Soil Rejuvenation in Malawi

Presentation developed by

Liberty Corner Presbyterian Church,
Liberty Corner, New Jersey, USA

For

Ministry of Hopez Malawi
May 2011

Paul W. Sigmund
pwsigmund@verizon.net
Version 1.0



mailto:pwsigmund@verizon.net

Soil Rejuvenation in Malawi
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Chicken manure was mixed with the
soil in the right hand rows of the
garden.

Note significant difference in plant
heights.

Soil condition makes a difference!
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Soil Condition in Malawi

What is the situation?

Crisis in soll fertility due to farming practices
Maize yield well below world average
No soil fertility replenishment system

Declining productivity: Need to rejuvenate soils

Great deal of research over past 20 years on soil inSalaran
Africa

Information in technical papers, conferences, reports
Lots of academic, NGO, and government agency study

Little transfer of information to smallholder farmers.

Little change from ineffective traditional procedures
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Soil Rejuvenation in Malawi

The Need

Malawi soils dangerously depleted in nutrients and organic
matter

Farming situation in Malawi and neighboring countries Is
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Productivity will continue to decline: Can become
OEOOAOAOOEAI Ao

Evidence of declining soll productivity:
Fall in unfertilized maize yields
Parallel decline in response to fertilizer



Soil Rejuvenation in Malawi

Overview

Key concept:

Many factors involved in maintaining soll fertility, productive plant
growth & effective composting

Problems are created when some factors are focused upon, and
others ignored

Must consider the entire system, and how the factors are interrelated



Plant Growth Requirements

Plant Needs

Good soll
Organic matter
Nutrients: N, C, P, K, S
Water
AlIr

Sunlight



Plant Growth Requirements

Need to Recycle Nutrients

Plant growth removes nutrients from the soil

Unless those nutrients are returned to the soll, (recycled) soll
continues to lose those nutrients.

Over time, as nutrients and organic matter is removed,
fertility of soil is reduced.
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Plant Growth Requirements

How are nutrients recycled?

Plant residues plowed under, or left on surface

Grazing animals deposit manure

oi ATOET ¢ 1T & OCOAAT £ZEAOOEI EU
Local communities recycle organic waste

Composting

Inorganic fertilizers used in small amounts



Plant Growth Requirements

Fertilizer History

Recycling used for centuries to return plant residues to maintain the soil
20t century scientists discover key plant growth nutrients

Chemical companies manufacture chemical fertilizer: Inorganic fertilizer
Little attention to organic content and overall requirement of soils

ldeas difficult to change / farmers avoid risk

Chemical companies want to sell fertilizer

Organic vs. inorganic fertilizer farming is controversial in U.S.



Plant Growth Requirements

Inorganic Fertilizers

Chemically produced
Contain specific nutrients: N, P, K,S

Do not contribute to soil organic content
Provide no long term benefit to soll

Immediate release of nutrients
Short term: Used up in several weeks
Often more needed later in growth cyclsidedressing

, AAAO O O1T E1T AEAI EAAI OAOO
Chemical intensity, particularly of urea, degrades other soil nutrients
and biological activity critical to lonterm soil maintenance



Plant Growth Requirements

Inorganic Fertilizers, con’t

Expensive to manufacture, and transport
Availability is uncertain
Control lies out of the hands of farmers
Price in Malawi b times that in South Africa

Net result:
Short term boost in productivity
Long term deterioration of soil fertility



Plant Growth Requirements

Organic Fertilizers

Crop residues, manure, food production wastes, green crops
O- AAOT 6 1 OOOEAT OO . h Ooh +h 3
Organic material
Micronutrients from soill

Lower in nutrient concentration than inorganic fertilizers
Slower release of nutrients during decomposition
Valuable organic material added to soll

Added in larger batches over longer time

| ocal materials



Plant Growth Requirements

Organic Fertilizers, con't

Time required to release nutrients
Mineralization: Nutrients converted from organic to inorganic form
Release time can be months
Direct addition of N lean organics can have detrimental effect

Composting used to reduce time requirement, and avoid negative
effects of mineralization

Inorganic fertilizers added for current growth, in early stages

Objectives
Stop deterioration of soil fertility
Rebuild and main soil health and productivity



Improving Malawi Soils

- ETEOOOU 1 £
MatapilaGarden

Chicken manure was
mixed with the soil in
the right hand rows of
the garden.

Note significant
difference in plant
heights.




Plant Growth Requirements

India’s Experience
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Initially large increase in growth and production

Over time, increasing use of urea to maintain productivity

After 30 years, productivity very low with food shortages

Urea (N) without other nutrients deteriorates soill

Studies in northern Zimbabwe shown very low response to N fertilizer for
maize growth, but little growth at all without it.

Similar problems in Malawi: effectiveness of fertilizer declining



Plant Growth Requirements

Advantages of Organic Fertilizers

Improves soil structure
Introduces macro, and micro nutrients
Long-term, slower release of nutrients
Stimulates biological activity (microbes, earthworms, etc)
Stabilizes soll acidity (pH)
reduces aluminum solubility: toxic to root growth

Increases absorption of other nutrients
Improves utilization of inorganic fertilizers (less needed)
) i POT OAO OT EI 60 AAEI EOQU Ol
Not tied to price and transportation costs: independence



Soil Conditions in Malawi

Common Problems

Little or no organic materials returned to the soil.
#01 b OAOEAOAO AOA OAobl OOAAoh OOAA
Burning to ease land preparation

Continuous cropping due to scarcity of land

Few animals to generate manure

Little intercropping or rotation with N rich plants
Low rainfall for second growth

Ineffective composting

Soil Tillage (Ridging)



Soil Conditions in Malawi

Burning Residues

Purpose (commonly held)
kill weed seeds

recover nutrients via ash
clear fields

reduce termites



Soil Conditions in Malawi

Burning Residues

Reality:
Burning removes 95% of nitrogen from residues
Also sulfur and carbon lost to the atmosphere

Removes potential organic materials

Ash remaining easily lost thru erosion
55% of P and 74% of N lost
If residues allowed to remain on field, would have decomposed

Loss of field cover
Greater water evaporation from soil
Soils ability to receive water reduced
Soils ability to absorb and hold water reduced



Soil Conditions in Malawi

Burning Residues, 2

Reduce termite population by destroying organic food?

Termites will be there anyway

Would eat residue left in fields

Provide useful purpose burrowing in field
Conseguence

Have to weed the fields



Soil Conditions in Malawi

Ridging

N
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Ridging: plowing employed without tractor or animal power
Digging and moving the previous years ridges in to the previous years furrows to make new ridges

Plowing (tillage) affects different soils in different ways
Cannot apply same methods universally to all soil types and locations

In England plowing was traditionally used to reduce weed growth
When English colony, required use of ridging under threat of fines and imprisonment,



Soil Conditions in Malawi

Ridging, 2

In tropical solls, plowing is particularly damaging
Loss of moisture to air
Damage to developing soll
Erosion

No-till farming becoming increasingly accepted in U.S.
Eliminates huge labor effort

Weeding required



Soil Improvement Options

Why Compost? Just bury everything?

Composting : control natural decomposition of organic matter.
Decomposition occurs by microorganisms
Attention and control of factors that enhance biological activity

By controlling composting conditions, rich soll is produced in shorter
time, with better organic quality, than if simply buried in existing soil.

Beware: Nitrogen immobilization can occur, starving plants for N, if
iInsufficient N in recycled organics
if C/N > 30, N depression can last from days to months



Soil Improvement Options

Advantages of Composting

Quicker organic breakdown than burying

Store organic materials without odor problems until used
Smaller volume and more uniform material after composted
Nitrogen competition avoidance

Slows decomposition of nutrients

Partial sterilization of weed seeds



What is Composting?

What makes composting work?

Controlled factors to make good compost

Correct starting materials
Proportion of starting materials
Proper particle size

Adequate oxygen (air)
Sufficient moisture

Correct temperature range



What is Composting?

Particle Size

Microbial activity occurs on the surface of the particles

Chopping and shredding increases surface area: speeds up

composting
Also breaks cell walls to make easier for microbes

If too large pieces, too slow breakdown

If too small, bed is too dense, impeding air flow
Recommended size = %2 to 2 inches (1 to 5 cm)



What is Composting?

Feedstock: C/N Ratio

# AOAT T AT A . EOOI CAT AOA OEA OA& 1T,

Microbes naturally use carbon for energy, and nitrogen to build cell
protein

Optimum starting ratio is 30
Select materials to compost to achieve an average of this ratio

If ratio significantly different, little or noreffective composting
If C:N > 40, slow rate because too little N
If C:N < 20, odor, ammonia smell, loss of nitrogen

A well run compost pile will end up at a ratio of about 12.



What is Composting?

Raw Materials: Low C/N Ratios
(Low Carbon, High Nitrogen)

Legume hay 16 Manure: horse 30
Vegetable produce 19 Manure: chicken 6
Treetrimmings 16 Manure: pig 14
Shrub trimmings 53
Groundnut hulls 28

Compost/sall 12
Cottonseed meal 7 Vegetable wastes 12

Soybean meal 5 Coffee grounds 20



What is Composting?
Raw Materials: High C/N Ratios

(High Carbon, Low Nitrogen)

Corn Stalks
Wheat Straw
Straw
Leaves
Wood chips
Sawdust
Newspaper

66
60
80
60
550650
450
400-850



Constructing a

compost pile

Alternate carbon and
nitrogen rich layers

3'-4' Tall




Constructing a

compost pile

Establishing compost
pile



Constructing a
compost pile

Establishing compost
pile

Note distribution of
green (high N) and
brown (high C) materials




ing a

Construct

le

compost p

Building a compost pile



Constructing a

compost pile

Building a compost pile




Constructing a

compost pile

Building a compost pile




Constructing a

compost pile

Building a compost pile




Evaluation of
Composting in Malawi

Building a compost pile

A well operating pile will
become very hot!




Constructing a

compost pile

Building a compost pile




What is Composting?

Moisture

Sufficient water must be added to coat the composting material
If water content too low, microbial activity slows down

If too much water, water fills up air pockets, and limits oxygen needed by
microbes.

Quick squeeze test:
If you can squeeze a few drops with some difficulty, moist enough



What is Composting?

Oxygen

Oxygen based (aerobic) biological composting is most efficient.

In absence of oxygen, aerobic bacteria cannot thrive, and anaerobic
bacteria take over, causing fermentation

Bad odor

Slower decomposition

Incomplete composting

Turning pile needed to restore oxygen

Covering pile contributes to oxygen starvation



What is Composting?

Temperature

When proper initial conditions are established, temperature rises rapidly
due to microbe activity

Highest temp during the first week
Average bed temp 140 F (60 C)
If temp above 131 F (55 C) for 3 days: kills all pathogens
If temp above 145 F (63 C) for 3 days: kills all weed seeds

Temp drops after several days due to consumed oxygen
Reaerate and temperature will increase

Complete when temp declines to 105 F (43 C) even after aeration



What is Composting?

Time

Completion depends upon proper conditions and
maintenance

Nitrogen rich materials decompose fastest

Aeration

Frequent turning: 2 months
Infrequent turning: 6 months
Passive: 6 months to 2 years



Evaluation of Composting in Malawi

In 2009, Prof. Well, U.S. soil fertility expert and textbook author, visited
Malawi to evaluate composting methods, and provide training

Collected and published photo images of locally generated compost to
document techniques in Malawi

Overall Conclusions
Government is encouraging use of composting to improve soil fertility
Insuffucient training provided in proper techniques
Great deal of effort and expense devoted to move materials without significant benefit
Number of improvements can be made



Evaluation of
Composting in Malawi

(rhe farmers say that the

pile of maizestoverwill be

transported a couple of km
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Composting inMalawi
Reasonably good

Evaluationof
guality.

still has a lot of soill

But,

in it.



Evaluation of
Composting in Malawi

Excellent compost!




Composting in Malawi

Evaluation of
More good compost




Evaluation of
Composting in Malawi

Mainly undecomposed crop
residues.

Dominated by corn stover.

, 1060 1 £ Ol EI
decomposition




Evaluation of Composting in Malawi

Summary of Shortcomings Observed

No sizing into smaller pieces

Too much carbon, too little nitrogen
Lack of nitrogenous material available to improfeedstocks
Feedstockgprimarily maizestover

Piles are 50% and greater dirt
Dirt introduced when piles are made by use of hoes

Little or no turning for aeration



Evaluation of Composting in Malawi

Summary of Shortcomings Observed, cont

Piles dried out
Insufficient watering

Little or no decomposition
Incomplete degradation retards utilization of available N

Great deal of effort with little advantage



Evaluation of
Composting in Malawi
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load of manure to a field: 40 to
80 loads are applied to an acre!

Collecting, preparing and
transporting manure &
residues is a major part of crop
production.

Paying a days wage (MK 200)
to transport a load of mostly

soil to the field is an enormous
x AOOA8 6




Evaluation of Composting in Malawi

“"Composting Systems in Malaw1”

ChanguSystem
Turned and watered regularly
Produces higher organic content

More effort to turn and water

ChimatoSystem
Common in Malawi
Covered with mud and static
Intent is to retain moisture and heat
Suffers oxygen limitation w/o aeration
Fermentation; odors; incomplete degradation



Evaluation of

Composting in Malawi

One method of making
compost:Chimata
Method.

Layers of chopped up
crop residues and what
little goat manure can
be found are piled up,
moistened and then
covered with mud to
keep the pile from
drying out. | examined
7 of these piles and all
had dried out as some
breaks small or large
had occurred in the
packed mud covering.



Evaluation of Malawi Composting

Too Much Soil in Pile

Using hoe to create and turn piles scrapago0 much soill.
Rake and garden fork are much better for this purpose.
Too much soil prevents decomposing of residues

Money and time spent moving soil from homes to the field.
Farmers lose interest when no benefits realized

Un-decomposed residues tie up nutrients



Evaluation of

Composting in Malawi
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Evaluation of
Composting in Malawi

Using garden fork instead
of hoe to lift organic
residues.




Evaluation of
Composting in Malawi

Comparing a pile of
residues gathered by
hoe vs a pile gathered
by rake.




Evaluation of
Composting in Malawi

Pile of residues
gathered by scraping
with a hoe. Soil will be

mixed in.




Evaluation of
Composting in Malawi

Pile of residues
gathered with a rake.

Almost no soil




Evaluation of Malawi Composting

Pile too dry

Mud cap Is thought to keep moisture trapped inside:
But often inside dries due to breaks in mud.

Use multiple holespile to distribute water
Use bath waste water to keep compost piles moist

Water in several spots to distribute moisture



Evaluation of

Composting in Malawi

O3AOET OO Al i pPT 0O
Every household has an
active compost pit. Each
household has bath house
where family members
take bucket baths, and
bath water drains into the
compost pit. Although the
distribution of the water
within the compost pile
could be improved, this is
excellent reuse of the
water and assured that the
compost--at least portions
of it ---was kept fairly moist
even in the dry season.

M
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Could do the same for urine
from a urinal.




Evalution of

Composting in Malawi

O!'TT OEAO Al I
this one with the
compost still in it--
connected by a small
ditch to the bathing
house.

Note also the pile of
ashes added to the
compost

-- again a good practice,
but lacking awareness
of the importance of

| EGQET Co8




Evaluation of

Composting in Malawi

(A compost pit full and
covered with soil (I never
could get good reason for
doing that) and fed bath
water through a pipe.
Unfortunately the water
come all to one spot.

The farmers need to be
instructed to emphasize
much more mixing of their
compost to get a more
uniform product and better
AAAT | BT OEOEIT T 8




Evaluation of Malawi Composting

Particle size too large

Chop residues witipangaknife
Residues no larger than 2 inches long
Result:

Better reactivity
Quicker breakdown



Evaluation of

Composting in Malawi

Fresh corn stover
dumped into pit.

Could really be helped
by chopping it first



Evaluation of Composting in Malawi

Improper C/N Ratio

Common situation: farmers . . .

collect dry maizestoveré& dry grass,
Add chicken manure (if available)
Put in pit or heap

Add water and soil

8 8 8 8 8 8AI A AgPAAO CIT A Ali Pl OO

Need organic N source (green matter) to obtain C/N < 30



Evaluation of

Composting in Malawi
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But is mainly soil and
undecomposed residues 2°

C/N ratio is probably 50!
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Evaluation of

Composting in Malawi

Examples of poor
compost piles

Front pile is almost all
undecomposed
residues, which can
Immobilize nutrients
when mixed back with
soil.

Back piles are almost
half soils with
undecomposed residues




Evaluation of
Composting in Malawi

Owner had just spread
agricultural lime on the
soil.

The pH was 4.7-¢s0
the lime was indeed
needed.




Improving Malawi Soills

Organic sources alone are not enough to replace nutrients
that have been lost and are being removed

Severely depleted soils

Continuing inefficient practices

Inadequate supply of organic inputs

Begin rejuvenating soils with organic materials In
conjunction with modest use of inorganic fertilizers

Introduce more effective farming practices



Improving Malawi Soils

Suggestions

Chemical analysis to determine nutrient needs and pH
Apply lime/ash as needed to adjust pH (acidity)
Implement improved composting procedures

Regular addition of composted organic material

Local recycling and collection
Import commercial AG byproducts



Improving Malawi Soils

Suggestions, 2

Integrate livestock
Collect and spread/compost manure
Grazing
Chicken cages

N building cropping systems
Legumes for N fixing
Green manure
Rotations, intercropping,



Improving Malawi Soils

Suggestions, 3

$11T60 AOOIT AOI P OAOEAOAO
Minimize tillage

Use mineral fertilizer as needed

Education: technology & attitudes of farmers
ChitedzeAgricultural Research Station, Lilongwe



Improving Malawi

Solls
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tomato and other
vegetables in a
compost/manure
fertilized kitchen

garden.

Now if we can teach this
gardener about pruning
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Improving Malawi Soils

Malawi Growing Seasons

Green harvest

Hunger season

Main harvest

Rainy season

Dry Season

Winter harvest

Hunger season

Rainy season

Jan 10 Feb Mar

Apr

May Jun

Jul

Winter planting

Sep

Oct

Nov Dec

Main-season planting and
peak labor demand

Jan 11



Improving Malawi Soils

Organic Nitrogen

) T OAOAOI PPEIT C 1T O O OAOEIT ¢ O
Increase maize production 30%
Buckwheat in infertile soils

Legume plants: highest N content
# ADAAT A T £ OOEI EUET C 1 O OFEQET Co6
Some plant tissues richer in N than other species

Highest N: Pigeon pea, Velvet bean, Fish poison bean
Others: Ground nuts, Cowpeas, soybeans

Agroforestryin hedgerows



Improving Malawi Soills

Organic Nitrogen Issues

Proper mix of low C/N material and high C/N
material



Improving Malawi Soils
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Increasing organic
nitrogen through
intercropping.
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Improving Malawi

Solls

Increase organic N thru

agroforestry.

0300i PO T &£ "1 EOEAEAEA OOAAO
in a field planted in alley

cropping.

This farmer has continued
to prune the leafy branches
that sprout from these
stumps and use them as
green manure. She reports
better maize growth. The
field has 0.5 units higher pH
than the adjacent field
without Gliricidia
pbOOT ET ¢cO86



