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1.1.保护性耕作发展态势保护性耕作发展态势
1. 1. Status of CT  in  Shandong  provinceStatus of CT  in  Shandong  province

1.1 1.1 稳步发展，效果显著稳步发展，效果显著
1. 1  1. 1  Developing steadilyDeveloping steadily

2020世纪世纪7070年代，我国一些省份开始对旱地年代，我国一些省份开始对旱地
保护性耕作进行了试验研究并在生产中应保护性耕作进行了试验研究并在生产中应
用推广。用推广。

the study on CT was started in some the study on CT was started in some 
provinces of China during 1970sprovinces of China during 1970s .



山东农业大学开展理论研究较早。山东农业大学开展理论研究较早。自自19781978年年
开始，开始，从从““少耕少耕””与与““秸秆培肥相结合秸秆培肥相结合””的的
角度，进行角度，进行““少耕法耙秸还田及机具的研究少耕法耙秸还田及机具的研究””
项目项目,,于于19851985年获山东省科技进步三等奖年获山东省科技进步三等奖..

The study made by Shandong Agricultural The study made by Shandong Agricultural 
University was begun in 1978, which was to University was begun in 1978, which was to 
study the minimum tillage with straw study the minimum tillage with straw 
returning and its machines.returning and its machines.



19891989年～年～19921992年以提高小麦年以提高小麦——玉米一年两熟制玉米一年两熟制
下秸秆还田效益为目的，创建了以机械化为手下秸秆还田效益为目的，创建了以机械化为手
段，麦收后麦秸盖田（或留高茬），秋季玉米段，麦收后麦秸盖田（或留高茬），秋季玉米
秸秆还田的以耙代耕，耙两年、耕一年的秸秆还田的以耙代耕，耙两年、耕一年的耙秸耙秸
轮耕新型土壤耕作制轮耕新型土壤耕作制。于。于19931993年获山东省科技年获山东省科技
进步二等奖。进步二等奖。

From 1989 to 1992, the study on rotation From 1989 to 1992, the study on rotation 
tillage was carried out bytillage was carried out by ShandongShandong
Agricultural UniversityAgricultural University



20042004——20062006年承担国家粮食丰产工程年承担国家粮食丰产工程””华北华北
平原山东省保护性耕作技术集成与推广平原山东省保护性耕作技术集成与推广””项目，项目，
取得了阶段性成果。取得了阶段性成果。

目前承担目前承担““十一五十一五””国家科技支撑计划项目国家科技支撑计划项目
中中””华北缺水区保护性耕作技术研究与示范华北缺水区保护性耕作技术研究与示范””

National Project of Science and Technology for National Project of Science and Technology for 
Food Production Food Production 
National Science and Technology Planning National Science and Technology Planning 
Project in the Eleventh FiveProject in the Eleventh Five--year year 



山东省自山东省自20022002年农业部启动保护性耕作示范年农业部启动保护性耕作示范
项目以来，在农业部、省政府的大力支持下，项目以来，在农业部、省政府的大力支持下，
在全省范围内再次开展了保护性耕作的推广，在全省范围内再次开展了保护性耕作的推广，
已经取得了阶段性的重大成果。已经取得了阶段性的重大成果。

And after the CT projects startup by And after the CT projects startup by 
agriculture ministry in 2002, in order to agriculture ministry in 2002, in order to 
increasing production and income, and increasing production and income, and 
protect the environment, the CT use inprotect the environment, the CT use in
ShandongShandong province was developed quickly. province was developed quickly. 



据统计，目前全省实施保护性耕作的面积据统计，目前全省实施保护性耕作的面积
达到达到66万多万多hmhm22，取得了可喜的成绩。，取得了可喜的成绩。

NowNow，，the total CT area ofthe total CT area of ShandongShandong
province was over 6province was over 6××101044 hmhm22，，which which 
increase the sustainable developing level ofincrease the sustainable developing level of
ShandongShandong..



1.2 1.2 山东省保护性耕作的技术特色山东省保护性耕作的技术特色
1.2 Technological characteristics of CT   1.2 Technological characteristics of CT   

inin ShandongShandong provinceprovince
山东省是中国最重要的农业生产基地之一，耕山东省是中国最重要的农业生产基地之一，耕
地面积约地面积约880880万万hmhm22，粮食产量占全国总产量的，粮食产量占全国总产量的
1/51/5以上。因此山东省农业的丰歉，对全国农业以上。因此山东省农业的丰歉，对全国农业

和国民经济都将产生较大的影响。和国民经济都将产生较大的影响。

ShandongShandong is the important agricultural is the important agricultural 
production base of China. The abundant or poor production base of China. The abundant or poor 
harvest wound affect the whole country harvest wound affect the whole country 
agriculture and economic.agriculture and economic.



小麦套作玉米和小麦复种玉米一年二熟是山东省小麦套作玉米和小麦复种玉米一年二熟是山东省
粮食生产的最主要种植模式。该区域保护性耕作粮食生产的最主要种植模式。该区域保护性耕作
具有显著的技术特色：具有显著的技术特色：

InIn ShandongShandong, the main cropping modes are relay , the main cropping modes are relay 
intercropping and multiple cropping of wheat intercropping and multiple cropping of wheat 
and maize.and maize.



1.2.1 1.2.1 秸秆覆盖技术秸秆覆盖技术
1.2.1 1.2.1 Straw covering technologyStraw covering technology

1.2.1.1 1.2.1.1 秸秆粉碎还田覆盖秸秆粉碎还田覆盖

1.2.1.1 1.2.1.1 Straw breaking and mulchingStraw breaking and mulching
小麦、玉米在联合收割机收获，或者玉米果穗人工收小麦、玉米在联合收割机收获，或者玉米果穗人工收
获后，将小麦、玉米秸秆粉碎还田，如果秸秆还田后，获后，将小麦、玉米秸秆粉碎还田，如果秸秆还田后，
秸秆太长而且地面杂草较多，可用粉碎机或旋耕机浅秸秆太长而且地面杂草较多，可用粉碎机或旋耕机浅
旋作业。旋作业。

After the harvest of wheat and maize by combine After the harvest of wheat and maize by combine 
harvester, or harvest the maize by hand, the straw of harvester, or harvest the maize by hand, the straw of 
wheat and maize was crushed and returned to soil. If wheat and maize was crushed and returned to soil. If 
the straw was too long with too many weeds in the the straw was too long with too many weeds in the 
field, we can add operation of disintegrator or rotary field, we can add operation of disintegrator or rotary 
tiller.tiller.



全田玉米秸秆粉碎覆盖地面全田玉米秸秆粉碎覆盖地面

技术体系的田间作业为：技术体系的田间作业为：

玉米收获时，用玉米收获时，用4YW4YW--22背负背负

式玉米联合收获机收获玉米，式玉米联合收获机收获玉米，
并将秸秆粉碎还田。并将秸秆粉碎还田。

人工收获玉米果穗人工收获玉米果穗
后，用后，用JDT804JDT804型拖型拖
拉机牵引拉机牵引1JH1JH——165165
型玉米秸秆还田机型玉米秸秆还田机



小麦联合收割机收获，小麦秸秆覆盖小麦联合收割机收获，小麦秸秆覆盖



1.2.1.2 1.2.1.2 留茬覆盖留茬覆盖
1.2.1.2 1.2.1.2 Covering with stubbleCovering with stubble

在农作物秸秆需要综合利用的地区，实施保护性耕在农作物秸秆需要综合利用的地区，实施保护性耕
作技术，一般采用机械收获留高茬作技术，一般采用机械收获留高茬++免耕播种作业、免耕播种作业、
机械收获留高茬机械收获留高茬++粉碎浅旋播种复式作业两种处理粉碎浅旋播种复式作业两种处理
方法。留茬高度一般玉米为方法。留茬高度一般玉米为15cm15cm、小麦、小麦20cm20cm以上。以上。
In the straw comprehensive utilization region, the In the straw comprehensive utilization region, the 
CT modes were crop harvested by machine with CT modes were crop harvested by machine with 
high stubble untouched + seeding with nohigh stubble untouched + seeding with no--till or till or 
with shallow rotary tillage. The suitable height of with shallow rotary tillage. The suitable height of 
maize was 15 cm, and that of wheat was above 20 maize was 15 cm, and that of wheat was above 20 
cm.cm.



全量还田全量还田

100cm100cm还田还田

50cm50cm还田还田

小麦留高茬小麦留高茬

玉米留高茬玉米留高茬



1.2.2 1.2.2 免耕播种技术免耕播种技术
11..2.2 2.2 NoNo--till seedingtill seeding

小麦、玉米一年二熟免耕播种技术主要分为：小麦、玉米一年二熟免耕播种技术主要分为：
小麦免耕播种和玉米免耕播种。小麦免耕播种和玉米免耕播种。

In double cropping system of wheat and maize, In double cropping system of wheat and maize, 
the nothe no--till seeding technologies were including till seeding technologies were including 
wheat nowheat no--till seeding and maize notill seeding and maize no--till seedingtill seeding

小麦免耕播种小麦免耕播种

玉米免耕播种玉米免耕播种

http://www.tj.xinhuanet.com/wangqun/2007-06/21/content_10364730.htm
http://yantai.dzwww.com/xinwen/xwzt/gshzt/xwdt/t20050822_1188932.htm


1.2.3 1.2.3 耙茬少耕技术耙茬少耕技术
1.2.3 1.2.3 Raking tillage on the stubbleRaking tillage on the stubble

为了探求减少土壤耕作环节，又能培肥地力，提为了探求减少土壤耕作环节，又能培肥地力，提
高作物产量和机械化水平的新途径，我们经过多高作物产量和机械化水平的新途径，我们经过多
年研究总结出耙茬少耕技术。年研究总结出耙茬少耕技术。

Raking tillage on the stubble, generalized byRaking tillage on the stubble, generalized by
ShandongShandong Agricultural University, was a Agricultural University, was a 
minimum tillage which can improve the fertility of minimum tillage which can improve the fertility of 
soil and increase the crop yield .soil and increase the crop yield .



其技术要点是：在小麦玉米一年二熟条件其技术要点是：在小麦玉米一年二熟条件
下，于传统翻耕的基础上，秋季将玉米秸下，于传统翻耕的基础上，秋季将玉米秸
秆全部粉碎还田，用重型缺口圆盘耙耙地秆全部粉碎还田，用重型缺口圆盘耙耙地
后直接播种冬小麦，以耙代耕；后直接播种冬小麦，以耙代耕；

The key points of this technology were: using The key points of this technology were: using 
whole maize straw return instead of whole maize straw return instead of 
traditional tillage in autumn, and sowing the traditional tillage in autumn, and sowing the 
wheat after raking tillage by heavy cutaway wheat after raking tillage by heavy cutaway 
disk harrow; disk harrow; 



夏季小麦成熟时用联合收割机收获小麦夏季小麦成熟时用联合收割机收获小麦,,
将秸秆全部粉碎还田后，用玉米免耕播将秸秆全部粉碎还田后，用玉米免耕播
种机播种夏玉米或麦收前套作玉米。种机播种夏玉米或麦收前套作玉米。

and the whole wheat straw also return to and the whole wheat straw also return to 
the field after crushed when wheat was the field after crushed when wheat was 
harvest by combine harvester, and then harvest by combine harvester, and then 
sowing the maize with nosowing the maize with no--till seeding. till seeding. 

http://www.tj.xinhuanet.com/wangqun/2007-06/21/content_10364730.htm


耙秸时耙秸时,,耙深为耙深为10~15cm10~15cm,,重型圆盘耙采用对角耙重型圆盘耙采用对角耙
11遍，顺耙遍，顺耙11遍，耙后秸秆掩埋率达遍，耙后秸秆掩埋率达85%85%以上以上;;
再用轻耙（圆盘耙）顺耙再用轻耙（圆盘耙）顺耙11遍，耙深遍，耙深8~10cm8~10cm，，
达到上虚下实的种床要求。达到上虚下实的种床要求。

First, raking till was carried out by heavy First, raking till was carried out by heavy 
cutaway disk harrow in diagonal and parallel cutaway disk harrow in diagonal and parallel 
method, each for once, which suitable deep method, each for once, which suitable deep 
was 10was 10--15 cm and 85% of the stubble was 15 cm and 85% of the stubble was 
buried by soil. Then parallel raking was used buried by soil. Then parallel raking was used 
by the light cutaway disk harrow once with by the light cutaway disk harrow once with 
depth of 8depth of 8--10cm, which will result in an 10cm, which will result in an 
"upper loose and lower tight" arable layer "upper loose and lower tight" arable layer 
for seeds.for seeds.



根据我们多年研究的结果，在壤质土上耙茬根据我们多年研究的结果，在壤质土上耙茬
少耕的适宜年限为少耕的适宜年限为22年，即年，即耕耕11年耙年耙22年年；；

而在砂壤土上，耙茬少耕的适宜年限可以延而在砂壤土上，耙茬少耕的适宜年限可以延
长到长到33年，即形成年，即形成耕耕11年耙年耙33年年。。

According to the study results, the suitable According to the study results, the suitable 
years of raking tillage in the loamy soil was years of raking tillage in the loamy soil was 
2, that is to say, furrow 1 year then raking 2 2, that is to say, furrow 1 year then raking 2 
years. But in sandy loam, the suitable years years. But in sandy loam, the suitable years 
of raking tillage in the loamy soil were 3, of raking tillage in the loamy soil were 3, 
which mean furrow 1 year then raking 3 which mean furrow 1 year then raking 3 
years.years.



1.2.4 1.2.4 旋茬少耕技术旋茬少耕技术
1.2.4 1.2.4 Rotary tillage on the stubbleRotary tillage on the stubble
与耙茬少耕一样，相对于传统翻耕而言，与耙茬少耕一样，相对于传统翻耕而言，
按一定年限进行作物秸秆覆盖下的旋耕播按一定年限进行作物秸秆覆盖下的旋耕播
种方式，也应属少耕范畴。种方式，也应属少耕范畴。

Rotary tillage on the stubble was also a Rotary tillage on the stubble was also a 
minimum tillage.minimum tillage.

http://www.jsnj.gov.cn/gddt/Print.asp?ArticleID=3646


我们多年的研究结果表明，在小麦玉米一年二熟我们多年的研究结果表明，在小麦玉米一年二熟
条件下，于传统翻耕的基础上，秋季将玉米秸秆条件下，于传统翻耕的基础上，秋季将玉米秸秆
全部粉碎还田，采取旋耕表土代替翻耕；夏季小全部粉碎还田，采取旋耕表土代替翻耕；夏季小
麦秸秆粉碎还田免耕播种玉米或麦收前麦秸秆粉碎还田免耕播种玉米或麦收前1010——1515天天
套作玉米，减少土壤耕作次数及强度，同样也收套作玉米，减少土壤耕作次数及强度，同样也收
到了良好的效果。到了良好的效果。

The process of this technology was: using whole The process of this technology was: using whole 
maize straw return instead of traditional tillage maize straw return instead of traditional tillage 
in autumn, and sowing the wheat after rotary in autumn, and sowing the wheat after rotary 
tillage; and the whole wheat straw also return to tillage; and the whole wheat straw also return to 
the field after crushed when wheat was harvest the field after crushed when wheat was harvest 
by combine harvester, and then sowing the maize by combine harvester, and then sowing the maize 
with nowith no--till seeding or relaytill seeding or relay--planted maize planted maize 
before wheat harvest. before wheat harvest. 

http://www.dznj.com/shownews.asp?id=860


由于旋耕是仅限于表土作业，采用年限不由于旋耕是仅限于表土作业，采用年限不
宜过长，一般连续采用宜过长，一般连续采用22年年——33年后年后，结合，结合

翻耕或深松而形成轮耕体系，效果更佳。翻耕或深松而形成轮耕体系，效果更佳。

Because rotary tillage was a kind of surface Because rotary tillage was a kind of surface 
tillage, it can be used 2tillage, it can be used 2--3 years between 3 years between 
normal tillage.normal tillage.



深松方式可选用局部深松或全方位深松。根据深松方式可选用局部深松或全方位深松。根据
山东农业大学研究，连续山东农业大学研究，连续44年耙茬少耕后进行深年耙茬少耕后进行深
松，即第五年用深松铲（犁柱间距松，即第五年用深松铲（犁柱间距30cm30cm、铲幅、铲幅
20cm20cm、松土深、松土深30cm30cm）深松）深松,,部分破除耙底层部分破除耙底层,,对对
小麦根系的生长发育起到了积极的作用。小麦根系的生长发育起到了积极的作用。

The results of our showed that, deep loosen The results of our showed that, deep loosen 
after 4after 4--year raking tillage can partly break year raking tillage can partly break 
the plough pan, which was benefit for the the plough pan, which was benefit for the 
root growth of wheat.root growth of wheat.

1.2.5 1.2.5 深松技术深松技术
1.2.51.2.5 Deep loosen technologyDeep loosen technology



深松后，土壤蓄、保水分能力明显好于连深松后，土壤蓄、保水分能力明显好于连
年翻耕，小麦比翻耕秸秆处理增产年翻耕，小麦比翻耕秸秆处理增产12.10%12.10%--
17.18%,17.18%,玉米增产玉米增产6.87%6.87% ..因此因此,,要建立耙松要建立耙松
结合、旋松结合的科学轮耕体系结合、旋松结合的科学轮耕体系..

By deep loosening, the waterBy deep loosening, the water--holding holding 
capacity of soil was better than continuous capacity of soil was better than continuous 
plowing, which leads to 12.10%plowing, which leads to 12.10%--17.18% 17.18% 
wheat yield and 6.87% maize yield higher wheat yield and 6.87% maize yield higher 
than that of continuous plowing, than that of continuous plowing, 
respectively . In conclusion, we should respectively . In conclusion, we should 
building the alternate tillage of raking + building the alternate tillage of raking + 
deep loosen and rotary + deep loosen.deep loosen and rotary + deep loosen.



1.2.6 1.2.6 杂草、病虫害防治技术杂草、病虫害防治技术
1.2.61.2.6Weeds, disease and pest controlWeeds, disease and pest control

播种前施用除草剂通常是将除草剂混入土中，使播种前施用除草剂通常是将除草剂混入土中，使
除草剂和松土混合作业。播种后出苗前施除草剂，除草剂和松土混合作业。播种后出苗前施除草剂，
一般是和播种作业结合进行，施除草剂的装置位一般是和播种作业结合进行，施除草剂的装置位
于播种机之后，将除草剂施于土壤表面。作物出于播种机之后，将除草剂施于土壤表面。作物出
苗后在其生长过程中，视田间杂草情况喷洒除草苗后在其生长过程中，视田间杂草情况喷洒除草
剂。剂。
In order to control the weeds, the herbicide of In order to control the weeds, the herbicide of 
adapted types and quantities should be used. The adapted types and quantities should be used. The 
better use stages for herbicide were just before better use stages for herbicide were just before 
sowing, after sowing but before seedling, even at the sowing, after sowing but before seedling, even at the 
early growth stage of seedling.early growth stage of seedling. During the growth of During the growth of 
crops, the herbicide still can be used according to the crops, the herbicide still can be used according to the 
really situation of weeds in the filed.really situation of weeds in the filed.



病虫害防治要根据地块病虫害发生的情况及病虫害防治要根据地块病虫害发生的情况及
当年的实际情况，选择适宜的药剂种类及合当年的实际情况，选择适宜的药剂种类及合
理的配方对作物种子进行包衣或拌种；加强理的配方对作物种子进行包衣或拌种；加强
病虫害的预测预报，适时采取防治措施。病虫害的预测预报，适时采取防治措施。

The control of disease and pest should be The control of disease and pest should be 
carried out according the occurrence of the carried out according the occurrence of the 
disease and pest resent years and the situation disease and pest resent years and the situation 
of current year. We can use adapted agents to of current year. We can use adapted agents to 
seed coating or dressing; also the prediction seed coating or dressing; also the prediction 
and forecast of disease and pest should be and forecast of disease and pest should be 
done in order to cure them in time. done in order to cure them in time. 



3 3 技术模式的生态效益与社会经济效益技术模式的生态效益与社会经济效益
3.3. Ecological and social economic benefitsEcological and social economic benefits

实践表明保护性耕作在山东省是可行的，不仅实践表明保护性耕作在山东省是可行的，不仅
能改善生态环境能改善生态环境,,加强生态建设加强生态建设,,而且还能培肥地而且还能培肥地
力力,,提高作物产量提高作物产量,,具有明显的生态效益和社会经具有明显的生态效益和社会经
济效益济效益 ..
The results showed that CT has ecological and The results showed that CT has ecological and 
social economic benefits for the agriculture in social economic benefits for the agriculture in 
Shandong province, which not only can better Shandong province, which not only can better 
the environment and increase the soil fertility, the environment and increase the soil fertility, 
but also can increase the crop yield and incomebut also can increase the crop yield and income..

http://www.movietu.com/desk/class9/3413/621cd0ab9e93f1e9.htm


保护性耕作技术能有效地提高秸秆还田效益，改保护性耕作技术能有效地提高秸秆还田效益，改
善土壤的水分、养分状况，具有良好的培肥、蓄善土壤的水分、养分状况，具有良好的培肥、蓄
水、保水、提水能力。水、保水、提水能力。

在小麦玉米套作一年两熟种植模式中，旋茬少耕、在小麦玉米套作一年两熟种植模式中，旋茬少耕、
耙茬少耕和免耕方式比传统翻耕的作物水分利用耙茬少耕和免耕方式比传统翻耕的作物水分利用
率分别提高率分别提高15.68%15.68%、、10.53%10.53%和和19.52%19.52%；；

CT can increase the benefits of straw return, CT can increase the benefits of straw return, 
better the water and nutrient situation of soil. In better the water and nutrient situation of soil. In 
double cropping system of wheat and maize, the double cropping system of wheat and maize, the 
water use efficiency of rotary tillage, raking water use efficiency of rotary tillage, raking 
tillage, and no tillage were 15.68%tillage, and no tillage were 15.68%、、10.53% and 10.53% and 
19.52% than normal tillage, respectively.19.52% than normal tillage, respectively.

3.1 3.1 生态效益明显提高生态效益明显提高
3.1 3.1 Ecological benefitsEcological benefits



在同一施肥量和灌溉量的情况下，旋茬少耕和在同一施肥量和灌溉量的情况下，旋茬少耕和
耙茬少耕比传统翻耕对土壤有较强的蓄水保墒耙茬少耕比传统翻耕对土壤有较强的蓄水保墒
能力能力,,利于土壤利于土壤0cm~60cm0cm~60cm硝态氮的积累硝态氮的积累,,而减而减
少少60cm~100cm60cm~100cm土壤硝态氮的含量土壤硝态氮的含量,,有利于作有利于作
物的吸收利用，减少氮肥对地下水环境的污染物的吸收利用，减少氮肥对地下水环境的污染..
At the same level of fertilizer and irrigation, At the same level of fertilizer and irrigation, 
the water preservation of soil under tillage and the water preservation of soil under tillage and 
raking tillage were higher than normal tillage. raking tillage were higher than normal tillage. 
CT can still increase the nitrate accumulation CT can still increase the nitrate accumulation 
in 0in 0--60 cm soil layer, but decrease the nitrate 60 cm soil layer, but decrease the nitrate 
accumulation in 60accumulation in 60--100 cm soil layer, which 100 cm soil layer, which 
can increase the nitrogen absorbed by crops can increase the nitrogen absorbed by crops 
and decrease the nitrogen loss. and decrease the nitrogen loss. 



实施保护性耕作技术，工序比传统耕作减少一半实施保护性耕作技术，工序比传统耕作减少一半
以上，效率高、用工少、能耗低，显著降低生产以上，效率高、用工少、能耗低，显著降低生产
成本。据我们多年研究，耙茬少耕和旋茬少耕比成本。据我们多年研究，耙茬少耕和旋茬少耕比
传统翻耕油耗分别降低传统翻耕油耗分别降低39.71%39.71%和和55.88%55.88%，用工量，用工量
减少减少40%40%，作业成本降低，作业成本降低37.67%37.67%和和28.91%28.91%。。

According to the study of our, the fuel According to the study of our, the fuel 
consumptions of raking tillage and rotary tillage consumptions of raking tillage and rotary tillage 
were decreased by 39.71% and 55.88%, compared were decreased by 39.71% and 55.88%, compared 
with normal tillage, and the cost of them were with normal tillage, and the cost of them were 
decreased by 37.67% and 28.91%,decreased by 37.67% and 28.91%, respectively. respectively. 

3.2 3.2 社会经济效益显著增加社会经济效益显著增加
3.2 3.2 Social economic benefitsSocial economic benefits



从小麦、玉米两熟全年单位面积产量来看，从小麦、玉米两熟全年单位面积产量来看，
采用旋茬少耕、耙茬少耕和免耕等保护性采用旋茬少耕、耙茬少耕和免耕等保护性
耕作比传统翻耕增产耕作比传统翻耕增产11.93~12.6%11.93~12.6%、、
11.38~12.27%11.38~12.27%和和1.26~7.97%1.26~7.97%。。

Form the whole yield of wheat and maize, Form the whole yield of wheat and maize, 
the yield of rotary tillage, raking tillage, the yield of rotary tillage, raking tillage, 
and no tillage were 11.93~12.6%, and no tillage were 11.93~12.6%, 
11.38~12.27% and 1.26~7.97% higher 11.38~12.27% and 1.26~7.97% higher 
than normal tillage, respectively.than normal tillage, respectively.

http://www.notill.org.cn/tool.htm


4.4. 存在的主要问题存在的主要问题
4.4. Main problemsMain problems

4.14.1播种质量不易保证播种质量不易保证
4.14.1 Seeding quality control was difficultSeeding quality control was difficult
秸秆覆盖量过多或覆盖物分布不均等原因秸秆覆盖量过多或覆盖物分布不均等原因,,会导会导
致播种时播深不一致致播种时播深不一致,,种子分布不均匀种子分布不均匀,,甚至出现甚至出现
缺苗断垄等播种质量问题及化感作用的影响。缺苗断垄等播种质量问题及化感作用的影响。
Because of the rugged soil surface, uneven Because of the rugged soil surface, uneven 
hardness of soil, and the higher quantity of hardness of soil, and the higher quantity of 
straw in the field, the seeding quality was straw in the field, the seeding quality was 
difficult to control. The depth of seeds was difficult to control. The depth of seeds was 
variance, the distribution of seeds was uneven, variance, the distribution of seeds was uneven, 
and even some place no seeds. and even some place no seeds. 
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不同保护性耕作体系对小麦田间出苗率的影响（不同保护性耕作体系对小麦田间出苗率的影响（0404，， 0505））

免免 耕耕
耙耙 耕耕 松松 耕耕

翻翻 耕耕

常规耕作田间出苗率最高，耙耕、深松次之，免耕常规耕作田间出苗率最高，耙耕、深松次之，免耕
最低。三种保护性耕作体系与对照相比田间出苗率最低。三种保护性耕作体系与对照相比田间出苗率
有有44％～％～2020％％的下降。免耕处理田间出苗率最低，的下降。免耕处理田间出苗率最低，0404
年、年、0505年分别为年分别为57.857.8％％和和57.157.1％，％，分别比对照低分别比对照低20.620.6
％％和和20.820.8％％。。



4.2 4.2 农业机械难以满足要求农业机械难以满足要求
4.2 4.2 Combining agricultural machinery    Combining agricultural machinery    

and agronomy was difficultand agronomy was difficult
目前缺乏不同作物专用配套机具，而且已有的机具目前缺乏不同作物专用配套机具，而且已有的机具
性能不完善，如有些小型播种机的播种精度不高，性能不完善，如有些小型播种机的播种精度不高，
缺乏地面仿形能力，从而影响了保护性耕作技术的缺乏地面仿形能力，从而影响了保护性耕作技术的
应用推广。小规模经营特点的多功能保护性配套机应用推广。小规模经营特点的多功能保护性配套机
具更加缺乏。具更加缺乏。



4.3 4.3 作物栽培技术体系不配套作物栽培技术体系不配套
4.34.3 Crop planting technologies was not matchCrop planting technologies was not match

保护性耕作条件下的作物生长发育规律、土壤质量保护性耕作条件下的作物生长发育规律、土壤质量
演变、水肥高效利用、病虫草害发生和防治规律等演变、水肥高效利用、病虫草害发生和防治规律等
保护性耕作条件下的共性、机理性的理论研究比较保护性耕作条件下的共性、机理性的理论研究比较
薄弱，缺乏相应的作物栽培技术体系与管理体系。薄弱，缺乏相应的作物栽培技术体系与管理体系。
At present, most of the commonness and mechanism At present, most of the commonness and mechanism 
of CT are indistinctness, such as the growth rules of of CT are indistinctness, such as the growth rules of 
crops under CT, the changes of soil quality, high use crops under CT, the changes of soil quality, high use 
of water and fertilizer, control of weeds, disease and of water and fertilizer, control of weeds, disease and 
pest. The technologies use in normal tillage was not pest. The technologies use in normal tillage was not 
suitable for using in CT, because of the different suitable for using in CT, because of the different 
situation. So, we should find out the rules under CT, situation. So, we should find out the rules under CT, 
and build the corresponding technologies for CT.and build the corresponding technologies for CT.



4.4.4.4.耕层变浅，土壤肥力不均耕层变浅，土壤肥力不均
4.4 4.4 Shoaling of arable layer and Shoaling of arable layer and 

asymmetry of soil fertilityasymmetry of soil fertility
大部分免耕的田块耕层浅，其他环节作业时轮子及大部分免耕的田块耕层浅，其他环节作业时轮子及
机具对土壤的压实作用得不到恢复，使耕层土壤容机具对土壤的压实作用得不到恢复，使耕层土壤容
重增加，有效空隙减少，供肥能力明显下降；重增加，有效空隙减少，供肥能力明显下降；

同时由于犁低层越来越硬，厚度增加，使作物根系同时由于犁低层越来越硬，厚度增加，使作物根系
下扎困难，很难汲取到充足的营养；下扎困难，很难汲取到充足的营养；

这种坚硬土层上升，也使得土壤蓄水保墒能力下降，这种坚硬土层上升，也使得土壤蓄水保墒能力下降，
径流增加，表层土壤水分蒸发迅速，耕层活土越来径流增加，表层土壤水分蒸发迅速，耕层活土越来
越少。越少。



不同处理土壤容重变化不同处理土壤容重变化 （（g/cmg/cm33））

年限年限 土层土层cmcm 秸秆秸秆++翻耕翻耕 秸秆秸秆++耙茬耙茬 免耕免耕

第一年第一年

00--1515
1515--2020
2020--3030
00--3030

1.4191.419
1.5701.570
1.5941.594
1.5031.503

1.4151.415
1.5851.585
1.5761.576
1.4971.497

1.5121.512
1.5891.589
1.5781.578
1.5231.523

第二年第二年

00--1515
1515--2020
2020--3030
00--3030

1.4581.458
1.4761.476
1.5111.511
1.4791.479

1.4241.424
1.6081.608
1.5701.570
1.5031.503

1.5291.529
1.6121.612
1.5911.591
1.5641.564

第三年第三年

00--1515
1515--2020
2020--3030
00--3030

1.4911.491
1.5151.515
1.5671.567
1.5201.520

1.5401.540
1.6571.657
1.5761.576
1.5721.572

1.5601.560
1.6691.669
1.5821.582
1.5861.586



不同处理不同处理33年作物收获后土壤硝态氮含量年作物收获后土壤硝态氮含量//μμgg••gg--11

土壤层次土壤层次

处理处理
0~20cm0~20cm

常规还常规还

旋旋 耕耕

耙耙 耕耕

免免 耕耕

20~40cm20~40cm 40~60cm40~60cm 60~80cm60~80cm 80~100cm    80~100cm    0~100 cm0~100 cm

7.05 7.05 cBcB 5.09 5.09 cBCcBC 4.05 4.05 aAaA 5.38 5.38 aAaA 5.60 5.60 aAaA 5.454bB5.454bB

10.61 10.61 bAbA 5.85 5.85 bBbB 3.50 3.50 aABaAB 2.18 2.18 bBCbBC 3.57 3.57 cBcB 5.142cB5.142cB

12.66 12.66 aAaA 7.95 7.95 aAaA 3.85 3.85 aAaA 2.65 2.65 bBbB 4.95 4.95 bAbA 6.112aA6.112aA

9.55 9.55 bABbAB 2.78 2.78 dDdD 0.45 0.45 cCcC 0.64 0.64 cDcD 0.31 0.31 dCdC 2.746dD2.746dD

免耕处理土壤表层硝态氮含量与其他处理差异较小，免耕处理土壤表层硝态氮含量与其他处理差异较小，
但但20cm20cm以下则极显著的降低；其他土壤养分也同样具以下则极显著的降低；其他土壤养分也同样具

有相似趋势。有相似趋势。



4.5 4.5 病虫害孳生，杂草蔓延病虫害孳生，杂草蔓延
4.5 4.5 Control weeds was not easyControl weeds was not easy

翻耕有翻埋病虫杂草的作用翻耕有翻埋病虫杂草的作用,,免耕相对来说失去了免耕相对来说失去了

这一的手段。其次，有的杂草受秸秆遮盖，药液这一的手段。其次，有的杂草受秸秆遮盖，药液
不易直接喷到病虫杂草上，影响防治效果。不易直接喷到病虫杂草上，影响防治效果。

如果采用大量的药剂，如果采用大量的药剂，
一方面会增加生产成本，一方面会增加生产成本，
另一方面也会造成土壤另一方面也会造成土壤
的环境污染。的环境污染。



4.6 4.6 施肥技术难以满足需要施肥技术难以满足需要
4.64.6 Fertilizer application technologies  Fertilizer application technologies  

need reformneed reform
免耕条件下，肥料在土壤中分布受到影响，土壤免耕条件下，肥料在土壤中分布受到影响，土壤
理化性质的变化也影响其土壤养分的分解。免耕理化性质的变化也影响其土壤养分的分解。免耕
农田施肥特别是小麦的追肥比较困难。农田施肥特别是小麦的追肥比较困难。

播种播种11次完成施肥，使用长效、缓效肥料价格太高次完成施肥，使用长效、缓效肥料价格太高..

特别是免耕条件下有特别是免耕条件下有
机肥的施用与效果往机肥的施用与效果往
往较差，往往只能撒往较差，往往只能撒
施在地表，养分流失施在地表，养分流失
严重。严重。



耙秸还田耙秸还田11--22年表现为增产，但随耙秸还田年年表现为增产，但随耙秸还田年

限加长，增产作用下降或减产。限加长，增产作用下降或减产。

免耕处理减产幅度较大免耕处理减产幅度较大,,特别是小麦。特别是小麦。11--22年玉年玉
米略有增产米略有增产,,全年总产量差异较小全年总产量差异较小..但但22年后免耕年后免耕
处理的无论是小麦处理的无论是小麦,,还是玉米均表现为减产还是玉米均表现为减产..
秸秆还田配合翻耕处理的产量随年限延长秸秆还田配合翻耕处理的产量随年限延长,,增增
产幅度提高，表现出秸秆还田的增产作用产幅度提高，表现出秸秆还田的增产作用..
小麦、玉米两熟田小麦、玉米两熟田,,短时间的少免耕可保证产短时间的少免耕可保证产
量不减量不减,,但连续较长时间应用则会减产。但连续较长时间应用则会减产。

4.7 4.7 对作物产量的影响对作物产量的影响
4.7 4.7 Effects on crop yieldEffects on crop yield



不同处理各年产量（不同处理各年产量（kg/hmkg/hm22))

小麦小麦 玉米玉米

产量产量 比耕翻比耕翻%% 产量产量 比耕翻比耕翻%%
全年全年

第一年第一年

耕翻耕翻

耕秸耕秸

耙秸耙秸

免耕免耕

55645564
6465 6465 ＊＊ ＊＊

6540 6540 ＊＊ ＊＊

54135413

16 .1916 .19
17.5417.54
--2.712.71

37953795
4350 4350 ＊＊ ＊＊

4365 4365 ＊＊ ＊＊

38723872

14.6214.62
15.0215.02
2.032.03

93599359
10815 10815 ＊＊ ＊＊

10905 10905 ＊＊ ＊＊

92859285

第二年第二年

耕翻耕翻

耕秸耕秸

耙秸耙秸

免耕免耕

60086008
6150 6150 ＊＊
6195 6195 ＊＊
5861 5861 ＊＊

2.362.36
3.113.11
--2.712.71

71567156
73217321
74127412
70087008

2.312.31
3.583.58
--2.072.07

1316413164
1347113471
1360713607
1286912869

年限年限 处理处理



不同处理各年产量（不同处理各年产量（kg/hmkg/hm22))
小麦小麦 玉米玉米

产量产量 比耕翻比耕翻%% 产量产量 比耕翻比耕翻%%
全年全年年限年限 处理处理

1236012360
13043 13043 ＊＊
1209012090

11267 11267 ＊＊ ＊＊

4.374.37
--2.632.63
--7.007.00

68706870
71707170 ＊＊

66906690
6389 6389 ＊＊ ＊＊

6.986.98
--1.441.44
--11.2511.25

54905490
5873 5873 ＊＊ ＊＊

54005400
4878 4878 ＊＊ ＊＊

耕翻耕翻

耕秸耕秸

耙秸耙秸

免耕免耕

第四第四
年年

1324513245
1342513425
1309513095

12036 12036 ＊＊ ＊＊

--0.200.20
--0.080.08
--7.907.90

74557455
74407440
73957395

6866 6866 ＊＊ ＊＊

3.373.37
--1.551.55
--10.7110.71

57905790
59855985
57005700

5176 5176 ＊＊ ＊＊

耕翻耕翻

耕秸耕秸

耙秸耙秸

免耕免耕

第三第三
年年



现有研究无论从深度，还是广度方面明显滞现有研究无论从深度，还是广度方面明显滞
后，急功近利，浮躁轻率。后，急功近利，浮躁轻率。

忽略了免耕的技术研究与推广是一个长期的忽略了免耕的技术研究与推广是一个长期的
过程，不少研究过程，不少研究11--22年或年或22--33年就中断，缺乏年就中断，缺乏

长期定位的深入系统研究与相应的技术储备，长期定位的深入系统研究与相应的技术储备，
难以形成中国特色的免耕技术体系，必将严难以形成中国特色的免耕技术体系，必将严
重制约大面积与持续推广应用。重制约大面积与持续推广应用。

4.8 4.8 技术研究系统性差技术研究系统性差
4.8 4.8 Low systemic of research on CT Low systemic of research on CT 

technologiestechnologies



5.5.发展对策发展对策
5. Countermeasures for CT development5. Countermeasures for CT development

保护性耕作发展的方向：保护性耕作发展的方向：要与农业结构战要与农业结构战
略性调整相结合，以保障国家食物安全与略性调整相结合，以保障国家食物安全与
生态安全为前提，以提高农业效率和效益生态安全为前提，以提高农业效率和效益
为中心，建立具有中国特色的保护性耕作为中心，建立具有中国特色的保护性耕作
技术体系与发展模式。技术体系与发展模式。

保护性耕作技术提升的战略思路保护性耕作技术提升的战略思路是：突出是：突出
““一个中心一个中心””、抓住、抓住““两个关键两个关键””、完成、完成
““三个转变三个转变””、实现、实现 ““四个提升四个提升”” 。。



5.1 5.1 突出突出““一个中心一个中心””
5.15.1 ““One purposeOne purpose””
保护性耕作技术提升应突出保护性耕作技术提升应突出 ““农艺技术为主农艺技术为主,,
农机农艺配套；高产高效并重农机农艺配套；高产高效并重,,节本增效与环节本增效与环

境改善同步境改善同步,,技术集成为主技术集成为主,,研究示范结合研究示范结合””的的
总体思路，中心是提高农业资源效率和效益总体思路，中心是提高农业资源效率和效益

（包括经济、生态和社会效益）。（包括经济、生态和社会效益）。

The main topic of CT is to increase the The main topic of CT is to increase the 
use efficiency and benefit of all kinds of use efficiency and benefit of all kinds of 
resources.resources.



5.2  5.2  抓住抓住““两个关键两个关键””
5.2 5.2 ““Two keysTwo keys””

山东省保护性耕作技术提升要抓住山东省保护性耕作技术提升要抓住适用机械适用机械
设备设备和和实用技术模式组装配套实用技术模式组装配套这两个关键。这两个关键。

““Two keysTwo keys”” are are ““using suitable machineusing suitable machine””
and and ““matching the corresponding matching the corresponding 
technologiestechnologies””..

http://equip.aweb.com.cn/news/2006/9/12/13290398.shtml


由单纯追求免耕技术向少、免、松、轮由单纯追求免耕技术向少、免、松、轮
耕等保护性耕作技术转变；耕等保护性耕作技术转变；

由采用单一作物保护性耕作技术措施向由采用单一作物保护性耕作技术措施向
适合不同地区、不同作物标准化、规范适合不同地区、不同作物标准化、规范
化、模式化、定量化、集成化的保护性化、模式化、定量化、集成化的保护性
耕作综合技术体系和应用模式转变；耕作综合技术体系和应用模式转变；

保护性耕作技术推广的目的应该由单纯保护性耕作技术推广的目的应该由单纯
追求生态环境改善向追求区域优质、高追求生态环境改善向追求区域优质、高
产、高效、生态、安全转变。产、高效、生态、安全转变。

5.3  5.3  完成完成““三个转变三个转变””
5.3 5.3 ““Three transformationsThree transformations

搞好保护性耕作技术的提升，必须完成三个转变：搞好保护性耕作技术的提升，必须完成三个转变：



5.45.4 实现实现““四个提升四个提升””
5.4 5.4 ““Four advancesFour advances””

强化保护性耕作技术基础和应用基础研究，强化保护性耕作技术基础和应用基础研究，
通过较长期的定点、定位研究通过较长期的定点、定位研究,,充分利用作充分利用作
物本身生理功能调节和挖掘作物本身的生产物本身生理功能调节和挖掘作物本身的生产
潜力潜力,,提升作物保护性耕作技术整体水平提升作物保护性耕作技术整体水平,,促促
进资源利用效率的提高与生态环境的改善；进资源利用效率的提高与生态环境的改善；



利用现代高新技术与传统技术的有机集合，利用现代高新技术与传统技术的有机集合，
开发与研究不同区域、不同作物保护性耕开发与研究不同区域、不同作物保护性耕
作技术体系，完善不同区域保护性耕作技作技术体系，完善不同区域保护性耕作技
术的优化布局，全面提升保护性耕作技术术的优化布局，全面提升保护性耕作技术
的现代化水平；的现代化水平；



利用现代新材料、新技术，研制与解决利用现代新材料、新技术，研制与解决
保护性耕作机具设备与产品研发中的材保护性耕作机具设备与产品研发中的材
料和工艺问题，提升保护性耕作关键机料和工艺问题，提升保护性耕作关键机
具设备与重大产品的技术水平；具设备与重大产品的技术水平；



进一步推进已有保护性耕作的实用技术应进一步推进已有保护性耕作的实用技术应
用推广，不断扩大其面积与范围，促进保用推广，不断扩大其面积与范围，促进保
护性耕作技术的标准化、规范化、模式化、护性耕作技术的标准化、规范化、模式化、
定量化和集成化的升级，全面构建具有我定量化和集成化的升级，全面构建具有我
省特色的保护性耕作技术体系。省特色的保护性耕作技术体系。
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