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AB STRACT: Com bi na tion be tween tree and crops in ter acts dy nam i cally and pro vides
multi-fac eted as pects of im prove ment such as in creased pro duc tiv ity, en rich ment of soil with
or ganic mat ter and ni tro gen, trans port of nu tri ents from lower to the up per layer of soil,
con ser va tion  of  en vi ron ment, im proved mi cro cli mate and allelopathy is one amongst them
when it co mes to com bine the both com po nents for sus tain able land use and to in crease food
pro duc tion. Be cause these com po nents co-ex ist si mul ta neously, their allelopathic com pat i bil ity
may be de ci sive to de ter mine the se lec tion of suc cess ful tree-crop com bi na tion. Mostly trees
have neg a tive allelopathic ef fects on crops, there fore, it is es sen tial to ex plore that what type of
tree-crop in ter ac tion will have no or pos i tive allelopathic ef fects on the com pan ion crops may be
com bined for ben e fi cial re sults. As trees re main a part of the agro forest ry sys tem for a lon ger
pe riod, and most of them pro duce a large amount of leaves and lit ter, their allelochemicals may
play an im por tant role in an over all im prove ment. If the due em pha sis is given, allelopathy could
play a ma jor role in en hanc ing the pro duc tion and pro duc tiv ity in agro forest ry sys tems by hav ing
the better un der stand ing about tree-crop com bi na tion.
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The term allelopathy was coined by Molish
(16) to in clude both harm ful and ben e fi cial
bio chem i cal in ter ac tion be tween all types of plants
in clud ing mi cro-or gan isms. Rice (28) re in forced
this def i ni tion in first mono graph on allelopathy.
Allelopathy is an im por tant mech a nism of plant
in ter fer ence and is me di ated through the ad di tion of 
chem i cals to the plant en vi ron ment. Mul ler (18)
sug gested the term in ter fer ence of one plant 
(in clud ing mi cro-or gan ism) on an other. How ever,
com pared to for est tree spe cies, the agro forest ry
tree spe cies have been in ves ti gated for alleloapthic
in flu ences. Al though, agro forest ry sys tem has a
po ten tial to in crease yield, it has com pete with food 
crops (Paulino et al., 24). The over all ef fect of tree
on understorey veg e ta tion de pends on the bal ance
be tween their pos i tive (fa cil i ta tion) and neg a tive
(com pe ti tion) ef fects (Callaway and Walker, 6).
Rafiqul-Hoque et al. (27) have shown that cer tain
trees con tain higher lev els of bioactive chem i cals,
sug gest ing a large in hib i tory po ten tial (Barnes et
al., 3). Allelopathic in ter ac tion in volves  the
pro duc tion and re lease of chem i cal sub stances

which can in hibit the growth and the develpoment
of the understorey veg e ta tion. Cannell et al. (7)
ar gued that agro forest ry may in crease pro duc tiv ity
be cause trees can cap ture re source which are
underused by crops. Ovalle and Avendano (21)
re ported that trees in crease understorey her ba ceous
pro duc tiv ity. Allelopathy arises from the releasse of 
chem i cals by one plant spe cies that af fect other
spe cies in its vi cin ity, usu ally to their det ri ment. 

The most for mi da ble prob lem in man ag ing
si mul ta neous agro forest ry in drylands is how to
re tain the pos i tive ef fects of tree can o pies and roots
on soil phys i cal and chem i cal prop er ties while
re duc ing the neg a tive ef fects of be low-ground
com pe ti tion for lim ited re sources (Ong and Leakey, 
20; Schroth, 30).

1. COM PE TI TION AND ALLELOPATHY

Com pe ti tion means ef fect on oth ers in terms
of harm ful ness, but allelopathic ef fect may be
ben e fi cial or harm ful. Allelopathic sub stances are
imprtant fac tors in com pe ti tion be tween crops and
trees (Paulino et al., 24). Allelopathic ef fects are
closely as so ci ated with com pe ti tion and it is
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dif fi cult to elim i nate allelopathy from com pe ti tion
stud ies. Mul ler (17) has seperated “com pe ti tion”
from “Allelopathy”, the for mer was based on use of 
re sources (nu tri ents, wa ter and light) which are the
lim it ing fac tors, whereas the lat ter in volve the
pro duc tion of toxic sub stances (allelochemicals).
Puri and Bangawa (25) have found that neem tree
has no ad verse ef fect on the yield of wheat
(Triticum aestivum) if grown 5 m apart from the
main stem. Some stud ies sug gest a di rect role of
neem allelochemicals in this ef fect on crop plants.
Allelopathy can be de fined as chem i cal in ter ac tions 
be tween and among both plants and
mi cro or gan isms via re leases of bi o log i cally ac tive
chem i cal com pounds into the en vi ron ment. The
allelopathic po ten tial of cer tain trees and crop
spe cies can in flu ence the growth and dis tri bu tion of 
as so ci ated trees spe cies and the yield of de sired
plants. For a tree to be bi o log i cally ef fi cient and
eco log i cally ef fec tive, it must in ter fere with other
sur round ing spe cies.  This in ter fer ence has two
pri mary com po nents:  com pe ti tion and allelopathy.
Com pe ti tion is the con trol or re moval from the
com mon en vi ron ment of es sen tial re sources needed 
for life.   Allelopathy is the ad di tion of ma te ri als to
the com mon en vi ron ment which changes life
func tions. Allelopathy is the bio chem i cal
mod i fi ca tion of the en vi ron ment to en hance tree
sur vival and re pro duc tion In ter fer ence is the proper 
name for in di vid ual eco log i cal in ter ac tions.  The
word “com pe ti tion” is mis-used/over-used to
de scribe spe cies in ter ac tions.  Rarely is allelopathy
iso lated or elim i nated in com pe ti tion stud ies, and
so, the com bined term “in ter fer ence” is most
ac cu rate to use.  Allelopathy is a de fen sive
com po nent of tree in ter fer ence. The com po nent
plant spe cies in agro forest ry sys tem de pends on the
same re serve of growth re sources such as light,
wa ter and nu tri ents and hence there will be
in flu ence of one com po nent of a sys tem on the
per for mance of the other com po nents as well as
sys tem as a whole. These are re ferred to as
tree-crop in ter ac tions. These in ter ac tions may be
pos i tive or neg a tive (Basavaraju and Gururaju, 4).
The bal ance be tween these pos i tive and neg a tive

ef fects de ter mines the over all ef fects of the
in ter ac tions in a given agro forest ry combination. 

2. ALLELOPATHY IN TREE-CROP IN TER -

   AC TION

2.1 Ef fect of Trees on Crops

Trees and crops have been grown to gether
since an cient times. In any sys tem, the trees and the
crops may com pete for light, wa ter, and nu tri ents or 
have com ple men tary needs. When the in ter ac tions
be tween the trees and crops are man aged well,
agro forest ry sys tems, tra di tional or mod ern, can
out per form sole crop ping sys tems. In most of the
cases allelopathic ef fect are se lec tive and vary with
dif fer ent tree crops (Melkania, 15; Stowe, 31). In
gen eral leaves are most po tent source of
allelochemicals, how ever, the toxic me tab o lites are
also dis trib uted in all other plants parts in var i ous
con cen tra tions. The allelopathic ef fect may be so
strik ing that com pe ti tion for re sources does not
ex plain why, in plant com mu ni ties, many spe cies
ap pear to reg u late through the pro duc tion and
re lease one an other through the pro duc tion and
re lease of chem i cals at trac tants, stimu la tors or
in hib i tors (Putnam and Tang, 26). Sev eral spe cies
are known to have allelopathic ef fects on other
crops, e.g., maize (Zea mays L.), wheat (Triticum
aestivum L.), oats (Avena sativa L.), bar ley
(Hordeum vulgare L.) as re ported by Rice (28).
Rafiqul-Hoque et al. (27) have shown that cer tain
trees con tain higher lev els of bioactive chem i cals,
sug gest ing a large in hib i tory po ten tial (Barnes et al.
3). Agro forest ry have both tree and crop
com po nents. So the sit u a tion will be very com plex.
In case of le gumes allelopathic  ef fect of leachates
and ex tracts of Pinus roxburghii in Kumaon
Himalaya has been re corded. Mimosine tox ic ity of
Leucaena leucocephala was ob served on green
gram i.e. in hib i tory ef fect on ger mi na tion. Var i ous
types of trees shows dif fer ent type of pos i tive and
neg a tive ef fect on crops. A pos si ble allelopathic
ef fect of Aca cia trees has also been rec og nized.
Other au thors have shown a large in hib i tory
po ten tial in the ge nus of Aca cia (Rafiqul-Hoque et
al., 27). Autotoxicity is also re spon si ble for the
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in hi bi tion of seed ger mi na tion and/or de lay of
seed ling growth ex hib ited by some an nu als
in clud ing corn, Zea mays (Mar tin et al., 13) and
wheat, Triticum aestivum (Jessop and Stew art, 11).
Allelochemicals in soil and their ef fect on crop
plants may be mod i fied by soil mois ture, soil
tem per a ture and other soil fac tors (Pat rick and
Koch, 23). The ef fects of sec ond ary sub stances
re leased by these mech a nisms can be long last ing
(Patric, 22) or quite tran si tory (Kimber, 12) and can
ul ti mately in flu ence prac tices like fer til ity, seed ing
and crop ro ta tions. The allelopathic ef fects are
se lec tive (Melkania, 14; Stowe, 31) and vary with
dif fer ent trees since these plants will vary in the
amount of in dig e nous sec ond ary me tab o lites and
would re lease dif fer ent amounts of the phytotoxins. 

Harborne (10) proved that higher plants (tree crops) 
re lease some phytotoxins into soil, which ad versely 
af fect the ger mi na tion and yield of crops. Such type 
of tree crop in ter ac tions called phytochemical
ecol ogy/eco log i cal bio chem is try. These are given
in Table 1.

2.2 Ef fect of Trees on Tree

Allelopathy is the chem i cal mod i fi ca tion of a
site to fa cil i tate better tree growth, and con trol
eco log i cal vol ume and es sen tial re sources. The
pro por tion of allelopathy within each spe cies
in ter fer ence ef fect is highly vari able de pend ing
upon the site, spe cies, and in di vid ual. Some trees
are rich sources of sec ond ary me tab o lites
(allelochemicals), which play a ma jor role in
reg u lat ing pat tern of veg e ta tion, these chem i cal
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Ta ble 1. Allelpathic ef fect of dif fer ent tree spe cies on agri-hor ti cul tural crops.

Tree species Plant part/soil
allelochemicals

Affected crop Effect

Leucaena leucocepahala Mimosine Green gram, Rice Inhibitory effect on germination
and growth

Mimosine Rice, rye, lettuce Inhibitory effect on germination
and growth 

Leaf extract Wheat, maize, pea,
mustard

Inhibitory effect on germination

Soil Rice No effect on germination

Leaf extract Rice Inhibitory effect on germination

Leaf extract Rice Stimulatory effect on
germination

Aca cia tortilis Leaf ,stem, and soil extract Pearl millet, sesame,
cluster bean, Wheat

Inhibitory effect on
germination, growth and yield

Wal nut Field study Potato, tomato, Alfalfa Inhibitory effect on growth

 Field study Potato,maize, turnip Inhibitory effect on growth

Bam boo Leaf extract Groundnut Inhibitory effect on growth,
chlorophyll and protein content

Eu ca lyp tus citridora Leaf, stem and root extract Okra, wheat, cowpea,
maize

Inhibitory effect on growth

Eu ca lyp tus tereticornis Leaf, stem and root extract Sorghum, cowpea,
sunflower

Inhibitory effect on germination
and growth

Pinus radiata Leaf extract Ryegrass, white clover Inhibitory effect on ryegrass and 
stimulatory effect on white
clover

Pinus roxburghii Leaf and root leachates,

decaying litter, field soil

Black gram, green gram,
horse gram, soybean

Both inhibitory and stimulatory
effect 



im posed a kind of en vi ron men tal stress on other
plants grow ing in their vi cin ity. The seed lings of
one tree shows pos i tive and neg a tive in flu ence on
to tal vol ume of seed ling of neigh bour ing tree. The
in flu ence of tree seed lings on growth of each
started from first year and be come pow er ful in the
sec ond year. In case of wal nut, tree tox ic ity is found 
to other tree plant like, ap ple, berry. Auto tox ic ity, a 
type of intra-spe cific allelopathy, is a ma jor rea son
why man aged tree eco sys tems fail to re gen er ate,
caus ing re plant prob lems. The allelopathic ef fects
of Eu ca lyp tus have been stud ied ex ten sively (Del
Bajwa and Nazi, 2; Moral and Mul ler, 8;
El-Khawas and Shehata, 9; Sasikumar et al., 29).
Phe no lic ac ids and vol a tile oils re leased from the
leaves, bark and roots of cer tain Eu ca lyp tus spp.

have harm ful ef fects on other plant spe cies
(Sasikumar et al., 29). Most re ports have fo cused
on the allelopathic ef fects of lit ter ex tracts; those of
liv ing root exudates have been less well
in ves ti gated (Bagavathy and Xa vier, 1; Bernhard-
Reversat, 5).

2.3 Ef fect of Crops on Crop

Ef fect of one crop in clud ing mi cro-or gan isms
on other crop/same crop  is called “crop
allelopathy”. It  is well known that crops cul ti vated
in ro ta tion pro duce higher yield than those of
grown in mono cul ture. It is re ported that
allelochemicals from al falfa soil in hibit growth of
bar ley, wheat, rad ish, and al falfa. Nar wal et al. (19)
have re ported alleloapthic ef fect on the ger mi na tion 
and seed ling growth of In dian colza, wheat, bar ley,
len til, chick pea, etc. and aqueous root ex tract of
soyabean on rape and mus tard. A high
con cen tra tion of phe no lic acid in paddy (Oryza
sativa L.) soils of In dia and Ja pan has been re ported 
which found in hib i tory to root growth of rice
plants. Thus auto toxic ef fect in oat, maize, rice,
sor ghum, and wheat have been es tab lished.

CON CLU SION

The allelopathic po ten tial of trees and crop
can in flu ence the growth and dis tri bu tion of
as so ci ated tree spe cies and the yield of de sired
plants, and allelopathy has been em ployed
suc cess fully in this con text. When the trees and
crops  grown to gether they in ter act with each other
ei ther in hib it ing or stim u lat ing their growth or yield 
through di rect or in di rect allelopathic in ter ac tion.
Thus, it plays an im por tant role in an agro forest ry
sys tem and it is clear that a better un der stand ing
of allelopathy can help in de vel op ing more
sus tain able agro forest ry sys tem.
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