: jcc2000@mail.hzau.edu.cn
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1

72%

< 0.5 mg kg-1

3.7×107 hm2

1,3 1 2 1 1,4

1. 450002 2. 450011

3. 451450 4. 463000

Medicago sativa L.

(SOD) CAT POD

(FA)

K NPK+FA+Zn+Se

CAT SOD

NPK+FA NPK+FA+Zn+Se

POD MDA

FA Se +Zn K

a b FA Se +Zn

“ - - - ” 2010GB2D000287
122102110123 “ ” (2011BAD17B04) (2012A20)

1970- E-mail: shlliu70@163.com
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41271320 2013PY093
1986—

E-mail: jcc2000@mail.hzau.edu.cn

*

GC-MS

XPS FTIR

9

70.9

± 9.3 74.4 ± 7.7 mg kg-1 5.8 ± 0.5 13.0 ± 1.3 mg kg-1

OPLS-DA

C5H9NO2 C7H12O6 L- C4H6O5 C6H12O6 C6H12O6

TCA cycle

FTIR -NOCH2 -COOR

1200-800 cm-1 Polysaccharide

Hydrogen Bonding XPS

GC-MS XPS FTIR
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110866

Fe Cd

Fe Cd

Fe Fe

Cd Cd Fe

“ ” Cd Fe Cd

Fe Cd

Fe Cd

Fe 0 g kg-1 Fe 1 g kg-1 Fe 2 g

kg-1 Fe Fe Cd

Fe SPAD

ABS/RC PI

II PII Fv/Fm

Fe Fe Fe

SPAD ABS/RC PI Fv/Fm

Fe Cd

Fe Cd

Fe Fe

Cd Fe

Cd Fe

Fe Cd

Fe Cd

Cd MDA Fe Fe

Cd Cd Fe Fe Cd Cd Fe

MDA SOD CAT Cd

Fe Fe Cd Cd Cd

Fe

Fe Cd
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E-mail congwuhe@aliyun.com

E-mail ljwang@mail.hzau.edu.cn

1 1 * 1 1 1 1 2 1, 2

(1. 430070 2. 430070)

ICP-MS

0.15 ~ 2.0 mM 113 mg kg-1

X- XPS

XPS Si2p 101.3 ± 0.2 eV ~99.2 eV

/ ~102.1 eV 103.2 eV

XPS Si2p

101.3 eV 102.1 103.4 eV 101.3 eV

5.1% 103.4 eV 76.6% 102.1 eV 18.3%

100.1 ~ 101.3 eV Si2p

Si-O-C O-Si-C

XPS

70%

80%

AFM

New Phytologist, 2013.

-
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510650

100

20 68 (Klebsiella) (Planococcus)

(Thauera) (Ralstonia) Fontibacter

1

AQDS

L17 AQDS

2

-2,6-

(AQDS) 9 ETC

ETC DOM

DOM / DOM Fe(III)

-
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1. 430070 2. 430070

1 , 1, 1, 1, 1, 1,2, 2 1*

SIET /

0.76 pmol cm-2 s-1 1.39 pmol cm-2

s-1

ICP-MS

100 mg/kg X

XPS Si2p 101.3 eV Si2p

103.2 eV Si-O-C O-Si-C

— —

- -

chopin_mj@126.com
* E-mail ljwang@mail.hzau.edu.cn
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Musa cavendishii

1 1 1 1* Mary Alice Webb2 1*

1. 430070

2. Botany and Plant Pathology, Purdue University, West Lafayette, IN 47907, USA

200~300 XRD FTIR

CaC2O4 H2O

-I SDS-PAGE

LTQ-MS 14 kD

NMT

Ca2+ “ ”

E-mail lixiuli1204@126.com
* E-mail wenjunzhang@mail.hzau.edu.cn E-mail ljwang@mail.hzau.edu.cn



e_mail jiangzhiyang@iae.ac.cn

110016

‘ 131’

2

2.5 kg 100 m-2

3.0 8.8% 2110 hm-2
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310008

3 6 8 10

12 10 cm 10

30cm 50cm 6

10 cm 30 cm

10 3 6 10 8

12 3 8

50cm 10cm
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210095

DW DD

W 2009 3 2011 2

28.7 kg N ha-1yr-1 43%

P 1.1 kg ha-1yr-1 DW N 7.5 6.3 kg ha-1yr-1 P 1.9 kg ha-1yr-1

DD N 2.2 4.9 kg ha-1yr-1 P 0.4 kg ha-1yr-1 DW DD

38% 28% 63%
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-PFOS

100085)

PFOS

2000

2009 POPs PFCs

PFCs PFOS

2010 PFCs

-PFOS
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N2O

210008

N2O N2O

N2O

N2O

- - N2O

2 N2O

N2O N2O N2O-N 12.9 ± SD 21.8 µg m-2 h-1

N2O-N 4.5 ± SD 16.3µg m-2 h-1 N2O-N 7.9 ± SD 10.0 µg m-2 h-1

N2O 0.53% N2O 1.5% N2O

2

N2O

N2O N2 N2O

N2O IPCC N2O

N2O IPCC
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N2O

210044

N2O

DCD CP N2O

N2O N2O

8.2% ~ 19.3% WFPS

6.0% N2O 44.5%

9.7% N2O 67.7% CP

N2O N2O-N 0.15 ~ 0.17 kg t-1 CP

N2O
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210095

30±1 300

SEM CP/MAS-13C-NMR

DRIFTS

0.25 mol L-1 0.5 mol L-1

2013
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201203045

1982-
* E-mail dousen1959@126.com

1,2 2 3 2 1*

1. 130118 2. 300191

3. 130033

pH Cu2+ Cu2+

Cu2+

pH pH 2.0 pH

Cu2+ 0 Freundlich

Cu2+

Cu2+ Cu2+

Cu2+ Cu2+ Cu2+

Cu2+ Cu2+

4 h

Cu2+
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310058

DOM

DOM

Visual MINTEQ 

DOM

pH 0.5 ~ 0.6 DOM 34% DOM HE-DOM

51% DOM NHE-DOM 35%

DOM 6 DOM

HE-DOM HiA HiB HiN NHE-DOM 1.6 1.9 1.2 NHE-DOM HE-DOM

C=O O-H C=C C-O HE-DOM

Freundlich R2 > 0.95 HE-DOM

K 30% ~ 68% 20% ~ 59% HE-DOM 

DOM

Visual MINTEQ DOM

Zn/Cd–DOM

Zn/Cd–DOM

DOM HE-DOM 55% ~ 90%

NHE-DOM 50% ~ 80% DOM

Zn/Cd–DOM
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450000

9

GB 2715-2005 9

3.23 6.67 9

11.39 14.45 9 H I

H I 7.38% 7.25%
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80m 4 500 cm 20 cm

pH pH 3.01-8.11

0 ~ 220 cm pH 0 ~ 120 cm pH 500 cm

0 ~ 60 cm 60 ~ 120 cm 120 ~ 220 cm 220 ~ 500 cm 4

Cu Zn Cd Cu Zn Cd 0 ~ 20 cm 40 ~ 60 cm Cu Zn

Cd Zn Cd 20 ~ 40 cm 0 ~ 20 cm Cu

4 Cu Zn Cd Cu Zn Cd

3 4 1 2

120cm 220cm

*

110866

201111016-03
* 1967- Email drweizy@163.com
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a,b, b, b, Mike J. McLaughlinc

a , 110161 b

, 100081 c Sustainable Agriculture Flagship, CSIRO Land and Water, 

Commonwealth Scientific and Industrial Research Organization, Private Mail Bag 2, 

Glen Osmond, South Australia 5064, Australia

ISE

DMT

WHAM Visual MINTEQ

17

ISE DMT

WHAM Visual MINTEQ

DOM 30% Log K

Cu Ni
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As( )

1974- Email duliyu74@163.com

110866

As( ) As( )

As(V) pH As( )

As( )

As( ) As( )
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Fe(II) Fe(II)/Cu(II)

No. 41001136, 41271248
Email: taoliang@soil.gd.cn

510650

/

/

Fe(II) pH

Fe(II)/Cu(II) Fe(II)

Fe(II)

Fe(II)

Fe(II) Fe(II)/Cu(II)

Fe(II)/Cu(II)

Fe(II)/Cu(II) Fe(II)/Cu(II)
















