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GENERAIL INTRODUCTION

t we inform the user on crop requirements with
regard to climate, landscape and soil conditions for a wide
range of crops commonly cultivated in the tropical and §up—
tropical regions. In addition we have summarized some spec1ﬁlc
parameters required for the calculation of the potential
climatic yield; this includes the crop coefficients (Kc) at
different crop development stages, yield response factors FKY)
at different crop growth periods, information on water utiliza-
tion efficiency for harvested yield (Ey), leaf area index (LAIL)
and harvest index (Hi), as well as on the moisture content of

the harvested product (Mp)-

In this par

zed in separate tables for
f the tables is
For each

The crop requirements are summari
climate and soil conditions. The structure o
according to what has Dbeen suggested in Part I. _
characéeristic they indicate four limitation 1levels w%th
corresponding land classes and rating values for those who wish

to use the parametric approach.

For certain crops the tables have been elaborated on the basis
of available literature data and technical reports; for other
crops they have been adapted to specific site conditions using
regional experience. We should realize that production func-
tions which may work adequately in one region may be unreliable
in another. Therefore these tables have to be considered as a
guideline so that the limitation 1levels for the diffeFent
characteristics should be critically reviewed and possibly
adapted to local conditions and sometimes to varieties of the

same crop.

As outlined in Part II, a qualitative evaluation implies a
matching of the site conditions, availaple in the land
resources inventory, with the crop requirements given in the
tables. The matching procedure requires application of the
following guidelines :

TOPOGRAPHY

Use slope classes as given in the land resources inventory and
adapt the limitation levels to these classes.

I1f other topographic features, such as "gilgai'", are present,
include them in the evaluation flow chart.

WETNESS
- Flooding

For rice we use the flood classes as defined in Part II (page
236, table 101).

For all other crops, we use the general flood classes as
defined in Part I (page 83). If detailed information on floods

is available we may use flood classes set up for specific crops
as defined in Part I (pages 84 and 85).

- Drainage

The excessive drainage class is not used in the table as to
avold interaction with coarse textured soils. Soils with
excessive drainage are considered as well drained.

PHYSICAL SOIL CHARACTERISTICS

- Texture - structure

Textural-structural classes used are according to the following
sequence

cm : massive clay

Sicm : massive silty clay

C+60,v : very fine clay, vertisol structure
Cc+60,s : very fine clay, blocky structure
Cc-60,v : clay, vertisol structure

C-60,s : clay, blocky structure

SiCs : silty clay, blocky structure
Co -: clay, oxisol structure
SiCL : silty clay loam
CL : clay loam
Si Jsidt
SiL : silt loam
SC : sandy clay
L : loam
SCL : sandy clay loam
SL : sandy loam
LEfS : loamy fine sand
LS : loamy sand
Le : loamy coarse sand
£s : fine sand
= : sand
=
o LOg Mg Sew_qf
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cS : coarse sand

If not specifically mentioned as for rice, profiles with
heterogeneous texture require a recalculation of the texture
using depth weighting factors (part I, page 68) to a depth of
100 cm for annual crops, 150 cm for perennial crops or up to a
lithic contact.

- Coarse fragments

When coarse fragments are present in the surface 25 cm and
their content decreases with depth, the mean content will be

used in the evaluation.

In all other cases we use the recalculated coarse fragment
content, using weighting factors up to 100 cm for annuals, 150
cm for perennials or up to an impermeable layer.

- Calcium carbonate and gypsum

If the mean lime (gypsum) content of the surface 25 cm
decreases with depth the evaluation takes into account these

upper 25 cm.

In other cases the recalculated lime (gypsum) content, using
the depth weighting factors, is used.

SOIL FERTILITY CHARACTERISTICS

- Apparent CEC

The apparent CEC, calculated by the following formula : (total
mineral CEC x 100)/% clay, can be considered as an expression
of the weathering stage and is therefore only useful in the
tropics.

For profiles developed in a uniform soil material use the
apparent CEC of the B horizon (at a depth of 50 cm); if no B
horizon is present use the value at 50 cm depth or just above
a lithic contact.

For profiles with rejuvenated topsoil, as a result of volcanic
ash deposits or an alluvial cover, use a recalculated value up
to 75 cm depth by applying weighting factors. For the correc-

tion of organic matter, use 2.6 cmol(+) for 1% organic capon {m

(ffcgp_ 37( q])
v 5o €

‘e O

\7 (r'/é_’}’ )

affe (")

- Base saturation, sum of basic cations and pH

In order to avoid interaction, the user should consider only
the most scvere limitation or the lowest rating attributed to
one of these three characteristics.

Base saturation is still given in the tables because this
characteristic can be inferred from the soil classification

names, when universal classification systems are used. Use

rooting zone.

For the sum of basic cations (Ca + Mg + K) and pH, use the
weighted average of the topsoil (0-25 cm).

For soils under natural vegetation we should add to the sum of
basic cations the estimated amount immobilized in the vegeta-
tion; tropical rainforest 2 to 3 cmol(+) kg *, secondary
forest more than 15 years old : 1 to 2 cmol(+) kg *, savannah

0.5 to 1.5 cmol(+) kg~* and miombo woodland 1 to 1.5
cmol(+) kg™*.

- Organic carbon

Use the weighted average of the topsoil (0-25 cm).

SALINITY AND ALKALINITY
If the values of the E.S.P. or the ECe decrease with depth
compared to mean values of the surface 25 cm, the evaluation

takes into account the upper 25 cm.

In all other cases, recalculated values considering the depth
weighting factors, to a depth of 100 cm are used.

In the crop requirement tables some numbers are associated with
certain characteristics; they have the following meaning

For topography
(1) Irrigated agriculture, basin furrow irrigation.
(2) High level of management with full mechanization.

(3) Low level of management animal traction or handwork.




For drainage

(4) Medium and fine textured soils.
(5) Coarse textured soils (sandy families).

For organic carbon

(6) Kaolinitic materials.
(7) Non kaolinitic, non-calcareous materials.

(8) Calcareous materials.

These tables are a basis for a gualitative evaluation using the
methods described in Part II. When yield data, with information
on optimal and marginal yields, are available a guantitative
evaluation can be realized (Part II, page 156).

An alternative approach of a quantitative evaluation, developed
by FAO, suggests in a first phase a climatic evaluation using
yield data calculated from climatic characteristics. In this
case the yields are deducted from the calculated net biomasSs
production corrected for the water deficit of a soil profile
with standard storage capacity and taking into account yield
reductions due to other climatic hazards such as : hail, storm,
deceases due to exceptional climatic conditions, etc..-- This
climatic potential yield expressed in percentage of a standard
yield is used as a basis for the climatic evaluation.

Yield reductions estimated for soil limitations are. furthel
Egg}ied to achieve the final yield per land unit. FAO considers
downgradings for the soil group taking into account charac-
teristics which can be deducted from the subgroup name; further
downgradings are considered for texture, slope and the

different phases represented on their map.
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ALFALFA
(Medicago sativa)

1. CLIMATE

To enable a proper growth the average daily temperature should
be greater than 5 °C. The adequate temperature range for growth
is 10 - 40 °C, the optimum temperature range being 24 - 26 °C.
Frost can damage the crop.

Alfalfa is grown in areas with an annual precipitation between
400 - 2700 mm.

A low air humidity is desirable. A maximum of sunshine 1S
required. No wind hazard.

2. SOIL

Medium soil textures, such as sandy loam to clay loam, are
preferred. i
Since the maximum rooting depth of alfalfa exceeds 3.00 m, ? P
and well drained soils are most suitable. The crop is sensitive

to waterlogging.

pH range : 5.2 -8.5, optimum pH: 6.0 - 8.0

Salinity : no yield reduction at an electrical conductivity

(EC) of < 2 ds/m; the yield reduction is .
10% at 3.4: 25% at 5.4; 50% at 8.8; 100% at 1
ds/m.

Sodicity : 50% yield reduction is observed at an exchangeable
sodium percentage (ESP) of 35.

Micronutrients

Copper : high response to application. :

Boron : high reguirements ; more than 0.5 ppm in soil,
tolerant of high concentrations.

Manganese : no, or low, response to application.

Magnesium : tolerant of deficiency.
Molybdenum : medium response to application.
Aluminium : sensitive to toxicity.

Nutrients

Available P requirements (ppm, Olsen) < 4 deficient,

> 8 sufficient.

Nutrient removal (kg/ha/growing cycle) to produce 80 ton/ha of
green alfalfa:

N 320
P.Os H 60
K20 : 180

Fertilizer application (kg/ha/growing cycle) to produce 80
ton/ha of green Alfalfa.

min max
N 0 - 40
P.O. 125 - 150
K,0 : 90 - 120
3. YIELDS
Rainfed
Good commercial yield of a green crop : 53 - 60 ton/ha.
Irrigated
Good commercial yield of green crop : 80 - 100 ton/ha.
Good commercial yield of hay : 15 ton/ha.
10




CLIMATIC REQUIREMENTS - ALFALFA (growing cycle 100-365 days) “AINDSCAPE AND SOIL REQUIREMENTS - ALFALFA

A Class, degree of limitation and rating scale
Climatic class, degree of limitation and rating scale
Sl S2 83 N1 N2
31 S? S3 N1 N2 Land
Climatic Characteristics 0 1 ) 3 4
Characteristics 0 1 2 3 : Han 2 85 £0 40 25 o
100 95 85 60 40 25 0
—1 Topography (t)
Length of growing 365-120 120-100 100-80 80-70 = |A Slope (%) (1) Jo-1 1-2 2-4 4-6 = > 6
period (days) (2) J0-2 2-4 4-8 8-16 - > 16
P > 1/2 PET (3) |0-4 4-8 8-16 16-30 - > 30
Precipitation of 1100-1200 | 1200-1400 | 1400-1600 | > 1600 < at Wetness (w
growing cycle (mm) | 1100-1000 | 1000-800 800-600 600-400 (w)
Flooding Fo - - F1 = F2+
Bt o e 25-24 24-20 20-15 15-10 - 1< 10 Drainage (S) good moderate imperfect poor and poor poor
3 le (°C) 55-26 56-28 28-32 32-40 - |> 40 (S) |imperfect moderate good aeric buL' not-
growing cyc 0 draie drai-
‘Dh nable nable
; i 40-50 50-75 75-90 > 90 = 1% yEsat. E0 T
gfiiiiéecgfféd?% 40-30 30-24 24-20 < 20 - | Sharacteristics(s)
Texture/struct. 8L, SCL,.SC, C<60s, Co, C<60v,LS, C>60v,fS, = Cm,SiCm
L; €Ly S1CL SiCs C>60s,LfS S,LcS
Qoarse fragm(vol%) |0-3 3-15 15-35 35-55 = > 55
Soil depth (cm) > 100 100-75 75-50 50-20 = > 20
Caco, (%) 0-6 6-15 15-25 25-35 = 235
Sypsum (%) 0-2 2-4 4-10 10-20 - > 20
%Qil fertility
k'I\Aaractez'istics(f)
Apparent CEC > 24 2a-16 < 16(-) < 16(+) - -
( <mol{+)/kg clay)
ase saturation(%) |> 50 50-35 35-20 < 20 = =
Sum of basic ca- |> 8 8-5 5-3.5 3.5-2 D -
- ions
Cemol (+)/kg soil)
Byop0 7.4-7.0 7.0-6.0 6-5.5 5.5-5.2 < 5.2 =
4-7.8 7.8-8.0 8-8.2 8.2-8.5 - 2185
Organic carbon(%) |> 2 2-1.2 1.2-0.8 <0.8 & 2
Bei
‘llinlty and
1talinity (n)
Bce (dS/m) 0-3 3-5 5-9 9-12 = )
Rsp (%) 0-8 8-20 20-35 35-50 = > 50 |
11 le




ARABICA COFFEE
(Coffea arabica)

1. CLIMATE

The minimum temperature for the growth of arabica coffec is 10
°c, though the absolute minimum is the frost limit. The maximum
temperature is 30 °C. The mean optimum temperature for growth
is 15 - 24 °C. High and low temperatures can be mitigated by
mulching and shading. Excessive temperatures cause die back,
force rapid growth and early bearing.

Arabica coffee is produced in areas with a precipitation in.the
range of 800 - 2500 mm/year. The precipitation is optimum
between 1400 - 1600 mm/year , but the distribution is more
important than the total. A well distributed rainfall with a
drier period of 2 to 3 months for the initiation of flower buds

is best.

Arabica coffee is grown at sea-level in the subtropics and at

altitude in the tropics.
Periods of mist and low clouds are beneficial.

Strong or cold winds are detrimental; banana wind breaks
constitute an efficient protection.

2. SOIL

Deep, slightly acid, friable, permeable, well drained, fertile
clay to clay loam soils, with a 'reasonable' humus conFent are
most suitable. The roots have a high oxygen requirement,
therefore poorly drained and massive heavy clay soils should be
avoided.

Subsoil moisture must be present at all times, but the topsoil
must be drier for some part of the year to initiate flower buds
through moisture stress.

Sandy soils are satisfactory if underlain by a subsoil with a

higher clay content.

Adverse soil structure, low moisture-holding capacity, and low
base status are often offset by the use of a grass mulch.

13

pH range : 5.2 - 7.8, optimum pH: 5.6 - 6.6

Salinity : no yield reduction at an electrical conductivity
(EC) of < 0.5 dS/m; the yield reduction is
50% at 1; 100% at 7 dS/m.

Moderate erosion hazard.

Nutrients

A high organic matter content is preferred.

N requirements are lower for shaded coffee. The most important

nutrients are N and K, secondly P.

The calcium requirement is fairly high. Mg deficiency lowers
the quality of the production.

Nutrient removal (kg/ha/growing cycle) for high production:

N : 135
P.O, : 35
K-0 145

Mineral deficiency symptoms

Boron : young leaves malformed, narrow leathery leaves,
short weak branches, fan branching.

Calcium : convex cupping of leaves and corky growth on veins.

Iron : white color between green veins on leaf; remedy is
to acidify soils with ammonium sulfate.

Magnesium : 'herring-bone' pattern on older leaves. High

concentrations of K will often cause Mg
deficiencies, particularly when heavily mulched.

Manganese : olive-green terminal leaves, dark-green leaves
below, mature leaves with yvellow mottles.

Nitrogen : general yellowing of whole leaf.

Phosphorus: blue-green color of older leaves and reddish autumn
tints.

Potash : brown scorching of entire leaf margin.

Sulphur : causes excessive N intake.

Zinc : shortened internodes, production of small deformed

narrow leaves.

Mineral toxicity symptoms

Manganese : excessive uptake of Mn occurs under influence of
low pH; remedy by applying lime to increase the
pH.

14




3. YIELDS

Rainfed

Good commercial yield
(clean green hulled beans)
Good smallholder yield

CLIMATIC REQUIREMENTS - ARABICA COFFEE

3.0 ton/ha
1.2 ton/ha

-
w

il
Climatic class, degree of limitation and rating
Climatic s1 s3 N1| N2
Characteristics 0 | 1 3
100 95 40 0
Annual precipitat.|1500-1600|1600-1800 > 2000
(mm) 1500-1400(1400-1200 1000-800 < 800
Length dry season | 2.5-3 3-4 5-6 6
(months:P<1/2 PET)| 2.5-2 2-1 -
Mean annual max. 25-26 26-28 30-32 >32
temp. (°C) 25-24 24-22 20-18 18
Mean daily min. 15-17 17-19 21-23 23
temp. of coldest 15-14 14-10 7-4 4
month (°C)
Mean annual temp. 19-18 18-16 15-14 14
(°C) 19-20 20-22 24-26 26
Mean rel.humidity | 55-60 60-70 80-90 90
dryest month (%) 55-50 50-40 30-20 20
n/N of 5 dryest > 0.65 0:.65=0.5 -
months

LANDSCAPE AND SOIL REQUIREMENTS - ARABICA COFFEE

Class, degree of limitation and rating scale.
Land
Characteristics 51 33 N1 N2
0 | 1 3 4
100 ) 89 25 0
Topography (t)
Slope (%) (1)] 0-1 1-2 4-6 - 6
(2)] 0-2 2-4 8-16 - > 16
(3)] 0-4 4-8 16-30 30-50 50
Wetness (w)
Flooding Fo Fo Fo - Fl+
Drainage good; good; imperf. |poor poor
groundwa. |groundwa. but not
> 150 cm|[100-150 cm drainab|drainab
Physical soil
characteristics (s)
Texture/struct. c<60s,Co, |C>60s,SC, SL,LfS - Cm, SiCm
5icL,cL (L c>60v,
LS,LcS,
cS,fS
Coarse fragm(vol%)| 0-3 3-15 35-55 - » 55
Soil depth (cm) > 200 200-150 100-50 - < 50
CcaCO, (%) 0 0-1 2-5 = > 5
Gypsum (%) 0 0-0.5 2=3 = >3
Soil fertility
characteristics(f)
Apparent CEC > 24 24-16 < 16(+) - =
(cmol(+)/kg clay)
Base saturation(%)| » 80 80-50 35-20 < 20 b
Sum of basic ca-
tions
(cuol(+)/kg soil) > 6.5 6.5-4 2.8-1.6] < 1.6
pH H.O 6.0-5.8 5.8~5i.b 5:4=5,2] < 5.2 -
6.0-6.2 6.2-6.6 7.4-7.8 = > 7.8
Organic carbon(%)| > 2.4 2.4-1.2 410:8 - =
Salinity and
Alkalinity (n)
ECe (ds/m) 0-0.5 = Q.52 2-6 > 6
ESP (%)
16




AVOCADO
(Persea americana)

1. CLIMATE

The required mean temperature for growth is 18-26°C. Avocado is
not tolerant to frost.

Avocado is grown in areas that receive a precipitation that is
at least 750 mm/year. Alternating dry and wet seasons are
desirable. Dry weather at flowering has little effect, unless
it lasts too long when flowers drop and the crop may fail.
Plenty of moisture is needed in the fruiting period.

High air humidity is desirable.

The wood is soft and brittle and susceptible to wind damage.

2. SOIL
Deep, medium to coarse soils are preferred; heavy soils with a
tendency to waterlogging are not suitable.

Sandy or loamy alluvial soils are desirable.

Avocado prefers well drained soils, with a water table at > 2‘0‘
m. The crop is extremely sensitive to fluctuations in soil
moisture. Excessive soil moisture and poor aeration around the
roots leads to avocado rot.

Fertile soils are required.

pH range : 4.3 -8.3, optimum pH:
Salinity : Avocado is intolerant
No yield reduction at
(EC) of <
1.8;

of saline conditions.
an electrical conductivity
1.3 dS/m; the yield reduction is 10% at
25% at 2.5; 50% at 3.7; 100% at 6 ds/m-

Sodicity :

50% yield reduction is observed at an exchangeabl
sodium percentage (ESP) of 15.

3. YIELDS

Rainfed

Good commercial yield :

2.0 -

CLIMATIC REQUIREMENTS - AVOCADO

2.5 ton/ha

Climatic class, degree of limitation and rating

Climatic S1 S2 S3 N1| N2
Characteristics 0 I 1 2 3 4
100 95 85 60 40 25 0
Annual precipitat.|1500-1400f1400-1200}1200-1000 1000-750 < 750
(mm) 1500-16001600-2000 >2000 - @
Mean temp. of the 22-24 24-26 26-30 >30 -
growing cycle (°C)| 22-20 20-18 18-15 15-10 < 10
Mean min. temp of | > 18 18-16 16-13 13-8 <8
the coldest month
(°C)
Length of the dry | 2.5-2 251 <1 - =
season (months) 2 o3 3-4 4-5 > 6 =

18




LANDSCAPE AND SOIL REQUIREMENTS - AVOCADO 4—_—___._—-_____~_-——_1
= ] Class, degree of limitation and rating = cale.
:
e isti 51 s2 53 N1 N2
Characteristlcs 0 .l 1 l ; ) )? :
100 95 85 60 40 23
Topography (t) ]
S % 0-1 1-2 2-4 4-6 - /
Flags L éii 0-2 2-4 4-8 8-16 - 1 ;g
(}) 0-1 4-8 8-16 16-30 -
Wetness (W) :
s F1l+
- e 5 4 N p oor
F%O?dlﬂz good good moder . imperf. pOtl iot
i N i e ier S:Ainab drainab
table>2m|table<2m e
Physical soil
characteristics (s) .
) - Cm,SiCm
g CL,LS|LcS,SCL, S¢,/S1Cs, c>60s,
Texture/struct. iLéicL = . Crooe CZng
% 23 -15 15-35% 35-55 = 2
fragm(vol%)|0-3 e s ) B s
gg?isgepthg(cm) > 150 |150-100 [100-75 5 58 i S
CaCo.,(%) 0 <1 1-4 4-1
.
Gypsum (%)
Soil fertility
characteristics(f)
Apparent CEC > 24 24-16 ¢ 16(-)] < 16(+) &
(cmol(+)/kg clay) : e
Base saturation(%)| > 50 50-35 35-20
Sum of basic ca-
tions
i 7 - 2.8-1.6] < 1.6
+)/kg soil) > 4 4-2.8 :
(;mglé s 5.8-5,5) 5.5-5.0 5.0-4.6| 4.6-4
. - 5.8-6.0| 6.0-6.5 6.5-7.5| 7.5-8
- - < 0.8
Organic carbon(%) 50 2-1.2) 1.2-0.8
Salinity and
Rlkalinity (n)
= = 3-4 4-5
ECe (dS/m) 0-2 2-3 5
ESP (%) 0-5 5-10 10-15 15-20
19

BANANA
(Musa spp .- )

1. CLIMATE

The optimal mean monthly air temperature for the growth of
banana is 25-28°C. A reduced growth is observed at temperatures
< 22°C.

The lowest mean annual temperature for growth is 14°C.
Plantation chilling occurs when the winter temperature falls

below 10°C. 12 hours exposure to temperatures < 7°C generally

causes chilling injury. High temperatures result in leaf and
fruit scorch.

Small changes in altitude may have a significant cffect on the
period to shooting, e.g. in Martinigue

Altitude (m) 0 - 137 183 - 365 397 - 641
Months to shooting 6 - 7 9 - 10 11 - 13
approx. temp.drop (°C) - 1 3

The optimal precipitation amounts to 1500 - 2500 mm/year. Well
distributed rainfall is best, but bananas can equally be grown
in areas with a pronounced dry season. Drought however lowers
the quality of the fruit.

A high relative
preferred.

air humidity is 60

oo

desirable : > is

A maximum of sunshine required.

Wind damage represents a major source of loss in production,
especially where the nematode Radopholus similis weakens the
roots. A total loss occurs at wind speeds above 100 km/h.

2. SOIL

Freely drained, well-aerated, deep, fertile loamy soils are
preferred, though bananas are produced on a wide range of soil
types. The maximum rooting depth of the crop is 0.90 m.
Mulching however leads to a reasonable production on sandy
soils.

A high available water content (AWC) is needed in order to
prevent possible damage due to moisture stress.

20




Roots do not tolerate waterlogging.

Erosion hazard: on sloping areas conservation practices are

necessary.

"pH range : 4.5 - 8.2, optimum pH: 5.6 - 7.5

Salinity : < 500 ppm salt in the soil ; no yield reduction at
an electrical conductivity (EC) of < 1 dS/m;

Sodicity : no hazard at an exchangeable sodium percentage (ESP)
below 4 ; 50 % yield reduction is observed at an

ESP of 15.

Micronutrients

zinc : deficiency associated with high levels of Truog
acid-soluble phosphate. Deficiency at pH > 6.
Available after P- fertilization.

Magnesium : deficiency at < 1 cmol(+)/kg soil.

Nutrients

Banana requires soils of high fertility, with high N and K
levels. A C/N ratio of the organic matter of < 20 is preferred.

Adequate levels Critical levels
N d 1200 ppm
P 5 50 - 100 ppm 20 ppm
K : 300 - 350 ppm 150 ppm

Nutrient removal (kg/ha/growing cycle) to produce 25 ton/ha:

N 5 L7 =728
PO s 6 - 7
K00 56 - 78

Fertilizer application (kg/ha/growing cycle) to produce 30
ton/ha:

min max
N 50 - 90
P,0s 60 - 100
K-0 150 - 250

Cation balance: CaO/MgO/K.,O0 = 10/5/0.5
CaO0 > or = 2 x MgO

MgO/K,0 =4 - 25 ( > 25 = K deficiency).

Mineral deficiency symptoms

Calcium : yellow bands along leaf margins.

Iron : interveinal chlorosis on young leaves.

Magnesium : interveinal chlorosis with wavy leaf margins.
Manganese : spots on leaves and fruits, caused by high soil pH.

Nitrogen : slow growth, stunting, yellowish-green leaves.
Phosphorus: slow growth, caused by marginal scorching of
leaves.

Potassium : marginal yellowing of leaves. Acute: leaves turn
bright yellow. Nematode attack may accentuate K

deficiency.
zinc : produces bunchy top effect.
3. YIELDS
Rainfed
Good commercial yield : 30 - 35 ton/ha.
Average farmer yield : 15 - 25 ton/ha (1500 trees).
Irrigated
Good commercial yield : 40 - 60 ton/ha.
Average farmer yield : 35 - 50 ton/ha.
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CLIMATIC REQUIREMENTS - BANANA LANDSCAPE AND SOIL REQUIREMENTS - BANANA

Climatic class, degree of lLimitation Class, degree of limitation and rating scale.
Land
sl s1 l s2 \ o Characteristics s1 ‘ s2 $3 | Nl | N2
e S 1 2 0 | 1 2 3 4
~ tics 0 | Al
Shepacheris 100 95 85 60 100 95 85 60 40 25 a
Annual precipitat. > 1800 1800-1500]1500-1250] 1250 1000 Topography (t)
(mm) i 4-6 - - - - =
Length dry season 0-1 1-3 3-4 SL0pE (%) (}) -1 1-2 25 =6
( i p<1/2PET) (2)] 0-2 2-4 4-8 8-16 = > 16
months = (3)| 0-4 4-8 8-16 16-30 30-50 > 50
> 22 22-18 18-16 16-14
Mean annual temp. Wetness (w)
(°C)
: : 5 20 20-15 15-8 8-2 Flooding Fo - F1 F2 - F3+
Average mln.htemp Drainage good moder. |imperf.|poor poor poor
?Sl?est mont and but not
C . . .
aeric drainab|drainab
A 12-8 8-0 0 Lo - Physical soil
Absolute min. temp.| > 12 characteristics (s)
coldest month (°C)
Texture/struct. C4<60s,Co, |C>60s, [C>60v, |SL,LfSs, - Cm,5iCm
SiCs,S1iCL|C<60v, |SCL LS - £8.8,c8
CL,SiL SELT,
Coarse fragm(vols)| 0-3 3-15 15-35 | 35-55 N > 55
Soil depth (cm) > 100 100-75 | 75-50 | 50-25 = <25
Caco, (%) 0 <5 5-10 10-15 - > 15
Gypsum (%) 0 <1 1-4 4-10 - > 10
Soil fertility
characteristics(f)
Apparent CECclay > 24 24-16 |< 16(-)]< 16(+) - =
(cmol(+)/kg clay) ‘
Base saturation(%)] > S0 50-35 35-20 < 20 - -
Sum of basic ca-
tions
(cmol(+)/kg soil) | > 6.5 6.5-4 4-2.8 - - <
pH H,0 6.4-5.8 }5.8-5.6(5.6-5.2} 5.2-4.5] < 4.5 =
6.4-7.0 |7.0-7.5|7.5-8.0] 8.0-8.2] - > 8.2
Organic carbon(%) > 2.4 2.4-1.5/1.5-0.8] < 0.8 - -
Salinity and
Alkalinity (n)
ECe (dS/m) 0-1 1-2 2-4 4-6 6-8 > 8
ESP (%) 0-2 2-4 4-8 8-12 12-16 > 16
24
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BARILEY
(Hordeum vulgare)

1. CLIMATE

Barley is produced in areas with an average temperature in the
growing cycle of < 20°C. Chilling is required for flowering.

The precipitation should be well distributed in the growing
eycle and amount to 300 - 1100 mm/growing cycle.

A low or medium relative air humidity is desirable. Hot dry

winds after heading reduce the grain yield.

2. SOIL

well drained and warm soils
ting depth of the
g. The water

The crop prefers deep (1.5-2.0 m),
with medium soil textures. The maximum roo
crop is 1.50 m. Barley is intolerant of waterloggin

table should be at a depth of > 0.60 m.

5.5 -8.5, optimum pH: 6.2 - 8.0

pPH range

Salinity : no yield reduction at an electrical conductivity
(EC) of < 8 dS/m; the yield reduction is
10% at 12; 25% at 16; 50% at 18; 100% at 28 ds/m.

sodicity 50% yield reduction at an exchangeable sodium
percent age (ESP) of 35.

micronutrients

Copper high response to application.

Boron 1-2 mg in soil solution.

3. YIELDS

Rainfed

Good commercial yield : 2 - 3 ton/ha.

Irrigated

Good commercial yield : 3 - 4 ton/ha.
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CLIMATIC REQUIREMENTS - BARLEY

(growing cycle 120-156 days)
¢ Y

Climatic class, degree of limitation and rating
Climatic Sl 52 s3 N1 | N2
Characteristics 0 | 1 2 3 4
100 35 85 60 40 25 0
precipitation of 650~-400| 400-300 300-200 200-150 = < 150
growing cycle(mm) 650-900| 900-1100{1100-1300(1300-1500 > 1500
Monthly rainfall 60-35 35~15 15-10 10-5 - <5
vegetat.stage (mm) 60-80 80-95 95-120 > 120 - -
(2nd month})
Monthly rainfall 60-45 45-20 20-10 10-0 & -
flowering stage(mm)| 60-70 70-90 90-120 > 120 = #
(3rd month)
Mean Lemp. of the 10-8 8-6 6-4 42 ' <2
vegetative stage 10-12 12-18 18-24 24-28 = > 28
(2nd month) (°C)
Mean temp. of the 18-14 14-12 12-10 10-8 = <8
flowering stage 18-22 22-26 26-32 32-36 - > 36
(3rd month) (°C)
Mean temp. of the 20-16 l6-14 14-12 12-10 - < 10
ripening stage 20-24 24-30 30-36 36-42 & > 42
(4-5th month) (°C)
Average daily min. <8 = < 8 if 8-13 if - > 13
temp. coldest month
combined with
average daily max.
temp. coldest month <21 > 21
(°c)




LANDSCAPE AND SOIL REQUIREMENTS - BARLEY

—
Class, degree of limitation and rating scale
Land
Characteristics S1 S2 S3 NNz
0 | 1 2 ’ ] i !
100 95 85 60 40 25 0
E—
Topography (t) o]
Slope (%) (1) 0-1 1-2 2-4 4-6 = > 6
(2) 0-2 2-8 8-12 12-16 - 16
(3) 0-4 4-8 8-16 16-24 24-30 > 30
Wetness (w)
Flooding Fo = F1 F2 - F3+
Drainage (4) ]good moderate|imperf. |poor poor poor
(5) |imperfect|moderate|good and but not
aeric drainab|drainab
Physical soil
characteristics (s)
Texture/struct. Cc<60s,Co, |C<60v, SC|C>60v, SL,LfS - Cm, SiCm
SiCs,SiCL|C>60s,L |SCL Lcs, fs
Si,SiL,CL cS,8
Coarse fragm.(vol%)| 0-3 3~15 15-35 35-55 - > 55
Soil depth (cm) > 90 30-50 50-20 20-10 - < 10
Cacos (%) 3-20 20-30 30-40 40-60 - > 60
3-0
Gypsum (%) 0-3 3=5 5-10 10-20 - > 20
Soil fertility
characteristics(f)
Apparent CEC > 24 24-16 < 16(-) < l6(+) - -
(cmol{+)/kg clay)
Base saturation(%) > &0 80-50 50-35 <935 = =
Sum of basic ca-
tions
(cmol(+)/kg) > 8 8-5 5-3.5| 3.5-2 <2
pH H.O A2 =720 1:056,21 76.2=5 Hlhig=5.5] < 5.5 e
7.2-7.5 | 7.5-8.0| 8.0-8.2| 8.2-8.5| - > 8.5
Organic carbon(%)
() | » 2.0 2.0-1.2| 1.2-0.8| < 0.8 - 5
(7) D2 1,2-0.8]'0:8=0.4) < 0.4 53 v
(8) > 0.6 0.6-0.4] < 0.4 - - T
Salinity and
Alkalinity (n)
ECe (ds/m) 0-8 8-12 12-16 16-20 20=285 05125
ESP (%) 0=15 16H25 25=35 35-45 - > 45
27,

BEANS
(Phaseolus vulgaris)

1. CLIMATE

Beans are not grown in the lowland humid tropics. The common
temperature range for beans is 18-30°C. The optimum temperature
range is 15-20°C. The soil temperature for germination should
be > 15°C. The crop is sensitive to temperatures above 30°C,
especially at flowering and seed set. Beans are sensitive to
frost; flowers are damaged at 59¢.

The total precipitation should be 400 - 500 mm/growing cycle.
Moisture stress should be avoided in the flowering and setting
periods. Dry weather is required at harvest.

Excessive rain causes flower drop and diseases.

A medium to high relative air humidity is required, especially
at flowering.
affect the

Strong winds may damage the crop. Dry winds

pollination and therefore the yield.

2. SOIL

Beans can be grown on soils with a texture ranging from loamy
sand to (kaclinitic) clay; the optimal texture 1is loam to clay
loam.

The mimimum soil depth is 0.5 m. The optimum soil depth is >
0.75 m. The maximum rooting depth of beans is 1.00 - 1.50 m.
Soils that show surface capping should be avoided.

Moderately well to well drained soils are most suitable. The
crop is sensitive to waterlogging; surface water standing for
only a few hours damages the crop.

- 8.2, 6.0 - 7.0

pH range : 5.2 optimum pH:

Salinity : no yield reduction at an electrical conductivity
(EC) of < 1 4S/m; the yield reduction is
0% at 1.5; 25% at 2.3; 50% at 3.6; 100% at 6.5
ds/m

Sodicity 50% yield reduction at an exchangeable sodium
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percentage (ESP) of 15.

Micronutrients

Copper : no or low response to application.

Boron . less than 0.1 ppm required; sensitive to excess.

Manganese : high response to application; sensitive to
deficiency.

Magnesium : tolerant of deficiency.

Zinc : very responsive to spraying if soil is
deficient.

Nutrients

Nutrient removal {kg/ha/growing cycle) to produce 1 ton/ha of
dry beans:

lae]
o W

Fertilizer application (kg/ha/growing cycle) for high
production:

ain. max.
Nie 20 - 40
P 40 - 60
Koo 50 - 120
3. YIELDS
Rainfed
dry beans

Good commercial yield: 1.0 - 1.5 ton dry beans/ha.
Average farmer yield: 0.5 - 1.0 ton dry beans/ha.

2.0

Irrigated

Good commercial yield: 1.5 - 2.
1.0 i

Average farmer

4. ROTATIONS

Wwith maize, sweet potato, cotton, wheat, onion, sorghum,

potato.

CLIMATIC REQUIREMENTS - BEANS (green: growing cycle 60-90 days.,

dry beans green beans

yield:

dry: 90-120 days)

Cclimatic class, limitation and ratiﬁg scale.
climatic s1 s2 s3 N1 | N2
Characteristics 0 l 1 2 3 4
100 95 85 60 40 25 0
precipitation of 450-500 500-600 600-1000 >1000
growing cycle (mm) 450-400 | 400-350 350-300 | 300-2S0 = < 250
Mean temp. of the 18-20 20-24 24-27 27-30 - > 30
growing cycle (°C) 18-15 15-12 12-10 10-8 - < 8
Mean min.temp. of 13-15 15-20 20-25 > 25 = i
growing cycle (°C) 13-10 10-7 7-5 < 5 - =
Relative humidity 55-50 50-42 42-36 36-30 = < 30
of devel.slage{%) 55-60 60-75 75-80 > 90 - &
Relative humid. of 40-30 30-24 24-20 < 20 3 - !
maturation stage(%) 40-50 50-75 75-90 > 90 = - |
n/N develop.stage 0.55-0.5] 0.5-0.35 | < 0.35 ) - J '
0.55-0.6] 0.6-0.75 > 0.75 = % =
n/N maturation stage| > 0.7 .7-0.5 £:0.5 = - -
{
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LANDSCAPE AND SOIL REQUIREMENTS - BEANS

—

16
10

F2+
]n or
not

drainab.

Cm,S1Cm,

cS

D

.20

¢

Class, degree of limitation and rating scale
Land
Characteristics S1 S3 N1
0 | 1 3 1
100 95 85 40
Topography (t)
Slope (%) (1)] 0-1 1-2 4-6 -
(2)| 0-2 2-4 8-16 -
(3)| 0-4 4-8 16-30 =
Wetness (W)
Flooding Fo = Fl -
Drainage (4)|good moder. poor poor
S)|imperf. moder . and but
aeric drainab
Physical soil
characteristics (s)
Texture/struct. C<60s,Co, |C>60s,SC LeS, S, -
SiCs,SiCL|C<60v, S
CcL,S8i,S8iL|L,SCL
Coarse fragm(vol%)| 0-3 3=15 35555 -
Soil depth (cm) > 100 100-75 50-20 s
caco, (%) 0-6 6-12 20-25 =
Gypsum (%) 0-0.1 0.1-0.5 1-3 -
Soil fertility
characteristics(f)
Apparent CEC >y 24 24-16 < 16(+) -
(cmol (+)/kg clay)
Base saturation(%)] > 50 50-35 < 20 -
Sum of basic ca-
tions
(cmol(+)/kg soil) P8 5735 3% (4] -
pH H.O 6.5-6.0 650=5:61%5 5:4-5121-<°5,2
| 6:5-7:0 .00 =786 479 8-8.2 =
Organic carbon(%) D2 2=1:2 1k < 0.8 -
Salinity and
Alkalinity (n)
ECe (dS/m) 0 0-1 1= 1.5-2 -
ESP (%) 0-2 255 5-8 8—}5 =

SR

e

CABBAGE
(Brassica oleracea D

1. CLIMATE

Germination of cabbage is observed in the temperature range of
5 - 37°C. The optimum temperature for germination ig 28°C.
The temperature range for growth is 5 - 35°C. The temperature
range for optimal growth is 15 - 20°C or an average monthly
maximum of 24°C. A difference between day and night temperature
of 11°C is optimal. Most varieties tolerate up to - 6°C. Long
periods with temperatures of ¢ 5°C however are harmful.

The total precipitation should be at least 250 - 300 mm/growing
cycle, and is optimal at 400 - 500 mm/growing cycle .

A high relative air humidity is desirable: 60 - 90% . Below 60
% wilting occurs.

2. SOIL

Cabbage is grown on soils with a wide range of textures, but

loam is preferred. Lighter soils are suitable if the rainfall i
is high. k

The soil depth should be at least 0.20 m; the optimum soil
depth is > 0.60 m.

well aerated, moderately well to well drained soils are
preferred.

pH range : 5.5 - 8.2, optimum pH: 6.2 - 75
Salinity : no yield reduction at an electrical conductivity

(ECc) of < 1.8 ds/m; the yield reduction is
10% at 2.8; 25% at 4.4; 50% at 7.0; 100% at 12

ds/m

Sodicity : 50% yield reduction at an exchangeable sodium
percent age (ESP) of 20.

Ccopper . medium response to application.
Boron . high reguirements : more than 0.5 ppm in soil;
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erant of high concentrations.
iency.

tol ‘
sensitive to defic
o deficiency.

Manganese
Molybdenum : sensitive t

Nutrients

Moderate to high, well decomposed organic matter is beneficla

i 20
Fertilizer application (kg/ha/growing cycle) to produce

ton/ha:
N 3 150
P.0s : 115
K,0 : 240

3. YIELDS

Rainfed

Good commercial yield : 35 - 50 ton/ha.

average farmer yield : 10 - 20 ton/ha.

Irrigated

60 - 80 ton/ha.
20 - 40 ton/ha.

Good commercial yield
Average farmer yield
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CLIMATIC REQUIREMENTS - CABBAGE (growing cycle 100-150 days)

Climatic class, limitation and rating.

of growing cycle 80-85 85-30 90-95 > 95 &

Climatic s1 s2 s3 N1 | N2
Characteristics o | 1 2 3 4
100 95 85 60 40 25 0
Prec%pitation of 450-400] 400-350}350-300 |300-250 & < 250
growing cycle (mm)|450-500| 500-800[800-1000} > 1000
Mean(temp. of the 18-20 20-24 24-30 30-35 & » 35
growing cycle (°C)| 18-15 | 15-13 13-10 10-5 - <5
Mean.temp at 28-25 | 25-20 20-15 15-5 - < 5
germination(°C) 28-30 | 30-32 32-35 35-37 = > 37
Temp. difference 11-10 | 10-8 8-4 4-2 - <2
day/night (°C) 11-12 12-14 14-16 16-18 & > 18
Relative humidity | 80-75 | 75-65 65-60 60-50 - < 50

34




LANDSCAPE AND SOIL REQUIREMENTS - CABBAGE

CARROTS
Class, degree of limitation and rating scale. ] (Daucus carota)
Land
Characteristics s1 S2 S3 N1 N2
0 | 1 2 3 4
100 95 BS 60 40 25 Q 1. CLIMATE
Topography (t) Germination of carrots is observed at temperatures between 4
and 35°C. The optimum temperature range for germination is 6 -
Slope (%) (1y] o-1 1-2 2-4 1-6 - > 6 28°C.
(2)| o-2 2-4 4-8 8-16 - > 16 . ) . ;
(3| o0-a 4-8 8-16 20 _ 5 30 The temperature range for gr.owth is 4 35°C. The optimum
temperature range for growth is 16 - 22°C.
Wetness (w) Young seedlings are ecasily killed if the temperature is too
i . high.
§£?2;gz (a) gFOd ;1 ek B " - - Fl+ High temperatures result in poor flavour and pale short roots.
. 00 moderate|imperf. |poor and |poor poor : < : 2 ies.
(5)| imperf . moderate|good meric bt GE Too low temperatures may induce flowering in some variet1

drainab|drainab .
The precipitation should be approximately 300 - 350 mm/growing
Physical soil cycle.

characteristics (s)
Texture/struct. L, SCL sic, s1,|LS,LfS, |creov, _ om, SiCm High relative air humidity may induce diseases.
SC,C<60s|fS,C>60s S
Co,CL, |Lcs,

SiCL C<60v 2. SOIL
Coarse fragm(vol%)| 0-3 3-15 15-35 35-55 - > 55
Soil depth > - = - .
CaC05 (2) i 0-25 72-?2 ig-gg 2?, ég B ;ig sandy to loamy soils are preferred. Clayey soils are not
Gypsum (%) 0-2 2-4 4-10 10-20 " > 20 suitable. The soils should be well drained and at least 0.60 m
deep. The optimum soil depth is > 0.90 m.
Soil fertility
cheractertstice(f) pH range : 5.2 - 8.2, optimum pH: 6.0 - 7.0
Apparent CEC Y24 24-16 < 16(- - - 5 . tend
(cmol{+)/kg clay) S A galinity : no yield reduction at an electrical conductivity
Base saturation(%)| > 50 50-35 35-20 < 20 = A (EC) of < 1 dS/m; Lhe vield reduction is
sum of basic ca- 10% at 1.5; 25% at 2.5; 50% at 4.5; 100% at 8
tions dS/m
{cmol({+)/kg soil) | > 5 5-3.5 |3.5-2 <2 & 5
pH H,0 6.8-6.2 | 6.2-6.0] 6.0-5.8] 5.8-5.5 | < 5.5 - B ; g i
6.8-7.5 | 7.5-7.8] 7.8-8.0| 8.0-8.2 - > 2 Sodicity : 50% yield reduction at an exchangeable sodium
Organic carbon(%) 39105 1.5-0.8} < 0.8 ’ i = percent age (ESP) of 35.
LY
Salinity and
Alkalinity (n) i
Micronutrients
ECe (dS/m) 0-3 3-4.5 4.5-7 7-10 - > 10 : 2
ESP (%) 0-8 8-15 ~15-20 |20-25 4 g > 25 copper : high response to application.
Boron : 0.1 - 0.5 ppm reguired in the soil; tolerant of
high concentrations and sensitive to deficiency.
Manganese : medium response to application.
35
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Nutrients

The soil fertility should be high; the organic matter content

however should only be moderately high.

3. YIELDS
Rainfed

Good commercial yield : 18 - 20 ton/ha.

Irrigated

Good commercial yield : 30 - 38 ton/ha.

CLIMATIC REQUIREMENTS - CARROTS (growing cycle 100-150 days)

Climatic class, degree of limitation and rating
Climatic s1 S2 s3 N1 | N2

Characteristics ;5] 1 2 3 4

100 35 85 60 40 25 0
Precipitation of 325-300| 300-250} 250-200}200-150 - < 150
growing cycle (mm)| 325-350 350-400] 400-600}600-1000 - > 1000
Mean temp. of the 19-18 18-16 16-13 13-4 - <4
growing cycle (°C)| 19-20 20-22 22=-28 28-35 - > 35
Mean temp. at 17-7 7-6 6-5 5-4 - < 4
germination {5y 17-26 26-28 28-30 30-35 - > 35
Relative humidity 60-70 70-80 80-90 > 90 - 2
growing cycle (%) 60-50. 50-40 40-20 < 20 = =
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LANDSCAPE AND SOIL REQUIREMENTS - CARROTS

Class, degree of limitation and rating scale.
Land
Characteristics 51 S2 S3 N1 | N2
o | 1 2 3 !
100 95 85 60 40 25 0
Topography (t)
Slope (%) (1)| 0-1 =2 2-4 4-6 - > 6
(2 0-2 2-4 4-8 8-16 = > 16
(3)] 0-4 4-8 8-16 16-30 30-50 > 50
Wetness (W)
Flooding Fo = = - = Fl+
Drainage (4)|good moder. imperf. |poor poor poor
(S)]imperf. |moder. good and but not
aeric drainab|drainab
Physical soil
characteristics (8)
Texture/struct. L,SL,Lfs|LS,SCL, |SiCs,SC, |C<60v,Cof - Cm, SiCm
SiCL S,fS,LcS|C><60s c>60v
Coarse fragm.(vol%)] 0-3 3-15 15-35 35-55 - 7 55
Soil depth (cm) > 100 100-90 90-75 75-60 - < 60
CaCo, (%) 0-3 3=5 5-10 10-20 - > 20
Gypsum (%) 0-1 1-2 2=3 3-5 = > 5
Soil fertility
characteristics(f)
Apparent CEC > 24 24-16 < 16(=)| < 16(+) - -
(cmol(+)/kg clay)
Base saturation(%) > S0 50-35 35-20 < 20 - =
Sum of basic ca-
tions
(cmol{+)/kg soil) > 4 4-2.8 |2.8-1.6 < 1.6 - =
pH H.O 6.3-6.2| 6.2-6.0] 6.0-5.7] 5.7-5.2] < 5.2 =
6.3-6.4] 6.4-7.0| 7.0-7.6] 7.6-8.2 > 8.2
Organic carbaon(%) > 2 2-1.2] 1.2-0.8] < 0.8 - -
Salinity and
Alkalinity (n)
ECe (dS/m) 0-1 1 5 1.5-4.5} 4.5-7 - > 7
ESP (%) 0-10 20 20-35 35-50 g > 50
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CASHEW
( Anacardium occidentale)

1. CLIMATE

For the cultivation of cashew hot conditions are preferred.
The temperature range for growth is 12 - 32°C; the optimum
temperature is 24 - 30°C. Frost can damage the crop.

Cashew is a drought resistant crop. Dry weather is required at
peak flowering and at harvesting. In the absense of dry weather
black nuts are formed and rot occurs.

The required precipitation ranges from 500 - 3800 mm/year.

The relative air humidity should be at least 20 - 25 %.

2. SOIL

Deep, light to medium soil textures are preferred. Cashew can
nevertheless be grown on a wide range of soils, from pure sands
to laterites as long as they are well drained.

Shallow soils or heavy clay soils are unsuitable.

pH range : 4.5-8.5, optimum pH: 5.5 - 7.0

Salinity no yield reduction is observed at an electrical
conductivity (EC) of < 0.5 dS/m; the yield reduction
is 10% at 1.0; 25% at 2.0; 50% at 3.0; 100% at
6 ds/m.

3. YIELDS

Rainfed

Good commercial yield 3 ton/ha.
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CLIMATIC REQUIREMENTS - CASHEW

Climatic class, limitation and rating scale
Climatic sl s2 s3 ‘ N1| N2
Characteristics 0 | 1 2 3 4
100 as 85 60 40 25 0
Annual precipitat. 1800-1600}1600-1200]1200-800 800-500 < 500
(mm) 1800-2000 [ 2000-3000|3000-3800|> 3800 -
jo2s i an CE e g e 7
_ ioklength dry season | 2.5-3 3-4 4-5 5-6 > 6
(months:P<1/2 PET)| 2.5-2 2-0 - - -
Mean annual temp. > 25 25-22 22-20 < 20 =
(=)
Mean min. temp. > 13 13-10 10-8 8-4 < 4
of coldest month
(°C)
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LANDSCAPE AND SOIL REQUIREMENTS - CASHEW

Land
Characteristics

Class, degree of limit

ation and rating scale.

sl

100 95

Topography (t)

Slope (%) (1)
(2)
(3)

Wetness (W)

Flooding
Drainage (4)

Fo
good

(5)

Physical soil
characteristics (s)

Texture/struct.

Coarse fragm(vol%)
Soil depth (cm)
CcaCo.,, (%)

Gypsum (%)

Soil fertility
characteristics(f)

Apparent CEC
(cmol{+)/kg clay)

Sum of basic ca-
tions

{cmol(+)/kg soil)
pH H,O

Organic carbon(%)

Salinity and
Alkalinity (n)

ECe (dS/m)
ESP (%)

moderate

Co,SiCL,

0-3
> 150

any

Base saturation(%)| » 35

v ooV

o
1
@ &N

C<60s,SiC

CL,SiL,SC

P OOoN

. [

wn =@
o wu

moderate
good

c>60s,L
C<60v,
LfS,SCL

3-1%

150-100

N =N A
o ©

O U
® @ O

4-6
8-16
16-30

imperf .+

high
groundw.

35-55
50-25

3-4

permanent

30-50

poor
but

drainab

1+

poor
not
drainab

Cm,SiCm

CASSAVA
(Manihot esculenta)

1. CLIMATE

The temperature range for growth is 12 - 35°C. At less than
15°C there is a premature leaf shedding and slow growth. Too
low temperatures and frost damage and kill the crop.

The required total precipitation ranges from 500 - 5000
mm/year. The optimum amount of rainfall is 1400 - 1800
mm/year. Cassava can survive a prolonged period of drought
during the growing season but not at the time of planting.

2. SOIL

Sandy loam to (kaolinitic) clay textured soils are suitable for
cassava growing. Loam to sandy clay loam textured solls are
most suitable.

The soil depth should be at least 0.50 m; the optimum soil
depth is > 1.00 m.

Moderately well to somewhat excessively drained soils are
preferred. Cassava is sensitive to waterlogging. No flooding
should occur.

Medium erosion hazard.

pH range : 4.5 - 8.2, optimum pH: 5.2 - 7.0
liming is required at pH values < 5.0

Salinity : no yield reduction is observed at an electrical
conductivity (EC) of < 0.5 ds/m; the yield reduction

is 10% at 1 ; 25% at 2 ; 50% at 3 ; 100% at 7
ds/m.

Nutrients

Cassava can grow on poor soils . On very fertile soils the

vegetative growth is very luxureous at the expense of the
roots.

Nutrient removal (kg/ha/growing cycle) to produce 20 ton
roots/ha
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N s 125
P.0s5 : 30
K20 : 150

Fertilizer application (kg

roots/ha.
min. max
N 50 - 90
P,0O5 : 60 - 175
K20 80 - 120
3. YIELDS
Rainfed

High vielding cultivars : > 50 ton/ha.
Good commercial yield . 30 - 40 ton/ha.
Average farmer yield i 5 - 15 ton/ha.

Irrigated
Good commercial yield =: 35 - 50 ton/ha.
Average farmer yield : 25 - 30 ton/ha.

418

/ha/growing cycle) to produce 80

;076 ucqu
51 du e
1

ton

CLIMATIC REQUIREMENTS - CASSAVA

Climatic class, degree of limitation and rating

Climatic s1 s2 s3 NL | N2
Characteristics 0 | 1 2 3
100 95 85 60 40 25 0
Annual precipitat. |1600-1400]1400-1000}1000-600 600-500 - < 500
{mm) 1600-1800|1800-2400] > 2400 = = =
Length dry season 3.5-4 4-5 5-6 6-7 - > 7
(months P < 1/2PET)| 3.5-3 3-1 <1
Mean annual temp. 23-20 20-18 18-16 16-12 < 12
(°c) 23-26 26-30 > 30
Absolute min. temp.| > 16 16-10 10-2 +2 to -2 - < -2
of coldest month
(°C)
Mean min.temp. of 17-16 16-12 12-9 9-7 - <1
growing cycle (°C) 17-18 18-24 > 24 - - =
n/N of the 5
dryest months ¥ 0.7 0.7-0.55 < 0.55 - - -
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CASTOR BEANS
(Ricinus communis)

LANDSCAPE AND SOIL REQUIREMENTS - CASSAVA

[ Class, degree of limitation and rating scale
Land ; N
Characteristics . S; : ] Si ‘ S3 I N1 { N2 1. CLIMATE
100 95 80 60 10 )5 0
The best temperature range for planting castor beans is 20 - 37
Topography (t) °oc: the optimum planting temperature is 35°C. At germination
the soil temperature should be in the range of 10 - 20°C;
Slope (%) (;) g'; ;‘j j': g'?B - S:T( ; optimum germination is obtained at temperatures between 15°C
23; 0-4 4-8 8-16 16-30 | 30-50 | > 50 amd, Z0 FE. '
j The temperature range for growth is 16 - 32°C. The growth of
Wetness (w) i castor beans is optimal at 24 - 30°C.
£ The seeds get badly affected if, at flowering, the air
Flooding Fo pi g o - Fl4 i y temperature rises above 40°C. The result is even worse if high
Ruansgs gesid B pefensie | e goir poir i temperatures are combined with moisture stress. The crop is
dtainM)giainab ? sensitive to cold. A temperature of - 2 OC for 4 hours kills
Physical soil ; the crop.-

characteristics (s)
ST T il Sl el o= i A total precipitation between 500 mm and 1800 mm/growing cycle
exture/struct. ' 3 v s, s, v, - Cm, 51 : - : s : :
SiC.Co,CL|C<60v, LeS|S, ¢S i is required by tpe crop. The optimal total precipitation 15 700
- 1400 mm/ growing cycle.

sicL,sc  |Ls,fs
Coarse fragm.(vol%)| Though castor beans are resistant to drought, at least 5 months

surface 0-1 1-3 3-15 15-35 = > 35 i of rainy season a year arc needed. No heavy rains should occur
depth 0-3 3-15 15-35 35-55 - > 55 i during flowering.
Soil depth (cm) > 125 | 125-100 |100-75 75-50 - < 50 [
Ccaco., (%) 0-0.5 | 0.5-1 1-5 5-10 - > 10 . : .  as .
Gypsum (%) 0-0.1 | 0.1-0.2 | 0.2-1 1-2 _ S 2 The optimum relative air humidity is 30-50 % -
Soil fertility
characteristics(f) | 5. SOIL
Apparent CEC > 16 any = - - - 1 1) 6o
(cmol(+)/kg clay) & Castor beans can grow On extrgme y coarse textured (grave
Base saturation(%) S35 35-20 < 20 - - - : fine textured (silty clay) soils. Nevertheless a sandy loam to
Sum of basic ca- ; loam texture is preferred. The soils should be deep ( > 1.5 m)
tions
and have no compact layers.
{cmol(+)/kg soil) 2326 3.5-2 <2 -~ - = 5 .
pH H.O0 6.0-5.5}] 5.5-5.2 5.2-4.8 4.8-4.5] < 4.5 = . i : . :
: 6.0-6.5| 6.5-7.0 | 7.0-7.6 | 7.6-8.2| - - > 8.2 Preferrence 1is given Fo well drained soils. The crop 1S
Organic carbon (%) PSS 1.5-0.8 < 0.8 - - - intolerant of waterlogging.
Salinity and : ~ 7.5, optimum pH: 6.0 - 7.0
Alkalinity (n) pH range: 5.0 .5, op PH:
ECe (dS/m) 0-1 sy 2-3 3-4 4-6 S6 : Salinity: no yield reduction at an elect;ica} conductivity (EC)
ESP (%) of < 1 dS/m; the yield reduction 1is
10% at 2; 25% at 4; 50% at 6; 100% at 10 ds/m.
Sodicity: 50% yield reduction at an exchangeable sodium
percentage (ESP) of 20.
a5 43




Nutrients

castor beans require moderately fertile soils and are

considered to be a soil exhausting crop.
3. YIELDS
Rainfed

Good commercial yield of sceds : 2 ton/ha.

Irrigated

Good commercial yield of seeds : 3 ton/ha.

CLIMATIC REQUIREMENTS - CASTOR BEANS (growing cycle 180-200 days)

Climatic class, degree of limitation and rating

Climatic s1 s2 s3 N1 | N2

Characteristics 0 | 1 2 3
100 95 85 60 40 25 0
Precipitation of 1000-1200|1200-1400(1400-1800| > 1800 = =
growing cycle (mm)}|1000-800 800-700 700-600 |600-500 - < 500
Mean temp. of the | 27-28 28-30 30-32 > 32 - -
growing cycle (°C)} 27-26 26-24 24-20 20-16 - < 16
Mean temp. of the 17-18 18-20 > 20 e . -
initial stage (°C)| 17-16 16-14 14-12 12-10 - < 10
Relative humidity 40-30 30-24 24-20 < 20 - -
of maturation 40-50 50-75 75-90 > 90 - &
stage (%)
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LANDSCAPE AND SOIL REQUIREMENTS - CASTOR BEANS

Class, degree of limitation and rating scale
Land
Characteristics S1 82 S3 N1 | N2
o | 1 2 3 4
100 95 85 60 40 25
Topography (t)
Slope (%) (1)} 0-1 1=2 2-1 4-6 = > 6
(2)] 0-2 2-4 4-8 8-16 - > 16
(3)] 0-4 4-8 8-16 16-30 30-50 | > 50
Wetness (w)
Flooding Fo - - - - Flt
Drainage (4) |good moder. imperf. poor poor poor
(5)|imperf. |moder. good and but not
aeric drainab|drainab
Physical soil
characteristics (8)
Texture/struct. L,SL SCL,SiCL|C<60v,SiC|C>60v, S - Cm,SicCm
LfS,CL C><60s,LS|S,LcS
Coarse fragm(vol%)| 0-3 3-15 15-35 35-55 - > 55
Soil depth (cm) >150 150-100|100-75 75-50 - < 50
caco, (%)
Gypsum (%)
Soil fertility
characteristics(f)
Apparent CEC > 24 24-16 < 16(-) < 16(+) =
(cmol(+)/kg clay)
Base saturation(%)] » S0 50-35 35-20 < 20 -
sum of basic ca-
tions
(cmol(+)/kg soil) > 5 5-3.5 3,5-2 <2 -
pH H.0 6.5-6.2] 6.2-6.0| 6.0-5.5 5.5-5.0} < 5.0
.5-6.8] 6.8-7.0| 7.0-7.2 7:2-T75 - 2 1.
Organic carbon(%) > 2 2-1.2] 1.2-0.8 < 0.8 -
Salinity and
Alkalinity (n)
ECe (dS/m) 0-2 2-4 4-6 6-8 = > 8
ESP (%) 0-8 8-15 15~20 20-25 = 425
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CHICKPEA
(Cicer arietinum D

1. CLIMATE

Chickpea has a growing cycle of 4 - 6 months. The crop performs
best at air temperatures between 20 -25°C. Though a cool and
dry climate is preferred, the crop is not frost tolerant. Cool
nights with dew are necessary.

Chickpea does not tolerate heavy rains and 1is drought
resistant. The crop is not suited to the wet hot tropics where

it often fails to flower.

High insolation is preferred.

2. SOILS

Well-drained clayey soils with a high available water content
are most suitable for chickpea growing. On Vertisols the Crop
is sown at the end of the rainy season.

pH range: 5.2 - 8.2; optimum pH : 6.0 - 7.6

Sodicity: 50 % yield reduction is observed at an ESP of 15.
CcaCO3 content: optimal 0 - 25 % (range 0 - 50 %).

Gypsum content: optimal 0 - 0.3 % (range 0 - 15 %).

Nutrients

Generally the crop shows no response to fertilizers. Only on P-

deficient soils a respons to P-applications is observed.
Very fertile soils favor an excessive vegetative growth.

3. YIELD

D it

Rainfed

Yield under good management : 1.5 ton/ha.
Average farmer yield : 0.7 ton/ha.
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Irrigated

Average yield

CLIMATIC REQUIREMENTS - CHICKPEA (growing cycle 120-160 days)

1.

0

- 1.5 ton/ha.

Class, degree of limitation and rating scale
Climatic s1 S2 S3 N1 | N2
Characteristics 0 | 1 7 3 4
100 95 85 60 40 25 Q
Precipitation of > 300 300-250 250-1 150-50 - < 50
growing cycle
Precipitation of 60-75 75=150 > 150 - - =
the 3rd month 60-50 < 50 = = 5 -
Precipitation of < 60 60-120 > 120 - - -
the 4th month
Mean temp. of the 20-21 21-23 23-25 25-28 - > 28
growing cycle (°C)| 20-18 18-16 16-14 14-12 - <12
I
|
1
{
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LANDSCAPE AND SOIL REQUIREMENTS - CHICKPEA CITRUS
(Citrus sppP-)

Class, degree of limitation and rating scale
Land 3
Characteristics S1 52 I 53 ’ N1 E ; 1. CLIMATE
Q 1 2 3 4 :
100 95 85 60 40 25 0 X ) . )
Citrus spp. are mostly grown in subtropical countries below 600
Topography (t) m of altitude. On the equator, citrus does well below 1830 m.
citrus spp. perform well in the temperature range of 13 - 39
Slope (%) (1)] 0-1 =2 2-4 4-6 = > 6 4 °Cc, but prefer an air temperature of 22 - 30 °C. Grapefruit can
(2)| 0-2 2-4 4-8 ?;120 050 ' 18 withstand long hot periods better than other citrus spp..
(3)] 0-4 4-8 8-16 : S4=at 7 E Flowers and young fruits are sensitive to frost.
Wetness (w) : ) )
: The required average total precipitation is > 800 mm/year,
Flooding Fo - - Fl - F2+ unless the crop is irrigated.
Drainage (4)|good moder. |imperf. pog" E“"g" PO([” § citrus spp are intolerant of high air humidity, but mandarins
an u no 4 u .
aaElE drainab|drainab can tolerate wetter conditions.
(5)|imperf. |moder. good : .
Physical soil & strong winds may damage the crop.
characteristics (s) ?
Texture/struct. CL, Sil |siCL,L, |Cs, SL, |LS,fS,Col - Cm, ¢S 2. SOIL
SCL, SC SiCs SiCm 3
Coarse fragm(vol%)| 0-3 3-15 15-35 3555 - > 55 . ) )
Soil depth (cm) >100 100-75 75-50 50-30 - < 30 : since the maximum rooting depth of citrus spp. extends to
CaCo, (%) 0-10 10-25 | 25-35 35-50 = > 50 ! 1.0-2.0 m and since the roots have a high oxygen requirement,
Gypsum (%) 0-0.1 0.1-0.3] 0.3-3 3-15 = > 15 : 3 deep, well drained (well aerated) and 1light soils are
5 sl - preferred. The most suited soil texture is sand to loam.
Soil fertility ; i ith me 1
characteristics(f) Cltrl.lS-Spp. ‘can be grown on poor sandy soils wit ' extreme low
fertility; in some cases as many as 12 essential elements
Apparent CEC > 24 24-16 < 16(-) < 16(+) # - (N,P,K,Mg,Ca,S,Mn,Cu,Zn,B,Fc,Mb) have to be applied for normal
(cmol(+)/kg clay) growth.
Base saturation(%)] > 80 80-50 50-35 < 35 - .
sum of basic ca- . . P
Draae o The crop is sensitive to waterlogging.
(cmol(+)/kg soil) | > 8 8-5 5-3.5 | 3.5-2 <2 :
pH H.,0 6.8-6.5] 6.5-6.0] 6.0-5.6 | 5.6-5.2| < 5.2 5 r pH range: 5.0 - 8.2, optimum pH: 5.5 - 7.6.
6.8-7.0| 7.0-7.6] 7.6-8.0 8.0-8.2 e > 8.2 : 4
QLoapicicarbon(s) 252 273.2401.2-0.8/] < 0.8 = o Salinity: no yield reduction at an electrical conductivity (EC)
Salinity and of < 1.7 dS/m; the yield reduction is
Alkalinity (n) ] 10% at 2.3; 25% at 3.3; 50% at 4.8; 100% at 8
ds/m.
ECe (ds/m) 0-1 1-2 2-3 3-6 - > 6
ESP (% - i - - - 5 A F : :
) S S5l 1917 L2 24 Sodicity : 50% yield reduction at an exchangeable sodium
percentage (ESP) of 15.
5 52
5l




Micronutrients Irrigated

Boron sensitive to excess : Good commercial yield of oranges . 25 - 40 ton/ha.
g tri L : - ; grapefruit : 40 - 60 ton/ha.
An excess of P can cause a micronutrient deficiency and impalr lemon . 30 - 45 ton/ha.
N use. mandarine : 30 - 33 ton/ha.
Nutrients CLIMATIC REQUIREMENTS - CITRUS
As Mg is. a weak Sempetitor against ca and K, delomibic Climatic class, limitation and rating scale.
limestone should be used for liming acid soils. : Climatic sl S2 33 N1 | N2
An excess of Ca or K leads to Mg deficiency. Characteristics 0 ] 1 2 3 4
Nutrient removal (kg/ha/growing cycle) to produce 15 ton/ha of ] 100 95 85 60 40 25
fruit: 4
N . 100 Annual precipitat. [2300-3000] > 3000
5 (mm) 2300-1500|1500-1200} 1200-1000{1000-800} - < 800
P»05 25
K.O £ 145 Number of dry 2.5-3 3-4 4-5 5-6 = > 6
months (P < 1/2PET)| 2.5-2 2-0 - - - .
Fertilizer application (kg/ha/growing cycle) to 15 i
produce _ ~ _ .
ton/ha of fruit: 1 Mean annual 26-30 30-33 33-36 36-39 > 39
temp.(°C) 26-22 2219 19-16 16-13 - f< 13
min, max.
—————————— No. of months with 0-1 1-2 2-4 4-6 = > 6
N $ 100 - 150 mean temp.> 38 °C
Bt 0. 0 £ months with | 0-1 1-2 6
K.O : 1 3 No. of months wi = = 2-4 4-6 - >
2 00 200 mean temp. < 13°C
. Absol. min. t° (°C)
Mineral deficiency symptoms - lemon > -1 -1s-2 -22-6 -6>-9 <-9
- grapefruit > =3 -3»-4 -4>-7.5{-7.5-9.5 <945
Boron . water o A ; - oranges >-3.5 -3.5»>-4 -45-7.5{-7.5-9.5 <-8.5
y spots, dull, brownish-green leaves whlci} - mandarines >-4.5 -4.5%-5.5/-5.5>-8.5]|-8.5»-12 <-12
tend to curl; small, hard, lumpy fruits, often with
gummy discolorations in pith. Mean temp. in the 2} 13-10 10-8 8-6 6-4 - |< 4
Copper : die-back with blisters on young branches, leaves months aft.harvest | 13-15 15-18 18-20 20-25 - > 25
and fruit. : (°C)
Iron : intervei c i i ini
HE zlnal ﬁlo§051s, the veins rgmalnlng green. Mean temp. of the > 15 15-10 10-5 S to -5 - |< -5
P i % uce‘ growth with dull-green foliage. 1 flowering stage(°C)
M?gne51um : leaves turn yellow; cured by epsom salts (MgSO.).
Nitrogen ' : pale green-yellowish leaves, stunted shoots. Relative humidity < 30 30-60 60-90 > 90 - -
Zinc : mottling and reduction in leave size. 1y coldest; month it
frost (%)
Relative humidity 45-60 60-70 70-90 > 90 - -
at ripening stage 45-30 < 30 = - - -
3. YIELDS (%)
Rainfed : Relative humidity 15=70 70-50 < 50 = - -
) at flowering (%) 75-80 80-90 > 90 = - -
Good commercial yield of oranges : 25 - 40 ton/ha.
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LANDSCAPE AND SOIL REQUIREMENTS - CITRUS CcCOCoOoA

— : (Theobroma cacao)
Class, degree of limitation and rating scale.

Land
Characteristics s l S2 ’ S3 l N1 N2

o | 1

100 95 85 60 40 25 0

1. CLIMATE

The mean air temperaturc should not fall below 15°C, nor rise
Topography (t) | above 30°C. The diurnal temperature range may not cxceed 9°C.
Since cocoa is a crop that has evolved in a forest environment

Slope (%) é;; g:; i:i z:g ;:?6 i ; Ts g shade trees are necessary , especially for young trees.
(3)| 0-4 4-8 8-16 16-30 30-50 > 50
The annual total precipitation should be 1600 - 2500 mm, well
Wetness (w) i distributed throughout the year and no marked dry season should
; occur.
Flooding Fo & - - - Fl+ E
i zjgiédw. giziédw.nmderace S Eifl 2221 | The relative air humidity should be around 80 %, without
>150cm | 100-150 drainab|drainab f important fluctuations . Excessive humidity is not directly
cm { harmful, but may enhance pests and diseases.
Physical soil i High wind velocities may cause excessive damage.
characteristics (s) !
Texture/struct. SL,SiL, |scL,Ls, |c<60s, |[c<e60v, = Cm,SiCm !
L,sicL, |Lfs sC,s,fS, |C>60s C>60v i 2. SOIL
CL,Si SicCs,Co i
Coarse fragm(vol%)| 0-3 3-15 15-35 35-55 - > 55 | Since adequate soil aeration is absolutely essential, the total
igééffi?h(cm) ;_goo 22?;150 é??élm}lﬁg:;z B} ; iz ; pore space should be around 66 %; the non-capillary pore space
Gypsum (%) 0-1 1-2 2-3 3_g _ - i should be more than 10 %. If the annual total precipitation

excceds 3750 mm, the soils need to be very permeable.
Soil fertility i

characteristics(f) Though the roots extend to a depth of 2.0 m, 80 % of the roots
are concentrated in upper 0.15 m of the soil.

Apparent CEC > 16 < 16(-)] < 16(+) - - -
(cmol(+)/kg clay)
Base saturation(%)| > 35 35-20 < 20 - " & pH range: 5.0 - 8.2, optimum pH: 6.0 - 7.0
Sum of basic ca- no soil layer within 1.0 m of the surface may have
tions g : a pH value < 4 or > 8.
;;malé+)/kg zoil) ; 2'? : ;'g_é ! ; é el in ) e 3 salinity: no yield reduction at an electrical conductivity (EC)
L0 .5-5. .8-5. .5-5. Wt < 5. - . : g :
6.6-7:0) 7,057 6] 7658:0] 8i0-8.2) - > 8.2 of ¢ 0.5 As/my thesyield weduction 3s
Organic carbon(%) 315 1.5-0.8| < 0.8 - = s 10% at 1; 50% at 2; 100% at 3 dS/m
Salinity and
Alkalini : A
Alinlby(n) Micronutrients
ECe (dS/m) 0-2 213 3-4 4-6 o > 6 : i
ESP (%) 0-4 4-8 8-12 12-15 - 3215 Boron : > 0.2 ppm of hot-water-soluble boron 1n s0il is

required for proper growth; cocoa is tolerant of high
B concentrations.

A high pH causes malformation of the leaves due to a lack of
available Fe, 2n and Cu.

w
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Nutrients

The ratio (K+Na)/(Mg+Ca) should be near 1/50 to obtain a good
crop growth. The organic matter content 1is optimal at levels

Q

above 3 %.

Optimum level of exchangeable cations:
Ca > 8 cmol(+)/kg soil
Mg > 2 cmol(+)/kg soil
K > 0.24 cmol(+)/kg soil

Optimum base saturation: > 35 % in the subsurface layers.

Optimum CEC in the surface soil: > 12 cmol(+)/kg soil
Optimum CEC in the subsoil : > 5 cmol(+)/kg soil

Nutrient removal (kg/ha/growing cycle) to produce 1 ton of
beans/ha:

N < 20 - 25
Po0s i 10
K.O ¢ 15

Fertilizer application {kg/ha/growing cycle) to produce 1 ton
of beans/ha:

N 35 - 60
P,0s5 : 25, L= 5150
K30 55 i dS

Mineral deficiency and toxicity symptoms

Aluminium : on very acid soils: pale interveinal region near
the tip of older leaves.

Iron : at a pH > 7 and in the presence of free CaCO5
dark green veins with pale green between.

Magnesium : on acid soils: old leaves turn pale green.

Manganese : on very acid soils: younger leaves with irregular
pale areas.

Nitrogen : small leaves, pale yellowish color.
Phosphorus : mature leaves are paler towards tip and margin.
Potash : older leaves appear pale vellow between veins.
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Phosphorus : mature leaves are paler towards tip and margin.

Potash . older leaves appear palec yellow between veins.

Zinc . at high pH or when soil compaction occurs,
causing lack of aeration; leaves are narrow and
malformed.

Note: young leaves are naturally pale reddish brown.
3. YIELDS
Rainfed

Good commercial yield of dried beans

1.5 - 2.5 ton/ha.
Smallholder yield : 0.8

- 1.5 ton/ha.

CLIMATIC REQUIREMENTS - COCOA

Climatic class, degree of limitation and rating
Climatic s1 s2 S3 N1 | N2
Characteristics 0 I 1 2 3 4
100 as 85 60 40 25 0
Annual precipitat. 1900-1800]1800-1600|1600-1400}1400-1200 = < 1200
{mm) 1900-2000}2000-2500}2500-3500f3500-4400 = > 4400
Length dry season 0-1 1=2 2-3 3-4 - > 4
(months P < 1/2PET)
Mean annual temp. 26-25 25-23 23-22 22-21 - < 21
(°c) 26-28 28-29 29-30 - - 550
Mean annual max. < 28 28-30 > 30 - - -
temp. (°C)
Mean annual min. > 20 20-15 15=13 13-10 = <410
temp. (°C)
Relative humidity
dryest month (%)
55-45 45-40 40-35 3530 < 30 -
(2) 55-60 60-65 65-75 15-85 > 85 -
(3) 50-45 45-40 40-35 35-30 < 30 2
5055 55-60 60-65 B65-175 erks, -
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LANDSCAPE AND SOIL REQUIREMENTS - COCOA

Class, degree of limitation and rating scale.
Land
Characteristics S1 S2 53 Nl |oN2
0 1 2 3 4
100 95 85 60 40 25 0
Topography (t)
Slope (%) (1] o-1 1-2 2-4 4-6 - > 6
2| o0-2 2-4 4-8 8-16 = > 16
(3| 0-4 4-8 8-16 16-30  |30-50] > 50
Wetness (w)
Flooding Fo = - F1 - F2+
Drainage good: good: moderate|imperf. |poor |very
groundw. |groundw. poor
> 150cm}100-150
cm
Physical soil
characteristics (s)
Texture/struct. C<60s,Co|C>60s,L, | SCL, C>60v, - Cm,SiCm
SiCL,CL |SC C<60v LfS,sL LS,Lcs,
SiL fs,S,cS
Coarse fragm(vol%)| 0-3 3-15 15-35 35~55 - % 55
Soil depth (cm) > 200 200-150} 150-100}100-50 - < 50
caco, (%) 0 0-1 1-5 5-10 - > 10
Gypsum (%) 0 0-0.5 0.572 2-3 - >3
Soil fertility
characteristics(f)
Apparent CEC > 24 24-16 < 16(-)| < 16(*) = 5
(cmol(+)/kg clay)
Base saturation(%)| > 50 50-35 35-20 < 20 o -
Sum of basic ca- > 6.5 6.5-4 4-2.8 2.8-1.6}< 1.6 -
tions
(cmol(+)/kg soil)
pH 1,0 6.4-6.2| 6.2-6.0} 6.0-5.5| 5.5-5.0|< 5.0 =
6.4-6.6| 6.6-7.0] 7.0-7.6| 7.6-8.2 - > 8.2
Organic carbon(%) > 2.4 2.4-1.5| 1.5-0.8| < 0.8 - -
Salinity and
Alkalinity (n)
ECe (dS/m) 0-0.5 0.5-1:1} 1.1-1.8] 1.8-2.2] - 582
ESP (%)

COCOoOoONuUT
(Cocos nucifera)

1. CLIMATE

Coconut requires warm and sunny conditions, without too great
a diurnal variation in temperature. The ideal mean annual
temperature is approximately 29 °C. The crop does not flourish
if the mean annual temperature falls below 20°C.

The annual total precipitation should exceed at least 1000 mm
and be well distributed over the year. For optimal conditions
the annual rainfall should go beyond 1600 mm/year. Coconut
tolerates up to 3800 mm/year, provided the soil drainage is
good.

Drought reduces the number of nuts.
should take less than 3 months.

Therefore the dry season

The optimal mean annual relative air humidity is at least 60%
and above.

2. SOIL

Light to well structured heavier soil textures are preferred.
Coconut does well on alluvial soils and sandy soils near the
coast, where the ebb and flow of the ground water contributes
to palm nourishment.

The required minimum soil depth is 0.5 m. Coconut reguires well
drained conditions.
5.2 - 7.5

pH range: 4.5 - 8.5, optimum pH:

Salinity: no yield reduction at an electrical conductivity (EC)

of < 4 dS/m; the yield reduction is 10% at 8; 25% at
12; 50% at 16; 100% at 25 dS/m.
Nutrients
Fertilizer application (kg/ha/growing cycle) for high
production :
N R 74
P,0s : 30
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Ca0O
MgO

3. YIELDS

Rainfed

Good commercial yield

CLIMATIC REQUIREMENTS - COCONUT

137
18
32

3.0 - 3.7 ton copra/ha.

Climatic class, degrec of limitation and rating scale

—

32 N1 N2
Climatic

Characteristics 0 1 2 4

100 25 0
Annual precipitat. > 2000 2000-1600 1600-1250 - |< 1000
(rm)
Length dry season 0-1 1=2 2-3 - 1> 4
(months) P<1/2 PET
Mean annual temp. 29-26 26-24 24-22 - }< 20
(°C) 29-32 2132 = - g
Mean annual rel. 245 75-60 60-50 = =2

humidity (%)
ERESALE

oy

N

LANDSCAPE AND SOIL REQUIREMENTS - COCONUT

Class, degree of limitation and rating scale
Land
Characterislics S1 s2 sS3 N1 | N2
0 | 1 I 2 | 3 | 4
100 94 85 60 10 25 0
Topography (t)
Slope (%) (1)] 0-1 1-2 2-4 4-6 - 6
(2y] 0-2 2-4 4-8 8-16 - 16
(3)] 0-4 4-8 8-16 16-30 30-50 > 50
Wetness (w)
Flooding Fo = = Fl - F2+
Drainage good moderate| imperf. |imperf. |poor, very
fluctuat|almost drainab|poor,
groundw. |always not
Physical soil high drainab
characteristics (s) groundw.
Texture/struct. C<60s,Co, |C»60s,SL|LcS,£S, |S,cS, - Cm,SiCm
Sic,S8icCL, |L,SCL,SL|C<60v C>60v
CL,SiL,SC|Lfs,LS
Coarse fragm(vol%)| 0-3 3-15 15-35 35-55 - > 55
Soil depth (cm) > 100 100-75 75-50 50-25 e < 25
caCo., (%)
Gypsum (%)
Soil fertility
characteristics(f)
Apparent CEC any = = - - =,
(cmol(+)/kg clay)
Base saturation(%)| > 35 35-20 < 20 - - -
Sum of basic ca-
tions
(cmol(+)/kg soil) > 248 2.8-1.6| < 1.6 - - -
pH H.0 6.3-5.6 5.6-5.2| 5.2-4.8] 4.8-4.5| < 4.5 =
6.3-7.0 7.0-725} 7:5=8:0] " 8:0=8.5 = >8.5
Organic carbon(%) o =t 1.5-0.8] < 0.8 - = =
Salinity and
Alkalinity (n)
ECe (mmhos/cm) 0-8 812 12-16 16-20 20-25 >25
ESP (%)

oy




COTTON
(Gossypium hirsutum)

1. CLIMATE

The air temperature range for cotton growing is 18 - 40°C, the
optimum air temperature being 24 - 34°C. An air temperature of
> 40°C may cause damage, depending on the moisture availa-
bility.

A mean annual air temperature of < 16°C causes slow growth and
results in a poor fiber quality. The minimum temperature for
germination is 15°C. Cotton is not tolerant to frost.

The required mean annual precipitation is 500 - 1000 mm. The
optimum annual precipitation range is 900 - 1200 mm. The
rainfall should be well distributed during the growing cycle.
In the ideal conditions, 5 months with discontinuous rain
follow planting. In the first 56 days the moisture demand is
low as the leafs are small; excess water is even harmful.
During the flowering period (70 - 95 days after planting) dry
conditions are beneficial to prevent excess vegetative growth.
The peak water demand follows at 95 - 115 days after planting,
when the bolls swell. Rainfall during maturation is harmful as
this results in split bolls, rot and discolored fiber. Dry
conditions are necessary after 5 months.

A moderate relative air humidity (<65 %) is desirable at the
ripening stage.

Prolonged periods of cloud cover from flowering onwards reduces
the yield.

Abundance of hot days with much sunshine are required.

Hot or cold winds may affect the young seedlings. High wind
velocities in the harvest period cause the bolls to be blown
away and soils lint with dust.

2. SOIL

Ferruginuous soils and freely drained alluvial soils are most
suitable for cotton cropping. Vertisols are equally suitable if
not waterlogged as a result of rains.

Cotton grows on soils with a large variety of textures, from
loamy sands to montmorillonitic clays, though preferrence is

63

given to silt loam to clay soils.

The available soil depth should be at least 0.25 m. Optimal
conditions are reached as the soil depth exceeds 1.0 m. The
maximum rooting depth is 1.8 m.

Well drained soils are preferred. Flooding can be withstood for
up to 2 days.

High erosion hazard.

pH range: 5.2 - 8.2, optimum pH: 6.0 - 7.6

Salinity: no yield reduction at an electrical conductivity (EC)
of < 7.7 dS/m; the yield reduction is
10% at 9.6; 25% at 13; 50% at 17; 100% at 27 ds/m

Sodicity: 50% yield reduction at an exchangeable sodium
percent age (ESP) of 35.

Micronutrients

Boron : the optimum level is 1 - 2 mg/l in soil solution.
Lithium . 25 % growth reduction at 25 ppm in soil.
Nutrients

A balanced supply of nutrients is important.
High soil fertility causes excessive vegetative growth.

Nutrient removal (kg/ha/growing cycle) to produce 2 ton
seed/ha.

N <. 90
P.Og : 60
K20 w1735
3. YIELDS
Rainfed
Good commercial yield of seed : 1.5 - 2.0 ton/ha.
<1500 --1.5 ton/ha.

Average farmer yield



Irrigated

Good commercial yield of seed : 4.0 - 5.0 ton/ha. CLIMATIC REQUIREMENTS - COTTON (growing cycle 150-180 days)

ver S i . - < f

Average farmer yield : 2.0 3.0 ton/ha. ; . Climatic class, degree of limitation and rating

Climatic S1 S2 S3 N1| N2
Characteristics 0 | 1 2 3 4
100 95 85 60 40 25
Precipitation of 1050-900 | 900-750 | 750-625 | 625-500 - < s00
growing cycle (mm) 1050-1200]1200-1400|1400-1600] > 1600 =
Precipitation of 50-65 > 65 - - - -
vegetative stage 50-35 ¢ 35 = - - -
(mm)
(1st - 2nd month)
Precipitation of 200-150 150-100 100-50 < 50 = -
yield form. stage 200-300 300-400 > 400 - - -
(mm)
(5th month)
Precipitation of <25 25-50 50-75 75-100 - > 100
ripening stage (mm)
(6th month)
Mean temp. of the > 26 26-24 24-22 22-20 = < 20
growing cycle (°C)
Mean max. temp. of > 32 32-28 28-26 26-24 - < 24
growing cycle (°C)
Average max. temp. > 34 34-30 < 30 = - -
warmest month (°C)
Mean temp. of the > 50 30-25 25-20 < 20 - -
vegetative stage (°C)
(1st + 2nd month)
Mean DAY temp. of 20-30 30-35 35-40 > 40 - -
flowering stage (°C) < 20
{3-4th month)
Mean NIGHT temp. of 12-18 18-22 22-27 > 27 i 4
flowering stage (°C) L)
(3-4th month)
Mean temp. of > 26 26-24 24-22 22-20 = < 20
ripening stage (°C)
(6th month)
Relative humid. of
maturation stage (%) |< 50 50-65 65-75 75-80 - > 80
DAY Lewp. = | Mean T. + Mean max. Ty 7
NIGHT temp. = | Mean T. + Mean mince T fe e
65
66




LANDSCAPE AND SOIL REQUIREMENTS - COTTON

ng Class, degree of limitation and rating scale
Land
Characteristics S1 S2 S3 N1 N2
0 | 1 2 .3 4
100 95 85 60 40 5 6]
Topography (t)
Slope (%) (1)} 0-1 1-2 2-4 4-6 - > 6
m(2)] 0-2 2=4 4-8 8-16 B 16
(3)] 0-4 4-8 8-16 16-30 30-50 > 50
Wetness (w)
Flooding Fo - = F1 = F24
Drainage (4)|good = moderate | imperf. |poor, poor,
(5)|imperfect - moderate |good but not
) drainab|drainab
Physical soil
characteristics (s)
Texture/struct. C<60s,51C|C<oOV,SC|C>60v, SL|FS, S, Cm, SiCm
Co,8iCL, |C>60s,L |SCL LS,LcS cS
8i ,Sil;CL
Coarse fragm(vol%)| 0-3 3-15 15-35 35=55 = > 55
Soil depth (cm) > 100 100-75 75-50 50-25 - < 25
CaCo, (%) 0-10 10-20 20-30 30-40 - > 40
Gypsum (%) 0-3 3-6 6-10 10-15 - > 15
Soil fertility
characteristics(f)
Apparent CEC > 24 24-16 S del=)]-<16(+) - -
(cmol(+)/kg clay) :
Base saturation(%)| » 80 80-50 50-35 <38 - -
Sum of basic ca-
tions
(cmol(+)/kg soil) | > 6.5 6.5-4 3-2.8| 2.8-1.6] < 1.6 -
pH H.,O 6.7-6.4 6.4-6.0] 6.0-5.6] 5.6-5.2] < 5.2 =
672750, 7.0-7.6] 7.6-8.0| 8.0-8.5 = 3852
Organic carbon(%)
(6)] > 2.0 2-1.2|1.2-0.8 | < 0.8 - %
(TR o dat o) 1::22008 <1048 s = -
(8)] » 0.8 0.8-0.4} < 0.4 = - =
Salinity and
Alkalinity (n)
ECe (mmhos/cm) 0-8 8-10 10-12 12-16 16-22 P22
ESP (%) 0 =15 15-20 20-30 30-40 - > 40

COWPEA
(Vigna unguiculata)

1. CLIMATE

Cowpea tolerates heat and requires higher air temperatures than
maize. The required temperature range for growth is 16 - 35°C;
the optimum temperature range is 20 - 30°C.

The crop is not frost tolerant.

Cowpea performs well in regions with a precipitation of 300 -
900 mm/growing cycle. The crop can survive some drought during
the growing season. Moisture stress has an effect on the
vegetative growth, rather than on the seed production. Too much
rainfall on the other hand results in insect pests and

diseases.

2. SOIL

Soils with heavy textures are preferred. For optimal conditions
the soil depth should be at least 0.60 m . Cowpea prefers well
drained soils and is sensitive to waterlogging.

pH range : 5.0 - 8.2, optimum pH: 6.0 - 7.8
Salinity: no yield reduction at an electrical conductivity (EC)

of < 1.3 dS/m; the yield reduction is 10% at 2 ; 25%
at 3.1 ; 50% at 4.9 ; 100% at 9 ds/m

Nutrients
Cowpea needs a medium nutrient supply. The arganic matter

content however should be high. Nevertheless, cowpea is
sometimes grown on very poor acid soils as an improver of

fertility .

3. YIELDS
Rainfed

Good commercial yield : 1.0 - 1.3 ton seed/ha.
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Irrigated

Good commercial yield 2.0 - 3.0 ton seed/ha.
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CLIMATIC REQUIREMENTS - COWPEA

Class, degree of limitation and rating scale

Climatic s1 s2 s3 N1 | N2

Characteristics 0 | 1 2 3 4
100 95 85 60 40 25 0]

Prec%pitation of 500-550 550-3900 900-1300} > 1300 = =
growing cycle (mm) 500-400 400-300 300-250 |250-200 < 200
Mean precipitation 100-75 75-50 50-25 = - {25
of 1st month (mm) 100-150 |150-255 255-400 | > 400 - &
Mean precipitation 150-125 |125-100 100-75 75-50 - < 50
of 2nd month (mm) 150-175 |175-255 255-400 > 400
Mean precipitation 150-125 }125-100 100-75 75-50 = < 50
of 3rd month (mm) 150-175 |175-255 400-255 > 400 - -
Mean precipitation |< 75 75-135 21135 - - -
of 4th month (mm)
Mean temp. of the (24-26 26-30 30-32 32-35 = > 35
growing cycle (°C) 24-22 22-20 20-18 18-16 - < 16
Mean temp. at 22-25 25-30 30-32 32-35 - > 35
germination (°C) 22-18 18-17 17-16 16-15 = < 15
{1st month)
Mean min. temp. >18 18-16 16-13 13-7 - <7
of coldest month
(°C)
Relative humidity
at harvest (%) < 60 60-80 80-90 > 90 = =

7 ; \
e, ot 2 2 Tida #o
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LANDSCAPE AND SOIL REQUIREMENTS - COWPEA

Class, degree of limitation and rating scale. 41
Land
Characteristics S1 52 53 N1 ] N2
o | 1 2 3 1
100 95 85 60 40 25 0
Topography (L)
Slope (%) (1] o1 1-2 2-4 a-6 = 6
0-2 2-4 -8 8-16 - v 16
3)] 0-4 4-8 8-16 16-30 30-50 > 50
Wetness (W)
Flooding Fo - = Fl = P2+
Drainage (4)|good moder. imperf. |poor poor, poor,
(5)}|imperf. |moder. good and but not
aeric drainab|drainab
Physical soil
characteristics (s)
Texture/struct. sics,8iL|C>60s,SL|C>60vV,SL|S, S - Cm, Sicm
Co,(<60s|CL60v, LfS,LS
siCL,CL |ScC,L,SCL
Coarse fragm(vol%)| 0-3 3-15 15-35 35-55 - > 85
Soil depth (cm) > 15 75-60 60-50 50-20 = < 20
CacCO, (%) 0-6 6-15 15-25 25-35 = > 35
Gypsum (%) 0-2 2-4 4-10 10-20 - > 20
Soil fertility
characteristics(f)
'Apparent CEC > 24 24-16 < 16(-)] < 16(+)] - -
(cmol(+)/kg clay)
Base saturation(%)| > 50 50-35 35-20 < 20 - &
Sum of basic ca-
tions
{cmol(+)/kg soil) >4 4-2.8 2.8-1.6] < 1.6 - =
pPH H.,0 6.6-6.2| 6.2-6.0| 6.0-5.5| 5.5-5.0f < 5.0 2
6.6-7.0| 7.0-7.8f 7.8-8.0| 8.0-8.2 = > 8.2
Organic carbon(%) | > 2 2-1.2 | 1.2-0.8 ggii%“\ = =
Salinity and
Alkalinity (n)
ECe (dS/m) 0-2 2-3 3-5 5-7 - 5.1
ESP (%) 0-8 8-15 15-20 20-25 - 3425
70




GREEN PEPPER
(Capsicum annuum)

1. CLIMATE

Germination takes place at temperatures of 15 - 34°C. The
optimum germination temperature is 18 - 24°C.

The required temperature range for growth is 14 - 28°C. Growth
is optimal between 18 - 26°C.

The precipitation should be well distributed and reach 600 -

1200 mm/growing cycle. Heavy rain during flowering and fruiting
is harmful.

The crop is sensitive to strong winds.

2. SOIL

Light, deep and well drained soils with an adequate water
holding capacity are preferred. The maximum crop rooting depth
is 1.0 m. The crop is sensitive to waterlogging.

PH range: 5.2 - 8.2, optimum pPH: 6.0 - 7.6
Salinity: no yield reduction at an electrical conductivity (EC)

of < 1.5 dS/m; the yield reduction is

10% at 2.2; 25% at 3.3; 50% at el . 100% At 8.5
ds/m.

Sodicity: 50% yield reduction at an exchangeable sodium
percent age (ESP) of 20.

Micronutrients

Boron needs 1 - 2 mg/l in the soil solution.
Magnesium sensitive to deficiency.

Nutrients

Fertilizer application (kg/ha/growing cycle) for high
production.

g
i

min max
N 100 - 170
P 25 - 50
K 50 - 100
3. YIELDS
Rainfed

- it/ha.
Good commercial yield 10 - 15 ton fresh fruit/

Irrigated

Good commercial yield 20 - 25 ton fresh fruit/ha.
00

i =15 ays
MATIC REQUIREMENTS - GREEN PEPPER (growing cycle 120-150 days)
CLII

climatic class, degree of limitation and rating
33 N1| N2
Climatic Si y ‘ Si s :
Characteristics o 0 o o o o !
= 1200-1400| > 1400 = =
ipi i 800-900 | 900-1200 L ! = L
Pr@C}P1t6t1T2 o 800-700 700-600 600-500 |500-400
growing cyc
{mm}) —
5 - -16 16-14 - <
Mean temp. of the 22-20 20 ;2 §2‘27 s g =
growing cycle (oc)y 22i24 24- 2
- 8-16 16-15 &
i -20 20-18 1 : e
. temp at 21 & e
gii;i:;:ion (°C) 21-22 22-24 24-3
(°c)
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LANDSCAPE AND SOIL REQUIREMENTS - GREEN PEPPER

7S]

Class, degree of limitation and rating scale
Land
Characteristics S1 52 l 53 Ni N2
; |
100 95 85 60 40 25
Topography (t)
Slope (%) (1] o-1 1-2 2-4 4-6 - > 6
(2)] 0-2 2-4 4-8 8-16 - > 16
(3)| 0-4 4-8 8-16 16-30 30-50 > 50
Wetness (W)
Flooding Fo = = F1 - F24
Drainage (4)|good moderate]imperf. |poor poor, poor >
S)|imperf. moderate|good and but not
aeric drainab|drainab
Physical soil
characteristics (s)
Texture/struct. sCL,sL,L, |LES,sSC, |C<e0v,LS|C>60v - Cm, SiCm
sicL 6<60s, |C<60s,S
Sic
Coarse fragm(vol%)| 0-3 3-15 15-35 35-55 - > 55
Soil depth (cm) > 100 100-75 75-50 50-30 - < 30
caco., (%) 0-2 2-5 5-10 10-20 - > 20
Gypsum (%) 0-1 1-2 2-3 3-5 - > 5
Soil fertility
characteristics(f)
Apparent CEC > 24 24-16 €16 £ 16(+) - =
{cmol(+)/kg clay)
Base saturation(%)| > 50 50-35 35-20 < 20 - -
sum of basic ca-
tions
(cmol(+)/kg soil) | > 5 L S ) - 2
pH H.,0 6.6-6.2 6.2-6.0] ©.0-5:5{:5:5-5.2}] <:5.2 fre
6.6-6.8 6.8-7.6] 7.6-8.0| 8.0-8.2 = >.8u2
Organic carbon(%) P ] 1.5-0.8] < 0.8 - - =
Salinity and
Alkalinity (n)
ECe (dS/m) 0-2 2-3 3-5 5-7 - Sl
ESP (%) 0-8 8-15 15-20 20-25 - »225

B
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GROUNDNUTS
( Arachis hypogaea)

1. CLIMATE

Groundnuts need hot and sunny conditions. Germination occurs in
the temperature range of 10 - 38°C. Optimum conditions for
germination are created by temperatures between 22 - 28°C.
The crop does not mature if the night temperature falls below
10 °C. A yield decrease is observed at mean temperatures below
18 °C and above 30°C.

The minimum precipitation that is required in the growing cycle
is 300 mm. Optimum conditions are reached with 400 - 1100 mm
in the growing cycle. Moisture is most needed at peak flowering
and pod filling stages. Dry weather is necessary at the harvest
stage to prevent pod rotting.

The crop is sensitive to dry winds.

2. SOIL

For groundnut cropping sandy soils are preferred. A sandy loam
to sandy clay loam texture is most suited. Heavy textures are
only acceptable if the soil is permeable, well aerated and
friable. Plastic clays and soils of a very firm consistence
should be avoided.

The optimal soil depth is > 0.75 m. The maximum rooting depth
of the crop is 1.80 m.

Groundnut cannot stand flooding.

pH range: 5.4 - 8.2, optimum pH: 6.0 - 7.5

salinity: no yield reducticn at an electrical conductivity (EC)

of < 3.2 dS/m; the yield reduction is
10% at 3.5; 25% at 4.1; 50% at 4.9; 100% at 6.5 ds/m

Sodicity: 50 % yield reduction occurs at an ESP of 20

Nutrients

ca supply is needed at fruit formation : 300 - 600 kg/ha
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( if pH

> 6.5

gypsum

’

if pH < 6.5

CaCo,5 ).

Nutrient removal (kg/ha/growing cycle) to produce 1 ton of un-

shelled nuts/ha:

50
§ 15
15
= 10

Fertilizer application (kg/ha/growing cycle) to produce 1 ton
of unshelled nuts/ha:

Rainfed

Good commercial yield
Average farmer yield

Tradit.

Irrigated

Good commercial yield :
Average farmer yield :

smallholder yield

25 (starter)
100
75

2.0 - 3.0 ton unshelled nuts/ha.
1.0 - 2.0 ton unshelled nuts/ha.
0.5 ton unshelled nuts/ha.

- 4.5 ton unshelled nuts/ha.
- 2.0 ton unshelled nuts/ha.

<
t,’*

CLIMATIC REQUIREMENTS - GROUNDNUTS (growing cye

le 90-140 days)

Class, degree of limitation and rating scale
Climatic S1 ‘ s2 \ 83 ‘ N1 | N2
Characteristics 0 1 2 /4
100 95 35 60 10 25 0
S —
Precipitation of 700-500 500-400 400-300 300-200 .—t-—w< 200
growing cycle (mm) 700-900 900-1100|1100-1600 1600-1900 E > 1900
Mean precipitation 165-100 100-70 70-60 60-50 = < 50
of 1st month (mm) 165-225 225-2175 275-400 400-475 = > 475
Mean precipitation 175-125 125-100 100-75 75-50 - < 50
of 2nd month (mm) 175-225 275-225 275-400 400-475 - > 475
Mean precipitation 175-125 125-100 100-75 75-50 = < 50
of 3rd month (mm) 175-225 225-275 275-400 400-475 - > 475
(flowering)
Mean precipitation 145-210 210-275 275-400 400-475 - > 475
of 4th month (mm) 145-80 80-60 60-40 < 40 - -
Mean temp. of the 24-22 22-18 18-14 14-10 - < 10
growing cycle (°C) 24-26 26-30 30-34 > 34
Mean max. ltemp. of 35-36 36-38 38-40 40-42 - > 42
growing cycle (°C) 35-34 34-15 - < 15 - -
Mean min. temp. of 19-18 18-14 14-10 10-6 - < b
growing cycle (°C) 19-20 20-28 28-30 > 30
Relative humidity 60-70 70-80 > 80 - - :
growing cycle (%) 60-50 < 50 = - -
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LANDSCAPE AND SOIL REQUIREMENTS - GROUNDNUTS

N ) o
Class, degree ol limitation and rating scale.
Land
Characteristics 51 s2 ' 83 N N2
0 1 2 3 1
100 95 a5 60 40 25 0
Topography (t)
Slope (%) 1) 0-1 1=2 2-4 4-6 = > 6
2)| 0-2 2-4 4-8 8-16 = > 16
(3)| 0-4 4-8 B8-16 16-30 30-50 > 50
Wetness (w)
Flooding Fo 7 iy - - 1
Drainage (4)|good - moderate|imperf. |poor, poor,
(5)|imperf. |moder. good drainab|not
drainab
Physical soil
characteristics (s)
Texture/struct. L,SCL,SL|SiCl,SiL|CK60s, C>60v, - Cm,SiCm
Co,Si,sc|Lfs,Ls, |c<eov,fs
EL SiCs C>60s, 8
LeS
Coarse fragm(vol%)| 0-1 1-3 3-15 15-35 - > .35
Soil depth (cm) > 100 100-75 75-50 50-25 - < 25
caco, (%) 0-12 12-25 25-35 35-50 - > 50
Gypsum (%) 0-2 2-4 4-10 10-20 = » 15
Soil fertility
characteristics(f)
Apparent CEC > 16 < 16(-)| < 16(+) - - -
(cmol(+)/kg clay)
Base saturation(%)| > SO 50-35 €35 = - -
Sum of basic ca-
tions
(cmol(+)/kg soil) > 4 4-2.8 2851 068 -
pH H.0 6.8-6.5| 6.5-6.0] 6.0-5.6| 5.6-5.4 Gf:i4\ -
6.8-7.0f 7.0-7.5| 7.5-8.0| 8.0-8.2| =] > 8.2
QOrganic carbon(%) = =
(6) > 0 2.0-1.211:2-0.8]"« 0,8 = =
¢7) Vi 1.2-0.8) 0.8-0.5] < 0.5 - .
(8) > 0.8 0.8-0.4f < 0.4 - - -
Salinity and
Alkalinity (n)
ECe (ds/m) 0-2 2-4 4-6 6-8 8-12 >01:2
ESP (%) 0-8 8-10 10-15 15-20 - > 20
77
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GUANVA
(Psidium guijava)d

1. CLIMATE

The optimum temperature for the growth of guava is 20 - 28°C.
Guava can however grow 1n a wide air temperature range and can
tolerate very high temperatures.

Frost damages the Crop, though near-freezing conditions are

tolerated.
Guava is very drought resistant.

pitation between 200 mm. and

Guava grows in areas with a preci
a

4200 mm/year. Though guava is very drought resistant,
constant supply of moisture is preferred.

The crop prefers a high relative air humidity.

2. SOIL

Guava grows on a wide range of soils. Both shallow and deep
soils are suitable, as long as the roots have constantly access
to moisture.

Guava tolerates temporary waterlogging.

pH range: 4.5 - 8.2; optimal pH : 5.5 - 7.8.

no yield reduction at an electrical conductivity (EC)

Salinity:

of ¢ 0.5 ds/m; the yield reduction is

10% at 1; 25% at 2; 50%.at 34 100% at 5 4ds/m
sodicity: 50 % yield reduction i1s observed at an ESP of 20 .
3. YIELDS
Rainfed

Good commercial yield : 60 - 80 kg/tree, 300 kg if grafted.
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CLIMATIC REQUIREMENTS - GUAVA

[,C]ASS’ degree of limitation and rating scale.
Climatic LANDSCAPE AND SOIL REQUIREMENTS - GUAVA
- S ) .- IS
Characteristics 0 ’ 1 i 5; } 53 ’ N1 I N2
100 95 85 v 60 3 " 1 Class, degree of limitalion and rating scale.
- 4¢ 25 0 Land
Annual precipite s “har x5 . IS .
. sipita-| > 2000(2 . : o Characteristics sl S2 s3 N1
tion (mm) 2000-1000(1000-500(500-200 - < 200 0 ‘ 1 2 3
100 g5 85 60 40 25
Mean ¢
2an e i ]
(;;g annual temp.| 25-24 24-20 20-15 .
i 25-2 o b o=I0 - <10 Topography (t)
6 26-28 28-34 5 34 _ }
Slope (%) (1)| 0-1 122 4 6
{2y} 0-2 2-4 4-8 8-16 - > 16
(3) 0-4 4-8 8-16 16-30 30-50 50
Wetness (W)
Flooding Fo - - Fl - F2
Drainage good good moderate|imperf. |poor, poar,
groundw. groundw. but not
5> 200 cm [< 200 cm drainabldrainab
physical soil
| characteristics (s)
:
Texture/struct. SiCs,SiCL c»60s,8C|C>60v, SL LfS,LS, = Cm,SiCm
c<60s,81L c<60v,L | SCL Lcs,fS S
C6.,CLy81
Coarse fragm(vol%) 0-3 3-15 15-35 35-55 - > 55
Soil depth (cm) > 100 100-50 50-30 30-10 - < 1
Ccaco, (%)
Gypsum (%)
|
Soil fertility
characteristics(f)
! Apparent CEC > 24 24-16 < 16(-)] < 16(H) - -
l (cmol(+)/kg clay)
Rase saturatlon(%)| > 50 50-35 35-20 < 20 - -
sum of basic ca-
fions
(cmol(*)/kg soil) > 4 4-2.8 2.8-1.6| < 1.6 - +
pH H.O 6.8-5.8 5.8-5.5 5.5-5.2 5.2-4.5] < 4.5 -
| 6.8-7.8| 7.8-8.0 8.0-8.2 - > B.2
Organic carbon(%) SR g2 1.2-0.8] < 0.8 - -
Salinity and
| Alkalinity (n)
|
| ECe (ds/m) 0-1 1-2 2-3 3-4 - > 4
ESP (%) 0-8 8-15 15-20 20-25 - 22D
L___...____gL____,_,[_,,_
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MAIZE
(Zea mais)

1. CLIMATE

Maize shows tolerance to a wide range of environmental
conditions, but the growing season must be frost-free.

The optimum temperature for germination is 18 - 21°C;
germination is reduced at 13°C and fails at temperatures below
10°C.

Maize grows in the temperature range of 14 - 40°C. The growth
of the crop is optimal at temperatures between 18°C and 32°C.
The mean minimum temperature should be in the range of 12 - 24
°C ; the mean maximum temperature should be in the range of 26
- 29°C.

Maize grows in regions that have a total annual precipitation
between 500 and 5000 mm. An optimal water supply can be secured
in regions that receive 1000 - 1500 mm/year or 500 - 1200 mm
in the growing cycle. For short-season varieties however an
adequate water supply is already secured with 300 mm/growing
seasorn.

Maize is most sensitive to moisture stress from the beginning
of flowering untill the end of grain formation ( 50 -100 days
from planting).

Hail can do great damage.

' No excessive air humidity and a good insolation are favorable.

2. SOIL

Maize grows on many types of soils. Well drained, well aerated,
deep loam and silt loam soils with adeguate organic matter are
most suited for maize cropping. The maximum crop rooting depth
is 2.0 m.

Sites with drainage impedance, as shown by mottling within 1.0

m from the surface, should be avoided. The watertable must
occur at a depth below 0.75 m from the surface.

Maize cannot stand waterlogging in the first 5 weeks after
sowing. From the 6th week onwards, waterlogging during 1 to 2
days may kill the crop.

On soils with a low moisture retention capacity, or in areas of
low rainfall, a low plant density should be used. Yield
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increases with planting density on irrigated plots, but the \
reverse may occur on rainfed plots.

pH range : 5.2 - 8.5, optimum pH: 5.8 - 7.8
Salinity: no yield reduction at an clectrical conductivity (EC)
of ¢ 1.7 dS/m; the yield reduction is

10% at 2.5; 25% at 3.8; 50% at 5.9; 100% at 10 ds/m |

Sodicity: 50 % yield reduction is observed at an ESP of 15

Nutrients

Nitrogen is the most important nutrient. Young maize has diff?~
culty in taking up P from the less available phosphate forms 1in
the soil. K removal is very high in maize harvested for silage:
200 - 300 kg K.0/ha are removed at harvest time.

Nutrient removal (kg/ha/growing cycle) to produce 6.27 ton
grain/ha:

b 165
0 3 55
0 % 135

Fertilizer application (kg/ha/growing cycle) to produce 4 ton
grain/ha

N g 60 - 100
Daty ek 50T= 100
K.O 30 - 60
Micronutrients
Boron . moderate tolerance; 1 - 2 mg/l in soil solution.

Magnesium : sensitive to deficiency.
Manganese : medium response.

zinc : response to spraying if the soil is deficient.
Lithium : 25 % growth reduction at 70 ppm in soil.
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Mineral deficiency symptoms

CLIMATIC REQUIREMENTS - MAIZE (growing cycle 90-130 days)
Ma i P . e Class, degree of limitati and rat scale &
Ni??emum whitish or yellowish striping between leaf veins ° 2SS WS, BR EIEAE S5
ogen : : .
Phosphorus, educed vigor, a pale-green or yellowish color. Climatic s1 52 s3 Nl | N2
¢ stunted growth, delayed ripening and purplish Characteristics 0 | 1 7} 3 4
B color. 100 95 85 60 a0 25 0
otassium : small iti
: whit -ve
Zinc : chlorotic ;zg‘ycllow spots on leaves. i Precipitation of 750-900 | 900-1200}1200-1600f > 1600 -
e ing of the leaves with broad whitish i growing cycle (mm) | 750-600 | 600-500 500-400 | 400-300 < 300
Precipitation of 175-220 | 220-295 | 295-400 | 400-475 > 475
3. YIELD the 1st month (mm) | 175-125 | 125-100 | 100-75 75-60 < 60
. S
Precipitation of 200-235 235-310 310-400 400-475 > 475
Rainfed the 2nd month (mm) | 200-175 | 175-150 | 150-120 120-70 <70
Good : " precipitation of 200-235 235-310 310-400 | 400-475 > 475
commercial yield - 6.0 - 9.0 ton grain /h the 3rd month (mm) 200-175 175-150 150-120 120-70 <70
g rain A
33.0 ton fodder/ha. Precipitation of 165-210 | 210-285 | 285-400 | 400-475 > 475
. . - € » = - < 60
Tradit. smallholder yield s BB 0 5 i s the 4lh month (mm) | 165-125 | 125-100 | 100-80 60-80
i . ain/ha.
Irrigated Mean temp. of the 24-22 22-18 18-16 16-14 <14
—rrdated growing cycle (°C) 24-26 26-32 32-35 35-40 > 40 |
Good commercial yield . Mean min. temp. of 17-16 16-12 12-9 9-7 <7 i
: 6.0 - 9.0 ton grain /ha. growing cycle (°C) 17-18 18-24 24-28 28-30 > 30 |
80.0 ton fodder/ha. i
Relative humidity 65-50 50-42 42-36 36-30 < 30 {
of devel. stage (%) 65-80 > 80 - - & |
(2nd month) i
|
i Relative humidity 40-30 30-24 24-20 < 20 - - {
{ maturation stage(%)| 40-50 50-75 75-90 > 90 = - i
} — - |
i n/N develop. stage 0.55-0.5] 0.5-0.35 ¢ B35 - - i il
| (2nd month) 0.55-0.6| 0.6-0.75} > 0.75 - - - |
| n/N maturation > 0.7 0.7-0.5 < 0.5 - - - {
| stage !
| 1
| |
|
{
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MANGO

LANDSCAPE AND SOIL REQUIREMENTS - MAIZE (Man ifera indica)

F Class, degree of limitation and rating scale.
Land
Characteristics Si 52 53 N1 N2 1. CLIMATE
) | 1 2 3 4 ) o
100 95 85 ol 40 e . Growth of mango trees is secured within the tempelatugoecla;ai “‘
hy (t of 15 to 40°C. Growth is optimal betwcen 22 and 2 ’ ‘
Topography (t) average minimum temperature should be > 16° C. frost, young ":
i ~ 2 %R \
Slope (%) (1] 0-1 1-2 2-4 4-6 = > 6 Because flowers and young foliage are ScnSlé)lc ztfng poiI;t- !
(2)] 0-2 2-4 4-8 8-16 - > 16 trees may be killed at temperatures below free !
(3)] 0-4 4-8 8-16 16-30 30-50 > 50 250 i
5 R 3 3 en < I
Mango grows in regions with a total precipitation betwe ] ‘
el € and 6000 mm/year. The crop can withstand a 6 month dry per & ‘
Flooding Fo L - F1 - F2+ Rain during flowering may depress the yields.
Drainage (4) {good moderate|imperf. |poor and|poor, poor, . .
(5)|imperf. moderate |good aeric but not A moderate to high air humidity is required.
drainabldrainab 4 hot
i 3 . i ry an o
Eﬁziiziirgzﬁcsm Strong winds can cause con;lderable damage, while dry
¥ winds lower the fruit quality.
Texture/struct. C<60s,Co, | C<60v,SC|C>60v,SL|£S,S,LeS| - Cm,SiCm ' X
Sic,sicL, |c>60s,L |LfS,LS cS i A high insolation is needed at maturation. |
8i,8iL,CL|sCL ]
Coarse frag.(vol%)| 0-3 3-15 15-35 35-55 - > 55 I
Soil depth (cm) > 100 100-75 75-50 50-20 - < 20 i
CaCo, (%) 0-6 6-15 15-25 2535 = > 35 2. SOIL
Gypsum (%) 0-2 2-4 4-10 10-20 - > 20
o can grow on many types of soil. Moderately deep (>0.50 m;
Soil fertility : Mang e weil drained (watertable at > 2.30m from the .surface
sk ke zznd;-iéam to loam seoils however provide the pest environment
Apparent CEC > 24 24-16 < 16(-)] < 16(+)| - - : for mango production.
(emol(+)/kg clay) |
Base saturation(%)| > 80 80-50 | 50-35 | 35-20 | < 20 - ! W panges 4:5 =.8.2; optimum pH: 5.5 - 7.8
Sum of basic ca- ! P . (EC)
tions ; i conductivity
{cmol(+)/kg soil) | > 8 8-5 5-3,5[ 3.5-2 €D - ; salinity: o yield reduption ézl.zn rcelfuccttrilocslis ‘
PH H,0 6.6-6.2 | 6.2-5.8] 5.8-5.5| 5.5-5.2| < 5.2 = of < 1 dS/m; tlje Yl4 . 50% at 6 ; 100% at 9 ds/m ‘;
- 6.6-7.0 | 7.0-7.8] 7.8-8.2| 8.2-8.5| - > 8.5 ‘ 10% at 2 ; 25% at ; s ¢ 3
Organic carbon(%)
e 5 i i o { i Sp of 20 .
Ll i el e e | : Sodicity: 50 % yield reduction at an E
(8)] » 0.8 8-0.4] < 0.4 - - - ; '
Salinity and Nutrients
Alkalinity (n) | ey i
; s it formatlion.
ECe (dS/m) 0-2 5.4 4-6 6-8 8-12 5 12 High fertility favors vegetative growth over fruit
ESP (%) 0-8 8-15 15-20 20-25 = 25
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3. YIELDS

Rainfed
Good commercial yield
Irrigated

Good commercial yield

CLIMATIC REQUIREMENTS — MANGO

14 - 20 ton/ha or 100 kg/tree.

30 - 40 ton/ha.

F___‘-___‘_—_____‘—F*

Class, degree of limitation and rating

Climatic s1 52 s3 N1 | N2
Characteristics 0 | 1 2 3 4
100 a5 85 60 40 25 0
L
Annual precipita- > 20002000-1000]1000-500 500-250 - < 250
tion (mm)
Length of the dry 4.5-5 5-6 6-7 7-8 - > 8
season (months) 4.5-4 4-3 3=2 2-1 - <1
(P < 1/2 PET)
Monthly precipita- < 50 50-60 60-100 ) >100 = -
tion during dry
season {mm)
Mean annual temp. 25-24 24-22 22-18 18-15 - < 15
(°c) 25-26 | 26-78 28-34 34-40 - > 40
Mean min. temp. (°C) > 18 18-16 16-13 13-8 = <8
of coldest month
Annual relative 65-80 > 80 = 5 = =
humidity (%) 65-50 50-42 42-36 36-30 = <30
n/N maturation stagef| » 0.7 0.7-0.5 <G = - =

i

LANDSCAPE AND SOIL REQUIREMENTS - MANGO

Class, degree ol

limitation and r¢

it ing

scale.

Land - o -
Characteristics h 2 l 3
A o | 1 2 5
100 95 85 GO 7
Topography (t)
: 24 4-6
% 0-1 1=2 2-4 ) e
Slope (%) (1) . o il :
2 e o 30 30-50 > 50
= -8 8-16 16- 3
3)| 0-4
Wetness (W) N
; _ - - . 4
s gzgd good moderate| imperf. FO?I, EZ?
annage but.
. g 313:8dzm drainabldrainab.
> 200 cm 2
Physical soil
characteristics (8) o
5 S - cm, &
i 5C S Cc>60s, S,
c . SiL,SL|8iCs,5CL|C<60s, .
i s IS;SLL LfS,SiCL|fSs,Les C>e0v
CL,SsC, e
5-35 35=55 -
se fragm(vol%)| 0-3 3-15 15 : ESa i e
coa'\r 2] > 150 150-100]100-75 5 i o
i dffgh bt 0-3 3-5 5-10 ;o;zs : 2 2
co % - 0
g;ps;m (%) 0-1 1-2 2-3
Soil fertility
characteristics(f)
+ . -
Apparent CEC > 16 < 16(-)] < 16(+)
(cmol(+)/kg clay) : et s ) o
Base saturation(%)} > 50 50-35
sum of basic ca- :
it - 2.8-1.6| < 1.6 =
4-2.8 P
el 2 ife.o 6.0-5.5| 5.5-5.0] 5.0-4.5] < 4.5 e
Aol 6.4—6 gl 6.8-7.8] 7.8-8.0 8.0-8.2 = ¢
: 4 -1.2 1.2-0.8| < 0.8 =
Organic carbon(%) > 2 2=1
salinity and
Alkalinity (n) -
= 2-4 4-6 6-8 - ;,—
S (dS/m) g—; 8-15 16 -20 20-25 - B0}
ESP (%)
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MILILETS
(Pennisetum Americanum)

1. CLIMATE

Millet 2 i
s grow and mature under conditions of low rainfall and

soil fertility, with 1i
' ittle or no att i
range for growth is 16 - 32°C ?nthn_ The temperature

The distri i i
o moretﬁ;butLon of the rainfall throughout the growing season
ooy grzzriant than the total precipitation in that period.
pee mm/groﬁlreglons that can secure a precipitation of 150

: ing cycle. Optimum growth i e i
;;th EOO - 600 mm/growing cycle. " CIRERE In wegiee

ough no deormancy facili i

: 1 is i i
crop 1s very drought resistint e i e dugnghiy K
Water is i ;
most required at flowering. Heavy rain during

flowering howev i
er interferes i o ;
reduced yields. with fertilization and causes

At harvest, dry weather is required.

Wet conditions and i
: ' a high air humidi i
air humidity should be medium orligay o ety Misences: T

2. SOIL

Millets prefer 1lo
amy to clayey  soll :
textures c olls. Lighter and h i
o Soaﬁ‘hiyeyer be tolerated. The soil depth shouldezzlzi
i drained‘ ptimum conditions are met at depths > 2.00 m
Lo . and agrated soils are most suitable £ '.1 é
g. Waterlogging is not tolerated or mille

The i
erosion hazard under millet cropping is high
g Y

H -
PH range: 5.2 - 8.2, optimum pPH: 5.6 - 7.6

Salinity: no yield i
: reduction at an electri
trical cond ivi
i§a<at gs/m; the yield reduction is e
i 25% at 4 ; 50% at 6 ; 100% at 12 ds/m

’

Sodicity: 50 % vi
¢ yleld reduction is observed at and ESP of 35.

Nutrients
Millets s
how a good response to N and K fertilizers. Millet i
. . Millet is

89

not a demanding crop however and tolerates impovcrishcd soils

with a low organic matter content. Manuring 1is seldom
practiced.

3. YIELDS

Rainfed

Good commercial yield : 2 - 4 ton grain /ha.

CLIMATIC REQUIREMENTS - MILLETS (growing cycle 70 - 105 days)

Class, degree of limitation and rating scale.

Climatic s1 s2 s3 N1 | N2
Characteristics 0 I 1 2 3 4
100 95 85 60 40 25 0
precipitation of 450-400| 400-300| 300-200 200-150 - < 150
growing cycle (mm)| 450-500 500-600| 600-800 > 800 = =
precipitation of > 150 150-100} 100-75 75-50 - < 50
1st month (mm)
precipitation of > 150 150-100} 100-75 75-50 - < 50
2nd month {mm)
precipitation of < 60 60-120 > 120 - - -
3rd month (mm)
Mean temp. of the 24-22 22-20 20-18 18-16 - < 16
growing cycle (°cy| 24-26 26-28 28-30 30-32 = 32
Mean max. temp. of| 35-36 36-38 38-40 40-42 = > 42

growing cycle (1°6)| . 35:34 34-30 <30 - -

Mean min. temp. of 17-18 18—2d > 20 - -

growing cycle (eey|inT=-16 16-14 14-12 12-10 = <710

Relative humidity 55-60 60-65 65-70 70-85 - >1:85

at harvest (%) 55-50 50-0 = - - -
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LANDSCAPE AND SOIL REQUIREMENTS - MILLETS

Class, degree of limitation and rating scale
g scale.

Land
Characteristics 51 s2 53
52 37 N1 2
o | 1 f 2 ‘ 3 ‘ i v
100 a5 85 60 40 25 0
Topography (t)
Slope (%) (1)] o-1 1-2 2-4 4-6
‘ 3 ' - >
Ei; 8 2 2-4 4-8 8-16 5 > ?6
& -4 4-8 8-16 16-30 30-50 > 50
Wetness (w)
Flooding Fo - F1 2
Drainage . ) '
ge (4) good moderate|imperf. |poor o0 i
(5) |imperfec|moderate|good and E:?I' po:r'
no
et il aeric drainabldrainab
characteristics (s)
Textu /’ \\
re/struct. C§605,CD C<60v, C>60v,LS|Cm, SiCh -
SiCL,L, |C>60s,SL|LfS Lcs fé 5 “
o 5L,.8iCs |scL L
;o§1se fragm(vol%)| 0-3 3-15 1535 35-55
czéé d?Eth (cm) > 90 90-50 56-20 QZ:iS - 7 85
Gypssm {;) 0-10 10-25 25-35 35-50 : ; ég
0-3 3-6 6-10 10-20 = > 20
Soil fertility
characteristics(f)
Apparent CEC Piid
6 i
(cmol(+)/kg clay) et ? ; i
Base saturation(%)| > 5
& 5 :
Sum of basic ca- e L g y §
tions
(cmol(+)/kg soil) 2k 5-3
pH H.0 6.5-6.0| 6.0-5 % :
i 6.5-7.0] 7.0~ ik :
Qrganic carbon(%) “_“—Z;—~ ¥ s
(6)|(> 1.5 175570158
Salinity and zog ;
Alkalinity (n) N
ECe (dS/m) 0
-2 2-4
e 4-6 6-8 =
: 0-10 10-25 25-35 35-45 8~12 ; ;3
5

ai:

OI1IlL PALM
( Elaeis guineensis)

1. CLIMATE

The optimum mean daily temperature for oil palm is 22 - 30°C.
The mean minimum temperature should be at least 18°C.

0il palm performs well in regions with a total annual
precipitation of over 1700 mm, well distributed throughout the
growing period, that have 2 or less consecutive dry months.
Excessive rainfall decreases both the pollen density and the
0il content of the mesocarp.

In order to get high yields the annual number of sunshine hours
should exceed 1300 hours.

2. SOIL

Deep, permeable , well structured soils are most suitable for
0il palm cropping. The required effective soil depth is > 1.00
m. The maximum rooting depth of oil palm is 2.00 m.

0il palm is sensitive to waterlogging. A groundwater level at
less than 0.90 m from the surface, lasting for more than 14
days should be avoided. If the land is flooded for over 1 week
in 10 years, this land is considered not suitable.

Clay and clay loam textures are optimal for 0il palm. Soils on
alluvial deposits are preferred. Poorly drained soils with
ironstone gravel, sandy coastal soils and deep (>0.50 m) peats
are unsuitable.

The erosion hazard under 0il palm is high.

pH range: 3.5 - 7.5, optimum pH: 5.0 - 6.5

Salinity: no yield reduction at an electrical conductivity (EC)

of < 0.5 ds/m; the yield reduction is

0% at, Vi 25% at 2 50% at 3 ; 100% at 8 ds/m

Nutrients

K is the main nutrient that is required. N is needed for rapid
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growth of young palms. P is best applied with K on some soils
and the need for Mg is exhibited through its deficiency
symptoms, often induced by K - manuring.

Available P and exchangeable K should be high (K > 0.5
meq/100g)

Nutrient removal (kg/ha/growing cycle) to produce 15 ton

fruit/ha
N 90
P.0y 20
K.O0 : 135
Ca0 40

Mineral deficiency symptoms

Boron

'little leaf' occurs in young oil palms and in

older palms; 'hock leaf' is often prominent where

a distinctive hook appears at the apex of one or

more pinnae on an affected frond: 'White stripe'

may be an early or mild symptom.

deep orange tints, known as orange frond, specific

and well established. Symptoms only occur in

unshaded parts of the pinnae.

Nitrogen : fronds become pale green, changing to pale or
bright yellow as the chlorosis becomes more severe.

Phosphorus: only observed through foliar analyses.

Potassium : orange spotting and mid-crown vyellowing of leaflet

fronds leading to terminal and marginal necrosis.

Magnesium :

3. YIELDS

Rainfed

Good commercial yield : 20 - 28 ton fruit /ha.

4 - 6 ton oil /ha.
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CLIMATIC REQUIREMENTS - OIL PALM

Climatic class

limitation and rating scale

 I—

S S ML
Climatic Si L ‘ \i \ : i !
.~ 1o U 2 l
2 racterilstilcs ) _ ,
Characteril o . A R o
1 ainfall > 2000}2000-1700{1700-1450 1450-1250 =
Annual ra E 2
(mm)
- ;1
= 2-3 3-4
Length dry season 0-1 2
(months) P < 1/2 PET
= 22
3-27 - 24 4-22
Mean annual max. > 29 29-217 27-24 24
temp. (°C)
wa 1 4
2 -14 1
Average daily min. > 20 20-18 18-16 16
& = a
temp. coldest month
(°C)
Mean annual temp. o G5 e 9 2220 e e . "
(UC) 2
Annual n/N 5 0.75]0.75-0.45] < 0.45 -




LANDSCAPE AND SOIL

REQUIREMENTS - OIL PALM

[ﬁi Class, degree of limitation and rating scale.
Land
Characteristics S1 s2 53 N1 I N2
o | 1 2 ) 4
100 95 85 60 40 25 0
Topography (t)
Slope 0-4 4-8 8-16 16-30 30-50 > 50
Wetness (w)
F10§ding Fo Fo Fl F2 - F3+
Drainage (4) |moderate|good imperf. |poor poor, poor,
(5)|imperf. |moderate|good and but not.

. aeric drainab|drainab
Physical soil e o
characteristics (s)

Texture/struct. C>60s, SicL,Co |SCL SL,LfS - Cm,SiCm
C<60s cL,S8C,L LS, LeS,
. SiCs £S,8,¢€8
Coarse fragm(vol%)
1n.depth 0-3 3=15 15-35 35-55 = > 55
Soil depth (cm) > 150 150-100|100-50 50-25 - < 25
CaCo, (%) 0 0-1 1-5 5-10 - > 10
Gypsum (%) 0 0-0.5 0.5-2 2=3 - >3
Soil fertility
characteristics(f)
Apparent CEC > 16 < 16(=)] < 16(+) = - =
(cmol(+)/kg clay)
Base saturation(%)| > 35 35-20 < 20 - - =
Sum of basic ca-
tions
(cmol(+)/kg soil) >.5 5-3.5| 3.5-2 <2 = o
pH H,0 5.8-5.5] 5.5-5.0| 5.0-4.2] 4.2-3.5| < 3.5 N
: 5.8-6.01"6,0-6.51%6.5-7.0) 7.0-7.5 = Pl 8
Organic carbon(%) Dl 1.2-0.8] < 0.8 - - =
Salinity and
Alkalinity (n)
ECe (dS/m) 0-1 1-2 2=3 B o
ESP (%) : P S
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OLIVES
(Olea europacae)

1. CLIMATE

The temperature range for the growth of olive treces is 0 - 38
°oCc. Growth is however optimal at temperatures between 15 and 22
oc. Olive trees need a dormancy period of 2 months with an
average temperature of < 10°C, otherwise flowering will be poor
or will not occur at all. During that time temperatures as low
as - 8°C can be tolerated, but it is best not to plant in areas
where the temperature regularly falls below - 4°C.

olive trees perform well in regions that receive a
precipitation of 400 - 1000 mm/year. The optimal annual
precipitation is however 500 - 800 mm.

2. SOIL
Loamy, deep, well drained and aerated, calcareous solls are

preferred for growing olive trees. It is required that the
watertable occurs at > 1.00 m from the surface. The maximum

crop rooting depth is 1.80 m.
pH range : 5.0 - 8.5; optimal pH : 6.2 - 8.0.
Salinity: no yield reduction at an electrical conductivity (EC)

of ¢ 2.7 dS/m; the yield reduction is
10% at 3.8; 25% at 5.5 ; 50% at 8.4 ; 100% at 14 ds/m

Nutrients

Even poor soils can produce a reasonable crop.

Boron : 1 - 2 mg/l in the soil solution is required.
3. YIELDS

Rainfed

Good commercial yield 7 3.0 - 4.0 ton/ha.
Average farmer yield - 2:0 =i 2 5kiton/hal




Irrigated
Good commercial yield : 7 - 10 ton/ha, 50 - 100 kg/tree.
Average farmer yield : 3 - 4 ton/ha.

CLIMATIC REQUIREMENTS - OLIVES (growing cycle 210-300 days)

Class, degree of limitation and rating scale

Climatic s1 S2 s3 N1 | N2
Characteristics 0 | 1 2 3 4
100 95 85 60 40 25
Annual precipitation 650-500 500-400 400-300 300-150 - < 150
(mm) 650-800 | 800-1000{1000-1200{1200-1400| - |> 1400

Monthly rainfall
during the
sclerification of
stone (mm)
- August (N hem.) > 45
February (S hem.)

45-20 < 20 - -

- September (N hem.)| > 30
March (S hem.)

30-15 <15 - -

Mean annual temp. 18-16 16-15 15~14 14-13 = <13
(°c) 18-20 20-22 22-24 24-26 - |> 26
Average absolute -1 to =2| -2 to -4| -4 to -6| -6 to -8] - |[< -8
min. temp. of -1 to 0 0-2 2-4 4-6 - > 6

coldest month (°C)

LANDSCAPE AND SOIL REQUIREMENTS - OLIVES

Class, degree of limitation and rating scale
Land
Characteristics S1 52 S3 N1 N2
o | 1 2 3
100 9h 89 60 40 25 0
Topography (t)
Slope (%) ()] o-1 1-2 2-4 4-6 - > 6
(2)] 0-4 1-8 8-16 16-25 - > 25
(3)] 0-8 8-16 16-30 30-50 = > 50
Wetness (w)
Flooding Fo = - - - Fl+
Drainage good, good, moderate |imperf. |[poor, poor,
groundw. [groundw. but not

> 150 ¢cm100-150 drainab|drainab

cm

Physical soil
characteristics (s)

L,SCL,SL|SC,SiL, |C<60s,LcS|Cm,Sicm,| - -
SiCL,Si, |C>60s,fS [cS

Texture/struct.

CL,LfS;
) LS, Si
Coarse fragm(vol%)| 0-15 15=35 35-55 55-75 - > 75
Soil depth (cm) > 150 150-120[120-100- [100-80 - < 80
CaCo, (%) any
Gypsum (%) 0-10 10-15 15-20 20-25 = > 25
Soil fertility
characteristics(f)
Apparent CEC > 24 24-16 < 16(-) | < 16(+)]| - =
(cmol(+)/kg clay)
Base saturation(%)| » 80 80-50 50-35 < 35 - =
Sum of basic ca-
tions
(cmol(+)/kg soil) > 8 8-5 5-3:5 3.5-2 <2 =
pH H.,0 7.2-7.0] 7.0-6.2| 6.2-5.8 5.8=5.5].<.9.5 -
i 7.2-7.5| 7.5-8.0| 8.0-8.2 8.2:8:5 - > 8.5
Organic carbon(%) >11.5 1.5-0.8] 0.8-0.4 < 0.4 - -
Salinity and
Alkalinity (n)
ECe (ds/m) 0-8 8:12 12-16 16-20 20-25 >25
ESP (%) 0-15 15-25 25-35 35-45 e 5L
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ONION
(Allium cepa)

1. CLIMATE

Onions are not grown in the lowland humid tropics. Cool
conditions with an adequate moisture supply are most suitable
For the early growth of onion; warm and drier conditions are
required at maturation, harvesting and curing.

Bulbing takes place more quickly at warm than at cool tempera-
tures provided the minimum photoperiod for the cultivar has
been reached. Long-day cultivars, developed in temperate
countries, will not form bulbs in the shorter days of the
tropics. Bolting with the production of inflorescences 1S
induced by low temperatures.

Germination takes place in the temperature range of 2 - 35°C.
Optimum conditions for germination are met at temperatures
between 10 and 25°C. A high soil temperature kills the young
seedlings.

The optimum temperature for growth is 16 - 22°C. Flowering and
conseqguent low yields are observed at temperatures < 16°C.
Early maturity and low yields occur at temperatures > 22°C.

The optimal precipitation for onion is 350 - 600 mm/growing
cycle.

A }ow air humidity and low tcmperatures lead to flowering.
Onion 1is sensitive to the daylength : 12 - 13 hours of
daylength are required in the yield formation period.

2. SOIL

Onion grows on a wide variety of soils, provided they are well
aerated and friable and as long as sufficient water can be
retained. Fertile, loamy textured soils are most suitable. The
maximum rooting depth of the crop is 0.50 m.

Onion can be successfully grown on peat soils. In Nigeria river
levees are favorite sites, with the young crop benefiting from
a high watertable, which recedes with maturity, permitting
bulbing and easy harvest.

pH range: 5.5 - 8.2, optimum pH: 6.0 - 7.8.

o
[Xe)

salinity: no yield reduction at an electrical conductivity (EC)
of < 1.2 ds/m; the yield reduction is
10% at 1.8; 25% at 2.8; 50% at 4.3; 100% at 6 ds/m

Sodicity : 50% yield reduction at an exchangeable sodium
percent age (ESP) of 35.

Micronutrients

Copper : high response to application.

Boron . needs 0.1 - 0.5 ppm in soil, tolerant of high
concentrations.

Manganese : high response.to application.
Molybdenum : high response to application.

Nutrients

An excess of N slows down the bulbing process. In order to meet
the conditions for an optimal nutrient supply the soil organic
matter content must be maintained at a high level.

Nutrient removal (kg/ha/growing cycle) to produce 20 ton/ha.
(before + after transplanting)

N : 60 + 40
P.O, : 170 + 0
K0 : 60 + 60

Fertilizer application (kg/ha/growing cycle) for high
production.

min. max.
N g 60 - 100
P,0s : 55 = 105
K000 55 - 95
3. YIELDS
Rainfed
Good commercial yield : 14 - 20 ton/ha.

Average farmer yield : 5 - 10 ton/ha.




LANDSCAPE AND SOIL REQUIREMENTS - ONION

Irrigated
Class, degree of limitation and rating scale
Good commercial yield : 35 - 45 ton/ha. Land )
Average farmer yield . 10 - 20 ton/ha. Characteristics . ST ) | Si sg N1 L N2
100 95 85 60 40 25 0
Topography (t)
Slope (%) (1)| 0-1 1-2 2-4 4-6 - > 6 ‘
(2)] 0-2 2-4 4-8 8-16 - > 16
CLIMATIC REQUIREMENTS - ONION (growing cycle 100-140 days + 30-35 days (3)| o-8 4-8 8-16 16-30 30-50 > 50
nursery)
Wetness (w)
Climatic class, degree of limitation and rating
i ) Flooding Fo = - - - Fl+
Cllmat}c g s1 I s2 s3 NlI N2 Drainage (4)|good, moder. imperfect |poor poor, poor,
Characteristics 0 | 1 2 3 4 (5)|imperf. |moder. |good and but not
100 95: & 85 60 40 25 0 aeric drainab|drainab |
Precipitation of 450-500 500-600 600-800 }800-1600 - > 1600 %
the growing cycle (mm) | 450-400 | 400-350 | 350-300 |300-250 - ]< 250 Physical soil ‘
characteristics (s)
Mean temp. of the 19-20 20-22 22-23 23-25 = > 25
growing cycle (°C) 19-18 18-16 16-13 13-10 - < 10 Texture/struct. L,SC, sicCs,Si, |C<60v, c>60v,S - Cm, SiCm
SCL sL,sicl, |c>60s, s, ‘
Mean.tem?. at 18-15 15-10 10-5 5-2 = <2 - Cc<60s,Co|LS,LEfS
germination (°C) 18-20 20-25 25-30 30-35 = > 35 | Coarse fragm(vol%)| 0-3 3-15 15-35 35-55 - > 55 I
g Soil depth (cm) > 75 75-50 50-30 30-20 - < 20 |
Daylength(h) during 12.5-12 12-11 11-10 10-9 - <9 CaCO, (%) 0-3 3-5 5-10 10-20 - > 20 ‘
yield form. period 12.5-13 13-14 14-15 15-16 - > 16 ; Gypsum (%) 0-1 1-2 2-3 35 = > 5 [
Soil fertility
characteristics(f)
Apparent CEC > 24 24-16 < 16(-) < 16(+) - -~
(cmol(+)/kg clay)
Base saturation(%)| > 50 50-35 35-20 < 20 - #
sum of basic ca-
tions
(cmol(+)/kg soil) | > 2 2-1.2] 1.2-0.8 | < 0.8 - -
pH H,0 6.7-6.2| 6.2-6.0| 6.0-5.8 | 5.8-5.5] < 5.5 -
! 6.71-7.217.2=7.8] 7.8-8.0 8.0-8.2 = > 8.2
Organic carbon(%) > 2 2-1.2| 1.2-0.8 < 0.8 = -
Salinity and
Alkalinity (n)
ECe (dS/m) 0-1 1-2 2-3 3-5 = > 5
ESP (%) 0-10 10-20 20-35 35-50 - > 50
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PAPAYA
(Carica papaya)

1. CLIMATE
Papaya can grow in regions that are characterized by air
temperatures between 8 and 38°C. Low temperatures however
result in a poorly flavoured fruit.
Papaya is very sensitive to frost.
An gnnual precipitation of 600 - 2000 mm is adequate for
growing papaya. The crop can stand drought during some period
in the year.
A high ai? humidity favours fungi. Papaya prefers sunny days.
The crop is damaged by wind, hail and blown sands.
2. SOIL
Papava performs well on many soils, élso on shallow ones. Heavy
textgred soils are not suitable though. A good drainage is
required by the crop and waterlogging.is not tolerated.
pH range: 5.0 - 6.6 optimum pH: 6.0 - 6.6
Salinity: no vield reduction at an electrical conductivity (EC)

of < 0.5 d8/m; the yield reduction is

10% at 1; 25% at 2; 50% at 3; 100% at 6 d4S/m.
Sodicity : 50% yield reduction at an exchangeable sodium

percentage (ESP) of 20.

Nutrients

Papaya requires fertile soils.

3. YIELDS
Rainfed

Good commercial yield : 20 - 26 ton/ha, 30 - 54 kg/tree.

Irrigated

Good commercial yield

CLIMATIC REQUIREMENTS - PAPAYA

: 40 ton/ha.

Climatic class, degree of limitation and rating

Climatic s1 s2 s3 N1| N2
Characteristics 0 1 2 3 4
100 95 85 - 60 40 25 0
Annual precipitation 1500-1400|1400-1000} 1000-800 |800-600 < 600
(mm) 1500-1600]1600-2000] > 2000 - -
Mean annual temp. (°C) 25-24 24-20 20-15 15-8 <8
25-26 26-28 28-34 34-38 = > 38
Mean min. temp. of col-| > 18 18-16 16-13 13-8 - <8
dest month (°C)
Annual relative humidi-| 40-50 50-80 80-90 > 90 - -
ty (%) 40-30 30-24 24-20 < 20 = =
Annual n/N > 0.7 0.7-0.5 | < 0.5 - - -
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LANDSCAPE AND SOIL REQUIREMENTS - PAPAYA

Class, degree of limitation and rating scale
Land
Characteristics s1 52 s3 N1 | N2
o | i 2 3 4
100 95 85 60 40 25 0
Topography (t)
Slope (%) (1)] o-1 1-2 2-4 4-6 - > 6
(2)| 0-2 2-4 4-8 8-16 - > 16
(3)] 0-8 4-8 8-16 16-30 30-50 50
Wetness (w)
Flooding Fo - e - - Fl+
Drainage good, good, moderate |imperf. |poor, poor,
groundw. |groundw. but not
>1.5m |1-1.5 m drainab|drainab
Physical soil
characteristics (8)
Texture/struct. SL, sicCL,SCL|SsC,C<60s, |C<60v,S, - Cm,SiCm
L,CL, si,Lfs, |siCs,LcS |C>60s c>60v
SicCL Ls,Co
Coarse fragm(vol%)| 0-3 3-15 15-35 35-55 - > 55
Soil depth (cm) > 100 100-60 60-30 30-10 - < 10
CaCo; (%)
Gypsum (%)
Soil fertility
characteristics(f)
Apparent CEC > 24 24-16 < 16(=-) < 16(+) - =
(cmol{+)/kg clay)
Base saturation(%)| > SO 50-35 35-20 < 20 = 7
Sum of basic ca-
tions
(cmol(+)/kg soil) > 4 4-2.8]| 2.8-1.6 <1.6 = o/
PH H0 6.3-6.2| 6.2-6.0] 6.0-5.5 | 5.5-5.0| - < 5.0
6.3-6.4| 6.4-6.6
Organic carbon(%) > 2 2-1.2] 1.2-0.8 < 0.8 = 5
Salinity and
Alkalinity (n)
ECe (dS/m) 0-1 1-2 2-3 3-4 = >4
ESP (%) 0-8 8-15 15-20 20-25 = > 25
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PEA
(Pisum sativum)

1. CLIMATE

Germination of peas takes place in the temperature range of 5
- 30°C. Optimal conditions for germination are met at 23°C.
Peas grow well at temperatures between 8 - 25°C, the optimum
temperatures being 14 - 20°C. The optimum mean daily
temperature is 17°C. Hot weather interferes with seed settling.
Young plants can tolerate light frost.

The water supply for peas is optimal in regions that receive
350 - 600 mm/growing cycle. Moist soil conditions are essential
throughout growing season, particularly after flowering.

High air humidity favors moulds.

2. SOIL

Peas grow on a wide variety of soils, as long as they are well
aerated. The maximum crop rooting depth is 1.00- 1.50 m. Peas
cannot tolerate waterlogging.

pH range: 5.5 - 8.2, optimum pH: 6.0 - 7.5

Salinity: no yield reduction at an electrical conductivity (EC)
of ¢ 0.5 dS/m; the yield reduction is
10% at 1.5; 25% at 2.3; 50% at 3.6;
ds/m

100% at 6.5

Sodicity: 50% yield reduction at an exchangeable sodium
percentage (ESP) of 20

Micronutrients

Copper no or low response to application.
Boron < 0.1 ppm reguired in the soil.
Manganese high response to application.
Magnesium tolerant of deficiency./




Nutrients

The soil organic matter content should be high.

Fertilizer application (kg/ha/growing cycle) for high
production:

min max.
N : 20 - 40 (starter)
P,0s : 90 - 140
K,0 95 - 120

3. YIELDS
Rainfed

Good commercial yield : 1.4 - 1.6 ton fresh pods/ha.

Irrigated

ton fresh pods/ha.

Good commercial yield : 2.0 3.0
0.6 - 0.8 ton dry pods/ha.

4. ROTATIONS

With alfalfa, potatoes and sugar beet.

CLIMATIC REQUIREMENTS - PEA (growing cycle :

fresh 65-100 days, dry 85-120

days)
Climatic class, degree of limitation and rating
Climatic s1 s2 s3 N1| N2
Characteristics 0 | 1 2 3 4
100 95 85 60 40 25
Precipitation of 450-500 500-600 600-800 |800-1000] - |> 1000
the growing cycle (mm) 450-400 | 400-350 350-300- |300-200 - |< 200
Mean temp. of the 17-18 18-20 20-23 23-25 - > 25
growing cycle (°C) 17-16 16-14 14-10 10-8 - <8
Mean min. temp at 23-22 22-20 20-12 12-5 - <5
germination (°C) 23-24 24-26 26-28 28-30 = > 30
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LANDSCAPE AND SOIL REQUIREMENTS - PEA

Class, degree of limitation and rating scale
Land
Characteristics S1 s2 s3 N1 | N2
o | 1 2 3 4
100 as 85 60 40 25 0
Topography (t)
Slope (%) (1] o1 1-2 2-4 4-6 - > 6
(2)] 0-2 2-4 4-8 8-16 - > 16
(3)| 0-8 4-8 8-16 16-30 30-50 > 50
Wetness (w)
Flooding Fo = - F1 = F2+
Drainage (4)|good, moder: imperf. poor poor, poor,
: (5)|imperf. |moder. good and but not
aeric drainabdrainab
Physical soil
characteristics (s)
Texture/struct. c<e0s, |c>eos,L,|C>60v, LcS, S, - Cm, SiCm
sic,Co, |C<60V,SC|SL,LS, S
SiL,CL, |SCL LfS
SiCL,Si
Cogrse fragm(vol%)| 0-3 3-15 15-35 35-55 - > 55
Soil depth {cm) > 100 |100-75 75-60 60-40 - < 40
CaCo; (%) 0-6 6-15 15-25 25-35 - > 35
Gypsum (%) 0-2 2-4 4-10 10-20 - > 20
Soil fertility
characteristics(f)
Apparent CEC > 24 24-16 < 16(-) < 16(+) - o
{cmol(+)/kg clay)
Base saturation(%)| > 50 50-35 35-20 < 20 - i
Sum of basic ca-
tions
(cmol(+)/kg soil) | > 8 8-5 5-3.5 | 3.5-2 <2 =
pH H20 6.6-6.2| 6.2-6.0| 6.0-5.8 5.8-5.5] < 5.5 =
: 6.6-7.0| 7.0-7.5| 7.5-8.0 | 8.0-8.2| - > 8.2
Organic carbon(%) 2202 2-1.2] 1.2-0.8 < 0.8 - Ey
Salinity and
Alkalinity (n)
ECe (dS/m) 0-1.5 1.5-2.5] 2.5-3.5 | 3.5-6 = > 6
ESP (%) 0-8 8-15 15-20 20-25 = > 25
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PINEAPPLE
(Ananas comosus)

1. CLIMATE

Pineapple grows in regions that offer temperatures between 16
and 35°C. Growth is optimal in the range of 20 - 26°C. A mean
daily maximum and minimum temperature of respectively 30°C and
20°C are ideal. Too high and too low temperatures affect the
quality and the sugar/acid content. The variety 'Queen' is more
tolerant than the variety 'Cayenne’.

Pineapple is damaged by frost.

In order to secure an adequate water supply a precipitation of
more than 600 mm/growing cycle is required. 1000 mm to 1600 mm
of rainfall in the growing cycle secures an optimal water

supply.
Pineapple is to some extent drought resistant.

Pineapple prefers a high air humidity.

2. SOIL
The most suitable soils for growing pineapple are moderately
deep (0.5 - 1.0 m) to deep ( >1.0 m), well drained, sandy clay

loam or sandier soils. The maximum crop rooting depth is 1.00
m.

pH range: 4.0 - 7.8, optimum pH: 5.0 - 6.5

Salinity: no vield reduction at an electrical conductivity (EC)
of ¢ 0.5 dS/m; the yield reduction is
10% at 1; 25% at 2; 50% at 3; 100% at 6 4S/m.

Sodicity: 50% yield reduction at an exchangeable sodium
percentage (ESP) of 15 .

Nutrients

A high organic matter content in the soil is preferred.

Fertilizer application (kg/ha/growing cycle) for a high produc-
tiorn:




N : 230
P20s5 : 105
K;0 130

3. YIELDS
Rainfed
Good commercial yield :

Average farmer yield :

Irrigated

Good commercial yield :
Average farmer yield :

CLIMATIC REQUIREMENTS - PINEAPPLE (growing cycle :

40 - 48 ton/ha.
12 - 25 ton/ha.

75 - 90 ton/ha.
40 ton/ha.

365 days)

Climatic class, degree of limitation and rating

Climatic S1
32 N2

Characteristics 0 ] 1) l 2 I Sg Nli

100 85 60 40 25
Annual precipitation 1300-1200|1200-1000|1000-800 |800-600 < 600
(mm) 1300-1400]1400-1600|1600-2000]> 2000 5
Mean annual temp. (°C) | 23-22 22-20 20-18 18-16 < 16
Pt B 2300 24-26 26-30 30-35 > 35
A?nual relative humi- 70-80 > 80 EREAR g
dity (e°c) 70-60 60-50 50-40 40-30 < 30
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LANDSCAPE AND SOIL REQUIREMENTS - PINEAPPLE

Class, degree of limitation and rating scale

Physical soil
characteristics (s)

Land
Characteristics s1 s2 s3 N1 | N2
o | 1 2 3 4
100 95 85 60 40 25
Topography (t)
Slope (%) ()| o-1 1-2 2-4 4-6 - > 6
(2)] 0-2 2-4 4-8 8-16 - > 16
(3)] 0-8 4-8 8-16 16-30 30-50 > 50
Wetness (w)
Flooding Fo - = - - Fl+
Drainage (4) |good, moder. imperf. poor poor, poor,
(5) | imperf. |moder. good and but not
aeric drainab|drainab

Texture/struct. SCL, L SL,SiL, |LS,LfS,Co|C><60v, b Cm,SiCm
si,sc C<60s,sic|C>60s,fS

Coarse fragm(vol%)| 0-3 3-15 15-35 35-55 - > 55
Soil depth (cm) > 175 75-60 60-40 40-20 - < 20
CaCO, (%) 0-1 1-2 2-3 3-5 = >5
Gypsum (%) 0-1 1-2 2-3 3-5 - >°5
Soil fertility
characteristies(f)

Apparent CEC > 24 24-16 < 16(-) < 16(+) = =
(cmol{+)/kg clay)

Base saturation(%)] > 50 50-35 35-20 < 20 = -
Sum of basic ca-

tions

(ecmol (+)/kg soil) >4 4-2.8}1 2.8-1.6 < 1.6 = =
pH H.0 5.7-5.4| 5.4-5.0| 5.0-4.3 | 4.3-4.0] < 4.0 r

5.7-6.0] 6.0-6.5] 6.5-7.0 7.0-7.8 = > T8
Organic carbon(%) > 2 2-1.2| 1.2-0.8 < 0.8 - -
Salinity and
Alkalinity (n)
ECe (dS/m) 0-1 1-2 2-3 3-4 - > 4
ESP (%) 0-5 5-10 10-15 15-20 - -
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POTATO
(Solanum tuberosum)

1. CLIMATE

The temperature range for the growth of potatoes is 8 - 30°C.
The growth is optimal at temperatures between 16 - 20°C. The
growth of tubers is inhibited at temperatures below 10°C and
above 27°C. The optimal soil temperature for tuber formation is
15 - 18°C. Night air temperatures below 15°C and generally cool
weather favor tuber - formation. High soil temperatures at
planting cause the seeds to rot and lead to poor emergence. The
crop is damaged by frost.

A prec}pitation of 300 - 700 mm/growing cycle is required.
Excessive rainfall causes diseases. Hot and dry weather may
cause wilting, even when sufficient soil moisture is available.

2. SOIL

Potatoes can grow on soils that have a fine sandy to
(kaolinitic) clay texture, though loam to silty clay loam soils
are preferred.

Heavy c}ays cause a poor emergence, poorly shaped tubers and
harvesting problems. The soils must be well structured and
freely workable. Suitable soils are well drained and aerated
and'moderately deep (0.5 - 1.0 m) to deep (> 1.0 m). The
maximum crop rooting depth is 0.60 m.

Potatoes do not tolerate flooding. Slightly acid soils reduce
the risk of scab.

SOll§ that are cropped with potatoes are exhibited to a medium
erosion hazard.

PH range: 4.8 - 8.2, optimum pH: 5.6 - 7.0
Salinity: no yield reduction at an electrical conductivity (EC)
of < 1.7 dS/m; the yield reduction is

10% at 2.5; 25% at 3.8; 50% at 6; 100% at 10 ds/m.

Sodicity: 50% yield reduction at an exchangeable sodium
percentage (ESP) of 35.

rSe—

Micronutrients

Copper no or low response to application.
Boron < 0.1 ppm required in the soil.
Manganese : high response to application.
Nutrients

Potatoes require a moderate to high soil fertility. The use of
chloride fertilizers should be avoided. The organic matter
content of the soil should be as high as possible.

Nutrient removal (kg/ha/growing cycle) to produce 25 ton/ha.

N i 115
P.Og -t 45
K20 : 200
ca H 70

Fertilizer application (kg/ha/growing cycle) to produce 25
ton/ha.

min. max.
N : 50 - 100 ‘
P,O- : 50 - 100
K507 75 - 150

3. YIELDS |
Rainfed

Good commercial yield : 25 - 28 ton/ha. ;
|

Irrigated

Good commercial yield 25 - 35 ton/ha.

4. ROTATIONS

Rotations are essential due to nematode infestation. Potatoes

may only be planted on the same land once in 3 - 4 years. {
Rotations with wheat, barley, maize, alfalfa, beans are a |
common practice.




CLIMATIC REQUIREMENTS - WHITE POTATO (growing cycle 90-120 days)

Class, degree of limitation and rating scale.

Climatic s1 s2 53 N1 | N2
Characteristics 0 l 1 2 3 4
100 95 85 60 40 25 o]
Monthly rainfall(mm)
1st month > 60 60-45 45-30 30-20 = < 20
2nd month > 100 100-80 80-65 65-50 = < 50
3rd month > 100 100-80 80-65 65-50 - < 50
4th month 70-40 40-20 < 20 - - #
70-100 > 100 = - - =
Mean temp. of the 18-16 16-13 13-10 10-8 - <8
growing cycle (°C) 18-20 20-24 24-27 27-30 - > 30
Average absol. min. > 2 2-0 0 to -1]-1 to -2 - 4 =2
temp. of first -
month (°C)
Average absol. min. >0 0 to -1|-1 to -2|-2 to -3| - < -3
temp. 3 other
months (°C)
Av. temp. difference| > 10 10-5 <5 - - =
between day-night
(°c)
Average daylength 15-16 > 16 - B = =
growing cycle (h) 15-13 <13 - - - =
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LANDSCAPE AND SOIL REQUIREMENTS - WHITE POTATO

Class, degree of limitation and rating scale
Land
Characteristics s1 s2 S3 Nl | N2
o | 1 2 3 4
100 95 85 60 40 25
Topography (t)
Slope (%) (1y] o-1 1-2 2-4 4-6 - > 6
(2)] 0-2 2-4 4-8 8-16 = > 16
(3)] 0-4 4-8 8-16 16-30 30-50 > 50
Wetness (w)
Flooding Fo - - F1 F2 F2+
Drainage (4)|goed, moder. imperf. poor (corr.)|poor >
(5) ]| imperf. |moder. good and poor not
aeric but drainab
drainab
Physical soil
characteristics (s)
Texture/struct. L,SCL sc,8iL, |c<é0s,Ls,|c>60v,Les, |S,cS Cm,SiCm
sicL,cl, |Lfs C>60s,8iC,
Si,SL,Co c>60v, £S
Coarse fragm(vol%)
surface 0-1 1-3 3-15 15-35 = > 35
depth {cm) 0-3 315 15-35 35-55 = > 55 i
Soil depth (cm) > 90 90-60 60-40 40-20 = < 20 i
Caco, (%) 0-5 5-10 10-15 15-30 - > 30 :
Gypsum (%)
Soil fertility ‘
characteristics(f)
Apparent CEC > 24 24-16 < 16(-) < 16(+) . =
(cmol(+)/kg clay)
Base saturation(%)]65-50 50-35 < 35 - - =
65-80 80-100 - = = =
Sum of basic ca-
tions
(cmol(+)/kg soil) > 5 5-3.5 3.5-2 < 2 - -
pH H.0 6.3-6.0 6.0-5.6] 5.6-5.2 5.2-4.8 < 4.8 =
6.3-6.5 6.5-7.0| 7.0-8.0 8.0-8.2 = > 8.2
Organic carbon(%) 3 '%.5 1.5«0.8] 1.2-0.8 | £ 0.8 - -
|
Ssalinity and |
Alkalinity (n)
ECe (dS/m) oo s 3-5 5-6 6-10 | > 10
ESP (%) 0-15 15-25 25-35 35-45 N > 45
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RICE
(Oryza sativa)

1. CLIMATE

Rice can be grown under a wide range of climatic conditions,
both in temperate and hot tropical climates, from sea-level to
high altitudes. Long periods of sunshine are essential for high
yields. The yields are correlated with the received solar
energy during the 45 days that preceed the harvest.

No sudden temperature drops or strong winds should occur.

fzrmination does not take place at a soil temperature of < 12
Growth is optimal at air temperatures between 24 and 36 °C. The
difference between day and night temperature should be minimal
during flowering and yield production. The irrigation water
temperature is required to be > 18°C.

Rice is sensitive to frost. Cool temperatures lead to head
sterility.

The optimum precipitation for rainfed rice is > 1600 mm/year.
Drougyt during 8 to 12 days at the time of flowering or at
maturity has an adverse effect on the vield.

2. SOIL

Good management is more important than an ideal soil or
climate.

Rice cultivation takes place on many types of soil. Soils with
a_heavy clay to even a sandy loam texture can be considered for
rice growing. Soils on alluvial deposits with a heavy texture
are usually better suited than those with a light texture. It
should be possible to puddle the soil to maintain a high
water-table during growth and to drain the soil for ripening
and harvest.

Imperfectly to moderately well drained soils are most suited.
Thg optimal permeability of the subsoil is: < 0.5 cm/hour.
Soils under rice cultivation are exposed to a low erosion
hazard.

PH range: 4.5 - 8.2, optimum pH: 5.5 - 7.5

Salinity: no yield reduction at an electrical conductivity (EC)
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of < 3 dS/m; the yield reduction is
10% at 3.8; 25% at 5.1; 50% at 7.2; 100% at 12

ds/m.

sodicity: 50% yield reduction at an exchangeable sodium
percentage (ESP) of 20 .

Iron : should not be too high.

Nutrients
!

Due to the anaerobic conditions the decomposition of the
organic matter is slowed down. N fixation takes place by
Azobacter and blue-green algae.

Usually, deficiencies of N and P are observed. K and S defi-
ciencies may occur in limited areas. Sometimes silica defi-
ciency can be seen on peat soils.

Rice requires a high N input, and a moderate to high soil

fertility.

Nutrient removal (kg/ha/growing cycle)

N 54
P,0s 60
K.0 55

Fertilizer application

ton/ha.
min max.

N 75 = 100

P.,05 25 - 50

K,O0 25 = 50
3. YIELDS
Rainfed
Average farmer yield : 1.5 - 2.5 ton unhusked grain/ha. 5

Tradit. smallholder yield :

Fraws (ba st Erpoirect )

(kg/ha/growing cycle) to produce 4
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to produce 3.4 ton/ha.

0.5 - 1.5 ton unhusked grain/ha.
(arle: 0.5 ¢

NO: 1, T-26 N4 20« (d&)




Irrigated

Good commercial yield
Average farmer yield :

6 - 8 ton unhusked grain/ha.
4 - 5 ton unhusked grain/ha.

CLIMATIC REQUIREMENTS - RAINFED UPLAND RICE (growing cycle 90-150 days)

Class, degree of limitation and rating scale

LANDSCAPE AND SOIL REQUIREMENTS - RAINFED UPLAND RICE

Class, degree of limitation and rating scale

Climatic s1 I s2 s3 l N1 | N2

Characteristics o | 1 2 3 4
100 95 85 60 40 25 of.

précipitation of 200-300| 300-400 | 400-550 |550-650 - > 650
the 1st month (mm) 200-75 75-50 - - = < 50
Precipitation of 200-300| 300-400 | 400-550 |550-650 - > 650
the 2nd month (mm)' 200-125| 125-100 | 100-75 75-50 e < 50
Precipitation of 200-300| 300-400 | 400-550 |550-650 - > 650
the 3rd month (mm) 200-125| 125-100 | 100-75 75-50 - < 50
Precipitation of 200-300| 300-400 | 400-550 |550-650 - > 650
the 4th month (mm) 1200-75 75-50 < 50 - - s
Mean temp. of the 31-30 30-24 24-18 18-10 - <10
growing cycle (°C) 31-32 32-36 > 36 - = S
Mean max. temp. of 35-36 36-40 40-45 45-50 = > 50
warmest month G.C.(c°)| 35-33 33-30 30-26 26-21 - <21
Mean temp. crop deve- | 29-26 26-24 24-18 18-10 - < 10
lopment stage (2nd 29-32 32-36 36-42 42-45 - > 45
month) (°C)
Mean min. temp. ripen.| 20-18 18-14 14-10 10-7 2 <
stage (4th month) (°C)| 20-22 22-25 25-28 28-30 - > 30
Relative humidity (%) | 65-60 60-50 50-40 40-30 N < 30
tillage+veg.stage 65-75 75-90 90-100 - = =
(1st + 2nd month)
Relative humidity (%) | 50-37 37-33 33-30 < 30 - &
at harvest stage 50-65 65-80 > 80 3 = 5
n/N growing cycle > 0.75]0.75-0.65)0.65-0.45| < 0.45 = =

Land
Characteristics S1 I 82 s3 NI | N2
0| 1 2 | 3 4
100 95 85 60 40 25
Topography (t)
Slope (%) (1)] 0-2 2-4 4-8 8-16 16-25 > 25
(2)| 0-4 4-8 8-16 16-30 rvd > 30
Wetness (w)
Flooding no - Fl1 F12-F13 - > F13
Drainage (4)|good, moder. imperf. poor, poor, poor,
aeric drain. |not
drain.
(5)|imperf. [moder. good poor, poor poor,
aeric drain. [not
drain.
Physical soil
characteristics (s)
Texture/struct. SiCs,Co, |C-60s, |C+60v, LS,LcS, - s,cs
SiCL,Cl1, |C-60v, SCL,SL, fs
Si,siL SC,L Lfs
Coarse fragm(vol%)| < 3 3~15 15-35 35-55 - ». 58
Soil depth (cm) > 120 120-90 90-50 50-20 = < 20
Soil fertility
characteristics(f)
Apparent CEC > 24 24-16 < 16(=) < 16(+) s =
(cmol(+)/kg clay)
Base saturation(%)| > 50 50-35 35-20 < 20 = -
Sum of basic ca-
tions
(cmol(+)/kg soil) > 4 4-2.8 | 2.8-1.6 | < 1.6 - =
PH H,O 6.5-6.0] 6.0-5.5| 5.5-5.0 5.0-4.5| < 4.5 =
6.5-7.0f 7.0-7.5] 7.5-7.9 7.9-8.2 = > 8.2
Organic carbon(%) > 2 2-1.5) 1.5-0.8 < 0.8 - -
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CLIMATIC REQUIREMENTS - RAINFED BUNDED RICE (growing cycle 90-150 days)

Class, degree of limitation and rating scale

Climatic s1 S2 s3 N1 | N2
Characteristics 0 1 2 3
100 85 60 40 25 0

Precipitation of 300-200| 200-175 | 175-125 |125-100 < 100
the 1st month (mm) 300-400| 400-500 | 500-650 |650-750 > 750
Precipitation of 300-200] 200-175 | 175-125 |125-100 < 100
the 2nd month (mm) 300-400]| 400-500 | 500-650 [650-750 > 750
Precipitation of 300-200] 200-175 | 175-125 |125-100 < 100
the 3rd month (mm) 300-400| 400-500 | 500-650 |650-750 > 750
Precipitation of 150-200| 200-300 | 300-500 |S500-600 > 600
the 4th month (mm) 150-70 70-50 50-30 < 30 =
Mean temp. of the 31-30 30-24 24-18 18-10 < 18
growing cycle (°C) 31-32 32-36 > 36 - e
Mean max. temp. of 35-36 36-40 40-45 45-50 > 50
warmest month G.C.(c°)| 35-33 33-30 30-26 26-21 <21
Mean temp. crop deve- | 29-26 26-24 24-18 18-10 < 10
lopment stage (2nd 29-32 32-36 36-42 42-45 > 45
month) (°C)
Mean min. temp. ripen.| 20-18 18-14 14-10 10-7 £:1
stage (4th month) (°Cc)| 20-22 22-25 25-28 28-30 > 30
Relative humidity 65-60 60-50 50-40 40-30 < 30
tillagetveq.stage 65-75 75-90 30-100 - 5
(1st + 2nd month) (%)
Relative humidity 50-37 37-33 33-30 < 30 w
at harvest stage (%) 50-65 65-80 > 80 - =
n/N growing cycle > 0.75/0.75-0.65]|0.65-0.45| < 0.45 =

FOR TRRIGATED RICE use only temperature, relative humidity and

radiation characteristics.

LANDSCAPE AND SOIL REQUIREMENTS - RAINFED BUNDED RICE

Class, degree of limitation and rating scale

Coarse fragm(vol%)
Soil depth (cm)

Soil fertility
characteristics(f)

Apparent CEC
{emol(+)/kg clay)
Base saturation(%)
Sum of basic ca-
tions

(cmol(+)/kg soil)
pH H-0

and possibilities

vV OOV

NREREEN
Yo
oo

Organic carbon(%)

< 16(+)

35-20

A OGN
OU\?CD
o un o

1
QO O » =

Land
Characteristics sl s2 s3 N1 N2
o | 1 2 3
100 95 85 60 40 0
Topography (t)
Slope (%) <2 2-4 4-8 8-25 > 25
Wetness (W)
Flooding no, F11,|F21, F22|F13,F23, |F14,F23,| F15, F35,
Fl12 F41,F42 F24,F34,| F25, F45,
F43 F44
Drainage poor imperf. |moderate |good - very
drain. |poor
Physical soil
characteristics (s)
Surface texture(*)|}|Cm,SiCm, |C-60v, Co, sicl,|siL, sC - L and
Cc+60v, C-60s, Cl, Si lighter
C+60s Sics
(**)|cm,Sicm, |C-60v, |siL,sc, |SL,LfS, - s,cs
Cc+60v, C-60s, L,SCL LS,LcS,
C+60s SicCs,Co, fs
SicL,CL,
Si
0 1-3 3-15 15-35 - > 35

to be considered with regard to levelling, grading
for land sliding

AVAVAN
O >
o wn

(*) Subscil from a depth of 30 cm has an infiltration rate of more than
0.1 cm/hour and no groundwater is present within 50 cm from the soil

surface.

(**) Subsoil from a depth of 30 cm has an infiltration rate of less than i
0.1 cm/hour and/or groundwater is present within 30 cm for the soil

surface.




LANDSCAPE AND SOIL REQUIREMENTS - RICE CULTIVATION UNDER NATURAL FLOODS

Class, degree of limitation and rating scale

Land
f Characteristics s1 s2 s3 N1 | N2
| o | 1 2 3 4
| 100 95 85 60 40 25 0
Topography (t) l
Slope (%) can only be practized in flat flood plains
Wetness (w)
Flooding F32 F31 F42,F41 F22,F21 F11,F12
F43,F33 F23,F24 F13,F14
F34,F44 - F15,F25
F45,F35
Drainage very poor imperf. moderate good
poor ;
Physical soil
characteristics (s)
Surface texture (*)|Cm,SiCm,|C-60v, |[Co SiL - L and
C+60v, C-60s, SicL sc lighter
C+60s SiCs CL,Si
(**)|Cm,SiCm, |C-60v, siL,sc, SL,Lfs, - S,cS
C+60v, C-60s, L,SCL LS, LcS,
C+60s SicCs,Co, fs
SicCL,CL,
Si
Coarse fragm(vol%) 0 <3 3-15 15-35 - > 35
Soil depth (cm) > 90 90-75 75-50 50-20 - < 20
CaCo, Leoe) 3-6 6-15 15-25 - > 25
Gypsum (%) <1 1-3 3-10 10-15 - > 15
Soil fertility
characteristics(f)
Apparent CEC > 24 24-16 < 16(-) < 16(+) = -
{cmol(+)/kg clay)
Base saturation(%)] > 50 50-35 35-20 < 20 - -
Sum of basic ca-
tions
(cmol(+)/kg soil) | > 4 4-2.8 [2.8-1.6 <1.6 = -
pH H,0 6.5-6.0| 6.0-5.5| 5.5-5.0 | 5.0-4.5| - < 4.5
6.5-7.0| 7.0-8.2| 8.2-8.5 | 8.5-8.8| - > 8.8
| Organic carbon(%) 22 2-1,51 1.5-0.8 < 0.8 - -
| Salinity and
Alkalinity (n)
ECe (dS/m) 0-1 1-2 2-4 4-6 6-12 > 12
ESP 0-10 10-20 20-30 | 30-40 - > 40

(t

Subsoil has an infiltration rate of more than 0.1 cm/hour

and no groundwater is present within 50 cm from the soil surface.

(*%)

Subsoil has an infiltration rate of less than 0.1 cm/hour

and/or groundwater is present within 50 cm for the soil surface.

~ledall

LANDSCAPE AND SOIL REQUIREMENTS - IRRIGATED RICE

Class, degree of limitation and rating scale
Land
Characteristics s1 s2 s3 N1 | N2
0 1 2 3 4
100 85 60 40 25 0
Topography (t)
Slope (%) 0 € d 1-2 2-4 - > 4
Wetness (w)
Flooding FO,F11, |F21,F23,|F13,F23, |Fl14,F24, - F15,F25
F12 F31,F32 |F33,F41, |F34,F44 F35,F45
F42,F43
Drainage Imperf. |moderate|poor very - s
good poor
Physical soil
characteristics (s)
Surface texture(*)|Cm,SiCm,|C-60v, |Co, SiCL,|SiL, SC - L and
c+60v, C-60s, CL,Si lighter
C+60s SiCs
(**)|Cm,SiCm, |C-60V, siL, sc, SL,Lfs, = S,cs
C+60v, C-60s, L,SCL LS,LcS,
C+60s sics,Co, fs
SicL,CL,
Si
Coarse fragm(vol%) 0 < 3 3-15 15-35 - > 38
Soil depth (cm) > 90 90-75 75-50 50-20 = < 20
CaCos <3 3-6 6-15 15-25 - > 25
Gypsum (%) <1 1-3 3-10 10-25 - > 15
Soil fertility
characteristics(f)
Apparent CEC > 24 24-16 < 16(-) < 16(+) = =
(cmol(+)/kg clay)
Base saturation(%)| > 80 80-50 50-35 35-20 < 20 =
Sum of basic ca-
tions
(ecmol(+)/kg soil) > 6.5 6.5-4 4-2.8 |2.8-1.6 | < 1.6 -
pH H,0 6.5-6.0] 6.0-5.5] 5.5-5.0 5.0-4.5 - < 4.5
6.5-7.0{ 7.0-8.21 8.2-8.5 | 8.5-9.0] - > 9.0
Organic carbon(%) > 2 2-1.5] 1.5-0.8 < 0.8 - -
Salinity and
Alkalinity (n)
ECe (dS/m) 0-1 1-2 2-4 4-6 6-12 » 12
ESP 0-10 10-20 20-30 30-40 . > 40

(*) Subsoil has an infiltration rate of more than 0.1 cm/hour
and no groundwater is present within 50 cm from the soil surface.

(%)

Subsoil has an infiltration rate of less than 0.1 cm/hour

and/or groundwater is present within 50 cm for the soil surface.
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ROBUSTA COFFEE

(Coffea canephora)
1. CLIMATE
Robusta coffee requires higher temperatures than arabica
coffee. The temperature range for growth is 18 - 32°C. The crop
does not tolerate frost.
Robusta coffee grows in areas that receive an annual precipi-
tation between 1000 and 2500 mm. An optimal water supply is
secured with 1750 mm of rainfall a year. The plant needs a

drier period for the initiation of the flower buds.

The crop may be grown in the shade of banana trees. It prefers
a high air humidity.

2. SOIL

Robusta coffee can be grown on shallow soils and will stand
temporary waterlogging. Intermediate soil textures are prefer-

red for coffee growing, not sands or poorly structured heavy
clays.

PH range: 4.5 - 7.0, optimum pH: 5.3 - 6.0

Nutrients

See Arabica Coffee

3. YIELDS

Rainfed

Good commercial yield : 1.0 - 2.0 ton/ha (clean green hulled

beans).
Smallholder yield : 0.5 - 1.2 ton/ha.
125

CLIMATIC REQUIREMENTS - ROBUSTA COFFEE

Climatic class, degree of limitation and rating
Climatic s1 82 s3 N1| N2
Characteristics 0 | 1 2 3 4
100 95 85 60 40 25 0
Annual precipitation 1900-18001800-1600]1600-1400|1400-1200 = < 1200
(mm) 1900-2000}2000-2400| > 2400 - - =
Length dry season 0-1 1-2 2-3 3-4 = > 4
(months : P < 1/2 PET
Mean annual temp. (°C) > 25 25-22 22-20 20-18 - < 18
Mean annual max. temp. »28 29-21 27-24 24-22 - <22
(°C) i
Average daily min. temp| > 20 20-18 18-16 16-14 - < 14
coldest month (°C)
Mean rel. humidity 65-75 75-80 80-90 > 30 = =
dryest month (%) 65-60 60-45 45-35 35-30 = < 30
n/N of 5 dryest months > 0.5 |0.5-0.6 < 0.5 = = s
1
|
i
!
{
b
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LANDSCAPE AND SOIL REQUIREMENTS - ROBUSTA COFFEE

Class, degree of limitation and rating scale

Land
Characteristics 51 s2 s3 N1 | N2
o | 1 2 3 l 4
100 95 85 60 40 25 (o]

Topography (t)
Slope (%) (1)| 0-1 1-2 2-4 4-6 - > 6

(2)| o0-2 2-4 4-8 8-16 - > 16

(3)] 0-4 4-8 8-16 16-30 30-50 > 50
Wetness (w)

Flo?ding Fo Fo Fo F1 - F2+

Drainage good, good, moderate [imperf. poor, poor,
groundw. |groundw. but not
> 150 cm}100-150 drainab|drainab

cm
Physical soil
characteristics (s)

Texture/struct. C<60s,Co|C>60s, |SL LS,LfS - Cm, SiCm
sicL,cl, |L,scL c>60v,
sC S,cS

Coarse fragm(vols)| 0-3 3-15 15-35 35-55 - > 55

Soil depth (cm) > 200 [200-150 |150-100 |100-50 - < 50

CaC0, (%) 0 - - 0-1 - >1

Gypsum (%) 0 - - 0-0.5 B > 0.5

Soil fertility
characteristics(f)

Apparent CEC > 16 < 16(-)] < 16(+ - - 3

(cmol(+)/kg clay) i

Base saturation(%)| > 35 35-20 < 20 - = 3

Sum of basic ca-

tions

(cmol(+)/kg soil) | > 4 4-2.8 | 2.8-1.6 | < 1.6 = =

PH H.O0 5.6-5.5 5.5-5.3] 5.3-5.0 5.0-4.5 < 4.5 5
5.6-5.8 | 5.8-6.0| 6.0-6.5 | 6.5- - > 7.0

Organic carbon(%) >1.5 1.5-0.8|< 0.8 -J—7.O - 3

Salinity and
Alkalinity (n)
ECe (ds/m) 0-1 - =
ESP (%) i = g
1.2:7

RUBBER
(Hevea brasiliensis)

1. CLIMATE

The rubber tree is original from the tropical rain forest.
Therefore the temperature range for growth is situated between
22 and 35°C. Optimal growth conditions are met between
temperatures of 27 and 28°C.

Rubber performs well in regions with an annual precipitation of
1250 - 4000 mm, well distributed over the entire year. All
months should have > 100 mm of rainfall. Rubber has a low
drought resistance. Both excessive amounts of rain and marked
dry seasons reduce the yields.

Rubber trees are sensible to wind damage, in particular if the
soils are shallow.

2. SOIL

The rubber tree has an extensive root system with a tap-root
that can go 3.0 - 4.0 m deep and shallow lateral roots (in the
0-0.3 m layer) that can extend to over 20 m. Accordingly the
ideal soils are deep (> 1.00 m), well aerated, well structured
and provided with an adequate water holding capacity (the fine

)

earth should contain up to 50 % of clay).

Rubber trees need well drained soils (a ground water table
permanently at 4.0 - 6.0 m below the surface) with a good
supply of water throughout the year. Under poor drainage
conditions the roots atrophy.

Clayey and to some extent medium textures are most suitable.

Hardpans, stoniness (no gravels at < 1.0 m from the surface is
optimal) and a high ground water table restrict root growth.

Soils that are subject to erosion need the application of
conservation technigues. Land with slopes of < 8 % is most
suitable.

pH range: 4.0 - 7.0, optimum pH: 5.0 - 6.0

at a pH > 6.5 growth is retarded and liming is
deleterious.
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Salinity: no yield reduction at an electrical conductivity (EC)
of < 0.2 ds/m; the yield reduction is
50% at 1; 100% at 6 dS/m.

Nutrients

Rubber trees can grow adequately on impoverished soils, but
they are equally responsive to a good nutrient supply and a
ba}anced manuring programme. Though a CEC of > 15 cmol(+)/kg
soil offers optimal conditions for rubber production, rubber
production is not hampered at all at a CEC above 4 cm;1(+)/kg

:oil. The organic matter content of the topsoil should be > 2

Young rubber trees require N, P, K and Mg for optimum growth

until tapping. However an excess.of N should be avoided as this

increases Vegetati € gro th and tree hei i i
\Y W ight
g with a greateI IlSK

zzzgre rubber trees have a low yield response to added fer-
izers, but a balanced nutrient supply is essential.

Nutrient removal (kg/ha/growing cycle) to produce 1.5 ton/ha.

N s 40
ons : 10
Kzo : 25

Fertilizer a i i i
h pplication (kg/ha/growing cycle) to produce 1.5

min. max.
N : 25 - 45
P05 20 - 35
K20 0, Fi=tieiyh

Mineral toxicity symptoms

‘Boron - i i i
: faint interveinal mottled yellowing on the leaves

followed by severe marginal and tip scorch.

Man : i
ganese : dull greenish-brown leaves and occasionally

129

interveinal scorch.

Mineral deficiency symptoms

Copper . defoliation and death of apical growing.

Magnesium : chlorosis in interveinal leaf areas spreading
inwards from leaf margins.

Manganese : paling of leaf with bands of green tissue out-

lining midrib and veins (< 50 ppm in leaf).
Molybdenum : very pale scorch around leaf margins, particularly
at leaf tip (in most acid soils).

Potassium : marginal and tip chlorosis followed by marginal
necrosis.
Zinc : lamina becomes reduced in breadth and is often

twisted and there is general chlorosis of the leaf
with midrib and main veins remaining dark green.

3. YIELDS

Rainfed

Good commercial yield : 1 - 2 ton dry rubber/ha.
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CLIMATIC REQUIREMENTS - RUBBER
SCAPE AND SOIL REQUIREHENTS - RUBBER

Climatic clas
: . s, degree of limi . LAND!
Chagllmat?c limitation and rating .
Rekeristio st 1 s2 » i class, degree of limitation and rating scale
100 | 1 2 3 N1| N2 ! Land
s — 95 8s ool 4 % Characteristics s1 \ a2 \ 5 \ | oW
cipi ;
(mm) ipitation > 2000 - 40 25 o % 0 l 1 2 3 4
00-1700}1700-1450] 1450-1250 i 100 95 85 60 40 25 0
Mo. - < 1250 i : .
ra.ri]sh(sx(;f SXEREBLVE 0-1 i i Topography (t)
_2 2_4 |
|
Length dry sea s - - | Slope (%) 0-4 4-8 8-16 16-30 30-45 > 45
(months : =00 0-1 |
: P _ |
< 1/2 PET) 1-2 2-3 3-4 ll Wetness (W)
Mean annual - >4
temp. (cC°) ;
725 Flooding Fo - =~ Fl = F2+
Mean annual m i 22-20 20-18 Drainage good : good : moderate imperf. |POOL./ poor,
(=c) ax. temp. |> 29 29-27 - < 18 groundw. groundw - but not
& 27-24 S 150 cm|100-150 drainab|drainab.
24~ 1
Average daily mi 22 - £ 22 | cm
coldest month (jn.temp. > 20 Suls |
G 18-16 | 16-14 ‘, Physical, soil
n/N mean annual - <14 | ; characteristics (8)
> 0.5
0.5-0.4 | 0.4-0.25/0.25-0 Texture/struct. c<e0s, |C>60s. snL, LES |LS,LcS. - Cm,SiCm,
(x) : total of month =151 - |€D.15 co, CL, |L,SCL £S 5,C<60v,
i nths with > siCs,sC ¢S,C>60v
with 300- 500 mm s . ’
0-500 mm rainfall rainfall, plus half of th Coarse fragm(vol%) 0-3 3-15 15-35 35-55 - > 55
e months Soil depth (cm) 5 200 |200-150 150-100 |100-50 - < 50
cacos (%) 0 : - - 0-1 - >1 |
Gypsum (% 0 = & 0-0.2 = > 0.2
YP (%) E
Soil fertility
characteristics (£)
ppparent CEC any(-) any(+) - = = = f
(cmol(+)/kg clay)
Base saturation(%) 25-30 30-35 35-50 50-80 > 80 =
25-20 < 20 = - - =
sum of basic ca- 1.6-2.8 2.8-3.2 3.2-4 4-6.5 = > 6.5
tions < 1.6
(cmol(+)/kg s0il)
pH H.0 5.3-5.2| 5-2-5.0 5.0-4.5 | 4.5-4.0f < 4.0 -
5.3-5.5 5.5-6.0 6.0-6.5 6.5-7.0 B > 7.0
organic carbon(%) » 1.2 < 1.2 - - - - |

salinity and
Alkalinity (n)
2-6 > 6

{ ECe (dS/m)
‘ ESP (%)
| |
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SAFFLOWER
(Carthamus tinctorius D

1. CLIMATE

i::glower is not well suited to th
(meaz zool temperatures for root
empe
i Sge;ature between 15 and 20°C) and high
Some s bgrowth, flowering angd yield g teTperatures
etween 20 and 30°C). No germinizrmatlon i
ion occurs at

temperatures b
elow 2° i i
e ot 1650 C. Germination takes 16 days at 5°C and 4

e lowland humid tropi
opics. It
growth and rosette development

The seedling i

g 1is frost-resi
stage frost below - 2°C kilii?nt UP F@ - 7°C, but after fER
The length of the

growin i
5 : g cycle -
r 200-230 days (autumn croﬁ). 18 1207160 days (spring crehd

2. SOILS

z:iilower needs fertile,_deep
shouié The maximum crop rodti;
be at a depth of > 1.0

;Z]él ;cilréined and medium-textured
e g 1s 3.50 m. The watertable
elow the surface.

PH range: 5.2
2.2 - 8.3 ; opti
at pH < 6 i Optimal pH : 5.7 7
s # 2./ = 7.0 ; liming advised
Salinity: N i
Caniiig reduction occurs at an el
. ivity (ECe) of ectrical
is 10% 74 4 5.3 dS/m; the yi ;
as/ t 6.2; 25% at S 0y vield reduction
25 m. % at 9.9; 100% at 14.5
€ crop is onl
A Y half
t : as to Sk
kg shes ime:of germination. lerant to salinity at the
Irrigated f i
ertili s
ilizer requirements (kg/ha/g
rowing cycle)
N
o i e el
K.O 7
= 30 - 50

Responds well to N-

s fertilizers,

b
Ut apply only after germina-

T RS —

3. YIELDS

Rainfed

Good management . 1.0 - 1.5 ton/ha

Average farmer yield : 0.8 -1 3 ton/ha.

Irrigated

Good management : 2.0 - 4.0 ton/ha.
1.5 - 2.0 ton/ha.

Average farmer yield

CLIMATIC REQUIREMENTS - SAFFLOWER (growing cycle 120-160 days)

Climatic class, degree of limitation and rating

climatic s1 52 s3 N1 N2

Characteristics 0 I 1 2 3 4
100 95 85 60 40 25 0
pPrecipitation of the 100-75 75-50 50-25 - - < 25
1st month (mm) 100-150 150-300 300-475 > 475 - =
precipitation of the 150-125 125-100 100-50 50-25 - < 25
2nd month (mm) 150-175 175-300 | 300-475 | > 475 - =
Precipitation of the 150-125 125-100 100-50 50-25 - < 25
3rd month (mm) 150-175 175-300 300-475 > 475 = ~
precipitation of the < 75 75-150 > 150 - - -
4th month (mm)
Mean temp. of the 1st 18-15 15-13 13-10 10-5 - <5
month (°C) 18-20 20-22 22-24 24-26 = > 26
Mean temp. of the 25-28 28-30 30-32 32-34 7 > 34
ond and 3rd month (C°) | 25-22 22-20 20-17 17-12 - J<z2
Relative humidity < 60 60-65 65-75 75-85 - |>85
of 3rd month (%)
Relative humidity of < 60 60-65 65-75 75-85 - > 85
4th month (°C)
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LANDSCAPE AND SOIL

REQUIREMENTS - SAFFLOWER

oits Class, degree of limitation and rating scale
Characteristics S1 S2
S3 N1
o | 1 2 3 , zlt i
100 a5 85 60 40 25 (o]
Topography (t)
Slope (%) (1y| 0-1 1-2 2-4 4-6
fif g-j 2-4 4-8 8-16 : ; fﬁ
4-8 8-16 16-30 30-50 > 50
Wetness (w)
gi:gging Fo = F1 F2
g (4) |well moderate| imperf . poor and po; i
o r 4
S.exces |s.imperf.|aeric but 52: 3
, (5) im?erf. moder. |well drednen e ol
S.imper. s.exces
Physical soil
characteristics (s)
Text i
exture/struct. L,sicCL, |sics, Co,C<60 SiCm
SCL,CL sc,SL, LS ’ C>60’S i gcd-
SiL ’
gzzisg fragm(vol%)| 0-3 3-15 15-35
epth (cm) > 1co 100-75 - s - 5
bt 75-50 50-30 - < 30
Gypsum (%)
Soil fertility
characteristics(f)
Apparent CEC
> 24 =
écm01(+)/kg o 24-16 < 16(-) | < 16(+)| - -
ase saturation(%)| > 8
L 0 5
sym of basic ca- > 6.5 6?2-20 ey ol : :
el 4-2.8 2.8-1.6 < 1.6 =0
(cmol(+)/kg soil)
PH H,0
2 :.;-S.g 6.0-5.7| 5.7-5.5 5:5<5.2| ¢ 5.2 5
e 6.;:1.2 Z.g-g.s 7.5-8.3| - > 8.3
5 .2-0.8 <2028 =i iR
Salinity and
Alkalinity (n)
ECe (dS/m) -
B 0-6.2 16.2-7.6 |7.6-9.9 |9.9-12.5] - > 12.5
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SESAME
(Sesamum indicum b}

1. CLIMATE

Sesame seeds do not germinate at soil temperatures ¢ 20°C. The
optimal temperature range for growth is 25 - 29°C. The crop 1S
sensitive to frost.

Sesame is secured of an adequate water supply in areas that
receive 300-800 mm of precipitation in the growing cycle.
Though the plant is considered to be drought resistant after
the seedling stage, water is in particular required at es-
tablishment and at flowering. Sesame is very susceptible to
hail damage at all stages of growth.

It needs a low to moderate air humidity. A high insolation is
required at flowering. Shading {intercropping) reduces the

yield.

wind can cause damage.

2. SOILS

The soils that are optimally suited for the production of
sesame are well-drained, deep, loamy soils. A wider range of

textures can nevertheless be admitted. The crop is intolerant

of water logging.

pH range: 4.5 - 8.5; optimal pH 5.8 - 7.0

Salinity: the yield reductions at a given electrical conduc-
tivity (ECe) are as follows
10 & at 2, 25 % at 4, 50 % at 6 and 75 % at 8 ds/m.

Nutrients

The amount of fertilizer needed for 1.5 ton/ha production

(kg/ha/growing cycle) :

N : 45
Pls % 45
K-.0 3 10




Rotations are necessary.

3. YIELDS
Rainfed

Optimal yield

Average farmer yield :

Irrigated

Optimal yield

Average farmer yield

1%
0.

: 2.0
el 2

2 - 1.5 ton/ha.
5 - 0.6 ton/ha.

- 2.4 ton/ha.
- 1.5 ton/ha.

CLIMAT,
IC REQUIREMENTS - SESAMR (growing cycle 70-100 days)

Climatic class, degree of limitation and

rating

cli 3
s llmat}c ] S1 s2
aracteristics 0 ] 1 2 ’ 5 Nll v
3 4
100 95 85 60 40 25 0
E;:cipitation of the 100-75 75-50 50-25
month (mm) 100-150 150-300 300-475 > ;75 : y fs
gizc;gi::t%on of the 175-150 150-100 100-50 50-25 = <25
mm) 175-200 200-275 275-475 > 475 F 7
Precipitation of th
e i e < 120 120-200 > 200 - = 7
Meal
Win; Eiﬁ?; of the gro- | 25-27 | 27-28 28-30 30-38 - |> 38
{°c) 25-24 | 24-20 20-18 18-16 < 16
Mean max. temp. of
; A 35-36 36-38 2
growing cycle (°C) 35-34 34-25 g?—ig poica : z i;
Mean min. temp. of
i & 19-18 18-16 -
growing cycle (°C) 19-20 20-28 ;g-ég i4;é2 : g
Relative humidit
: Y < 6 =
e 0 60-65 65-75 75-85 - |>8
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LANDSCAPE AND SOIL REQUIREMENTS - SESAME

Class, degree of limitation and rating scale
Land
Characteristics s1 s2 s3 N1 w2
o | 1 2 3 4
100 95 85 60 40 25 0
Topography (t)
Slope (%) (1)}| 0-1 1-2 2-4 4-6 = > 6
(2)| o-2 2-4 4-8 8-16 - > 16
(3)| 0-4 4-8 8-16 16-30 30-50 > 50
Wetness (W)
Flooding Fo = F1 F2 - F3+
Drainage (4)|well moderate|imperf. poor and|poor poor,
s.exces |s.imperf.|aeric but not
drainab|drainab.
(5) |imperf. |moder. well
s.imper.
Physical soil
characteristics (s)
Texture/struct. L,8CL,SL|SiCs, Cs,Co, €>60,8 = Cm, SiCm,
sicL,CL |siL,sc LS cS
Coarse fragm(vol%)| 0-3 3«15 15-35 A5-85 -  B5
Soil depth (cm) > 100 |100-75 75-50 50-30 - < 30
CaCos (%)
Gypsum (%)
Soil fertility
characteristics(f)
Apparent CEC > 24 24-16 < 16(-) < 16(t) = -
(cmol(+)/kg clay)
Base saturation(%)| > 80 80-50 50-35 < 35 - &
Sum of basic ca- » B6+5 6.5-4 4-2.8 2.8-1.6 < 1.6 -
tions
(cmol(+)/kg soil)
pH H,0 6.3-6.2] 6.2-5.8] 5.8-5.5 5.5-5.2] < 5.2 B
6.3-6.5| 6.5-7.0] 7.0-7.5 7.5-8.2 = > 8.2
Organic carbon(%) > 2 2-1.2| 1.2-0.8 < 0.8 - -
salinity and
Alkalinity (n)
ECe (dS/m) 0-2 2-4 4-6 6-8 = > 8
ESP (%)
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SORGHUM
(Sorghum bicolor)

1. CLIMATE

Germination of sorghum seeds takes place at soil temperatures
abov§ l10°c. Sorghum tolerates hotter and drier environmental
conditions than maize. The optimum temperature for the growth
of sorghum is 21 - 32°C. The crop is killed by frost.

The tgmperaturg has a marked effect on the length of time to
maturlty: A night temperature below 15°C for 5 nights com-
pletely inhibits anthesis.

Sorghum is grown in areas that have at least 150 mm of rainfall
in the grow1ng cycle. 400 to 900 mm of rainfall in the growing
cycle guaranties an optimal water supply.

Its dfougﬁt resistance makes sorghum suitable for areas of
ezratlc rainfall. The plant remains dormant during drought. The
ie::atﬁ arg izércely affected by wilting for 14 days. Neverthe-
e yield is reduced if the drought i i
formation and flowering. " oceurs during PA e

vsvgiglrnlng equally grows in areas of high rainfall in which
gging may occur, though under these conditi Sy
may be attacked by fungi. nditions the pl

: hlgh air humidity fayors the occurrence of molds. Sorghum
gqulres a?undant sunshine. The crop is particularly suscep-
tible to bird damage and storage pests.

2. SOIL

iirggzg;g;EYi on many types of soil. It grows particularly well
ik tropic:’(esPEClélly on the deep-cracking valley bottoms
B e e (soils with vertic properties). The maximum Crop
e %) lS.1:00—2.00 m. The crop tolerates a wide range

rainage conditions and also short periods of waterlogging.

Soils under : ;
TR sorghum cropping are exposed to a high erosion

PH range: 5.2 - 8.5, optimum pH: 5.5 - 8.2
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salinity: no yield reduction at an electrical conductivity (EC)
of < 4 dS/m; the yield reduction is
10% at 5.1; 25% at 7.2; 50% at 11; 100% at 18 ds/m

Sodicity: 50% yield reduction at an exchangeable sodium
percentage (ESP) of 20 .

Nutrients

Following the harvest, the root and stubble residues leave an
excess amounts of sugar in the soil, causing a vigorous
multiplication of the soil micro-organisms. This locks up the
available N for some time (N-immobilization), inducing a N

deficiency in a succeeding crop.
Droughted and freshly ratooned plants are a dangerous source of

poisoning by HCN. N manuring increases the HCN content. The
poison is destroyed when the fodder is made into hay or silage.

Nutrient removal (kg/ha/growing cycle) to produce 4 ton/ha:

N : 120
P,0s : 50
K>0 . 140

Fertilizer application (kg/ha/growing cycle) for high produc-

tion:

min. max.

N : 100 - 180

P,Os : 45 - 105

K,0 40 - 95
3. YIELDS
Rainfed
Good commercial yield 2.5 - 3.5 ton/ha.
Average farmer yield 1.3 - 2.0 ton/ha.
Tradit. smallholder yield 0.2 - 0.8 ton/ha.

Irrigated

Good commercial yield : 3.5 - 5.0 ton/ha.




CLIMATIC REQUIREMENTS - SORGHUM (growing cycle 90-130 + days)

Class, degree of limitation and rating scale.

=

Climatic s1
Characteristics o | 1 Ss Sg , i
100 95 85 60 40 25 0
Precipitation of 600-500| 500-40
i -400 400-300 | 300-150 < 150
growing cycle (mm) | 600-700{ 700-900 900-1200|1200-1400 >1400
Precipitation of > 150 -
Eoscights 150-100 100-75 75-45 < 45
Mean temp. of the 25-24 24-2
: -21 21-1 -
growing cycle (°C) 25-26 26-32 > 328 18-15 <'15
MeanAmax. temp. of | 30-32 32-34 > 34 - =
growing cycle (°C) | 30-28 28-24 24-22 22-20 < 20
Mean min. temp. of > 18 18-
growing cycle (°C) " i e P
Relative humidity 0-60 =
P e o " ; 60-75 75-85 > 85 =
L
n/N growing cycle < 0.8 0.8-0.85 | O éé{
W T

LANDSCAPE AND SOIL REQUIREMENTS - SORGHUM

Class, degree of limitation and rating scale

Land
Characteristics s1 s2 83 NI | N2
o | 1 2 3 4
100 95 85 60 40 25 0
Topography (t)
Slope (%) (1)] o0-1 1-2 2-4 4-6 - > 6
(2)] 0-2 2-4 4-8 8-16 = > 16
(3)] 0-4 4-8 8-16 16-30 30-50 | > 50
Wetness (W)
Flooding Fo - F1 F2 = F3+
Drainage (4) |good moderate|imperf. poor and|poor, poor,
(5)|imperf. |moderate|good aeric but not
drainabldrainab.
Physical soil
characteristics (s)
Toxture/struct.  |c<60s, |cceov, [coeov,su fifs,Tys| - [omsicm,
sic,co, |C>60s,L, 4/”4fs, TS c8
SiCL,Si, |SCL
SiL,SsC
Coarse fragm(vol%)| 0-3 3-15 15-35 35-55 - > 55
Soil depth (cm) > 90 90-50 50-20 20-10 = < 10
CaCOs5 (%) 3-20 20-30 30-45 45-175 = > 75
3-2 2-0 - = = &
Gypsum (%) 0-3 3-5 5-10 10-20 = > 20
Soil fertility
characteristics(f)
Apparent CEC > 24 24-16 < 16(-) | < 18(+)| - =
(cmol(+)/kg clay)
Base saturation(%)| > 50 50-35 35-15 < 15 - =
Ssum of basic ca- > 5 5-3.5 |3.5-2 < 2 = -
tions
(cmol(+)/kg soil)
pH H.0 6.5-6.0| 6.0-5.5| 5.5-5.3 | 5.3-5.2 @ -
6.5-7.0| 7.0-8.2| 8.2-8.3 8.3-8.5 = > 8.5
Organic carbon(%)
(6)| > 1.5 1.5-0.8] < 0.8 - - -
8 > 0.8 0.8-0.4| < 0.4 - - -
salinity and
Alkalinity (n)
ECe (dS/m) 0-4 4-8 8-12 12-16 16-20 > 20
ESP (%) 0-10 10-20 20-28 28-35 - > 35
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S TR S e

SOYA
(Glycine maximum)

1. CLIMATE

The mean tem Y
perature range for of soya is 15
. g a proper growth Y i

40 Cf the Opt%mqm temperature range being 20 -30°C The
required mean minimum temperature i i .

: n the growing season is 12
Soya i ly slight resistant to frost

1ls on g Y resista (e} os

Soya is prod i
uced in optimal iti
secured of 350 - ; conditions in are
weather is - 1100 mm of rainfall in the R
required at maturation growing cycle. Dry

2. SOIL

Soya beans ca
n
be produced on a wide variety of soils. Floodin:
* g

of the land is
n >
1780 . ot permitted. The maximum crop rooting depth is

PH ra :
nge: 5.2 - 8.2, optimum PH: 5.5 - 7.5
Salinity: no vyi i
i y(lesltii;c;aductlon at an electrical conductivity (EC)
m; the yield reduction amounts to -

10% at 5.5; 25%
e % at 6.2; 50% at 7.5; 100% at 10

Sodicity: 50% vi
sog'Yleld reduction is observed at
ium percentage (ESP) of 20 an exchane

Nutrients

Nutrient rem
N oval B
grain/ha: (kg/ha/growing cycle) to produce 2 ton

N : 125
P.O; : 30
K=0": 40

Fertilizer a i
1 :
ton/ha. pplication (kg/ha/growing cycle) to produce 2

min.  max.
N 0 - 25
P.Os 35 - 60
K.0 35 - 175

3. YIELDS

Rainfed
Good commercial yield 1.5
Average farmer yield : 0.8

Irrigated

Good commercial yield
Average farmer vield

.“
PN
.

4. ROTATIONS

Rotations should not include

millets.

tobacco,

2.5 ton seed/ha.
- 1.3 ton seed/ha.

3.5 ton seed/ha.
- 2.0 ton seed/ha.

but maize,

sorghum and




LANDSCAPE AND SOIL REQUIREMENTS - SOYA

CLIMATIC REQUIREMENTS - SOYA (growing cycle 90-120 days)
Class, degree of limitation and rating scale
Climatic class, degree of limitation and rating Land
Characteristics s1 s2 33 N1 | N2
Climatic s1 l S2 s3 I N1| N2 o | 1 l 2 3 ‘ 4
Characteristics 0 | 1 2 3 100 95 85 60 40 25 0
100 95 85 60 40 25 0
Topography (t)
Precipitation of 600-800 800-1100]1100-1600]1600-1900 B > 1900
growing cycle (mm) 600-450 450-350 | 350-250 | 250-180 - |< 180 Slope (%) (1)| 0-1 1-2 2-4 4-6 - > 6
; (2)] 0-2 2-4 4-8 8-16 = > 16
Precipitation of the 150-200 200-275 | 275-400 | 400-475 - |> 475 (3)] 0-4 4-8 8-16 16-30 30-50 | > 50
1st month 150-85 85-60 60-50 - - < 60 /
Wetness (w)
Precipitation of the 170-200 200-275 | 275-400 | 400-475 - |> 475
2nd month (mm) 170-140 140-115 115-80 80-50 - < 50 g Flooding Fo - - F1 - F2+
Drainage (4)|good moderate|imperf. poor and|poor, poor,
Precipitation of the 170-200 200-275 275-400 400-475 - > 475 (5)|imperf. |moderate|good aeric but not
3rd month (mm) 170-140 140-115 | 115-80 80-50 - |« 50 drainab|drainab.
Precipitation of the 140-200 200-275 275-400 400-475 = > 475
4th month (mm) 140-85 85-60 60-40 < 40 - - Physical soil |
characteristics (s)
Mean temp. of the 24-22 22-20 20-18 18-15 - |15
growing cycle (°C) 24-25 25-30 30-35 35-40 - > 40 Texture/struct. C<60s, c<60v, c>60v,SL, |Les, £S, - Cm, SiCm
- 8icC,Co, |C>60s, LS,LfS S
Mean min. temp. of 17-16 16-12 12-9 9-7 - <7 siL,cL, |scC,L,SCL
growing cycle (°C) 17-18 18-24 24-30 > 30 - - Si,SicL
- Coarse fragm(vol%)| 0-3 3-15 15-35 35-55 = > 55
Relative humidity 65-50 50-42 42-36 36-30 = < 30 Soil depth (cm) > 100 100-75 75-50 50-20 - < 20
of devel. stage (%) 65-80 > 80 CaCO; (%) 0-6 6-15 15-20 20-25 - > 25
{2nd month) Gypsum (%) 0-0.1 0.1-0.2 |0.2-1 1-2 - > 2
Relative humidity of 45-30 30-24 24-20 | < 20 - - Soil fertility
maturation stage (%) 45-60 60-75 75-85 | > 85 - - characteristics(f) |
{(4th month) i
Bpparent CEC > 24 24-16 < 16(-) < 16(+) - - |
n/N develop. stage 0.55-0.5 | 0.5-0.35| < 0.35 - - - (emol(+)/kg clay) i
(2nd month) 0.55-0.6 0.6-0.75 > 0.75 Base saturation(%)| > 50 50-35 35-20 < 20 b = f
Sum of basic ca- > 5 5-345" |3.5-2 < 2 = -
n/N maturation stage > 0.7 0.7-0.5 < 0.5 L - - tions
(4th month) (emol{+)/kg soil)
pH H,0 6.5-6.0] 6.0-5.5{ 5.5-5.4 5.4-5.2 = < 5.2
6.5-7.0| 7.0-7.5| 7.5-7.8 7.8-8.2 . > 8.2
Organic carbon(%) > 2 2-1.2] 1.2-0.8 < 0.8 = =
Salinity and
Alkalinity (n)
ECe (dS/m) 0-5 5-6 6-7 7-8 8-10 > 10
ESP (%) 0-8 8-15 15-20 20-25 = > 25 |
I
i
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i SUGAR CANE
(Saccharum officinarum)

1. CLIMATE

SugaI-calle requlIeS a warm sunny and molst g owlng season: a
2
’ r
mean day tempexature close to 28 C, a hlgh lnsolatlo (> 1200
n

hours/year) and
- an ade
—a i quate water supply summarize the optimal

Sugar-cane c i
s temperatﬁgzlgzngszgttigrout a; temperatures below 20°C.
b growth of sugar-cane i 5
g ;i O;E;z;-ifowth occurs below 20°C and agj;:534°és
e i etween 24°C and 32°C. The soil t :
g ‘ 3 ant than the air temperatur M
g ripening dry and cool wea .
t?mperatures in the range of 10 -
light frost can be tolerated.

thir is required. Mean day
20°C are optimal. Only very

Areas where sugar
exceeds 1300 mm/g
growing season i
mm/month.

—ca .
rowiiz ;:rfigdUCEd need a precipitation that
S guaranteed N An adequate water supply in the

if the rainfall amounts 110 -180

A high air humidi
; 1ty causes diseases. A
bR : s. m ; ;
alr humidity is required to be below ;Oi;uratlon the relstss

N g i =] r o
ds sho d P a ga ane grow
O stron win h ul revail 1n su r-can 1ng areas

2. SOIL

oW 1.50 m from the surface. An

Though sugar-
ne t lera S h p 11s £ ater i
ca {o] te short s e [o] W 2 ].Oggl“g (

weeks) or floodi
ing, these t 43
£ : condi
ungal, viral and bacterial diseaZézns Sfhance the xisk o

Sugar-cane ca
ne
qually be grown on soils with textures other

than loam or
clay loam. s
E - Such
number of disadvantages: textures nevertheless offer a

In coarse textured soils nematode populations are easily
built up. Infestations may be aggravated because sugar-
cane is a perennial crop. The limited AWC may linit plant
growth and fertilizer losses by leaching may be increased.

- Fine textured soils may have 1long lasting drainage
problems. Surface capping (especially in silty soils)
reduces the water penetration and aeration. Compaction
further hinders the root development.

once the full canopy is established (3-4 months) a good
protection against erosion is secured.

pH range : 4.5 - 8.5, optimum pH : 5.5 - 7.5

no yield reduction at an electrical conductivity
(EC) of < 1.7 ds/m; the yield reduction is

10% at 3.3; 25% at 6; 50% at 10.4; 100% at 18.6

ds/m.

Salinity :

50% vield reduction is observed at an exchangeable

sodicity :
sodium percentage (ESP) of 20.

Mineral deficiency symptoms

failure of the spindle to uncurl,

Copper : 'droopy top':
lorosis

with drooping leaves in heavier canes, ch
and poor growth; the symptoms resemble the mosaic
disease.
pale, striped interveinal areas in young leafs,
the leafs are almost white in severe cases.
Boron . small, elongated, watery spots striping parallel
to the vascular bundles.
Manganese : pale yellowish-green to white interveinal stripes
of uniform width, over mid-portion and tips of
leaves; the early stages look like Fe deficiency;
acute cases may show complete chlorosis of leaf
with reddish-brown necrotic spots, developed into
continuous lengthwise stripes that cause leaf
splitting.
small chlorotic spots, developing to dark reddish
brown with dead centres which may coalesce
producing a rusty appearance to the leaf.
Magnesium : rare, young leafs become pale green and older leafs
show small chlorotic spots, becoming dark brown.
stunted growth, pale leafs, lack of vigor.

Iron

Calcium :

Nitrogen
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Phosphorus: root rot, stunting, pale green to yellow leafs,
with drying of tips and margins.

Potassium : leaf die-back from tips and margins; upper surfaces
of midribs become reddish.

Zinc : rare, pale green along major veins; increasingly
pale interveinal areas with increasing deficiency.
In severe cases young leafs are completely chlorot-
ic, with necrosis spreading down from leaf tips.

Nutrients
Nutrient removal
N

P,04
K20

(kg/ha/growing cycle) to produce 90 ton/ha:

85
60
180

Fertilizer application (kg/ha/growing cycle) to produce 90

ton/ha.
N
P_O,
K20
3. YIELDS
Rainfed

Good commercial yield

Irrigated

Good commercial yield

75 - 100
60 - 100
75 - 100

: 70 - 100 ton/ha.

: 110 - 150 ton/ha.
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CLIMATIC REQUIREMENTS - SUGAR CANE (growing cycle 270-2100 days)

Climatic class, degree of limitation and rating
Climatic s1 l s2 \ s3 N1| N2

Characteristics 0 | 1 2 3 4

100 95 85 60 40 25 0
10 days rainfall (mm) |> 70 70-60 60-50 50-30 - <30
Mean day temp. at ger- | 28-30 30-32 32-34 34-35 - > 35
mination (°C) 28-26 26-24 24-20 20-16 - |< 16
Mean day temp. for 27-28 28-32 32-35 > 35 - &
tillage stage (°C) 27-26 26-20 20-16 16-8 - <8
Mean day temp. for 26-25 25-22 22-20 20-18 - |« 18
vegetative stage (°C) 26-27 27-32 32-35 > 35 = =
(Tmax-Tmin)/Tmean > 0.5 0.5-0.45]0.45-0.4 | 0.4-0.3 - < 0.3
maturation stage
sunshine : hours/year |> 2200 2200-1800]1800-1400]1400-1200| - |< 1200
Mean annual n/N > 0.5 0.5-0.4 | 0.4-0.3 | 0.3-0.2 - |< 0.2
Relative humid. of 0-60 60-70 > 70 - - -
maturation stage (%)
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LANDSCAPE AND SOIL REQUIREMENTS - SUGAR CANE

B EE——— RIR s £k s

Class, degree of limitation and rating scale

Land
Characteristics . S1 S2 S3 N1
N2
o | 1 l 2 3 ’ l
100 95 85 60 40 25 0
Topography (t)
Slope (%) {1)] 0-1 1-2 2-4 4-6 = > 6
(g) 0-2 2-4 4-8 8-16 - > 16
(3)] 0-4 4-8 8-16 16-30 30-50 | > 50
Wetness (w)
§1ogding Fo = = F1 E
= +
rainage (4) good moderate|imperf. poor and|poor pogr
(5) ;mperf. moderate |good aeric but ' not ;
: i drainab|drainab.
Physical soil
characteristics (s)

Texture/struct. c§605, C>60v, |C>60v,SL, |Lcs,fs - Cm,SiCm
S}C,Co, C<60s, LS,LfsS LS S éS :
siL,CL, |Ssc,L,SCL :

o i ( 8i,sicL

arse fragm(vol%)| 0-3 3-15
3 - 15-35 35-5 -
igéé de:th (cm) > 125 |125-80 80-50 50-2; - Z gg
GypsZm((;) 0-12 12-25 25-35 35-50 - > 50
0-3 3-6 6-12 12-20 - > 20
Soil fertility
characteristics(f)
Apparent CEC > 24 =
écm01(+)/kg L 24-16 < 16(-) | < 16(+)| - =
ase saturation(%){ > 80 80-

Sum of basic ca- > 8 8—20 i i ] )

il 5=3.95 3.5-2 <2 =

(gmol(+)/kq soil)

H
pH H>0 2.2-?.0 6.0-5.5| 5.5-5.0 | 5.0-4.5| < 4.5 -
.5-7.0 = ) '
e 7.0-7.5| 7.5-8.0 | 8.0-8.5| - > 8.5
(6)] > 2.5 205-105181.5-1.0 < 1.0 - o
(7)] > 1.5 1.5-1.0] 1.0-0.6 < 0.6 - =
(8)] > 0.8 0.8-0.4| < 0.4 - - =
Salinity and
Alkalinity (n)

EC

ES§ E:i/m) 0-2 2-5 5-8 8-10 10-14 | > 14
0-5 5-10 10-15 15-20 - > 20
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SUNFLOWER
(Helianthus annuus)

1. CLIMATE

The temperature range for the growth of sunflower is 13 - 30°C.

rowth occurs in areas with an air temperature

An optimal g
er is 22

between 18°C and 26°C. The ideal air temperature howev
oC¢; each 1°C more decreases the oil content with 1.5 %.
sunflower is sensitive to frost, though it stands a little

freezing.

sunflower is grown in areas with a precipitation of 250 - 4000

mm/year. Tough the plant is drought resistant, an equal dis-
the

tribution of the rainfall in the growing period enhances
chances of obtaining a high vyield. Adequate moisture is
required at flowering, but no heavy rains should occur.

Strong winds may cause damage.

2. SOIL

sunflower is most often grown on ferruginous and brown cal-
cimorphic soils. Well drained soils with a sandy clay loam to
clay texture and a soil depth that exceeds 1.50 m are most
suitable. The maximum rooting depth of the crop is 2.00-3.00 m.
sunflower is intolerant of waterlogging.

pH range 5.0 - 8.5, optimum pH 6.0 - 7.5;
liming is advised at pH < 6

Salinity no vield reduction occurs at an electrical conduc-
tivity (EC) of < 1 dS/m; the yield reduction is
10% at 2; 25% at 4; 50% at 9; 100% at 12 dS/m.

Sodicity 50% yield reduction is observed at an exchangeable
sodium percentage (ESP) of 20

Micronutrients

Boron : the plant tolerates 1-2 mg/1l in soil solution.

Magnesium sensitive to deficiency when pH is low.

Aluminium sensitive to toxicity especially on sandy soils

with a low pH.
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Nutrients

Nutrient removal
seed/ha:

N :
PzOs :
K.0 :

(kg/ha/growing cycle)

to produce 1 ton

39
6
75

Fertilizer application (kg/ha/growing cycle) to produce 1 ton

seed/ha:
N 0
PzOs .
K40 :
:3. YIELDS :
Rainfed ~;

Good commercial vield
‘Average -farmer yield

Irrigated

Good commercial yield
Average farmer yield

4. ROTATIONS

Sunflower should not

min. max.
50 - 100
45- - 105
70 - 150

2.1 - 2.4 ton seed/ha.
1.0 - 1.5 ton seed/ha.

2.5 .5 ton seed/ha.
1.5 - 2.0 ton seed/ha.

follow safflower, cotton, pea, beets,

potatoes or alfalfa in rotations because diseases can be

transmitted.

Sunflower is grown on the same field only once in every 6

years.

153

CLIMATIC REQUIREMENTS - SUNFLOWER (growing cycle 100-140 days)

PRSE TR AL RS R

Climatic class, degree of limilation and rating
Climatic S1 S2 $3 N1 N2
Characteristics 0 ] 1 2 3 4
100 95 85 60 40 25

Precipitation of 650-800 800-900 900-1300| > 1300 - =
growing cycle (mm) 650-500 500-400 400-300 300-250 = < 250
Precipitation of the 105~135 135-215 > 215 = - =
1st month 105=75 75-60 < 60 - B -
Precipitation of the 195-230 > 230
2nd month + 3rd month 195-160 160-125 125-85 85-70 - < 70
(mm)
Precipitation of the 250-315 315-450 450-750 > 750 - -
4th month (mm) 250-190 190-140 140-120 120-80 - < 80
(flowering stage)
Precipitation of the 100-120 120-150 | > 150 -7 - -
Sth month (mm) 100-75 < 75 - - - -
(yield formation)
Mean temp. of 22-20 20-18 18-16 16-13 - < 13
growing cycle (°C) 22-24 24-26 26-28 28-30 = > 30
Relative humidity 65-50 50-42 42-36 36-30 = < 30
growing cycle (%) 65-80 80-90 > 90 - - =




NERERATIRSN

LANDSCAPE AND SOIL REQUIREMENTS - SUNFLOWER : SWEET POTATO
e : (Ipomoea batatas)
Class, degree of limitation and rating scale
Land
Characteristics S1 S2 S3 Nl N2
0 1 2 3 i 1. CLIMATE
100 95 85 60 10 ! 6]
Sweet potato is grown in regions with air temperatures in the
Topography (t) : range of 16 - 40°C. The optimal mean air temperature for growth
Slope (%) (! o0-1 1-2 9.4 4-6 ~ 5 E ‘ is 22°C to 32°C. A night temperature between 18°C and 21°C, and
(2)] 0-2 2 4-8 8-16 - > 16 i a day temperature between 29°C and 32°C are preferred.
(3)] 0-4 4-8 8-16 16-30 10-50 . 50 Growth stops at temperatures below 4°C and is reduced at
: temperatures below 10°C. The plant is sensitive to frost.
Wetness (W) i
Flooding 5 5 g F1 B F24 : Sweet': potato is adequ_ately provi.ded with water in areas thét
Drainage (4) |good moderate|imperf. |poor and|poor, |poor, ; receive 550 - 1270 mm in the growing season. Though the crop 1is i
(5)|imperf. |moderate]good aeric but not A very resistant to drought, tuber formation will be highest in |
drainabldrainab. : those areas where the rainfall is equally distributed over the il
Phyaienl Eoil growing period. At harvest little rain is required. >
characteristics (s)
Texture/struct. C<60s, C>60s, Cc>60v,SL, |LeS, £8,S - Cm, SiCm, 2. SOIL : ‘
sic,Co, |Sc,L,SCL|LfS,LS i i
:iICJLSéL Ce60y Sweet potato prefers deep, moderately well to well drained 15!‘
Coarse fragm(vols) 0_3' 3-15 15-35 35-55 _ S 55§ E sandy loam to clay soil;. Massi.ve clays or hard/stony soils'are :J
Soil depth (cm) > 150 150-100 |100-75 75-50 - < 50 to be avoided. The minimum soil depth is 0.50 m. The optimum it
CaCO, (%) 0-6 6-15 15-25 25-35 - > 35 ; soil depth is > 1.0 m. The maximum rooting depth of sweet ‘;?j
Gypsum (%) 0-2 2-4 4-10 10-20 = > 20 potato is > 180 cm. Waterlogging is not permitted. I
soil fertility , N
characteristics(f) Medium erosion hazard. i
Apparent CEC > 24 24-16 < 16(-) | < 18(+)] - - : pH range : 4.5 - 8.5, optimum pH : 5.2 - 8.2
(cmol(+)/kg clay) | i
Dase sat“r?tlon(%) > 20 50-35 35-20 <20 - - ‘ Salinity : no yield reduction occurs at an electrical conduc- i
Sum of basic ca- > 4 4-2.8 [2.8-1.6 <16 - - el : s !
Lo § tivity (EC) of < 2 dS/m; the yield reduction i
(cmol(+)/kg soil) g ‘ amounts to 10% at 2.5; 25% at 3; 50% at 6;
pH H.0 6.6-6.2| 6.2-6.0| 6.0-5.5 | 5.5-5.0| < 5.0 - 100% at 11 ds/m. ;;:
g 6.6-7.0| 7.0-7.5] 7.5-8.0 8.0-8.5 - > 8.5 it
Organic carbon(%) | > 2 2-1.2] 1.2-0.8 | < 0.8 Sodicity : 50% yield reduction is observed at an exchangeable %\
Salinity and sodium percentage (ESP) of 20 . |
Alkalinity (n) |
ECe (dS/m) 0-2 2-4 4-9 9-12 - > 12 Micronutrients
ESP (%) 0-8 8-15 15-20 20-25 - >.25 TR Ry
Boron : tolerates 1-2 mg/l in soil solution. !
Magnesium : tolerant to deficiency. |

—
w
o
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Nutrients

Sweet potato reguires moderately fertile to fertile soils and

is very demanding in K.

Nutrient removal (kg/ha/growing cycle) to produce 10 ton

tubers/ha:

N 90 CaO : 15
P,O. : 20 Mgo : 15
K,O : 120
3. YIELDS

Rainfed

Good commercial yield : 25 - 30 ton tubers/ha.
Average farmer yield : 5 - 10 ton tubers/ha.

Irrigated

Good commercial yield : 25 - 35 ton tubers/ha.
Average farmer yield = 12°--18 ton tubers/ha.

CLIMATIC REQUIREMENTS - SWEET POTATO (growinc

Annual precipitation

120-150 days)

limitation and

650-500

500-400

(mm) 1500-1700| > 1700
Number of dry months 1 2
growing cycle
(P < 1/2 PET)
Mean temp. of the gro- 32-35 35-40 >
wing cycle (°C) 20-16 <
Mean min. temp. of 12-9 9-7
wing cycle (°C) 24-28 28~30
RH at harvest (%) 75-85 > 85
n/N develop. stage < 0.35 -
> 0.75 =
n/N maturation stage < 0.5 =




IELDS
LANDSCAPE AND SOIL REQUIREMENTS - SWEET POTATO 3.¥
Class, degree of limitation and rat Ing scale { R_aLfeg
Land -
Characteristics 3! l ] ’ S3 N1 | N2 Good commercial yield : 1.5 - 2.5 ton /ha.
0 I : 3 4
100 95 85 60 10 25 0
Topography (t) 4. ROTATIONS
4 beets, potatoes
Slope (%) (}) 0-1 1-2 2-4 4-6 - ) 6 Tea should not follgw saff}ower, <):otton, pea, '
\(5)) g‘i i-g g_?e 12_;8 1(_] 50 > ‘ig or alfalfa in rotations (diseases).
- 4- - L) 30-5
Wetness (w)
Flooding Fo = - F1 - F2+
Drainage (4))go0d moderate| imperf. poor and|poor, poor,
53114 - s
(5) [imperf. [moderate|good aeric b%F n?§‘ CLIMATIC REQUIREMENTS - TEA
drainab|drainab. ] - N
Climatic class, degree of limitation and rating
Physical soil oy s1 s2 53 1| N2
characteristics (s) Climatic 0 | 1 2 3 4 I
: g Characteristics 100 95 85 60 40 25 0 it
Texture/struct. C<60s, |C<60v,SL|C>60v,L3, [Les, fs,5]| - Cm, SiCm - |< 1000 il
SiC,Co, C>60s,L, |LfS o e % ) 500 1500-130041300-1100/1100-1000 |
SiCL,Si |scL,sc Angual previpigation {15
, ,
Coarse fragm(vol%)| 0-3 3-15 | 15-35 35-55 « > 55 4y 3-4 > 4
Soil depth (cm) > 100 }100-75 75-50 50-20 = < 20 . 1-2 2-3 N - it
CaCo, (%) 0-6 6-15 15-25 25-30 - > 30 heae dfypsiai?;‘ PET) o i
Gypsum (%) 0-2 2-4 4-10 10-20 - > 20 (months : e A |
. . -5 4-5 = - i
Soil fertility Length non-humid period 2 ;—O %
characteristics(f) {mnths ¢ E < PET) < 13 |
9-17 17-15 15-13 =
temp. (C°) | 21-19 . A - 30
?ppai?ns/EEc 1 > 24 24-16 | < 16(-) | < 16(+)| - = M= anqual 8enp- 21-23 23-24 24-26 aodl
cmal{+)/kg clay)
y 3 - - > 26
Base saturation(%)| > 50 50-35 35-20 < 20 - = s £ < 20 20-22 22-24 24-26
Sum of basic ca- | » § 5-3.5 |3.5-2 <2 - = Moan min.: temp.. o
tions warmest month (°C)
. -3
(emol(+)/kg soil) 1 : 5 13 13-10 10-5 5 to -3 < ‘
PH H,0 ibr6i0) BLOss. 2l s acain L gag.c| ¢ 45 | - fverage ml“gh‘ffﬁ; 3
; 6.6-7.2| 7.2-8.2 8.2-8.4 8.4-8.5 - > 8.5 1 coldest mon -36 - > 36
Organic carbon(%) P 3-2 2-1 &y e e, < 28 28-30 30-34 34
Salinity and warmest month (°C)
R A L = 15 i
Alkalinity (n i 21-19 19-17 17-15 s il
2 Mean temp. of 4 221 I
4 o |
ECe (dS/m) 0-1 1-3 3-5 6-10 & 2 1 warmest month (°C) o |
ESP (%) 0-8 8-15 15-20 20-25 - > 25 g ATV (v) ] > 8D 80-70 70-60 60-50 I
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LANDSCAPE AND SOIL REQUIREMENTS - TEA

Class, degree of limitation and rating scale
Land
Characteristics 8 S2 N2
1 2
100 60
Topography (t)
Slope (%) 0-4 4-8 8-16 > 50
Wetness (w)
Flo?ding Fo Fo B, K3+
Drainage good moderate | imperf. very
poor
not
drainab.
Physical soil
characteristics (s)
Texture/struct. SiCL,SiLjc<60v, * |C>60v,SL, Cm,SiCm,
CL, 51, Co,SCL LS S, E8,
. S5CL C><60v
Coarse fragm(vol%)| 0-3 3-15 15-35 > 55
Soil depth (cm) > 150 |150-100 {100-50 < 25
CaCo, (%) 0 0 0 > 1
Gypsum (%) 0 0 0 > 0.2
Soil fertility
characteristics(f)
Apparent CEC > 16 L6l=y1 < 16(+) -
(cmol(+)/kg clay)
Base saturation(%)| 15-10 10-0 20-35 > 50
Sum of basic ca- > 2.8 25851 < 1.6 -
tions
(cmol(+)/kg soil)
PH H.0 5:0-4.81:4.8-4 .81 °4.5-3.8 3.8-3.0 =
: 5.0-5.2| 5.2-5.5] 5.5-5.8 | 5.8-6.0 > 6.0
Organic carbon(%) > 2.4 2.4-1.5] 1.5-0.8 < 0.8 &
Salinity and
Alkalinity (n)
ECe (ds/m) 0-1 1-2 -3 > 8
ESP (%) 0-5 5-8 8-10 > 20
63

TOBACCO
(Nicotiana tabacum)

1. CLIMATE

The temperaturc optimum for the growth of tobacco is 22 - 28°C.
The crop does not like sudden temperature drops. It is damaged

by frost.

Tobacco requires a well distributed precipitation that amounts
400 - 1400 mm/growing cycle. Tough the crop exhibits some
drought resistance when young, this is less so during growth.

Excessive rain is a major limitation. A high air humidity
encourages diseases. Sunny days are required to secure growth
and yield. Hail can cause serious damage.

2. SOIL

In tropical areas tobacco is grown on sandy to loamy soils.
Clay loam to sandy clay loam soils are preferred provided they
are friable and freely drained. A good structure is important.
The soil depth is less important, but the crop performs better
if the available soil depth exceeds 1.20 m. The maximum crop
rooting depth is > 1.00 m. No drainage impedance should occur.

pH range: 5.0 - 7.8, optimum pH: 543 = B

Salinity: no yield reduction at an electrical conductivity (EC)
of < 0.5 dS/m; the yield reduction is
10% at 1:; 25% at 2; 50% at 4; 100% at 6 ds/m.

sodicity: 50% yield reduction at an exchangeable sodium
percentage (ESP) of 15 .

Nutrients
Tobacco is not produced on very fertile soils.

Nutrient removal (kg/ha/growing cycle) to produce 2.5 ton barn
dry leaves/ha:

P.0, ¥ i5
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125

Fertilizer application (kg/ha/growing cycle) for high produc-

tion:
N
P.O.
K.O
Ca0o
3. YIELDS
Rainfed

Good commercial yield

Irrigated

Good commercial yield : 1
Average farmer yield BeeabE

CLIMATIC REQUIREMENTS - TOBACCO (growing cycle 90-120

min. max.
H 40 - 80
70 - 205
3 60 - 130
140
1.0 - 1.5 ton air cured leafs/ha.

cured leafs/ha.

cured leafs/ha.

.5 - 3.0 ton air
5 =42.0 ton air

days + 40-60 days

nursery)
Climatic class, degree of limitation and rating
Climatic s1 s2 s3 N1] N2

Characteristics 0 ] 1 2 3 4

100 a5 85 60 40 25 0
Precipitation of 900-800 | 800-600 | 600-500 [ 500-400f - < 400
growing cycle (mm)| 900-1000]|1000-1200|1200-1400] > 1400 = T
Mean.temp. of the 25-24 24-22 22-20 20-15 = <oy
growing cycle (°C)| 25-26 26-28 28-30 30-34 = > 34
Relative humidity 40-30 30-24 24-20 < 20 = T
growing cycle (%) 40-50 50-75 75-90 > 90 = =
Annual n/N 2047 0.7-0.5 <105 - = T
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LANDSCAPE AND SOIL REQUIREMENTS - TOBACCO

Class, degree of

limitation and rating scale

Land
Characteristics Sl 52 33 N1 N2
0 1 2 3 4
100 9YhH 85 60 40 28 0
Topography (t)
Slope (%) (1)] 0-1 1-2 2-4 4-6 - > 6
(2)] 0-2 2-4 4-8 8-16 - > 16
(3)] 0-4 4-8 8-16 16-30 30-50 > 50
Wetness (w)
Flooding Fo - B - - F1l+
Drainage (4)]good moderate|imperf. poor and|poor, poor,
(5)]imperf. |moderate|good aeric but not
drainab|drainab.
Physical soil
characteristics (s)
Texture/struct. SL,L Co,CL,SC|C<60s,LS, |C><60v, S - Cm,SiCm
SCL,LfS |SiCs C>60s
Coarse fragm{vol%)| 0-3 3-15 15-35 35-55 - > 55
Soil depth (cm) > 150 150-100 |100-50 50-10 o < 10
CaCo, (%) 0-1 1-2 2-5 5-10 - > 10
Gypsum (%) 0-0.2 |0.2-0.5 |0.5-1 1-3 - >3
Soil fertility
characteristics(f)
Apparent CEC > 24 24-16 < 16(-) | < 16(+)| - -
(cmol(+)/kg clay)
Base saturation(%)| > 50 50-35 35-20 < 20 - -
Sum of basic ca- > 5 5-3.5 |3.5-2 < 2 - -
tions
(cmol(+)/kg soil)
pH H..O 5.8-5.7| 5.7-5.5] 5.5-5.2 5:2-5.01 € 5.0 -
5.8-6.0] 6.0-6.2] 6.2-6.8 6.8-7.8 - > 7.8
Organic carbon(%) > 2 2-1.2] 1.2=0.8 < 0.8 - N
salinity and
Alkalinity (n)
ECe (dS/m) 0-1 1-2 2-4 1-6 > 6
ESP (%) 0=5 5-10 10-15 15-20 = > 20
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TOMATO
(Solanum lycopersicum
esculentum)

1. CLIMATE

The germination of tomato seeds is observed at temperatures
between 10 and 35°C, the optimum range for germination being
16 - 30°C. Tomatoes grow in arecas with air temperatures between
13 and 35°C. Optimum growth can only be accomplished at air
temperatures between 18 and 26°C. At flowering, the optimum
temgerature is 18 - 24°C. The required temperature range at
fruit setting is 12 - 32°C; the optimal temperature range is 16
-.22°C. For high yields, day-and-night temperatures should not
differ by more than 6 - 10°C. Too high temperatures cause
flower drop; too low temperatures cause malformed fruits. The
tomato plant is very sensitive to frost.

Tomatoe; are best grown in areas that can provide 400 - 700
mm/growing cycle. Moisture is required from flowering to
harvest. Too high rainfall causes the fruits to rot.

A high relative air humidity favours diseases. Tomato does not
tolerate shade. Hot and dry winds lead to flower drop and
reduce the yield.

2. SOIL

Tométoes are grown on soils with very different textures, but
a.l}ght silt or clay loam texture is preferred. The required
minimum soil depth is 0.6 m. The soil depth is optimal if
?rggtir than 1.50 m. The maximum crop rooting depth is egually

Water logging increases the incidence of diseases.

PH range: 5.0 - 8.2, optimum pH: 6.0 - 7.5

Salinity: most sensitive at germination and early growth.
no vield reduction at an electrical conductivity (EC)
of < 2.5 dS/m; the yield reduction is
10% at 3.5; 25% at 5; 50% at 7.6; 100% at 12.5
ds/m.

Scdicity: 50% yield reduction at an exchangeable sodium
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percentage (ESP) of 35

Micronutrients

Boron . somewhat tolerant to excess, 1-2 mg/l in the soil
solution.

Magnesium : sensitive to deficiency.

Lithium : 12 ppm in soil means 25 % reduction of growth.

Nutrients

Tomato shows high requirements of organic matter and N.

Fertilizer application (kg/ha/growing cycle) to produce a crop
of 20 ton /ha (before + after transplanting):

N 3 50 + 100

P.0Os : 100 + 100

K,0 100 + 75 x 2
3. YIELDS
Rainfed
Good commercial yield : 45 - 50 ton/ha.
Average farmer yield - 10 - 20 ton/ha.
Irrigated
Good commercial yield : 45 - 65 ton/ha.

Average farmer yield 20 - 40 ton/ha.

4. ROTATIONS

With maize, cabbage, cowpea ...



5
|

CLIMATIC REQUIREMENTS - TOMATO (growing cycle 90-120 days + 25-35 days

nursery)

[AFlimatic class, degree of limitation and rating

LANDSCAPE AND SOIL REQUIREMENTS - TOMATO

R B LR R e R

Climatic S1 S2 S3 N1| N2
Characteristics 0 | 1 2 3 4 ‘
100 R 85 60 40 25 4]
L
Prec?pitation of 550-500 500-400 400-300 300-200 < 200
growing cycle (mm)l 550-600 600-700 700-800 > 800 =
Mean.temp. of the 22-24 24-26 26-30 30-35 > 35
growing cycle (°C)| 22-20 20-18 18-16 16-13 < 13
Meanltemg. at 22-26 26-30 30-32 32-35 > 35
germination (°C) 22-18 18-16 16-12 12-10 < 10
Mgan temp. during 19-18 18-16 16-14 14-12 <12
%igid form. period| 19-20 20-22 22-27 27-32 > 32
Tgmp. diff. day/ J]e6.5-6 6-4 4-3 3 =
night flowering 6.5-7 7-9 9-11 > 11 -
stage (°C)
Rela;ive humidity | 45-60 60-80 80-90 > 90 -
growing cycle (%) 45-30 30-24 24-20 < 20 -
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Class, degree of limitation and rating scale
Land
Characteristics s1 32 S3 N1 | w2
0 1 2 ) 4
100 95 85 60 40 25 0
Topography (t)
Slope (%) (1)} 0-1 1-2 2-4 4-6 - 6
(2)] 0-2 2-4 4-8 8-16 = > 16
(3)] 0-4 4-8 8-16 16-30 30-50 50
Wetness (W)
Flooding Fo = - F1 - F2+
Drainage (4)]|good moderate| imperf. poor and|poor, poor,
(5)}imperf. |moderate|good aeric but not
drainab|drainab.
Physical soil
characteristics (s)
Texture/struct. CcL,L, C<60s,SC|C>60s, C>60v, - Cm,SiCm
SicCL,si, |SC,SsCL C<60v,LS, |fS,LeS
sic,Co LfsS
Coarse fragm(vol%)| 0-3 3-15 15-35 35-55 - > 55
Soil depth (cm) > 150 150-100 |100-7S 75-50 - < 50
caco, (%) 0-3 3-5 5210 10-25 # > 25
Gypsum (%) 0-1 1-2 2-3 3~5 - > 5
Soil fertility
characteristics(f)
Apparent CEC > 24 24-16 < 16(-) < 16(+) - =
(cmol(+)/kg clay)
Base saturation(%)| > S50 50-35 35-20 < 20 - -
Sum of basic ca- > 5 5-3.5 |3.5-2 % 12 - -
tions
(cmol({+)/kg soil)
pH H.0 6.6-6.2| 6.2-6.0f 6.0-5.5 5:5-5.01.¢5.0 =
6.6-7.0] 7.0-7.5| 7.5-8.0 8.0-8.2 = > 8.2
Organic carbon(%) > 2 2-1.21 1.2-0.8 < 0.8 - -
Salinity and
Alkalinity (n)
ECe (dS/m) 0-3 3-5 5-8 8- - > 10
ESP (%) 0-8 8-15 15-25 25-35 - > 35
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WATERMELON
(Colocynthis citrullus)

1. CLIMATE

fefmlnation tékes place in the temperature range between 16 and

w;tgémzijnopilmum ?emgerature for germination is 21 to 30 °c.

o g ow§ within the Femperaturc range of 18 - 35°C.

_p i growth is however achieved at temperatures between 22
30°C. The crop is very sensitive to frost.

Water i :
availZEiT?t LS, grown in areas with a very different water
6T B aY- Optimal conditions are created with a precipita-
mounts to 400 - 700 mm/ i
growing c . o
are preferred at maturation. g ey, DRy conditling

2. SOIL

The opti "

soil gé;tﬁl§§§:£;i§ for growing watermelon is sandy loam. The
e at least 0. i s

of watermelon is 1.50-2.00 m i

Watermelon prefers well drained soils.
PH range: 5.0 - 8.2, optimum PH: 5.8 - 7.6
Salinity: i i
3'% 22 %fe%f reduction at an electrical conductivity (EC)
-5 dS/m; the yield reduction amounts to

10‘6 at 3.3y 25% a b
2 4.4; © ; K
i 50 at 6.3, 100% at 10

Sodici 3 i
icity: 50% yield reduction at an exchangeable sodium
bercentage (ESP) of 20

Magnesium : sensitive to deficiency.

Nutrients

Watermelo ;

matter l;b;ifpf:dihto : high soil fertility and high organic
€ topsoil are required ‘ i

content may however depress yields i Eed, Pnoexcess ol

|

Fertilizer application (kg/ha/growing cycle) for high produc-

tion:
min max
N 80 - 100
P.Os 55 =~ 135
K50 40 - 95
3. YIELDS
Rainfed

Good commercial yield 20 - 27 ton/ha.

Average farmer yield . 10 - 20 ton/ha.
Irrigated
Good commercial yield : 25 - 35 ton/ha.

Average farmer yield 20 - 30 ton/ha.

CLIMATIC REQUIREMENTS - WATERMELON (growing cycle 80-110 days)

Climatic class, degree of limitation and rating
Climatic s1 s2 3 N1| N2

Characteristics 0 | 1 2 3 4

100 95 85 60 40 25
Precjpitation of 550-500 500-400 400-300 300-200 o < 200
growing cycle (mm) 550-600 600-700 700-1000} > 1000 = =
Mean temp. of the 26-24 24-22 22-20 20-18 - < 18
growing cycle (°C) 26-28 28-30 30-32 32-35 - > 35
Relative humidity 45-30 30-24 24-20 < 20 - -
growing cycle (%) 45-60 60-80 80-90 > 90 - -

o




LANDSCAPE AND SOIL REQUIREMENTS - WATERMELON

Class, degree of limitation and rating scale

Land
Characteristics S1 S2 S3 Nl | N2
o | 1 2 3 1
100 95 85 60 40 25 o
Topography (t)
Slope (%) (1)} 0-1 1-2 2-4 4-6 - > 6
(2)] 0-2 2-4 4-8 8-16 = 16
(3)] 0-4 4-8 8-16 16-30 30-50 0
Wetness (w)
Flooding Fo & = 1l - F2+
Drainage (4) [good moderate|imperf. poor and|poor, poor,
(5)|imperf. |moderale|good aeric but not
drainab|drainab.
Physical soil
characteristics (s)
Texture/struct. SL;L, LfS,SCL, |C<60s,S, |C><60V - Cm,SiCm
SiCL sC Co,LS,SiClc>60S
Coarse fragm(vol%)| 0-3 3-15 15=35 3555 = > 55
Soil depth (cm) > 150 150-100 |[100-75 75-50 = < 50
CaCo, (%)
Gypsum (%)
Soil fertility
characteristics(f)
Apparent CEC > 24 24-16 < 16(-) < 16(+) = .
(cmol(+)/kg clay)
Base saturation(%)| > 50 50-35 35-20 < 20 = 7
Sum of basic ca- b 53454 3.5=2 € 2 = =i
tions
(cmol(+)/kg soil)
pH H,0 6.5=6.0]46.0-548]:5:8-5.5 1 5.5-5.0] < 5.0 &
6.5-7.0| 7.0-7.6| 7.6-8.0 | 8.0-8.2| - > 8.2
Organic carbon(%) 362 2-1121 152-0.8 < 0.8 = 2
Salinity and
Alkalinity (n)
ECe (dS/m) 0-3 3-4 4-6 6-8 - > 10
ESP (%) 0-8 8-15 15-20 20-25 - > 25
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WHEAT
(Triticum aestivauam)

1. CLIMATE

The temperature range for the growth of wheat is 10 - 25°C.
Optimal growth conditions are obtained at temperatures between
12 and 23°C. The air temperature of the region where wheat
cropping is intended is of particular importance with regard to
the selection of the variety. Low temperatures encourage
tillering.

The length of the growing cycle is as follows:
130
250

100 -
180 -

days.
days.

spring wheat :
winter wheat

In tropical areas the number of days to maturity for spring
wheat usually increases by 5 - 6 days for each 100 m above 1500
m, or each 0.5°C decrease in average temperature from 20°C. A
cool period is needed for flowering.

Winter wheat can survive - 20°C in its early stages, but a
temperature of - 1°C at the time of ear emergence and flowering
can seriously reduce yields. Spring wheat is sensible to frost.

Wheat growing areas need to receive a precipitation that
exceeds 200 mm/growing cycle. The mean annual rainfall should
be around 350 - 1250 mm. A dry period is necessary at maturing.

High air humidity combined with high temperatures causes rust
problems.

Strong winds may flatten the crop and render harvesting

difficult.

2. SOIL

Wheat can grow on soils with a sandy loam to montmorillonitic
clay texture. A sandy loam to clay loam texture is nevertheless
preferred. The minimal soil depth is 0.1 m. Optimal conditions
are met in soils with an available depth of > 0.9 m. The
maximum rooting depth of spring wheat is 1.20-1.50 m, and of
winter wheat 1.50-2.00 m.
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Wheat performs best on moderately well to well drained soils.
Though the crop is sensitive to waterlogging, it appears fairly
tolerant of a high water-table. The following requirements have
to be met in soils with light and heavy texture:

- sandy loam to silty loam : ground water > 0.6 m
- clay : ground water > 0.8 m
Ground water at 0.5 m from the surface for long periods

o

decreases the yield with 20 - 40 %.

Soils cropped with wheat are exposed to a medium erosion
hazard.

PH range: 5.2 - 8.5, optimum pPH: 6.0 - 8.2

Salinity: wheat is less tolerant at germination ( < 4 dS/m);
no yield reduction is observed at an electrical
conductivity (EC) of < 6 dS/m; the yield reduction
is 10% at 7.4; 25% at 9.5; 50% at 13; 100% at 20
ds/m.

Sodicity: 50% yield reduction at an exchangeable sodium
bercentage (ESP) of 20 .

Micronutrients

Boron : < 0.1 ppm required in the soil.

Manganese : high response to application.

Copper : high response to application.

Mg and/or Fe : soils with high concentrations should be
avoided.

Nutrients

Moderate to fertile conditions are required.

Nutrient removal (kg/ha/growing cycle) to produce 3 ton of
grain/ha:

N 3 70
ons H 30
K-0 3 60

1475

Fertilizer application (kg/ha/growing cycle) to produce 3 ton
of grain/ha:

min max
N 75 - 90
P,O. 35 - 50
K.O 35 = 95
3. YIELDS
Rainfed
Good commercial yield : 2.5 - 3.5 ton gra%n/ha.
Average farmer vield : 1.3 - 2.0 ton grain/ha.
Irrigated
Good commercial yield : 4 - 6 ton grain/ha.
Average farmer yield : 3 -5 ton grain/ha.
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CLIMATIC REQUIREMENTS - WHEAT (growing cycle wheat 100-130 days, winter
wheat 180-250 days)

Class, degree of limitation and rating scale

Climatic S1 S2 S3 N1 | N2
Characteristics 0 ' 1 2 3 4
100 95 85 60 40 25 0

Precipitation of 700-450 450-350 350-250 250-200 = 200
growing cycle (mm) 700-1000)1000-12501250-1500{1500-1750 - 1750
Monthly rainfall 65-45 45-20 20-12 12-8 = 8
vegetative stage 65-90 90-120 > 120 - ® =
(mm)
Monthly rainfall 75-60 60-30 30-15 15=10 E 10
flowering stage(mm) 75-90 90-120 > 120 = = -
Monthly rainfall of 60-50 50-30 30-10 < 10 - -
ripening stage (mm) 60-70 70-100 100-200 > 120 = B
Mean temp. of the 18-20 20-23 23-25 25-30 - 30
growing cycle (°C) 18-15 15-12 12-10 10-8 - 8
Mean temp. of the 10-8 8-6 6-4 4;2 - 2
vegetative stage 10-12 12-18 18-24 24-28 - 28
(°C)
Mean tgmp. of the 18-14 14-12 12-10 10-8 = 8
flowering stage(°C)| 18-22 22-26 26-32 32-36 = 36
Mean temp. of the 20-16 16-14 14-12 12-10 = 10
ripening stage (°C) 20-24 24-30 30-36 36-42 - 42
Average daily min. < 8 if =~ > 8 if 8-19if = =
temp. coldest month - - - =
combined with
average daily max. L. - 20 > 2l = i
t°coldest month(°C)

E
i
{
!
:

LANDSCAPE AND SOIL REQUIREMENTS - WHEAT

Class, degree of limitation and rating scale

Land —
Characteristics S1 ‘ S2 l S3 N1 | N2
o | 1 2 3 | 4
100 95 85 60 40 25 0
Topography (t)
Slope (%) (1)| 0-1 1-2 2-4 4-6 - >
(2)] a-2 2-4 1-8 8-16 - > 16
(3)] 0-4 4-8 8-16 16-30 - > 30
Wetness (w)
Flooding Fo - F1 F2 - F3+
Drainage (4)|geed, moder. imperf. poor poor, poor >
(5)|imperf. |moder. good and but not
aeric drainab|drainab
Physical soil
characteristics (s)
Texture/struct. C<60s, C<60v, C>60v, SL,LfS - Cm, SiCm
SicC,Co, |SC,C>60s]|SCL LcS, fS,
Si,siL, |L cS
CL
Coarse fragm{vol%)| 0-3 3-15 15=35 85=55 - > 55
Soil depth (cm) > 90 90-50 50-20 20-10 - < 10
CaCo, (%) 3-20 20-30 30-40 40-60 - > 60
3-0
Gypsum (%) 0-3 3=5 5-10 10-20 - > 20
Soil fertility
characteristics(f)
Apparent CEC > 24 24-16 < 16(-) < 16(+) - -
(cmol(+)/kg clay)
Base saturation(%)| > 80 80-50 50-35 < 35 - -
Sum of basic ca-
tions
(cmol(+)/kg soil) | > 8 8-5 5-3.5 | 3.5-2 <2 -
pH H.O 7.0-6.5 6.5-6.0] 6.0-5.6 5.6-5.2 < 5.2 *
7.0-7.5 7.5-8.2| 8.2-8.3 8.3-8.5 - » 8.8
Organic carbon(%) 3 1.5 1.5-0.8] < 0.8 - = =
(e)| > 2.5 2.5-1.5| 1.5-1.0 | < 1.0 - -
(7)] > 1.5 1.5-1.0] 1.0-0.5 < 0.5 - =
(8)] » 0.0 0.6-0.4| < 0.4 - = -
Salinity and
Alkalinity (n)
ECe (d4S/m) 0-1 1-3 3-5 5-6 6-10 2110
ESP (%) 0-15 15-20 20-35 35-45 - > 45
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GROWTH PERIODS AND
DEVELOPMENT STAGES OF CROPS

GROWTH PERI1LODS (number of days)
- Establishment period
- Vegetative period
- Flowering period
- Yield formation period
- Ripening period B
Total of days = growing cycle of the crop
|
Crop ' Establ. Veget. Flow. Y.form. Ripen. Total
Beans(green| 10-15 20-25 15-25 25-30 0~ 5 60-90
(dry) 10~15 20=25 15-25 25-30 20=25 90-120
Cotton 15-25 25-35 60-70 30-40 15-20 145-190
Groundnuts 10-20 25-35 30-40 30-35 10-20 105-130
Maize 15-25 25-40 15-20 35-45 10-15 90-135
Onion 30-35 25-30 0 50-80 25-30 130-175
Pea (fresh) 10-25 25-30 15-20 15-20 0-5 65-100
(dry) 10-25 25-30 15-20 20-25 15-20 85-120
Pineapple 0 390 90-150 + 90-150 + 600
Potato 15-25 30-40 0 45-55 10-15  90-120
Rice 35-45 40-60 10-15 25-35 10-20 120-155
Safflower 4-10 85 30 25 10 150-160
Sorghum 15-20 20-30 15-20 35-40. 10-15 95=125
Soya 10 30-40 25-35 30-40 10-15 105-140
Sugar beet 25-35 + 75-115 + 40-50 140-200
Sugar cane 10-30 150-350 0 70-200 50-70 280-650
Sunflower 20 515 30 25 15 145
Tobacco 40-60 50-70 o] + 40-70 + 130-200
Tomato 25-35 20-25 20-30 20-30 15-20 100-140
Water melon| 10-15 20-25 15-20 20-30 15-20 80-1140
Wheat 10-15 30-50 15-20 30-35 10-15 95-135
|
180




DEVELOPMENT STAGES (number of days)

, - Initial stage

I - Crop development stage
- Mid-season stage

L— Late-season stage

Total of days = growing cycle of the crop

( I B
Crop Initial Crop 4. Mid-sea. Late-s.| Total
Artichokes 20-40 40 220-250 30 310-360
Aubergine 30 40-45 40 20-25 130-140
Barley 15-20 25-30 50-65 30-40 120-155
Beans(green)| 15-20 15-20 20-30 5-20 55-90

(dry) 15-20 25-30 40-50 20 95-110
Cabbage 20-30  30-35 20-30 10-20 80-115
Carrots 20-25  30-35 30-80 20 100-150
Castor beans| 25-30 40-55 95-105 20 180-200
Celery 25-30  40-55 45-105 15-20 125-180
Cotton 20-30 40-50 50-60 40-55 150-195
Cucumber 20-25  30-35 40-50 15-20 105-130
Flax 25-30  35-40 50-100  40-50 150-220
Groundnuts 15-35  30-45 30-50 20-30 95-160
Lentil 20-25  30-35 60-70 40 150-170
Lettuce 20-25  30-35 15-30 10 75-100
Maize 15-30 30-45 30-45 10-30 85-150
Melon 25-30  35-45 40-65 20 110-160
Millets 15 25 40 25 105
Oats 15-20  25-30 50-65 30-40 120-150
Onion 15-20 . 25-35 25-45 35-45 100-145
Pea 10-25 2530 25-30 5-10 65-95
Peppers 30 35 40 20 125
Potato 20-30  30-40 30-60 20-35 100-165
Pumpkin 20-25 20-35 30-35 15-25 95-120
Radish 5-10 10 15 5 35-40
Safflower 20-35  35-75 45-65 25-40 125-175
Sorghum 20-25 30-40 40-45 30 120-150
Soya 20-25  25-35 45-65 20-30 115-155
Spinach 20 20-30 15-40 5-10 £0-100
Sugar beet 25-30 35-60 50-70 30-50 140-210
Sugar cane 30-60 90-120 210-480 30-60 360-720
Sunflower 20-25 35-40 40-50 25-30 120-145

| Tobacco 10 20-30 30-35 30-40 | 90-115

| Tomato [10-15 , dp a9 30-40 30-40 | 90-119

; Water melon | 10-20 15-20 35-50 10-15 | 70-105
Wheat Hilsa20. o5igg 50-65 30-40  { 120-155

-




CROP CHARACTERISTICS
CONSIDERED IN POTENTIAL NET
BIOMASS AND YIELD CALCULATIONS
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CROP CHARACTERISTICS

CROP

Alfalfa

Artichokes
Aubergine

Barley
Beans green
dry
Cabbage
Carrots
Cassava

Citrus

Celery
Cotton
Cucumber
Flax

Grape
Grounadnuts
Lentil
Lettuce
Maize grain
sweet
Melon
Millets
Oats
Olives
Onion fresh
dry
Pea

Pepper
Pineapple
Potato

Radish
Rice
Safflower
Sorghum
Soya
Spinach
Squash
Sugarbeet

Sugarcane

Sunflower

Tobacce

Tomato
Watermelon

Banana trop.
subtr|

|
Castor beans|

|
Sweet Fotato|

IMOISTURE % | Kc of the crop development stages
|

lfruit 70

|

llush 80-90
jdry 10

| head 90-95
|

lfruit 85
i

1

|seed 10
|

|

fruit 80
ldry 15

|

|
lgrain 10-13

ifruit 30
|bulb 85-90
|

|fresh 70-90
ldry 12
|fresh 90
lfruit 85

|
|
Ipaddy 15-20
|seed 8-10
lgrain 12-15
lgrain 6-10
|

Isugar 0
Iseed 6-10

lcured 5-10
!

lfresh 80-%90|0
|fresh 90 10
! |

LR

wheat wnnterlgraln 12-15)0.3- D 4
spring| I

|Crop dev.|mid-seas.

1 | i

| | 1

| 10.95-1.051

| 10.95-1.1

10.7-0.85 (1.0-1.1 |O.

{0.8-0.9 |1.0-1.2 [1.

{ 11.05-1.2 |

10.65-0.75(0.95-1.05(0.

10.7-0.8 [1.05-1.2 |0.

10.7-0.8 10.95-1.1 |0

| 11.0-1.15 |

1 | i

1 |1.05-1.2 |

i | 1

| | |

1 |1.0-1.15 |

10.7-0.8 [1.05-1.25]0

{ 10.9-1.0 |

1 11.0-1.15 |

10.6-0. 10.7-0.9 {0.

10.7-0.8 10.95-1.1 (0.

| ]1.05-1.2 ¢

| 10.95-1.05]

10.7-0.85 11.05-1.2 |0

10.7-0.9  §1.05-1.2 |1
| {0.95-1.051

| 11.0-1.15 |

| 11.05-1.2 |

| [ 1
10.6-0.75 [0.95-1.05]0.
10.7-0.8 10.95-1.1 [O.
10.7-0.85 11.05-1.2 |1
| 1 !
10.6-0.75 ]0.95-1.1 |0
| | |
10.7-0.8 [1.05-1.2 10.
| | |

| 10.8-0.9 |
]101-1.5 11.1-1.3 {D.
10.7-0.8 11.05-1.2 10
10.7-0.75 11.0-1.15 |0.
10.7-0.8 [1.0-1.15 0.
| 10.95 1 051

| {0.9-1.0
10.75-0.8511. 05 1.2 {0
l 1 i
10.7-1.0 11.0-1.3 {0
| 1 |
10.7-0.8 11.05-1.2 |0.
| | |
| 1 |
10.7-0.8 11.0-1.2 |0.
| ! |
10.7-0.8 |1.05-1.25{0
10.7-0.8 ]0.95-1.0510
| | |
10.7-0.8  11.05-1.2 |0
! 2 |

- 11.0
{
10.9
10.8
9-1.0 10.75
0-1.15 (1.0
5 10.2
9-0.95 10.8
65-0.7510.2
.9-1.0 0.8
10.7
1
10.5
|weeding: 0.65-0.75
|no weeding0.85-0.9
10.9-1.0S |
.8-0.9 10.6%-0.7 ]0.8-0.9
10.7-0.8 |
10.2-0.25 |
6-0.8 10.55-0.7 |0.55-0.75
75-0.85]0.55-0.6 [ 0.75-0.8
10.25-0.3 |
10.9-1.0 |
-0.95 |0.55-0.6 |0.75-0_.9
-1.15 ]0.95-1.1 | 0.8-0.95
10.65-0.751
10.25-0.3 |
10.2-0.25 |
| 10.4-0_6
95-1.0510.95-1.05]0.65-0.8
85-0.9 |0.75-0.85]0.8-0.9
.0-1.15 |0.95-1.1 [0.8-0.95
| |
.85-1.0 |0.8-0.9 10.7-0.8
| |
85-0.95(0.7-0.75 | 0.75-0.9
| |
10.75-0.851
95-1.05]0.95-1.05]1.05-1.2
.65-0.7 (0.2-0.25 10.65-0.7
75-0.8 10.5-0.55 | 0.75-0.85
7-0.8 (0.4-0.5 ]0.75-0.9
10.9-1.0 {
10.7-0.8 |
.$-1.0 10.6-0.7 |0.8-0.9
{ 1
.75-0.8 10.5-0.6 1 0.85-1.05
I 1
7-0.8 |0.35-0.45]|0.75-0.85
| {
1 1
9-1.0 10.75-0.85( 0.85-0.95
1 |
.8-0.95 10.6-0.65 10.75-0.9
8-0.9 10.65-0.7510.75-0.85
1 {

.65-0.75j0.2-0.25

) nJat harves|total Gp

I 5 |

Kc values

first figure : RH>70%
RH<20%,

second figure:

wind speed <5m/s.
wind speed >S5m/s

=
fe el
(S,

CROP

CHARACTERISTICS

CROP

Alfalfa

Artichokes

IMOISTURE t

Ky of
l

lhay:10-15
|
|
|

the growth peiiods

By I LAl | HY

1{irst y.0.45
Inext ye.0.85

| I 1 | |
| 1 | | 1
| | | | | 1
Aubergine | | | | | 1 |
Banana trop.|fruft 70 1 I il | 11.2-1.3512.5-4 | 1
subtr| 1 | | | | | | |
Barley | . 1 | | ! | | | i
Beans green |lush B0-90 0.2 1.1 10.7510.2 | 1.15 11.5-2 13.0-4.010.3
dry ldry 10 | | | | | 10.3-0.6] |
Cabbage Ihead 90-95 10.2(e) | 10.4510.6 | 0.95 112-20 | 10.65
garrots 1 | | 1 | 1 | | |
assava L
Castor beans| : : : : : : :1 > 0:0 *
Clitrus Ifruit 8% | | ! | [ 0.8-1.1]2-5% | !
! | 1 1 | 1 ! |
Celery | | | 1 1 | | | !
Cotton |seed 10 10.2 10.9 | 10.25) 0.85 10.4-0.612.4-31.010.07
Cucumber | [ 1 | | | 1 |
Flax ! | | | | | ! 1 !
Grape lfruit 80 1 | | 1 [ 0.85 12-4 i |
Groundnuts |dry 1S 10.2 10.8 0.6 (0.2 | 0.7 10.6-0.81 10.3
Lentil | 1 ! | | | 1 |
Lettuce 1 1 ! I ! 1 ! 1 |
Maize grain [grain 10-13(0.4 (1.5 (0.5 10.2 | 1.25 ]0.8-1.613.0-4.0(0.35
sweet | I I | 1 | | i |
H?lon | | | { | 1 | 1 |
Millets | i | | 1 | | 13.1-4.010.25
Oats | l 1 | | | | | |
Olives 1fruit 30 I I | | I 0.85 11.5-2.0] !
Onion fresh [bulb 85-90 |0.45 I - 10.8 10.3 | 1.1 18-10 | 10.75
dry ! 1 | I 1 I | ! |
Pea {fresh 70-90(0.2 10.9 10.7 0.2 |. 1.15 10.5-0.7] 10.35
lary 12 1 | | ! | [ | |
Pepper | fresh 90 | | I | 1 1.1 11.5-1.31 10.3
Pineapple Ifruit 8s | | | | 1 0.85 15-10 1 10.55
Potata [fresh 70-75]0.45¢e)| - [0.7 10.2 | 1.1 14-7 13.0-5.0]0.6
| 10.8(1) | 1 ! | | 1 I
Radish | | | 1 | | | | I
Rice |paddy 15-20 | 1 | I 1.15 ]0.7-1.114.2-5.0(0.45
Safflower |seed 8-10 10.3 10.5510.6 ) -1 0.8 10.2-0.51
Sorghum lgrain 12-15]0.2 10.5510.45{0.2 | 0.9 10.6-1.0(3.0-4.010.35
Soya lgrain 6-10 |0.2 10.8 1.0 I - | 0.85 10.4-0.713.0-4.010.35
Spinach i 1 1 i | | | | 1
Squash t I | | ! ! 1 l |
Sugarbeet |beet 80-85 | . ) | i | 0.6-1.016-9 | 10.4
| sugar O 1 | { 1 | 90.7-1.11(0.9-1.49]
Sugarcane {cane 80 (0.75 I - 10.510.1 | 1.2 15-8 | 10.25
lsugar 0O | i l | 10.6-1 .4
Sunflower Iseed 6-10 |0 25(e) 1.0 10.8 | - | 0.95 10.3-0.51 10.25
| 10.5¢1) | | | 1 i | [
Sweet Potatol| 1 | | ! I | 13.6-4.5)0.55
Tobacco lcured 5-10 (0.2(e) | - 10.5 1 0.9 10.4-0.61 10.55
I 11.0¢1) | ( | | i { f
Tomato Ifresh B0-900.4 11.1 {0.8 (0.4 | 1.05 110-12 | 10.3
Watermelon . [fresh 90 10.45(e){0.8 10.8 10.3 | 1.1 15-8 1 |
| 10.7(1) | | 1 | 1 1 |
Wheat winter|grain 12-15(0.2 10.6 10.5 1 - | 1. 10.8-1.014.0-5.010.4
spring| e 10.2 10.6510.551 - | 1.15 | * 13.7-5.0(0.4
ky values <0.85 low e) early 2 yield rtdpmd o
0.85-1.0 moderately low (1) late 5 ;
1.0-1.15 moderately high AR gt
> 1.15 high
UMy i e ey faainoe ; Lo Loate
N ; &
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CROP CHARACTERISTICS

CROP CHARACTERISTICS

Crop and Adaprability

Growing period {(days)

Crop and Adaptability

Crop characteristics

Growing period (days)

S Crop characteristics 75-89 40-119 120-149 150-179
0il palm Growing days 75-89 90-119 120-149 150-179
II Yield formation period 0 0 0 0
LAT at maximum growth rate 1.2-1.5 1.5-2.0 2.0-2.5 2.5-3.0
Harvest index 0 0 0 0
Barana Growing days 75-89 90-119 120-149 150-179
I Yield formation period 0 0 0 .
LAT at maximm growth rate 1.2-1.5 1.5-2.0 2.0-2.5 2.5-3.0
Harvest index 0 0 0 0
Sugarcane Growing days 75-89 90-119 120-149 150-179
I Yield formation period 0 0-29 30-59 60-29
LAT at maximum growth rate 1.4-1.7 1.7-2.2 2.2-2.8 2.8-3.3
Harvest index 0 0 -0.03 0.03-0.06 0.06-0.09
Growndnut Growing days 75-89 90-118 90-120 90-120
II Yield formation period 30-44 45-60 45-60 45-60
IAT at maxdmam growth rate 2.5-3,0 3.0-4.0 3.0-4.0 3.0-4.0
Harvest index 0.20-0.29 0.30 0.30 0.30
Upland rice Growing days 75-89 90-119 100-120 100-120
II Yield formation period 8-22 23-39 33-40 33-40
1AT at mexdimuam growth rate 2.5-3.0 3.0-4.0 3.3-4.0 3.3-4.0
Harvest index 0.07-0.21  0.21-0.30 0.30 0.30
Winter barley Growing days 75-89 90-119 90-120 90-120
I Yield formation period 15-29 30-39 30-40 30-40
LI at maximem growth rate 2.5-3.0 3.0-4.0 3.0-4.0 3.0-4.0
Harvest index 0.2-0.4 0.4 0.4 0.4

group 180-209 210-239 240-269 270-299
0il G: - dav:
1l palm TOWINgG cays 180-209 210-239 240-269 270-299
II Yield formation period 0 0 -29 30-59 60-89
LAT at maximum growth rate 3.0-3.4 3.4-3.9 3.9-4.4 4.4-4.9
Harvest index 0 0 -0.04 0.04-0.08 0.08-0.12
Banana Growing days 180-209 210-239  240-269 270-299
II Yield formation period 0 0 0-29 30-59
LAT at maximm growth rate 3.0-3.4 3.4-3.9 3.9-4.4 4.4-4.9
Harvest index 0 0 0-0.05 0.05-0.11
Sugarcane Growing days 180-209 210-239 240-289 270-299
111 Yield formation period 90-119 120-149 150-179 180-209
LAT at maximum growth rate 3.3-3.9 3.9-4.4 4.4-5.0 5.0
Harvest index 0.09-0.12  0.12-0.15 0.15-0.19 0.19-0.22
Groundnut Growing days 90-120 90-120 90-120 90-120
TT Yield formation period 45-60 45-60 45-60 45-60
LAL at maximm growth rate 3.0-4.0 3.0-4.0  3.0-4.0 3.0-4.0
Harvest index 0.30 0.30 0.30 0.30
Upland rice Growing days 100-120 100-120 100-120 100-120
II Yield formation period 33-40 33-40 33-40 33-40
LAT at maximum growth rate 3.3-4.0 3.3-4.0  3.3-4.0 3.3-4.0
Harvest index 3.0 3.0 3.0 3.0
Winter barley Growing days 90-120 90-120 90-120 =
T Yield formation period 30-40 30-4- 30-40 it
1xI at maximm growth rate 3.0-4.0 3.0-4.0 3.0-4.0 =
Harvest index 0.4 0.4 0.4 i3
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Tet: e ol
CROP CHARACTERISTICS
Crop and Adaptability — Growing period (cays)
growp Crop: characteristios 300-329  330-364 365 - 365 +
il palm Srowing days 300-329  330-364 365 365
bos Yield formation period 90-119 120-149 150 150
1AT at maximum growth rate 4.9-5.4 5.4-6.0 6.0 6.0
Harvest index 0.12-0.15  0.15-0.20  0.20 0.20
Banana Growing days 300-329 330-364 365 365
II Yield formmation period 60-89 90-119 120 120 g
1AT at maximm growth rate 4.9-5.4 5.4-6.0 6.0 6.0
Harvest index 0.11-0.17  0.17-0.24  0.24 0.24
Sugarcane Growing days 300-329 330-364 65 365
111 Yield formation period . 210-239 240-269 270 270
LAT at maximum growth rate 5.0 s.0 5.0 5.0
Harvest index 0.22-0.25 0.25 0.25 0.25
Growndnut Growing days 90-120 90-120 90-120 90-120 |
I Yield formation period 45-60 45-60 45-60 45-60 |
IAT at maxdmum growth rate 3.0-4.0 3.0-4.0 3.0-4.0 3.0-4.0
Harvest index 0.30 0.30 0.30 0.30
Upland rice Growing days 100-120 100-120 100-120 100-120
II Yield formation period 33-40 33-40 33-40 33-40
LAT at maximm growth rate  3.3-4.0 3.3-4.0 3.3-4.0 3.3-4.0 :
Harvest index 3.0 3.0 3.0 3.0
Winter barley Growing days 5 5 = =
I Yield formation periocd - = = %
LAI at meximm growth rate - = b 55
Harvest index £ = <
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AGRO-CLIMATIC LIMITATIONS FOR THE CROPS OF GROUP IIY
AND IIY IN TROPICAL AND SUBTROPICAL LOW AREAS

0 = no limitations

1 = moderate limitations

2 = severe limitations

a = yield reduction due to lack of water

b = yield reduction due to diseases, animals

c = yield reduction due to lack of water, diseases,
climatic problems, quality of the crop

animals,

workability problems and conservation of the crop

4 =
Length Limitations for high and low inputs (H and L)
grow. o - H
eriod L H L H L H
?days) abcd abcd abcd abcd abcd abed abcd abcd
Millets Sorghum Maize ??gé
75- 89 2010 2010(1) 2110 2010(1) 2120 2020(1) 2028 ggig(l)
90-119 1000 1000(2) 2100 2000(2,3)2110 2010 201 o
120-149 0000 QOO0 1100 1000 1100 1000 1000 ot
150-179 0000 0000 0000 0000 0000 0000 0000 oo
180-209 0100 0100 0000 0000 0000 0000 0100 o
210-239 0110 0111 0110 0011 0100 0001 0118 8002
240-269 0221 0222(4) 0121 0022(4) 0101 0002 011 e
270-299 0221 0222 022:1:50122 0101 0102 _ 0111 olee
300-329 0221 0222 0221 0222 0101 0102(5) 0211 Sigs
330-364 0222 Q222 0222 0222 0112 0112(610)0222 b
365 0222 0222(7) 0222 0222(7) 0222 0222(7) 0222
Beans Cotton Potato Cassava

75- 89 2020 2020(1) 2000 2000(1) 2010 2010(1) 20%? ;gfgéf;)

90-119 2010 2010(8) .2110 2000 2010 2010(13) 201 A
120-149 1000 1000 1110 1000 1001 1001 1011 135
150-179 0000 0000 0110 0000 0000 0000 1101 5650
180-209 0100 0000 0110 0000 0000 0000 0100 s
210-239 0110 0001 0110 0110 0000 0000 0100 o
240-269 0210 0002 0110 0111 0010 0000 0100 e
270-299 0211 0102 02i210121¢11)5.0010: 0001 0108 Chh
300-329 0211 QI 10N 0220122 0020 0012(12) 010 S
330-364 0222 0122 0222 0222 0020 0012 0110

Sl 0222°0222(7)°0222:0222 (7). 0021 ODZZEZ;) 0111

1993

AGRO-CLIMATIC LIMITATIONS FOR CROPS OF GROUPS T
AND IV IN TROPICAL AND SUBTROPICAL HIGH AREAS
Length Limitations for high and low inputs (H and L)
grow. —— ] — e
period L H L H L H L H
. (days) abcd abcd abcd abcd abcd abed abcd abcd
Spring wheat Winter wheat
Alt(m)and 1500-2000 2000-2500 2500-3000 0 - 1500
/or Tmean 17.5-20.0 15.0-17.5 12.5-15.0
75- 89 2010 2010(1) 2010 2010(1) 2010 2010(1) 2010 2010(1)
90-119 2000 2000 2010 2010 2010 2010 2010 2010
120-149 1000 1000 1000 1000 2010 2010 2000 2000
150-179 0000 0000 0000 0000 1000 1000 1000 1000
180-209 0000 0000 0000 0000 0000 0000 0000 0000
210-239 0110 0011 0100 0101 0000 0000 0100 0100
240-269 0111 0111 0110 0111 0110 0111 0100 0100
270-299 0221 0222 0221 0222 0211 0212 - -
300-329 0221 0222 0221 0222 0221 0222 - -
'330-364 0222 0222(9) 0222 0222(9) 0222 0222(9) - -
365 0222 0222(7) 0222 0222(7) 0222 0222(7) - -
Beans Potato
. Alt(m)and 1500-2000 2000-2500 2500-3000 1500-3000
. /or Tmean 17.5-20.0 15.0-17.5 12.5-15.0 12.5-20.0
89 2020 2020(1) 2020 2020(1) 2020 2020(1) 2010 2010(1)
2010 2010 2020 2020 2020 2020 2010 2010
149 1000 1000 2010 2010 2020 2020 1001 1001(13)
0000 o000 0000 0000 1010 1010 0000 0000
0100 0000 0100 0000 0100 0000 0000 0000
10-239 0110 0001 0110 0001 0110 0000 0100 0101
269 0210 0001 0210 0001 0210 0001 0111 0111
- 0211 0102(10)0211 0102(10)0211 0102(10)0211 0212
B824200°0211 0112(¢(1110221 C112(11)0211 0112(11)0221 0222(10)
3640222 0122 0222 0122 0222 0122 02220222
0222 10222(7) 02220222173 0222 0222(7) 0222 0222(7)
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Alt(m)and 1500-1600 1900-2000 2400-2500
/jor Tmean 19.5-20.0 17.0-17.5 15.0-15.5
75- 89 2120 2020(1) 2120 2020(1) 2120 2020(1}
90-119 2110 2010(3) 2120 2020(3) 2120 2020(3)
120-149 1100 1000 2120 2020 2120 2020
150-179 0000 0000 1010 1010 2020 2020
180-209 0000 0000 1000 1000 2020 2020
210-239 0100 0001 0000 0000 2010 2010
240-269 0101 0002 0000 0000 2010 2010

270-299 0101 0102(5) 0100 0001(5) 1100 1001¢(5)
300-329 0101 0102(10) 0101 0102(10) 0101 0101(10)
330-364 0112 0112(6) 0112 0112(6) 0112 0112(6)

365 0222 0222(7) 0222 0222(7) 0222 0222(7)
Sorghum

Alt(m)and 1500-160Q0 © 1900-2000 2400-2500

/or Tmean 19.5-20.0 17:0=17.5 15.0-15:.5

75- 89 2120 2020(1) 2120 2020(1l) 2120 2020(1)
90-119 2110 2010(2,3)2120 2020(3) 2120 2020

120-149 1100 1000 2120 2020 2120 2020
150-179 0000 0000 1010 1010 2020 2020
180-209 0000 0000 1000 1000 2020 2020
210-239 0110 0011 0000 0000 2020 2020
240-269 0121 0022 0100 0001 2010 2010
270-299 , 0221 0122(11) 0111 0012(11) 1010 1011(11)
300-329 0221 0222 0221 0122 0111 0112
330-364 0222 0222 0222 0222 0222 0222
365 0222 0222(7) 0222 0222(7) 0222 0222(7)
(1) wvariability of Precipitation

(2) OQuelea

(3) Striga

(4) Oidium

(5) leaf spots

(6) humid crop

(7) workability

(8) poor guality of the grain

(9) germination of the grain

(10) virus

(11) insects

(12) rotting

(133

harvest difficulties : dry and compact soil.
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NUTRITIVE VALUES FOR
CALCULATION OF ENERGY
VALUES OF FOOD PRODUCTS

197




INTERNATIONAI. NUTRI'TIVE VALUES 10O BE USED FOR
CALCULATED ENERGY VALUE OF 100 g OF FOOD PRODUCT

Suggested factor for
Calorie Protein Converting yield dry

Crop Food product (K Cal) (g) weight into food product
Wheat Dry grain 262 7.8 1.00

Rice Dry paddy 234 4.4 1.54 2/
rMaize Dry grain 327 7.6 1.00

Barley Dry grain 273 7.2 1.00

Millet Dry grain 306 8.7 1.00

Sorghum Dry grain 309 9.1 1.00

Groundénut Dry unshelled nut 388 18.2 1.54 3/

Bean Dry grain 341 22.1 1.00

Sovbean Dry grain 3358 38.0 1.00

White potato Fresh tuber 70 1.7 3.33 4/
Sweet potato Fresh tuber 97 1.4 3.13 5/
Cassava Fresh tuber 109 0.9 2.8¢ 6/
Sugarcane Fresh cane 30 0.2 10.00 7/
Banana-plantain Fresh fruit with skin 70 0.8 3.70 8/

0il palm 0il 8€4 = 1.00
1/ Used in FAO food balance sheets for converting production into food.

Reference: Food Consumption Tables for Use in Africa. FAO/USDEEW, 1968.

2/ Grain to paddy ratio = 0.65.
3 Xernel to nut ratio = 0.65.
4/ Mpisture content = 70 percent,
5/ Moisture content = 68 percent, i
s/ Moisture content = 65 percent.
a2/ Sugar in fresh cane = 10 percent.
&/ Skin = 10 percent of total weight; moisture content = 70 percent.
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PUBLICATIONS AGRICOLES EDITELS PAR LU'AGCD

Cultures maraichéres au Sahel Tunisic
Les prncipaux ennemis des cultures maraicheres au Senegal (1)
Traite pratique de lirrigation sous pression (1)

1 Belgian Development cooperation in the Republic of Zambia - Project Maunt Makulu, plant
prolection section - Research progress for the period 14.12.76 - 1312 81

2. Comment tailler mes caféiers ? La prabique de la taille pluriannuelle chez le Robusla
(frangais et anglais)

3. Plaquette de présentation de I'Institut des Sciences agronomiques du Burundi (ISABU). (1)

4. Proceedings of the Fourth International Soil Classification Workshop = Rwanda. 2 to 12 June

1981(1)
Part | : Papers
Part Il . Field trip and background soil dala

5. Projet "ferme modéle de Fretissa” - rapport final - Produire plus de grain ot de lait en
Alrique du Nord

6. Projet "station d'appui du Nebhana” - S AN - Amélioration des cultures maraichéres au
Sahel Tunisien.

7. Land Evaluation (3 volumes)

8. La culture du théier au Burundi.

9. Carte des sols du Burundi (1/250 0009). (1)

0. Acles du Dixieme Forum international sur la Soil Taxonomy et les Transferts d’Agrotechnologie
- Burundi et Rwanda - 1 au 12 avril 1985.

11. La culture cotonniére dans I'lmbo. Conditions de culture - Fumure minérale

12. Synthése des recherches forestiéres effectuées au Burundi.

13. Le bouturage du caféier Robusta (frangais et anglais)

14. La culture du caféier d'Arabie au Burundi.

15. Séminaire sur les maladies et les ravageurs des principales cultures vivrigres d'Afrique
centrale. Bujumbura 16-20 février 1987 (1)

16. Commercial crop production recommendations - Zambia.(1)

17. Services d'appui du département des sciences du sol - Centre universitaire de Dschang -
Cameroun. (francais et anglais).

18. Au service du développement ... Le G.D H. (Centre paur le Développement de I'Horiculture) et
ses réalisations (Sénégal).(1)

19. La trachéomycose du catéier Robusta (frangais et anglais)

20. Les plantes indicatrices des caféiéres (1)

21. La qualité du café - de la plantule a la tasse (frangais, anglais et portugais).

22 General aspects of Soil Salinity - Zambia.(1)

23. L'amélioration du cotonnier Gossypium hirsutum L. par hybridation interspécifique.

24. Maladies et ravageurs des cultures de Ia région des grands lacs d'Afrique centrale.

25. Consolidation de la défense des cultures - rapport final.(Tunisie)

26. Les adventices des cultures méditerranéennes en Tunisie.

27. L'élevage d'aulacodes au Zaire - rapport final - dossier de vulgarisation.

28. Manuel de laboratoire pédologique - Centre Universitaire de Dschang (Cameroun)

29. Le cotonnier au Zaire.

30. La vulgarisation agricole.

31. La vulgarisation agricole en Afrique Subsaharienne: principes généraux et description de
quelques systémes.(2)

(1)  épuisé
{2) en préparation

Autres publications disponibles a 'AGCD

- “Jardins el vergers d'Afrique” de Hugues Dupriez et Philippe de Leenar

- "Les chemins de I'eau, ruissellement, irmigation. drainage" de Hugues Dupriez et Philippe de
Leener

- "Eaux et terres en fuite, métiers dg I'eau du Sahel” J.-L.Chleq et H Dupriez
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