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Abstract: Heterodera sacchari is recognised as one of the most important soil-borne pathogens affecting rice 

in Nigeria. Pot and field experiments were conducted to evaluate the effect of H. sacchari on leaf chlorophyll 

content of five upland NERICA rice (NR) cultivars: NR1, NR2, NR3, NR8 and NR14. Three-week old rice plants 

in pots were each inoculated with: 0, 2,500, 5,000 and 10,000 eggs and juveniles, respectively. The experiment 

was a 5x4 factorial arranged in a complete randomised design (CRD) replicated 6 times. The field experiment 

was carried out on a H. sacchari naturally-infested field and the experimental design was a split-plot in a 

randomised complete block design (RCBD) replicated four times.  Data were taken on leaf chlorophyll content 

using Minolta SPAD-502 meter. Final nematode population was determined from rice roots and soil. Root 

damage was accessed on a scale of 1-5. Where: 1= (0% no damage) and 5= (>75%severe root damage). Data 

were analyzed using ANOVA and means were separated with LSD at P≤0.05. Leaf chlorophyll content of NR 
cultivars reduced significantly in nematode infected plants when compared with the control in both pot and field 

trials. Leaf chlorophyll depleted with increasing H. sacchari densities. In the field, leaf chlorophyll significantly 

reduced over time, increased root damage, wilting and eventual death of rice plants. These led to patchiness in 

the field, reduced plant population/ha and overall yield reduction. 
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I. Introduction 
Rice is an important crop in West Africa and remains essentially a grain for human consumption and a 

staple food for about half of the world population (Coyne et al., 2000; Nwilene et al., 2008; WARDA, 2008). It 

is becoming more important with demand from urban markets escalating rapidly (Randolph & Gaye, 1996). 
Recent demographic growth and a dramatic increase in consumption of rice by urban populations (Adesina & 

Gaye, 1993) have seen the demand for locally produced rice increase. World production is estimated at 1,843 

million tonnes, which is far below the required total consumption (ERS, 2002). As a result of increase in 

demand, there is an urgent need to increase production, which is in turn challenged by abiotic, pest and disease 

problems, including nematodes. 

Four species of cyst nematodes have been identified as pests of rice; Heterodera oryzicola, H. 

elachista, H. oryzae and H. sacchari. H. oryzicola is found only on upland rice in Kerala State India (Bridge et 

al., 2005). H. oryzae occurs on lowland rice in parts of Ivory Coast and Senegal (Fortuner & Merny, 1979), and 

in Bangladesh (Page & Bridge, 1978). H. sacchari occurs on upland rice and in flooded conditions throughout 

West Africa (Babatola, 1984; Lamberti et al., 1991; Coyne et al., 1996; Coyne & Plowright, 2000). H. sacchari 

is considered to be potentially important on rice in Nigeria (Babatola, 1983). Fademi (1984) and Coyne and 
Plowright (2000) reported that H. sacchari severely reduces rice grain yield. Fawole & Raji (1988) observed 

that soils infested with H. sacchari may not be suitable for upland rice production. They also demonstrated that 

upland rice varieties infested with 50 cysts significantly reduced dry shoot and root weights and caused poor 

tillering. Coyne and Plowright (1998) reported yield losses due to H. sacchari by up to 50%. The nematode 

generally attacks plants by penetrating through the root tips, migrates into the cortical cells, into the vascular 

elements where it establishes a permanent feeding site for its nourishment, development and multiplication. The 

root systems of infested plant degenerate as the nematode penetrates deeper and the infected root become 

necrotic, blackened and twiggy (Fademi, 1984; Babatola, 1983). As a result of damage to rice roots due to H. 

sacchari, the root efficiency is reduced and upward movement of water and inorganic substances are disrupted. 

Consequently, the process of photosynthesis is hampered. However, leaf chlorophyll content is essential for the 

process of photosynthesis and hence the resultant yield. This report elucidates the effect of H. sacchari on rice 

roots and leaf chlorophyll content of five NERICA rice cultivars in Nigeria. 

 

II. Materials And Methods 
Soil sterilization: Sandy-loam topsoil collected from the International Institute of Tropical Agriculture (IITA), 

Ibadan were sterilized for two hours thirty minutes at the temperature of 90oC using the soil sterilizer at the 
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Nematology Laboratory, International Institute of Tropical Agriculture (IITA), Ibadan. The soil was allowed to 

cool for 24 hours and later transferred into 5 litres plastic pots and kept in the screen house until needed. 

Sources and cultivars of seeds: Five cultivars of upland rice seeds selected on the basis of wide cultivation 
across Nigeria and ability to support H. sacchari reproduction were obtained from Africa Rice Centre (ARC) 

formerly known as West African Rice Development Association (WARDA), Ibadan. These included cultivars of 

upland New Rice for Africa (NERICA); NERICA 1, NERICA 2, NERICA 3, NERICA 8 and NERICA 14 

susceptible to H. sacchari (Akpheokhai et al., 2014). 

Source and extraction of cyst nematode: The cyst nematode (Fig. 1) population was obtained from 

experimental rice plots of Africa Rice Centre (ARC), Ikenne (Lat. 20 67´N and 70 97´N, Long. 60 32´E, and 40 

40´E), Ogun State in Nigeria. The cyst nematode culture was initiated from single cyst and multiplied on 

susceptible rice cultivar OS6 (Salawu, 1992) for twelve weeks for the experiment in the screenhouse, 

Nematology Laboratory, International Institute of Tropical Agricultre (IITA), Ibadan. Cysts were picked from 

infected OS6 rice roots and identified as Heterodera sacchari at Biosystematics, ARC-PPRI, Pretoria, Republic 

of South Africa.   
Mature cysts of H. sacchari were collected from OS6 rice soil by floating organic debris, extracted 

from soil using a jet of water. This was decanted to a 250 µm aperture sieve and collected in fluted filter papers. 

Cysts were picked with a pair of forceps from the debris into distilled water in a 200 ml glass beaker. Cysts were 

individually pierced and crushed using a dissecting needle while viewing under a dissecting microscope. Broken 

cyst was washed into a 500 ml beaker and the suspension agitated for five minutes to free eggs and juveniles. 

The liberated eggs and juveniles were subsequently collected on a stack of sieves of 60 μm, 38 μm and 25 μm. 

Where aperture size 60 μm trapped the cyst cuticle, 38 μm and 25 μm trapped the emerging juveniles and eggs, 

respectively (Coyne, 1999). The eggs in distilled water were kept for 48 hours to hatch into second-stage 

juveniles (J2) in an incubator set at 27±0.5oC. The J2 suspension was adjusted to a concentration of 1,000 J2 per 

ml of distilled water. 

Pot trial: A pot trial was carried out in the screen house at IITA, Ibadan (Lat. 7o 3’N, 3o 45’E). Two seeds of 

each of the NERICA rice cultivars previously listed above were planted in a plastic pot containing 5 litres of 
steam- sterilized sandy loam soil. Two weeks after planting, rice seedlings were thinned down to one stand per 

pot. Three weeks after sowing, seedlings were inoculated at four inoculum densities: 0 (which served as 

control), 2,500, 5,000 or 10,000 eggs and second-stage (J2)/plant (0, 0.5, 1 or 2 nematodes /ml of soil). This was 

accomplished by pipeting 0, 1, 2 or 4 ml of H. sacchari egg and juvenile suspension respectively into four holes 

each 4cm deep made at the base of the plants. Distilled water was introduced into the holes for 0 eggs (control). 

After inoculation, the holes were covered with sterilized sandy-loam soil. Each treatment was replicated six 

times for each cultivar. The experiment was a 5 x 4 factorial, (five cultivars of NERICA rice and four levels of 

H. sacchari inoculum) arranged in a complete randomized design (CRD) replicated six times. After inoculation, 

data was taken on the leaf chlorophyll content from the flag leaf of each plant using a MINOLTA 502 SPAD 

meter. Subsequently, this data was taken fortnightly until eleventh-week after which the experiment was 

terminated. The plants were adequately watered throughout the period of the study. At harvest, data were taken 
on root damage, fresh root weight (g) and soil and root nematode population. Plant in each pot was carefully 

upturned and adhering soil particles were gently removed. The root mass from each pot was separated from the 

soil carefully and thereafter rinsed  with tap water in a 10 litres plastic bucket to observe for nematode root 

damage on a scale of 1-5 as described by Coyne et al. (2007), where; 1= (no damage), 2= (1- 25% slight 

damage), 3= (26- 50% mild damage), 4= (51-74% moderate root damage)  and 5= (>75% severe root damage). 

The adhering white females on roots were gently dislodged with a jet of tap water into a 10 litres plastic bucket 

and collected over nested sieves: 2mm to trap debris, 250 μm and 150 μm to collect the white females as 

previously described in the pot experiment (Coyne et al., 2007). The extracted white females from each rice root 

were put together in a 250 ml beaker for estimation using a dissecting microscope. Five grams (5g) root sub-

sample was weighed, and observed under a dissecting microscope in order to check for any adhering white 

females or cysts on root before the extraction second-stage juvenile extraction. Subsequently, roots were 

weighed using a METTLER PJ 3600 DeltaRange® balance. Soil from each pot was thoroughly mixed and 250 
ml sub-sample was measured and air dried for cysts extraction (Coyne et al., 2007), another 250 ml of soil sub-

sample was measured for second-stage juvenile extraction, while roots were cut into 1-2 cm pieces and mixed 

thoroughly prior the extraction of second-stage using the modified Baermann extraction technique as described 

by Hooper (1986) where extraction trays were set up by placing a plastic sieve on a collection tray. Facial tissue 

spread into the plastic sieve and 250 ml soil or roots from each plant were poured gently on the facial tissue in 

the sieve, thereafter, 250ml of distilled water was added into the collection tray. The whole extraction set up was 

left for 48 hours prior estimation. The juvenile population from root or soil were estimated by counting 

nematode from 1 ml aliquot of the nematode suspension under the dissecting microscope. 

Field trial: A piece of land naturally infested with H. sacchari at International Institute of Tropical Agriculture 

(IITA) sub-station, Ikenne, Ogun State (average annual rainfall of 1480mm, monthly mean temperature range of 
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18-240C and soil type: Ultisol) was used for this study. In order to maintain the population of H. sacchari on the 

field, a susceptible rice cultivar, OS6, was planted on half of the land required to be used as nematode infested 

plot, eight weeks before the commencement of the experiment. Four beds, each 15m long and 0.5m wide, with a 
spacing of 0.5m in between beds were used for the study. Each bed was then divided into two, each having a 

length of 7.5m which gave rise to 8 beds. Four beds served as control (i.e. nematode-free) while the other four 

served as nematode-infested plot. After this, the control plot was denematized with carbofuran at 3 kg ai/ha 

while the nematode-infested plot was not denematized. Each bed was further subdivided into five equal sub-

plots. Two hundred and fifty milliliters (250ml) of soil was then collected from each sub-plot for the extraction 

in order to determine the initial population (Pi) of second stage juveniles (J2) and cysts of H. sacchari prior to 

planting. The modified Baermann extraction technique described by Hooper (1986) was used for J2 extraction 

from soil and cysts extraction from soil was carried out by the technique described by Coyne et al. (2007). Cysts 

and J2 population were estimated by counting under the stereomicroscope or compound microscope, 

respectively. The five NERICA rice cultivars that were found to support H. sacchari reproduction namely 

NERICA1, 2, 3, 8 and 14 were used for this experiment. Ten seeds of each cultivar were randomly planted in 
each plot, such that each main-plot had the five rice cultivars planted to it at the spacing of 0.25m x 0.2m, thus a 

cultivar of NERICA rice was planted in each sub-plot. The experiment was a split-plot, arranged in a 

randomized complete block design (RCBD) with four replications. The experiment was carried out in the 

cropping seasons of 2011 and 2012. Plant leaf chlorophyll was collected at four weeks after planting with a 

MINOLTA 502 SPAD meter, and subsequently fortnightly until the twelfth week when the experiment was 

terminated. At harvest, data were collected on fresh root weight, root damage, and nematode reproduction as 

previously described in the pot experiment. Rice plants were carefully uprooted from each sub-plot with the aid 

of a hand trowel; the root from each plant was carefully separated from the soil by gently rinsing with tap water 

and thereafter observed for nematode root damage on a scale of 1-5 as described by Coyne et al. (2007). 

Second-stage juvenile population was also determined from roots and from 250 ml of soil respectively as 

described previously in the pot experiment. Cysts and white females were also extracted and their population 

determined as previously described in the pot experiment. These experiments were repeated without any 
modifications in order to validate data. 

Statistical analysis: Data were statistically analyzed using the Statistical Analysis Systems SAS 9.1 (SAS, 

2002) and count data were transformed using Log10 (X+1) before analysis (Gomez and Gomez, 1984). Means 

were partitioned using the Least Significant Difference (LSD) at a probability level of 5%. The means of the 

data collected in the two trials were not significantly different (P≤0.05). Therefore, the data were combined for 

analysis and their means presented in both pot and field experiments. 

 

III. Results 
Pot trial: There was no significant difference (P≤0.05) in the leaf chlorophyll content of the control and the 
inoculated plants up to fourth week after inoculation (Fig. 2). However, at eight weeks after inoculation, leaf 

chlorophyll reduced significantly (P≤0.05) in the inoculated plants when compared with the control which had 

the highest mean chlorophyll content of 33.9 (Fig. 2). This was the trend up to week eleven where the inoculated 

NERICA rice plants had mean values of 18.9, 18.1 and 17.6 leaf chlorophyll at different inoculation level of 

2,500. 5,000 and 10,000 eggs and juveniles in that order (Fig. 2). The leaf chlorophyll content of uninoculated 

NERICA rice cultivars were significantly higher (P≤0.05) when compared with rice plants inoculated at various 

nematode densities. Furthermore, leaf chlorophyll content decreases rapidly with increasing H. sacchari 

inoculum densities (Fig. 3). The fresh root weight of uninoculated NERICA rice cultivars were significantly 

higher (P≤0.05)  than the NERICA rice inoculated at 2,500, 5,000, 10,000 eggs and second-stage juvenile (J2) of 

H. sacchari respectively (Fig. 4). Similarly, the root damage of inoculated NERICA rice cultivars was 

significantly higher than the control (Fig. 5). The mean root damage of plants inoculated at 2,500, 5,000, 10,000 
eggs and J2 of H. sacchari had values which ranged from 3.7 - 4.7 root damage score which were not 

significantly different from one another (Fig. 5). Furthermore, there was severe reduction in leaf chlorophyll and 

fresh root weight with increasing nematode population density across NERICA rice cultivars. Similarly, the 

number of total second- stage juvenile (J2) in pots of plants inoculated with 5,000 and 10,000 eggs and J2 were 

significantly higher (P≤0.05) than pots of plants infected with nematode density of 2,500eggs and juveniles and 

the uninfected plants. The highest juvenile density was recorded in NERICA 2 (35,925.0) at the inoculation 

density of 10,000 eggs of H. sacchari whereas the least was recorded in NERICA 3 (7605.0) at the inoculum 

density of 2,500 eggs and the controls 0.0 J2 (Table 1). Total cysts produced in infected plants were 

significantly different (P≤0.05) from uninfected plants as shown across all cultivars (Table 1). The highest 

number of cysts were recovered from NERICA14 plants (13,638.3 cysts) followed by NERICA1 (13,241.3 

cysts) infected with 10,000 eggs of H. sacchari while the least total number of cysts was recovered from 

NERICA 2 plants (3,215.0 cysts) inoculated with 10,000 eggs and J2 (Table 1). Furthermore, total cysts in pot 
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increased with increasing inoculum densities across all cultivars also, number of eggs and juveniles per cysts 

ranged from 118.5 nematodes to 318.5 nematodes in all infected plants across cultivars (Table 1).  

Field: In the field,  leaf chlorophyll content of rice plants on the carbofuran treated field increased significantly 
(P≤0.05) at week 4 after planting when compared with rice plants grown on the nematode  infested field  (Fig. 

6). This trend continued until the end of the experiment when chlorophyll  content of rice plants on the treated 

field was 41.6 while on the untreated field, leaf chlorophyll content was 30.9 (Fig. 6). The mean leaf chlorophyll 

content of NERICA rice (1, 2, 3, 8 and 14) was significantly higher in the treated field than those planted in the 

untreated field (Fig. 7).  The highest leaf chlorophyll content was recorded on NERICA 14 (37.7 leaf 

chlorophyll) planted in the treated field while the least was recorded for NERICA 2 (8.8 leaf chlorophyll) grown 

in the untreated field (Fig. 7). The average fresh root weight of NERICA rice cultivars grown in the control plots 

differ significantly from those grown in the nematode-infested plots (Fig. 8). Similarly, average root damage 

was significantly higher (P≤0.05) in rice planted on the nematode-infested field than those planted on the control 

(Fig. 9). Root damage ranged from 3.3 (NERICA8) to 3.8 (NERICA1) in the nematode-infested field. However, 

in the control plot, root damage ranged from 1.5 root damage (NERICA2 and NERICA14) to 2.1 root damage 
(NERICA8) (Fig. 9). The J2 population recovered from 250 ml of soil and roots obtained from NERICA rice 

cultivars were significantly higher (P ≤0.05) in rice plants grown in the nematode-infested field than those plants 

grown in the control across all cultivars (Table 2). However, Total J2 population of NERICA rice grown in the 

nematode-infested ranged from 1575.0 J2 (NERICA8) to 3750.0 J2 (NERICA1) whereas, the total J2 population 

in recovered from NERICA rice grown in the control field ranged from 725.0 J2 (NERICA8) to 1425.0 J2 

(NERICA3) (Table 2). Similarly, the number of cysts recovered from 250 ml soil and total cysts on root of 

NERICA rice cultivars grown in the nematode-infested field were significantly higher (P ≤0.05) than rice plants 

grown in the control field (Table 2). Higher numbers of cysts were recovered from the nematode-infested field 

across all cultivars (Table 2). The number of cysts recovered from the NERICA rice grown in control plot 

ranged from 150.0 cysts (NERICA1) to 500.0 cysts (NERICA14) whereas, in the nematode-infested field, 

number of cysts on root ranged from 225.0 to 1000.0 cysts (Table 2). Furthermore, there were no significant 

differences in the mean number of nematodes recovered per cyst obtained from NERICA rice cultivars grown in 
both nematode-infested field and those obtained from the control field, although, the numerical values of 

number of nematode per cyst was higher in the cysts recovered from nematode-infested field than those 

obtained from the control (Table 2).  

 

IV. Discussion 
The results of this investigation indicated that the pathogenic effect of cyst nematode (H. sacchari) on 

leaf chlorophyll content and root damage of upland NERICA rice increased with increasing nematode 

population densities in both pot and field trials. This can be attributed to the activities of the nematode such as 

penetration, migration, development and reproduction in the roots of the infected rice plants. The root systems 
of infected plants become necrotic, dark brown and twiggy. Furthermore, leaf chlorophyll content of infected 

plants reduced by 50.4% at the inoculum level of 10,000 eggs and J2 of H. sacchari in pot and 60.3% in the 

field at the end experiment. This result is similar to Coyne and Plowright (2000) who reported 54.8% reduction 

in leaf chlorophyll content in rice cultivar IDSA6 sown in sandy soil inoculated with 400 cysts per plant. They 

also reported that H. sacchari is clearly highly pathogenic on susceptible upland rice in sandy soil, very low 

initial population densities resulted in severe chlorosis, reduced vigour and root damage. Similarly, Babatola 

(1983) reported that rice plants infected with increasing inoculum H. sacchari density (0, 100, 200 and 400 

cysts) led to very chlorotic condition with retarded growth in rice plants in a potted experiment. Furthermore, 

between 6th and 8th week after inoculation there was a sharp drop in the leaf chlorophyll content this could be 

attributed to the fact that the nematode may have completed at least two generations which led to increased 

nematode pressure on the root system of NERICA rice. The nematode activity within the root system reduces 
the ability of the plant to absorb water and nutrients (such as magnesium and nitrogen which are very essential 

in the formation of chlorophyll in plants) and this in turn results to wilting and the eventual death of some 

NERICA rice plants. This has direct implication on the yield since the leaf chlorophyll content has direct effect 

on the photosynthetic rate and crop yield. This is similar to the findings of Oyetunji et al. (2012) they reported 

that leaf chlorophyll content of NERICA1, OS6 and LAC 23 were significantly reduced in presence of Termite, 

Trichoderma sp. and Botryodiplodia theobromae in various combinations of the organisms.  Agrios (2005) 

explained that carbon dioxide from the atmosphere and water from the soil are brought together in the 

chloroplasts of the green parts of plants in the presence of light to produce energy. The extensive destruction of 

roots by H. sacchari interfares with the normal absorption of water and nutrients by the root. Furthermore, high 

H. sacchari density increases metabolic activities of the roots with increased mobilization and accumulation of 

photosynthates from the shoot to the syncytium but these do not add to the weight of the root because nematodes 

feed on them. Also because of reduction in photosynthesis, enough photosynthates would not be sent down for 
root growth. It is also observed in this study that the number of white females and cyst produced increased with 
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increase in inoculum density. This result is similar to the findings of Babatola (1983); Reversat & Destombes 

(1998); Plowright et al. (1999); Audebert et al. (2000) reported that number of nematodes increased 

exponentially with increase in initial population levels of Heterodera spp. on rice. Salawu (1986) also reported a 
steady increase of H. sacchari white females and cyst recovered from both soil and root as inoculum density 

increased on both local and exotic sugarcane varieties. Generally, inoculated NERICA rice cultivars suffered in 

terms of root damage and poor leaf chlorophyll content compared with the uninfected NERICA rice plants. This 

confirms the high damage potential of H. sacchari on NERICA rice since cyst production is a measure of root 

damage. The higher the initial nematode population, the higher the level of damage imposed on infected plants. 

Total cysts produced in this study increased with increasing inoculum level from 2,500 to 10,000 eggs and 

juveniles per plant. Similar results were reported by Babatola (1983) and Salawu (1986) who observed 

maximum cysts as the initial inoculum density increased. The cyst produced by H. sacchari at inoculation 

density of 9, 18, 36 and 72cysts per litre of soil in rice CV Faro 11 were 636, 722, 992 and 1,818 cysts per 200 

ml soil respectively and in Sugarcane CV LS1-033 inoculated with 2,000, 4,000, 8,000 and 16,000 second stage 

juvenile per 5 litre of soil, number of cysts recovered from 250ml soil were 192, 256, 245 and 407 cysts 
respectively.  

The ability of H. sacchari to suppress chlorophyll content of NERICA rice grown under controlled and 

field conditions emphasizes the potential importance of the nematode on the crop. The nematicide carbofuran 

used in the control plots however reduced the pre-plant nematode population, therefore the rice roots developed 

vigorously and subsequently promoting high chlorophyll content in plants. However, as the efficacy of the 

nematicide reduces over time in the field, the eggs and juveniles protected within cysts hatched out for infection 

of rice roots. This explains why there was increase in cysts and second-stage juveniles of H. sacchari recovered 

from the nematicide treated plots. This is an indication that the use of carbofuran does not absolutely control the 

cyst nematode, H. sacchari. Coyne & Plowright (2000) demonstrated how delayed hatching of H. sacchari cysts 

makes the nematode to perpetuate and increase in population when condition becomes favorable, availability of 

food and preferred host. The information obtained in this study may prove useful in predicting the effect of 

different inoculum densities on the leaf chlorophyll content and yield of NERICA rice. At inoculum density of 
2,500 eggs and juveniles per pot and above (ie >1 egg/ 2ml soil) NERICA rice growth and development were 

reduced. This observation is in line with Coyne & Plowright (2000) who reported that initial population of H. 

sacchari at 2 eggs per ml of soil was aggressive in the early stage of rice cultivar IDSA6.  

A robust nematode management programme is therefore essential to reduce pre-plant nematode 

population in an infested soil as its high potential fecundity will permit population densities to reach an 

economic threshold and lead to damage and also considering the difficulty in controlling this nematode.  
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Figure 1: Brown cysts and white females of Heterodera sacchari collected from and infested rice field 

 

 
Figure 2: Effect of Heterodera sacchari population densities on leaf chlorophyll of five NERICA rice 

cultivars. LSD bars is for comparing treatment means at each specific time 

 

Mag.: x 250 
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Figure 3: Effect of Heterodera sacchari population densities on leaf chlorophyll of five NERICA rice 

cultivars. LSD (P≤0.05) bar is for comparing treatment means across cultivars 

 

 
Figure 4: Effect of Heterodera sacchari population densities on fresh root weight of some NERICA rice 

cultivars. LSD (P≤0.05) bars for comparing treatment means across cultivars 
 

 
Figure 5: Effect of Heterodera sacchari population densities on root damage of some NERICA rice 

cultivars. LSD (P≤0.05) bars for comparing treatment means across cultivars. Root damage 

where; 1= clean, 2= (1- 25% slight damage), 3 = (26- 50% mild damage), 4= (51-74% 

moderate root damage) and 5= (>75% severe root damage) 
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Figure 6: Effects of Heterodera sacchari on leaf chlorophyll content of NERICA rice cultivars. 

LSD (P≤0.05) bars are for comparing treatment means at each specific time 

 

 
Figure 7: Effects of Heterodera sacchari on leaf chlorophyll content of five NERICA rice cultivars 12 

weeks after planting. LSD (P≤0.05) bars for comparing treatment means across cultivars 

 

 
Figure 8: Effect of Heterodera sacchari population densities on root damage of some NERICA rice 

cultivars. LSD (P≤0.05) bars for comparing treatment means across cultivars. Root damage 

where; 1= clean, 2= (1- 25% slight damage), 3 = (26- 50% mild damage), 4= (51-74% 

moderate root damage) and 5= (>75% severe root damage) 
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Figure 9: Effect of Heterodera sacchari population densities on root damage of some NERICA rice 

cultivars. LSD (P≤0.05) bars for comparing treatment means across cultivars. Root damage 

where; 1= clean, 2= (1- 25% slight damage), 3 = (26- 50% mild damage), 4= (51-74% 

moderate root damage) and 5= (>75% severe root damage) 

 

Table 1: Reproduction of Heterodera sacchari at different population densities on five NERICA rice 

cultivars 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

J2 = second-stage juvenile, analysis of nematode data undertaken on log10 (X + 1) transformed; back-

transformed means presented. 

 

 

Table 2: Reproduction of Heterodera sacchari on five NERICA rice cultivars 

  

 

 

 

 
 

 

 

 

 

 

J2 = second-stage juvenile, analysis of data undertaken on log10 (X + 1) transformed; back-transformed means 

presented.  

 

Cultivar Treatment Total J2 in pot Number of cysts 

in pot 

Number of  

nematode/ cyst 

NERICA 1 Control  0.0  0.0  0.0  

 2500 eggs & J2 12450.0  7809.3  287.8 

 5000 eggs & J2 17670.0  8656.5  286.5 

 10000 eggs & J2 27215.0  13241.3 308.0 

NERICA 2 Control  0.0  0.0  0.0  

 2500 eggs & J2 22725.0 3215.0 235.0  

 5000 eggs & J2 29075.0 3997.5 218.0  

 10000 eggs & J2 35925.0 4840.0 248.8  

NERICA 3 Control  0.0  0.0  0.0  

 2500 eggs & J2 7605.0  4621.5 318.5  

 5000 eggs & J2 9825.0  4867.5 268.8  

 10000 eggs & J2 10765.0 6772.8 253.5  

NERICA 8 Control  0.0  0.0  0.0  

 2500 eggs & J2 11860.0  3799.8 118.5  

 5000 eggs & J2 21755.0  3836.8 141.8  

 10000 eggs & J2 23115.0  4928.8 132.3  

NERICA14 Control  0.0  0.0  0.0  

 2500 eggs & J2 7650.0  7469.3 275.3  

 5000 eggs & J2 18032.5 7655.0 207.0  

 10000 eggs & J2 9285.0  13638.3 235.5  

LSD (P≤0.05) 14274 5359.1 88.3 

Cultivar Treatment J2 in 250 ml soil + 

root 

Cysts in 250 ml 

soil + root 

Number of 

nematodes/ cyst 

NERICA 1 Control 1000.0 150.0 308.0 

 Nematode-infested 3750.0 800.0 369.0 

NERICA 2 Control 1075.0 375.0 331.8 

 Nematode-infested 2275.0 825.0 379.0 

NERICA 3 Control 1425.0 225.0 266.3 

 Nematode-infested 3725.0 950.0 320.5 

NERICA 8 Control 725.0 225.0 197.3 

 Nematode-infested 1575.0 525.0 247.5 

NERICA 14 Control 1075.0 500.0 257.0 

 Nematode-infested 3075.0 1000.0 399.0 

LSD (P≤0.05) 912.0 291.8 195.3 


