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ol this
. Experiments were undertaken in 1984-1986 to assess losses caused by Heterodera ciceri tor— rlnSC;
chickpea and lentil and to 1nvest1gate the development of the nematode in Syria. Pots Contalnmgw ) coung
5.5 dm? of soil were sown to sprlng chickpea in 1985 and mlcroplots containing 34 dm® of soif § Qudé

sown to winter chickpea or lentil in 1985-1986. There were nine pots or ten microplots for eack
plant species and population density levels (0, 0.125, 0.25, 0.5, 1, 2, 4, 8, 16, 32, 64 and 19§
eggs of H. ciceri/cm?® soil). Sixteen more microplots were sown to winter ehlckpea and 14 to,
spring chickpea, to investigate the development of the nematode. When plant size was cons.
sidered, tolerance limits (7)) to H. ciceri were 0.22 and 0.6 eggs/cm?® soil and rninimum relative:
plant sizes 0.6 and 0.47 for winter sown chickpea and lentil, respectively. Tolerance limits of”,
1, 1.15, and 2.51 eggs/cm?® soil for spring and winter ch1ckpea and lentil, respectlvely, and-f
relatlve minimum yields of 0 for chickpea and 0.5 for lentil were instead estimated for grain and
total plant weights. Seed protein content was also negatively affected by the nematode. Second”
stage juveniles of the nematode had invaded roots of both winter and spring chickpea by the §
time of emergence of the plants. Females appeared on 13 March and 10 April on the roots of-
winter and spring chickpea, and cysts 14 and 6 days later, respect1vely, when 212-227 da
degrees had accumulated. Maximum reproduction rates of H . cigeri at very small initial popul
tion densities were large (249-297) and about the same on winter chickpea and lentil and 4.
on spring chickpea. 1
Keywords: chickpea cyst nematode, development chickpea, lentil, yield losses, host parasit
relations, mathematical models. B

The chickpea cyst nematode, Heterodera ciceri Vovlas, Greco & Di Vita
causes severe damage to chickpea (Cicer arietinum L.) and lentil (Lens culinar
Medic.) in Syria (Greco et al., 1984; Vovlas et al., 1985). The nematode als
affects pea (Pisum sativum L.) and can reproduce on a number of leguminou
species (Greco et al., 1986b). Under controlled conditions only one generatio
was completed (Kaloshian et al., 1986). To investigate the development of A
cicers under field conditions and its pathogenicity to the main crops affected; |
chickpea and lentil, experiments were done in Syria, in 1984 to 1986.]
Although chickpea is usually grown as a spring crop, winter sown chickpea wa
included in the experiments because recent studies by Hawtin and Singt:
(1984) have shown that its grain yields are considerably larger than of sprin
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own chickpea. Chickpea and lentil sown in December 1984 were heavily
damaged by frost in early 1985, which left only an experiment with spring
sown chickpea in that year. The experiments with winter chickpea and lentil
were repeated in 1985-1986.

MATERIALS AND METHODS

Effect of population densities of H. ciceri on lentil and chickpea. Cysts were
extracted in November 1984 from infested soil from a field in the Idleb area
(North Syria), in which chickpea had been damaged severely by H. ciceri. Cysts
and debris were then dried at room temperature, mixed with 40 kg of steam
sterilized sand and used as inoculum. To estimate the nematode population of
this inoculum ten subamples, 10 g each, were poured onto a 250 um sieve and
rinsed to remove fine soil particles. Cysts were then collected on a paper filter,
counted and crushed according to Bijloo’s modified method (Seinhorst & Den
Ouden, 1966) to determine egg contents (standard error=8.6% of the
average). The correct amounts of the inoculum and 80 g of a fertilizer (18%
N, 46% P9Ox) were then added to and thoroughly mixed with lots of 148.5
dm? of soil per populafion level, in a concrete mixer, to establish the following
range of population densities: 0, 0.125, 0.25, 0.5, 1, 2, 4, 8, 16, 32, 64 and
128 eggs of H. ciceri/cm® soil. The infested soil was divided between 27 plastic
pots per nematode density (5.5 dm? per pot). The pots were sunk into the soil
at ICARDA’s principal research station at Tel Hadya (Aleppo, North Syria)
t0 5 cm below the edge and nine at each nematode density were sown to spring
chickpea on 3 March 1985 (5 seeds of ILC 482 per pot, thinned to three per
pot soon after emergence). The inoculum for the 1985-1986 experiments was
collected from a similar field in the same way as the year before and the same
range of nematode densities was prepared. Ten replicates at each population

_level and plant species were established, this time in microplots made of 55 cm

long and 31 cm wide plastic tubes without bottom, sunk into the soil at the
same location as the previous experiments. The bottom 5 cm layer of each
microplot was filled with sterilized soil and then 34 dm® of the infested soil
added to fill the microplots up to 5 cm below the edge. Because of the large
volume of the microplots the soil of each was infested and fertilized (as in 1984)
separately. Six seeds of chickpea (ILC 482) or 15 of lentil (ILL 4401 local
small) were sown per microplot on 10 December and, after emergence of the
plants, thinned to four and ten per microplot, respectively.

Pots and microplots were inoculated with the appropriate Rhizobium species
soon after sowing.

Length and width of winter chickpea and lentil were measured on 5 May.
At harvest (spring chickpea: 20 June 1985, lentil: 20 May 1986, winter
chickpea: 5 June 1986), grain and straw plus grain were weighed. Chickpea
and lentil seeds were tested for protein content (Nx6.25) using a NEOTEC
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food quality analyser Model 51A, which uses the principle of near- infrareq

reflectance spectroscopy (NIRS). Calibration was done by deterrmnlng ne‘
nitrogen by micro-kjeldhal procedure (AOAC, 1965). Soil samples of 1.5 kg, { Ch
composed of 24 cores, 30 cm long and 1.5 cm wide, were then collected fl‘Om | .
each pot or mlcroplot smi
Development of H. ciceri on chickpea. Thirty microplots, as described above; :;Z
were filled with soil infested with 20 eggs of H. ciceri/cm® and sown to Cthkpea il
(ILC 482) on 10 December 1985 (16 microplots) and on 2 March 1986 (14 soi’i’"

microplots). Roots of winter and spring sown chickpea were collected from ome [ ihel
microplot each every two weeks from plant emergence until early March ang

elé,
then weekly until 5 June 1986. Roots were gently washed in water and cut i r:‘ ‘
0.5 cm long pieces. A 5 g sub-sample was processed by Coolen’s methog witl:
(1979) and the nematodes counted and classified according to dlfferem fimev

developmental stages. A 1 kg soil sample from the rhizosphere of eaci ! ol
microplot was also collected at each sampling date (Table 3; Fig. 9). 801 ;
moisture content was determined at each sampling date and referred to as per :
cent of dried soil welght (Fig. 10). '

Processing of so1l samples JSrom all experiments. Soil samples were air dried, mixed:
and cysts were then extracted from a 200 g subsample (s.g. 1.2) in a Fenwick
can, separated from debris with the Seinhorst apparatus (1974) substituting
magnesium sulfate solution (s.g. 1.25) for ethanol, and crushed to determini
egg content.

In all experiments the soil used was composed of 20% sand, 33 % silt, 46% ¢
clay, and <1% organic matter, with pH 8.2. Soil temperature at 10 and 2: ;
cm depth was continuously recorded in the same field. During the experimeni’f
pots were watered once or twice a week from March onwards and microplof
only twice throughout the growing season, and the leaf miner (Liriomyza cicerin
Rond.) was controlled.

RESULTS

Effect of population densities of H. ciceri on lentil and chickpea. Symptoms of ¢
cicert attack (yellowing and stunting) on spring chickpea were evident by 1t
April 1985 in the pots infested with 128 eggs/cm® soil and on 5 May 198
those containing =8 eggs/cm soil. All plants in the pots infested with = :
eggs/cm® soil were dead by 23 May. In 1986 nematode attack stunted tht
plants and, moreover, yellowing of winter sown chickpea appeared by
February at 128 eggs of the nematode/cm? soil and by 21 March at
eggs/cm’ soil. Similar symptoms appeared in‘lentil two weeks later. No yell
ing was observed at <8 eggs/cm? soil. Times required for emergence, flow
ing and podding of both legumes were not noticeably affected by
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pematodes. However, plants in heavily infested microplots flowered poorly
and produced pods without seeds or with small and unmarketable seeds.
Chickpea senesced earlier with larger numbers of nematodes than with

gmaller.
Lengths and widths of all winter sown chickpea and lentil plants were

measured on 5 May 1986. Length to width ratios were constant up to 16

eggs/cm3 soil in lentil and increased very slightly between 0.25 and 16 eggs/cm?
s0il in winter sown chickpea. They were strongly increased at > 16 eggs/cm®
soil. Variability was remarkably small (Fig. 1). This suggests that length times
the square of the diameter of the plants could be used as a measure of their
relative size or weight on 5 May. In Fig. 2 curves according to the equation

y=m+ (1-m)zP-T for P>T and y=1 for P<T (1) (Seinhorst, 1965; 1986b),

with 27'=0.95 are fitted to the relative sizes of the plants estimated by length
times the square of the diameter (y) at the different nematode densities (P).
Tolerance limits (7) were estimated to be 0.22 and 0.6 egg/cm® soil and
minimum relative plant sizes (m) to be 0.6 and 0.47 for winter sown chickpea
and lentil, respectively Relative sizes of both plants at 64 and 128 eggs/cm?
soil do not fit these curves, a phenomenon described by Seinhorst (1981a) from
several other experlments It more or less coincides here with increased length
to width ratios of the chickpea and lentil plants.

Grain and total weights of the plants were strongly affected by H. cicer:
attack. Tolerance limits (7) of 1 and 1.15 eggs/cm? soil and 2 minimum
relative weight of 0 were derived for both grain and total plant weights of
spring and winter sown chickpeas, respectively, from a curve according to eq.
(1) fitted to the data (Fig. 3).

The productivity of lentil was reduced less than that of chickpea by H. cicer:.
A tolerance limit of 2.5 eggs/cm? soil and a minimum relative yield of 0.5 were
derived for both grain and total plant weight by fitting a curve according to
eq. (1) to the data (Fig. 4).

However, there seems to be a discrepancy between Fig. 2 and Figs 3 and
4, tolerance limits being considerably larger in the latter than in the former,
whereas the curves according to eq. (1) also fit to relative weights of chickpea
and lentil at 64 and 128 eggs/cm? soil in the latter but not in the former. To
investigate the nature of this discrepancy the data were introduced in growth
models as described by Seinhorst (1986b). Plants without nematode were sup-
posed to increase in weight by a constant amount per unit of time after they
had reached about a fourth of their final weights, about 17 weeks after plan-
ting, whereas they doubled their weight every two wecks before that date.
Growth curves for plants with nematodes were then constructed assuming that
the ratio between the time #,, needed by these plants to reach a certain weight
and the ¢,, needed by plants without nematodes to reach this weight was the
same from the beginning of nematode attack (here assumed to coincide with
the planting date). Relative plant weights on 5 May were supposed to be equal
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TaBLE 1

Efffect of population densities of Heterodera ciceri on length and width of winter chickp,
and lentil on 5 May 1986

Eggs/ Length (cm) Width (cm)
cm?® soil Chickpea "~ Lentil Chickpea Lentij]
0.00 39 29 62 36 o
0.125 40 30 62 34 - £
0.25 40 30 63 36 2
0.50 41 28 62 35 3
1 39 29 60 35 o
2 39 28 59 35 = 2
4 39 26 55 32 % i
8 36 26 55 32 2 |
16 36 24 52 30 £
32 34 24 48 28
64 28 22 30 23
128 23 18 22 20

to relative plant sizes on that date, derived from lengths and widths. Ratio
tp/t, for the different nematode densities were supposed to be those with
tp= 145 days (on 5 May). Growth rates were probably smaller during the firs
months of growth than later on, due to lower temperature, but this (requirin
an assumption that the start of growth and attack were later than the plantin
date) appeared not to affect the resulting growth curves materially. A good fi
of relative weights of winter sown chickpea at the end of the experiment to th
growth curves was obtained if weight increase from 17 weeks after planting wa
supposed to be 10% of the final weight per week (Fig. 5), if the relatively large
final weights at 1 and 2 eggs/cm?® soil could be considered to be due to
variability. A somewhat smaller or larger rate of weight increase would have=
resulted in an equally good fit. The rate of 10% was chosen as the estimated }
weights with 32 to 128 eggs/cm® soil were about the same on 5 May and 3
June. The plants were then thought to have ceased growth on or before 5 May
suggesting a phenomenon similar to ‘‘early senescense’’ in potatoes caused by
Globodera pallida (Seinhorst, 1986b). At 16 eggs/cm? soil cessation of growth i
thought to have occurred in the third week of May.

Growth curves in accordance with relative plant sizes and weights of lenti
on 5 and 20 May, respectively, were not so easily constructed. A reasonable
fit for 0 to 64 eggs/cm?® soil was obtained by assuming that the plants at 0 to
0.5 eggs/cm?® soil ceased to increase in weight a week before harvest and those
at 1 and 2 eggs/cm® soil between 13 and 20 May (Fig. 6). However, relative
size on 5 May and relative weight on 20 May of the plants at 128 eggs/cm
soil could not be made to match at all. No reason for the discrepancy could
be found.

Fig. &
micrg:

g

Relative weights
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Fig. 5. Growth curves (according to Seinhorst, 1986a) of winter sown chickpea grown in
microplots infested with increasing numbers of Heterodera ciceri, derived considering plant size
on 5 May and plant weight on 5 June.
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_Fig. 6. Growth curves (according to Seinhorst, 1986a) of lentil grown in microplbts infested with
increasing numbers of Heterodera ciceri, derived considering plant size on 5 May and plant weight
on 20 May.
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Fig. 7. Relationship between numbers of Hetemdem ciceri and average of relative plant welghts
of winter sown chickpea and relative seed weights of spring sown chickpea.

Final seed weights of spring sown chickpea (Fig. 7) suggest a relation
between nematode numbers and relative plant weight as in Fig. 2 for relative
plant sizes of winter sown chickpea, but the observations are too variable to
draw definite conclusions. The death of plants at 64 and 128 eggs/cm? soil fout
weeks before harvest indicates that spring sown chickpea also suffered ““early
senescence’” with large nematode numbers. If winter and spring SOWIL_
chickpeas can be considered to react in the same way to attack by H. ciceri and}
also relative plant weights of the latter can be considered to be about the same
as relative seed weights, relative plant weights of winter sown chickpeas a
relative seed weights of spring sown chickpeas can be averaged at differe
levels of nematode numbers to obtain a more general impression of the relati
between H. cicers numbers and relative yield of chickpea. These averages at{
to 8 eggs/cm? soil appeared to fit reasonably well to a curve according to e
(1) with T'=0.22 and m=0.7 (Fig. 7), suggesting that deviations from th
curve are due to experimental error. However, as weights of the spring sow.
chickpeas seem to vary more than those of the winter sown ones, this concl
sion must be considered with caution.

Protein contents of seeds were reduced significantly (P<0.05) at =
eggs/cm? in winter sown chickpea and at =32 eggs/cm? soil in lentil. Relati
protein contents also fitted eq. (1) with the same tolerance limits as derived f
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grain and total plant weights as in Figs 3 and 4. Minimum relative protein con-
tents were larger, 0.75 and 0.9 for chickpea and lentil, respectively.

The relation between initial and final egg densities, Pi and Pf, of a cyst
nematode species producing one new generation per year, on a plant species
that is damaged by the nematode, can be described by the equation: ‘

Pf=rfa(-¢ log ) 1(1- qu) +16(1-p)Pi + b (1-r)Pi (eq. 2) (Seinhorst, 1970; 1986a)‘ .

in which a = the maximum rate of multiplication, = the proportion of the egg
population (£7) that is induced to hatch when plant size is not reduced by
pematode attack (small population densities), f=the relative size of the food
source, b=the proportion of the nematode eggs that do not hatch spon-
taneously in the absence of host roots and y = the relative size of the root system
according to eq. (1). No good fit of a curve according to eq. (2) to the relation
in Fig. 7, between Pi and Pf for spring sown chickpea, could be obtained by
assuming 7 =1, a = 4.5 (average ratio PfPi-1 at Pi=0.25, 0.5, 1 and 2 eggs/cm?
soil. That at Pi=0.125 is clearly aberrant), for f=y =y as in Fig. 3 for relative

widths of winter;or spring sown chickpeas, and 4 = 0.65 (as in fallow pots), and -

M [=a (1-gF%) (=¢ log g)"1] for Poo =a (¢ log g)1 >500 eggs/cm?® soil. How-
ever, an acceptable fit was obtained, assuming f=y =y as in Fig. 2 for relative
sizes of winter sown chickpeas (7 = 0.22 eggs/cm?® soil, m = 0.6 and y at 32, 64
and 128 eggs/cm® soil as for the observed plant sizes in Fig. 2). This would
mean that, as could be expected, juveniles penetrating roots during the last
weeks of the experiment did not develop further into.adult females and cysts.

According to Fig. 8 and Table II reproduction rates of H. cicer: of winter
sown chickpea and lentil were about the same at small Pi and large: at

=0.125, 0.25, and 0.5 eggs/cm?® soil on the average 249 times and at 0.125
and 0.25 eggs/cm? soil even 297 times. At 0.25-0.5 eggs/cm?® soil 1 new cyst
was formed per egg in the inoculum and at the two lowest initial egg numbers
1.6 cysts per egg. On lentil 2.5 cysts were formed per egg at the two lowest
initial numbers. As H. ciceri most probably is an amphimictic species (there are

7’ many males; Table IIT), the ratio of numbers of juveniles that penetrated into

roots to those which became cysts must have been much larger than 2. If initial
numbers were not strongly underestimated the only explanation of the large
rates of reproduction can be that a second generation developed on winter
sown chickpea and on lentil, possibly produced by a few of the offspring of the
parent generation. There is little if any evidence of a second generation in
Table I1I. However, as the initial number in that experiment was 20 eggs/cm?
soil, the plants had, according to Fig. 5, ceased to grow by the beginning of
May, after which the roots may have been unsuitable for the development of
nematodes (see also Table III, 8 to 22 May). Maximum final numbers on lentil
were about four times those on winter sown chickpea.

As eq. (2) has no provisions to account for activities of a second generation,
fitting curves according to this equation to the data on the reproduction of H.
ciceri on winter sown chickpea and lentil (Fig. 8) is meaningless. At large initial
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a Spring chickpea

e Winter

m Lentil

b

i

0.125

2

8

32

128

Eggs and juveniles/cm? soil{Pi)

Fig. 8. Relationship between numbers of Heterodera ciceri at sowing (P7) and at harvest (Bf) on
spring chickpea in pots (1985) and on winter chickpea and lentil in microplots (1986).

TasrLe IT

Effect of population densities of Heterodera ciceri at sowing on the numbers of cysts,
per cent of new cysts, and eggs/cyst, in pols sown to spring chickpea (SC) in 1985 and
in macroplots sown to winter chickpea (WC) and lentil (L) in 1985-1986

Eggs/ At harvest
cm? soil Cysts/200 cm?® soil % new cysts Eggs/cyst
at sowing WC SC L WC SC L WG SC
0.125 40 8 63 99 97 99 289 106
0.25 46 5 84 99 90 99 312 65
0.5 89 6 77 99 83 99 307 105
1 61 9 83 97 78 97 240 126
2 116 12 116 96 67 96 238 140
4 197 27 127 96 74 94 275 110
8 330 47 182 95 68 92 211 165
16 429 83 162 93 64 81 212 123
32 476 258 192 87 77 69 122 134
64 374 252 265 68 52 54 55 97
128 286 430 380 15 44 36 49 46
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. . TasBLE 111
. o . Specimens of Heterodera ciceri found in 5 g of roots

Sampling dates

grage 15/1/86 29/1 13/2 " 26/2  6/3 13/3 20/3 27/3 4/4 10/4 16/4 25/4 2/5 8/5 15/5 22/5 . 5/6

Winter chickpea (sown 10/12/85)
64 95 815 2429 1092 1109 937 2194 547 165 66 74 63 212 214

}2 30 112 806 1011 1623 245 191 137 29 21 0 0 3 i
5 17 116 315 869 45 135 159 200 13 0 4
o 102 246 94 561 261 203 54 8 0 4
0 14 83 652 940 732 907 1058 118 42 23 4
Cyits 7 120 1352 1429 1894 3017 1526 1900
) Spring chickpea (sown 2/3/86)
] 1046 1711 1338 1630 139 116 18¢ 46
- I : 950 812 378 124 43 ' 61 46 27
N : 1 T 31 515 899 416 43 31 30 17 19
>y . . 3 8 189 450 163 49 - 77 45 60 48
&/ 4+ Spring chickpea 1o 120 1660 1153 343 100 61 77 78
-.\j/ e Winter " SV Gys 46 279 1389 1343 812 915 1250 1
m Lentil
egg numbers the. _maximum number of eggs would be produced on the %
available roots [Pf 7ya (=¢log g) 11. Eq. (2) would then apply but for a reduc- .
P P . . .| tion due to hatching of first generation-eggs and a_smaller maximum per unit ‘
8 32 128 weight of root than at smaller initial egg numbers, due to destructive action
1 juveniles/cm? soil (Pi) ) of the nematodes as described by Seinhorst (1986a) for Globodera on potato. Pf
‘ =L values at 64 and 128 eggs/cm® soil were indeed considerably smaller than
odera ciceri at sowing (Pi) and at harvest (Ffyon.| aecording to eq. (2). In the absence of a host, populations declined during the .

-er chickpea and lentil in microplots (1986). experlment by 339% in 1985 and 50% in 1986.

Numbers of cysts generally increased where there were 32 or fewer eggs/cm3
e 11 1 soil in the chickpea experiments and decreased with larger initial numbers

(Table II), but numbers of cysts in the microplots sown to lentil increased even

~a ciceri at sowing on the numbers of cysis = - ] ;
£ /5t at the larger populations tested. With some exceptions percentages of new cysts

 sown to spring chickpea (SC) in 1985 and

1 (WC) and lentil (L) in 1985-1986 ; (final cyst numbf:rs minus initial ones expressed as percentages of final cyst
1 numbers, assuming no old cysts were lost) were the smaller the larger the
harvest 72} initial numbers. Egg numbers of H. ciceri/cyst were negatively correlated with
% new cysts Eggs/cyst =3 initial population numbers on winter chickpea and lentil where initially there
SC L wc  SC were one or fewer eggs/cm?® soil and on spring chickpea 64 or more eggs/cm’
97 99 289 106 soil. Average numbers of eggs/cyst with populations smaller than those men-
90 99 312 65 tioned above were 303, 228 and 119 on winter chickpea, lentil and spring
gg ?;7) ?2’2(7) 1(2)2 chickpea, respectively (Table II).
67 96 938 . 140 Development of H. ciceri on chickpea. Second stage juveniles were found within
74 94 275 110 chickpea roots by the time the plants emerged in both winter and spring
gi g% 31 é }gg chickpea (Table I1I). Large numbers occurred in the roots until 27 March in
77 69 129 134 winter sown chickpea and until 10 April in spring sown chickpea, after which
52 54 -5 97 ~t  they declined to fewer than 150 per 5 g roots from mid-April. Third stage
44 36 49 46 2 -} Juveniles appeared 42 days after plant emergence in winter chickpea and only

—
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Fig. 9. Mean soil temperatures at-10 and 20 cm depth in a nearby area and soil moisture contentfr ‘
in the microplots for the investigation of the dévelopment of Heterodera ciceri in 1985-1986, =

15 days after plant emergence in spring chickpea. Fourth stage females and
males were found in winter sown chickpea by 6 and 13 March, respectively

and occurred together with third stage juveniles on spring chickpea. Females |

were formed by 13 March on spring chickpea and nearly one month later on;
winter chickpea. However, the time required by the females to become brow
cysts was 22 days (4 April) on winter chickpea and only 6 days (16 April) o
spring chickpea. By that time nearly the same amount of day degrees (212-227
above 10° since plant emergence (Kaloshian et al., 1986) (Table III; Fig. 4
had accumulated. On winter chickpea few eggs (11 %) contained second stag
juveniles by 16 April, and all eggs one month later. On spring chickpea, 11%
of the eggs were embryonated on 25 April and 81% by the end of the investiga
tion (5 June). Gelatinous matrices were produced on both winter and sprin
sown chickpeas, but only in one case (on winter chickpea) did one of them con--
tain two eggs.

Numbers of cysts in the soil (Fig. 9) remained the same until 16 April and |
2 May, on winter and spring chickpeas, respectively, but increased rapidly
thereafter, concomitant with the formation of new cysts. The data on number:
of eggs/cyst confirmed the results of the previous experiment, since they wer
much larger within cysts on winter sown chickpeas. However, numbers o
eggs/cyst declined slowly up to 10 April in the winter chickpea experiment an
until 25 April in the experiment with spring chickpeas, and increased later on
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Fig. 10. Changes in the numbers of Heierodera ciceri cysts/200 g of soil and eggs of the
nematode/cyst observed in microplots with winter and spring sown chickpea, in 1986.

DISCUSSION

Investigation of the pathogenicity of H. cicers confirmed the destructive effect
of this nematode, particularly on chickpea and, to a lesser degree, also on len-
til. Initial tolerance limits of winter sown chickpea and lentil were 0.22 and 0.6
eggs/cm? soil, respectively, according to the size of the plants in the beginning
of May, estimated by length times diameter square. Minimum relative sizes
were about 0.5, not taking the much smaller sizes at 64 and 128 eggs/cm? soil
into account. By the end of the experiments 7" had increased apparently to 1
and 2 eggs/cm? soil, whereas curves according to eq. (1) fitted well to all final
plant and seed weights with m = 0 for winter sown chickpea and m = 0.5 for len-
til. The apparent discrepancy between the observations on 5 May and those
at the end of the experiments could largely be solved by fitting growth curves
according to Seinhorst (1986b) to the data. They suggest that H. ciceri densities
>10 eggs/cm® soil cause a condition in chickpea very similar to ‘‘early
senescence’’ caused by Globodera pallida in certain potato cultivars, but not in
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lentil, despite yellowing of leaves at >8 eggs/cm? soil during six to ten Weeks
before the end of the experiment. The good fit of curves according to eq. (1)

to final plant weights is, therefore, accidental and does not mean that growth- thatl

proceeded at all nematode densities according to Seinhorst’s (1986b) suppoSr f, chit
tions for growth reduction by small to medium nematode populations. 1 rate
The growth curves do not solve the problem of the shift of the tolerance 5 il

limits entirely. Part of the cause could be experimental error (as suggested by K
Fig. 7), but part of it also is a limitation of growth because of exhaustion Off

growth factors in limited supply. The limitation of growth is then posmvdyf szslf
correlated with plant size, as is described by Seinhorst (1981b) for oats attacked [ lsol
by H. avenae, growing on a restricted quantity of water. However, Only? assu
experiments under more strictly controlled conditions than those described ’ did |
with determination of plant weights at regular intervals, could provide anj plai
answer. 1 g

The experiments do show why attacks in the field are more conspicuous i T
chickpea than in lentil. Not only is the tolerance limit of chickpea half to a third: {1 cyst
of that of lentil, but also, the growth of the former is much more stronglyg—, sma)

reduced at > 10 eggs/cm? soil than that of the latter even at 20 to 40 eggs/c
soil, due to ‘‘early senescence’’ stopping growth of chickpea and not of len
up to several weeks before harvest time. :

Another problem is which tolerance limits and minimum vyields are to
used as a basis for advice on the amount of control of H. ciceri required for
economic cultivation of chickpea or lentil. Such advice must be based on t
relation between nematode numbers and yield at populations up to about eig
times the tolerance limit, depending on the value of m (Seinhorst, 1982). T
true tolerance limits of chickpea and lentil most probably are about 0.25 and
0.6 eggs/cm?® soil, respectively. However, if the conditions under which the
crops are grown generally lead to a levelling off of difference in plant sizes with:
small H. ciceri numbers, the large tolerance limits should be used together wi
m = 0 for chickpea and about 0.5 for lentil. If the growth curves of Figs 5 a
6 applied until harvest, m for yields at 0.25 to 16 eggs/cm? soil and of len
at 0.5 to 32 eggs/cm® soil would both increase to 0.7. Therefore, using t
tolerance limits and minimum yields of Figs 3 and 4 in all cases would le
to an overestimation of yields at nematode densities 7 to 47 of not more th
3t0 5%. Only an understanding of the mechanism of the levelling off of yiel
at the end of the growing season and of the likelihood of its occurrence cou
provide a better basis for practical advice. In all cases severe losses of chickp
are to be expected with >10 eggs of H. cicert per cm? soil and large losses
lentil with >20 eggs/cm? soil.

Maximum numbers of H. ciceri were about 300 eggs/cm3 soil on winter sowsi’|
chickpeas and about 100 eggs/cm? soil on spring sown chickpeas and on lent
Final numbers at initial ones between 0.125 and 2 eggs/cm? soil were the sam
on winter sown chickpeas and on lentil: about 100 eggs/cm? soil. Rates
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multiplication from these initial numbers on spring sown chickpeas were much
gmaller than on the other two crops: only about 4.5 times. This could mean
that control of the nematode will be much easier when growing spring sown
chickpeas than winter sown ones or lentil. However, average reproduction
cates at small nematode densities in the field probably are larger than about

5 times.

Kaloshian et al. (1986) reported that some juveniles may emerge from new ‘

females. This may explain the slight increase in the numbers of second stage

juveniles found within roots of winter chickpea during the first half of May and

also the large reproduction rates at low initial egg numbers requiring the
assumption of a second generation. However, juveniles invading late in May
did not develop into older stages probably because (according to Fig. 5) the
plants had started senescing. Because of this early senescing the data in Table
I1I cannot be used to demonstrate presence or absence of a second generation.

The same sum of day degrees was required by the nematode to reach the
cyst stage in winter and spring chickpea (212-227), but this sum was much
smaller than the 360 day degrees reported by Kaloshian et al. (1986) at 20°.
Greco ¢t al. (1986a) stated that females of F. goeltingiana turn into cysts sooner
in late spring than earlier in the year, which resulted in many cysts having the
shape and size of fourth stage females while containing few eggs. In Syria soil
temperature at 10 cm depth is in the range of 20-27° in April and may have
induced females to become cysts more rapidly than earlier at lower
temperatures. This may also explain the smaller number of eggs/cyst observed
in the spring than in the winter chickpea (Fig. 9).

We thank Dr. J. W. Seinhorst for criticism and advice, Mr. S. Hajjar for
technical assistance and Mr. . V. Radicci for preparing drawings and
photographs. :

RESUME

Effect de Heterodera ciceri sur la production du pois chiche et de la lentille et développement
du nématode sur pots chiche en Syrie ’

Des expériences on été conduites pendant la période 1984-1986 pour estimer les pertes de pro-
duction du pois chiche et de 1a lentille causées par les infestations de Heterodera cicert en Syrie et
pour étudier le développement du nématode. Des pots contenant 5,5 dm® de sol ont été ence-
mencés avec du pois chiche de printemps et des microparcelles contenant 34 dm® de sol on été
ensemencés en 1985-1986 avec du pois chiche d’hiver ou des lentilles. I y avait neuf pots et dix
microparcelles pour chaque espéce de plante et chaque densité de population (0; 0,125; 0,25;
0,5; 1; 2; 4; 8; 16; 32; 64 et 128 oeufs de H. ciceri/cm?® de sol). Seize microparcelles ont été ense-
mencés avec du pois chiche d’hiver et quatorze avec du pois chiche de printemps pour étudier
le développement du nématode. D’aprés la hauteur des plantes les seuils de nuisibilité étaient
0,22 et 0,6 oeufs/cm?® de sol et les productions minimum 0,6 et 0,47 pour le pois chiche
d’hiver et pour la lentille, respectivement. Les seuils de nuisibilité (7) de 1, 1,15 et 2,51
oeufs/em? ont été calculés pour le poids des grains et le poids total des plantes, respectivement
pour le pois chiche de printemps et d’hiver et pour la lentille. Les productioné relatives mini-
mum étaient 0 pour le pois chiche et 0,5 pour la lentille. Le contenu en protéine est diminué
par les infestations du nématode. Les larves de deuxi®me stade du nématode ont penétré les raci-
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nes du pois chiche d’hiver et de printemps lorsque les plantes ont levé. Les femelles apparurey;
le 13 mars et le 10 avril respectivement sur les racines du pois chiche d’hiver et de printempS
et les kystes 14 et 6 jours plus tard, aprés une accumnulation de 212 et 227 degrés-jour. Les tay
de reproduction de H. ciceri 3 densité de populations trés basses étaient élevés (249-297) et pre
que les mé&mes pour le pois chiche d’hiver et la lentille mais seulement de 4,5 pour le pois chic,
de printemps. .

REFERENCES

AOAG (1965). Official Methods of Analysis of the Association of Official Agricultural Chemists. Washing
ton D.C. .

CooLen, W. A. (1979). Methods for the extraction of Meloidogyne spp. and other nematod;
from roots and soil. In Lamberti, F. & Taylor, C. E. (eds). Root-knot Nematodes (Meloj:
dogyne Species) Systematics, Biology and Control, pp. 317-329. London, Academic Press,

Greco, N., D1 Vito, M. & LaMeerTi, F. (1986a). Studies on the biology of Heterodera goettingian,—
in southern Italy. Nematologia mediterranca 14, 23-39. :

Greco, N., D1 Vito, M., Reppy, M. V. & Saxena, M. C. (1986b). Effect of mediterraneay
cultivated plants on the reproduction of Heterodera cicer. Nematologia mediterranea 14
193-200. -

Greco, N., D1 Vito, M., Reppy, M. V. & Saxena, M. C. (1984). A preliminary survey. gf
plant parasitic nematodes of leguminous crops in Syria. Nematologia mediterranea 12, 87-93.

Hawrin, G. C. & Swveu, K. B. (1984). Prospects and potential of winter sowing of chickpeag
in the Mediterranean region. In: Saxena, M. C. & Singh, K. B. (eds). Ascochyta Blight anj
Winter Sowing of Chickpeas, pp. 7-16. The Hague, Martinus Nijhoff. ;

Kavosaian, 1., Greco, N., Saap, A. T. & Vovias, N. (1986). Life cycle of Heterodera ciceri oy
chickpea. Nematologia mediterranca_ 14, 135-145. :

SEINHORST, J. W. (1965). The relationship between nematode density and damage to plants,
Nematologica 11, 137-154. .

SEINHORST, J. W. (1970). Dynamics of populations of plant parasitic nematodes. Annual Review
of Phytopathology 8, 131-156. |

SEINHORST, J. W. (1974). Separation of Heterodera cysts from dry organic debris using ethanol:
Nematologica 20, 367-369.

SeiNHORST, J. W. (1981a). Water consumption of plants attacked by nematodes a;
mechanisms of growth reduction. Nematologica 27, 34-51.

SEINHORST, J. W. (1981b). Growth and yields of oats at a range of Helerodera avenae densities a
at different watering regimes. Nematologica 27, 52-71.

SEINHORST, J."W. (1982). Achtergronden van aaltjesbestrijding. 3. Economische aspecten v
vruchtwisseling en chemische bestrijding. Bedrijfsontwikkeling 13, 494-500.

SEINHORST, J. W. (19862). The development of individuals and populations of cyst nematodes
on plants. In: Lamberti, F. & Taylor, C. E. (eds). Gyst Nematodes, pp. 101-117. New York
and London, Plenum Press.

SeINHORsT, J. W. (1986b). Effects of nematode attack on the growth and yield of crop plan
In: Lamberti, F. & Taylor, C. E. (eds). Cyst Nematodes. pp. 191-209. New York and Lo
don, Plenum Press.

SEINHORST, J. W. & DEN OupEex, H. (1966). An improvement of the Bijloo’s method for dete
mining the egg content of Heterodera cysts. Nematologica 12, 170-171.

Vovias, N., Greco, N. & DI Vito, M. (1985). Heterodera ciceri sp. n. (Nematod
Heteroderidae) on Cicer arietinum L. from northern Syria. Nematologia mediterranea 1

239-252.

Awepted Jor publication: December 22, 1987.




