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Abstract: Based on the estab lishm en t of dem ands fo r a m u lch ing system in p lan t p roduction, the function of a so il

cover fo r affect ing so il physical p ropert ies w as analyzed. A nd 5 construct ion p rincip les fo r so il cover w ith

agricu ltu ral w aste m ateria ls, ino rgan ic m ateria ls, t ransparen t and non transparen t p last ic film and low p lan t fo r

living m ulch w ere suggested. T h rough techno logical evaluat ion of so lu t ion varian ts acco rding to 10 estab lished

evaluat ing criteria system , the reasonab le so lu t ion varian t w ith a h igher grade of app roach tow ards a im agined ideal

so lu t ion varian t w as found ou t. A fundam en tal condit ion fo r m u lch ing system w as compo sed. F inally the effects of

selected m ulch m ateria l on so il physical p ropert ies w ere exam ined th rough a field experim en t.
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1　 In troduction

T he cover of so il su rface w ith m u lch m ateria ls

is a w idely u sed agricu ltu ra l techn ique fo r

im p roving so il and p lan t p roduct ivity [ 1 ]. T he goal

of a so il cover determ ines the select ion of m u lch

m ateria ls, the du ra t ion and the grade of cover. A t

the sam e tim e the sub system s in p lan t grow th

environm en t (a tm o sphere, m u lch ing zone and so il)

m u st be in co rrespondence. D esign m ethod fo r

m u lch ing system under rest rict ion s of field

p roduct ion facto rs shou ld be found ou t fo r an

op t im al u sage of so il cover under con sidera t ion of

m ateria l exchange in the system , techno log ica l

po ssib ility and econom ic benefit in p lan t

cu lt iva t ion [ 2 ].

Con struct ion m ethod of a m u lch ing system is a

p rocess of dem and rea liza t ion fo r so il cover. T he

m u lch zone crea ted by the cover m odifies so il

p ropert ies in acco rdance w ith needs of p lan t

grow th. D esign of m u lch ing system is a lso a

p rocedu re of op t im iza t ion of part ly conflict

param eters by p lan t cu lt iva t ion [ 3 ]. T he effects of

so il cover on so il physica l p ropert ies are im po rtan t

fo r m odifying so il condit ion so tha t the goal of

design of m u lch ing system is concen tra ted on the

influence of so il cover on tem pera tu re, m o istu re

con ten t and po ro sity of a so il w ith a specia l

con sidera t ion of so il physics and p lan t cu lt iva t ion.

2　D emands for M ulch ing System

T he goal and techno log ica l condit ion s of

m u lch ing system m u st be first pu t ou t clearly in

fo rm of dem ands. T here are dem ands w h ich m u st

be fu lf illed, o therw ise the con sidered goal can no t

be ach ieved, fo r exam p le, a defin ite effect of a

cover on so il tem pera tu re and m o istu re con ten t,

these dem ands are g iven p rio rity 1 ( sho rt ly P1).

Certa in low est and h ighest dem ands fo r m u lch ing

system such as m in im al and m ax im al increase of

so il tem pera tu re and m o istu re con ten t cou ld a lso be

included w ith in P1 th rough app rop ria te

fo rm u la t ion.

T he dem ands w h ich shou ld be con sidered

under certa in perm issib le condit ion s are g iven

p rio rity 2 (sho rt ly P2) , fo r exam p le, w eed con tro l

and ero sion con tro l by so il cover. T here are a lso

o ther dem ands fo r m u lch ing system w h ich shou ld

be certa in ly con sidered bu t its fu lf illm en t is no t
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necessary such as im p rovem en t of so il m icroo rgan2

ism and increase of so il fert iliza t ion, these

dem ands m ay be taken in to con sidera t ion w ith

p rio rity 3 (sho rt ly P3).

T he dist inct ion and the classif ica t ion of the

dem ands are necessary becau se the fu lf illm en t of

the goal by m u lch ing system cou ld on ly be

evalua ted th rough exam inat ion of po ssib le cover

varian ts. Fo r influence of a so il cover on so il

physica l p ropert ies and p lan t grow th, the dem ands

fo r a m u lch ing system can be estab lished. T hey

can be classif ied as fo llow s:

1) Funct iona l dem ands

increm en tö decrem en t of so il tem pera tu re P1

increm en t of so il m o istu re con ten t P1

p reserva t ion of so il st ructu re P1

im p rovem en t of p lan t grow th P1

po ssib ility of w eed con tro l P2

con tro l of w ater ero sion P2

po ssib ility of early harvest P2

po ssib ility of o rgan ic m anu ring P3

2) In tersect ion dem ands

safe cover on so il su rface P1

adap tab ility to clim at ic condit ion P1

changeab le du ra t ion of cover P1

po ssib ility of m echan iza t ion P2

con tro l of cover effects P2

no dam age to so il m icroo rgan ism P1

no h indrance to seed em ergence P1

no dam age to p lan t grow th P1

3) Opera t ion and techn ique dem ands

sim p le opera t ion and handling P1

sam e tim e sp read ing w ith seed P2

no recovery of m u lch m ateria ls P2

lit t le t im e expen se by opera t ion P2

low energy con sum p tion fo r opera t ion P2

low con sum p tion of m u lch m ateria ls P3

3　Functiona l Exam ina tion and Solution

Pr inc iple
F rom com p lete task of a so il cover, the

com p lica ted to ta l funct ion can be divided in to

subfunct ion s w ith low er com p licity fo r bet ter

understand ing. T he funct iona l m echan ism of a so il

cover fo r affect ing so il physica l p ropert ies and

p lan t grow th environm en t con sists in 5 subfunct i2

on s (sho rt ly F i) :

increaseö decrease of so il tem pera tu re F1;

increaseö decrease of so il m o istu re con ten t F2;

increaseö decrease of so il po ro sity F3;

p ro tect ion of so il st ructu re F4;

p reven t ion of so il ero sion F5.

F rom in tegra t ion of above subfunct ion s, the

conclu sion is tha t the to ta l funct ion is based on

physica l p ropert ies of m u lch m ateria l, w h ich fo rm s

a m u lch layer betw een so il su rface and

atm o sphere. Subfunct ion s so lu t ion s m u st be found

ou t and be jo in ted together in to a so lu t ion p rincip le

w h ich con ta in s physica l effect fo r fu lf illm en t of

funct ion s of a m u lch ing system. T he requ ired

subfunct ion s shou ld be in su red on ly th rough

p roper select ion of m u lch m ateria l w ith specia l

physica l p ropert ies. D ifferen t subfunct ion s of a so il

cover m u st be rea lized th rough a defin ite m u lch

cover. T he physica l effect of subfunct ion F1 fo r

m odifying so il tem pera tu re, F2 fo r im p roving so il

m o istu re reg im e and F3 to F5 fo r p ro tect ing so il

po ro sity, st ructu re and p reven t ing so il ero sion

cou ld be rep resen ted in so lu t ion varian ts as

fo llow s:

1) cover w ith o rgan ic w aste m ateria ls such as

com po st, st raw and tree trashes;

2 ) cover w ith non tran sparen t syn thet ic

m ateria ls such as b lack paper and b lack granu lar;

3) cover w ith tran sparen t syn thet ic m ateria ls

such as p last ic f ilm and ligh t co lo red film ;

4 ) cover w ith ino rgan ic m ateria ls such as

sand, gravel and alum inum film ;

5 ) cover w ith low er living p lan t such as

legum inou s and grass.

T he so lu t ion s varian ts above concern

p redom inan t ly physica l so lu t ion p rincip les w h ich

guaran tee the safe funct ion of so il cover and fu lf ill

the dem ands w ith P1. T he m ain p rob lem by

com b ina t ion of subfunct ion s is recogn it ion of

physica l ava ilab ility fo r ach ievem en t of a

d istu rbance free exchange of m ateria ls and energy
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(w ater, a ir and ligh t) betw een atm o sphere and so il

and in side of m u lch layer.

4 　 Technolog ica l Eva lua tion of Solution

Var ian ts
In o rder to ob ta in an ob ject ive decision fo r

m u lch ing system , the so lu t ion varian ts m u st be

exam ined th rough evalua t ion, in w h ich “value”,

“benefit ”o r “st reng th ” shou ld be given to a

so lu t ion varian t acco rd ing to its funct ion s fo r the

pu rpo se set up p reviou sly. T he p rocess of

eva lua t ion th rough com parison of the so lu t ion

varian ts o r w ith a im agined idea l varian t let to a

“valence”ind ica t ing the app roach grade of so lu t ion

varian t tow ards the idea l varian t. T he m ethod of

ana lysis of benefit va lue is an im po rtan t and

su itab le p rocedu re fo r th is p rocess[ 2 ].

4. 1　Establ ishm en t of Eva lua tion Cr iter ion

Evalua t ion of so lu t ion varian ts takes p lace by

in troduct ion of goals of a m u lch ing system , w ith

w h ich the criteria of eva lua t ion cou ld be

estab lished and the so lu t ion varian ts cou ld be

judged. By select ion of the criteria, the

con sidera t ion shou ld be concen tra ted on a balance

of im po rtan t dem ands w ith P1. A nd o ther

dem ands w ith less im po rtance cou ld no t be taken

in to accoun t first ly, such as dem ands w ith P3.

T he fo llow ing criteria are selected acco rd ing to the

dem ands fo r m u lch ing system. T he so lu t ion

varian ts w ere eva tua ted fo r affect ing so il physica l

p ropert ies.

1) increase of m in im al so il tem pera tu re;

2) decrease of m ax im al so il tem pera tu re;

3) p reserva t ion of so il m o istu re con ten t;

4) con serva t ion of so il st ructu re;

5) conven ience by so il cover opera t ion;

6) reso lu t ion of m u lch m ateria l after cover;

7) in su rance of cover funct ion;

8) po ssib ility of p lan t m anu ring;

9) low er con sum p tion by cover opera t ion;

10) po ssib ility of w eed con tro l.

T he exam inat ion of so lu t ion varian ts w ou ld be

carried ou t th rough aw ard ing value to varian ts in

acco rdance w ith its funct iona l st reng th. T he

evalua t ion criteria tow ards desired effect by

evalua to r. A cco rd ing to gu ideline VD I 2225, a

va lue sca le from 0 to 4 (T ab. 1) cou ld be u sed fo r

ana lysis of so lu t ion varian ts[ 2 ].

Tab. 1　Value sca le for eva lua tion

V alue M eaning

0 U nsatisfacto ry so lu tion

1 A ccep tab le so lu tion

2 Sufficien t so lu tion

3 Good so lu tion

4 Ideal so lu tion

4. 2　Eva lua tion of Solution Var ian ts

A cco rd ing to above evalua t ion criteria, a part

va lue (PV i) shou ld be given to each so lu t ion

varian t. T hen a w ho le va lue (W V ) can be

ca lcu la ted as fo llow s:

W V = ∑
n

i= 1
PV i

In com parison w ith the idea l so lu t ion, the

w ho le va lue of a so lu t ion varian t shou ld be changed

in to a rela t ive va lence (RV ) ind ica t ing the app roach

grade tow ards the im agined idea l so lu t ion w h ich

has a m ax im al w ho le va lue (W V m ax). T he rela t ive

va lence of a so lu t ion varian t is ca lcu la ted as

fo llow s:

RV [% ] =
W V

W V m ax
× 100

T he resu lts of techno log ica l eva lua t ion fo r

suggested so lu t ion varian ts are show n in T ab. 2.

U nder con sidera t ion of h igher w ho le va lue and

value p rofile am ong evalua t ion criteria, the

so lu t ion varian t 1 and 2 shou ld be taken fo r the

pu rpo se to affect so il physica l p ropert ies. T he

so lu t ion varian t 3 has a h igher w ho le va lue bu t can

no t m eet the dem and fo r decrem en t of m ax im al so il

tem pera tu re by criterion 2, so tha t th is varian t is

basica lly u sed fo r increase of so il tem pera tu re in

coo l reg ion.

T he so lu t ion varian t 1, so il cover w ith o rgan ic

w aste m ateria ls of agricu ltu ra l p roducts, con sists

of m any m ateria ls. Com po st is one of tho se

m ateria ls w ith m an ifo ld favo rab le app lica t ion s in

field p roduct ion. So the u se of com po st as m u lch
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m ateria l is a new experim en t w h ich shou ld be

carried ou t fo r a bet ter recycling of o rgan ic w aste

m ateria ls in agricu ltu ra l p roduct ion system.

Tab. 2　Eva lua tion tabular for solution var ian ts

Evaluation criterion
So lu tion varian ts

1 2 3 4 5

1 2 2 4 1 0

2 4 1 0 2 2

3 3 4 4 2 1

4 4 4 4 3 3

5 3 3 3 3 3

6 4 1 1 2 3

7 2 4 4 2 3

8 3 1 1 1 3

9 4 2 2 4 2

10 3 3 1 2 1

W V 32 25 26 23 21

RV = (W V ö 40) × 100 80. 0 62. 5 65. 0 57. 5 52. 5

T he so lu t ion varian t 2, so il cover w ith

non tran sparen t syn thet ic m ateria ls, con sists of

b lack p last ic f ilm and b lack paper in the p ract ice.

Becau se the b lack p last ic f ilm s are a lready u sed

very often by field p roduct ion, the funct ion of

b lack paper fo r affect ing so il physica l p ropert ies

shou ld be exam ined fo r its bet ter u sage in m u lch ing

system.

T h rough techno log ica l eva lua t ion of so lu t ion

varian ts, the im po rtan t p rerequ isite fo r m u lch ing

system w as estab lished w ith p roper select ion of

m u lch m ateria ls. Experim en t shou ld be carried ou t

to exam ine the funct ion s of so il cover affect ing so il

condit ion s fo r p lan t grow th in field p roduct ion.

T he defin ite funct ion s of so il cover w ith com po st

and b lack paper w ere determ ined by field

experim en t. T he po ssib le con struct ion m ethod fo r

m u lch ing system w as verif ied by experim en t [ 4～ 6 ].

5　Conclusion s

1 ) T h rough estab lishm en t of dem ands fo r

m u lch ing system , the goal and condit ion s of a so il

cover and its requ ired effects on so il physica l

p ropert ies are clearly p resen ted. T he dem ands

w ith h igher im po rtance had h igher p rio rity and

m u st be fu lf illed in com parison w ith tho se w h ich

shou ld be con sidered bu t no t defin itely be rea lized

in m u lch ing system.

2 ) T he funct iona l dem ands, in tersect ion

dem ands and opera t iona l and techno log ica l

dem ands together w ith the p resen t to ta l necessit ies

to reach the pu rpo se of a so il cover.

3 ) A nalysis of so lu t ion p rincip les and

funct iona l exam ina t ion p rovide a m ethod to

invest iga te the funct ion s of a m u lch ing system and

fu rtherm o re to estab lish the so lu t ion varian ts in

acco rdance w ith the po ssib ilit ies of so il cover.

4 ) T he techno log ica l eva lua t ion led to a

com parison of so lu t ion varian ts w ith an im agined

idea l varian t. A reasonab le so lu t ion varian t w as

found ou t acco rd ing to the eva lua t ion criteria fo r

bet ter fu lf illm en t of the task s fo r m u lch ing

system.

5) T he effects of selected m u lch m ateria ls on

so il physica l p ropert ies w ere exam ined th rough

field experim en t. A p roper con struct ion m ethod

fo r m u lch ing system w as verif ied.
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地表覆盖种植技术工艺的构建方法研究

李成华, 宫元娟, 夏建满, 朱恩龙
(沈阳农业大学农业工程学院, 沈阳　110161)

摘　要: 以机械设计方法学为理论基础, 探讨了以改善作物生长的土壤物理条件为目标的地表覆盖种植技术工艺
在种植业生产上的应用特点, 进而阐述了自然环境2地表覆盖层2土壤2作物系统中构建地表覆盖种植工艺的功能要
求、交互作用要求、技术要求和操作要求, 并根据各种要求的重要程度建立了满足要求的地表覆盖技术工艺的三级
优先原则。以此为基础, 研究了地表覆盖的部分功能以及部分功能的组合总体功能, 并对其功能进行了检验分析。
在列举可能作为地表覆盖材料的前提下, 提出构建地表覆盖种植工艺的 5 种方案: 农业生产废弃物覆盖地表, 如碎
秸秆、谷物颖壳和碎草等; 不透光合成材料覆盖地表, 如黑色沥青涂层纸和黑色塑料薄膜; 透光合成材料覆盖地表,

如各种无色塑料薄膜; 无机地表覆盖材料, 如细沙、砾石等; 低矮活体植物生长条件下的地表覆盖, 如苜蓿草和各种
其它草类。根据覆盖方案的技术评价方法, 建立了 10 项指标的评价体系, 并以 5 级指标值为评价准则, 对 5 种覆盖
方案进行了技术总值和相对价值的计算。在检验各种覆盖方案相对评价指标体系的部分值分布均衡性以及相对有
效值大小的基础上, 确定了农业有机废弃物覆盖地表的相对价值为 80% , 是满足对作物生长土壤物理因素改善的
较佳覆盖方案。研究过程所遵循的原则和地表覆盖种植工艺的构建原理和方法对于地表覆盖种植技术的正确应用
以充分发挥其功能具有重要的实际意义。
关键词: 地表覆盖; 土壤; 物理因素; 作物栽培; 构建方法

In terna tiona l Conference on In tegra ted Renewable Energy

for Reg iona l D evelopm en t (C IRERD -2001)

Organ ized by CREATA Research In stitute IPB
Tim e: 28～ 31st August 2001　　Place: Ba l i, Indonesia

In troduction
T he th ird m illen ium m ay becom e a new era fo r

renew ab le energy (R E) if all ach ievem en t resu lted so far

in the R öD effo rt cou ld be addressed tow ard ru ral and

regional developm en t, to imp rove the econom ic condit ion

of mo st peop le in the develop ing coun tries. R ural areas of

the develop ing coun tries are usually iden tical w ith lack of

the availab ility of infrastructu re to supp ly energy fo r

industria lizat ion p rocesses. D ue to the remo te locat ion of

the area, they are ou t of reach of nat ional grid o r gas p ipe

lines. O n the o ther had, ru ral areas are also iden tical

w ith its po ten tia lity to p rovide natu ral resou rces, nam ely

b io2diversity, w h ich if p roperly developed can be a

po ten tia l sou rce of incom e and econom ic w ellbeing of the

ru ral peop le.

T he com ing C IGR Section IV conference w ill be an

arena fo r clo ser in teract ion among resear2chers,

p roducers, supp liers, po licy m akers and p ract it ioners

including the N GO ’s, in the field of renew ab le energy
(R E). Som e succesfu l app licat ion of R E w ill be p resen ted

and discussed.

Scope of the Conference
M ain focal po in ts of the conference are:

※ R E fo r ru ral househo ld (food and fuel)

※ R E app licat ions fo r agricu ltu ral p roduction
※ R E fo r sm all and m edium scale industries
※ Supp ly and dem and modeling of R E fo r

in tegrated ru ral developm en t
※ Governm en t po licy on R E (coun try repo rt)

※ Experiences gain s from R E p ilo t p ro jects

Im portan t Da tes
※ A bstracts　　 　　 　　: January 31, 2001

※ N o tificat ion of A u tho rs : Feb ruary 29, 2001

※ Second A nnouncem en t : M arch 31, 2001

※ Fu ll Papers : M ay 30, 2001

※ Conference : A ugust 28231, 2001

M a il to: Secretar ia t of C IRERD 2001

CREATA-Research In stitute- IPB
Darmaga Cam pus PO Box 220

Bogor 16002, INDONESIA
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