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Abstract: Lettuce is a very important cool season leaf/salad vegetable widely consumed in Swaziland and
Southern Africa in general. It contributes immensely to nutritional and food security and has a short growth
cycle making it a climate smart vegetable. Despite its immense importance locally not much research has been
apportioned to this vegetable among other aspects identification and alleviation of physiologically disorders
of leaf or head lettuce. Lettuce physiological disorders are not caused by pathogens, viruses, insect pests,
nematodes or other biological agents but are caused by environmental factors or nutritional excesses,
deficiency ’exacerbated or alleviated by genetic make up of lettuce cultivars. The objective of this study was
to identify various physiological disorders affecting lettuce in the various agroecological zones of the Kingdom
of Swaziland. The various physiological disorders of lettuce encountered in this study included bolting, brown
rib, ribbiness/puffy heads, rib discoloration, russet spotting, brown stain and pink rib. Various ways of
alleviating a specific disorder are suggested including genotype by environment by management (GXEXM)
manipulation.
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INTRODUCTION curl over growing point. Head formation is promoted by

Under  tropical  and   sub-tropical  environments butter  head,  Cos  (Romaine)  Latin  and  leaf (loose leaf)
which prevail in Southern Africa and in Swaziland lettuce [1, 2].
is classified as a cool season salad vegetable. Its Germination  of  lettuce  seed  is optimum around
Scientific name is Lactuca sativa of the Compositae 24°C, minimum at 1.7°C and maximum at 29.4°C above
(Asteraceae) family the scientific name is derived from which  seed  enter  into  thermo-dormancy response first
milky and juice latex produced by plants. Lettuce is 6 to 12 hours [3]. Older seed is less sensitive while
indigenous to the Mediterranean basin, early types were cultivars differ in sensitivity. If subjected to dark
similar to Lactuca serriola. It has been cultivated since conditions certain cultivars (cvs) have been reported to
about 4 500 BC [1, 2]. be inhibited from germination [4]. Growth of lettuce is

Lettuce is a herbaceous annual. In varieties/cultivars optimum at 15.5 to 18.3°C minimum at 7.2°C and maximum
which  form  head,  head  formation  is due to change in at 24°C. Mean growing temperatures above 18°C
leaf shape. Leaves become broader, midrib becomes promotes bolting, however cvs vary in susceptibility to
curved, main axis shortens along with midrib, outer leaves bolting and there is interaction with photoperiod [1, 2, 5].

high light intensity. Lettuce types include crisp head,
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Lettuce growth is related to incident solar radiation imbalances and other environmental conditions [12-16].
and the plants are more sensitive to solar radiation at late Physiological disorders of vegetables are mainly caused
growth stages. Water requirements of lettuce are high by changing environmental conditions such as
because of high transpiration due to relatively high temperature, moisture, inadequacy or excess of certain soil
surface area to volume ratio. Irrigation is necessary where nutrients, extremes of soil pH or poor drainage [12-16].
surface irrigation such as furrow and drip are among Several ways can be used to alleviate particular
preferred methods [1, 2, 5]. physiological disorders of vegetables. There are various

Lettuce requires most nutrients in late phases of physiological disorders which afflict lettuce which include
growth. It has a shallow root system and requires bolting during production, puff heads, tip-burn, brown rib
supplemental nitrogen (N) fertiliser. Lettuce prefers soil and storage disorders such as brown stain, pink-rib and
with high organic matter (OM) and a pH between 6.0 and russet spotting [12, 7, 17]. However most local farmers and
6.5. Lettuce can be direct seeded in well prepared seedbed those involved in the post-harvest chain handling do not
using relatively high quality certified seed. Coated seeds fully understand common physiological disorders of
are required for direct seeding while depth in seeding is lettuce encountered in Swaziland, if identified they are not
critical. Subsequent thinning is necessary to achieve aware of ways to alleviate them in order to avoid
uniformity [1, 2, 5]. Raising seedlings in the nursery and economic loss. Physiological disorders of lettuce pose a
transplanting in the field is most common method of threat to not only food security but nutritional security in
production. These days lettuce is produced under the Kingdom of Eswatini, subsequent economic losses
hydroponics by resource endowed farmers in the due to physiological disorders. Therefore the objective of
Kingdom of Swaziland. this study was to identify physiological disorders of

Harvesting  of  lettuce is done when heads are firm, lettuce encountered in the various agro-ecological zones
the stem leading to the head is cut with a sharp knife. of the Kingdom of Swaziland and suggest various ways
After  harvest  field  heat should be rapidly removed or of alleviating particular disorders using locally available
pre-cooling  should  be done with subsequent storage at resources.
2 to 5°C, with high relatively humidity of about 95 to 97%
[6, 7]. It is classified as very high perishability. Plastic MATERIALS AND METHODS
wraps can be used to reduce water loss. Lettuce can be
stored for 10 to 14 days under ideal conditions. Study Site: The study was carried out in the Kingdom of

Nutritional Contribution of Lettuce: Lettuce is mainly zones namely Highveld, Middle-veld, Low-veld and the
used as a salad vegetable which is important to human Lubombo region (Figure 1). Swaziland a member of the
diet and nutrition. Nutritional value of lettuce varies with Southern African Development Community (SADC)
the type. Crisp head type has low nutritional value, covers an area of about 17, 364 km  , lies between latitudes
butterhead is high in Vitamin A and has some calcium 25°43’ and 27°19’ S, longitudes 30°47’ and 32° 08’E. It is
while Cos and leaf lettuce are high in Vitamin A, C and a landlocked country surrounded on the north, west and
some  calcium.  Lettuce  contains  carotenoids  of  which south by South Africa and on the east by Mozambique
B-carotene is precursor to vitamin A. Vitamin A deficiency [18].
can result in blindness and premature death [8]. Due to The Highveld has temperature ranges from 4, 5°to
their antioxidant activities dietary intake of carotenoids 35°C [19]. The Middleveld temperature ranges from 2.5 to
results in reduced risk of various cancers [9, 10, 11]. 37.2°C [19], has fertile valleys which favour intensive
Despite all the nutritional and health benefits contribution farming and is the most populated area in the country.
of lettuce to the human diet there is dearth of documented Further East is the Lowveld and then the Lubombo
information on occurrence of physiological disorders of plateau, the climate of the Lubombo plateau is similar to
lettuce in the Kingdom of Swaziland. the Middleveld.

During production and after harvest lettuce can be Lettuce  can  be  grown  all  year round in the
subjected to various physiological disorders. Highveld,  Middleveld  and  Lubombo region when
Physiological disorders are those disorders not caused by suitable cultivars are used. In the Lowveld lettuce can be
pathogens, insect pests or nematodes but are due to grown in the winter months also known as the cool
genetic predisposition, watering disorders, nutrient season.

Swaziland which is comprised of four agro-ecological

2
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Fig. 1: Agro-ecological zones of Swaziland

The study was of a qualitative nature, where holders who were mostly women did not know how to
information was obtained through review of existing overcome  the  various  disorders  from production
literature and informal surveys in the four agro-ecological through out the postharvest handling chain. Similar
zones of the Kingdom. Brief interviews of key farmers in findings were reported with physiological disorders of
lettuce producing areas were carried out., Samples of potato [20].
lettuce found on sale in the markets were carefully
observed, disorders identified and described. Bolting: Bolting is a condition whereby a seed stalk

RESULTS AND DISCUSSION [12, 17]. Bolting has been reported to occur in summer in

Data on various physiological disorders of lettuce is Lowveld. Nowadays bolting has been reported in the
presented in Table 1. Losses due to physiological Highveld due to extreme weather events of some
disorders were not quantified. uncharacteristic warm days due to climate change. It is

Interviews with Farmers and Post-harvest Handlers of which can experience high temperatures and selection of
Lettuce: From interviews with lettuce producers and adapted/suitable cultivars as advised. It may also be
postharvest handlers various physiological disorders overcome by use of adapted cultivars (cvs) and by
were revealed (Table 1). In many instances the stake genotype by environment by management ( GXEXM).

develops this is usually in response to warm temperatures

the Middleveld, Lubombo plateu and predominantly in the

recommended to avoid growing lettuce in environments
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Table 1: Common physiological disorders of lettuce found in Swaziland
Name of physiological disorder Plant part affected Symptom Cause Management
1. Bolting (seeders) Head Heads have elongated Lettuce maturing Production on moist muck land

core inside during hot-dry weather and irrigation during hot-dry periods
2. Tipburn Leaves Small brown spots first appear Uneven distribution of Maintaining a pH of 5.5-6.5, calcium

along the outer margins of water and calcium within sprays and good water management
outer leaves, then coalesce the plant
and form a brown fringe
around the leaves-infection by
brown soft rot may occur

3. Brown rib Leaves The cells of the outside petioles High humidity and Planting head lettuce on raised beds
turn pithy and brown. temperature, especially and avoiding irrigation during the
Leaf tissue also shows brown when it rains shortly last 2 weeks before harvest
streaks, both inside and on the before harvest
surface as this disorder develops.

4. Ribbiness/Pu-ffy heads Head The plants have bulky, Excessively hot days with Maintaining a pH of 5.5-6.5
prominent outer leaf ribs which warm nights, shading by and irrigation during hot-dry periods
do not fit tightly around the windbreaks, cloudy weather
head, thus preventing normal and low soil fertility
head development increase the frequency of

this physiological disorder
5. Rib- discoloration Leaves Light brown to black, oblong High temperatures There is no control of

areas discolour the inner during growth rib-discoloration, but irrigating
surface of midribs during hot weather can help reduce it

6. Russet spotting Leaves Numerous small tan to brown Induced by ethylene and Maintain temperature near 0°C,
spots on the midribs of leaves temperatures above 3°C holding in low O  atmosphere and2

which increases in number during storage not storing in same room with
with storage periods ethylene producing products reduces

russet spotting development
7. Pink-rib Head Characterised by light to Over-storage Keep temperature near 0°C and

dark pink discoloration of avoid prolonged storage (>2 weeks)
larger midribs 

8. Brown stain Head Characterised by lesions that It is caused by CO Do not hold intact lettuce heads2

are about 1 cm long. and aggravated by low where CO concentrations might2

Their margins are darker than O  and added CO exceed 2%. Shred and cut lettuce2

their centers, giving a because it is less sensitive
halo effect to CO  injury2

Brown Rib: This disorder is characterised by yellowing ribs which do not fit around the head are characteristic of
and tanning of outer leaves, which usually appears, but disorder. This disorder is caused by among other factors
not exclusively in storage and is aggravated by the high temperature, rain and high humidity near harvest.
presence of ethylene (C H ). It is aggravated by high Shading by wind breaks, cloudy weather and low soil2 4

temperatures and humidity especially after it has rained fertility also seem to increase the frequency of the
just before harvest [7, 12, 17]. Planting head lettuce on disorder, which suggests that it may be caused by low
raised beds and avoiding irrigation during the last two carbohydrate synthesis in the plant [17]. To overcome
weeks before harvest will reduce the incidence of brown this disorder circumstances which lead to low
rib [12, 17]. The use of resistant cvs may alleviate this carbohydrate synthesis should be avoided eg shading.
problem. For example in Michigan the cvs Ithaca and One of the ways to control this disorder is by use of
Great Lakes 659 are quite susceptible to brown rib [17] and adapted cultivars.
should be avoided in that case. 

Puffy Heads/Ribbiness: Symptoms of puffy heads are of the leaves [17, 12, 7, 1]. A disorder occurring in the field
loose, soft heads or ribby lettuce is a physiological and is related to climatic conditions, cultivar selection and
disorder that prevents normal head development or mineral nutrition [7]. It has been reported to be caused by
results in rough, loose heads [12, 17]. Prominent outer leaf localized calcium (Ca ) uptake and this deficiency can be

Tip-Burn: This disorder appears as necrosis of margins

2+
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alleviated by applying Ca  containing fertilizer or Physical Disorder: Breakage of midribs often occurs2+

amendments at the right time The use of chemical during field packing and causes increased browning and
materials  application  including Ca  [21-22] has been increased susceptibility to decay [7]. Careful handling2+

reported to lengthen storage life of lettuce [22]. Use of must be done during field packing.
adapted cultivars is another solution where they are
locally available [1, 7, 12]. Economic Losses Due to Physiological Disorders:

Storage Disorders in  the production  of lettuce can be traced from
Brown Stain: Symptoms of this disorder include lesions production to the point of sale, thus throughout the value
with sunken centres and brown margins on lower part of chain of the production process. In the production
the leaf mid rib. Symptoms of this disorder has been process inputs like labour, capital, land (etc) are required
described as yellowish –reddish-brown large, depressed to produce the crop and require financial resources.
spots on the midribs mostly. With time the spots enlarge Physiological disorders can have significant reduction
and darken. Brown stain is caused by exposure to above output prices, the quantities and quality of the crop
3% CO  atmospheres, especially at low temperatures [7]. leading to reduced profits therefore resulting in loss of2

It is advisable not to expose lettuce to high CO disposable income and a reduction in the standards of2

atmospheres and to use cvs less susceptible to brown living  for  the  farmers.  Economic losses can also be
stain. traced at each point of the value chain, postharvest loses

Pink Rib: This disorder is characterised by pink colour at [28, 25, 26, 27]. It is therefore important to manage the
the base of the midrib. The symptoms of the disorder are loses throughout the value chain to reduce economic
yellowish-reddish-brown large, depressed spots on the loses to the farmers as these loses have a significant
midribs mostly. Over mature heads and high storage bearing on there incomes.
temperatures aggravate the disorder. Ethylene exposure
does not aggravate the disorder and low O does not Food Security Implications: Food availability,2

control it [7]. It is advisable to harvest lettuce early , avoid accessibility, utilization and stability are the four
high storage temperatures and to plant cvs less internationally recognized pillars of food security [29, 30].
susceptible to pink rib. When the quality of a stored vegetable crop is not

Russet Spotting: Symptoms of russet spotting include impact on food security will be through all the four pillars
manifestation of brown spots on lower midribs of outer [31]. The availability of a vegetable crop is optimised if
leaves. A common disorder due to exposure to low storage-related losses are minimized, as food supply will
concentrations of C H  which stimulates the production be increased thereby enhancing food security. Access to2 4

of  phenolic  compounds  which lead to brown pigments food depends on purchasing power, affordability and
[7, 12]. Ethylene is the primary factor determining the access to markets. High losses on the other hand, reduce
incidence  and  severity  of  russet  spotting  on lettuce; availability for household consumption and supplies for
0.1 ppm C H  is sufficient to cause commercial damage the local markets. This increases prices thus reducing2 4

during  a  normal transit period of 5-8 days at 5°C [23-24]. food access. Economic access is therefore ensured with
When symptoms are severe spots are found through out increased food supplies and low prices.
the head. This disorder is strictly cosmetic but makes Food utilization is primarily dependent on the quality
lettuce unmarketable [7] which leads to food loss and of food, how it is stored and the absorption of nutrients
waste [25-26]. One way of managing this disorder is by by the individual consuming the food. Reduced quality
avoiding exposure of lettuce to C H  by any would compromise food safety and increase the risk of ill2 4

environmentally friendly means possible. Ethylene health associated with eating spoiled food. When food
concentration  may  occur from propane fork lifts, deteriorates, nutritional value is compromised reducing
transport in mixed loads, or storage with C H  generating food utilization. When the quality of stored vegetables is2 4

fruits which are usually climacteric such as apples, maintained, food utilization is therefore enhanced.
peaches and pears [7]. Use of resistant cultivars is also The fourth pillar of stability recognises that many
recommended and genotype by environment by crops have seasonal cycles and that affordability of food
management (GXEXM). is dependent on household income and the cost of food

Economic  losses  due  to  physiological disorders found

at the time of storage, marketing and finally, at retail level

maintained there will be food loss and waste and the
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[29]. Food storage is essential for stability in food 6. Kader, A.A., 2002. Postharvest biology and
availability and accessibility. Maintaining the quality of technology: An Overview, pp: 39-47. In: Kader, A.A.
the lettuce would increase stability in income and (Ed.) Postharvest Technology of Horticultural Crops.
consumption so that variability in the availability of the University of California, Agriculture and Natural
lettuce is minimised. Resources Publication 3311, Third Edition, Davis,

Vegetable production and consumption is a potent California, USA.
strategy for enhancing household food security 7. Cantwell, M. and T.T. Suslow, 2002. Lettuce:
especially for low income households. Through lettuce Crisphead or Iceberg Recommendations for
production, households can improve their vitamin and Maintainig Postharvest Qualty. Lettuce Produce
mineral intake while earning an income from the sale of the Facts. Perishables Handling #92, Postharvest
vegetable. There is a need to educate farmers on how to Technology Center, University of California, Davis,
minimise quality deterioration that may result from CA, USA.
storage. Extension workers and community health workers 8. Mayne, S.T., 1996. B-carotene, carotenoids and
can conduct campaigns to promote proper storage for the disease   preventation    in    humans.     FASEB   J.,
enhancement of household food security [32]. 10: 690-701 

CONCLUSION G.R. Beecher, L.R. Wilkene and L.P. Zhao, 1993.

Common physiological disorders of lettuce were Cancer Epidemiol. Biomarkers Prevention, 2: 183-187.
identified in the Kingdom of Swaziland. Physiological 10. Giovannucci, E., 1999. Tomatoes, tomato-based
disorders identified included bolting, brown rib, puffy products, lycopene and cancer: Review of the
heads, tip burn and post-harvest storage, disorders of epidemiologic   literature.    J.    Natl.    Cancer  Inst.,
brown stain, pink rib and russet spotting. Severe weather 91: 317-331.
events due to climate change caused by global warming 11. Slattery,  M.L.,   J.   Benson,   K.   Curtin,   K.N.  Ma,
are likely to increase physiological disorders of lettuce. D. Schaeffer and J.D. Potter, 2000. Carotenoids and
Proper identification of lettuce physiological disorders in colon cancer. Amer. J. Clinical Nutr., 71: 575-582.
the  field  and after harvest is crucial in order to avoid or 12. Bhat, K.L., 2009. Physiological Disorders of
reduce  losses.  Education of farmers, postharvest Vegetable Crops. Daya Publishing House, New-
handlers and other stakeholders is important in order to Delhi, India.
avoid or reduce lettuce disorders and strive to achieve 13. Masarirambi,  M.T.,  N.  Mhazo,  T.O.   Oseni  and
Vision 2022 and subsequent Sustainable Development V.D. Shongwe, 2009. Common physiological
Goals (SDGs) pertaining to education, health, food disorders of tomato (Lycopersicon esculentum) fruit
security and nutrition. found in Swaziland. J. Agric. Soc. Sci., 5: 35-39
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