CHAPTER 2

LITERATURE REVIEW

2.1 Weed control concepts

Weeds are the plants, which grow where they are not wanted. Weeding
is essentid for successful crop production but is time and labor consuming and
findly reduce the crop yidds Weeds deprive crop plants of nutrients and
water, and often serve as hods to insects and other pests detrimental to the

crop.

Therefore, to increase agricultural production and to reduce the time
and labor cost of weeding operations, there is an urgent need to improve hand
weeding practices with dmple tools and to devdop and promote other
weeding technology such as mix cropping, intercropping, crop  rotation,
multiple cropping sygsem and other methods (FAO, 1997). One consdering
that intendfication of cropping will be reduced weed problems (Hammerton,
1974) and other bdieving tha weed problems will increase if cropping is
intendfied (Gill and Brar, 1972, Anderson and Whan, 1974; Hoque €t al
1976). Plucknett €t al. (1977), while agredng thet some intensive cropping
patterns will hep reduce weed problems because of move vigorous crops
more intendve shading, more frequent tillage, crop rotation, and better water
management, argue that each cropping or faming sysem has its own weed
problems.

Weed management drategies for smdl famers of tropicd should
involve combinations of crop production practices and specific weed control
technologies The amed a reducing weed competition and should focus on
the entire cropping sysem with emphess on yea-round and multi year



management of weed populaions. An underdanding of crop-crop, crop-weed
and crop-crop-weed interaction is essentid  in dedgning the  habitat
management goproach. The conceptua modd of a weed community cyce in a
cultivated field presented by (Bantilan €t al. (1974) pointed out the differences
between the effect on the weed community of intensve cropping sysems and
thaa of a sngle cop sysem. Hawood and Bantilan (1974) dso have
demondrated how such factors as light, nitrogen, crop density, and cropping
paitern, can be manipulated to obtain better weed management.

2.2 Weed control in intercropping systems

Weed control in intercropping sysems that have limited research
results on weed control in intercropping in the Lao PDR. One of the reasons
given for intercropping is weed suppresson but there is little experiment
evidence to support this concduson. Many factors incduding the specific
componet crop, crop cultivars, plant population, and fetility determine the
weed competitive ability of intercrops.

Weed ocontrols in intercropping sysems  depend upon the weed
population dendties and weed competitive aility of the intercrop
combinations. Control of weed may be a greater problem in intercropping than
when the component crops ae grown aone. Mechanica of weeding may be
difficult or even impossble in cetan spatid arangements or when the row
gacing of the component crops is too close to esch other (Miller, 1976;

Moody, 1980).

Moody (1977b) obsarved that if a number of crops ae grown in such
cose proximity such that plant dendty is grester than in sole cropping
(additive), there would be grester competition againg weeds and less need for
weeding. If the dendty of the intercrops is the same as tha of the component
crops when grown done (subditutive) or if the crops ae planted a thar
optimal dengties, there may be little improvement in weed suppresson due to
intercropping.



In the some cases, weed growth in the intercrop may be as serious or
even worse than in the sole crop (Moody, 1980). Thus, the need for weed
control in intercropping may be as grest as for sole cropping. Care should be
taken in identification of intercrop combinations and environments where they
may be grown if reduced weed growth is going to be a benefit.

2.3 Methods of weed contral in inter cropping

While cop dvesty through intercropping may hdp in wed
suppresson (Litsnger and Moody, 1976), weed control in the some cases
may be a grester problem in the intercrop than in the component sole crops
That weeding was more difficult when crops were sown in the scattered or
daggered patern than when they were sole cropped or intercrop in separae

roOws.

Methods of contralling weeds in crop combinations are manud and
mechanica  (Moody, 1976). Because, there are few weeds in certan crop
combinations, the time required for weeding these is probably less than that
required in sole crop. Farmers on crop combinations do not use herbicides and
herbicides have been tested on research dations for weed control and crop
tolerance, and for possble use intercropping (Moody, 1976). The mgors of
weed control ae dominated dedructive methods emphaszing to thar
economic characteristics. Weed control in intercropping Ssystems practices can

be groupsinto five generd dassfications

1. Bioogicd control methods Biologicd control involves the utilization of
naiura enemies for the control of specific weed species. The objective of
biologicd control is not eradication of the taget weed gpeces but the
reduction of its populaion and crop competitiveness to acceptable level under
conditions involve. This may be achieved by direct or indirect action of biotic
agen.



2. Physcd and mechanicd methods. There that is common practice in the
fam. Hand weeding, tillage and mowing ae among the mod important
methods of weed management today. Hand weeding and hoeing, dthough
vay laborious, ae 4ill the most important weed manegement methods in
many agro-ecosystems.

Mechanicd methods ae those, which involve the use of mechenica
devices to control, weed (i.e. removing, cutting and dredging). These can be
done menudly, usng smple tools such as scythes grass hooks, rekes, forks,

knives, or harvesters.

3. Chemicd methods. They ae induded many different types of chemicd
such as naurd products, inorganic compounds, and a wide range of synthetic
products agpplied to soil or foliage. Some are plant growth regulaors while
other are toxins that sdlectively exert various effects on plant species.

4. Preventive methods. Prevention of movement of weeds and weed seed is
citica in limiting the soread of weeds to new location. Regulaory and
Quaratine program from internationd to locd levels conduct ingpections to
restrict certain weed species.

5. Culturd methods. Cultura control of weed utilizes practices common to
good land and weter management. These practices included manipulation of
row spacing, crop cultivars, and crop populaions, mantaining criticad weed
free periods and using crop potations and smother crops.

2.4 Weed control in maize and soybean inter cropping systems
24.1 Weed control in maize

Hed legume, owing to ther characteridicdly low-growing habits and
ther ability to supply their own nitrogen needs in the aisence of adequate
upply of ol nitrogen, are ided intercrops for most mgor fidd crops
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Legumes ae often effective in suppressng weed growth when grow as
intercrops.

According to Herrera (1975), maze is a dow-dating crop, making
rapid internodes eongaion about 1 month after planting, intercropping maize
with a legume may provide it with early protection againg weeds and often
means less cash and energy dlocation for supplementary weed control. The
legume repidly forms a dense out the weeds Increase light interception in
intercropping gppears to be vitd dement in crop-weed competition, especidly
in the ealy growth stages when weed control is citicd (Herrera 1975).
Batilan and Hawood (1973b) note thet intercropping maize with legume
may protect it from weed competition during the first 40 days after grown.

According to Hawood and Bantilan (1974), weed control is smplified
in many intercrop combinations because that repid esablisiment of the dense
canopy reduces weed growth. Shade-sendtive weeds such as Cyperus
rotundus and Imperata cylindrica (L.) Beauv may be diminated entirely by an
intercrop combination like maize-mungbean, which intercepts 90 % of the
incident light after 50 days of growth. Maze as a sole crop intercepts only 80
% of the light. Continuous high-dendty intercropping  will  eventudly
diminate dl light sengtive weeds from the fidd.

2.4.2 Weed control in soybean

Herera (1975) report that soybean was less competitive then
mungbean agang weeds when intercropped with maize. Soybean was more
compelitive a higher maize populaions, Mercado €t al. (1977) report that
weeds caused a dgnificant decrease in yield in sole-cropped of soybean but
not in maize done or in maze intercrop. Intercropping maize with soybean
resulted in a thregfold increese in maize yidd compared to sole crop of maize
However, soybean yidd was reduced by 585 % in the intercrop in the plot
maintained weed free for 42 DAP compared to sole crop. In the un-weeded
plot, soybean yidd in the intercrop is 44 % more than the sole crop.
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In one experiment, Responso € al. (1982) found that weeds were
greetly suppressed when maize was intercropped with soybean. Because yidds
were not dgnificant incressed by hand weeding, the greatest returns were
obtained in the un-weeded check. In other experiment, Responso €t al. (1982)
reported that weed weights were sgnificantly lower in the plot that receved
two inter-row cultivations followved by two hand weeding than in the un-
weeded check.

In a trid conducted in International Rice Research Inditute (IRRI
1978) un-control weed growth caused a dgnificant reduction in maze yidd
but soybeen yidd was un-affected by weed competition. Net returns over
variable cost were grester when the plots were hand weeded twice. Furoc €t al,
(1977) reported thet when soybean was intercropped with maize the presence
of the soybean reduced weed growth markedly. Forty days after sowing, 4.0
tons ha® of weed were havested from the sole crop plots, whereas only 05
tons ha* from the intercropped plots.

2.5Weed speciesin intercrop

Baiuan and Mercado (1980a) examined the effect of different
cropping sysems on weed seed reserves at harvest. More weed seeds were
found after a sole crop of soybean than after a sole crop of maize or maize and
soybean intercropping. The growth of species such as Cyperus rotundus and
Echinochloa colona (L) Link was reduced by maize. Cleome rutidosperma
DC and Commelina diffus Burmf.. Which were not observed in pre-plant
samples was observed a harvest. Cyperus diffusa tolerated shade better than
Cyperus rutidosperma and haed a higher population in maize done than
soybean aone or the maize-soybean intercrop.

Weed species that are mentioned in different intercrop in the tropic
region. Those mentioned in more than 50 % of the aticles are (in order of
number of times mentioned) Cyperus rotundus, Eleusine indica (L.) Gaertn,
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Ipomoea triloba |, Echinochloa colona (L) Link. sanguinalis, and R. exaltata,

(IRRI, 1978).

If an intercropping combination is being conddered for its weed
suppressing  abilities or a weed control program is being desgned for an
intercrop, these are the weeds tha mugt be taken into condderation. Falure to

suppress or control even one of these could leed to fallure of intercrop.

LaoIRRI, (1991) dated that the mgority of respondents listed weed in
ranfed upland rice-based mixture cropping sysgems in both province were
Oudomxay and Luang Prabang province, there mention 10 gspecies of

important weeds are: Chromolaena odonata (L) RM. King & M. Robinson,
Ageratum conyzoides |, Lygodium flexuosum, Commelina diffusa Burm. f.

Panicum cambogiense, Cyperus rotundus L. Panicum trichoides,

Crassocephalum crepidiodes, and Conyza sumatrensis,

According to the result of farm fidd survey, weed species in maize and
oybean intercropping sysems in the Namkha area, Houn didrict, Oudomxay
province, Laos. There were founded many species of weeds in rainfed upland
cropping aess, and some of weeds was difficultly to management by hand-
wesding those mentioned Cyperus rotundus. Ageratum conyzoides |,
Chromolaena odonata (L) RM. King & M. Robinson Commelina diffusa

Burm.f.. Murdannia nudiflor (L.) Brenan. Imperata cylindrica (L.) Beauv ec,
(SSLCC, 1997).

2.6 Hand weeding and labor usefor weed control
2.6.1 Hand weeding/timeliness

Hand weeding is the mos common weed control method used by
gndl-scde famers. It usudly requires no cgpitd outlay. This is a magor
advantage when cash is not readily avalable and labor is provided from the
famer's immediate family or through non-cash exchange, they had Iabor
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exchange by group. Hand weeding is intensve and dow compared to others
methods.

A mgoity of the smdl-scde famers in the tropics utilize manud
weed control and may dedicate 35 to 70 % of ther totd agricultura labor to
this task (Akobundu, 1980b, Okigbo, 1980; Wetda 1980). Severd authors
suggested that yidd losses were incurred because of untimely weed control,
but they do not specify if farmers initiated weeding too late, or if weeding was
late only on the lagt pat of the area being weeded (Druijff and Kerkhoven,
1970a; Binswanger and Shetty, 1977; Minjas, 1980; Ngugi, 1980).

In northeest Brazil, smdl-scde farmers initiasted the fird weeding of
maize and bean 17 DAP, which generdly endbled them to avoid the criticd
periods of competition in these crops (Young and Miller, 1976). Weeding time
with the heavy 2 to 25 kg hoe commonly use [very sSmilar to the traditiond
hoe in Kenya, described by Druijff and Kerkhoven (1970c)] was 12.7 daysha
Inter-row cultivation with animd dravn cultivator required 24 days ad
when  supplemented  with manud  inte-rowv weeding, the totd labor
requirements were reduced 40 %. 9.8 dayshaweeding (Shenk €t al, 1976)
perhgps the time required for this supplementa weeding could be reduced
ggnificantly to 74 daysha if the traditiond hoe was replaced with an
improved implement (Druijff and Kerkhoven, 1970c). Neverthdess, with the
abundance of hand labor encountered in the region, mog families made timey
weeding in thar food crops.

2.6.2 Labor usefor weed control

Frequently, by the time a famer finished the firg weeding of manud
crop, it is necessary to again remove weeds in the area where they began. This
is expecidly true if a family has a lager area under crop or do not have an
abundance of family labor. Such ddays frequently result in serious weed
infesations and reduced yidds (Druijff and Kerkhoven, 1970b; Ogborn,
1976).
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In other cases, the labor supply may be adequate, but adverse weether
conditions, may prevent timdy maenua or mechanicad weeding operations,
which may subject the crop to Sgnificant weed competition during the criticad
period, (Cancdian, 1972, Hammerton, 1974; Jansen and Kock, 1982).
Armgrong e d. (1969) Report tha timey mechanicd weeding was more
economical  than chemical weed control in maize in centrd United States
However, if cultivation was ddayed only 5 days this practice was less
economica than chemicd control.

On other hand, Hawood and Price (1976) content that in tropicd
regons, annud production per unit aea responds more pogtivdy to
management a higher rate of gpplicaion than in temperate dimates. And the
resulting economic incentive to incresse the intengty of management haes
directly contributed to areduction in farm sizein tropica Asa

According to the result of the assessment and  eco-economy
programming on the agro-ecosysem of Nahom aea Beng didrict, Oudomxay
province LaoPDR, by (Chen, 1997), reported that the labor use for hand
weeding in this area was the pesk for labor force of ther family, the labor use
for weeding was covered to 33-48% of totd labor used in the maze crop
growth.

Roder (1991) dated that the mgority of condraints of upland rice-
based mixture cropping systems in northern part of Laos were weeded control.
Tha is a limited of upland cropping, because it has spent a lot of times and
labors use. Genedly, famers used the totd input al of activities in upland
rice cultivation, the average 159 days ha'l, and a labor input of 294 Bbor days
ha™, but weeding covered of 54 % of totd labor input,



2.7 Crop-weed interaction
2.7.1 Crop-weed competition

Competition between plants for the capture of the essentid resources
for plant growth such as light, water, and nutrients is a critical process in
naturd, semi-naturd, and agriculturd ecosysems.  Although farmers must
have recognized competition effects in their systems as soon as they darted to
shape ecosysems to meet their needs, the fird scentific reports on
compdtition were published in the 14" century. Since then, competition hes
been regarded as on of the mgor forces behind the appearance and life higtory
of plants and the dructure and dynamics of plant community (Grace and
Tilman, 1990).

In agriculturd systems, crops ae grown & moderate to high resource
levels. In many of these systems lage amount of resources (water, sunlight,
and nutrients) are adds to the sysem to maximize yidds. Competition in these
systems could be defined as the process of cgpture and utilization of share
resources by crop and its associated weeds. In the specific Stuation of crop-
weed compstition that is on the effect of resource capture by weeds on crop
growth and production. Those resources of which the supply cannot meet the
demand are of mgor interest, as they determine the attainable yield of crop. If
weeds capture such resources, crop growth will be reduced resulting in the

yidd losses.
2.7.2 Competition and weed management

World wide a 10 % loss of agriculturd production can be attributed to
the competitive effect of weeds, in spite of intengve control of weeds in most
agriculturd  systems  (Zimdahl, 1980). Without weed control, yidd losses
range from 10 — 100 %, depending on the competitive ability of the crops (ven
Heemd, 1985). Therefore, weed management is one of the key dements of
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mog agricultura systems. The use and goplication of herbicides was one of
main factors enabling intengfication of agriculture in past decades.

However, increasng herbicide resstance in weeds the necessty to
reduce cost of inputs and widespreed concern about environmentd Sde
effects of herbicides, have resulted in grest pressure on farmers to reduce the
use of herbicides. This led to the devdopment of drategies for intergraded
weed managemet based on the use of dternaive methods for weed control
and rationdization of herbicide use Rather than trying to eradicate weeds
from afied, emphadsis on the management of weed population.

Weed control is generdly not needed to reduced yidd loss in the
current crop, but only to avoid problems in future crops (Lotz €t al.,, 1990).
The devdopment of such weed management systems requires thorough
quantitative indght in behavior of weeds in agroecosysems and ther effects
This involves both indghts in crop-weed interactions within the growing

season as wdll as the dynamics of weed populations over growing seasons.

Severd dtempt have been made to weed control advisory systems,
usng thresholds for weed control, i.e the levd of weed infestation which can
be tolerated based on gpecified criteria which ae generdly based on
economics (cf. Niemann, 1986, Aats and de Viss, 1985, Wahmhoff and
Hetefuss, 1988). A number of concepts for thresholds for tactica (within
season) and draegic (long-term) decigon-making in weed management have
been developed (Cousens, 1987).

However, the gpproach has hardly been used in practice (Cousens,
1987; Norris, 1992). Beddes problems reaed to accurecy in yidd loss
predictions, good quatitetive data on effects of specific weeds in specific
crops ae gase as wel as rdidble smple assessment methodologies. These
problems have resulted in mgor condrants to the devdopment and
implementation of weed control advisory sysems (H.FM. Aats Reseach
Station for Arable Farming and Fiedd Production of Vegeables, Leydad; and
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B. Geowitt, Inditute for Crop Protection, Gottingen, persond

communications).
2.7.3 Economic threshold of weed control

Weed economic thresholds hep in determining if weed dendty and
interference is aufficdent to judify control measures, i.e, if the yidd loss
avoided is greater than the cogt of weed control. The time & which weeds
emerge rddive to the crop is a mgor determinant of yidd loss Ealy weeds
that emerge a the same time as the crop cause more yield loss than weeds
emaging after the crop is edablished. Egtimation of effects on crop yidd,
most edimates of effects on crop yidd ae based on reationships between
weed dengity and find crop yidd (Zimdahl, 1980).

Though dry weght of weeds is better than dendty as an index of
competitive ability, sSnce weeds vary in Sze there are practica difficulties in
harvesing and drying large amount of weeds, and as a rule, doing S0 involve
crop dedruction. Hence, the weight of weeds might only be determined at
harvest. Weed dendty has the advantage that it can be determined early in the
life of the crop, when decisons on weed control have to be taken.

The rddionship between dendty of a weed and crop loss is gpecies
goecific, s0 that a competition index can be gpplied for each species. The
rlationship between crop yidd and weed densty may be dffected by
environmental conditions (Chisska, 1977), time of sowing (Reeves 1976),
crop densty (Medd €t al,, 1985), and another agronomic factors (Dew, 1972;
Medd €t al., 1985).

2.8 Intercropping concepts

The basc definition of intercropping is the planting of two or more
cops Smultaneoudy in the same unit of land. Intercropping is a common
fom of mutiple cropping, which is ddfined as “the intendfication and
diverdfication of cropping in the same time and space dimensons’ (Frands,
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1986). There ae many different kinds of intercropping sysems Some of
which are more common than others, crops can be planted ether as mixture, in
a fidd (no rows), or as dternate rows, or grip, and relay cropping are species
examples of intercropping. When two or more crops ae growing together,
eech must have adeguate space to maximize cooperdion and minimize
competition betweenthe crops.

Andrews and Kassan  (1976) identified four man  types of
intercropping as

1. Row intercropping - growing two or more crops & the same time with &
least one crop planted in rows.

2. Srip intercropping - growing two or more crops together in dternaing
drips or blocks on the same piece of land a the same time, wide enough to
permit separate crop production usng mechines but close enough for the crops
to interact.

3. Mixed intercropping - growing two or more crops together in no didinct
row arangement on the same piece of land a the same time or with a short
interva.

4. Reay intercropping - planting a second crop into a sanding crop & a time
when the standing crop is a its reproductive stage but before harvesting

A primay and drect way of increesng the adpha diverdty of an
agroecosystem is to grow two or more crops together in mix that alow
interaction between the individua of different crops. Intercropping can add
tempord divergty through the sequentid planting of differert crops during the
same season and the presence of more than one crop adds horizontd, verticd,
gructurd, and functiond diversty. Whenever two or more crops are plant
together in the same cropping sysem, the resulting interactions can have
mutudly beneficid effects and effectivdly reduce the need externd inputs.
The today of informaion documenting these interactions has grown
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consderably in recent year (Fracis, 1986), and severd authors have discussed
how ecologicd aoproach to multiple cropping research can provide an
underganding of how the benefits of intercropping come about (Hat 1984,
Trenbath 1976; Beets 1982).

The most successful intercropping sysems are know from the tropics,
where a high percentage of agriculturd production ill is grown in mixtures.
Becaue smdler scae famers in the tropics have limited access to purchased
inputs, they have developed intercropping combinations that are adapted to
low extend input management (Gliessman & d 1981, Altieri & Anderson
1986).

Moody (19778) daed that intercropping gave incressed productivity,
insurance, reduced weed growth, reduced pest problems and reduced labor as
examples of why farmers prefer to intercrop rather than sole crops than which
will be produced by weeds. Intercropping should not be regarded as a panacea
for dl problems Mawy people have the midaken impresson tha
intercropping aways help to reduce weed growth.

Intercropping, compared with sole cropping, possble advantages of
intercropping are higher yidds in a given season and greater debility of yieds
in different season (Willey, 1979b). In this case of higher yidd in a given
season, gpart from the better use of resources, one of the ways in which yield
advantages can be brought about is trough a reduction in weeds pests, and

diseases.

2.9 Indicesfor evaluation productivity and efficiency of intercropping

29.1 Land equivalent ratio

Land equivdent ratio (LER) is an important tool for the <udy
evduation of intercropping sysem is the land equivdent ratio. LER provides
dl-other-things-being-equa messure of yidd advantage obtaned by growing

two or more crops as an intercropping compared to growing the same crops as
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a oollection of sepaate monocultures. LER thus dlows going beyond a
destription of the pattern of diversty into an andyss of advantages of
intercropping. The land equivdent retio is caculated usng the formula

LER = |
Yy

Where Yp is the yidd of each crop in the intercrop or polyculture, and
Ym is the yidd of each crop in the sole or monoculture. For each crop (i) a
ratio is caculated to determine the patid LER for that crop, then the partid
LERs are summed to give the totd LER for intercrop. An LER vdue of 1.0 is
the blesk even point, indicating no difference in yidd between the intercrop
and the collection of monoculture. Any veaue grester than 1 indicates a yied
advantage for intercrop, aresult caled over yieding. Gliessman, (1988).

Land equivdent ratio may be defined as the rddive land area under
sole crops that is required to produce the yield achieved intercropping. It is
usudly dipulated that the “levd of management mugt be the same for
intercropping as for sole cropping (Willey, 1979b). He has dso explained that
LER = 110 meat the mixtue yidd by growing pure sands would require
10% more land.

The LER tem is usudly gpplied to combined intercrop yidds but can
be goplied equdly ussfully to the intercrop yidd of each crop. An important
concept enhance in the use of LER is that different it crops, whaever ther
types or levd of yidd ae put on a rdaive and directly comparable bass
(Bergh, 1968; Hal, 1974).

The problem in rdaing LER advantage into meaningful practica
teems a the famer’'s levd aise because the proportion of sole crops with
which the combined intercrop yidd is effectivdly compared, is determined as a
conssquence of intercrop competition; this exact proportion may be something
of a “theoretical” concept rather than a redigic cropping dterndive for a
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farmer who has to decide has proportions of crop a sowing time (Wiley,
1979).

Mohta and De (1980) dtudied a maze and soybean intercropping for
different planting geometries for the year 1970-1974. It has been noted tha by
mantaning a plant populaion of 65000 plants per hectare, no Sgnificant
difference in maize yield occurred whether the rows were placed 60 or 120 cm
goat. In the intervening space, 0ybean was planted, which increased the LER
by 54 %. With proportiond planting, LERs of 1.3 and 1.6 have been report in
the land equivdent ratio is the most frequently to determine the effectiveness
of intercropping relaive to growing crops separady. Generdly, the vdue of
LER is deemined by sevad factors induding dendty and competitive
abilites of the component crops in the mixture crop morphology, duration and
management varidbles that affect individua crop species (Willey, 1981).

2.10 Light interception

Light is one of mogs important factors in intercropping systems. Light
differed from other recourses in that it could be regarded as a reservoir from
which demands could be made as require Solar radiaion is continuoudy
avalable and has to be “ingantaneoudy intercepted” as it is to be used for

photosynthesis.

Light interogption in mixed canopies is determined by the lesf area
index of the species, plant height, and light absorption characterisics of the
leaves. If a leaf is pogtioned above ancther leef it will absorb a large amount
of radiation. A drong corrdaion between plant height and competitive ability
has been demondrated for many crop species (review by Berkowitz, 1988).
Modding the light interception process is regaded as the most promisng
goproach to underdtand light capture by species in mixed canopies (Berkowitz,
1988).
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It is possble to have sparse canopy, such as tdl in cered, for the high
light intengties a& top of canopy and a more course canopy, such as compact
legume, for the lower intendties a the bottom. There is dso the possbility of
combining crops, which have different, inherent response to light. Thus the top
of the canopy could congst of a component with a high light requirement and
the bottom a component with a low light requirement an obvious example here
would be a tdl C4 crop combined with a short C3 one (Crookston and ke,
1976).

Light interception by sole crop is afected the pogtions of the light
sources, the leaf area index and the inclination and didribution of leaves. Light
penetrating a plant sand is diminished through intercgption and absorption by
the leaves and other pat of shoot sysems The potentid shares of the light
will be graned by the effidency of their interception and absorption of light
(Trenbath, 1979).

Willey (1979) dso pointed out that if there was to be better spatia
use of light, which had probably to be achieved through more efficient use of
light rather than grester light interception. That could be theoreticaly occur if
light was better didribution over the leaves ether because of better ledf
indination or because of better lesf disperson.

Experiment in which have been teéken & a few point in time (IRRI,
1973, Fsher, 1975) and form which it has been reported that intercrops
intercepted more light, might be difficult to intercept in the gpatid sese
because it was not usudly possble to compare pesk vaues of interception. In
has been reported that narrow rows improved the performance of many crops
in humid regions or under irrigations through maximizing the capture of
incoming solar radiaion (Kanemasu and Arkin, 1974).

The way intercropped species change each other’s environments and
physologicd responses to change are closdly reated. Thus, the disadvantage
of one component in competition for nutrients may increese its root/shoot ratio
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0 tha extra respiraory load per leef area will reduce its efficency of
converson of light to dry mater or yied (Trenbath, 1979). The success of
intercrops has been shown to be associated with complementarily in time and
possbly of higher plant populaion pressure, both of which result in grater
light interception (Fisher, 1975).

Beats (1976) dudied this in mixed cropping sysems of maze and
soybean by measuring the “canopy cover” which is cdosdy reated to LA
Showed that the percent canopy cover. This is illustrated the soybean canopy
cover is plotted as a percentage of the tota canopy cover (maize + Soybean),
from planting to physologicadl maturity. In the monoculture sysem the canopy
cover increeses to 100 percent.  In the dl mixed cropping sysems, the
oybean cover increases initidly, but from the seventh after sowing dl covers
decrease, except for the system with only a smdl proportion of maze. The
decrease in cover is due to over shading of maize and is greatest for the most
intimate sysem. The yidd results of trid show tha the yidd performance of
the mixed cropping sysem was negatively corrdlated with the degree of over
shading of the soybeans.

2.11 Some agronomic factorsin fluencies productivity and economic

efficiency of intercropping systems

The productivity and efficency of cered and legume intercropping
sysdems ae affected by various agronomic variables tha affect crop yidds.
Productivity per unit area is increased through the use of suitable crops with
higher yidd dability and adoption of gpproprige intercropping sysems
(Manddl €t al , 1986).

Compared with sole cropping, intercropping  diversfies  production
while sarving as a security practice agangt posshble crop falure as a result of
adverse condition. In addition to achieve higher yidd then sole cropping in a
given season, the practice dabilizes variability of annua returns while a the
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samne time results in a more uniform use of labor throughout the seeson
(Willey, 1979).

There is a number of report in which reducing the height of a dominant
cered has resulted in higher yields of associated crop (Andew, 1974; Vorasoot
et al, 1976). Faris €t al. (1979) dso reported that the cered crops severd
reduced the legume yidd and tha the intercropping Sysem was more
productive than the sole crop.

In fidd experiment & Dhawad, India during rany season, maze was
intercropped  with groundnut, soybeen, cowpea, and mungbean. Maze yidds
were not dgnificantly affected by the intercrops. Intercropping gave higher
gross monetary return than maize growing done but net returns were not
sgnificantly different (Shahgpurkar and Petil, 1989).

2.11. 1 Crop component and planting patterns

There are two important of cropping sysem to consderations should
be made:

The cropping patern should dlow avalable fam resources to be used
efficiently. They should be desgned in such a way that the avalable fam
resources are adequate for satisfactory production to labor used and or needs.

An undergtanding of the dharing of resources among component crops
will hdp identify more appropriate agronomic menipulations and  cultivaies
for intercrop (Trenbath and Fuka, 1993). Growing different crop species in
vaious combination in space and time or with different duration, growth and
devdlopmentd petterns, spatid didribution leaf Sze, shape and orientation and
plant height resulted in grest diverdty and gSructurd complexity in intercrop
(Keating and Carberry, 1993).

Need for choice of component crop suitable for an intercrop, in many
ingances, is predetermined by locd need for paticular crop Species In
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choosng component crops to be intercropped, the important agpects to
condder ae the extent of competition between the crops and vaiaion in
competition ability among cultivars.

Choice of crops with contrasting growth petterns and complementary
use of the same resource pool results in better intercrop productivity. The
typicd example is to intercrop short C3 and high C4 type plants, which differ
in efficiency in use of tropica sunlight (Midmore, 1993).

Intercrop productivity depends on the genetic conditution of crop
components, gronth  environment  and  agronomic . manipulaions of
microenvironment. Farmers can choose crops, which differ in competitive
adility in time, and gpace and they meke management decison when to plant,
a what arrangement (Trenbath and Fukai, 1993).

There many factors of crop management which can affect the
competitive reationship between the crop components of an intercrop like
reldive planting date, densty and spatid arangement, fertility and water
avalability, pest and disseses. Choices of suitable crops, proper time and
gace to intercrops are of important and factors in successful intercropping
sysem (Davis and Wodlley, 1993).

Panting pettern of crop components plays an important role in
maximizing the productivity of intercropping sysem. Choice of planting dates
is reative timing of component crops, can contribute gregily to the crop yied
of intercrop sysems (Midmore, 1993). Choice of crgpping paterns can dso
affect their efficiency.

According to many research results in the world show that the planting
paitern legumes with cered crop was provided high profit. The success of
intercrop farming systems with legumes depends initidly on effective nitrogen
fixation and more nitrogen bdance in intercropping sysems that consst of
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legumes growing with another crop is conddered in terms of nitrogen fixation
(Stern, 1987)

2.11.2 Spacing and crops population

The amount of light intercepted by the component crops in intercrop
system depends on the geometry of crops and foliage architecture. Generdly,
taler cered shades legumes and a high densties cause reduced growth and
yidd of the companion legumes (Trenbath, 1986 and Tsay, 1985). In plant
populations competition is defined as the gStuation in which each of two or
more plants growing together in the same area seek the same growth fector.
The ovedl intercrop dendties and the rdative proportions of component
cops ae important in determining yidd and production efficency of
cered/legume intercropping systems (Willey and Osiru, 1972).

According to research results of Herrera €t al. (1975). They found that
crops dendty has great effect on competitive ability of crop components for
available resources. Weed control, insects and diseases occurrence and
sverity due to change in microenvironment and hence, yidd of component
cops. The rdationship between population densty and biomass yidd which
may be written as linear rdaionship between densty and the corrddive of
individud plant weight (Spitters, 1980)

In intercropping choice of row spacing and row rdio ae dsD an
important  factor that affects productivity of component crops. Row
arangement in contrast to arangements of crop component within  rows,
improve amount of high trangmitted to the lower legume canopy. Such
arangements can enhance legume yidd and efficdency in cered/ legumes
intercrop systems (Francis, 1989). The saverd dudies, it would gppear that the
yidd of cered component is usudly less affected by component dendties and
arrangement of spacing between component crops (Tsay, 1985).
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Fsher (1977) dudied corn and bean intercropping sysem a vaying
densiies which a harvesting were 13,700, 27,000, and 47,700 plats ha' of
com combined with 23300, 56300 and 121000 plats ha’ of bemn
receptively, desgnated as low, medium and high dendties At each densty,
the yidd of intercrop corn did not differ from those of the sole corm.
However, intercrop bean yidd dggnificantly increesed with a rise in bean
dendty. The arangement of component crops in dternate row is more
beneficid than in the same rows. The use of double rather than dngle dternate
row arangements of component crops improve the yidd and light penetraion
to the canopy of legume component.

2.12 Maize production in Laos and Oudomxay provionce, Lao PDR
2.12.1 Maize production in the Lao PDR

The secondary data from Minidry of Agriculture and Forestry (MAF,
2000) showed that maize is as wdl as adgpted to tropicd dimate and a the
present maize were grown in many parts of Lao country as  showed in Fgure
2
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Fgure 2. Areaand yidd of maize cultivated in the Lao PDR, 1996 — 2000.
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Source: Department of agricuture, MAF, 2000.

Maze was the second dde food crop and dso mgor cash crop in
Laos Maze hed long been grown in didribution many parts in Laos with the
totd area of maze cultivated of 49,000 ha in 2000. Average aea in around 5
years (1996-2000) was of 42,302 ha, but the larges area of maize cultivated
was in the northern part, covered 54.4 %. On average area of maize cultivation
in each pat of 23,042 ha, in northern part, 14,104 ha, for centrd, and 5,158 ha
in the southern agpart of country respectively. The average of maize yield was
2.3 tons per hectare, if compare in the South East ASa, the maize yied in Laos

was very lowest.
2.12.2 Maize production in Oudomxay province

According to the agriculture datidics of Oudomxay provincd,
agricdture and forestry office (DAFO, 2000). Found that the arees and yidds
of maize have been changed by year to year. The area and yidd of maze
production in Oudomday province were decreased from 1996 to 1999, and In
year 2000 was increased that show in Fgure 3.
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Hgure 3. Areaand yidd of maize cultivated in Oudomxay province 1996 —
2000.
Source: Department of agriculture and Forestry Office, DAFO, 2000.

The average area around five years of maze cultivated in Oudomxay
province was of 3420 ha and didribution about 148 % of totd aea in
northern part of country. However, the yidd of maze in Oudomxay province
was higher than other province in the country. Average yied of maize was
248 tonsha .

2.13 Soybean production in Lao and Oudomxay province, Lao PDR
2.13.1 Soybean production in the Lao PDR

Generd, agriculture detigicd (MAF, 2000) the data of soybean
production in the Lao PDR showed that soybeen is wel adgpted to tropicd
dimate and suitability to growing in many pats of Laos as showed tha in
Houre 4.
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Figure4. Areaand yidd of soybean cultivated in the Lao PDR, 1996 — 2000.
Source: Department of agriculture, MAF, 2000.
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Soybean is a cash crop can be grown in many parts of Laos, especid in
ranfed upland aeas in northern part of country. The totd aea of sSoybean
cultivated of 6400 ha, in 2000. On average aea in year 1996 to 2000 of
soybean-cultivated was 5154 ha The average soybean yidd was about 0.8
tons ha'; the soybean yidd is vary lowest if compared with Southeest Asa
The aeas and yidd in many parts of country was difference, and the highest
was in northern part covered about 47.7 % of totd area of soybean had grown

in Laos.
2.13.2 Soybean production in Oudomxay province

According to the result of data based of agriculture and forestry office
in Oudomxay province (DAFO, 2000). The aea and yidd of soybean
cultiveted was lowed in northern part and other province in Laos. An aea of
soybean average around 5 years was about 176 ha, covered about 7.2 % of
totd area in northern part. The average of soybean yield was higher than other
province in north induding in the country, the yidd of soybean about 0.95
tonsha * that showed in Figure 5.
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Hgure 5. Areaand yidd of soybean cultivated in Oudomxay province 1996 —
2000.
Source: Department of agriculture and Forestry Office, DAFO, 2000.

2.14 Limitation of maize and soybean production in Laos and Oudomxay

province, Lao PDR

Many condrains involved to maize and soybean cultivation in Laos
and Oudomxay privince, in the Lao PDR. In duraion of fam fiedd survey,
interview and secondary data collection, the mgor condraints or limitation of
maize and soybeen cultivations were invedigated with two aspects as
biophyscd and sodo-economica factors and weether conditions. The fidd
aurvey, and inteview with fames and villagers for maze and soybean
production condraint in Oudonxay province, Laos Genedly, mos famers
are lack of technologies, poor internd inputs, and lack of markets, the market
oriented was depend on foreign countries, the price was depended on mid-
trader and high trangportation cods as wdl as price policy are factors limiting
with maize and soybean production. Lack of application of manure fertilizers
as wdl as and ds vaidies of maize and soybeean were imported from
Thalland, Vienam and China Both maize and soybean ae important for
economic of household income, and can be to improved agro-economic
sysem in the rurd development aress.
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