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ii. SOIL ORGANIC MATTER MATTERS:

Role of soil organic matter in sustainable soil fertility
management
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Management options and interactions with 4R
practices

iv. Future Research Priorities:
Prospects for harnessing soil organic matter and 4R
principles to enhance NUE and sustainability



i. CRITICAL INTERACTION:

Soil Organic Matter ¢---> 4R «--> NUE connection




The 4R Nutrient Stewardship

4R Principles of Nutrient Stewardship

RIGHT SOURCE RIGHT RATE RIGHT TIME RIGHT PLACE

Matches fertilizer type Matches amount of Makes nutrients available Keeps nutrients where
to crop needs. fertilizer to crop needs. when crops need them. crops can use them.




The 4R Nutrient Stewardship & Sustainable
Nutrient Management

Sustainable intensification




The negative 4R and SOM spiral

Poor Nutrient
Management

Low Yields

Insufficient OM
added

Degrading cropping
systems triggered by
poor nutrient
management

Soil organic matter & NUE
decreases
Soil compaction
Soil organic matter loss
accelerated
Low yield and yield quality




il. SOIL ORGANIC MATTER MATTERS:

Role of soil organic matter in sustainable soil
fertility management




Benefits of Soil Organic

A\

0
'

Matte

g

Chemical properties J’\ Physical properties \ Biological properties
Al %

Ve w2 -___' »

Contributes CEC
Buffers pH

Regulates nutrient
cycling

et A

N

Soil structural stability

Water retention
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Energy for biological
processes

Nutrient provision

Ecosystem resilience




Changes of SOC in croplands

Conversionto

cropland Net CO, from the

atmosphere

|

Annual
cropland

Native
ecosystem

Soil stocks

Time, years

Universal loss of SOC when native
vegetation is cleared for cultivation

20-30% losses of SOC stocks
 Reduced Cinput
e Soil disturbance

e Erosion




Changes of SOC in croplands
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Changes of SOC in croplands
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Factor affecting SOC status in croplands

Changes in SOC in global systems due to the effects land-use and
management factors

Land use change
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Management measures

| N addition H(2379, 19)*** :.
|_chemical fertilizer H(1441, 10)*** | @
|__organic fertilizer H(1731, 13)*** —e—
lintegrated fertilizer H(1643, 5)*** H—o—
litter input (1151, 21) F—e—
[0 fertizer }(39,2)  +——e-——i
cover crop H(300, 5)* f—'—‘
rotation H(994, 6)* gl
no tillage H(1151, 11)*** .
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soil amendment (204, 4) | ; * i
combined measures (570, 5)** C —e—
reduced grazing (117, 3) e
grazing 4(1155, 9) -
forest harvesting (2025, 8) e
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SOC status in the African Context

SOC losses is smallholder
farming systems in Zimbabwe
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> 60% SOC lost

Rapid losses with 5 years of
conversion of native systems to
cultivation

Key drivers

Low fertilizer use

Low organic resource
application

Continuous tillage
| [/ﬂ
Erosion




SOC status in the African Context

SOC losses is smallholder &
Commercial farming systems in

Zimbabwe
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< 20% in commercial
production systems

SOC double that of
smallholder systems

Underlying factors
* High fertilizer application
* Crop residue retention

* Reduced tillage

* Erosion control ﬂ
C




SOC status in the African Context

Widespread land degradation associated with poor
nutrient and soil organic matter management
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ill. SOIL ORGANIC MATTER MANAGEMENT:

Management options and interactions with 4R
practices




The conceptual relationship between SOC
vield and NUE

 /ONEA
* Lowyield and low NUE

* Low crop response to N due to
complex nutrient deficiencies and
soil degradation

e /ZONEB

N deficient with no other
major constraints

e ZONEC

* Fertilize soils with high N soil
supply
Musinguzi et et al., 2016




The conceptual relationship between SOC
vield and NUE

 ZONEA
Management of major constraints
* Rebuilding of SOM

Management of multiple nutrient
deficiencies

* Targeted rates of nutrient

e /ZONEB

* Optimization of source, rate,
time and place

e ZONEC

Maintenance fertilization @

Musinguzi et et al., 2016



Critical r0|e Of SOM "~ 100 kg N + 10 t manure /ha

Yield Response: 3 t/ha

Restoration of non-responsive
degraded soils = 0.4% SOC

Secondary and micronutrient

supply

Reduced acidity pH buffering Pl B TR

Improved soil structure B, o A

Increased soil biological e |
.. & 1'; 100 kg N + 30 kg P/ ha Fertilizer

activity ke

TR
Yield Response: X EJQD



Prospects of nutrient management technologies

High-High

e @Green manure
e Agroforestry

* Fertilizer + 4Rs
e Grainlegumes

Specialty

Biofertilizers?
Low-Low S

 Cereal crop
residues

* Composting
e Household waste

Relative increase in yields

Adoption Potential




The case of conservation agriculture

Management interventions

e Fertilizer application

e Surface crop residue

retention

e Minimum soil disturbance

e Crop rotation
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iv. Future Research Priorities:

Prospects for harnessing soil organic matter and 4R
principles to enhance NUE and sustainability
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Priorities for nutrient use sustainability

nature

Unearthing hidden

* Soil organic matter and 4R Nutrient b ng
ungerinAfrica

Stewardship innovations for enhancing
climate change adaption and mitigation

* Enhancing the role of global production
systems for provisions and non-provisioning
ecosystems services

* Managing nutrients and organic matter for

improving soil, crop, animal and human
health
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Concluding remarks

* Soil organic matter management and 4R practices
are mutually reinforcing enhancing crop
productivity and NUE

* Soil organic matter plays a crucial role for
sustainable crop production and has a strong
influence on local adaption of 4R practices

* Integrated nutrient management practices offer
the best prospects for global nutrient use
sustainability with urgent demands for African
production systems




Thank you

Shamie Zingore

African Plant Nutrition Institute
s.zingore@apni.net
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