Towards increasing the productivity and profitability of maize farming in SE Asia

A manual for the development and
participatory evaluation of
Site-Specific Nutrient Management for Maize
in tropical, favorable environments

Introduction

Maize is the seond most important cereal crafier ricein Asia It is the substitute staple for
people in the rural areas and mountainous regamtsan important source of income for
many Asian farmersin 2004, the International Plant Nutrition Institute (IPNI) aitsl
partners inSoutheast Asidaunched a regional initiative to increase the productivity and
profitability of maize farming through improved crop and nutrient manageweit and
Pasuquin 2007)In 20042007, a series of researchemanaged oifiarm and omrstation
experimentsvereconductedat 19 sitesn Indonesia, Vietnam, and the Philippines covering a
wide rarge of biephysical and socieconomic conditionsResults showed that with good
crop management, sigpecific nutrient management (SSNM) significantly increased yield
by on average 2 t/ ha compared wiThel8SNMh e
conept has been simplified and is noeady for widerscale, participatory evaluah in
partnership with farmers

This manualwas written with the goal of providing technical guidance agricultural
practitionersvhowould liketo:

1 Communicdée SSNM and itgrinciples
91 Developfertilizer recommendationsased orthe principles of SSNM
1 Evaluaterecommendations with farmers in a participatory fashion

As such, hemanualis arrangednto threemajor sectiongor easy reference

1 Sectionl gives an overview ofhe principles of SSNM includingield gap analysis,
definition of terminology used in SSNM, agegneric guideline$or the developnent of
nutrient recommendations.

1 Section2 provides thepractitionerwith the opportunity to adapt the generic SSNM
guidelines and integrate expert knowledge of local best management prartioea
regionalprotocol for developing sitepecific recommendations.

1 Section 3 guides the practitioner in the participatrgluation andvider-scale delivery
of SSNM.

Technical detils on the followingare provided in the Appendix

Appendix A:Basic SSNM guidelines in developing a fertilizer recommendation
Appendix B:Best Management Practices for Maize

Appendix C:Guidelines for participatory evaluation 86NMin maize

Appendix D: Example for aonepagesummary ofguidelines for implementing SSNM for
rice in Indonesia
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1. An overview of site-specific nutrient management (SSNM)

This section will provié you with
1 Anunderstanding of the principles of SSNM
1 An understanding of yield gaps
1 A common terminology to communicate SSNM
1 A strategy to develop fertilizer recommendation based on the principles of SS

1.1. The principles of SSNM

The principles of sitepecific nutrient management (SSNM) are generic and applicable to
other crops. In the presentation below we applyntwst recently publishegrinciples of
SSNM developed for ricéBuresh and Witt 2007; IRRI 200%) maize in Asia.

SSNM provides an approach for Af eediThisgd cr o
approach advocates:

1 optimal ue of existing indigenous nutrient sources, including crop residues and
manures, and

1 timely application of fertilizersat optimal rateso meetthe deficit between the
nutrient needs of a higyielding cropand the indigenous nutrient supply

The SSNM apprachis illustratedbelowin three basic steps

Feeding
Step 1:
Establish an Crop
attainable yield
level — the crop’s needS!
total needs
O®E®
/& /&/ Inorganic Step 3:

Fill deficit
between total
needs and
indigenous
supply

fertilizer

Step 2:
Effectively use
existing nutrients

Step 1: Establish an attainable yieldevel



Maize yields are location and season spedfidepending upon climate, variety, and crop

management. Thattainable yieldor a given location and season is mestiedf r 0 m

far mer s

fields where goodrop managementas practiced and nutrienwere not limiting yield.The
amount of nutrients taken up byraizecrop is directly related to yield. Tradtainableyield

leveltherefore indicates the total amount ofrrerits that must be taken up by the crop.

Step 2: Effectively use existing nutrients

The SSNM approach promotes the optimal use of existing (indigenous) nutrients coming
from the soil, organic amendments, crop residue, manure, and irrigation water. ke afpt

a nutrient from indigenous sources can be estimated from the nitméet yield, which is

the grain yield for a crop not fertilized with the nutrient of interest but fertilized with other
nutrients to ensure they do not limit yield.

Step 3: Apply fertilizer to fill the deficit between crop needs and indigenous supply

Fertilizer N, P, and K are applied to supplement the nutrients from indigenous sources and
achieve theyield target (=attainable yial). The quantity of required fertilizer is detgined

by the def.i

cit bet ween

tdhas determingdéoy thettamable | nee

yield leveld and the supply of these nutrients from indigenous soudrcas determined by

the nutrienlimited yield.

1.2. Yield gaps

Yield and profit of maizdarmers could be increased in a sustainable and environmentally
sound fashion if we have a better understanding of yield gaps. To isolate the most important
constraints to achieving optimal yield and profit, yield gaps are analyzed stepwise by

estimating e yield potentialthe attainable yieldand the actual yieloHg. 1).

Relative yield (%)

100

Yield gap 1 |
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Fig. 1. Example for the effect of nutrient and crop management on actual yield (Y), attainable yield

(Ya), and maximam attainable yield (maxYa) in relation to the yield potential (Yp).

The yield potential (Yp) is the theoretical maximum yieldf a maize crogn any given
season determined solely by climate and germplasater and nutrientsare at optimal
levels and yield-reducing factors such as pests and diseasesabsentYp is commonly



estimatedusing plant growth models and could fluctuaitam year to year (+10%) because
of climate.

The attainable yield (&) is defined as the yi ethdestachi ev
management practices including water, pest, and general crop management where nutrients
are not limiting. The attainable yield variesike the yield potentiai from season to season

and year to year depending on climate. The optimal econoniit igi@ften linked to the

attainable yield. The maximum attainable yialdagkY3g in any given season could be close

to the yield potential, if management is excellent and weather conditions are very favorable.

The actual yi el d (oftén lower thdn ahe mitamablé yidldi ded td s I s
constraints like water availability, pests and diseases, and poor crop and nutrient management
practices.

Actual, attainable, and potential yield can be used to identify exploitable yield gaps (Fig. 1).

A managemenobjective of farmers should be to minimize yield gap 3, the difference
between attainable and actual yield {Ya To narrow this yield gap, farmers need to
evaluate promising new technologies (e.g., planting density, nutrient management) that offer
improvements in yield and/or productivity against current practices. Larger yield increases
can be achieved when several constraints (e.g. pests and disease problems and inappropriate
nutrient management) are overcome simultaneously.

Yield gap 2 is largely detmined by factors that are difficult or impossible to control
including the variation in climatic conditions. Best management practices such as the use of a
leaf color chart (LCC) for fine tuning N management increase the likelihood of keeping yield
gap 2small.

Yield gap 1 provides important guidance in the identification of constraints. If yield gap 1 is
large despite following best management practices, attainable yield must be limited by an
unknown constraint. If yield gap 1 is small, there is no frrtloom for yield improvement

and efforts might focus on enhancing productivity. It is usually not economical to aim at fully
reducing yield gap 1 because of the large amounts of inputs required and the high risk of crop
failure and profit losses. This yiegap is smaller in seasons with very favorable weather
conditions.

Farmers need tanderstand the effect of specific practicespooductivity and profitability

and the synergy achievable when sevecainstraints are overcome simultaneoudiyr
examplewhen pestor disease problemare alleviated through morappropriate nutrient
managementertilizer recommendations can then be developed based on the attainable yield
(= yield target) to achieve high yield and profit while minimizing the risk of crdpréa
Recommendations should be sufficiently flexible (N) and robust (PK) to achieve maxYa in
exceptionally favorable seasons.

1.3. The SSNM terminology
Tablel. Definition of terminologies

Attainable yield The averagegrain yield of maizei n f ar mer s
good management practices and without nutrient limitg
to yield.

Nutrientlimited yield The grain yield for a crop not fertilized with the nutrient

interest but with good management and ample supply (¢
other nutrierg from indigenous sources or fertilizer. T
nutrient limited yield is an indirect measurement of the
indigenous nutrient supply.




Indigenous nutrient supply The amount of a particular nutrient from all sources ex
mineral fertilizer (i.e., soil, op residues, irrigation wate
manure) available to the crop during a cropping season.

Nutrient omission plot A plot not fertilized with the nutrient of interest while
other nutrients are applied in sufficient amountdsed to
measure grain yield amalant biomass as an indicator of t
effective indigenousutrientsupply

Yield response (to Measured by the difference in grain yield from a fu
fertilizer) fertilized plot and a nutrient omission plot. The Yyi
response largely determines the totaquirement for
fertilizer N, P, and K to

a high yield at maximum economic return.

1.4. The development of fertilizer recommendations with SSNM

Estimating &tainable yield and yield responsesn f ar mer s 6 f i el ds

The fertilizer N, P, and Krequirements of a maize cra@pe estimatedirom the difference
between thattainable yieldan indicator otthe total amount of nutrients that must be taken
up by the cropand thenutrientlimited yield, an indicator ofthe supply of nutents from
indigenous sourced his differencealso called the yield responsan be measured with the
nutrient omission plot techniquén this technique four 36m? plots with the following
treatments are plFg2ed in a farmeros field

1. Full fertilization:amplefertilizer NPK applied

2. N omission@-N): No fertilizer N but fertilizerP andK applied
3. P omission@-P): Nofertilizer P but fertilizerN andK applied
4. K omission @-K): No fertilizer K but fertilizerN andP applied

Irrigation canal = :
NPK ON oP 0K S M
+N, +P, +K|ON, +P, +K|+N, OP, +K|+N, +P, 0K

Farmer’s field

Design of a set of NPK and omission plots
+ Use 6x6 m as plot size.
+ Avoid border effects by planting all rows between plots.

Fig. 2. Field layoutto estimate attainable and nutrient limited yieldarmerfields.

The main objectiveof these field trailss to avoid nutrient limitatiorto plant growth thus
specialfertilizer recommendation rates and splitting patterns are suggésteéde fully-
fertilized plot (NPK), ertilizer N, P, and K are applied at sufficiently high rates to ensure that
yield is not limited by nutriensupply Fertilizer rates typicallyrangefrom 150 to 50 kg
N/ha, 70 to 150 kg ®s/ha, and 60 to 180 kgK/ha.Grain yield in NPK plots with ample
nutrient supply andgood crop managemeistused toestimatethe attainable yield. Nutrient
limited yields are determined fromutrient omissiorplots. For example, the-Nmited yield



is determined in an N omission plot receiving no N fertilizer but sufficient P and K to ensure
thatthe latter nutrientslo not limit yield.P and K limited yield are estimated from P and K
omission plots, respectively

In NPK, OP, and & treatments, fertilizer Ns ideally applied in three splits with 30% N
givenvery early in the seas@and each 35% topdressed at growth stage8 ¥6d V1012.
This is especially for sites with good water control amereexpectedyield response to N is
high. In rainfed systems with erratic rainfall and expected yield respmnseof < 3 t/ha,
fertilizer N can be applied in two splits with 408tven early in the season and the rest
appliedas late as possible beforedglng stag (VT). All fertilizer P is applied at crop
establishment and fertilizer Is applied in two equal splits at crop establishment and-V10

12.
Devel oping
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Fig. 3. Estimating fertilizer
with SSNM.

Benchmark values for
AEN exist or many
rice, maize, and wheat
growing environments.
Low AEN compared to

these benchmark values

indicate  either sub
optimal N management
or yield-limiting

constraints other than N.
Higher than benchmark
AEN may indicate
insufficient N supply to
meetthe @ p 6 s

N from fertilizer

supply

ne

SSNM guidelines

based on exper.i

The difference in grain yield betweenfully
fertilized plot and an N omission plot

illustrates the deficit

between the crop

demand for N and indigenous supply of N,
which must be met by fertilizergFig. 3).

Similarly,

the difference

in grain vyields

between a fullyfertiized plot and a K

omission plot illustrates the deficit between

the crop demand for K and indigenous supply

digenous N

of K, which must be met by fertilizers.
The total fertilizer requirement for N is

estimated from the yield response to fertilizer

N and theexpected agronomic efficiency of

N. The agronomic efficiency is an indicator

N requirements

used for both estimating total fertilizer N

needs and optimizing N management. AEN is

the yield increase

per unit fertilizer N applied

(Fig. 4). It is cdculated as the attainable yield
minus the nutrient limited yield divided by the amount of fertilizer N applied. The agronomic
efficiency of nitrogen should be estimated experimentally in a few, representative field trials.

Yield potential
Yield with

idvith

10t

Yield without —»
N fertilizer

5t

Indigenous N
supply

rs -

Agronomic N use efficiency
= Yield increase (kg grain)
fertilizer N (kg N)

Example:

Agronomic efficiency =

5000 kg grain
200 kg fertilizer N

25 kg grain/kg N

nitrogen to achieve high Flg 4. Estimating the agronomic efficiency of N.

yield at maximum
economic return.

me



The suggested total fertilizer requirements for N, P, and K are provided in Ta#les
Fertilizer N rates are estimated depending on the expected grain yield response to fertilizer N
application and the expected agronomic N efficierigb(e 2). Note that the table is based

on the assumption that the agronomic efficiency of fertilizer N is linked to the yield response
to fertilizer N application that can beldaeved depending on climate, kpbysical growing
conditions, and management.

Table2. Estimated fertilizer N requirements for maize based on expected grain yield response and
expected agronomic N efficiency.

Yield response to N V-L L L-M M M-H H V-H

Expected yield increase (t/ha) to
fertilizer N application over ON —

=2 2-3 3-4 4-5 5-6 6-7 7-8

Expected agronomic efficiency

1517 | 17-25 | 21-29 | 25-31 | 28-33 | 30-35 | 32-36
(kg grain increase/kg applied N)

Fertilizer N rate (kg/ha)
Total 100 | 120 | 140 | 160 | 180 | 200 | 220

Fertilizer P ad K requirements Taple3, Total fertilizer BOs requirements for maize in ndh
provided in Tables &nd4 are fixing soils depending on yield target and yield respcios
estimated based on an fertilizer P applicatiorfupdated23/0109).

attainable target yield and th

expected grain yield respons Yield target (t/ha) > 4-6tha | 7-9tha |10-12tha
to_fertilizer appllcatlon' The Expectad yield response to fertilizer Fertilizer P,Og rate (kg/ha)
SSNM approach advocate P over OP plot (t/ha) |

sufficient use of fertilizer P anc 0 10 -20 20-130 30 — 40
K to both overcome P and k 0.5 20 - 30 30 - 40 40 - 50
deficiencies and avoid the | 10 | 30-40 40-50 | 50-60
mining of soil P and KThus, 1.5 40 - 50 50 - 60 60 - 70
fertilizer P and K are 2.0 50 - 60 60 -70 70-80
recommended even when tr 25 60 - 70 70 - 80 80 - 90

P-limited or the Klimited yield . gasedona P requirement of 20 kg PO,/ grain yield response (AEP of 112 kg

is Comparab|e to the yie|( grain/kg P) plas a 75% return of P removal with grain

target (that is. no response i = Apply 100% of fertilizer P with basal application.

fertilizer P or K) to replenish Table4. Estimated fertilizer KOrequirements for maize based on
p

the Pand the K removed with Yield target and estimated yield response to fertilizéupdated

gran. The determination of 23/0109).

fert'hze_r P and K_ requirements | vieiq target (thay - 4-6tha 7-9tha 10-12tha

for maize follow in essence ai :

approach developed for rici respiﬁpszc'::.:eyrlt?llicz‘erK Fertilizer K, rate (kg/ha)

(Witt and Dobermann 2004) | over 0K plot (t/ha) ¢

which maintains the scientific 0 15-25 %5-35 35-45
0.5 30-40 40 -50 50 -60

principles of the underlying

QUEFTS model(Janssen et a :: :2_‘;’2 ii”:so ::‘Zz
1990) (Witt et al 1999) 20 —— e 95105
25 90-100 100 - 110 110-120

In the absence of direct)y ° BasedonaKrequirementof 30 kg K,Oft grain yield response (AEK of 40 kg
. . - grain/kg K) plus a 100% return of K removal with grain.
determined P and Klimited . apply 100% of fertiizer K,O with basal application, if < 60 kg K,O/ha.

yields by the nutrient omissior * Apply each 50% of fertilizer K,O basal and mid-season, if > 60 kg K,O/ha.



plot technique, Pand Klimited yields canbes t i mat ed
organic amendments, soil properties, or previous measurementamd R-limited yield on

similar soils.

based on soil t e

Meeting the crop demand for nutrients at critical growth stages

Yield responses to the application of fertilizer N, P, and K are highly variable among fields

and/or seasons. The SSNM strategy for nitrogen with total N gplie N applications, and

dynamic N management using the leaf color chart (LCC) provide assurance that additional
yield can be attained in years more favorable than the average. Likewise, the SSNM strategy

for P and K aims at achieving at leas? 1/ha aditional grain yield, if conditions for the year

are favorable for markedlyigher than average yields.

The required fertilizer N is distributed in several applications during the crop growing
season. This is particularly so in the tropics, to meet thepc6 s need f or
Fertilizer P and K are applied in sufficient amounts early in the season to overcome
deficiencies and maintain soil fertility. Fertilizer K is often applied in two split applications

early and near mideason.

200

175 1
150
125
100 +
75 A
50 A
25 A

0 -

Plant N (kg/ha)

Total dry-matter (t/ha)

-®- PlantN
—8— Total dry-matter R5

R&

40 60 80 100 120

Days after sowing

35

- 30

- 25

- 20

- 15

- 10

Fig. 5. Schematic overview
of the plant N émand
dependingpn growth stage.
The window for fertilizer N
applicationranges from
seedina to tasselina (VT).

suppl

The demand of maize for N is strongly related to growth stage with a window for N

application between crop establishment and tasseling dtagé). In order to achieve high
yield, maize plants require sufficient N in early gtbwto promote general shoot
development, during the formation of kernel rows per ear beginning with-lief Stage

(V5). Likewise N is required at subsequent growth stages leading to the determination of

kernels per row before tasseling (VT), and duniiggning stages to enhance grain filling.

The supply of N from soil and organic sources is seldom adequate for high yield, and
supplemental N is typically essential for higher profit from maize fields. The SSNM
approach enables farmers to apply fertiliXiein several, usually two to three doses to ensure
the supply of sufficient N is synchronized with the crop need for N. An additional late N
application before tasseling is recommended when high yields are expected or when N

deficiency is observed as detened using a leaf color chart.



Optimize nutrient use efficiencies

Site-specific nutrient management in maize calls for flexible N management strategies that
allow adjustments in N rates according to rainfall events and plant N demandhesiegf
colorchart (LCC).The LCC was developed for ri¢Balasubramanian et al 1999Vitt et al

2005) and is also suitable for maize as indicated by spectral reflectance measurements
performed on rice and maize leay@¥itt et al 2004) Detailed experiments with several
maize varieties conducted at the Cereals Research Institute in Maros, South Sulawesi,
Indonesia, in 2002006 showed that yield losses of more than 20% can be expected when
LCC readings consistently fabelow the color of panel four (S. Saenong, personal
comment). The LCC is now being evaluated together with farmers totuiimee N
management in participatory trials with maize. The amount of fertilizer N at critical growth
stages is adjusted dependingleaf color which serves as an indicator of the plant N status.
Guidelines on LCC use in maize are providedTable 5. The time for N fertilization is
preset at critical growth stages with adjustmentainfed environments tensure sufficient

soil moisture. Farmers then adjust the dose of N upward or downward based on the leaf
color. The effective management of N requires adequate planting densities, good crop
management, and sufficient supply of P, K, and other macrd mico-nutrients to achieve

high and profitable yield.

Table5. Guidelines for the timing and splitting of fertilizer N application during the season with the
LCC. At yield responses of < 2 t/ha, fertilizer N is often applied in only split applications.

Yield response to N V-L L L-M M M-H H V-H

Expected yield increase (t/ha) to
fertilizer N application over ON —

<2 2-3 3-4 4-5 5-6 6-7 7-8

Expected agronomic efficiency

o . 1517 | 17-25 | 21-29 | 25-31 | 28-33 | 30-35 | 32-36
(kg grain increase/kg applied N} —

Growth stage Leaf color Fertilizer N rate (kg/ha)
Pre-plant or VO - 30 36 42 48 54 60 66
2 application yellow green 40 43 57 66 75 83 92
at V6-v8 green/ dark green | 35 42 49 56 63 70 77
3™ application yellow green 40 48 57 66 75 83 92
at V10 or later” green 35 42 49 56 63 70 77

dark green 30 36 41 46 51 57 62
V14-VT* green - - - 25 30 35 35
Total 100 120 140 160 180 200 220
{range based on LCC readings before W14} | (90-110) | (108-132) | (124-156) | (140-180) | (156-204) | (174-226) | (190-250)
* Fertilizer N is only applied at Leaf color and LCC values for most hybrid maize varieties:
sufficient soil moisture (rainfall) Yellow green: LCC <4.0

Green: LCC4.0-45

Dark green: LCC =45

Appendix Aprovidesdetailed guidelines and stéyy-step instructions on how to develop a
fertilizer recommendation.
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2. Adaptation of generic SSNM principles to regional protocols for
developing site-specific nutrient management recommendations

This section will provide you with
1 Guidelinesonthe developmentf aregional protocobn SSNM

The practical guide to sitespecific nutrient management for maize in tropical, favorable
environmentss a generic document on SSNM pridep and guidelines for developing
fertilizer recommendations. This generic manual needs to be adapted, particularly Appendix
A, B, and C,so that the resulting document meets regional requiremétgse are some
guidelines on how to adapt the generic SSNinual into becoming a Region8iSNM
Manual for Maize ira country or region within a countrywhich would become the technical
reference for people working on SSNM

1 Adjust tables on estimated fertilizer N;@2, and KO requirements to shovates
only for yield levels and or responses that are attainable in the region.

91 Decide on the necessity of applying micronutrieimsthe regim and whether to
include this as part of the regional recommendation.

1 Identify best management practices that are currentlpnaaticed by farmers in your
region and that may have the greatest po
These practices will be evaluated with farmers through participatory evaluation.

An example of a onpage technical guideline for develogi sitespecific fertilizer
recommendation for rice in Indonesia can be found in Appendix 4.

3. Participatory evaluation and wider scale delivery

This section will provide you with
1 A brief description of proposed steps towards wider scale delivery incltilaén
development of a regional manual, team development and training
participatory evaluation.
1 An outlook on future activities towards widecale delivery of SSNNbr maize

Current activities onhe adaptationand participatory evaluation SNM in key maize
growing areasn the Indonesia, thé>hilippines and Vietnamare part of a regional strategy
towards widerscale delivery of SSNM to maize farmers in Southeast AStp §).

SSNM Manual

A manual to the developnteand participatory evaluation cfite-specific nutrient
management for maize in tropical, favorable environm@Ridl 2008)is a generic

document on SSNM aimed at providing technical guidance to agricultural practitioners on
the principles of SSNM and adapgi these principles in developing s#eecific fertilizer
recommendations for evaluation with farmers.

Regional Manual

The Regional Manual is a document adapted from the gehenanual to the development
and participatory evaluation of sigpecific mtrient management for maize in tropical,
favorable environmenf@PNI 2008)and contains the protocol for developing specific
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recommendations ia country oregion (i.e. Luzon, VisayagndMindanaoin the

Philippineg, including identified best managemt practices that can contribute significantly
to improving productivity and profitability of maize farming in the region and will be
evaluated with farmers through participatory evaluation.

Fig. 6. Exampleof anticipated milesines towards the widecale delivery of SSNM for maize in the
Philippines.

National Proposal

TheNationalProposal is a document containing the proposed workplan and budget for
regional activities on SSNM including darm trials and farmer participagoevaluation.
This document will be submitted tational organizationfor funding approval.

Team development and training

Team development and training involves the identification and training of partners in the
country who will be involved in activiteerelated to the development and participatory
evaluation of SSNM recommendations. Team development and training should be carried out
before the maize season whenfarm trials and farmer participatory evaluation will be
conducted.

Development and partcipatory evaluation

This involves orfarm trials and farmer participatory evaluation of SSNM. Activities may
continue for several seasons to further refine recommendations before being promoted at
wider-scale.

Materials for delivery

Some of the materigineeded for widescale delivery of SSNM recommendations include
Training for Trainers Manual, powerpoint presentations, interactive Gpagé
recommendations, handouts, protocols, etc. These are targeted to be available in 2009.
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