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Abstract

This study was done to determine the impact of rice straw as a substrate for
periphyton production and phytoplankton biodiversity in earthen fish ponds belongs to the
world fish center. The ponds have the same area of Six 1000 m?and the depth of water
1m. The ponds cultured with mono six Nile tilapia fry in the rate of 3 fry/ m®. All ponds
were fertilized with dry chicken manure in the rate of 15 kg/pond/week, and divided into
two treatments, each of 3 replicates; the first treatment (T1), the substrate free control,
while second treatment (T2) received 45 kg dry rice straw/pond. The samples were
collected monthly from May to December 2017. The quantitative measurements for
phytoplankton showed that total count of phytoplankton in water was higher in T1 than
T2. The rice straw was effective for controlling growth of cyanophyceae compared to
controls, and was capable for inhibiting the growth of Microcystis. Phormidium,
Merismopediam, Gloeocapsa, Lyngbya and Chlorella, but Chrococcus, Synedra and
Navicula sp. had improved growth in the presence of rice straw. Concerning periphyton
the total count was (2103.68 x 10° org. /m? as an average). And Chlorophyceae represent
the dominant group with average (1577.07 x 10° org. /m?). The biodiversity index of
overall phytoplankton genera Taxa evenness were (1.95 and 0.51) respectively in T2 which
indicates that there is a high biodiversity of algae compared to T1 (1.76 and 0.42). The
results of this investigation indicated that rice straw could introduce an accessible practical
and commercial method to increased phytoplankton biodiversity.
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Introduction

Periphyton based aquaculture system generated a lot of importance in
recent years (Tidwell et al., 2000). Various materials like tree branches (Hem
and Avit, 1994), plastic (Shrestha and Knud-Hansen, 1994), split bamboo
(Faruk-ul-Islam, 1996), rice straw (Mridula et al., 2003, 2005), kanchi (Wahab
et al., 1999; Azim et al., 2003a), bamboo (Azim et al., 2003b) have been used as
substrate in periphyton based aquaculture system. Rice straws; however, is widely
available in the farm in South Asia because it is widely cultivated in this region. It
is a low cost material and has low nutritive value (Potikanond et al., 1987).
Farmers often burn them in the field instead of using wisely in the fish ponds that
may pollute the environment. Rice straw can be used in fish ponds to mitigate
turbidity (Yi et al., 2003), and to develop periphyton (Mridula et al., 2003, 2005)
that eventually enhance the fish production. Periphyton-based culture exemplifies
suitable natural food source for fish production (Hem and Avit, 1994) and
performs better than the traditional substrate—free systems. Periphyton-based
systems recommend the potential for improving natural food as well as nutrient
efficiency for higher fish output in enclosed culture systems. Phytoplankton is the
primary producers in several aquatic systems (Gupta and Dey, 2012). Besides its
role in providing the food for aquatic animals, it also plays a vital role in
maintaining the biological balance and quality of water (Benarjee and
Narasimha, 2013).

Relations between species diversity and various environmental gradients
give a distinctive challenge to models of community composition. Attached algae
and plankton are main part of energy fixation (Periyanayagi et al., 2007). Energy
demand of herbivorous carps and tilapia cannot be satisfied only by plankton they
also need larger benthic algae, algal detritus or plant fodder, that can be harvested
more efficiently (Hossain et al., 2007). These types of algae can be grown in the
substrates so that fish can harvest them efficiently (Van Dam et al., 2002).
Therefore, present experiment was conducted to investigate effects of rice straw
on periphyton production and phytoplankton biodiversity in earthen fish ponds.
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Materials and Methods

This experiment was conducted in earthen ponds belongs to the world fish
center. The ponds have the same area of Six 1000 m?. The ponds received fresh
water from El-Ismailia canal which occasionally mixed with well water and
cultured with mono six Nile tilapia fry in the rate of 3 fry/ m% All ponds were
fertilized with dry chicken manure in the rate of 15 kg/pond/week, which divided
into two treatments, each of 3 replicates; the first treatment (T1), the substrate free
control, while second treatment (T2) received 45 kg dry rice straw/pond. Rice
straw was in the form of bundles; which suspended from vertical pillars which
established along the pond sides. The experiment periods extended from May to
December .

Phytoplanktons

One liter of water was collected monthly from the different treatment in
polyethylene bottles. Phytoplankton was concentrated by settling 500 ml sample
in a volumetric cylinder for about 24 hours after being kept in lugol$ solution
(APHA, 1985). The surface water was siphoned and the sediment was examined.
One ml of sample was transferred into Sedgwick-Rafter cell and counted
microscopically. Different algal species were identified according to Boyd and
Tucker (1992).

Plankton species diversity was determined using the diversity index
formula of Shannon and Weaver (1949): H'= - Y (Ni/N) x In (Ni/N). Where

ni = number of individuals of each species.

N = total number of individuals.

Maximum diversity is given by: Hmax =In S
S is the total number of species.

The evenness (E) was calculated by comparing the actual diversity to this
maximum diversity where

E = H\Hmax.
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Periphyton samples

Periphyton samples were collected monthly. Pieces of rice straw was cut
from three different depths and wrapped in aluminum foil for periphyton analysis.
Each sample was transferred to an Erlenmeyer flask containing 50 ml distilled
water and shaken in mechanical shaker for 3 h to separate periphytons from the
straw. Samples were kept in 6% formalin solution (Michael, 1984). Periphytons
were counted using Sedgwick-Rafter cell and counted microscopically. The
number of periphyton units was estimated by the formula:

Where:
Number of periphyton units
Number of periphyton units counted in ten random fields of S-R cell
Volume of final concentrated sample (mL)
Avrea of rice straw (cm?)

Interpretation of Results: For interpreting the observed data, phytoplankton
genera and algal periphyton genera were used for categorization of the water
bodies according to APHA (1989) (Table 1):

Filter Clogging Algae: Closterium, Tabellaria, Navicula, Cyclotella, Chlorella,
Synedra, Anabaena, Palmella, Diatoma, Chrococcus and Flagilaria.

Taste and Odor Algae: Anabaena, Hydrodictyon, Synedra, Peridinium, Volvox,
Tabellaria, Staurastrum, Aphanizomenon, Anacystis, Ceratium and Nitella.

High Organic Load (Polluted Water) Algae: Phormidium, Nitzschia,
Tetraedron, Anabaena, Spirogyra, Oscillatoria, Phacus, Merismopedia,
Gloeocapsa, Lyngbya, Chlorella and Euglena

Clear Water Algae: Cyclotella, Navicula, Flagilaria, Ankistrodesmus,
Cladophora and Lemanea Hildenbrandia, Surirella, Calothrix, and Cocconeis
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Table (1): phytoplankton genera and algal periphyton genera classification
according to APHA (1989).

Classification Genus Classification Genus
Closterium Anabaena
Tabellaria Hydrodictyon
Navicula Synedra
Cyclotella Peridinium
Chlorella Volvox
Filtekcl:logging Synedra Taste and Odor Tabellaria
gae Algae
Anabaena Staurastrum
Palmella Aphanizomenon
Diatoma Anacystis
Chrococcus, Ceratium
Flagilaria Nitella
Classification Genus Classification Genus
Phormidium Cyclotella
Nitzschia Navicula
Tetraedron Flagilaria
Anabaena Ankistrodesmus
- ) Spirogyra Cladophora
H(IgoII?J:gg rv\(;alt_;;ld Oscillatoria Clear Water Algae Ulothrix
Algae Phacus Cladophora
Merismopedia Lemanea
Gloeocapsa Hildenbrandia
Lyngbya Surirella
Chlorella Calothrix
Euglena Cocconeis

Results and Discussion

The total number of identified and recorded phytoplankton species at
different treatments during the period of study is presented in Tables (2, 3, 4 and

5). A total of 23 taxa, belonging to three classes namely; Chlorophyceae (n=12),
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Cyanophceae (n=7), and Bacillariophyceae (n=4) were found in the source of
water, and in the first treatment (control) a total of 28 taxa, belonging to three
classes namely; Chlorophyceae (n=17), Cyanophyceae (n=8), and
Bacillariophyceae (n=3) were found, while in the second treatment (rice straw) A
total of 24 taxa, belonging to three classes namely; Chlorophyceae (n=14),
Cyanophyceae (n=6), and Bacillariophceae (n=4) were found. A total of 27 taxa,
belonging to three classes namely; Chlorophyceae (n=14), Cyanophyceae (n=7),
and Bacillariophyceae (n=6) were found in the source of water. From above
results it was clear that Chlorophyceae was the most highly diverse group and this
result agree with (Hanaa et al., 2014).

Distribution and monthly variations

Regarding the distribution and monthly variations, the total counts of
phytoplankton showed maximum existence in the source of water and T1
recorded in august, and the maximum count in T2 was observed in October
while in T3 the maximum count was found in November and the minimum
count was recorded in May in all the different treatment. The maximum count
of phytoplankton was recorded at T1 (62.15 x 10° org. /L as an average), followed
by T2 (46.12 x 10° org. / L as an average). Then the total phytoplankton
abundance in control treatment (without rice straw) more than other treatment
(with rice straw), this may be due to inhibitory effect of rice straw on
phytoplankton in the pond ecosystem because it may be release phenolic
compounds that a have a synergistic effect on phytoplankton growth
(Shahabuddin et al., 2012), while the least number occurred at the source (4.82 x
10° org. / L as an average).

Concerning the phytoplankton classes, it is clear that Cyanophyceae are the
most dominant group of phytoplankton in the source of water, T1 and T2 with
average numbers (2.29, 50.6 and 35.4 x 10° org. / L) respectively. The shift in
algal composition of treated ponds form cyanobacteria to chlorophyceae might be
useful in control of toxic cyanobacterial species such as ichthyotoxic species
Microcystes (Geng et al., 2006; Wu et al., 2007). Besides, it provides important
information that rice straws could probably be used as a management strategy for
improvement of water quality in water bodies.
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Table (2): Maximum, mean abundance; frequency of occurrence and Composition of

phytoplankton genus in the source of water

Division Cenus I Im':‘tdflﬁ:u?da}:a‘- Alean | Fregquency | Composition
Chigrella Dracemiber 0231 13.051 4.782
Eirgiee fre lin Dracember 022046 11.667 4284
Tetrasdron M ovember 0016 0005 0.332
S¢ ene desmus W ovembser 0.153 B.&6E 3.183
Closeriug Dracember 0450 25 465 L5351
Terrastrum July 0030 1.7058 0.626
Chisraphy ceas Pediartnon July 0041 21334 0857
Faolox Aupest 0202 11.383% 4.184
Coelastmog Aupest 0052 20873 1088
Sele namrum Tuly 0010 0455 0.205
Monoraphidium Jun= 064 3581 1318
Palneiia Saptember 0313 17.686 §.404
Total Dhecember 1.768 100 34.711
Anabena July 0118 5157 2.443
Lingbva Avguzt 1501 85,543 31177
Merismope dia Seprtember 0280 12236 5.820
. Mie pp cystis Ammust 0070 3054 1.452
Cransbocteria
) Gloesc apsa Saptember 00536 1585 0.754
Chroc occ s Juna 0254 11.084 5.172
FPhormidime July 0051 1.3587 0.6448
Total Angust 114 100 47571
Caclotella M ovember 0017 15.658 0.360
Synedra Dracember 0080 61,855 1657
Bacilaraphy ceas Crymatopieura July 0021 18.634 0.438
N i wia May 000D §.22% 0.180
Total July 127 100 2.637
Euglenophyceas Total Exe. Septe mber 0.630 100 13081
Total count Aungust 4516
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Table (3): Maximum, mean abundance; frequency of occurrence and Composition of
phytoplankton genus in treatment (1).

Division Gems o h‘gﬂﬁ:a:a. Alean Frequency | Composition
Chisrelia Amenst 1.354 13873 2.185
ki hnsirella Deecember 0.51% 5.300 0.234
Tk raedron October 0.18% 2.042 0.321
Scenede prus O totber 4.405 45108 T.0BE
Closterium Dicember 1.152 11.783 1.853
Tk trastrus Anpmnst 0.531 5430 0,854
Pedinztrion Movembar 0.061 0633 0,080
COSmarilm May 0.007 0.074 00116
Chisraphyes ae Tetradrom Novembear 0.110 1.]_.Jf -:‘-.1:'
Coelasrum Anznst 0.04% 0.50 0.078
Selenastrums September 0.152 1.550 0.245
Folvox Auvust 0,428 5004 0.786
Monoraphidim July 0.438 4.457 0.701
CPLCIEE HET July 0.028 0.283 0.048
Treubari July 0.014 0.145 0.023
Diciyosphas raomm July 0.034 0.334 0.055
Palmeilla September 0.211 21635 0.33%
Total October 9767 104} 15714
Anabena Movember 0.068 1.210 1.55
Lynghva Amnenst 41587 24004 GB518
Merizmopedia Saptember 5310 10475 2.344
Microcysts O tobar 0. 708 1.575 1.285
Chansbaceric Fhormidium Deecember 0.0:25 0403 0,040
Giloe ocapsa September 0.055 0. 100 0.082
Chrococ cws MNovembear 0.042 1.250 1.517
Spiruling May 0.0407 0.014 0.011
Total Aungust S0.606 104} 81 565
Srnedra Diecember 0.154 403500 0.247
Bucillarophyee as Navicwla September 0.076 24553 0.123
- Cymatepie ura Anznst 0.081 26046 0.130
Total Aungust 0.311 1040 0500
Euglenophyeeas Total Eug. December 1.378 100 1217
Total count Angust 62154

Cyypudil J. Ul FI1yCUlL. VUL 10, ZUL/ - Vv -



Evaluation of phytoplankton diversity in periphyton based aquaculture system

Table (4): Maximum, mean abundance; frequency of occurrence and Composition of
phytoplankton genus in treatment (2).

Divizion Crenus o Imﬁiﬁﬁza:e 3 Alean Freguency | Composiion

Chiloreila D ember 0545 6205 1.182

Eirchne inelin Novembar 0410 4 561 0.BEE

Terrasdron Novembar 0110 2382 0455

S¢ene desmus Ocober R 42028 2008

Clasgrium D ember 1512 17205 327E

Terrastruo September 0,640 T283 1387

CPLCIgERLG July 0008 0005 001e

Chlorophyce as Folvox Septembear 1072 12 200 2324
Monoraphidium Ocmber 0383 4473 0.852

Dic f osphaerium September 000D 0.101 0019

mlsnastom s Ocober 0.103 1171 0223

Treubaria Angust 004D 0455 008G

Palmella D ember 0112 1270 0242

Coelastrum Anpust 0040 0455 0086
Total Septem ber 8787 1y 19054

Anabena July 1535 4332 3328
Lingtia Anpust 20 020 21 oD6 52,020

Merismope din Septembear 3004 B.730 §.714

Oy amebac e ria Mirecusis Ocmber 0570 1634 1255
Floeos apsa June 0028 ooTe 00D

Chro oce 18 Diacember 1172 3308 2540
Total Angust 35 430 1y TH.829

Curclotelia Novembar 0027 6243 0059

Synedra Novembar 01gse 45516 0430

Baedlarophy ceas Cimeatopleura Septembear 0085 18447 0184
MNeng i wla June 0.126 2r702 0172

Total MNovember 0436 1} 0845

Euglenophyceas Total Eug. December 1.461 100 3168

Total count October 46 115
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Table (5): Maximum, mean abundance; frequency of occurrence and Composition of
periphyton in terms of the pond surface area in the rice straw treatment.

Division Genus nenpigman | Mean | Frequency | Composition
Pediartrion Azt 4776 0302 5071
Chigreiia Dacambar 208 SO0 13227 0013
Eirghmeinelin Diacambar 445,504 1048 2210
Tetrasdron Dragemibar 3B.104 2.421 1.E15
Scensdesmeus September 375851 23838 17871
Closterium W ovembar 3TROTT 24038 18.01%
Terastrum September 45,004 2874 2220
Chlorephyesas Cosmarium Dacambar 18,548 1.163 DET2
Selenasrums September 5375 0.340 0255
Folvox W ovember 331.755 21036 15,770
Monoraphidium W onvember 45484 2.BE4 2162
Palmella W ovembar 10.474 0664 0487
Di prosphasrium September 2.845 0.180 0.135
Cpelastrum Anpgust 62, TTT 3080 15284
Total November 1577070 1} 74047
Anabena Diacamhar 10.520 3.01% 0500
Lynghva September 20307 15634 4345
Merismope dia W owvembar 7.303 T8 4525
. Phormidim Septembar 40,178 11531 180%
CQanobacteria Mirocymis September 7378 2118 0350
Gloeoc apsa September B837 2470 0410
Chroe o6 15 W ovembar 05085 27287 4518
Total Sepiember 345388 10} 16 560
Cuciote la W ovembar 2376 2 B56 0112
Svnedra W owvembar 15.662 18828 0744
Maviula W owvembar 445 880 56357 21228
Eacillarophyesas Cimmaropleura Auvgust 20615 3.144 0124
Nitesc iz Septembar 1361 2.B3D 0112
Tabelaria Diacamhar 13.287 155874 0631
Total November 83.184 10} X2
Euglenaphyesas Total Eug. Dve cember 85037 100 4517
Tatal connt November 2103.681
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Concerning species composition and frequency, it is clear that Closterium
and Palmella sp. were the dominant genus among Chlorophyceae in the source
with average number (0.451 and 0.313 x 10° org./L) respectively, and the
Scenedesmus sp. was the dominant genus among Chlorophyceae in T1 and T2
with average number (4.40 and 3.69 x 10° org./L) respectively, While among
Cyanophyceae it is clear that, the most dominant genus was Lyngbya with an
average number (1.50, 42.58 and 29.02 x 10° org./L) in the source, T1 and T2
respectively, and among Bacillarophyceae, the Cymatopleura is the most
dominant genus with an average number (0.021 x 10° org./L) in the source, and
the Synedra is the most dominant genus in T1 and T2 with an average number
(0.154 and 0.199 x 10° org./L) respectively. The rice straw inhibited the growth of
some polluted algae common in fresh water such as Phormidium,
Merismopediam, Gloeocapsa, Lyngbya and Chlorella, however, Chrococcus,
Synedra and Navicula sp. had improved growth in the presence of rice straw.

Periphyton is the total assemblage of attached aquatic flora and fauna that
are more easily consumed by fish. In usual fish ponds, as in the case of the
substrate free control, the pond bottom presents the only substrate for benthic
algae to grow (Azim et al., 2003b). Apparently this produces less food to meet the
requirements of most culture species. However, rice straw as additional substrates,
provide more algae which provide natural food to increase fish yield. The
periphyton community constitutes a main factor of aquatic biological systems; it
includes both the phyto-perithyton and zoo-periphyton and sometime aquatic
insects (Biggs, 1987). In the present work, phyto-periphyton only recorded as
periphyton.

The periphyton community was composed of Chlorophyceae, which
includes 17 taxa (Chlorella, kirchneirella, Tetraedron, Scenedesmus, Closterium,
Tetrastrum, Pediastrum, Volvox, Coelastrum, Selenastrum, Monoraphidium,
Palmella, cosmarium, Tetradrom ,crucigenia, Treubaria and Dictyosphaerium),
Cyanophyceae, was composed of 8 taxa (Anabena, Lyngbya, Merismopedia,
Microcystis, Phormidium, Gloeocapsa, Chrococcus and Spirulina) and
Bacillariophyceae which represented by 6 taxa namely; Cyclotella, Synedra,
Navicula, Cymatopleura , Nitzschia and Tabellaria. The total count of periphyton
was (2103.68 x 10° org. /m? as an average). And Chlorophyceae represent the
dominant group with average (1577.07 x 10° org. / m?). The Closterium and
Scenedesmus sp. were the dominant genus among Chlorophyceae with average
number (379.07x10° and 375.95 x10° org./ m?) respectively while Merismopedia
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was the most dominant genus among Cyanophyceae with an average number
(97.30 x 10° org./ m® and the Navicula is the most dominant genus among
Bacillariophyceae with an average number (46.88 x 10°org./ m?). (Table 5)

Further, it was again confirmed by the analysis of phytoplankton and algal
periphyton genera as per APHA (1989) as mentioned in the methodology, the rice
straw inhibited the growth of some toxic algae common in fresh water, where the
T1 was categorized under the organic load water algae compared to T2 (Tables 2
to 5).

The biological diversity was measured by Shannon and Weaver diversity
index (H") and evenness. Diversity is dependent on key environmental processes
such as predation, competition, and succession; consequently changes in these
processes can alter the species diversity index throughout changes in evenness
(Stirling and Wilsey, 2001). A community dominated by one or two species is
considered to be less diverse than one in which several different species have a
similar abundance. Usually the value of the index ranges from 1.5 (low species
richness and evenness) to 3.5 (high species evenness and richness) (Shannon,
1948).

The biodiversity index of overall phytoplankton genera taxa evenness were
(1.95 and 0.51) respectively in T2 which indicates that there is a high biodiversity of
algae compared to T1 (1.76 and 0.42) which indicates that the rice straw increased
phytoplankton biodiversity, while the diversity and taxa evenness in periphyton
were (2.18 and 0.28) which indicates that there is a high biodiversity of algae and
that the number of species is unequally distributed among algae taxa (Fig. 1).

Biodiversity Eveness

2.18
1.95

0.86

0.51
0.42
0.28

source T1 T2 periphyton

Fig. 1. Evenness and diversity of phytoplankton and periphyton at different
treatment
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Conclusion

From the results of the present investigation, it could be concluded that the
use of rice straw in earthen fish ponds to produce sufficient quantity of
phytoplankton and periphyton for fish pond management is better and safe and
application of rice straw reduce growth of some toxic algae widespread in fresh
water.
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