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Abstract

It has been reported that mesquiReosopisjuliflora (Sw.) DC.), which is widespread in Saudi Arabia th
United States of America and India, inhibits thengi@ation or growth of many plant species growingt$
vicinity, through by releasing allelopathic substesinto the environment. Due to this Thereforkai not
been put to good use despite enormous biomassgioduThe present study was attempted to observed
the effect of aqueous extract of mesquite on thevtir of rice seedlings. For this To this end, tviffedent
concentrations of an aqueous extract (0.1 and I%ecaqueous extract was were added as treatraedts
various parameters of seedling growth like seethgeation, root length, shoot length, length andiltot
number of adventitious roots, fresh and dry weafhibot and shoot were recorded. We did not elit@na
the effect of microbial component in our treatmearid during incubation (from lasting 1 day to one
week): the phyllosphere microflora had sufficiepportunity to influence the allelopathic outcomteaf
extract addition.The Our results indicated that except for somdrreats, both at low concentrations;
most of the treatments had led to comparable detbgtowth of seedlings than did the control tresin
Even when there was less reserve mobilization feads during germination; seedlings were able t®ma
up the loss in due course of time and showed bgttevth than control.
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1. Introduction

De Candolle (1832) speculated that some plantsfg@dly noxious weeds exude chemicals
from their roots that are detrimental to the growftother plants. Later, Molisch (1937) coined the
term allelopathy using it in reference to indickiechemical interactions, both detrimental and
beneficial, between all types of plants includinigmmorganisms. The concept of allelopathy covered
both detrimental and beneficial reciprocal biochehinteractions. Rice (1974) however differed
from this concept initially and stressed that #rent should be used for any direct or indirect hatmf
effect of one plant (including microorganisms) onother, through production of chemical
compounds that escape into the environment. Supgarbnceptually the same idea as put forth by
Rice, much of the research in allelopathy was ecedtaround the concept of detrimental effects of
one plant on another, through release of cheminalse environment. But, Khailov (1974) proved
that the effect of any given compound may be irbilyi or stimulatory determined largely by the
concentration of the compound in the surroundingliora. Returning back to Molisch’s idea, later
Rice (1979) also acknowledged the findings of kdnaénd further added that many of the important
ecological roles of allelopathy have been overlabliecause the concern of many of the researchers
was just for the detrimental effects of added cloaiai

Since allelopathy refers to the effect of a cheinomanpound added to the environment, it
differs from competition which involves the remowva reduction of some factor (such as water,
minerals, food and light) from the environment tigtrequired by some other plant sharing the
habitat, wherein the factor that is reduced cowddnater, minerals, food and light. Even then the
confusion remained, this time between allelopatity @ompetition, because some biologists in some
cases, considered allelopathy to be part of cotnpetiTo lessen the confusion, the new term
‘interference’ (given by Muller, 1969) can be usedhich encompasses both allelopathy and
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competition. Recently Callaway (2002) has considesttelopathy as one form of non resource
interaction among plants.

During the 1970s, allelopathy was used to explaimmunity processes and patterns (Muller,
1969, Rice, 1974, Whittaker & Feeny, 1971), and yrtames it has been suggested to contribute to
the ability of some exotic plant species to becatominant in invaded plant communities (Abdul-
Wahab & Rice 1967, EI-Ghareeb 1991, Fletcher & RgntO63, Osvald 1948, Vaughan & Berlow
1999, Ridenour & Callaway 2001). It is reportedtitiee invader plants exude some allelochemicals
that are relatively ineffective against long timegighbours in their natural communities but to which
the plants in the invaded communities lack co -heab tolerance (Callaway & Aschehoug, 2000).
One such plant which is reported to be both invasind allelopathic (mostly in the detrimental
sense) is mesquite (Prosopis juliflora (Sw.) DQ)jck is widespread in Saudi Arabia, United States
of America and India. It is found to inhibit germation or growth of many plant species growing in
its vicinity, through the release of allelopathigbstances into the environment (Al — Humaid
&Warrag, 1998, Panddt al., 1995). Recently Reigosh al. (1999) assessed the effect of six known
allelopathic phenolic compounds (p-coumaric acetulic acid, vanillic acid, p-hydroxybenzoic
acid, gallic acid and p-vanillin) on seeds of Chawdium album, Plantago lanceolata, Amaranthus
retroflexus, Solanum nigrum, Cirsium sp. and Rurnggpus. They found that the effects of the
assayed allelochemicals on radicle growth and geeaiination were very weak, and suggested that
allelochemical effects can only be important incsglesituations, mainly in combination with other
competitive effects.

There is suggestion that aqueous extracts deriesedl hon-sterilized soil, leaf litter, and live
leaves soaked in water are more realistic and gialtly relevant (Oret al., 2005) and that ground
and macerated materials are ecologically less mghani(Inderjit & Callaway, 2003), for the reason
that they exaggerate the allelopathic effect.

Our earlier findings (Mehaet al., 2002 a, b, ¢, Mehaat al., 2003, Mehart al., 2008,
Purohitet al., 2002, Sundaramoorttg al., 2005) suggest that some of the allelopathic tpeeies
growing in the Indian desert increase the soil iaotrstatus, improve soil microbial biomass and
promote the growth of microbial groups. P. julifiowas found to promote the growth of microbial
groups with specific physiological capabilitiesdidegradation of cellulose, lipid, lignin and pinge
even at very low soil moisture levels (Sundaramopoet al., 2010) and also promoted the activity of
soil enzymes in the similar low soil moisture cdiwdis (unpublished data). Previously, Sen and
Chawan (1970) observed that the functioning of deseosystems is such that whatever toxic
substance is released imparts greater influenteeatite of release as leaching does not take place
rapidly because of restricted rainfall. As a resilthis, the toxic substances accumulate at higher
concentrations (much higher than in case of avidiilabf water and proper leaching) and could well
be the reason why many of the trees in desertseamgnized as allelopathic. But the situation in
other non-desert ecosystems and areas is diffarehtiemands some study to evaluate it for use to
improve the organic matter content of the soil.

P. juliflora grows luxuriantly in all parts of Inaj producing abundant biomass which is not
put to any use, except for the pods which are éeddttle; remaining tree biomass is in fact a
problem wherever it is growing, because the biongmast usable hence people leave it undisturbed,
thereby there is no check to its spreading newsaasn. Since the biomass is not used for any other
purpose, and the evidence is there that it candwgpthe soil nutrient content and microbial actiyvit
it should be tried in agricultural situations whereper irrigation would dilute the adverse cherhica
effect of the litter on the crops. Keeping thisniind | have tried to study the effect of litter Bf
juliflora on rice, which is grown in submerged @iedonditions in the southern parts of the counitry.
have taken Kurnool Sona (BPT 5204) variety of asetest crop, which is quite popular among the
agrarians of the region and is cultivated in lapgets of the Andhra Pradesh, India. To provide the
conditions as natural as possible, in laboratogulitions there was no attempt to prevent the
microbial effect, and the litter was incubated afy tdays at room temperature to allow the microbes
to degrade it and release whatever intermediateadagion products could be formed during the
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process of decomposition. As reviewed earlier |dboratory incubations generally macerated litter
and higher concentrations are taken, | have aled tise powdered litter for preparation of aqueous
extracts to keep the detrimental allelopahthicatffewards the higher side. The hypothesis isithat

in these relatively harsh incubation conditiong $ieeds germinate and their growth is comparable
with the control treatment, than in field conditsothe leaf litter from the mesquite could be used t
ameliorate the soil fertility, thereby reducingiit eliminating the need for chemical fertilizers.

2. Material and methods

Leaf litter in the form of mature leaves from maturees of P. juliflora growing in and
around Sri Venkateswara University Tirupati, AndRradesh was collected. After collection leaves
were air dried in shade at room temperature. Afdeds 10g of dried leaves were macerated in
200ml of distilled water and kept for incubationrabm temperature for different durations i.e. from
1 to 7 days, these are referred as 1DE to 7DELiBay incubation extract to 7 Day incubation
extract, in the text hereafter. At the end of iratidn the solution was filtered with double layér o
whatman no. 1 filter paper and the extract wasestat 40 C till use.

Two different dilutions viz. 0.1% and 1%, of thHiered extract were made using distilled
water for dilution and used for the experiment. eRgeeds were surface sterilized with 0.1%
mercuric chloride for 1 min., after which the seedsre washed with distilled water for several
times to remove residual mercuric chloride. Experinwas carried out by taking five seeds, and
placing them on a sheet of whatman no. 1 filtergpap petri dishes (10cm diameter), taking four
replicates for each treatment. The petri dishesewpt under light, illuminated with cool
fluorescent tubes (14.4 W m-2) at 28 + 2.40 C with2hr light and 12hr dark photoperiods. On the
first day of incubation 5 ml of extract was addedcompletely wet the filter paper, thereafter 3ml
extract was added every day for 15 days.

Observations were made for eight days during tleekiation period, and seed germination
rates were recorded taking due care to note therpatf emergence of radicle and plumule, as to
what emerged first (radicle, plumule or both togethThis was felt necessary, because in an earlier
screening experiment it was observed that at hifjliexte concentrations (25% and 50%) the seeds
germinated but the plumule instead of the radiokerged first. Furthermore, it was observed that it
was the radicle that was worst affected by thetitmeats with higher concentration of extract. Most
of the seeds germinated within the first 5 daysnotibation but the observation continued up to 8
days as seeds in some of the treatments germitatiechlso. After 15 days the seedlings were
collected and parameters like root length, shoogtle, number of adventitious roots, length of
adventitious roots, fresh and dry weight of seelimere recorded. Strip plot analysis was carried
out taking incubation days and concentration oframtt as vertical and horizontal factors
respectively. The analysis of variance was cawigicas per Gomez and Gomez (1984).

3. Resultsand discussion

Seed germination is a widely used parameter itoglé¢hic bioassays (Rice, 1984), and there
is suggestion to consider the growth of seedlings which is more responsive to certain categories
of allelochemicals (Einhellig & Rasmussen, 1978wéver, some workers found oven dry weight
of radicle (Leather & Einhellig 1985), root lengthd root weight to be more important (Cope, 1982,
Pederson, 1986). In the present study we havd tdeinclude all these parameters to have an
understanding of the effect Bf juliflora litter on the growth and performance of rice seegfi

Percent germination calculated on the basis of rumb seeds germinating out of the total
seeds ranged from a minimum of 75% (2 DE, 1% férédo 100% in some of the extract treatments
like (2 DE, 0.1% filtrate; 3 DE, 1% filtrate; 6 DB filtrate; and 7 DE, 0.1% filtrate; see Fig. 1).
Most of the treatments had comparable or slighdlitds germination performance than the control
treatment.

It was found that germination of seeds did not gueesult in emergence of the radicle first.
In the control treatment, also 55.5 % of the sesu®ved the emergence of radicle first and the
remaining showed emergence of plumule first. Butimaining treatments the situation varied, 83.3
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% of seeds in 1 DE 0.1% treatment showed thedirstrgence of radicle but in longest incubation at
higher concentration (7 DE 1 %) none of the seeblrhdicle emerging first (Fig. 2).

Rice is a monocot plant and the main root is reddyi short lived. In due course of time the
function of absorption of water and nutrients iketa over by adventitious roots. The number of
adventitious roots emerging out from the seedlinmgse recorded and the results show that they
varied from 1 to 10; hence they were divided infedtégnt frequency classes to have a better
understanding of the effect on growth. Althougltdmtrol 50% of the seedlings had 2-4 adventitious
roots, on average, the most common frequency elass the one with frequency of adventitious
roots between 4-6 per seedling. This frequencysct@eommodated 38% of the seeds from all the
treatments, and only 0.8% of the seeds showedigie$t number class i.e. 8-10 (Fig. 3) Significant
variation in the number of adventitious roots peediing due to addition of the filtrate was caused
due to concentration of the treatments (P>1%).

Main root length varied from 3.9 cm (7 DE 1%) tod® (2 DE 1%), while the shoot length
ranged from 7.1 cm (6 DE 0.1%) to 8.8 cm (5 DE 1%¥gtal number of adventitious roots were
recorded from each seedling and there lengths waleee measured individually. 7 Days incubated
extract at the higher dose (7 DE, 1%) had maximwmber of adventitious roots i.e. 55 and the
total length of adventitious roots was also maximuanthe same treatment (118 cm). Root lengths
being an indicator of seedling growth, the roottshatio values reflect the condition of seedling.
We observed that the ratio was minimum in 7 DE 18atment and maximum in the intermediate
incubation treatments viz. 2 DE 1% and 6 DE 0.1T¥e ratio of root length to total length of
adventitious roots indicated that when both the Imens and the total length of adventitious roots
were more, (7 DE 1% treatment), it resulted in mimin value for the ratio i.e. 0.03, while the
maximum ratio was recorded for 5 DE 1% treatmeab(& 1).

Minimum shoot fresh weight was recorded in 6 Dé®tteatment, where it contributed 37%
to the total seedling weight, and maximum values vezorded in 5 DE 1 % treatment (61% of the
total weight of seedling). Incubation period wasrid to cause significant variation in shoot fresh
weight (P>1%). The contribution of root fresh weigh total seedling weight was lower in both the
control and the other treatments also. The corttahuof root fresh weight (total of main and
adventitious roots) ranged from 19% in 4 DE 1% tiremt to 25% in 4 DE 0.1% and, 7 DE 1%
treatments. Here it should be noted that the k¢@tment had the maximum number and length of
adventitious roots. Seeds held from 31% (6 DE 0.i9/#1% (3 DE 0.1%) of the total fresh weight
of seedling (Table 2).

The results obtained for dry weights suggested sbate of the variations observed in the
seedling growth could be due to lack of reserveihzattion from the seeds during germination and
growth process. This is indicated by higher drygheiof the seeds. Shoot dry weight ranged from
0.007 g (control and 1 DE 1%) to 0.009 g in 5 DE ttéatment. Root dry weight was minimum in 2
DE 0.1% and 6 DE 1% treatment (0.003 g) and resheftreatments had higher values than this
(Table 2). It was also noted that although somé¢heftreatments had higher values for seed dry
weight, it did not mean that those seedlings wexerely affected, instead the comparison suggested
better growth than control in many of them, wheheotparameters like root length, shoot length,
root and shoot dry weight were considered togefhgis means that those seedlings which failed to
mobilize reserves from the seeds during germinatiahe initial period, made up the loss by using
the improved fertility coming from the added littertract and synthesizing the biomass through
other physiological processes.

Orr et al. (2005) used both intact live leaves collected friaving plants and also minced
leaves collected from the same source. They regtinta the effect of minced leaves was not always
inhibitory, in fact there was reduction in the nwenlof days to emergence for all species taken as
targets in the study and also the survival of Segdh some cases was marginally increased. The
stimulatory effect on germination and also on thewgh of seedlings as observed in our study also
could be due to a fertilizing effect resulting framatrient release from damaged or decayed tissue (a
P. juliflora is nitrogen fixing also). Similar observationsre@lso reported by Simon and Seated
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(1999). There are other explanations also for timusatory effect like release of hormones such as
gibberellins that may stimulate germination (BraflyMcCourt, 2003), or a release of toxic
compound that breaks down the seed coat (Cohn 1996)

Some of the studies have attributed the negatieetedf litter on target plants to be caused by
soil microbes. Xingjuret al. (2005) studied the effect of Eupatorium adenopiman the growth of
Broussonetia papyrifera and soil (nutrient contantl microbial population). They found that
available N, P and K increased in the treatmentsteldver, when the allelopathic substances were
neutralized by use of activated carbon, it wascestit had no significant effect on growth. Theyonl
significant variation that they could find afterpdipation of allelopathic litter to the soil wasathit
changed the composition of soil microbial communBgsed on this observation they suggested that
the negative effect if any of the allelopathic taon the target species is mediated due to change
the composition of microbial communities, indicgtithat the microbes inhibiting the growth of
target species were promoted after the treatmantut study we did not eliminate the effect of
phyllosphere microbes during the incubation oéfittor sufficiently long durations. But we did not
notice significant negative effect of extract oedgermination and growth of seedlings.

One more argument put forth by Turner and Rice )93 that release of allelochemicals
occurs continuously, affecting the adventitiougdl@uring different physiological stages of their
development and accumulating at certain times atceutrations high enough to reduce plant
development. In our study as mentioned in the rredseand methods section, the extract addition
was continuous (3ml extract added each day), arfddnseedlings were exposed to increasingly
higher concentrations of extract. Hence, whategduction in growth parameters of seedlings was
there, could be attributed to the cumulative effdatxtract addition which cannot be the case, when
the litter is added in the fields for a limited nipen of times. Hence | would suggest that the cancep
of allelopathy should be looked at with broad pecsiwve and attempts should be made to harness
the available biomass of allelopathic tree and lspdxies in the form of organic amendments to soil
so that we can reduce our dependence on the chderitlézers. For farmers with limited resources
it is otherwise also not possible to spare money doemical fertilizers, besides search for
alternatives of chemical fertilizers becomes moegiipent when we take into account the adverse
effects of chemical fertilizers on soil microbialnfctioning.
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Table 1. Seedling growth parameters for differesdtiments.
Shoot Length

Radicle Length

Total length of

www.iiste.org

(10|

i’

Total number. of

(cm) (cm) adventitious roots adventitious roots
(cm)
CONTROL 8.86 +1.49 7.38 £1.23 57 43
1DEO0.1% 10.7 £2.94 85+1.28 70.4 43
1 DE 1% 11.9+ 2.10 8.21 +0.94 52.2 42
2DEO0.1% 10.6 £4.07 7.86 £1.69 31.3 24
2DE 1% 13.1+2.21 8.11 + 0.88 66.3 31
3DE0.1% 8.51+3.18 8.45 +0.84 71.8 38
3 DE 1% 9.21 +3.94 8.48 +1.03 75 33
4DEO0.1% 11.5+3.66 7.86 £1.69 50.4 32
4 DE 1% 10.2 +3.09 9.06 +1.04 84 38
5DE0.1% 11.4 +3.56 7.88 £2.25 57.9 36
5 DE 1% 12.1 +3.57 8.83 +1.18 29.6 22
6 DE 0.1 % 11.2+3.15 7.09 +1.83 58.1 39
6 DE 1% 11 £ 3.67 8.8 +1.59 47.8 26
7DEO0.1% 7.89+3.31 7.94 £0.81 46 37
7 DE 1% 3.94 £1.57 8.08 +1.34 118 55

Table 2. Fresh weight and dry weight different paftseedlings.
Fresh weight ()

CONTROL
1 DE0.1%
1DE1%
2DE 0.1%
2DE1%
3 DE 0.1%
3DE1%
4 DE 0.1%
4DE1%
5 DE 0.1%
5DE1%
6 DE 0.1%
6 DE1%
7 DE 0.1%
7DE1%

Shoot
0.054+0.010
0.054+0.005
0.049+0.011
0.058+0.009
0.056+0.010
0.056+0.006
0.051+0.009
0.060+0.005
0.063+0.009
0.065+0.012
0.078+0.014
0.047+0.009
0.070+0.002
0.052+0.003
0.064+0.006

Root Seed
0.030+0.004 0.044+0.005
0.030+0.002 0.050+0.007
0.030+0.004 0.040+0.003
0.029+0.005 0.050+0.006
0.028+0.003 0.045+0.004
0.026+0.007 0.052+0.012
0.029+0.004 0.043+0.006
0.033+0.017 0.044+0.006
0.024+0.017 0.045+0.006
0.028+0.003 0.049+0.005
0.027+0.004 0.044+0.015
0.025+0.006 0.039+0.007
0.029+0.003 0.049+0.006
0.025+0.003 0.045+0.003
0.033+0.004 0.047+0.003
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Dry weight(qg)

Shoot

0.008
0.007
0.008
0.008
0.007
0.007
0.007
0.007
0.008
0.008
0.009
0.007
0.008
0.008
0.008

Root

.009
0.004
0.004
0.003
0.005
0.004
0.004
0.006
0.004
0.005
0.004
0.006
0.003
0.004
0.006

Seed
0.007
0.009
0.007
0.008
0.007
0.018
0.008
0.009
0.011
0.009
0.008
0.008
0.007
0.013
0.012
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