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Beans grown for processing in NZ are usually Phaseolus vulgaris L.
and are often referred to as process beans, dwarf beans, or French
green beans. They are grown mainly in Canterbury and Hawke’s Bay.
Like peas, beans are legumes capable of fixing atmospheric nitrogen
(N) for their own use, and are sometimes regarded as a useful crop

in a rotation because of this. However, compared with peas, process
beans are grown at about half the plant population density (usually
<45 m-2) and have a shallower root system. So usually they have
sparser root systems that have to support similar amounts of shoot
growth. A consequence is that, unlike peas, beans have shown strong
responses to scil nutrient concentrations and fertiliser applications.

3.1 POTENTIAL YIELDS

Potential yields depend greatly on air temperatures, interception of light by

the canopy, and factory requirements that influence harvest times. Preliminary
indications are that under NZ conditions potential yields may be as high as 30 t/
ha of fresh beans in pod, equivalent to about 3.3 t/ha of dry matter. Many crops, in
Canterbury at least fail to achieve field or marketable yields of 20 t/ha, and plant
nutrition may be an important limitation.

These recommendations assume a potential yield of 30 t/ha of fresh beans in pod,
and that 90% of the pods are removed from the field.

3.2 NUTRIENTS TO GROW THE CROP

Soil tests

Before the crop is planted carry out soil testing from 0-15 cm depth in each paddock.
Choose the standard soil testing suite (pH, Olsen P, QT Ca, K, Mg and Na, cation
exchange capacity and soil volume weight) PLUS ‘Available N’ (anaerobically
mineralisable N) in kg N/ha.

Nitrogen(N)
Although beans cah’f,ix much
increases yields.

wn N, some fertiliser N applied at sowing often

« If soil Available N < 150 kg N/ha, apply up to 46 kg N/ha.
¢ If Available N > 150 kg N/ha, do not apply N.

If using soluble fertilisers, keep high salt-effect fertilisers from being too close to the
seed (see Plant establishment and starter fertilisersin Chapter 1. If using fertilisers

with a low to' moderate risk of seedling damage (e.g. YaraMila and Nitrophoska
ranges, Crop Zeal 15/Cropmaster 15), apply up to 46 kg N/ha down the spout. If using
fertilisers with a high risk of seedling damage (e.g. Crop Zeal 20/Cropmaster 20,
urea), ensure there is separation between fertiliser and the seed and take special care
of this under dry conditions. Experiments have found broadcast fertiliser to be poorly
effective for beans grown in Canterbury, so side-dressing is unlikely to be effective.

If using compost sources of N, incorporate these at least a month before planting so
that there is time for the N to start becoming available to the plant.

Phosphorus (P)
Olsen P (ug/mL) Recommended P application (kg P/ha) to grow the crop
<45 67
45-60 30
>60 nil

If using soluble fertilisers, keep high salt-effect fertilisers separate from the seed
(see Plant establishment and starter fertilisers in Chapter . If using fertilisers

with a low to moderate risk of seedling damage (e.g. superphosphate, Nitrophoska,
YaraMila, Cropmaster 15/Crop Zeal 15) apply up to 30 kg P/ha down the spout

(the rate might be limited by the capacity of the drill itself, but aim for fertiliser
placement that separates seed from the fertilisen). If using fertilisers with a high risk
of seedling damage (e.g. Cropmaster 20/Crop Zeal 20), ensure there is separation
between fertiliser and the seed and take special care of this under dry conditions.
Do not side-dress P fertilisers as the plants will take up very little of the P applied.

If using compost sources of P, incorporate these at least two weeks before planting.
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Potassium (K)

Soil QT K

Recommended K application (kg K/ha) to grow the crop
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If using soluble K fertilisers, apply up to 30 kg K/ha of the recommendation down
the spout, but do not apply high salt-effect fertilisers like MOP this way (see Plant
establishment and starter fertilisers in Chapter D. If using fertilisers with moderate
risk of seedling damage (e.g. YaraMila, Nitrophoska, Cropmaster 15), apply up to 30
kg K/ha of the total recommendation down the spout and apply the remainder of
the recommendation 5 cm from the dfill line. Fertilisers with a high risk of seedling
damage (e.g. MOP) should be broadcast.

If using compost sources of K, incorporate these at least two weeks before planting.

Calcium (Ca) and lime

Yield or quality responses to fertiliser Ca are very unlikely in NZ because most soils

contain large quantities of this nutrient, and much is applied in the form of lime to
correct low soil pH.

There appears to be no definitive study of lime effects on process beans in NZ.
Marked effects of low soil pH were noted in the modelling carried out for these
recommendations; yield losses of 30 - 40% were indicated when soil pH fell below 5.
Soil pH values in excess of 6.5 enhance the risk of trace element deficiencjes.

* Apply lime only if pH is less than 5.5, targeting a pH of 6.0.

* Apply fine lime at least a month before planting.

Magnesium (Mg), sodium (Na), sulphur (S) and trace elements

There is no evidence that fertilisers for these nutrients are needed for process bean
crops in NZ. However, the crop is reputedly vulnerable to Zn deficiency when grown
on high pH soils. If Zn deficiency is suspected, the best treatment is probably foliar
sprays applied at manufacturers’ recommended rates. Foliar sprays are best applied

rying time and the opportunity for the

3.3 MAINTENANCE NUTRIENT APPLICATIONS

Maintenance applications of any particular nutrient should be made only if none will
be applied to grow the crop.

There appears to be no information available on nutrient uptake and offtake by process
bean crops grown in NZ. Offtake values have to be calculated using overseas data.

Table 3-1 Estimated offtakes of N, P and K by a process bean crop where the yield removed
from the field is 27 t/ha. The values are based on data from the USA (USDA 2018).

N (kg N/ha) P (kg P/ha) K (kg K/ha)
kg nutrient/t' pods 3.7 0.60 2.8
offtake by a 27 t/ha crop 100 16 76

Estimate maintenance application rates from the kg of each element taken up or
removed per tonne of harvested roots (see Table 3-1 above). For a crop where 27 t/ha
pods are removed from the field, the maintenance P application should be 27 x 0.6 =
16 kg P/ha.

For N, maintenance applications should be considered only under organic production
systems using composts.

If Olsen P>75, do not apply any maintenance P (allow Olsen P to decrease).
I£:QT K>10, do not apply any maintenance K.

For methods of application of nutrients, follow the guidelines for nutrients to grow the crop.

3.4 PLANT NUTRIENT ANALYSIS

Typical concentrations in the foliage or even whole plants are of little use. It is very
difficult to establish critical concentrations of nutrient elements in beans grown in the
_ field and, for N, P and K at least, these critical concentrations decrease markedly as
the plants grow larger (Table 3-2),
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Key point: Winter rainfall

Under Scenario 4 there is considerable potential for nitrate leaching due to the winter
rainfall in the Pukekohe area. If controlied-release sources of N are used rather than
readily soluble N, then the amounts of N recommended are considerably smaller;
ranging from 130 kg N/ha (when the soil mineral N is 50 kg-N/ha) down to: 90 kg N/ha
(when the soil mineral:N concentration:is 350 kg N/ha).

Excessive N concentrations in the tubers may decrease tuber DM% and specific
gravity. Provided N applications are kept within the above recommendations,
detrimental effects on tuber quality are unlikely.

Phosphorus (P)

Potatoes often respond strongly to P fertiliser when soil Olsen P is low — but the
response curve flattens out quickly, and yield may be suppressed if P supply is
beyond the optimum. If P fertiliser is required, apply up to 15 kg P/ha as a starter
down the spout (keeping some separation from the seed piece) or knifed in close to
the planting line. If possible, apply up to 50 kg P/ha of the remaining recommendation
as a band 5 ~ 10 cm from the planting line. The remainder (if any) of the
recommendation can be broadcast and incorporated pre-planting. Side-dressings of
P are unlikely to be taken up by the crop. Do not leave P fertilisers on the soil surface,
where they will not be effective.

Soil Olsen P Recommended P application (kg P/ha) to grow the crop

(ug/mL) Scenario 1: Potential yield 100 t/ha Scenario 2: Potential yield 87 t/ha
(main crop, table variety) (main crop, processing variety)

10 up to 340 up to 310

20 280 220

30 180 130

35 140 90

40 90 56

45 50 nil

50

’ Soil Olsen P
(g/mL)

Recommended P application (kg P/ha) to grow th
Scenario3: Potential yield 76 t/ha :
(early harvest, table variety)

10 up to 200

> up to 110
110 20
25 60
20
30 30

nil

Scenario 4: Potential yjel
(winter planted crop, ta

Phosphorus and tuber quality

Afsmall supply of P may limit the number of tubers set and so decrease the number
o .small tubers harvested — but that risks overall yield losses. There is insufficient
evidence yet to recommend fertilisers for manipulation of tuber numbers and sizes

Potassium (K)

Potatoes can take up large amounts of K, but the yield response to K fertiliser

.depe-nds strongly on the mineralogy of the soil. An effective way of dealing with this
Is to include the Reserve K or TBK value in soil tests.

Rfacommendations are given for TBK values, of 1,2, and 3 meq/100 g which coversa
wide range of soils used for potatoes in NZ.

Key point: Applying K fertiliser
K fertiliser is best applied as a base
maintenance applications use thec
it must be broadcast and incorpora
chance to equilibrate with the soil.

-dressing especially if QT K values are low. For
heapest source of K availabie (usually MOP) — but
ted at least 2 weeks before planting so that it has
Side-dressing will be much less effective.
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Spinach (Spinacia oleracea L.), silverbeet (or Swiss chard, Beta
vulgaris L.), and beetroot (red beet, Beta vulgaris L.) are grown
throughout NZ for the domestic market. Silverbeet, beetroot, fodder
beet and sugar beet are varieties of the same species, although
silverbeet varieties have been developed for harvesting of the leaf and
stem rather than the swollen stems (“roots” or “bulbs”) of the others.
Beetroot is occasionally grown so the leaves can be used in salads;
there may be multiple harvests. Beetroot is grown for processing of
the roots in Hawke’s Bay.

These crops are members of the Chenopodiacea family of plants
that has a strong ability for luxury uptake of nutrients — given the
chance, they will accumulate more mineral nutrients than they need
for maximum yield or quality. This can make it difficult to forecast
nutrient budgets accurately.

111 POTENTIAL, FIELD, AND MARKETABLE YIELDS

There are no available models for potential yields of these crops. Nutrient
recommendations are best based on target yields that should be limited to the best
field yields attained in each region for the same planting month. Even there it can be
difficult to obtain consistent information. The recommendations here are based on
the following field yields that growers may use as targets:

e For spinach, 15, 20, and 25 t/ha (up to 200,000 plants/ha). For baby spinach
populations may be much higher, but vields will often be 15-20 t/ha;

e For silverbeet, 10, 20, and 30 t/ha (up to 120,000 plants/ha). Variations in market

requirements complicate the choice of target yield. A yield of 20 t/ha corresponds

roughly to 100,000 heads/ha at an average size of 250 g each after trimming;
» For beetroot leaves, 20, 30 and 50 t/ha (up to 600,000 plants/ha);

e For beetroot roots, 40, 60 and 80 t/ha (plants/ha varies from about 400,000
through to 1,400,000 depending on the target market, and whether it is a main
crop or baby beetroot crop).

Marketable yields will often be less than the above targets. For calculation of

maintenance nutrient requirements here we have assumed 90% of the vield fits

market requirements.

Until potential yield and nutrient response models for these crops are available,
nutrient recommendations need to be based on a combination of likely uptakes,
offtakes and target soil test values.

11.2 NUTRIENTS TO GROW THE CROP

Soil tests

Before planting or applying any fertiliser, soil test each paddock from 0-15 cm
depth. Choose the standard soil testing suite (pH, Olsen P, QT Ca, K, Mg and Na,
cation exchange capacity and volume weight) PLUS ‘Available N’ (anaerobicaily
mineralisable N, in kg N/ha).

Nitrogen (N)

High N application rates at planting are very inefficient and can lead to depressed
yields, unacceptable concentrations of nitrate in the edible plant parts, and large
amounts of nitrate leaching; it is much better to apply smaller N rates and split them
over several applications to better match the demands of the crop.

Recommendations here are given on the basis of published critical N concentrations

in spinach and beetroot. They assume no leaching of nitrate below the root zone
and that the majority of the N available from the soil is in the top 15 ¢m depth, as
estimated by the Available N procedure. There are probable errors introduced by
both assumptions, but they will tend to compensate for each other.

Recommendations for the total amounts of N to apply are given in Table 11-1. The

total amounts recommended should normaily be split into 3 or more applications.

At planting:

* Soluble and controlled-release N fertilisers are best incorporated or (if planting
arrangements permit) knifed in 2-5 cm from the plant row.

» If using controlled-release N fertilisers, apply up to 100 kg N/ha of the
controlled-release product and up to 20 kg N/ha of a soluble N fertiliser.
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¢ If using only soluble N fertilisers like urea, ammonium sulphate, or CAN, apply no
more than 20 kg N/ha, or up to 50 kg N/ha if this is a winter-planted crop and wet
weather will greatly limit opportunities for side-dressing in the second and third
months of growth.

Split the remainder of the recommended N across at least two side-dressings after
the plants have at least two true leaves (direct-seeded crops). Avoid applying more
than 50 kg N/ha at any one time. Side-dressings may be broadcast (if possible just
before light rain or irrigation), but be careful to avoid fertiliser lodging amongst the
leaves where it can cause cosmetic damage.

If applying N in the form of composts, incorporate these at least 2 weeks before

planting.

Table 11-1 Recommended N fertiliser rates for spinach, silverbeet, and beetroot. The values
are calculated from the critical concentrations of N needed in the crops for maximum yield.

Spinach Silverbeet Beetroot leaves Beetroot roots'
Target 15 20 25 10 20 30 20 30 50 40 60 80
yield
(t/ha)
Available N (kg N/ha)
30 40 65 90 10 40 75 60 105 195 130 185 240
60 10 35 60 nil 10 45 30 75 165 100 155 210
90 nil 5 30 nil 15 nil 45 135 70 125 180
120 nil nil nil 15 105 40 95 150
150 nil 75 10 65 120
180 45 nil 35 90
210 15 10 60
240 nil nil 30
270 nil

Phosphorus (P)

Silverbeet and beetroot are the same species, and we must assume they respond
similarly to P supply. For spinach, silverbeet, and beetroot the recommended strategy
is to use a two-step combination of broadcast and carefully banded starter P
fertilisers:

If Olsen P <35 g/mL, apply sufficient P fertiliser to raise the Olsen P to 35. The rate
depends on the soil type and can be calculated using the rules in Chapter 2 (To raise
soil Olsen P).

Reserve up to 20 kg P/ha of this total to apply as a starter fertiliser. if direct seeding,
apply the fertiliser down the spout, providing this enables some separation of seed
and fertiliser. Alternatively, if planting arrangements allow, knife the starter P in 2-5
cm from the plants. For baby spinach or baby beetroot crops P fertiliser may have to
be broadcast and incorporated ahead of planting. If soil ASC (P retention) is >40%
then the efficiency of broadcast starter P fertiliser will be low; try to find ways of
applying it in bands or incorporating it shallowly (say to only 5 cm).

The remainder (if any) of the recommendation should be applied as a capital or base
dressing before planting. This fertiliser should be broadcast and incorporated to 15
cm depth.

Potassium (K)

The recommendations here are a combination of broadcast and banded fertilisers.
For spinach, silverbeet and beetroot the recommended strategy is to use a two-step
combination of broadcast and carefully banded starter K fertilisers. We must assume

silverbeet and beetroot respond similarly to K supply.

If QT K <10, apply sufficient K fertiliser to raise QT K to 10. The rate depends on the
soil type and can be calculated using the rules in Chapter 2 (To raise soil QT K).

+ Reserve a portion of the total to apply as a starter fertiliser. SOP will be safer to
use for this than MOP. If direct seeding, apply up to 15 kg K/ha down the spout,

provided there is some separation of seed and fertiliser. Alternatively, knife in up
to 30 kg K/ha as a narrow band 2-5 cm from the seed.

* The remainder of the recommendation should be applied as a capital or base
dressing at least 4 weeks before planting. Broadcast and incorporate it to 15 cm
depth. Use the cheapest form of K fertiliser you have available (usually MOP).

Magnesium (Mg), sodium (Na), sulphur (S) and trace elements

There is no evidence that in NZ yield of the spinach, silverbeet or beetroot will
respond to fertiliser applications of Mg, Na, or S, although the plants have a strong
capacity for luxury uptake of these nutrients. Taste of the leaves in particular might
by affected by such luxury uptake, but little has been published.
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Applications of trace elements to these crops are unlikely to generate an economic
return, unless there is strong evidence that specific deficiencies have occurred on
previous crops at that site. Offtakes are of the order of a few g/ha and availability of
these nutrients is so dependent upon changes in soil aeration (water content) and
pH that fertiliser applications to the soil will usually be wasted. Potential exceptions

could be B for beetroot grown on sedimentary soils following a wet winter and spring,
and Zn for spinach grown on soils with pH values >6.5. In those cases the best option

may be a foliar spray applied in the early morning or evening at the manufacturers’
recommended rates.

Calcium (Ca) and lime

Yield and quality responses to Ca applications are unlikely in NZ, as most
horticultural soils contain an excess of this nutrient already.

Spinach: Apply lime if pH is less than 5.6, targeting a pH of 6.2.
Silverbeet and beetroot: Apply lime if pH is less than 6, targeting a pH of 6.5

Apply fine lime at least a month before planting.

11.3 MAINTENANCE NUTRIENT APPLICATIONS

Typical concentrations in spinach and beetroot are given in Table 11-2.

Table 11-2 Estimated concentrations of N, P and K in spinach and beetroot at harvest. The
data are taken from the USDA and are given as kg nutrient per tonne of yield.

Plant part N P K
Spinach (whole shoot) 4.9 0.5 5.3
Silverbeet leaves 2.9 0.5 24
Beetroot leaves 4.4 0.5 75
Beetroot roots 2.7 0.4 3.1

Maintenance requirements are estimated by multiplying the target or expected yield
by the concentrations in kg nutrient per tonne of yield in Table 11-2. Representative
offtakes calculated in this way are given in Table 11-3.

¢ Maintenance applications of any particular nutrient should be made only if none

will be applied to grow the crop.

« For N, maintenance applications should be considered only under organic
production systems using composts.

e Maintenance P should be broadcast and incorporated in advance of planting. Do
not apply maintenance P if soil Olsen P>50.

« K maintenance applications should be applied as a capital or base dressing.
Broadcast and incorporate it to 15 cm depth at least 4 weeks before planting,
using the cheapest form of K fertiliser you have available (usually MOP). If the
applications are made closer to planting, use SOP.

The calculated maintenance applications of K are large, especially for beetroot.
Applying such large amounts before or at planting is expensive and may pose risks
for crop establishment. Furthermore, provided QT K is >6, most NZ soils contain
large reserves of K. The recommendations for K maintenance applications follow the
strategy: (a) Apply half the calculated amount for the expected yield; (b) Check the
Soil QT K at least a month before the following crop; (¢) Apply further K fertiliser if
the new QT value appears limiting for the next crop.

If QT K>12, do not apply any maintenance K.

Table 11-3- Calculated offtakes of N, P and K by spinach, silverbeet, and beetroot crops
using USDA data for crop composition. These values assume 90% of the field yield is

marketable.
Field yield N P K
fresh (t/ha)

Spinach 15 66 7 72
Spinach 20 88 9 95
Spinach 25 10 n 19
Silverbeet 10 26 5 22
Silverbeet 20 52 9 43
Silverbeet 30 78 14 65
Beetroot, leaves 20 79 9 135
Beetroot, leaves 30 19 14 203
Beetroot, leaves 50 198 23 338
Beetroot, roots 40 97 14 12
Beetroot, roots 60 146 22 167
Beetroot, roots 80 194 29 223

m

































Anon 2014. Code of Practice for Nutrient Management. Horticulture New Zealand. http://
www.hortnz.co.nz/assets/Uploads/Code—of—Practice-for~Nutrient-Management—v-1-0-29—
Aug-2014.pdf accessed 15-Oct-2018.

FANZ 2013. Code of Practice for Nutrient Management With Emphasis on Fertiliser Use.
Fertiliser Association of New Zealand. http://www.fertiIiser.org.nz/Site/code_of_practice/
default.aspx accessed 20-May-2018.

Greenwood DJ, Barnes A, Liu K, Hunt J, Cleaver TJ, Loquens SMH 1980. Relationships
between the critical concentrations of nitrogen, phosphorus and potassium in 17 different
vegetable crops and duration of growth. Journal of the Science of Food and Agriculture
31:1343-1353.

IPNI 2018. IPNI Estimates of Nutrient Uptake and Removal. International Plant Nutrition
Institute. http://www.ipni.net/article/IPNI-3296 accessed 28 May 2018.

Jamieson PD, Zyskowski RF, Sinton SM, Brown HE, Butler RC 2006. The Potato Calculator:
a tool for scheduling nitrogen fertilizer applications. Agronomy New Zealand 36: 49-53.

Prasad M, Spiers TM, Ravenwood IC 1988, Target phosphorus soil test values for
vegetables. New Zealand Journal of Experimental Agriculture 16: 83-90.

Reid JB 2002. Yield response to nutrient supply across a wide range of conditions. 1.
Model derivation. Field Crops Research 77: 161-171.

Reid JB, Searle BP, Hunt A, Johnstone PR, Morton JD 2019. Nutrient requirements of
vegetable crops in New Zealand — recommendations and supporting information. A
Plant & Food Research report prepared for Plant & Food Research. 92 pp. SPTS No.
17238. ISBN 978-0-473-46754-8. www.doi.org/10.5281/zenodo.24014 4.4,

USDA 2018. Nutrient Content of Crops. United States Department of Agriculture, Natural
Resources Conservation Service. https://plants.usda.gov/npk/main accessed 5 June 2018.

Wallace EGR 2000. VGH 2000 Vegetable Growers Handbook, Agro-Research Publishing, NZ.

Wood RJ, Cornforth IS, Douglas JA, Malden GE, Prasad M, Wilson GJ 1986. Vegetables.
In: Clark CJ, Smith GS, Prasad M, Cornforth IS eds. Fertiliser recommendations

for horticultural crops grown in New Zealand. Wellington, New Zealand Ministry of
Agriculture and Fisheries. Pp. 57-69.

Yara 2017. Yara ChecklT. An agriculture mobile app that gives farmers a photographic
library of crops to allow a simple and fast identification of possible nutrient deficiencies.

Zre

L




