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Abstract

Rice straws which arc otherwise an agricultural wasle product and the buming of straw
causing the biack cloud in Della Egypt may be an environmentaliv friendly and sustainable source
ol a bicalgicide. The algicidal cilecls of the rice straw exiract on the growlh of  Microcysiis
gerugimesa were investigated using cultured two solate RY AN isolate aml] CLAR isolate in specific
media and natural waer (CLAR pond water. RY AN pond water and RYAN lake water ) Lhe
experiment carmied oul 3t plankton room lemperature 20+1 with 14 h: 10 b light dark photo period .
The arowth of Microcystis erwginose was inhibiled by rice straw extract concentranions at 0.1, 0.5,
2.5, and 12.5 mg1” in specific media and inhibited at concentration 0.1, and 0.5 n natural water.
All four treatment concenirations of the Tice straw extract, the number ol A seruginosa cells was
significantly reduced during the 10-day test period (P = 0.05) The growth imhibatioa - of W
aerugingsa with 12.5 myg I'' of the rice sirew extract was higher than (hat with the other extracl
concentralions in two isolate. Mo significant diflerence was found between the other treatment
concentrations. Three matural water from two field ponds and the Rayan Lake were used 1o test the
alzal srowth inhibition over a period of 10 days. The reduction growth of Microcysiis aeruginosas
was increase with time of experiment increase, it was more than 70% from control. The results
sugrest that the rice sraw extracl may serve as environmenlally friendly agents foe conmrolling the
growih of toxic Microcystis aerughosa in nutural water.

Keywords: Microcystiy aeruginosa © Fice Straw extract ; natural wates | algicides .
INTRODUCTION

In recent vears, there has been an apparent increase in the oceurrence of harmiul algal
blooms occurring in potable waters, Microoysiiy aeruginosd 15 the maost common species of bloom
camsing, cyanobacteria. Many smains of Microcystis are known o produce  cyanoisacierial
hepatotoxins termned microcysting (Db ef sl 20000 Y ammen er waf OO, These toxing, which are
soluble peptides. damage the livers of higher animils {Codd and Poon. 1985, Watanabe e al.. 1959)
and are beahal or harmful o many kinds of aquatic orzanisms (Penalora o al. 1990, Therefore,
control of microcystin-producing Microcystis is an important eavironmental and pablic health issue.

Variows chemical or svnthetic apents (¢.2.. copper. chlorine, aluminum. caleium, and potassium
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perimanganale) are used to control noisance phyioplankion and weeds in agualic ecosvetems.
Howoewver, these algicides oflen induce secondary pollution such as the release of phyviotoxins, which
threaten drinking water supplics. persist in the environment. and are toxic 1o fsh (Lam of of . 1095
Faran «f ol 1998; Bovd and Massaut. 1999 Mespagaly of o, 2003). In recent effors to control
xi bloom-forming Microcysts, aleicides from namral biomateruls have received allention as
alterrarives Lo chemical agents. Such algicides are likely to be specific and biodesradable, and riy
therefore offor an environmentally friendly method for conirol of alzal blooms (Fark & of., 2(RkGa b
Furthermore, the growth of M aeruginose is inhibited by 1- 2Z-weetidinecarboxylic ackd from
Palygonatum odoratum var. plurifloram (Kim e ol 2006}, salicylic acid from rice straw (Park o
al., 200Ga), tannic acid from oak extracts (Park & o, 20065), and several compounds isolated from
rice hulls (Chung er i, 2007). However, these studics used unicellular M aerugima sirins. We
think thar it & important to test the effects of natural algicides on problemstic colonial M
gernginosa. Extracts from rice hulls have recently been found 1o have herbicidal and algicidal
effects (Ahn, & Chung 20040; Chung o ol 2007). Rice hull is the major bv-product of Thus, rice
hulls, which are ntherwise an ayricultural waste product. may be an environementa Uy friendty and
sustainable source of a bicalgicide, The allelopathic sctivity of plants, such as rice straw. has
alrcady been documented. and phenolic compounds mnvariably identified as the allelopathic or
phytotoxic substances (Rice 1984; Indejit er al. 1995; Chung ef af. 2001). Fxtensive research has
also been conducted on the effect of allelopathic plants on microalgee, as regards inhibiting algal
bloom in the fikld and laboratory (Gibson et of. 1990; Welch er ol 1990; Barrett er al. 1996; Ridge
and Pillinger 1996; Nakai o al. 2000; Ball e ol 2001} For example, a barley straw extract was
fuundd 1o elfectively inhibit the growth of several planktonic znd flamentous algac in the Eabaralony
and reservoirs {Gibson ef . 1990; Barreil of af. 1996). The allelochemicals released from barley
and rice siraw liomil the germination, growth, photosyvnthesis, respitation and metabolism of other
plants. and consist of phenolic compounds. such &= p-hydroxvbenzoic, p-coumaric, ferulic, vanillic,
salicylic. syringic and henzoic acil (Rice 1984 Inderjit of of. 1993; Chung er @ 2001). Thus, the
phenolic compounds in rice straw may inhibil the growth of the cvanobacierivm Microcystis
acruginoss. Many kinds of chemical agent or synithelic compound. including copper, chlorine.
aluminium, caleium and polassium permanganate, are currently wsed 1o control phyvtoplankion and
aquatlic weeds in lakes. reservioirs and ponds. However, chemical algicides such as copper sulfate
exhibited toxic eflects on fish (Karan & ol 1998). They also can induce secondary pollution, by
releasing phytotoxing that imorense potential health risks in drinking water supplics {Lam o af.
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19951, Therelore, in the context of comtrolling alzal blooms. the use of rice straw iy be an
alternative way to minimize economic costs and use sustainable material from agriculral waste

{Chunga er i, 2001}

MATERIALS AND METHODS

Algal strain and culture conditions

The cvanobacterium A aermgieosa ((RAYAN isolate) and (CLAR isolate) were salazed
in specific media (Allen medium) from Ryan lake water and the CLAR water pond a1 The Ceniral
Lab For Agusculiere Rescarch in Abbussa, | The algal isolate was grown in an Allen medium (Allen
1968}, maintained at 287°C on a 14 ke 10 h LD cycle m a shaking incubator, and illumusated at 100
wmol photons m™ 57 by cool-white fluorescent lamps for 2 weeks. The composition of the Allen
medium wis (in mg) 1500 NaNO,. 38 K.HPO,, 75 MgS50,-THZO0, 21 Ma00,, 2T Call,, 58
Ma-5i0y, 9H20, | EDTA. 6 citric acid, 6 ferric citrate, 2, 86 138035, .81 MnCL2. 4H.0, .22
ZaS0,-TH,O, .39 NaMold,, 2H0, 0.08 CuS0,, 5110, and 0,05 Co{NOy),, 610 in 1000 ml of
distilled water, The pH of the medium was adjusted to 7.8, For the seed calire, 10 ml of the culture
wats transferved to 2 250-ml cullure Oask with a fresh %0 mi of the Allen medium.
Extraction of rice straw

The rice straw were obtained from private farm in Wady Almelsk Abou Hamad Sharkia |,
cut into uniform lengths (2 cm), and crushed. The exiract was then obtained using the modified
method of Suzuki e of. {1998). The sraw strps (100 2) were mixed with methanol (1500 ml) and
somicated for 10 min at 30°C. The solulion was then filtered through glass fiber paper (Whatman
GLYC) and evaporated. The resulting extract was concentrated to %5 (dry weight basis) and stored
in a freezer (-107C) until reguired
Growth inhibitivn by Rice Straw extract

All the M asruginesa rrowth inhibition experiments were carried oUt at room (emperanire
{26 L 2 °Cy with a 14 h- 10 h LD photo period. To examine the effect of different concentrations of
the rice straw extract on the cyanohacterium, M. gerugimesa Was cultivated in specific media, Allen
media reated with 0.3, 0.5, 2.5 and 12.5 mg I of the rice straw exiract compared with control
{without rice straw). The number of M cerugisoa cells was enumerared ar 2-day Iiervals using,
Quantitative estimation of M. gernginese cells , [ ml was drawn and placed inter Sedgwick-Rafter
cell. and then it was microscopically examined for counting the colony and count the aversge
number of cells in the cobony , APHA (19 $35), The results were then expressed as cell coums ml 7,

to determine any changes in the cell density over 10 diys. Meanwhile, to understand the effect of
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FLIYIT
rice straw extract inhibition on the cyanobacterium, M aeruginosa (CLAR and RY AN isolate) weore
cultured in three kinds of natural water from two ponds: one from CLAR pond and other from Kyan
pond naturally infected by Microcysties aeuriginosa and the third from the Ryan lake water) and its
growth compared when using 0.1 and 0.5 mg I, four replicates for each treatment compared with
the control from three kinds of naturalby
Sterilceation of fish pond water

Sterilized fish natural water, naturally infected with Micracystis by adding 3 ml/l Chlorox
{comman houschold bleach, 5.25% chioring) to the water for 24 hour can be neutralized by adding
sodium thigsulfale [% concenteation (use 1.1 mI 101} Connell, GLF. {1996). Amalvses of pH, M, P,
alkalinity, hardness, and Ammonia were carried at the start and end of experiments.

Ll for tested the toxicity of Misreoestiv by sertal dilution from Micrecysas 10, 107, 107
10°, 10°, 10%, 10°, 10"cellsim] ten fish Chreochromis niloticus average size 231 L (k28 in aguariam
contamn 3 liters sterilized water fish pond for 96 hours,

Experimental design

Twenty Flasks were filled with 0.25 L of sterilized Allen media . and Tour Flasks were
assigned for cach wreatmenl. Rice straw exirmt was added from the stock solmtion @ four
concentrations (.1, (.5, 2.5 and 12.5 mg/l supplemented by Microsystis seraginoss (107 cells/ml).
The second cxperinent

Twelve carboys were [illed with 10 1. from natural water from CLAR pond water and four
carboy were assigned for cach treastment (0.1, 0.5 mg/l-1 rice straw cxtract) and four &5 control
(wilhout rice straw exiract) all carboys supplemented by Micracystis aeruginasa (10* cells'ml) and
repested this experiment with the two natural water (RY AN pond warter and RY AN Lake water)
Mhata analysis

The reduction zrowth was calculaled using the modified eguation

Roduction growth % - Control -~ Tresimen!  x g

Ciomitriv]
The difference in the cell densities between the treated and control cubture was amitlyoed using an
analysis of varance (ANOVA) and the dala compared wsing linear contrasts. A P-value of < (.05
was considered signilicant. All staristics were rmn on the compater, using the SAS program (SAS,

RO

174



GAMMALM A M ANDD. A B AL-KENAWY
RESULTS

Growih inhibition of M. acragingss by rice siraw exiract

T'he inhibitory effect of the rice sraw extracl was quite distinct eompared with the control

Fig, 1 [A&B)
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For all four reaiment concenirstions of the rice sieaw extract, the number of M aerupinosa
cells was significantly reduced during the 10-duy 15t period (P < (1.003). The growth inhibition of A,
aeruginosa With 12,5 mg I of the nice siraw extract wis higher than that with the other extract
concentrations in two wsolates (RY AN and CLAR). No significant dilference was found berween the
other treatment concentrations. Three natural water from two lield ponds and the Rayan Lake wers
used 1o Lest 1he alzal zrowth inhibition over a period of 10 days. In the mediom from CLAR preaned
(NO; N, 0.16 + 002 mg/T; F. 1.2 £ 0.3 mg/l, pli. $2 £ 0.3, hardness 226 + 14mg/l. Alkaliniy 220
L 12 mg/l cells with 0.5 me/ | of extracts were similar to those with 0.1 mg/ | of the regular exiract

until day 7. at which pont. reduced cell numbers were mobed wintil day 10 Fig. 2 {A&B).
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Mo difference was found hetween the groups ineated with the 1wo concentrabion of Tice exirscis,
while & relatively higher reduction was observed in Ryan pond (NO; -N, 0112+ 0.03 mg'l . P, 0.11
L .03 my'l pHLR-S + 0.3 hardness 320 4 30mg/l, Alkalinity 200 + 12 mg/and Ryan lake water (NGO,
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M, 0 L 0002 myl ; P, 0.03 £ 0.01 me, pH.8.5. hardness 340mg/1, Alkalinity 220 ma/1 media

Fig. 3 (A&B).
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The growth inhibition ¢ffect of the rice siraw exiract was much higher on diay 9 than on
day 3 and &, Therelore, it scemed that 1he combination of W and P concentrations in water and the
period of treatment had wn allect on the allelopathic sctivity of the rice straw extract on M

PRI L.

DISCUSSION

It wies clearly demonstrated thal the rice straw extract effectively inhibited the growlh of
M. geruginasa i specific media and natural water, The number of M. aeruginosa cells significantiy
deerensed with all treatments relative to the conmrol. The resulls obtained were similar to those
previously found when using barley siraw for varous test microalgae (Gibson er af. 1990; Welch er
al. 1990; Barrent e of, 199%6; Ridge and Pillinger 1996; Ball er of. 2001, In addition, both the two
concentration (.5 and 0.1 mg/l nce extract also effectively reduced the number of M aernginosa
cells in the three natural media, sugpesting that allckochemicals releused from the rice straw exiract
were able 1o dilfese through a membrane (her and minimally destroved by heat. Most of the
albelochemicals in rice straw are well known as phenolic cempounds, i.c. ferulic, p-hvdroxybenzaic,
préoumanc, vanillic, salicylic, syningic and benzoic acid (Rice 1984: Indegjit er of. 1993%; Chung er
al. 2001, In previous studics, several allelopathic chemicals have been wentified from rice leaf and
straw eximicls, decomposing straw and rice soil. The phenolic compesunds in rice are also very
similar to those in barley {Inderit er al. 1993). The release of phenclic compounds, such as ferulic
wcid and p-hydroccybenzoic acid from the decomposition of barlev straw cell walls and low

moleeular weighl aromatic compounds from the incomplete decomposition of liznin, has already

heen found to play & erucial role m the inhibition of lgse (Indesjit er ol 1995; Ridge and Pillinzcr
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19961, [lowever, in the present study, the growth responses of M gerwgincia o the allelochemicals
included both inhibition and stimulation. Growth was significanthy mhibited with the addition of
salicvhic acid. while the other six allelochemicals were able to inhibat or weakly stimuolate the alzal
growth depending on their concentration . Tillberg (1970} fuund fhat saficylic acid al copcentrations
of 107 — 107 mal 17 (0.138-138 mg I'") decreased the phosphorus uptake of the alga Scenedesmus.
Meanwhile, Scharff and Perrv (1%76) reported that under anacrobic conditions, ar a low pH and
30°C. weast bost K ions in the presence of salicylic acid and glucose utilization was inhibited. “Thus.
they consluded that 2 fendamental action of this compound in many organisms was o reduce the K
gontent in the cells. The growth of M aeruginoes was decreased signifcantly by 70% and 80%
relative to the control with ©. | and 0.3 ma I of the rice sirew extract. respectively (P = 0L05).
However, in the pervious studics each individual allelochemical only exhibiled a low growth
inhibition (0-26%) compared with the rice straw extract when added at concenirations of 0,01 and
0.1 mg T'. Dedonder and Van Sumere (1971) previously demonsirated that almost 40 phenolics
effectively inhibited the growth of the green algs Chlorells vdgaris, due 1o the enhanced pespiration
of phenolics, including the uptake of oxygen. Meanwhile. Rice ef ol (1950} demonstrated that five
phenolic inhibitors (ferulic, p-hydroxybenzoic, p-coumaric, o-hydroxyphenylacetic and vamilhic
acid) from the decomposition of rice straw inhibited the growth and nitrogen fixation of Anabacna
eylindrica. In particular. they reported that a combination of all five compounds was more effective
in inhibiting the growth and nitrogen fixation. mdicaling a synergistic effect. This iz especially
important, #s the five compounds always oceur together in rice residus decomposition (Rice 1984},
In addition, many researchers showesd that a combination of three phenolics (p-coumaric, salicylic
and benzoic acid) 3l @ Nnal concentration of 0.01 me 7' produced a higher srowth inhibition (86%0)
than each individual phenolic at the same conceniration, indicating thal the presence of many
allelochemicals at low concentrations in rice siraw probably promotes @ high synergistic, agres with
parr results where the reduction growth were maore than 75% from the control

In conclusion, M aeruginosa was cilectively inhibited with a Jow concentration (0. | mg
'} of a rice straw extract. Morcover, the inhibilory activity of the rice straw extract on AL
aeriginesa was likely duc to the synergislic effect of various phenolic compounds i previows
studies. Consequently, these results indicating thar a rice straw extract can inhibit the growth of the
microcvstin-producing cvanobacterium M. seruginesa have an additional signilicancs # a factor
that could reduce the health threat posed by cyanohascierial blooms. Thus, fulure studies will tost the

anti-algal effect of the rice straw extract in the field and other organisms, like zooplankton and fish,
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