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Abstract
A study was conducted to investigate eﬀect of Neem Kernel Cake Powder (NKCP)
at 1.75, 3.5 and 7g rates on development of tomato Fusarium wilt in 1997 at the
National Horticultural Research Center, Thika, Kenya. Inoculum density of Fusarium
oxysporum f.sp. lycopersici (Sacc.) was two 14mm - diameter disks per planting hole
taken from 10 day old cultures growing on PDA. Plant performance was based on
shoot height and weight; stem diameter; number and weight of tomato fruits. Disease
assessment was based on wilt index of shoots and length of discolouration of vascular
tissues. Performance of plants grown in NKCP amended and non-amended soils was
signiﬁcantly (p=0.05) diﬀerent (33.3 - 93.3%). Disease severity based on the wilt
index (0.53-2.87) and length of discoloured vascular tissues (7.4cm - 25.62cm) diﬀered
signiﬁcantly (p=0.05) among treatments.
Keywords: Neem kernel cake powder, Fusarium oxysporum f. sp lycopersici, tomato,
wilt, soil amendment, plant performance, disease severity
1

Introduction

Tomato (Lycopersicon esculentum Mill) is an important source of vitamin C, calories, phosphorus and calcium (Davis and Hobson, 1981; Hobson and Kilby, 1985;
Langer and Hill, 1991).
In 1990, the estimated area under tomato cultivation in Kenya was about 19,000 hectares
with total annual production of 494,000 tons (Kibata, 1980). By 1995 the production had declined from the 494,000 tons to 225,310 (HCDA, 1995) due to constraints
caused by environmental stress, diseases and poor agronomic practices.
Important tomato diseases include blights and wilts (Dixon, 1985; Alabouvette
et al., 1993; Kedera, 1996; Goth and Keane, 1997; Larkin and Fravel, 1998;
AVRDC, 2001). Annual losses of up to 30,000 tons of canning tomatoes or 10-15%
of the crop damage in the USA are associated with Fusarium tomato wilt (Westcott,
1971; Benhamou et al., 1989). In Kenya, Fusarium wilt is known to cause signiﬁcant
tomato losses, (RRC-Kisii, 1994; Onyango and Makworo, 1997). In spite of the
high tomato losses associated with Fusarium wilt its control is limited to use of fungicides
which are unaﬀordable by the many poor resource Kenyan farmers. There is, therefore,
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need to seek alternative control measures that can be attractive to a poor resource
farmer.
This study was undertaken to evaluate the eﬀect of NKCP against Fusarium wilt when
used as a soil amendment in the green house as a possible available alternative in the
management of the Fusarium wilt disease in both poor and rich resource agricultural
systems.
2
2.1

Materials and Methods
Isolation of Fusarium oxysporum f.sp. lycopersici

Fusarium oxysporum f.sp. lycopersici (Fol) was isolated from infested tomato plants collected from a farm at Kigumo, Kiambu District, Kenya in September 1996. Roots were
thoroughly washed in tap water, rinsed with sterile distilled water and then aseptically
cut into 1- cm-long pieces/segments. The root pieces were surface sterilized in 0.5%
sodium hypochlorite solution for 30 seconds. The sterilized root segments were placed
on Potato Dextrose Agar (PDA), ﬁve segments per petri dish (Waudo et al., 1995) and
incubated at 23◦ C for 10 days. Fol was identiﬁed using morphological characteristics
(Nelson et al., 1983). A pathogenity test was done to validate the identiﬁcation. Pure
cultures of Fol were maintained on PDA at 4◦ C.
2.2

Soil infestation

Soil infestation involved aseptically transferring of a 14mm - diameter disc of PDA taken
from 10-day old cultures of Fol using a cork-borer into sterile soil, two disks per planting
hole. The infested soil was then thoroughly mixed.
2.3

Greenhouse test

A test was conducted in a greenhouse at the National Horticultural Research Centre,
Thika, Kenya to assess the eﬀects of Neem Kernel Cake Powder (NKCP) on the development of Fusarium wilt of tomato, in soil amended with NKCP at the rate of 1.75, 3.5
and 7g. Inoculum density per planting hole was two PDA disks of culture transferred to
sterile soil contained in 18cm- diameter pots as descried previously. Pots without NKCP
served as controls.
Tomato seeds were germinated in sterilized sand contained in a 15 × 20 × 10cm wooden
box. Twenty-eight day old tomato seedlings were transplanted (one plant per pot) and
treated with Di-amminium phosphate (DAP) fertilizer at the rate of 2g per pot. A
completely radomized block design (CBD) with six replicates was used. Plants were
watered appropriately and staked four weeks after transplanting.
Plant performance based on shoot height and weight, stem diameter, and number and
weight of fruits was carried out. Shoot length was taken from the ﬁrst basal node to
the tip of the youngest apical bud. Stem diameter was taken just below the ﬁrst basal
node. Tomato shoots were cut at the ﬁrst node and dried at 80◦ C for 72 hours before
weighing. Shoot length and stem diameters were measured after every two weeks for
eight weeks. Shoot weight, number and fruit weight were obtained at harvesting time.
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Similarly, disease assessment based on length of discoloured vascular tissue and wilt
index was done on harvesting day.
3

Results

Tomato plants grown in soil amended with diﬀerent rates of NKCP diﬀered (p=0.01)
signiﬁcantly in their performance. Tomato plants grown in soil amended with 7g of
NKCP had the highest mean shoot height and stem diameter 42, 56, and 98 days after
transplanting (Table 1). Mean shoot heights and stem diameter of the plants were
lowest and highest in soils amended with 1.75 and 7.0g of NKCP. Plant performance
decreased with reduction in the rate of NKCP 98 days after NKCP and Fol application
(Table 1 and 2).
Table 1: Mean shoot height (SH) in cm and stem diameter (SD) in cm of tomato cv
money maker after NKCP and Fol application.
Days after NKCP application and Fol inoculation
∗

Treatment
(NKCP in g)

14

28

SH

SH

10.9 b

7

a

42
SD

SH

17.5 ab 0.67 a

SD

SH

38.3 a 0.86 a
35.5

a

0.90

a

98
SD

SH

51.4 a 1.06 a
50.7

a

0.99

SD

80.8 a 1.14 a

a

76.0 a 1.03 a

13.2

1.75

9.75 c

16.4 b 0.53 b

27.9 b 0.81 b

36.4 b 0.81 b

55.7 b 0.82 b

Non-amended 9.58 c

13.9 c 0.32 c

21.3 c 0.54 c

25.9 c 0.54 c

41.8 c 0.59 c

†

0.72

a

56

3.5

∗

19.3

a

†

Each treatment was replicated 6 times
Figures followed by the same letter within a column do not diﬀer signiﬁcantly (p=0.01)
according to Duncan’s Multiple Range Test (DMRT).

Tomato plants grown in soil amended with diﬀerent rates of NKCP diﬀered (p=0.01)
signiﬁcantly in their dry shoot weight (Table 3). Tomato plants grown in soil amended
with 7g of NKCP had the highest dry shoot weight while those grown in non-amended
soil had the lowest shoot weight 98 days after NKCP and Fol application (Table 3).
Tomato plants grown in soil amended with 3.5g of NKCP had the second highest mean
dry shoot weight while those grown in soil amended with 1.75g of NKCP had the second
lowest mean dry shoot weight 98 days after NKCP and Fol application (Table 3). Similar
trend was observed for tomato fruit weight (Table 3).
Tomato plants grown in soil, amended with diﬀerent rates of NKCP diﬀered (p=0.01)
signiﬁcantly in the number of mature red fruits 98 days after NKCP and Fol application
(Table 3). However tomato plants grown in soil amended with 7g and 3.5g of NKCP did
not diﬀer signiﬁcantly in the number of fruits they produced 98 days after NKCP and Fol
application (Table 3). Tomato plants grown in soil amended with 1.75g of NKCP did
not also diﬀer signiﬁcantly from those grown in non-amended (control) in the number
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Table 2: Percentage (%) change in mean shoot height (SH) and stem diameter (SD)
of tomato cv money maker 98 days after NKCP and Fol application.
Treatment ∗
(NKCP in g)

∗

SH (cm)

% change

SD (cm)

% change

7

80.8

93.3

1.14

93.2

3.5

76.0

81.8

1.03

74.6

1.75

55.7

33.3

0.82

39.0

Non-amended (control)

41.8

0

0.59

0

Each treatment was replicated 6 times.

of mature red fruits 98 days after NKCP and Fol application (Table 3). Tomato plants
grown in soil amended with 3.5g of NKCP had the highest mean fruit number while
those grown in non-amended soil had the lowest mean fruit number (Table 3). Tomato
plants grown in soil amended with 7g and 1.75g of NKCP had the second highest and
second lowest mean fruit number, respectively (Table 3).
Table 3: Mean dry shoot weight (DSW) in grams, fruit weight (FW) in grams and fruit
number (FN) of tomato cv moneymaker 98 days after NKCP application and
Fol inoculation.
Treatment ∗
(NKCP in g)
7

†

DSW

FW

38.59 a †

50.77 a

16 a

b

19 a

26.95 c

11 b

b

3.5

29.48

1.75

25.38 c

0 (Control)
∗

Plant growth parameters

17.8

d

36.27
11.93

FN

d

8b

Each treatment was replicated 6 times.
Figures followed by the same letter within a column do not diﬀer signiﬁcantly
(p=0.01) according to DMRT.

Tomato plants grown in soil amended with diﬀerent rates of NKCP diﬀered (p=0.01)
signiﬁcantly in disease severity based on length of discoloured vascular tissue (LDV) and
wilt index (WI), Table 4. Tomato plants from non-amended soil had the highest mean
LDV and WI while those from soil amended with 7g of NKCP had the lowest LDV and
WI means (Table 4). Tomato plants grown in soil amended with 3.5g and 1.75g of
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Table 4: Mean length (cm) of discoloured vascular tissue (LDV) and wilt index (WI) of
tomato cv money maker 98 days after NKCP application and Fol inoculation.
Treatment ∗
(NKCP in g)

†

LDV

WI

d

0.53 d

7

7.42

3.5

13.97 c

0.95 c

1.75

22.77 b

2.53 b

a

2.87 a

0 (Control)
∗

Disease Parameters

25.62

Each treatment was replicated 6 times.
Figures followed by the same letter within a column do not diﬀer signiﬁcantly
(p=0.01) according to DMRT.

NKCP had the second lowest and second highest mean LDV and WI respectively 98
days after NKCP and Fol application (Table 4).
Disease severity (based on LDV and WI) on tomato plants decreased with increase in
NKCP rates used as soil amendment (Table 4).
4

Discussion

The signiﬁcantly (p=0.01) higher performance for tomato plants grown in soil amended
with NKCP compared to those grown in non-amended soil (control) indicate that NKCP
suppressed pathogenic eﬀects of Fol (Table 1, 2, 3). The suppressive eﬀect might have
been due to production of fungistatic substances such as azadirachtin and improved
host resistance perhaps as a result of improved host nutritional status (Schafer, 1971;
Khan et al., 1973; Maukau, 1980; Agrios, 1988). These possibilities, however, need
to be investigated. Neem seed cake contains higher levels of nitrogen, phosphorus,
potassium, calcium and magnesium than those in farmyard manure or sewage sludge
(Radwanski and Wickens, 1981).
The signiﬁcantly (p=0.01) short discoloured vascular tissues of plants grown in soil
amended with 7g of NKCP (Table 4) indicates that high amount of NKCP suppressed
the pathogenic eﬀect of Fol. The poor disease development could be associated with
enhanced performance of the tomato plants due to the high nitrogen nutrition from the
neem seed cake (Huber and Watson, 1974; Tisdale et al., 1985; Pacumbaba et al.,
1997).
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