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ABSTRACT

The cereal cyst nematode (CCN; Heterodera avenae) is found in at least 16 provinces in China. CCN often damages
wheat and barley, causing severe economic losses. This study investigated the CCN populationinanaturally infested field
under local climatic and planting conditions. The CCN population spatial distribution between planting rows under rotation
crop system was determined. The results showed that distribution of the cystswas relatively uniform at the horizontal scale
after several yearsfor same rotation cropping system. When the row spacing was 25 cm, higher cysts were observed in both
in and between planting row. Moreover, 79% cystswere distributed in 0-20 cm soil depth. Rotation with maizeisbeneficial
to reduce number of CCN. The results suggested that wheat-fallow system could not decrease number of CCN cysts within
3years, thespecificsitefor theeffectiveapplication of chemical sor biol ogical control agentswasat 20cmdepthinand between
planting rows at harvest time. Thisinformation can serve asareference for the development of an effective and mechanized
site-specific management strategy for the control of CCN in large wheat fields.
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INTRODUCTION Thus, the information on the distribution characteristic of

cysts around wheat plants is necessary for precise CCN

The cereal cyst nematode (CCN; Heterodera control at harvest period. This study aimed to determine

wheat-producing regions throughout the world (Smiley ~ in and between planting rows in a naturally infested

and Nicol, 2009). It is an under-recognized threat to wheat field, as well as to confirm the effect of different

global cereal production, being the most important group ~ fotation crop systems on population of CCN in local
of plant parasitic nematodes that attack cereds in planting condition.

temperate regions, including wheat and barley (Sikora,

1988). CCN and its closely related species have caused MATERIALSAND METHODS
economic losses in rainfed wheat production systems
throughout the world, such asin North Africa, West Asia, The experiment area (Tai’an city, Shandong

China, India, Austraia, the USA, and European countries province) is warm-temperate continental monsoon. The
(Nicol and Rivoal, 2008). In China, CCN was first mean annual temperature is 13 °C (1971-2011), with an
reported in Hubei and is now extensively distributed in average annual precipitation of 700 mm and frost-free
different geographical locations, i.e. Hubei (Wang, 1991), period of 192 days, and an accumulated temperature of
Henan (Wang et al., 1993), Shandong (Liu et al., 2009), 4343 °C (=0 °C).

Hebei, Beijing, Inner Mongolia, Shanxi, Shan’xi, Qinghai, The experiment of CCN distribution was
Anhui, Gansu, Jiangsu, Tianjin (Peng et al., 2008, 2012), conducted in Dawu village, Dawenkou county (35°57' N,
Xinjiang, and Xizang (Li et al., 2012). 117°06' E). A typical natural nematode-infested field was

The Shandong is the second largest winter wheat selected. As winter wheat-summer soybean rotation, the
production region in China Feasible management previouscrop plants(summer soybeanor winter wheat) were
approaches of the disease in this location are being hand-harvested and their residueswereremoved. Theinitial
explored. CCN has one generation per year. The density of CCNwas32cystsper 100cm3soil. Wheatisplanted
dynamics of CCN proliferation in roots during the wheat in the north-south directions with row spacing 25 cm. The
growing season in the Shandong has been studied (Wu et survey was performed during the wheat harvest on 21 June
al., 2014). However, the CCN population distribution 2010. Thefield wastilled beforewheat sowing, and plowing
around wheat plants or between planting rows is unclear. (20cmdepth) first, andthenrotary tillage (10 cmdepth). The
Some registered chemicals or biological control agents can experiments of rotation system were conducted from
effectively reduce CCN injury. Traditional control isalways September, 2010 to September, 2013 in a naturally
application chemicals before sowing, and cannot receive infested H. avenae field in the Xujialou village (N 36°09’,
better control effect due to till soil and disperse nematode. E 117°06). Soil characteristics of the field site at 0-40 cm
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soil depth were 9.51 g/kg organic matter, total N 0.45
o/kg, available K 79.59 mg/kg, and pH 7.34.

The CCN distribution experiment: sampling
locations were randomly determined following by a
zigzag path method, where five spots (A, B, C, D, and E)
were determined and marked according to number of
cysts on the new pulled wheat root, and then the samples
were collected using a 2.5 cm-diameter soil auger in each
spot as described in Figure 1. The first sample point was
in row, and the other sample points were determined
according to the distance from the first sample point, i.e.,
5 and 10 cm from the first sample point in both sides left
(L) 5cmand left (L) 10 cm; right (R) 5 cm and right (R)
10 cm. Accordingly, five sample points in each plot were
produced, and atotal of 25 sample points was surveyed in
the CCN-infested field. Vertica samples were collected
in each sample point at 0-10, 10-20, 20-30, and 30-40cm,
respectively, makingatotal of 20soil sampleswereproduced
ineachspot,and 100soil sampl eswerecol lectedandanal yzed
in the study. The soil samples were placed in separate
self-sealing bags, and stored at 4 °C until further analysis.

The rotation cropping system experiment was
showed in Table 1. Experimental plots were arranged in
the field in arandomized complete block design with four
replicates. Each plot was 3.1 m x 3.0 m. Winter wheat
and then fallow until the next winter wheat season was
control plot, total were 20 test plots. In order to insure
accuracy of the study, the plots were determined and the
successive experiment was repeated in the same plot in
next cycle of rotation system. Approximately 60 mm
water was applied on 26 September, 2010, 1 October,
2011 and 28 September, 2012. There was no any deal
with wheat and maize seeds. Cotton seeds were soaked in
18 °C water for 20 h, and then gain seed and air-dry until
seed hair become white color, and put them into glass
dish for germination, the seeds were sowed in the field
when germination rate was 50%. Peanut seeds were
exposure under sun for 3 days before sowing. Sowing
date and sampling time were showed in Table 2. Weed
control means were by hand during the growing season.
At each plot, soil samples were collected randomly with a
soil auger on the sampling time, soil collected from 8-10
cores (i.d. 2.5 cm) at 0-20 cm soil depth, placed in a
plastic bag and mixed well, and 100 cm® sample
produced.

The soil samples were manually mixed and then
cystswereextracted usingtheel utriation-sieving technique,
and cysts were collected from a 177 ym pore sieve by
handpicking using astereomicroscope (Motic SMZ-16899,
16-20x magnification) (Liu, 2000). Thecystswere counted
using the stereo microscope, in June samples, the cysts
included white females and brown cysts were recorded
respectively; in September samples, all cysts were brown
color. The number of cystsin soil sampleswas expressed as
cysts per 100 cm® soil.

All data were subjected to analysis with SPSS
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12.0; LSD tests were used and differences with P < 0.05
were considered significant.

RESULTS

Distribution of cystss in the naturally
nematode-infected wheat field: The cysts density at the
same soil layers had the same trends in the different plots.
Figure 2 shows the vertical distribution of the cyst
populationinfiveplotsat 0-40cmsoil depth. Thecystswere
mainly distributed in the 0-20 cm soil depth at 74%, 84%,
78%, 76%, and 82% in plots A to E, respectively (average
79%). A significantly higher number of cysts occurred in
the 0-10 cm soil depth, compared to the other soil depths
(P < 0.05). Atthesamesoil depth, no significant difference
was observed between different plots (P > 0.05). These
findings indicated that the cyst population was unevenly
distributed at the vertical scale, however, distributed evenly
at the horizontal scale.

Distribution of cysts between wheat row spacings:
Figure 3 and figure 4 show the horizontal and vertical cyst
distribution betweenrows. Inthe horizontal scale, therewas
no significant in cystsdensity of 0-40 cmdepthinrow, L5
cmand R5 cm, L10 cm, R10 cm. The numbers of cysts per
100cm3soil were127 (inrow), 107 (R5cm) and 117 (L5cm),
127 (R10cm), 133 (L10cm), and most occurringin0-20cm
depth. The percentagesof cystsat 0-20 cmsoil depthinL 10
cm, L5cm, sowingrow, R5cm, and R10cmwere81%, 71%,
86%, 73%, and 84%, respectively. The number of cysts per
100cm?soil decreasedwiththesoil depthintheorderof 0-10>
10-20 > 20-30 > 30-40 cm soil depths, and there were
significant differences at 0-20 cm soil depth than those at
20-40 cm (P < 0.05).

Table 3 showed distribution of white cysts and
brown cyst remaining, included some from a previous
year in and between rows at the winter wheat harvest
season. The results showed not all the CCNs hatched and
infected root during the wheat growing season in natural
infested soil, still a number of cysts remaining in soil.
Distribution of white cysts has the same trend with the
brown cysts, and mainly distribute 0-20 cm soil depth,
and number of cysts per 100 cm® decreased with
increasing the soil depth.

The cyst nematode population of different rotation
patterns. Figure 5 indicates the change of the cysts when
wheat harvest time and post-crops harvest time under
W-F, W-M, W-S, W-C and W-P rotation system in 2011,
2012 and 2013. The cysts of al rotation system at wheat
harvest time in 2012 (cycle 2 rotation) was higher than in
2011 (cycle 1 rotation) and 2013 (cycle 3 rotation). In
W-M and W-P rotation system, the cysts number in cycle
3 decreased significantly than cycle 1 and cycle 2 (Figure
3 A). Incycle 3 (in 2013) wheat harvest time, the cystsin
W-M and W-P rotation system were lower than those of
previous two cycles (2011 and 2012). Meanwhile, the



Heetal., J. Anim. Plant Sci. 26(1): 2016

cysts number decreased with advancing year, the average system soil, there was no significant difference with
of W-M and W-P rotation system decreased by 35% and advancing year whether in wheat harvest time or in
73% after three rotation cycles (Figure 3 B). In W-F post-crop harvest time.

Table 1. General situation of different rotation patterns

Rotation system Crop Plant spacing (cm) Row spacing (cm)  Variety
Wheat-fallow (W-F) Wheat 2 25 Jimai 22
Wheat-maize (W-M) Maize 25 75 Zhengdan 958
Wheat-soybean (W-S) Soybean 5 50 Ludou 4
Wheat-cotton (W-C) Cotton 30 90 Lumianyan 22
Wheat-peanut (W-P) Peanut 8 50 Fenghua 6

Table 2. Time of sowing, harvesting and sampling

Item Wheat Maize Soybean Cotton Peanut
Sowing time 2010.10.04 2011.06.23 2011.06.23 2011.05.10 2011.05.10
2011.10.09 2012.06.20 2012.06.20 2012.05.10 2012.05.10
2012.10.06 2013.06.20 2013.06.20 2013.05.10 2013.05.10
Harvesting time 2011.06.18 2011.09.24 2011.09.24 2011.09.30 2011.09.24
2012.06.20 2012.09.24 2012.09.24 2012.09.24 2012.09.24
2013.06.18 2013.09.25 2013.09.25 2013.09.25 2013.09.25
Cycle 1 sampling 2011.06.24 2011.06.24 2011.06.24 2011.06.24 2011.06.24
2011.09.24 2011.09.24 2011.09.24 2011.09.24 2011.09.24
Cycle 2 sampling 2012.06.20 2012.06.20 2012.06.20 2012.06.20 2012.06.20
2012.09.24 2012.09.24 2012.09.24 2012.09.24 2012.09.24
Cycle 3 sampling 2013.06.20 2013.06.20 2013.06.20 2013.06.20 2013.06.20
2013.09.25 2013.09.25 2013.09.25 2013.09.25 2013.09.25

Table 3. Vertical and horizontal distribution of white and brown cyst between row spacings

Cyst density of different sampling spots* (number of cysts per 100 cm?®)

Cyst Soil depth

Left 10 cm Left 5cm Sowing row Right 5cm Right 10 cm
White cysts 0-10cm 14.8 7.3 19.7 18.9 16.7
10-20cm 151 135 7.8 8.8 15.7
20-30cm 45 8.3 2.8 7.2 2.0
30-40 cm 32 23 12 35 22
Browncysts 0-10cm 47.8 434 53.7 36.4 51.8
10-20cm 255 119 28.2 222 275
20-30cm 9.8 14.4 9.8 13.0 10.8
30-40 cm 6.9 6.0 3.8 8.4 6.1

*The value is the mean of cysts from five sample points. New cysts including white femal es attached wheat root and left in soil.

25 am
Fig. 1 The sketch map for sampling soil in each plot in field. a, b and ¢: sowing row; d, e: middle of two rows; 1, 2, 3,
4 and 5 are sample points, 1 is center spot (sowing row), 2, 3and 4, 5 are 5 cm and 10 cm distance from center spot.
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Fig. 2 Total number of cysts per 100 cm?® soil in five plotsand in four soil depths. Each point represents the mean of
5 observations (+st dev).
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Fig. 3 Distribution of cysts between wheat row spacings. Left 5 cm and 10 cm, and right 5 cm and 10 cm are sample
points distance 5 cm and 10 cm from rows. Each point represents the mean of 5 observations (+st dev).
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Fig. 4 Sketch map of distribution of cysts between row spacings. The alphabet indicates cysts/100 cm?® soil (including
new cysts and old cysts); A, 0-10; B, 10-20; C, 20-30; D, 30-40; E, 40-50; F, 50-60; G, 60-70; H, >70. The previous
crop was winter wheat cv. Jimai 22, and the sampling date was 21 June 2011, the wheat was mature, but not be
harvested.
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Fig. 5. The cysts change of different rotation system cycles at wheat harvest time (A) and rotation crops harvest
time (B). Each point represents the mean of 4 observations (+st dev).

DISCUSSION

Under the Shandong province climate conditions,
thedifferent croppingsystemisusedindifferentarea. During
aroundyear, mai ze, soybeanor peanutandsoon, werepl anted
after winter wheat. Inrecent years, CCN haverapidly spread
inthisarea. Normally, notillageisperformedbeforerotation
crops planting. During rotation crops growing, CCN
undergoes summer diapause; little known about if rotation
thus has effect on its population. Accordingly, effective
management requires the estimation of the nematodes
number present as well astheir distribution in and between
rowsinawheat field, especially applicationof chemical sand
biological control agents will be more effective in spring
(when second stage juveniles peaked hatching) (Wu et al.,
2014). Such information of nematode distribution is
necessary for precise control in the region.

A previousspatial analysison Heteroderaglycines
populations in soybean field plots showed that the highest
population densities before cultivation were in row and
middle furrow in the upper 15 cm of soils. The population
density inthe plant row averaged 26% higher and 4% lower
than the whole-plot mean before and after cultivation,
respectively; wheat was planted at row spacing 25 cm and
that the soybean work was done in a crop planted at arow
spacing 97 cm (Francl, 1986). In the current study, CCN in
winter wheat had similar distributions characters with
soybeancyst nematodeal thoughthey havedifferent planting
style. The cyst number in row and middle of the rows were
4 times of averaged density of whole-plot. Thedistribution
patterncanbeattributedtothehighestrootareaandrootlength
densities (cm/g) of winter wheat in the 0-20 cm soil depth
(Wang et al., 2000), and the rotation and planting pattern
can change farmland microclimate (Wang et al., 2015),
which might effects CCN distribution in soil. The results
suggested that CCN was mainly distributed in the 0-20 cm
soil depth. Therefore, chemical sor biological control agents
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must be applied at a 20 cm depth in row and middle of two
rows to reduce the nematode number to alevel below the
damage threshold.

Previous research had been reported that rotation
with non-host crop reduced nematode popul ation (Longand
Todd,2001), W-Fhadnoeffectonpopul ationof CCNinthree
year experimentsbecause of short fallow timeinthisstudy.
Literature had been reported that long fallow (14 months)
decreased nematode population and reduced damage to
subsequent wheat (Smiley, 1994). However, rotation system
would be applied according to local production condition,
rotationswerenot profitableinthedriest areasof theregion,
butitwaseconomical inirrigated cropsandindryland crops
producedinhighrainfall districts(Smiley, 2009). According
to this study, W-P and W-M rotation system is helpful for
reducing population of CCN.

With the devel opment of research methodologies
such as geo-statistical analysis and their application in soil
ecology, thespatial distribution of plant parasitic nematodes
isreceiving increased attention worldwide (Avendao et al.,
2003). The results suggest that in vertical scale CCN
populationdensity decreasewithincreasingthesoil depthin
anaturallyinfestedfield; whiteand browncyst betweenrows
havesimilar pattern. Thescientificinformation can serveas
areferencefor the devel opment of an effective site-specific
management strategy and reducing pesticide application to
control CCN in wheat fields.
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