
 

本科生发表论文情况 

序号 学生姓名 位次 论文名称 期刊 年份及卷期页码 

1 Jin Liu(刘锦) 3 

Transcriptomic changes in Nicotiana 

benthamiana plants inoculated with the wild 

type or an attenuated mutant of Tobacco vein 

banding mosaic virus 

Molecular Plant 

Pathology 

2017, 18(8): 1175-

1188 

2 

Peng Ji（季鹏）, Weiguang 

Li（李伟光）, Yuxin Zheng

（郑玉欣）, Zhaohui Wang

（王朝辉）, Qixin Huo（霍

启欣）, Chengyao Hua（华

程遥） 

1至 6 

Isolation and Identification of Four Novel 

Biocontrol Bacillus Strains against Wheat 

Sharp Eyespot and their Growth-promoting 

Effect on Wheat Seedling 

International 

Journal of 

Agriculture and 

Biology 

2019, 21: 282-288 

3 

Weiguang Li（李伟光）, 

Peng Ji（季鹏）, Qinzheng 

Zhou（周勤政）, Chengyao 

Hua（华程遥） 

1至 4 

Insights into the synergistic biodegradation 

of waste papers using a combination of 

thermostable endoglucanase and 

cellobiohydrolase from Chaetomium 

thermophilum 

Molecular 

Biotechnology 
2018, 60(1): 49-54 

4 

Xiutao Chen（陈秀涛）, 

Weiguang Li（李伟光）, 

Peng Ji（季鹏）, Yang 

Zhao（赵洋）, Chengyao 

Hua（华程遥）  

1至 5 

Engineering the conserved and noncatalytic 

residues of a thermostable β-1,4-

endoglucanase to improve specific activity 

and thermostability 

Scientific 

Reports 
2018, 8: 2954-2963 

5 

Qinzheng Zhou（周勤政）, 

Peng Ji（季鹏）, Jianye 

Zhang（张建业）, Xue Li

（李雪） 

1至 4 

Characterization of a novel thermostable GH45 

endoglucanase from Chaetomium thermophilum 

and its biodegradation of pectin 

Journal of 

Bioscience and 

Bioengineering 

2017, 124(3): 271-

276 

6 

Qinzheng Zhou（周勤政）, 

Jianchao Jia（贾建超）, 

Peng Ji（季鹏） 

1至 3 

A novel application potential of GH6 

cellobiohydrolase CtCel6 from thermophilic 

Chaetomium thermophilum for gene cloning, 

International 

Journal of 

Agriculture and 

Biology 

2017, 19(2): 355-

362 



 

heterologous expression and biological 

characterization 

7 
Chengyao Hua（华程遥）, 

Weiguang Li（李伟光） 

并列

第一 

Characterization of a novel thermostable GH7 

endoglucanase from Chaetomium thermophilum 

capable of xylan hydrolysis 

International 

Journal of 

Biological 

Macromolecules 

2018, 117: 342-349 

8 

Yifan Liu（刘一帆）, 

Mengyu Liu（刘梦宇）, 

Siqi Wang（王思琦） 

2至 4 

Improving the thermostability of a 

thermostable endoglucanase from Chaetomium 

thermophilum by engineering the conserved 

noncatalytic residue and N-glycosylation site 

International 

Journal of 

Biological 

Macromolecules 

2020, 164:3361-

3368 

9 

Ruirui Yang（杨瑞睿）, 

Yanxu Sun（孙衍旭）, 

Mengyu Liu（刘梦宇）, 

Lifan Zhou（周立凡）  

2至 5 

Identification and characterization of a 

novel hyperthermostable bifunctional 

cellobiohydrolase-xylanase enzyme for 

synergistic effect with commercial cellulase 

on pretreated wheat straw degradation 

Frontiers in 

Bioengineering 

and 

Biotechnology 

2020, 8:296-308 

10 Xiaoyuan Hou（侯晓媛） 4 

A Conserved Glycoside Hydrolase Family 7 

Cellobiohydrolase PsGH7a of Phytophthora 

sojae Is Required for Full Virulence on 

Soybean 

Frontiers in 

Microbiology 
2020, 11:1285-1296 

11 

Yanxu Sun（孙衍旭）, 

Ruirui Yang（杨瑞睿）, 

Mengyu Liu（刘梦宇）, 

Siqi Wang（王思琦）, 

Yifan Liu（刘一帆）, 

Lifan Zhou（周立凡） 

3至 8 

Improvement of the catalytic activity and 

thermostability of a hyperthermostable 

endoglucanase by optimizing N-glycosylation 

sites 

Biotechnology 

for Biofuels 
2020, 13:30-40 

12 
Weiguang Li（李伟光）, 

Chengyao Hua（华程遥） 
2和 3 

Enhancement of catalytic activity and 

thermostability of a thermostable 

cellobiohydrolase from Chaetomium 

thermophilum by site-directed mutagenesis 

International 

Journal of 

Biological 

Macromolecules 

2018, 116: 691-697 



 

13 Yang Liu（刘阳） 2 

Selection of organosilicone surfactants for 

tank-mixed pesticides considering the balance 

between synergistic effects on pests and 

environmental risks. 

Chemosphere 2019, 217, 591-598 

14 Yang Liu（刘阳） 3 

Easily tunable membrane thickness of 

microcapsules by using a coordination 

assembly on the liquid-liquid interface. 

Frontiers in 

Chemistry 
2018,6:387 

15 Yang Liu（刘阳） 4 

Alcohol ethoxylates significantly synergize 

pesticides than alkylphenol ethoxylates 

considering bioactivity against three pests 

and joint toxicity to Daphnia magna. 

Science of the 

Total 

Environment 

2018, 644, 1452-

1459 

16 

Hao Su（苏浩），Xiaoqi Fan

（范晓琪），Xiaotian Zhang

（张笑天） 

7至 9 

Identification of Anthocyanins 

Compositions  and Functional Analysis of An 

Anthocyanin Activator in Solanum nigrum 

Fruits.  

Molecules  2017,22,876 

17 Wei Tang(唐伟) 4 
First report of Tobacco vein banding mosaic 

virus infecting sesame in China 
Plant Disease, 2017, 101(5):850 

18 Dejie Cheng(程德杰) 1 

First Report of Papaya ringspot virus 

associated with a ringspot disease of 

Zucchini in Northern China.  

Plant Disease, 2017,101(5):847 

19 Dejie Cheng(程德杰) 3 
Tobacco vein banding mosaic virus 6K2 protein 

hijacks NbPsbO1 for virus replication. 

Scientific 

Reports 
2017年 2月 

20 徐子雯、方倩囡、曹玉博 
并列

第一 

套作糯玉米对西兰花连作田土壤微生物量及酶活性

的影响 
生态学杂志 2016,35(1):149-157 

21 黄峤璟 2 耕种模式对三江平原黑土细菌多样性的影响 山东农业科学 2016,48(7);76-81 

22 靳帅 1 
基于 DNDC模型的秸杆还田量与氮肥的耦合效应对夏

玉米农田 N2O排放的影响研究 
山东农业科学 2016,48(2):68-73 



 

23 徐文文 4 
Research on Production Conditions of High-

grade Wine from Northern Blueberry 

Agricultural 

Science 

&Technology 

2016,17(2):417-

419,448 

24 徐文文 1 
Effects of Seaweed Bio-organic Fertilizer on 

Growth and Yield of Winter Wheat 

Agricultural 

Science 

&Technology 

2016,17(11):2555-

2559 

25 
郑宾、赵伟、徐峥、高大

鹏、姜媛媛 

1月 5

日 
不同耕作方式与氮肥类型对夏玉米光合性能的影响 作物学报 2017,43(6):925-934 

26 付苒、胡元峰 1 2016 年山东省玉米种植成本收益分析 农业展望 2017年第 7期 37页 

27 戴云驰、张鑫 
并列

第一 
根瘤菌、超声和 2,4-D处理对小麦幼苗生长的影响 山东农业大学学报 2018,49(2):240-243 

28 阚茗溪 1 
适期晚播对不同密度冬小麦产量和茎秤抗倒性能的

调控效应 
中国农学通报 2019,35(32):1-6 

29 柏慧 1 氮肥水平对强筋小麦产量和氮素利用的影响 中国农学通报 2020,36(4):7-14 

30 李仲烨 1 

Multi-environments and multi-models 

association mapping identified candidate 

genes of lint percentage and seed index in 

Gossypium hirsutum L. 

Molecular 

Breeding 
(2019) 39:149 

31 王菲 1 白花丹参和紫花丹参叶绿素荧光日变化比较研究 

Special Wild 

Economic Animal 

and Plant 

Rescarch 

2019.01.003 

32 王菲 1 间作大葱对桔梗根系分泌物的影响 山东农业科学 2019,51(11):68~73 



 

33 张琳、殷宇琪、边央 
并列

第一 
一个新的丹参 CYP450 的克隆和生物信息学的分析 

基因组学与应用生

物学 

2020,39

（12）:5718- 5723 

34 甄天悦 1 
增施磷肥提高弱光环境中夏大豆叶片光合能力及产

量 
作物学报 

2020,46(2): 249-

258 

35 李心如 5 

OsHsfB4d Binds the Promoter and Regulates the 

Expression of OsHsp18.0-CI to Resistant 

Against Xanthomonas oryzae 

Rice (2020)13:28 

36 赖旻祎、宋吉媛、田岳 
并列

第一 
丹参水肥一体化对杂草生物量的影响 山东农业科学 2020,52(8):96 ~99 

37 穆如宇 2 粗山羊草响应盐胁迫转录组分析 分子植物育种 
2020, 18（21）：

7015-7022 

38 吴紫萱 1 花生种皮颜色的研究进展 山东农业科学 无 

39 马乙傲 1 授粉后降雨对玉米杂交种结实以及籽粒性状的影响 山东农业科学 2021,53(9):27~32 

40 范国瑞 1 

Germination characteristics of maize seeds 

with high and low vigour levels in response 

to on-farm seed primining 

Seed Science and 

Technology 
2021.49.2.04 

41 杜斌、李宗尧 
并列

第一 

有机肥施用及合理密植提高黄淮海地区夏大豆光系

统性能与籽粒产量 

植物营养与肥料学

报 

2021,27(8):1361-

1375 

42 王孜禾 2 中药渣制作平菇栽培种试验 食用菌 
2019，41（4）：

43~44 

43 杨瑞睿 2 海南省永兴岛革螨新纪录（蜱螨亚纲:中气门目） 
中国媒介生物学及

控制杂志 

2018年 12月第 29卷

第 6期 



 

44 李晨雨，臧传江 ，朱少杰 1至 3 新烟碱类杀虫剂氟吡呋喃酮的研究开发现状与展望 农药 
Vol.57,No.11 

Nov.2018 

45 柳浩琪 8 赤霉素对烟草幼苗生长发育的影响 山东农业科学 
2019，51(4):139 ～

143 

46 杨阳 1 双孢蘑菇液体菌种培养基筛选及培养条件的优化 

山东农业大学学报

（自然科学版）接

收 

2018,49(3):393-

395,401  

47 宋超群 2 红平菇液体发酵培养基优化 食品研究与开发 2017/11/27 

48 程德杰 1 甘蔗花叶病毒两个山东分离物的全基因组序列分析 植物病理学报， 
2017，47(3): 357-

363 

49 段入心 并一 
取食行为对丽蝇蛹集金小蜂雌雄成虫体内可培养真

菌的影响 
应用昆虫学报 2017年 5月 

50 王立超，郑洁，李佩瑜 3至 5 6种杀虫剂对侧柏幼苗根系活力的影响 山西林业科技 
2016 年 3 月第 45 

卷 第 1 期 

51 王立超，郑洁，李佩瑜 4至 6 三种农药对苹果幼苗根系活力的影响 河北果树 2016.01.003 

52 王立超 4 三种杀虫剂对桃树叶片叶绿素含量的影响 河北果树 2016.02.005 

53 Mengyu Liu(刘梦宇) 3 

Improving the thermostability of a 

thermostable endoglucanase from Chaetomium 

thermophilum by engineer the conserved no 

catalytic residue and N-glycosylation site 

International 

Journal of 

Biological 

Macromolecules 

（2020) 3361–3368 

54 王昭 2 德州市农作物病虫害统防统治发展现状及对策 
德 州 学 院 学 

报 

2019 年 12 月第 35 

卷第 6 期 



 

55 刘华新、王佳钰 1 

Lauric acid is a potent biological control 

agent that damages the cell membrane of 

Phytophthora sojae 

Frontiers in 

Microbiology 
2021,12: 666761 

56 Guangrui Cui(崔光睿) 3 

Biological Activity of trans -2-Hexenal 

Against the Storage Insect Pest Tribolium 

castaneum (Coleoptera: Tenebrionidae) and 

Mycotoxigenic Storage Fungi 

Journal of 

Economic 

Entomology 

2021，114（2）：

979-987. 

57 张建 2 植物免疫诱抗剂的发现、作用及其在农业中的应用 世界农药 
2020，42（10）：24-

31. 

58 周倩 1 草地贪夜蛾对山东玉米的为害情况研究进展 园艺学报 2021，已录用。 

59 张俊杰 1 虫螨腈及其代谢物在韭菜和姜上的残留检测》    农药科学与管理 
2021，42（6）：35-

40. 

60 张俊杰 3 
新型介孔材料-QuEChERS-超高效液相色谱串联质谱

法检测茶叶中 10种农药残留》 
分析化学 

2021，49（5）：830-

838. 

61 Bao-Zhen Jiang(姜宝珍) 3 

Janthinoid A, an Unprecedented Tri-nor-

meroterpenoid with Highly Modified Bridged 

4a,1-(Epoxymethano)phenanthrene Scaffold, 

Produced by the Endophyte of Penicillium 

janthinellum TE-43 

Organic Letters 
2021，DOI: 

10.1039/d1qo01066b 

62 姜伟涛 2 
添加适宜氮磷对连作平邑甜茶幼苗生长及土壤环境

的影响 
植物生理学报 

2017，53（9）：

1687-1694 

63 马雪婷 2 
基于 web of science的土壤微生物研究文献国际

发展态势分析 
北方园艺 2017（10）：198-207 

64 王楚堃 1 纤维素降解菌剂对桃园土壤养分及果实品质的影响 山东农业科学 
2017，49（3）：94-

96 



 

65 
王培辉、王威振、谭晓雪、

张敏、韩金赢 
2 食用向日葵盆栽种植土壤优化的初步研究 现代园艺 2018年第 10期 

66 吴琦杰 1 

sIdentification and characterization of 

cherry genes in response to parthenocarpy 

induced by GA3 through transcriptome analysis 

BMC Genetic 2019年 

67 顾超珩 1 硫代腺苷甲硫氨酸促进番茄百菌清讲解的生理机制 中国农业科学 
2019，52（6）：

1058-1065 

68 车美美，袁依馨，赵一潼 2 
局部供磷条件下苹果幼苗根系形态的适应性变化与

磷素吸收 
中国果树 2019（5）：16-19 

69 
姜乐璞，姚建，张兆梁，韩

福 ，尚将 ，李玲 
1 M9T337 自根砧嫁接不同苹果品种的植物学特性调查 园艺与种苗 

2019，39（01）：32-

34 

70 芮麟 1 丽江市青贮饲用玉米高产栽培技术 农业科技通讯 2019.3：157-158 

71 芮麟 1 不同品种及栽培措施对青贮饲用玉米产量的影响 农业科技通讯 2019.4：114-116 

72 周昊然 1 

Study on the microbial community in earthworm 

and soil under cadmium stress based on 

contour line analysis 

Environmental 

Science and 

Pollution 

Research 

2019年第 26卷第 20

期 

73 

马宇晨、赵玉梅、黄丹霖

（园艺学院第三作者）、张梦

晴、吴晓雨、王洁、陈雨、

黄家保、段巧红 

3 白菜 CesA基因家族鉴定及表达模式分析 广西植物 2022年 

74 钱犇 1 生物促生剂在水和土壤治理中的应用分析 建材技术与应用 2021 



 

75 陈雨、邓九州 1,2 白菜 DBB 基因家族的鉴定与表达分析 
山东农业大学学报

(自然科学版) 

2021，52（2）：174-

181 

76 徐迎澳 1 桃砧木耐涝性研究进展 落叶果树 2021，53(6):38-43 

77 

赵文哲(园艺学院第一作

者）, 陈修德, 邓文鹏, 吴

琦杰, 杜桂英, 和华杰, 王

伟, 周涛, 肖伟，李玲 

1 外源硅处理对草莓果实果胶物质降解的影响 植物生理学报 
2021,57(10):1926-

1936 

78 

赵文哲(园艺学院第一作

者），刘晓，杜桂英，邓文

鹏，宋新卫，肖伟，李玲 

1 
干旱胁迫及复水对‘M9T337’苹果砧木苗生理特性

的影响 
山东农业科学 已接受 

79 

赵文哲(园艺学院第一作

者），刘晓， 姜珊， 陈敏，

王旭旭， 刘金宝， 谭梅，

王宇，李玲,高东升,陈修德,

肖伟 

1 
干旱过程中‘M9T337’苹果砧木苗光合特性及

MdCP2 与 MdGLK1互作分析 
植物生理学报 

2021,57(6):1337-

1348 

80 亓正聿、毕泽楷 1,2 果树耐盐机制研究进展 种子科技 2021年 11期：8-11 

81 
毕泽楷、亓正聿、金梦、李

恩 
  

ROP 信号途径调控花粉管极性生长的分子机理研究

进展  
分子植物育种 2021 

82 贺强 1 阳荷植物组织培养技术的研究 信息科技 2021 

83 

Z. Zhao1,2, S.Yu1,2, X. 

Han1,2* and S. Yang3，赵

子昕（园艺学院第一作者） 

1 

Influence of drought and dry-wet alternation 

on nitrogen transformation and low abundance 

microorganisms in tea garden soil 

Journal of 

Environmental 

Biology 

2022 

84 张鸿锦 3 
Identification of potential pathways 

associated with indole-3-butyric acid in 

Functional & 

Integrative 

Genomics 

2021 



 

citrus bud germination via transcriptomic 

analysis 

85 吴双敏  陈晨 1,2 三种成膜材料对“赤霞珠”枝条的保水效果研究 
《中外葡萄与葡萄

酒》编辑部 
2021 

86 芮麟 1 
以“粮改饲”为主线，促进绿色供给侧结构性改革

向纵向发展 
农业科技通讯 2018.3：28-30 

87 张楚乔 1 土地利用规划环境影响评价的相关问题分析 《商情》 2021,9(35):139-141 

88 张楚乔 1 城市规划与土地利用规划衔接问题分析 《科学与财富》 2021,13(9):128-129 

89 邹今朝 1 土地资源管理及其可持续利用研究 《区域治理》 2021,30(308):06 

90 王洪佳 1 农田生态系统恢复力评价与调控机制 汉斯期刊 
2021,10.12677/SD.2

021.115071 

91 柏逸飞 1 
基于地学信息图谱的 2000-2020 年南京城市扩张特

征对比分析 
《城市建筑》杂志 2022，已接受 

 

 



RESEARCH ARTICLE SUMMARY
◥

PLANT SCIENCE

Horizontal gene transfer of Fhb7 from fungus
underlies Fusarium head blight resistance in wheat
Hongwei Wang*†, Silong Sun*, Wenyang Ge*, Lanfei Zhao*, Bingqian Hou*, Kai Wang*,
Zhongfan Lyu*, Liyang Chen, Shoushen Xu, Jun Guo, Min Li, Peisen Su, Xuefeng Li, Guiping Wang,
Cunyao Bo, Xiaojian Fang, Wenwen Zhuang, Xinxin Cheng, Jianwen Wu, Luhao Dong, Wuying Chen,
Wen Li, Guilian Xiao, Jinxiao Zhao, Yongchao Hao, Ying Xu, Yu Gao, Wenjing Liu, Yanhe Liu,
Huayan Yin, Jiazhu Li, Xiang Li, Yan Zhao, Xiaoqian Wang, Fei Ni, Xin Ma, Anfei Li, Steven S. Xu,
Guihua Bai, Eviatar Nevo, Caixia Gao, Herbert Ohm, Lingrang Kong†

INTRODUCTION: Fusarium head blight (FHB)
is a fungal disease that devastates global wheat
production, with losses of billions of dollars
annually. Unlike foliar diseases, FHB occurs
directly on wheat spikes (inflorescences). The
infection lowers grain yield and also causes
the grain to be contaminated by mycotoxins
produced by the Fusarium pathogen, thus im-
posing health threats to humans and livestock.
Although plant breeders have improved wheat
resistance to FHB, the lack of wheat strains
with stable FHB resistance has limited progress.

RATIONALE:Many genetic loci in wheat affect
FHB resistance but most only have minor

effects; only a few exhibit a stablemajor effect
on resistance. Wheat relatives in the Triticeae
tribe carry resistant genes to different diseases
including FHB and thus can be alternative
sources of FHB resistance for wheat breed-
ing. Thinopyrumwheatgrass has been used
as a source of beneficial genes transferable
to wheat by distant hybridization breeding
since the 1930s. Fhb7, a gene transferred from
Thinopyrum to wheat, showed a stable large
effect on FHB resistance. However, the lack of
a Thinopyrum reference genome hampered
gene cloning andmarker development, delay-
ing the use of Fhb7 in wheat breeding. Here,
we cloned Fhb7 using a reference assembly

that we generated for Th. elongatum and char-
acterized its resistance mechanisms and evo-
lutionary history.

RESULTS: Using sequence data from Th.
elongatum, we assembled the Triticeae E
reference genomewith 44,474 high-confidence
genes annotated. Using this reference, we
genetically mapped Fhb7 and located it to a
245-kb genomic region.We determined a gene

encoding a glutathione
S-transferase (GST) asFhb7
by virus-induced gene si-
lencing and evaluated
mutants and transgenic
plants.Wediscovered that
Fhb7 detoxifies pathogen-

produced trichothecene toxins by conjugating
a glutathione (GSH) unit onto the epoxide
moieties of type A and B trichothecenes. Fhb7
GSThomologs are absent in theplant kingdom,
but one sequence showing ~97% identity with
Fhb7 was found in endophytic fungi of an
Epichloë species that establishes symbiosis
with temperate grasses. This result suggests
that Fhb7 might have been transferred from
Epichloë to Th. elongatum through horizontal
gene transfer. Finally, we demonstrated that
Fhb7, when introgressed into diverse wheat
backgrounds by distant hybridization, confers
broad resistance to both FHB and crown rot
without penalizing wheat yield. Our results
suggest a source of Fusarium resistance for
wheat improvement.

CONCLUSION: Th. elongatum carries biotic and
abiotic resistance genes and is a useful re-
source for wheat breeding. The assembled
Th. elongatum reference genome can aid iden-
tification and cloning of such genes for wheat
improvement. Cloning of Fhb7 revealed that it
encodes a GST that can detoxify trichothecene
toxins. Thus, Fhb7 resistance differs from Fhb1
resistance, which depends on a reduction of
pathogen growth in spikes, although both
confer durable resistance. The ability of Fhb7
to detoxify multiple mycotoxins produced by
various Fusarium species demonstrates its
potential as a source of resistance to the various
diseases for which Fusarium trichothecenes
are virulence factors. The deployment of Fhb7
in commercial wheat cultivars could alleviate
both the food safety issue for consumers and
the yield loss problem for growers. Sequence
homologies between fungal and plant Fhb7
suggested that horizontal gene transfer may
help to shape plant genomes.▪
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Fhb7 confers FHB resistance by detoxifying trichothecenes. (A) Fhb7 in Th. elongatum genome likely
came from an Epichloë fungus through horizontal gene transfer. Fhb7 drives FHB resistance when introgressed
from Thinopyrum into wheat. (B) Fhb7 encodes a GST that detoxifies Fusarium-produced trichothecenes by
conjugating GSH (blue) to the epoxy group (red). R1 to R5 refer to the variable groups in trichothecenes.

ON OUR WEBSITE
◥

Read the full article
at https://dx.doi.
org/10.1126/
science.aba5435
..................................................

D
ow

nloaded from
 https://w

w
w

.science.org at Shandong A
gricultural U

niversity on June 21, 2022

cbxue
高亮

cbxue
高亮



RESEARCH ARTICLE
◥

PLANT SCIENCE

Horizontal gene transfer of Fhb7 from fungus
underlies Fusarium head blight resistance in wheat
Hongwei Wang1*†, Silong Sun1*, Wenyang Ge1*, Lanfei Zhao1*, Bingqian Hou1*, Kai Wang2*,
Zhongfan Lyu1*, Liyang Chen2, Shoushen Xu1, Jun Guo3, Min Li1, Peisen Su1, Xuefeng Li1,
Guiping Wang1, Cunyao Bo1, Xiaojian Fang1, Wenwen Zhuang1, Xinxin Cheng1, Jianwen Wu1,
Luhao Dong1, Wuying Chen1, Wen Li1, Guilian Xiao1, Jinxiao Zhao1, Yongchao Hao1, Ying Xu1,
Yu Gao1, Wenjing Liu1, Yanhe Liu1, Huayan Yin1, Jiazhu Li4, Xiang Li1, Yan Zhao1,
Xiaoqian Wang1, Fei Ni1, Xin Ma1, Anfei Li1, Steven S. Xu5, Guihua Bai6, Eviatar Nevo7,
Caixia Gao8, Herbert Ohm9, Lingrang Kong1†

Fusarium head blight (FHB), a fungal disease caused by Fusarium species that produce food toxins,
currently devastates wheat production worldwide, yet few resistance resources have been discovered
in wheat germplasm. Here, we cloned the FHB resistance gene Fhb7 by assembling the genome of
Thinopyrum elongatum, a species used in wheat distant hybridization breeding. Fhb7 encodes a
glutathione S-transferase (GST) and confers broad resistance to Fusarium species by detoxifying
trichothecenes through de-epoxidation. Fhb7 GST homologs are absent in plants, and our evidence
supports that Th. elongatum has gained Fhb7 through horizontal gene transfer (HGT) from an endophytic
Epichloë species. Fhb7 introgressions in wheat confers resistance to both FHB and crown rot in diverse
wheat backgrounds without yield penalty, providing a solution for Fusarium resistance breeding.

W
heat (Triticum aestivum L.) is a lead-
ing source of calories for the human
population (1). The prevalence and
widespread outbreaks of the devas-
tating Fusarium head blight (FHB)

disease, exacerbated by recent changes in
climate and certain cropping practices, has
posed a threat for global wheat production
and food safety. Fusarium species cause not
only FHB in wheat, barley, and oat, but also
crown rot in wheat and ear rot in maize. How-
ever, F. graminearum is the prominent patho-
gen of wheat FHB in China, the United States,
Canada, Europe, and many other countries
(2). Fusariumproduces epoxy-sesquiterpenoid
compounds known as trichothecenes, some
examples of which are deoxynivalenol (DON),
T-2 toxin, HT-2 toxin, and nivalenol (NIV),
among others; these compounds are inhib-

itors of protein synthesis and virulence factors
for pathogenicity (2). Trichothecene contami-
nation in cereal grain results in immunotox-
icity and cytotoxicity in humans and animals
and thus has aroused public safety concerns
(3). Despite global screening efforts examining
tens of thousands of wheat accessions, a lim-
ited number of quantitative trait loci (QTLs)
have been verified to confer a stable effect on
FHB resistance (4). Fhb1 on chromosome 3B is
the only QTL that has been used in breeding
programs worldwide. Although it has been
cloned from different Chinese wheat sources,
its molecular identity and resistance mecha-
nisms remain equivocal (5–8).
Wheat relatives have proven to be alterna-

tive sources for improvement of resistance to
both biotic and abiotic stresses in wheat (9).
Distant hybridization, the practice of making
crosses between two different species, genera,
or higher-ranking taxa, makes it possible to
transfer alien genes from Triticeae tribe rela-
tives to wheat (9–11). Tall and intermediate
wheatgrasses of the Thinopyrum genus (forage
grasses) are sources of resistance to salinity,
drought, and disease for wheat. Several dis-
ease resistance genes, including stem rust
(e.g., Sr24, Sr25, Sr26, Sr43, Sr44, and SrB),
leaf rust (Lr19, Lr24, Lr29, and Lr38), pow-
dery mildew (Pm40 and Pm43), barley yellow
dwarf virus (Bdv2 and Bdv3), and Fusarium
head blight (Fhb7), have been introduced from
Thinopyrum into wheat for resistance breeding
(10, 12–16).
Fhb7 is a QTL introduced from Thinopyrum

elongatum and shows a similar effect on FHB re-

sistance asFhb1.Th. elongatum (syn.Agropyron
elongatum or Lophopyrum elongatum), a
grass of the Triticeae family with a diploid E
genome (2n = 2x = 14), is native to Eurasia
and is thought to be a genome donor species
for various tetra-, hexa-, and even decaploid
species in the Thinopyrum genus (14). The lack
of a reference sequence for the E genome has
impeded the process of cloning and the de-
velopment of diagnosticmarkers for thedeploy-
ment of Fhb7 and other E genome–derived
resistance genes. Here, we report the assembly
of a reference genome for Th. elongatum and
describe the cloning and biomolecular charac-
terization of Fhb7. Using the newly assembled
Egenome reference,we identified aGSTgene as
a candidate for Fhb7 by map-based cloning and
confirmed its function in FHB resistance using
transgenics. Fhb7 can detoxify trichothecenes
by catalyzing the conjugation of a glutathione
(GSH) unit onto their toxic epoxide moiety.
Fhb7’s coding sequence has no obvious homol-
ogy to any known sequence in the entire plant
kingdom but shares 97% sequence identity
with a species of endophytic fungus (Epichloë
aotearoae) known to infect temperate grasses,
which provides evidence that Fhb7 in the
Th. elongatum genomemight be derived from
the fungus through HGT. We demonstrate
here that Fhb7 confers resistance to both FHB
and crown rot without yield penalty inwheat.

Results
Th. elongatum genome assembly and evolution

To sequence and assemble the genome of
Th. elongatum, 1.1 Tb of high-quality sequence
reads were generated from a series of li-
braries, which is about 236× coverage of the
Th. elongatum genome (table S1). We initially
assembled the short sequence reads using
DeNovoMAGICTM3.0 software (NRGene) and
then filled the gaps using ~145 Gb (~31×)
PacBio SMRT reads. The initial assembly was
finely tuned using high-quality paired-end
polymerase chain reaction (PCR)–free reads.
Two Bionano optical maps (based on enzymes
BspQI and DLE1 data) were further used to
extend the scaffolds (tables S2 and S3), which
resulted in a 4.63-Gb assembly with a contig
N50 size of 2.15Mb and a scaffold N50 size of
73.24 Mb (Table 1).
To construct the pseudochromosomes, high-

throughput chromosome conformation cap-
ture (Hi-C) data were used to categorize and
order the assembled scaffolds (table S4). A total
of 141 scaffolds were anchored and oriented
onto seven pseudochromosomes, which ac-
count for 95% of the estimated genome size
(4.78 Gb; fig. S1) and 98% of the assembled
genome sequences (fig. S2). About 97.6%
complete and 1.3% fragmented Embryophyta
genes were detected in our assembly accord-
ing toBUSCO [BenchmarkingUniversal Single-
Copy Orthologs (17)], proportions comparable
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to other Triticum genomes (table S5). The
quality of the E genome assembly was vali-
dated by assessment of the long terminal re-
peat (LTR) completeness using LTRAssembly
Index (LAI) software (18) (table S6), by ge-
nomic alignment with 61 randomly selected
bacterial artificial chromosome (BAC) clones
(fig. S3 and table S7), and by the consistency
of our assembly with a high-density genetic
map from a hexaploid Thinopyrum species
(19) (fig. S4).
Repetitive elements are dispersed through-

out the E genome, with ~81.29% of the Th.
elongatum assembly being annotated as re-
petitive elements, including retrotransposons
(62.39%), DNA transposons (17.83%), and un-
classified elements (1.07%) (table S8 and table
S9). Analysis of the Cereba and Quinta LTR
retrotransposons supported that the centro-
mere regions were appropriately assembled
(fig. S5). The composition of different classes
of repetitive DNA in the E genome was sim-
ilar to those of the wheat A, B, or D sub-
genomes (fig. S6). No recent LTR burst was
detected in the E or common wheat genomes
(fig. S7), suggesting relatively stable genomes
and helping to explain the success of distant
hybridization breeding efforts using these
materials. A total of 44,474 high-confidence
protein-coding genes were predicted on the
basis of a combination of methods [ab initio,
protein homology based, andRNA-sequencing
(RNA-seq) based], and 44,144 (99.3%) of the
predicted genes were anchored onto the seven
assembled pseudochromosomes (figs. S8 and
S9 and tables S10 to S12).
Gene family analysis identified 32,048

orthologous genes between the E genome and
the wheat A, B, or D genome or the barley
genome (fig. S10). A synonymous substitution
rate (Ks) value was calculated using amoving-

averagemodelwith the ortholog dataset, which
revealed similar Ks peak values between the
E genome and the wheat subgenomes (E and
A: 0.0645, E and B: 0.0645, E and D: 0.062),
indicating a branching time for Th. elongatum
and Triticum of ~4.77 to 4.96million years ago
when a nucleotide substitution rate of 6.5*10−9

was used (Fig. 1A) (20).
We also compared the E genomewith other

Triticeae genomes that have been used for
distant hybridization based on a maximum
likelihood tree built using single-copy genes
from available Triticeae genome assemblies;
the tree also incorporated transcript data for
several diploid species, including the Triticeae
R,Q, V, F, andNs genomes (table S13). The three
wheat subgenomes are more closely related to
the E genome of Th. elongatum than they are
to the R genome of rye, another species fre-
quently used in wheat distant hybridization
(Fig. 1A). A syntenic block analysis indicated
genome-wide colinearity between the E ge-
nome and the A, B, or D genomes, which
helps to explain the success of E-genome–
based distant hybridization breeding in wheat
(Fig. 1B and data S1). Substantial colinearity
notwithstanding, we did identify 18 fragmen-
tal inversions between the E genome and the
wheat subgenomes, with sizes ranging from
1.5 to 18 Mb, which is supported by both the
Bionano maps and Hi-C data (fig. S11 and
table S14).

Map-based cloning of the Fusarium resistance
gene Fhb7

A total of 1897 resistance gene analogs (RGA)
were annotated in the E genome (fig. S12 and
table S15). An apparent RGA expansion, espe-
cially for CC-NBS-LRR (CNL), on the distal
end of the long arm of chromosome 7E (7EL)
is accompanied with the expansion of this

genomic region (fig. S13 and table S16). Some
of the alien resistance gene introgressions into
wheat are located in this region, includingLr19,
Sr25, Bdv3, and Fhb7 (10, 13, 14).
Previously, wemapped the Fhb7 to the distal

end of the 7EL (based on recombination be-
tween 7E1 and 7E2 in a common wheat back-
ground) using a recombinant inbred line (RIL)
population from a cross between an FHB-
susceptible substitution line (7E1/7D) and
an FHB-resistant substitution line (7E2/7D)
(13, 21). For further mapping of this gene, we
developed a segregation population derived
from BC6F1 with the same cross, in which FHB
resistance was tracked as monogenic trait for
validation of phenotypes. We also developed a
population to promote 7E recombination by
introducing the CS ph1bph1b locus (fig. S14).
Because of the semidominant nature of Fhb7,
the homozygous offspring of the recombinants
were evaluated for FHB resistance. With analy-
sis of 258 recombinants (between theXBE45653
and XsdauK67markers) screened from 19,200
progeny of BC6F1 population, we confirmed
that Fhb7 is positioned between theXSdauK79
and XSdauK80markers within an ~1.2-Mb re-
gion based on the E reference genome (Fig. 1C
and fig. S15).
Analysis of the RNA-seq data of E reference

genome from Th. elongatum spikes identified
eight expressed genes in theFhb7 region (Fig. 1C
and table S17). However, when conducting
transcriptomics analysis of the parental lines
of 7E1/7D (S) and 7E2/7D (R), we found that
only two candidate genes (Tel7E01T1020600.1
and Tel7E01T1021800.1) were expressed in a
manner specific to the 7E2 genome (the resist-
ant parent) and E reference genome [which
also confers FHB resistance (12, 22)] (Fig. 1C
and tables S18 and S19). BAC clones contain-
ing Tel7E01T1020600.1 were identified from
the resistant donor line and new markers
(XsdauK86 and XsdauK87) derived from the
BAC ends were developed to screen recombi-
nants among 5760 progeny of the segrega-
tion population harboring the CS ph1bph1b
locus (Fig. 1C, fig. S14, and table S20). Anal-
ysis of phenotypic data of the three key
recombinants verified that Fhb7 is located
between the XsdauK86 and XsdauK88mark-
ers, thereby delineating this locus to a 245-kb
region containing a single expressed gene:
Tel7E01T1020600.1 (Fig. 1C). This gene is
present in the E reference genome and 7E2
genome but absent in the susceptible 7E1
genome based on analysis of genomics and
transcriptomics data (table S19 and table S21).
Gene expression analysis using quantitative

PCR indicated that Tel7E01T1020600.1 was
constitutively expressed in all tissues examined,
including root, leaf, shoot, and spike (fig. S16).
Moreover, barley stripe mosaic virus (BSMV)–
induced gene silencing of Tel7E01T1020600.1
in wheat leaves revealed that it conferred
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Table 1. Summary statistics for Th. elongatum genome assembly.

Assembly characteristics Values

Estimated genome size 4.78 Gb
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Total length of contigs 4.58 Gb
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

N50 length of contigs 2.15 Mb
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Total number of contigs 12,262
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Longest contigs 11.6 Mb
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Total length of scaffolds 4.63 Gb
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

N50 length of scaffolds 73.24 Mb
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Total number of scaffolds 783
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Longest scaffolds 258.71 Mb
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Total gap size 52.78 Mb
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Total sequences anchored to the pseudochromosomes 4.54 Gb
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Number of annotated high-confidence genes 44,474
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Percentage of repeat sequences 81.29%
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Complete BUSCOs 97.6%
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Fragmented BUSCOs 1.3%
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Missed BUSCOs 1.1%
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .
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resistance to F. graminearum, supporting that
this gene represents Fhb7 (fig. S17). Sequence
analysis of 22 ethylmethanesulfonate (EMS)–
induced mutants identified five amino acids
that were implicated in Fhb7’s FHB resistance–
related function: S34F, T48I, A98V, A9V, and
P106L (fig. S18 and data S2). Moreover, two
stop-gain mutations at position 209 or 243 led
to reduced resistance to F. graminearum (fig.
S18 anddata S2). To confirmTel7E01T1020600.1
as Fhb7, we transgenically introduced a con-
struct with the native promoter and the
846–base pair (bp) coding sequence of this
gene into the FHB-disease–susceptible wheat
cultivar KN199 and assessed three indepen-

dent T3-transgenic plants. The Fusarium-
inoculated transgenic plants exhibited lower
FHB symptom with substantially fewer dis-
eased spikelets per spike than the control
(Fig. 1D).

Evolutionary history and molecular function
of Fhb7

Protein domain–based functional annotation
predicted that Fhb7 likely encodes a GST en-
zyme. A BLAST search of the Fhb7 sequence
against the National Center for Biotechnology
Information (NCBI)GenBankdatabase (23) did
not find any homolog of Fhb7 in the Triticum
genus or in the entire plant kingdom. How-

ever, there is a homolog sharing 97% identity
in the genome of E. aotearoae (Fig. 2A and fig.
S19). A phylogenetic analysis of the Fhb7 se-
quence revealed its distribution amongEpichloë
species, endophytic fungi of temperate grasses
(Fig. 2A). Thus, the occurrence of the Fhb7 gene
in the Th. elongatum genomemight be caused
by fungus-to-plant HGT (FP-HGT) event. Be-
cause the Fhb7 locus is present both in the
diploid E genome of Th. elongatum and in
7E2 fromdecaploidTh. ponticum, this FP-HGT
event apparently occurred after the divergence
of the E genome from Triticum sp. but before
the formation of the decaploid Th. ponticum
(Fig. 2A).
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Fig. 1. Genome evolution of Th. elongatum and cloning of Fhb7. (A) Maximum
likelihood phylogenetic tree of the genomes of Triticeae species and the Ks
distributions of ortholog genes between the E genome and the wheat Chinese
Spring A, B, and D subgenomes. mya, million years ago. (B) Syntenic blocks
between the E genome and the three wheat subgenomes. The representative
inversion fragment is indicated in green; chromosomal translocations for the wheat
A subgenome compared with the E genome are also indicated in blue. (C) Map-
based cloning of Fhb7 at the distal region of chromosome 7E. Using the BC6F1
population derived from the cross between two wheat-Thinopyrum substitution lines,
7E1/7D and 7E2/7D, Fhb7 was initially mapped to an interval between the markers
XsdauK79 and XsdauK80 (~1.2 Mb on the E reference genome) (second bar from
the top). The expressed genes are labeled as follows: gray refers to no expression in
the E reference genome; blue refers to E reference genome–specific expression;

orange refers to expression in the E reference, 7E1 and 7E2 genomes; red refers
to expression in FHB-resistant donor genomes of 7E2 and E reference (third bar
from the top). BAC clones containing Tel7E01T1020600.1 were identified from
the substitution line 7E2/7D, based on which genetic markers (XsdauK86
and XsdauK87) were developed for recombinant screening of the CS ph1bph1b
population. Finally, Fhb7 was genetically confirmed within a 245-kb region between
markers XsdauK86 and XsdauK88, with only the candidate gene Tel7E01T1020600.1
encoding a GST [CDS is shown in red; untranslated region is shown in gray]
(fourth bar from the top). (D) FHB was evaluated for wild-type (WT, KN199) and
transgenic wheat KN199 expressing the native promoter and the 846-bp open
reading frame of Fhb7. T3 plants containing Fhb7 from three different lines were
evaluated for FHB resistance using single floret inoculation (35). The FHB was scored
for at least five spikes per repeat, with at least three repeats for each transgenic line.
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The horizontal transfer of theFhb7 sequence
did not occur as a part of a gene cluster (pre-
suming that it is from E. aotearoae as the
donor genome; this is the species harboring
the closest identified homolog of Fhb7) (fig.
S20). On the basis of sequence similarity, the
sequence was transferred into the diploid E
genome as a short fragment, including the
846-bp coding sequence for Fhb7, a 32-bp
sequence before the start codon, and a 19-bp
sequence after the stop codon (Fig. 2B). At the

position 535 bp upstream of Fhb7’s start codon
in theE genome, another 90-bp sequence shows
high identity to a sequence in E. aotearoae (Fig.
2B), suggesting the possibility that a larger se-
quencewas initially transferred toTh. elongatum
but late mutations occurred in the transferred
sequence. The insertion of theEpichloë genome
fragment in the E genome was also identified
in a BAC clone harboring Fhb7 (Fig. 1C anddata
S3), confirming that the sequence is not an
artifact from the genome assembly process.

Phylogenetic analysis of the GST superfamily
showed that Fhb7 belongs to the fungal GTE
(glutathione transferase etherase–related)
subfamily (fig. S21 and tables S22 and S23),
wherein allmembers contain aLigEdomain, but
none of which has been functionally charac-
terized to date (24). The Fhb7 gene is conserved
inEpichloë species and inmultipleThinopyrum
species, emphasizing its role in protecting
organisms from the cytotoxic damage caused
by Fusarium species (Fig. 2A and fig. S20).
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Fig. 2. Fhb7 confers FHB resistance by detoxifying DON. (A) Maximum
likelihood phylogenetic tree of the closest homologs of Fhb7 from plants and fungi.
The DNA sequence similarity with Fhb7 is marked in red. (B) Horizontal gene transfer
of Fhb7. The transcripts CDS (purple), and possible untranslated regions (yellow)
of Fhb7 are shown along chromosome 7E, and the sequence sharing high similarity
with the E. aotearoae genome is presented as a gray block. The genomic fragment
(897 bp) containing full CDS and partial untranslated region of Fhb7 showed
97% identity between the two genomes. (C) DON tolerance of Fhb7-transgenic
wheat. Seedlings (4 days old) were moved to a petri dish containing 25 mg L−1 DON
and seedling length was evaluated 7 d after the DON treatment at room temperature.
(D) Extracted ion chromatograms (EICs) at m/z 604.2173 revealing the presence
of two DON-glutathione adducts. The Fhb7 NIL, Fhb7-transgenic wheat, and

Fhb7-transgenic yeast (P. pastoris) cultures were treated with 25 mg L−1 DON for
24 hours. A product that elutes at 1.68 min accumulated in Fhb7(+) samples
and a known, nonenzymatically produced DON-glutathione adduct product that
elutes at 2.4 min accumulated in the corresponding Fhb7(–) control samples.
(E) Relative abundances of the de-epoxidated Fhb7-catalyzed DON-glutathione
(green) adduct and the known nonenzymatic DON-glutathione adduct (blue) in
spikes of Fusarium-challenged NIL plants contrasting in Fhb7. After inoculation of
F. graminearum on spike glumes, the Fhb7(+) NIL accumulated a copious amount of
de-epoxidated DON-glutathione adduct. By contrast, the DON substrate reduced
the accumulation in Fhb7(+) NIL compared with that in Fhb7(–) NIL, as shown in the
bottom bar chart. (F) Molecular structure of the de-epoxidated DON-glutathione
adduct catalyzed by Fhb7.
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Gene expression analysis in a time course of
Fusarium infection in Th. elongatum and the
7E2/7D substitution line (table S18) showed
that the transcription levels of Fhb7 were in-
duced at 48 hours after infection (fig. S22).
Research in plant pathology about the pro-

gression of F. graminearum infection inwheat
has established that the fungus starts to pro-
duce its DONmycotoxin, an inhibitor of protein
synthesis that targets ribosomal machinery,
by the 48-hour infection time point (25). We
therefore conducted DON assays on wheat
seedlings of the 7E2/7D substitution line. The
results showed that the expression of Fhb7
can be induced within 6 hours after DON
treatment (fig. S22), suggesting that this pu-
tative GST enzyme may have a role in xeno-
biotic detoxification. To test this hypothesis,
we conducted a growth inhibition assay by
growing Fhb7 near-isogenic lines (NILs) and
Fhb7-transgenic wheat seedlings inmedia con-
taining DON and found that the plants with
Fhb7 grew better (assessed as seedling length)
than the plants without Fhb7 (Fig. 2C and fig.
S23). We also expressed Fhb7 in yeast to test its
growth on DON-containing media and found
that both the Fhb7(+) and Fhb7(–) yeasts grew
well in the absence of DON; however, only the
Fhb7(+) yeast grew normally on the media
containing 400 mg L−1 DON (fig. S24).
Further evidence for the involvement of Fhb7

in detoxification was demonstrated by its di-
rect use of DON as a substrate.We treated the
seedlings of NILs, Fhb7-transgenic wheat, and
Fhb7-expressing yeast cultures with DON, and
found that the presence of Fhb7 in wheat
and yeast caused accumulation of a chromato-
graphic peak at 1.68 min, but the accumula-
tion was not detected in the corresponding
control samples without Fhb7 (Fig. 2D). This
peak had amass/charge (m/z) value of 604.2173
(± 3 ppm) under positive ion mode, which is
equal to the value for the molecule comprising
DON (296.1259), a glutathione group (307.0838),
andahydrogen atom (1.0078), therefore suggest-
ing that Fhb7 confers GST activity to form a
glutathione adduct ofDON (DON-GSH) (Fig. 2D
and fig. S25).
Previous studies on FHB- andDON-associated

chemistry (26, 27) using nuclear magnetic reso-
nance spectroscopy confirmed the nonenzy-
matic formation of a DON-GSH adduct that
was formed through a reaction with the double
bond at C10 on DON’s first planar ring. This
product was mainly detected in the DON-
treated Fhb7(–) yeast cultures and Fhb7(–)
wheat samples with the peak at 2.4 min (Fig.
2D and fig. S25). Although the two detected
DON-GSH isomers had identical m/z values,
tandem mass spectrometry with collision-
induced dissociation experiments unequivocally
supported that the Fhb7(+) samples produce
a de-epoxidated DON-GSH adduct (figs. S25
to S28); that is, the GSH group added by Fhb7

is attached to the C13 carbon, which disrupts
the epoxy group known to be critical in DON’s
toxicity (Fig. 2F) (28). Further, we used liquid
chromatography–high-resolution mass spec-
trometry (LC-HRMS) to profile DON-treated
spikes from 37 diverse wheat germplasm ac-
cessions and cultivars without Fhb7. We de-
tected the DON-GSH (C10) peak at 2.4 min
in all of these plants but did not detect the
1.68-minde-epoxidatedDON-GSH (C13) adduct
in any of them (fig. S29).
Fusarium species produce a series of tri-

chothecene mycotoxins, including DON, 3-
ADON, 15-ADON, T-2, HT-2, fusarenon-X, NIV,
diacetoxyscirpenol, and others, the distribution
of which varies among Fusarium chemotypes
(24, 26). Considering the common occurrence
of epoxy groups in these trichothecene com-
pounds, we hypothesized that Fhb7 may be
able to detoxify trichothecenes other thanDON.
Indeed, LC-HRMS analysis of trichothecene-
treated wheat samples revealed the presence
of GSH adducts for all the trichothecenes that
we tested in this study (figs. S30 to S37). In
light of Fhb7’s wide catalytic spectrum for these
mycotoxins, we investigated whether it can
confer resistance to other Fusarium chemo-
types, including F. pseudograminearum for
crown rot and F. asiaticum, a predominant
FHB-causing strain in south China. Assays
using detached wheat leaves showed that the
Fhb7-transgenic plants exhibited smaller lesions
thanwild-type plants for all the testedFusarium
species (fig. S38). F. pseudograminearum was
also inoculated on the base of wheat seedlings,
and the results confirmed that the transgenic
plants also exhibit improved crown rot resist-
ance comparedwith thenontransgenic controls
(fig. S39). These results further demonstrate
howTh. elongatumbenefits from Fhb7 through
the FP-HGT event, which protects plants from
Fusarium-caused cytotoxic damage by detox-
ifying trichothecene through de-epoxidation
(fig. S20).

Application of Fhb7 in Fusarium resistance
breeding

Considering Fhb7’s functionality, specifically
in the enzymatic conversion of trichothecenes,
we speculated that incorporating the Fhb7 locus
into wheat may confer resistance in different
genetic backgrounds without affecting yield
traits. Indeed, the translocation of a short frag-
ment [with ~16% of the 7E long arm (13)] on
wheat 7D resulted in wheat lines with broad
resistance to both FHB and crown rot (Fig. 3, A
to C). Detailed characterization of NILs (LX99
background) in field conditions showed no
significant difference in agronomic yield traits
(e.g., thousand grain weight, flag leaf length,
etc.; Fig. 3, D and E). Obvious yield penalty
caused by Fhb7 resistance was also not detected
when it was transferred into seven additional
genetic backgrounds (Fig. 3F and fig. S40).

These results demonstrated the advantages
of Fhb7-mediated resistance over other QTLs,
including high resistance to both FHB and
crown rot and detoxifying DONwithout yield
penalty, and thus highlighted the potential
utility of the Fhb7 locus in future wheat breed-
ing for improved FHB resistance and good
yield traits.

Discussion

Fusarium diseases are economically impactful
because of their effects on the production of
cereal crops. In this study, the successful cloning
of Fhb7 from the Triticeae E genome and char-
acterization of its molecular mechanism ad-
vances the knowledge on the essential role of
trichothecenes in the pathogenesis of Fusarium.
We have demonstrated that Fhb7 confers FHB
resistance in diverse wheat genetic backgrounds
without yield penalty and Fhb7 is able to bio-
chemically detoxify trichothecene mycotoxins
produced by multiple Fusarium species, which
highlights the value of Fhb7 in combating FHB
and reducingDONcontamination inwheat and
other cereal crops through breeding.
The epoxides at the C12/13 of trichothecene

mycotoxins are the key contributors to their
toxicity. However, to date, genes or proteins
with de-epoxidation function have not been
identified (3). Fusarium species can reduce
DON toxicity by adding an acetyl group on
the hydroxyl group at C3 and C15, forming
3-ADON and 15-ADON, respectively; however,
the reduction of cytotoxicity for these DON
derivatives is modest in plant cells (3). In
planta, glucosylation at C3 has been docu-
mented to detoxify DON by forming DON-
3-glucoside (D3G), which is reversible in
animals, causing release of DON during di-
gestion (29). Here, beyond our identification
of an FHB resistance gene, the broad detoxifi-
cation spectrumof Fhb7 throughde-epoxidation
of trichothecenes suggests the potential utility
of the GST enzyme in the biomedicine, feed,
and food industries in addition to reducing
DON content in wheat grain.
HGT, the transfer of genes between non-

mating species, is thought to occur frequently
in prokaryotes, but much less so in eukaryotes
(30). There is accumulating evidence illustrat-
ing instances of HGT events involving bacteria
or the organellar genomes of another plant as
donor (31). For instance, two Agrobacterium
geneswere found to be inserted in the genome
(with transfer DNA borders) of a cultivated
sweet potato [Ipomoea batatas (L.) Lam.], re-
vealing a naturally occurring transgenic food
crop (32). However, there is little evidence for
HGT events involving nuclear DNA trans-
mission from fungi or other eukaryotes, and
such transmission has been thought to be in-
significant (33). Fundamentally, our results
highlight the roles that FP-HGT has had in
shaping plant genomes, which advances the
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knowledge on disease resistance gene evolu-
tion and opens a new avenue for the identi-
fication of plant resistance genes.
The endophyticNeotyphodium andEpichloë

fungi often form mutualistic symbiotic asso-
ciations with forage grasses and offer hosts
bioprotective benefits against pathogens and
abiotic stresses, presumably owing to the
fungus-mediated anabolism and catabolism
of various natural product compounds (34).
Here, we showed that the GST encoded by
Fhb7 is conserved in Epichloë species and is
able to detoxify the trichothecene mycotoxins
secreted by Fusarium species. Thus, transfer
of this fungal gene into a plant genome could
be beneficial to plants, perhaps even eliminat-
ing the need for the symbiotic association per
se. The finding of Fhb7-mediated resistance to
both FHB and crown rot diseases further em-
phasizes the importance of this HGT in ben-
efiting the perennial Th. elongatum, which is

perhaps reflected by constitutive expression
of Fhb7 in all examined tissues. However, the
molecularmachinery that enabled the FP-HGT
of Fhb7 and the nature of the promoter evo-
lution underlying the expression of Fhb7 re-
main to be elucidated.

Methods summary

TheTh. elongatum genomewas first sequenced
by Illumina short-read sequencing and was
de novo assembled using the software pack-
age DeNovoMAGICTM3.0. PacBio SMRT long
reads were used to fill the gaps in the assem-
bly and Bionano optical maps were then used
to correct and extend the scaffold sequences.
The assemblywas anchored into seven pseudo-
chromosomes using Hi-C data. The assembly
was validated using independent BAC se-
quences, genetic maps of related species, and
commonly used software programs. Genes,
repetitive DNA, and other genomic features

in the assembly were annotated to reveal the
landscape of the species and to examine their
relationship with wheat and other related spe-
cies by in-depth comparative analyses. Genetic
markers in the Fhb7 region were developed
by means of the reference genome sequence
and used to screen recombinants for finemap-
ping to identify the Fhb7 candidate gene. The
candidate gene was functionally validated
by virus-induced gene silencing, EMS-induced
mutation, and transgenic approaches. FHB
resistance was evaluated by inoculation of
Fusarium conidial suspensions on wheat
spikes, leaves, or crowns. LC-HRMS(/MS) anal-
ysis was used to infer the biochemical structure
of trichothecene-glutathione adducts catalyzed
by Fhb7. Fhb7 was introgressed into diverse
wheat backgrounds using distant hybridization
and conventional breeding, and the presence
of alien chromatin in wheat was validated by
genomic in situ hybridization.
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Fig. 3. Application prospects for Fhb7 in wheat resistance breeding. (A) Genomic
in situ hybridization analysis (left panel) showing a translocation of the distal
region of 7E (containing Fhb7) from an E genome donor into wheat. Scale bar,
20 mm. Also shown are images of Fusarium-infected spikes (middle panel)
and crown rot (right panel) of LX99 NILs contrasting in Fhb7. (B) FHB resistance of
Fhb7 in eight different wheat genetic backgrounds evaluated at 21 d after inoculation
in field conditions. (C) Crown rot phenotypes were recorded as the death ratio
after growth in soil containing F. pseudograminearum at 30 days postinfection.

(D) Field plant photographs of two Fhb7(+) NILs and one Fhb7(–) NIL in the LX99
background. (E) Comparison of the yield traits among the two Fhb7(+) NILs and
one Fhb7(–) NIL in the LX99 background evaluated in the 2017 field experiment.
FLL, flag leaf length (cm); FLW, flag leaf width (cm); SL, spike length (cm); KPS,
kernels per spike; IS, infertile spikelets; GL, grain length (mm); GW, grain width
(mm); TGW, thousand grain weight (g). (F) Comparison of the grain yield among
eight Fhb7 translocation lines in different wheat genetic backgrounds. The grain yield
was measured from a 1-m2 plot in the 2017 and 2018 field experiments.
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重点研发计划项目（２０１９ＧＮＣ１０６００２）
作者简介：吴紫萱（２００１—），女，江苏镇江人，在读本科生，植物科学与技术专业。Ｅ－ｍａｉｌ：１２５８１４１４６５＠ｑｑ．ｃｏｍ
通信作者：刘风珍（１９６６—），女，山东东阿人，博士生导师，从事花生遗传育种研究。Ｅ－ｍａｉｌ：ｌｉｕｆｚ＠ｓｄａｕ．ｅｄｕ．ｃｎ

花生种皮颜色研究进展
吴紫萱１，薛其勤１，２，杨会１，刘风珍１

（１．山东农业大学农学院／作物生物学国家重点实验室，山东 泰安　２７１０１８；

２．潍坊科技学院，山东 寿光　２６２７００）

　　摘要：花生（ＡｒａｃｈｉｓｈｙｐｏｇａｅａＬ．）种皮由珠被发育而来，分三层，外表皮是一层厚壁细胞，中间层为若干层
薄壁细胞，内表皮为一层薄壁细胞。种皮色素物质主要分布在１～２层表皮细胞内。种皮颜色是决定花生商
品和保健价值的重要性状。本文主要对花生种皮颜色类型、不同颜色种皮的营养功效、种皮发育进程中的色

泽变化和色素沉积、种皮颜色的遗传以及相关基因定位等方面研究进展进行综述，并对其未来研究进行了展

望。

关键词：花生；种皮颜色；色素

中图分类号：Ｓ５６５．２　　文献标识号：Ａ　　文章编号：１００１－４９４２（２０２２）０１－０１５２－０５

ＲｅｓｅａｒｃｈＰｒｏｇｒｅｓｓｏｎＴｅｓｔａＣｏｌｏｒｏｆＰｅａｎｕｔ
ＷｕＺｉｘｕａｎ１，ＸｕｅＱｉｑｉｎ１，２，ＹａｎｇＨｕｉ１，ＬｉｕＦｅｎｇｚｈｅｎ１

（１．ＣｏｌｌｅｇｅｏｆＡｇｒｏｎｏｍｙ，ＳｈａｎｄｏｎｇＡｇｒｉｃｕｌｔｕｒａｌＵｎｉｖｅｒｓｉｔｙ／ＳｔａｔｅＫｅｙＬａｂｏｒａｔｏｒｙｏｆＣｒｏｐＢｉｏｌｏｇｙ，Ｔａｉａｎ２７１０１８，Ｃｈｉｎａ；
２．ＷｅｉｆａｎｇＵｎｉｖｅｒｓｉｔｙｏｆＳｃｉｅｎｃｅａｎｄＴｅｃｈｎｏｌｏｇｙ，Ｓｈｏｕｇｕａｎｇ２６２７００，Ｃｈｉｎａ）

Ａｂｓｔｒａｃｔ　Ｐｅａｎｕｔ（ＡｒａｃｈｉｓｈｙｐｏｇａｅａＬ．）ｔｅｓｔａｉｓｄｅｖｅｌｏｐｅｄｆｒｏｍｔｈｅｐｅａｒｌ，ｗｈｉｃｈｉｓｄｉｖｉｄｅｄｉｎｔｏｔｈｒｅｅ
ｌａｙｅｒｓ．Ｔｈｅｏｕｔｅｒｅｐｉｄｅｒｍｉｓｉｓａｌａｙｅｒｏｆｔｈｉｃｋｗａｌｌｅｄｃｅｌｌｓ，ｔｈｅｍｉｄｄｌｅｌａｙｅｒｉｓａｎｕｍｂｅｒｏｆｔｈｉｎｗａｌｌｅｄｃｅｌｌｓ，
ａｎｄｔｈｅｉｎｎｅｒｅｐｉｄｅｒｍｉｓｉｓａｌａｙｅｒｏｆｔｈｉｎｗａｌｌｅｄｃｅｌｌｓ．Ｔｈｅｐｉｇｍｅｎｔｓｕｂｓｔａｎｃｅｓｉｎｔｈｅｔｅｓｔａａｒｅｍａｉｎｌｙｄｉｓｔｒｉｂｕ
ｔｅｄｉｎｔｈｅ１～２ｌａｙｅｒｓｏｆｅｐｉｄｅｒｍａｌｃｅｌｌｓ．Ｔｅｓｔａｃｏｌｏｒｉｓａｎｉｍｐｏｒｔａｎｔｔｒａｉｔｔｈａｔｄｅｔｅｒｍｉｎｅｓｔｈｅｃｏｍｍｏｄｉｔｙａｎｄ
ｈｅａｌｔｈｖａｌｕｅｏｆｐｅａｎｕｔ．Ｔｈｅｒｅｓｅａｒｃｈｐｒｏｇｒｅｓｓｅｓｏｆｐｅａｎｕｔｔｅｓｔａｃｏｌｏｒｔｙｐｅｓ，ｎｕｔｒｉｔｉｏｎａｌｅｆｆｉｃａｃｙｏｆｄｉｆｆｅｒｅｎｔｃｏｌ
ｏｒｆｕｌｔｅｓｔａ，ｃｏｌｏｒｃｈａｎｇｅｓａｎｄｐｉｇｍｅｎｔｄｅｐｏｓｉｔｉｏｎｄｕｒｉｎｇｔｅｓｔａｄｅｖｅｌｏｐｍｅｎｔ，ｉｎｈｅｒｉｔａｎｃｅａｎｄｇｅｎｅｔｉｃｍａｐｐｉｎｇ
ｏｆｔｅｓｔａｃｏｌｏｒｗｅｒｅｓｕｍｍｅｒｉｚｅｄｉｎｔｈｉｓｐａｐｅｒ，ａｎｄｔｈｅｆｕｔｕｒｅｒｅｓｅａｒｃｈｗｅｒｅａｌｓｏｐｒｏｓｐｅｃｔｅｄ．

Ｋｅｙｗｏｒｄｓ　Ｐｅａｎｕｔ；Ｔｅｓｔａｃｏｌｏｒ；Ｐｉｇｍｅｎｔ

　　花生又名长生果，属豆科植物。花生是我国
主要的油料作物和经济作物之一，也是重要的特

色出口农产品［１］，是促进农业可持续发展的主要

农产品之一［２］。随着人民生活水平的提高，花生

用作加工食品和外贸出口的比例在逐步增加，人

们对特有的种皮色泽和特有的营养成分需求也日

益增多［３］。我国花生种质资源丰富，籽仁种皮颜

色分白、粉、红、紫、黑等多种类型。种皮色素物质

主要分布在１～２层表皮细胞内。花生种皮除了
含有多种营养成分外，还富含黄酮素类化合物、原

花色素、白藜芦醇、花青素等多种生理活性成分，

具有清除自由基、抗癌、降血压等作用。近几年，

国内外学者对于花生种皮颜色的形成机制，尤其

是色素积累基因的研究已有多次报道。
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有机肥施用及合理密植提高黄淮海地区夏大豆
光系统性能与籽粒产量

任廷虎1，李宗尧1†，杜  斌1，张兴惠1，徐  铮1，高大鹏2，郑  宾1，

赵  伟1，李  耕1*，宁堂原1*

（1 山东农业大学农学院/作物生物学国家重点实验室/农业农村部作物水分生理与抗旱种质改良重点实验室，

山东泰安 271018；2 吉林农业大学，吉林长春 130118）

摘要: 【目的】氮素合理投入与作物合理增密种植之间的协调关系被普遍认为是挖掘作物增产潜力的重要措施

之一。研究无机有机氮肥配合施用和不同种植密度条件下夏大豆光系统性能及产量差异，进而提出最佳施氮形

式和密度组合模式，为黄淮海地区夏大豆的高产高效优质生产提供理论基础及科学依据。【方法】田间试验于

2018—2020 年在山东农业大学农学实验站进行，供试夏大豆品种为‘齐黄 34’ (QH34)。采用完全随机区组设

计，试验设置 4 个密度水平，分别为 90000 株/hm2 (D1)、120000 株/hm2 (D2)、150000 株/hm2 (D3)、180000 株

/hm2 (D4)，D1 仅于 2018 年种植，D4 仅于 2019 和 2020 年种植。设置不施氮肥对照 (N0) 和 3 个等氮量氮肥处

理：单施尿素 (U)、单施腐熟鸡粪 (M)、尿素与鸡粪氮各占 50% (UM)。测定各处理夏大豆产量及产量构成因

素，花后叶片含氮量，净光合速率 (Pn) 及叶绿素荧光诱导动力学曲线 (OJIP 曲线)，分析大豆功能叶片 (主茎倒

四叶) 光系统Ⅱ (PSⅡ) 性能，PSⅡ对单位氮素的利用差异，以及 Pn 和 PSⅡ，Pn/SLN 和单位氮素对 PSⅡ的贡献

能力之间的相关性。【结果】施氮肥显著提高了大豆产量，且 4 个密度水平下，M 和 UM 处理的大豆产量均显

著高于 U 处理，UM 处理在 2018 年 D1、D2、D3 密度的大豆产量均显著高于 M 处理，UM 和 M 处理在

2019 年高密度处理 (D4) 差异不显著，在 2020 年 D2、D3、D4 密度下均无显著差异。从产量分析，密度为

D2 或 D3 更有利于黄淮海地区大豆的生产。在相同密度条件下，施氮肥可以显著提高叶片 Pn、PSⅡ的供体侧

(Wk)、受体侧 (Vj) 和 PSⅡ对光能的吸收 (PIABS)、捕获 (φPo)、能量转化 (φEo) 及电子传递活性 (Ψo)；有效提高单位

氮素对 PSⅡ的贡献能力 (φPo/SLN、Wk/SLN、Vj/SLN、φEo/SLN、Ψo/SLN)。2018 年各处理大豆的光合效能表现为

UM > M > U，随着种植年份的增加，UM 和 M 处理之间差异逐渐缩小，到 2020 年时二者之间差异不显著。在

同一肥料条件下，密度处理之间光合效能指标无显著差异。Pn 和 PSⅡ，Pn/SLN 和单位氮素对 PSⅡ的贡献能力

均呈显著正相关，且施氮肥显著提高了 Pn 和 PSⅡ的相关性，以 UM 处理效果最好。而在相同肥料处理条件

下，随着密度的增加，Pn 和 PSⅡ的相关性降低但无显著差异。施氮肥后 PSⅡ性能的改善是 Pn 和大豆产量提高

的主要原因。【结论】在黄淮海地区，稳定的有机肥投入与中高种植密度的结合更有利于大豆的高产高效优

质。夏大豆多年连续种植模式下，可将夏大豆密度提高到 150000 株/hm2 (D3)，重视有机肥氮的投入，在开始施

肥的第 1～2年，以一半尿素一半鸡粪为佳，之后改为单施腐熟鸡粪即可满足大豆的高产需求。

关键词: 夏大豆；有机无机肥配施；密度；光合特性；光系统Ⅱ性能；氮素；产量

Improving photosynthetic performance and yield of summer soybean by
organic fertilizer application and increasing plant density

REN Ting-hu1,   LI Zong-yao1†,   DU Bin1,   ZHANG Xing-hui1,   XU Zheng1,   GAO Da-peng2,   ZHENG Bin1,   
ZHAO Wei1,   LI Geng1*,   NING Tang-yuan1*

( 1 Agronomy College, Shandong Agricultural University / State Key Laboratory of Crop Biology / Key Laboratory of Water
Physiology and Drought-Tolerance Germplasm Improvement, Ministry of Agriculture and Rural Affairs, Tai’an, Shandong 271018,

China; 2 Jilin Agricultural University, Changchun, Jilin 130118, China )
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quan@sdau.edu.cn)。

添加适宜氮磷对连作平邑甜茶幼苗生长及土壤环境的影响

王玫
1,2, 姜伟涛

1, 孙申义
3, 段亚楠

1, 沈向
1, 陈学森

1, 尹承苗
1,2,*, 毛志泉

1,*

山东农业大学1园艺科学与工程学院, 作物生物学国家重点实验室; 2泉林黄腐酸肥料工程实验室, 山东泰安271018; 3山东省

招远市果业总站, 山东招远265400

摘要: 以盆栽平邑甜茶幼苗为试验材料, 设置连作土对照(CK)、单施氮肥(N)、施氮磷肥(NP)和单施磷肥(P) 4个处理, 探讨

氮磷添加对连作平邑甜茶幼苗及土壤环境的影响。结果表明, 与对照相比, 施NP显著促进了平邑甜茶幼苗株高、地径、干

重和鲜重的增加, 分别为对照的1.58倍、1.38倍、2.48倍和2.6倍; 显著提高了根系长度, 为对照的2.51倍; 提高了平邑甜茶

幼苗的根系呼吸速率和根系超氧化物歧化酶(SOD)、过氧化物酶(POD)和过氧化氢酶(CAT)的活性, 分别为对照的1.92倍、

1.26倍、2.69倍、3.23倍; 同时提高了土壤细菌/真菌比值和土壤主要酶活性。综上所述, 连作土中添加适宜氮磷可显著改

善连作土壤环境, 促进根系生长, 最终减轻苹果连作障碍现象。

关键词: 平邑甜茶; 苹果连作障碍; 氮肥; 磷肥; 土壤微生物

苹果产业是我国的优势产业, 到2014年我国

苹果种植面积已达222.15万hm2, 目前近80%的苹

果栽培面积都集中在环渤海湾和西北黄土高原地

区(里程辉等2016)。由于山东省大部分果树分布于

山丘地, 土壤相对贫瘠, 土地资源有限, 各种农作物

争地以及栽培条件等各方面因素的限制, 使苹果主

产区面临严重的连作障碍问题(Tewoldemedhin等
2011; 王闯等2009)。连作障碍通常表现为植株矮

小、幼苗存活率低、低产量和品质下降、病虫害

加重等问题 , 造成巨大的经济损失(Liu等2014; 
Mazzola和Manici 2012)。苹果连作障碍的致病因

素非常复杂, 主要包括生物和非生物因素两大类, 
有研究表明土壤有害真菌的增加是导致连作障碍

发生的重要原因之一(Cardinale等2006; 李家家等

2016), 有害真菌的增加导致土壤微生物种群结构

发生改变(Yim等2013)。非生物因素包括土壤有毒

物质积累, 土壤理化性质恶化, 土壤养分失衡等

(Zhang等2012)。
氮磷肥是苹果幼树管理过程中必须施用的肥

料, 会对苹果幼树的根系发育及正常生长产生影

响。在果园实际生产中, 施肥对苹果生长发育具

有重要意义。植物与土壤养分具有相互协调的作

用, 改变土壤中营养元素的水平可以影响植物根

系的生长发育和分泌特性, 进而导致植物根际微

生物种群结构与功能、土壤酶活性以及土壤pH值

等发生变化(王富林等2013; 罗燕和樊卫国2014; 祖
艳群等2015)。不同的施肥制度对土壤微生物数

量、群落结构影响差异显著(时鹏等2010), 早有国

外研究表明果园施用磷酸盐肥料可有效地控制苹

果再植病的发生或减轻其损害程度(Utkhede 1995; 
Gur等1998)。尹承苗等(2013)研究发现有机物料

能够有效地减轻苹果连作障碍对幼树生长发育的

影响。施用适量的肥料可增加重茬苹果根系生物

量, 提高土壤有效养分含量, 促进微生物生长繁殖

(陈伟2007; 樊红科2008)。
因此, 通过施肥调控果树生长发育及果树根

系生长的土壤环境是不可避免的, 但氮和磷如何

影响连作苹果植株的生长、连作土壤微生物结构

以及对连作障碍发生程度的影响有何不同鲜见报

道。本研究以平邑甜茶幼苗为试材, 探讨添加氮

磷对平邑甜茶幼苗生长及连作土壤环境的影响, 
以期为减轻苹果连作障碍提供新的措施。

材料与方法

1  试验材料与处理

试验于2015年在山东农业大学南校区国家苹

果工程技术研究中心试验基地进行。供试土壤取

自山东省泰安市满庄镇25年生红富士苹果园, 砧
木为八棱海棠(Malus micromalus Makino), 土壤类

型为棕壤土, 速效钾含量为90.6 mg·kg-1, 速效磷含
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基于Ｗｅｂ　ｏｆ　Ｓｃｉｅｎｃｅ的土壤微生物研究文献
国际发展态势分析

李 　 通１，２，马 雪 婷３，李 春 杰２，４，阚 玉 贺１，２，魏 玉 莲１

（１．中国科学院 沈阳应用生态研究所，辽宁 沈阳１１００１６；２．中国科学院大学，北京１０００４９；３．山东农业大学 园艺科学与工程学院，

山东 泰安２７１０００；４．中国科学院 文献情报中心，北京１００１９０）

　　摘　要：在文献调研、专家咨询和文献计量分析的基础上，对国际土壤微生物研究的发展历
程进行了回顾，利用文献计量学方法分析了土壤微生物学研究的主要国家和机构状况，分析了近
年来相关研究的学科分布以及热点主题内容，分析了国际土壤微生物研究的发展态势和挑战。
结果表明：国际土壤微生物研究的学科分布主要集中在土壤科学、环境科学，而且土壤科学、环境
科学、生态学、微生物学、农学生物技术应用微生物学的文献数量达到文献总量７５．０４％，表明这
几个学科领域是土壤微生物研究的前沿热点；热点主题主要集中在土壤微生物多样性、生物量、
有机质、土壤碳等方面，总结了这些领域的发展趋势和重点研究方向，并根据分析结果，对我国土
壤微生物学领域采取的措施、今后发展的方向提出了建议。
关键词：土壤微生物；文献计量学；研究进展
中图分类号：Ｓ　１５４．３９　文献标识码：Ａ　文章编号：１００１－０００９（２０１７）１０－０１９８－１０

　　土壤是人类赖以生存与发展的基础，是地球系
统大气圈、水圈、岩石圈及生物圈相互作用最复杂、
最活跃的交界面。土壤中的微生物数量巨大、种类
繁多，是联系不同圈层物质与能量交换的重要纽带，
被称为地球关键元素生物地球化学循环过程的

引擎。
土壤微生物在土壤中度过其全部或部分的生命

历程，并在土壤内部各种过程中发挥着重要作用。
土壤微生物参与次生矿物的形成，以及Ｆｅ、Ｍｎ、Ｃｕ、Ｓ
等元素的生物地球化学转化过程［１］，土壤中各种来
源和形态的有机质也都必须经过微生物的分解矿化

过程才能重新进入土壤生物地球化学循环。大气温
室气体的动态变化与土壤生物紧密相关。据估计，
仅湿地和水稻田产甲烷菌引起的ＣＨ４ 排放约占全
球总排放量的１／３［２］，而农田施肥相关过程所排放的

Ｎ２Ｏ约占全球年排放总量的７５％［３］。微生物在污染
物的迁移转化过程中起着关键作用。土壤中有些微
生物携带一些功能基因（如双加氧酶基因等），其表
达的蛋白是降解有机污染物的关键酶。有些微生物
在长期进化过程中形成了以有机污染物为唯一碳源

的生理代谢特点，通过降解污染物获得能量进行生
长繁殖［４－５］。还有一些微生物通过共代谢（或共氧
化）的方式降解有机污染物［６］。微生物也可以控制
重金属的氧化还原及其相应的形态转化，如 Ｈｇ和
Ａｓ的甲基化［７］。
在科技发展日新月异的新形势下，系统梳理土

壤微生物学研究，有利于强化土壤微生物的知识积
累与理论创新能力，充分理解其在土壤肥力形成和
培育、污染土壤修复和全球环境变化中扮演着重要
角色，从而为农业生产实践、全球环境变化和生态环
境安全等国家战略需求提供新思路。

１　土壤微生物领域研究动态分析
该研究文献信息来自于美国汤森路透的科学引

文索引（Ｓｃｉｅｎｃｅ　Ｃｉｔａｔｉｏｎ　Ｉｎｄｅｘ　Ｅｘｐａｎｄｅｄ）数据库。期
刊来源为美国《期刊引证报告》（Ｊｏｕｒｎａｌ　Ｃｉｔａｔｉｏｎ
Ｒｅｐｏｒｔｓ）的期刊分类中“土壤学““生态学”“微生物

８９１
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纤维素降解菌剂对桃园土壤养分及果实品质的影响
王楚堃1，彭福田1，何平2，常源升2

( 1． 山东农业大学园艺科学与工程学院，山东 泰安 271018; 2． 山东省果树研究所，山东 泰安 271000)

摘要:试验研究了桃园土壤在施用有机肥( 牛粪) 的同时施加纤维素降解菌剂，对土壤养分含量及桃果实

品质的影响。结果表明，桃园基施有机肥及菌剂处理比单施有机肥处理，土壤有机质含量增加 6． 5% ～
29． 9%，比空白对照高出 1． 3 ～ 1． 8 倍;施加菌剂使土壤速效氮、磷、钾均有不同程度的增加，其中土壤碱解氮
增幅最大，达 24． 7% ～ 27． 0% ;土壤速效磷含量增加 12． 1% ～ 15． 0%，土壤速效钾含量增加 11． 0% ～ 15． 0%，
尤其是施加混合菌剂的处理效果最为明显。纤维素菌剂与有机肥混合处理，对桃单果重影响不显著，可显著
提高桃果实品质。
关键词:纤维素降解菌剂;果园;土壤养分;果实品质

中图分类号: S662． 1 文献标识号: A 文章编号: 1001 －4942( 2017) 03 －0094 －03

Influence of Cellulose Degrading Bacteria on
Peach Orchard Soil Nutrients and Fruit Quality

Wang Chukun1，Peng Futian1，He Ping2，Chang Yuansheng2

( 1． College of Horticulture Science and Engineering，Shandong Agricultural University，Taian 271018，China;
2． Shandong Institute of Pomology，Taian 271000，China)

Abstract In this research，the effects of applying cellulose degrading bacterium agent in accompany
with organic manure ( cow dung) on peach orchard soil nutrient content and fruit quality were studied． The re-
sults showed that the soil organic matter content of basal application of organic manure and microbial agents in-
creased by 6． 5% ～29． 9% than those of application of organic manure，and 1． 3 ～ 1． 8 times higher than those
of CK． Application of cellulose degrading bacterium agent increased the soil available nitrogen，phosphorus
and potassium to some extent． Among which，the available nitrogen had the largest increase amplitude of
24． 7% ～27． 0%，and that of soil available phosphorus and potassium was 12． 1% ～ 15． 0% and 11． 0% ～
15． 0% respectively． The treatments with mixed bacterium agent had the most obvious effects． The single fruit
weight of peach had no obvious change，but the fruit quality was significantly improved by mixed application of
cellulose degrading bacterium agent and organic manure．

Keywords Cellulose degrading bacterium agent; Orchard; Soil nutrients; Fruit quality

自然界中有许多细菌、放线菌和真菌，大多具
有分解纤维素和降解纤维素的功效［1］。近年来
研究者在筛选纤维素降解菌方面取得显著成果，

孟会生等［2］筛选出了哈茨木霉，具有较强的降解

能力;郝月等［3］获得了降解纤维素较好的的青霉

菌株;蔡兴旺等［4］从肥料中筛选出降解纤维素的

单孢菌，这些菌株对研究纤维素降解及田间肥效

起到非常重要的作用［5］。
随着农业的发展，作物赖以生存的土壤尤为

重要，改善土壤结构、增加土壤有机质含量，合理
高效施肥等研究成为主题。本试验在果园土壤施
用有机肥( 牛粪) 的同时增加纤维素降解菌剂的
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1.2.1 用土量的确定。根据各种土质的性质及向日葵生
长周期的营养特性需求，将盆栽盆的容量分为 7等份，
园土、蛭石、牛粪、草木灰及松针土的添加量分别占盆
的 3份、1份、1份、1份及 1份。
1.2.2 设计原则。（1）以 1、2、3、4组为一大组，探究在松
针土作为土壤结构优化的情况下，牛粪与草木灰的作

用情况。（2）以 1、5、6、7组为一大组，探究在蛭石作为
土壤结构优化的情况下，牛粪与草木灰的作用情况。
（3）以 8、9、10组为一大组，在松针土与蛭石协同作为
土壤结构优化的情况下，比较牛粪与草木灰的作用。
（4）以 11、12、13组为一大组，在草木灰与牛粪协同作
为土壤养分优化的情况下，比较蛭石与松针土的作用。
（5）2、3、4与 5、6、7对照，分别在牛粪、草木灰作为土
壤养分优化的情况下，比较松针土与蛭石对土壤结构

的优化功效。（6）14组牛粪与草木灰协同优化土壤养
分，松针土与蛭石协同优化土壤结构，以此来与各组进

行对照。

食用向日葵盆栽种植土壤优化的初步研究
王培辉，王威振，谭晓雪，张 敏，韩金赢，张宗营

（山东农业大学园艺科学与工程学院，山东泰安 271000）

摘 要：本研究以盆栽种植为桥梁，将向日葵的食用与观赏两大功能有机结合，从而更好地挖掘出向日葵的潜在价值。向日葵盆栽
种植主要是克服盆栽土壤的结构和养分 2个问题，试验结果表明，以“园土 + 蛭石 + 牛粪 + 草木灰”进行土壤配置，可为向日葵盆
栽种植提供良好的生长环境。
关键词：向日葵；食用；观赏；盆栽；土壤配置

土 5种土质。盆栽盆使用规格为：直径 35cm，高 28cm
的花盆。
1.2 试验方法
本试验以盆栽种植土的种类为变量，共设计了 14

组试验（见表 1），每组设 3个平行试验。

向日葵是一种生长发育迅速、物质积累快、抗逆性
强并且有着食用和观赏两大功能的作物，基于它的诸

多优点，广受欢迎[1]。但就目前市场调查来看，食用向日
葵和观赏向日葵 2个领域却相对独立，缺少将其两大
功能相结合的应用，因此不管是食用向日葵，还是观赏

向日葵，其市场价格都有一定的局限性。若能将向日葵
的食用与观赏两大功能相结合，势必会扩大其市场需

求。而食用向日葵盆栽种植研究正是基于这个思想，力
求研究出食用向日葵盆栽的种植与管理方法，从而使

得食用向日葵具备更高的观赏价值。
食用向日葵盆栽种植管理方便、节省种植空间，为

近年来兴起的城市阳台和屋顶农业提供了很好的种植

样板。食用向日葵盆栽种植与田间种植的主要区别在
于土壤的养分和结构，盆栽中的土壤养分相对固定，且

容易造成板结，可能导致向日葵发育不良、果实质量不
好等问题。而盆栽中的水分、养分和光照等生长条件，
便于根据向日葵的生理需求进行人工调控。因此，探究
食用向日葵盆栽种植的优化问题，可以转化为探究土

壤的结构优化和养分优化 2个方面。我们选取生活中
易于获得的 5种优质廉价的材料作为盆栽用土的选
择，它们分别为园土、蛭石、牛粪、草木灰及松针。根据
这 5种土质的性质[2- 5]，试验中，用园土作为盆栽土中的

基本土壤，松针和蛭石作为盆栽种植中的土壤构性优

化的土质，牛粪和草木灰作为土壤养分优化的土质。本
试验通过探究 5种土质间的不同搭配，观察向日葵的
生长状况，从而得出最适合作为食用向日葵盆栽种植

的土壤配置。
1 材料与方法

1.1 试验材料
本研究场地在山东农业大学试验站，所用的向日

葵为美国黑贝食葵。美国黑贝食葵具有花盘大、果实饱
满、观赏性较强、半矮化型等优良性状，并且经过市场
及实地调查，它广受当地种植者的欢迎，因此，不管从

其本身的性状，还是从实效性来看，都可作为本研究的

良好实验材料。
盆栽种植的土壤选择，定位于生活中常见的优质

廉价土，本试验采用了园土、蛭石、牛粪、草木灰及松针

表 1 试验对照组设置

处理 园土 松针土 蛭石 牛粪 草木灰

1 √

2 √ √

3 √ √ √

4 √ √ √

5 √ √

6 √ √ √

7 √ √ √

8 √ √ √

9 √ √ √ √

10 √ √ √ √

11 √ √ √

12 √ √ √ √

13 √ √ √ √

14 √ √ √ √ √
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Identification and characterization of cherry
(Cerasus pseudocerasus G. Don) genes
responding to parthenocarpy induced by
GA3 through transcriptome analysis
Binbin Wen1,2†, Wenliang Song1,2†, Mingyue Sun1,2, Min Chen1,2, Qin Mu1, Xinhao Zhang1,2, Qijie Wu1,
Xiude Chen1,2,3, Dongsheng Gao1,2,3* and Hongyu Wu1,2,3*

Abstract

Background: Fruit set after successful pollination is key for the production of sweet cherries, and a low fruit-setting
rate is the main problem in production of this crop. As gibberellin treatment can directly induce parthenogenesis
and satisfy the hormone requirement during fruit growth and development, such treatment is an important
strategy for improving the fruit-setting rate of sweet cherries. Previous studies have mainly focused on physiological
aspects, such as fruit quality, fruit size, and anatomical structure, whereas the molecular mechanism remains clear.

Results: In this study, we analyzed the transcriptome of ‘Meizao’ sweet cherry fruit treated with gibberellin during
the anthesis and hard-core periods to identify genes associated with parthenocarpic fruit set. A total of 25,341
genes were identified at the anthesis and hard-core stages, 765 (681 upregulated, 84 downregulated) and 186 (141
upregulated, 45 downregulated) of which were significant differentially expressed genes (DEGs) at the anthesis and
the hard-core stages after gibberellin 3 (GA3) treatment, respectively. Based on DEGs between the control and GA3
treatments, the GA3 response mainly involves parthenocarpic fruit set and cell division. Exogenous gibberellin
stimulated sweet cherry fruit parthenocarpy and enlargement, as verified by qRT-PCR results of related genes as
well as the parthenocarpic fruit set and fruit size. Based on our research and previous studies in Arabidopsis
thaliana, we identified key genes associated with parthenocarpic fruit set and cell division. Interestingly, we
observed patterns among sweet cherry fruit setting-related DEGs, especially those associated with hormone
balance, cytoskeleton formation and cell wall modification.

Conclusions: Overall, the result provides a possible molecular mechanism regulating parthenocarpic fruit set that
will be important for basic research and industrial development of sweet cherries.

Keywords: Sweet cherry, GA3, Transcriptome, Parthenocarpy, Fruit set and cell division

Highlight
Cherry genes respond to parthenocarpy and promote
fruit setting induced by GA3

Background
Fruit set is an important step in fruit growth and devel-
opment. In this process, the ovary becomes enlarged

with development of the embryo after fertilization, indu-
cing fruit formation [1]. A variety of hormonal synergies
play a major role in controlling fruit set; GA, auxin, and
cytokinin alone cause the fruit to grow and develop to a
certain stage, but the fruit develops normally due to
their synergistic effect [2, 3].
Exogenous spraying of 5 mg / L GA3 maintains the ac-

tivity of citrus parietal cells and promote their division,
thereby increasing the rate of fruit setting [4], and it was
reported that treatment of grape flower spikes with 30
mg/L GA3 before full bloom significantly increased the

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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B otany Characteristic of Different Apple Variety on M9T337
Rootstock

M9T337 自根砧嫁接不同苹果品种的植物学特性调查

姜乐璞 1，姚 建 1，张兆梁 1，韩 福 1 ，尚 将 1 ，李 玲 1，2*

（1.山东农业大学园艺科学与工程学院，山东泰安 271000；
2.山东省日照市五莲县人民政府，山东五莲 262300）

摘 要：该文对 M9T337 矮化自根砧嫁接 5 个富士短枝品种和金帅进行了调查，用

M9T337自根砧嫁接短枝品种，栽后第 2年结果，金帅（五莲）、龙富短枝（烟台）结

果数分别是 16.8 个、14.9 个，龙富短枝结果较多。在不同试验地宫崎短枝结果数量不

同，且双矮栽培在肥沃土壤上采用支架可实现矮化早丰。

关键词：龙富短枝；烟富 6；宫崎短枝；矮化；M9T337 ；自根砧

中图分类号：S661.1 文献标识码：A 文章编号：2095-0896（2019）01-032-03

JIANG Le -pu et al.（College of Horticultural Science and Engineering， Shangdong Agricultures
University，Tai’an，Shandong 271000）
Abstract This paper explained the result of five spur apple varieties grafted on M9T337. Fruit number
of Gold delicious（Wulian）and Longfu spur Fuji （Yantai）were 16.8 and 14.9 respectively at second
season after planting. Fruit number of Miyazaki spur Fuji were different in two regions. Spur Fuji grafted
on M9t337 rootstock could bear fruit early on fertile soil with support system.

Key words Longfu spur Fuji；Yanfu 6；Miyazaki spur Fuji；Dwarf；M9T337；Self-rooted rootstock

M9T337是荷兰木本植物苗圃检测服务中心从

M9中选出来的矮化砧木优系，目前是世界各国应用

最成功、最广泛的矮化砧木。苹果矮化集约栽培是倡

导的一种生产模式，现代化矮砧密植苹果园多采用

M9T337自根砧繁育的大苗来建园。矮化果树管理简

单、用工少、树体结果早、果实着色好、含糖量高，是

果树生产栽培者较为常用的栽培方法。M9T337苗木压

条繁育比较容易，克服了 M9 压条不易生根的难

题，也是M9T337砧木广泛应用的一个重要因素[1]。其

砧木繁育为无性繁殖，保持母本的遗传性状，整齐一

致，根系为茎源根系，没有主根，分布较浅。M9T337 作
为砧木嫁接苹果树易成花，结果早，果个大小均

匀，丰产性好，嫁接亲合性好[2]。嫁接风味偏酸的苹果 品

种和嘎拉系列品种结果早，树势中庸，易管理[3]。有

研究对比嘎拉、富士嫁接 M9T337自根砧与乔化实

生砧的产量及品质，发现嫁接 M9T337矮化自根砧

的单株产量极高，品质方面也优于乔化实生砧。意大

利、法国等推广并已获成功的高纺锤形果园多采用

M9T337砧木，荷兰、法国等国利用 M9T337砧木将

2年生自根砧成品苗于 70～80 cm处短截，培育成分

枝大苗，建园成形快、结果早，一般第 2～3年即可获

得高产[2]。山东省烟台地区和五莲县是苹果主产区，

M9T337砧木是否适合山东的气候条件和土壤环境，

笔者对两地的 2年生M9T337自根砧苹果幼树的生

长量、结果数量、根系分布进行实地调查。

1 材料与方法

1.1 材料

1.1.1 调查地点。选择位于山东省烟台市福山区的

作者简介：姜乐璞（1998-），男，山东烟台人，本科，从事园艺作物研究。* 通讯作者，李玲，女，博士，副教授。
收稿日期：2018-11-16
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玉米是丽江市分布最广、 种植面积最大的主要
粮食作物，常年播种面积 58 万亩左右，玉米生产质
量的好坏将直接影响全市主要粮食产量的稳定和提

高， 同时作为饲料用粮也将很大程度影响全市畜牧
业生产的发展。 当前种植业结构矛盾中，玉米生产表
现出的供过于求、库存压力过大已成为突出问题。 巩
固提升优势产区、 适当调减非优势区， 调减籽粒玉
米、扩大青贮玉米、适当发展鲜食玉米是当前调整的
重点和方向。 而加大实施高产优质青贮饲料玉米新
品种及配套栽培技术的应用， 可以有效减少牛羊等
草食家畜的优质饲草料供需缺口、 大幅降低生产成
本，同时将单纯的粮仓变为“粮仓+奶罐+肉库”，同时
也减轻了玉米收储压力。 最终转变发展方式，巩固提
升粮食产能，推进种植业结构调整，优化品种结构和
区域布局，构建粮经饲统筹、农牧结合、种养加一体、
一二三产业融合发展的格局。

1 选地整地
选择地势平整，土层深厚，肥力中等，排灌方便

的地块。播前深犁细耙（耕深 25～30 cm），使之达到平
整土碎、上虚下实、沟直墒平，内无残根、残膜。

2 品种选择
可选择蛋白质含量高，活秆成熟，抗病性好，抗

倒伏的杂交玉米品种作为青贮种植，如：西抗 18，足

玉 7号等。

3 播种
3.1 种子质量
种子纯度≥96.0％，净度≥99.0％，发芽率≥85％，

水分≤13.0％。种子质量应符合 GB 4404.1规定指标。
3.2 播种量
每亩用包衣种 2～3 kg。 包衣种使用应符合

GB 15671规定指标。
3.3 播种期
3.3.1 春播 海拔 2 000～2 500 m 段的地区适宜春
播，播期为 3月 20日至 4月 20日。
3.3.2 夏播 海拔 1 050～2 000 m 段的地区适宜夏
播，播期为 4月 20日至 5月 20日。
3.4 播种密度
春播期亩播种密度为 6 000～6 600 株；夏播期亩

播种密度为 5 500～6 000株。
3.5 打塘播种
采用地膜覆盖宽窄行垄作法， 大行距 65 cm、小

行距 35 cm，打塘直播，每塘播 2～3粒籽。春播期株距
40～44 cm；夏播期株距 44～48 cm。

4 施肥
以有机肥为主，无机肥为辅。 重施基肥，氮磷钾

合理配比，补施锌肥，适时追肥。 肥料的使用应符合

基金项目：云南省粮食专项绿色高产高效创建项目。
作者简介：田景梅（1986－），女，农艺师，主要从事农业技术推广工作。

丽江市青贮饲用玉米高产栽培技术

田景梅 1 江 波 1 杨晓云 1 张隽超 1 芮 麟 2

（1.丽江市种子管理站 云南丽江 674100；2.山东农业大学 泰安 271018）

摘要：通过对丽江市青贮饲用玉米的高产栽培技术的研究，加大实施高产优质青贮饲料玉米品种
及配套栽培技术的应用，最终使本地的青贮玉米进入规模化、标准化种植，对提高本区域内玉米种
植结构的调整，带动全市青贮玉米生产及草食畜牧业的发展，促进全市粮、经、饲三元种植结构的
构建发挥着重要作用。
关键词：丽江；青贮玉米；栽培种植
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青贮玉米较普通籽粒玉米具有生物产量高、纤
维品质好、持绿性好、干物质和水分含量适宜用厌氧
发酵的方法进行封闭青贮的特点。 加大实施高产优
质青贮饲料玉米新品种及配套栽培技术， 可以有效
减少奶、肉等家畜的优质饲草料供需缺口、大幅降低
生产成本，将单纯的粮仓变为“粮仓+奶罐+肉库”，同
时也减轻了玉米收储压力， 有效推进种植业结构调
整，优化品种结构和区域布局，构建粮经饲统筹、农
牧结合、种养加一体、一二三产业融合发展的格局 [1]。
研究表明优质品种的选择、密度、收获期是影响青贮
玉米产量和品质的三个重要因素[2]。 为了探明青贮玉
米在丽江复杂生态条件下种植的高产优质栽培技

术，从 2016 年起，丽江市种子管理站率先在本区域
开展了青贮玉米不同的品种、不同栽培种植密度、不
同收获期对产量和品质的影响研究， 旨在通过合理
的栽培措施，提高青贮玉米的产量和品质，为丽江青
贮玉米品种、 优质栽培技术和合理利用提供理论依
据与技术支持。

1 材料与方法
1.1 试验概况
试验地位于丽江市七河镇勒马村丽江市种子管

理站实施的粮改饲标准化百亩示范区内。
试验地地势平整，土层深厚，肥力中，排灌方便，前茬
为冬闲田。
供试品种：足玉 7 号、西抗 18、靖青 1 号、鑫白单

7号、祥单 3 号、隆白 1 号、惠农三 9 号、惠农单 5 号、
HN1701（黄粒）、陵玉 987（黄粒）、金亿 219（黄粒）、盛
谷 8号（黄粒），共 12 个。
试验在 2018 年 4 月 8 日播种，采用地膜覆盖宽

窄行垄作法，行距 1.2 m，人工拉线打塘精准直播，每
塘双苗，播种深度 4~5 cm。
1.2 试验设计
1.2.1 品种对比试验 试验采用随机排列， 无需重
复，每个小区面积 96 m2，10行区（8 m×12 m），小区间
走道宽 0.8 m，12 个参试品种。 采用地膜覆盖宽窄行
垄作法， 行距 1.2 m， 株距 40 cm， 打塘直播， 每塘
留双苗。
1.2.2 密度试验 ①参试品种：足玉 7号。 ②小区设
计：试验采用随机排列，设 3 次重复。 每个小区面积
72 m2，3 个密度处理， 采用地膜覆盖宽窄行垄作法，
行距 1.2 m，株距根据密度而定，人工拉线打塘精准
直播，每塘留双苗。③密度设计：3 500株（株距 63 cm）、

基金项目：云南省粮食专项绿色高产高效创建项目。
作者简介：田景梅（1986-），女，农艺师，主要从事农业技术推广工作。
通讯作者：芮体江（1974-），男，高级农艺师。

不同品种及栽培措施

对青贮饲用玉米产量的影响

田景梅 1 芮 麟 2 江 波 1 杨晓云 1 芮体江 1 张隽超 1

（1.丽江市种子管理站 云南丽江 674100；2.山东农业大学 泰安 271018）

摘要：本试验采用随机区组设计，研究不同青贮品种、不同种植密度、不同收获期对产量和品质的
影响。 研究结果表明：不同青贮品种、不同种植密度、不同收获期均能极显著影响青贮玉米的产量
和品质。
关键词：青贮饲用玉米；品种；密度；产量；价值
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Abstract
Cadmium (Cd) contamination in soil has become the focus of widespread concern in society today. In this paper, with Eisenia
fetida as research subjects, an indoor simulation experiment was conducted. A BIOLOG microplate technique was used to
determine the carbon source (single-carbon) utilization of the microbial communities in the contaminated soil and earthworms
under Cd stress. Contour line analysis was used for the first time to study the difference of carbon source metabolism in microbial
communities. And the effects of Cd stress on the functional diversity of the microbial communities and the detoxification
mechanism in earthworms were researched. With two test groups, a short-term test and the long-term test were performed.
The former test lasted for 10 days, with the removal of an earthworm every day for analysis; the latter test lasted for 30 days, with
the removal of an earthworm every 10 days. The Cd2+ concentration was set at 0, 50, 100, 125, 250, or 500 mg kg−1 dry weight,
and 10 earthworms were inoculated in each concentration treatment. The earthworm homogenate and soil extracts were used to
determine the carbon source utilization of the microbial communities. The results show that Cd stress changed the functional
diversity of the microbial communities in the soil and earthworms. With the extension of stress time and the increase of stress
concentration, earthworms will adjust their own physiological functions (including the microbial community structure and stress
mechanism in the body) and regulate the microbial community structure in the external environment to obtain the necessary
substances for growth. In addition, 2-hydroxybenzoic acid, γ-hydroxybutyric acid, glutamyl-L-glutamic acid, α-butyric acid,
threonine, and α-cyclodextrin were important carbon sources for the earthworms to maintain their normal physiological metab-
olism under Cd stress. This study confirms that changes in microbial communities can be used to reveal the detoxification
mechanisms of earthworm under heavy metal stress.

Keywords Cd stress .Eisenia fetida . Microbial community . Single carbon resource . Contour line analysis

Introduction

The research on the biological toxicity and detoxification
mechanism of cadmium (Cd) pollution on soil animals is the
focus and hotspot in ecotoxicology and agricultural ecology
(Liu et al. 2013; Wei et al. 2015; Shen et al. 2017). The toxic
effects of Cd stress on earthworms and its detoxification

mechanism are mainly concentrated on individual body
weight (Chen et al. 2017; Das et al. 2016; Zaltauskaite and
Sodiene 2014), antioxidant enzyme activity (Li et al. 2014),
cell membrane stability (Samal et al. 2017), and gene damage
(Liu et al. 2011). For microbial community, current reports are
only confined to the speculation and explanations of earth-
worm physiological changes after Cd stress. In the study of
toxic effects of antibiotic stress on earthworms by Ji et al.
(2014), they suggested that the reason of the part of gene
expression disorder may be that the antibiotic has changed
the microbial community in soil and earthworm, making the
worms lose the function of obtaining the essential material or
degrading harmful substances; the worms have to force itself
to change so that genes can be expressed differently in order to
acquire these functions. Kreps et al. (2002) and Kant et al.
(2008) have similar inference in the study of salt, osmosis,
and low temperature stress on the genetic damage of
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白菜 CesA基因家族鉴定及表达模式分析

马宇辰 1，赵玉梅 1，2，黄丹霖 1，张梦晴 1，吴晓宇 1，2 ，王洁 1，2 ，

陈雨 1， 黄家保 1，2，段巧红1，2*

（1.山东农业大学园艺科学与工程学院，泰安 271000；2. 作物生物学国家重点实验室，

泰安 271000）

摘要：为探究 CesA基因家族在白菜生长发育及纤维素合成过程中的作用机制，该研究通过

生物信息学的方法，以白菜的全基因组序列为研究区域，进行了理化特征、基因结构、进化

特征、保守基序及结构域、顺式作用元件和组织表达等鉴定分析。结果表明:（1）白菜基因

组中鉴定出 16 个编码纤维素合成酶亚基的 CesA基因，该家族成员所编码蛋白的理论等电

点介于 4.76~9.12，相对分子量 17.76~122.67 kD，长度 153~1 089 aa；（2）其中 15 个基因

不均匀地分布于白菜的 7条染色体上，Bra036008定位于 scaffold上；（3）大部分成员包含

4-14个外显子，1-11个保守基序；（4）序列比对显示该家族具有保守的 DDD-QXXRW 保

守功能域；（5）该家族编码蛋白主要分布在质膜上，二级结构以无规则卷曲与α-螺旋为主，

多数成员都含有 CesA蛋白典型的 N端、C端和跨膜区；（6）CesA基因在茎中表达量相对

较高，其中 Bra011865、Bra023952和 Bra029874在茎、叶、花中显著表达。该研究利用生

物信息学方法对白菜 CesA基因家族进行了全基因组鉴定，为后续深入研究 CesA基因功能

奠定了基础，也为白菜生长发育研究奠定基础。

关键词：纤维素合成酶，白菜，CesA，基因家族，基因表达

Identification and expression analysis of CesA gene family in Brassica

rapa

MAYuchen1, ZHAO Yumei1，2, HUANG Danlin1, ZHANG Mengqing1, WU Xiaoyu1，2,
WANG Jie1，2, CHEN Yu1, HUANG Jiabao1，2, DUAN Qiaohong1，2*

（1. College of Horticultural Science and Engineering, Shandong Agricultural University,

Tai’an271000, Shandong, China；2. State Key Laboratory of Crop Biology, Tai’an 271000, Shandong,

China）

Abstract Cellulose is the main component of plant cell walls. It is involved not only in cell
morphology and development, but also in various cellular signal transduction pathways, thus
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生物促生剂在水和土壤治理中的应用分析

□□ 钱 犇，纪春景 ( 山东农业大学 园艺科学与工程学院，山东 泰安 271018)
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Analysis of Problems and Countermeasures
in Supervision Mechanism of Prefabricated
Buildings
YANG Bin1，ＲEN Yong-zhong2

( 1．Lanzhou Zhonghai Hongyang Ｒeal Estate Development
Co．，Ltd．，Lanzhou，Gansu，730070，China; 2． Lanzhou

Institute of Technology，Lanzhou，Gansu，730050，China)
Abstract: This paper analyzes the problems existing in
the supervision mechanism of prefabricated buildings from
the perspective of supervision subject，scope and
development direction，and puts forward the corresponding
countermeasures．
Key words: prefabricated building; supervision subject;
supervision mechanism; research on the problems;
countermeasure analysis
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( 编辑 李江华)

摘 要:摘 要:结合生物促生剂的成分、机理及其特点，分
析了其在造纸污水处理、天然水体治理、油脂含量较高的水
体或土壤改善等方面的应用。
关键词:生物促生剂; 实际生产; 未来发展

中图分类号: X 52; X 53 文献标识码: B

引言

随着我国经济的快速发展和城市化建设的不断

推进，城市生活污水排放量也在逐年增长。同时，在
我国农村或者很多偏远地区，由于经济的落后或是

高新技术手段的缺乏，导致很多地区的污水处理

( 如生活污水和工业废水等) 存在较大问题，很多污

水未能经过合理地处理便被排放到河流湖泊当中，

这对水域乃至其周围的居民身心健康和土壤环境造

成严重的影响和破坏，如何利用目前现有的技术手

段能够低成本、快速、高效地解决此类问题，已成为
当前业界研究和探讨的重点和热点。

1 生物促生剂
生物促生是修复生态的重要手段之一，其以促

生技术( 如利用有机酸携带的营养物质，通过生物

和非生物的过程除去受污染环境的毒性并降解污染

物的一类技术，20 世纪 70 年代首次应用于农业领
域) 为基础，再结合微碳技术( 承担营养物质载体与

高效输送任务，主要是运用小分子有机酸片段作为

载体，使得营养物质吸收转化效率达到常规产品的

7～11倍) 将微生物生长所需要的各种营养成分与
高效载体相结合，在污水环境中让微生物对污染源

进行快速吸收和利用，从而提高系统对污染物的降

解能力和抗冲击能力。
生物促生剂由有机酸、氮、缓冲液、酶、营养物质

和能量等组合而成，能刺激污水处理系统中的好氧

菌对废水中有机物进行分解，通过促进微生物的繁

殖和能量代谢，提高微生物对污染物的氧化分解能

力，并且能够屏蔽化学残留物对微生物的毒性，从而

修复受污染的河道，进而提高污水处理系统的抗冲

击性能和运行稳定性。同时，生物促生剂的使用还
能增加物种的多样性，丰富群落结构，使多种微生物

协同作用，更有效地降解污染物［1］。
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白菜 DBB基因家族的鉴定与表达分析
陈 *,吴晓宇,赵玉梅,王 洁,段巧红,黄家保**

山东农业大学园艺科学与工程学院/作物生物学国家重点实验室, 山东 泰安 271018
摘 要: DBB基因在开花调控、根系生长、光形态建成、种子萌发、果实发育、逆境胁迫等生物学过程中发挥重要作

用，但在白菜中还未有关于 DBB基因的报道。本研究通过生物信息学方法鉴定到 18个白菜 DBB基因，其蛋白分子

量为 11285.63~35796.93D，理论等电点介于 4.66~9.35之间，外显子数量为 2~5个；大多数成员 N端都含有保守结构

域 B-box1和 B-box2，精氨酸和亮氨酸是在所有成员中都保守的氨基酸残基；该家族基因不均匀分布于白菜 10条染

色体上，多数基因出现基因复制，产生 2个以上同源基因；多数基因与拟南芥 DBB基因具有线性对应关系。顺式作

用元件分析表明白菜 DBB基因启动子上含有大量的光、厌氧、激素、低温等响应元件。组织特异性表达分析发现多

数基因在不同组织中的表达水平与根类似；Bra032441在花中的表达水平显著高于其它成员。此外，绝大多数白菜

DBB基因对盐胁迫有不同程度的响应。这些结果为后续解析 DBB基因在白菜中的生物学功能奠定了基础。

关键词: 白菜; DBB; 生物信息学分析

中图法分类号: S634.3 文献标识码: A 文章编号: 1000-2324(2021)02-0174-08

Identification and Expression Analysis of DBB Family Genes in
Brassica rapa
CHENYu, DENG Jiu-zhou*, WU Xiao-yu, ZHAOYu-mei, WANG Jie,
DUAN Qiao-hong, HUANG Jia-bao**
College of Horticulture science and engineering/State Key Laboratory of Crop Biology, Shandong Agricultural University,
Tai’an 271018, China
Abstract: DBBs play an important role in plant flowering regulation, root growth, photomorphogenesis, seed germination,
fruit development and abiotic stress response. However, DBB gene family has not been identified in Brassica rapa. In this
study, 18 DBB genes were identified by bioinformatics method. The molecular weight was 11285.63 ~ 35796.93 D, the
theoretical isoelectric point ranged from 4.66 to 9.35, and the number of exons ranged from 2 to 5; The N-terminus of most
members contained the conserved domains B-box1 and B-box2, and the arginine and leucine were found as the most
conserved amino acid in all DBBs. The DBBs were distributed unevenly on 10 chromosomes, and most of the genes were
duplicated, producing more than 2 homologous genes. Most of the genes had linear correspondence with Arabidopsis DBB
genes. The cis-element analysis showed that the DBB gene promoter contained a large number of light, anaerobic, hormonal
and low temperature response elements. Tissue expression analysis showed that the expression level of most genes in
different tissues was similar to that in the roots, interestingly, the level of Bra032441 in flowers was remarkably higher than
that in other members. In addition, most of the DBBs in Brassica rapa respond to salt stress. These results laid a foundation
for further analysis of the biological functions of DBB genes in B. rapa.
Keywords: Brassica rapa; DBB; bioinformatic analysis

锌指蛋白是真核生物中的一类具有锌指结构域的转录因子家族[1]，其中含有 B-box 基序的蛋白

称为 BBX，在拟南芥中有 32个成员，其 C端通常含有 CCT 结构域[2]。含有 CCT结构域的蛋白通常

与光周期有关，在植物中与成花相关基因一起调控开花时间[3]。但 BBX 中有一类缺乏 CCT 结构域

的蛋白，称为 DBB（double B-BOX），其突出特点是 N端具有两个或以上的 B-Box结构域且 C端缺

乏 CCT结构域[4]。

植物 DBB家族在逆境胁迫（盐胁迫、温度胁迫、干旱胁迫等）、开花调控、光形态建成、根系

收稿日期: 2021-3-17 修回日期: 2021-04-01
基金项目: 山东农业大学高层次人才引进启动经费

第 1作者简介: 陈 雨(2000-),男,本科生,专业方向:园艺蔬菜学. E-mail: Chen_Y66@163.com
*同等贡献作者:邓九州(2000-),男,本科生,专业方向:园艺蔬菜学. E-mail:DengJZ99@163.com
**通讯作者:Author for correspondence. E-mail:jbhuang2018@outlook.com

雨,邓九州

cbxue
高亮



落 叶 果 树 2021，53( 6) : 38 － 43
Deciduous Fruits ·综 合 评 议·

DOI: 10． 13855 / j． cnki． lygs． 2021． 06． 010

桃砧木耐涝性研究进展
徐迎澳，肖元松，宁斯逸，彭福田*

( 山东农业大学园艺科学与工程学院 /作物生物学国家重点实验室，山东泰安 271018)

摘 要:综述了桃砧木对涝害胁迫的生理响应指标及已有研究报道中涉及到的 30 多种砧木对涝害胁迫
的响应特性; 分析了桃砧木耐涝的内在机理; 总结了多种国内外耐涝性较强的桃砧木种类。
关键词:桃; 砧木; 耐涝性

中图分类号: S662． 1 文献标识码: A 文章编号: 1002 － 2910( 2021) 06 － 0038 － 06

A review of waterlogging tolerance of different peach rootstocks
XU Ying＇ao，XIAO Yuansong，NING Siyi，PENG Futian*

( College of Horticultural Science and Engineering，Shandong Agricultural University /State Key Laboratory of
Crop Biology，Tai'an，Shandong 271018，China)

Abstract: This paper summarized the physiological response indexes of peach rootstocks to wa-
terlogging stress，and the response characteristics of more than 30 kinds of rootstocks involved in ex-
isting research reports to waterlogging stress，analyzed the internal mechanism of waterlogging toler-
ance of peach rootstocks，and summarized a variety of peach rootstocks with strong waterlogging tol-
erance at home and abroad．

Key words: peach; rootstock; waterlogging tolerance
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桃( Prunus persica) 为蔷薇科落叶乔木，浅根性植
物，根系呼吸旺盛、耗氧量大，不耐涝。中国南方亚热
带和热带季风气候区年降雨量大，地下水位高、雨水
过多或排水不良的地区，桃树常发生落叶、落果，甚至
涝死树现象［1］。研究表明，砧木对改变接穗长势、延
长树龄和抵抗病虫害有重要影响［2］，生产上通常将

良种嫁接在抗性砧木上，以提高良种对逆境胁迫的忍

耐性［3］。果树砧木对改善果实品质和扩大良种适栽
区有较大的影响。所以研究桃砧木的耐涝性及其生
理基础，筛选优质耐涝砧木种质资源进行区域化推

广，对提高桃生产的水平和效益［4 － 6］意义重大。

1 桃砧木对涝害胁迫的生理响应指标

植物受涝害的最直接器官是根系［7］，表现主根

伸长速度减慢，颜色逐渐发黑，根毛减少。淹水造成
土壤低氧，根际缺氧会抑制根系的有氧呼吸，使根系

缺乏能量，抑制根系对水分和矿质营养的吸收，影响

根系活力。在缺氧条件下，根系无氧呼吸产生的乙
醇、乙醛等中间产物，以及厌氧微生物活动生成的有
机酸、还原性物质均会对树体造成毒害［8，9］，严重时
会导致根系的凋亡［10］。
果树受涝害的直接可见器官反应是叶片黄化、脱
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外源硅处理对草莓果实果胶物质降解的影响
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摘要: 果胶是细胞壁初生壁和中胶层的主要成分, 影响果实的品质。为探究外源硅处理对草莓果实细胞

壁降解影响, 试验以‘章姬’草莓(Fragaria × ananassa ‘Akihime’)为试材, 研究叶面喷硅对草莓绿果期、白

果期、转红期及全红期果实细胞壁组分(果胶、原果胶)、细胞壁降解酶[多聚半乳糖醛酸酶(PG)、果胶

裂解酶(PL)、纤维素酶(CX)]活性以及PG、PL、果胶甲酯酶(PME)、β-半乳糖苷酶(β-Gal)和内切葡聚糖

酶(EG)编码基因表达的影响。结果表明, 外源1 g·L−1
流体硅处理, 可溶性果胶含量, PG、PL、CX活性以

及FaPG、FaPL、Faβ-Gal、FaEG基因的表达量在绿果期、白果期、转红期均高于对照; 外源5 g·L−1
流

体硅处理后, 可溶性果胶含量, PG、PL、CX活性以及FaPG、FaPL、FaEG基因的表达量在转红期、全

红期均低于对照。综上所述, 外源5 g·L−1
流体硅处理对延缓细胞壁组分代谢的效果最佳, 具有较高的应用

价值。

关键词: 草莓; 硅; 细胞壁降解; 果胶

Effect of exogenous silicon treatment on pectin degradation of 
strawberry

ZHAO Wenzhe1,2,3, CHEN Xiude1,2,3, DENG Wenpeng1,2,3, WU Qijie1,2,3, Du Guiying4, HE Huajie1,2,3, 
WANG Wei5, ZHOU Tao1,2,3, XIAO Wei1,2,3,*, LI Ling1,2,3,*

1State Key Laboratory of Crop Biology, Taian, Shandong 271018, China
2Shandong Collaborative Innovation Center for Fruit and Vegetable Production with High Quality and Efficiency, Taian, 
Shandong 271018, China

3College of Horticulture Science and Engineering, Shandong Agricultural University, Taian, Shandong 271018, China
4Rizhao City Wulian County Agriculture and Rural Affairs Bureau, Rizhao, Shandong 276800, China
5Agricultural Integrated Service Centre of Pingyi Subdistrict Office in Pingyi County, Linyi, Shandong 273300, China
*Co-corresponding authors: Xiao W (gulight986918@163.com), Li L (lilingsdau@163.com)

Abstract: Pectin is the main component of the primary wall and middle layer of cell wall, which affects the 
quality of fruit. To explore the effect of exogenous silicon treatment on cell wall degradation of strawberry 
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干旱过程中‘M9T337’苹果砧木苗光合特性及MdCP2与
MdGLK1互作分析

赵文哲
1,2,3,#, 刘晓

1,2,3,#, 姜珊
1,2,3, 陈敏

4, 王旭旭
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6山东省生态林业发展中心, 山东泰安271000
#并列第一作者
*共同通信作者: 陈修德(chenxiude@163.com)、肖伟(gulight986918@163.com)。

摘要: 苹果半胱氨酸蛋白酶基因MdCP2在植株干旱过程中发挥着重要的作用。本研究以一年生‘M9T337’
苹果砧木苗为试材, 从生理和分子生物学水平分析了苹果砧木苗在自然干旱及复水过程中叶片光合特性、

植株含水量、半胱氨酸蛋白酶基因MdCP2及相关基因的表达分析以及MdCP2基因的生物学功能。结果

表明, 水分胁迫使植物的光合速率、气孔导度和蒸腾速率下降。在自然干旱后期, 植株光合作用的主要

限制因素由气孔限制转变为非气孔限制。实时荧光定量PCR发现, 在正常培养的苹果树中, MdCP2基因

主要在根中表达; 且在干旱过程中, MdCP2的表达水平呈上升趋势, 而在复水后降低。MdRCA、MdCAB
和MdRBCS表达在干旱时降低, 复水后上调。通过酵母双杂交和BiFC试验证明, MdCP2与MdGLK1存在

相互作用, 为进一步研究半胱氨酸蛋白酶基因MdCP2提供了理论基础。

关键词: 苹果砧木; 干旱胁迫; 半胱氨酸蛋白酶; MdCP2; MdGLK1

Photosynthetic characteristics of ‘M9T337’ apple rootstock seedlings 
and interaction between MdCP2 and MdGLK1 during drought stress
ZHAO Wenzhe1,2,3,#, LIU Xiao1,2,3,#, JIANG Shan1,2,3,#, CHEN Min4, WANG Xuxu1,2,3, LIU Jinbao1,2,3, 
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果树耐盐机制研究进展
亓正聿 1，毕泽楷 2，彭福田 1*

（1.山东农业大学园艺科学与工程学院，山东 泰安 271018；2.山东农业大学生命科学学院，山东 泰安 271018）

摘 要：盐胁迫是影响果树栽培的重要环境因子，严重制约我国果树产业的发展。主要对果树耐盐性评价方法和耐盐
种质资源筛选、果树耐盐性形成的生理机制、果树耐盐性状的遗传及相关基因等研究现状进行了概述，为后
续的果树耐盐碱机制解析及耐盐碱果树新品种培育提供参考。

关键词：果树；耐盐机制；研究进展
文章编号：1005-2690（2021）11-0008-04 中国图书分类号：S66 文献标志码：A

盐胁迫是影响植物生长和发育的重要环境因子之
一。近年来，随着工业化进程的加速，耕地面积急剧减
少，盐渍化程度显著增加。生产过程中过度施肥及不恰
当的灌溉管理，使得土壤盐渍化问题变得日益严峻[1]。

土壤盐渍化已严重影响到我国主要经济树种———
果树的发展，影响果品生产的产量和品质。本文对目前
果树耐盐机制研究进行了综述，以期为后期抗盐性研
究与耐盐育种提供参考。

1 果树耐盐性评价方法和耐盐种质资源筛选
1.1 评价指标

果树耐盐性可以通过测量和计算盐胁迫后各生长
指标变化进行评价。常用的生长指标包括植物的植株
生长量、株高、叶片数、根系活力及根干鲜质量等[2-5]。

在盐胁迫下变化幅度较为明显的生理生化指标也
可作为果树耐盐性评价的指标。常用的生理生化指标
包括叶绿素、脯氨酸、丙二醛等物质的含量，钠离子、钾
离子质量分数及其比值，过氧化物酶等氧化酶的活性
及相对电导率、净光合速率等[6-9]。

果树耐盐机制复杂，通过单一指标或几个指标评
价果树的耐盐性，往往具有较大的片面性，无法科学地
进行评价，通常对果树各项指标进行分析，从而对其耐
盐性进行综合评价[10]。采用综合评价的方法，能够较为
全面地评价不同种质间的耐盐性，提高种质表型鉴定
的准确性。如在形态指标的选择上，通常采用“盐害指
数”这一综合指标，也经常使用平均抗逆系数、耐盐系
数等对试验材料进行耐盐性评价。曾丽蓉为评价 5种
不同苹果砧木耐盐性，测定了 14个与耐盐性相关的指
标，与耐盐性呈正相关的指标，计算隶属函数值；与耐
盐性呈负相关的指标，计算其反隶属函数值，最后根据
隶属函数平均值的大小排序。郁万文等以叶片细胞膜
相对透性、可溶性糖和游离脯氨酸含量、SOD和 POD活
性、叶中 Na+和 K+含量为依据，计算各指标的隶属函数
值来综合评价供试桃砧种质的耐盐性。综合各项指标
计算隶属函数值的方法比选用某一具体指标更科学合
理，此种方法在葡萄、柑橘、梨等大宗水果上也经常应

用。研究者进行了积极探索，发现综合各项指标计算隶
属函数值的方法比选用某一具体指标更科学合理。
1.2 培养方法及时期

筛选果树耐盐植株的培养方法主要包括土培法、
水培法和组织培养 3种。对耐盐性材料的处理时间，则
根据果树种类和试验目的不同而异。如朱世平等为评
价 15种柑橘砧木出苗期耐盐碱性，于播种期对柑橘种
子进行盐处理。刘育梅等选用苗龄两年的神秘果为试
验材料，来探究 NaCl胁迫下其叶片的生理响应。
1.3 离子种类及浓度

离子的种类及浓度不同，对果树的伤害性也不同。
一般碱性盐比中性盐、高浓度比低浓度对果树的危害
往往更大。离子处理种类主要分单盐处理和混合盐碱
处理两类。单盐处理一般设置不同浓度梯度的 Na+进
行试验，混合盐碱处理则大多根据当地盐碱地主要盐
分组成特点进行处理，以期为解决当地盐胁迫问题而
服务[11]。
1.4 种质资源筛选

对盐胁迫的适应性在植物不同物种之间、同一物
种的不同栽培品种之间，甚至在同一栽培品种的不同
个体之间是可变的。通过筛选，明确不同品种间的耐盐
性差异，可为果树育种提供更为广泛、优质的遗传资
源。Latifa A K等[12]筛选出耐盐品种 Manoma和 Umsi-
la，并将其作为遗传资源，提高了椰枣对盐的耐受性。
夏思哲等[13]通过对野生葡萄“燕山 -1”×“河岸 -3”种
间杂交 F1代植株的初步筛选，鉴定出 11个高耐盐的
杂种 F1代株系，作为优良的砧木材料组培苗。

2 果树耐盐性形成的生理机制
2.1 离子区室化

离子区室化是植物抵御盐害的一个重要策略。研
究表明，在盐胁迫过程中，积累的高浓度 Na+对植物细
胞产生显著伤害，使植物的生长发育受到严重抑制。
Agrawal等[14]研究表明，通过用不同浓度的 NaCl处理
枣品种，发现植物叶片 K+的积累和抑制 Na+从根部向
叶片运输，可提高枣树耐盐性。
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The soil water availability seriously limits the growth and development of tea plants, and soil microorganisms are an important medium to regulate 
soil nutrient cycling. In this study, the effects of water supply mode on soil nitrogen nutrition and soil microbes in tea gardens were investigated.

This experiment set up consisted two water supply modes 
(consecutive drought and dry-wet alternation) by using the soil microcosm incubation 
experiment, and four treatments were set: 20% water holding capacity for 21day 
(D21); 20% water holding capacity for 1-7 days and 60% water holding capacity for 8-
21 days (D7W14); 20% water holding capacity for 1-14 day and 60% water holding 
capacity for 15-21 days (D14W7); 20% water holding capacity for 1-7 days, 60% water 
holding capacity for 8-14 days, 20% water holding capacity for 15-21 days (D7W7D7). 

+ -Destructive sampling was carried out to determine soil NH -N, NO -N, soil enzyme 4 3

activities. 16S rRNA sequencing technique was used to determine the change in soil 
microbial diversity.

The results showed that the consecutive drought reduced the content of soil 
+ -1NH -N to 13.97 mg kg , and the net nitrogen mineralization was negative (-2.75 mg 4

-1kg ) after 21 days of incubation. Dry-wet alternation promoted the increase in of soil 
-1 -1net nitrogen mineralization quantity and net nitrification quantity, which rose to 3.48-26.41 mg kg  and 8.07-23.11 mg kg , respectively. Different water 

supply modes had no significant impact on the structure of dominant soil microbial community, and the effect mainly focused on relative abundance, 
especially dry-wet alternation mode. Compared with the continuous drought treatment, the relative abundance of Nitrospirae, Actinobacteria, 
Chloroflexi, Patescibacteria, Latescibacteria, Rokubacteria, Acidobacteria were significantly different in different dry-wet alternation treatments, while 
the relative abundance of Nitrospirae, Acidobacteria, Latescibacteria, Gemmatimonadetes, Patescibacteria and Chloroflexi also increased or 
decreased significantly among different dry-wet alternation treatments. Among the physical and chemical factors of tea garden soil, NO - had the most 3

significant effect on the structure of microbial community.

Different water supply can significantly affect the transformation of soil nitrogen and the change in soil bacterial community in tea garden, 
which provided a theoretical basis for tea garden to cope with adverse weather changes and maintain the stability of tea garden soil ecosystem.

Key words: Camellia sinensis, Nitrogen transformation, Soil microorganism, Water regime

Influence of drought and dry-wet alternation on 
nitrogen transformation and low abundance 

microorganisms in tea garden soil
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Abstract
Indole-3-butyric acid (IBA) is widely used to encourage root development in cuttings of general field crops, vegetables, forest 
trees, fruit trees, and flowers. However, previous studies reported that IBA inhibited the germination of citrus buds via an 
unknown molecular mechanism. This study aimed to unravel the regulatory mechanisms underlying this inhibition. Citrus 
apical buds were sprayed with 100 mg ⋅ L−1 IBA. Subsequently, the plant hormone levels were analyzed, and transcriptomic 
analysis was performed. The results identified 3325 upregulated genes and 2926 downregulated genes in the citrus apical 
buds. The gene set enrichment analysis method was used to determine the Gene Ontology related to the treatment. Genes 
were enriched into 157 sets, including 17 upregulated sets and 140 downregulated sets, after indole butyric acid treatment. 
The upregulated gene sets were related to glucose import, sugar transmembrane transporter activity, and photosynthesis. The 
downregulated genes were mainly related to the ribosomal subunit and cell cycle process under butyric acid treatment. Kyoto 
Encyclopedia of Genes and Genomes pathway enrichment analysis revealed the enrichment of 11 pathways. Of note, genes 
related to the ribosome and proteasome pathways were significantly downregulated. Only one pathway was significantly 
upregulated: the autophagy pathway. Overall, these results provided insights into the molecular mechanisms underpinning 
the IBA-mediated inhibition of citrus bud germination inhibition. Also, the study provided a large transcriptomics dataset 
that could be used for further research.

Keywords  Citrus · Bud · Gene set enrichment analysis · Indole butyric acid · Transcriptome

Introduction

Previous studies showed that indole-3-butyric acid (IBA) 
was converted into auxin (IAA) during peroxisome 
β-oxidation. Also, IBA promoted the growth and develop-
ment of plant roots. Specifically, it significantly increased 
the rate of rooting in Arabidopsis thaliana (Fattorini et al. 
2017), citrus (Yang et al. 2020), Conocarpus erectus (Abdel-
Rahman et al. 2020), avocados (Umair et al. 2018), and Lau-
rus nobilis (Saeed and Amin 2020). Interestingly, a previous 
study revealed that the treatment of citrus with a specific 

concentration of IBA significantly inhibited bud germination 
(data not published). Other studies reported that in the auxin 
transport model, auxin was secreted by the shoot tip and 
subsequently entered the axillary bud and inhibited the shoot 
tip growth. The axillary bud subsequently germinated once 
sufficient auxin flowed out of the bud (Leyser 2011; Brewer 
et al. 2015; Lv et al. 2017). We hypothesized that exogenous 
IBA treatment caused an increase in the auxin concentration 
in the citrus buds, which subsequently caused the inhibition 
of germination. However, the specific molecular mechanism 
underlying this inhibition is yet to be elucidated.

In Arabidopsis, glucose conjugation maintains auxin met-
abolic balance due to the chemical properties influenced by 
glycosylation (Damodaran and Strader 2019). A previous 
study showed that glucosyltransferase UGT74D1 affected 
leaf position by regulating auxin homeostasis and the tran-
scription of polyketide synthase as well as transcription fac-
tors possessing TEOSINTE BRANCHED1, CYCLOIDEA, 
and PCF (TCP) domain (Jin et  al. 2021). In addition, 
UGT84A2 encoded an indole-3-butyrate glucosyltransferase, 
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研究报告中外葡萄与葡萄酒
SINO-OVERSEAS GRAPEVINE & WINE

三种成膜材料对‘赤霞珠’枝条的

保水效果研究
吴双敏，陈晨，康慧，姚玉新，杜远鹏，高振*

（山东农业大学园艺科学与工程学院/作物生物学国家重点实验室，山东泰安  271018)

摘  要：我国北方地区春季葡萄抽条现象普遍发生，给生产带来严重影响。试验以‘赤霞珠’1年生枝条为试

材，研究壳聚糖（CTS）、羧甲基纤维素钠（SCMC）、海藻酸钠（SA）3种成膜材料对枝条的保水效果。

结果表明，同其他品种相比，‘赤霞珠’枝条失水严重，经历越冬季后的失水率为13.46%。采用不同成膜剂

处理均能提高‘赤霞珠’离体枝条的持水能力，其中0.3% SA效果最好。喷施成膜剂可以减少越冬期‘赤霞

珠’枝条含水量的下降率，保水效果由高到低依次为0.2% SA＞0.2% SCMC＞0.2% CTS。试验表明，采用成

膜剂处理能够有效降低‘赤霞珠’枝条水分的散失。

关键词：赤霞珠；枝条；失水；成膜材料

Study on Water Retention Effect of Three Film-Forming Materials
on 'Cabernet Sauvignon' Annual Branches

WU Shuangmin, CHEN Chen, KANG Hui, YAO Yuxin, DU Yuanpeng, GAO Zhen*

(College of Horticulture Science and Engineering, Shandong Agricultural University/
State Key Laboratory of Crop Biology, Tai'an  271018, China)

Abstract: The phenomenon of grapevine spring dieback is common in the north of China in spring, which has 
serious influence on grape production. In this experiment, annual branches of 'Cabernet Sauvignon' were used 
as test materials to investigate water retention effects of three kinds of film-forming materials: chitosan (CTS), 
sodium carboxymethyl cellulose (SCMC) and sodium alginate (SA). The results showed that compared with other 
varieties, 'Cabernet Sauvignon' annual branches had severe water loss, with a water loss rate of 13.46% after the 
winter. Treatments with different film-forming materials could improve water holding capacity of isolated canes of 
'Cabernet Sauvignon', and 0.2% SA has the best effect. Spraying film-forming materials could reduce water content 
of 'Cabernet Sauvignon' annual branches during overwintering period, and the effect from high to low is 0.2% SA
＞0.2% SCMC＞0.2% CTS. Experiments showed that the treatment with film-forming materials could effectively 
reduce the water loss of 'Cabernet Sauvignon' annual branches.
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2018.3 专题论述

“以推进农业供给侧结构性改革为主线，围绕农

业增效、农民增收、农村增绿，加强科技创新引领，加

快结构调整步伐，加大农村改革力度，提高农业综合

效益和竞争力， 推动社会主义新农村建设取得新的

进展，力争使农村全面小康建设迈出更大步伐”[1]。 作

为 2017 年中央 1 号文件提出的主要思路之一，“农
村增绿”是一个新名词，更是一种新理念。 丽江作为

一个地处偏远的高原地区，“农村增绿” 与供给侧结

构性改革看起来似乎很遥远，但现实中生态的脆弱、

环境的进一步恶化、 结构性供应过剩更能给地方经

济和社会发展造成更大的冲击和波动。 如何科学的

规划和制定绿色供给侧结构性改革的发展思路也成

为当代农业人肩负的重要历史使命。 丽江市农业局

在认真解读中央 1 号文件的同时， 紧紧围绕各级政
府提出的农业发展思路，结合丽江农业发展现状，科

学地做出了顶层设计。 首先抓住“粮改饲”这条主线，

逐渐实现了种植与养殖相结合、农机与农艺相配套、

传统与绿色共融合的目标。 通过农业相关部门两年

多的努力， 青贮饲用玉米绿色种植示范推广模式已

取得了一定成效， 促进全市农业供给侧结构性改革

向纵伸发展。

1 结合实际，制定主线，推进农业供给侧结构
性改革

1.1 领导重视，科学顶层设计
在 2016 年全市农业工作会议上，丽江市农业局

局长和建华同志在传达丽江农业整体发展思路中，

分析了如何充分利用当地草食畜牧的良好发展基础

和丰富的资源优势， 加大青贮饲料玉米新品种引种

示范力度，是推进全市草食畜牧业产业发展，实现籽

粒玉米向饲用玉米转变的一个有效途径。 要求市种

子管理站充分展示优质高产多抗青贮玉米品种生产

应用技术成果，加大与畜牧站所、农机推广站和养殖

大户合作， 切实做好青贮玉米品种样板展示推广工

作，以“粮改饲”工作为主线，推进全市农业供给侧结

构性改革。

1.2 职能优势互补，形成发展合力
按照“三定、三配套”（定人员、定标准、定产量，

良种良法配套、农机农艺措施配套、种植养殖联合配

套）的要求，在样板示范点建设中实行领导、技术指

导挂钩责任制。 种子、畜牧、农机各站所实行分工协

作，各相关人员严格履行工作职责，按照“五有、四统

一、三到位”的示范标准抓好青贮饲料玉米样板展示

推广工作，即：推广示范区建设有组织领导、有技术

以“粮改饲”为主线，促进绿色供给
侧结构性改革向纵伸发展

作者简介：芮体江（1974-)，男，本科，高级农艺师，从事种子管理与新品种推广工作。 E-mail：674147193@qq.com

芮体江 杨晓云 田景梅 芮 麟

（云南省丽江市种子管理站 丽江 674100）

摘要：为了加快农业供给侧结构性改革步伐，以“粮改饲”为主线，加大青贮饲用玉米推广力度，结
合工作实际总结出一些经验，最终实现种植养殖相结合、农机农艺相配套、传统绿色共融合的发展
目标，促进全市粮食生产绿色增产模式进一步发展。
关键词：粮改饲；青贮饲用玉米；绿色；亮点
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2021.35 商情

引言：土地资源一直以来都是有限的，想要在当前高度开发一

个地区的土地资源，并且有效地对该地区的土地进行规划，首先要

了解的就是土地的利用以及总体规划是在一定的区域内，需要结

合不同地区的自然条件、社会经济条件以及整体的经济发展三者

相结合，整体协调土地供给以及该地区的土地总需求，确定或调整

土地利用结构以及用地布局的宏观战略。土地利用规划评价影响

也直接影响到了该地区对土地的应用以及该地区生态环境，需要

做好综合评价，及时地考虑到其中可能存在的生态问题，针对这些

问题进行分析，将评价结果最终提供给土地规划部门进行分析和

参考，选择最具有针对性的措施，才能够确保社会发展中土地利用

具有科学性以及有序性。

一、土地利用规划环境影响评价的原则

在进行土地规划环境评价影响时，首先要明确七，评价内容的

原则是什么，该原则是评价准确的基础，而评价内容不能够随便选

取，也需要按照一定的原则、一定的规范进行选取。第一个原则就

是土地利用规划的类型。任何一个城市地区其土地的利用类型是

存在一定的区别的，例如有一些地区的土地规划是用来建造民房，

而有一些则是建造工厂，不同的利用目的也会导致其对周围环境

所带来的影响各不相同，再进行评价内容的选取时，首先要明确的

就是该土地的使用目的，尽可能地明确这一目的对于环境所带来

的影响，并且根据目的进行环境问题的选择评价内容。第二原则是

土地利用规划所导致的环境问题，不同的土地由于其所在地理位

置以及自然条件不同，在进行土地规划时，规划的内容、方式也不

同，所导致的环境问题也不同，这就要求政府在进行选择评价内容

时，对该规划有着更为明确且清楚的认知，能够清晰地了解和估计

出该环境可能出现的环境问题有哪些，并且根据这些问题作为导

向，以导向为基础制定相应的评价内容以及评价方法，提高该地区

的环境保护整体效果。第三个原则是要求土地利用规划的空间体

系能够与城市发展相适应。我国土地利用规划体系分为五个不同

的等级，分别是：全国、省、市、乡、镇而不同的等级在开展土地利用

规划时，其内容也存在着一定的区别，而随着等级越来越高，所考

虑到的土地规划评价也愈发地有深度，其不仅仅要考虑到环境内

容，与此同时，也需要考虑到当时所处在的空间，一旦进行土地规

划其所带来的社会影响、经济影响等等不同的内容。为此，一定要

确保土地利用规划与空间体系相适应，才能够提高该规划的整体

效果。第四个原则是在进行土地利用规划时，也需要考虑到该规划

后可能会对生态环境所带来的不同影响，我国在开展土地利用规

划时，其目的之一就是解决我国目前相对较为严重的生态环境问

题。在土地利用规划时，任何一个规划内容都是以这一目的作为最

基本的原则进行服务，进行评价内容的选取时，一定要了解到该土

地利用规划所带来的生态环境问题有哪些。

二、土地利用规划环境影响评价的内容

土地利用规划本身对环境的影响是多方面的，无论是好的还

是坏的，土地利用都会给环境带来非常明显的改变，只是一种不可

逆转的改变。为此，在对环境影响评价内容确定时，也需要从多方

面进行考虑。第一土地利用规划对土壤本身所带来的影响，土地利

用对土壤的影响可谓是最直接的，例如如果是农业用地，对土壤的

影响非常大，农业用地会导致土壤本身的营养出现一定的破坏，而

各式各样不同的人类活动也改变了土壤的盐碱化。随着技术的飞

速发展，近几年在农业用地过程中，由于大量地使用农药，也对土

壤带来了一定的负面影响。第二则是对水环境所带来的影响，土地

利用对水资源存在着非常明显的影响，其中主要是从两方面的土

地利用进行分析，分别是农业用地与工业用地，农业用地对水资源

的影响主要体现在河流、湖泊形状的改变以及对城市水源地掠夺

方面，工业用地则是对水资源影响。工业用地在进行水资源影响的

过程中，其主要表现在废弃物以及污染物的排放方面，其极大地污

染了水资源的使用。第三则是对生态系统的影响，土地本身是由多

种不同的生态系统组成的一个相对较大的生态系统，而不同的土

土地利用规划环境影响评价的相关问题分析
◆张楚乔

（山东农业大学）

【摘要】随着社会主义市场经济的发展速度越来越快，近几年城市化进程的加快可谓是无法阻挡，而我国虽然地大物博，但针对土地资源

在选择的过程中也存在着日渐紧缺这一现状，土地利用规划对整个城市地区的生态环境、经济发展而言，都带来了十分重要的影响。在

这种情况下，需要高度重视土地规划的环境评价、影响工作、分析土地规划，利用整个环境发展所带来的不同影响，更好地开拓土地的利

用、规划现状，确保社会经济的发展能够逐步走向健康的状态。

【关键词】土地利用规划 环境影响 评价
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科学与财富

城市规划是指城市发展的计划与战略部署。土地利用规划是

确保土地资源合理开发利用而展开的一种技术或工程等措施的长

期土地的配置或布局。我国虽然土地资源丰富，但用于农耕与城市

建筑的用地面积相对较小，还需综合各地区的用地需求进行统筹

安排，以推动社会的可持续发展。土地利用规划与城市规划存在局

部和点的关系，城市规划则是土地利用规划的一部分，而后者需从

整个区域的长期发展入手考虑，难免会出现衔接性的问题，要想实

现两者间的协调发展，还需加强研究。

一、城市规划与土地利用规划间的关系

1.基本任务

首先从土地利用总体规划的基本任务入手分析，要想实现城

市土地资源的合理利用，推动社会经济的有序发展，还需从全局的

角度出发，充分考虑土地的长远持续利用目的，加强耕地面积保护

的同时，采取统筹协调的方式，综合城市发展中的用地需求，科学

划分各种规模的布局与面积。由此可见土地利用规划工作展开的

重要意义。其次从城市规划的基本任务入手分析，主要是指整体规

划城市的未来发展方向，具体安排城市的各项建筑，通过规划各种

用地的建设地点与面积大小，满足用地需求的同时，实现建设上流

线管理问题的有效协调，从而推动城市社会经济迅猛发展。

2.关系

在定义城市规划时，需参照城市发展中的相关内容，因为城市

规划的主体，主要是对满足城市发展所需而提供服务，有目的的构

建推动城市经济进一步发展的合理计划。城市规划涉及的内容广

泛，需合理安排各项建设发展计划，从而为城市经济稳定发展提供

基础保障。对土地利用规划的定义，需从国家的角度出发，要求基

本生产用地能够满足居民生活的需要，再合理分配剩余的土地资

源，实现土地资源的高效开发利用，实现土地资源利用的效益最大

化，从而切实发挥土地开发利用对社会经济发展的推动作用。土地

利用规划与城市规划间，存在面与点、总体与分支的关系。城市规

划的工作开展，为土地利用规划提供服务，任何城市规划涉及到的

内容，都需在土地利用规划的基础上展开。但实际上，受规划工作

人员的素质水平与各部门的经济利益等因素影响，两者间的关系

尚未明确，在关系处理中存在诸多问题，尤其是各管理部门为获取

自身的利益而出现的土地资源不合理征用的问题，会对各项工作

展开与社会经济的稳定发展带来一定的阻碍即影响。

二、城市规划与土地利用规划间的衔接问题

土地利用规划是土地利用方面的长期指导，土地利用规划于

城市利用规划均是整治国土开发及深化城市建设的策略。但实际

上，当前的城市规划在建设中存在诸多问题，包括城市规划规模盲

目扩大，脱离城市定位等实际情况；布局方面缺乏空间的合理性，

导致城市特色不突出，影响城市的稳定长远发展。除此之外，在第

二轮土地利用总体规划的编制工作中，由于各城市的上层国土规

划的划分不明确，土地规划缺乏丰富的理论指导，导致土地利用规

划与城市规划间的矛盾突出。

1.研究侧重点间的差异

从土地利用规划工作入手分析，其目的是在确保耕地面积的

基础上，增加可利用田地，实现土地资源的高效利用。在田地重组

工作中，需从整体发展的角度进行规划与统筹发展，合理协调生态

建设与社会发展间的矛盾，使其处于均衡发展的状态与局面。科学

发展观贯穿规划工作的全程，对政府各部门的职能发展提出了更

高要求。在土地利用规划工作中，普遍存在重视社会经济发展、忽

视生态工程建设的问题。而在城市规划工作中，生态工程也是不能

忽视的问题，需加强各方面工作的协调。

2.用地规模的平衡问题

改革开发后施行的土地家庭联产承包责任制，使得农民具备

田地的使用权但无所有权，可带动农村生产积极性的提升，加速农

业的发展进程。但用于农耕的田地面积相对局限，城市建设用地与

农民生产用地间的均衡发展，还需在农村与城市间的土地规划中，

加强对划分指标的界定与明确。我国城市规划建设的规模逐步扩

大，促使大量耕地土地变为了产业园基地与工业园及物流园等工

业用地。透支利用土地资源，易引起城市规划用地滞后于城市化发

展进程速度的问题。城市建设用地需符合国家规定的现行标准，实

现对现有建设用地的高效利用，减少对农用地的占用。在城市化发

展的进程中，城镇发展用地的需求量不断增大，农民耕地数量随之

减少，也是标准规范尚未成型与成熟应用的直接体现。

3.用地管理体系不健全

我国农业大国，农业产品数量与种类较多，与农业政策的带动

引导有着直接关系。城市化建设进程加速，耕地资源局限，与不断

增大的田地需求量产生了冲突，也是城市化与农业用地间的管理

体系不完善、耕地占用的监督机制不健全的直接体现，未建立长效

的管理机制，耕地随意转让或占用等现象普及，不利于土地资源的

利用价值提升。我国的土地使用中，对土地使用信息的掌握少，甚

至存在土地无记载与信息缺失的问题。土地信息的更新时间成本

高且更新程序繁琐，也是土地管理制度不规范的直接体现。

4.发展与优先资源保护间的矛盾

城市的总体规划工作展开，通常对现有区域内的资源整合优

化与高效利用，实现经济发展水平的不断提升，或是调动外来资

源，夯实城市发展建设的基础。而土地利用总体规划的工作展开，

通常采取沿上至下的开发控制模式，强调土地资源开发利用与保

护的并重，颁布了各种耕地转用与开发补充的控制政策。但在城市

规划的进程中，普遍存在重视利用资源发展经济的问题，促使城市

规划与土地利用规划在衔接中必然会出现错位的情况，也是急需

解决的问题。

三、解决城市规划与土地利用间衔接矛盾的策略

1.贯穿可持续发展原则

从可持续发展原则入手分析，是指对土地资源的合理开发利

城市规划与土地利用规划衔接问题分析
张楚乔

(山东农业大学 山东 泰安 271018)
摘要：城市化进程加速，对城市规划管理工作的有效性提出了更高要求。要想实现我国土地资源的高效利用，还需放大土地利用利用

与城市规划间的密切关系，构成两方面相得益彰的协调局面。本文主要对城市规划与土地利用规划的衔接进行阐述，分析衔接中的问题，

提出建设性的整改对策，希望对土地资源配置工作的转型升级起到积极参照作用。

关键词：城市规划；土地利用规划；衔接；问题
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摘要：自从进入21世纪以来，各个国家的耕地面积都在逐渐缩小，而土地属于不可再生资源，是我们生存的基本条件，对我们人类来说有着非

常重要的影响。人们在地球上正常生活以及社会经济的可持续发展，土地的开发与利用有着无法衡量的贡献。本篇文章先讲述了土地资源开发

出现的问题，后又及时提出了土地资源管理可持续发展的应用策略，实现土地资源与国民经济的可持续发展。
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土地资源是人类生存与经济发展的前

提，与此同时，也是我国步入家到小康的首

要条件。但是，由于我国土地资源逐渐减少，

人口越来越多，导致土地供应不足以及价格

逐渐上升，土地规划也产生不合理的现象，

使土地资源的使用率没有有效发挥。所以需

要对我国土地进行整体规划，促使可以产生

更多使用有效的土地资源，以此来缓解我国

人口多土地资源少的现象。提升土地资源使

用率，早日完成农业现代化发展，让我国社

会经济可持续发展。

一、土地资源开发出现的问题

当下我国人口多、土地资源少两者间的

矛盾逐渐上升，人口数量在不断增加，而土

地面积却在逐渐下降，人均土地面积也在逐

渐减少，土地资源的使用也是越来越紧张，

约束着我国的经济发展以及社会发展。最近

这几年，我国的经济建设获得飞快地发展，

然而在经济建设的过程当中，使用的土地面

积也在不断增加，经济建设促使我国原先就

紧张的土地资源更是雪上加霜，供应矛盾不

断白热化，使用土地缺口持续创新。

土地资源在开发过程中，因为对整体规

划的认识度不够，导致规划不够仔细周密，

不具有科学性以及没有科学、合理的使用规

划。这也可能是由于我国当下的土地开发还

处在刚开始阶段，许许多多的问题都没来得

及仔细研究。

土地规划过程中的灵活度不够，有一部

分规划项目相对来说比较呆滞、死板，设计

方案也非常单一、枯燥，灵活性不是很强，

根本无法满足当下市场经济的特点，所以说

在某种程度上缺少一定的竞争力，到最后可

能影响到相关土地规划的完成与实现。另外，

土地资源在使用的时候，出现的土地破坏情

况也是非常严重的，农药以及化工业产生的

废水没有经过相关的处理就排放到就近的土

壤里面，直接导致土地质量遭到破坏，严重

影响到我国土地的整体质量。农民在耕地的

过程中也出现一些不合理的问题，没有经过

科学、合理地处理土地以及养地的关系，严

重导致土壤当中的肥料含量直线下降以及土

壤中的物理性逐渐降低，这样长期下去就会

导致产生一些中低级的产田。

二、土地资源管理可持续发展的应用

策略

我国当下的土地资源在开发过程中产生

了许许多多的问题，比如说规划不合理，直

接导致土地资源的使用率非常低下，所以，

应当开展科学合理的规划布局，尽最大的努

力有效发挥出土地管理的作用。各个地区都

应当根据当地的真实情况对土地进行整体详

细规划，每个地域的情况都是不一样的，

需要仔细完成各个区域规划的任务，仔细认

真地进行审批，并科学、合理地制定用地制

度。与此同时对土地使用详情展开一系列的

追踪，加强对土地使用的监测，有效提升土

地使用率，早日实现社会与经济效益。

我国人口日益增多，但是人均耕地面积

是很小的，人地两者间的矛盾逐渐上升，

所以需要规划生育问题，控制人口出生率，

持续提升人口质量，可以有效减小人地矛盾，

让土地能够长期使用。提高我国土地的农作

物产量，尽量减少土地污染现象，必须加

强土地的生态规划与建设，避免产生中低产

田。积极主动地鼓励我国农民进行科学合理

施肥，尽量避免使用农药，大力提倡绿色农

业、无化肥农业，创造农业生态相关系统，

从基础上就消除污染源。

大力提倡创建土地规划队伍，建立相应

的土地规划机构，提升工作人员的规划水平

与规划质量。作为规划工作者需要不断提升

自身的知识与技能，提升理论文化素养，规

划的好与坏，都离不开相关工作人员去完成

与实施。为了适应我国当下情势的严峻挑战，

有效解决一系列突发性的问题，就必须大力

提倡建设规划队伍。根据我国社会经济的快

速发展形势，应当积极主动地对土地规划工

作人员提出更加严格地要求与更难的任务。

加强我国人民的土地保护观念，与此同

时树立土地资源可持续利用观念，科学、合

理地安排与使用土地并保护耕地，我国的国

土保护部门应当有效提升相关工作人员的文

化素质，加强规划工作的科学合理性以及操

作性。

应当严格管控与建设用地规划，创建一

套完整的保护土地机制。农民在耕地的过程

中，应当对土地肩负起保护作用，科学合

理地改良土地，有效避免水土流失的现象。

另外，在土地规划时应当具备一定的科学性，

合理使用土地面积，投入大量的资金与科技

力量，减少土地使用紧张的现象，进一步提

升土地资源使用率，争取早日实现土地资源

可持续发展，以此来保证我国的国民经济与

社会经济的可持续发展。

三、结束语

根据以上内容的分析，我们从中可以发

现土地资源的正确开发以及使用，对我国未

来的经济发展有着非常重要的意义。因此，

我们应当学习与吸收国外的经验与教训，加

强土地规划管理，重视高科技技术的使用，

创造一个具备科学、合理、有效、实用与完

善的土地规划管理系统，以此来提升我国土

地资源的使用率。作为土地资源管理工作人

员应当积极主动地发挥自身的智慧与工作激

情，不断努力克服在土地资源管理工作当中

碰到的各种疑难问题，并进行一系列科学、

合理的规划，促使我国的未来发展更加美好。
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摘  要 

科学认识和评价农田生态系统恢复力并构建调控机制，对于合理调控农田生态系统良性发展、促进农田

资源可持续利用、高效生态农业发展、保障国家粮食安全和生态安全意义重大。农田生态系统恢复力研

究包括农田生态系统恢复力的内涵及构成分析、影响机理与指标体系构建、定量评价方法和调控机制4
部分内容。基本思路是以农田生态系统恢复力“内涵界定→构成分析→影响机理→定量评价→调控机制”

为主线开展评价并构建起科学的调控机制。评价方法包括数据获取处理、指标体系构建、赋权和评价模

型构建、阈值和标准确定、定量评价5个关键环节。调控机制应基于评价结果，结合政府部门和农业经

营主体分级分层宏观微观管理需求建立。研究结果可为农田资源持续利用、高效农业发展，以及生态空

间格局再造、资源环境协调、生态可持续发展提供科学依据。 
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Evaluation and Regulation Mechanism  
of Farmland Ecosystem Resilience 

Hongjia Wang1, Chenqi Wang1, Hubo Li2, Xinxia Guo3, Zengsheng Ji4, Mingxiu Gao1* 
1College of Resources and Environment, Shandong Agricultural University, Taian Shandong 
2Botanical Garden Management Office of Qingdao City, Qingdao Shandong 
3Dongcheng District Office of Dongying Economic and Technological Development Zone, Dongying Shandong 
4Natural Resources and Planning Bureau of Qingzhou City, Qingzhou Shandong 

  

 

 

*通讯作者。 

文章引用: 王洪佳, 王晨奇, 李沪波, 郭新霞, 冀增胜, 高明秀. 农田生态系统恢复力评价与调控机制[J]. 可持续发展, 
2021, 11(5): 579-587. DOI: 10.12677/sd.2021.115071 

http://www.hanspub.org/journal/sd
https://doi.org/10.12677/sd.2021.115071
https://doi.org/10.12677/sd.2021.115071
http://www.hanspub.org
cbxue
高亮




	1.套作糯玉米对西兰花连作田土壤微生物量及酶活性的影响
	2.耕种模式对三江平原黑土细菌多样性的影响
	3.基于DNDC模型的秸秆还田量与氮肥的耦合效应对夏玉米农田N2O排放的影响研究
	4.北方蓝莓高档果酒制作工艺条件的研究
	5.海藻生物有机肥对冬小麦的生长和产量的影响
	6.不同耕作方式与氮肥类型对夏玉米光合性能的影响
	7.2016年山东省玉米种植成本收益分析
	8.根瘤菌、超声和2，4-D处理对小麦幼苗生长的影响
	9.适期晚播对不同密度冬小麦产量和茎秆抗倒性能的调控效应
	10.氮肥水平对强筋小麦产量和氮素利用的影响
	11.Multi-environments and multi-models association mapping identified candidate genes of lint percentage and seed index in Gossypium hirsutum L.
	12.白花丹参和紫花丹参叶绿素荧光日变化比较研究
	13.间作大葱对桔梗根系分泌物的影响
	14.一个新的丹参CYP450的克隆和生物信息学的分析
	15.增施磷肥提高弱光环境中夏大豆叶片光合能力及产量
	16.OsHsfB4d Binds the Promoter and Regulates the Expression of OsHsp18.0-CI to Resistant Against Xanthomonas oryzae
	17.丹参水肥一体化对杂草生物量的影响
	18.粗山羊草响应盐胁迫转录组分析
	19.花生种皮颜色的研究进展
	20.授粉后降雨对玉米杂交种结实以及籽粒性状的影响
	21.Germination characteristics of maize seeds with high and low vigour levels in response to on-farm seed primining
	22.有机肥施用及合理密植提高黄淮海地区夏大豆光系统性能与籽粒产量(1)
	资环
	
	农田生态系统恢复力评价与调控机制
	摘  要
	关键词
	Evaluation and Regulation Mechanism of Farmland Ecosystem Resilience
	Abstract
	Keywords
	1. 引言
	2. 恢复力研究现状述评
	2.1. 恢复力内涵及理论研究
	2.2. 生态系统恢复力评价研究
	2.3. 研究述评

	3. 农田生态系统恢复力研究内容分析
	3.1. 农田生态系统恢复力的内涵及构成分析
	3.2. 农田生态系统恢复力影响机理与指标体系构建研究
	3.3. 农田生态系统恢复力定量评价方法研究
	3.4. 农田生态系统恢复力调控机制研究

	4. 农田生态系统恢复力研究方法探讨
	4.1. 基本思路
	4.2. 研究方法
	4.2.1. 数据获取与预处理
	4.2.2. 指标体系构建与优化
	4.2.3. 评价方法


	5. 结语
	基金项目
	参考文献





