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Abstract

Field experiment was carried out in
naturally infested soil with the plant parasitic
nematode, Meloidogyne incognita Kofoid &White
{Chitwood), at West Nubariya District throughout
sugarbeet growing seasons of fall 1998 and
summer of 1999. The objectives of this study were
to determine the relationships between the yields
{roots and sugar} of sugarbeet and population
density levels of M. incognita at planting time, and
estimating the tolerance leveis and damage
function parameters necessary to optimize control
costs,

The initial population densities (Pi) in
sugarbeet plots were determined before sowing
time. The frequency distribution of population
densities was made to classify them in density
levels. Seeds of sugarbeet, Beta vulgaris
saccarifera L. variety, Chems were planted. There
was a negative linear relationship between roots
and sugar yields of sugarbeet and levels of Pi of
M. incognita and highly correlated value (r _ -
0988, £ > 0.01 and r . -0.937, P > 0.04,
respectively)

From the data it can be concluded that M.
incognita larvae attack sugarbeet plants resulting
in decreasing in root and sugar yields. The yield
loss % proportion to the initial population density
of this nematode at planting time, generally, the
rate of decrease or loss % in sugar yield was
greater than in the root yield. Tolerance limit for
var. Chems (Polygerm) according to calcutations
was at Pi = 48.0 larvae of M. /ncognita per 250 g
soil, also Economic threshold (ET) was determined
at Pi = 170 larvae per 250 g soil. Damage or loss
levels of root yield were compared using chi-
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square (X?) by analyzing frequency data to point
out Economic injury level (EIL), which determined
at Pi = 201 larvae of M. incognita per 250 g soil

INTRODUCTION

In the recently, reclaimed desert irrigated lands at West Nubariya and Ei-
Bostan districts has shown that sugarbeet can be successfuily grown under sandy soil
area condition, but attention must be taken towards the great threat induced by plant
parasitic nematodes.

Pest-induced crop losses are feature of both primitive and modern agricultural
systems involved in food or fiber production. It is common knowledge among
agricultural scientists that "yield gaps" exist among countries and even among farms
in the same locality with comparable management and envircnment (Teng and
Shane, 1983).

Plant parasitic nematodes, especially root-knot nematodes are known among
the most serious pests of sugarbeet in many countries. Qut of 50 described species of
Meloidogyne, only few parasitized sugarbeet, viz, M. arenaria, M. incognita, M.
Jjavanica, M. hapla and M. naasi are economically important to sugarbeet production
{Arnold, 1984), M. arenaria, M. incognita and M. javanica essentially are hot weather
organisms and maost important where beets are grown in districts with long, hot
summers and sﬁort, mild winter. In Egypt, M. incognita and M. javanica were
reported as major nematode pests of sugarbeet (Oteifa and El-Gindi, 1982; Abd El-
Massih, 1985; Maareg et a/, 1988 a & b and 1998 and Ismail et &/, 1996).

The average of the annual loss in yield of sugarbeet due to M.
incognita in different states in U. S. A. was estimated to be as high as 10-50 % and in
Italy as 5-15 % (Altman and Thomson, 1971). Although, yield loss estimates were
based on nematode population, using earlier derived curves relating nematode
densities with crop yields and on the average prices reported in certain period, no
estimation for loss in sugar content due to M. /ncognita was reported in Egypt.

Reduction of crop losses due to nematodes is one way of increasing crop
yields. Therefore, chemical control methods are soaring over ali control methods in
spite of governmental efforts to optimize the usage of nematicides through the frame
of economic and environmental considerations, however, demand development of
integrated pest management (IPM) programs. Fundamental to IPM approach is the
development of information regarding nematode population levels below which a
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particular control method can be considered unnecessary (Ferris, 1978). Studies to
determine damaging levels have been conducted for several nematode and crop
species (Arens and Rich, 1981; Griffin, 1981; Olthof and Potter, 1972}, but there is no
information for sugarbeet as produced in West Nubariya district. Published reports
that in most instances also were based on survey information. Although most
administrators and nematologists agree that crop-loss assessments are important in
order to justify public expenditures for research and education programs in
nematology and plant pathology, increasingly the sources of such information are
unavailable.

Therefore, the objectives of this study were to: (I) determine the
reiationships between the yields (roots and Sugar) of sugarbeet and population
densities of M. /ncognita at planting time, and (II) estimate the tolerance levels and

damage function parameters necessary to optimize control costs.
MATERIALS AND METHODS

Field experiment was carried out in 2100 m2 area in naturally infested soil
with the plant parasitic nematode, Mefoidogyne incognita Kofoid &White (Chitwood),
after primitive survey to insure the prominence of the target nematode at West
Nubariya District throughout sugarbeet growing seasons of fall 1998 and summer of
1999, The site for these studies has a sandy soil contained distinctly low amount of
organic matter (0.25%), and characterized by relatively low soluble cations (Ca®*,
Mg®*, Na*, and K* with values of 2.72, 1.82, 4.27 and 0.79 meq L™, respectively )
and anions (C0O5%, HCOy, CL and SO, with values of 0.0, 1.66, 6.81 and 1.13 meq L’
!, respectively ). The soil had electrical conductivity of 0.96 ds/m, and pH 8.09. Also, it
had 9.74 % CaCO;, and relatively low N, P, and K with values of 31.20, 3.10 and
77.50 ppm, respectively.

Seeds of sugarbeet, Beta vuigaris saccarifera L. variety, Chems were planted
on the second week of November, 1998. The trial was planted in a randomized
complete block design with eight blocks. Each block consisted of 25 plots. Individual
plot consisted of six ridges, 50 cm apart and 3.5 m long (about 1/400 feddan). Five
holes per meter were planted to provide about 40,000 plants / feddan. With the
exception of no nematicide usage, plots were managed throughout the growing

season by standard grower practices and were irrigated as needed.
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The initial population densities in sugarbeet plots (a total of 200 plots) were
determined before sowing time. The frequency distribution of population densities
was made to classify them in density levels according to the methods described by
Bishr and El-Robbi (1979) as follows:

- Estimate the range of initial population (Pi}) densities {i.e. the difference between
the maximum value and minimum value of Pi).

- Determine the number of density levels by using Yule formula {(Number of levels
=2.5X*N ; where N = number of plots).

- Determine level interval by dividing range / number of levels.

- Estimate the level mark (i.e. the value of the level); this value is calcuiated on the
basis of systematical distribution of the individuals within each level and could be
deduced by dividing (the upper limit of the levef + lower limit of the level)/2.

- Distributing plots according to their values of initial population densities on the
density levels.

- Determine the frequency occurrence of each density level in the investigated
plots.

The densities were plotted on scale with unity = 15 larvae / 250 g soil (0.06
larvae / g scil). The average yields in all densities level were calculated and expressed
as proportion of average yield per plot with (0 to 387 larvae / 250 g soil and 0 to 1.55
larvae / g soil).

The proportion were plotted against the centers of the density levels curves
according to the general model deveioped by Sienhorst damage function (1982) for
determination of yield response to nematode population density levels and, tolerance
limit, this model is:

Y=m+(1-m)z*?

Where Y = a ratio between yield at nematode density P and that in the absence of
nematode;

m = the yield at nematode densities in which all available space is occupied by the
nematodes (minimal yield);

z = a constant less than 1 (= to proportion of plants not attacked at population density P=
1); ' |

P = the population density is usually > T (Y = where P is equal to or less than T); and

T = the nematode density below which no detectable loss in yield occurs.
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Whereas, relating initial nematode numbers to yield in this model, it is useful
in predicting responses to differential population densities

Also, correlation and regression equations between initial population of M.
mcognita and yields (roots and sugar) and quality characters as well as number of
galls / root were made. The chi-square analysis was then applied to the average
population data (Pi} in relation to root yield data for each Pi level to assure if is there
a relation between them and to uetect the critical value for chi-square that at which

the economic injury level of M. incognita could be deduced.
RESULTS AND DISCUSSION

1- Relationship between initial population density (Pi) of M. Jncognita and
sugarbeet yields : '

Nematodes found in the soil's trial were seven species of plant parasitic
nematodes associated with sugarbeet plants. These species were; Heficotylenchus
difiystera Cobb (Fam: Hoplaimidae), Macroposthonia { Criconemoides) sp . Raski & Luc
{Fam: Criconemoidae), Meloidogyne incognita Chitwood, Meloidogyne javanica
Chitwood (Fam: Meloidogynidae), Pratvienchus sp. Filipjev (Fam: Pratylenchidae),
Robtylenchufus  reniformis  Linford & Oliveira (Fam: Hoplolaimidae) and
Tvlenchorhynchus sp. Cobb (Fam: Tylenchorynchidae). All these species are following
order Tylenchida, their occurrence rate and absolute densities are presented in Figure
{1). The highest absolute density {(2115.25 X 103 individual / m2 scil) was detected
with the root-knot nematode, M. incognita and this revealed that M. icognita is a
major pest species. The other plant-parasitic nematodes were present only in low
numbers and thus considered to have negligible impact in this study. The root-knot
nematode species was identified as M. incognita Race 1 from perineal patterns and a
differential host test (Hartman and Sasser, 1985).

Reiationships between numbers of the nematode, M. /ncognita in the soil at
planting time and marketable yields of sugarbeet (cv. Chems) were studied in 200
plots on sand soil in the West Nubariya district.

Studied plots could be grouped according to the naturally occurring initial
population density of the nematode, M. incognita into 13 levels as shown in Table (1).

Their numbers ranked from 15 to 387 larvae per 250 g soil at planting. The influence
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of these levels of initial population on gall formation and yields (roots and sugar/ fad.)
of sugarbeet was reported in Table (2) and Fig. { 2 a, b, ¢, and d).

The results in Table (2) revealed that a general trend, however, was the
gradual increase in the number of gails with increasing naturally initial population
level (Pi). At harvest time, the number of galls per root was more greater (206) in
case of high pi { 387 larvae /250 g soil ) than ( 20 galls ) with low one ( 15 larvae
/250 g soil ). The increase in galls number was positively correlated (£ 0.01) with
increasing of initial population level ( Pi ) as shown in Table ( 3).

Data in Table (2) and Fig. (2 a) also, show that sugarbeet yields per feddan
were varied with the different levels of nematode densities at planting. All initial
population levels for M. incognita seem to cause sugarbeet yields losses, which
appeared in significant reduction of roots and sugar yields when compared with the
low level as the check.

There was a negative linear relationship between roots yield of sugarbeet and
levels of Pi of M. incognita and highly correlated value (r - -0.988, P > 0.01, Fig.
2a).The slope of the regression line relating roots yield was much steeper (-0.0569,
Table, 4). Root vield decreased gradually with increasing the level of initial population
density. Roots yield decreases in proportion to the initial population of the M,
incognita in soil. The maximum yield of roots (43.9 tons/fed) was obtained with the
lowest level of Pi, while, the minimum one was obtained with the highest Pi level. The
percentage of proportional decrease from control in roots yield was more than 50 %
only for level of 387 larvae /250 g soil for M. incognita. This response refers to that
the Pi level resulted in stunted plants with smal! root weight, which can't suppert high
popuiation of nematode.

~ Also, a progressive decline in sugar yield was observed with the increasing of
the level of population at planting time, the same relationship for sugar vield (r - -
0.937, £ > 0.01, Fig. 2c) the lowest sugar yield was obtained by the highest level of
Pi. Loss of sugar vield increased gradually to attain 51.3, 59.2 and 68.4 % by initial
population densities of 325, 356 and 387 larvae /250 g soil levels, respectively.

In the similar studies, the results indicated that the initial population of beet
cyst r{ematode, Heterodera shachtii of 10 eggs + juveniles/g soil resuited in root yield
of sugarbeet losses between 1 and 64 % (Cooke. and Thomason, 1979; Greco et a/
1982 and Cook, 1984).
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From the previous data it can be concluded that M. incognita larvae attack
sugarbeet plants resulting in decreasing in root and sugar yields. Yield loss %
proportion to the initial population density of this nematode at planting time,
generally, the rate of decrease or loss % in sugar yield was greater than in the root
yield,

The reduction in root and sugar yield was negatively correlated (P2 0.01)
with increasing of initial population density of M. incognita nematode at planting. The
expected yield of sugarbeet (cv. Chems) at any level of initial population density of M.
incognita at the planting could be achieved by using the constant (a) and regression
coefficient (b) {regression equation} as shown in Table (3). Finally, the relationships
between total yield of rocts and actual sugar can be described as a single damage
function (Figs. 2 b and d).

2- Estimation of Tolerance limit

Analysis was performed with Sienhorst (1982} damage function as the model
to relate yields to nematode densities in order to estimate Tolerance limit * T " (the
nematode density below which no detectable loss in yield occurs) could be calculated
according to the equation ;

Y=m= (J-m)*ags(P/T)-J

with z =1 equals The constant 0.95 7

where, Y = the ratio between the average yield in the level with mean larvae
density P, from the data in table ( 2) and by the above equation.

The * Tolerance limit ™ of Chems variety could be deduced as follows:
forPzTandY=1forP < T
0.99 =0.49 + (1 -0.49 )*0.95 ( 46/T )*
0.99 =0.49 + (0.51 )*0.95 ( 46/T )"
0.99 =0.49 + 0,48/ (46/T)
0.99 - 0.49 = 0.48 * T/46
050= (048*T) /46
23.0 = (048*T)
Hence, T = 23.0 /0.48 = 48.0 larvae per 250 g soil for var. Chems, i.e. the

Tolerance limit for var. Chems is at Pi = 48.0 larvae of M. incognita per 250 g soil.
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Economic threshold (ET)

The same damage function of Sienhorst can be used by the same way to
determine economic thresheold (ET) which is defined as the Pi at which the value of
the crop loss is equal to the cost of the management option (Ferris, 1978). Thus, the
data in Table (2) were used to calculate ET by using losses for a range of Pi values
and selected the ET on the basis of the corresponding array of losses, ET was
determined by this way at Pi = 170 larvae of M. incognita per 250 g also, ET can be
deduced from the curves of yield losses in Figs. (2 b & d).

Economic injury level (EIL)

Damage or loss levels of root yield were compared using chi-square (X?) by
analyzing frequency data for latency data, i.e., to point out Economic injury level
(EIL) which is defined as the pest population that inflicts crop damage greater than
the cost of control measures Rex Dufour (2001). The data shown in Table (4)
revealed that the calculated 3 X? (93.32) of the thirteen levels was greater than the
tabulated X* P>  0.05 (18.3 at df = 10), this proves that there is a strong relationship
hetween Pi levels and root yield of sugarbeet. In regard to chi-square analysis of
segregation for means of root yield plotted against Pi levels (13 levels), there was
absence of any segregation till the sixth level of Pi (170 larvae\250 g soil), whereas,
The critical value for X° (25.03 P> 0.05 df 12) appeared at the seventh level (Pi =
201 larvae\250 g soil) which paralieled 34.1 ton roots/fad. Which denote to EIL.

Therefore, we would obtain a useful diagnostic tool for EIL
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Table (1): The frequency distribution of initial population densities of Meloidogyne

incognita juveniles within plots of naturally infested sugarbeet
experimental fields.

Serial level Level boundaries Frequency occurrence
1 0-30 5
2 31-61 6
3 62 -92 9
4 93-123 14
5 124 — 154 17
6 155 - 185 32
7 186 — 216 35
8 217 - 247 32
9 248 - 278 18
10 279 —- 309 13
11 310 - 340 7
12 341 - 371 7
13 372 - 402 5
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Table (2): Roots and sugar vields response of sugarbeet crop (var. Chems) to initial
population densities of Meloidogyne incognita infesting soil of sugarbeet
fields at, West Nubariya District.

Pi as Actual | Root vield Root Actual Sugar
No. | No.of foot (‘-:3 ays‘ - Yield Yield (y) | Sugar
Level Galls ) ; loss | sugar asa Yield
Rank Larvae Jroct vield proportion yield/ proportion | loss
/250 oystemn per | of max.y @) | ©" | ofmax.y | (%)
g soil ton/fad. | (%) fad. (%)
1 15 20 43.9 100.0 00.0 7.6 100.0 00.0
2 46 31 43.6 99.3 0.7 6.7 88.2 11.8
3 77 43 41.8 95.2 4.8 5.1 67.1 32.9
4 108 66 39.8 90,7 9.3 5.3 69.7 30.3
5 139 107 37.2 84.7 15.3 5.1 67.1 32.9
6 170 115 37.0 84.3 15.7 5.0 65.8 34.2
7 201 114 34.1 77.7 2231 4.7 61.8 38.2
8 232 155 33.9 77.2 22.8 4.4 57.9 42.1
9 263 171 31.8 72.4 27.6 4.2 55.3 44.7
10 294 183 30.4 69.2 30.8 4.0 52.6 47.4
11 325 183 28.7 65.4 34.6 3.7 48.7 51.3
12 356 203 25.1 57.2 42.8 3.1 40.8 59.2
13 387 206 21.6 49.2 5081 24 316 68.4

Table (3): The relationship between initial population of Meloidogyne incognita and

sugarbeet yields.
Variables Mean Correlation coefficient(r) Regression equation
( Range ) between X & Ys between X & Ys
(y=a+bx)
Initial population {Pi=x} 201
Larvae/250 g soail (15-387)
Galls No./root system 122.8 Hokx
) (20-206) +0.9820%** Y 1=16 3070 + 054083}
Root yield ton/ fad. 345 *¥k
Y, (216 - -0.9887%** Y 245 9505 - 0.0569(Pi)
43.9)
Sugar vield ton/ fad. 4.7 *FEE
(yy) (2.4-7.6) -0.9371%x* Y3-6.8067 - 0.0160(P)
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Table (4): Chi-square analysis of segregation for means of sugarbeet root yield
(ton/fad.) resulted under different Pi levels of Meloidogyne incognita.

Pilevels | 1 | 2| 3| a| 5| 6| 7 | 8| 9 |10|11]|122]13
- g":'" “25" 15| 46 | 77 | 108|139 | 170 | 201 | 232 | 263 | 294 | 325 | 356 | 387
Root yield
43.9|436|41.8| 39.8] 37.2| 370 | 341 | 339 |31.8|30.4|28.7| 25.1| 216
ton/fad.
msr DR IEAEYE N BIE Ad AR IE  FARLIE
frequency
Expected
1/13 X 200 = 15.38
frequency
- {’;'2}"“'“ 7.01| 5.72| 2.65| 0.12| 0.17| 17.96 | 25.03"" | 17.96 | 0.45| 0.37| 4.57| 4.57| 7.01
IX?=9332 " critical value of X* at P > 0.05 df = 12
. _ 2115 .25
3 2000
L]
Ei - 759 .18
5 £ 1000 ' .
§ , f 2043 403 .51
z ol D" Penl Dol Ba |
0 '
RS R
: e | %
% ?%%
. ey : e
%5.—@% %%%‘fa Eﬂh

Nematode spcies

Fig. 1. Occurrence rate and absolute density / m2 of plant parasitic
nematodes associated with sugarbeet plants at the West

Nubariya district.




GOHAR, L. M. A, AND M. F. MAAREG 1327

50
45 A
40 A
35
Yield of 30 1
roots Ton/ 25 A Y =45,9595 - 0.0569(Pi)
feddan 20 r = -0.9884***
15
10 4
5 4
%3] P~ — m uy g
- M~ o fo=] w o™ o«
- o~ ™ ™
No. of larvae (Pi}/ 250 g soil
(a)
8
7 4
G 4
Actual yield 5 -
of 4
sugarTon/ 1
feddan. 3 Y= 6.8867 - 0.0169(Pi)
=-0.9371**
2 -
1 N
0 T T T T T T T T T T T T
e P - «) Wy M~
- P~ ™ (=] 0 (%] o
— (3] ™ [\r] (]
No. of larvae (Pi) /250 g soil
()

60
Y = -5.7848 + 0.1335(Pi)
50 1 r= 0.9879"*
40
Root yioeld 30 |
loss %
20 4
10 4
0 4
No. of larvae (Pi) / 250 g soil
(b)
70 4 Y =90.3179 + 0.1425
r=0.9472***
Sugar yield 50 +
loss %
30 4
10

No. of larvae ( Pi) / 250 g soil

(d)

Fig. 2. Roots and sugar yields response of sugarbeet crop (var. Chems)
to initial population densities of Meloidogyne incognita infesting

soil of sugarbeet fields at the West Nubariya district.
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