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Abstract

MANEVA, S. and ZI1. TRIFONOVA, 2015. Globodera rostochiensis population density effect on potato growth
and yield. Regression models estimation. Bulg. J. Agric. Sci., 21: 815-821

Effect of initial population densities (Pi) of Bulgarian population of Globodera rostochiensis on the population dynamics
and potato plants growth and yield was investigated in glasshouse and estimated using mathematical models. Potato cv. Na-
dejda seedlings were inoculated with Pi levels of 0, 0.1, 0.2, 0.5, 1, 2, 4, 8, 16, 32, 64 or 128 second stage juveniles/cm? soil.
The relation between Pi and final population density (Pf) was linear and DWLS regression described the relation of nematode
reproductive index (Ri) and Pi. The linear regression with Ig(X+I) transformation has been used to model the Pi and Pf effect
on both, potato height and yield. Tolerance limit of potato to G. rostochiensis was between 0.5 and 1 juveniles/cm?soil. The re-
duction of yield was significant different at 1.0 Pi. The model predicted that 4.0 Pi caused 50% yield loss and the maximal yield

suppression of 87.6% occurred at 128 Pi. Maximum Ri of 27.0 occurred at 4.0 Pi, suggesting an interspecies competition.
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Introduction

The potato cyst nematode Globodera rostochiensis Woll
1923 Bechrens is major pest of the potato crop and it is list-
ed in EC plant health legislation (EC Listed Pests, 2003). It
is found in most of the potato growing regions of the world
(Turner and Evans, 1998), and is a serious problem for the po-
tato production in Netherlands (Schomaker and Been, 1999),
Japan (Takeshi, 1999; Uehara et al., 2005), UK (Haydock and
Evans, 2000), Venezuela (Jimenez, 2000), Slovenia (Urek et
al., 2007). The nematode, the host and the environment are
the three interacting variables influencing the extent of yield
loss in infested soils. An understanding of the mechanisms
and principles involved in these interacting relationships is
basic to being able to predict yield reductions from estimates
of pre-planting nematode population densities (Trudgill and
Phillips, 1997). The importance of the relationship between
crop growth or yield and preplant population densities of
many plant nematodes has been well documented by sev-
eral authors (Ferris,1985; Di Vito et al., 2004; Khanna and
Jyot, 2004; Di Vito et al., 2005). Basis of modelling yield loss
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and population dynamics relations of potato cyst nematodes
is that both are strongly density-dependent (Trudgill et al.,
1996). To obtain better information on the relationships be-
tween population density of G. rostochiensis and the potato
growth and yield loss many authors have used the tools of
mathematical modelling (Elston et al., 1991; Trudgill et al.,
1996; Schomaker and Been, 1999; Moxnes and Hausken,
2007; Trudgill, 2008; Hajihassani et al., 2013).

In Bulgaria potato crops are widely cultivated in farms
that range in size is from small to large. Both the official con-
trol and the information from the research institutions report-
ed that G. rostochiensis was detected in Bulgaria in 1978 on
the State seed production farm in Govedarci, Samokov re-
gion. It has spread slowly and is currently found in the potato
production areas in the Sofia, Smolian, Pazardjik and Plovdiv
regions (European Commission Report, 2004) and caused se-
vere yield loss to the potato crops (Stoyanov and Trifonova,
1994; Trifonova, 1995; Trifonova, 2000).

The data about the damage caused by G. rostochiensis to
potato plants usually refer to field conditions under intensive
infection of nematode. There is a little knowledge for the
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relationship between the plant grow and yield of potato under
low population densities.The present investigation was car-
ried out to estimate the effect of increasing densities of a pop-
ulation of G. rostochiensis on the growth and yield of potato
as well as on the dynamics of the nematode.

Materials and Methods

Growth conditions

The trials were carried out in a glasshouse of Plant Protec-
tion Institute, Kostinbrod. The population of G. rostochiensis
was obtained from an infested potato field in Smolyan region.
Cysts were collected by the wet-sieve decantation technique
(Southey, 1986). The second stage juveniles (J,) were obtained
by exposing soaked cyst to potato root diffusate (Clarke and
Perry, 1977). Collection and storage of cysts and collection
of host root diffusate were described previously (Perry and
Beane, 1989).

Seed of potato cv. Nadejda were sown in 20 cm diameter
and 19 cm deep clay pots filled with 5000 cm?® (5L) steril-
ized soil. The plants were sowed to maintain one seedling per
pots. When seedlings were approximately 2 weeks old and
aqueous suspension with second-stage juveniles was added
to each of pots. Appropriate amounts of the inoculum were
thoroughly mixed in the soil of each pot to obtain initial pop-
ulation densities (Pi) of 0, 0.1, 0.2, 0.5, 1, 2, 4, 8, 16, 32, 64 or
128 second stage juveniles/cm’ soil (J /cm’ soil) and the pots
were lightly watered. There were five pots for each nematode
density. Five pots were not infested and used as control.

Data set recording

The experiments were terminated after 90 days. The soil
was air-dried and the final densities were determined by the
wet-sieve decantation technique. Cysts were counted then
crushed and their eggs contents estimated. Plant height and
final population densities of cysts or eggs (Pf) were recorded.
The potato yield was determined as tuber weight of each pot
(g/pot) at harvest.

Statistical analysis and models

The reproductive index (Ri = Pf/Pi) was calculated per
any of the initial nematode density. The data were processed
by analysis of variance using F for the test significance and
LSD values for significance of the obtained differences be-
tween variant and control means at levels P < 0.05, 0.01 and
0.001 depending of data dispersion. The variants were ar-
ranged in groups by Duncan’s multiple-range test. The partial
correlation coefficients for any appropriate pair of observed
factors were calculated. All calculation was performed using
the software developed by one of the authors on the base of

standard statistical algorithms for processing of small data
sets with biological origin (Sockal and Rohlf, 1980; Maneva,
2007). Regression analysis was used to describe the function-
al dependence of Pf, plant height and the potato yield losses
depending on the respective independent factor. The equa-
tion (1) showed the best fit to more of the analyzed data. The
dependence of Pf on Pi was described by the model (2). The
Distance Weighted Last Square (DWLS) dependency was
found between R and Pi.

Y =A +Alg(XH) (1)
Y=AX 2
where Ai, i =1, 2 is the model parameters, Y is the respec-
tive dependent variable (potato yield, plant height, Pf, R), X
is respective independent variable (Pi, plant weight, Pf) and
I is the corrector of the curve slope. The statistical estima-
tion of model’s fit to the data was performed by the software

Statistic 5.0

Results and Discussion

Population development

The final population density at 90" day after inoculation
(Pf) increased with increase of Pi and is statistically different
atPi>4] /cm’(P <0.001, Table 1, A). Duncan’s test grouped
all variants with Pi <4 J /em’in a group, and cause separate
groups of Pf for every Pi > 4.

All calculated Ri were statistically different compared
to control (P < 0.001, Table 1, B). According Duncan’s test
Ri calculated for Pi within (0.1; 0.5) as well as (8; 32) J,/cm’
belonged to two different groups, whereas the remaining Ri
formed their own groups. The highest Ri was determined at
Pi=4.0 ] /em’ soil. Increasing of Pi of G. rostochiensis when
Pi<4.0 ] /em® increases Ri since Pi> 4.0 decrease Ri, which
suggest a intraspecies competition.

There was a good positive correlation between Pf and Pi (r
=0.994, P <0.001, Table 2) which is why the linear regression
model with free parameter A, = 0 fitted the best to the data
(R=0.983, P <0.001; Figure 1, Table 3). There was not well-
expressed linear correlation between Ri and Pi (Table 2). The
regression analysis showed that DWLS presented the best
functional dependence of Ri on Pi (Figure 2). The obtained
model predicted that the initial density of G. rostochiensis
within (20; 36) J /cm® would cause the highest population re-
productivity. For Pi > 64 J /cm’ Ri remained constant but sig-
nificantly different than the control.

Potato plants growth

After 90 days the symptoms of nematode attack appeared
in all pots. Thereafter symptoms become progressively more
evident in order of increasing initial density. Increased initial
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Table 1

Final number of juveniles and eggs in cm3 soil (Pf) and the Reproductive index (Ri) related with increase of Initial
population density (Pi) of G. rostochiensis — significance of mean differences and Duncun’s clustering

Initial
populat. number
of J2/cm3 soil, Pi

A: Final number of J2 and eggs
in cm?soil ( PY)

B: Reproductive index (Ri)
R =Pf/Pi

Aver. number of J2 and

) Ot J2
eggs in cm” soil diff. and Duncun’s

Stat. sign.of the mean

Aver. number of cysts in| Stat. sign.of the mean

cm? soil + Sd of mean

diff. and Duncun’s

+ Sd of mean
0 0 C a 0 C a
0.1 0.75 + 0.96 NS a 475+0.50 oAk b
0.2 1.50 + 0.58 NS a 5.00+0.00 oAk b
0.5 2.00 £+ 0.00 NS a 4.50 +0.47 ook b
1 12.50 + 3.78 NS a 12.50 £ 0.89 woAk c
2 3550+ 4.43 NS a 19.50 + 1.29 HAk e
4 109.20 + 6.50 wokk b 27.00+2.16 oAk g
8 184.20 + 4.19 wkk c 24.00 +0.82 wokok f
16 307.50 £78.05 okok d 22.75+0.96 ok f
32 674.70 +£18.89 ok e 22.25+0.50 Aok f
64 1211.00£98.54 ook f 1725+ 171 wAk d
128 2070.00+47.61 ok g 18.00 £ 0.82 Aok d, e
Test statistics:

F = 1130.96 213.55

Sd = 25.86 0.884

LSDO0.05 52.5 1.794

C —not infected control, NS — not statistical significant difference, *** - P<0.001

Table 2

Plant height (cm) and the yield related with increase of Initial population density (Pi) of G. rostochiensis —
significance of mean differences and Duncun’s clustering

A: Plant height, cm B: Yeld, g/pot

;%ﬁ%le?g ulat. Significance . Significance
J2/em’ soil, Pi , Jyerage of mean diff. Avererage yield of mean diff.

and Duncun’s and Duncun’s
0 34.50 + 1.29 C a 160.70 = 2.50 C a
0.1 3424+ 171 NS a 149.20 +2.50 ok c
0.2 32.24+ 0.96 NS b 150.50 = 1.29 ok b, c
4 18.00 = 0.82 ok c 85.25 +5.38 ok f
8 15.00 £ 0.82 ok d 69.25 +0.96 ok g
16 12.50 + 1.29 ok e 45.00 +2.16 ok h
32 13.50 + 1.29 ok de 3175+ 1.71 ok i
64 10.50 + 1.29 ok f 2175+ 1.71 ok j
128 9.00+ 0.82 ok f 14.50 + 1.41 ok k

Test statistics:

F = 363.45 2415.55
Sd = 0.908 1.639
LSDO0.05 2.3 3.329

C —not inoculated control, NS — not statistical significant difference, *** - P<0.001
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Table 3
Correlations between observed factors — Initial population density of G. rostochiensis (Pi), Final population density
(Pf), Reproductive index (R) plant height (cm) and yield (g/pot). i — independent factor, j — dependent factor

i j T

) Initil pop. Final pop. Reproductive Plant height, Yield,

1 \L Density (Pi) Density FPf) index (R) cm g/pot3
Pi 1 0.994 *** 0.571 * -0.682  ** -0.734 ***
Pf 1 -0.411 NS -0.798
R 1 -0.764 xxx -0.745 ek

Plant height 1 0.974 ***

NS — statistically no significant, * - P<0.05, ** - P<0.01, *** - P<0.001

Y=169964X;R =0.994 »++ Y =Distance Weighted Least Squares
B 2400 36
2 i Z
E . 2000
£ :
§ zj 1600 =
E E 1200 . ; +
z % S
a ;;S 800 . z
<
= : 400 26
£ by
25 ° ~ 0
0
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 0 20 40 60 80 100 120 140
Initial densiti of G.rostochiensis- Jz/cm3 Initial density ofG. rostochiensis- Jz/cm3
Fig. 1. Functional dependence of final population density Fig. 2. Functional dependence of productive ratio of
of G. rostochiensis (number of J, and eggs/cm’ soil) on G. rostochiensis (Ri =Pf/Pi) on the Pi

the initial population density (number of second stage
juveniles/cm? soil)

Y =27.71-9.4761gX+0.06); R=0.932 *** Y =37.58 - 8.671g(X+1); R=0.951 ***
45
40
5 E 35
; i) 30
= 2
= 225
: iw
=} o
= o 15
o =
~ < 10
N ° O
5 5
0 20 40 60 80 100 120 140 0 250 500 750 1000 1250 1500 1750 2000 2250
A . . . 3
Initial density of  G.rostochiensis - J,/em Final density of G. rstochiensis - cysts or eggs number/cm3
Fig. 3. Functional dependence of potato plant height Fig. 4. Functional dependence of potato plant height
(cm) on the initial density (Pi) of G. rostochiensis (cm) on final population density (Pf) of G. rostochiensis

(number of second stage juveniles/cm? soil) (number of J, and eggs/cm’ soil)
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population of G. rostochiensis in the soil had direct effect in
decreasing of plant growth. Statistically significant reduction
of the plant height compared to control appeared at Pi > 2.0
(Table 2, A). Pi=4.0 J /em’ soils caused 47.8% reduction of
plant height which reached to 73% at the highest initial inocu-
lum level of 128 J /cm*soil. The Pi within (0; 1) J,/cm® had
similar effect on the plant height and variants belonged to one
group (Table 2, A). Plant height correlated negatively with the
investigated impact factors Pi, Pf and Ri as the best correla-
tion was found with Ri and Pi (Table 3). The obtained models
showed that the initial nematode density Pi < 0.4 (Pf < 1009,
respectively) does not have a strong effect on plant growth.
However, Pi (respectively of Pf) higher than these values has
significant influence on the potato plants growth (Figure 3
and Figure 4, Table 4). The experimental data showed that the
plant height was 50% reduced at Pi = 4 J /em? soil, since the
model prediction is that it will appear at Pi = 1 J /cm? soil.

Potato yield

Yield loss was significantly different from the control
even at the lowest Pi = 0.1 J /em® soil (P < 0.05, Table 2, B).
The reduction of yield measured up 46.2% and 87.6% at Pi =
4 and 128 juveniles/cm?® soil respectively, which correspond
to Pf of 109 and 2070 juveniles and eggs in cm® soil. Every
one of the investigated Pi determined the yield in a separate
group (Table 2, B), which again showed that the impact of Pi
is too strong, and even a small increase of Pi causes signifi-
cant decrease in potato yield. It was estimated that for every
one nematode increase there was a loss in tubers at 2 to 24
g/plant. The tolerance limit (T) of potato to G. rostochiensis
was between 0.5 and 1 juvelines/cm? soil. At population den-

sities greater than T, yield was greatly suppressed. The yield
correlated negatively with Pi, Pfand Ri and showed a positive
correlation with plant height at a very high level (P < 0.001,
Table 3). Equation (1) showed good fit to the yield data when
the predictors were Pi, and Pf (P < 0.001, Figures 5, 6 and 7,
Table 4). The influence of the Pi and Pfis stronger in the low-
er nematode densities (Pi <4 J /cm?soil, J, and eggs/cm? soil
Pf < 109) and this effect was decreased when Pi and Pf were
higher than these values. This is in agreement with the mod-
eling estimation of Ri and was a good base for an interspe-
cies competition assumption. The experimental data showed
that there was 13.7% yield reduction at Pi= 1 J?/cm? soil. The
model predicted that it could occur at Pi= 0.5 J /cm’ soil.

Y = 172.38 -46.65lg(X+1), R=0.989 ***

0 500 1000 1500 2000 2500

Final density of G rostochiensis -numb.J 5 and eggs/ cm 3

Fig. 6. Functionaal dependence of potato yield (g/pot)
on the final population density (Pf) of G. rostochiensis
(number of J, and eggs/cm’ soil)

Y=119.56 - 51.52g(X+0.06); R=0.967 ***
220
200
180
160

- g/pot

CJ
120
100
80
60
%0 U
20

Potato yield

0 20 40 60 80 100 120 140

Initialdensity of Grostochiensis Jz/cm3

y=1/(0,0601211 - 0,03490461g(x+0.0001)), R = 0.971 ***

Potato yield-g/pot

0 5 10 15 20 25 30 35 40

Plant height-cm

Fig. 5. Functionaal dependence of potato yield (g/pot)
of the initial population density (Pi) of G. rostochiensis
(numbers of second stage juveniles/cm?® soil)

Fig. 7. Functional dependence of potato yield (g/pot) on
the plant height (cm)
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Discussion

The leaf symptoms (stunting and yellowing) associated
with nematode attack commonly appear late in the season
and can be misrepresented as being a normal characteristic
of an early maturing potato cultivar. To predict yield losses
associated with G. rostochiensis it is necessary to determine
the nematode population density in the soil before plant-
ing rather than by visual observation of leaf symptoms and
plant growth (Greco and Moreno, 1992). The final densities
severity increases with increasing of inoculum level of G.
rostochiensis. That is confirming the high damage potential
of the nematode and its reproduction capacity. Even that in-
creasing of Pi cause Pf increase, Ri increases till Pi <4.0 J/
cm? soil and for Pi > 4.0 decrease. This might be due to com-
petition for food and space in high inoculum levels. The root
system remains relatively smaller and thinner which means
that it cannot provide enough root area for larvae feeding
(Phillis, 1991). In the present study the pathogenic level for G.
rostochiensis to affect the growth of potato was 2 J /cm? soil
which is in accordance with the earlier findings of Helmut
and Gerhard (1974). They reported that the tolerance limit for
late species of potatoes is equal to 300 larvae in 100 g soil.
In our study the potato yield was significantly reduced even
at the lowest Pi = 0.1 J*cm?®, which showed a great effect of
G. rostochiensis on potato growth and yield. Damage caused
by low population densities of G. rostochiensis has also been
observed in Germany (Helmut and Gerhard, 1974). Jimenez
et al. (2000) reported that tuber yield response to Pi fitted the
model: y = m + (I-m) zPi, and a tolerance limit (T) of potato
to G. rostochiensis of 0.5 eggs/cm? soil was derived, when the
hosts were potato plants cv. Kennebec. This was confirmed
by our investigation, carried out with potato plants cv. Nade-
jda. In our experiment the reproductive rate of the nematode
was increased threefold at Pi= 1 Jz/cm3 soil, which was much
less than that reported in Italy (Greco et al., 1982) and in the
spring potato in Chile (Greco and Moreno, 1992), but larger
than that occurring in the early to late winter potato in Chile
Accordingly, it is clear that the earlier and more precise pre-
dicting of potential yield loss is very important.

Potato cysts nematodes are particularly suitable for ana-
lyzing by mathematical models because they have only one
generation per year, potato is their only field host and the ju-
venile nematodes within the egg are very durable (Trugill et
al., 1996). Moxnes and Hausken (2007) also reported that
mathematical description for the population dynamics of the
parasite potato cyst nematodes could provide realistic predic-
tions. Hajihassani et al. (2013) reported that the best fitting
models for predicting of potato yield loss depending on initial
nematode population density were Exponential fit (EF), Lo-

gistic model (LM), Monomolecular model (MM), Rational
function (RF) and Harris model (HM). The obtained mod-
els in our study confirmed this. The relation between Pi and
Pf has found to be linear and DWLS regression described
the dependence of Ri on the Pi. The linear regression with
lg(X+I) transformation of the predictors has been used to
model the Pi and Pf effect on both, potato height and yield.
All solute models had a coefficient R close tol.00 and the sta-
tistically good parameters of the models at level of signifi-
cance P < 0.001 (Table 4). The good fit of the models to the
data showed a well expressed functional dependence of the
nematode development, potato growth and yield on the initial
and final density of G. rostochiensi. The models improved
the subjective estimation, describing the common trends of
the processes. The model predicted that an interspecies com-
petition appeared after Pi = 2 and the nematode population
interspecies competitive abilities decreased significantly if Pi
> 4 J*/em? soil. According Jimenez et al. (2000) model esti-
mation, 50% and minimum yield appeared at Pi =32 and 256
egss/cm?® soil respectively. In our study the minimal potato
yield was found out at the same Pi but the 50% yield loss oc-
curred for Pi=4J /em® soil.

Conclusions

Differences in environmental conditions, length of the po-
tato growth cycle and differences in the cultivars may reflect
on differences in the reproduction rates of the nematode. Re-
sults of our experiment showed that the potato plants devel-
opment and its yield strongly depend on the initial density of
the population of Globodera rostochiensis, a fact confirmed
of many other authors. To provide suitable management strat-
egies for potato cyst nematodes, information is required on
the extent of damage they cause on a regional basis. Math-
ematical models developed in this article provided a useful
tool for predicting yield losses from knowledge of the nema-
tode population at planting and which could be a better basis
for control measures.
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