Sustainable fertilization of vegetable crops

Training for farmers using manure in vegetable crops
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Aim of the training

To learn how to implement a sustainable fertilizer schedule
including cattle manure in vegetable crops
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Required nutrients by vegetable crops
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Healthy vegetables

" VVegetables are healthy because they contain a lot of
nutrients and vitamins

" With harvest products contain these and are " taken
away” or removed from the fields

" Taken away means: nutrient content in the field is
reduced

" | et’s take a closer look at the nutrients needed for crop
growth first.
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Crop nutrient requirements

® Just to start.....

e Can you mention which nutrients are required by a
crop?
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Needed nutrients

" Macro elements
e Nitrogen: N
® Phosphorus: P
® Potassium: K
e Magnesium: Mg
e Calcium: Ca
e Sulphur: S

" Hydrogen: H
" Carbon: C
" Oxygen: O
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" Trace elements
® Iron: Fe
® Zinc: Zn
e Molybdenum: Mo
® Manganese: Mn
® Cupper: Cu
e Boron: B
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Different nutrients have different roles.

" Production of sugars/photosynthesis (N, Mg, S, P)
" Growth (N)

" Root formation (P)

" Health (K and Ca)

" Cell strength (Ca)

" Quality of fruits (Ca and K)

" Transport (K and P)

" Assisting with uptake of water and nutrients (K, P, micro
nutrients)

" Flowering and fruit set (K and micro nutrients)
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All nutrients are needed, lack of one can
not be compensated by another one

Potential
In this situation lack of Nitrogen is causing yield loss "
. . . . Achieved
Adding more potassium does not improve yield! vield
Nutrients
Chemical
fertility
Calcic Status pH
Soil
Crganic Status Structural Status Physlical
Hummus kinzsoREEN ity
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Questions?
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Sources of nutrients
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What are sources of supply?

" With vegetable products quite some nutrients are “taken
away” from the field.

" Need for nutrients to supply to the plants

" Quick round of asking farmers’ ideas where plants can
get the nutrients from.
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Possible sources

" Fertilizers
e Organic and inorganic
" Soil
e Contains a lot of nutrients
® Freely present in soil
e Attached to or included in mineral particles
e Organic matter
" Water (rain and irrigation)
" Air (deposition)
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Nutrient inputs and outputs

Inputs

Outputs

Organic fertilizers

Harvested product

Chemical fertilizers

Volatilization losses

Crop debris

Leaching losses

Deposition

Erosion and run off losses
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MNutrients are
replenished in the soil
by mineral fertilizers
and organic manures
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https://www.fertilizerseurope.com/fertilizers-
in-europe/balanced-plant-nutrition/
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Nitrogen cycle

N balance

l Deposition from rain, irrigation and air

Nitrous oxide

(N,0) \
Ammonia

(NH3)

Ammonia
volatilization

Harvest

Animals

(livestock)

A

Nitric Oxide

Nitrogen (N,) Nitrate Oxide

(N,O)

enitrification

(NO) Run off
Urea Ammonium  Animal Nitrate &
fertilizers fc.:trtilizers manure fertilizers erosion

L

| |

SOM
biomass

Ammonium Mineralization
NH,*

/ leaching
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Questions?
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Chemical Fertilizers
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Can you name chemical fertilizers?

" Name?
® What is in it?
" How much?
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Chemical fertilizers

" Diverse
e Ammonium sulphate, Urea
e SP 36
e NPK compound
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Fertilizers and nutrients

® Fertilizers do contain nutrients

ououk @ @ e 1 bag can contain
. .‘.'. different nutrients
e Urea: Nitrogen only
PUPUK NPK .
PHONSKA e NPK: nitrogen + fosfat +

kalium combined

This bag contains also calcium and sulfur

N (NITROGEN) : 15%
P,O; (FOSFAT) : 15%
K,O ( KALIUM) : 15%

Content: 50 kg Only 15% of this bag is nitrogen
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Example of Chemical fertilizers

Fertilizer N% P205 K20 S %
Ammonium 21 0 0 24
sulphate

Urea 46 0 0 0

SP 36 0 36 0 11

NPK Phonska 15 15 15 9

NPK Mutiara 16 16 16

KCL/MOP 60

Calcium Nitrat 15.5 26
Kalium Nitrat 13 46

Magnesium 13 16
Sulphate
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Fertilizers and nutrients

Pupuk o, .‘

Sayur PS ()
PUPUK NPK
PHONSKA

Ca 2% + Sulfur 11%

N (NITROGEN) : 15%
P,O; (FOSFAT) : 15%
K,O ( KALIUM) : 15%

Content: 50 kg
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" In groups:

e How much kilo Nitrogen
is in this bag?

e And how much Fosfat
and Kalium?

e How much kg Calcium is
in this bag?

e How many bags do you
need to apply 300 kg
Nitrogen on your field?
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Questions?
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Current fertilizer practices
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What is the current practice?

" Please discuss on:
e Which fertilizers are used?
e When do you apply fertilizers?
e \Which organic fertilizer do you apply?
e How much?

e How do you determine how much is needed for
your crop?

e Finally, do you think you have the best strategy
already? If not, what do you need?
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Current practice observed at farms

" Use of manure
e Mainly chicken manure (postal)
® Produce from dairy cows
® VVermicompost
e Compost
® Heap manure
® 1x per year to each time per new crop
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Current nitrogen quantities (kg/ha)

Broccoli Cauliflo Petsai Horenzo Lettuce Pakchoy Siomak Tomato Chilli

wer
A 663 57
B 150 446
C 492
D 150
E 88 269
F 268 105 222
Average 268 578 105 150 72 150 446 222 269
equivalent 582 1256 228 326 156 326 970 483 585
Urea
amount

To put it in perspective the amount of urea with a same nitrogen amount is presented too

Any comments from the participants on these amounts?
Let’s vote.
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Current applied nitrogen quantities (kg/ha)

Lettuce

x 9

©
s &
7 =

o
= )
i3 :
&)
A 663
B
C 492
D 150
E
F 268 105
Mean 268 578 105 150
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88

/72

150

150

446

269
222
446 222 269
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Nutrient supply and costs in half a year

A 3,415,820 41.1 727 266 200 702 250 291
B 1,741,728 41.1 571 406 346 537 215 0
C 1,253,771 6.8 157 108 153 120 65 /1
D 1,317,750 19.8 449 373 298 364 113 0
E 443,156 12.5 142 106 125 58 144 0
F 5,124,000 33.4 638 778 369 162 451 460
Average 2,216,038 25.8 447 340 249 324 207 137

Variation between farms in manure use and total nutrient quantities
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Questions?
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Nutrient removal with vegetables
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Principle

" With harvest product is taken away from the field
® Product contains nutrients
e Nutrients are taken from the soil by the plants

® The crop contains significant levels of nutrients at
harvest

e Crop product is harvested and taken from the field
to the market

e Nutrient level in the soil is now lower
" If nothing is added soils will be depleted after time
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MNutrients are
replenished in the soil
by mineral fertilizers
and organic manures
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Content of nutrients in crops of pilot
farmers (g/kg product)

Crop N P K Ca Mg S
Broccoli 2.8 0.4 2.9 0.6 0.2 0.5
Cauliflower 2.6 0.4 2.4 0.8 0.1 0.3
Chinese cabbage 1.8 0.3 2.3 0.6 0.1 0.5
(Petsai)

Horenzo 3.2 0.4 6.5 1.2 0.8 0.3
Lettuce 1.3 0.2 2.3 0.4 0.1 0.1
Pakchoy 1.3 0.3 2.7 0.7 0.1 0.4
Siomak 1.7 0.3 3.4 0.5 0.2 0.1
Tomato 0.3 0.1 1.4 0.1 0.1 0.1
Chilli (baby pepper) 4.7 0.6 4.4 0.6 0.2 0.5
Average 2.2 0.3 3.5 0.7 0.3 0.3
Rice white long 11.4 1.2 1.5

Corn sweet raw 5.2 0.9 2.7

Rice and sweet corn data from USDA Food data
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Vegetable crops relative lower in P than staple crops
Low P demand

https://fdc.nal.usda.gov/
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Yield of crops grown by pilot farmers

Crop Yield (kg/ha)

Broccoli 7,655
Cauliflower 13,549
Chilli (Baby Pepper) (Intercropping With Tomato) 1,029
Chinese Cabbage (Petsai) 4,244
Horenzo 11,000
Lettuce 7,886
Lettuce (Intercropping With Chilli) 16,071
Pakchoy 18,500
Siomak 7,659
Tomato 18,327
Tomato (Intercropping With Chilli) 15,257

Nutrient Removal (kg/ha) = nutrient content (g per kg) x yield (kg per ha)
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Results of pilot farmers

Farm N P,O; K,O
A 26 8 31
B 62 33 147
C 55 24 84
D 106 32 259
E 41 16 57
F 35 15 69
Average 54 21 108

" Output (removal) of nutrients with harvested product in
kg/ha
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Balance: compare IN with OUT

900
200 Difference is more than 700 kg/ha!!
700 4
600
- 500
I
g
400
300
200
- I I I I I I I I I
v

N in N out P205in P205o0ut K20in K20 out

HA BB mC mD WME BF

WAGENINGEN

UNIVERSITY & RESEARCH



So

Is

WAGENINGEN

UNIVERSITY & RESEARCH

50



Soil characteristics

" Soils are the source and medium for nutrient uptake by
plants

" Presence of nutrients is not equal to availability
" pH and organic matter
" Soil samples are providing info on nutrient availability
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soil as a source of nutrients

Uptake influenced by: pH, Balance, Quantity, Moisture
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Participants opinion on their soils

" What can you tell about the soil of your field?
e Is it fertile?
® Is it a nice soil? And if yes why?
e How do you take care of your soil?

® Do you have information about nutrient content and
pH of your field?
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Example of a soil sample

Laboratorium Tanah, Tanaman, Pupuk, Air
BADAN PENELITIAN DAN PENGEMBANGAN PERTANIAN

Laboratorium Penguiji Terpadu BALAI PENELITIAN TANAMAN SAYURAN
A Tanghuban Parahu No, 517 Lembang - Bandung Barat 20391 P24
Telp. (022) 2786245 Fax. (022) 2786416; 2788151; e-mal: Labpenguj_balitsa@yahoo.com T

YKAN

LP~ 708 ~ IDN

Form T 0S5 a.
SERTIFIKAT HASIL PENGUJIAN TANAH/KESUBURAN - 1 ASL)|
LABORATORIUM TANAH
Nomoe Surat Permntaan : T.5%Kocrd, Adm /312021 Tanggal Terima Sampel 25 Maret 2021
Nama Peminta Pengujian . Deni Suharyono - WUR Tanggal Penguan : 26 Maret - 30 April 2021
Alamat Peminta Pangujian KPSBU Lembang
Jenis Sampel Tanah
Asal Sampet Ds Cikidang, Kec Lembang, Ksb. Bansung Barst. Prov. Jawa Baral
-1 TEKSTUR Eh= 18 Terhasctap bahan keving 105°C
O9E No. | , , a4 cag i Byl | Osen | Morgsn Venems HCI 25 % KCI1N Eks Amoniem Acetal 1M pH 7
No LAPANG ap || Y TS wer | Kuemies N PO K PO, | KO | Nod [ Hda | ©a | Mg | k | No | Jm | KTk | kB
Poat (gravimes) ol Meser | Spekire P Kielash Spestro FM Flame fM Spektro FM Flame FM Titras AAS Ocst
* L% ppm ‘ me1009 ok + kg %
1 MARAANISS/24 3 2024/ MR- 8 56 | 486 267 02 | @ 2811 7498 ages | 13328 1247 | 240 | 320 | 016 | 1923 | ;ves| 62
KP CIREYQO
FM= F

o

WAGENINGEN

UNIVERSITY & RESEARCH

NIP 19930501 201902 2 001
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Kriteria penilaian hasil analisis tanah

Rendah Sedang Tinggi

C-org (%)

N - total <0.1 0.1 -0.2 > 0.75
(%)

P205 <5 5-10 > 20
(Bray)

P205 <10 10 - 20 > 60
(Olsen)

K20 <5 5-16 > 40
(mg/100g)
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Results of 6 Soil samples Lembang region

" Taken at vegetable farms using manure

Farm pH KCI C-0Org % N Tot % P205- P205- K20

(1:5) (Kjeldahl Bray Olsen mg/100

) (ppm) (ppm) g
A 4.1 8.1 0.7 86 51
B 4.9 2.5 0.3 353 749
C 4.6 7.4 0.7 130 98
D 4.6 6.2 0.7 87 74
E 4.6 2.7 0.3 281 133
F 4.9 3.8 0.4 1183 104
N7 T T/
l On average high
Acid soils Very high content
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Results of 29 samples taken around
Lembang

18
16 )
14 1
[] pH H20 (1:5) 12
[ ] pH KCI(1:5) X
10
[] C-Org % (Walkley-Black)
8 ———
[ ] N tot % (Kjeldahl) e
=l i ol
' = | L P4
4 1 e
2
0 ==
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Phosphate status of soils

On average: 170 kg/ha P205 available for crop growth

[ ] P205-Bray (ppm)

250

200

150

100

50
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Potassium status of soils

Mg/100 g [ | K Morg Ven
" Average:460 1200
® Range:
1000
e 340
e 600 800
600
P
400
200
0
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Blossom end rot
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Conclusion

" Soils are high in nutrients
® Especially P and K
" Soils contain a lot of organic matter

® Soil tend to be acidic
e Lot of P not available
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Questions?
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Manure use in vegetables
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Short group discussion

® How much used?
® What is used?

" For what reasons is manure used?
e Advantages
e Disadvantages

" How are rates determined?
e How do you know how much to apply/use?
e Differentiation per crop and field considered?
e Why not or why yes?
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Manure types

" Source from animal origin
® Chicken
e Cow
e Goat

" Mixed and processed

e With or without bedding material (straw, rice husk
etc)

e Composted or not
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Benefits

" Adding more to the soil than just one nutrient (e.g urea
only applies nitrogen)

® A range of nutrients is added including trace
nutrients

" Adding organic matter to the soil

e Improves water balance in the soil

e Acts as a buffer for nutrient supply
" Slow release of nutrients (nitrogen and phosphate)
® Using manure reduces the chemical fertilizer use

® Less impact on pH decline
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Disadvantages

" Low nutrient content (bulky)
e High volumes of manure needed
" N-P-K ratio not in line with plant requirement
" Unknown and variable nutrient content
® Hard to assess the required quantities
" Risks of importing unwanted elements
® Weed seeds
e Pathogens
e Heavy metals (lead, cadmium)
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Typical content of manure types

N-NH3 P (%) K(%) N-NH3 % in

tot N
Dairy manure: manure heap (solid 393 072 003 019 0.27 3.8
manure)
Diary manure: compost 42.4 0.85 0.03 0.33 0.43 3.7
Dairy manure: vermi-compost 35.1 0.30 0.03 0.41 0.38 4.2
Postal (broiler chicken manure with  70.8 ~ 1.99  0.20 0.58  1.65 9.8

rice husks)

% based on wet weight of the manure product
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Manure: from organic to inorganic

NH4
NH3

50 - 100%

1

Microbes

=

Soil pH, moisture, temperature, salts, pesticides

Soil Organic matter
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Release of nutrients from manure

" Total Nitrogen = N-mineral + N organic

e Manure contains immediately available N or N-
mineral and slowly release of nitrogen from N
organic

e About 10 - 20% is immediately at application

e In about 60 days 50 % of the total Nitrogen has
been released

" P is mostly fixed in manure and is released slowly

e In about 60 days 30 to 50% of the total P has been
released

" K is for 70-80% immediately available at application
date.

e In about 60 days 100% of the K has been released
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Consider the after supply in the next crop

" From manure applied in one crop about 10 to 20% of the
nutrients will only become available in the next crop.
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How much needed? (or possible to use)

" Crop need (example by approximates):
e 250 kg/ha N
e /5 kg/ha P205
e 300 kg/ha K20
" Crop duration 90 days
" Vermicompost
® 0.8 % N -> 80% available = 0.64%
® 0.4 % P205 -> 80%available = 0.32%
e 0.4 % K20
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How much manure is possible

" Nitrogen need is 250 kg/ha
® 1 ton vermicompost supplies: 1000/100 * 0.64 =
® 6.4 kg N
250/ 6.4 = 39 ton vermicompost
® 1 ton vermicompost supplies 1000/100 x 0.32 =
e 3.2 kg P205
® 39 ton x 3.2 = 125 kg P205 per hectare
" Crop need is: 75 kg p205
e So with 39 ton 50 kg P205 too much is applied

® Limit is 23 ton vermicompost, more will apply more
P205 than advised.
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Example prices of manure

Product IDR/kg
Compost/heap manure 1:5 300 - 850
Heap compost 100 - 150
Postal 350 - 1,000
Vermicompost 350 - 1,000

Per hectare about 5 to 10 ton is needed

Example: 10 t/ha vermicompost at 500 IDR/kg will cost then 5,000,000 IDR/hectare
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Effect of manure on organic matter content

of soils

" Each year soil organic matter decreases
e Decomposing of organic matter by organisms
® Release of nutrients
® Manure consist of different solids
® Fast degradable matter
e Slow degradable matter

" Only the slow degradable part will add to soil organic
matter

® About 30 tons/hectare is needed to maintain a same
level with manure having a dry matter of at least 25%
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Questions?
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Fertilization strategies
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Split applications

" Split applications
e At planting
® Side dressings 2 to 3x per crop season

" Why are they recommended?
® Short enquiring with farmers
e Write down answers and formulate conclusion
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Uptake of nutrients

100

Seed
development

4

Maturity
Vegetative \

or °W“‘// Flowering

Seedling

/

Crop N uptake (% of total)

.

Add 10% of total need
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Too low or too high is not good!

Fertilizer Added
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Fertilization: summary

" Adding fertilizers should be in line with the balance!
® Too much:
® Loss of money!
e Pollution of environment
e Not enough:
® Loss of money!
® Lower yield
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How to determine fertilizer rates

WAGENINGEN

EEEEEEEEEEEEEEEEEEE

82



Use of soil samples

" Take a soil sample

" Analyse content by lab

" Evaluate levels of nutrients

" Link fertilizer advice to levels
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How to take a soil sample

" 1 sample per hectare (2 hectares means 2 samples)
" 20 cores per hectare

" Core depth till root depth (20 -30 cm deep)

" Take the cores in a zig-zag pattern
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Soil test classifications indicate whether or not adding a
nutrient is likely to result in a yield increase.

Critical level -,

% of maximum vyield

Soil test: Very low  low medium/optimum high  very high

\ /.~ \ /

Fertilizer response likely. Response to fertilizer not likely.
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Ivegri develops recommendations per crop

Fertilizer (Urea, SP-36 and KCI) doses based on nutrient status

(low-L, medium-M and high-H) for Cabbage grown in Andisol.

Nutrient status Single Fertilizer Compound Fertilizer

Phosphorus | Potassium ZA Urea SP-36 KCl NPK ZA
15-10-12

............. . kg/ha ............... s KG@/OA e
L 100 150 225 150 525 100
L M 100 150 225 100 525 100
H 100 150 225 75 525 100
L 100 150 185 150 450 100
M M 100 150 185 100 450 100
H 100 150 185 75 450 100
L 100 150 150 150 350 100
H M 100 150 150 100 350 100
H 100 150 150 75 350 100
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Fertilizer (Urea, SP-36 and KCI) doses based on nutrient status (low-L,

medium-M and high-H) for Hot pepper grown in Andisol

Nutrient status Single Fertilizer Compound Fertilizer
. NPK
Phosphorus Potassium ZA Urea SP-36 KCl ZA
15-10-12
.............. kg/ha ............... ceeea kg/ha L
L 150 130 165 185 400 150
L M 150 130 165 165 400 150
H 150 130 165 150 400 150
L 150 130 150 185 350 150
M M 150 130 150 165 350 150
H 150 130 150 150 350 150
L 150 130 130 185 300 150
H M 150 130 130 165 300 150
H 150 130 130 150 300 150
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Fertilizer (Urea, SP-36 and KCI) doses based on nutrient status

(low-L, medium-M and high-H) for potato grown in Andisol

Nutrient status Single Fertilizer Compound Fertilizer
_ NPK
Phosphorus | Potassium | ZA | Urea | SP-36 KCl 15-10-12 ZA
.............. kg/ha .............. oo Kg/ha L
L 185 200 525 300 1200 185
L M 185 200 525 250 975 185
H 185 200 525 185 750 185
L 185 200 450 300 1200 185
M M 185 200 450 250 975 185
H 185 200 450 185 750 185
L 185 200 400 300 1200 185
H M 185 200 400 250 975 185
H 185 200 400 185 750 185
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Recommendation with Vermicompost from
dairy manure

Vermi Compost Urea SP36 KCI

t/ha Kg/ha Kg/ha Kg/ha
hot pepper 10 144 0 92
shallot 10 195 44 152
cabbage 10 141 8 27
potato 15 203 194 141
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Recommendation with compost from dairy
manure (cow + chicken mix)

hot pepper
shallot
cabbage
potato
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Compost
t/ha

10
10
10
15

Urea
kg/ha

140
191
138
203

SP36
kg/ha

16
/73
37
81

KCI

kg/ha

84
144
19
57
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How to determine fertilizer needs without
soil sampling?

" Crop removal as start

" Fertilizer efficiency

" Soil status

" Manure application till limiting nutrient
" Additional chemical fertilizer

" Split applications
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Recommendation with vermicompost
based on Nutrient balance

Vermicompost Urea KCI
Broccoli 5 40 11
cauliflower 5 98 34
chilli 5 0 0
chinese cabbage 5 0) 0
horenzo 5 119 153
lettuce 5 0 8
pakchoy 5 /73 86
siomak 5 21 23
tomato 5 44 16
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Recommendation with Compost use

Broccoli
cauliflower
chilli

chinese cabbage
horenzo

lettuce

pakchoy

siomak

tomato
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Compost

or o0 U1 01 O1 U1 U1 U1 Ul

Urea
36
94

0

0
116
0
/1
19
39

KCI

37

147

/79
17
10
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Questions
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Remember the 4R’s

. RIGHL I T R s 5
— 1 e

Matches

https://www.fertilizerseurope.com/wp-content/uploads/2019/08/Fertilizer_Basics.pdf

WAGENINGEN

UNIVERSITY & RESEARCH

95



Summary

" Do not apply more nutrients than the crop needs

® Excess rates of organic and chemical fertilizers
pollutes the environment and costs money

" Apply lime to increase the soil pH to improve the P
uptake

" With reduced use of Urea and Ammonium the soil pH will
also not drop further

" Dairy manure is a good source of supplying nutrients

" Dairy manure is an excellent source to maintain soil
organic matter

" Avoid losses by incorporating the manure properly in the
soil
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Healthy food

For a nutritional
vegetable dish
nutrients are needed
for a good crop

But....... All in
balance
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