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needs of our ever changing society. In order to respond promptly and with appropriate 
actions, the programme is implemented in six phases, so as to identify new emerging 
problems, alert decision makers, raise public awareness and provide the necessary resources. 
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social-economic, cultural and ethical challenges. IHP is a multidisciplinary programme at the 
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United Nations Millennium Goals. 
 

Foreword 
 
This booklet follows another publication also funded by UNESCO, called “Efficient use of 
water in Ukambani”1, and concentrates on low-pressure drip irrigation for production of 
vegetables and fruits. Part of its content gives a theoretical background, and part gives 
practical information, gathered during the execution of a Belgium-Kenya sponsored project 
called “Integrated Natural Resources Management in Ukambani” (INRMU). It can be 
used as a practical manual for setting-up small-scale drip irrigation plots in rural areas in 
Africa, and for training in horticultural and drip irrigation practices. 
 
On the Belgian side, this project was funded by the Belgian Technical Co-operation (BTC), 
in the policy framework of development aid to Kenya as defined by the Directorate General 
of Development Co-operation of the Ministry of Foreign Affairs. 
On the Kenyan side, the project was funded by the Forest Department, under the Ministry of 
Environment & Natural Resources. 
The project lasted for three and a half years (January 2002- June 2005) and took place in the 
semi-arid South-Eastern part of Kenya, in the districts of Kitui, Machakos, Makueni and 
Mwingi which together form the region of Ukambani. 
 
Its Kenyan experiences are valid for tropical semi-arid areas, and can easily be repeated in 
other parts of Africa, or even other continents. The techniques used are quite simple, and 
training for small-holders is straightforward. As this drip-irrigation is low-pressure, no 
expensive investment is required, making it an ideal tool for job creation, income generation 
& food production in rural areas with relative scarcity of water. 
 

Abstract 
 
This book gives the theoretical back-ground of drip irrigation, focusing on a low-pressure 
system. It explains the environmental factors (soil, climate) that influence the irrigation. 
Quality of irrigation water is treated in detail, notably salinity. 

                                                
1 Valérie Moresmau, Patrice Hanne, 2004 



A low-pressure system for vegetable growing is then described in detail, highlighting its 
distinctive features. Most noticeable is the use of a cleanable drip line, called “Irrigaine”. 
However, some minor adaptations allow the system also to be used for fruit trees.  
Important vegetable crops, like eggplant, onion, pepper, snap (French) bean, tomato and 
watermelon are described, with plenty of useful information on growing them. Fertility 
management also gets a lot of attention, with 2 spreadsheet examples on calculating organic 
matter management of the soil, and on classic fertigation.  
Integrated Pest Management as applied on horticultural crops is explained, and finally the 
last chapter deals with economical aspects and planning. Based on practical experiences of 
the project “Integrated Natural Resources in Ukambani” (in Kenya), it is shown that the 
initial investment, operating costs for 3 months and capital costs, can easily be reimbursed in 
the period of 2 years. This, together with high and stable income, makes this irrigation 
system an attractive investment for small-holder farmers. 
In other words, this publication combines theoretical features with practical examples and 
can be used both as a manual and technical reference work. 



 

1 Introduction 

1.1 Water requirements of a crop 
 
Crops need water for: 

- their own constitution (in average 95% of the crop weight is water for vegetable and 
flower crops, much less for trees); 
- temperature regulation and this through the transpiration process through the leaves 
stomata.  Regulating the temperature of the leaves is based on the fact that water 
evaporation is used for cooling the leaves.  Energy from the leaves is used to evaporate 
water. 
 

Growing plants are continuously pumping water from the ground into the atmosphere 
through a process called transpiration. Water, together with some nutrients, is drawn into a 
plant rootlet from the soil moisture owing to osmotic pressure, where it moves up through the 
plant to the leaves. The water is passed as vapor through openings in the surface of the leaves 
known as stomata. A small portion is used to manufacture plant tissue, but most is transpired 
to the atmosphere. 
 
Opening of stomata is essentially operated through light. More light indicates more open 
stomata and during the night they remain closed. Transpiration needs open stomata, thus 
light. During the night the stomata are closed and there is no water consumption by 
transpiration and in this case the water uptake is realized only by root pressure. This allows 
the crop to recover the water deficit inside the plant, so that a wilted plant can even reach 
complete turgescency during the night period. 
 
Transpiration is very easy if the saturation deficit in the crop environment is high, which is 
involving high differences in vapor pressure between the environment and the leaves. If the 
crop isn't able to provide enough water to face the evaporative demand of the air, the plants 
close partially or completely their stomata. The capacity of the crop to provide water to the 
air is determined essentially by the osmotic pressure in the soil or the substrate; if the osmotic 
pressure is enhanced by augmentation of the salinity, the crop will have difficulties to face its 
evaporative needs.  
 
Plant assimilation and transformation of CO2 into hydrocarbons is realized at stomata level, 
so that the productivity is directly linked to the opening degree of the stomata. It's obvious 
that a high production needs a favorable climate and hygrometry, and an excellent water 
alimentation of the crop. It's thus important that water is always available for the crop and the 
irrigation has to take this into account, especially on light soils and during the periods with 
high radiation and warm climate. Accurate irrigation has to avoid increasing salinity or 
electrical conductivity, so that the crop is never in difficulty (even temporarily) and that there 
is no need for closing the stomata. 
 
Although enough light is available, stomata are also closing through protective mechanisms 
if there is not enough water (stress conditions) and in this case production is lowered because 
the photosynthesis level is lower.  



- If the stomata are completely closed during the day because of water stress, then lack of 
evaporative cooling at the leaf level will result in leaf burning.   
- If the water absorption is lower than the water evaporation of the leaves, even when stomata 
are more or less closed, then leaves will start wilting due to water deficit. 
Hence, water should be brought to the crop whenever it’s needed, especially when drip 
irrigation is used. 
During the night the water consumption of a crop is very low and the only factor, which can 
be involved, is transpiration by too warm night conditions (heating of greenhouses under 
temperate climates can be one of the factors that can result in this phenomenon, but this is 
also possible under tropical conditions and under such conditions about 1mm per night can 
be evaporated). 
 

1.2 Irrigation 
Irrigation is providing a supplement of water to the crop in order to prevent the crop from 
dying, but mostly in order to improve the productivity. 
 
Irrigation can be made by different methods: 

- Flood irrigation: the whole surface is wetted such as through rainfall. This system is 
mostly used for high density crops (irrigation of wheat, rice, …) but also for some 
vegetables (lettuce, cabbage, onion, …) which can be cultivated in “beds” 

- Furrow irrigation: only part of the soil is wetted, and crops are mostly cultivated on 
more or less small benches and the furrows between the benches are used for 
irrigation. The wider the benches and the smaller the furrows, the lower the water 
input per m². The width is rather limited in sandy soils, but can be larger with loamy 
or clay soils. 

- Localized irrigation: water is only applied in spots where the crop is developing, and 
this method reduces the water input comparing to the other systems. Drip irrigation is 
a way of localized irrigation, but also micro sprinkler irrigation can be considered as 
such a system. There are three different types of drip irrigation; high, medium and 
low-pressure drip irrigation (table 1). 

- Sprinkler and spout irrigation: both are an imitation of the rain, in which we can 
distinguish spout irrigation and sprinkler irrigation. 

 
Fertilization mostly is separated from irrigation, but when people are using localized 
irrigation (drip irrigation or micro sprinkler irrigation), the supply of fertilizers (fertilization) 
can be realized through the irrigation system and in this case we are talking about fertigation, 
while also soil disinfections can be done though irrigation and then we talk about 
chemigation. 
 
Table 1: a comparison between high and low pressure drip irrigation systems 
system high pressure drip bucket irrigation * low pressure drip 
pressure >7 m WC ** 1-7 m WC 1-1.5 mWC 
filtration necessary, declogging very 

difficult 
necessary, declogging 
very difficult 

declogging quite easy, use of 
less clean water possible 

lifespan 10 yrs if not clogged 2-3 yrs if not clogged 1-1.5 yrs for dripline, the rest 
10 yrs 

price of driplines different prices, 12 Ksh/m 10 Ksh/m 11 Ksh/m 
scale/area big scale (>1ha) home garden small to medium scale (2,400 

– 10,000 m2) 



water supply needs pumping or elevated 
reservoir 

elevated reservoir 
(drum) 

elevated reservoir, storage in 
plastic basin supported by 
earth embankment 

set up difficult, for profesionals easy, by farmers easy, by trained farmers 
fertigation by injection pumps, 

Dosatron or Venturi 
not possible, only direct 
preparation of the 
solution 

possible by use of bucket 
fertigation 

* small-scale system adopted by Kenya Agricultural Research Institute (KARI) 
** Water Column 
 
 
 

            
 
Photo 1: landscape in Mwingi District, SE of Kenya, during the dry season, where INRMU 
was operating. Population density is not high, but poverty and lack of jobs push people to 
leave home and go to the big cities in search of employment. Horticulture through drip 
irrigation represents, out of several development options, the highest financial returns per 
area. It makes the most efficient use of scarce water, with minimal input of fertilizers and 
pesticides. 



2 Theoretical background of drip irrigation 
 

2.1 Principles of drip irrigation 
Drip irrigation is a localized drip irrigation system and involves dripping water onto the soil 
at low rates from a system of small diameter plastic pipes fitted with outlets called emitters or 
drippers.  Water is applied close to the plants so that only part of the soil in which the roots 
grow is wetted. 
 

2.2  Interest of drip irrigation  
Drip irrigation is the most performing irrigation because it helps to maintain the soil 
continuously wet, so that no stress conditions occur and production is increased. In Tunisia, 
traditional tomato crops for canning yield 0.5-1 kg/m² without irrigation, while under 
traditional furrow irrigation yields reach 2.5-4.5 kg/m² and by using drip-irrigation yields are 
attaining 8-12 kg/m². 
 
Drip irrigation (fertigation) results in a lot of advantages: 

- Continuous presence of sufficient water (and fertilizer) resulting in a better and more 
equilibrated growth and better yields, both in quantity and quality. 

- Diminution of leaching problems with fertilizer or fertile elements, in case chemical 
fertilizers are used. In case of organic cropping leaching is always much less than in 
non organic cropping; 

- Time saving on irrigation (fertigation) by just opening of a valve manually or even 
automatically; 

- More stability of salinity level in the soil. 

 
 
 
 

Photo 2: low pressure 
drip irrigation in Wote 
Division, Makueni 
District, Kenya. 
Remark the black 
driplines, and the blue 
pressure gauges. Crop 
is tomato in its initial 
stage. 
 



2.3 Irrigation need 
The irrigation need depends on the relation between rainfall (r) and evapotranspiration (ET). 
The combination of two separate processes whereby water is lost from the soil by 
evaporation and from the crop by transpiration is referred to as evapotranspiration. Mostly 
regions are classified in function of their deficit in rainfall expressed as the ratio r/ET (Table 
2). 
 
Table 2: Relation between rainfall and evapotranspiration on a year base for classification 
of regions 
Region  r/ET rainfall in ET in mm vegetation   Production 
  % mm (r)        potential 
--------------------------------------------------------------------------------------------------------------------------
----- 
I  >80 1100-2700 1200-2000 moist forest   very high 
II  65-80 1000-1600 1300-2100 moist & dry forest  high 
III  50-65 800-1400 1450-2200 dry forest &   medium 
high        moist woodland 
IV  40-50 600-1100 1550-2200 dry woodland &  medium 
       bush land   medium 
low 
V  25-40 450-900 1650-2300 bush land   low 
VI  15-25 300-550 1900-2400 bush land & shrub land  very low 
VII  <15 150-350 2100-2500 shrub land 
 
It’s agreed that in general, in region I there is no need of irrigation, while in region II the 
needs are low and to be considered mostly as complementary. In zone III irrigation is a 
necessity, but has to be linked to a water balance of the soil. In zone IV and onwards 
irrigation is normally needed and only after high rainfalls the irrigation can be interrupted 
during a certain period. 
Mostly this approach is done on a yearly basis, but in order to be more accurate in this 
approach, it’s suggested to fine-tune this on a monthly basis. 
 
In case irrigation is needed, the dose and the frequency of irrigation have to be determined. 
 

2.4 Irrigation dose 
One of the main purposes of the irrigator is to know the amount of water that has to be 
applied to the field to meet the water needs of the crop; in other words the irrigation 
requirement needs to be determined. Too much water means a waste of water which is so 
precious in arid regions.  Too little water during the growing season causes the plant to wilt 
and also results in increased salinity. 
 
The irrigation dose has to take in account: 

- Water retention capacity of the soil 
- Type of soil 

 
Irrigation can be expressed in mm, which is corresponding to 1 liter/m². If we are talking 
about an irrigation of 10 mm, this is corresponding to 10 liter/m² and a plot of 500 m² 
receives in this case 5000 liters of irrigation water. 



2.4.1 Determination of the irrigation dose based on readily available 
water (RAW) 

The irrigation dose can be calculated based on the readily available water in the soil and this 
is expressed in mm. The readily available water is normally 30-50% of the available water 
for plant growth in the soil, while the available water, which is determined normally in 
laboratory, is reaching around 45-55% of the equivalent humidity, which is the humidity that 
can be retained by the soil (see fig 1). 
 

 
    Figure 1: graphic expression of water presence in the soil 
 
The relation between RAW (mm) and average ET (mm/day) will determine the interval 
between two consecutive irrigations. 
 
The irrigation dose will be equal to the RAW, increased by 10-20% for drainage.  
 
RAW = b * c * He * da 
* h 
 
With  b:  proportion of available water in the equivalent humidity 
 c: proportion of readily available water in available water 
 He: equivalent humidity in % of the soil weight 
 da: apparent density 
 h: heigth in dm 
 
Normally the equivalent humidity and the factors c and b are determined in a laboratory, but 
if the texture is known (% clay and % loam) a theoretical approach is possible by use of 
Table 3. This table allows to select the case closest to the results of the soil texture. The 
different factors He, b, c, b*c and da can be deducted from this table.  
 
If the thickness of the soil layer is known, one will be able to calculate the RAW in the soil. 
 
 



                           
Figure 2: Type of soil in function of the texture 
 
For a soil with 10% clay, 30% loam and 60% sand can be classified as Sl, while a soil with 
45% clay, 30% loam and 25% sand is to be classified as A. A soil containing 20% clay, 30% 
loam and 50% sand is to be classified as Sal.                     
 
Table 3: Estimation of the different parameters for calculation of the RAW in function of the 
soil texture 
Soil type %  %   %  He    da      b         c          b*c  
  Clay loam sand in% 
---------------------------------------------------------------------------------------------
- 
Pure sand  0 0 100 5 1.7 0.8 0.66
 0.53 
SS  3 12 85 8 1.6 0.7 0.66
 0.47 
S  8 12 80 12 1.6 0.6 0.66 0.4 
Sl  6 34 60 14 1.6 0.6 0.66 0.4 
Ls  5 59 36 15 1.5 0.55 0.66
 0.37 

1- AA and A: very fine texture (clay) 
2- As and AS: fine texture (sandy-clay) 
3- Als: fine texture (sandy silt-clay) 
4- LAS: fine texture (silty sand-clay) 
5- Al et La: fine texture (clayey silt) 
6- Sa et Sal : medium  texture (clay sand or silt-clay sand) 
7- LSa : medium texture (sand-clayey silt) 
8- L and LL: medium texture (silt) 
9- Ls: coarse texture (sandy silt) 
10- S and Sl: coarse texture (sand) 
11- SS: very coarse texture (coarse sand) 
 

C
la

y 
(0

-2
 µ

) g
/k

g 

Silt (2-50 µ) g/kg 



LL  4 84 12 21 1.4 0.45 0.6
 0.27 
Sa  17 12 71 16 1.6 0.5 0.66
 0.33 
Sal  16 32 52 17 1.6 0.5 0.66
 0.33 
LSa  15 52 33 19 1.5 0.45 0.66 0.3 
L  14 76 10 23 1.4 0.45 0.6
 0.27 
AS  27 12 61 23 1.5 0.45 0.66 0.3 
LAS  25 41 34 24 1.5 0.45 0.66 0.3 
La  24 67 9 25 1.4 0.45 0.6
 0.27 
As  38 11 51 27 1.5 0.45 0.66 0.3 
Als  36 35 29 28 1.5 0.45 0.66 0.3
  
Al  54 58 8 32 1.4 0.45 0.6
 0.27 
A  50 26 24 35 1.3 0.4 0.5 0.2 
AA  70 15 15 45 2.0 0.33 0.5
 0.17 
 
Examples: 
For pure dune sand and for a soil layer of 25 cm or 2.5 dm: 
RAW = 5*0.53*1.7*2.5 = 11.2 mm 
For heavy clay soil (AA) and for a soil layer of 25 cm: 
RAW = 45*0.17*2.0*2.5 = 30.6 mm  
For a silty clay sand soil (Sal) and for a layer of 25 cm: 
RAW = 17*0.33*1.6*2.5 = 22.4 mm 
 
As these calculations are using estimations of Table 2, which are based on average values for 
each type of soil, there are some deviations between the reality and the estimates, and these 
deviations can reach around 10-15%.  
If the data (He, da, b, c) used for the calculations are based on laboratory analysis of the soil, 
the calculations of the maximum dose of irrigation will fit with the reality.  

2.4.2 Determination of the irrigation dose based on soil type 
The maximum irrigation dose depends especially upon the structural stability of the soil, 
which is a function of % of clay (0-2µ) and loam (2-50 µ). A simple approach of the 
maximum irrigation dose for different soil types (in function of their texture) is shown in 
Figure 3. This figure allows to determine the maximum irrigation dose expressed as mm 
irrigation water per cm of soil layer exploited by the roots of the crop.  
Depending on the soil type and its stability the maximum irrigation dose varies between 0.45 
and 1.3 mm per cm of thickness of the exploited soil layer.  
 
Most vegetable crops grown under irrigation conditions, don’t exploit more than 25 cm of 
soil depth (tomato, eggplant) and some species as lettuce don’t even exploit more than 15 
cm.  
 
Example: For a tomato crop with a root system up to 25 cm; 
1) growing in a very coarse sandy soil with a maximum irrigation dose of 0.45 mm/cm the 
maximum irrigation dose will be: 0.45*25 = 11.25 mm or litres/m².  



2) growing in a fine textured soil with a maximum irrigation dose of 0.9 mm/cm, the 
maximum irrigation dose will be: 0.9*25 = 22.5 mm or litres/m². 
3) growing in a average textured soil with a maximum irrigation dose of 1.3 mm/cm, the 
maximum irrigation dose will be: 1.3*25 = 32.5 mm or litres/m². 
 
Hence, for vegetables the maximum irrigation dose is situated between 11 mm and 32.5 
mm. 
 
  

 
Figure 3: Values of maximum irrigation dose (in mm/cm) in function of soil texture 
 
For fruit trees and trees the depth of soil exploitation is different. For instance, orange trees 
cultivated under irrigation, exploit about 1.5-2 m so that it is possible to calculate the water 
quantity that can be stored in the volume of soil which is occupied by the roots of the tree. 
For this it is necessary to know the useful surface of soil for the tree. For a tree which is 
occupying a soil surface of 8 m² on a depth of 1.5 m on a soil with a maximum irrigation 
dose of 0.9 mm/cm, the maximum irrigation volume is 150*0.9 mm/m² or 135 mm/m² or 135 
litres for one m². For the 8 m² the maximum irrigation volume is thus 1080 litres. 
 
Maximum irrigation doses are based on water retention by the soil and at this maximum 
irrigation dose there are no water losses at the soil’s level; mostly one should make sure that 
at least an overdose of 15-20% is applied, in order to avoid salinity increase in the soil. 
 

Silt (2-50 µ) g/kg 

Clay (0-2 µ) g/kg 
 

 
Irrigation doses in mm of 
water per cm of soil layer. 

Values calculated by H. Arnal (BRL 
1984), put on a soil texture triangle 



The usual irrigation dose is thus 1.2*maximum irrigation dose, so that for a tomato crop in 
two of the above examples the usual irrigation dose should be: 
11.25 mm*1.2= 13.47 mm and 22.5 mm*1.2 = 26.95 mm. 
 

2.5 Frequency of irrigation 
If the dose of irrigation is known one should determine the frequency of irrigation in function 
of the daily water requirements or ET and the rainfall. 
 

2.5.1 The daily water use or ET  
As mentioned above, evapotranspiration (ET) is the combination of two separate processes; 
transpiration and evaporation. Evaporation is the process whereby liquid water is converted 
to water vapor and removed from the evaporating surface. Water can evaporate from a 
variety of surfaces, such as lakes, rivers, pavements, soils and wet vegetation. Transpiration 
consists of the vaporization of liquid water contained in plant tissues and the vapor removal 
to the atmosphere.   
 
The daily water requirement for a crop is equal to the maximum of the ET and for this reason 
the knowledge of ET values for the region is very important.   
 
ET is expressed in mm (l/m²) and depends especially on sun radiation for covered crops 
(greenhouse) and also on temperature and water vapor deficit. In outdoor conditions sun 
radiation is still important, but two other important factors are  

(i) water vapor deficit expressed in g/m³ of air (and which is a combination of 
temperature and relative humidity) and,  

(ii) wind velocity.  
These can influence the ET and eventually increase the values far above the ET linked to sun 
radiation, especially in cases of dry and strong winds.  
 
Sun radiation or global radiation (GR) is expressed as: 

- Instant radiation: W/m² 
- Cumulated radiation (mostly on a daily base, but also on hourly basis): J/cm² 

 
If the wind velocity is low (and conditions are similar as under a ventilated greenhouse) there 
is a very strong relation between the ET and the global radiation and one can globally take 
the following relation: 
 
 ET (in mm) = GR (in J/cm²)/500 
 
This value is the maximum value for a fully established crop with a 100% soil covering and 
in this case there is a normal water need of  2 liter/m² for a radiation of 1000 J/cm². 
 
The maximum value for the total daily global radiation (for a clear sky) in Kenya is very 
stable and situated between 2500-3250 J/cm², depending on the season.  
The potential radiation is at its lowest on 21st June and 21st December and on its highest at 
21st September and 21st March. From the lowest value there is a daily potential increase of 8 
J/cm² towards the highest value and afterwards again a decrease of the same value towards 
the lowest value. 
 



This potential radiation indicates that under Kenyan conditions the maximum 
evapotranspiration should be around 5-7 mm or l/m² for a clear sky, depending on the 
regional conditions. 
 
Measurements of radiation can be realized through Kipp-radiometers and these 
measurements are used normally for automation of irrigation in some modern growing 
concepts. 
This value is in accordance with the values in the table concerning the land units. In humid 
zones (I, II and III) the average ET value is situated between a minimum of 3-4 mm/day 
reaching up to 5.5 mm/day, while in the dry regions (VI and VII) the average ET is situated 
between 5.5 –6.5 mm.  
 
The real radiation is influenced by the cloudiness of the sky. If the sky is clear (without 
haziness and brumes) the coefficient of cloudiness is 1, and if the sky isn't bright one can use 
the following coefficients for the state of the sky: 
- clear sky with haziness:     0.9 
- sky covered with less than 25% of clouds:  0.9 
- sky covered with 50% of clouds:    0.8 
- sky covered with 75% of clouds:    0.7 
- sky covered with 90% of clouds:    0.6 
- sky covered with 100% of clouds:    0.5 
- covered sky with rain:    0.4 
- covered sky with dense rain:   0.3 
- covered sky with very dense rain:   0.2 
 
The coefficients of cloudiness allow calculating the evaporation or water need for a specific 
day based on the potential solar radiation. 
 
Water vapor deficit is very important for crop growth regulation, if this value is too low (<2-
3 g/m³) evapotranspiration is difficult and leaf cooling can be insufficient. When this value is 
high (>6 g/m³) the crop can have difficulties to achieve water from the roots to the leaves, so 
that stress conditions can occur and stomata can be more or less closed. Calcium uptake and 
transport is severely compromised if water vapor deficit is reaching values of 10 g/m³ and 
higher. Under these conditions certain crops are very sensitive to blossom and rot (tomato, 
watermelon). 
 

2.5.2 Factors affecting ET 
Weather parameters, crop characteristics, management and environmental aspects are factors 
affecting evaporation and transpiration. 

2.5.2.1 Weather parameters 
The principal weather parameters affecting evapotranspiration are radiation, air temperature, 
humidity and wind speed. 

2.5.2.2 Crop factors 
The crop type, variety and development stage have an important influence on the water need 
of a crop and this is expressed by the crop factors, presented below.   
 



The crop factor is a value situated between 0 and 1, indicating which is the percentage of the 
maximum water need (the coefficient 1 is used for a fully developed crop with a maximum 
soil coverage).  
 
Tomato (open field grown, determinate growing type) 
-  Plantation until flowering 1st cluster:     0.5 
- Flowering 1st cluster until flowering 4th cluster:   0.5-0.8 
- Flowering 4th cluster until mid-yield:     1 
- Mid-yield until end of yield:      0.8 
 
Pepper 
- Plantation until 1st flowering:      0.5 
- 1st flowering until yield 1st fruit:     0.8 
- During the yield:       1 
 
Eggplant 
- Plantation until flowering first flowers:     0.5 
- Flowering first flowers until first yields:    0.7 
- During the yield:       0.9 
 
Cucumber 
- Plantation until start of flowering:      0.6 
- Flowering until first yield:      0.7 – 0.9 
- During the yield:       0.9 
- End of the yield:      0.7 
 
Strawberry 
- Plantation until first flowering:      0.5-0.8 
- During the flowering:       0.7 
- During fruit growth:       0.9 
- During the yield:       0.9 
 
Melon 
- From seeding or plantation until female flowering:  0.4-0.5 
- During flowering:       0.8 
- During fruit growth:       1 
- During the yield:       0.8 
 
Leaf vegetables (cabbage, lettuce,...) 
- plantation until head formation :     0.5-0.8 (according to soil 
cover) 
- Head formation:       0.9-1 
- End of head formation:     0.9 
- During the yield:       0.8 
 



                  
Photo 3: drip irrigation plot in Ndtithini Division, Machakos District. Note the presence of a 
small fruit tree nursery at the foreground. Planting of trees is an excellent development 
option in dry areas, but has to be supplemented by an activity that produces faster returns, 
like horticulture. In turn, increased tree cover will enhance water availability for drip 
irrigation. 
 
For most crops the water and fertiliser needs are increasing from plantation until the start of 
the yield and afterwards they are decreasing a little bit. A general view of these needs is 
presented in Figure 4. 
 

 
 
Figure 4: Evolution of the water needs, N, P & K during the development of a crop 
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2.5.2.3 Management and environmental conditions 
Factors such as soil salinity, poor land fertility, limited application of fertilizers, the presence 
of hard soil horizons, absence of disease and pest control and poor soil management may 
limit the crop development and reduce the evapotranspiration. 
 

2.5.3 The frequency of irrigation 
The frequency of irrigation (expressed in days) is obtained by dividing the irrigation dose 
(mm) by the average daily water need of the crop ET (mm/day).  
 
Frequency of irrigation = irrigation dose / average daily need of the crop 
(evapotranspiration) 
 
Example: For our tomato crop the frequency of irrigation in a region with an average 
evaporation of 5.5 mm will be each 5 days (26.95 mm/5.5 mm/day = 4.75 days). 
 
Notes:  
- Irrigation can also be done daily and this actually is recommended. In this case one should 
use the daily irrigation dose. Daily irrigation doses are also depending on the daily ET. 
Normally one irrigation per day is applied, corresponding to the ET of the day, but in certain 
cases, especially light sandy soils it is even better to apply 2-3 irrigations per day.  
 
- When using daily irrigation and in order to avoid salinity problems one abundant irrigation 
is realized each 4-5 days, with at least 40% overdose to assure the necessary leaching. 
 
- The daily water requirements of the crop also depend on the crop development stage, and 
crop density. For a mature crop, covering 100% of the soil, the crop factor is 1, but for young 
crops with lower soil coverage the crop factor is in general between 0.3 – 1. 
 

2.6 The irrigation delivery rate 
In general it's suggested to irrigate at low delivery rates, but under certain conditions it is 
better to use higher delivery rates, especially for the following cases: 

- to create bigger humidified surfaces on light soils or on substrates with high porosity 
(perlite); 
- to prevent rapid clogging of the drippers in case saline water is used for irrigation. 
 

The delivery rate is expressed in general per unit of surface and under intensive cropping it’s 
suggested to use delivery rates equal or higher than 5 l/m². For cropping in twinned rows the 
delivery rate should be higher than 2.5 l/m² (5 litres per linear meter). 
The delivery rate depends on the number of drippers per unit of surface and on the delivery 
rate of each dripper. The delivery rate of the dripper has to be selected in function of the type 
of soil or substrate and the irrigation water salinity: 
 

- Soil type: 
The texture of the soil determines the hydraulic conductivity of a soil, which is the 
movement of water in the soil, expressed as cm/h or cm/day. 
The delivery rate of the dripper depends on that hydraulic conductivity, and the distance 
between the drippers.  



If the soil has a fine texture with an average granulometry < 100 µ (which corresponds to 
a silty clay soil), the delivery rate limit is 1 l/h.  
For soils with a medium texture and an average granulometry of 100-200 µ, the delivery 
rate limit is 2 l/h.  
For substrates or soils with a coarse texture and an average granulometry between 200 
and 300µ, the delivery rate limit is of 2-3 l/h.  
For substrates of very coarse texture the delivery rate limit should be higher than 3 l/h, 
and it's very difficult to create puddling in this cases.  
In order to create good humidification on light sandy soils and by use of delivery rates of 
2-3 l/h, the drippers should be relatively close to each another and their distance should 
be limited to 20-30 cm maximum. 

 
- Salinity of the irrigation water:  
In case of use of irrigation water with high salinity (or a fertigation solution with high 
salinity) it's necessary to create big moistened zones, inside which the roots can develop 
easily without salinity constraints (salts accumulate in general on the margins of the wet 
zones). It is indicated in this cases to create continuous wetted zones through twinned 
row cultivation with a drip-line between the two crop lines and drippers close to each 
another (20 - 25 cm); nevertheless care has to be taken to prevent important puddling or 
temporary stagnant water. 

 

2.7 Water excess and water shortage 

2.7.1 Problems with water excess or water shortage 
Water excess results in general in lower fruit quality and an enhanced sensibility to diseases.  
Water excess promotes: 

- Fruit cracking (tomato and melon) 
- Vitrescent (internal, but sometimes external vitrescence) aspects on melon fruits 
- Damages and mould of the rooting systems by some diseases as Pythium, Phytophtora,  
Rhizoctonia and Fusarium 
- Leaves with high water content, which is enhancing the sensitivity to some diseases as 
late blight (Phytophtora) and gray mould (Botrytis) and sometimes necrosis due to 
cellular cracking phenomena  
- Fruits with low sugar content and low dry matter content (for melon and tomato) 

 
Water shortage results generally in lower fruit size and lower yields, but is often linked to 
higher fruit quality and a lower sensibility to diseases. Nevertheless water shortage can 
enhance temporary wilting and this wilting always causes internal necroses in the vessels, so 
that there is a permanent reduction of water passages, and this has an effect on reduced plant 
activity and production potential of the crop. 
Water shortage can also induce secondary phenomena such as the increase of the salinity in 
the soil or substrate, which induces always reduced water absorption and a lower productivity 
level. 
 

2.7.2 Signs of the crop in function of water excess or water shortage 
In general the first symptoms are detected on the leaves: 
 



- The first signs appearing on a crop cultivated in conditions of water excess conditions 
are a tendency to expose the leaf limb to the exterior in order to improve the reception of 
light and to evaporate more. Wilting phenomena, light at first, and later more and more 
accentuated, will appear, and this can follow the first signs, mostly as an influence of lack 
in oxygen by the water excess. The leaves are becoming thinner and their color is much 
paler.  
 
- Leaves of plants cultivated under water limiting conditions will present opposite 
reactions. The leaves will reduce the interception of light by curling upwards, reduces the 
opening of the stomata in order to reduce the water evaporation. The leaves are taking 
thus spoon-shape curled aspect, become thicker and present a darker green aspect. 

 



3 Quality of irrigation water  
 
The quality of the fertigation solution is largely dependant on the raw water. A good 
composition of the water is necessary to avoid problems.  One of the problems can be the 
NaCl content, but also other ions can have a negative effect. Other important points are 
presence of soil particles (brown water) and algae, that both can clog the drippers. 
 

3.1 Origin of salinity 
A soil can be rich in salts because the parent rock from which it was formed contained salts.  
Sea water is another source of salts in low-lying areas along the coast.  A very common 
source of salts in irrigated soils is the irrigation water itself.  Most irrigation water contains 
some salts, from its origin or from fertigation. 
 
After irrigation, the water added to the soil is used by the crop or evaporates directly from the 
moist soil.  The salt, however, is left behind in the soil.  If not removed, it accumulates in the 
soil; this process is called salinization. 
   

3.2  Sodium Absorption Ratio (SAR) 
 
The salinity risk can be measured by the sodium absorption ratio (SAR). The SAR, which is 
the relation between Na-content and the content Ca+Mg, is a very important value for 
evaluation of irrigation water. Contents are obtained through a water analysis by a competent 
laboratory. 
 

       _____________ 
SAR = Na / V (Ca + Mg ) / 2 

 
SAR <3: OK 
SAR >3: danger for sodicity (fixation of Na ions on clay, meaning clogging of the soil; see 
below). 
 
The SAR can also be determined by use of the abacus presented in Figure 5 (next page). The 
SAR is obtained on the SAR-line, through the intersection between the SAR-line and the line 
obtained by linking up the point with the sodium content and the point of the sum of the 
calcium and magnesium content. 
 
 
 
 
 
 
 
 

In which the values of Na, Ca and Mg 
are expressed in me (milli-equivalent). 



             
                     Fig 5: determination of SAR  in function of water composition  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Corrective measures 
 

Sodium Absorption Ratio (SAR) 
 

SAR =      Na                 . 
           [(Ca + Mg) /2] 1/2 

Na, Ca, Mg values through water 
analysis 

Na+  me/l      Ca++ + Mg++ me/l 

Exchangeable 
Sodium 

Percentage 
(ESP) 

SAR 

Examples 
95 mg/l of Na  atomic weight = 23.5, hence about 4 me 
80 mg/l of Ca  atomic weight = 20              4 
25 mg/l of Mg  atomic weight = 12  2 
 
SAR=4/(6/2)½ = 4/1.7 = 2.3. This is low and acceptable. 
 
Borehole water in Kakuma refugee camp, Don Bosco: 
285 mg/l of Na  atomic weight = 23.5 12 
8 mg/l of Ca  atomic weight = 20  0.4 
9.72 mg/l of Mg  atomic weight = 12 0.8 
 
SAR=12/(1.2/2)½ = 12/0.77 = 15.5. This is very high.  



(i) The SAR can be lowered by adding CAN (Ca(NO3)2) or MgSO4 in the irrigation water, as 
in the following example (note that Ca and Sulfates cannot be put together, but separately, 
see par. 5.2.8 on compatibility): 
 
If 400 g of CAN is added per m3, which contains 25% Ca; the addition of 400 g of CAN 
brings 100 g/m3, or 100mg/l Ca to the water; 
If 250 g of MgSO4 is added per m3, which contains 20% of Mg; the addition of  250 g of 
MgSO4 brings 50 g/m3, or 50 mg/l Mg to the water; 
THEN 
285 mg/l of Na  atomic weight = 23.5   12 
108 mg/l of Ca  atomic weight = 20   5.4 
59.72 mg/l of Mg   atomic weight = 12   4.9 
 
SAR=12/(10.3.1/2)½ = 12/2.27 = 5.3. Sodicity is lowered by two thirds, but still in the 
danger zone. 
 
(ii) Another measure is to apply CAN as a leaf spray, in a concentration of 40g per 200 l. 
 
(iii) Salts are also destroyed by acidity, eg applying in the fertigation solution nitric or 
phosphoric acid once a week in a concentration of pH=2, which will change quickly upon 
soil contact towards higher values, going up to pH=6.5, and before being in contact with the 
roots. This acidification of irrigation water is also a good technique for declogging drippers 
and driplines (from salt deposits). 
 

3.3 Measurements of salinity 
 
Water salinity 
Water salinity is the amount of salt contained in the water. It is also called the salt 
concentration and may be expressed in grams of salt per liter of water. However, the salinity 
of both water and soil can be measured by means of an electrical device. It is then expressed 
in terms of electrical conductivity as mS/cm (milli Siemens), dS/m or mmho/cm (the higher 
this value, the more salinity). Conductivity is measured by a conductivity-meter also called 
EC-meter. (Approximately 1 mS = 0.7 g/l of salt; range is 0.65-0.8). 
 
Quality of irrigation water 
Good irrigation water  <1 
mS 
Acceptable   1-2 
mS 
Poor    2-3 
mS 
Not suitable for irrigation >4 
mS 
 



                      
 
Photo 4: pH and EC field meters. pH ranges from 1 to 14, EC from 0 to 19.9 mS. Price (in 
Europe): about Euro 30 per unit. Need to be calibrated every couple of months. Calibrating 
liquid to be supplied together with meters. 
 
Soil salinity 
If EC of the water is easy to be measured directly, salinity of the soil is more difficult to be 
measured. 
Easy measurement of soil salinity can be realized on the field by the 1:2 volume method, 
consisting in the dilution of 1 volume soil in 2 volumes of water. After 1 minute shaking and 
10 minutes rest, followed by 10” shaking and 1’ rest, the mixture has to be filtrated and the 
filtrate can be measured. 
 

             
  |             |  |            | 
  |------------------|  |-----------------| 
  | 3/3       |  |            | increase of water 
volume  
  |------------------|  |-----------------| by adding soil to analyze 
  | 2/3       |  | 2/3      | 
  |------------------|  |     distilled     | 
  | 1/3       |  |       water       | 

 |____________|  |___________ | 
 
Figure 6: Realization of 1:2 volumetric extractions 

 
The relationships between the values measured by the 1: 2 extraction method (EC 1:2) and 
the values measured in the soil by the saturated paste method (ECss = Electrical Conductivity 
saturated soil) are very good: 
 
  ECss =  3.12 * EC 1:2 + 0.84          with r = 0.886 (simplified as : ECss =  4*ce1:2) 
    
Judgment of EC measured by the 1: 2 volumetric extraction method can be made by using 
the following norms (Table 4). The organic matter (OM) content in the soil has nevertheless 



an important influence also on appearance of salinity problems on the crop. Na ions fix 
themselves on the clay particles, just as they also can be fixed on OM. 
 
Table 4: Appreciation of Electric Conductivity as measured by the 1:2 method 
Value of EC  Judgment  Actions 
------------------------------------------------------------------------------------------------------------------------
--- 
< 0.6   very low  increase fertilizer input or irrigate less 
< 1   low   increase fertilizer input 
1-2   normal   no action necessary 
2-3   high   reduce fertilizer input 
3-4   dangerous  improve drainage by excess of water 
>4   catastrophic  important leaching necessary and specific 
treatments  
 

3.4 Classification of irrigation water for vegetable crops 
Most crops do not grow well on soils that contain salts; salts cause a reduction in the rate and 
amount of water that the plant roots can take up from the soil.  Also, some salts are toxic to 
plants when present in high concentration. 
Some plants are more tolerant to a high salt concentration than others. Classification is based 
on EC and contents in Na and Cl, which are the most repressive ions for crop growth (Table 
5).  
 
Table 5: Classification of irrigation water for horticultural purposes  
Class        EC          Na content           Cl content       
              in mS/cm                in me/l (*)          in me/l (*) 
_________________________________________________
__ 
  1.1       < 0.5                      < 1.5                    < 1.5 (0) 
  1.2           < 0.5                     1.5-3.0                1.5-3.0 (0) 
  1.3           < 0.5                     3.0-4.5                3.0-4.5 (1) 
-------------------------------------------------------------------------
--- 
  2.1          0.5-1.0                     < 1.5                     < 1.5 (0) 
  2.2          0.5-1.0                   1.5-3.0                 1.5-3.0 (1) 
  2.3          0.5-1.0                   3.0-4.5                 3.0-4.5  (2) 
-------------------------------------------------------------------------
--- 
  3.1          1.0-1.5                    < 1.5                      < 1.5 (1) 
  3.2          1.0-1.5                   1.5-3.0                 1.5-3.0 (2) 
  3.3          1.0-1.5                   3.0-4.5                 3.0-4.5 (3) 
(*) 1 me/l of Na = 23 mg/l; 1 me/l of Cl = 35.5 mg/l 
(0): no problems 
(1): problems with very sensitive crops 
(2): problems with sensitive crops 
(3): problems with resistant crops if not enough leaching 
 
Water with higher values of EC than 1.5 mS/cm in general is not favorable for fertigation, 
but can be used with good leaching control. Another classification takes in account the 
different elements and is presented in Table 6. 
 
 



Table 6: Ion content norms for classification of fertigation water for horticultural purposes 
Element                             Contents in me/l or e/m³                 mg/me or g/e 
              ___________________________________________________ 
                Without    Leaching  Important  Not favorable        
                 danger                      leaching    
______________________________________________________________________
__ 
Ca             < 6        6-8              8-12           > 12    20      
Mg            < 2        2-3              3-4              > 4          12 
SO4          <10                                             >20   48     
Na            < 0.5    0.5-1           1-1.5            > 1.5           23 
Cl             < 0.5    0.5-1            1-1.5           > 1.5       35.5     
HC03        < 1.5                                                    >10   63 
---------------------------------------------------------------------------------------------------------
-- 
                     Contents in µmol/l 
---------------------------------------------------------------------------------------------------------
-- 
Fe                                                                > 20                          
B                                                                  > 50      
Mn                                                              > 20      
Cu                                                               >   3               
Zn                                                               > 10      
Br                                                                > 40 
F                                                                 > 50 
(Conversion of me/l into mg/l is as follows: Me/l  *  mg/me gives mg/l) 
 
Especially for Ca, HCO3, Na and Cl these values have to be taken in account. For Mg and 
SO4 there are lesser problems if there is good leaching. The excess of ions is rather 
dangerous in case of an unsaturated soil complex or on a limited volume of the substrate. 
 

3.5 The influence of the soil on the salinity 

3.5.1 Salt accumulation 
Salt accumulation is possible with each element, which is present in too high concentration in 
comparison to the plant requirements. The danger is higher in case of a soil with a high 
cation exchange capacity (CEC), especially in soils with high clay levels or with high organic 
matter content. On sandy soils or mineral substrates there is no danger. 
 

3.5.2 Sodicity 
If irrigation water contains equal quantities of Na and Cl ions and Ca, Mg and HCO3 ions, 
they can precipitate together during irrigation. 
On the contrary if:  

- the water doesn't contain Na and Cl in equivalent quantities,  
- and the content in Na is higher than the Cl content,  
- there is presence of bicarbonate of Na  
- and the water contains less Ca and Mg than Na bicarbonate;  

in this case there will be exchange at the soil level with Na and this can also occur in the 
fertilizer solution; pH-level will increase consecutively, Ca and Mg levels will drop down 
and Na levels are increasing.  



The next effect is that the soil structure becomes dense, with a low porosity so that drainage 
difficulties will occur, and that difficulties of salt evacuation by drainage will be increased.  
If bicarbonates in the irrigation water are neutralized by acidification, these phenomena don't 
appear. 
 
On micro level inside the soil, Na cations are smaller than Ca cations, and attach themselves 
to the surface of clay particles or organic matter. Clay particles are hence drawn closer 
together, making drainage more difficult. If the Na cations are replaced by Ca cations, clay 
particles are wider apart and allow circulation of water (Fig 6). 
 

 
 

3.5.3 Relation between Na and CEC 
The relation between the sum of exchangeable cations (Ca, Mg, K, Na) and the cation 
exchange capacity (CEC) gives a degree of saturation of the complex. If the complex is non-
saturated, the ions in excess in the fertilizer solution can be fixed on the complex and 
contribute in this way to create higher salinities. 
If the complex is saturated there is no possibility for ion fixation, but there are possibilities 
for exchanges between ions on the complex if the irrigation water is not equilibrated. 
 
The relation between the exchangeable cations is important and the Ca should take 70-80% 
of the CEC, the Mg minimum 6%, K minimum 3% and Na maximum 10%.  If the content in 
Na is too important, there is a possibility for excessive Na-absorption, and there will also be 
possibility of drainage problems by too low porosity, resulting into too high conductivities, 
and asphyxia by absence of air in the soil.  
 

3.5.4 Leaching 
Improvement of a saline soil implies the reduction of the salt concentration of the soil to a 
level that is not harmful to the crops.  To that end, more water is applied to the field than is 
required for crop growth.  This additional water infiltrates into the soil and percolates 
through the rooting zone. During percolation, it takes up part of the salts in the soil and takes 
these along to deeper soil layers. The water washes the salts out of the rooting zone and this 
is called leaching. 

Figure 6: clay particles in a soil, with 
Na cations (small) and Ca cations 
(big). The clay particles are 
negatively charged, and the cations 
positively, attracting each other. Ca 
cations push the clay particles further 
apart, keeping the soil “open”. 



 
Leaching is very important to eliminate salts from the rooting zone and this practice needs a 
supplement of water. The quantity of water needed for sufficient leaching depends upon the 
salinity of the water and on the limit of salinity, acceptable for the crop. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

       Figure 7: Soil porosity reduction in function of water salinity and SAR value 
 
Overdosing of irrigation to promote leaching can only have the expected effect if there is 
evacuation of the excess water from the rooting zone by means of a subsurface drainage 
system.  If not removed, the additional water could cause a rise of the groundwater table 
which would bring the salts back into the rooting zone. A good knowledge of the porosity of 
the soil is necessary 
 
Drainage tube diameter and distances can be calculated in function of soil porosity, delivery 
rate and duration of the leaching and depth of the tubes and this by means of simple abacus. 
Soil porosity can also decrease as a result of use of saline water (but is more affected by the 
SAR-value than by the EC), especially for clayey and silty soils for which cases specific 
treatments, mostly based on Ca, are needed. 
 
The calculation of the drainage ratio (Dr) for a crop cultivated under drip-irrigation, is made 
by the following formula: 
 
 Dr = ECi x 100 / 2 ECemax 
                   

Water salinity (ECw) dS/m 

SA
R
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No reduction of 
porosity 

(or water infiltration) 
 

Slight 
reduction of 
porosity (or 

water 
infiltration) 

High reduction of 
porosity (or water 

infiltration) 



with  ECi: electric conductivity of the irrigation water (mS/cm) 
ECmax: maximum allowed conductivity, which is for instance 12.5 mS/cm for 
tomato and 10 mS/cm for muskmelon 

 
If the fertilization solution has an EC of 4.5 or 5.5 mS/cm, the minimal drain ratio should be 
respectively 18 or 22%. 
 

3.6 Cultural (Crop) aspects 
At crop level we can talk about: 

- sensitivity of the crop against salinity; 
- positive salinity effects on the crop; 
- negative salinity effects on the crop. 

 

3.6.1 Sensivity of the crop 
The influence of salinity or EC on crop results is represented in figure 8 (below) in function 
of the type of crop. 
 
Salinity in the root zone results for all crops in: 

- Reduction of growth and yield (and this is obvious in Figure 8). This phenomenon 
exists for all species and is linked to the capacity of water absorption at high osmotic 
pressures. 

- Improvement of quality, but in certain cases the quality is reduced such as by 
appearance of tipburn on lettuce and blossom end rot (BER) on tomato and pepper 
fruits. 

 
Crop sensibility to salinity: 

- Very sensitive: strawberry, beans 
- Sensitive: carrot, onion, radish, lettuce, cucumber, sweet maize, sweet pepper 
- Medium sensitive: artichoke, sweet potato, melon (or musk)melon, potato, 

cauliflower, squash, eggplant, capsicum 
- Tolerant: tomato, broccoli, spinach 
- Very resistant: red beet, pumpkin, celeriac, asparagus 

 
 



 
Figure 8: influence of salinity on crop yield for different types of crops 
 
There is also a big variability between the different varieties of a species. For tomato for 
instance some varieties are sensitive to BER (blossom end rot) at EC of 6 mS/cm 
(Symphonie, Romana, Bochra, Elena) while for other varieties the EC may reach up to 10 
mS/cm before symptoms of BER are appearing (Trust, Tradiro, Durinta). 
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Photo 5: tomato crop in Makueni District, Makindu Division. Water comes from a shallow 
well along a seasonal river with fluctuating salinity levels, increasing with the advancing dry 
season. Picture taken in July when water EC exceeds 5 (which is quite high). The farmer still 
manages to make 2-3 kg/m2 thanks to good farming practices such as applying sufficient 
organic matter (manure). Soil cover is poor (crop density should be increased in that case). 
 

3.6.2 Negative effects of salinity 
The increase of EC or salinity results in general in yield reduction, but the effect of the 
species and variety is important on this point. The general effect is presented in Figure 8. 
 
The decrease of fruit weight and the caliber and the diminution of the fruit flesh are other 
negative effects of salinity (Table 7). 
 
Table 7: Effects of salinity on yield and quality of tomato 
Parameter                              EC 2.6           EC 
3.5 
_____________________________________
___ 
Number of fruits/m²                 224              
222 
Yield in kg/m²                         12.7             
11.9 
Average fruit weight in g          56               54 
Relation L/H of fruit                 6.4              6.6 
Duration of coloring                 4.4              4.1 
Shelf life in days                     17.5             19.2 
EC of juice in mS/cm               5.8              6.2 
Titrable acidity (mmol/l)          75               84 
Brix index* (in %)                   4.8              5.0 
*index for sugar content 
 



Table 8 shows the combined effect of salinity and NaCl on yield of tomato, pepper 
(Capsicum) and cucumber. Remark that the decrease in yield is more the effect of EC than 
from Na content, and that the effect is much higher on pepper and cucumber than on tomato. 
It's obvious that salinity results in lower fruit size for tomato, while for pepper this reduction 
is not that marked and for cucumber there is no change in fruit size (Table 9). On the 
contrary for cucumber and pepper there is a reduction of the number of fruits while for 
tomato there is little change in number of fruits. 
 
Table 8: Yield (kg/m²) in function of salinity 
EC(mS/cm)/Na (mmol/l)         Tomato     Pepper  
Cucumber 
_____________________________________________
____ 
2.5/5                                            7.2          14          24.7 
3.7/5                                            7             13.5       23 
3.7/12.5                                       7             12.5       2.,3 
5.2/5                                           6.7           11.7       20.7 
5.2/25                                         6.8           11.1       20.3 
 
Table 9: Average fruit weight  (in g) as related to salinity 
EC(mS/cm)/Na (mmol/l)             Tomato     Pepper  
Cucumber 
_______________________________________________
___ 
2.5/5                                             91           147        
498 
3.7/5                                         85           141        
494 
3.7/12.5                                        87           139        
496 
5.2/5                                                     83           138        
486 
5.2/25                                                  79           139        
495 
 
If in general quality is improved by salinity one should mention some negative effects such 
as the diminution of vitamin C content in pepper and the higher percentage of BER on 
tomato and pepper. For a pepper crop, this phenomenon is appearing more due to high Na 
levels, rather than to higher EC, while for tomato the reaction isn't clear (Table 10). 
 
Table 10: Percentage of fruits with BER 
EC(mS/cm)/Na (mmol/l)                  Tomato     
Pepper   
__________________________________________
__ 
2.5/5                                                      3.9           2.1 
3.7/5                                                      4.9           3.1 
3.7/12.5                                                 5.5           7.5 
5.2/5                                                      7.9           7.0 
5.2/25                                                    8.2         12.6 
 



3.6.3 Positive effects of salinity 
 
A high salt content in the rooting zone doesn’t only have negative effects, but can also have 
positive ones. These effects on tomato crops are shown in table 7, notably: 
- higher shelf life 
- quicker and more intense coloration of the fruit 
- higher sugar content 
- higher dry matter content 
- higher acidity. 
In fact, salinity is favorable for the general visual aspect of the fruit, shelf life and taste. 
Moreover, it results from a more robust crop where pollination is more effective. But it 
lowers production, fruit size and weight. 
 
Some years ago, commercial growers have started to exploit these traits by fertilising more 
than the crop’s needs. To enhance taste and shelf life, they grow the crops with a high 
electrical conductivity. Treatment with Na and NaCl increases conservation, but the fruits’ 
firmness decreases. Taste, acidity, dry matter content and sugar content (Brix index), all 
increase with salinity and more with NaCl than with Na. These characteristics were 
confirmed by a panel of professional tasters.  
 
The influence of salinity on tomatoes’ firmness is as follows: lower immediately after 
harvesting, but higher one week after, and resulting in a longer shelf life. But if too much Na 
or NaCl is given, firmness will be lower. Russetting is decreased slightly with higher salinity 
for tomato crops, but considerably so for Capsicum.  
For cucumbers however, there is no gain in shelf life, but they show a deeper green colour 
through higher salinity, a trait desired by the market. 
 

3.7 Salinity control and management 
Several means are possible to be used for control of salinity: 

- adequate fertigation management with regular control of salinity and application of a 
drainage coefficient; 

- mixture of sweet and saline water in order to reduce excess of certain ions; 
- regular leaching with sweet water; 
- adapt fertilizer solution to the salinity; 
- cultivation in zones with lowest salinity (continuous wet zones); 
- leaching at the end of the crop if no natural leaching by rainfall is to be expected; 
- substrate cultivation. 

 

3.8 Fertigation management in case of salinity 
Utilization of saline water or fertigation solutions allows to obtain better fruit quality but with 
a reduction of yield. A good control of salinity makes it possible to avoid yield reductions. 
The possibilities for good salinity control are the following: 

-   proceed to regular measurements of EC 
-   apply correct fertigation and avoid important overdosing of fertilizer 
-   apply systematically a minimum drain ratio of 20% and adapt this drain ratio to the EC 
-   install the crops in the middle of the wet bulb 
-   realize leaching at the end of each crop and eventually if necessary during the crop  



-   proceed if necessary to realize irrigations without fertilizer input or with lowered 
inputs 
-   recuperate rainwater for mixing or leaching . 
-   utilize substrate cultivation if possible 
-   reduction of the appliction of some nutritive elements if analysis are showing excess 
-   adapt the fertigation solution in function of the time of the year 

    

3.9 Other factors affecting water quality 
 
Water quality is important for avoiding clogging of drippers and drip lines. Clogging occurs 
easily when irrigation with saline water or fertigation is conducted, rendering the system 
virtually useless as the drippers cannot be cleaned. Clogging is caused by:  

- soil particles 
- algae 
- salt 
- a combination of the above. 

 
Conventional drip irrigation requires water absolutely free of soil particles. This eliminates 
the use of “raw”, untreated water, with the exception of low pressure systems working with 
unconventional driplines (see below). Mechanical and sand filters are standard equipment for 
conventional drip irrigation systems.  
 
Growth of algae inside water storage basins or inside driplines also can obstruct flow of 
water through the drippers. An effective system to kill algae consists of a device producing 
ultrasound, but simple measures for rural small-holders include shielding the water from 
sunlight, or adding CuSO4 to kill algae (40 g per 25 m3, twice, with an interval of two 
weeks). If Cu is applied together with chlorine , the effectiveness is still increased. 
Fermentation of straw of hay in the water liberates toxins which are destroying algae and 
favour other micro-organisms consuming algae (50 kg of straw per 1000 m3 is required, and 
the effect starts after about 1 month and has a duration of 6 months).  
 
Salt built-up inside a drip line or dripper can be dissolved by adding acid or H2O2 (35-50 
ppm) to the water. The addition of peroxide has the further advantage to combat root fungi, 
like Phytophtora, Pythium and Rhizoctonia on tomatoes. Concentrations of acid (phosphoric 
acid, nitric acid) will depend on the water characteristics, so as to lower the pH of the mother 
solution to 2 (eg. 0.5 – 1 ml per l of water) and to 5.5-6 for the fertigation solution. 



4 Description of a low pressure drip irrigation system 
  

4.1 Origin of water – Water resource 
 
Water comes either from a surface source (dam, river, spring) or from the groundwater table 
(borehole, shallow well). Often, the most cost-efficient solution especially in semi-arid 
circumstances will be the digging of a shallow well. Using water from a surface source 
however, often means it can be used by gravity by situating the irrigated plot downstream of 
the intake, eliminating the cost of pumping. On the other hand it might be more polluted than 
groundwater, like carrying a silt load due to erosion during the rainy season. 
 
Temporary dams on seasonal rivers can provide water for 2 crop seasons per year (out of 3 
crop seasons, if water supply would allow). These cheap dams will break when water 
pressure and flow become higher during the rainy season. A good spillway can delay the 
washing away of the structure, but still it will go. 
 

  
 
Shallow wells are easily constructed by hand, but the depth on which the water is struck 
influences directly the cost of pumping. If water is available at a depth of less than 7m, 
ordinary and cheap petrol pumps can used. By constructing a platform inside the well, this 
depth can be increased to 10-11m (photo 6), for the same type of pump.  
 
 
 

Photo 6: cheap, 
temporary dam of 
sand bags and 
stones on a seasonal 
river, Machakos 
District, Kathiani 
Division. 
 



                       
Photo 7: steel platform covered with timber; constructed inside shallow well with water level 
below 7m (Mwingi District, Mui Division). The pump is an ordinary 4 HP petrol pump. In 
this case it is removed from the well on a daily basis, for security reasons. 
 
Pumps vary widely in capacity and price. Their specification will include suction and head, 
meaning the maximum level that the pump can manage respectively to suck water (from 
below the pump) and to push it (above the pump). Maximum suction in general is 7m, at sea 
level, to be reduced according to the altitude of work. Head varies a lot, from maximum 20m 
for ordinary petrol/kerosene/diesel pumps, to over a hundred meter for submersible pumps. 
The latter are electrical, and have to be powered either through the grid or by a generator. 
Generators however waste about 75% of their fuel into generation of heat. Solar power is 
another option, but quite expensive to purchase. 
 
Table 11: costs and capacities of pumps are approximately as follows: 
Type of pump Cost (€) and capacity (m3/h) 
Petrol / kerosene 
Electric 
Diesel 
Wind mill 
Solar pumping 

320-870 € for 3-6 m3/h 
870-1000 € for 4-20 m3/h 
>1000 € for >3 m3/h 
2700-3800 € for small deliveries 
4900 € for 4-6 m3/h 

 
Shallow wells in semi-arid areas often strike saline water. This is the case when the diggers 
hit rotten rock, that they are able to cut through, but that has been releasing mineral salts in 
the water it contains. If the well has been dug aside a dry river bed, perforated pipes wrapped 
in filtering tissue can be laid in trenches underneath the sand, to tap relatively fresh water and 
mix it with the saline one (photo 7). 
 



                          
Photo 8: shallow well drawing water from a seasonal river (Machakos District, Yathui 
Division). Care must be taken to construct the well on a site not prone to erosion. 

4.2 Water storage and supply system 
 
The water can be supplied from the water source to the water storage system through either: 

- metal pipes: expensive  
- PVC piping: generally available in lengths of 6m, not very flexible, prone to breaking 

and cracking after a couple of years especially through its sensivity to UV,  and 
containing Cl (less suitable in case of drinking water) 

- Polyethylene piping (low density or high density): diameters up to 63mm generally 
available in coils of a 100m, relatively flexible and more sturdy especially high 
density (resistance to pressure of 4 kg/cm2 is sufficient). Price comparable to PVC. 

Pipe diameters shouldn’t be too small, with sizes like 50 and 63mm the most economical 
ones for the small plots that will be described hereunder. Pipes of bigger capacity are 75mm, 
but these cannot always be delivered anymore in coils, and they come in straight lengths, 
mostly of 12 meters, and in this case thermal welding is used  instead of the specific PE 
connectors. 
 
Water reservoirs come in different categories;  

- constructed (cement & stones or bricks, ferro-cement),  
- in concrete. Both the constructed and the concrete ones often do need repairs 

within a few years due to salts in the water corroding the structure. 
- in plastic. These are not the big plastic containers ready-made and bought, but plastic 

sheets or liners that are spread over a soil embankment (see photos 8 and 9). 
 



   

 
Photos 9 and 10: soil embankment constructed for water storage reservoir. On the right 
hand side photo, remark the blue dot in the middle of the structure, which is a piece of plastic 
covering the outlet pipe. At this stage the plastic liner has not yet been laid inside the 
embankment. The gross size of the embankment is 10*10m, height outside is 1.7m, height 
inside is 1m, providing a minimum pressure of 0.7m for about 25m3 of water (Kitui District, 
Mwitika Division). 
 
Table 12: different kind of plastics are available, of which a selection in the following table: 
Type of plastic liner Thickness (µ)* Lifespan (yrs) cost and remarks 
Polyethylene 
PVC  
Polypropylene 
Polybutilidene 

500-1000 
1000-1500 
350-700 
1000-2000 

5-7 
10 
20 
30 

1.5-2 €/m2, attacked by termites 
2-2.5 €/m2, attacked by termites 
5-6 €/m2, rarely attacked by termites 
20 €/m2, not attacked by termites 

 * one µ (mu) is a thousandth of a mm 

The basin embankment is easy to construct, either manually or with the help of a tractor 
equipped with a shovel. The side walls can have a 45o angle in light soils, and 60 o in heavier 
ones. Common sizes for the plastic liner are 8*8m (for about 25 m3) and 10*10m (for about 
49 m3).  

The water outlet (see also photo 9) in general is through a 50mm pipe, and care has to be 
taken to ensure a waterproof connection between the pipe and the plastic liner covering the 
embankment. No leakage can be allowed. This pipe has to be put before the completion of 
the embankment, otherwise one side of the embankment has to be destroyed to put it into 
place. 



                      
Photo 11: plastic liner (polypropylene) applied inside a soil embankment. Remark that the 
sides of the liner have been covered and fixed with soil of the top of the embankment. Kitui 
District, Mutitu Division. 
 
Preferably the basin has to be covered against sunlight, so as to reduce the development of 
algae, evaporation and dust. A simple and effective means is tending a black polypropylene 
sheet over the basin (see photo 12), also fixed on the basin sides and with an opening for the 
water inlet pipe. Some heavy gauge steel wires are strung over the basin, fixed with wooden 
pegs on the basin sides, and the plastic just rests on them. A commercial name is Silotex 200g 
at 0.9 Euro/m2. Being black, it resists UV light, and comes in rolls of 5*100m. As 5m is not 
wide enough to cover a basin, two pieces have to be sewn together, using UV-resistant 
thread. Lifetime is 4-5 years. 
 

 
 

Photo 12: plastic cover over water 
storage basin. Remark the suture in 
the middle where two pieces of 
plastic have been joined. Also 
visible is the line showing the 
position of a steel wire suspending 
the plastic sheet and the way the 
edges of the sheet have been buried 
in soil in order to fasten them 
(Makueni District, Mtito Andei 
Division). 
 



4.3 Irrigation plot 
 
The water storage basin should be sited as conveniently as possible to supply water to the 
actual plot where drip irrigation is taking place. Water is supplied to the plot through a 50mm 
pipe, towards the distribution over several subplots. 

4.3.1 Vegetables  
 
In the case of vegetables, the low pressure required by the system puts a limit on the area that 
can be watered. Subplots of 10*30m or 300m2 are completely leveled and laid out in a 
rectangural or square way (photo 12). The irrigation of each subplot can be individually 
controlled by a system of valves (see photo 13). The maximum number of subplots that can 
be supplied by one 25 m3  water storage basin is 16, usually laid out in two rows of 8. This 
makes for the maximum following dimensions:  
width   30m + 30m + 1m (for the pipes in the middle) = 61m 
length  8 * (10m + 1m for the terraces) = 88 m 
Area  61 * 88 = 5368 m2 
Other configurations are possible, depending on local circumstances. Smaller sizes, meaning 
less subplots, also are possible, but make for less economic efficiency. Less than 8 subplots 
(2400 m2) is not recommended. 
 

         

 
 
Photos 13 and 14: view of a subplot of 300m2, with the water distribution system and its 
detail on the picture on the right. The blue hose pipes are a “visual pressure meter” that 
show the height of the water reflecting the pressure, so that manual regulation by adjusting 
the valve is possible. The main pipe is 50mm diameter, the distributor pipes are 40mm 



diameter. Remark the presence of individual drip lines in this case spaced 1.40m apart. 
Makueni District, Kibwezi Division.  
 
The special and determining feature of this low-pressure system are the drip lines (photo 14). 
They are designed in a unique way for releasing 5 liter of water per running meter per hour, 
under a pressure of 0.5-1.5m. They consist of specialty plastic, with stitches each 3mm apart, 
and are standard 30m long. The space between the stitches can get clogged, with a 
combination of silt, algae and eventually salt. However, manual cleaning is possible. 
 
The life span of the drip lines is on average 1.5 years, but depends on treatment, mostly the 
cleaning, which depends in turn on the quality of the irrigation water. In dry areas, drip lines 
are often attacked by rodents, even birds, that pierce them for drinking water.  
 

         
                          
 
CHARACTERISTICS OF DRIP LINES “IRRIGAINE” 
 
- irrigation capacity: 5 liter/m/h, at a pressure of 0.5–1m CE or 0.05-0.1 bar (kg/cm²) 
 
- consists of a stitched plastic tube of 150 microns thickness; the plastic is a mixture 
composed of a mixture of radicular PE, linear PE and PEVA with UV-protection 
 
- life time: 3- 6 cropping seasons (of each 3 months), depending on treatment 
 
- proper storage between 2 cropping seasons, inside a slightly acidic water solution (pH=5) 
for killing algae (in a closed drum) and for protection from climatic alteration 
 
- cleaning: depending on water quality, every 2-14 days, by using increased pressure (2 m or 
0.2 kg/cm²) and if this is not sufficient, by passing full driplines between thumb and index 
finger forcefully pressing out the water so that dirt is removed 
 
- Mechanical destruction problem: attacked and pierced by rodents, birds and sometimes big 
insects in search for water 
 

Photo 15: coil of 
drip line, not yet 
used. Remark the 
white stitches. 
 



- “Irrigaine” is a Tunisian trademark. Its only manufacturer is the company Maghreb Agro-
Systèmes in Tunisia (18, rue Gamel Abdelnasser, Tunis, 1000 RP), tel +216 258 622/3, 
masys@planet.tn. Cost is about 3 €/length of 30 meter. 
 
- Repair of pierced parts is possible by (i) cleaning with water and alcohol, (ii) applying glue 
(like for soles) and using the same plastic.  
If the hole is too big: (i) cutting the dripline into two, (ii) fitting a piece of old hosepipe inside 
to join the driplines, (iii) tying a strap of old tube to seal the dripline 
 
A particular feature of this irrigation installation is the use of fertigation through a hydraulic 
injection system for fertilization by means of a bucket, where soluble fertilizers are directly 
put into the system. The bucket is installed minimum 50 cm higher than the maximum water 
level in the reservoir and connected to the main supply pipe. This overpression allows 
calculation of an opening with the adequate diameter for injection of the desired quantity of 
mother solution.  
For instance, an injection of 20 litre/hour with an overpressure of 30 cm will require an 
opening in the receiving supply pipe of 2 mm diameter. (See paragraph 5.2.4). 

4.3.2 Fruit trees 
 
The mean difference with the vegetable plot is the type of drip lines. These are simple PE 
pipes, pierced at the desired intervals with a hot nail in order to obtain holes of 1-1.5mm 
diameter. A clip made from a piece of pipe, some 4-7cm long, is covering the holes so that 
the water doesn’t come squirting out, but drips properly.. The intervals between the holes, 
depend on the fruit species grown, like pawpaw, mango, orange, passion fruit or others. The 
delivery at this holes is about 5-6 liter/hour at a pressure of about 0.1 kg/cm². 
 

   
 
For 25mm pipes a maximum flow of 360 l/h is possible, with a pressure loss of 30 cm/100m 
(0.03%). This translates to a maximum of 30 trees, with 2 holes per tree and 12 liter/h 
delivery per tree. 
For 20mm pipes a maximum flow of 240 l/h is possible, with the same pressure loss. This 
allows a maximum of 20 trees, with 2 holes per tree. 

Photo 16: a 20mm PE 
pipe irrigating a young 
pawpaw tree. Remark the 
2 clips, left and right of 
the stem that are dripping 
each at the rate of 5-6 l/h 
under 1-1.5m pressure. 
 



 
The area has to be leveled, with a maximum slope tolerance of 30 cm per 100m, down from 
the water basin. 
As the delivery per drip line is limited and under low pressure also the delivery of the main 
supply is limited, the number of drip lines to be connected on the supply pipe will depend on 
the diameter of the supply pipe (table 13). 
 
Table 13: number of pipes that can be connected on the supply pipe 
supply pipe drip pipe inner diameter (mm) 
diameter (mm) 18 17 15 14 12 

40 4 5 6 7 9 
50 6 7 9 10 14 
63 11 12 15 17 23 

 

                                     
Photo 17: a mixed pawpaw-mango orchard under low-pressure drip irrigation. Note the 
20mm pipes. The pawpaw serves as a waiting crop to be discarded after 3 years while the 
mango trees are developing (Kibwezi Division, Makueni District). Age 1 year and 8 months. 
 
Example of lay-out:  
A pawpaw plantation, spacing of 2*2m, supplied by a 40 mm pipe (in turn supplied by a 
50mm pipe out of a water storage basin), with 20 mm drip lines of 14 mm inner diameter: 20 
trees per drip line, and 7 drip lines per subplot. This makes a total of 140 trees, on a subplot 
of 14*40m or 640m2. 
The complete plot can consist of 10 or some more subplots, making it about 1ha, depending 
on the reservoir, and the size of the supply pipe and drip pipes. 
 
 



5 Technical aspects 

5.1 Vegetable crops 

5.1.1 Eggplant (Solanum melongeana) 
 
Origin 

- the black coloured fruits have their origina in Asia (China, India, …) 
- they were introduced in other regions in the 18th and 19th centuries 
- the original types are not found in the wild anymore 

 
Systematics 
Other botanic species: 

- Solanum melongeana var. ovigerum: yellow greenish flower and round white fruits 
- Solanum anomalum (children’s tomatoes): with red colour 
- Solanum torvii 
- Solanum sissymbrifolia 

 
Morphology 
Perennial plant but mostly cultivated as annual crop 

1) Plant habitus: bushy with compact growth for round open fruit types and erected 
growth for long fruit types. Plant height from 0.5 to 1.2 m. 

2) Stalk: upright and woody, hairy or spiny, strong ramification 
3) Roots: mostly creeping and not deeper than 80 cm (majority of the roots within 0-25 

cm zone) 
4) Leaves: single leaves in alternating position, with 7-15 cm length and 5-10 cm width; 

oblong with ondulated border; green gray colour and mostly with small thorns on the 
leave nerves. 

5) Flowers: normal violet and sometimes white, very similar to those of the sweet 
potato; mostly in a single position, sometimes with 2 and rarely with 3 together; 
mostly directly implanted on the stalks and exceptionally in the leave axis; self-fertile 
flowers (autogamy). 

6) Fruits & seeds: botanically a berry, mostly big, smooth outside and fleshy inside; fruit 
form very different: round, long, half-long or ovoid; fruit colour normally violet or 
dark-violet, but other colours exist such as white, green, blue, yellow and red; strong 
developed calyx which is strongly attached to the fruit and mostly spiny. The colour 
of the calyx is green or violet; fruit flesh: white or very light green and sometimes 
containing bitter substances (saponines); fruit colour becoming yellow when ripening; 
seeds are round, flat and brown. There are 200 seeds/gram. 

 



     
 
Physiology 

1) Behaviour against light: theoretically a neutral day plant, but under low light 
intensities they day length should minimum be 13 hours, especially under greenhouse 
(under low light conditions flowers in general have lower fertility and sometimes 
sensitive to abortion); under low light intensity and high humidity the crop is 
susceptible to hyper development (very big leaves and bad fruit set). Sensitivity to 
hypertrophy is very dependant on the variety (Round of Valence is not sensitive, 
Dlinnii is very sensitive and Dourga is intermediary).  

2) Temperature: optimal temperature for seed germination between 28-30oC, maximal 
35-38oC and minimum 12oC. 
After germination and until appearance of 1st flower: 21-27oC during the day and 19-
21oC during the night; during production period the day temperature should be 
minimum 20oC and during the night minimum 14oC; good growth and fruits normally 
need an average of 21oC (24 hours). 

3) Fruit set: two groups of varieties: (i) highly anthocyanin pigmented (on stalk, leaves 
and calyx): oriental type, (ii) green pigmented with low anthocyanin content: tropical 
and Mediterranean type.  
Highly pigmented varieties have a stronger transpiration and a higher dry matter 
content, which is more favourable for fruit set. Green pigmented varieties are 
sensitive for flowers. For highly pigmented varieties fruit set is very good when leave 
dry matter content is about 10%. Fruit set is normally by autopollination, but bumble 
bees can be very helpful. Honey bees are not very attracted by eggplant flowers.  
Parthenocarpic fruits can be obtained by too low temperatures, especially on varieties 
with round fruits. 

4) Fruit colour: white epicarp has 2 recessive genes (c1 and c2); white flesh has a 
recessive gene g. 

 
Classification 1 

1) Oriental group: mostly varieties on the Far Eastern countries, capable of developing 
fruits under high humidity. They have highly pigmented leaves and calyx, but low 
fruit quality in general (irregular fruit form, dull colour, weak fruit with high saponine 

Photo 18: a healthy 
crop of eggplant, variety 
Black Beauty, under 
drip irrigation. Yield: 4 
kg/m2. (Kibwezi 
Division, Makueni 
District). 



content). Examples: Millionnaire, Hito, Long Tom. Crosses between this type and 
Mediterranean type are of better quality, such as Estel, Kimo. Very sensitive to 
Verticillium. 

2) Meridional group: adapted to tropical and subtropical climates, mostly pigmented. 
Fruits are big, globular, and with ability to parthenocarpy (fruit development without 
pollination). Strong stalks, big leaves with serrated edges. Sensitive to Verticillium. 
Examples: Bonica, Florida Market, Round Valence. 

3) Occidental or Mediterranean group: very well adapted to Mediterranean climate 
(outdoor). Less sensitive to Verticillium but with easily hypertrophy under low light 
conditions. Examples: Baluroi, Long Purple, Barbentane. 

 
Classification 2 

1) Long shaped fruits:  
- Dark violet brilliant fruits (green calyx, green flesh): Baluroi, Barbentane, Long 

Purple. 
-  Light violet fruit (green calyx, white flesh): Violet Long of Avignon, Violet Long of 

St Remy.  
- White fruit (green calyx, white flesh): Dourga, Sita. Dull violet fruit (anthocyanin 

calyx, green flesh): Kimo, Hito, Millionnaire, Violet Long Oriental. 
2) Globular fruits:  
- Dark violet brilliant fruit (green calyx, green flesh): Florida Market, Black Beauty.  
- White fruit (green calyx, white flesh): Monda.  
- Dull violent fruit (anthocyanin calyx, green flesh): Bucarest, Round of China, Round 

of Valence. 
3) Ovoid fruits:  
- Dark violet brilliant fruit (green calyx, green flesh): Classic, Blacknite, Midnite, 

Mission belle, Bonica.  
- White fruit (green calyx, white flesh): wild species.  
- Dull violent fruit (anthocyanin calyx, green flesh): Estel, Blue King. 

 
Cultural practices 

1) Multiplication: seeding density in the nursery maximum 2-3 g/m2 if transplantation 
with bare roots. In case of transplanting to pots: 10 g/m2 density. Transplanting in 2-3 
leave stage, but if elevated in pots planting at 20 cm high. Direct seeding is possible. 

2) Transplantation: very sensitive to transplantation. Deep planting (to first leave) in 
order to stimulate adventitious roots. Planting density: 2.5-3 plants/m2 (1.4*0.3m) 

3) Pruning and deleafing: in outdoor crops mostly not necessary. Sometimes pruning can 
be done when the crop is too vigorous. 

4) Grafting: is possible on tomato and Solanum sodomaeum. Grafting on tomato 
(KNVF) is also possible for several reasons: resistance against Verticillium and 
nematodes, better development in cold periods, resistance against corky root 
(Pyranochaeta) and nematodes. Grafting on S. sodomaeum for better drought 
resistance. 

 
Crop needs 

1) Soil: more or less like for tomato. Clay and humid soils are unfavourable. Light soils 
and high organic matter content are favourable. pH: 6.8-7.2, more acidity has no 
problems. 

2) Climate: very sensitive to wind and resulting in fruit depreciation (leaves are causing 
necrosis on fruit). 



3) Rotation needs: also see tomato. 
4) Fertilisation & yield: minimum yield: 2 kg/m2, normal yield: 3-4 kg/m2, high yield: 5-

6 kg/m2. High fertilizer needs: 3 kg/m2 organic manure completed with 10 units N, 15 
units P and 25 units of K per 1000 m2. Fertiliser in kg/T of fruit: 3.3 of N, 3.6 of P 
and 10.3 of K. 

5) Water: from planting until flowering: 50% of PET (potential evapotranspiration), 
from flowering to yield of 1st fruit: 60% of PET. During yield: 100% of PET. 

 
Diseases 

1) Fungi:  
- Pythium (damping off) in the nursery: maneb, zineb, TMTD, peroxide.  
- Verticillium dahliae (wilting): grafting, less sensitive varieties, soil treatment with 

benomyl, benlate and peroxide.  
- Leveillula taurica (powdery mildew): sulphur, Karathane.  
- Phytophtora capsici and P. parasitica: on fruits (maneb, zineb, …).  
- Rhizoctonia solani (white stalk rot): ): Rhizolex, peroxide 
- Fusarium roseum, Alternaria, Botrytis cinerea (gray fruit rot): also on calyx, leaves, 

stalks: TMTD, Benlate, peroxide,  
- Pyranochaeta (corky root): grafting on tomato KNVF (resistant to Corky root, 

Nematodes, Verticillium, Fusarium). 
2) Nematodes: root nematodes (Meloidogyne): grafting on resistant tomato and wild 

species. Soil disinfection: Furadan and use of neem cake. 
3) Viruses: Stolbur transmission through Jassidae; TYLC (Tomato Yellow Leaf Curl) 

transmission through white fly; CMV1 (Cucumber Mosaic Virus) transmission 
through aphids; TMV (Tomato Mosaic Virus) transmission through seeds but also 
manually. 

4) Insects:  
- Aphids,  
- Red Spider (very sensitive, more than tomato): sulphur, karathane, other;  
- Leaf miner,  
- Caterpiller: Bt 
5) Physiological diseases: Blossom End Rot through Ca deficiency (hot weather, 

salinity): leaf sprays with CAN can prevent BER; fruit cracking: excess of water, lack 
of K; fruit necrosis: wind 

 

5.1.2 Onion (Allium cepa) 
 
Morphology 

 
1) Stalks & leaves: No apparent stalk, only a basic plate with white roots downwards 

and an apical meristem originating leaves. The upper part of the sheaths is forming 
something like a false stalk. Leaves: normal leaves are in form of a sheath at the base 
and a cylindrical, hollow limb, pointed at the end. The leaves are in an alternating 
position and the sheaths are fitting into each other with the youngest leaves in the 
centre. Later on, the leaves reduce in length and are finally reduced to the sheaths. 
Towards the end of the growing cycle only leaf primordial are formed. 

2) Roots: Primary roots are in central position and disappearing slowly when bulb 
formation is starting. The secondary roots replace the primary roots and appear in a 
ring around the first ones that are drying and disappearing.  



3) Bulb: bulb formation is the result of leaf deformation or morphologic changes at the 
base of the leaves, especially at the outer side of the basic part of the sheaths. The 
bulbs are oblong, round or flat depending on variety and conditions.  
Maturing is indicated by weakening of the false stalk; afterwards leaves are yellowing 
and drying. A mature bulb is dormant and the duration of dormancy depends on 
variety. During dormancy flowering is initiated. 

4) Flower: Flowering normally appears in the 2nd year, sometimes the 3rd year, but 
sometimes also the 1st year. Spherical inflorescence with a high number of flowers; 
each pollinated flower results in 3 capsules with 1 or 2 seeds per capsule. Flowering 
is protandric, with entomophilous flowers; fresh seeds are dormant. 

 

         
 
Physiology 

1) Development stages:  
- Germination in general 2-3 weeks, if warm (around 20°C) 10 days.  
- Crook stage (cotyledon with a crook); from germination to crook stage: 1 week.  
- Whisk stage: apparition of 1st leave after 2-3 weeks.  
- Cotyledon disappearance and apparition of leave 2 and 3 take 2 weeks.  
- Leek stage: apparition of leave 4 and inclining of leave 1: 10-12 days.  
- Disappearance of 1st leaf and appearance of leaves 5, 6 & 7: 12 days.  
- Start of bulb formation: disappearance of leaf 2 & 3, appearance of leaf 8-13: 3-5 
weeks.  
- Bulb thickening: disappearance of leave 4, 5 & 6 and primary roots: 5 weeks.  
- Layering: end of vegetative growth, false stem weakening, yellowing of leaves, bulb 
reaching maximum development: 5 weeks.  

Photo 19: Chiembeni Self-Help 
Group in Mumoni Division, 
Mwingi District, a remote and 
poor area. Working with groups 
has proved more difficult than 
with individual entrepreneurs. 
Most of the onions in the 
picture actually got lost through 
lack of co-ordination between 
the members.  



- Bulb maturation: drying of leaves and false stem: 2 weeks. 
2) Seed germination: Germination between 0 and 35oC. Immature seed is not dormant; 

yielding very mature and dry seeds induces dormancy. Soaking in lukewarm water is 
facilitating germination. 

3) Vegetative development: The optimum average temperature is 18oC, with minimum 
best > 8oC (optimum 12-16oC) and maximum best < 35oC (optimum 20-24oC). Under 
optimal conditions full crop development takes 150-165 days of which at least 40 
days in the nursery. 

4) Bulb formation: there is an antagonism between flowering & bulb formation. Bulb 
formation is largely dependant on temperature and day length, high temperatures are 
favourable, while for normal varieties 14 hours day length is required (each variety 
has a required minimum day length; in Kenya adapted short-day varieties are to be 
used and they need 11.5-12 h minimum day length. If the day is too short, there is 
more leaf formation before bulbs are induced and as a result bulbs are more oblong 
shaped).  
A minimum size is required before bulb induction is possible (a base diameter of 
minimum 15-20 mm is required). Plant size or diameter at start of bulb induction 
influences positively the future bulb size.  
High temperatures have an increasing effect on the day length, which means that 
bulbs are induced in shorter days. The ration N/K has also an influence: if high, bulb 
development is reduced, if low but with enough N, then there is a good bulb 
development.  
Growth stop: by transplantation (if strong developed nursery plants) or reduced 
irrigation. Direct seeding is favourable for good bulb development. 

5) Flower induction: flowering is induced normally during conservation by low 
temperatures (depending on the varieties between 5-13oC, for normal varieties the 
optimum is 8-10oC) and independently of day length. Flowering can be induced 
during vegetative growth if a sufficient development stage is reached (minimum stage 
of 15-20 mm base diameter or 12-14 leaves) and if a growth stop has occurred as a 
result of cold (<5oC), excess of water and high C/N ration (lack of N). 

6) Flowering & seed production: during bulb conservation at temperatures >10-12°C, 2 
primordia (a vegetative one and a generative one) are formed in each leaf axis. If such 
bulbs are planted in conditions of temperatures > 15oC then only vegetative stalks 
(sprouting) are appearing and no flower stalks. After flower induction during 
conservation, flower stalk elongation is favoured by temperatures ranging between 
10-15oC. Flower and seed formation need respectively minimum 18 and 20oC. 
Flowering of the ombella takes 2-3 weeks. Seed formation and maturation take 120-
150 days. 

7) Conservation: is under influence of physiologic (dormancy of the bulb) and  
pathologic effects (resistance or tolerance to diseases).In general low temperatures are 
favourable and high ones unfavourable for conservation; a high dry matter content (> 
14-15%) is favorable for conservation while high collar diameters (thick false stalks) 
are favorable for conservation diseases such as Botrytis. Dormancy: normal duration 
of 8-10 weeks; but low temperatures and dry conditions can result in prolongation of 
dormancy up to 20-26 weeks; the end of dormancy is indicated by initiating new short 
roots and new leaf points. 

8) Doubling of bulbs can occur after a growth stop (induced by cold temperatures or 
excess of water) on a crop with already a minimum bulb formation and if the 
temperatures afterwards are higher than 14-15oC. Lower temperatures induce bolting. 

 



Classification 
1) Colour: white (White Granex, Wonder of Pompei), red (Red Creole, Excel, Babosa), 

Yellow (Yellow Granex, Early Yellow Grano, Yellow Valencia). 
2) Critical day length: short day onion (11.5-12.5 hours) Yellow Granex, White Granex, 

Red Creole, Excel, Early Yellow Grano. Medium short day onion (12.5-13.5 hours) 
Wonder of Pompei, Yellow Valencia, Babosa, White Spanish Sweet. Medium long 
day onion (14-14.5 hours) Barletta, Red Amposta, Yellow Valencia, Globe. Long day 
onion, Rijnsburger Red, Yellow Vertus. 

 
Cultural practices 

1) Nursery: duration minimum 45 days (eventually up to 60 days). Seeding in lines 
spaced by 10 cm and around 100-150 seeds/m. 

2) Plantation: root pruning is not very favourable. Minimum density is 80 bulbs/m2  
(maximum density 140/m2). In drip irrigation: optimal density 50*7 cm in twinned 
rows (around 60 bulbs/m2), eventually double twinned rows to obtain 120 bulbs/m2. 
Direct seeding: denser seeding followed by thinning and transplanting of surplus 
plants. 

3) Weeding: mechanical or manual hoeing. Chemical weeding (Alicep, Alipur, 
Dimexan). Weeding is very important during the first 10 weeks after planting. 

4) Conservation: improving conservation by (i) treatment with maleic hydrazide (5 kg 
active matter/ha) 2-3 weeks before yielding, (ii) drying before storage (air 
temperature not higher than 35oC and air humidity not lower than 60%. Optimal 
storage conditions 0-3oC and 65% relative humidity. 

5) Ripening induced by crooking false stalk 
 
Crop needs 

1) Soil: clay soils are favourable but water excess to be avoided (high yield); sandy soils 
result in early yields, but low if not enough water. 

2) Climate: long day and high temperatures favourable. 
3) Fertilization & yield.  
- minimum yield: 1-1.4 kg/m2 
- high yield: 4 kg/m2 
- needs: N 4, P 1.75, K 3, Ca 0.5, Mg 3.25 
- during 1st stage more N, from start of bulbing more K. 
4) Water 
- from planting to bulb induction: 40-90% of PET 
- from bulbing up to weakening of collar: 100% of PET 
- from start of layering: stop of irrigation 

 
Diseases 

- Tubercinea cepulae 
- Stalk nematode  Ditylenchus dipsaci 
- Root nematodes (Pratylenchus) 
- Mildew Peronospora 
- Bacillus cepivorus 
- Puccinia allii 
- Sclerotinia cepivorum (white rot) 
- Fusarium roseum 
- Damping off (Botrytis squamosa) 
- Onion fly 



- Onion leafminer 
- Erwinia carotovora 

 

5.1.3 Pepper (Capsicum annuum) 
 
Origin 

- Latin America (essentially Brazil and Peru), where used mostly for spicing meals. 
- Introduced in Europe in 1493 by Colombus 
- Spread out in the 16th century in Mediterranean region, Asia and India 
- Important development (3rd vegetable after tomato and potato) 

 
Systematics 
The most important wild species are: 

- Capsicum annuum (white flowers with purple stamen, big seeds), with some 
cultivated wild varieties such as: accuminatum (small conic fruits – Jalapeno, Fresno 
Chili), cerasiforme ( small round fruits – Red Cherry, Niorra, Zina), fasciculatum 
(upright fruits, several together – Bouquet, SM477) 

- Capsicum frutescens (yellow to greenish flowers, small seeds), Tabasco, Uvilla, 
Piquinita 

- Capsicum pubescens (hairy plant, purple flowers, cultivated in Latin American 
mountains) 

- Capsicum pendulum (white flowers with green-yellow marks, yellow stamen, fruits of 
all colours possible, in coastal belt of Peru) 

Other wild species exist, but they are much less used. 
 
Morphology 

Perennial plant, but mostly cultivated as an annual crop 
1) Plant habitus: bushy with compact growth for round fruit types and erected growth 

for long fruit types. Plant height from 0.5 to 1.2 m depending on variety and growth 
conditions 

2) Stalk: upright and woody; growth of determinated type (flower in terminal position), 
ramification normal by 2 branches (sometimes 3), ending themselves with a flower 
and sprouting again; dichotomous growth, the growth of the branches is mostly non 
equilibrated so that mostly one branch is stronger than the other and giving the 
impression of a stalk with side shoots, facilitating the cultivation of several stalks per 
crop trained along strings; internode length is variable, short (Yolo Wonder) to long 
(Marconi). 

3) Roots: a strong pivot with a lot of secondary roots and also roots starting from the 
lower part of the stalk; mostly up to 70-120 cm deep and 50-90 cm around the stalk, 
but 90% of the roots are situated in the 0-25 cm zone. 

4) Leaves: single elliptic leaves in alternating position, with 3-10 cm length and 2-7 cm 
width; green colour and mostly very smooth leaves with principal leaf nerves in 
relief. 

 



    
 

5) Flowers: normally white for cultivated varieties (C. annuum) and very exceptionally 
purple or greenish; mostly in single position, sometimes with 2 and rarely 3 together 
and only in the fasciculated type 5-15 flowers in one axis each on their own stalk 
Mostly directly implanted on the stalks. Flowers are mostly self-fertile (autogamy), 
but some varieties with big fruits produce 20% allogamic fruits. 

6) Fruits & seeds: botanically a berry, smooth outside and fleshy inside. Fruit form very 
variable (round, long, oblong conic, etc). Ripe fruits can be white yellow, orange, 
carmine, red, violet and black. At consumption stage fruits can be whitish or yellow, 
but mostly green (dark green to yellow green) and hollow, hard and also obtaining 
their particular taste (sweet and aromatic, or pungent). Long fruits are mostly 
composed of 2 carpels, while round or square fruits have mostly 4 carpels. Fruit flesh 
of pungent fruits contains capsaicin glands on the placenta. Seeds are round, flat and 
whitish; there are 150-200 seeds/gram and they maintain a good germination capacity 
during 4 years. 

 
Physiology 

1) Behaviour against light: theoretically a neutral day plant (under low light conditions 
flowers are in general of lower fertility and sometimes very sensitive to abortion). 
Accepts rather low light conditions. Under low light conditions and high humidity the 
crop is susceptible to hyper development, inducing delayed flowering and longer 
internodes. 

2) Temperature: Optimal temperature for seed germination between 24 and 28oC, 
maximum 40oC and minimum 6oC; after germination and until apparition of 1st 
flower: 22-24oC. During production period the day temperature should be minimum 
20oC and during the night minimum 14oC. Good growth and fruit set normally need 
an average of 20-26oC (24 hours); if lower than 15oC growth is slow and stops at 
10oC. 

3)  Fruit set: mostly within 24-48 hours after pollination. Optimal temperatures 21-28oC, 
and compared to tomato, fruit set at higher temperature is much better. Low 

Photo 20: young 
Capsicum plants in 
Kathiani Division, 
Machakos District. 
The drip plot is on a 
terrace and the photo 
illustrates how the 
drip lines can be bent 
and laid out to suit the 
curve made by the 
terrace. Capsicum 
(California Wonder) 
has a good market 
value. 



temperatures after successful fruit set are favourable for development of big sized 
fruits.  
High dry matter content of the leaves, mostly linked to small leaves, is favourable for 
early fruit set; low dry matter content, mostly linked to big leaves and obtained under 
humid conditions, is delaying the first fruit set. Early fruit set is linked to lower 
yields. Low temperatures at fruit set favour long-shaped fruits. . High temperatures 
favour round fruits. Autopollination is a rule, but bumblebees can be very helpful. 
Honey bees are not very attracted by Capsicum flowers. 
Parthenocarpic fruits can be obtained by too low temperatures, especially on varieties 
with long shaped fruits (Dolce Italiano) and small fruit types. 

4) Fruit maturity: normally 120 days after seeding and 60 days after planting. From fruit 
set to fruit maturity: 35 days. From fruit set to consumption maturity: 17 days, 
indicated by hardening of the fruits (crunchy  fruits). 

 
Classification 

1) Flavour:  
- Pungent (Cayenne Long Slim), Anaheim, Jalapeno, Serrano Chili Grande, Fresno 

Chili Grande, Santa Fe, Crimson Hot.  
- Medium pungent: College 64L, Mourad, B26 (climate is important).  
- Sweet varieties: Marconi, Ruby King, Niorra, Dolce Italiano, Sweet Spanish, Sweet 

Banana, Cherry Sweet, California Wonder, Pimiento, Yolo Wonder, Lamuyo F1, 
Clovis F1, Tompa, Zarai. 

2) Colour of the fruit: red varieties (normal, most varieties); yellow varieties (Sweet 
Banana, Golden Bell, Yellow Hungarian, etc…); orange (some new varieties); violet 
varieties (Violette and some wild varieties), white varieties (a few new varieties). 

3) Thickness of flesh: thin flesh (Niorra, Sweet Spanish, Sweet Banana, Dolce Italiano 
(good for drying)); thick flesh: Yolo Wonder, California Wonder, Wonder Top, 
Fromage, Zarai, College 64L (not suitable for transformation, only for fresh 
consumption); medium thick flesh: Anaheim, Cayenne RT (suitable for drying if 
warm climate) 

4) Fruit shape: round and small (Red Cherry, Sweet Cherry, Niorra); conic and small 
(Jalapeno, Fresno Chili Grande, SM477P, College 64L, Mourad, Marconi); square 
(Yolo Wonder, California Wonder); Square long (Clovis, Lamuyo, Sweet Spanish); 
large and pointed (Zarai, Twiggy, Crimson Hot); round and flat (Fromage, Wonder 
Top, Tompa). 

 
Cultural practices 

1) Multiplication: seed density in the nursery maximum 3-4 g/m2 if transplantation with 
bare roots, in case of transplanting in pots density around 15 g/m2; transplanting when 
10 cm high and 2-3 leaf stage, but if put in pots, planting with 20 cm high plants. 
Direct seeding is possible. 

2) Transplantation: very sensitive to transplantation. Deep planting (to first leaf) in order 
to stimulate adventitious roots. Planting density: 3-3.5 plants/m2 (1.4*0.25m). 

3) Pruning & deleafing: in outdoor crops mostly not necessary. Sometimes fruit pruning 
is practiced to increase fruit size. Leaf pruning can be done when the crop is too 
vigorous. Sometimes pruning of first and second flower to stimulate growth and 
vigour and to obtain higher yields. 

4) Grafting: possible for diseases as Phytophtora capsici on PM217, Phio 636, P51. 
Mostly cleft grafting is used. 

5) Training: sometimes lateral training to avoid breaking of branches. 



6) Fruit conservation: cold, transformation (powder or paste – colouring of meals in 
some Mediterranean regions) 

7) Prolongation of yield: old crop is sensitive to deleafing (absicine) and can be 
prevented by giberellic acid treatments (10-25 ppm each 2 weeks) 

8) Yields: less than for tomato and depending on the fruit type, (i) small fruited 
varieties: 1-2 kg/m2, (ii) varieties with big sized fruits: 3-4 kg/m2, (iii) varieties with 
medium sized fruits: 2-3 kg/m2. 

 
Needs 

1) soil: water stagnation and heavy clay soils are not favourable, light soils and high 
organic matter content are favourable; pH 6-8, Capsicum is not very sensitive to some 
acidity or alkalinity. 

2) Climate: very sensitive to cold (not lower than 10oC), optimum is an average of 24oC, 
maximum can exceed 35oC. Hot climate is favourable for pungency. 

3) Rotation needs: good crop precedents are onion, leek, maize; less favourable crop 
precedents are cucurbits and other solanaceous crops; acceptable are beans, peas, 
carots, celeriac, lettuce, cabbage. 

4) Fertilization: high fertilizer needs, 3-4 kg/m2 organic manure completed with 5 units 
N, 12 units P and 13 units of K per 1,000 m2.  
Fertilizer needs in kg/T of fruit: N 3.7, P 1, K 5, Ca 5, Mg 0.75.  
High N reduces fructification, results in later and higher production, but also more 
necrosis. High K: gives stronger branches, better colour. High Ca: results in white 
dots on fruits. 

5) Water: supports salinities up to 3 g/l; Cl contents of 1g/l reduce yields by 25%. 
Salinity can create blossom end rot. Excess of water results in fruit cracking but much 
less than for tomato. From planting until flowering: 50% of PET. From flowering to 
yield of 1st fruit: 60% of PET. During yield 100% of PET. (Potential 
EvapoTranspiration) 

 
Diseases 

1) Fungi: 
Pythium (damping off) in the nursery: maneb, zineb, TMTD, peroxide. Verticillium 
dahliae (wilting): grafting on resistent wild varieties, but less sensitive than tomato 
and eggplant, treatment with benomyl and peroxide. Leveillula taurica (powdery 
mildew): treatment with sulphur, eventually Karathane, Saprol,..  
Phytophtora capsici: starting from the roots, gives brown vessels, followed by wilting 
(treatment with copper sulphate, peroxide, potassium permanganate).  
Rhizoctonia solani (stalk cancer) in case of wet and heavy soils: Rhizolex, Basitac.  
Colletotrichum on fruits. Cercospora unamunoi on leaves (humid conditions) and 
Alternaria on fruit stalks: treatments based on copper, carbamates such as maneb. 
Botrytis cinerea (gray fruit rot): during rainy period if temperatures are around 20oC, 
also on calyx, leaves, stalks: TMTD, Benlate, peroxide. 

2) Nematodes: root nematodes (Meloidogyne): less sensitive than tomato. Soil 
disinfection with Furadan,  neem cake, Marygold. 

3) Viruses: alfa-alfa virus (transmission by seed and aphids). Stolbur: transmission by 
white fly. PVY: transmission by aphids (Singh 1, Singh 4, Fresno Chili Grande, 
SM417, LP1 are resistant). CMV1: transmission by aphids. TMV: transmission by 
seeds and manually. 



4) Insects. Aphids: pyrethrum, Red Spider (very sensitive, more than tomato): sulphur, 
karathane; Leaf miner (neem), Caterpillar: Btk (Bacillus thuringensis Kurstaki). 
White fly: pyrethrum. 

5) Bacterial diseases: Xanthomonas vesicatoria, small dots, becoming bigger and then 
dry necrosis – cork (epidermis is the only thing attacked): treatments based on 
Copper. 

6) Physiological diseases. Blossom End Rot (Ca deficiency through hot wetter or 
salinity): leaf sprays with CAN. Fruit cracking: excess of water, lack of K; thick flesh 
fruits are sensitive. Sun burning (white necrosis): Ca sprays. Fruit rot: salinity, big 
varieties are sensitive. 

 

5.1.4 Snap (French) Bean (Phaseolus vulgaris) 
 
Origin 
Central America and north of South America (Columbia, Ecuador, Peru).  
 
Classification 

1) As to the plant habitus. Dwarf beans that need no training: Amilcar, Garafal, Rabona, 
Strike, Contender, Eagle (varieties used in Kenya: Amy, Tereza, Samantha). 
Climbing beans: Garafal Oro, Buenos Aires, Valenciana. 

2) As to the colour of the pods. Green, yellow. 
3) As to the seed colour: white, black, brown, spotted, etc… 

 
Morphology 

- Shallow rooting system with a lot of ramifications.  
- Single leaves (alternating on stem), green to dark green.  
- Pods mostly green, sometimes yellow (butter beans).  
- White flowers which are self-pollinating (fully autogamous). Fruit length (pods) 10-

15 cm, until > 50 cm for climbing varieties. Some climbing varieties have red 
flowers. In general 200 seeds/100 g. 

- The crop is day-neutral. Fruit set is negatively affected by low temperatures in 
combination with short-days period. High temperatures after fruit set give fibrous 
pods. 

 
Cultural practices 

1) Multiplication. Direct seeding is practiced either in holes or in rows. Seeding density 
depending on the type: climbing varieties 1.00*0.33 m (3 seeds per hole), 1.00*0.5 m 
(4-5 seeds per hole), 1,00*0.1 m (individual seeds); dwarf varieties 0.7*0.04 m 
(individual seeds), 0.7*0.2 m (5 seeds per hole). 

2) Transplanting & ridging. Very sensitive to transplantation (direct seeding is better). 
When plants are reaching 15 cm height some ridging is favourable. 

3) Pruning & training. Dwarf varieties are not pruned and not trained. Climbing varieties 
are trained along strings or along poles. Pruning of branches can be done after 3rd or 
4th internode in case the crop is too vigorous. 

4) Harvesting. The pods are picked green before seed enlarging. For fine beans 
harvesting is done every 3-4 days to ensure good quality and uniform fruits, if extra 
fine beans are wanted harvesting is done every 2-3 days.. Harvesting in an early stage 
doesn’t reduce total yields, but stimulates flowering and results in more pods. 



Moreover, prices for small pods are higher. One person can harvest around 70 kg of 
small pods per day. Curved pods are not extra or category 1, but category 2.  

5) Marketing. Category 1 and extra in boxes of 1, 2 or 5 kg, or in smaller individual 
punnets of 250-500g. Conservation at 2-4oC and 85% humidity. 

 
Crop needs 

1) Soil. Snap bean can grow on many soils, but prefers light soils and dislikes heavy 
ones that are poorly drained. Soils with high Ca content gives lower quality pods with 
more fiber development. Beans are rather sensitive to salinity in the soil, but medium 
saline water can be used with in very light soil with a very good drainage. 

2) Climate. Very sensitive to wind and resulting in fruit depreciation (leaves are causing 
necrosis on fruit). Rotation needs: see tomato. 
Fertilization & Yield. Minimum yields: 1 kg/m2 (1.5 kg/m2 for climbing beans). 
Normal yields: 1.5-2.5 kg/m2 (2-4 kg/m2 for climbing beans). High yields: 3 kg/m2 (5 
kg/m2 for climbing beans). Taking into consideration that snap bean has a short cycle 
crop, nitrogen supply has to be limited to the early stages as to avoid excessive 
vegetative growth and low fruit set. Slow release fertilizers are therefore not very 
favorable and N supply is preferentially done before planting and not as top dressing. 
Fertilizer in kg/T of pods: N: 6, P: 5, K: 10, Mg: 1.8. 

3) Water. Irrigation must be done abundantly before seeding, then no irrigation until 
emergency to avoid damping off. Later on moderate irrigation until flowering. 
Increased irrigation is necessary during pod growth but without excess because the 
crop is sensitive to water stagnation. The crop is very sensitive to Cl- (250 mg Cl 
reduces yield with 20%). 

 

    

 



 
Photos 21 and 22: on the left hand side a crop of French beans in Tulimani Division, 
Makueni District, at initial flowering. On the right hand side a 300 m2 subplot divided into 
two, with cabbages and an excellent crop of French beans, 100% cover (Kathiani Division, 
Machakos District). 
 
Diseases 

1) Fungi.  
- Anthracnose (Colletotrichum lindemuthianum). Pythium (damping off) in the nursery: 

maneb, zineb, TMTD, peroxide.  
- Botrytis cinerea (gray fruit rot): also on calyx, leaves, stalks: TMTD, Benlate, 

peroxide. 
2) Nematodes. Root nematodes (Meloidogyne): soil disinfection with Furadan and neem 

cake. 
3) Bacterial diseases. Common bacterial blight (Xanthomonas phaseolii). Halo blight 

(Pseudomonas phaeseolica). Cu treatments, peroxide sprays. 
4) Viruses. Common bean mosaic (PV1). Yellow bean mosaic (PV2). Transmitted by 

Aphids. 
5) Insects.  
- Aphids. 
- Red spider (very sensitive, more than tomato): sulfur, karathane, other. 
- White fly: pyrethrum. 
- Caterpillars. 
6) Physiologic diseases.  
- Fiber development: by hot weather, salinity; use less sensitive varieties 
- Fruit necrosis: wind 

 
Growth cycle 

- Climbing varieties: from seeding to yield 60-75 days. Duration of yield: 50-75 days. 
- Dwarf varieties: from seeding to yield 45-55 days. Duration of yield: 40-50 days. 

 

5.1.5 Tomato (Lycopersicum esculentum Mill) 
 
Origin 
Original from Central America and the north of South-America. 

- Central America and South-Mexico: L. esculentum cerasiforme (cherry tomato) and  
L. Humboldtii. 

- North of South-America (Ecuador, Peru, Bolivia, North of Chile): L. pimpinellifolium 
and L. esculentum 

- Galapagos Islands: L. cheesmanii 
 
History 

- known for more than 2500 years in Peru but rather small fruits and not much used 
- introduced in Europe around 1500 together with Capsicum pepper, tobacco and 

potato 
- up to 1700 used as decorative plant for its coloured fruits 
- in the middle of the 18th century a mutation occurred in Italy and originated a big 

multicarpic fruit and this was the start of the commercial importance 
 



Morphology 
An annual herbaceous crop with tendency to stalk lignification. 

1) plant habitus. Bushy habitus in the wild, but plant height very different (see stalk) 
2) Roots. Young plants with a taproot, secondary roots are developing afterwards and 

dominance of taproot disappears. Direct seeding is giving a more dominant taproot 
system. Transplanting develops more secondary roots as the taproot is broken. Deep 
rooting system (up to 1.25 m deep and even deeper in sandy soils, but around 72% 
situated in between 0-20 cm and 22% between 20-50 cm. Indeterminate growth 
varieties are rooting deeper than determinated and dwarf ones. 

3) Leaves. Normally composed leaves with uneven number of lobed leaflets (normally 
around 11, sometimes more, sometimes less). Cotyledons: single, elliptic. First 
leaves: 3-5 leaflets. Position: ½ for cotyledons, and 2/5 for real leaves. Thickness of 
leaves is different depending on varieties (early varieties: 45 cm2/g, late varieties: 40 
cm2/g) and crop conditions (light). Green colour which is influenced by fertilization, 
salinity and watering. 

4) Stalk.  
- Length of the stalk is variable from 30 cm (dwarf type) up to 6-8 m for 

indeterminated growth.  
- Transition between stalk and collar is weak (support necessary to maintain the crop 

upright).  
- Sympodial growth (always a cluster at the end of a sympode and the growth is 

continued through a lateral side shoot of the leaves under the cluster). Normal 
sympode: 3 leaves (indeterminated growth): San Marzano, Marmande. Other 
sympodes: 2-3 leaves (semi-determinated growth): Luca, 1-2 leaves (determinated 
growth): Cal J.  

- The first cluster appears after 4-8 leaves normally (type or variety, but also climatic 
conditions like light and temperature are influencing).  

- Ramification by side shoots: side shoots are appearing in each leave axis; the 
strongest shoots are those just below a cluster, pushing away the cluster from his end 
position and continuing the growth of the stalk.  

- Stalks are hairy.  
- Different internode lengths (short or long internodes, but the equilibrium light / 

temperature has an important influence, if the light is too low with relation to the 
temperature, internode length is increasing).  

- Sometimes adventitious roots at the collar (preparing for recovering possibilities in 
case of soil borne diseases) and roots at the stem (in case of too high humidity and too 
less air in order to be able to support the plant with sufficient air).   

- Five genetically different type of varieties as to their stalk development: (i) 
Indeterminated growth (sp +): San Marzano, (ii) Semi-determinated growth (sp): 
Luca, (iii) Determinated growth (sp): Cal J, Red River, (iv) Dwarf growth (d): 
Nainemor, Tiny Tim, (v) Miniature (dm): Patio, Birdsnest. 
(Indeterminate growing varieties have sympodes with 3 leaves, determinate growers 
with 1-2 leaves, semi determinate growing types with 2-3 leaves.) 
 

 



               
 Photo 23: farmer with tomato crop under drip irrigation. Vigorous and well tended.     
           Variety is CalJ, yield was slightly above 10 kg/m2, an excellent achievement. 

(Kathiani Division, Machakos District) 
 

5) Flowers. 
- Hypogeneous and together in a cluster of around 5-12 flowers.  
- Flower with six green sepals (gamosepals), 6 yellow welded petals, 6 stamens 

forming together a corolla and one short pistil covered by the stamen corolla. This 
particular situation is favourable for the autopollination. Cross pollination is difficult 
and is occurring only when the pistil is growing outside of the stamen corolla.  

- Allogamy (cross-pollination) is promoted by high temperatures because of 
prolongation of the pistil, and the stamen coming apparent above the corolla so that 
no autopollination or autogamy is possible. Dry climate is promoting natural pollen 
liberation.  

- Pollination is promoted by vibration techniques, mostly artificially, and use of 
bumble bees is one of the natural vibrating techniques. 

- First flowers on the clusters are bigger and give mostly bigger fruits (if developed in 
similar conditions). 

- Flowering of a cluster is mostly taking one week. Flowers are open during 24-48 
hours (depending on temperature) and each 1-2 days a new flower is opening. 
Opening of the last flower of a cluster is mostly going together with the flowering of 
the first flower of the next cluster. 

6) Fruits.  
- Botanically a berry, developing from a gyneceum with 2 carpels and developing 

normally a bilocular fruit. Doubling of carpels can originate 3-locular or multilocular 
fruits. 

- The locules (sectorial separated parts in the fruit, open a fruit and you will see) are 
filled with a gel within which the seeds are to be found. This gel has an anti-
germination effect, so that proper extraction is needed.  



- Green fruits are mostly containing high quantities of tomatine, which has an 
insecticide effect.  

- Fruit colour depends on the colour of the flesh (white or red) and the skin (white or 
yellow). The skin is normally smooth but sometimes hairy for wild species. Mostly of 
red colour, but yellow and orange fruits are existing.  

- The fruits are on a pedoncular with an abscission zone situated at about 1 cm from the 
insertion of the stalk on the fruit, allowing yielding with the corolla. In some cases the 
stalk is jointless (j) and the fruit is yielded without calyx (Cal J); these varietal types 
are very well adapted to cluster yielding.  

- Fruit shape can be round (high round, globe, flat round, flat multicarpic), square, 
elliptic, pear or prune shaped, and even very long.  

- Dry matter content of the fruit is mostly 4-5%, but positively correlated to the number 
of locules, negatively to fruit size and also higher in non-round fruit types.  

- Fruit size is very variable and can go from 10 to 300 g, depending on variety but also 
largely inflenced by cultural practices. 

7) Seeds. Seeds are 1.5-2 mm large, 3-4 mm long, 0.5-1 mm thick, brownish and hairy; 
there are 250-400 seeds/gram; 1 liter of seeds weighs around 300 g. Germination is 
normally taking 6 days and viability of seeds is mostly 4-6 years. 

 
Physiology 

1) Behaviour against light. Theoretically the tomato is a day neutral plant, but in fact a 
facultative short day plant, requiring a minimum of 7-8 hours light and not supporting 
more than 17-18 hours of light per day. Production is strongly linked to light intensity 
and in good conditions the yield can reach 3.5-4 kg/m2 per month for 1000 J/cm2 
daily global radiation. There is a strong light-temperature link: normally no light 
necessary for temperatures lower than 15°C. Too low light or excess of temperature 
results in etiolating (longer internodes). 

2) Temperature.  
Assimilation is starting around 10oC and is the highest around 21oC, then decreases 
and is quite reduced at 40oC. The intensity of the assimilation is depending on the 
light conditions and their optimum depends on the light intensity (at high light 
intensities the optimum can be reached around 27oC). 
Germination rate is zero below 5oC and above 40oC. Between 5-8oC and 32-40oC the 
germination rate is not more than 50%. Optimal temperature for seed germination is 
between 28-30oC. 
Plant growth is optimal and equilibrated at average temperatures of 19oC. Higher 
average temperatures are increasing earliness, reducing fruit size and total yields. 
Lower average temperatures are delaying yields and increasing fruit weight. These 
average temperatures are taking into account alternating day and night temperatures, 
ranging from 4 up to 20oC, but preferentially not higher than 7-8oC. 
After germination and until apparition of 1st cluster, average temperature may be 
higher and around 21-24oC, exceptional up to 27oC.  
Fruit set is reduced if night temperatures are lower than 12oC (low quantity and 
quality of pollen) and higher than 18oC, and also reduced if day temperatures are 
exceeding 28oC (low quality of pollen). 



         

 
 

3) Fruit coloration. Clorophyll changing to flavones (from green to yellow colour), 
carotene (orange colour) and finally to lycopene (specific red tomato colour). Low 
light conditions can favour blotchy coloration (green spots on the fruit). High 
temperatures can reduce the transformation of carotene into lycopene. High 
coloration is linked to hp and ogc genes (favouring high carotenoid content). K is 
favouring especially the change from carotene into lycopene. Goldspeck (small 
yellow dots, sometimes becoming yellow patches) can occur when ratio K/Na is low. 

4) Fruit firmness.  
- Overall firmness is linked to: (i) skin firmness or thickness of the skin, (ii) flesh 

firmness, linked directly to thickness of the fruit flesh, (iii) resistance to bursting: 
there is a negative link to fruit size, but in general round fruits and fruits with dark 
green collar are more sensitive.  

- Reduction of firmness during ripening and storage is due to: (i) hydrolysis of pectine 
(by pectinase activity), (ii) reduction of pectines to cellulose, (iii) Hydrolysis of 
cellulose into glucose (by cellulase activity), (iv) reduction of polysaccharides into 

Photo 24 and 25: promising  crop 
development in Kathiani Division, 
Machakos District, harvesting in 
Mwitika Division, Kitui District. 



single sugars (by polygalacturonase activity). Fruits with high pigment gene (hp) like 
Cal J have a lower cellulase activity and hence a longer life span. 

- Factors influencing firmness: (i) variety (flesh firmness), (ii) number of locules 
(multilocular fruits are mostly firmer than round bi-locular fruits), (iii) temperature: 
high temperatures have a negative effect, (iv) light: low light conditions have a 
negative effect, (v) nutrition: high K level is favourable for firmness, high Ca is 
negative, high N is very negative. 

5) Humidity. Optimum humidity is around 60-85%. Saturation deficit of the air is the 
best around 3 g/m3, lower than 2 g/m3 favours development of diseases (Botrytis), 
more than 6-10 g/m3 favours Blossom End Rot development, especially if there is 
water stress in the soil, through drought (lack of water) or high salinity. 

6) Growth regulators. Fruit set can be improved by (i) Gibberellic Acid leaf sprays, 
especially under hot conditions (10-20 ppm) and by (ii) auxin spray on the clusters, 
under cold conditions (Procarpil 10%o). Ethylene sprays (2000-4000 ppm) can 
promote ripening (clusters, unique yield). Growth regulators mostly have a negative 
effect on shelf life and firmness. 

7) Growth of the crop is 60% at night, 40% at day, if night temperatures are above 13oC 
and lower than 18, and day temperatures above 18 and lower than 30oC 

8) Fruit development is in function of average temperatures (24 hour average): 
- 12oC: 120 days 
- 15oC: 90 days 

 - 17oC: 74 days 
 - 19oC: 63 days 
 - 21oC: 56 days 
 - 23oC: 50 days 
 - 25oC: 45 days 
 - 27oC: 40 days 
 
Classification 

1) Fruit shape. Flat multi-carpic fruits: Marmande. Round fruits: Moneymaker. Square 
fruits: Cal J. Flat round: Elena. Pear shaped: Ventura, Roma. Long fruit: San 
Marzano. 

2) Fruit colour of immature fruits: 
- Green fruit: permanent green collar (resistance to some diseases, but sensitive to 

cracking), collar is staying yellow when mature. 
-  Light green of grey fruits (sensitive to diseases, not sensitive to cracking). 
- Mid green fruits (yellow collar disappearing when mature). 
3) Fruit color of mature fruits: (i) yellow fruits, (ii) orange fruits (rich in carotenoids), 

(iii) red fruits, (iv) deep red fruits (hp) which are rich in lycopene (provides good 
protection against cancer). 

4) Resistance to diseases. 
- Verticilium (V): Marmande VR 

 - Fusarium oxysporum (F): Ventura 
 - VF (Verticilium and Fusarium): Roma VF 
 - VFN: Marsol, Rossol 
 - FN: Anahu, Roma FN 
 - M (blight): Heline 
 - VFN-M: Hessoline 
 - Tm (TMV): Vemone 
 - Fusarium radicis (Fr): Durinta 



 - Pyrenochaeta (K): KNVF (rootstock) 
 
Cultural practices 

1) Multiplication. Seeding density in the nursery: maximum 2g/m2 if transplantation 
with bare roots; in case of transplanting in pots around 8 g/m2 density. Transplanting 
with bare roots is done in 3-4 leave stage (10-15 cm) with 400 plants/m2, but if grown 
in pots, planting with 20 cm high plants but densities in the nursery should then not 
exceed 200 plants/m2. Direct seeding is possible. 

2) Transplantation. Not sensitive to transplantation. Deep planting (to first leaf) in order 
to stimulate adventitious roots. Plant density: 3-4 plants/m2 (1.4 * 0.25-0.2 m). 

3) Pruning and deleafing. In outdoor crops pruning and deleafing are mostly not 
necessary. Sometimes pruning can be operated when the crop is too vigorous 

4) Grafting. Is possible on KNVF (Hires, Heman, Beaufirt, Maxifort). Several methods 
are used. Climate for grafting is very important (very high humidity -95%-, medium 
high temperatures -25°C-, and low light - maximum 400 W/m²- are required). 

 
Crop needs 

1) Soil. Heavy clay and very light soils are unfavourable. Light soils and high organic 
matter content are favourable. pH 6.8-7.2, more acidity is without problems. 

2) Climate. Very sensitive to rainfall and humidity: diseases. Very sensitive to drought: 
diseases. Good growth needs a saturation deficit of about 3 g/m3 air. Needs an 
equilibrium light/temperature. 

3) Rotation needs. Onion and cereals are very favourable preceeding crops. Beans, peas, 
other leguminous, kale and cabbage are favourable. Cucurbits (melon, watermelon, 
squash, pumpkin) are without danger but not favourable. Other Solanaceae species 
are unfavourable (Capsicum, eggplant, potato). 

4) Fertilization & yield. Minimum yield: 2 kg/m2, normal yield: 4-5 kg/m2, high yield: 
6-8 kg/m2. High fertilizer needs: 3 kg/m2 organic manure completed with 15 units N, 
15 units P and 20 units of K per 1000 m2. Fertilizer in kg/T of fruit: N 2.6, P 3.6, K 3, 
Ca 5.6 and Mg 0.6. 

5) Water. From planting until first flowering: 50% of PET. From first flowering to pre-
yield: 60-90% of PET. Pre-yield to first yield: 110% of PET. During yield up to mid 
yield: 90% of PET. End of yield: 75% of PET. 

 
Diseases 

1) Fungi.  
- Pythium (damping off) in the nursery: maneb, zineb, TMTD, peroxide 
- Verticilium dahliae (wilting) ): grafting, resistant varieties, less sensitive soils, soil 
treatment with benomyl and peroxide. 
- Leveillula taurica (powdery mildew): sulfur, Karathane, Saprol... 
- Phytophtora capsici and P. parasitica: on fruits (maneb, zineb, copper…) 
- Rhizoctonia solani (stalk cancer) in case of wet and heavy soils: Rhizotex, Basitac, 
peroxide. 
- Sclerotinia (white stalk rot): peroxide 
- Fusarium roseum: peroxide, Benlate 
- Alternaria, Stemphylium: copper treatments 
- Botrytis cinerea  (gray fruit rot), also on calyx, leaves, stalks: TMTD, Benlate, 
peroxide, Trichoderma sprays, Sumico, Scala 
- Pyrenochaeta (corky root): grafting on tomata KNVF, resistant varieties. 
 



2) Nematodes. Root nematodes (Meloidogyne): grafting on resistant tomato and wild 
species. Soil disinfection with Furadan, use of neem cake. Caution: nematodes 
survive dry spells by formation of cysts! They can be transmitted by soil sticking to 
shoes. Signs of infection are wilting, yellowing of leaves, and root swellings. 
Nematodes disrupt the water uptake and give a lot of problems 3 weeks after 
infection. They are small (0.01mm to 0.1mm), not visible to the naked eye and move 
slowly through the soil (1m/year) down to 20-30cm depth. 
Cheap and effective are: 

(i) application of manure (min 30 T/ha) or organic matter (compost that has 
fermented at min 70oC). OM brings in competition with bacteria and fungi 
like Arthrobotrys that suck the nematodes dry.  

(ii) crop rotation with onion, that has a repulsive effect on nematodes 
(iii) physical treatment: continuous irrigation for complete drenching to drown 

nematodes (no oxygen), hence watering the plot before applying OM. 
(iv) intercropping with Marygold (Tagetes sp.), or a complete rotation with 

Marygold only, also for repulsive effect. 
 

3) Viruses.  
- Stolbur: transmitted by Cycades (Jassidae); 
-  CMV1: transmitted by aphids;  
- TMV: transmitted by seeds and by manipulation of the crop.  
- The most important pest is Tomato Yellow Leaf Curl disease (TYLC), which is a 

virus transmitted by the white fly (Bemisia tabacii). The life cycle of a white fly is 17 
days, so there are 5 generations during a single tomato crop (90-120 days), which 
allows for genetic mutation and creating resistance against insecticides. One female 
lies 100 eggs, which in a 100 days becomes 250,000 eggs. The fly is very light and 
can be transported by wind. Three weeks after infection the leaves start curling, and 
another three weeks later the crop’s growth stops. If plants are infected in the nursery, 
they won’t produce fruits. Nurseries need full protection, either by daily spraying, or 
by seeding under a protective screen netting (50 µ mesh, very fine). Caution: mesh’s 
lifetime if not specifically treated against UV is about 2 years under tropical 
conditions. 
Treatments are as follows: 

(i) alternating different families of pesticides: carbamates (Marshall, 
Lannate), pyrethroids (Karate), organo-phosphorics (Actellic), and the 
new generation of chemicals like Admire, Confidor (expensive). Dose and 
concentration of active material are important, eg. 300g/100 liter or 800-
1000 l/ha, with a knapsack sprayer. Two treatments of the same product 
some days apart give the best result, and then switching to the next family 
of pesticides (eg week 1 product A, week 2 product B, week 3 product C, 
week 4 product A again etc). Water quality is also important: OM in water 
fixes the product; pH 5-5.5 is best, 7-7.5 is less. In the latter case it is 
recommended acidifying the water with some phosphoric acid which is 
also good for root growth. Time of application: less effective when it rains 
(50-60% gets lost), high sunlight with UV light and high temperatures is 
also a negative factor. It is better to apply pesticides in early morning and 
late afternoon.  

(ii) Immobilize the adults so that the males can not reach the females is a good 
strategy, that can cheaply be achieved by spraying the crop with oil (1-2 
l:100 liters mineral oil, better and cheaper, even waste oil, for young 



plants, 0.7-1 l/100 liter vegetable oil when flowers are appearing). Upon 
touching the oil, the fly’s wing stick to the body and it cannot fly, meet the 
other sex and mate and multiply. Effects on the population become visible 
3 weeks later. 

(iii) Spraying with natural pyrethrum (Pyagro, produced by the Pyrethrum 
Board of Kenya) for a knock-down effect, mixed with neem extract 
(Nimbecidine, Achook), for messing the insect’s genes and killing it 
slowly. 

(iv) Planting of attractive plants aside the tomato crop, and treating them while 
the crop itself is sprayed with oil. Such plants are: cucumber, muskmelon 
(sweet melon, both of low value seeds). 

(v) Use Use of growth regulators Applaud, Admiral. Treated young females 
become sterile and also treated eggs are sterile. Can be used twice only 
with an interval of 2-3 weeks on a crop. 

(vi)  
 

4) Insects.  
- Aphids: pyrethrum extracts;  
- Red Spider (very sensitive). The red spider and Vasates lycopersici, a smaller species, 

also adapt very quickly to pesticides. Leaves start drying, with a metallic glance at the 
underside. Treatments: 

(i) water and some peroxide: very good, as the spiders like a dry climate. 
(ii) Sulfur: evaporates to gas if temperatures are higher than 25oC, killing or 

immobilizing the spiders if the quantity if high enough. Spraying to be 
done regularly and preventively. At least one spray per week. Sulfur is 
also good against Oidium and Leveillula that also need a dry climate and is 
visible as white powdery dots on the lower side of the leaves. 

(iii) Torque, Nissorun, Technacide and others. 
- Leaf miners: pyrethrum + neem; 
- Caterpillars: apply Bacillus thuringensis kurstaki (BTk) or the improved version BtX 

(Bacillus thuringiensis Xanthari), BT is sensitive to UV, hence sprays are to be done 
in the late afternoon. The butterfly larvae come at night. Bt forms hooked crystals 
inside the stomach of the larvae which results in breach of the stomach and dying of 
the larvae. Treating on appearance, but best 2 treatments in a space of 3-4 days. 

 
5) Physiological diseases.  
- Blossom End Rot: Ca deficiency (hot wetter, salinity): leaf sprays with CAN.  
- Fruit cracking: excess of water, lack of K.  
- Sun burn: sprays with Ca, also with Diatomite. 

 

5.1.6 Watermelon (Citrullus vulgaris, C. lanatus) 
 
Origin 

- Africa, more special tropical Africa. 
- Most cultivated in North Africa, but also nowadays in South Europe and Turkey 

(sometimes under plastic cover: tunnel or greenhouse) 
- A lot of local varieties or botanical types are existing in Africa, but nowadays mostly 

F1 hybrids are used. 



- Big import market in Europe (summer): transport by lorry and ship is possible 
because shelf life is rather long 

 
Systematics 
Other botanic species: Citrullus colocynthis: globular smooth fruits, size of an orange, green 
and white striped; bitter fruits and toxic. 
 
Morphology 

1) Plant habitus: Annual creeping plant which is sometimes cultivated as a vertical 
trained crop under greenhouses. Plant height from 15 cm, but if trained up to 3-4 m. 

2) Stalk: The stalks possess also tendrils (which are branched) and that can support the 
fruit when climbing.. 

3) Roots: Shallow branched rooting system, mostly not deeper than 20 cm, with rather 
thick main roots. 

4) Leaves: Single ovate to sometimes triangular leaves, deeply pinnatifid and appearing 
thus 3-5 lobed, with ondulated but smooth borders. Leaf colour is normal grey-green 
to dark green. 

5) Flowers: 
-     Monoecious or andromonoecious plant 
-     Normal yellow greenish flowers, with green sepals and a deeply parted corolla 
-     Flowers positioned in the leaf axis 
-    Staminate (male) flowers appearing first as from the 3rd to 8th node and mostly 
together in    trusses of 2-8 
-     Pistillate (female or perfect) flowers appearing as from the 8th -12th  node only 
-   Ratio staminate/pistilllate flowers depend on type, climate, fertilization; implanted in 
axillary position  
-  Self-fertility possible, but better with wind, bees, bumble bees, sometimes hand-
pollination. 
6) Fruits & seeds. 
- Fruits are generally large (1 kg up to 15 kg and more) 
- Round, oblong, oval, or long fruits with smooth skin 
- Color of the fruit skin: uniform, striped or spotted; from light green-gray to dark 

green and even almost black colour 
- Fruit flesh: mostly dark red, red, pink and even yellow or white 
- Seeds are different in size and colour (white, black, brown, yellow, red) but mostly 

flat seeds; some triploid varieties have no seeds or only a few unfertile white seeds. 
There are 8-25 seeds/gram, small-fruited varieties have in general small seeds. 

 



 
 
Physiology 

1) Behaviour against light. Theoretically a long day plant: in short day conditions flower 
quality is poor and fruit set bad, but under high light intensities a day length of 12 
hours is sufficient. Under low light conditions the flowers have low attraction for 
bees. 

2) Temperature. A typical warm climate plant because the average day temperature 
should be about 21oC and not lower than 17oC. Optimal temperature for seed 
germination between 25-28oC, maximum 40oC and minimum 15oC. Minimal 
biological temperature: night 15oC, day 21oC. High temperatures (>32oC) are 
favourable for male flowers. 

3) Fruit set. Normally auto-pollination if wind pollination is difficult. Insects, especially 
honey bees, are good pollinators. However, low temperatures in short or neutral day 
period induces low production of pollen and nectar, hence low attraction for 
pollinators. Growth of the ovary wall depends on the presence of seeds. No seeds or 
low number of seeds inducing bad fruit growth and fruit malformation. 

4) Fruit quality. Depends essentially on sugar content, especially on fructose content, 
which represents 85% of the sugars in the dry matter. Dry matter content should reach 
at least 10% for good quality fruits. The dry matter content increases with water 
salinity, but fruit size is diminishing. Water melon juice is rather acid (pH 4.8-5.5) 
compared to melon (6.5), and is at the origin of the refreshing aspect of a watermelon. 
Non-mature fruits are more (or too) acid. 

5) Development cycle. 
- very early varieties: 70-80 days (round small fruits) 
- early varieties: 80-85 days from seeding to yield 
- late varieties: 110 days 
6) Desirable characteristics: earliness, high yield, high sugar and dry matter content, and 

resistance to some soil-borne diseases. 
 
Classification 

1) As to their fruit shape. 
- round: Sugar Baby, Baby Doll, Early Canada 
- oval: Royal Charleston, Dixi Red, Angelino, Crimson Sweet 

Photo 26: water melon 
“Crimson Sweet” towards 
the end of the crop. Remark 
however some yellowish 
leaves: presence of viruses 
(transmitted by white fly) 
(Kibwezi Division, Makueni 
District) 



- Long: Charleston Grey, Klondike 7, Klondike 11 
2) As to the skin colour 
- light green: Charleston Grey 
- dark green: Klondike 11 
- striped: Klondike Dixi Queen, Klondike 11, Early Canada 
- black: Sugar Baby, Baby Doll 
3) As to their flesh colour 
- dark red: Sugar Baby, Baby Doll 
- red to pink: Charleston Grey, Crimson Sweet 
- yellow: Yellow Doll 

 
Cultural practices 

1) Multiplication: 
- direct seeding is practiced either in holes, mostly 2-3 seeds together 
- seeding density depending on the type: early types 1.4*0.5 m, late types 1.4-2.1*0.5-

0.7m 
2) Transplantation and ridging: 
Mostly no transplantation, sometimes ridging for supplementary roots, sometimes 
marcots. 
3) Pruning & training: 
Vertical training along strings in greenhouses for small-fruited varieties . Pruning to 
improve earliness, mostly 200 (one pruning after  2 leaves), or 240 (one pruning after 2 
leaves and further a second pruning after 4 leaves on both developing branches), 
eventually in case of wider planting 700 or 740. 
4) Harvesting: 
- when the tendrils near the fruit are necrosing 
- when white spot on the ground is yellowing 
- when fruit is cracking under pressure 
5) Chemical weeding: 
- Butralin and Chlorthaldimethyle before seeding 
- Trifluralin at post emergence and after runner formation 

 
Crop needs 

1) Soil 
- pH 5.5-6.5 is very favourable 
- Light soils are favourable for earliness and if enough irrigation 
- Heavy soils are favourable for high yields if too much water is avoided 
- High organic matter is favourable. 
2) Climate. Rather sensitive to wind and also sensitive to heavy rains. High average 

temperatures are favourable. 
3) Rotation needs. 
- Not favourable after melon or other cucurbits 
- Favourable crop after beans, lettuce and cereals 
- Rather favourable crop after tomato, pepper, eggplant  
4) Fertilization & yields 
- Minimum yields: 1-15 kg/m2 
- Normal yields: 3-5 kg/m2 
- High yields: 7-8 kg/m2 



- Taking into consideration the influence on flowering, the Nitrogen supply has to be 
limited to early stages to avoid excessive male flowering, vegetative growth and low 
fruit set. 

- In order to obtain good quality a good organic fertilization is recommended and this 
combined with an increased supply of K as from mid-fruit size stage. Fertilizer need 
in kg/T of fruits: N: 1.7, P: 1.3, K: 2.7, Mg: 1. 

5) Water 
- A moderately wet soil is necessary, small irrigations are required for emerging After 

emerging, increasing but no excessive needs (60% of PET) 
- High needs during the 2-3 weeks after fruit set (90% of PET) 
- Afterwards reducing to increase quality (70%) 

 
Diseases 

1) Fungi 
- Anthracnose (Colletotrichum lagenarium) ): treatments with copper 
- Pythium (damping off) in young stages: Benlate, peroxide 
- Rhizoctonia solani: young stages: Rhizolex and peroxide 
- Oidium spp: sulfur 
- Powdery mildew: Erisyphe (dry): sulfur 
- Fusarium oxysporum var niveum (wilting): rotation, Benlate and peroxide in 

irrigation water 
2) Nematodes 
Root nematodes (Meloidogyne): soil disinfection with Furadan, neem cake 
3) Bacterial diseases 
Bacterial wilting especially after rain (Copper, peroxide) 
4) Viruses 
CMV, PRSV, WNSV, LIY 
5) Insects 
- Aphids: neem 
- Red spider (very sensitive): sulphur, Karathane, other 
- White fly: pyrethrum 
- Leaf miners: neem + pyrethrum 
6) Physiological diseases 
- Blossom End Rot: Ca deficiency (hot weather, salinity): leaf sprays with CAN (500 

g/100 liters) 
- Fruit cracking: excess of water, lack of K. 

 

5.2 Fertility management and fertigation 

5.2.1 Introduction 
The importance of soil fertility management cannot be overestimated as mostly, poor crop 
results are there because of deficient fertility management. 
Conventional or classic fertilization practices involve the application to the soil surface of the 
phosphate, phosphorus, magnesium, calcium and part of the nitrogen requirements before 
planting, followed by 2-3 applications of N-fertilizer during the crop period. 
 
Fertigation is the application of fertilizers in the irrigation water or through irrigation systems 
and this includes all crop production systems using nutrient solutions, such as surface 
irrigation methods, drip irrigation systems and soil-less cropping systems.  



 
When organic matter (OM) is brought in the soil, it decomposes through the activity of 
micro-organisms into: 

- Minerals  
- Humus 
- Gasses such as CO2, CH4, NO  
 

Organic products, their state and evolution, can be characterized through several parameters, 
such as: 

- the C/N ratio; 
- the coefficient K1 as the output in humus (in kg/t); 
- the coefficient K2 of annual organic matter or humus 
losses. 

 
The C/N ratio gives an idea on the organic matter decomposition and gives also information 
on the influence of nitrogen on the transformation of organic matter. 
 
If the C/N ratio is high the decomposition of organic matter is slow and micro-organisms 
need N from the soil, but this N returns under mineral state to the soil when micro-organisms 
die. 
 
When organic matters with high C content are introduced in the soil, it is necessary to 
incorporate also enough N to compensate for the fixation by micro-organisms, otherwise the 
crops (especially vegetable crops) will not be able to take benefits of these inputs. 
 
Table 14: Influence of the C/N relation on decomposition velocity and on the evolution of N  
C/N ratio example Decomposition speed N evolution 
>40 
20-40 
10-20 
 
<10 

Straw, peat, wood 
Manure mixed with straw 
Decomposed manure, compost, 
sludge 
Green manure, liquid manure, 
droppings* 

Slow 
Slow 
Medium 
 
quick 

Consumption 5-10 kg/t 
Equilibrated 
Medium release 
 
Important release 

* can result in phytotoxicity (leaf burn) on the crop 
 
If the C/N ratio is low, the decomposition is very quick and there will be a more or less 
important release of N, in function of temperature. 
 
C/N values of different products are presented in Table 15. 
 
Table 15: C/N ratio of  different organic products  
Products    C/N 
ratio 
----------------------------------------------------------
----- 
White peat    >40 
Dark peat     50-80 
Straw      50-80 
Strawy manure (1 month)  20-40 
Decomposed manure (6 months)  15-20 
Compost, sludge   10-20 
Green manure    10-25 



Free organic matter in the soil   15-20 
Stable humus in the soil   8-10 
 
Incorporation of straw and peat needs additional input of nitrogen in the soil. 
 
The coefficient K1 (or iso-humic coefficient), presents the yield or quantity of stable humus 
obtained by incorporation of a specific organic matter and released to the soil within 3 years 
after incorporation. 
 
This coefficient is variable in function of climate, soil cultural techniques, but depends 
essentially on the type of organic matter. 
 
When the coefficient K1 and the dry matter content of the organic material are known, the 
weight of stable humus brought to the soil by the incorporation of a ton of fresh organic 
product can be calculated. (Table 16).  
 
Table 16: Stable humus issued from different products 
Product    K1 in %     % of dry matter     Stable humus  in  
                kg / t of fresh 
material 
--------------------------------------------------------------------------------------------------
---- 
Well-done manure (mature) 50  20   100 
Slight decomposed manure 35  22     77 
Strawy manure   25  25     62.5 
Straw    15  85   127.5 
Compost   25  25     62.5 
Epuration sludges  20  20     40 
Vegetable yield residues 13.5  20     27 
Green manure   15  20     30 
Marc of grape* compost  30  35   105 
White peat            100 
Ancient peat   96  
Dark peat   85 
* residue after pressing of grapes 
 
Manure and straw bring a lot of humus to the soil; green manure and yield residues only 
supply low quantities. Peat is a stable humus material and is used for amelioration of water 
retention and soil texture, but also for improvement of the Cation Exchange Capacity (CEC). 
 
The quantity of humus issued from crop residues depends a lot on the type of crop and the 
cropping system used. For vegetables it depends not only on the K1 factor, but mostly on dry 
matter production per ha, and the amount of residue left on the field. 
Table 17 presents average humus quantities brought to the soil by yield residues as issued 
from a good and healthy crop at a normal density. Maize, beans, carrots, and especially 
cabbage can release relative high quantities of humus to the soil, while potatoes, onion and 
notably lettuce are releasing low quantities of humus to the soil. 
 
Table 17: Quantity of stable humus by yield residues  
Product    % K1  Dry Matter  Humus 
      (T/ha)   (kg/ha) 



--------------------------------------------------------------------------------------------------
---- 
Maize (roots)   15  2   300 
Maize (roots and leaves) 12  4   480 
Potatoes   15  0.8   120 
Peas     13.5  1.9   255 
Tomato    13.5  1.9   255 
Onion    13.5  0.9   120 
Lettuce    13.5  0.22   30 
Bean    13.5  3.9   530 
Carrot    13.5  3.2   430 
Cucumber   13.5  1.7     230  
Cabbage   13.5  7.9             1065 
Wheat (roots)   15  1   150 
Wheat with leaves  15  2.5   375 
 
All organic matter, even the most stable one, is undergoing a destruction and transformation. 
The annual rate of destruction (called also mineralization) is reflected by the coefficient K2, 
which is function of soil, climate and soil management. High temperatures, good soil aeration 
and light soil textures are favourable for a high mineralisation of the organic matter. 
 
Soil influence on mineralisation of organic matter is shown in Table 18. In acid soils the K2 
coefficient is reduced, while high calcium contents have the same effect. 
In general for a light soil with a good crop and cultivated in a warm climate (like Kenya) the 
coefficient K2 is situated between 5 and 6, while in acid sandy soils, clay soils and 
calcareous loam soils the value is around 4-5. Under Mediterranean climate the coefficient is 
around 3-4, while in temperate climates the coefficient is situated around 2%. 
 

                    
Photo 27: production of compost, in this case from a wood source (baobab fibre) mixed with 
cattle and goat manure as a Nitrogen source. The heap covers a trench some 70cm deep and 
is covered by soil. At the start it is completely soaked, and afterwards watered on a daily 
basis (here some 20 l/m3). After some 2 months it will be turned, mixed again and left for 
another 2 months. The internal temperature rise gives the additional benefit of killing pests 
(cutworms). Kibwezi Division, Makueni District, 1000 masl, average yearly rainfall 600mm. 



 
Table 18: Influence of soil type on humus destruction (coefficient K2) in a temperate climate 
Soil type   Clay  Calcareous  pH 
 K2 
    %  %   
 % 
--------------------------------------------------------------------------------------------------
---- 
Neutral Sand   5  0.2  7 
 2 
Acid Sand   5  0  5 
 1 
Calcareous Sand  5  10  8 
 1.7 
Medium loam   15  0.2  7.5 
 1.6 
Heavy Loam    22  0.2  7.5 
 1.3 
Calcareous loam  10  30  8.1 
 0.9 
Clay    38  2  7.5 
 1 
Calcareous clay   30  15  8 
 0.7 
 
For vegetable crops, the desirable organic matter content depends on the soil texture as 
follows: 

- 1.5% in a coarse soil (sandy) 
- 2.5-3% in medium and fine textured soil (loam, clayish) 

The desirable OM content can also be expressed as a function of the clay content of the soil, 
and should be around 15% of the clay content. 
 
Maintenance of Organic Matter and annual losses 
 
Maintenance supplies of OM are necessary to incorporate/restore to the soil the annual 
losses, and to maintain the OM at a stable level.  
If maintenance supplies are deficient or absent, the soil will impoverish and rectification and 
improvement of the OM content will require several years. In general, the rectification period 
will be of the same order as the period during which no OM was incorporated in the soil (fig 
9). 
 
 



 
            Figure 9: Evolution of organic matter content (%) of the soil 
 
Calculation of annual OM losses 
 
Annual losses are calculated from  

- the coefficient K2 and  
- the soil layer thickness exploited by the crop: average 20cm, minimum 10cm and 

maximum 30cm.  
 
For a 20 cm layer on one ha, the soil volume exploited by the roots is 2000 m3 (10,000 
m²*0,2m) with a weight of around 3000 T (soil density in average 1.3 - 1.5 kg/dm3 or 1.3 – 
1.5 T/m3).  
Soil containing 1% organic matter has a stock of around 30 T organic matter (1% of 3,000 
T). If the coefficient K2 is about 5%, the soil will annually loose 30 T*0.05 = 1.5 T organic 
matter and this has to be reconstituted by one way or another (yield residues, organic manure, 
etc...).   
 
A tomato crop will supply on average 250 kg stable humus yield residues, so that the 
restitution need is lowered to 1.50 T-0.25 T = 1.25 T organic matter.  
If this organic matter is brought to the soil as well-done manure (mature manure) with a dry 
matter content of 20% and a K1 coefficient of 50, there will be an input of 100 kg organic 
matter per T of manure (table 17) and there is need of 12.5 T/ha (1.25/0.1). 
 
Incorporation of vegetable material required for rectification generally is executed over a period of 
years, taking into account the existent level of OM and the required one, as well as the period over 
which this has to be realized. Table 19 gives an example of such a calculation. 
 
Table 19: calculation of needs in organic matter (Excel spreadsheet) 
Definition of the plot and its characteristics         
Area in m2   750      
Thickness of soil layer in m  0.2      
Soil density in kg/liter  1.35      
  Theoretical soil density       
    calcareous granitic average     
  Coarse texture 1.4 1.7 1.55     
  Medium texture 1.3 1.5 1.4     

  
Fine 
texture  1.2 1.3 1.25     

Weight of the exploited soil layer in Ton 202.5      
Evaluation of organic matter content of the soil      

10-15 years 

maintenance      without maintenance              rectification                  maintenance 

2 
 
 
1 
 
 
 
0 

years
ss 

Soil fertility 



    poor medium rich intensive    
  Coarse texture <1% 1-1.5% >1.5% >3%    
  Medium texture <2% 2-2.5% >2.5% 4-6%    

  
Fine 
texture  <2.5% 2.5-3% >3% 6-8%    

  Needs  very high high export export    
Losses in stable humus        
Actual situation         
Organic matter in%   0.011      
Quantity of stable humus in the soil in T 2.2275      
Annual losses (coefficient K2) in % 0.065      
Losses in quantity (in Tons)  0.14479      
Future situation         
Organic matter in%   0.02      
Quantity of stable humus in the soil in T 4.05      
Annual losses (coefficient K2) in % 0.065      
Losses in quantity (in Tons)  0.26325      
Quantity of organic matter needed        
Inputs by crop residus        
Green manure and agricultural 
crops Obligatory restitution (roots) Facultative restitution (leaves) 
    K1 in % dry matter kg humus K1 in % dry matter kg humus 
     in T/ha per ha  in T/ha per ha 
wheat   15 2 300 15 4 600 
maize (roots)  15 2 300 12 4 480 
orge    15 1 150 15 2.5 375 
sugar beet  15 0.8 120 8 4 320 
colza grain  15 2 300 15 5 750 
industrial bean  15 1.5 225 8 2.5 200 
green manure 
mature  15 0.8 120 8 4 320 
green manure young  15 1 150 5 3 150 
other   0 0 0 0 0 0 
Vegetable crops         
Potato   15 0.8 120     
Peas   13.5 1.9 256.5     
Carots   13.5 3.2 432     
Cabbage   13.5 7.9 1066.5     
Cauliflower  13.5 1.8 243     
Late cauliflower  13.5 2.6 351     
Cucumber   13.5 1.7 229.5     
Beans   13.5 3.9 526.5     
Lettuce   13.5 0.22 29.7     
Onion green yield  13.5 0.5 67.5     
Onion mature yield  13.5 0.9 121.5     
Tomato   13.5 1.9 256.5     
Other   0 0 0     
Tropical fodder crops    Border crops ( 1 line each 4 m)   

Species  
Dry 

matter % K1 
Stable 
humus Species 

Dry 
matter % K1 

Stable 
humus 

   in T/ha  en kg/ha  in T/ha  en kg/ha 
Sesbania sesban 3 15 450 Sesbania 2500 15 375 
Sesbania aculeata 2 15 300 Leucaena 2500 15 375 
Crotalaria  2.5 15 375 Gliricidia 2300 15 345 
Lablab purpurea 3 15 450 Calliandra 2800 15 420 
Cajanus cajan 6 15 900 Cordia 2700 15 405 



Tephrosia candida 5 15 750 Erythrina 4100 15 615 
Indigofera hirsuta 1 15 150 Tephrosia 3100 15 465 
Other  0 15 0 Gliricidia 2300 15 345 
Inputs of manure            

Type   % K1 
% dry 
matter 

Stable 
humus     

      in kg/T     
Well decomposed manure 50 20 100     
Medium decomposed manure 35 22 77     
Fresh manure  25 25 62.5     
Straw   15 85 127.5     
Urban compost  25 25 62.5     
Sewerage sludges  20 20 40     
Industrial compost  50 45 225     
Pressed grapes  30 35 105     
White peat  100 80 800     
Black peat  85 80 680     
Other   0 80 0     
Calculation of needed stable humus        
Needed input of stable humus 
in T    0.26325     
Inputs by green manure and agriculture crops kg/ha      
maize roots   0 0     

  
eventually 
leaves    0     

Input by tropical fodder crops        
Crotalaria      0     
Inputs by vegetable crops        
tomato    256 0     
  Total    0     
Needed organic matter   0.26325     
Calculation of quantity of organic matter      
Needs for accelerated increase of organic matter       
Time in years   5      
Yearly increase in %   0.0018      
Quantity of corresponding stable 'humus 0.3645      
Inputs for mainbtenance and slow increase of organic matter     

    
Maintenance 
or  

Quick 
increase 

Stable 
humus Input OM Input OM Total in Tons 

    
slow 
increase increase (kg/T) 

slow 
increase 

quick 
increase   

Well decomposed manure 0.14479 0.26325 100 1.44788 2.6325 4.080375 
Medium decomposed manure 0.14479 0.26325 77 1.88036 3.418831 5.2991883 
Fresh manure      62.5 0 0 0 
Straw   0.14479 0.26325 127.5 1.13559 2.064706 3.2002941 
Urban compost      62.5 0 0 0 
Sewage sludges      40 0 0 0 
Industrial compost      225 0 0 0 
Pressed grapes      105 0 0 0 
White peat      800 0 0 0 
Black peat      680 0 0 0 
Other       10 0 0 0 
           
CONCLUSION         
Surface of the plot in m²   750      
Weight of the exploited soil layer in Ton 202.5      



Actual OM content in %  0.011      
Future OM content in %  0.02      
Input of stable 
humus   0.26325      
Input by crop residues and green manure 0      
Duration for the redressing in  years 5      
Selected manure          
     Tons      
  Total input  4.080      
  Input after new equilibrum 1.448         

 

5.2.2 Classic Fertigation 
 
Classic fertigation is based upon: 

- soil and water analysis, 
- fertilizer need by the crop and is also  
- taking in account the use of organic manure. 

 
As the objective is not high quality production the standard norms for glasshouse production 
are not to be used.  
 
The fertilizer requirements of the crop are normally depending of the yield level, but they can 
be influenced by different factors (such as season, variety, etc.). The average requirements 
for macro nutrient elements of some important species are presented in Table 20. 
 
Table 20: Nutritive element requirements of different species in function of the yield (kg nutrient/T 
yield) 
Species  N  P2O5  K2O  CaO  MgO  
------------------------------------------------------------------------------------------------------------
--- 
Tomato  3.7  0.85  7  4.5  0.95 
Pepper  4  1  5  3  0.8 
Melon  3.9  1.7  7  5  1.7 
Watermelon 1.7  1.3  2.7 
Cucumber 1.7  0.85  3.3  2  0.45 
Eggplant 7  1.6  7  4  0.9 
Courget te 2.4  1.2  2.5   
Strawberry 3  1  4.75  2  0.5 
Kale & cabbage2.6  1  4.3  3.9  0.4 
Okra  15  5  20   
Carrot  3  0.65  5  1.5  0.3 
Bean  21  6  26  17  1.4 
Lettuce  2.2  1  4  1.3  0.2 
Pea  17  4.5  10  12  3 
Onion  3.8  1.75  4.5  4.8  1 
Potato   3.5  1.6  6  0.4  0.3 
Asparagus 12  6  15  18  5 
Leek  15  7  17  15  2.5 
 
 
The calculation of the required fertilizer has to take in account the soil fertility class for each 
nutritive element and this in function of the soil analysis. Here are 5 different classes for each 



nutritive element: very rich, rich, medium rich, poor and very poor, and each of these classes 
has a specific nutrition requirement coefficient, which is respectively 0, 1, 1.25, 1.4 and 1.6. 
 
The analysis of the soil can be presented in total content for N, easily assimilated or absorbed 
P2O5, and exchangeable cations. The results are presented in g/kg, but can also be presented 
in soluble elements and presented in mg/kg. 
 
Table 21: Classification of soil analysis in total contents of N, assimilable P2O5 and exchangeable 
cations (g/kg) 
item classification 
soil analysis very rich rich medium rich poor very poor 
coefficient 0 1 1.25 1.4 1.6 
total N >3 2-3 1-2 0.6-1 <0.6 
easily assimilated P2O5 >0.3 0.2-0.33 0.1-0.2 0.05-0.1 <0.05 
K2O5 
- light soil 
- loamy soil 
- clay soil 

 
>0.2 
>0.25 
>0.3 

 
0.15-0.2 
0.2-0.25 
0.25-0.3 

 
0.1-0.15 
0.15-0.2 
0.2-0.25 

 
0.075-0.1 
0.1-0.15 
0.15-0.2 

 
<0.075 
<0.1 
<0.15 

CaO >75 25-75 12.5-25 7.5-12.5  
MgO 
- light soil 
- loamy soil 
- clay soil 

 
>0.15 
>0.25 
>0.3 

 
0.12-0.15 
0.15-0.25 
0.25-0.3 

 
0.08-0.12 
0.12-0.15 
0.15-0.25 

 
0.06-0.08 
0.08-0.12 
0.12-0.15 

 
<0.06 
<0.08 
<0.12 

 
If the values are presented as pure elements, then they should be converted. The different 
conversion factors are presented below: 
 
Element (from  to) Conversion factor 
K  K2O 1.2 
Mg  MgO 1.6 
Ca  CaO 1.4 
P  P2O5 2.29 
NO3  N 0.22 
 
If the laboratory analysis is presented in mg/kg, there is a conversion and the results are to be divided 
by 1000. 
In the case the analysis results are presented in soluble elements (mg/kg) the scale presented in Table 
22 should be utilized. 
 
Table 22: Classification of the soluble elements of a soil analysis (expressed in mg/kg) 
classification very rich rich medium rich poor very poor 
coefficient 0 1 1.25 1.4 1.6 
N 
P 
K 
Mg 

>120 
>20 
>200 
>90 

80-120 
17-20 
150-200 
75-90 

60-80 
10-17 
100-150 
60-75 

40-60 
8-10 
60-100 
35-60 

<40 
<8 
<60 
<35 

 
If the soil is very rich in one nutritive element, it is not necessary to take in account this 
element in the fertilization scheme, but a second analysis during the crop is suggested to 
control whether the initial status is maintained.  
 



The use of organic manure as fertilizer implies the knowledge of the quantity of organic 
fertilizer supply (in T/ha or Kg/m²) and its composition in nutritive elements. In case the 
nutritive elements content of the manure is unknown, the following average values can be 
used (Table 23). 
 
Table 23: Average nutritive element content of different kind of organic manure 
Type of manure  %oN        %oP2O5        %oK2O        %oCaO              
%oMgO 
-----------------------------------------------------------------------------------------------------------------
-- 
Horse    6  3  6  8 
Cow   4.5  2.5  5  8  1.5 
Sheep   8  3  8  8 
Chicken  20  14  9  22 
Compost (fresh)  5  4.5  5  35  1 
Compost (fermented) 7.5  6  7  45  2.5 
Liquid manure  2.5  4 
Cattle liquid manure       3                       1.5                      5.5                     3 
Artificial manure 4  1.5  7  3 
Algae   6  2  15  6  1.5 
Mushroom compost 7  4  7  42  4 
1%o  (one pro mille) = 1kg/Tonne or 1g/kg 
 
The nutritive elements contained in the manure are released over a long period and one can 
apply for this release the following rules: 
 

-  Nitrogen is released 2/3 the 1st year and 1/3 the second year; 
-  Potassium is released 50% 1st year and 50% the second year; 
-  Phosphorous is released during 3 years at a ratio of 1/3 each 
year; 
-  Calcium is released 50% 1st year and 50% the second year; 
-  Magnesium is released 2/3 the 1st year and 1/3 the second year. 

 
The quantity, composition and rhythm of the release allow to calculate the nutritive supply 
by organic manure and this supply can be subtracted from the crop requirements. In case of 
very poor soils the organic manure supply is mostly considered as soil enrichment and not as 
a fertilizer supply. 
 
The composition of the irrigation water is in general not taken into account for the 
fertilization, because in general the nutritive inputs by the water are insignificant for N, P and 
K and insufficient for Ca and Mg.  
 
In case a precise fertilization approach is wanted it is nevertheless useful to take in account 
the water analysis, especially for Ca, Mg and bicarbonate. For Ca and Mg the results of the 
water analysis are multiplied by the expected water consumption in order to obtain a real 
approach of the Ca and Mg supplies by irrigation water.  
If the pH of the soil is above 7 there is in general no need for CaO fertilization, especially 
when the carbonate content of the soil is more than 2% (20 g/kg). 
 
To prevent clogging of the drippers, acidification of the fertilizer solution to a pH of 5.5-6.2 
is necessary, which is always based on the neutralization of the bicarbonate present in the 



water. If there is no bicarbonate analysis one can use a simple titration method to determine 
the necessary acid. 
 

            
 
Photo 28: drip line “Irrigaine” in use. Remark the white marks, originating from salts in the 
water, from both the water and the fertilizer. The stitches can get clogged, but can be 
cleaned. Use of acid solutions delays clogging. 
 
 
Fertilizer application 
 
Generally, fertilizer has to be provided in each irrigation, as this is contributing to obtain a 
rather stable situation concerning soil salinity and fertility. 
 
During the first two weeks after planting (up to the complete recovery) or sowing, the crop 
requirements are rather low. In general the fertilizer supply is needed when the crop has an 
active growth. Fertilizer application should thus start about 14 days after transplantation and 
about 3 weeks after direct seeding.  
At the end of the crop the nutritive elements’ mobility and storage on the humus complex can 
provide for fertilization requirements. Fertilizer supplies can be stopped a certain period 
before the end of the crop, in function of the mobility of the nutritive element. Generally we 
take in account the following: 

- N: 10 days before the end of crop, 
- Mg: 15 days before the end of crop 
- K and Ca: 20 days before the end of 
crop 
- P: 30 days before the end of crop; 

 
If the crop duration period is known, it is possible to calculate the duration of the fertilizer 
supply, and this allows calculation of the average daily fertilizer requirement of the crop. If 



the irrigation frequency is known one can apply the fertilization in function of the daily 
irrigation requirement or in function of the irrigation frequency. 
If irrigation is made once a day, then the nutritive inputs in the irrigation water are the daily 
requirements. If the interval between two consecutive irrigations is higher than 1 day, then 
the fertilizer input should compensate the number of days separating two consecutive 
irrigations. 
In case several irrigations per day one should spread the quantity of fertilizer over the 
different irrigations.  

 
 

 
 
 
 
 
 
Choice of fertiliser 

 
The total phosphorous supplies can be given as basic dressing and in this case mostly rock 
phosphate or bi-calcium phosphate is used, and eventually also MAP. If used as topdressing, 
the use of MAP or DAP is the best suggestion. In case of phosphorus supply by fertigation 
the use of phosphoric acid for pH regulation is suggested, and if there is no phosphoric acid, 
then the use of MAP and/or DAP is suggested and eventually monopotassium phosphate. 
 
Potassium is relatively mobile in the soil and is easily washed out in irrigated crops. The 
supplies in the basic dressing should not exceed 10-20 % of the total requirements. The rest 
of the potassium has to be supplied by the topdressing or by fertigation and one can use 
potash sulfate or nitrate of potash, dependent on the case (need of nitrogen or not). 
 
Normally there is no chemical nitrogen fertilizer in the basic dressing but only organic 
nitrogen. For short duration crops one can supply urea as nitrogen source just before crop 
installation. Nitrogen supply in the maintenance dressing is made by ammonium nitrate, 
nitrate of potash and sometimes by nitrate of calcium and urea. In the fertigation concept, 
mostly nitrate of ammonium, nitrate of potash, nitrate of calcium and nitrate of magnesium 
are used, and in some cases nitric acid for pH control. 
 
In fertigation, magnesium is supplied as magnesium sulfate and this fertilizer is mostly 
applied as maintenance dressing or as nitrate of magnesium. Sometimes complementary 
magnesium is brought to the crop only as leaf spray. 
Calcium, if necessary, can be brought to the soil as basic dressing, but in most cases the Ca 
supply is given as maintenance dressing or in fertigation; and this by the use of nitrate of 
calcium (the same fertilizer is also used for leaf spray applications). 
 
Calculation of the fertigation for vegetable crops through an Excel spreadsheet is possible as 
presented further. 
 

Fertilizer application is done following the following principles: 
- Organic manure incorporated in the soil during the soil preparation; 
- Chemical fertilizer as basic dressing before crop installation; 
- Chemical fertilizer as routine or maintenance dressing during the crop cycle. 



Biological cropping 
 
As to the rules, incorporation in the soil of the following organic base products is allowed: 

- Farmyard manure 
- Dried farmyard manure and dehydrated poultry manure 
- Composted farmyard manure 
- Composted animal excrements including poultry manure 
- Composted mixture of vegetable matter 
- Liquid animal excrements after controlled fermentation 
- Peat 
- Mushroom culture wastes 
- Dejects of worms 
- Guano 
- By-products of animal origin such as: blood meal, hoof meal, horn meal, bone meal, 
animal charcoal, fish meal, meat meal, feathers, hair and chicken meal, wool, hair, dairy 
products 
- By-products of vegetable origin: malt culms, coco husks, and oilseed cake meal 
- Seaweeds and seaweed products obtained by fermentation 
- Sawdust 
- Composted bark 
- Wood ash 

 
As fertilizer are allowed: 

- Soft rock phosphate 
- Aluminum calcium phosphate 
- Basic slag 
- Crude potassium salts such as: kainite, sylvinite 
- Potassium sulfate containing magnesium  
- Stillage and stillage extract (ammonium stillage excluded) 
- Calcium carbonate of natural origin (chalk, marl, ground limestone, phosphate chalk) 
- Magnesium and calcium carbonate  
- Magnesium sulfate (kieserite) 
- Calcium chloride solution 
- Calcium sulfate (gypsum) 
- Elementary sulfur 
- Trace elements 
- Sodium chloride 
- Stone meal 
- Pouzzolane dust 

 
In the case of biological cropping, it is difficult to talk about fertigation because of the type 
of fertilizer used, that makes it difficult to prevent clogging. As traditional acids are not 
allowed, depending on the water quality; the only way to prevent chemical clogging is to use 
drippers with high delivery rates, through which some fertilizers can be distributed. Eventual 
organic clogging can be prevented by peroxide, while use of citric acid can also help. 

5.2.3 Needs of a crop in modern fertigation 
 
Contrary to the classic fertigation, the modern approach of fertigation is based on a 
continuous fertilizer supply (each irrigation) and normally there is no utilization of basic 



dressing, even in bad soil conditions such as calcareous soils or sandy soils. Table 24 is 
presenting the minimum fertilizer contents (g/m3) for the principal vegetable crops. 
 
Table 24: Composition of fertilizer solutions in nutritive elements (g/m3) in function of the crop 
Crop   N  P  K 
_______________________________________________
___ 
Cucumber  200  40 
 200 
Eggplant  170  60 
 200 
Pepper   170  50 
 200 
Tomato   180  50 
 250 
Beans   120  50 
 200 
Strawberry  100  50 
 200 
Lettuce   100  40 
 150 
Iceberg lettuce  100  18 
 120 
 
In case basic fertilizer has been incorporated into the soil prior to plantation the needs are 
much less and they can be reduced by half. Eventually fertilizer can be added at punctual 
periods of high needs (for instance after beginning of fruit set of tomato). 
 

5.2.4 Incorporation of fertilizer in the irrigation water 
Fertilizer can be put directly in the water basin. For instance in a basin with 10 m3 of water; 
we put the fertilizer necessary for a tomato crop: 1800 g of nitrogen, 500 g of P and 2500 g 
of K, which can be realized by 5.4 kg nitrate of ammonium, 5 kg sulfate of potassium and 1.5 
kg of superphosphate. 
 
It is also possible to inject the necessary fertilizer in the irrigation water by use of a 
concentrated solution (a mother solution). Mother solutions are mostly 100 times 
concentrated, which implies that the delivery rate of the concentrated solution will be 1/100 
of the delivery rate of the irrigation system. Concentration of mother solutions can range 
from 50 times (2% injection) concentrated up to 500 times (0.2% injection). 



 
If possible each irrigation should be a fertigation, and this in order to: 

- maintain the soil salinity at a rather stable value 
- have less problems of solubility 

The distribution of fertilizers through the irrigation system can be done through the use of 
different fertilizer injection systems: 
 

- by-pass fertilizer tanks with continuous fertilizer distribution: the concentration of 
the fertilizer flow is changing in time and at the end of the irrigation there is only raw 
water going to the plot. 
With by-pass fertilizer tanks there is only a regulation possibility of the by-pass flow. 
Reduction of the by-pass flow is realized by means of a valve in order to prolong as much 
as possible the duration of the injection and to dilute as much as possible the 
concentration of the injection, especially when acids are injected. 
 
- hydraulic injection systems:  with constant delivery rates or with adjustable delivery 
rates. Some hydraulic systems are working with constant delivery rates, which can also 
be obtained through opercules (injection through overpressure) or by small aspiration 
tubes installed before the pump (using underpressure). Adjustable delivery rates from 
0.2% to 5% can be obtained with Venturi aspiration systems and  Dosatron overpressure 
systems.   
With hydraulic injections systems the injection rate can be selected and in this case it is 
easy to calculate for the composition of the mother solution, as well with traditional or 
modern fertigation systems.   
 
- electric injection systems (delivery rates of 500-600 l/h): these pumps are working 
with sequences of 6 seconds and the injection can be regulated from intermittent to 
continuous injection, by selection of the percentage of the duration of functioning per 
sequence (from 0,06 seconds to 6 seconds). 
 
- opercules: this are small injection holes in the main pipe, which have a diameter 
calculated to a certain delivery rate with a certain pressure loss (in general 0.3-0.5 m). 
This implies that the fertilizer recipient (bucket of 20 litres or other recipient) should be 
at least 0.5 m above the water source. A good solution is to put this bucket just on the 
water-basin, but it is also possible to put it elsewhere as long as it is around 0.5 m above 
the water level of the basin (see photo 19). 

Example: 
For the “Irrigaine” drip lines, we know that the delivery is 5 litres/h per meter if the 
water pressure is about 1 metre. If we know the length of Irrigaines per plot we can 
calculate the delivery rate per plot.  
A plot of 30*10 m for tomato, which is equipped with 7 Irrigaines of each 30 m, will 
stand for a delivery rate of 1050 litre/hour (210 m * 5 litre/m) and irrigation of 2 plots 
together gives thus around 2000 litre/h. 
If there is an injection of 20 litre/h the dilution is 100 and the injection rate is 1%. 
It is important to know the delivery rate of the irrigation system (see below). Each 
fertigation should provide between 0.3 and 1.5 g fertilizer per litre, corresponding to an 
increase of EC of 0.5 to 2 mS/cm. 



This is a simplified hydraulic injection system with a low cost price (10 € compared to the 
400 € for a Dosatron). 
 

For instance a hole of 3 mm diameter is giving around 20 litre/h injection with a pressure loss 
of 30cm and this implies that the fertilizer tank be more than 30 cm above the water level (50 
cm is recommended). These holes are not perfect, and the correct injection can be obtained 
by additional use of a small adjustment valve. 
One can also use 2 valves on the mother solution injection pipe, one for closing/opening and 
one for the regulation. 
 

 
 
The concentration of the fertigation solution, which will arrive to the crop, depends on the 
concentration and the dilution ratio of the mother solution. Calculation of the composition of 
the mother solution is possible if the fertigation solution and the dilution ratio are known. 
 
With this simple approach one should irrigate 1 or maximum  2 or 3 plots together, 
depending on the case (plots with high density cropping = driplines at 0.7 m spacing, not 
more than 2 plots; plots with low density cropping = driplines at 1.4 m spacing, not more 
than 3 plots).  
 

5.2.5 Calculation of fertilization in fertigation 
See annex 1 for an Excel spreadsheet for calculation of fertigation for vegetable crops. 
 

5.2.6 Equilibrated fertigation 
The methodology to calculate an equilibrated fertilizer solution as presented in annex 1, takes 
into account the following steps: 

-   neutralization of bicarbonate by phosphoric acid or nitric acid 
-  supply of phosphorus: in fertigation phosphoric acid or monopotassium phosphate are 
recommended (while use of DAP or MAP is recommended before planting) 
-   supply of calcium as nitrate of calcium 

Photo 29: Fertigation 
bucket of 20 l standing on 
the embankment of a 
water storage basin. A 
small plastic hose injects 
the mother solution into 
the 50mm supply pipe for 
the irrigation plot. 
Makueni District, Kibwezi 
Division 



-   supply of Magnesium as sulfate of magnesium or nitrate of magnesium (if there is no 
need of SO4) 
-   supply of SO4 by sulfate of potassium (taking in account the supply by sulfate of 
magnesium) 
-  supply of K by nitrate of potassium (taking in account the supplies by monopotassium 
phosphate and sulfate of potassium) 
-   supply of NO3 taking into account inputs of nitrogen by acid and nitrate fertilizers (Ca, 
Mg, K) and NH4 by nitrate of ammonium 

 
Calculations are based on contents in me. The quantities of fertilizer (in mg/me or g/e) are 
presented in Table 25. The same values can be used for the calculation of the needed quantity 
(g or ml) of fertilizer per m3. 
 

       
 
 
Table 25: Quantity of fertilizer in mg/me or g/e 
Fertilizer    mg/me  suggested   needs in g/ m3 
      me/l or e/m3 
______________________________________________________________________ 
Nitrate of ammonium   80  2   160 
Nitric acid pure  63  as per need 
Nitrate of potash  101  2   202 
Nitrate of calcium  98  1   196 
Nitrate of magnesium  128  1 (if need)  256 
Phosphoric acid pure  98  max 1.5        147 (control of 
pH!) 
MAP    115  preferably at start 
DAP    66  preferably at start 
Monopotassium phosphate 136  1   272 
Sulfate of potash  87  1   174 
Sulfate of magnesium  123  1   246 
in bold: recommended 
in italics: if necessary 
to combine with ammonium nitrate  

Photo 30: some 
commonly used 
fertilizers for 
fertigation: KSO4, 
ammonium nitrate 
and Calcium nitrate 
 



 

5.2.7 Solubility  
It is necessary to have the fertilizer completely in solution, not only in the fertigation 
solution, but also in the mother solution and this to avoid disposal (by excess of fertilizer) in 
the fertilizer tank and deposal of fertilizer, which can result in clogging of the driplines.  
 
Solubility of fertilizers depends on the temperature, but it has to be noted that solubilization 
is reducing the temperatures also, especially for nitrates. In the case of incomplete solubility 
due to too low temperatures it is possible to heat the fertilizer tank, but in general the best 
advice is to reduce the dilution ratio (and for this reason hydraulic systems with modifiable 
injection system are very suitable). 
 
The solubility of different fertilizers at 0 and 20°C is presented in Table 26. 
 
Table 26: Solubility of different fertilizers in kg/100 liter of water 
Fertilizer                                0°C           10°C             
20°C 
______________________________________________________
__ 
Ammonium Nitrate                      118            average         192 
Potash Nitrate                          13                                   31 
Magnesium Nitrate                                                                    279 
Magnesium Sulfate                               60                                  71 
Potash Sulfate                                         7                                   11 
Calcium Nitrate                                  102                                 122 
MAP                                                     23                                  37 
DAP                                                      43                                  66 
Urea              67            103 
Monopotassium phosphate           14                                  23 
 
At 10° C the solubility is the average value of those between 0 and 20° C. It's important to 
make the necessary solubility calculations in order to select the most soluble fertilizer if 
necessary, or to adapt (increase) the injection ratio. In general there are no problems with 
injection ratio higher than 1% (mother solutions are than concentrated 100 times or less). 
 
The sulfate of potash is the fertilizer with the lowest solubility and one should make sure to 
take from this fertilizer the hydro soluble version, but even in this case it's necessary to verify 
if the solubility is complete, especially in the winter period. This is also the case for every 
other fertilizer such as DAP and even CAN. 
 
The temperature of the fertilizer solution is an important point and in some case the dilution 
ratio has to be lowered to avoid solubility problems. It is also known that dissolving 
fertilizers in water is reducing the temperature (especially for ammonium and nitrate 
containing fertilizers). 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Example:  
For a fertilizer tank of 200 litres, which should contain 50 kg nitrate of potash and 20 
kg nitrate of ammonium:  
 
At 20° C 

- the nitrate of ammonium takes 5.2% of the solubility 20/(192 x 2)= 0.052 
- the nitrate of potash can take 94.8 % of the resting solubility, which is 31kg x 

0.948 = 29.39 kg/100 liter or 58.78 kg/200 liter. There are no problems to 
solve the 50 kg.  

 
At 0° C there are problems because:  

- the nitrate of ammonium takes 8.5% of the solubility: 20/(118 x 2)= 0.0847 
- the rest of the solubility (91.5%) corresponds only to 23.79 kg of nitrate of 

potash (13 x 2 x 0.915), which is insufficient.  
 

Even at 10° C there are problems because:  
- the nitrate of ammonium takes 6.45% of the solubility (20/155 x2 = 0.0645).  
- The nitrate of potash can take 93.5% of the rest solubility, corresponding to 

41.1 kg (22 x 2 x 0.935 = 41.1).  



 
 
 
 

5.2.8 Compatibility of fertilizers 
Most of the fertilizers can be mixed together, exemption made for nitrate of calcium with 
both,  sulfate of potassium or sulfate of magnesium, because mixing together calcium and 
sulfate creates the possibility of formation of calcium sulfate. This precipitates and results in 
clogging of driplines. In this case it's necessary to use two tanks or even better to alternate 
the fertigation inputs of the fertilizer to the crop, one irrigation from one tank, the next one 
from the other and taking care in this case to use double concentration. 
 
Another problem can occur by mixture of Ca and P because of the risk of formation of 
tricalcium phosphate, which is a quick precipitating and very unsolvable salt that will cause 
permanent clogging of the drippers. The risk for clogging by tricalcium phosphate depends 
on the temperature, the pH and the contents of both elements, but in general we can suppose 
that a pH of 6.5 or lower in the fertigation solution will avoid this. In order to obtain a 
fertigation with pH of 6.5, the mother solution should have of pH of 2.2-2.3. This has to be 
established on the field by measurements because of the variable bicarbonate content of 
different water resources. 

5.2.9 Control of fertilizer solutions 
Control of fertilizer solutions is to be done by pH and EC measurements. 
Theoretical calculation of the fertilizer solution can be done if the fertilizer quantities are 
known and if the dilution rate is know. 

Example : 
In our low-pressure drip irrigation system, a plot of tomatoes of 300m2 needs per day  
- 150 g ammonium nitrate,  
- 150 g potassium sulfate or nitrate, 
- 100 g calcium nitrate.  
 
If the irrigation takes one hour and 2 plots are irrigated together (see above) the 
irrigation rate is 2000 l/ha. The need for fertilizer for the 2 plots is:  
- 300 g ammonium nitrate,  
- 300 g potassium nitrate, 
- 200 g calcium nitrate. 
This fertilizer should be put in the bucket of 20 liter after checking whether there are 
no solubility problems. 
 
For the users of 20 liter buckets it is interesting to know that: 
300 g ammonium nitrate is taking 0.8% of the solubility [0.3 / (192/5)] 
300 g nitrate of potassium is taking 4.8% [0.3 / (31/5)] 
200 g nitrate of calcium is taking 0.8% [0.2 / (122/5] 
The fertilizer is thus taking 6.4% of the solubility capacity. 
Even by concentrating the double the fertilizers are taking less than 15 % of the total 
solubility capacity. 



Each type of fertilizer has its own conductivity index which is contributing to the increase of 
EC. These indexes are presented in Table 27, showing the increase of EC by one kg of 
fertilizer in 1 m3 water. 
 
Table 27: Conductivity index of different fertilizers 
Fertilizer Conductivity index 

in mS/cm per kg/m3 
Ammonium nitrate 1.65 
Potassium nitrate 1.35 
Potassium sulfate 1.54 
Magnesium nitrate 1.04 
Magnesium sulfate 0.94 
Mono-potassium phosphate 0.68 
MAP 0.86 
DAP 1.13 
Calcium nitrate 1.24 
Nitric acid 38% 0.81 
Phosphoric acid 58% 0.34 
Ammonium sulfate 1.90 

Practical application for our low-pressure system: 

When 300 g ammonium nitrate, 300 g potassium nitrate, 300 g calcium nitrate and 100 g 
magnesium nitrate are added in the bucket of 20 litre to be injected in the irrigation water at 
delivery rate of 20 litres/h for an irrigation rate of 2000 litre/hour, we can assume that this 
fertilizer is going for 2 m3 and that per 1 m3 there is 150 g ammonium nitrate, 150 g 
potassium nitrate, 150 g calcium nitrate and 50 g magnesium nitrate. 

Solubility is also calculated. 

Fertilizer Increase of EC Solubility at 20o C 

150 g/m3  ammonium nitrate (0.15 x 1.65) 0.248 0.15/(192/5)=0.0039=0.4% 
150 g/m3 potassium nitrate (0.15 x 1.35) 0.202 0.15/(31/5)=0.024=2.4% 
150 g/m3 calcium nitrate (0.15 x 1.24) 0.186 0.15/(122/5)=0.0061=0.6% 
50 g/m3 magnesium nitrate (0.05 x 1.04) 0.052 0.05/(279/5)=0.0009=0.1% 
TOTAL 0.688 3.5% 

The increase is thus 0.69 mS/cm and this can be controlled at the field level by means of an EC-
meter. There are no solubility problems, as only 3.5% of the total solubility is taken. 

Calculation for a fertilizer tank of 1000 litres: 

We can also calculate the concentration in the fertilizer tank, which is 15 kg/m3 (50x300 g) 
ammonium nitrate, 15 kg (50 x 300 g) potassium nitrate, 15 kg (50 x 300 g) calcium nitrate and 5 kg 
(50x100 g) magnesium nitrate. After calculation of the EC we divide de result by 100 (dilution is 
100) 

Fertilizer  EC in the tank Solubility at 20o C 
15 kg/m3  ammonium nitrate (15 x 1.65) 24.8 15/(192*10)=0.0078=0.8% 
15 kg/m3 potassium nitrate (15 x 1.35) 20.2 15/(31*10)=0.048=4.8% 
15 kg/m3 calcium nitrate (15 x 1.24) 18.6 15/(122*10)=0.0123=1.2% 
5 kg/m3 magnesium nitrate (5 x 1.04) 5.2 5/(279*10)=0.0018=0.2% 



TOTAL 68.8 7.0% 

The EC is thus 69 mS/cm in the bucket and the increase is thus 69/100 = 0.69 mS/cm (same 
as above) and this can be controlled at the field level. There are no solubility problems, as 
only 7% of the total solubility is taken. 

It is also possible to calculate the EC as per ionic composition of a solution and this by the 
electric conductivity increase due to each element (table nr 28). 

Table 28: Influence of the different elements or ions on the EC 
Element Conductivity in µ S/cm for a 

concentration 

 Of 1 me/l Of 1 mg/l 
Ca 46.8 2.34 
Mg 42.1 3.46 
Na 44.2 1.92 
K 64.9 1.66 
HCO3 39.4 0.645 
CO2 76.3 2.54 
Cl 68.5 1.93 
NO3 64.2 1.04 
SO4 66.7 1.39 
H2PO4 28.2 0.30 
 
The pH of a fertigation solution should be normally around 6-6.5. In order to reduce the pH 
acid is to be added (nitric acid or phosphoric acid). The quantity to be added depends on the 
bicarbonate content of the water, which has to neutralized first. In general the pH of the 
mother fertilization solution has to be brought to 2.2-2.5 if with a dilution of 100 if one wants 
to reach a pH of 6-6.5. 
 
 

5.3 Integrated pest management 

5.3.1 Introduction 
 
Agriculture is a production activity with strong and ancestral links between human and 
environment. The last decades the ancestral alliance between human and the earth has been 
disrupted rather brutally and the consequences of this on agronomic resources (for instance 
on the organic matter of the soils) or on natural resources (pollution of water layers, 
disappearing of natural species, etc…) is still not completely evaluated. 
 
Agriculture, certainly not alone, is through the history involved already for a long while in 
involuntary deterioration/destruction of our environment (plastic pollution, increased use of 
mineral fertilizers, pesticides, etc…). 
 
What now is happening in developing countries has already happened before in developed 
countries. We can characterize this as “the use of all possible means to increase the yields”, 
without looking to its impact to our environment. The use of fertilizer has largely increased, 



and, we have to accept, this has contributed to reduced famine Further the number of 
pesticide applications per crop has also considerably increased. 
Moreover pesticide applications are generalized and systematically applied, without taking 
into account the real phytosanitary situation of the crop or the exploitation. 
The use of pesticides is especially in progress in intensified agriculture (horticulture). These 
pesticide applications have become a necessity at first to increase and later to sustain the 
yield levels. 
 
Talking about biological control of diseases or about IPM, some 20-25 years it was looking 
rather as a science fiction story, but nowadays the use of pesticides can be lowered drastically 
by use of biological control and IPM, and this is a much safer for the environment. 

5.3.2 Definition of IPM 
 
IPM or Integrated pest management is a part of IPPM (Integrated Production and Protection 
Management).  
 
IPPM is perceived as an economically feasible production system which promotes the full 
integration of crop agronomy practices and technology with plant management. The aim of 
IPPM is to grow high quality and safe produce, which can compete in national and 
international markets, minimizing the use of undesirable side effects of pesticides and agro-
chemicals, thus contributing to the safeguard of the environment and human beings. 
 

IPPM implies a system approach with the need to examine the total 
production system, including the biotic and abiotic features, as well as 
externalities (economic, social and environmental factors). 

 
As said already, IPM is a component of IPPM. In IPM pests are considered broadly, 
including any organism that has a destructive effect on crops (insects, arthropods, pathogens, 
weeds, nematodes and vertebrate pests). IPM is based on biological control but includes also 
multiple tactics to manage (not necessarily to control) pests below levels that are considered 
as economically damaging. Further it recognizes the need to protect the environment and 
human beings. 
 
Within an integrated production system there are several common elements for efficient pest 
management, including:  

- growing healthy plants,  
- using prevention measures,  
- proper diagnosis of plant disorders,  
- understanding of pest biology,  
- establishment and use of economic damage relationship,  
- identification and evaluation of beneficial species in the system,  
- and selection of the least disruptive tactics when protection becomes necessary. 
 

Improved plant health is in general positive with regards to pest management, as healthy 
plants withstand increased pest pressure. Plant health is complex and includes good soil or 
substrate, sufficient but not excessive fertilizer and water, thus nutrient and water 
management, use of clean and adapted seed or plants, proper timing of planting and 
harvesting, use of tolerant or resistant varieties and pest prevention practices. 
 



5.3.3 Adoption of IPM 
 
The following steps have to be integrated at the farmer’s level: 

- Knowledge of the situation of diseases and insects of the region 
- Knowledge of endemic auxiliaries (or natural predators or enemies of  the pests) in 

the region 
- Prepare a plan of action for each crop 
- Have good pesticides available 
- Act timely 
- Be patient (because IPM and IPPM are working slower than pest management 

through pesticide use) 
Furthermore these should be completed at regional level by: 

- Training and a continuous supply of  information to the managers of plant protection 
at all levels (extension system, farmers) 

- Existence of a functional agricultural information broadcasting system (linked to an 
extension system and a database) 

The following paragraphs explain adoption aspects of IPM: 
 

1) Plan of action 
2) Availability of good pesticides 
3) Use of non-pesticide strategies 
4) Use of bio-pesticides 
5) Prevention of pesticide resistance 
6) Negative effects of pesticide use 
7) Prevention from destruction of genetic 

resistance 
 

1) Plan of action 
 

- Early detection: the use of insect traps (pheromone or sticky coloured traps), or 
simple regular monitoring by trained farmers, is very important for early information 
of appearance of diseases; 

- For some insects (like red spider) visual observation has to be linked to favourable 
climatic conditions to determine the necessity of intervention (warm and dry 
weather); 

- Decision on local or general intervention depends on the presence of minimum levels 
for intervention on the whole plot or in some zones: in general, decisions on early and 
local intervention are suggested. General interventions should only be considered 
when local interventions can’t get the situation under control. 

 
2) Availability of good pesticides 

 
A good pesticide is a product which has the desired effect on the pest but with the lowest 
damage effect possible to the environment and/or the crop. 
To enhance the desired good effect a good pesticide should be used twice consecutively 
and then be changed with another pesticide belonging to another chemical family and this 
in order to avoid too quickly resistance problems (alternating use of pesticides). 
 
3) Use of non-pesticide strategies 
 



As much as possible non-pesticide strategies, or physical strategies, should be used, such 
as:  

- Use of aluminium-coated mulch films on the crop rows develops a repulsive effect 
(water), case of Bemisia tabaci (white fly); 

- Use of yellow-coloured mulch plastic films develop a landing reflex on some insects 
(e.g Bemisia whitefly): the insect stops moving its wings and lands on the plastic. If 
the plastic is hot through sunlight, the insect can be killed by the high temperature; if 
the plastic film is glued the insects are trapped. 

- Coloured glued plastic films can be used as traps (mostly these traps have a yellow 
colour, but for some insects also blue (Thrips) or white colour is used). 

- Sprays with mineral or vegetable oil (diluted in water at a ratio of 1-2 litres/100 liters) 
can be used to immobilize flying insects: sprays containing oil result in the insect’s 
wings to be wet with some oil and this prevents for instance the Bemisia whitefly 
from flying, so that male whitefly cannot reach the females and that reproduction is 
strongly affected. 

- Use of hormone (pheromone) traps against some insects such as Ceratitis (larvae dig 
holes in the fruit and cause fruit rot). 

- Use of regulators with a sterilizing effect on females: Applaud and Admiral have an 
interesting effect against Bemisia whitefly. 

- Regular use of water sprays against red spider and other mites has a very interesting 
effect on reducing their development on crops. 

- Light can have effects on pests: plastic films with UV block are used for preventing 
sporulation of Botrytis and thus reducing appearance of grey mould. 

 
4) Use of bio-pesticides 
 
Several examples of bio-pesticides are known and used against insects: 
- Urtica extracts against Aphids or greenflies; 
- Garlic extracts (garlic and onion extracts contain high amounts of allicine is a very 

strong pesticide, but oxidizes quickly and should be used within 30 minutes) against 
most insects but very specific against Aphids or greenflies; 

- Tobacco extracts (nicotine) has a good killing effect on several insects, especially on 
Aphids; 

- Extracts from Pyrethrum flowers have a strong pesticide effect but they cause also 
injury to the pollinators (honey bees and/or bumble bees); 

- Extracts of the Neem tree (Azidirachtia indica) are based on the azidirachtin content 
and have a very good effect against several insects, such as Bemisia whitefly, aphids 
and leafminers, but overdosing can also result in appearance of leaf burn and also 
have a harmful effect on the auxiliaries (beneficial insects); 

- Neem cake has a good effect against nematodes when incorporated in the soil alone 
or together with manure; 

- Leaf extracts from Marigold (Tagetes patula), and also from other Tagetes sp. can be 
used against nematodes especially through injection in the irrigation water. Marigold 
can also be used in rotation or as companion plants; 

- Trichoderma viridis and T. harzianum fungi are effective in the soil (introduction by 
the irrigation system) against nematodes and Fusarium sp. (even towards Fusarium 
oxysporum f. radicis). Further they have also a repressive effect on Botrytis by leaf 
sprays; 

- Urocladium fungi can be used on Botrytis by means of leaf sprays; 



- Bacillus thuringiensis Kurstaki or Xanthii are very effective against cutworms, 
pinworms worms, processionary worms, etc… 

- Trichogramma species (bacteria) can be used against worms; 
Several other fungi are used against root knot nematodes (Paecemylopsis fumaroseus, 
Arthrobotris sp., etc…) 

 
5) Prevention of pesticide resistance 

 
Some pests in a broad sense have the ability to rather quickly develop resistance 
phenomena against pesticides (but also against genetic resistance); examples of this are: 
-  The genetic resistance to the fungus Bremia lactucae: this disease is developing 

regularly new forms or resistant races to the resistance pattern in use, so that breeders 
are in need to develop regularly improved resistances; 

-  Resistance of red spider and other mites to different pesticides: sulfur is a good 
pesticide and up to now no resistance patterns against sulfur are known (sulfur vapour 
acts very efficiently on red spider when temperatures are above 20°C); 

-  Resistance of Bemisia whitefly to insecticides: it is known that Bemisia can develop 
in 5-6 generations resistance to (even new) insecticides, if they are used alone and not 
in an alternating scheme. Therefore it is suggested to alternate pesticides of different 
pesticide family groups (carbamates, pyrethroids, organo-phosphorous, other modern 
pesticides). 

 
6) Negative effects of pesticide use 

 
-  Subletal effects of pesticides used: survival after use of subletal effects can have 

influence on reproduction rates of both pests and their predators and have thus a real 
inverse effect (less predators and more pests) 

- Reduction of photosynthesis through pesticides: in general use of pesticides has a 
negative effect on photosynthesis and we can talk about a 15-30% reduction of the 
photosynthesis rate during a few days (7-10 days) after the use, and this dependant on 
(i) the pesticide used, (ii) its concentrations, (iii) the sensitivity of the crops (leaf burn 
symptoms appear faster on melon than on tomatoes), and (iv) the method used 
(pressure). So if sprays are repeated regularly there can be a real continuous negative 
effect 

 
7) Prevention from destruction of genetic resources 

 
Genetic resistance based on hypersensitivity; as the resistance to root-knot nematodes of 
tomatoes (gene Mi) is perforated at 32 °C in homozygote (Mi/Mi) version and at 28 °C in 
the heterozygote version (Mi/Mi+). This happened already in several countries of North 
Africa (Morocco, Tunisia) after some 4-5 years of use. This phenomenon occurs more in 
soils with low humus content and in higher salinity conditions. As a consequence, non-
resistant varieties are sometimes behaving better. 

 

5.3.4 Limitations and perspectives of IPM 
 
1) Limitations 
 
Several factors are liming the use of IPM, such as: 



 
- Factors linked to farmers/extension agents 

- mentality: a lot of farmers are opting for easy solutions, which are general preventive 
treatments (and in general this easy solution is not economic, neither ecologic nor 
efficient) 

- lack of specialized extension agents: too often the distributor of pesticides is the 
major interlocutor for farmers. 

- Technical factors 
- IPM or IPPM is rather complex and needs training and understanding; 
- Lack of technology transfer in integrated protection; 
- Non-availability for introduction or reintroduction after destruction of auxiliaries 
- Pests with zero tolerance (TYLCV transmission by Bemisia tabaci) 

- Economical factors 
- Integrated protection produce is often more expensive to produce if expressed per kg 

of produce. 
- Compensation for the increased cost of production is not evident and guaranteed. 

Actually production under IPM is still more expensive, but differences with 
traditional pest management are reducing. 

 
2) Perspectives 
 
- In general a good perspective of development in the European market, where the targets 

are 20-30% of the total volume; 
- Slow progress of IPM in outdoor farming (in Europe especially); 
- Good possibilities for IPM and organic production for small-scale farmers: there is need 

for grouping them together in order to empower them; 
- Stimulation is necessary; 
- Support by scientists to give necessary explanation so that understanding of success has a 

solid base; 
- Better pricing up to now; 
- IPM is to be combined with improved cultural practices to obtain higher yields (as close 

as possible to the potential). 
 

5.3.5 Example: IPM as promoted through INRMU 
 
The farmer organization BioGrowers Ltd (Machakos District, Kenya) is grouping some fifty 
farmers, producing vegetables through drip irrigation but using a common technical package 
so that products can be grouped under a common label. 

- drip irrigation; 
- manure is the base of the fertility management, eventually potassium sulphate and 

Calcium nitrate are added to the irrigation water, the first to improve the yield quality 
(colour, taste, shelf live), the second to avoid blossom end rot on tomatoes, capsicum, 
eggplant and watermelon; 

- In general few chemical pesticides are used; 
- Two bio-insecticides, neem extract and pyrethrum, are used against most insects 

(white fly, leafminer), while two other biopesticides are also promoted: (i) neem cake 
(against nematodes), (ii) Bacillus thuringiensis (against cutworms and other worms).  

- The growers are also encouraged to make use of oil sprays on leaves to prevent insect 
movement, and also to use the curative/repulsive effect of Marygold intercropping.  



- Further 2 mineral products are used: (i) Cu towards mildew, Stemphylium and 
Alternaria fungi development and Pseudomonas tomato bacterial disease on leaves, 
stems and fruits; and (ii) Sulfur sprays against powdery mildew and red spider.  

- Soil disinfection and treatment of soil fungi is based on peroxide (H2O2) injection 
through the irrigation system. 

 



6 Economical aspects and planning 

6.1 Planning 
 
The planning has to be made in function of the local market demand and prices and 
agreements made with importers in Europe. It take also into account the specific potential of 
the region (some crops are more favorable in warmer climate than others). 
Planning is also important to avoid gaps between the planting of 2 subsequent crops on the 
same subplot. In general, a subplot should not lie idle for more than 2 weeks, to fully exploit 
the investment. This implicates a smooth link between works in the nursery when direct 
sowing is not possible, and planting the subplots. Ultimately it has repercussions on purchase 
of inputs (seeds, fertilizer, pesticides).  
The following programme gives an example. It is for a plot of 4800m2, during a period of 51 
weeks, or about one year. It ensures a continuous production of tomato, onion and French 
beans and allows predictions about volumes produced per week.  
 

 
  



6.2 Commercial issues 
 

Export or local 
A distinction has to be made in producing for the local market, or for export. The latter is not 
automatically more lucrative and requires integration in a local network or company. In 
general, value adding by grading & packing of the produce is necessary to obtain a higher 
profit margin. However, this in turn needs investment in cooling equipment, office space, 
grading equipment, maintenance equipment, a store and so on. Also, production for export 
needs focusing on the specific requirements of the targeted market. Furthermore export to 
Europe needs to meet the EUREPGAP requirements. 
 

 
 
For small-scale growers (less than 2 ha under irrigation), the local market provides a more 
flexible and easier option. The grower will identify crops of interest, taking into account 
price fluctuations the year through. Small growers can only access to the export market if 
they group themselves in order to reach a minimum surface (> 30 ha) and if they are 
programming together. 
 
Transport 
Transport is an important issue, and often underestimated. Unavailability of transport will put 
the grower at the mercy of brokers, whose only concern is to squeeze the maximum profit out 
of the grower, often resulting in the demise of his business. If the grower owns a pick-up he 
can actively market the produce himself. Nevertheless, transport costs are always high, and 
should not be reduced to fuel cost only. The below table (table 29) gives an example of cost 
calculation for a pick-up. 
 
Table 29: example of cost calculation for light pick-up (load capacity 1T) 
# item value (Ksh) remarks 
1 Fixed costs  assumption: vehicle drives 7,000 km/month or 84,000 km/year 

11 value of vehicle      859,900  second-hand 
12 yearly depreciation      214,975  flat, over a 4-year period 
13 insurance       10,000  third party 
14 licenses       30,000  inspection, road license 
15 replacement tyres       72,000  4 tyres & tubes, every 45,000 km 
16 replacement battery       20,000  every 20,000 km 

Photo 31: creation of an 
exporting company creates 
jobs, but requires high quality 
standards and compliance 
with the EUREPGAP rules. If 
based on an association of 
small-scale growers, 
considerable discipline for 
joint planning is necessary. 
Competition is fierce, and not 
always loyal. (Central 
Division, Machakos District) 



      
2 Variable costs    

21 major service      200,000  at 100,000 Ksh every 6 months 
22 minor service      336,000  at 20,000 Ksh, every 5000 km 
23 fuel consumption      455,000  at 12km / liter and 65 Ksh / liter of diesel 
24 miscellaneous      198,200  at 20% of variable cost 
      
3 Cost per km    

31 above total   1,536,175    
32 cost per km              18    
      
4 Driver cost    

41 yearly salary      120,000  at 10000 Ksh/month, incl pension, NHIF 
42 allowances       48,000  at 200 Ksh/field day and 20 days per month 
      
5 Total operating cost vehicle   

51 cost per km incl driver              20    
51 cost including profit              23  profit at 15% 
  price/kg for 1 km           0.02  1000 kg capacity 
  price/ kg for 400 km           8.12    

 
Example: 
If the distance for a return trip to the market is 400 km, transport cost for the pick-up loaded 
to capacity is 400 km * 20 Ksh/km = 8,000 Ksh, or 8 Ksh/kg. The grower has an interest in 
transporting high-value, low-bulk vegetables, like muskmelon instead of watermelon or 
eggplant. Adequate grading has to be done at the farm gate, only premium quality goes for 
transport, while 2nd grade can be sold around. It is obvious that for shorter distances the 
impact of the transport will be lower so that less problems are occurring to achieve low-cost 
transport. 
 
Economy of scale 
The last line of the table gives the transport cost/km including a profit (15% in this case), 
which allows the grower-owner of the vehicle to lease transport space to a fellow grower so 
that marketing can be done together. Indeed, partnerships between neighbouring growers will 
maximize the use of the vehicle. One well-managed drip irrigation plot of 0.48 ha will 
roughly provide 0.7 T of vegetables per week for the market. Teaming up of 3-4 growers 
makes sense, as it will provide enough produce for supplying the market 2-3 times/week, 
always with a pick-up loaded to capacity. Use of bigger transport means will also reduce the 
cost price. A small lorry (capacity 3-4T) will cut costs significantly down (see next table, 30). 
 
Table 30: example of cost calculation for light lorry (load capacity 3-4T) 

# item value (Ksh) remarks 
1 Fixed costs  assumption: vehicle drives 7,000 km/month or 84,000 km/year 

11 value of vehicle  1,500,000  second-hand 
12 yearly depreciation     375,000  flat, over a 4-year period 
13 insurance       15,000  third party 
14 licenses       30,000  inspection, road license, TLB 
15 replacement tyres     144,000  4 tyres & tubes, every 45,000 km 
16 replacement battery       16,000  every 40,000 km 
      
2 Variable costs    

21 major service     200,000  at 100,000 Ksh every 6 months 



22 minor service     420,000  at 25,000 Ksh, every 5000 km 
23 fuel consumption     682,500  at 8km / liter and 65 Ksh / liter of diesel 
24 miscellaneous     260,500  at 20% of variable cost 
      
3 Cost per km    

31 above total  2,143,000    
32 cost per km             26    
      
4 Driver cost    

41 yearly salary     120,000  at 10000 Ksh/month, incl pension, NHIF 
42 allowances       48,000  at 200 Ksh/field day and 20 days per month 
      
5 Total operating cost vehicle   

51 cost per km incl driver             28    
51 cost including profit             33  profit at 20% 
  price/kg for 1 km          0.01  3500 kg capacity 
  price/ kg for 400 km          3.14    

 
To obtain a cost-efficient use of such a lorry, a minimum growing area of 5 ha is required, or 
some 10 growers each exploiting a drip plot of 0.48 ha. This implies transport to the market 
at the rate of two times a week.  
 
Diversification 
An average grower will diversify his production, and include more than 3 different crops. An 
interesting basket of crops for areas with more air moisture (>1500 masl) is tomato, 
capsicum, onion, French beans, cabbage and kale. In hotter and drier areas (<1500 masl) the 
leaf vegetables (cabbage, spinach & kale) are better substituted by crops like eggplants, 
watermelon and muskmelon. French beans however will be for the export market. 
 
Seasons 
The seasons play a role, with the rainy season favouring the leaf vegetables, while tomato 
will be more exposed to fungi. Also, the winter in Europe favours import of vegetables like 
French beans, while the European summer favours local production and reduces export 
potential. Hence, the price of French beans and other export vegetables can fluctuate widely, 
between Ksh 15 and Ksh 60 for the Kenyan grower, except when a contract exists with a 
stable importer, like a supermarket chain. 
 

6.3 Economic figures 

6.3.1 Investment & writing off 
 
The complete cost of an installation covering 16 subplots or 4,800 m2 are reflected in table 
31. It is useful to note that the following costs were not included: 
 

- the origin of the water, ie.a shallow well, and this can vary inclusive its size 
- leveling of the field, depending on its slopes, sometimes including terracing 
- training for at least 2 persons, taking 2 weeks minimally 
- installation costs 

 
Table 31: investment costs of a drip irrigation installation on a 0.48 ha plot 



item cost (Ksh) remarks 
plastic lining     14,080  8x8 or 64m2 
basin     16,500  tractor & labour 
cover       4,950  2*(10x5) or 100m2  
pump     31,900  4 HP water pump, incl hose and fittings 
pipes     35,495  63mm-150m, 50mm-80m, 40mm-160m 
drip lines     65,340  180 
valves etc     66,000  all drip irrigation gadgets (stoppers, valves etc) 
sprayer       3,850    
miscellaneous     11,906  drum, others (5%) 
TOTAL   250,021    

* at the exchange rate of 90 Ksh = 1 €, the total investment cost is 2,778 € 
 
Investment cost is 52 Ksh or 0.58 € / m2. 
 
However, the various components mentioned in table 31 have a different lifespan, resulting 
in the following writing off cost/year/m2. 
 
Table 32: writing off cost per year per m2 

component cost (€) writing off (yrs) cost/yr cost/yr/m2 
plastic lining         156  7      22.35    
basin         183  10      18.33    
cover           55  5      11.00    
pump         354  4      88.61    
pipes         394  10      39.44    
drip lines         726  1.5     484.00    
valves etc         733  5     146.67    
sprayer           43  2      21.39    
miscellaneous         132  2      66.14    
TOTAL      2,778        897.93          0.19  

* 1 Euro = 90 Ksh 
 
If the construction of a shallow well (10 m depth, 3 m diameter, lifespan 20 years)  is 
included, at a price of € 900, then the investment cost increases to 0.77 €/m2, while  the 
writing off cost increases slightly to € 0.20 / yr / m2. 

6.3.2 Operating & other costs 
 
An overview of operating costs is presented below (table 33). It is based on the following 
assumptions: 
- size of drip-irrigation plot: 0.48 ha 
- a rotation of tomatoes, onion and French beans. Each of those crops takes the same area 
(0.16 ha which is about 5.3 subplots of 300 m2 each) 
- there are 3 growing seasons for tomatoes and French beans, and 2.5 for onions 
- water is pumped from a shallow well, and maintenance of the pump is 1000 Ksh or 11 € per 
month, for the whole plot. 
- pest control is done through IPM 
- labour costs are not included 
- fuel costs are for a small petrol water pump (4 HP), with the cost of water at € 0.13/m3, 
pumping 350 days/year (15 days of rain). 
- daily water consumption is 27 m3 
 



Table 33: operating costs for one year, plot of 0.48 ha (€) 
item tomato onion french beans 

seeds           10              8            150  
fuel         410          410            410  
maintenance pump           44            44              44  
pesticides         347            44            295  
manure         280          400            280  
fertiliser         269          208            305  
Total      1,361       1,114          1,485  
Total/m2        0.28         0.23           0.31  

 
The total operating cost for the whole plot of 0.48 ha is equivalent to 
(0.28+0.23+0.31)*4800= € 3,960 for a year. 
 
Labour 
Value of the labour can be estimated as follows (table 34). Cleaning of the drip lines takes 
about 1/3 of the labour, but depends on the water quality.  
Labour input changes slightly according to the crop: 

- wide spacing of driplines of 1.4 m for tomato, capsicum, watermelon, muskmelon, 
eggplant; 

- dense spacing of driplines of 0.7 m for onion, cabbage, kale, French beans. 
Labour intensity is also higher on clay soils, with more incorporation of manure, more 
expenses for weed control and making of raised beds along the driplines, to avoid water 
logging during the rainy season. 
 
Table 34: labour cost for 1 average subplot of 300 m2, for 1 crop season (12 weeks) 
type mandays details 
trenching          1.0  for spacing of 0.7m, double for 1.4m 
manuring          1.5  transporting & mixing with soil 
transplanting          1.0  less when direct sowing 
watering          5.6  30' per day, including operating the pump & fertigation 
spraying          2.3  with knapsack sprayer, once a day, 30' 
cleaning driplines          9.0  3 hours, twice/week, but depends on water quality 
weeding          3.5  2 hours/week, depending on the season and soil 
harvesting          1.0  4 weeks, twice a week 1 hour 
grading & packing          1.0  4 weeks, twice a week 1 hour 
various          1.0  cleaning, repairing driplines, buying inputs, nursery 
TOTAL        26.9    
Cost Ksh      3,763   @ 140 Ksh/ manday 
Cost €      41.81    
Cost €/m2        0.14    

 
 



          
 
Capital cost 
In general, an investment in the order of € 2,800, plus additional operating costs for starting 
the first year, cannot be supplied by the farmer. Typically, he needs to take a loan, which at 
current Kenyan interest rates will be at around 20% p.a. (see table 35). Pay-back, as shown 
below, can easily be achieved in a 2 years period. Starting up costs are one third of total 
operating costs for year 1, supposing that the produce of the first crops will be sold after 3-4 
months. 
 
Table 35: capital costs (€) 

item amount details 
investment      2,778    
starting up      1,320  one third of operating costs year 1 
Subtotal      4,098    
interest rate 20% flat, p.a. 
pay-back period  2 years   
capital cost      1,639    
total cost      5,737    
total cost/m2        1.20  on 4800 m2 

 

6.3.3 Yield & income 
 
Yield figures in table 36 are from INRMU experience, and reflect on average and good 
farmers. Excellent farmers can still obtain higher yields (eg tomato 10-12 kg/m2, onion 2.5 
kg/m2 and French beans 2.0 kg/m2). 
 
Table 36: yields for average & good farmer, prices and gross income for selected crops 
crop  yield (kg/m2) price/kg income (Ksh/m2) crop duration income/yr in €/m2 

Photo 32: Typically, a 
farmer will work with his 
family (wife, sons, 
daughters), even household 
helps, before employing 
extra (casual) labour 
(Ndithini Division, 
Machakos District). 
Typically, there are 3 full 
time jobs for a plot of 0.48 
ha. 



tomato average 4 15 60 4 months                  2.00  
onion average 1.25 25 31.25 5 months                  0.83  
French beans average 1 30 30 3.5 months                  1.14  
tomato good 7 15 105 4 months                  3.50  
onion good 1.75 25 43.75 5 months                  1.17  
French beans good 1.5 30 45 3.5 months                  1.71  

 
Based on the above operating costs for a plot under drip-irrigation of 4800 m2, and the yield, 
the following nett income can be expected (table 37).  
 
Table 37: nett income for growing selected crops, in €/m2, and total in € (whole plot, whole 
year) 
crop gross income Operating costs nett income total nett income (€) 
tomato average             2.00            0.28                   1.72                     8,239  
onion average             0.83            0.23                   0.60                     2,886  
French beans average             1.14            0.31                   0.83                     4,001  
TOTAL                      3.15                    15,126  
tomato good             3.50            0.28                   3.22                    15,439  
onion good             1.17            0.23                   0.93                     4,486  
French beans good             1.71            0.31                   1.40                     6,744  
TOTAL                      5.56                    26,669  

 
This total nett income enables the farmer to comfortably pay-back the combined capital costs 
and writing off the investment. The remuneration of the farmer and his family for their labour 
is shown in table 38. 
 
Table 38: revenue of 2 classes of growers, in €/m2 per year 
item amount (€/m2) remarks 
writing off cost                0.20  incl shallow well 
capital cost                1.20    
subtotal                1.39    
nett income, average farmer                3.15    
revenue of average farmer                1.76    
nett income, good farmer                5.56    
revenue of good farmer                4.16    

 
A pay-back period of 2 years is suggested, as this even suits the average farmer. 



Annex 1: Calculation of classic fertigation and fertigation 
under greenhouse 
 
  

CALCULATION OF CLASSIC FERTILIZATION AND FERTIGATION UNDER GREENHOUSE   
  Uptake  Yield Total needs Requirements in g nutrient per kg of yield 
  in g/kg in kg/m² in kg/m² tomato muskmelon pepper squash cucumber 
N 3.8 11 41.8 3.8 5 9 2.6 2 
P²O5 1.35 11 14.85 1.35 2 1 0.9 0.9 
K²O 7.7 11 84.7 7.7 9 3 3.9 3.3 
CaO 4.5 11 49.5 4.5 6 3 5.6 2.5 
MgO 0.95 11 10.45 0.95 1.3 1.15 0.6 0.95 
Analysis in exchangeable cations (g/kg) or total content   
Soil analysis Very rich Rich Medium Poor Result Coefficient 
Coefficient 0 1 1.25 1.4     
N >3  2->3   1-2 <1 0.5 1.4 
P²O5 (assimilable) >0.3  0.2-0.3  0.1-0.2 <0,1 0.07 1.4 
K²O     
  Sandy soil >0.2  0.15-0.2  0.1-0.15 <0,1     
  Loam soil >0.25  0.2-0.25  0.15-0.2 <0.15 0.18 1.25 
  Clay soil >0.3  0.25-0.3  0.2-0.25 <0.2     
CaO >75  25-75  12.5-25 <12.5 18 1.25 
MgO     
  Sandy soil >0.15  0.12-0.15  0.08-0.12 <0.08     
  Loam soil >0.25  0.15-0.25  0.12-0.15 <0.12 0.11 1.4 
  Clay soil >0.3  0.25-0.3  0.15-0.25 >0.15     
Conversion factor value result coefficient 
K->K²O 1.2 0.12 0.144 1.25 
Mg->MgO 1.6 0.0688 0.11 1.4 
Ca->CaO 1.4 12.86 18.00 1.25 
P->P²O5 2.29 0.0305 0.07 1.4 
NO3->N 0.22 3.636 0.80 1.4 
Analysis as me/100g result g/kg coefficient 
Ca 30 6.000 1.4 
Mg 1.14 0.137 1.25 
K 0.45 0.178 1.25 
P²O5 (ppm) 15 0.015 1.4 
Soil analysis in soluble elements in mg/kg or ppm 

Coefficient 0 1 1.25 1.4 
Lab 
results Coefficient according to the grid 

N >120  80-120  60-80 <60 50 1.4 
P >20  17-20  10-17 <10 8 1.4 
K >200  150-200  100-150 <100 150 1.25 
Mg >90  75-90  60-75 <60 65 1.25 
Final decision for the coefficient 
  Coefficient Requirement Total 
    of the crop requirements 
N 1.4 41.8 58.52 
P²O5 1.25 14.85 18.5625 
K²O 1 84.7 84.7 



CaO 1.4 49.5 69.3 
MgO 1.4 10.45 14.63 
MANURE INPUTS   
  Quantity 
Year -2 N P²O5 K²O CaO MgO in kg/m² N P²O5 K²O 
Cow manure 4.5 2.5 6 8 1.5 1 0.000 0.833 0.000 
Cheep manure 8 3 8 8 0 1 0.000 0.999 0.000 
Horse manure 6 3 6 8 0 1 0.000 0.999 0.000 
Chicken manure 18 14 9 22 0 1 0.000 4.662 0.000 
  Quantity 
Vear -1 N P²O5 K²O CaO MgO in kg/m² N P²O5 K²O 
Cow manure 4.5 2.5 6 8 1.5 0.5 0.749 0.416 1.500 
Cheep manure 8 3 8 8 0 0.5 1.332 0.500 2.000 
Horse manure 6 3 6 8 0 0.5 0.999 0.500 1.500 
Chicken manure 18 14 9 22 0 0.5 2.997 2.331 2.250 
  Quantity 
Cropping year N P²O5 K²O CaO MgO in kg/m² N P²O5 K²O 
Cow manure 4.5 2.5 6 8 1.5 1 2.997 0.833 3.000 
Cheep manure 8 3 8 8 0 1 5.328 0.999 4.000 
Horse manure 6 3 6 8 0 1 3.996 0.999 3.000 
Chicken manure 18 14 9 22 0 1 11.988 4.662 4.500 
Total nutrients available for the crop by organic manure 30.386 18.731 21.750
Required nutritive elements by non organic fertilisation (in kg/m2) 
  Crop needs Manure input Still needed 
N 58.52 30.39 28.13 
P²O5 18.5625 18.73 -0.17 
K²O 84.7 21.75 62.95 
CaO 69.3 38.30 31.01 
MgO 14.63 1.25 13.38 

Required water nr days 
average PET per 
day Total PET 

August   5.4 0 
September   4.6 0 
October   3.8 0 
November   3 0 
December   2.2 0 
January   3 0 
February   3.8 0 
March 12 4.6 55.2 
April 30 5.4 162 
May 31 6.2 192.2 
June 10 7 70 
July 0 6.2 0 
  479.4 mm 
Surface of the plot in m² 350 167.79 m3 
Requirements g/m3 me/l 
CaO 64.675 2.31 
MgO 27.912 1.40 
Water analysis 

  mg/l me/l me/l 
Input by 
water me g/m2 



Ca 50 2.5 0 2.500 
CaO 0 0.000 0 0.000 2.500 33.558 No Ca required, evtly foliar spray
HCO3 0 0.000 1 1.000 
Mg 16.7 1.39 0 1.392 
MgO 0 0 0 0.000 1.392 13.343 Mg required 

Calculation of required acid me density % ml/m3 g/m3 
fertilizer input in 
g/m2 

Nitric acid 0.75 1.353 59 59.115 10.5 5.034 
Phosphoric acid 0.25 1.65 53 24.535 17.75 8.509 
Total 1 
Needs for neutralisation 0.000 
Rectification requirements   Rest of the   
  Input by water requirements Choice 
N 28.13 5.034 23.100 35 
P²O5 -0.17 8.509 -8.678 30 
K²O 62.95 62.950 80 
CaO 31.01 33.558 -2.553 0 
MgO 13.38 13.343 0.038 1 
  
Basic fertilisation %  Input basic Input  
     (100%=1) fertilisation fertigation 
N 35 0 0 35 
P²O5 30 0.2 6 24 
K²O 80 0.1 8 72 
CaO 0 0.3 0 0.000 
MgO 1 0.1 0.1 0.9 
  selection kg fertilizer 
  
Ca Cyanamid 1 0.000 0.000 kg N 
N Ureum 2.39 5.311 
  MAP 0 0.000 
  DAP 0 0.000 
  Total 2.39 
  Need -2.39 
P²O5 N supply 0.00 
  Super 45 0 0.000 0.000 kg CaO 
  Total 0.00 
  Need 6.00 

K²O 
Sulfate of 
K 8 16 

MgO 
Sulfate of 
Mg 0.1 0.625 

Fertilizer input by fertigation (g/day) 
Date of planting 12/03/99 
Date last yield 31/07/99 
Duration of the crop 141 
  N P²O5 K²O CaO MgO 
First input after planting 14 14 14 14 14 
Last input before end 
harvesting 10 30 20 20 15 
First input 26/03/99 26/03/99 26/03/99 26/03/99 26/03/99 
Last input 21/07/99 01/07/99 11/07/99 11/07/99 16/07/99 
Duration of input 117 97 107 107 112 



Total input 35 24 72 0 0.9 
Input per day 0.299 0.247 0.673 0.000 0.008 
  
Magnesium g/day 
Sulfate of Mg 0.050 
  
Phosphorus % g/day 
DAP 1 0.467 0.096 g N 
MonoKphosphate 0 0.000 0.000 g K 
MAP 0 0.000 0.000 g N 
Total 1 
Calcium g/day kg N 
Nitrate of Ca 0.000 0.000 
  
Potassium % g/day 
Sulfate of K 1 1.346 
Nitrate of K 0 0.000 0.000 g N 
  
Nitrogen g/day 
Nitrate of ammonium 0.203 0.616 
Oligoelements 
if organic manure: only iron 
in other cases:  input of oligoelements in the fertigation or leaf sprays 
  
  
  
  
  
CONCLUSIONS 
Water analysis   
Ca No Ca required, evtly foliar spray 
Mg Mg required 
Neutralisation of bicarbonates ml/m3 
Nitric acid 59 
Phosphoric acid 25 
Basic dressing     kg/plot 
Cyanamid 0.00 
DAP 0.00 
Ureum 1.86 
MAP 0.00 
Super 45 0.00 
Sulfate of K 5.60 
Sulfate of Mg 0.22 
Fertigation     kg(ml) per day and per plot 
Sulfate of Mg 0.018 In order to obtain the inputs per irrigation 
DAP 0.163 Multiply the values with the number of days  
MonoKphosphate 0 between two consecutive irrigations 
MAP 0 
Nitrate of Ca 0.000 
Sulfate of K 0.471 
Nitrate of K 0.000 
Nitrate of ammonium 0.216 



Foliar sprays     kg(ml)/100 litres 
  minimum maximum choice 
Sulfate of Mg 0.25 1 
Phosphoric acid 0.00 
Nitrate of Ca 0.25 1 
Nitrate of K 0.25 1 
Period of fertigation 
  N P²O5 K²O CaO MgO 
First fertilization 29/09/98 29/09/98 29/09/98 29/09/98 29/09/98 
Last fertilization 10/06/99 20/05/99 31/05/99 31/05/99 04/06/99 
Manure T/plot 
Cow manure 0.35 
Cheep manure 0.35 
Horse manure 0.35 
Chicken manure 0.35                 

                


