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Abstract 

Background: Pepper (Piper nigrum L.) is an important spice produced by small-scale farmers in Morogoro district 
of Tanzania for both local and export markets. Recently, farmers have reported a decline in crop productivity due to 
spike shedding and stem wilting of pepper plants. The study was conducted to obtain baseline information on the 
extent of the disorders.

Methods: An altitudinal transect survey was conducted in Morogoro district from October to November 2018. Data 
were collected from 216 pepper farmers through a questionnaire, focus group discussions, and field observations. 
Chi square tests (α = 0.05) were used to compare differences between gender, pepper cultivars by wards and yield, 
spike shedding and stem wilting by pepper cultivars and plant species used to support pepper vines. Fisher’s exact 
test at (α = 0.05) was used to compare the effects of production constraints and altitude. A regression analysis was 
performed to explore the relationship between altitude and the incidence of spike shedding and stem wilting.

Results: The majority of interviewees (69%) had observed spike shedding and stem wilting of pepper on their farms 
for > 3 years. Spike shedding was more prominent at 300 meters above sea level (masl, 85.7%), while stem wilting 
was reported by most (66.7%) farmers at 457 masl. The most affected pepper cultivar was reported to be “Babu kati” 
in Mtombozi (19.2% of respondents) and “Ismailia” in Mkuyuni and Kibogwa (28.9% of respondents) wards, while 
in Kibungo ward cultivar “Babu ndogo” (85.7% of respondents) and in Konde ward cultivar “Babu kubwa” (53.8% 
of respondents) were most affected. Approximately 53% of respondents reporting the disorders used Jatropha to 
support the pepper vines, and 93% of the farmers reported the disorders to occur during the dry season. A greater 
proportion of the interviewed farmers (92.1%) reported applying no measures to control spike shedding and stem 
wilting of pepper.

Conclusions: Incidence of spike shedding and stem wilting was higher at a low altitude compared to high altitude 
areas. The magnitude of the disorders differed among pepper cultivars regardless of support plants species used. Poor 
adoption of key agronomic practices and lack of any information on control measures may be contributing to the 
high incidence of the disorders in the study area. The study demonstrates the extent of the problem, and provides a 
baseline for identifying the causal agent(s) of spike shedding and stem wilting, which in turn will allow appropriate 
control measures to be selected.
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Background
Pepper (Piper nigrum L.) is a flowering plant in the fam-
ily Piperaceae. It is a climbing, woody perennial species 
cultivated for its fruit. The fruit are dried and used as a 
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spice, having a peculiar pungent taste. Pepper is nick-
named “Black Gold” or “King of Spices.” It is one of the 
world’s oldest and most widely consumed spices. There 
are two major pepper products, black pepper and white 
pepper, that are traded internationally (Parthasarathy and 
Zachariah 2008).

Pepper is a native of the Malabar Coast in south west-
ern India (Purseglove et  al. 1981). The crop is exten-
sively cultivated in India and other tropical regions with 
suitable climate. On the Tanzanian mainland, pepper is 
produced largely in Muheza, Mkinga, and Morogoro 
districts. Offshore, pepper is cultivated on Unguja and 
Pemba islands in Zanzibar. These areas vary ecologically 
in temperature, humidity, and rainfall due to altitude 
(Maerere and Van Noort 2014). In Morogoro, the crop 
is grown along the eastern slopes of the Uluguru Moun-
tains (Yamane et al. 2018), especially in the Matombo and 
Mkuyuni divisions of the province (Burgess et al. 2001).

Pepper requires high rainfall, humidity and sufficient 
temperature to grow successfully, and these conditions 
can be found at altitudes up to 1500  m above sea level 
(masl). Altitude affects elements of weather including 
temperature, rainfall, and relative humidity that have 
an impact on the crop (Ravindran et  al. 2000). Pepper 
is adapted to a temperature and relative humidity in the 
range 23 to 32 °C and 75 to 80%, respectively. It requires 
that the annual rainfall be up to 3000 mm and well-dis-
tributed throughout the year. Pepper is a day-neutral 
plant that thrives under shade (50%); it does not tolerate 
excessive heat and dryness (Ravindran et  al. 2000; Par-
thasarathy et al. 2007). It can be grown in a wide range of 
soils (from heavy clay to light sandy clays), that should be 
well-drained and rich in humus with a pH ranging from 
5.5 to 6.5 (Thangaselvabal et  al. 2008). The productive 
life of pepper is usually 12 to 15 years with the first crop 
being produced in the third year after planting (Purse-
glove et al. 1981).

Crop losses in many pepper-producing countries have 
been attributed to diseases, insect pests; other limitations 
to pepper production include low levels of inputs such 
as manure, fertilizers, and pesticides (Srinivasan et  al. 
2012). A range of plant pathogens infect pepper; pepper 
is also attacked by various insect pests including ants, 
flea beetles, leaf gall thrips and stink bugs (Daba et  al. 
2017). As noted above, environmental factors including 
temperature and rainfall are important for pepper pro-
duction, and influence the yield of pepper directly (Par-
thasarathy et al. 2007). Hence, global climate change and 
inadequate water availability coupled with biotic stresses 
lead to low productivity (Krishnamoorthy and Parthasar-
athy 2009). In addition, the abiotic environmental factors 
influence the susceptibility of host plants to pests and/or 
diseases, reproduction of the pathogens and pests, their 

activity, and the interaction between the plants and its 
pathogens (Nguyen 2015). Lack of availability of plant 
nutrients in the soil can predispose the pepper plant to 
diseases (Srinivasan et al. 2012). Various diseases of pep-
per may cause spike shedding (when developing pepper 
flowers or berries are aborted from the spike), stem wilt-
ing, and yellowing of foliage, which are conditions that 
have been described in the literature on several occa-
sions and are considered a common symptom afflicting 
pepper (Menon and Nair 1987; Geetha and Nair 1989, 
cited by Srinivasan et al. (2012) and Truong et al. (2005)). 
Stem wilting in Vietnam and India has been associated 
with diseases caused by several pathogens including the 
oomycete Phytophthora capsici and root-knot nematodes 
(Meloidogyne incognita), either alone or in combination 
(Truong et  al. 2005; Ravindra et  al. 2014; Thomas and 
Naik 2017). In other studies, Fusarium spp (including 
F. solani and F. oxysporum) have been reported to cause 
stem wilting of pepper plants cultivated in Brazil and 
Malaysia (Duarte et al. 1999, 2001; Shahnazi et al. 2012).

Spike shedding in pepper occurs at various stages of 
fruit development. It can lead to crop losses of 40% or 
more in India (Kandiannan et  al. 1994). Spike shedding 
of pepper includes but is not limited to the dropping 
of flowers or berries and improper filling of berries on 
spikes, so that berries fail to develop to normal size. Stem 
wilting of pepper plants includes withering and drooping 
of stems, that become limp and dry. Prolonged droughts, 
heavy or irregular rains that can reduce pollination, affect 
crop physiology, and also lead to either intensive shed-
ding of berries or failure of berry set (Srinivasan et  al. 
2012; Krishnamurthy et al. 2016).

The biocontrol bacterium (Curtobacterium luteum) 
applied in combination with the fungicide Metalaxyl 
significantly reduced nematode populations, and foot 
rot incidence due to Phytophthora spp, and increased 
growth and yield of pepper in India (Bhai et  al. 2017). 
In Vietnam, a systemic fungicide (Potassium phospho-
nate) as a soil drench (applied at rates of 50–100  g a.i/
plant) significantly inhibited the colonisation of P. cap-
sici on excised leaf, stem and root tissues (Truong et al. 
2012). Endophytic bacteria (Bacillus megaterium) applied 
as a biocontrol, significantly inhibited nematodes in the 
soil (81.86% inhibition), colonization of pepper plant 
roots (by 73.11%) and reduced the nematode build-up 
rate to 0.23. B. megaterium also promoted plant growth 
and enzymatic activities (chitinase and protease) related 
to the biocontrol of Meloidogyne sp (Tran et  al. 2019). 
Foliar sprays with a plant growth regulator, 1-Naphtha-
leneacetic acid (NAA) at 50  ppm (Kumar et  al. 2002) 
with soil application of zinc sulphate at 2.5  kg  ha−1 
(Hamza and Sadanandan, 2005) reduced spike shedding, 
and increased yield and quality of pepper. These studies 
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indicate that spike shedding and stem wilting of pepper 
can have various biotic causes that are amenable to miti-
gation using available conventional and biological control 
agents.

Based on observations by Maerere and Van Noort 
(2014), a comprehensive survey is needed to assess the 
extent of spike shedding and stem wilting of pepper in 
Morogoro district, Tanzania. It is also desirable to iden-
tify the cause, but in this survey we sought to determine 
the extent of spike shedding and stem wilting among dif-
ferent pepper-growing villages located at different eleva-
tions along the Uluguru Mountains in north eastern 
Tanzania.

Methods
Description of the study site
The survey was conducted in eight wards of Matombo 
and Mkuyuni divisions in Morogoro district. The wards 
include Kinole, Mkuyuni, Kibogwa in Mkuyuni divi-
sion and Tawa, Mtombozi, Kisemu, Kibungo Juu, and 
Konde in Matombo division (Fig.  1). The wards cover 

an altitude range between 200 and 1300 masl. Based on 
30 years weather data for altitudes up to 779 masl (Mete-
oblue 2018), the wards experience a bimodal rainfall pat-
tern with the short rains falling between late-October to 
the end of January and the long rains from February to 
May; a dry season is experienced between June to mid-
October. The wards receive monthly precipitation rang-
ing from 6 to 66 mm with a mean monthly minimum and 
maximum air temperature range of 17  °C to 20  °C and 
26 °C to 31 °C, respectively.

Baseline survey
An altitudinal transect survey was conducted in Moro-
goro district from October to November 2018 using 
standard survey procedures as described by Zaragoza 
et al. (1992). A total of sixteen villages (at least two per 
ward) were purposively selected based on their impor-
tance for pepper production (Table 1). Positions and alti-
tudes of selected villages (16) were recorded with the aid 
of a global positioning system (GPSMAP 64  s, Garmin 
Ltd, USA). The selected smallholder pepper farmers from 

Fig. 1 a Map of Tanzania. b Morogoro District. c Wards surveyed in Morogoro district where pepper farms were surveyed for symptoms of spike 
shedding and stem wilting
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the villages in the eight wards comprised a sample of 216 
respondents out of a total of approximately 1000 spice 
crops growers in the district.

Data collection
Interviews were conducted using a semi-structured 
questionnaire. Questionnaires were self-administered to 
farmers who were capable of completing them on their 
own, and guidance was given to farmers who needed 
assistance. The interviews in each village were comple-
mented with focus group discussions. The pepper plants 
in the selected fields in each ward were carefully exam-
ined. The data collected from the interviewed farmers 
included demography, farm and crop characteristics, 

crop management practices, and pepper production con-
straints (the full questionnaire can be referred to in Addi-
tional file 1).

Data analysis
Data were descriptively analyzed to determine the distri-
bution of respondents for each variable. The Statistical 
Package for Social Sciences program V16 (SPSS Inc, USA, 
Chicago, IL, USA) was used to calculate the descriptive 
statistics including frequencies and percentages for each 
variable of interest. In cases where a respondent selected 
multiple responses to a question (e.g., cultivars grown 
on a farm) all were included as individual data points to 
calculate the frequency (thus the total in some cases was 
not number of farms, but total number of responses for 
that variable). Chi square tests (α = 0.05) were used to 
compare differences between pepper farmers based on 
gender by each age group, proportion of pepper cultivars 
cultivated in each ward and by yield, proportion of each 
pepper cultivar showing symptoms in each ward, and 
spike shedding and stem wilting of pepper cultivars, and 
the proportions of different pepper vine support species 
in the different wards. Fisher’s exact test at (α = 0.05) was 
used to compare the effects of production constraints 
and altitude. A regression analysis was performed to 
explore the relationship between altitude and the inci-
dence of spike shedding and of stem wilting.

Results
Demographic information of interviewed farmers
Both age and gender were factors in pepper farming 
(Fig. 2a). Pepper farming was dominated by male farmers 
in the age groups 25–35  years old (68.6%), 35–45  years 
old (63.9%) and > 55 years old (63.3%), but female farmers 
were 52.1% of farmers in the 45–55 year old age group. 
The mean age was 43.9 and 45.8  years for male and 
female farmers, respectively. The difference in frequency 
of male and female pepper farmers by age group was not 
significant (χ2 = 5.075, df = 4, p = 0.28). About 15% of 
the interviewed farmers had been producing pepper for 
4 years, 13% for 3 years and 12% for 5 years, while 13.9% 
of farmers had been cultivating pepper for 15  years or 
more (Fig. 2b). The mean period of engagement in pep-
per farming was 12.8 years.

Respondents’ farm characteristics
The land unit devoted to pepper production ranged 
from 1 012 to 21 448 m2, although most (92.5%) farm-
ers had less than 8 094 m2. Approximately 6% of inter-
viewed farmers had farms of 8 094 to 12 141  m2, and 
only 1.9% had farms of more than 12 141 m2. The aver-
age farm size was 3 990 m2. Most (28.7%) farmers had 
6–10 pepper plants followed by 25.5% of farmers who 

Table 1 Altitude and  geographical location (coordinates 
in  degrees and  decimal minutes) of  the  villages 
in  Morogoro district, Tanzania, where  pepper farms were 
surveyed for  symptoms of  spike shedding and  stem 
wilting

masl meters above sea level

Division Ward Village Latitude Longitude Altitude

Mkuyuni Mkuyuni Kibwaya 06° 56.725′ 
S

037° 
48.328′ E

321

Mfumbwe 06° 54.032′ 
S

037° 
48.905′ E

452

Kinole Tandai 06° 54.521′ 
S

037° 
45.450′ E

457

Matombo Kibogwa Kifulu 06° 54.519′ 
S

037° 
45.446′ E

693

Kilunga 06° 57.960′ 
S

037° 
41.864′ E

806

Tawa Milawilila 06° 59.758′ 
S

037° 
44.738′ E

377

Kisarawe 07° 00.755′ 
S

037° 
44.340′ E

374

Kifindike 07° 02.367′ 
S

037° 
45.210′ E

380

Tawa 07° 00.921′ 
S

037° 
43.878′ E

395

Uponda 07° 01.207′ 
S

037° 
46.637′ E

218

Kisemu Mtamba 07° 06.088′ 
S

037° 
46.710′ E

390

Nige 07° 02.983′ 
S

037° 
47.243′ E

300

Kibungo 
Juu

Lukenge 07° 02.812′ 
S

037° 
42.985′ E

758

Konde Konde 07° 03.938′ 
S

037° 
44.562′ E

479

Mtombozi Lugeni 07° 06.557′ 
S

037° 
44.808′ E

660

Mtombozi 07° 06.595′ 
S

037° 
46.462′ E

351
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had 11–20 pepper plants on their farms (Fig.  3a). The 
mean number was 25 pepper plants per farm.

The majority (98%) of farmers reported practicing 
mixed cropping, while less than 2% practiced mono-
culture of pepper vines (Table 2). Based on field obser-
vation, pepper was grown as a secondary crop at the 
base of naturally occurring wood or forest trees, or 
cultivated fruit trees. More than two crop species 
were grown on the same farm, without any system-
atic arrangement in rows or at specific spacing. Most 
(84.7%) farmers mixed pepper with fruit crops fol-
lowed by those who intercropped with perennial spices 
(64.4%), tuber crops (22.2%), cereals and/or legumes 

(5.1%) and other crops (6.9%) including vegetables, 
coconut, coffee and wood/forest trees (Table 2).

Seven common pepper cultural practices were iden-
tified among the farmers; (i) training pepper vines, 
(ii) pruning pepper vines, (iii) pruning support trees, 
(iv) weeding, (v) manure application, (vi) irrigation, 
and (vii) dry grass mulching. The interviewed farmers 
reported that they conducted training of pepper plants 
on supports and performed weeding as the most com-
mon practices on their pepper farms. Soil manage-
ment practices including manure application, irrigation 
and drainage were not commonly practiced by farm-
ers in the survey area, thus farmers mainly depended 
on seasonal rainfall for moisture for the pepper vines. 

Fig. 2 Results of a survey of villages in Morogoro district, Tanzania, where pepper farms were surveyed for symptoms of spike shedding and stem 
wilting. a Age and sex of the respondents in the study area. b The duration which respondents had been engaged in pepper farming

Fig. 3 Results of a survey of villages in Morogoro district, Tanzania, where pepper farms were surveyed for symptoms of spike shedding and stem 
wilting. a Number of pepper plants in respondents’ farms. b Pepper cultural/agronomic practices in respondents’ farms in the different wards and at 
different altitudes (meters above sea level)



Page 6 of 12Shango et al. CABI Agric Biosci             (2020) 1:6 

However, dry grass mulching was practiced by 10% of 
farmers in Mtombozi ward (660 masl), while 11.5% of 
farmers in Kibogwa ward (693 masl) mostly applied 
farmyard manure. Only 2.2% of farmers in Tawa (374 
masl), 6.7% in Kisemu (390 masl), 2.1% and 1.6% in 
Mkuyuni (452 masl and 321 masl, respectively), 3.2% 
in Konde (479 masl), and 3.4% in Kinole (457 masl) 
wards irrigated their pepper plants (Fig. 3b). Although, 
during focus group discussions farmers emphasized a 
positive perception to the adoption of improved agro-
nomic practices, they reported facing problems includ-
ing lack of direction and guidance from the government 
through the local extension officers on technical train-
ing pertaining to spice production, including pepper.

Different supports were used for the pepper vines; 
78% of farmers used Jatropha (Jatropha curcas), fol-
lowed by Jackfruit (Artocarpus heterophyllus) (56% 
of farmers), Mango (Mangifera indica) (49% of farm-
ers), Kapok (Ceiba pentandra) (32.4% of farmers), and 
other materials (22.2% of farmers) (Table  3). Other 
materials used included coffee (Coffea arabica) bushes, 

silver oak (Grevillea robusta), African mahogany 
(Khaya anthotheca), and African plum (Vitex doniana).

Cultivars and productivity of pepper grown in the study 
area
Four pepper cultivars were recorded to be grown in the 
study area. These were; Babu kubwa (local Luguru lan-
guage = Komoro), Babu ndogo (Kikong’oro), Babu kati 
(Ya zamani), and Ismailia (Bwanashamba). The difference 
in proportions of preferred pepper cultivar across the dif-
ferent wards surveyed was significant for “Babu kubwa” 
(χ2 = 20.75, df = 7, p = 0.004), “Babu ndogo” (χ2 = 25.22, 
df = 7, p = 0.001), “Babu kati” (χ2 = 39.28, df = 7, p < 0.001) 
and “Ismailia” (χ2 = 89.35, df = 7, p < 0.001). Most farm-
ers who grow “Babu ndogo” (55.6%) and “Babu kubwa” 
(45.5%) were located in Konde and Kisemu wards, respec-
tively. While “Babu kati” was grown by most (20.7%) of 
the farmers in Mtombozi ward and “Ismailia” was grown 
by most (36.7%) farmers in Kinole ward (Fig. 4a).

Yield estimates (Fig. 4b) show that most (50%) respond-
ents who grew cultivar “Babu ndogo” harvested > 6  kg 
 plant−1, only (6.1%) of respondents who grew cultivar 
“Babu kati” harvested 1 to 2  kg  plant−1 and 5 to 6  kg 
 plant−1, while 41.9% and 25.6% of respondents who grew 
cultivar “Babu kubwa” and “Ismailia” harvested > 0 to 1 kg 
 plant−1 during the previous season (2017). The mean 
yield was 2.6 kg  plant−1. Cultivar “Babu ndogo” had a sig-
nificantly (χ2 = 13.5, df = 5, p = 0.019) higher yield com-
pared to the other cultivars.

Based on focus group discussions, the cultivars were 
first introduced from other areas and farmers subse-
quently named them locally using Swahili and the native 
Luguru language, based on aspects including character-
istic morphological features and source of the planting 
materials. Farmers also reported securing planting mate-
rials/cuttings of these cultivars from their neighbours, 

Table 2 Pepper cropping systems and in Morogoro district, Tanzania, where pepper farms were surveyed for symptoms 
of spike shedding and stem wilting

a Numbers in parenthesis indicate the percentage of respondents in the specified category; where % totals add up to more than 100% there were multiple categories 
selected by responders

Pepper cropping system Frequency (percentage) 
of respondents n = 216

Monoculture (pepper only) 4 (1.9)a

Mixed cropping 212 (98.1)

Fruits 183 (84.7)

Perennial spices 139 (64.4)

Tubers 48 (22.2)

Cereals and/or legumes 11 (5.1)

Other crops 15 (6.9)

Table 3 Support materials used for  pepper vines 
in  Morogoro district, Tanzania, where  pepper farms were 
surveyed for  symptoms of  spike shedding and  stem 
wilting

a Numbers in parenthesis indicate the percentage of respondents at specified 
category; where  % totals add up to more than 100% there were multiple 
categories selected by responders

Support material or species Frequency (percentage) 
of respondents n = 216

Jatropha 169 (78.2)a

Jackfruit Tree 121 (56.0)

Mango Tree 106 (49.0)

Kapok Tree 70 (32.4)

Other materials 48 (22.2)



Page 7 of 12Shango et al. CABI Agric Biosci             (2020) 1:6  

with their choices guided by the preference for particular 
morphological features and availability of cuttings.

Based on field observation, “Babu kubwa” had larger 
leaves and longer spikes compare to the other cultivars. 
“Babu kati” possessed long-narrow leaves and spikes 
when compared to “Ismailia” and “Babu ndogo” which 
have short-broad leaves, while “Babu ndogo” had the 
shortest spikes compared to all other cultivars. The dis-
tinguishing features of the pepper cultivars based on the 
size of spikes and leaves are presented (Fig. 5a, b).

Pepper spike shedding and stem wilting
The majority (69%) of respondents reported having 
observed the spike shedding and stem wilting disorders 
of pepper on their farms for more than 3 years but not for 
longer than 7  years, followed by less than 2  years (25%) 
and only 6% of respondents reported not to have observed 
the disorders in pepper plants on their farms. The differ-
ence in proportions of affected pepper cultivars across 
the different wards surveyed was significant for cultivars 
“Babu kubwa” (χ2 = 20.75, df = 7, p = 0.004), “Babu ndogo” 
(χ2 = 25.22, df = 7, p = 0.001), “Babu kati” (χ2 = 39.78, df = 7, 
p < 0.001) and “Ismailia” (χ2 = 89.35, df = 7, p < 0.001). Most 
(19.2%) farmers in Mtombozi ward reported incidence 
of shedding and stem wilting on pepper cultivar “Babu 
kati.” The majority (28.9%) of farmers in Mkuyuni and 
Kibogwa wards reported cultivar “Ismailia” as the most 
affected, while a larger proportion of farmers in Kibungo 
ward reported cultivar “Babu ndogo” (85.7%), and in 
Konde ward cultivar “Babu kubwa” (53.8%), as the most 
affected (Fig. 5c). With the exception of cultivar “Ismailia” 
(χ2 = 9.39, df = 7, p < 0.002), the difference in proportions of 

the cultivars affected specifically by spike shedding across 
the different wards surveyed was not significant for culti-
vars “Babu kubwa” (χ2 = 0.81, df = 7, p < 0.3), “Babu kati” 
(χ2 = 0.4, df = 7, p < 0.5) or “Babu ndogo” (χ2 = 3.02, df = 7, 
p < 0.08). The difference in proportions of cultivars spe-
cifically affected by stem wilting across the different wards 
surveyed was not significant for cultivars “Babu kubwa” 
(χ2 = 0.56, df = 7, p = 0.5), “Babu ndogo” (χ2 = 0.12, df = 7, 
p = 0.7) and “Ismailia” (χ2 = 2.07, df = 7, p = 0.2), but was for 
cultivar “Babu kati” (χ2 = 8.38, df = 7, p = 0.004).

The pepper production constraints (flower shedding, 
spike shedding and stem wilting) reported by the inter-
viewees are summarized (Fig. 6a). Based on Fisher’s Exact 
Test,  results indicate a significant difference (p < 0.001) 
in the occurrence of these pepper production constraints 
with altitude. Spike shedding was more prominent among 
85.7% of respondents at 300 masl and 380 masl (61.1%), 
whereas stem wilting was reported by the majority (66.7%) 
of respondents at 457 masl and 452 masl (55.6%). On the 
other hand, flower shedding was reported by most farmers 
at 321 masl (43.9%), 660 masl (48%), and 806 masl (41.5%). 
However, despite these numeric differences the regres-
sion analysis (Fig. 6b) did not show a significant relation-
ship between altitude and the incidence of stem wilting 
(r = -0.372,  R2 = 0.138, p = 0.2), or incidence of spike shed-
ding (r = -0.142,  R2 = 0.02, p = 0.6).

Seasonal occurrence, management practices 
and characteristics of pepper spike shedding and stem 
wilting
Following the survey, seasonal occurrence, manage-
ment practices, and characteristics of pepper spike 

Fig. 4 Results of a survey of villages in Morogoro district, Tanzania, where pepper farms were surveyed for symptoms of spike shedding and stem 
wilting. a Preference of pepper cultivars by wards surveyed. b Productivity of pepper cultivars grown in Morogoro district
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shedding and stem wilting were summarized (Table  4). 
Approximately 93% of interviewed farmers reported 
that high incidences of pepper spike shedding and stem 
wilting occured during the dry season. About 79% and 
55% reported fruit setting and flowering as the most 
affected growth stages. The proportions of different 
pepper vine support species in the different wards did 
not differ significantly with incidence of spike shedding 
across the different wards surveyed (Jatropha (χ2 = 0.09, 
df = 7, p = 0.8), Mango (χ2 = 0.21, df = 7, p = 0.6), Kapok 
(χ2 = 2.91, df = 7, p = 0.9), Jackfruit (χ2 = 0.68, df = 7, 
p = 0.4)). The difference between proportions of different 
pepper vine support species and stem wilting incidence 
across the different wards surveyed was not significant 
(Jatropha (χ2 = 2.09, df = 7, p = 0.2), Mango (χ2 = 2.98, 
df = 7, p = 0.09), Kapok (χ2 = 0.11, df = 7, p = 0.7), Jack-
fruit (χ2 = 0.11, df = 7, p = 0.7)). Nevertheless, the major-
ity (52.8%) of respondents reported pepper plants 
suffered from these disorders where Jatropha was used 
as the supporting materials for training their pepper 
plants. A greater proportion (92.1%) of interviewed farm-
ers reported applying no measures for controlling spike 
shedding and stem wilting. Only 8% of the interviewed 

farmers reported uprooting wilting pepper plants for 
replanting, removing wilting stems, and application of 
botanical pesticides (Chili, Ginger, Garlic and Neem 
plant extracts) for controlling the disorders. About 72% 
of respondents reported characterizing the disorders by 
leaf yellowing, while 21.3% of farmers associated spike 
shedding and stem wilting with some insects observed on 
the pepper plants, and 25.9% of farmers observed drying 
of leaves and defoliation. The appearance of the wilting 
plants is shown (Fig. 7).

Discussion
The results show that individual farmers have engaged 
in pepper production from 1 to 15 years or more. Those 
farmers who have grown pepper for more years are pre-
sumably more experienced. However, pepper production 
in Morogoro district in Tanzania is dominated by poor 
adoption of key agronomic practices including soil man-
agement, irrigation and fertilizer application (and many 
other practices). Maerere and Van Noort (2014) reported 
that the traditional production systems in various pepper 
producing areas in Tanzania including Morogoro district 
have not improved over time despite the extensive (many 

Fig. 5 Results of a survey of villages in Morogoro district, Tanzania, where pepper farms were surveyed for symptoms of spike shedding and stem 
wilting. The pepper cultivars were distinguished based on the size of spikes and leaves. From left in the photos represents a Leaves and b spikes of 
pepper cultivar Babu kubwa, Babu kati, Ismailia, and Babu ndogo. c Responses of interviewed farmers on the most affected pepper cultivars based 
on their observations
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years) growing experience of some farmers, and is most 
likely due to the lack of a specialized extension service.

The high incidence of spike shedding and stem wilt-
ing reported in low-altitude areas might be linked to the 
relatively high temperature and the poorer drainage that 
may be associated with lower altitudes compared to high 
altitude areas. Msanya et al. (2001) reported that soils at 
low altitudes in Morogoro district are massive and struc-
tureless with imperfect to poor drainage. However, soils 
at high altitudes have weak to sub-angular blocky struc-
tures, are soft to slightly hard when dry, friable when 
moist, slightly sticky to sticky when wet with moderate to 
excessive drainage. Ploetz (2007) reported that diseases 
affecting perennial crops in the tropics can be significant 
constraints to production especially when they occur in 
low land environments with relatively high and uniform 
rainfall and warm temperature.

Variation in the seasonal occurrence of spike shedding 
and stem wilting reported in the study area in Morogoro 

district might be associated with either an increase in 
pathogens and/or prevailing weather condition which 
exacerbate the condition. Previous studies by Krishna-
murthy et  al. (2016) and Srinivasan et  al. (2012) have 
indicated that dry conditions during the critical period 
between flowering and fruit development contribute 
to the occurrence of spike shedding of pepper in India. 
In apparent contradiction, a rapid fall in light intensity 
and photosynthetic rate as a result of the heavy rains 
and cloudy weather was associated with increased spike 
shedding from 1.7% in May to 51.3% in June for the pep-
per variety Panniyur-1 grown at high altitudes in areas 
of India (Ravindran et  al. 2000). Furthermore, Thomas 
and Naik (2017) reported a low incidence (5%) of wilting 
pepper plants due to an oomycete, P. capsici in villages 
at high altitudes in India during the short-rain period 
compared to during hot and dry periods (50 to 65% 
incidence). Thus, neither the biotic or abiotic causes of 
spike shedding and stem wilting are clearly defined or 

Fig. 6 Results of a survey of villages in Morogoro district, Tanzania, where pepper farms were surveyed for symptoms of spike shedding and stem 
wilting. a Responses of interviewed farmers on the pepper production constraints in Morogoro district. b Regression analysis between altitude and 
the incidence of spike shedding and stem wilting
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understood. It may also be that spike shedding and stem 
wilting are a stress-response related to a range of differ-
ent causes.

In Morogoro district, the high incidences of spike shed-
ding and stem wilting reported by farmers whose pep-
per plants were trained on Jatropha was possibly due to 
susceptibility to pathogens including Fusarium spp (F. 
solani). Zarafi and Abdulkadir (2012, 2013) found that 
Fusarium spp (F. solani) caused wilting of Jatropha, and 
when inoculated to determine host range, the fungus 
induced typical wilting symptoms on other crops includ-
ing sesame, groundnut, and soya beans. Fusarium spp 
(including F. solani and F. oxysporum) have been reported 
to cause stem wilting of pepper plants in Brazil and 
Malaysia (Duarte et al. 1999, 2001; Shahnazi et al. 2012). 
These studies reported symptoms including yellowing of 
foliage, drying and defoliation of pepper plants similar 
to those symptoms observed in Morogoro district. Plant 
wilting caused by fungi such as Fusarium spp. are gen-
erally severe when a susceptible host is planted and the 
pathogen inoculum can build-up quickly due to favour-
able environmental conditions (Agrios 2005).

Historically, spike shedding and stem wilting in Moro-
goro district has only been observed in the relatively 
recent past (based on our results, during the last 7 years). 
The high incidence may be attributed to the expansion 
of pepper production, sourcing of possibly diseased or 

poor planting material from neighbours, the introduc-
tion of new cultivars from other pepper-producing areas; 
such cultivars include “Ismailia”, “Babu kubwa” and “Babu 
ndogo” which were reported by the pepper farmers to 
be more affected by spike shedding and stem wilting, 
the poor adoption of key agronomic practices including 
soil management (particularly irrigation and fertiliza-
tion) and lack of knowledge of control measures for spike 
shedding and stem wilting, whether it is ascertained to 
be caused by a plant pathogen or by other non-pathogen 
related plant husbandry practices. Similar findings have 
also been reported for wilt diseases of banana (Muchu-
ruza and Melchior 2013; Ramadhani et al. 2017) and rice 
(Hashim et  al. 2018). Yield loss, and therefore profit for 
pepper farmers in Morogoro district is being adversely 
affected by the extent of spike shedding and stem wilt-
ing. Based on these observations it seems compelling that 
the etiology of the condition be elucidated. Only then 
can measures for management be tested and eventually 
recommended.

Conclusions
Spike shedding and stem wilting occurred to a greater 
extent at low altitude compared to high altitude areas in 
Morogoro district in Tanzania. The degree of spike shed-
ding and stem wilting differed among the pepper culti-
vars grown regardless of the type of support plants used. 

Table 4 Seasonal occurrence, management practices and  characteristics of  pepper spike shedding and  stem wilting 
on pepper farms in Morogoro district, Tanzania

a Numbers in parenthesis indicate the percentage of respondents at specified category; where  % totals add up to more than 100% there were multiple categories 
selected by responders

Variable Criteria for difference Frequency (percentage) 1 
of respondents n = 216

Season of the year with high severity Dry (June–October) 201 (93.1)a

Rainy (February–May) 76 (35.2)

Pepper growth stages more prone Vegetative 85 (39.4)

Flowering 119 (55.1)

Fruiting 127 (78.8)

Fruit maturity 95 (44.0)

Support materials with affected pepper plants Jatropha 114 (52.8)

Kapok 107 (49.5)

Jackfruit 96 (44.5)

Mango 51 (23.6)

Others 48 (22.2)

Features observed on pepper plants Leaf yellowing 155 (71.8)

Drying of leaves and defoliation 56 (25.9)

Insect pests 46 (21.3)

Practices applied as measures to alleviate the disorders Uproot and replant 11 (5.1)

Cut-off affected stems 4 (1.9)

Applied Botanicals 2 (0.9)

None 199 (92.1)
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Drought conditions, cultural practices including usage 
of support plants known to be susceptible to pathogens, 
poor adoption of key agronomic practices including 
irrigation and fertilizer application were possibly fac-
tors associated with the prevalence and spread of spike 
shedding and stem wilting. The introduction of cultivars 
from other pepper-producing areas and the exchange of 
planting materials among farmers, suggests the possible 
dissemination of disease-causing agents, but confirma-
tion is needed. Lack of knowledge of the etiology of spike 
shedding and stem wilting prevents adopting control 
measures which could reduce the magnitude of problem. 
Our study has provided a baseline defining the current 
status of spike shedding and stem wilting in Morogoro 
district in Tanzania. This information can be used to ini-
tiate a process to identify the abiotic and/or biotic causal 
agent(s) of spike shedding and stem wilting, which will in 
turn be the basis for developing appropriate management 
measures.
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