KSU Doga Bil. Derg., 20(1),28-34, 2017 Arastirma Makalesi/Research Article
KSU J. Nat. Sci., 20(1), 28-34,, 2017 DOI : 10.18016/ksujns.26348

Diagnosis of Nematode Populations Found in Chard, Barley and Onion Grown
in North of Irag and South of Turkey

Kamal Hussein KAREEM!? Nassar Hashim AHMED? Tolga GURKANL,
Neziha Gamze AKBAY? Shirkoo Ameen Fateh SALAJ! Ramazan CETINT ASZ/’

IKSU, Graduate of Natural and Applied Sciences, Bioengineering and Sciences, Kahramanmaras
2KSU, Agricultural Faculty, Department of Plant Protection, Kahramanmaras
D4 cetintas@ksu.edu.tr

Gelis (Received): 08.08.2016 Kabul (Accepted): 15.09.2016

ABSTRACT: The soil samples of three different crops namely Chards, Barely and Onion in south part of Iraq and
north part of Turkey during 2014-2015 were examined and the abundance, distribution and genera of nematodes
were diagnosed based on their community compositions and trophic groups. Nematodes from 230 collected soil
samples from both countries extracted by Baermann systems, identified, and quantified by microscopic
observations. Total number of genera belonging four trophic groups of nematodes were 19, 11, 7, and 8 for free
living, plant parasite, omnivorous and predaceous nematodes, respectively. In Iraq, the highest numbers nematodes
were found in free living genus of Cephalobus with 600, 1044 and 693 individual for Chard, Barley and Onion,
respectively. Overall, in Turkey, the highest numbers of free living nematodes were also found in genus Cephalobus
with 446, 492 and 541 individual for Chard, Barley and Onion, respectively. In study, the greater free living
nematode densities in all three crops from both counties were Cephalobus followed by Chiloplacus, Rhabditis,
Monhystera, Eucephalobus, Acrobeles and Wilsonema. On the other hand, the highest densities of plant parasitic
nematodes were observed in Tylenchus, Pratylenchus, Aphelenchus, Filenchus, Ditylenchus, Aphelnchoides,
Heterodera, Meloidogyne and Helicotylenchus. Current study indicated that the number of nematodes genus
occurred in both countries differed, because of possibly different soil and environmental conditions for nematodes.
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Tiirkiye’nin Dogusu ile Irak’in Kuzeyinde Yetistirilen Zeytin, Asma ve Karisik Meyve Alanlarindaki
Nematod Yogunluklarinin Tanimlanmasi

OZET: Tiirkiye’nin dogusu ile Irak’in kuzeyinde yetisen pazi, arpa ve sogan alanlarindan, 2014-15 yillarinda,
alinan toprak orneklerinde goriillen nematodlarin trofik yapi ve cinslerine gore yogunluklari, dagilimlar ve
biyogesitlilikleri arastirilmistir. Her iki iilkeden alinan toplam 230 toprak 6rneginde nematodlar Baermann sistemi
yardimu ile elde edilmis ve 151k mikroskobunda teshisleri yapilmistir. Caligmada, dort trofik gruba ait nematodlarin
cins sayilart bitki paraziti nematodlar igin 11, serbest yasayanlar i¢in 19, predatdrler i¢in 8 ve omnivor nematodlar
i¢in ise 7 adet olmustur. Calismanin Irak bolgesinde, en yiiksek serbest yagayan nematod sayis1 Cephalobus cinsinde
bulunmus olup sirasi ile pazi, arpa ve sogan i¢in 600, 1044 ve 693 ve Tiirkiye i¢in ise bu sayilar sirasi ile 446, 492
ve 541 olmustur. Calismanin tamamina bakildiginda her iki iilkede de Cephalobus’dan sonra sirasi ile Chiloplacus,
Rhabditis, Monhystera, Eucephalobus, Acrobeles ve Wilsonema cinsleri takip etmistir. Diger taraftan, ¢alismada en
yiiksek bitki paraziti nematod sayilar1 sirasi ile Tylenchus, Pratylenchus, Aphelenchus, Filenchus, Ditylenchus,
Aphelnchoides, Heterodera, Meloidogyne ve Helicotylenchus olmustur. Mevcut ¢alismada her iki iilkede mevcut
fakli toprak ve gevresel faktorlerden kaynakli nematod cins ve sayilarinda farkliliklar gézlenmistir.

Anahtar sozciikler: Biyocesitlilik, nematodlar, trofik grouplar, yogunluklar

INTRODUCTION which cover all main trophic consumer levels and are

The Phylum Nematoda is extremely varied in terms  associated in the degrading of dead organic material,
of species richness and one of the most plentiful  nutrient cycling and microbial activities (Bardgett et al.,
metazoan groups on earth. Nematodes cover nearly 90%  1999).
of all multicellular organisms. Soil nematodes are From an environmental viewpoint, nematodes are
considered a good indicators of soil quality and play an  part of nearly all ecosystems in their roles as herbivores,
important role in essential soil processes (Neher, 2001).  bacterivores, fungivores, omnivores, predators, plants
Nematodes are abundant in soils and contain a high and animal parasites, and as consumers of organic
level of trophic variety (Bongers and Bongers, 1998; matter. They are crucial in the flow of cycling and
Yeates et al., 2009) and they could provide significant  energy of nutrients (Abebe et al., 2011). Nematodes are
nitrogen and biomass mineralization to the plants. The also important controllers of remains degradation
sequences of crop turnover in the soil including various  (Ruess and Ferris, 2004). Because nematodes sustain a
crop varieties can also effect nematode presence, various life history strategies and gain different food
community structure and diversity (Rahman et al., sources, they are considered as a part of trophic levels in
2007). Feeding strategies in the nematodes are varied the food webs (Hsieha, et al., 2016). Nematodes play a
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remarkably role as bio-pointers of soil health (Wilson
and Kakouli-Duarte, 2009). However, some of parasitic
nematodes are very important economically across to
world, due to their negative effect on cultivated crops,
on some animals and people (Blaxter et al., 1998).

The aims of the study were; a) to compare
biodiversity of nematodes occurring in fields of Chard,
Barley and Onion growing areas of Iraq and in Turkey.
b) to determine the population and effect of nematode
genera occurring in different crops of both countries.

MATERIAL and METHODS

Study Area

This research was conducted to determine the
nematodes populations and their biodiversity in
agricultural soils of two countries, Turkey and Iraqg.
Samples were taken from the agricultural field
cultivated with different crops during 2014 and 2015.
Soil samples were collected from Chard, Barley and
Onions fields in two city of Irag namely Erbil and
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Kirkuk and 5 vcities of Turkey including
Kahramanmaras, Gaziantep, Osmaniye, Adana and
Sanlhurfa. Location of each sample taken were recorded
by Global Positioning System (GPS) (Figure 1, 2).

Field Survey

In this study, a total of 230 samples were collected
from Chard, Barley and Onions grown soils located in
both countries of Irag and Turkey. The soil samples
were taken randomly from top 5 to 25 cm in depth with
representing the entire sampled field. Samples were
taken based on 6 sub-samples (cores) by a zigzag
pattern. Approximately 500 cm? of soil volume for each
samples were placed into a polyethylene bag to prevent
sun light and high temperature exposure. The taken
samples were labeled with information needed and
transported to the lab in an ice chest for further
evaluations. The abundance of nematodes were
determined based on 100 cm® sub soil samples for each
location of each crop.

LIRS
permNUSaybin ! :
»?

orth ofi'l rag.

(48768 m _eArovir o 8

€000 964704 m

778.96m b .01 m

o iimummil 720 .60 m | ) '
Wsekeroba 451 00 m — s Al

628.84"504.30 m

@issice |
d(?sman'ge‘ y

Figure 2. A view of soil sampling areas of south of Turkey.

L

y Ty A
R g e
y((
S alfcazianteb | °651.57 m .
W 55480 m “ . GO 30 =4
A % O R A 339.00m J -
o — e o i
: 8 606.5 496.03 m Y
02— >\ ) \

092



http://en.climate-data.org/region/649/

KSU Doga Bil. Derg., 20(1),28-34, 2017
KSU J. Nat. Sci., 20(1), 28-34,, 2017

Extraction producers of nematodes

Modified Baermann Funnel procedure was used for
10 days to extract occurring nematodes as outlined by
Barker and Campbell, (1981). Extraction process of
nematodes was finalized by sieving the nematode
containing suspension with a 500 mesh-opening sieve
(Spaull and Braithwaite, 1979). Extracted nematodes
were identified to genus level and comparative
abundance was assessed in each sample by a light
microscope. Some of nematodes found in the sample
were fixed for imaging and kept for further studies
(Kimenju et al., 2004).

Morphological identification

Nematodes identification is primarily based on
morphological characters and morphometric
measurements. Several morphological characteristics
used in the identification of the species such as overall
size, shape, presence and shape of the stylet, stylet
knobs, stage of development, juvenile vs adult. Some
morphological traits are not visible thus collected
nematodes were identified to the genus level via an
inverted compound microscope, Lx400 Labomed (40 to
60X) (Bridge and Starr, 2007). The nematodes were
assigned bacteriovores, fungivores, plant parasites and
omnivores or predators (Yeates et al., 1993).

RESULTS and DISCUSSION

Nematode populations and biodiversity for two
different countries, Iraq and Turkey, varied. Overall, 37
nematodes genus were identified in both countries.

In Irag, samples taken from the soils of Chard,
Barley and Onion, sixteen genera of nematodes were
identified with the number of nematodes 2082, 3804
and 1793, respectively. In Turkey, 18 genera were
identified with the number of nematodes 2366, 2398
and 2885 for Chard, Barley and Onion, respectively
(Table 1).

In Irag, 8 genera of nematodes were identified with
the number of nematodes of 1260, 3202 and 764 for
Chard, Barley and Onion, respectively. In Turkey,
however, the number of nematode genera were found to
be 10 and the total number of nematodes counted as
1085, 1388 and 1455 for Chard, Barley and Onion,
respectively (Table 2). In Iraq, the number of nematode
genera identified were 5 and the number of nematodes
were 227, 557, and 155 for Chard, Barley and Onion,
respectively. In Turkey, however, the number of
nematode genera were 7 and the number of nematodes
for Chard, Barley and Onion 435, 491 and 573,
respectively (Table 3). The highest and the lowest
number of predacious nematodes through all crops from
both countries were 632 and 225 in Onion of Irag and
Onion of Turkey, respectively (Table 4).

Accumulative total of 36 genera were observed from
soil samples of both countries from all three crops. Total
of 16 free living nematode genera were identified from
soil samples of all crops Chard, Barley and Onion in
Irag. Of which, Cephalobus spp. Eucephalobus spp.
Monhystera spp. Chiloplacus spp. Rhabditis spp.
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Acrobeles spp. Wilsonema spp. Amphidelus spp.
Acrolobus spp. Cervidelus spp. Geomonhystera spp.
Panagrolaimus spp. Prismatolaimus spp.), were
bacterivorous, Aphelenchus app. Aphelenchoides spp.
Tylenchus spp. and Ditylenchus spp. were fungivorous
nematodes. The latter five genus were also consider as
plant parasites except Dorillum spp. (Table 5).

Eight plant parasitic nematodes genera specifics
from soil samples collected from Chard, Barley field
were Ditylenchus spp. Meloidogyne spp. Pratylenchus
spp. Heterodera spp. Tylenchus spp. Aphelenchus spp.
Aphelenchoides spp. and Helicotylenchus spp. (Table
6). Seven genera of omnivorous nematodes and
predacious nematodes from all crops Chard, Barley and
Onion soil samples were existed including Labronema
spp. Ecumenicus spp. Eudorylaimus spp. (also
considered predacious nematode), Aprocelaimus spp.
and Dorylaimus spp. Mesodorylaimus spp. Enchodelus
spp. (Table7). Overall eighteen genera of free living
nematodes including Cephalobus spp. Eucephalobus
spp. Monhystera spp. Chiloplacus spp. Rhabditis spp.
Acrobeles spp. Wilsonema spp. Amphidelus spp.
Acrolobus spp. Cervidelus spp. Panagrolaimus spp.
Geomonhystera spp. and Prismatolaimus spp. as
bacterivorous, Aphelenchus spp. Aphelencoides spp.
Tylenchus spp. Ditylenchus spp. Dorillum spp. as
fungivorous were detected in Chard and Barley. (Table
5). Total of 10 genera of plant parasitic nematodes
namely  Aphelenchus spp. Aphelenchoides spp.
Pratylenchus spp. Heterodera spp. Tylenchus spp.
Helicotylenchus spp. Meloidogyne spp. Psilenchus spp.
Filenchus spp. and Ditylenchus spp. were detected in
Chard and Onion of Turkey. Psilenchus spp. was not
observed in Barley in both countries (Table 6)

Seven omnivorous and predacious genera identified
from Chard, Barley and Onion including Labronema
spp., Eudorylaimus spp., Aporcelaimus spp. Ecumenicus
spp. Enchodelus spp. (also considers as predacious
nematode), Mesodorylaimus spp. and Dorylaimus spp.
were found.in both countries (Tables 7)

In this study nematodes communities were
monitored and quantified in the soil samples taken from
Chard, Barley and Onion growing agriculture areas of
two countries. Nematode community structure
categorized based on taxonomic family and trophic
groups (i.e. bacterivores, fungivores, plant-parasite,
omnivores and predators). Sampling approaches, the
spatial investigation and nematode distributions in the
field were similar to that reported by Neher et al.,
(2005), Zhang et al., (2012). Using Cobb's sieving and
decanting technique the samples taken from soils of all
fields and then followed by modified Baermann
technique (Young-Mathews et al., 2010). Studies on
nematode community structure in cultivated soils
showed that nematodes are one of the most abundant
components of the micro fauna of agricultural soils
(Boag and Yeates, 1998).

Nematode community structure and diversity
(Bulluck et al., 2002) are affected by the soail
amendments, this also true for soil texture (Hunt, 1993),
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soil temperature (Boag et al., 1991) and broad
vegetation types (grasses versus woody plants) (Boag
and Orton Williams, 1976). However, they stay constant
with the cultivation. Water level also effects on the
activity and population of nematodes in soil reported by
Steinberger and Sarig, (1993) Thus there are studies
showed that rainfall is the main impact on the nematode
and its species population densities. This might be the
case with our study, where the differences in rainfall or
soil moisture content might have caused the differences
between the countries nematode community structure
and densities.

During 2014-1015, the soil samples taken from the
fields of Chard, Barley and Onion in both countries
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showed similarity in number of genera of the free living
nematodes. However, there were differences in the
number of each genera presented in the soil samples of
the fields in both countries. Seven genera of predacious
nematodes were identified at both countries with nearly
same abundance within all three crop fields Chard,
Barley and Onion respectively. (Table 7). There were
some differences in the genera number of Omnivorous
nematodes between both countries. The soil samples
from all three fields of Chard, Barley and Onion Iraqg
contained only 5 genera. However, all three crops of
Irag did not have any nematodes belonging the genera
Mesodorylaimus spp. and Enchodelus spp.

Table 1. Total numeral of free living nematodes (frugivorous and bacterivorous) and belonging genus bring in 100
cm? soil sample taken from Chard, Barley and Onion of Turkey and Iraq in 2014-2015.

North of Iraq South of Turkey
Crops
Number Number Number Number
of nematodes of genera of nematodes of genera
Chard 2082 16 2366 18
Barley 3804 16 2398 18
Onion 1793 16 2885 18

Table 2. Total numeral of plant parasitic nematodes and belonging genus bring in 100 cm?® soil sample taken from
Chard, Barley and Onion of Turkey and Iraq in 2014-2015.

Crops North of Iraq South of Turkey
Number Number Number Number
of nematodes of genera of nematodes of genera
Chard 1260 8 1085 10
Barley 3202 8 1388 9
Onion 764 9 1455 10

Table 3. Total numeral of omnivorous nematodes and belonging genus found in 100 cm? soil sample taken from
Chard, Barley and Onion of Iraq and Turkey in 2014-2015.

Crops North of Iraq South of Turkey
Number Number Number Number
of nematodes of genera of nematodes of genera
Chard 227 5 435 7
Barley 557 5 491 7
Onion 155 5 573 7

Table 4. Total numeral of predacious nematodes and belonging genus found in 100 cm3 soil sample taken from

Chard, Barley and Onion of Iraq and Turkey in 2014-2015.

North of Iraq South of Turkey
Crops
Number Number Number o Number
of nematodes of genera f nematodes of genera
Chard 289 7 373 7
Barley 610 7 530
Onion 225 6 632 6
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Table 5. The mean number of Bacterivorous and Fungivorous nematodes found in chard, barley and onion in Iraq
and Turkey in 2014-2015.

Crops Barley Chard Onion Barley Chard Onion
Cephalobus 15.78b 23.72a 22.3a 12.61a 13.51a 12.88a
Eucephalobus 0.78b 2.11ab 4.16a 251b  4.48a 257b
Monhystera 2.76a 2.90a 2.4la 6.00b 8.2l1a 8.19a
Chiloplacus 5.84a 5.20a 4.06b 11.02ab 10.18b 12.64a
Rhabditis 6.6a 5.45a 3.09b 6.17b  8.48a 6.00b

Bacterivorous Acrobeles 0.68b 2.77a 0.51b 151b 2.24a 2.80a
Wilsonema 1.60a 1.0ab 0.51b 0.50a 0.57a 0.71a
Amphidelus 1.23a 0.54ab 0.38b 0.10a 0.18a 0.28a
Acrolobus North 0.34b 0.36b 1.03a Southof 0.35a 0.48a 0.66a
Cervidelus oflrad 9133 027a 0352 JTWKEY 007a 0.12a 0.00a
Panagrolaimus 0.34b 0.68a 0.29b 0.07a 0.36a 0.14a
Geomonhystera 0.00 0.00 0.00 0.66ab 1.03a 0.42b
Prismatolaimus 0.00 0.00 0.00 0.6la 0.54a 0.19b
Aphelenchus 7.28b 14.0a 5.29b 6.30a 7.50a 7.04a
Fungivorous  Aphelencoides 4.68b 0.79c 7.32a 166a 0.66b 1.6la
Tylenchus 5.13b 21.0a 4.38b 5.66b 8.70a 8.21a
Ditylenchus 1.07b 4.56a 1.32b 5.10a 3.36b 3.40b
Dorillum 0.52b 1.00a 0.32b 0.4la 0.90a 0.83a

Data are an average of nematode numbers per sample. Data transformed with log10(x+1) but actual numbers are
presented. Means within a row in the same country followed by the same letter are not different according to
Duncan’s multiple-range test (P < 0.05).

Table 6. The mean number of plant parasitic nematodes found in chard, barley and onion in Iraq and Turkey in
2014-2015.

North of Irag South of Turkey
Crops Barley Chard Onion Barley Chard Onion
g Aphelenchus 12.97a 8.32ab 590b 6.41a 6.88a 7.58a
-é Aphelenchoides 0.86b 2.9ab 7.00a 1.74a 0.76b 1.88a
£ Pratylenchus 20.34a 7.92b 3.51c 8.53a 6.14b 6.39b
i, Paratylenchus 154a 1.42a 0.87a 156ab 2.29a 0.86b
Z Tylenchus 21.0a 6.35b 4.30b 6.79a 9.47a 8.46a
E Helicotylenchus 1.09a 1.80a 0.83a 1.23a 0.6la 1.04a
g Meloidogyne 10.70a 0.92b 0.7b  0.64a  0.20a 0.41a
a Psilenchus 0.00a 0.00a 0.10a 0.00a 1.11a 0.62a
Filenchus 0.00 000 0.00 4.17a 2.08b 2.51b
Ditylenchus 420a 182b 1.10b 4.48a 2.32b  4.04a

Data are an average of nematode numbers per sample. Data transformed with log10(x+1) but actual numbers are presented.
Means within a row in the same country followed by the same letter are not different according to Duncan’s multiple-range test
(P<0.05).
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Table 7. The mean number of predacious nematodes found in chard, barley and onion in Iraq and Turkey in 2014-

2015.
North of Iraq South of Turkey

2 Crops Barley Chard Onion Barley Chard  Onion
§ Labronema 5.29a 2.75b 2.80b 2.30b 5.09a 5.23a
§ Eudorylaimus  2.79a 1.60b 1.51b 2.84a 2.18a 2.46a
»  Senura 0.25b 0.15b 0.70a 0.17a 0.36a 0.09a
§ Mononchus 3.68a 1.90b 1.29b 0.92b  2.57ab 5.93a
g Discolaimus 1.02a 0.60b 0.54b 0.35b 0.24b 0.79a
e Aprocelaimus  0.47a 0.07b 0.00b 0.30a 0.54a 0.18a

Anatonchus 0.34a 0.15a 0.45a 0.00b 0.30a 0.00b

Data are an average of nematode numbers per sample. Data transformed with log10(x+1) but actual numbers are presented.
Means within a row in the same country followed by the same letter are not different according to Duncan’s multiple-range test

(P<0.05).

CONCLUSION

In current study, 37 genera belonging to different
nematodes trophic groups from Chard, Barley and
Onions field’s soils of different parts of two countries
were diagnosed. From the soil samples taken at both
countries, four trophic groups belonging free living,
plant parasite, omnivorous and predaceous were
identified. Total of nineteen genera from free-livings, 10
genera from plant parasites, 5 genera from omnivorous
and 7 genera from predaceous.

We can conclude that the number and genera of
nematodes from the Turkey province was higher than
Iraq, this may be due to differences in moisture, climate,
the tillage or crop rotation. The individual number of
free-living nematodes were higher than all other three
nematodes, and we noticed that individual numbers of
plant parasite nematodes from Barely crops were higher
in both countries than other crops. In general highest
individual numbers containing genera was Cephalobus
followed by Aphelechus, Rhabditis, Tylencus,
Pratylencus, Monhystera, Chiloplacus, Eucephalobus,
Meloidogyn, Heterodera, Aphelencoided, Ditylencus,
Helycotylencus, Labronema, Monhestera, Eudorilymus,

respectively. The lowest number of diagnosed
nematodes were Psilenchus, Cervidelus,
Prismatolaimus, Amphidelus, Wilsonema,

Geomonhystera, Anatonchus, Aporcelaimus, Senura,
Discolimus, and Ecuminicus.

In current study, within the three different crops
fields of two countries, the genera and species of
nematodes showed that there were differences of
obtained data. Because of difference in the geographic
and climatic region of both countries, the nematode
biodiversity in some degree is inevitable. More detailed
studies covering more areas of related crops are needed.

Therefore, it is not surprising that nematode
communities varied among regions. Thus, the region
and ecosystem type can be used for the interpretation of
nematode index values (Ruess, 2003).

We suggest that there should be farmers’ awareness
about the plant parasite nematodes and their expected
damages to the farms. In addition, they should be
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inform about the managing nematodes. More
comprehensive studies with wider crop varieties needed
to be conducted to learn more of nematode density and
biodiversity.

REFERENCES

Abebe E, Mekete T, Thomas WK 2011. A critique of
current methods in nematode taxonomy. African
Journal of Biotechnology, 10(3): 312-323.

Bardgett RD, Cook R, Yeates GW, Denton CS 1999.
The Influence of Nematodes on Belowground
Processes in Grassland Ecosystems. Plant and Soil,
212(1): 23-33.

Barker DF, Campbell AM 1981. The bir A Gene of
Escherichia coli Encodes a Biotin Holoenzyme
Synthetase. Molecular Biology, 146(4): 451-467.

Blaxter ML, Deley P, Garey JR, Liu LX, Scheldeman P,
Vierstraete JR, Vanfleteerent JR, Mackey LY,
Dorris M, Frisse LM, Vida JT, Thomas K 1998. A
Molecular Evolutionary Framework for the Phylum
Nematoda. Nature, 39(5): 71-75.

Boag B, Williams KJ 1976. The Criconematidae of the
British Isles. Ann. Applied Biological. 84(3): 361-
369.

Boag B, Yeates, GW 1998. Soil Nematode Biodiversity
in Terrestrial Ecosystems. Biodivers, 7(5): 617-630.

Boag B, Crawford JW, Neilson R 1991. The Effect of
Potential Climatic Changes on the Geographical
Distribution of the Plant-Parasitic Nematodes
Xiphinema and  Longidorus in  Europe.
Nematologica, 37(1): 312-323.

Bongers T, Bongers M 1998. Functional diversity of
nematodes. Applied Soil Ecology, 10(3): 239-251.
Bridge J, Starr JL 2007. Plant Nematodes of
Agricultural Importance: A color handbook. (CRC

Press; San Diego, CA, USA: 2007).

Bulluck LR, Barker KR, Ristaino JB 2002. Influences
of Organic and Synthetic Soil Fertility Amendments
on Nematode Trophic Groups and Community
Dynamics under Tomatoes. Applied Soil Ecology,
21(3): 233-250.

Hsieha J, Wangb M, Laic J, Liua H 2016. A Novel
Static Cultivation of Bacterial Cellulose Production



KSU Doga Bil. Derg., 20(1),28-34, 2017
KSU J. Nat. Sci., 20(1), 28-34,, 2017

by Intermittent Feeding Strategy. Taiwan Institute of
Chemical Engineers, 63: 46-5.

Hunt DJ 1993. Aphelenchida, Longidoridae and
Trichodoridae: Their Systematics and Bionomics.
(Wallingford: CAB International).

Kimenju J, Sibanda Z, Talwana H and Wanjohi W
2004. Nematology Training Manual. (Nematology
Initiative for Eastern and Southern Africa).

Neher DA 2001. Role of Nematodes in Soil Health and
Their Use as Indicators. Journal of Nematology
33(4): 161-168.

Neher DA, Wu J, Barbercheck ME, and Anas O 2005.
Ecosystem Type Affects Interpretation of Soil
Nematode Community Measures. Applied Soil
Ecology, 30(1): 47-64.

Rahman L, Chan KY, Heenan DP, Heenan 2007. Impact
of Tillage, Stubble Management and Crop Rotation
on Nematode Populations in a Long-Term Field
Experiment. Soil Till. Res, 95: 110-119.

Ruess L 2003. Nematode Soil Faunal Analysis of
Decomposition Pathways in Different Ecosystems.
Nematology, 52(2): 179 -181.

Ruess L, Ferris H 2004. Decomposition Pathways and
Successional Changes. Nematol. Monogr. Perspect,
2: 547-556.

Spaull VW and Braithwaite JMC 1979. A Comparison
of Methods for Extracting Nematodes from Soil and

34

Arastirma Makalesi/Research Article
DOI : 10.18016/ksujns.26348

Roots of Sugarcane, Proceedings of the South
African Sugar Technologists, 53:103-107.

Steinberger Y, Sarig S 1993. Response by Soil
Nematode Populations and the Soil Microbial
Biomass to a Rain Episode in the Hot, Dry Negev
Desert. Biology and Fertility of Soils, 16(3): 188-
192.

Wilson MJ and Kakoul-duarte T 2009. Nematodes as
Environmental Indicators. (Wallingford, UK, CAB
International) 315.

Yeates GW, Bongers T, De Goede R GM, Freckman
DW and Georgieva SS 1993. Feeding Habits in Soil
Nematode Families and Genera an outline for Soil
Ecologists. Journal of Nematology, 25(3): 315.

Yeates GW, Ferris H, Moens T, Van der Putten WH
2009. The Role of Nematodes in Ecosystems.
(Nematodes as Environmental Indicators) 1-45.

Young-Mathews A, Culman SW, Sanchez-Moreno S,
O’Geen AT, Ferris H, Hollander A D and Jackson
LE 2010. Plant-Soil Biodiversity Relationships and
Nutrient Retention in Agricultural Riparian Zones of
the Sacramento Valley, California. Agroforestry
Systems 80(1): 41-60.

Zhang M, Liang WJ and Zhang XK 2012. Soil
Nematode Abundance and Diversity in Different
Forest Types at Changbai Mountain, China.
Zoological Studies, 51(5): 619-626



