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Abstract

CabbageRrassica oleracea var. capitata L.) is one of the most important vegetables in y&n
mainly grown by smallholder farmers for food andi®e of income. Its production is hampered
by insect pests and diseases, leading to econaeitlgsses. Row cover insect proof nets have
been used in the past to manage insect pests bagaland were recently introduced to Kenya.
This study planned to document disease incidendesawerity levels on cabbage grown under
insecticide impregnated Agronets as a tool to managect pests and microclimate. The study
was conducted at KALRO-Kabete and PTC (Practicainimg Centre)-Thika, Kenya both at the
nursery and in the field. Treatments included 1 wé insecticide (alpha cypermethrin)
impregnated Agronets with (0.9 mm mesh), 2) uné@&4 mm mesh Agronet, 3) grass shading
as a farmer practice (at nursery) and 4) contra@re@hlhere was no Agronet use. The treatments
had five replications in a completely randomizedckl design. Plots measured 2 x 6 m, with a 1
m path between consecutive plots and 2 m betwersecative blocks. Three major diseases
were recorded: damping ofRligizoctonia solani), downy mildew Peronospora parasitica) and
black rot Kanthomonas campestris pv. campestris). Treatments showed significant (P<0.05)
differences on severity of damping off, which was/ést on seedlings covered with Agronets
compared with the other treatments at nursery. Goatyly, the downy mildew disease severity
was higher on seedlings covered with Agronets ttiese with no cover or shading at the
nursery. The findings show that frequent diseaseitsny is crucial when using Agronets for
cabbage pests management. This would allow fartoetake action when diseases are noticed.
Further supportive studies to understand threshoids that can trigger growers to employ

disease control application may be needed.



Key words: cabbage seedling, downy mildew, damping off, blat, disease incidence

1.0INTRODUCTION

Cabbage is one of the most important vegetabléenya and is grown by smallholder farmers
as a major source of income. The crop providesprstcomprising of all essential amino acids,
minerals such as calcium, iron, magnesium, sodpotgssium and antioxidant and is reported to
have anti-carcinogenic properties (Sirgtal., 2009). It is also a rich source of ascorbic acids,
carotene (Pro Vitamin A) and has a fiber conteit @cium which may reduce the risk of colon
cancer (Swarup, 2006). Being a major source ofnmedor smallholder farmers, it has enabled
them to support their family needs and remain fomgty viable, especially in the rapidly
growing Kenyan peri-urban farming community. Howeves production is hampered by several
biotic and abiotic factors. Major constraints inriga, and other tropical countries, are insect
pests and diseases (MOA, 2006). Among cabbagesdisetihhe most serious are black rot caused
by Xanthomonas campenstris pv. campestris, turnip mosaic virus and soft rot caused by sdvera
different pathogens such dsrwinia carotova, Erwinia chrysanthemi and Pseudomonas
flourescens (MOA, 2006). Downy mildew Reronospora parasitica (Pers), is also reported as a
key disease, limiting cabbage production (Nyambd &ohr, 2005). Black rot is usually a
destructive disease of a wide range of crucifengsland cabbage is one of the main hosts. Black
rot has been a major disease constraint of cabtragleiction in smallholder farming systems in
Africa where substantial losses are experiencepeotslly during the warm and wet seasons
(Dayet al., 1992; Onsando, 1992; Mguni, 1996; Massomo, 2002ad been reported that under
severe outbreak of this disease, the crop is sidnjdo attack by a variety of pathogens both at
nursery as well as in the field leading to substameduction in yield to tune of 5 to 70%

(Jorgensen and Walter, 1995). Agronets have besth erdensively in various cultivations. They



not only contribute to increased production bulythkso have a positive effect on the quality of
the produce bymoderating the microclimate under cover. It ha® dleen used to enhance
productivity, quality and homogeneity of plants dndits by generating moderate greenhouse
and windbreak effects. They have also been usegrfidection against adverse climatic action
by protecting cultivations from damages due to,hstilong winds and rain (Briassoubtal.,
2007). In Benin, Agronets are used to protect cragasinst infestation by pests (Marghal.,
2006; Licciardiet al., 2008). In Kenya, it has been tested and provednasfiective pest
management tool against various insect pests (@bgo, 2012; Mulekeet al., 2013).1t is thus
prudent to understand the effects that this tedgyimay have on diseases of cabbages, which
are not targeted for control by the technology.c8ithe Agronets modify the microclimate,
retaining higher moisture and relative humiditydancreased temperatures, there is likelihood
of severe disease growth if uncontrolled. This gtwds carried out to document the key cabbage
diseases, their incidence and severity on cabbagengunder the Agronet technology both

under nursery and field conditions in Kenya.

20MATERIALSAND METHODS

2.1 Study site: The experiment was conducted at the KALRO-Kabetd BAC (Practical
Training Centre) Thika- Kenya experiment statiomem March to September 2011. Kabete
station is located Northwest of Nairobi’28’E and 0% 15'S and at an altitude of 1747 m above
sea level. The annual mean temperature ranges¥ifeto 23c. The average rainfall received
is 1000 mm per year and the soil type is Nitisol.

Practical Training Centre-Thika is located attiate, £06'S and longitude, 3701’E. The
altitude is 1520m. The mean annual rainfall at &hi&k 856mm and is bimodal. Mean annual

maximum and minimum temperatures are 26.and 13.8C respectively. The soil type is Pellic



Vertisol with an average pH of 5.3 and soil demthged from 60 to100 cm. The two stations
were used as a repetition of the study in space.

2.2 Land preparation and transplanting: The land was prepared prior to sowing of the seed o
9" March 2011 at KALRO-Kabete and"1®\pril 2011 at PTC-Thika. Twenty nursery beds of 1
m by 2 m with an alley of 1 m maintained betweestgland a 2 m between blocks. Cabbage
variety Gloria F1, a widely used variety in Kenyasasown on each plot on*2March and 9
May, 2011, at KALRO-Kabete and PTC-Thika, respestivOne seed was placed per hole at a
spacing of 15 cm between lines and 1lcm betweenssedtin a line. Space of 20 cm was
maintained from the edge of the plot to the finseél The beds were later covered with dry grass
as mulch immediately after planting to prevent wordwater erosion. Nets were supported by
metal rod (R6) arches measuring 0.5 m by 0.5 m.bynO(two arches per plot). Nets measuring
2 m by 3 m were placed on the arches and coverethermground with soil to prevent any
opening to the crop. Watering was done manuallggugiatering can, every day in the evening
at 6.30 pm for the first two weeks, and thereafi@ne every three days until the seedling were
ready for transplanting. A systemic fungicide, Feaw (propamocarb hydrochloride) was
applied as a drench in all plots at the rate ofril5n 10 litres of water, for control of fungal
diseases (damping off and downy mildew), whichrarapant in the area. However, it was only
applied after symptoms of damping off were obsemedhe seedlings and this was done two
weeks after germination. Healthy cabbage seedlirays nursery plots protected by nets were
transplanted to ploughed, fine tilled main expentat field/plots, on 36 April and 24" June
2011, at KALRO-Kabete and PTC-Thika, respectivéring transplanting, one teaspoonful
(50 g) of diammonium phosphate 18:46:0 fertilizesvapplied per planting hole and mixed with

the soil before placement of the seedliitatering was done to supplement rainfall.



2.3 Experimental design: In the nursery experiment, treatments includedndgcticide (factory
impregnated with apha cypermethrine 1%) Agronehwdt9 mm mesh, 2) untreated 0.4 mm
mesh Agronet, 3) grass shading as a farmer praetince4) control where there was no Agronet
use. In the field, treatment included; 1) insedtc{factory impregnated with alpha cypermethrin
1%) Agronet with 0.9 mm mesh, 2) untreated withi®r® mesh Agronets, and 3) control where
there was no Agronet use. The treatments had #gdications arranged in a completely
randomized block design. Plots measuring 1 x 2 mméwsery and 2 x 6 m for field experiment,

with a 1 m path between consecutive plots and 2twden consecutive blocks were used.

2.4 Data recording: Sampling was done from 9.00 am for 3 hours, on&@@aomly selected
plants in each plot. Sampling in the nursery expent was done within 30 days before
transplanting, at weekly interval. For each selk&eedling, disease incidence and severity was
recorded per plant beginning first week after geation. Disease severity were scored as; 1= up
to 20% leaf area affected, 2= >20 to 40% leaf aféscted, 3= >40 to 60% leaf area affected, 4=

> 60 to 80% leaf area affected, and 5= >80 to 1G¥farea affected.

2.5 Statistical analysis: All the data were subjected to Analysis of vacar{ANOVA) using
GENSTAT Discovery % edition. Significance was tested at 95% confideiroé and if found
significant means were separated using StudentsridewKeuls (SNK) test. The means are
provided with standard error (SE). Data that weoé mormally distributed were transformed

using square root method (x+0.®&pefore performing ANOVA.
3.0RESULTS

Diseases observed in nursery included; downy mildéamping off and black rot. Downy

mildew was most severe at the nursery compared thékfield. The first symptoms observed



were small, light green-yellow lesions on the upfesaf surface, then later showing on the

undersurface. The spots turned yellow as they gathr Downy mildew severity was

significantly (P<0.05) higher on seedlings covel®dAgronets compared with those grown

under grass shade and those with no cover (cordatdbpth Kabete and Thika. However, for

damping off, there was no significant (P>0.05) elifince across treatments at Kabete (Table 1)

although in Thika, the severity was significantbyver (P<0.05) on those seedlings covered by

Agronets compared with those shaded with grass @mdrol. There was no significant

difference between Agronets despite the differaricaesh size (0.9 mm and 0.4 mm)

Table 1. Mean disease severity on cabbage seedhngsursery grown under different

(treatments): treated net, untreated net, grasdirghaand control; at KALRO Kabete and

KALRO Thika, March and June 2011, respectively.

Treatment Damping off Downy mildew

Kabete Thika Kabete Thika
Treated net

0.27 0.53a 2.07a 2.0la
Untreated net

0.33 0.53a 2.13a 2.07a
Grass shading

0.53 1.00b 0.60b 0.60b
No net

0.86 1.47b 0.73b 0.73b
P-Value 0.279 0.028 0.002 0.020
SED 0.142 0.349 0.259 0.249




Mean in the same column followed by the same letemot significantly different by Students-
Newman Keuls (SNK) at P =0.05

The disease incidences on cabbage seedlings bK#bate and Thika did not vary significantly
(P<0.05) across the treatments. However, lowerderges of damping off disease were
observed on plots covered by Agronets and thosergumder grass shading compared with the
control. Comparably higher incidences of downy emdwere observed on seedlings covered by
Agronets compared with uncovered seedlings at KabetThika downy mildew did not differ

significantly (P>0.05) across the treatments (T&)le

Table 2: Mean disease incidence on cabbage sesdihghursery grown under different
(treatments): treated net, untreated net, grasdirghaand control; at KALRO Kabete and

KALRO Thika, March and June 2011, respectively.

Treatment Damping off Downy mildew

Kabete Thika Kabete Thika

Treated net

4.33 4.33 56.33 25.00
Untreated net

5.00 4.53 51.33 29.33
Grass shading

0.01 7.33 32.67 24.00
No net

8.33 8.00 20.33 26.67
P-Value 0.071 0.871 0.111 0.954

SED 0.629 0.822 1.401 1.599




At Kabete, severity of downy mildew was greater 21& week after germination, this was
observed across the treatments. However, higharisewas observed in seedlings covered by
Agronets compared with the uncovered seedlingsthaoge grown under grass shading. The

severity later reduced on th& @eek after a control measure had been appliedi(Eit).
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Figure 1 Downy mildew severity on cabbage seedlaigsabete

At Kabete, damping off severity was significantlpwier on seedlings covered by Agronets
compared with those grown under grass shading acovered seedlings. The severity increased
towards the end of the®week, and highest severity was recorded in flen2ek. A control
measure was applied and the severity reduced terd' week subsequently until the crop was

ready for transplanting (Figure 2).
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Figure 2 Damping off severity on cabbage seedlaigsabete

At Thika, damping off disease severity was sigaifitty lower in seedlings covered by Agronets
compared with uncovered seedling and those growlerugrass shading. Severity was highest in
the 2 week and later decreased towards the end of*theezk and the 3week. This was due

to the control measure applied (Figure 3).
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Figure 3 Damping off severity on cabbage seedlaigchika



At Thika, a similar trend was observed in downydew severity like the one at Kabete. The
severity was greater in thé%aveek of transplanting across the treatments. Arobmeasure
was applied and the severity reduced to a loweel lewvards the end of"2week until the

seedlings were ready for transplanting (Figure 3).
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Figure 3 Downy mildew severity on cabbage seedlaigehika

After planting out,downy mildew severity was significantly (P<0.05)ghér on cabbages
covered by Agronets compared with uncovered calshdlges was observed in Thika. At Kabete
downy mildew severity did not vary significantly X@.05) across the treatments, however,
severity was relatively higher in cabbages covénedets. At Thika, damping off diseases attack
on cabbages were significantly lower (P<0.05) ibbzges covered by nets compared with
uncovered cabbages. At Kabete, the damping offrggwdid not vary significantly (P>0.05)
across the treatments. However, general trend shoedatively lower severity on covered
cabbages compared with uncovered plants. Blackweat significantly lower (P<0.05) on

covered plants compared with uncovered cabbagésadbdtabete and Thika (Table 3).



Table 3: Mean diseases severity on field cabbagéhtowhole season at KALRO Kabete and

Thika, April-July and July-October 2011, respedive

Treatment Damping off Downy mildew Black rot

Kabete Thika Kabete Thika Kabete Thika

Treated net 0.13 0.13 0.38 0.42a 0.13a 0.12a

Untreated net 0.12 0.15 0.38 0.42a 0.13a 0.17a

No net (control) 0.20 0.40 0.30 0.13b 0.55b 0.38b

P-Value 0.74 0.05 0.25 0.04 0.01 0.03

SED 0.08 0.06 0.09 0.09 0.08 0.07

Mean in the same column followed by the same lettemot significantly different by Students-
Newman Keuls (SNK) at P =0.05

Damping off disease in field cabbage at Thika waseoved across treatments tfiewkeek after

transplanting (Figure 4). Greater severity was méed in plots with no covers. However, after

application of a control measure the effect wasmized.
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Figure 4 Severity trend of damping off disease aobage at Thika

Black rot severity was observed across the tre@nevith higher severity recorded on plots

with no cover (Figure 5). This was in comparisathwhose plants covered by Agronets, which
were relatively lower in severity. A control measuwvas applied in all the treatments before the
4" week that reduced their severity, which remairmd uintil harvesting. However, uncovered

plants were later attacked from tHB\Geek, and severity increased progressively througthe

remaining period of the season.
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Figure 5 Black rot disease incidences on cabbageinrfield trial at Kabete



Black rot symptoms were observed in tfi&®eek after transplanting in Thika. Greater seyerit
was recorded on uncovered cabbages, in the samkeanamtrol measure was applied across the
treatments and the infection was minimized. Howewerovered plants showed higher severity

compared with covered plants from tH&vBeek until the crop matured (Figure 6)
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Figure 6 Severity of black rot in field cabbagd hika
4.0 DISCUSSION

Downy mildew severity was greater on seedlings cevéy Agronets due to the shade effects of
the net that could have increased moisture comtside the net and raised temperatures, both
factors enabling disease development in a crogs iEhin consistent with other findings in Kenya
by Gogoet al. (2012), there was 15% increase in mean daily ézatpre and relative humidity
under the netting treatment due to reduced air mewts, evapotranspiration and shading effect
compared with the control. In related studies (Bletzand Seaman, 2006), some pathogens such
as apple scab, late blight, and several vegetablepathogens were reported to be more likely to
infect plants with increased moisture. Other paémsglike powdery mildew species tend to
thrive in conditions with lower (but not low) maise. Moreover, higher growth rates of leaves

and stems observed for plants grown under highocadioxide concentrations results in greater



fungal spore production. The high severity was &sbanced by the delayed control measure
applied on the growing seedlings; this was obseateldALRO-Kabete. This study shows that
users of Agronets for cabbage production shouldhligemonitor for disease presence so that
control options can commence before the severityoss high to cause economic damage.
Damping off disease was significantly lower on $ieed covered by Agronets compared with
those with no cover. This was probably due to tfiece of the Agronet acting as a physical
barrier during watering and ensured even distrdsutdof water avoiding flash flooding and
disease pathogen distribution from their niche cdusrence considering it being a soil borne
pathogenTherefore, covering of plants with Agronets carmadsovide an opportunity to include
integrated disease management practices to prabbages both in nursery and field. In related
studies by Singh (2002); Bal (2006), the effectsiudlterbelt (hessian cloth) on the development
of bacterial cankerXanthomonas axonopodis pv. citrii) and fungal scab complexXl&noe
fawcetti) in citrus nursery, reportedly provided protectioyn acting against wind-driven rains.
Moreover, it has been reported that nylon net cam lnseful cultural practice for protection of
cauliflower seedlings against Alternaria bligiiitérnaria brassicicola) and black rot at least
when they are still in the nursery bed (Kashyap Bhdnan, 2010). Black rot is a seed-borne
disease (Neergaard, 1945), though it attacks ajrgealving crop. The spread of black rot in
field cabbage was minimized by covering plants wAilironet, since there were reduced rain
splashes from infected plants thus minimize spre&dnoculum unlike uncovered plants.
According to Carissiet al., (1997), the dispersal of black rot pathogen is tuthe combined
effect of flow of contaminated water droplets, raplashes and windy conditions. If diseases are
well managed, Agronet technology could provide &nsible production of cabbages and other

crops with little or no pesticide application irs@ason. This would be encouraging considering



the high amounts of pesticides consumed in prateadf cabbages against arthropod pests in
Kenya. For growers, even though the technology beayseful, it should be taken as component
of integrated pest and disease management systere wionitoring/scouting is critical. This

could assist in identifying the best low cost wayseducing infection at the onset of a disease

and thus avoid calendar or frequent use of funggid cabbages.

5.0 CONCLUSION

The results from this study show that Agronets &howot expected to control cabbage diseases
though the problem may be minimized by use of AgtenThus frequent monitoring and use of
monitored fungicides at onset of the diseases ghfmrm part of integrated pest and disease
management on cabbages when Agronets are usedwilhigrevent disease development to

uneconomic levels.

6.0 RECOMMENDATIONS

1. Field monitoring is important for early detectioh disease incidence and for early
application of control measures of the diseasesaslty when growing nursery cabbage
seedlings under Agronets.

2. Tests should be done to determine action threslits of the diseases and mode of
disease spread on Agronet protected cabbages.

3. Farmers should be encouraged to integrate the ftigggmnets with application of

systemic fungicide at transplanting to manage segdiseases.
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