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After foot rot disease, the main constraint in black pepper cultivation is the incidence of yellowing where the
production is found to decline year after year. The symptoms of yellowing were highly varying from plant to
plant. The symptoms of yellowing started from leaf tip and spread to entire lamina, when it was severe the
leaves turned bright yellow. The investigations revealed that the per cent severity of yellowing was
significantly higher during October-November (21.09) at fag end of monsoon and was on par during summer
(20.36).  Experiment results clearly indicated that pH, EC did not show significant difference in rhizosphere
soils from yellowing affected, apparently healthy and healthy plants. The organic carbon content in the
rhizosphere soil of experimental plants ranged from (0.77 to 1.84), during survey the population of plant
parasites encountered both soils and plant samples of yellowing affected pepper plants. On the other hand
nematode population was significantly lower in healthy plants during all the three seasons in year, whereas,
yellowing affected and apparently healthy plants were statistically on par, based on seasonal variations
nematode population was significantly highest during October-November, the findings of the field experiment
demonstrated that the rhizosphere soils had optimum range of nutrients in soil but the root system was
destroyed due to heavy incidence of endoparasitic nematodes.
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ABSTRACT

Introduction
A spice known as “black gold” (Piper nigrum L.),

black pepper has been an important part of human trade
since the beginning of recorded history. The product is
made and shipped out of India. In India, there is a restricted
productivity of 471 kg/ha, an area occupied of 1,35,915
ha, and a production of 64000 tonnes (Spice Board, 2018).
Black pepper is one of the biotic variables that suffers a
significant economic loss due to the presence of plant
parasitic nematodes (Ahmed M. Saad, 2021). Black
pepper production is gradually falling (Krishnamoorthy
and Parthasarathy, 2010). Fungus and nematodes, which
parasitize plants, are the two most dangerous diseases

that may affect black pepper (Bong and Saad, 1986;
Ramana and Eapen, 2000; Thakamani et al., 2008). Slow
decline, or yellowing disease, is one of the most significant
threats to black pepper crops (Mohnadas and Ramana,
1987). Due to root damage and nematode incidence and
ineffective management and an epidemic of pests and
illnesses, output and productivity has plummeted (Babu
et al., 2019).

In addition to these biotic & abiotic factors and soil
and plant nutrients, majorly environmental factors like
low in soil moisture and high temperature and erratic rains
were also key factors for induce yellowing in black
pepper. Among nutrients, deficiency of nitrogen,
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potassium, calcium, magnesium, iron, manganese, boron
etc. are reported to cause chlorosis, yellowing, and
retardation of growth and production in black pepper.
The study contrasts to our findings (Frostegard et al.,
1993; Haynes and Naidu, 1998). The short term
application of lime to often surplus microbial activity and
reduces organic carbon content in the soil. However, lime
application affects soil bio chemical properties; it includes
carbon and nitrogen mineralization.Poor accessible soil
nutrient status, insufficient fertilizer delivery, and
management are the reasons given for the low production
as compared to other developing nations. Similar findings
noticed (Sadanandan et al., 2002; Srinivasan et al., 2007).

The majority of nations that cultivate black pepper
have seen a yellowing and “slow decrease” in pepper
quality due to plant parasitic nematodes, either on their
own or in combination with fungus. Fungal diseases and
nematodes, which parasitize plants can cause significant
illnesses the prevoious results similar to our findings (Bong
and Saad, 1986; Ramana and Eapen, 2000; Thankamani
et al., 2008). Meloidogyne spp., the root knot nematode,
and Radopholus similis, the burrowing nematode, are
the main nematodes implicated. Foliar yellowing and
necrosis at the distal ends of the lamina are apparent
signs of a nutrient shortage in crops that are impacted by
gradual wilt (Wahid and Kamalam, 1982).

These symptoms were thought to go away when the
monsoons started because the plants were taking in more
nutrients and new feeder roots were sprouting up, but
they came back after the monsoons because the soil was
too wet and the plants weren’t taking in as many nutrients.
There have been recent reports regarding the emergence
and spread of yellowing as a significant issue in the Thrissur
area of Kerala’s black pepper farming. The current study
set out to answer several important questions about plant
disease symptoms and yellowing. Specifically, it aimed
to determine the impact of soil electrochemical properties
and plant nematode analysis on yellowing and black
pepper yield, as well as to identify potential management
strategies and research avenues for reducing yellowing.

Materials and Methods
Description of the experimental location

The researcher conducted both laboratory and field
experiments to study the effects of black pepper (Piper
nigrum L) yellowing. This was the primary focus of our
quantitative and qualitative literature evaluation. A
comprehensive purposive sampling survey was conducted
in the pepper growing tracts of Thrissur so as to initially
identify the intensity and spread of yellowing. Based on
the survey, six different fields were selected for

conducting the experiment.Fields in the Thrissur district
and the College of Horticulture in Vellanikkara were
chosen for the experiments (Table 1). Black pepper
gardens were surveyed to determine the extent of disease
spread and the degree of yellowing. Based on a study of
the whole Thrissur district, fields were chosen from the
locations with the highest concentration of general
yellowing. Plants were categorized as either “a” for
healthy, “b” for seeming healthy, or “c” for yellowing-
affected in the chosen tracts, (Fig. 3) and samples were
taken according to this scale. A 3×2×3 factorial design
with 15 replications was used for the experiment. Factors
one and two were the time of year (2017–18 and 2018–
19), factor three was the category or illness condition,
and factor four was the season (July–August, October–
November, and February–March) (healthy, apparently
healthy and yellowing affected plants).

The experimental location had a normal tropical
climate with warm and humid conditions, with the
southwest and northeast monsoons providing additional
benefits. May, June, July and August were the wettest
months in the experimental region. The analysis found
that the lowest recorded temperature was 23.3 degrees
Celsius and the highest was 33 degrees Celsius. A relative
humidity of 74% was recorded on average. A total of
2360.6 millimeters of rain fell. The location is 22.5 meters
above mean sea level and the coordinates are 100.32
degrees north latitude and 76.013 degrees east longitude.
Varieties of Black pepper and seasons of study

A number of black pepper types were considered
for the study, including Vijay, Karimunda, Panniyur 1,
Panniyur 2 and Panniyur 3. At regular intervals, plants in
the chosen fields were tagged and examined for the onset
of yellowing symptoms and how it affected yield. It was
used to determine the percent disease severity (PDS)
the method developed by Raja-Kumar et al. (2012). At
each of the three seasons, soil samples were taken from
the designated areas. (Feb–March, October–November,
and July–August). Separate polythene bags were used
to gather 45 bag samples in total.

A conventional approach was used to assess the soil
pH, electrical conductivity and organic carbon, as outlined
in similar findings (Jackson, 1958; Walkley and Black,
1934). The Thrissur black pepper farms’ soil samples
were gathered from several examined places. According
to Cobb’s method of decanting and sieving (Cobb, 1918).
Out from composite sample, 250 cc of soil was weighed
and thoroughly mixed with one liter of water in a pan. It
was stirred well and the clods and clumps were broken.
After 10-20 seconds, the soil suspension was passed to
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pan II through a 20 mesh sieve leaving heavy soil particles.
The suspension of pan II was stirred gently, waited for
5-10 seconds and then poured  through a series of 60,
100, 200 and 350 mesh sieves (mesh: number of apertures/
linear inch) and the filtrates were discarded from 350
mesh sieve. The soil samples were processed, the
nematode suspension thus obtained was made up to a
constant volume (50 ml) by adding water. An aliquot of 5
ml was pipetted out in to a counting dish and the number
of nematodes present was counted under stereo
microscope. The total population of nematodes extracted
from 250 cc soil sample was estimated by multiplying the
average population with dilution factor.
Influence of weather variables on yellowing

Meteorological data recorded by Department of
Agricultural Meteorology, College of Horticulture,
Vellanikkara were utilized to study the effect of weather
parameters if any, on yellowing.
Correlation with weather variables

Weather data viz. ,  maximum and minimum
temperature, relative humidity and rainfall and recorded
during survey period from the observatory maintained by
Department of Agricultural Meteorology, College of
Horticulture, Vellanikkara.

Results and Discussion
Per cent disease severity (PDS)

The research has shown that working closely with
black pepper plants the yellowing symptoms diversified

as per seasons. The symptoms of yellowing generally
developed at the fag end of monsoon. As it can be seen
from (Table 2), per cent severity of yellowing was least
during monsoon. The Per cent severity of yellowing was
significantly higher during October-November (21.09) at
fag end of monsoon and was on par during summer
(20.36). In case of mild yellowing developed at fag end
of monsoon, it was observed that there was recovery
during July-August (12.74) and onset of monsoon. In all
the three seasons yellowing affected plants (32.96)
showed significantly higher per cent severity of yellowing
than apparently healthy plants (20.99), whereas, healthy
plant (0.24) showed significantly lower intensity yellowing.
Symptoms of yellowing plants

Both the top and bottom of the pepper column showed
signs of yellowing. On sometimes, a cluster of leaves
might turn yellow at the same moment. The terminal
leaves of some elder plants were yellow. The yellowish
base of the lamina near the petiole was visible in a few
leaves. Only the edges and tips of the lamina remained
yellowed. Yellowing between the veins was noted in a
few additional cases. In some instances, only a few leaves
on a branch became yellow, while in others, every leaf
on a lateral branch turned yellow. Leaves at every
developmental stage showed signs of fading. The entire
plant gradually turned yellow. The yellowing might begin
at the very tip of the leaf and work its way down the
entire lamina. In extreme cases, the leaves would become
a brilliant yellow. When minor yellowing occurred, it

Table 1 : Locations of survey for collection of disease samples of black pepper Sl.

S. no. Thrissur locations Seasons (2017-2019) Tagged plants

1. Black pepper research unit, July-August (Season-1) Yellowing affected plants
Dept. of Plantation Crops & Spices, October-November (Season-2) Apparently healthy plants
College of Horticulture February-March (Season-3)

2. Gokhale Block, July-August, (Season-1) Yellowing affected plants
Dept. of Plantation Crops & Spices, October-November (Season-2) Apparently healthy plants
College of Horticulture February-March (Season-3)

3. Ameena. K. K Chirakakkode, July-August (Season-1) Yellowing affected plants
(Farmers field) October-November (Season-2) Apparently healthy plants

February-March (Season-3)

4. Joseph. P Vaniyampara, July-August (Season-1) Yellowing affected and apparently
(Farmers field) October-November (Season-2) healthy plants

February-March (Season-3)

5 N. Bose Chelakkara, (Farmers field) July-August (Season-1) Yellowing affected plants
October-November (Season-2) Apparently healthy plants
February-March (Season-3)

6 Dr. Anitha. M University Nagar, July-August (Season-1) Healthy plants only
Mannuthy, (Farmers field) October-November (Season-2)

February-March (Season-3)
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usually cleared up by the time the monsoons arrived in
July or August. The field’s yellowing worsened over time,
and the plants that were most badly impacted never
recovered. Such plants did not experience flushing or
blooming. In about two or three years, these plants would
perish the similar results with black pepper (Mohandas
and Ramana, 1987).
pH of rhizosphere soil

According to Table 3, the pH of the soil in the
rhizosphere of plants that appeared to be healthy actually
had a far lower pH than plants that did not appear to be
healthy. Still, there was no statistical difference between
the yellowing-affected and seemingly healthy plants.
When looking at the pH values throughout the year, the
peak in February and March was 6.14, which was much
higher than the other two seasons. Compared to the other
two seasons, October–November had the lowest soil pH
at 5.54. Root development and pepper crop productivity
are affected by pH, according to previous results (Zu et
al., 2014)). The pH levels of 5.54 were indicative of
gardens that were 15 years old, whereas those of 10-
year-old orchards averaged 5.64. Its average pH was
5.28 when it was 28 years old. One of the primary reasons
for the yellowing of black pepper in Wayanad is a soil
nutrient imbalance, which was also noted by previous
results (Sreekumar, 2015 and Aloka, 2016). In contrast,
the pH levels of the yellowing-affected gardens in this
study fell within the optimal range for black pepper, which
is 5.28 to 6.58. The experimental plots’ soil pH was within
the ideal range for black pepper, according to DRIS
standards proposed by Hamza et al. (2007), which falls
between 4.75 to 6.15. The presence of Mycobacterium
incognita and Mycobacterium javanica was positively
correlated with soil pH levels, according to similar findings
(Kerry, 2000).
Electrical conductivity

Plants that appeared to be healthy and those that
were yellowing had equivalent EC levels in the soil of the
rhizosphere. As seen in, the EC was noticeably lower in
soils from healthy plants’ rhizospheres (Table 4). February
and March had the greatest EC value (0.17 dS m-1), which
was far greater than the other two seasons. In July and
August, EC was 0.11 dS m-1, which is a considerable
decrease compared to October and November.
Extremely high electrical conductivity was observed in
the rhizosphere soils of plants that appeared to be in good
condition throughout the months of February and March
(0.22 dS m-1). However, electrical conductivity was much
lower (0.10 dS m-1) in the rhizosphere soils of plants that
were not yellowing than in plants that were. The results

showed a positive correlation with species, and
environmental factors have a significant impact on the
structure of the soil microbial community and the quality
and quantity of nutrients released into the rhizosphere.
(Kerry, 2000).
Organic carbon

Rhizosphere soils with a lower organic carbon level
(1.10) were found in plants that were not yellowing,
whereas those that were yellowing had a concentration
of 1.61 and 1.64, respectively, as shown in Table 5. When
it came to statistics, the last two groups were neck and
neck. The organic carbon content was 1.69 times greater
in the winter months of February and March than in the
other two seasons. There was a considerable decrease
in the organic carbon content from October to November
to July and August (1.20) &(1.47). Our results (Frostegard
et al., 1993; Haynes and Naidu, 1998) show that lime,
when applied for short periods of time, lowers soil organic
carbon content and typically causes an excess of microbes.
Soil biochemical characteristics, such as the mineralization
of carbon and nitrogen, are impacted by lime application.
In spite of the fact that the experimental fields in this
study had very low organic carbon content, it was shown
that healthy plants had far lower organic carbon
concentration in their rhizosphere soil compared to plants
afflicted by yellowing. Healthy plants may have had low
organic matter content in their rhizospheres due to the

Fig. 1 : Total nematode population in rhizosphere soils of
healthy, apparently healthy and yellowing affected
plants.

Fig. 2 : Green berry yield per plant (g) in healthy, apparently
healthy and yellowing affected of black pepper
varieties.
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poor organic matter status of the
plot. Plant health did not improve
with the increased organic matter
content of rhizosphere soil,
perhaps because of root injury and
inadequate absorption. The ideal
range for organic carbon
concentration in black pepper
rhizosphere soil, according to
DRIS standards proposed by
previous study (Hamza et al.,
2007) was 2.00 to 7.50. The
results showed that the
experimental plots’ organic
carbon content was below the
threshold values. Organic carbon
concentration was found to be low
in 21% of samples, medium in
38%, and high in 41%, according
to research by Sreekumar, (2015)
carried out in Wayanad.
Total nematode population in
rhizosphere soils

The nematode population was
monitored during the three
seasons that were considered
(Figs. 1 and 3). In the months of
October and November, the
nematode population in the soil
around healthy plants was much
lower than that of plants that were
either seemingly healthy or
afflicted by yellowing. Similar
results noticed by Subila and
Suseela Bhai (2020) like
Phytopthora capsci  and
Meloidogyne incognita  and
Radopholus similis are Major
threat for this crop. When plants
were in good condition in July and
August, the number of nematodes
was surprisingly low. In contrast,
there was no statistical difference
between plants that were
yellowing and those that seemed
healthy. When contrasted with the
months of October–November
and February–March, the
rhizosphere nematode population
was much lower in July–August.
In rhizosphere soils, the nematodeTa
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population was much higher in October and November
than in February and March or July and August.The
number of galls in the roots was also significantly highest
during October-November and lowest during July-August.
Nematode populations follow a similar pattern, with a
rise in June and July and a peak in September and

October (Ramana et al., 1987). There is evidence that
rain has a positive impact on nematode populations by
lowering soil temperatures, stimulating host plant root
formation, and increasing soil moisture, all of which
facilitate nematode migration to healthy roots. A total of
35 nematode species, the majority of which belonged to

Yellowing affected plants Apparentley healthy plants Healthy plants

Fig. 3 : Symptoms of different categories of plants selected for study.

                        Yellowing near petiole    Tagged plant in field                       Root galls in affected plants

Egg Mass of Nematode Meloidogyne Adult females Juvanile nematodes

Root galls and necrosis Lemon yellow discoloration of leaf Severe interveinal yellowing
from leaf base

Fig. 4 : Symptoms and nematode damage in yellowing affected black pepperplan.
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Table 3 : pH rhizosphere soils of yellowing affected, apparently healthy, healthy black pepper plants.

July – August A1 October – November A2 February – March A3
Category / Year

2017 2018 Category 2017 2018 Category 2018 2019 Category
B1 B2 mean B1 B2 mean B1 B2 mean

Y 6.19 5.87 6.03 6.09 5.28 5.68 6.58 5.66 6.12

A. H 5.90 5.79 5.85 6.09 5.24 5.67 6.56 6.13 6.35

Healthy 6.14 5.33 5.74 5.55 5.00 5.28 6.42 5.50 5.96

Year mean 6.08 5.67 5.91 5.17 6.52 5.76

Seasonal mean 5.88 5.54 6.14

Category (C)/Year 2017 (B1) 2018 (B2) Treatment Mean

Yellowing affected plants 6.29 5.60 5.94

Apparently healthy plants 6.19 5.72 5.95

Healthy plants 6.04 5.28 5.66

Category/Year mean 6.17 5.53

CD (0.05) CD (0.05)

Season- (A) 0.13 Season x Year  (A x B) 0.19

Year – (B) 0.11 Season x Category (A x C) 0.24

Category- (C) 0.13 Year x Category  (B x C) 0.19

Season x year x Category  (A x B x C) 0.34

Yellowing affected plants (Y), Apparently healthy plants (AH), Healthy plants (H).

Table 4 : EC of rhizosphere soils of yellowing affected, apparently healthy, healthy black pepper plants.

July – August A1 October – November A2 February – March A3
Category/Year

2017 2018 Category 2017B1 2018B2 Category 2018 2019 Category
B1 B2 mean B1 B2 mean B1 B2 mean

Y 0.15 0.12 0.14 0.14 0.15 0.15 0.24 0.15 0.20
A. H 0.10 0.11 0.11 0.13 0.12 0.13 0.22 0.23 0.22
Healthy 0.09 0.09 0.09 0.11 0.11 0.11 0.12 0.09 0.11
Year mean 0.12 0.10 0.13 0.13 0.19 0.16
Seasonal mean 0.11 0.13 0.18

Category (C)/Year 2017 (B1) 2018 (B2) Treatment Mean

Yellowing affected plants 0.18 0.14 0.16
Apparently healthy plants 0.15 0.15 0.15
Healthy plants 0.11 0.10 0.10
Category/Year mean 0.15 0.13

CD (0.05) CD (0.05)

Season- (A) 0.01 Season x Year (A x B) 0.02
Year – (B) 0.01 Season x Category (A x C) 0.02
Category- (C) 0.01 Year x Category (B x C) 0.02

Season xYear x Category  (A x B x C) 0.03

Yellowing affected plants (Y), Apparently healthy plants (AH), Healthy plants (H).



the sp. Meloidogyne incognita were identified in pepper
plants from Vietnam by Thuy et al. (2012). When soil
moisture was low, these signs were more noticeable. July
often saw less foliar yellowing and defoliation than April
and May. Black pepper likewise showed similar trends
when studied by Pervez 2018 and Koshy et al. (2005).
Roots with many galls in plants that are yellowing are the
focus of these studies.

It can take anything from two or three weeks to
almost a year for a plant-parasitic nematode to complete
its life cycle, however this might vary greatly depending
on soil temperature, crop sensitivity, and length. In tropical
and subtropical regions, there are nematodes that can
have many generations each season and can be so
abundant that their concentrations exceed 104 g–1/root.
(Whitehead, 1997).
Yield and yield contributing characters

All of the yield-and yield-contributing traits in black
pepper plants that were healthy or seemingly healthy had
greater positive values than those in plants that were
yellowing-affected. In terms of yield per plant, all types
except for one showed a marked decrease in yield when
yellowing plants were compared to healthy ones. Vijay

in that order (Fig. 2). In Panniyur 2, plants that were in
good health had a far greater bearing column height than
plants that were either seemingly healthy or impacted by
yellowing. A higher number of laterals per unit area was
seen in healthy plants compared to yellowing-affected
plants in the Panniyur 1, Panniyur 2, and Karimunda types.
In both Panniyur 1 and 2, the number of spikes per unit
area was not substantially different among the yellowing
afflicted, seemingly healthy, and healthy plants. In this
study, fusarium infection is significant because it shortens
the life cycle of black pepper plants from 20 to 6-7 years
and decreases their yield per plant from 3.0-1.5 kg
(Anandaraj, 2000). Similar findings to those of
Bhagavantagoudra et al. (2008) and NageshNaik et al.
(2013) are produced by yield components. There was no
resistant variation to the yellowing that affected all types.
There was no discernible pattern to when or how a plant’s
yellowing appeared. The work of Nagesh Naik and
colleagues in (2013). It was shown that Panniyur-1 had
a 38% higher incidence of Phytophthora foot rot disease
(PDI). Major insect infestations did not occur in these
accessions. Based on the findings, it appears that low
pH stunts plant growth and is linked to low root nutrient
concentrations of Ca and Mg. This might be the reason

Table 5 : Percent of organic carbon content in rhizosphere soils of yellowing affected , apparently healthy, healthy black pepper
plants.

July – August A1 October – November A2 February – March A3
Category/Year

2017 2018 Category 2017B1 2018B2 Category 2018 2019 Category
B1 B2 mean B1 B2 mean B1 B2 mean

Y 1.44 1.35 1.39 1.59 1.72 1.65 1.76 1.83 1.79

A. H 1.40 1.46 1.43 1.83 1.84 1.83 1.62 1.73 1.67

Healthy 1.04 0.51 0.77 0.87 0.98 0.92 1.59 1.63 1.61

Year mean 1.29 1.10 1.43 1.51 1.66 1.73

Seasonal mean 1.20 1.47 1.69

Category (C)/Year 2017 (B1) 2018 (B2) Treatment Mean

Yellowing affected plants 1.59 1.63 1.61

Apparently healthy plants 1.61 1.67 1.64

Healthy plants 1.16 1.03 1.10

Category /Year mean 1.45 1.44

CD (0.05) CD (0.05)

Season- (A) 0.12 Season x Year (A x B) 0.18

Year – (B) 0.10 Season xCategory (A x C) 0.22

Category- (C) 0.12 Year x Category (B x C) 0.18

Season x Year x Category  (A x B x C) 0.316

Yellowing affectedplants (Y), Apparently healthy plants (AH), Healthy plants (H).
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why the seven pepper gardens saw a decrease in
production (Zu et al., 2014).
Correlation of yellowing and soil nutrients

The correlation of different rhizosphere soil characters
with yellowing is given in Table 6. The soil pH, EC and
organic carbon were significantly and positively correlated
with yellowing. There was no significant correlation of
N, P, Mg, S, Fe, Mn, Zn, Cu and B content of rhizosphere
soil with yellowing in black pepper. K, Ca and Al content
of rhizosphere soils showed significant negative
correlation yellowing. The similar results indicated that
increase rainfall with increase growth of pepper and
bioavailability nutrients required (Yap Chin Ann, 2012).
The sandy soils are more favorable for nematode
infestation. (Loubser, 1988).
Correlation of soil nematode population with
weather variables

There was a negative association between soil
nematode population and lowest temperature, relative
humidity, and rainfall (as per mentioned Table 7).
Yellowing was positively correlated with the soil nematode
population. As stated by a study by Ramana et al. (1987).
Temperature was important in nematode development
and severity of galling and resistance breakdown occurred
at a high temperature (Loubser, 1988).

Conclusion
The results of the field experiment showed that plants

experiencing yellowing had optimal pH and EC values,
and that healthy plants had far lower organic carbon
content in their rhizosphere soil than plants experiencing
yellowing. Plant health did not improve with the increased
organic matter content of rhizosphere soil, perhaps
because of root injury and inadequate absorption. An
urgent measure is required to limit the nematode
population since the soil nematode population was
worrying. This experiment confirmed that all types were
prone to yellowing. Monthly rainfall averaged 241.7 mm
in October and November, and on a monthly basis, the
temperature peaks at 31.7 degrees Celsius and dips to
22.3 degrees Celsius. The observed relative humidity was
81%. Between October and November, there was a
noticeable increase in the nematode population in the soil
and roots of the rhizosphere. Yellowing and discoloration
in the top canopy of diseased pepper plants are symptoms
of what might be a significant problem with the feeder
roots. Our research shows that extensive infestations of
endoparasitic nematodes decimated the root systems in
rhizosphere soils, which otherwise possessed an ideal
range of soil nutrients. When nematodes were infesting
the roots of plants, nitrogen intake was significantly
impaired. Nonetheless, in an optimal setting, these plants

made a full recovery. The return of greenery from
previously yellowed plants signaled the beginning of
feeder root development during optimal season. After a
nematode’s life cycle was complete in one plant, it would
move on to another. Under poor conditions, plants that
seemed healthy began to show signs of yellowing. A
combination of nutritional shortages in plant tissue and
damage caused by nematodes must be responsible for
the yellowing that is being seen.
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