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Conc.pts and prlncl.ples in Cropping SysteEs

Research and Testing

l'1. D. Darrson

reroved farnrrng and cropprng ,yut"J/ research has evorv€d fro6

lndlvldual crop or input progrems. Such an evolutlon (Ftg. I) dlcaiateg

rF qrch now pursue a rnore complex proglam that lncludes rnterre latl.n'hrp'

aEong ctopplng sysfens $hich, if not taken Lnto account rry n€gate changea

rrht ch cxperlmentatlon on lndlvldual ctops or lnpurs 6uggest. Tha t such

reeearch and testing trnrst be both nnrltt _dl sclp linary and lnter-lnstltu,

tlotal, dlrected at locate specific snal1 fafflEr sttuatlons, te grad'a lly

belng accepted.
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Clinatic and physlcal :

concept : From an agro-c rrnatogica 1 vrew-point the lnteractr.on of tnro
cllnatic cofiponents such as precipltation and tenperature prsvide s
tmportant informatlon that sess parameters for the klndc of cropplng

syetems ln dryland reglons and crop inprovement prograxis ln the

lrrlgated areas.

P r lnc ip les :

(1) A Cttrnatic chart (Appendix II) based on rEan rrcothly tenperature

and preclpitatlon indicates constral.nts for dryland cropplng or

speclflc crop per fornance under lrriAated conditlons. Thus in

non-trrtgated areas rhe feastbility of dlfferent double cropplog

pattarns can be studied, wtrl le ln lrrigated regions, strere three

The purpose of this paper ls to develop concepts and prlnciples for

loproved cropping system research and testing with special reference to

c l lmat lc ,  physlca l ,  b lo loglca l  Technlcal  and t ime_space characterL s t i  cs,

though reference wirl arso be made to appropriate socio-economic factor6-

Flve factors

ples ln effectlve

( 1 )

( 2 )

(3 )

(4t

( 5 )

rdtli ch suggest the basls for certaln concepts aDd prlncl-

Mul t lp le  cropplng research and test tng are:

Cl.lnatlc and physlcal

Bi lolglca I and Technlcal

Time and Spaclal

Soclal and Cultutal

E^onorni c and l,trarke ts
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and four cropping systems are possible, lorrr temperature durlng

December and January nay suggest a comparatlve advantage for

vegetable crops or r{rheat over soybeans or peanuts. Clirnate

charts are a useful aod simple tool to broadly define klnds

of  cropplng pat tern€.

(2) I,rater balances provlde a nore useful guide in the relatlonshlD

bet$een cllnatic phenornena (preclpltatlon, temperature, alr

hurnidlty, wlnd radl.atlon) and plants. Water balances, although

based on theoretlcal llEasuretr|ents such as potential evaporatt on

P.E.  (Appendlx I I I )  g ive per lods of  molsture surp lus and

def lc l ts  that  in f luence soi l  f ianagenent  pract lces.

(3)  Land preparat ion,  seeding,  specles and var le ty  se lect lons,  date

and rate of  fer t i l izer  appl lcat ton in  cropptng syscems can be

determined from rrater balance information.

(4) When open pan potential evaporation data ls compared rrith actual

f le ld  consurnptLve use r jeasurements,  pract lca l  corre lat lons can

be establlshed for a given crop under defineC conditlons wtrlch

make extrapolatlon of nater use requlrenents to other sltuatlong

posslble. However both seasonal and annual rainfall variatlon

averages used in rrater balance aod climatic records can be

rnisleading (Appendix IV). In Chlang Mal the lrettest year

recelved 1553 nrm and the drlest only 1057 nrn between l97l and 1976
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(5) Without {rrlgatlon lt is inperatlve $hen Dlanning cropplng
systems to conslder not averages but dependable precipltatlon.

Dependable prec lp i ta t lon is  def lned as ra infa l l .  o f  a  specl f led
mininnrm probabl l i ty  of  occurance.  A 75 7"  probabi l i ty  ls
genera l ly  accepted as a reasonable r tsk va lue for  agr icu l tura l
declsion purposes. The Farming Systems Research ':rog.^r?/ ut
I . C . R . I . S . A . T .  h a s  s u g g e s t e d  l a n ( i  p r e p a r a t i o n  s c w l n g  d a t e s ,
sui tabre crops and cropping pat terns us lng the 75 % ra lnfar l
probabllity approach conrbined wlth the characteriza tl on of
soll molsture storage. A farming operatlon calender ls shorrn
i n  t a b l e  l .

Table 1. Suggested Calender for seed-bed preparatlon and Sowlng for
non- l r r lgated Monsoon Crop Season based on dependable ra ln.

l. Preparatary Tl l lage

2.  Seed-bed prepar t ion

3. Sordng (Drought Toletant )

Soning (Drough Sens i tlve )

Farmlng Opera tlon

l 8

4,)

b )
nl  l  le t ,  setar la  etc . Corn,  Sorghun etc .

Deep
S  1 1 t y  C l a v

Before June lg

So11 Type
Sha l low

Si  l tv  C lav

June 4-25

Before July 2

Af ter  Ju ly  2

Sha 1 low
Loals

June 11-  25

Before Ju ly

After Julyl i  June
t))

June

a )

3/ annr" l  Report  1975-76. B.A, L(rantz et al
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Note : The concept suggested by thls exanp_le and the .exarnple whtch

follows is that sound cropplng systelns and mnagenent

t lec ls ions can be l :ased oo selected c l imato logica l  and sol l

molsture lnformation.

(5) Probabllities of crop available water cver the gror^rlng season

ctn be determined frorn inforrnatr-on derrved frorn three Daraneters;

1.  Weekly  ra infa 1 l

2-, Potential evapo - transplration and

3.  Aval lab le so l l  moiJture

.Independently, actual plant or system rrater requlrements durlng

the entlre growlng season can be obtalned. Wlth plant water

requiren€nts and 75 % dependable moiature (including soil

moisture)  establ ished,  se lect lon of  cropping systems for  a

speclflc location may be achleved. This nny be seen in Figure II

(adapted from ICRISAT data), r"*rere water requirernents for long

and short day plants are indlcated in bar :-;rapt:. Dependable

moisture,  (an ln tegrated index or  ra ln,  evapo _ t rancpi rat i  on

and available soll moisture) is superimposed over the bars as

a sc l ld  l lne graph.

F18. II. Flttlng Long and Short Djratlon Crops wlth varylng water

requlrements on two different Soi1s. (Adapted from ICRISAT,

INDIA Data 1975)
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Long Duratlon Crop (s) Shor t  Durat ion Croo (s)

Anount
of

Avai lable
Water

(mn)

Amount

Abai lab 1e
I.Ia ter

(nm)

ldonth

Dependable*
y'Avall. Water

Amount
o f

Aval labLe
[.{ater

(nrn)

Mooth

Month

Aoount
o f

Avallable
Water

(urn )

Month S O N D

Note' : (1) Dependable available rrater graph ls an lntegrated lndex

of  ra lnfa l l ,  so i l  and evapotranspi rat ion

(2) Bar graphs represent actual plant rr€ ter needs

the graph shows (Flg. II) rhar both long and short Jay plants

are subject- to molsture stttss wtlen grorrn on the soll with l5O m!

of aval lable motsture. torrevqr, stress occure at different Derlods

Dependable*
jAvail. I^later

Dependable*

,.Avai1. Wa ter

Dependable't
rAval l. trlater



and might be dllminated by eirher adjusting planttng Cates or rrl th

conserved water  ln  tanks supDl led at  ' tshor t  s t ress, r  per iods.  Crops

grorrrr ln the soll I '"i th 3C0 Trun available moisture are n()t subject to

molsture s t ress.  Indeed,  re lay p lant ing would pern i t  double cropping

of short duratlon plants because late season dependable r^ra ter ls

avai lab le in  th is  la t ter  so iL.

The use of  deep rooted p lants,  whtch explo ic  greater  so i l  depth

provicles another alternative in balancing cropping tysterns lJlth

dependable motsture as presented in thls model.

Certalnly a systerns analytical Technlque, such that developed

at  rcRrsAT,  fac i l r ta tes the est imates of  crop avai lab le r ra Eer  over

the grow'i ng season. Houever, 
. provlded climatic recor.rs, crop

consumptlve use and soil water storage data are available, useful

est imates ablut  su i tab le cropping pat terns and managerrent  pract lces

can be nnde.

Te chni ce- 1 :

Bi lo lg ica l  concepts in  cropping systens research requi re at tent ion

to both the ebove and below soi l  env i ronment .  pr inc iDles of  technology

should relate to the 'rwtrole sy'terns,' sotl, radiatlon, ,oater and nutrLent

utlllzatlon. The blologlcal-technical complex corabtfo to cffect the

ent l re  cropping systemsrs ef f ic iency ;  therefore,  we chose to deverop

lmportant concepts in thls sectlon consistent wlth farm operations. The

soi1,  i ts  j r "p. " "a iorr ,  
seeds ancl  var le t ies,  p lant iog methods,  fer t i l l ty ,



watet rrErnagei€nt, lreed s !

technology are consldered

l te  Soi l  :

Concept : Texture,

the most lmportant

and (2) Epnagernent

-rz o

pests and d iseases,

in sequence :

harvest ancl pcst -harve st

depth, drainage class, pH and huRrs

sol.l factors wtrich influence (l) the

lnputs.

content afe anong

cropptng pattern

Princlples : Sorne principles based on these soll propertr,es include :

(1) Texture : Besldes lncreased \ra ter storage, heavy textured solls

are better sulted for vegetable and cereal cfops but less

sulted to root crops or plants like tobacco and peanuts. Depth

ls important tn droughty areas. clayey soirs with rauch srower

vra ter infiLtratlon rates compared wlth sandy loams suggest

d i f ferent  seeci -beC desj ign and longer  i r r iqat ion schedules.

(2)  Dra inage c lass :  Topographrc posl t ion of  the f ie lds in  re lat lon

to surrounCing lanl lc aa lmpoltant factor. !.ihen planntng

cropplng systems,  f ie l ls  subject  to  f iooc l ing p lace severe

rest r lc t ion on the cholce of  upl , lnC crops.  Shal lo l '  tooted

spe. j ies genera l ly  are more to lerant  to  re: t r ic ted dra inage,

though peanuts are sensicive to flooding co pared wl th soybeans.

(3)  Soi l  pH and Sal ts  :  - t , lh i le  
so i l  ac ld l ty  can be corrected by l lme

nay affect cholce of crops in a system. In

species requlre less acidity and condltions

(an input  cost )  i t

princ-iple, legunre
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pH 6.0 compared r,ri th most cereals or solon€rceous vegetableg.

idhere rsa l tsr  are present ,  the select lon of  p lants in  a cropplng

system should be based on thel r  sensi t iv i ty  to  sa l ts .  Indeed,

in Multlple CroppinB system' r"rhere mixed specles are grown,

placenent of the sensitLve crop near irrltation furrows (on seed

-beds) relatlve to locre tolerant species is inportant !o

mln imlze sal t  e f fects  f rom fer t i l izer .

(4) HuriJ s content : Poor tilth,

leads to ' rsur face crustsr .

for dlsease free seedllngs

of cropping patterns based

often assoclated with 1ow soll htmus,

Where friable seed beds are needed

and unlforn errE|lgence, ConSlderatlon

on soil hutrus content ls justiflable.

A prlnctple may be stated : that lolrer input costs and

hlgher yteld outputs folLow r*rere cropplng system descisions

take into account soil propertles.

Land preparation :

(1)  In  pr inc ip le,  no- t i l lage systens ?re lnexpensive,  favor  (by

relay plantlng) quick establishtrent of the next crop, provide

Surface res icues ta ccnserve moisture,  reduce crust lng and

provi de favorable soil Temperatures.

(2) certarn crops and soil condr tions demand seec bed preparations

for irrlgatlon anC/or drainage. In these instances, deci.sLons

should be based over the entire cropplng system as tnltial land

preparatton affects the second or third Crop. Thus raised seed
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beds dry out and lnfluence

benef i ts  to  la ter  croDs in

subsequent soll productivity wi Ch

the systern.

(3) Increase in soiL bulL denslty due to nmch puCdling, increases

tlllage and preparation probrems of good seec beds for upland

clrops.

Varletles and Seeds :

concept : t'tarkets and/or consurner ,accep tance provlde a basic for deslgning

cropplng patterns and selecting plant varletles. Early naturing, photo

lnsensl tive, dlsease and pest resistant varleties rrlth short stems are

deslrable plant features for rtultiple cropping systens. useful prrnclples

f o l l o w :

(1)  Plant  se lect ion, for  mul t lp le  cropping should conslder  the

radiatlon and micro climate rel.ationshlps. Both radlatlon

quantlty and quality under intercropping systens vary wlth

with canopy cover, thus shade tolerance to both radiation

shifts should be conslderec! ln crop choicec fcr such systems.

(2)  F igure I I I .  l l lusrrares that  sequent la l  cropplnS wt th three

short term crops is nnrch less efficient in solar energy

conversl.on than ei:her a lonE terr.r crop or one wlth re lay

planttng and lntercropplng varleties wtri ch conttnuously

cover the ground.
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I l lust rat lon of  theoret lca l  photosynthesis  or  p loduct lv lcy,

P, of a single, long-tern crop or relay planting as compared

rdth three short-tenn sequentiaL crops, The height of the

bar graph at the end illustrates the reLative total annual

productlon of the area under the curves. (Adapted from A.

S . A .  n u b .  N o .  2 7 )

F i , { A i v j J J . q s o l ] l D

Flgure .III.

(3) Improved cropplng .;ystem success

seed source of proven acceptabl.e

and consuner pre ference.

depends on a ;ood, rellable

varietles based on markets

Planting &Gthods : Ttre

depend on- the princl.ple

and solar radfatlon.

approp"late plantlng oethods for croppLng systems

of conservatlon includtng lbisture, time, labor

T,ong ?exm
or

Relay Flant ing

Short Tern
Sequentlal Crops
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(1) Traditlonal, simple, labor lntensive plantlng methods should be

carefully examined before belng repl.aced.

(2, Early maturing varieties and lmproved intercrcppln3 technoloey

permi t  re lay p lant ing ( t ransplant  or  d l rect  sowing)  ln to crops

ltke rice. The rows mrst be straight and evenly spaced at

planting, wlth non-planted areas selected according to the

regulren€nts of the second crop (Figure IV).

Before movlng

2 5crr
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After moving

o (J O<;;--.Jp o e a o
. )u cm .

o o o e e o o o

O O Q e O O O C

o o c o a a O o

o o : ' o o : " o

O o o O o o o o

o o : " o o e o

Figure IV. Method of novlng the rlce plants for rhe fol lonlng-crop.

(3)  Re1ay p lant lng nay reduce f i ls t  crop y ie lds but  ut i l izes co l l

resldual mol.sture, provldes shade or m€chanlcal support for the

intercaop, and synchronizes harvests rri th favorable rnarkets and

wea ther.

(4)  Hand dr l l led p lant ings,  in to non-r l l l  seed beds hr i  rh  hoed r idges

provlde good scands of soybean, nungbean and most cereals.

keerErgent herbicides pemit direct soving cf vegetables.

(5) Where labor ls not a constraint, grorrlng seedlings like tomaco

and Chi.nese cabbage in a nursery be fore transplanting uses solar

energy efflclently, reduces period to harvest and often allows

another crop to be aCded in the cropplng system.



334

Concept : l,lanage the syst€m ln such a rray as to inaure the crops are

sustalned rith a balanced supply of nutrients ar economic levels, uslng
plant/aniraal resldue6, legrmes and judicial fertirizer inputs dictated

by sol . l  Ces ts .

The kind and arDunt of nutrtents, thelr source, tlmlng and placencnt

are all lrportant.

h l n c l D l e s :

(2) Crop removal, leaching, soll.

readlly change the status of

fixation and cultural practlces

avai lable solL nutr lents.

nutrlent

needs and

(3) Special attentlon dust be given to the dynamics of

supply seasonally, both to (a) deternlne fertilizer

(b) select approprlate crops baseC on sol.l Tescs.

(4) Fert l l izer

as by sol l

responses ate often governed as rnrch crop species

var iabl l i t i€s.

Plant tfutrlent Requirenents :

( f ) lturrlenr

should- be

lnstance,

requlrenEnts of lndlvldual species in a cropping syscen

studled lrtll le planning a cropplng pattern. (a) For

a soll test of 4 ppn p ray be adequate for Rlce btr t

sol l  Tests :

(1) Soff  ferr i l l ry can be usefi:lly approxloated from soil test data.



vheat llke1y raould

t l l l z e r  : .  ( b )  A

wtreat, suggeats an

fer t { l lzer .

provlde an economic response to added fer-

low potash soll test, ( 20 ppm) adequate fot

economic soybean response b added potash

(2) (a) Rapld plant Srowth ls assoclated nlrh considerable deoand ln

soil nutrients, (especlarly Nitrogen) wtrlch varies rrrth plant

specles. (b) Amunt, npthod and trne of N fertilrzer based oD

the speclee component, rarnfall and sorl noirture are inportant.

Sequential Cropp{ng Fertil ization : Suggest the follorrlng plinciples :
(f) Apply fertll izer to the econotrdcally responslve crop ln the

systern and capture resldual ferttlity ln subsequent crops.

(2) A preceedlng Aood legurne crop such as

by hal f  the N fer t i l izer  needs of  the

systen.

soybeans, often reduceg

fol lowing crop in the

Interc"opplng Fertll ization : klnclples r*rlch

lntercrop systens lnclude :

(1) createst y1eld respoase fron applied

(corn, through the leaulne tntercrop,

fertlllzer N need. )

(3) Alternarlng sha l low

of soi  I  nutr lents at

Srreet Corn; peanuts

wlth deep rooted crops favors ut i l izat lon

dlfferent depths : ExamDles (Garllc co

to sugar canei Chioese cabbage to Rtce)

follos from ferttt izing

N occurs in the lion- legum

ofteh reduces total
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. ,(2), 
A legune cornponent in an lntercrop system rnay be suppressed

r*ren N fertiltz€r is added to the non_.ldgume"

(3) Apply trnnobile nutrlents (p and K) accordrng to soil test resurts,

but apply moblle N ferill lzer accordlng to non_legune plant needs.

(4) Randed p and broadcast K fertil izer on the first crop of the

sequence are ltkely adequate for the nhole intercrop system.

(5) Side dresslng non- legumes l{lth nitrogen fertll lzer le often

economlc.

(6) Side dreseing the lntercrop non_ legune (example corn) wl th N

fertll lzer to mlnlnlze contact wlth legulre can optlrnlze nutrlenE

u s e .

I r r l ? a t i o n :

Concept : cood lrrlgation practices are esseotial if dlversity of cropping

Patterns ls to be suecessful. Itrigation -farmlng results ln lncreased

labor and naoagerEnt but decreased crop fai lure risk. knportant princlples

l n c l u d e :

(1) Excess lrrlgatl.on can be as detrlnental for uplancl crops as

periods of drought.

(2) Irrlgation and land preparaclon interract so that

a. ralsed seed beds enablgr_roots to rerna in adfated.

b. Size, wldth of seed beds and lrrlgatton ditches rrust take

lato account all the crops in the system, r,*re ther or not
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intercropped and nh€ther splashfo! firrro!, wa terLng is

planned.

(3) Shallow rooted vegetables like garlic, onion and cabbage requile

root zones kept near field capaclty conpared rri th wheat or

peppers ! tich grow well in drler soils. Tomato and beans have

intern€dlate trrigation frequency scheduh needs.

(4) In sltuatlons of unreliable water supply, individual crops and

plantlng dates m.lst be carefirlly selected.

(5) On farm lrrlgatlon dellvery systetns ehoulal mlnimlze seepage

and dellver water only wtlete needed.

Disease and Fest Coitrol :

Concept : Integrated low cost conerol of pests and DiEeases in rDdern

crop and intercropped patterns must be based on previous, companlon and

subsequent crops in the system.

Pertlnent principles i' ' planc protectlon and multlple crouplng include :

(1) nepeated use of similar herblcides and pestictdes may result

(a) tolerance or selective biologlcal adjustrEnt q*rere chemlcals

lose contro l  e f fect iveness.

(b) Residual accumulation from phytoxic fonning herbicldes my

- 
lnjure succeedlng crops. Alternatlvely, sys tenj.c pestlcldes

(carbofirran etc.) nay beneflt fol lowlng p1anc6.

tn
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(2) Crop specles, varietie€ and grolrlng perlods ell show different
degrees of pest anC dlsease suscept lbi l i ry :
(a) Solanaceous vegetables are more pest and disease prone

than cassava or Ckra

(b) New varietles can dlsplay more tolerance to certain pests
and diseases, though dmrf types a€ly be nure rveed prone.

(c) perennlal crops nuy host rnore natural eneml.es of pests but
short naturing annual s have less time for serious lnsect/
dleease attack.

(3) continuous cropping tends to bulld up pest and dlsease popuratioue,
horever, botanlcally unrelated plant€ ln a cropping/lntercropping
syste$ provlde sotrE protect{on agalnst pests and diseasee.

(4) Plantlng dates adjusted to colncrde wr th low pest and disease
populatlons provlde an effectlve manag€ment tool.

(5) Upon lnplernentlng nev cropplng systems.ln village coa!tunltieg
(a) eynchronize plantlng dates for each crop in the system

. to reduce pest and disease host s l tes and decrease injury.
(b) rn the 6hort run, Large areas planted ro cne crop forrowed

by crops of different disease/pest hosc specles, reduce
p€st populat ions.

(5) Intercropping, rny, through usa of non host crop :
(g) provLde physical interference of disease/pcst rnlgratlon

and weed grorrth th€t harm suseeptlble cornpanlon crops.
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(b) blochemically erdt chemicals (Barllc, onion) that advereely

ef fect  cer ta in pests,  inc ludlng nenatodes (Crota lar ia ,

narigold )

(7) Planned, well tisEd, diversitv control methods or. pests and

diseases utrl ch are ever g.Elneing in response to ne!, cropplng

system provl de a lgy to pst/disease control.

(8) trducation programs about the danger of pestrcides and herblcides

in vi l lage comrunit les are es8ent lal .

lirne and Space :

Concepl! : Sequertlal and lntercropping systems imrolve ioporrant tic_

space dlrensicns wrth resultant competitron and lnteraction be t$een plant

neighbours including plant exudates, transfer of N and metabolttes from

varl.ou6 sol1 organi sms.

Tlre-space related prlnclpLes pertinent to lfultlple Cropping lnclude:

(1) the intensity of plant interactlon depends on (a) plant denslty

and is (b) proportionel io rnteipr.ant concacts rd th rrdrvlduals

' of different components (Ffe. V)
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Planting arrang€rnents dlffering in frequency contacts

betseen two crops in intercrop systemc. Average conEacta
(a) 2 (b) 4 (c) : .  (Adapted from A.S.t i .  special  pub.

No .  27 )

(2) llftn intercroppin8, initlal interference and cornpetition ls
betrr€en plants of the sar€ component. Gradually, coftlPetltlon

rl11 develop at interfaces betseen plant conponent€ due to
unsharlng of resources (especially light and tater) lrhl ch leadg
to suppressloo of one crop.

(3) Season, plant helght aad leaf incllnatlon, influence anount

of tlght lntercepted, leaf area lodex, and hence degree of l
shade to r*rl ch the shorter component ls subjected. Selectlon

of plant variety, fertil izer program and date of plantlng are
nanage[Ent tools available to balance cornponent ylelds.

(4) noot systems differ befi{een species and even arong varietles,

wtri ch, durrng intercropprna, affect conponent coripetition,for

wa ce" and nutrlent (espectally N). plants wlth rapid and

vigorus roots that over_ lap soil depletive zones have a grolrth

advantage .

(5) Under condictons of htgh N

nutrl tiona l ly favored over

supply the non- legune co{Ilpon€nt is

the leglne, wtrlch, combined rrtth

ahading may suppress the legunre o
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(6) If a plant indlvidual or a component of an intercrop absorbs

less than its share of one ',compeced for growth factor,, it is

likely to acquire a cortesponding srnal ler share of gU groveh

factors.

(7) CheraLca 1 exudates from livlng leaves, roots (crrcumber, peach)

decaying strav (r*reat) may affect succesa ln rel.ay planting

because of a srinulatoty or Lnhibitory effecc.

(Soybean gerelnatlon appears poor after rrJngbean and rnrngbean

growth reduced after peanuts. )

(8) Legure s can supply through f,oot nodules sotrE N to a_ conpanion

crop and significantly reduce N fertil lzer needs of a following

(9) The sum of cornponent plant yields ln intercropping systemg

relatlve to thelr sole crop ylelds under similar managerr€nt

and area should proviile L E R 1. Furthermcr€ , r, t l/ "6o.,16

be measured when ccmponeni crops are planted together at their

opt i rmrn sole crop pLant  densi t ies.

Values of LER 1 nay be produced in seversl waye:

(a) Leaf canopies. cf intercrop components nay occupy dlfferent

vertlcal layers (Tallest strong light tolerant, shorter

shade and hlgh hurntdity tolerant. (Citrous and Vegetables)
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(b) Root systems ot- vegetables feed from nutrients Ln surface

layers, while soybeans, ttreat and peppers roots f,eed ln

deeper layers.

(c) If plant species liberate specific toxins or favor

beneflcial rhisosphere organ{smsr intercrop growth will

be affected.

(d) Errect gro(rlng specles provide nechanlcal support for

lntercrop climblng species (Cow peas and Cora).

(e) Presence of pest and dlseases ln lotercrop systems can

Lead to LER 1 wtrere sole crop ts badly affected.

Harvest and Post Hafvest :

Concept : Improved harvest and post harvest technology is needed under

Erltiple cropplng to reduce tlrne, to handle increased volume of dlfferenc

seed varletles and for safer drying and storage.

FerBinent prlnciples include :

(1)  Tt f ie  of  seed harvest  (especia l ly  , rn is ture s tatus)  af fects  seed

quali ry.

(2) Inexpenslve nechanical thresher reduces post harvest operatlons

so funporlant when labor constraints occur during short,rturn

over perlods', under ttultiple Cropplng.

(3) Slmple drylng rnethods (lncludlng solar energy) at appropriate

ternperature and nbisture levels are essentl.al for quallty

seeds.
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(4) Posr harvest and storage facllities provide more flexiblrltv ln

narketlng produce.

(5) Slrnple, otl farn, seed screening and processing equlpnent under

nlll ltiple cropplng can provide lnproved rnarketable products.

Socio - Ilconomic

concept : social, cultural and econornic factors are centrar to effectlve

oulttple cropping research and tesfing prograns for the sua1l fanrcr.

Sorc principles rny serve as useful gutdellnes :

(1) ltle alm of urrltiple cropplnA research arrd testLng ,'to lmprove

the rre lfare of rural peoples'r suggests that developeent of

techDolotles plvot arouDd the sul1 farer aod his emrlro@nt,

lncludlng the socio-clrltural econonric aett,ng.

(2) Ifuman, and technlca 1 constraints eed identiflcation cluring the

lnventory stage as both are basic to sound nultiple cropplng

research and testing.

(3) FaftEr attitudee and goals rerative to arroc€tion of resources

(tlrg, labout, capical arri managenent) once knlwn, provlde

firther basls for developlng approprlate alternaEive cropplng

patterns and Technologles.

(4> Comrni ty custom6, organlzatioE, the evailabili.ty of senlces
-together 

rri th fanily and village proglles once establlshed,
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prorride baseline for adaptive research and development as rell
as for subsequent impact studles.

(5) fdentlfled constraints relative to infrastrucEure support sys temll
.  ( l r r lgat lon,  t ranspor t ,  credi t ,  farm suppl les etc")  senre b help

deslgn and test alternate cropping systens and levels of techno-
l0gica1 lnputs appropriate for ,'10cal specrfic' situatrons.

(6) Evaluaelon of tmproved mrltlple cropplng transfer and lnpact
needs to be studied ln terns of technica I feasibility, soclal
acceptlbllity, net farrn Lncone, con4patlbt lity to far1lpr and
lnfrastructure supporc.

(7) Evaluatl.n during the rr,Pl@nratlon Ex:ension phase can deterolne
wtro benefits from lnprorred nrltlple cropping, \rbo are adopterg
and non-adopters ancl why.

(8) Educatlon and traltrtng, wtrl ch develop teehnlcal corrpetence and
social wi sdom centred around rthe whole farn,,, are esgential
components ln the elevation of sn€ll fanner velfare through

irproved nul tiple cropping prograns.
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